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COMPARISON OF MECHANICAL PROPERTIES OF WOVEN
HYBRID METALLIC FABRICS WITH DIFFERENT ARRANGEMENT
OF INTERMEDIATE ALUMINUM SHEETS

Ali Thsan KAYA!, Kaan Emre ENGIN?*, Serif CIiTIL?

123 Adiyaman Universitesi, Miihendislik Fakiiltesi, Makine Miihendisligi Boliimii, Adiyaman, 02040, Tiirkiye
Gelis Tarihi/Received Date: 08.11.2023 Kabul Tarihi/Accepted Date: 19.03.2024 DOI: 10.54365/adyumbd.1384174

ABSTRACT

In this study, hybrid metallic fabrics were produced by the traditional weaving method using 0.2 mm thick
Aluminum (Al) 1005 H14 material and polyethylene fishing line (PL). During the production of hybrid metallic
fabrics, a fishing line was used as a warp, and an Al 1005 H14 wire of the same thickness was used as a weft.
The fabrics were cut into layers with dimensions of 30 mm width and 300 mm length. Each layer was bonded
using FM® 73M structural adhesive. Laminates of hybrid composites with different arrangements of layers were
fabricated with an Al 5005 H34 spacer sheet. The resulting laminates were cured by applying additional pressure
in a temperature-controlled hydraulic press, after which the specimens were cut for tensile testing with a saw
according to ASTM D3039 standard. The effect of Al 5005 H34 intermediate material on weight was
determined. Tensile testing of three samples from each laminate group was performed and the results were
analyzed. It has been observed that the mechanical properties of fabrics containing Al 1005 H14 and PL have
improved, and it has been understood that it is possible to achieve good strength properties while reducing the
weight of the material.

Keywords: Hybrid metallic fabric, FM® 73M Structural Adhesive, Aluminum, Polyethylene fishing line,
Weaving

ARA ALUMINYUM LEVHALAR ICEREN FARKLI DiZILIME SAHIP
DOKUMA HIBRIT METALIK KUMASLARDA MEKANIK
OZELLIKLERIN KARSILASTIRMASI

OZET

Bu caligmada, 0.2 mm kalinliginda Aliiminyum (Al) 1005 H14 malzeme ve polietilen misina (PL) kullanilarak
geleneksel dokuma yontemi ile hibrit metalik kumaslar {iretilmigtir. Hibrit metalik kumaslarin iiretimi sirasinda
¢ozgii olarak misina, atki olarak ise aym kalinhikta Al 1005 H14 teli kullanilmistir. Uretilen kumaslar 30 mm
genislik ve 300 mm uzunluk boyutlarina sahip katmanlar halinde kesilmistir. Her katman FM® 73M yapisal
yapistirict kullanilarak yapistirilmigtir. Al 5005 H34 ara levha pargasi ile katmanlarin farkli dizilimlerde oldugu
hibrit kompozit laminatlarin imalati yapilmistir. Elde edilen laminatlar, 1s1 kontrollii bir hidrolik preste ek basing
uygulanarak kiirlenmis, sonrasinda numuneler ASTM D3039 standardina gore ¢cekme testi igin kesilmistir. Al
5005 H34 ara malzemesinin agirlik iizerindeki etkisi belirlenmistir. Her bir laminat grubundan liger numunenin
cekme testi gergeklestirilmis ve sonuclar analiz edilmistir. Al 1005 H14 ve PL iceren kumaslarin mekanik
ozellikleinin iyilestigi gortiilmiis ve bir yandan malzemenin agirligini azaltirken, ayn1 zamanda iyi mukavemet
6zelliklerine ulagmanin miimkiin oldugu anlasilmistir.

Anahtar Kelimeler: Hibrit metalik kumas, FM® 73M Yapisal Yapistirici, Aliiminyum, Polietilen misina,
Dokuma
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* e-posta® : kengin@adiyaman.edu.tr ORCID ID: https://orcid.org/ 0000-0002-6439-7700 (Sorumlu Yazar)
e-posta’ : scitil@adiyaman.edu.tr ORCID ID: https://orcid.org/ 0000-0002-3714-3772



mailto:alikaya@adiyaman.edu.tr
mailto:kengin@adiyaman.edu.tr
mailto:scitil@adiyaman.edu.tr

A. I Kaya, K. E. Engin, S. Citil 2

1. Introduction

Because adhesive joints combine many types of materials and have good damping
characteristics, high corrosion and fatigue resistance, fracture retardation, and labor, time, and cost
savings, they are widely utilized in load-bearing structures across a wide range of industries. In
addition to these better qualities, adhesive joints are the subject of several research that are being
conducted in the literature [1, 2] because of their lightweight and simplicity of application. Therefore
quick solution suggestions for joining materials using adhesive joints have been suggested and
continue to be put forward.

Single and double acting joint types are the most often utilized connection kinds in adhesive
connections. A study [3] used bonding models in single and double reinforced lap joints. The failure
loads and mechanisms for three different types of joints—adhesive bonding, bolt fastening, and
adhesive-bolt hybrid joining—were examined by Kweon et al. [4]. They used FM73 film-type
adhesive and EA9394S type adhesive to bond aluminum and composite materials and compared the
durability of the joint types. Kairouz and Matthews [5] examined single-lap bonded joints of cross-ply
adherends and stated that joints’ failure mode and strength were directly influenced by the surface
layer orientation. da Silva et al [6], used the Taguchi method to study the effect of the adherend and
the adhesive, adhesive thicknesses, the durability, the overlap and the surface treatment on the lap
shear strength. Citil et al. surveyed [7] the mechanical properties under tension of double strap joints
of aluminum alloy AA 2024-T3 with gap and with filled intermediate section and found no influence
of intermediate element on double-strap bonding joints. In another study [8], they discovered that lap
joints with better surface geometry could withstand higher loads. They then looked at the new joint
kinds of AA 2024-T3 aluminum alloy with distinct surface geometries. The impact of surface
preparation on the strength and performance of single-lap aluminum-copper alloy joints for
automotive applications was investigated by Boutar et al. [9]. They noticed that the single lap joint's
shear strength was inversely proportional to the roughness of the surface, and less wetable conditions
were occurred with the rougher the surface. Naat et al. [10] reviewed the quasi-static strength and
fatigue behavior of adhesively bonded joints having different surface texture. Layec et al. [11] studied
the effect of bifunctional water-soluble polymers on the adhesive bond of aluminum during
transportation when bifunctional water-soluble polymers were located between the adhesive and
aluminum substrate. Reneckis et al. [12] studied on the aluminum-glass fiber and aluminum-aluminum
reinforced polymers’ bond strength under the oil and water contamination conditions. They concluded
that mineral oil contamination was more dangerous than water contamination. Single lap joints of
hybrid aluminum and carbon—epoxy adhesively-bonded components were studied by Ribeiro et al.
[13] Another effect of hybridization of single lap joints of fiber/metal reinforced adhesively bonded
composites’ bonding strength was surveyed by Thomas et al. [14]. Experimental and numerical
strength of carbon fibre, aluminum and high strength steel reinforced plastics multi-material adhesive
joints were investigated by Banea et al. [15]. Santos et al. [16] studied on the AF 163-2K, titanium
alloy and carbon fiber reinforced polymers (CFRP) hybrid structures for peel strength improving. Hu
et al. [17] investigated the etching of A6060 T5 substrates with NaOH concentration influence on
bonding of hybrid aluminum and CFRP. Carbon/epoxy and AA2024-T3 aluminum alloy single lap
hybrid structures with four different sequence were studied by Giiltekin et al. [18]. Giiltekin and
Yazici [19] studied on the aluminum alloy (AA2024-T3) bonded joints improved with functionalized
boron carbide and boron nitride nanoparticles. Pramanik et al. [20] reviewed the joining of aluminium
alloys and CFRP. Another review study was carried out by Marannano and Zuccarello [21] on
aluminum and CFRP laminates hybrid joints. Aluminum alloy (AA2024-T3) sheets in the case of
curved lap joints were studied by Citil [22]. Under four-point bending loads, Al-GFRP single lap
joints’ fatigue life and crack initiation were studied [23]. The effects of material types and adherent
thickness on the fracture behavior of hybrid Al, Steel and CFRP single-lap bonding joints were
examined [24]. Similar and dissimilar lap joints of GFRP and AA8011 Aluminum were studied to
observe shear strength change [25]. Different nanoparticles reinforcing effect on the shear strength of
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dissimilar adherents of Al-GFRP single lap joints were examined [26]. Effect of adhesives having
different stiffness with CFRP/2024-T3 aluminum hybrid joints’ performance was investigated [27].

As can be seen from the literature, it is understood that many researchers have only investigated
different parameters of metallic or metal-composite hybrid joints. However, there is a lack of studies
on woven metallic hybrid joints in the literature. Therefore, hybrid metallic fabrics were fabricated
using Al 1005 H14 and polyethylene fishing lines. Al 1005 H14 material wire of 0.2 mm thickness
was used as weft and polyethylene fishing line (PL) of the same thickness was used as warp and
woven by means of traditional rug weaving equipment. In the same way, woven fabrics consisting of
only polyethylene fishing line with the same thickness in both warp and weft directions were
produced. FM® 73M structural adhesive film was used as structural adhesive material, and both the
warp and the weft directions of the hybrid metallic laminates' mechanical characteristics were
determined. This study's objective is to fill the gap in the literature and to produce hybrid composites
that can provide higher strength compared to their weight, to produce lighter materials that can keep
unmanned aerial vehicles in the air for longer periods of time, and to examine the effects of the
increased adhesion surface on the adhesion strength due to the use of small diameter aluminum wires
instead of materials used as a whole sheet in traditional applications.

2. Materials and Method

2.1. Hybrid Fabrics Weaving

To produce the metallic hybrid fabrics, Al 1050 wires having 0.2 mm thickness were obtained
from a local shop. Material property data of Al 1050 H14 used in weaving fabrics and Al 5005 H34
used at the outer surface and as an intermediate among laminates were given in Table 1. The weft was
made of provided metal wires, while warp was made of polyethylene fishing line. The polyethylene
fishing line used as a warp was obtained from the local fishery store. The fishing line, known as "effe
sumo x8," is composed of eight braided structures of same material, however with a reduced
thickness. The technical specifications of this microfiber fishing line were given in Table 2. Fishing
line and aluminum wires of the same thickness were employed in the manufacturing process to create
hybrid metallic fabrics. The use of fishing line as a warp in this research was motivated by the need to
mitigate ruptures that occurred during trials. These ruptures were attributed to friction that arose
during the compressing process of the aluminum wefts. By opting for fishing lines as the warp
material, the researchers aimed to avoid such ruptures from occurring.

The aluminum wires were incorporated into the system following this foundation line, as
illustrated in Figure 1, and the fishing line threads were attached to the conventional weaving
apparatus as warp. A layer of traditional cotton thread was weaved to produce a basis line for the
aluminum wires to be linked as weft. The warp density of the fishing line threads was obtained by
calculating a knot density of 55 per 1 cm? for all fabrics. The reason for choosing this density was the
preliminary weaving trials. After obtaining warp density data from trials, hybrid fabrics were produced
solely by manual labor, shown in Figure 1(a) and Figure 1(b), respectively. The final state of the
fabrics after the weaving process could be seen in Figure 2. The same thickness of all polyethylene
fishing line (both as warp and weft) fabrics was also produced with the same procedure as in Figure 1.

Table 1. Mechanical properties of Al 5005 H34 sheets and Al 1050 H14 wire of 0.2 mm thickness

Tensile Strength, Tensile Strength, Tensile Elongation at
Material Ultimate (MPa) Yield (MPa) Modulus (GPa) Break (%)
Al 1050 H14 110 103 69 10
Al 5005 H34 159 138 68.9 8

ADYU Miihendislik Bilimleri Dergisi 22 (2024) 1-17
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Table 2. Typical Properties of fishing line of Effe Sumo X8

Material : Polyethylene
Durability of 0.2 mm Thickness 18.14
to load (kg) o

(a) (b)

Figure 1. (a) Production of fabrics with traditional weaving equipment, (b)production process
of hybrid metallic fabrics of 0.2 mm thickness

Figure 2. Traditional weaving equipment and weaved hybrid metallic fabrics

2.2. Preparation of Specimens with Adhesive
Because of their increased notch sensitivity and low shear stress, structural adhesives are

frequently used to join composite materials. [28]. In this study, FM® 73M, belonging to CYTEC
company, was used as structural film adhesive in the laminate structures created with hybrid metallic

ADYU Miihendislik Bilimleri Dergisi 22 (2024) 1-17
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fabrics and intermediate Al 5005 H34 sheets. It is a general-purpose structural adhesive film,
toughened aerospace epoxy, as highlighted in the datasheet. Between -55°C and 82°C, it is meant to
perform excellent structural performance. Bonding of many structural systems, such as metals and
composites are made with FM® 73M to ensure good durability thanks to its suitability for this kind of
bonding [29]. Table 3 contains the properties of FM® 73M adhesive material.

Table 3. FM® 73M film adhesive’s properties [29]

Floating Blister Climbing
Tensile shear  roller peel at detection at drum metal-
Nominal  Nominal at 24°C for 24°C metal  24°C for metal to-metal peel
Weight, Thickness, metal to metal to metal to metal at 24°C
(g/m?) (mm) Color (MPa) (kN/m) (MPa) (Nm/m)
210 0.18 Yellow 41.9* 11.74* 33.56* 323.34*

* Calculated by interpolation as per data sheet

Initially, after the production of fabrics, layers were prepared by cutting the produced hybrid
metallic fabric with a width of 300 mm and a length of 300 mm (Figure 3a). Secondly, fabric samples
and FM® 73M of 30 mm width and 300 mm length were prepared from these layers not only in the
parallel direction of the weft axis (referred to as the x-axis hereinafter), but also in warp direction
(referred to as the y-axis hereinafter) as seen in Figure 3b and Figure 3c respectively for preparing
laminates. Since the produced hybrid fabric material was anisotropic, both warp and weft axes were
taken into account with sequencing Al 5005 H34 intermediate sheet. The same cutting procedure was
followed for all polyethylene-weaved fabrics and FM® 73M, as in Figure 3. Since weaved
polyethylene fabric was isotropic, it was cut into specimens regardless of weaving direction.
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Figure 3. (a) Hybrid metallic fabrics cut in 300x300 mm size, (b) 30x300 mm hybrid metallic fabrics
cut in weft direction (¢) warp direction
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Cavezza et al. [30] and Kuczmaszewski's [31] review studies emphasized the significance of
metal adherent preparation surfaces, which significantly impacted the substrate's top layer chemistry,
for the system's endurance. It was stated in another study by Davis and Brown [32] that, unlike
composites, surface preparation of metals was a vital part of having a dependable adhesive bond.
Cleaning the metal surfaces is necessary to ensure that the adhesive and adhering substance form a
strong chemical bond, as stated by Pethrick [33]. Therefore, the surface that the adhesive comes into
touch with must be free of materials like paint, oil, or dust in order to ensure effective adhesion
between the adhesive and the surface of the layers. For this reason, the surfaces of the samples that
needed to be bonded before bonding were cleaned and degreased. After the surface preparation
process, a layered structure of different sequencing laminates was obtained by placing FM® 73M
structural film adhesive between each metallic fabric and aluminum sheet, as in Figure 4. Green
elements in Figure 4 were research parameters, the fabrics of hybrid materials and all polyethylene
fishing lines.

As could be seen from Table 4, three sequencing of laminates with the outermost and middle Al
5005 H34 sheets of 0.5 mm thickness and the structural adhesive of 0.018 mm thickness between these
sheets and produced fabrics were considered.

—Aluminum Sheet

Film Adhesive

Fabric

Figure 4. Al sheets, hybrid fabrics and adhesives sequences

Table 4. Sequencing of laminates

Number Sequencing Direction regard to weaving
Type I ALS/SA/HF/SA/ALS/SA/HF/SA/ALS X
Type I ALS/SA/HF/SA/ALS/SA/HF/SA/ALS Y
Type I ALS/SA/PFL/SA/ALS/SA/PFL/SA/ALS -
Type II* ALS/SA/HF/SA/HF/SA/HF/SA/ALS X
Type II* ALS/SA/HF/SA/HF/SA/HF/SA/ALS Y
Type II* ALS/SA/PFL/SA/PFL/SA/PFL/SA/ALS -

*ALS: Aluminum Sheet, SA: Structural Adhesive, HF: Hybrid Fabric, PFL: Polyethylene Fishing Line
**studied in another paper by same authors

The layered structure of a prepared specimen is illustrated in Figure 5a. The specimen thickness
was determined by the woven hybrid metallic and polyethylene fabrics, as the thicknesses of the
intermediate sheet, outermost sheets, and adhesives were constant. Consequently, to achieve the
anticipated laminate thicknesses between the mold and specimens, wooden laths were fabricated in
accordance with the total thickness after measuring the thickness of each fabric from three distinct
positions using a micrometer. Wooden slats that mirrored the overall thickness of the specimens were
positioned around them to prevent the samples from being squeezed within a temperature-controlled
hydraulic press as illustrated in Figure 5b.

The specimen, which was prepared and ready for pressing, underwent a curing process for a
duration of two hours. This process took place at a temperature of 120 °C, which aligns with the
recommended curing temperature specified in the datasheet for the structural adhesive. The curing
process was conducted under a pressure of 0.1 MPa inside a temperature-controlled hydraulic press, as
seen in Figure 6a. In Figure 6b, it can be shown that several sequencing specimens, consisting of
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intermediate Al 5005 H34 sheet, were positioned between a specifically constructed die set. These
specimens were subjected to a consistent weight throughout the curing process. It is important to
acknowledge that die sets have also undergone degreasing and dust purification prior to their
application. The formation of laminates with varying sequencing occurred subsequent to the hydraulic
press being maintained at ambient temperature for a duration of 24 hours.

(a) (b)

Figure S. (a) Laminate layers that prepared and (b) samples that ready-to-cure

(a) (b)

Figure 6. (a) The temperature-controlled hydraulic press and (b) specimen under the weight in
the curing chamber

The pressed samples were initially produced with 30 mm width and 300 mm length in terms of
dimensions. Then, the samples aforementioned were cut with a sawing machine from 30 mm width
and 300 mm length to 25 mm width and 250 mm length dimensions according to ASTM D3039
standard. After the curing and cutting process, it was observed that the lengths, widths and thicknesses
of the samples were varied between 250 mm + 2 mm, 25 mm =+ 0.2 mm and 5.25 mm + 0.25 mm,
resgectively. Tensile sample weights were ascertained with a weighing apparatus with an accuracy of
10™ grams.
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2.3. Tensile Testing

Tensile test specimens were acquired by cutting bonded materials with varying sequential
structures, following the ASTM D3039 standard, using sawing equipment. The resulting specimens
were prepared in accordance with the prescribed standard for further tensile testing. Tensile tests were
conducted on three samples for each sequenced structure. The UTEST brand universal tensile testing
machine with 20 kN load capacity was used to perform tensile tests on various hybrid metallic
aluminum and polyethylene fishing line fabrics with an intermediate aluminum sheet bonded structure.
The experiments were conducted in an ambient laboratory setting with a crosshead speed of 2
mm/min. The specimen subjected to tensile test with UTEST brand universal tensile testing equipment
was shown in Figure 7. The tensile studies were carried out using three replicates from each group.
The failure surfaces of the samples were analyzed subsequent to performing the tensile tests.

Figure 7. Specimen subjected to tensile testing

3. Results and Discussion

One of the most important features of adhesive joints is that they can join different types of
materials. Adhesives are used not only for joining the parts but also for repair purposes. The type of
glue, the components being joined, the surface to which it is applied, the overlap length, thickness,
temperature, and joint pattern all affect the construction of a long-lasting adhesive junction. In bonding
joints, choosing a suitable adhesive depending on the material is extremely important for the strength
of the connection. When two distinct types of materials are joined, the impact of the adhesive bond on
the strength of the components will differ significantly. The mechanical characteristics of the materials
and the part hardness determine the adhesion mechanism. [2, 34-35].

Using weighing apparatus with an accuracy of 10 gr, the weights of the tensile samples were
ascertained for this investigation. With same weighing apparatus, each specimen was weighed three
times, with the average values being taken into account. The weight results of different sequenced
specimens not only with intermediate but also without the intermediate aluminum sheet, which was
studied in another paper by same authors [36], was given in Table 5. Density of each specimen group
was calculated by taking average thickness of 5.25 mm for each group and results were obtained in
kg/m’. As in Table 5, The Type-II laminates were found to have a lighter structure and a density that
was roughly 10-15% lower than that of Type-I laminates within each particular sequencing group.
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Table 5. Specimens’ average weights (gr)

X-Direction Y-Direction Fishing Line
Type-I, Average weights 38.71462 36.3998 38.80133
Type-1, Density (kg/m®) 1.179,87 1109.37 1182.52
Type-1I, Average weights* 33.83413 31.06943 34.97352
Type-11, Density (kg/m®) 1031.13 946.88 1065.86

*Studied in another paper of same authors [36]

When the weight data of laminates in Table 5 were examined, among the intermediate metal-
containing laminates, it was observed that the specimen with the polyethylene fishing line had the
maximum weight and that its weight value was extremely near to the weight of the x-direction
specimen. Further, it was obtained that the lightest sample among the intermediate metal-containing
laminates occurred in the samples of the y-direction. These results were compatible with results of
another study of authors that sequenced laminate without intermediate Al material [36]. When the
laminates of fabrics that do not contain any intermediate metals were compared with those that
intermediate metal-containing laminates, it could be observed that they have a light structure of
approximately 4.5 g to 5 g in each specific sequencing groups.

Laminates of different sequenced materials were subjected to tensile test in a Universal UTEST
test equipment and the results of Type-I in x-axis direction were given in Figure 8. The test results of
specimen in x-direction were in agreement each other. It was obtained that the ultimate tensile strength
varies between 50 MPa and 60 MPa and the corresponding strain values vary between approximately
0.06 and 0.075. The stress-strain values of the laminates of Type-I in the x-direction were found to be
compatible with one another when the stress-strain distributions of Type-I composite materials were
examined. Figure 8 illustrates that the samples had an approximate yield strength (ox) of 13.25 MPa
and a corresponding strain value (&) of 0.0035%. The samples' average ultimate strength (cyx) was
discovered to be 54.83 MPa, while the corresponding average strain (&) was found to be 0.057%. As a
result, the aluminum wire/polyethylene line reinforced composite material's average modulus of
elasticity (Ex) for the x-direction laminates was roughly 3780 MPa..

When Figure 8 was reviewed, it was discovered that the stress-strain values of the Type-I
laminates in the y-direction and the x-direction were compatible with one another. The graph indicates
that the samples had an average yield strength of 14.71 MPa and a corresponding strain value of
0.0039%. The samples' average ultimate strength value (oy) was determined to be 50.7 MPa, and the
average strain value (gy) that correlated with it was discovered to be 0.045%. As a result, the y-
direction laminates of aluminum wire/polyethylene line reinforced composite material had an average
modulus of elasticity (Ey) of roughly 3770 MPa. The conclusion was that the Type-I modulus of
elasticity was found to be equal in both the x and y directions. Tensile test results of y-direction of
Type-I of hybrid weaved laminates with intermediate Al 5005 H34 sheet were given in Figure 9. The
tensile test results of y-direction were obtained in agreement with each other, as in Figure 8.

The ultimate tensile strength values were observed to vary between 50 MPa and 55 MPa and the
corresponding strain values were between 0.045 and 0.06 approximately. Moreover, it was obtained
that average ultimate strength of x-direction and y-direction laminates were close to each other
whereas strain values of x-direction laminates were bigger than laminates of y-direction.

Stress-strain distributions in the y-direction of aluminum wire/polyethylene line reinforced
composite materials of Type-I were given in Figure 9. The stress-strain values of the laminates of y-
direction were found to be compatible with each other as was the case for x-direction of Type-I when
Figure 8 was examined. The graph indicates that the samples had an average yield strength (oy) of
14.71 MPa and a corresponding strain value (gy) of 0.0039%. The samples' mean ultimate strength
value (oy) was determined to be 50.7 MPa, while the mean strain value (g,) was discovered to be
0.045%. Consequently, the y-direction laminates of aluminum wire/polyethylene line reinforced
composite material yielded an estimated value of 3770 MPa for the average modulus of elasticity (Ey).
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The conclusion was that the Type-I modulus of elasticity was found to be equal in both the x and y
directions.
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Figure 8. Tensile tests of Type-I laminates containing aluminum intermediate (X-direction)
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Figure 9. Tensile tests of Type-I laminates containing aluminum intermediate (Y-direction)
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Tensile test results of all polyethylene line weaved fabrics laminates with Al 5005 H34
intermediate material were given in Figure 10. It could be stated that ultimate tensile strengths of these
laminates were between 50 MPa and 53 MPa, which was a little smaller than y-direction hybrid
laminates but close to values of x-direction hybrid laminate. Strain values were varied between 0.045
and 0.063, which were again close to x-direction hybrid laminates but smaller than y-direction hybrid
laminates.

Figure 10 showed the stress-strain distributions of the single Type-I PL reinforced composite
materials. The stress-strain values of the samples were found to be comparable with one another, as
shown in Figures 8 and 9, based on the results shown in Figure 10. The graph indicates that the PL
laminates had an average yield strength (ox) of 10.68 MPa and a corresponding strain value (&x) of
0.0016%. The samples had an average breaking strength value (ox) of 50.28 MPa, and the average
strain value (ex) was observed to be 0.045%. The average modulus of elasticity (E, = E,,) of all PL
weaved fabrics of aluminum sheet intermediate containing composite material was obtained as 6670
MPa.

Polyethylene Line with metal intermediate

60

I

Stress (MPa)

20

Strain (mm/mm)

Figure 10. Tensile tests of Type-I laminates of PL textiles containing aluminum intermediate

In Figure 11, average values x-direction, y-direction hybrid laminates and all polyethylene line
laminates were compared. Average values of three specimen in each laminate group were considered
to draw this figure. It was obtained that; test results of x-direction and all polyethylene line laminates
were in agreement with each other whereas y-direction laminates were bigger than the intermediate Al
5005 H34 material in all laminates, both in terms of strain value and ultimate tensile strength. In
another paper, same authors investigated same laminate sequencing but without intermediate Al 5005
H34 material [36]. The laminates were all x-direction and y-direction aluminum/polyethylene hybrid
fabrics, and all polyethylene fabrics. Same structural adhesive, production process and tests were
applied. The average tensile test values of the laminates in the mentioned study were calculated and
compared to the tensile test values of the samples with intermediate Al 5005 H34 material in this study
separately in terms of x-direction, y-direction and all polyethylene line.
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Comparision of Laminates with Al intermediate
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Figure 11. All Type-I intermediate material containing laminates comparison (Red: X-direction, Blue:
Y-direction and Green: PL fabrics)

Comparison of the average tensile test results for specimens with and without an intermediate
material, both possessing the identical sequence structure in the x-direction was presented in Figure
12. It was evident that the average stress outcome of the intermediate containing Al 5005 H34 was
higher compared to the intermediate without it. However, the strain values obtained were very similar.

X-direction of with and without intermediate
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Strain (mm/mm)

Figure 12. Tensile test comparison of Type-I and Type-II laminates (X-direction)

Figure 13 presented a comparison of the average tensile test results obtained with and without
intermediate material using the same y-direction sequence structure. The y-direction laminates, both

ADYU Miihendislik Bilimleri Dergisi 22 (2024) 1-17



13 A. I Kaya, K. E. Engin, S. Citil

with and without intermediate material, yielded identical results to the x-direction laminates. However,
the average ultimate strength margin for the y-direction laminates, with or without intermediate
material, was slightly greater than that of the x-direction laminates.

Y-direction of with and without intermediate comparison
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Figure 13 Tensile test comparison of Type-I and Type-II laminates (Y-direction)
Comparison of average tensile test results of with and without intermediate material with same
sequence structure of polyethylene fishing line laminates were given Figure 14. Average ultimate
strength of laminates with intermediate Al material clearly was bigger than without Al material

laminates nevertheless average strain values of with intermediate material was smaller without
intermediate Al material.

Polyethylene Line fabrics of with and without intermediate
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Figure 14. Tensile test comparison Type-I and Type-II of PL fabrics
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When Figure 14 was compared to Figure 12 and Figure 13, it could be stated that averages
strain margin was much bigger than not only all x-direction laminates but also y-direction all
laminates.

When average values of x-direction, y-direction hybrid laminates and all PL laminates of Type-I
were viewed from Figure 11, It could be stated that, test results of x-direction, y-direction and all PL
with intermediate Al-containing laminates were in agreement each other whereas x-direction laminates
were bigger than in terms of strain as well as ultimate tensile strength. Comparison of average tensile
test results of with and without Al intermediate containing material with same sequence structure of x-
direction, y-direction and all PL of Type-I and Type-II composites were given respectively in Figure
12, Figure 13 and Figure 14. It could be seen that the yield strength regions were approximately same
regardless of intermediate material for both composites in x-direction and y-direction given
respectively in Figure 12 and Figure 13. Therefore, it would be more beneficial to use the lighter
laminates that intermediate metal-free sequence in applications of where yield strength was matter.
Nonetheless, in both the x- and y-direction, the final strength of composites containing intermediate Al
was shown to be greater than that of composites without intermediate ones. Comparison of average
tensile test results of with and without intermediate Al material with same sequence structure of
polyethylene fishing line laminates were given Figure 14. It should be stressed that the yield strength
regions were distinctively different regarding intermediate Al material for all PL laminates. Besides,
average ultimate strength of laminates with intermediate Al material clearly was bigger than without
Al material laminates and average strain margin in Figure 14 was much bigger than not only for x-
direction laminates but also y-direction laminates regarding without Al material.

In conclusion, it was found that the load amount of the laminates in the x-axis direction was
higher than the y-axis, and the strength value was higher when results of mechanical properties of
Type-1 and Type-II were compared depending on the direction. In addition, it was noted that the yield
strength values of Type-I and Type-II were relatively near to one another in both the x- and y-axis
directions. Strength value of PL fabrics of Type-I laminates were smaller than x-axis and but close to
y-axis direction. Type-I laminates were found to be 10%—12% heavier than Type-II laminates, but the
strength of the intermediate Al-containing Type-II composite was found to be higher than that of the
intermediate non-containing Type-I laminates. Conversely, the intermediate non-containing Type-II
samples were found to have a relatively low-density value in comparison to the intermediate Al-
containing Type-I laminates. Besides, it could be stated that metal and non-metal materials could be
weaved in the form of fabric which resulted in low density and high strength materials that aerospace
and aviation industries were highly preferred to use. The results showed that thanks to the reduction of
the wire diameter of the metal material, the defects in the internal structure of the material would
decrease in a weaved fabric accordingly. Therefore, a structure with fewer defects would result in
higher material strength values and lower density values.

All samples were examined following the tensile tests of laminates in order to ascertain the
adhesion failure mechanism in the bonded regions. It was discovered that this mechanism involved
cohesive and adhesive failure that happened at the interface between the adhesive and substrate, within
the adhesive, and within the coating layer. Consequently, the failure mechanism served as an
indication that the cohesive forces within the adhesion region were insufficiently robust, and a feeble
boundary layer was present. [37].

4. Conclusion

Diverse sequences of a novel hybrid aluminum/polyethylene fabric featuring an intermediate
layer of Al were analyzed in this study, as was a pure polyethylene fabric featuring an intermediate
layer of Al. A brief overview of the conclusions derived from this study would be as follows:

« [t was observed that fabrics containing Al and PL could be sequentially woven using
conventional rug weaving tools,
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* It was discovered that Type-I laminates with intermediate Al content weighed between 10%
and 12% more than Type-II laminates,

* When findings were compared based on the direction, the strength value of Type-I composites'
X-axis direction was found to be higher than that of Type-I composites' Y-axis direction,

* It was discovered that the strength values of PL fabrics including laminates were almost Y-
direction,

* [t was found that the modulus of elasticity was the same for both the X and Y axes,

* Regarding the use of Al-intermediate material, it was found that the yield strength region of
the X- and Y-direction of Type-I and Type-II were close,

» Comparing intermediate Al-containing Type-I laminates to intermediate non-containing Type-
IT samples, the density value of the latter was much lower,

* Depending on a comparison of Type-I and Type-II materials' strength-to-weight ratios, it is
possible to conclude that by weaving metal and non-metal substances together the strength values of
the materials would increase while the density values would decrease.
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OZET

Ortagonal Diizgiinlestirme (OD), derin aglarin asir1 6grenme (overfitting), gradyan patlamansi/kaybolmasini
engellemek igin kullanilmaktadir. Literatiirde derin 6grenme igin gelistirilen OD yontemlerinin ¢ogunda ag
agirhiklarmi birim dik vektorler olarak 6grenme amaglanmaktadir. Bu makalede ag agirliklarini ikili olarak
gruplayarak birim dik 6grenmeye zorlayan fonksiyon, maliyet fonksiyonuna eklenmektedir. Bu yontem yapay
sinir aglarinda ve konviilasyonel sinir aglarinda c¢esitli veri kiimelerinde (yapay veri ve gergek veri) test
edilmektedir. Ayrica Onerilen yontem, literatiirde 6ne ¢ikan Yumusak Ortagonal (SO), Cift Yumusak Ortagonal
(DSO), Karsilikli Tutarlilik (MC) ve Spektral Smirl Izometri Ozellikli (SRIP) gibi yontemler ile dogruluk,
yiiriitiilme zamani, hata oran1 metriklerinde karsilastirilmaktadir. Karsilagtirma sonucunda dogruluk metriginde
farkl1 veri kiimelerinin kullanan aglarda %1-%3 arasinda iyilesme saglanmaktadir. Onerilen yéntem, Cifar10 veri
kiimesinde Resnet 110 agmda 92,96 dan %93,90’a ve Resnet 28-10 %95,84’den %96,78’a test basarisini
yiikseltmektedir.

Anahtar Kelimeler: Ortagonal Diizgiinlestirme, Sinir Aglari, Evrisimsel Sinir Aglar

A NEW ORTOGONAL REGULARIZATION APPROACH FOR DEEP
NETWORKS

ABSTRACT

Orthogonal Regularization (OR) is used to prevent overfitting, gradient explosion and Vanishing Gradient in deep
networks. OR methods developed for deep learning in the literature aim to learn network weights as unit orthogonal
vectors. In this article, the function that enables unit orthogonal learning of network weights for binary groups is
added to the cost function. This method is tested on various data sets (artificial data and real data) in artificial
neural networks and convolutional neural networks. In addition, the proposed method is compared with methods
such as Soft Orthogonal (SO), Double Soft Orthogonal (DSO), Mutual Coherence (MC) and Spectral Restricted
Isometry Property (SRIP), which are prominent in the literature, in terms of accuracy, execution time and error
rate metrics. As a result of the comparison, an improvement of 1% to 5% is achieved in the accuracy metric in
networks using different data sets. The proposed method increases the test success from 92.96 to 93.90% in the
Resnet 110 network and from 95.84% to 96.78% in the Resnet 28-10 dataset on the Cifar10 dataset.
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1. Giris

Yapay sinir aglar1 (YSA), 6nemli bir yapay 6grenme mimarisidir ve derin 6grenme mimarilerinin
temelini olusturmaktadir [1-5]. Derin mimariler imge siiflama [6-9], dogal dil isleme [10] ve nesne
tespiti [11] gibi birgok uygulama alaninda kullanilmaktadir. Yapay Ogrenme arastirmacilari, derin
mimarilerin optimizasyonu tizerinde son yillarda yogun bir sekilde ¢aligmaktadirlar. Bu ¢aligmalar, yeni
derin mimarilerin 6nerilmesi [1,12] optimizasyon algoritmalariin gelistirilmesi [13,14] diizglinlestirme
yontemleri [15,16] olarak 6zetlenebilir.

YSA, egitim maliyetinin azaltilmasi, dogruluk metriginin yiikseltilmesi derin aglarin
optimisazyonu i¢in biiylik onem tagimaktadir. YSA optimizasyonun 2 temel zorlugu vardir. Bunlarin
ilki ara katmanlarin agirlik sayisinin ne olacagi ve 6grenme hizinin nasil artirilacagidir [17]. Bunun
yaninda Ann’ lerin de bir parcast oldugu derin 6grenme mimarilerinin gradyan patlamasi/kaybolmasi
¢oziilmesi gereken bir diger problemdir [18].Bu durum genellikle bir problemin ¢dziimiinde daha derin
sinir aglarinin tercih edilmesinden kaynaklanmaktadir. Problemin ¢6ziimi icin artik derin ag
onerilmistir [19,20]. Bu aglar probleme kismi bir ¢6ziim iiretse de ag derinligi artmasi durumunda tam
bir ¢oziim saglayamamistir. Bunun yaninda ag agirliklarinin, ortagol baslatilmasi ve ya egitiminde
ortagonal diizenlenmesi gibi yontemler problemin daha etkili bir ¢6ziimii olarak kullanilmaktadir [21—
23].

Bu makalede YSA ve evrisimsel sinir aglar1 (ESA), agirlik vektorlerini ortagonal tabanlar olarak
ogrenmeye dayali bir regularisizyon metotu &nerilmektedir. Onerilen ydntem ile agm temel yapisi
degistirilmeden etkili bir hata eklenti metodu sunulmaktadir. Yontem agin ara katmanindaki agirliklarin
ikili ve atlamali olarak diklestirmeye zorlanmaktadir. Boylece YSA ve ESA, ortagonal agirliklar etkili
bir sekilde 6grenmesi saglanmaktadir. Onerilen metot katman say1s1 diisiik YSA ve ara katman sayis1
daha fazla olan ESA nasil davrandigi analiz edilmektedir. Analiz agamasindan sentetik veriler ve gercek
veriler lizerinde deneyler yapilmaktadir. Aglara 6nce giiriiltiisiiz veriler daha sonra ise verilere gaus
dagiliml giiriiltii eklenerek deneyler gergeklestirilmektedir. Daha sonra 6nerilen yontemin derin aglarda
performansi incelenmektedir. Onerilen yéntem, Resnet agmin smiflama katmaninda kullanilarak agin
hizli yakinsadigi ve daha iyi test dogrulugu sagladigi gozlemlenmektedir. Onerilen yontem YSA ve ESA
toplam dogrulugu ve 6grenme hizinda iyilesme saglanmaktadir. Son olarak literatiirde sunulan diger
ortagonal diizgiinlestirme yontemleri ile kiyaslanmaktadir.

Bu caligmanin 2. boliimiinde literatiirde sunulan ilgili ¢alismalar sunulmaktadir. 3 boliimde
ortagonallik ve literatiirdeki ortagonal yontemler agiklanmaktadir. Daha sonra 4. Boliimde Onerilen
ortagonal agirlik 6grenen yontem tanimlanmaktadir. 5 boliimden 6nerilen yontemin deneysel sonuglari
sunulmaktadir. Son olarak elde edilen sonuglar tartigilarak ileriki ¢caligmalar i¢in diigiince ve Oneriler
belirtilmektedir.

2. llgili Cahsmalar

Literatlirde ortagonal agirliklarin yapay oOgrenmede kullanimi ile ilgili birgok c¢alisma
gelistirilmigtir. Mishkin ve dig. [21] tarafindan derin sinir aglar1 (DSA) i¢in Katman sirali birim varyansi
baslangic metotu Onerilmistir. Bu yaklagimda ilk olarak ag agirlik matrisi ortanormal olarak
baglatilmistir. Sonraki asamada ise agin her bir katmani normallestirmek ig¢in ¢ikis varyansini 1’e
esitlenmistir. Boylece DSA toplam test dogrulugu arttirilmistir. Huang ve dig. [14] Orthogonal agirlik
matrisi normalisazyonu i¢in ¢oklu stiefel manifolds optimisazyon ¢ozliimiinii kullanmiglardir. Boylece
yontem karesel ve karesel olmayan agirlik matrisi i¢in genellestirilmis bir orthagonal ¢6ziim
saglanmigtir. Metot Cifarl00 veri kiimesinde genis residual agm hatasin1 yaklasik %2 oraninda
disiirmektedir. Jia ve dig. [24] DSA’nin, veri dagilimlarinin local izometri olduklarimi 6nermektedir.
Daha sonra local izometri kullanarak her bir agirlik matrisinin tekil deger specturumuna ve araliina
duyarli bir hata fonksiyonu gelistirmislerdir. Bu metot modern derin aglara kullanarak ¢esitli metriklerde
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basaris1 kanitlanmigtir. Zhang ve dig tarafindan [25] ise DSA ag agirliklar1 arasindaki agilarin
ortalamasinin ve varyansinin 0 dan 90 dogru iten kendi kendine diizgiinlestirme yapma metodu
kullanmiglardir. Boylece ag egitiminin daha hizli yakinsamasi saglanmistir. Bansal ve dig. [26]
tarafindan karsilikli tutarlilik ve kisith izometri 6zelligi gibi gesitli liner cebir metotlar1 kullanarak derin
ESA'larin egitimi konusunda yeni bir ortagonallik yontemi gelistirilmistir. Daha sonra yontem Resnet
ve WideResnet aglarinda kullanilarak Cifar10,Cifar100 ve Imagenet veri kiimeleri iizerinde test
edilmistir. Xie ve dig. [27] DSA’lerin gradyan patlamasini/kaybolasini engellemek i¢in farkl filtre
bankalar1 arasindaki ortanormallik kullanan bir diizgiinlestirme yontemi onermislerdir. Bu yontem iki
parametrik katman arasindaki kuasizometri varsayim gelistirmigtir.

Ortogonal yaklagimlarin kullanildigi birgok yontem giincel hayat problemlerini ¢ozmiistlir. Hava
kirliligi tahmini ger¢eklestirmek i¢in derin Spatio-Temporal Ortagonal Diizgiinlestirme kullanan artik
ESA gelistirilmistir [28]. Bu ¢alismada ESA dogrulugunun artirilmasi i¢in ortagonal diizgiinlestirme
yontemi olan spektral Smirli Izometri 6zellikli kullanilmigtir. Sonug olarak bu ydnteminin nerdeyse
biitiin durumlarda agin tahmin dogrulugunu artirmistir. Bir diger ¢aligmada EEG sinyallerini kullanarak
uyku analizi yapmak icin ortagonal tekrarlamali yapay sinir agi (OTNN) oOnerilmistir [29]. OTNN,
literatiirdeki TNN yapilariyla karsilastirildiginda F1-score, toplam dogruluk ve AUC degerinde daha iyi
performans saglamistir. Benzer olarak tek kanalli EEG sinyali kullanarak uyku asamasi siniflandirmak
i¢cin ortagonal konviilasyonel yapay sinir ag1 (OESA) yapist gelistirilmistir [30]. Bu yontemde, EEG
sinyalleri Hilbert-Huang doniisiimil araciligtyla bir zaman frekans domainine doniistiiriilmiistiir. Daha
sontra OESA agirliklar1 ortagonal olarak baglatilmistir,. OESA egitim sirasindan ortagonal
diizglinlestirme kullanarak daha etkili bir siniflama gerceklestirmistir. Bunun yaninda ortagonal derin
bir model kara kutu saldirilarina kars1 koruma 6nlemi olarak 6nerilmistir. Ortagonal model yardimiyla,
gradyan kontrolii saglanarak kara kutu saldirilarindan daha giivenli bir sistem tasarimi saglanmustir [31].

3. Ortagonal Diizgiinlestirme

DSA, performansini etkileyen en onemli etkenlerden biri gradan patlamasi/kaybolmasidir.
Aglarin derinligindeki artis bu problemleri ortaya g¢ikarmaktadir. DSA’da, ileriye dogru yayilimin
kararlig1 yi1gin normallestirme (YN) yontemi ile saglanmaktadir. Fakat geri yayilimda YN hatanin
diizenli dagilimini garanti etmemektedir [28]. Bu nedenle gradyanlarin patlamasi/kaybolmasini 6nlemek
icin OD kullanilmast 6nerilmektedir [26-28]. OD, geri yayilim hatalarini azalttigi, ara katman enerji
korunumu sagladig1 ve aglarin dogruluk metrigini arttirdigi literatiirde sunulmustur [26,27,32]. Bu
caligmalardan, OD genellikle agirlik zayiflama metotlarinin yerine kullanilmaktadir.

Ortagonallik, x ve y iki vektér olmak tiizere x,y € R™i¢in x -y = 0 ise x L y denir. Bunun
yaninda dik olan x ve y vektorlerinin uzunluklar ||x|| = 1 ve ||y|| = 1 ise bu vektorler ortanormal
olarak ifade edilmektedir. YSA’da ortagonallik ve ortanormallik kavrami, norm-korunumu olarak
adlandirilan denklem 1’ de gosterilen hipotez ile agiklanmaktadir. Norm-korunumunda, x ve y vektorii
liner bir déniisiim ile W ortagonal matrisi kullanarak eslestirilir. W7, transpoz matrisi olmak {izere y =

WTx denkleminde ||x|| = ||y|| ise bu norm-korunumu olarak tanimlanmaktadir [27].
“}’” = \/J/Ty = \/XTWWTx = \/xTx = ”x” Lf WWT =] (1)

Literatiirdeki norm-korunumu kullanan OD yontemleri Bansal ve dig tarafindan dort grupta
incelenmektedir. Bunlar yumusak ortagonal diizgiinlestirme, ¢ift yumusak ortagonal diizgiinlestirme,
kargilikli tutarlilik diizgiinlestirme ve spektral sinirli izometri 6zellikli diizgiinlestirme yontemleridir.
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3.1. Yumusak Ortagonal Diizgiinlestirme

Literatiirde bircok caligma, asir1 6grenme, gradyan patlamasi/ kaybolmasi probleminin ¢dziim
olarak agirlik matrisinin gram matrisine yakin olmasimni 6ne slirmektedir. Bu caligmalarda agirlik
matrisinin ortagonal olmasi i¢in denklem 2’ deki diizgiinlestirme yaklagimi kullanilmiglardir [27,33].

ANwWTw —1)|2 ()

Burada 24, diizgiinlestirme katsatisi, W, agirlik matrisi ve [ ise birim matristir. WTW karesel
matirisinin birim matrisden farkinin Frobenius norm degeri A ile garpilarak ag hata fonksiyonuna
eklenmektedir. W, satir ve sutiin sayisi sirastyla m, n dir. Eger m = n ise m rank olan W matrisi,
undercompletedir. Bu durumda W matrisi siitunlar1 arasinda ortagonality tanimlanabilir. Fakat n > m
ise W matrisi m rank oldugundan overcomplatedir. Bu durumda gram matrisi WTW € R™"
tanimlanamayabilir. Bu eksiklikleri giderebilmek i¢in agirlik matrisini stiefel manifold, jakobi gibi alt
uzaylara bolen yaklagimlar sunulmustur [14].

Deneylerimizde denklem 2 deki temel soft ortagonalllik yaklagimi kullanilarak YSA ve ESA
regularize edilmektedir. Denklem 2 deki formiiliin gradyani A||WTW — I||2 kullanarak hata geri
yayilimi gerceklestirilmistir.

3.2. Cift Yumusak Ortagonal Diizgiinlestirme

Cift yumusak ortagonal diizgiinlestirme (DSO), SO metodundan gelistirilmektedir. SO
yaklagimindaki asir1 6grenme ve asirt uyum durumlarina daha iyi adapte olmak i¢in Denklem 3” te
verilen diizgiinlestirme 6nerilmektedir [26].

AQWTW =101z + IWWT = I1|7) 3

Burada W, agirlik matrisi i¢in m satir ve n siitun sayisidir. Yontem, m > n igin A||WTW —I||% ;
m < n igin ise A|[WWT — I||2 denklemine gére diizgiinlestirme kayb1 hesaplanmaktadir. Daha sonra
diizgilinlestirme kayb1 ag hata fonksiyonuna eklenmektedir. DSO diizgiinlestirme yonteminin ag hatasi,
otomatik tlirev kullanilarak geriye dogru yayilmaktadir.

3.3. Karsihikli Tutarlihik Diizgiinlestirme

W, agirlik matrisinin asir1 6grenme ve asirt uyum durumlarina ¢6ziim iiretmek igin karsilikli
tutarlilik yaklagimi 6nerilmektedir. Bu yontem denklem 4’te gdsterilmektedir. [26,34].

[(wiw )| 4)

lwgll+[[w;l

Hy = MaXizj =

Burada, w; , W matrisinin i. stitun vektoridir. MC, [0,1] araliginda bir degerdir. Denklem 4°teki
Wy, degerinin diisiik olmas1 W matrisinin, ortagonal veya yaki-ortagonal olmasina neden olmaktadir.
Bu nedenle p,, degeri OD igin kullanilmaktadir. Denklem 5° te MC yontemi gosterilmektedir.

MWW =1l (%)
Denklem 5°teki denklemin gradyanimi hesaplamak i¢in l,, norm kullanilmaktadir [35]. Vektorel

uzunluk hesabinin iteratif olarak ger¢ceklesmesinden dolayi, MC yonteminin gradyani otomatik-tiirev ile
hesaplanmaktadir.
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3.4. Spektral Stnirl Izometri Ozellikli Diizgiinlestirme

Sinirh izometrik 6zellikler (RIP) kullanilarak gelistirilen diizglinlestirme yontemleri zamansal
karmasiklig1 ve dogruluk metriklerinde diger yontemlere gore daha iyi performans gosterdigi literatiirde
gosterilmektedir [25,28]. RIP, matematiksel modeli denklem 6°te verilmektedir.

124
llz||2

1-5,)< <(1+S,) (6)

Burada, Vz € R™ vektorleri igin k-sparse’ da S,,, € (0,1) sabit degeri vardir. Denklem 6 da k=n
icin W agirlik matrisi ortagonallige zorlanmaktadir. Denklem 7°de, k = n i¢in RIP tekrar diizenlenerek
gosterilmektedir.

WelI>
llzl?

—1| <S,,Vz€R" (7)

Denklem 7’ye gére W agirlik matrisinin ortagonalitisi, S,, degerine baghdir. Oyleyse S,,,
minimize edilmesi, W matrisinin ortagonellie yaklastirmaktadir. Oyleyse WE!W — I spectral
normunun minimize edilmesi gerekmektedir. Buna spektral smirli izometrik 6zellik (SRIP)
denilmektedir. Denklem 8 de SRIP yonteminin matematiksel gosterimi sunulmaktadir [28,36].

1 o(WTW = 1) )

Burada, 2 diizgiinlestirme katsayisidir. c(WTW —I), WTW — I matrisinin spektral normudur.
Spektral norm denklem 8’ in gradyan hesaplamasini kolaylastirmak i¢in iteratif bir diizenleme denklem
9’ da verilmektedir [26].

we (WTW = Dv,v = WTW = Du,oWTW = 1) « 121 )

Burada v € R™ igin rastgele bir degerdir. lteratif olarak gradyan yaklasik bir degerde
hesaplanmaktadir. Gradyan hesaplanmasinda otomatik tiirev kullanilmaktadir.

4. Onerilen Ortagonal Diizgiinlestirme Yéntemi

Literatiirdeki OD algoritmalarinin ¢ogu, agirlik matrisini gram matrisine yakinlastirmayi
amaglamaktadir. Bu durum agir1 grenme problemini ortaya ¢ikarmaktadir. Bu ¢aligmada asir1 6grenme,
probleminden kacinmak icin YSA’larin agirliklar1 2°li vektor ciftleri olarak diizgiinlestirilmesi
amaglanmaktadir. Bu amagla 6n egitim modelleri verilen Alexnet [2], Vgg16 [37], Resnet50 [19] derin
Ogrenme aglarinin agirliklart incelenmektedir. Bu agirliklar incelendiginde ESA’nin filtrelerin ve Ann
tam bagl agirliklarinin bir bolimi dik vektorler seklinde 6grenildigi gdzlemlenmektedir [25]. Sekil
1’de, Alexnet, Resnet50, Vggl6 aglarinin 6n egitim modelinden rastgele alinmis evrisim katman
filtreleri gosterilmektedir.

Sekil 1’de AlexNET, Resnet50 ve Vggl6 6n egitim agirlik ¢iftlerinin bazilar (Kirmizi ve mavi
kutular ile gosterilen) ortagonal ve ya ortagonellige yakin filtrelerdir. Yani, bir evrigim katmanindaki
agirliklarm sadece belirli giftleri birbirine diktir. Oyleyse agirlik matrisinin tamami yerine belirli
ikililerin ortagonalliginin hesaplanmasi agiriogrenme probleminin ¢éziimii i¢in etkili bir yontem olabilir.
Denklem 10’ da 2’li vektdrlerin dikligini 6grenen Onerilen yeni bir diizgiinlestirme yonteminin denklemi
sunulmustur.

A% Zzpeu,s,s...}||Wj,iTWj,i+1 - 1||2 (10)
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Sekil 1. ESA aglarinin bazi evrigim filtreleri (a) AlexNET evrisim filtreleri, (b) Resnet50 evrisim
filtreleri, (c) Vggl6 evrigim filtreleri

Burada, A diizgiinlestirme katsayisidir. D, j. katmandaki toplam evrisim filtre sayisidir ve tam
bagli sinir aglar da ise ara katmandaki eleman sayisidir. E ise YSA ve ESA katman sayisidir. i, i €
{1,3,5, ...,n} ESA ve tam bagh katmanlarinin siitunlar1 ifade eder. w, agirlik matrisidir, / ise birim
matrisi ifade eder. w; ;, j ninci katmandaki i ninci agirhk vektortidiir. ESA igin evrigim filtresi WxHxC
giris (W agirhik, H agirlik ve C ise giris kanal sayidir), ¢ikis ise Oklit normu sonucudur. Béylece biitiin
ikili vektor ¢iftlerinin ortagonallik degerleri /,,,,, hesaplanmaktadir ve denklem 11 deki gibi agin maliyet
fonksiyonu Jsimiiarey ‘€ 1 — a katsayisiyla garpilarak eklenmektedir. A diizgiinlestirme katsayis1 1 — a
degeridir.

](9) =a *]similarty (W, X, ygold) + (1 - a)]orh (W) (1 1)

Burada, J(6), agm hata fonksiyonudur. YSA egitimi i¢in J(6)’nin tiirevi geriye dogru
yayilmaktadir. Bu tiir dongii ve sart deyimleri i¢ceren denklemlerin tiirevinin alinmasi i¢in otomatik tiirev
kullanilmaktadir. Otomatik tiirev, zincir kuralin1 kullanarak fonksiyonlarin tiirevini hesaplamaktadir
[38,39]. Bilgisayar programlarinin tiirevi alinirken programi olusturan fonksiyonlarin ¢iktilarmin
girdilerine gore tiirevleri almarak zincir kurali ile birlestirilmektedir. Onerilen yontemin J(8) tiirevi,
otomatik tlirev ile hesaplanmaktadir.

5. Deneysel Sonuc¢lar

Onerilen diizgiinlestirme yonteminin uygulamalar1 Nvdia p4000 32 gb ekran kartina sahip
bilgisayarda yiiriitiilmektedir. Sadece Resnetl 10 ve Resnet28-10 deneyleri Nvidia K80 ekran kartina
sahip Google colab platformunda sonuglar elde edilmektedir. Pyton programlama dili kullanilarak
gerceklestirilmektedir. Uygulamalarin otomatik tiirevinin alinmasi i¢in YSA’da autograd, ESA ise
keras, tensorflow kiitiiphaneleri kullanilmaktadir. Otomatik tiirev, yazilim fonksiyonlarinin tiirevinin
alinip geriye yayilmasi i¢in gelisirilmistir. Bir veri noktasindan giris alan fonksiyonun ¢ikisina kadar
olan islemleri baglimli degisken iizerinden tiirevi hesaplanir.

Deneylerde ilk olarak 6nerilen yontem, Xor, Moons, Spiral, Circle, Mnist, Fashion Mnist ve Cifar
10 veri setlerinde; denklem (12-15)’ de sirasiyla verilen Dogruluk (Dog), Duyarlilik (Duy), Keskinlik
(Kes) ve F skor metrik performanslart incelenmektedir. Daha sonra literatiirde 6ne ¢ikan SO, DSO,
MC, SRIP kullanan algoritmalar ile dogruluk metrigine gore karsilastirilarak sonuglar agiklanmaktadir
[40].

Dog = ———__ %100 (12)

" (TP+FN)+(FP+TN)
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TP
Duy = TP+ FNX100 (13)
Kes = —=— x100 (14)
TP+FP
F skor = —22% %100 (15)
(2xTP+FP+FN)

Metrik oOlgiitlerinde iki sinifli (A ve B simifi igin) bir veri kiimesi i¢in TP, A sinifina ait dogru
tahmin edilen eleman sayisidir. TN, B sinifi igin dogru tahmin edilen elaman sayisin1 gdstermektedir.
FP, A siifina ait olup yanlis siiflandirilan veri sayidir. FN, B sinifina ait olup A sinifinda siniflanan
veri sayisidir. Dog, veri kiimelerinde dogru tahmin edilen test verisi sayisin1 gostermektedir. Duy, bir
smifa ait duyarliliktir. Kes ise keskinlik oramidir. F skor ise Duy ve Kes degerlerinin harmonik
ortalamasidir.
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Sekil 2. Veri kiimeleri
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5.1. Kullanilan Yapay Sinir Aglari ve Veri Kiimeleri

Onerilen yontemin degerlendirilmesi igin 7 farkl1 veri kiimesi kullanilmaktadir. Bu veri kiimelerini
iki farkli gruba ayirabiliriz. Ilki matematiksel denklemler ile iiretilen sentetik veri kiimeleridir. Xor,
Moons, Spiral ve Circle sentetik veri kiimeleri oOnerilen yoOntemin deneysel c¢alismalarinda
kullanilmaktadirlar. Denklem 16’ da Xor, Moons ve Circle veri kiimelerinin giris, ¢ikis boyutu
gosterilmektedir. Spiral veri kiimesinde ise giris 7 tanedir ve denklem 17’ de gosterilmektedir. Bunun
nedeni YSA’daki egitim ve test performansinin artirilmasidir. Veri kiimelerindeki bazi elemanlart Sekil
2’ de gosterilmektedir.

Giris = {x1,x,}, Cikis = {y} (16)
GlTl$ = {xll X2, xlzi x221 X1X2, Sin(xl) 4 Sin(xZ)} ’ Clkl$ = {y} (17)

Ikinci grup veri kiimesi literatiirde sunulan Mnist [41] Fashion Mnist [42]ve Cifarl0 veri
kiimeleridir. Mnist, el yazisi rakamlari, Fashion Mnist giinliik kiyafetleri ve Cifar ise tasit, hayvan
imgelerini igcermektedir. Veri kiimelerindeki test ve egitim veri sayisi, siniflara esit oranda
dagitilmaktadir. Cizge 1’de veri kiimelerinin detaylari gosterilmektedir.

Cizelge 1. Veri kiimelerinin 6zellikleri.

Veri Kiimesi Egitim Veri Test Veri Boyut | Siif Sayisi Veri Tiirii
Sayisi Sayisi

Cifarl0 50000 10000 32x32x3 | 10 RGB imge
Mnist 60000 10000 28x28x1 | 10 Gri imge
Fashion Mnist | 60000 10000 28x28x1 | 10 Gri imge

Xor 10000 1000 1x2 2 2 Boyutlu veri
Spiral 10000 1000 1x2 2 2 Boyutlu veri
Moons 10000 1000 1x2 2 2 Boyutlu veri
Circle 10000 1000 1x2 2 2 Boyutlu veri

YSA insan beyninden esinlenerek gelistirilmistir. YSA’ nin tek ve ¢ok katmanli modelleri
bulunmaktadir. Katman girisi a, katman agirligi (baslangigda rastgele belirlenen) w ve her katman igin
bias b olmak iizere katman ¢ikis1 aw + b olarak tanimlanmaktadir. Katman ¢ikislar1 Sigmoid, Tanh gibi
dogrusal olmayan fonksiyonlar (aktivasyon fonksiyonlar1) uygulanmaktadir. YSA ¢ikiglarinda
hesaplanan hata geri yayilim algoritmasi ile aga yayilarak egitilmektedir. Onerilen yéntem bu prensiple
calisan 3 fakli YSA yapis1 i¢in diizenleyici olarak uygulanmaktadir. Calismamizda kullanilan YSA’lari
katman sayilari, aktivasyon fonksiyonu, hata fonksiyonu, devir ve optimisazyon yontemi Cizelge 2° de
sunulmaktadir.

Cizelge 2. Kullanilan YSA’lar.

- Giri Ara 1K1 . .. Batch .| Ogrenme
Ag katmasnl katman k:ﬁmasm Akfivasyon | Optimisazyon size Devir (g)ranl
YSAL | 2 4 2 tanh Adam 100 100 0.01
YSA2 | 7 4 2 tanh Adam 100 100 0.01
YSA3 | 728 - 10 tanh Adam 64 50 0.01

ESA, konviilasyon, havuzlama, aktivasyon ve siniflandirici katmanlardan olusan YSA’dir. Artik
sinir aglar1 (Resnet), evrisimsel sinir aglarindaki gradyan patlamasi probleminin ¢ézmek igin
Onerilmigtir [19]. Sekil 3’ te Resnet Mimarisi ve artik katman yapis1 (residual blok) gosterilmektedir.

Artik katmanlar, agin 6nceki katman degerini ileriye aktararak agin 6grenme hatasi optimize
etmektedir. Sekil 3 (a)’ da, x girisi i¢in beklenilen dgrenme islemi f(x)’dir. Artik bagdastiricisindan
gelen x ile birlestiginde artik katmani ¢ikist f(x) + x olur. Literatirde farkli derinliklerde ve

ADYU Miihendislik Bilimleri Dergisi 22 (2024) 18-34



K. Firildak, G. Celik, M. F. Talu 26

genisliklerde Resnet mimarileri bulunmaktadir. Onerilen yéntem Resnet 110 [19] ve Resnet 28-10 [43]
test edilmektedir. Resnet110, Sekil 3 (b)’ deki artik katmanlardan meydana gelmektedir. Toplam 18 tane
konviilasyon katmani bulunan ag toplam 1.7 milyon parametreden olugsmaktadir. Resnet 28-10 ag1 sekil
3 (c)’ deki katman yapisindan meydana gelmektedir. Resnet 28-10’de, artik bloklarin derinligi 28
genigligi ise 10°dur.

Flx)

256,1x1,64 256,1x1,64

Relu Relu

4,3x3,64 4,3x3,64

Relu Relu

4,1x1,256 4,1x1,256

1x1,256

32 parga

(a) (b)

(c)

Sekil 3. Artik Katmanlar. (a) Temel artik katman (b) ResNET 110 katmani (c) Resnet 28-10 katmani

5.2. Onerilen Yintemin Deneysel Sonuglart

Deneylerin ilkinde Xor, Moons, Circle i¢in YSAT1, spiral igin YSA2 ve mnist, fashion mnist veri
setleri icin YSA3 kullamlmaktadir. Onerilen yontemin, bu aglarda Dog ve vyiiriitiilme zamani (t)
metriklerinde 6grenme etkisi incelenmektedir.

YSA1,YSA2 ve YSA3’nin, agirhik degerleri [-1,1] araliginda baslangicta rastgele secilerek
Cizelge 2’ deki egitim parametrelerine gore egitilmektedirler. ilk dnce Aglar diizgiinlestirme yontemi
olmadan daha sonra dnerilen diizgiinlestirme yontemi @ = {0.3,0.5,0.7} degerleri ile egitilmektedir.
Dog ve t metrigi sonuglar1 Cizelge 3’ te gosterilmektedir.

Cizelge 3. Onerilen yontemin, @ = {0.3,0.5,0.7} igin Dog ve t sonuglari.

Onerilen Yontem Diizgiinlestirmesiz

a=0.3 a=0.5 a=0.7 -

Dog t | Dog | t | Dog t Dog t
Circle 99 591 9 [59] 99 59 | 94.6 24
Moon 90,3 | 56 | 91,5 55| 923 | 55 | 89,3 22
Spiral 834 | 87 | 872 |87 ] 914 | 87 | 858 30
Xor 99 55 99 1551 99 55 99 22
Mnist 93 92 93,1 1921932 | 92 | 923 78
F Mnist | 86,8 | 96 | 86,7 | 96 | 86,8 | 96 | 86,1 78
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Sekil 4. Onerilen Yéntemin kullanilan veri kiimelerindeki Dog-Devir Grafikleri.

Circle, Moons, Mnist, Fashion Mnist veri setleri i¢in Onerilen yontem Dog metriginde

diizgiinlestirme igermeyen aga gore daha iyi test sonuglar1 vermektedir. Sadece Xor veri setinde Dog
metriginde artis saglamamaktadir. Bunun nedeni agin dnerilen diizgiinlestirme yontemi kullanilmadan
modeli 6grenmesidir. Spiral veri setinde ise diizglinlestirmesize gore a katsayis1 0.3 iken Dog
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metriginde azalmaktadir, 0.5,0.7 degerlerinde ise artmaktadir. Mnist ve Fashion MNIST veri
kiimelerinde 6nerilen yontemin Dog degerinde en iyi sonu¢ @ = 0.7 degerinde saglamaktadir. Cizelge
3’deki yiiriitiilme zamani (t) ag egitimi igin gecen siire olarak tanimlanmaktadir. Biitiin veri setlerinde,
Onerilen yontem ytiriitiilme zamanin arttirdig1 gézlemlenmektedir. Sonug olarak dnerilen yontemin YSA
aglarinda Dog degerinde 6nemli artiglar saglamaktadir. Ayrica @ katsayisinin 0.3, 0.5, 0.7 degerindeki
ag egitimindeki etkisi degerlendirildiginde en iyi sonucun a¢ = 0.7’ de alindig1 gézlemlenmektedir. Bu
nedenle deneylerimizde @ = 0.7 olarak sabitlenmektedir. Onerilen yontemin ilgi aglardaki Dog — devir
(Accuracy-Epoch) grafikleri Sekil 4’te gosterilmektedir.

Sekil 4’de Xor ve Circle veri seti %99 basarimla YSA aglari tarafindan 6grenilmistir. Onerilen
yontem ilgi aglarda 6grenme egrisinde daha hizli yakinsama saglanmaktadir. Moons ve spiral veri
setinde ise Onerilen yontem agin 6grenme egrisinde kismen yakinsama sagladigi gézlemlenmektedir.
Mnist ve Fashion mnist veri setinde ise Ogrenme egrisinde kayda deger bir yakinsama
gozlemlenememektedir. Sonug olarak 6nerilen yontem 6grenme egrileri iizerinden hizli yakinsama
saglayabilir. Onerilen yontemin & = 0.7 katsayistyla Xor, Circle, Moons, Spiral veri kiimelerinde Duy,
Kes ve F skor metriklerindeki sonuclari ¢izge 4’te gdsterilmektedir. Onerilen yontem tiim metriklerde
diizglinlestirmesiz YSA gore iistiinliik saglamaktadir.

Cizge 4. Onerilen yontemin Duy, Kes ve F skor metriklerindeki sonuglari

Onerilen Yontem Diizgiinlestirmesiz
a=0.7 -
Duy | Kes | Fskor | Duy | Kes | F skor
Circle | 994 |98,6 | 99 94,7 1944 |94,6
Moon | 92,9 | 91,6 | 92,2 90 88,4 |89,2
Spiral | 90,9 | 92 91,4 86,6 | 84,6 | 85,6
Xor 98,8 1992 |99 98,4 99,6 |99

5.3. Onerilen Yontemin Giiriiltii Eklenmis Veri Setlerindeki Deneysel Sonuclart

Giriiltili veri kiimeleri yapay 6grenme yontemlerinin performansini olumsuz etkilemektedir.
Kullanilan veri kiimeleri denklem 18’ deki gaus giiriiltiisii sirasiyla 0.1, 0.2, 0.3 standart sapmasi ile
uygulanmaktadir. Giiriiltii veriler i¢in Onerilen yontemin Dog metrigindeki sonuglar ¢izelge 5°te
gosterilmektedir.

1 2P (18)

e 202
oV2m

G(z) =

Burada z gri ton seviyesi, Z gauss giiriiltiisiiniin ortalama degeri ve o ise gaus goriiltiisii standart
sapmasidir. Onerilen yontem a = 0.7 katsayisi ile eklenmis YSA ve temel YSA farkli o = 0.1,0.2,0.3
standart sapmal1 gauss giiriiltiisii iceren veri kiimelerine uygulanmaktadir.

Cizelge 5. Onerilen yontemin giiriiltii veriler i¢in sonuglari.

Onerilen Yontem Diizgiinlestirmesiz
o=.1 |a=.2 |0=.3 o=.1 |a=.2|a=.3
Dogruluk
Circle 929 97,8 | 89,8 90,4 |98,09 | 77,5

Moon |924 |90,6 | 87,6 882 | 8738 85,1
Spiral | 953 933 |89, 85,7 | 83,19 87,9
Xor 973 | 90,5 | 80,7 98 [ 894 |806
Mnist | 93 91,9 | 90,5 922 | 91,6 |90,7
F Mnist | 86,4 | 85 83,5 85,7 | 84,6 | 833
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Onerilen yéntem, giiriiltiilii Circle, Xor, Mnist veri kiimelerinin bazi durumlarinda hassasiyet
gosterirken genel olarak giiriiltitye karst duyarlilign yiiksektir. Bunun temel nedeni yontemin, ag
agirliklarini regiilerize ederek agin agir1 6grenmesini engellemesidir. Sonug olarak agin test verilerini
daha iyi siniflanmas1 saglanmaktadir.
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Sekil 5. Onerilen Yéntemin literatiirdeki yontemlerle Dog-Devir Grafikleri
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5.4. Onerilen Yintemin Literatiirdeki Yontemlerle Kiyaslanmast

OD, en temel problemi asir1 6grenme ve agirt uyumdur. SO, DSO, MC ve SRIP bu problemi i¢in
gesitli ¢oziimler dnermektedir. Onerilen yontemin, Dog ve t metrigi ile literatiirdeki yontemlerle
karsilagtirilmas1 ¢izelge 5°te gosterilmektedir. Bunun yaninda Sekil 5’da egitim dogrulugu devir
grafikleri (Accuracy-Epoch) veri kiimeleri i¢in verilmektektedir.

Cizelge 5. Literatiirdeki Diger Yontemlerle Kiyaslanmasi.

Diizgiinlestirmesiz SO DSO MC SRIP On.
Yontem

Dog t Dog | ¢ Dog |¢ | Dog |¢ Dog | ¢ acc |t
Circle | 94.6 24.3 99 |42 |99 47 | 99 60 |99 54 |99 59
Moon 89,3 22 92 140 | 91,6 [ 421|903 |57 |93,5 |56 |923 |55
Spiral | 85,8 30 90 |48 90,7 | 54|91 86 |90, 83 914 | 87
Xor 99 22 99 139 |99 44 | 99 58 |99 46 |99 55
Mhnist 92,3 78,8 89 80 | 93 86 | 92 95 190 89 1932 |92
Fmnist | 86,1 78 82,3186 | 855 |90 | 86 98 | 87,7 |95 | 86,8 | 96

Circle, Spiral, Xor ve Mnist veri kiimesinde Onerilen yontem, Moons ve Fashion Mnist veri
kiimesinde ise SRIP literatiirdeki yontemlere gore daha yiiksek Dog saglamaktadir. Onerilen ydntem,
iki vektor ¢iftleri tizerinde hesaplama yaptigindan dolayr SO, DSO, MC ve SRIP yontemlerine gore t
metriginde kismen daha uzun siirede yiiriitiilmektedir. Bu metrikte literatiirde SO ve DSO algoritmasi
diger ortagonal yontemlere gore daha iyi t sunmaktadir. Diizgiinlestirme kullanmayan YSA’lar1 daha iyi
t metrik degerine sahiptir. Bunun nedeni SO, DSO, MC, SRIP ve 6nerilen yontem agin hesaplama
maliyetini artirmasidir.

5.5. Resnet Sonuclart

OD, derin aglarda gradyan patlamasimi/kaybolmasimi engellemek i¢in kullaniimaktadir.
Resnetl01 ve Resnet28-10 aginda dnerilen yontem test edilmektedir ve bunun yaninda literatiirdeki
yontemler ile kiyaslanmaktadir.

Cizelge 6. Onerilen yontemin Cifar10 goriiltii verileri igin sonuglari.

Model-Optimisazyon Yontem Dog

Resnet-110 Diizgiilestirmesiz 92,96
SO 93,22
DSO 92,96
MC 93,03
SRIP 93,45
Onerilen Yontem 93,90

Resnet28-10
Diizgiilestirmesiz 95,84
SO 96,24
DSO 96,14
MC 96,32
SRIP 96,4
Onerilen Yontem 96,78

Cifar10 veri kiimesi Resnet aglarina girig olarak verilmektedir. Resnetl 10 agin 200 devir (epoach)
Adam [44] optimisazyon algoritmast ile egitilmektedir. Ogrenme oran1 102 ile baslamaktadir. Daha
sonra sirayla 1073, 1075 ve 107° olarak 80,120 ve 160 devirlerde sirastyla azaltilmigtir. Resnet28-10
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aginda ise SGD optimizasyon algoritmasi kullanilarak, momentum degeri 0.9 ve 200 epoach
egitilmektedir. Ogrenme oram 0.1 ile baslayarak 60, 120, 160 devirlerde %20 azaltilmaktadir. Cizelge
6’da Onerilen yontemin Resnet 110 ve Resnet 28-10 agindaki dogruluk metrigindeki sonuglari
gosterilmektedir.

Resnet mimarileri, ag hata fonksiyonunu indirgemek i¢in kullanilmaktadir. OD kullanilarak iki
farkli Resnet mimarisinin hatasi yaklasik %1 indirgenmektedir. Onerilen yéntem literatiirdeki klasik
agirlik zayiflatma yontemine gore egitim ve test dogrulugunu iyilesmesini saglamaktadir. Bu durum
Sekil 6 daki Resnet 110 mimarisinde egitim isleminin Dog-devir (Accuracy-Epoch) grafiginde daha
acik gosterilmektedir.

a) ResNet101

Accuracy Accuracy
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Sekil 6. Temel Resnet110 ve Onerilen yontem ile diizenlenen Resnet110 Dog devir grafikleri.

Sekil 6’da ortagonallik uygulanmamis temel Resnet110 mimarisi ile Onerilen ortagonal yéntemin a =
0.7 sabiti ile Dog devir (accuarcy epoch) grafikleri kiyaslanmaktadir. Ilk 60 iterasyon agim egitiminde
onerilen yontemin herhangi bir diizenleme saglamadig1 goriilmektedir. Bunun yanisira 60 iterasyondan
sonra agin 6grenme hizi kademeli olarak artis saglanmaktadir. 200 devir egitilen Resnet110 agin hatasini
azalmakta ve test dogrulugunu %92,96 dan %93,9 artirmaktadir. Bunun yaninda Onerilen ydntem
Resnet 28-10 aginda Cizge 6’da goriildiigii iizere yaklasik %2 oraninda test dogrulugunu artirmaktadir.

6. Sonuclar

Bu caligmada ikili vektorlerin dikligini kullanan yeni bir ortagonal diizgilinlestirme yontemi
onerilmektedir. Yontem ile ESA ve YSA’larin asir1 uyum, patlayan/kaybolan gradyan problemine
¢Oziim saglanmasi amaclanmaktadir. Bu amagla onerilen yontemi kullanan YSA’lar, sentetik veri
kiimeleri Xor, Moons, Spiral, Circle ve literatiirde sunulan Mnist, Fashion Mnist veri kiimelerinin
giiriiltiilii ve giirtiltiisiiz senaryolarinda Dog, Duy, Kes ve F skor ve yiiriitiilme zamani (t) metriklerinde
diizglinlestirmesiz YSA ile karsilagtirilmaktadir. Bu deneyde yontem YSA’lara ek bir hesaplama
maliyeti getirdiginden t zamanini1 artirmaktadir. Fakat diger tiim metriklerde %1-%5 arasi iyilesme
sagladigi gézlemlenmektedir. Bunun yaninda yontem, literatiirde 6ne ¢ikan SO, DSO, MC ve Srip
algoritmalariyla kiyaslanmaktadir. SO, DSO’da dog, Mc algoritmasinda Dog, t ve Srip algoritmasinda
ise Dog metriginde ©6nemli iyilesmeler saglanmaktadir. Ayrica Onerilen Yoéntem Gradyan
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patlamasi/kaybolmasi ve asir1 uyum problemlerinde alternatif bir diizgiinlestirme araci olarak Resnet
110 ve Resnet 28-10 aglarinda, Cifar10 veri setinde test edilmekte ve SO, DSO, MC VE SRIP
algoritmalariyla hata oran1 ve Dog metriginde karsilastiriimaktadir. Dog metriginde Resnet 110 da 93,90
ve Resnet 28-10 %96,78 skorla 6nemli bir bagarim saglanmaktadir.

fleriki ¢alismalarda onerilen yontem farkli ESA mimarilerine uygulanarak, medikal imgelerin
siniflama iyilestirmesi saglanmasi amaclanmaktadir. Ozellikle son yillarda viriislerin ve bakterilerin
neden oldugu zatiire hastaligimin x-ray goriintiilerinden tespitinin iyilestirilmesi i¢in kullanilmasi
planlanmaktadir.

Cikar Catismas1 Beyam

Makale yazarlari herhangi bir kurum, kurulus, kisi ile kigisel ve finansal ¢ikar c¢atigmasi
olmadigini beyan etmektedirler.
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ABSTRACT

This investigation aims to analyze the impact of scanning direction, scanning speed, and power level (%) on the
surface roughness of Ti-6Al-7Nb alloy specimens subjected to laser micro-engraving. The laser micro-engraving
process was carried out by scanning the predetermined geometric configuration six times. Factorial analysis was
implemented to determine the impact of system parameters on the surface roughness. Throughout the micro-
engraving operations, line spacing, frequency, and pulse width parameters were maintained at a consistent value
0f 0.03 mm, 100 kHz, and 300 ns, respectively. The optimal conditions for achieving the lowest surface roughness
were observed at a scanning speed of 700 mm/s, a power level of 60%, and a scanning direction of 90°. Moreover,
in accordance with the experimental parameters employed in this investigation, it was observed that increasing the
scanning speed while maintaining a constant power level (%) reduced surface roughness. There was a direct
correlation between the increase in power level (%) and a corresponding increase in surface roughness.

Keywords: Laser, micro-engraving, Ti-6Al-7Nb alloy, surface roughness

LAZER MiKRO-OYMA DEGISKENLERININ Ti-6A1-7Nb ALASIMININ
YUZEY OZELLIKLERIi UZERINE ETKILERI

OZET

Bu arastirma, lazer mikro-oyma islemine tabi tutulan Ti-6Al-7Nb alagim numunelerinin yiizey piiriizliliigi
iizerinde tarama yOniiniin, tarama hizinin ve lazer giicliniin (%) etkisini analiz etmeyi amaglamaktadir. Lazer oyma
islemi, Onceden belirlenmis geometrik konfigiirasyonun alti kez taranmasiyla gergeklestirildi. Sistem
parametrelerinin yiizey piiriizliliigii lizerindeki etkisini belirlemek icin faktoriyel analiz uygulanmistir. Mikro-
oyma islemleri boyunca tarama aralig, frekans ve atim genisligi parametreleri sirasiyla 0,03 mm, 100 kHz ve 300
ns'lik bir degerde tutulmustur. En diisiik yiizey piiriizlilligiine ulagsmak i¢in en uygun kosullar, 700 mm/s tarama
hizinda, %60 gii¢ seviyesinde ve 90° tarama yoniinde gozlemlendi. Ayrica, bu arastirmada kullanilan deneysel
parametrelere uygun olarak, sabit bir gii¢ seviyesi (%) korunurken tarama hizinin arttirilmasinin yiizey
purizliligini azalttig1 gozlemlenmistir. Giig seviyesindeki artis (%) ile yilizey piiriizlilligiindeki buna karsilik
gelen artig arasinda dogrudan bir iligki tespit edilmistir.

Anahtar Kelimeler: Lazer, mikro-oyma, Ti-6A1-7Nb alasimi, yiizey piiriizliligii

1. Introduction

In the contemporary landscape of intense market competition, enterprises heavily depend on state-
of-the-art manufacturing technology to achieve elevated production efficiency levels while upholding
product quality standards [1, 2]. Furthermore, the prevailing inclination towards reducing the size of
products requires the advancement of novel micro- and nano-manufacturing technologies [3].

Micro-processing with industrial lasers is utilized to meet the requirements of intricate and precise
geometries; it is general knowledge that accurate tool action and machining strategy are required for
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intricate details [4]. Laser beam-aided machining (LAM) is a thermal energy-based machining process
that operates without physical contact and is capable of being utilized on a diverse array of materials
[5]. Concentrating the laser beam to the point where the excess material is melted and vaporized from
the parent material can precisely form a gravure through many overlapped microscopic cavities in the
metal surface [5]. Instead of the material's mechanical properties, the thermal and optical qualities play
a role in this method; laser machining works best with hard materials and materials exhibiting low
conductivity and thermal diffusivity [5].

LAM is used for various operations, including milling, engraving, turning, drilling, and grooving.
These applications each make use of their one-of-a-kind strategy for the removal of material [6]. In
LAM, there are three processes involved in the removal of materials: (1) melting, (2) vaporization, and
(3) chemical degradation [6]. The basic machining procedure in laser beam micro-engraving is based
on creating grooves with many overlapped craters by evaporating the material in the interaction area
according to a strategy [3, 7]. The procedure relies on removing many layers that are requisite to achieve
the intended depth; the depth of micro-engraving is determined by the number of layers created by
overlapping and spreading parallel grooves over the surface using a specific scanning strategy, as well
as the amount of evaporated material [7]. Removal rates exceeding fractions of mm®/s and surface
quality equivalent to chip removal-based procedures distinguish laser-based micro-milling [7].

Many industries use titanium alloys, including the aerospace [8-10] and medical sectors [11-13].
The utilization of titanium alloys in biomedical implants to repair hard tissues is highly sought after due
to their exceptional resistance to corrosion, biocompatibility, and strength [14-16]. Titanium and its
alloys not only have low thermal conductivity but also demonstrate significant chemical reactivity,
particularly with the materials employed in cutting tools [17]. A robust adhesion phenomenon exists at
the interface between the tool and chip, as well as at the contact point between the tool and workpiece
material, combined with a high cutting temperature; it can cause problems during machining, and cutting
tools wear extremely rapidly [17]. In addition, titanium and its alloys are tricky to mill; hence, their
machining is sometimes seen as a severe challenge [17-20].

The biomedical sector extensively uses Ti-6Al-4V alloy because of its excellent tensile strength-
to-weight ratio and superior corrosion resistance [21, 22]. Notably, anti-corrosion and wear-resistant
vanadium-free titanium alloys for orthopedic implant devices have been developed due to worries about
potentially harmful vanadium ions from the Ti-6Al-4V alloy [23]. To generate a more biocompatible
titanium alloy for biomedical applications, niobium was substituted for vanadium in Ti-6Al-4V to form
Ti6Al-7Nb [24]. Compared to the extensively researched Ti-6Al-4V alloy, the Ti-6Al-7Nb alloy has
received significantly less attention [25]. This study explores the feasibility of using a laser beam to
engrave narrow and complex geometries on the surface of Ti6Al-7Nb alloy, which is particularly
prominent in biomedical applications. The concept of the study was built on examining the relationship
between surface roughness (Ra) and laser processing parameters on engraved surfaces using 100 W
laser marking machine. The parameter combinations used in this work are distinct from those found in
the current literature about the micro-engraving capabilities of Ti-6Al-7Nb alloy.

2. Experimental Procedure

The Ti-6Al-7Nb alloy was used in the experimental research. Engraving with laser beam-aided
machining (LAM) operations were conducted on the circular samples with a diameter of 16 mm. The
laser marking machine utilized in this study was equipped with a ytterbium-doped fiber laser capable of
generating an output power of up to 100 W (see Figure 1). This machine was employed to carry out
laser engraving tasks for the test samples. During the experimental phase, the laser beam was precisely
focused at a distance of 369 mm from the workpiece's surface. The standard engraving size was
determined as a square measuring 12 mm by 12 mm. The parameters employed for LAM applications
included power level (P %), scanning speed (SS), and scanning direction (SD). Every gravure was
subjected to six repetitions based on the experimental combinations outlined in Table 1. The experiments
were conducted under ambient conditions, at room temperature, without introducing additional gases.
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The effectiveness of the parameters for engraved surfaces was analyzed using surface roughness and
surface chemistry. The measurement of average surface roughness, denoted as Ra, was employed to
assess the surface quality resulting from the laser engraving process. The measurement of surface
roughness on the engraved surface was conducted using Mitutoyo (Surftest SJ-400). A total of six
surface roughness measurements were conducted after the application of laser engraving to evaluate the
characteristics of the surface. Analyses using energy-dispersive X-ray spectroscopy (EDX) and scanning
electron microscopy (FEI-Quanta FEG 450) were performed on the engraved surface to examine its
chemical composition and topography.

Figure 1. Laser marking machine-100 W

3. Results and Discussion

The present study investigates the surface engraving of the Ti-6Al-7Nb alloy using a laser beam.
The experiment explores the effects of 18 distinct engraving conditions, which are determined by
varying the scanning direction, laser power level (%), and scanning speed parameters. The following
sections present the experimental results and evaluations.

3.1. Surface topography

The SEM analysis of the engraved samples subsequent to the laser micro-engraving procedure
revealed the presence of a chaotic surface structure (see Figure 2). Figures 2 and 3 illustrate the
observable existence of material residuals in particle and layer forms that occurred with forcefully
propelled and spattered materials into the immediate vicinity of craters. Spattered materials in the form
of layers and particles are concentrated in and near the grooves and extend beyond them. It is evident
that these formations exhibit a high degree of efficacy in forming the surface topography. Using LAM
technology on the surface of metallic materials produces debris such as drops, slags, spatter layers, and
groove rim forms, substantially modifying the surface topography. The scanning direction is paramount
in determining the beam's movement path. It has a significant effect on the surface topography by
affecting the orientation of metal debris. As a result of the detailed examination of Figure 3, it was
determined that there are cracks in different forms on the engraved surfaces. The occurrence of cracks

ADYU Miihendislik Bilimleri Dergisi 22 (2024) 35-45



S. Ozan 38

during the laser engraving process is considered to be influenced by the non-uniform thermal stresses
and the rapid cycles of melting and resolidification, as reported elsewhere [26-28].

Table 1. Experimental setup and surface roughness measurement results

Scannin Power Scannin

No Direction %°) Level (%) | Speed (mn%/s) Ra (um)
L-1 45 60 200 17.1
L2 45 60 450 14.2
L3 45 60 700 9.9
L-4 45 90 200 232
L5 45 90 450 2

L6 45 90 700 17.3
L-7 90 60 200 16.6
L8 90 60 450 143
L9 90 60 700 75

L-10 90 90 200 2

L-11 90 90 450 216
L-12 90 90 700 16.6
L-13 45/90 60 200 19

L-14 45/90 60 450 18.7
L-15 45/90 60 700 16.9
L-16 45/90 90 200 227
L-17 45/90 90 450 2.6
L-18 45/90 90 700 204

Figure 2. SEM images of the engraved samples: a) L-3; b) L-6; ¢) L-9; d) L-12; e) L-15; f) L-18
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Figure 4 depicts the representative images of the elemental mapping of engraved surfaces. The
phenomenon of plasma formation is observed when metal is exposed to laser beams. The occurrence of
recoil pressure results in the displacement of the liquid metal present in the cavity after the vaporization
stage, leading to its movement away from the cavity [29]. This mechanism is considered to have a
distinct impact on the formation of surface topography and chemical structure. The distribution of
elements on the engraved surface is visualized in different colors, as seen in Figure 4.

Figure 3. Surface formations of the engraved sample: a) L-3; b) L-6; c) L-9; d) L-12; e) L-15; 1)
L-18

3.2. The Impact of Parameters on Surface Roughness

Table 1 presents the findings of the surface roughness measurements conducted to ascertain the
impact of the parameters on the surface roughness. Based on the data presented in Table 1, the primary
impacts of the parameters on Ra were analyzed and presented in Figure 5. According to the mean surface
roughness values in Figure 5, the highest and lowest surface roughness values are achieved when the
scanning direction is adjusted at 45°/90° and 90°, respectively. Conversely, the scanning direction
resulting in the highest and lowest surface roughness involves moving the beam at 45° and 90°,
respectively (Table 1). Power is a fundamental parameter that quantifies the energy density per unit area.
A phenomenon is that, at a constant frequency, the energy of a laser pulse exhibits an upward trend as
the pulse power is increased. The relation for laser pulse energy is given in Eq. 1 [30].

Laser Pulse Energy (Joules) = (Avemge Power (Watts))

Frequency (Hz)

@)

For the two different power levels (%) selected within the scope of this study, the highest laser
pulse energy value is reached with a high power level of 90%. As a result of the increase in the laser
pulse energy, a high amount of material vaporization occurs, after which a rough surface is reached.
Upon examination of Figure 5, it becomes evident that there is a positive correlation between the power
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level (%) and the mean surface roughness, indicating that as the power level (%) increases, the mean
surface roughness also increases. The surface roughness values ranged from 7.5 pm to 23.2 um, with
the lowest value observed at a power level of 60% and the highest at a power level of 90% (Table 1).

Figure 4. Representative images of elemental mapping of engraved surfaces for L-3, L6, L9, L-12,
L15 and L18 specimens

The relationship between scanning speed and mean surface roughness is demonstrated in Figure
5. It has been ascertained that an increase in scanning speed is associated with a discernible trend toward
areduction in surface roughness, as reported elsewhere [28, 31-35]. This phenomenon's observed impact
was found to be particularly notable within the range of scanning speeds spanning from 450 mm/s to
700 mm/s. The term "scanning speed" pertains to the velocity at which the laser beam moves in the
predetermined scanning direction. This speed impacts the degree of overlap between successive laser
beams. The overlap of the laser beams in a specific direction is expressed as pulse overlap; the amount
of pulse overlap is calculated by Eq. 2 [36]. It is clear that the frequency also has a significant effect on
the pulse overlap ratio, such as the scanning speed for a fixed pulse diameter.

0p (%) = (1- scan speed )x100 2)

laser beam diameter x frequency

When a constant frequency value is used, resulting in an overlap, a reduction in scanning speed
tends to increase the degree of pulse overlap. An increase in the degree of overlap per unit length leads
to arise in the area affected by the energy density and, as a result, an increase in the amount of evaporated
materials and residual debris. The maximum surface roughness observed was 23.2 um, related to the
lowest scanning speed of 200 mm/s (Table 1). The scanning speed of 700 mm/s resulted in a minimum
surface roughness of 7.5 pm (Table 1).

Interaction plots taking into account the average surface roughness and the relationship of the
parameters with the surface roughness are shown in Figure 6. When the effect of scanning direction and
power level (%) interaction is examined, all scanning strategies reveal a similar trend. Nevertheless, it
becomes evident that the scanning strategies at 45° and 90° yield similar outcomes. When analyzing the
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impact of the interaction between scanning direction and scanning speed, it is observed that all scanning
strategies, namely 90°, 45°, and 45°/90°, exhibit a comparable effect. The experimental data suggests
that the increase in scanning speed is associated with a decrease in surface roughness. The relationship
between scanning speed and surface roughness is characterized by a consistent reduction in surface
roughness as scanning speed increases, following a linear trend. When the effect of the interaction of
the power level (%) with the scanning speed on the mean surface roughness is examined, it is seen that
all power levels (%) for each scanning speed reveal a different effect on the surface roughness. It has
been determined that an increase in scan speed is associated with a decrease in mean surface roughness
for two power levels (%).
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Figure 5. The primary impacts of the parameters on Ra

The analysis of variance (ANOVA) was conducted to statistically investigate the impact of each
parameter on the surface roughness. The statistical data results are given in Table 2. The statistical
significance of each parameter was assessed by examining the p-value. If the p-value was found to be
less than 0.05, the corresponding parameter was determined to be statistically significant. Otherwise,
the parameter is considered insignificant if the p-value exceeds 0.05. Upon examination of the p-values
presented in Table 2, it is observed that the p-value for all parameters is less than 0.05. This finding
suggests that every parameter exerts a statistically significant influence on the surface roughness. The
calculated values of the parameter effects on surface roughness were also determined. Accordingly,
power level (%) has the highest effect on surface roughness at 49.0%, scanning speed has the effect on
surface roughness with a ratio of 28.2%, and scanning direction with a ratio of 12.9%.
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—— 45° r 1S
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Figure 6. The interaction graphs of the parameters
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Table 2. ANOVA results for surface roughness (Ra)

. Percentage
Source df| AdjSS | F-Value | p-Value Contribu tigon
Scanning Direction 2| 42091 7.86 0.007 12.9
Power Level (%) 1| 163.20 59.79 0.000 49.0
Scanning Speed 21 93.94 17.21 0.000 28.2
Error 12| 32.76 9.8
Total 17| 332.81

3.3. Surface chemical composition

Table 3 presents the proportions of the identified elements on the surface that underwent laser
engraving. The results presented in this section comprise the Energy Dispersive X-ray (EDX) analysis
that was performed on the designated region (Figure 7). The first comparison was made for the oxygen
(O) concentration of the engraved surfaces. After conducting a comparison of the oxygen contents on
the selected surfaces, it was observed that the engraved sample L-3 displayed the lowest oxygen content,
detected at 31.27%. The oxygen contents in increasing order for L-3, L-9, L-15, L-18, L-6, and L-12
surfaces is 31.27%, 35.61%, 35.73%, 40.42%, 41.55%, and 44.21%, respectively. The detected presence
of oxygen in the analysis is hypothesized to originate from metal oxides formed throughout and
subsequent to the relevant process, as reported elsewhere [34, 35]. The respective proportions of carbon
content in L-3, L-6, L-9, L-12, L-18, and L-15 are measured to be 2.51%, 2.72%, 2.79%, 3.10%, 3.13%,
and 3.50%, respectively. The presence of carbon that has been detected could potentially be ascribed to
the contamination of carbon rather than being a result of the laser surface treatment procedures as
reported elsewhere [32, 37, 38].

Figure 7. Selected areas for SEM-EDS analysis on laser engraved specimens: a) L-3; b) L-6; ¢) L-9;
d) L-12; ¢) L-15; f) L-18
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Table 3. The results of SEM-EDS on engraved surfaces

Elements' ratios (wt.%)

Nos. C [0) Al Nb Ti

L-3 2.51 31.27 3.32 3.35 59.56
L-6 2.72 41.55 3.38 2.46 49.89
L-9 2.79 35.61 3.15 3.50 54.95
L-12 3.10 44.21 3.30 2.36 47.04
L-15 3.50 35.73 3.00 2.86 54.91
L-18 3.13 40.42 3.44 2.83 50.18

4. Conclusion

Surface roughness values ranged from 7.5 pm to 23.2 pum; the values of 7.5 um and 23.2 um
corresponded to the 60% and 90% power levels, respectively. The highest surface roughness value was
observed when the scanning direction was set at an angle of 45°, and the scanning speed was set to 200
mm/s. In contrast, the surface roughness value was found to be the lowest when the scanning speed was
adjusted to 700 mm/s and the scanning direction was set at an angle of 90°. Notably, the mean surface
roughness results indicate that the scanning direction of 45°/90° yields the highest mean surface
roughness, whereas the scanning direction of 90° yields the lowest. Surface roughness tends to decrease
with increasing scanning speed. However, as power level (%) increased, so did surface roughness. The
study reveals that the scanning speed has a significant impact of 28.2% on surface roughness, whereas
the scanning direction has a comparatively lower influence of 12.9%. The variable of power level (%)
demonstrates the most significant impact on surface roughness, explaining 49% of the observed
variability. By eliminating the challenges associated with cutting tools, laser micro-engraving of Ti-6Al-
7NbD alloy is evaluated to be an alternative to conventional manufacturing techniques for the precision
production of components in the biomedical industry.
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Obtaining ethics committee permission for the prepared article is unnecessary. Additionally,
there is no conflict of interest with any person/institution.

References

[1] Bakhtiyari AN, Wang Z, Wang L, Zheng H. A review on applications of artificial intelligence in
modeling and optimization of laser beam machining, Optics & Laser Technology 2021; 135:
106721.

[2] Rao RV, Kalyankar VD. Optimization of modern machining processes using advanced
optimization techniques: a review, The International Journal of Advanced Manufacturing
Technology 2014; 73: 1159-1188.

[3] Brousseau EB, Dimov SS, Pham DT. Some recent advances in multi-material micro- and nano-
manufacturing, The International Journal of Advanced Manufacturing Technology 2010; 47: 161-
180.

[4] Saklakoglu IE, Kasman S. Investigation of micro-milling process parameters for surface roughness
and milling depth, The International Journal of Advanced Manufacturing Technology 2011; 54:
567-578.

[5] Dubey AK, Yadava V. Laser beam machining—A review, International Journal of Machine Tools
and Manufacture 2008; 48: 609-628.

ADYU Miihendislik Bilimleri Dergisi 22 (2024) 35-45



S. Ozan 44

[6] Parandoush P, Hossain A. A review of modeling and simulation of laser beam machining,
International Journal of Machine Tools and Manufacture 2014; 85: 135-145.

[71 Romoli L. Flattening of surface roughness in ultrashort pulsed laser micro-milling, Precision
Engineering 2018; 51: 331-337.

[8] Ramesh S, Karunamoorthy L, Palanikumar K. Measurement and analysis of surface roughness in
turning of aerospace titanium alloy (gr5), Measurement 2012; 45: 1266-1276.

[9] Peters M, Kumpfert J, Ward CH, Leyens C. Titanium Alloys for Aerospace Applications,
Advanced Engineering Materials 2003; 5: 419-427.

[10] Boyer RR. An overview on the use of titanium in the aerospace industry, Materials Science and
Engineering: A 1996; 213: 103-114.

[11]Ozan S, Lin J, Li Y, Ipek R, Wen C. Development of Ti-Nb—Zr alloys with high elastic admissible
strain for temporary orthopedic devices, Acta Biomaterialia 2015; 20: 176-187.

[12] Ozan S, Lin J, Li Y, Wen C. New Ti-Ta-Zr-Nb alloys with ultrahigh strength for potential
orthopedic implant applications, Journal of the Mechanical Behavior of Biomedical Materials
2017; 75: 119-127.

[13] Lin J, Ozan S, Li Y, Ping D, Tong X, Li G, Wen C. Novel Ti-Ta-Hf-Zr alloys with promising
mechanical properties for prospective stent applications, Scientific Reports 2016; 6: 37901.

[14] Munir K, Lin J, Wright PFA, Ozan S, Li Y, Wen C. Mechanical, corrosion, nanotribological, and
biocompatibility properties of equal channel angular pressed Ti-28Nb-35.4Zr alloys for biomedical
applications, Acta Biomaterialia 2022; 149: 387-398.

[15] Lin J, Ozan S, Munir K, Wang K, Tong X, Li Y, Li G, Wen C. Effects of solution treatment and
aging on the microstructure, mechanical properties, and corrosion resistance of a § type Ti—Ta—Hf—
Zr alloy, RSC Advances 2017; 7: 12309-12317.

[16] Ozan S, Munir K, Biesiekierski A, Ipek R, Li Y, Wen C. 1.3.3A - Titanium Alloys, Including
Nitinol. /n Wagner W.R., Sakiyama-Elbert S.E., Zhang G., Yaszemski M.J. (ed), Biomaterials
Science (Fourth Edition). Academic Press, Elsevier 2020; Cambridge, 229-247.

[17] Jawaid A, Che-Haron CH, Abdullah A. Tool wear characteristics in turning of titanium alloy Ti-
6246, Journal of Materials Processing Technology 1999; 92-93: 329-334.

[18] Alahmari AM, Darwish S, Ahmed N. Laser beam micro-milling (LBMM) of selected aerospace
alloys, The International Journal of Advanced Manufacturing Technology 2016; 86: 2411-2431.

[19] Bai H, Zhong L, Kang L, Liu J, Zhuang W, Lv Z, Xu Y. A review on wear-resistant coating with
high hardness and high toughness on the surface of titanium alloy, Journal of Alloys and
Compounds 2021; 882: 160645.

[20] Courant B, Hantzpergue JJ, Benayoun S. Surface treatment of titanium by laser irradiation to
improve resistance to dry-sliding friction, Wear 1999; 236: 39-46.

[21] Niinomi M. Mechanical biocompatibilities of titanium alloys for biomedical applications, Journal
of the Mechanical Behavior of Biomedical Materials 2008; 1: 30-42.

[22] Niinomi M. Recent research and development in titanium alloys for biomedical applications and
healthcare goods, Science and Technology of Advanced Materials 2003; 4: 445.

[23] Challa VSA, Mali S, Misra RDK. Reduced toxicity and superior cellular response of preosteoblasts
to Ti-6Al-7Nb alloy and comparison with Ti-6Al-4V, Journal of Biomedical Materials Research
Part A 2013; 101A: 2083-2089.

[24] Semlitsch M, Staub F, Weber H. Titanium-Aluminium-Niobium Alloy, Development for
Biocompatible, High Strength Surgical Implants - Titan-Aluminium-Niob-Legierung, entwickelt
fiir korpervertragliche, hochfeste Implantate in der Chirurgie, Biomedical Engineering/
Biomedizinische Technik 1985; 30: 334-339.

[25] Costa TBd, Pereira RBD, Lauro CH, Branddo LC, Davim JP. Statistical learning and optimization
of the helical milling of the biocompatible titanium Ti-6Al-7Nb alloy, The International Journal of
Advanced Manufacturing Technology 2023; 125: 1789-1813

[26] Eghbali N, Naffakh-Moosavy H, Sadeghi Mohammadi S, Naderi-Manesh H. The influence of laser
frequency and groove distance on cell adhesion, cell viability, and antibacterial characteristics of
Ti-6Al1-4V dental implants treated by modern fiber engraving laser, Dental Materials 2021; 37:
547-558.

ADYU Miihendislik Bilimleri Dergisi 22 (2024) 35-45



45 S. Ozan

[27] Manninen M, Hirviméki M, Poutiainen I, Salminen A. Effect of Pulse Length on Engraving
Efficiency in Nanosecond Pulsed Laser Engraving of Stainless Steel, Metallurgical and Materials
Transactions B 2015; 46: 2129-2136.

[28] Kasman S, Ugar IC, Ozan S. Investigation into the effects of laser texturing parameters on surface
properties of Ti-6Al1-4V ELI biomedical alloy, Journal of the Brazilian Society of Mechanical
Sciences and Engineering 2023; 45: 231.

[29] Wang Y, Zhang M, Li K, Hu J. Study on the surface properties and biocompatibility of nanosecond
laser patterned titanium alloy, Optics & Laser Technology 2021; 139: 106987.

[30] Hribar L, Gregor¢i¢ P, Senegacnik M, JezerSek M. The Influence of the Processing Parameters on
the Laser-Ablation of Stainless Steel and Brass during the Engraving by Nanosecond Fiber Laser,
Nanomaterials 2022; 12(2): 232.

[31] Kasman S, Ozan S. Machinability of AA 2024 aluminum alloy by fiber laser engraving process,
Materialwissenschaft und Werkstofftechnik 2023; 54: 646-655.

[32] Kasman S, Ucar IC, Ozan S. The Effects of Laser Surface Texturing Parameters on the Surface
Characteristics of Biomedical-Grade Stainless Steel, Journal of Materials Engineering and
Performance 2023; DOI: 10.1007/s11665-023-08374-7

[33] Kasman S, Ucar IC, Ozan S. Laser Surface Texturing of Co—-Cr—Mo Alloy for Biomedical
Applications: A Case Study for the Effects of Process Parameters on Surface Properties, Journal of
Bionic Engineering 2023; 20: 1967-1984.

[34] Kasman S, Ugar IC, Ozan S. Investigation of laser surface texturing parameters of biomedical grade
Co-Cr-Mo alloy, The International Journal of Advanced Manufacturing Technology 2023; 125:
4271-4291.

[35] Ozan S, Bilgin A, Kasman S. Laser textured Ti-6Al-7Nb alloy for biomedical applications: An
investigation of texturing parameters on surface properties, Proceedings of the Institution of
Mechanical Engineers, Part H: Journal of Engineering in Medicine 2023; 237(10):1139-1153

[36] Menci G, Demir AG, Waugh DG, Lawrence J, Previtali B. Laser surface texturing of 3-Ti alloy for
orthopaedics: Effect of different wavelengths and pulse durations, Applied Surface Science 2019;
489: 175-186.

[37] HoCevar M, Setina Bati¢ B, Godec M, Kononenko V, Drobne D, Gregorci¢ P. The interaction
between the osteosarcoma cell and stainless steel surface, modified by high-fluence, nanosecond
laser pulses, Surface and Coatings Technology 2020; 394: 125878.

[38] Purnama A, Furlan V, Dessi D, Demir AG, Tolouei R, Paternoster C, Levesque L, Previtali B,
Mantovani D. Laser surface texturing of SS316L for enhanced adhesion of HUVECs, Surface
Engineering 2020; 36: 1240-1249.

ADYU Miihendislik Bilimleri Dergisi 22 (2024) 35-45



o O Arastirma Makalesi o DN
L9 Adiyaman Universitesi

\ / Miihendislik Bilimleri Dergisi
2000 22 (2024) 46_62 2006

53V

Y

ADy,

ADy
/ ky

UNDAMPED FORCED VIBRATION ANALYSIS OF
CASTELLATED STEEL BEAM WITH CIRCULAR, SQUARE AND
PENTAGONAL WEB OPENINGS

Maryam HASHM'*, Masihullah NOORI?, Ahmad Reshad NOORI?, Silda Gazi
DOORI*

1,234 [stanbul Gelisim Universitesi, Mithendislik ve Mimarlik Fakiiltesi, Insaat Miihendisligi, Istanbul, 34315,
Tiirkiye

Gelis Tarihi/Received Date: 26.08.2023 Kabul Tarihi/Accepted Date: 08.10.2024 DOI: 10.54365/adyumbd.1350473

ABSTRACT

This study conducts a comprehensive investigation into the influence of web opening shapes on the forced
vibration response of castellated steel beams, particularly emphasizing the temporal aspects of the
dynamics. These beams are widely employed in practice due to their enhanced structural efficiency and
reduced weight, but the incorporation of web openings may potentially impair their shear and bending
strength capacities. Three types of web opening shapes are considered. Finite element methodology is
employed using ANSYS. The investigation encompasses the forced vibration behavior of castellated steel
beams subjected to varying loads. Additionally, the impact of various parameters, including the beam’s
geometry, and boundary conditions, on the dynamic behavior of castellated beams are analyzed. The
obtained results demonstrate that the web opening shape has significant influence on the vibration
amplitudes and oscillation periods of castellated steel beams.

Keywords: Castellated steel beam, finite element analysis, forced vibration, dynamic behavior,
web opening shapes

GOVDESINDE DAIRESEL, KARE VE BESGEN BOSLUK
BULUNDURAN PETEK KIiRISLERIN SONUMSUZ ZORLANMIS
TIiTRESIM ANALIZI

OZET

Bu ¢alisma, dinamik yiiklerin zaman bagli 6zelligini vurgulayarak gévde bosluk tiplerinin ¢elik petek
kiriglerin zorlanmus titresim davranisina etkisini ele almaktadir. Bu kirisler, gelismis yapisal 6zellikleri ve
azaltilmis agirliklari nedeniyle pratikte yaygin olarak kullanilmaktadir. Ancak, gdvde bosluklarinin
bulundurmasi, bu kirislerin kesme ve burulma mukavemeti kapasitelerini potansiyel olarak azaltmaktadir.
Bu calismada, ii¢ farkli bosluk tipi dikkate alinmistir. Petek kiriglerin zamana bagl yiikler etkisinde
zorlanmis titresimini incelemek i¢in sonlu elemanlar yontemine dayali ANSYS programi kullanilmstir.
Ayrica, kirigin geometrisi, sinir kosullar1 gibi parametrelerin petek kiriglerin dinamik davranisina etkisi
incelenmistir. Elde edilen sonuglar, bosluk tiplerinin zorlanmig titresim genliklerine ve salinim
periyotlarina 6nemli bir etki ettigini gostermektedir.

Anahtar Kelimeler: Petek celik kiris, sonlu elemanlar analizi, zorlanmus titresim, dinamik davranig, govde
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1. Introduction

Castellated beams are widely used in civil engineering and construction projects due to their
enhanced strength and improved performance. These beams are steel section members with various
shapes of web openings and offer several advantages over traditional solid beams. The web openings
are created to facilitate the installation of services, minimize weight, or improve architectural design.
The structural performance of these elements is critical to ensure safety and durability. To evaluate the
behavior of these elements under various loads, static and dynamic analyses are performed. Static
analysis involves assessing the load distribution, stress analysis, shear capacity, and flexural capacity of
the element. The dynamic analysis examines the natural frequencies, mode shapes, vibration damping,
resonance, and dynamic response of the element. Their resistance is particularly affected by the shear
stress around the web opening. Therefore, the presence of web openings reduces the shear strength of
the beam and can lead to various failure modes. Various failure modes have been identified in castellated
beams, including the formation of the Vierendeel mechanisms, rupture of welded joints, and shear
buckling in web posts. With these factors in mind, engineers can design castellated beams with optimal
deflection, stress distribution, shear capacity, and harmonic response. When evaluating the stresses in
castellated beams ANSYS can be utilized. It provides a comprehensive analysis of stress distribution
within the beam, considering important factors and aspects like geometry, loading conditions, and
material properties. This method offers a higher level of accuracy and can reveal valuable insights into
the behavior of the structure under different loadings. On the other hand, performing manual design
calculations for an initial estimate is a simpler and quicker approach to perform, but it may not capture
all the complexities of the beam's behavior. These calculations are based on established formulas and
assumptions, which can lead to reasonable results for basic designs but may not be sufficient for more
intricate or demanding structures. Nevertheless, they can still be useful for ensuring compliance with
building codes and standards, especially when used in conjunction with the more advanced ANSYS
analysis [1]. The load-bearing capacity of castellated beams can be increased by using vertical stiffeners
around the opening and at the beginning of the web opening [2]. The use of stiffeners in the web area of
castellated beams has proven effective in increasing strength and minimizing deflection. Proper
selection of the stiffener’s dimensions is essential to ensuring optimal performance and structural
integrity of the beam [3]. A comparison was made using a circular and octagonal ring stiffener around
an octagonal web opening, and it was found that the circular stiffener was more efficient in strengthening
the beam [4]. The specific properties and performance of castellated beams can vary depending on
design, materials used, and construction methods [5]. The ultimate strength capacity of composite
castellated beam is a composite action of both steel section and concrete element which creates an
efficient combination of tensile and compressive strength [6]. By conducting static and dynamic analysis
of castellated beams, engineers can determine their ability to withstand various loads and forces [7]. The
deflection behavior of castellated beams under uniformly distributed transverse loading depends on
factors such as beam dimensions, material properties, and support conditions [8]. The specific behavior
of castellated columns under axial compression buckling at elevated temperatures depends on factors
such as the column's geometry, material properties, fire protection measures, and design considerations,
which highlights the need for careful consideration [9]. Assessing the dynamic behavior of castellated
beams under loading conditions is crucial to preventing instability or buckling phenomena [10]. When
an external force acts upon beams, causing them to bend, the desired outcome is to attain maximum
shear strength first, followed by maximum bending moment, and finally maximum deflection [11].
While larger spacing of openings has minimal impact on mechanical properties, careful consideration
must be given to the design and placement of openings to maintain adequate strength and stability [12].
Different types of web openings (hexagonal, circular, rectangular, etc.) exhibit varying degrees of
fatigue life, with circular castellated steel beams demonstrating the best performance [13]. The
frequency of the curved castellated beams can be affected by the shape of the web openings [14].
Throughout an analysis that was carried out in ABAQUS, it was observed that castellated beams provide
increased strength by increasing cross-sectional depth without adding significant weight [15]. Designers
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and engineers can develop optimized guidelines and recommendations for enhancing the shear
resistance and overall performance of castellated beam chassis in real-world applications [16].

Several researchers have focused their studies on different aspects of castellated beam behavior. These
studies investigated the optimization of stress concentration, deflection, shear strength, and web opening
using the (FEM) and advanced software tools such as ABAQUS and ANSYS. The results of these
studies have provided valuable insight into the design and performance of castellated beams [17]. Deepa
et al. [18] analyzed the nonlinear behavior of a castellated beam using the (FEM). It was found that the
provision of fillets on the corners of the web openings decreases the stress concentration of the
castellated beam. Using the (FEM) a castellated beam optimization study was done by Shendge and
Shinde [19]. The conclusion of their study states that castellated beams with fillets in their web openings
have greater load-bearing capacity than castellated beams with rectangular or hexagonal-shape web
openings when they have the same opening height. Jamadar and Kumbhar [20] used ABAQUS software
to study a castellated beam with a hexagonal web opening, and it was observed that the lack of shear
transfer area played a key role in the local failure of the beam. A simply supported beam with a
hexagonal web opening under a uniformly distributed transverse load was investigated by Elaiwi et al.
[21] using the potential energy method. They have found that the shear effect should be considered in
the deflection of the castellated beams, specifically for those beams that have wide or narrow sections
and short or medium span lengths. Doori and Noori [22] investigated the bending analysis of six
castellated beams having different web openings using the (FEM). The effect of web opening on the
flexural behavior of hybrid beams was studied analytically by Morkhade et al. [23]. They have found
out through that castellated beams with circular openings have the best performance amongst other
shapes of openings.

The utilization of diverse materials in structural beams has been a crucial aspect of modern
engineering, particularly with the increasing popularity of lightweight and high-performance materials.
Among these materials, aluminum stands out as a "wonder metal" owing to its exceptional physical
properties and corrosion resistance. In welded aluminum alloy box castellated beams, the versatility of
Alloy 6061-T6 allows engineers to carefully weigh the tradeoffs between performance and cost, thereby
tailoring their designs to meet specific requirements [24]. Ertiirkmen and Noori [25] investigated the
static behavior of curved castellated beams using (FEM), and focused on the effect of the web opening
geometry on the displacement and stress values of castellated beams. From the obtained results, the
maximum total displacement values occur in the square web opening type, while the smallest maximum
total displacement values occur when the circular web opening type is used. ANSYS Workbench
software was used for static and dynamic analysis of castellated beams for four types of web opening
shapes in [26]. The (FEM) stands as a proficient numerical procedure that has been effectively deployed
in addressing various structural mechanics problems. [27-30].

To the best of authors' knowledge, the review of literature suggests a dearth of published papers
examining the influence of web opening geometry on the forced vibration behavior of castellated steel
beams. The novelty of the present research lies in its endeavor to address this gap in knowledge, thereby
furnishing a benchmark solution that may serve as a reference point for subsequent investigations within
this field. This study investigates the transient response of castellated steel beams. The material of the
beam is assumed to be isotropic homogenous. Fixed-fixed supported type of boundary conditions is
considered in this study. three distinct web openings (circular, square and pentagonal) are examined and
the results are compared for several time steps, such as 32, 64, 126, 256, 512 and 1024. Through
extensive research and analysis, engineers can optimize castellated steel beams to meet specific design
needs and improve overall performance under the dynamic loads.
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2. Materials and Method

This study aims to analyze the undamped forced vibration response of steel castellated beams
with three different shapes of web openings. The transient response of the considered beams is carried
out by using step by step time integration method (Newmark-p) for (32, 64, 128, 256, 512, and 1024
time steps). First, analysis of (15 periods) has been done to identify the convergence of time steps and
then results of web opening shapes are compared for (6 periods). Three IPE300 profiles are used with
circular, square, and pentagonal web openings. The span length of all the beams is (3 m), and each beam
has (15) openings in its web. The length between the center of the opening and the support is considered
to be (o =240 mm), the distance between the center of the opening and the flange is (B =124.3 mm), and
each opening is (y = 180 mm) apart. Web opening geometries and profile dimensions are given in Fig.1.
The material properties of castellated beams are presented in Table 1. Three models are used in this
study, the geometric properties of web opening shapes for these models are given in Table 2.

15000
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Y
%
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00.00
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(a) Web opening geometries (b) Profile dimensions (mm)

Figure 1. Geometric properties of castellated steel beam

Table 1. Material properties

Young's Modulus Poisson's  Mass Density Shear Modulus (GPa)
(GPa) Ratio (Kg/m®)
200 0.3 7850 76.923

Table 2. Geometric properties of web openings

Model Profile Web Area of the o B Y Number of
opening openings (mm) (mm) (mm) openings in
shape (mm?) web

1 IPE300  Circular 12561.76 240 1243 180 15

2 IPE300 Square 12566.41 240 1243 180 15

3 IPE300  Pentagon 12565.35 240 1243 180 15

Using (FEM) for solving the problem with the aid of ANSYS [31], a spatial element SOLID187
(Fig.2.) is used. This element is defined by 10 nodes with each node having three degrees of freedom.
SOLID187 has a quadratic shifting behavior and is suitable for modeling the finite element irregular
mesh. The degrees of freedom in the elements consist of translations in the x-axis, y-axis, and z-axis.
The element has plasticity, hyper elasticity, creep, stress stiffening, large deflection, and large strain
capabilities. It also possesses mixed formulation capability for the simulation of deformations exhibited
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by materials with properties ranging from nearly incompressible elasto-plasticity to fully incompressible
hyper-elasticity. This element has proven efficacious in the application of several structural mechanical
quandaries [32-33]. For a comprehensive exposition concerning the theoretical underpinnings,
assumptions, constraints, and formulation of this element, refer to reference [34]. In this research, the
finite element mesh of the system is done with the default mesh setting of the software. The mesh
properties of the elements and nodes for three types of modules are given in Table 3. Castellated steel
beam with circular web openings meshed by software’s default mesh setting is shown in Fig. 3.

Figure 2. Geometry of SOLID187

Table 3. FEM meshing properties

Model Web opening shape Number of elements Number of nodes
1 Circular 3554 8000
2 Square 3323 7515
3 Pentagonal 3626 8251

0.000 0500 1.000 (m)

0.250 0.750

Figure 3. Meshed castellated steel beam with circular web openings
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3. Numerical results and discussion

In this study, the forced vibration analysis of castellated steel beam subjected to step-load is
carried out. The effect of the web opening shape and time steps on the forced vibration response of the
castellated beam is investigated in details. The pressure is applied on the top of the beam, and its
magnitude is deemed to be (1000 Pa). It is worth mentioning that there is no specific reason for choosing
this load. It is considered only to investigate the effect of time steps and the effect of web opening shape
on the dynamic response of the castellated beams. For all the cases throughout this study, the IPE300
profile with fixed-fixed boundary condition is used. In this context, only the web opening shape is
changed by keeping the length of the beam, the web opening area, and the distance between the openings
constant in all cases for each profile. Different models are generated and analyzed using the (FEM). To
outline the effect of web opening shape on the dynamic response and discuss the effect of the time step
numbers on the accuracy of the transient analysis, a parametric study is carried out for (32, 64, 128, 256,
512, and 1024) time steps. The maximum total displacement results of fixed—fixed supported castellated
beams of n = 1024 time steps results for circular web openings are given in Fig.(4-8).
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Figure 4. The maximum total displacement of fixed — fixed supported castellated beam with circular
web openings for n =32 and n = 1024
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Figure 5. The maximum total displacement of fixed — fixed supported castellated beam with circular
web openings for n = 64 and n = 1024
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512 and n = 1024

Figure 8. The maximum total displacement of fixed — fixed supported castellated beam with circular

web openings for n
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From Fig. 4, it can be seen that the frequency of the periodic results of (32) and (1024) time steps
diverges from each other, and by increasing the number of time steps, results are approaching to each
other. As seen in Fig. 8, the results obtained for (512 steps) overlap those of (1024 steps). The maximum
total deformation results of fixed—fixed supported castellated beams with circular and square web
openings for (32 — 1024) time steps are given in Fig. (9-14).

1.4E-05
1.2E-05
1.0E-05
8.0E-06 /
6.0E-06
4.0E-06
2.0E-06
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Circular - 32 steps — — = Square - 32 steps

/D /\\

Maximum total
displacement (m)

0.005 0.010 0.015 0.020

Time (sec.)

0.025 0.030 0.035 0.040

Figure 9. The maximum total displacement of fixed — fixed supported castellated beams with circular
and square web openings for n=32

At identical time steps, the total maximum displacement between square and circular web
openings is compared. Fig. 9 illustrates the evident discrepancy in frequencies of their periodic results.
Notably, the amplitude values associated with square web openings surpass those of circular, with this
discrepancy accentuating with temporal progression. At identical time steps, the total maximum
displacement between square and circular web openings is compared. Fig. 9 illustrates the evident
discrepancy in frequencies of their periodic results. Notably, the amplitude values associated with
square web openings surpass those of circular, with this discrepancy accentuating with temporal
progression.
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Figure 10. The maximum total displacement of fixed — fixed supported castellated beams with circular
and square web openings for n=64
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Figure 11. The maximum total displacement of fixed — fixed supported castellated beams with circular
and square web openings for n=128
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Fig. 10 and Fig. 11 indicate that with escalating time steps, the maximum total displacement
values remain relatively stable and maintain proximity to one another, akin to the results observed at 32
time steps. Concurrently, the disparities in periodic results between square and circular web openings
remain unaltered.
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Figure 12. The maximum total displacement of fixed — fixed supported castellated beams with circular
and square web openings for n=256
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Figure 13. The maximum total displacement of fixed — fixed supported castellated beams with circular
and square web openings for n=512

In Fig. (12-13), the maximum total displacement outcomes remained the same when the time
step is increased from 256 to 512.
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Figure 14. The maximum total displacement of fixed — fixed supported castellated beams with circular
and square web openings for n=1024
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The comparison between circular and square web openings for various periods indicates that the
amplitude values of square web openings are greater than those of circular, and it is observed that by
increasing the time steps, the amplitude values of the square web opening are increasing. The
comparison of circular and pentagonal web openings for (32-1024 time steps) are given in Fig. (15-20).
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Figure 15. The maximum total displacement of fixed — fixed supported castellated beams with circular
and pentagonal web openings for n=32
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Figure 16. The maximum total displacement of fixed — fixed supported castellated beams with circular
and pentagonal web openings for n=64

Maximum total
displacement (m)

Pentagonal and circular web openings are compared in Fig. (15-16). It shows, that the amplitude value of
the pentagonal web opening is larger than the circular web opening. The comparison between circular and
pentagonal web openings for various periods shows that the amplitude values of pentagonal web
openings are close to those of circular ones. Especially, in the first period, we can observe that the
difference in amplitudes almost disappears. As time increments, there is discernible divergence observed
in their amplitudes.

1.4E-05
1.2E-05 Circular - 128 steps — — - Pentagon - 128 steps

1.0E-05
8.0E-06
6.0E-06
4.0E-06
2.0E-06
0.0E+00
0.000 0.005 0.010 0.015 0.020 0.025 0.030 0.035 0.040
Time (sec.)

Figure 17. The maximum total displacement of fixed — fixed supported castellated beams with circular
and pentagonal web openings for n=128
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Maximum total
displacement (m)
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Figure 18. The maximum total displacement of fixed — fixed supported castellated beams with circular
and pentagonal web openings for n=256
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Figure 19. The maximum total displacement of fixed — fixed supported castellated beams with circular
and pentagonal web openings for n=512
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Figure 20. The maximum total displacement of fixed — fixed supported castellated beams with circular
and pentagonal web openings for n=1024

The comparison of square and pentagonal web openings for (32-1024 time steps) are given in Fig. (21-

26).

ADYU Miihendislik Bilimleri Dergisi 22 (2024) 46-62



57 M. Hashm, M. Noori, A. R. Noori, S. G. Doori

1.4E-05
1.2E-05 Square - 32 steps ~ — — - Pentagon - 32 steps

1.0E-05
8.0E-06
6.0E-06
4.0E-06
2.0E-06 \_
0.0E+00
0.000 0.005 0.010 0.015 0.020 0.025 0.030 0.035 0.040
Time (sec.)

Figure 21. The maximum total displacement of fixed — fixed supported castellated beams with square
and pentagonal web openings for n=32
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Figure 22. The maximum total displacement of fixed — fixed supported castellated beams with square
and pentagonal web openings for n=64
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Figure 23. The maximum total displacement of fixed — fixed supported castellated beams with square
and pentagonal web openings for n=128

As illustrated in Fig. (21-23), the maximum total displacement results of the square and

pentagonal web openings are contrasted. Amplitude values associted with square web openings happens
to be larger than those of pentagonal web openings.
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Figure 24. The maximum total displacement of fixed — fixed supported castellated beams with square
and pentagonal web openings for n=256
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Figure 25. The maximum total displacement of fixed — fixed supported castellated beams with square
and pentagonal web openings for n=512
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Figure 26. The maximum total displacement of fixed — fixed supported castellated beams with square
and pentagonal web openings for n=1024

The comparison between square and pentagonal web openings for various periods indicates that
the amplitude values of square web openings are greater than those of pentagonal web openings for all
time steps.The comparison of circular, square, and pentagonal web openings for (32-1024 time steps)
are shown in Fig.(27-32).
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Figure 27. The maximum total displacement of fixed — fixed supported castellated beams with
circular, square and pentagonal web openings for n=32
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Figure 28. The maximum total displacement of fixed — fixed supported castellated beams with
circular, square and pentagonal web openings for n=64
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Figure 29. The maximum total displacement of fixed — fixed supported castellated beams with
circular, square and pentagonal web openings for n=128

In Fig. (27-30), a comparison of the maximum total displacement values of all three web openings
(circular, square, and pentagonal web openings) is conducted. Notably, an increase in temporal
increments corresponds to an enlargement of the disparity among the results, concomitant with an
increase in the amplitude values. Moreover, it is discerned that square web opening exhibit greater
amplitude values compared to pentagonal and circular web openings.
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Figure 30. The maximum total displacement of fixed — fixed supported castellated beams with circular,
square and pentagonal web openings for n=256
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Figure 31. The maximum total displacement of fixed — fixed supported castellated beams with circular,
square and pentagonal web openings for n=512
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Figure 32. The maximum total displacement of fixed — fixed supported castellated beams with circular,
square and pentagonal web openings for n=1024

The comparison between circular, square, and pentagonal web openings for various periods
clearly indicates that the amplitude values of square and pentagonal web openings are greater than those
of circular web openings. In general, it has shown similar performance for different time steps.
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Conclusions

This study examined the impact of web opening shape on the dynamic behavior of castellated

beam using theoretical analysis. (FEM) implemented through ANSY'S Workbench software is employed
to create forced vibration models of the studied castellated steel beams. To investigate the effects of
various web opening geometries, three different shape configurations are utilized: circular, square, and
pentagonal. Boundary conditions of fixed-fixed type are applied to analyze the dynamic behavior of
castellated beams manufactured from the IPE300 profile. The results revealed the following outcomes:

The findings demonstrate that the maximum total displacement within the castellated steel
beam occurs when square web openings are present, whereas the least amount of the
maximum total displacement is observed when circular web openings are incorporated into the
IPE300 profile.

It is found that the results for castellated steel beams with circular, square, and pentagonal web
openings converge at around 512 and 1024 time steps.

Highly accurate results can be obtained when we use (512 time steps ) for six periods and
(1024 time steps) for more than ten periods.

Utilization of an optimal time increment in analysis results in reduced efforts and
computational time for castellated beams.

Accurate results can be obtained when the number of time steps for each period is considered
to be 85.

Evidently, the most favorable results in different time periods are obtained in case of circular
web opening configuration.

References

(1]

Rajalakshmi E. Modeling and manual design comparision of streeses in castellated beam using ansys.
International Conference on Current Trends in Engineering and Technology (ICCTET) 2013; 220-224.
IEEE.

Ismail RES, Fahmy AS, Tawfik NM. Ultimate behavior of composite castellated beams under vertical
loads. International Journal of Computer Applications 2014; 108:40—46

Ahyar MR, Setiyawan P, Adinata CT, & Sukadana E. Flexural behaviour of different stiffener section
area on full height rectangular opening castellated steel beam. IOP Conference Series: Earth and
Environmental Science 2022; 955.

Al-Thabhawee HW, Mohammed A. Experimental study for strengthening octagonal castellated steel
beams using circular and octagonal ring stiffeners. IOP Conference Series: Materials Science and
Engineering 2019; 584.

Jackson RL. Vibration and flexural strength characteristics of composite castellated beams (Doctoral
dissertation, Virginia Tech).

Abdulridha SQ, Muteb HH, Abdulgader SS. Ultimate strength capacity of composite self-compacting
castellated steel beams. IOP Conference Series: Materials Science and Engineering 2018; 433.

Mathur S, Senthilpandian M, Karthikeyan K. Static and dynamic analysis of steel beams with web
openings. Journal of Physics: Conference Series 2020; 1716.

Eroglu U, Tufekci E. A new finite element formulation for free vibrations of planar curved beams.
Mechanics Based Design of Structures and Machines 2018; 46: 730-750.

Lei JS, Yuan WB, Li LY. Axial compression buckling of castellated columns at elevated temperatures.
International Journal of Structural Stability and Dynamics 2017; 17(3);

[10] Lei JS, Kim B, Li LY. Dynamic instability analysis of axially compressed castellated columns.

International Journal of Steel Structures 2020; 20: 559-566.

ADYU Miihendislik Bilimleri Dergisi 22 (2024) 46-62



M. Hashm, M. Noori, A. R. Noori, S. G. Doori 62

[11] Luo C, Wang F, Chen H, Chen L, Fu C, Chen Y, Liao Q. Castellated steel beams under impact load.
Journal of Constructional Steel Research 2022; 196.

[12] Qiao H, Guo Z, Chen Y. Experimental investigation of a substructure in a frame with castellated steel
beams in case of a column loss. Engineering Structures 2022; 255.

[13] Jaini ZM, Han Kit SK, Feng YT. Numerical assessment on fatigue failure of castellated steel beams
under sinusoidal vibration. International Journal of Sustainable Construction Engineering and
Technology 2020; 11: 273-283.

[14] Ertlirkmen D, Noor1 AR . Farkli geometrik bosluklu egri eksenli petek kiriglerin sonlu elemanlar yontemi
ile serbest titresim analizi. Giimiishane Universitesi Fen Bilimleri Dergisi 2023; 13(4): 1019-1032.

[15] JiaL, LiQ, Ji W, Chen C, DuJ, Geng K. Influence of the local buckling of web on the bearing capacity
of a castellated beam/composite beam under pure bending. Structures 2024; 63: 106358).

[16] Subramanian R, Jagadeesan K. Experimental analysis and study on shear performances of castellated
beam chassis under three cases of stiffener. Journal of Engineering Research 2021; 11: 292323

[17] Wakchaure MR, Sagade AV. Finite element analysis of castellated steel beam. International Journal Of
Engineering And Innovative Technology 2012; 2: 365—-370.

[18] Deepha R, Jayalekshmi S, Jagadeesan K. Nonlinear analysis of castellated ISMB150 — I beam with
hexagonal openings — a finite element approach. Materials Today: Proceedings 2020; 27: A8—A16.

[19] Shendge DK, Shinde B. Castellated beam optimization by using finite element analysis: a review.
International Journal Of Engineering And Science (IJES) 2015; 4: 12—14

[20] Jamadar AM, Kumbhar PD. Finite element analysis of castellated beam: a review. International Journal
of Innovative Research in Advanced Engineering (IJIRAE) 2014; 1: 125-129

[21] Elaiwi S, Kim B, Li LY. Bending analysis of castellated beams. Athens Journal of Technology &
Engineering 2019; 6: 1-16.

[22] Doori SG, Noori AR. Finite element approach for the bending analysis of castellated steel beams with
various web openings. ALKU Journal of Science 2021; 2: 38—49.

[23] Morkhade SG, Shaikh S, Kumbhar A, Shaikh A, Tiwari R. (2018). Comparative study of ultimate load
for castellated and plain webbed beam. International Journal of Civil Engineering and Technology 2018;
9: 1466—1476.

[24] LiC, Gao Y, Yang K, Wang X. Low cycle response analysis of welded aluminum alloy box castellated
beam. IOP Conference Series: Earth and Environmental Science 2021; 719.

[25] Ertirkmen D, Noori AR. Sonlu elemanlar yontemi ile egri eksenli petek kirislerin egilme
analizi. Cukurova Universitesi Miithendislik Fakiiltesi Dergisi 2023; 38: 73—84.

[26] Mezher NAM, Noori AR, Ertiirkmen D. Influence of the web opening shapes on the bending and free
vibration responses of castellated steel beams. International Journal of Engineering Technologies IJET
2023; 8: 83—100.

[27] Aribas UN, Atalay M, Omurtag MH. Warping included mixed finite elements for bending and stresses
of functionally graded exact curved beams. Mechanics of Advanced Materials and Structures 2023;1-17.

[28] Aslan TA, Temel B. Finite element analysis of the seepage problem in the dam body and foundation
based on the Galerkin’s approach. European Mechanical Science 2022; 6: 143—151.

[29] Noori AR, Aslan TA, Temel B. Dairesel plaklarin sonlu elemanlar yontemi ile laplace uzayinda dinamik
analizi. Nigde Omer Halisdemir Universitesi Miihendislik Bilimleri Dergisi 2019; 8: 193—205.

[30] Barrenechea GR, John V, Knobloch P. Finite element methods respecting the discrete maximum principle
for convection-diffusion equations. SIAM Review 2024; 66: 3—88.

[31] ANSYS, Inc Release Ansys 2023 R1, Canonsburg, PA, 2022.Morshed, S., & Prorok, B. C. (2007).

[32] Lengvarsky P, Bocko J, Hagara M. Modal analysis of titan cantilever beam using ANSYS and
SolidWorks. American Journal of Mechanical Engineering 2013; 1: 271-275.

[33] Morshed S, Prorok BC. Tailoring beam mechanics towards enhancing detection of hazardous biological
species. Experimental Mechanics 2007; 47: 405—415.

[34] Mechanical APDL Element Reference, 2013, Inc., 275 Technology Drive, Canonsburg, PA 15317.

ADYU Miihendislik Bilimleri Dergisi 22 (2024) 46-62



O Arastirma Makalesi O
€ Adiyaman Universitesi L 9
\ Miihendislik Bilimleri Dergisi \

2006 22 (2024) 63_81 2006

ADy,
5
153
ADy,
5
153

LSTM-ESA HiBRIT MODELI iLE MR GORUNTULERINDEN BEYIN
TUMORUNUN SINIFLANDIRILMASI

Emrah ASLAN!"

'Dicle Universitesi, Silvan Meslek Yiiksekokulu, Bilgisayar Programciligi Boliimii, Diyarbakir, 21640, Tiirkiye
Gelis Tarihi/Received Date: 15.11.2023 Kabul Tarihi/Accepted Date: 19.03.2024 DOI: 10.54365/adyumbd.1391157

OZET

Beyin tiimorlerinin erken teshisi, etkili bir tedavi igin hayati 6neme sahiptir. Manyetik rezonans (MR)
goriintiileme, beyin tiimorlerini tespit etmede temel bir ara¢ olarak &ne g¢ikmaktadir. Glioma, meningioma,
pituitary gibi bir¢ok tiimor tlirii bulunmaktadir. Tiimor tiiriinii dogru bir sekilde belirlemek ve bu tespiti yapmak,
beyin tiimorlerini siniflandirmanin en zorlu yonlerinden biridir. Geleneksel yontemlerle hastalik tespiti yerine,
yapay zeka temelli bilgisayar uygulamalarinin kullanilmasi, beyin tiimorlerinin tespitinde uzmanlara 6nemli
katkilar saglayabilir. Ozellikle derin dgrenme yontemleri, medikal gériintiilerin islenmesine dayali hastalik
tespitinde etkili olmaktadir. Literatiirde, beyin tiimorlerini kategorize etmek i¢in bir¢ok derin grenme tabanli
yaklagim bulunmaktadir. Bu ¢alismada, MR goriintiileri ile beyin tiimdrlerini tespit etmek i¢in bir ESA (Evrisimli
Sinir Ag1) ve bir LSTM (Uzun Kisa Siireli Bellek) derin 6grenme katmaninin birlestirilmis oldugu bir model
sunulmaktadir. LSTM'nin, ESA'nin 6zellik ¢ikarma yeteneklerini destekleyebilecegi one siirlilmektedir. Yapilan
deneylerde, Onerilen LSTM-ESA modelinin standart ESA modelinden daha iyi performans gosterdigi
belirlenmistir. Bu modelin kullanilmasiyla, beyin timdrlerinin tespitinde %98,1 dogruluk skoru elde edilmistir.
Bu sonug, literatiirdeki benzer ¢alismalarla kargilagtirildiginda daha yiiksek bir bagar1 elde ettigini gostermektedir.

Anahtar Kelimeler: LSTM, Tiimor, MR, ESA

CLASSIFICATION OF BRAIN TUMOR FROM MR IMAGES WITH
LSTM-CNN HYBRID MODEL

ABSTRACT

Early detection of brain tumours is vital for effective treatment. Magnetic resonance imaging (MRI) is a
fundamental tool for detecting brain tumours. There are many types of tumours such as glioma, meningioma,
pituitary. Accurately determining the tumour type and making this determination is one of the most challenging
aspects of classifying brain tumours. The use of artificial intelligence-based computer applications instead of
traditional methods of disease detection can make significant contributions to experts in the detection of brain
tumours. Especially deep learning methods are effective in disease detection based on the processing of medical
images. In the literature, there are many deep learning-based approaches for categorising brain tumours. In this
study, a model combining a CNN (Convolutional Neural Network) and a LSTM (Long Short Term Memory) deep
learning layer is presented to detect brain tumours with MRI images. It is suggested that LSTM can support the
feature extraction capabilities of CNN. In the experiments, it is found that the proposed LSTM-CNN model
outperforms the standard CNN model. Using this model, an accuracy score of 98.1% was obtained in the detection
of brain tumours. This result shows that it achieves a higher success compared to similar studies in the literature.
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1. Giris

Beyin tiimorlerinin teshisi, genellikle MRG ve Bilgisayarli Tomografi (BT) gibi goriintiileme
teknikleriyle gerceklestirilmektedir. Ancak, bu tekniklerle beyin tiimorlerini diger norolojik
hastaliklardan ayirmak, degerlendiren uzmanin tecriibesine ve subjektif degerlendirmesine bagli olarak
zorlu bir siiregtir. Beyin tiimorlerinin olusumu, diger hastaliklardan farklt metabolitlerin ortaya
cikmasina neden olabilir ve bu metabolitlerin 6l¢liimil, teshis ve ayirici tani siireglerinde 6nemli bir rol
oynayabilir. Glioma, meningioma ve pituitary timorii gibi énemli timdr tiirleri, beyin tiimorlerinin
heterojen yapisini temsil etmektedir. Gliomlar, cesitli beyin sinir sistemi bdlgelerinde ortaya cikabilen
timorlerdir ve farkli semptomlara neden olabilir [1]. Meningioma tiimdrii, beyinde meninkslerden
kaynaklanan ve siklikla goriilen bir tiimdr tiiriidiir. Beyin tiimérlerinin erken teshisi, tedavi stratejilerinin
belirlenmesi agisindan hayati 6nem tasir. Bu nedenle, tiimor teshisine yonelik stratejiler, 6zellikle
goriintll isleme ve yapay zeka alanlarinda yapilan aragtirmalarda biiyiik bir 6neme sahiptir. Bu
caligmalar, bilgisayar destekli teshis yontemlerinin, Ozellikle derin 6grenme ve yapay zeka
algoritmalarinin entegrasyonunun, beyin tiimdrlerinin teghisi ve siniflandirilmasinda gelismis dogruluk
ve etkinlik saglayabilecegini gdstermektedir [2].

Tiimorlerin erken asamalarda otomatik olarak tespiti, giinfimiiz saglik teknolojisinin énemli bir
hedefidir. Bu siireg, tiimorlerin saglikli dokulardan ayrigtirilmasi ve tanimlanmasi, tibbi tedavi siirecinde
0zel bir yer tutar [3]. Erken asamada tiimoériin izole edilip boyutu ve yayilma derecesinin
degerlendirilmesi, tedavi siirecini daha etkili hale getirebilir. Ancak, beyin tiimérlerinin boyut ve
¢oOziiniirligiinii erken asamada kesin olarak belirlemek karmasik bir siiregtir. Ciinkii bu tiir tespitler
genellikle tam olarak yapilamaz [4]. Eger, bir tiimor erken agsamada tespit edilir ve tedavi uygulanirsa,
hastanin iyilesme olasilig1 yiiksektir. Cilinkii tiimor tedavisi genellikle erken teshisle iligkilidir. Tibbi
inceleme icin genellikle BT veya MRG gibi yontemler kullanilir. MRG, hassas beyin goriintiileri tiretir
ve beyin hasarini tespit etmek ve degerlendirmek i¢in en yaygin kullanilan yontemlerden biridir. MRG,
insan yumusak dokularini en kesin sekilde tahmin etme yetenegine sahiptir [5]. Son yillarda, bu alanda
makine d6grenimi teknikleri ve 6zel modeller kullanilarak énemli ilerlemeler kaydedilmistir.

Makine Ogrenimi (ML), Yapay Zekd (YZ) alaninda &nemli bir rol oynamaktadir. Makine
Ogrenimi tabanli sistemler artik 6zel programlamaya gerek duymadan islev gosterebilmektedir. Son
zamanlarda, arastirmacilar bu alanda derin 6grenme adi verilen 6nemli bir teknolojik gelismeyi
sunmuslardir. Goriintii siniflandirma ve tanimlama uygulamalarinin genis bir yelpazesi, bu gorevleri
yiiksek dogrulukla gergeklestirebilen gelismis 6grenme yontemlerini ve tasarimlarini gerektirir [6].
Goriintii segmentasyonu genellikle tam ve kismi olarak siniflandirilabilir. Tam ve dogru segmentasyon,
giris gorlintli elemanlarin1 belirgin sekilde ayirarak bolgeleri net bir sekilde tanimlar. Ancak kismi
segmentasyon sirasinda elde edilen bolgeler artik giris goriintiisiiyle tam olarak drtiismez. Bu nedenle,
goriintli segmentasyonu, tipik olarak bir piksel siniflandirmasi gerektigi icin yaygin bir zorluk olarak
kabul edilir.

Bu calismada, beyin tiimorlerini tanimak ve siniflandirmak i¢in ESA ve LSTM katmanlarini
igeren yeni bir derin 6grenme yaklagimi Onerilmektedir. Onerilen derin 6grenme tabanli ESA
tasariminin performansini degerlendirmek amaciyla, toplam 3264 goriintii iceren bir Kaggle veri seti
kullanilmigtir. Bu veri seti 394 test goriintiisii ve 2870 egitim goriintiisii igermektedir. Ayrica, 6nerilen
modelin diger mevcut modellerle karsilagtirmasi yapilarak etkinligi dogrulanmustir.

Bu ¢aligma, beyin tiimdrlerinin taninmasi alaninda 6nemli bir ilerleme sunmaktadir. MRG verileri
iizerine odaklanarak, bilgisayar destekli bir ¢oziim gelistirilmis ve geleneksel goriintiileme tekniklerine
alternatif bir yaklasim 6nerilmistir. Onerilen model, énceki dgrenmeleri hatirlama yetenegi ve 6zellik
cikarma siireglerinde etkinligiyle birleserek beyin tiimorlerinin yiiksek dogrulukla taninabilmesini
saglamaktadir. Elde edilen sonuglar, dnerilen modelin kullanildigi durumda beyin tiimérlerinin etkili bir
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sekilde smiflandirilabilecegini gostermektedir. Bu caligma, tibbi goriintileme ve derin 6grenme
alanindaki aragtirmalara katkida bulunarak, hastaliklarin teshisi ve siniflandirilmasinda yeni
perspektifler sunmaktadir.

Makalenin geri kalani su boliimlere ayrilmistir: fkinci bolimde, MRG kullanilarak beyin
tiimorlerini tanima ve siiflandirmaya yonelik literatiir taramasi sunulmakta ve beyin tiimdrii tespitinin
kritik 6nemi vurgulanmaktadir. Boliim 3’te beyin tiimorii tanimlama ve siniflandirma yontemleri
ayrintili olarak agiklamaktadir. Boliim 4’te deneysel veriler ve yorumlari sunulmustur. Son olarak,
Bolim 5’te galigmanin sonuglari verilmistir.

2. Tlgili Caismalar

Beyin tiimoérlerinin MRG ile tespit edilmesine yonelik birgok arastirma yapilmigtir.
Giiniimiizde, tibbi goriintiileme biiyiik ol¢iide derin 6grenme tekniklerine dayanmaktadir. insan
beyninin karmagik yapisini sadece basit goriintiileme teknikleriyle tespit etmek olduk¢a 6nemlidir. B.
Srikanth ve ekibi, beyin tiimorlerinin merkezi sinir sistemi olan beyaz hiicre kiimelerinden olustugunu
One siirmiistiir [7]. Beyin timdrleri, hiicrelerin hizli ¢ogalmasi sonucu ortaya ¢ikan ve erken teshis
edilmezse 6liimciil olabilen anormal hiicre bilylimesinin bir tiiriidiir. Meningioma, glioma, pituitary ve
iyi huylu beyin tiimorleri, en yaygin goriilen tiirler arasinda yer almaktadir. Beyin tiimorlerini manuel
olarak tanimlamak ve kategorize etmek, doktorlar ve klinik uzmanlar i¢in zorlu bir gorevdir ve
dogruluklar1 genellikle deneyime dayanmaktadir. Bu simirlamalari asmak icin bilgisayar destekli
teknolojilere olan ihtiyag¢ giderek artmaktadir. YZ, modern tibbi standartlar gelistik¢e beyin dokularini
tanima ve kategorize etme konusunda giderek daha fazla fayda saglamaktadir. Bu konu arastirmacilar
arasinda bilylik bir ilgi konusu olmus ve ¢esitli makine &grenimi ve derin 6grenme mimarileri
kullanilarak ¢esitli calismalar gerceklestirilmistir.

Gegmiste, tlimorleri tanimlamak ve MRG kullanarak siniflandirmak i¢in Destek Vektor
Makinalar1 (DVM), K-En Yakin Komsuluk (K-EYK) ve ESA gibi farkli makine 6grenimi teknikleri
kullanilmistir. Ancak bu algoritmalar her zaman en iyi sonuglart vermemistir. Bu nedenle, beyin
tlimorlerini MRG ¢oklu siniflandirmak i¢in derin sinir ag1 tabanli bir VGG-16 ag1 dnerilmistir. Raheleh
Hashemzehi ve digerleri, MRG beyin kanserini smiflandirmak igin o6zellikleri ¢ikarmak ve veri
dagilimini otomatik olarak hesaplamak i¢in Evrisimli Sinir Ag1 (ESA) ve sinirsel oto-regresif dagilim
tahmininden olusan bir hibrit yaklasim onermislerdir. Onerdikleri yaklasimm %95 smiflandirma
dogruluguna sahip oldugunu gostermislerdir [8].

Halimeh ve digerleri, beyin tiimdrleri ve multipl skleroz gibi beyin bozukluklarinin tespit edilmesi
icin temel bir yaklasim olan MRG kullanimin1 6nermistir. Beyin tiimorii hastali§i, anormal beyin
hiicrelerinin biiyiimesi sonucu ortaya g¢ikar. Multipl skleroz (MS), kronik bir durum olup beyin ve
ndrolojik sisteme zarar verir. Hem MS hem de tiimérler, en iyi MRG kullanilarak tespit edilir ve teshis
edilir. Benzerlikleri nedeniyle, yanlis teshisler hastanin zarar gormesine ve hatta 6liimiine neden olabilir.
Yazarlar, beyin timorii ve MS ayn1 anda teshis etmek igin bir ESA kullanmiglardir. Sonug olarak, bu
yontemle tiimor ve MS teshisinde %96 dogruluk elde etmislerdir [9].

Ameer ve arkadaslarinin 6nerdigi ¢alisma, beyin tiimoérlerinin siniflandirilmast ve bilgisayar
destekli teshis konusunda 6nemli bir katki sunmaktadir. Bu makalede, gliomlar, meningiomlar, iyi huylu
ve pituitary tiimérleri igin {i¢ sinifli bir siniflandirma sistemi ele almmustir. Onerilen ydntem, beyin
MRG’den 6zellikler ¢ikarmak i¢in dnceden egitilmis bir GoogleNet kullanmig ve ardindan bu 6zellikleri
siniflandirmak i¢in derin transfer 6grenme yontemi uygulanmistir. Siniflandirma islemi igin sertifikali
siniflandiricilar kullanilmistir [10].

Mohsen ve digerleri, derin 6grenmenin son yillarda hizla popiilerlik kazanan, nispeten geng bir
makine 6grenimi alani oldugunu vurgulamislardir. Derin 6grenme, cesitli uygulamalarda basariyla
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kullanilan ve karmasik sorunlarin iistesinden gelmede 6nemli bir makine 6grenimi teknigi olarak kabul
edilmektedir. Aragtirmacilar, 66 adet beyin MRG taramasini dort farkli kategoride siniflandirmak i¢in
derin sinir ag1 siniflandiricin1 kullanmislardir. Bu siniflandirici, 6zellikleri ¢ikarmak i¢in ayrik dalgacik
doniistimii ve temel bilesen analizi gibi giiclii teknikleri bir araya getirerek, yaygin kullanilan tiim
performans dlglimleri i¢in son derece basarili sonuglar iiretmistir [11].

Sobhaninia ve digerleri tarafindan belirtilmistir ki derin 6grenme, bilgisayarli goriis alaninda
onemli bir rol oynamaktadir. Bu, hastalik teshis siireclerinde insan cabasini azaltma potansiyeli
tasimaktadir. Ozellikle beyin tiimérii analizi, kiiciik hatalarm diisiince siireglerinde felakete yol
acabileceginden, en {ist diizey hassasiyeti gerektiren bir alandir. Bu nedenle, beyin tiimori
segmentasyonu, bilimsel uygulamalar i¢in saglam bir yaklagim olarak ©6ne ¢ikmaktadir. Farkli
tekniklerin kullanildig1 beyin tiimdrii segmentasyonu i¢in mevcut yontemler, genellikle maksimum
hassasiyeti saglamada yetersiz kalmaktadir. Bu baglamda, yazarlar, derin 6grenmeyi kullanarak beyin
tiimorlerini segmente etmek amactyla bir yontem gelistirmislerdir. Yaptiklar1 arastirmada, 6zel MRG
pikselleri ile ¢aligmislar ve gesitli segmentasyon aglarini uygulamislardir. Ayri bir agin kullanilmasinin
etkisi, tek bir sonug agi ile karsilastirilarak incelenmistir. Gergeklestirilen deneyler, tek ag durumunda
0.73 ve birden fazla ag kullanildiginda 0.79 olan skorlar elde edilmistir [12]. Sajid ve digerleri,
gliomlarin olduk¢a yaygin ve hizla ilerleyen tiimorler oldugunu vurgulamiglardir. Gliomlarin
boliinmesi, bilgisayar destekli analizle, anormal sekil ve tiimdriin ince siirlamalari nedeniyle zorlu bir
gorevdir. Bu calismada, 6zel MRG kullanilarak beyin tiimoriinii segmentlere ayirmak igin derin
O0grenmeye dayali saf bir yontem sunulmaktadir. Ayrica, ESA ile ileri beslemeyi atlayarak ve onyargi
alanini ele alarak kiiciik yanls pozitifleri azaltmak igin 6zel bir isleme adimi kullanilmistir. Onerilen
teknik, BRATS 2013 veri seti lizerinde test edilmis ve tiim timdr bdlgesi igin 0.86 hassasiyet ve 0.86
ozgiilliik elde etmigtir [13].

Hussain, S. ve Majid, gliomlarin en yaygin ve tehlikeli beyin timdori tiri oldugunu
belirtmislerdir. Bu tiir tiimdrlerin dogru bir sekilde tespiti, sorunun devamui i¢in kritik 6neme sahiptir.
Ancak, tiimorlerin garip bir sekle sahip olmalar1 ve hizli dagilmalari, tibbi amaclar igin 6lgeklemeyi
zorlagtirmaktadir. Bu makale, derin evrisimli sinir aglarina dayali bir yaklasim onererek otomatik beyin
tiimorii segmentasyon sistemini ele almaktadir. Derin aglar, 6nemli sayida parametre igerdiginden,
ozellikle sinirli kaynaklarla ¢alisildiginda asir1 yiikleme sorunu ortaya ¢ikmaktadir. Bu sorunu ¢6zmek
icin, maksimum ve sizdiran katmanlar1 kullanarak asir1 yiliklemeleri en aza indirmislerdir. Ayrica,
modelde 37x37 ve 19x19 esit ortalama piksel diizeltme tiirlerini belirleyerek ve tiim diizeltme tabanli
okul egitimi teknigini kullanarak onerilen yaklagimi gelistirmislerdir. Onerilen teknik, BRATS 2013
veri seti lizerinde degerlendirilmis ve temel genel performans etiketlerinde mevcut teknolojilere gore
daha iyi bir performans sergilemistir [14].

Pereira ve arkadaslari, gliomlar olarak adlandirilan beyin tiimdrlerinin alisilmadik ve rekabetci
bir tiir oldugunu vurgulayarak, genellikle daha uzun bir ortalama yasam siiresine neden oldugunu
belirtmislerdir. Bu durum, onkoloji hastalar icin etkili bir yasam kalitesi gelistirme acgisindan tedavi
planlamasimin biiyiik 6neme sahip oldugunu ortaya koymaktadir. MRG kullanilarak teshis konulan
beyin timori hastalarinin farkli evrelerinde Dogrusal Ayirma Analizi (DAA) ve DVM smiflandirma
yontemleri kullanilarak yapilan bir ¢alismada, Dogrusal Ayirma Analizi yontemi %65 basari elde
ederken, DVM yontemi kullanarak %94 basari saglamistir [15]. Nagorive ve Joshi'nin ¢alismalarinda
MR spektroskopi ile elde edilen veriler kullanilarak beyin tiimdriiniin evresinin tahmin edilmesi tizerine
odaklanilmistir [16]. Carlos, Cr ve Naa degerleri MR spektroskopi araciligiyla okunmus ve farkli
hastanelerden alinan 88 beyin tiimorii hastasinin bilgileri kullanilarak, DVM yontemiyle veri setine
yazilan veriler %67 siniflandirma basarisi elde etmistir. Bir diger ¢aligmada, beyin tiimorii teshisi
konulan hastalarin evrelerinin tahmin edilmesi amaciyla MRS spektral goriintiilerinin kullanildigi
belirtilmistir [17]. Yapilan ¢alismada, Gaussian Ayristirma ve YSA teknikleriyle elde edilen basari
oraninin %94 oldugu rapor edilmistir.
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Calismada onerilen LSTM tabanli derin 6grenme teknigi, biyomedikal uygulamalarda
kullanilabilecek giincel bir siniflandirma teknigi olarak 6ne ¢ikmaktadir. Seker hastaliginin tip 2 teshisi
ve bu hastaligin neden oldugu kalp hastaligini 6nleme 6nemine vurgu yapan bir baska calismada, EKG
sinyalleriyle yapilan siniflandirmada, ESA yontemi %90 basari elde ederken, ESA+LSTM yontemi %95
basari saglamigtir [18].

Yiiksek tansiyon ve diisiik tansiyon, 6liimciil sonuglar dogurabilecek hastaliklardir; bu nedenle
kan basincinin diizenli olarak Olgiilmesi, bu hastaliklarin erken teshisi agisindan kritik bir 6neme
sahiptir. Bu konuda yapilan bir calismada, Elektrokardiyografi (EKG) ve fotopletismografi (FPG)
sinyallerinden elde edilen 6zellikler kullanilarak yiiksek ve diisiik tansiyon tahmini yapilmistir [19].
Toplam 39 hasta verisi, EKG ve FPG sinyallerinden ¢ikarilan 6zelliklerin yapay sinir ag1i ve LSTM derin
ogrenme ile siniflandirilmasiyla degerlendirilmistir. Calismanin basarisi, Adaboost veri madenciligi ve
LSTM derin 6grenme yontemleriyle hesaplanan ortalama mutlak hata (mean absolute error / MAE) ve
kok ortalama mutlak hata (root mean absolute error / RMAE) hata oranlari karsilastirilarak
belirlenmistir. Caligmada onerilen ESA-LSTM modelinin, daha diisiik hata oranlarina sahip oldugu
gozlemlenmistir.

3. Materyal ve Metod

3.1 Beyin Tiimérii Mrg Veri Seti

Veri seti, toplamda 3264 MRG’den olugsmaktadir ve bu goriintiiler glioma, meningioma, pituitary
timorleri ve iyi huylu timér durumlarini icermektedir. Gorlintiillerin 394 tanesi test verisi olarak
kullanilirken, 2870 tanesi egitim verisi olarak degerlendirilmistir. Veri setine Kaggle iizerinden agik
erisimli  olarak https://www.kaggle.com/datasets/sartajbhuvaji/brain-tumor-classification-mri  url
adresinden erisim saglanmaktadir [20].
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Sekil 1. Veri setinden drnek goriintiiler
Veri kiimesi, Sekil 1'de veri setinden 6rnek beyin MR goriintiileri verilmistir. Sekil 2°de test ve
egitim setinin verilerinin dagilimi gosterilmektedir. Egitim seti, modelin 6grenme siirecini glidiileyen
ve parametrelerini ayarlamak i¢in kullanilan verileri igerirken, test seti modelin genelleme yetenegini
degerlendirmek amaciyla ayrilmistir. Sekil 3 ve 4’te dort farkli sinifa ait veri dagilimi sunulmustur.

Number of Images per Class
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Sekil 2. Test ve Egitim setinin 6rneklem sayilari
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Sekil 3. Egitim sinifi 6rneklem sayilar
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Sekil 4. Test sinis1 6rneklem sayilar
3.2 Evrigimli Sinir Ag1

ESA, bilgisayarli goriis, desen tanima ve diger gorsel bilgi isleme gorevlerinde basarili bir sekilde
kullanilan derin 6grenme modellerinden biridir. Temelde, evrisim katmanlari, havuzlama katmanlar1 ve
tam baglantili katmanlardan olugan bir mimariye sahiptir. Evrisim katmanlari, giris verisindeki
ozellikleri vurgular ve evrisim islemleriyle bu ozellikleri g¢ikararak o6zellik haritalarin1 olusturur.
Havuzlama katmanlari, 6zellik haritalarindaki boyutu azaltarak iglem yiikiinii hafifletirken Snemli
bilgileri korur. Tam baglantili katmanlar, elde edilen 6zellik haritalarini kullanarak nihai siniflandirmay1
gerceklestirir. ESA'ler, 6zellikle goriintii siniflandirma, nesne tespiti ve yiiz tanima gibi uygulamalarda
yiiksek basar1 elde etmistir. Ayrica, transfer 6grenme, batch normalization, dropout gibi optimizasyon
teknikleri ve gesitli aktivasyon fonksiyonlar1 kullanarak performanslarini artirmak igin siirekli olarak
gelistirilmektedir. Bu modeller, genis veri setlerinden Ogrenerek, karmasik iliskileri kesfetme
yetenekleriyle one ¢ikar ve 6zellikle biiyiik veri tabanli gorsel analiz uygulamalarinda etkili bir sekilde
kullanilabilirler. Gelisen donanim ve yazilim altyapisiyla birlikte, ESA'ler, gelecekteki akademik
arastirmalar ve endiistriyel uygulamalar i¢in 6nemli bir rol oynamaya devam edecektir. Sekil 5’te ESA
mimarisi verilmistir.

Sekil 5. ESA mimarisi

3.3 Uzun Kisa Siireli Bellek (Long Short-Term Memory / LSTM) Agi,

Sira iliskilerini 6grenme yetenegine sahip bir tiir tekrarlayan sinir agidir. LSTM'ler, sira tahmin
problemlerinde ve karmasik zaman serileri analizlerinde yaygim olarak kullanilir. Ozellikle konusma
tanima, makine ¢evirisi ve hisse senedi fiyat tahminleri gibi alanlarda basarili sonuglar elde edilir.
LSTM!'ler, geleneksel Tekrarlayan Sinir Aglarina (TSA) goére daha uzun zaman araliklarim
hatirlayabilme yetenegine sahiptir. Bu, gecmis bilgilerin gelecekteki tahminlerde daha fazla agirliga
sahip oldugu durumlar icin olduk¢a oOnemlidir. LSTM, bu uzun vadeli bagimliliklar1 daha iyi
yakalayabilme yetenegi ile bilinir. Cift yonlii LSTM'ler, giris verisini hem ileri hem de geri yonde
isleyen aglardir. Bu, 6zellikle sira tahmin problemleri i¢in yararhdir ¢iinkii hem ge¢mis hem de gelecek
bilgilere erigsim saglar. Diziden diziye LSTM modelleri, bir giris sirasini baska bir ¢ikis sirasina
doniistiirmek i¢in kullanilir. Ornegin, ingilizce bir cliimleyi Almanca'ya ¢evirmek icin bir diziden diziye
modeli kullanilabilir. LSTM denklemleri, agin i¢ isleyisini matematiksel olarak ac¢iklar. Bu denklemler,
agin hafiza hiicresinin nasil giincellendigini ve bilgilerin nasil iletim edildigini tanimlar. Bu denklemler,
LSTM'in karmasikligini ve etkinligini anlamak i¢in 6nemlidir. LSTM, derin 6grenme alaninda oldukga
6nemli bir konudur ve birgok uygulama alaninda basariyla kullanilir. LSTM'nin ¢alisma prensipleri ve
denklemleri, uzmanlar tarafindan daha iyi aciklanabilir ve anlasilabilir olabilir, ancak genel bir
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kavramsal anlayis, bu giiglii sinir ag1 tiirliniin nasil ¢alistigin1 anlamak i¢in yeterlidir [6]. Sekil 6’da
LSTM c¢aligma prensibi semasi verilmistir.

fe=0Wglhi_1,x.]+ by) (1)
i, = o(W[hy_q, x.] + b)) )
C = tanh(W_[h,_,,x,] + b,) (3)
Co=fe*Ciq +ip*C, )

0; = o(Wo[hi—1, %] + b,) )
h, = 0, » tanh(C,) (6)

Burada b bias vektorii, W agirlik matrisi, ¢ sigmoid fonksiyonu, t zamani, Rd vektor
koleksiyonunu It girisleri, Ct bellek hiicresini, Ot ¢ikisi, ht gizli katmani ve d hafizanin boyutunu ifade
etmektedir.

"\“
Bellek [ o) A .
Cl' | \-L u f
Gikh
gecidi
D.‘
Unutma Girdi Aday
gecdi | gecidi | belek | T
Flo| 1] o ¢, | tanh o
Sakli durum J‘ )‘ J‘ J
l{I'_
Girdi X,
Etkinlestirme iglevli Eleman yonli Kopval Bisi
g FC katman islemci _L, iy | e
Sekil 6. LSTM c¢alisma prensibi
3.4 LSTM-ESA Mimarisi

Toplu Normallestirme katmani, normallestirme nedeniyle aktivasyon fonksiyonunun birdeki
karakteristik carpikligini ve sifira yakin ortalama aktivasyon ortalamasini koruyarak énceki katmana
doniisiimii uygular. Normallestirmeyi her islem i¢in kullanilir. Boylece her bir girdi 6zellik haritasi tek
tek normallestirilir. Eksen secenegi, yerlesimin hangi eksen iizerinde sonlandirilmasi gerektigini
tanimlar. Egitim sirasinda verileri normallestirmek i¢in, her grup icin bilgileri ydnettik ve egitim
asamasinda bir noktada hesaplanan ortalamalar1 kullanilmistir [19]. Sekil 7°de 6nerilen ESA-LSTM
mimarisi verilmistir.
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LSTM KATMANLARI

v v
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Y Y
LSTM | —»| LST™™

el B

Evrisim Katmam Ozellik Haritalar: Siral Ogrenme Tam Baglantih
Katman

Sekil 7. ESA-LSTM mimarisi.

Toplu Normallestirme katmanimin ¢ikig katmani giris katmaniyla aymi oldugu i¢in LSTM
hiicresiyle birlikte kullanilamaz. LSTM katmanindan once, sekli yeniden sekillendirmek igin bir
Reshape katmani kullanilabilir. Girdi katmaninin boyutlar1 yeniden boyutlandirildiginda LSTM
hiicresinden aktarilir. LSTM hiicresi bir tanh veya hiperbolik tanjant tarafindan etkinlestirilir. Ek olarak,
LSTM hiicresi, bilginin asir1 uyumunu 6nlemeye yardimci olan bir birakma orani icerir. Bu sayede
LSTM'nin &zellikleri, giris goriintlisiiniin uzun vadeli yapisin1 ve bi¢imini benzersiz bir diizende
ogrenecektir. Ek olarak, evrisim katmani LSTM katmaninin ¢iktisini aninda alir. Evrisim ¢ekirdekleri,
katmanin girdisiyle tek bir zamansal boyutta evrisim yaparak bir sonug tensorii olusturan bir evrisim
katmani kullanilarak olusturulur. Evrisim katmani en 6nemli yerel 6zellikleri ¢ikaracaktir. Bu evrisimsel
katmanda aktivasyon fonksiyonu olarak Dogrultulmus Dogrusal Birim kullanilmistir. ESA'de daha
sonra yer alan evrisimsel katman, ndronlarin miikemmel baglantisi nedeniyle bir ayrilma katmamn
olasiligini onler. Karigik smiflar iceren siiflandirma problemleri LSTM-ESA aglarindan olusan bir
model kullanilarak ¢6ziilebilir [21].

3.5 Onerilen ESA-LSTM Yaklasini

Onerilen hesaplama mimarisi, Derin Ogrenme (DO) igin bir ESA ve LSTM igermektedir. Bu
yaklagim, beyin tiimorlerini tanimak ve kategorize etmek icin MRG kullanarak insan hayatini kurtarmak
veya iyilestirmek amaciyla biiyiilk 6neme sahiptir. Beyin tiimorlerinin erken teshisi, tedavi segenekleri
ve hayatta kalma beklentileri agisindan dnemli bir rol oynayabilir. Aragtirmacilar, beyin tiimorlerini
tespit etmek ve smiflandirmak icin farkli siniflandirma yontemleri 6nermis olsa da tespit dogrulugu
konusunda simirlamalar vardir. Bu baglamda, DO, goriintii isleme alaninda gesitli islemleri
gerceklestirmek icin kullanilan modern bir teknolojidir [22]. Derin Ogrenme stratejileri icinde, 6zellikle
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beyin tiimdrlerinin siniflandirilmasinda, evrisimsel sinir ag1 (ESA) en yaygin kullanilan siniflandiricidir
ve bu alandaki 6nemli bir rol oynamustir [23]. ESA'ler, zaman serilerini tahmin etmek i¢in son derece
uygundur. Bu, artan evrisimleri veya tek hiicreler arasindaki iliskileri 6l¢gmek i¢in filtreleri kullanabilme
yetenekleri sayesinde miimkiin olur. Her bir hiicrenin yapisi ve boyutu, sinir agmm farkli ve
cesitlendirilmis zaman serisi gozlemleri arasindaki iliskileri tam olarak anlayabilmesini saglar [24].

Zaman serilerini belirlerken, ESA ve LSTM katmanlar1 genellikle bir araya getirilir. LSTM
katmani, zaman serilerindeki sonraki bagimliliklar1 hesaba katabilirken, ESA katmanm bu siireci
genisletilmis evrisimler araciligiyla ek bilgilerle zenginlestirir. Bu yaklasim, beyin timérlerini tanima

ve smiflandirmada daha gelismis bir yontem sunar. Onerilen modelin blok diyagrami Sekil 8’de
verilmistir.

Giris Goriintiisii

Veri On i§leme

Onerilen Model

LSTM
Dropout
LSTM
LSTM
Dropout
LSTM
Dropout
Flatten
Dense

I Dropout I

\

Glioma / Meningioma
[ Pituitary / No_tumor ] Cikta

Sekil 8. Onerilen modelin blok diyagrami

ADYU Miihendislik Bilimleri Dergisi 22 (2024) 63-81



73 E. Aslan

On islemenin temel amaci, MRG Kkalitesini artirmak ve daha sonra insanlar veya bilgisayarlar
tarafindan daha iyi islenebilir hale getirmektir. Ozellikle beyin tiimérlerinin manyetik rezonans
goriintiilerini islerken, 6n isleme adimlar1 goriintiilerin benzerligini artirir ve bu goriintiileri tip
uzmanlar1 i¢in daha uygun hale getirir. On isleme, bir dizi prosediirii igerebilir ve bu amagla gesitli
yontemler sunmaktadir. Giiriiltii azaltma, 6n islemenin kritik bir adimidir [25]. Bu adim, goriintiilerin
netligini ve anlagilabilirligini artirmaya yardimer olur. Ozellikle beyin tiimérlerini teshis etmek gibi
kritik bir gérevde, net ve giiriiltiisiiz goriintiiler, dogru teshis ve degerlendirmenin temelini olusturur. Bu
amagla, Python, Java, C gibi programlama dilleri ve OpenCV kiitiiphanesi, bir¢ok 6n isleme agamasinda
kullamilabilir. Ornegin, OpenCYV kiitiiphanesi ile bir gériintiiye filtreler uygulanip giiriiltiiler azaltilabilir.
Ya da goriintiiden kenarlar belirginlestirilebilir. Bu islemler, goriintiilerin daha iyi islenebilir olmasini
saglar ve sonugta tip uzmanlarinin veya goriintiileme algoritmalarinin dogru analiz yapmasina yardimc1
olur.

MRG, beyin goriintiilerinin karmagik yapisini igeren farkli dokularn goriintiilerini elde etmek igin
kullanilir. Bu nedenle beyin tiimorlerini teshis etmek gibi dnemli gorevler i¢in, bu goriintiilerin analizi
biiylik bir 6neme sahiptir. Tiimorlerin evresini belirlemek ve tedavi yanmitim1 degerlendirmek igin
metinsel gozlemler, analizler ve terapdtik yanitlarin degerlendirilmesi gibi yontemler en faydali
yaklagimlardan biridir [26]. Ayrica, goriintiillerden avantajli 6zellikler elde etmek i¢in matematiksel
yontemler kullanilabilir [27]. Bu yontemler, goriintiilerin iglenmesi ve ozelliklerin ¢ikarilmasi igin
kullanilan hesaplamali teknikleri igerebilir.

Bir beyin tiimiirii tespitinde goriintiileri verimli bir sekilde siniflandirmak igin dnerdigimiz ESA-LSTM
modeli kullanilmistir. Goériintiileri islemek i¢in 4 adet LSTM katmami, ardindan dropout katmani
kullanilmistir. Aktivasyon fonksiyonu olarak ReLU tercih edilmistir. Son olarak veriyi diizlestirmek
icin 1 flatten katmam ve 1 Dense katmani kullanilmistir. Cikis katmani i¢in Softmax aktivasyon
fonksiyonu uygulanmustir. Onerilen yéntem ile ilgili detayl bilgiler Cizelge 1°de verilmistir. Cizelge 1
incelendiginde elde edilen toplam parametre sayisi 207.605.764’tiir. Bu parametrelerin tamaminin
egitildigi goriilmektedir. Ayrica Onerilen modelin Keras Visualization 6zelligi kullanilarak sematik
olarak gosterimi Sekil 9’da sunulmustur.

Cizelge 1. Onerilen yontemin ayritilari

Katman (Layer) Cikt1 Bicimi (Output Parametre (Parameter)
Shape)

Lstm (LSTM) (None, 1, 512) 206571520

Dropout (Dropout) (None, 1, 512) 0

Lstm_1 (LSTM) (None, 1, 256) 787456

Dropout_1 (Dropout) (None, 1, 256) 0

Lstm 2 (LSTM) (None, 1, 128) 197120

Dropout_2 (Dropout) (None, 1, 128) 0

Lstm 3 (LSTM) (None, 64) 49408

Dropout_3 (Dropout) (None, 64) 0

Flatten (Flatten) (None, 64) 0

Dense (Dense) (None, 4) 260

Toplam parametreler (Total parameters): 207605764 (791.95 MB)

Egitilebilir parametreler (Trainable parameters): 207605764 (791.95 MB)

Egitilemeyen parametreler (Non-trainable parameters): None (0.00 Byte)
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Istm_input | input: | [(None, 1, 100352)]
InputLayer | output: | [(None, 1, 100352)]

A
Istm input: | (None, 1, 100352)

LSTM | output: (None, 1, 512)

A
dropout | input: | (None, 1, 512)

Dropout | output: | (None, 1, 512)

A
Istm_1 | input: | (None, 1, 512)

LSTM | output: | (None, 1, 256)

A
dropout_1 | input: | (None, 1, 256)

Dropout | output: | (None, 1, 256)

A
Istm_2 | input: | (None, 1, 256)

LSTM | output: | (None, 1, 128)

A
dropout_2 | input: | (None, 1, 128)

Dropout | output: | (None, 1, 128)

A
Istm_3 | input: | (None, 1, 128)

LSTM | output: (None, 64)

dropout_3 | input: | (None, 64)

Dropout | output: | (None, 64)

Y
flatten | input: | (None, 64)

Flatten | output: | (None, 64)

A
dense | input: | (None, 64)

Dense | output: | (None, 4)

Sekil 9. Onerilen modelin sematik gosterimi
3.6 Kullanilan Degerlendirme Olciitleri

Onerilen teshis yontemi, genel performans degerlendirmesi igin yaygin olarak kullanilan bir
matris igermektedir. Bu matris, temel Sl¢timleri igerir ve dogruluk, geri ¢cagirma, F1-skoru ve kesinlik
gibi dnemli metrikleri kapsar. Bu 6l¢iimler, teshis yonteminin genel performansini degerlendirmek ve
gercek diinya uygulamalarinda nasil performans gosterebilecegini anlamak i¢in kullanilir. Genellikle,
ikili smiflandirma durumlarinda siniflandiricinin performansint degerlendirmek icin tek bir metrik,
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ornegin dogruluk puani kullanilir. Ancak, bu yaklasim, siniflandiricinin gergek diinya uygulamalarinda
nasil performans gosterdigini tam olarak yansitmayabilir, ¢linkii bu durumda diger 6nemli dlgiitler g6z
ard1 edilmis olabilir. Bu nedenle, onerilen teshis yontemi, ikili siniflandirmadan ziyade dogru bir
degerlendirme yapabilmek i¢in g¢esitli degerlendirme Olgiitlerini icermektedir. Bu ¢oklu metrikler,
smiflandiricin etkinligi hakkinda daha kapsamli bir goriiniim sunarak daha giivenilir sonuglar elde
etmeyi amaclamaktadir. ESA-LSTM modeli farkli smiflandirma  o6lgiitleri  kullanilarak
degerlendirilmistir: kesinlik (Precision), Geri Cagirma (Recall), F1 puani (F1) ve dogruluk (Accuracy)
[28]. Tim degerlendirme metriklerinin hesaplanmasi i¢in, egitilen tiim modeller i¢in bir karisiklik
matrisi olusturulur. Bu bdliimde kullanilan tiim degerlendirme metriklerinin hesaplanmasi igin gerekli
olan dogru pozitif (TP), dogru negatif (TN), yanls pozitif (FP), yanlis negatif (FN) degerlerini saglar.
Sekil 10°da bu degerlerin yer aldig1 karisiklik matrisi gosterilmistir.

GERCEK (TRUE) DEGER
5 Positive Negative
O
()
=
8 2
SR TP FP
I
= ¢
a
)
~
&
Z
g2 2
8 g FN TN
z 2
~
-
=

Sekil 10. Karisiklik Matrisi Ornegi

Her hiicre tiiriine gore dogru sekilde simiflandirilan test orneklerinin sayisinin toplam test
ornekleri sayisina orani, accuracy gosterilir ve Denklem (7)’teki gibi hesaplanir.

TP + TN 7
TP + FP + FN + TN

Accuracy =

Her bir hiicre tiirii tarafindan dogru bir sekilde siniflandirilan pozitif 6rneklerin sayisinin gercek
gozlenen pozitif 6rneklerin sayisina orani, recall ile belirtilir ve Denklem (8)’teki gibi hesaplanir.

TP ()
Recall = TP+—F1V

Her bir hiicre tiirii tarafindan dogru sekilde siniflandirilan pozitif 6rneklerin sayisi ile pozitif
ornekler olarak siniflandirilan 6rneklerin sayisi Precision tarafindan belirlenir ve Denklem (9)’daki gibi
hesaplanir.

TP 9)

P . —
recision —TP T FP
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F1-skor, kesinlik ve duyarlilik oraninin harmonik ortalamasina karsilik gelir. Fl-skoru, 0-1
arasinda bir deger alir, her bir hiicre siniflandirma modelinin daha iyi performansi, daha yiiksek bir F1-
skoruna karsilik gelir ve Denklem (10)’deki gibi hesaplanir.

Precision x Recall (10)

F1 —skor =2
skor X Precision + Recall

4. Deneysel Sonuclar ve Tartismalar

Bu bdliimde, MR goriintiilerinde beyin timdrlerini tespit etme ve siniflandirma amaciyla dnerilen
ESA-LSTM modelinin deneysel sonuglar1 ve karsilastirmali analizleri sunulmaktadir. Onerilen model,
veri kiimesini kullanarak farkli timdr tiirlerini otomatik olarak tanima ve siniflandirmada kullanilmistir.
Bu modelin performans: diger yontemlerle karsilastirilarak etkinligi degerlendirilmistir. Sonuglar,
modelin beyin timdrlerini tespit etme ve smiflandirmada basarili oldugunu gosteriyorsa, tibbi
goriintiileme alaninda dnemli bir ilerleme saglayabilir.

4.1 Deneysel Sonuclar

Deneysel ¢aligsmada, glioma, meningioma, pituitary tlimorleri ve iyi huylu olmak iizere dort
farkl: tiirde beyin tiimoriinii iceren bir MRG veri kiimesi kullanildi. Veri seti, deney icin gerekli tiim
kiitiiphaneler ice aktarildi. Beyin tiimorlerinin tespiti, farkl tiirlerdeki beyin tiimorlerini tanimlamay1
amaclayan Onerilen ESA-LSTM modeli kullanilarak gerceklestirildi. Bu adimlar, deneysel siirecin
temelini olugturarak, modelin beyin tiimorlerini siniflandirma performansini degerlendirmeye yonelik
bir ¢erceve saglamaktadir. Egitim ve dogrulama dogrulugu ile egitim ve dogrulama kaybi, Onerilen
modelin performansini degerlendirmek i¢in kullanilmistir. Yapilan ¢alismalar sonucunda dnerdigimiz
model i¢in karigiklik matrisi Sekil 11°de verilmistir.

175
1.9e+02 1 3 0

glioma_tumor

150

125

no_tumor
'
=5
e
o

1 3 1 1.9e+02

1 0 0 1.8e+02 -25

pituitary_tumor meningioma_tumor

1 I 1
glioma_tumor no_tumor meningioma_tumor pituitary_tumor

Sekil 11. Onerilen Modelin Karisiklik Matrisi
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Onerilen gériintii stmiflandirma yonteminin simiflandirma performansi, Cizelge 2'de gosterildigi
gibi dogruluk, kesinlik, duyarlilik ve F1-skor agisindan dnceden egitilmis ESA tabanli yontemler ile
karsilastirilmistir. Karighiklik matrisine gére modellerin, dogruluk, kesinlik, duyarhilik ve F1-skor
degerleri Cizelge 2°de verilmigtir.

Cizelge 2. Model sonuglariin degerlendirilmesi

Precision (%) Recall (%) F1-Score (%) Support
Glioma 98 98 98 198
No_Tumor 97 97 97 79
meningioma 97 97 97 192
pituitary 99 99 99 184
Accuracy 98 653
Macro Avg 98 98 98 653
Weighted Avg 98 98 98 653

Onerilen modelin yiiksek bir dogruluk seviyesine ulagtigi goriilmiistiir. Egitim-dogrulama
(validation) dogrulugu Sekil 12°de ve egitim- dogrulama kaybi (loss) 50 epoch icin Sekil 13°te
verilmistir. Epoch degeri arttikga hem egitim seti hem de dogrulama setindeki dogruluk degerleri
artmaktadir. Eszamanli olarak, egitim ve dogrulama kayip egrileri, epoch degeri arttikga diisiis
gostermektedir. Bu sonuglar, 6nerilen ESA-LSTM modelinin beyin timdri tespiti ve siniflandirmast
icin etkili bir yaklasim oldugunu gdstermektedir. Sekil 14’de rastgele segilen bir gériintiiniin hangi
tiimor grubunda oldugunun tahmin edildigi bir ekran goriintiisii verilmistir.

Model Accuracy

101 — Train
—— Validation

Accuracy

0.5

0.4 1

0.3 1

T T T T T T

0 10 20 30 40 50
Epoch

Sekil 12. Egitim-dogrulama dogrulugu egrisi
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Model Loss

—— Train
—— Validation

0.4 1

0.2 4

0.0 1

Epoch

Sekil 13. Egitim- dogrulama kaybi egrisi

meningioma_tumor meningioma_tumor

pituitary_tumor

Sekil 14. Rastgele se¢ilmis goriintiilerden tiimor tiiriiniin tahmin edilmesi.
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4.2 Onerilen Modelin Literatiirdeki Mevcut Cahsmalarla Karsilastirilmasi

Bu boliimde, onerilen ESA-LSTM modeli, beyin tiimorii siniflandirmasinda yapilan bazi yeni
caligmalarla karsilagtinnlmistir. Cizelge 3, bu oOnceki calismalar ile bizim Onerdigimiz yaklasim
arasindaki dogruluk karsilagtirmasini géstermektedir. Daha 6nce de belirtildigi gibi, birlestirilmis veri
seti lizerinde egitilen dnerilen ESA-LSTM modeli, %98,1'lik bir dogruluk elde ederek ¢aligmamizdaki
en iyl sonuglara sahiptir. Cizelge 3'deki sonuglarin ¢ogu %85-%97 araliginda olup Onerdigimiz
modelden daha diisiiktiir. ~ Onerilen ESA-LSTM modelimiz %98,1 test dogrulugu ile tim bu
caligmalardan daha iyi performans gostermektedir. Bu birlesik veri kiimesi {izerinde egitim, egitim
siirecini daha az zaman alic1 hale getirmekte ve yiiksek detayli goriintiiler, siniflandiricinin beyin
tiimorleri arasinda ayrim yapmasini kolaylastirmaktadir. Biiyiik bir harici test veri seti, modelin
olusturulmasinda ablasyon tedavi yontemi ile modelin uygun sekilde test edilmesini saglayarak onerilen
yaklagimim saglamligiin saglikli bir sekilde degerlendirilmesine katkida bulunmaktadir. Onerilen bu
yaklasimla, birlesik veri kiimesi tizerinde egitilen ESA-LSTM, egitim i¢in daha az eposide gerektirirken
diger tiim c¢aligmalardan daha iyi performans gosterebilmistir. Bu da Onerilen yaklagimin MRG
taramalarindan beyin tiimorlerinin siniflandirilmasindaki potansiyelini gostermektedir.

Cizelge 3. Onerilen modelin literatiir sonuglari ile karsilastirilmasi

Calismalar Simiflandirici Veri Seti Dogruluk (%)

Zhuge et al. [23] 3DConvNet T1-T1-Gd, T2 weighted contrast- 97,1
enhanced MRI
Segmantation(BraTS) Benchmark

Badza et al. [28] ESA T1-weighted contrast-enhanced 96.56
MRI (Figshare dataset)

Afshar et al. [29] CapsNet T1-weighted contrast-enhanced 86.56
MRI (Figshare dataset)

Gumaei et al. [30] ESA T1-weighted contrast-enhanced 94.23
MRI (Figshare dataset)

Pashaei et al. [31] ESA T1-weighted contrast-enhanced 93.68
MRI (Figshare dataset)

Abiwinanda et ESA T1-weighted contrast-enhanced 84.19

al.[32] MRI (Figshare dataset)

Hemanth et al. Modifed Deep  T1-weighted contrast-enhanced 96,49

[33] ESA MRI (Figshare dataset)

Mzoughi et al. Deep ESA T1, and T2-weighted contrast- 96,4

[34] enhanced MRI (Devaki Scan
Centre dataset)

Propoded Method ESA-LSTM T1-weighted contrast-enhanced 98,1
MRI (Figshare dataset)

5. Sonuclar

Beyin tiimoriiniin tespiti ve siiflandirilmasi, hastalar iyilestirmek veya hastalarin omiirlerini
uzatmak icin kritik bir éneme sahiptir. Bu calismada, manyetik rezonans goriintiilerinde beyin
timorlerini otomatik olarak tespit etmek ve smiflandirmak amactyla bir ESA-LSTM modeli
gelistirilmistir. Modelin etkinligini dogrulamak i¢in acik erisimli beyin tiimorii MRG veri setleriyle
karsilastirmalar yapilmugtir. Onerilen model, beyin tiimérii tiirlerini simiflandirmada énemli bir gelisme
saglamigtir. Bu ¢alismanin amaci, tibbi uzmanlarin kanseri belirlemek igin tek bir hastanin tim MRG
sekanslarin analiz etme siirecini, en yiiksek dogruluk ve en diisiik hesaplama karmasikligina sahip bir
derin 6grenme yaklasimini 6nermektir. Bu aragtirmada, beyin tiimorlerini siniflandirmak amaciyla
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gelistirilen ESA-LSTM adli tamamen otomatik hibrit bir ESA modeli dnerilmistir. Giris katmani, bir
hastanin MRG dizisinin tamaminin tek bir girig verisi olarak islenebilmesine olanak tanimaktadir. Bu
yontem, ESA ve LSTM'in birlestirilmesi sayesinde zaman icindeki bilgilerin tutarli bir sekilde
degerlendirilmesini saglayarak smiflandirma dogrulugunu artirmistir. Elde edilen sonuglar
yapilandirilmig ESA-LSTM aginin %98.01'lik en yiiksek dogruluga ulastigin1 gostermektedir. MRG
sekanslari birlestirip analiz etmek, en diisiik zaman karmasikligini korurken en yiiksek dogrulugu elde
etmek amaciyla yapilan ablasyon tedavi yontemi, gelistirilen ESA-LSTM modeli i¢in 6nemli bir
yontemi temsil ediyor. Deneysel sonuglar, bu modelin dogruluk, kesinlik ve geri cagirma oranlari
acisindan onceki ESA tekniklerinden daha iyi performans sagladigin1 gostermektedir. Ayrica beyin
tiimorii teshisi ve siniflandirilmasinda bu tiir derin 6grenme yontemlerinin kullaniminin gelecekteki tibbi
uygulamalarda potansiyel olarak biiyiik bir katki saglayabilecegini de kanitlamaktadir.

Cikar Catismas1 Beyam

Makale yazarlar1 herhangi bir kurum, kurulus, kisi ile kisisel ve finansal ¢ikar catismasi
olmadigini beyan etmektedirler.
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ABSTRACT

In this study, the possible use of melon kernel (Cucumis melo L.) as a source for the production of a daily milk
alternative was evaluated. For this purpose, the study evaluated the proximate composition, physicochemical
properties, and sensory properties of the milk from the kultik kernel. Overall, proximate composition consists of
%88.84 moisture, %1.08 ash, %0.96 protein, %5.50 fat, and %3.63 carbohydrate content. The low protein content
of the milk limits its usage as an ingredient in the production of fermented dairy products. Physicochemical
properties showed that kultik kernel milk is rich in nutritional value. The rheological behaviour of the milk was
non-Newtonian with a pseudoplastic character. Similar flow characteristics to dairy milk enable the milk sample
to be produced in existing equipment and processes, allowing large-scale industrial production. In addition, the
sensory scores of the milk sample showed that new formulas for the milk sample should be developed in further
studies.

Keywords: Kultik, kernel, dairy, milk, alternative.

KAVUN CEKIRDEGINDEN URETILEN YENIi BITKISEL SUTUN
DEGERLENDIRILMESI

OZET

Bu ¢aligmada kavun g¢ekirdeginin (Cucumis melo L.) giinliik siit Giretiminde alternatif kaynak olarak kullanim
imkan1 degerlendirilmistir. Bu amacla ¢aligmada kultik ¢ekirdeginden elde edilen siitiin bilesimi, fizikokimyasal
ozellikleri ve duyusal 6zellikleri degerlendirilmistir. Genel olarak, bilesiminin %88.84 nem, %1.08 kiil, %0.96
protein, %5.50 yag ve %3.63 karbonhidrat oldugu belirlenmistir. Diisiik protein igerigi, alternatif siit {irliniiniin
fermente driinlerin iretiminde kullanim imkanlarin1 sinirlandirmaktadir. Ancak fizikokimyasal igerigi
incelendiginde siitiin besin igeriginin yiiksek oldugu belirlenmistir. Siitiin reolojik davranigi Newtonyen olmayan
ve psddoplastik karakter gostermistir. Inek siitiine benzer akiskanlik ozellikleri gostermesinden dolay1 kavun
¢ekirdegi siitiiniin mevcut ekipman ve proseslerde biiyiik 6lgekli olarak iiretiminin uygun oldugu bulunmustur.
Ayrica duyusal analiz sonuglari siit 6rneginin ileriki ¢aligmalarda yeni formiilasyon denemeleri yapilarak

gelistirilmesi gerektigini gostermigtir.

Anahtar Kelimeler: Kultik, ¢ekirdek, siit {irlinleri, siit, alternatif.
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1. Introduction

Awareness of a healthy diet has changed consumers’ preferences. Food products that are rich
in bioactive compounds are more widely preferred to consume [1]. Vegetative foods have a high amount
of nutritional value. Thus, costumer who have a disability and cannot consume lactose prefer to use
vegetarian foods. It leads a vegan food market size to increase year by year [2, 5]. The development of
non-dairy functional food products, that are prepared by adding/ replacing/ fortifying with fruits,
cereals, and vegetables; offers opportunities for manufacturers who tend to invest in vegan food market
for alternative food products, such as meat substitutes, egg-like foods, plant-based milks, etc. The
fastest-sprawling vegan food product on the market is plant-based milks [3, 22, 29].

Plant-based milks are produced by the extraction of plant sources from water. Soy milk is the
most preferred plant-based milk product in the world. To date, various plant sources, including hazelnut,
peanut, almond, soy, rice, etc., have been used in the production [2]. The production process consists
of various stages. These are soaking, grinding, separation, hydrolysis, blanching, thermal processing,
homogenization, and formulation [4, 12]. The main advances of plant-based milks over dairy milk are
lactose- and cholesterol-free. In addition to these advantages, plant-based milks are rich in bioactive
components, including minerals, phenolic substances, and fatty acids. The biggest disadvantages of
plant-based milk over dairy milk are the low content of protein, vitamins, and minerals, and bad sensory
perception [5, 11]. Therefore, even though plant-based milks—can be produced from different plant
sources, further studies are required to develop the possible usage of plant-based milks as an alternative
to dairy milk.

The nutritional qualities of plant-based milks show differences depending on the plant source,
ingredients, and processing method [5]. Even though plant-based milks have some disadvantages, they
can be overcome in the change of ingredients and processing. The formulation that has been reported
in previous studies includes a combination of different ingredients, including the milks from different
plant sources [5, 20, 29] and a mixture of plant-based milks with different foodstuffs such as chocolate
and flavor agents [8]. In this study, it was aimed to evaluate the proximate composition and
physicochemical properties of a novel plant-based milk from kultik kernel and to evaluate the kernel as
an alternative ingredient to dairy milk for those who have disability to consume dairy milk, and to show
its capacity to produce functional food products. For this purpose, the proximate composition (ash, oil,
protein, moisture, and carbohydrate contents), physicochemical properties (whiteness index, DPPH
antioxidant activity, total phenolic content, and apparent viscosity), and sensory properties (color,

appearance, taste, and acceptability) of the sample were identified.
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2. Materials and Methods
2.1. Materials

2.1.1. Sample Preparation:

Sample preparation was performed according to the study of Alozie and Udofia [3]. Kultik
kernels that were harvested in 2023, were sorted to remove the spoilt and foreign materials. They were
washed, and then dried for four days at 25°C in the dark. One kilogram of the kernel was soaked in
deionized water for six hours at 1:3 (w/v) kernel to water ratio; thereafter, the mess was milled in a
kitchen blender (Fisher Scientific, Model 8010 ES) using maximum speed for five minutes. The
resultant slurry was strained through a filter paper (Whatman, Cat no 1004; diameter 110; pore size 20-
25 ). The vegetable milk sample, kultik kernel milk, was homogenized and pasteurized at 60°C for

fifteen minutes. The milk extract was bottled in sterilized screw capped glass bottle and stored at 4°C.

2.2. Psychochemical Properties Analysis:

The psychochemical properties; that include ash, moisture, fat, brix and titratable acidity; of
plant-based milk sample were evaluated using standard methods described in the study of Kookal and
Thimmaiah [19]. The protein content of the sample was derived from nitrogen content. To calculate
true protein content, no specific nitrogen conversion factor was found; thus, the standard conversion
factor of 6.25 was used. The color was measured with a colorimeter, and the results were expressed as
the chromatic space L, a, and b values as defined by the International Commission on Lighting (CIE)
in 1976. L value represents the color’s clarity; a value is for the sample location between red and green,
while b value is for the location between yellow and blue [13]. The whiteness index was calculated

using the following formula:

WI= 100- \/[(100 — L)% + a2 + b?]

2.3. Total Phenolic Content (TPC):

The TPC of the sample was determined according to the study of Ertan et al. [25]. Folin-
Ciocalteu reagent (Merck, Germany) was mixed with water (1:10) to prepare folin- ciocalteu solution
(FC solution). The FC solution was added to 1 mL of standard or sample diluted at a suitable rate, and
then the mixture was incubated for 3 minutes. 4 mL of sodium carbonate solution (7.5%; Sigma, USA)
were added into the mix. After incubation for 2 hours at room temperature in dark, the absorbance
values of the samples were measured at a wavelength of 760 nm against distilled water using UV-Vis
spectroscopy (Shimadzu, UV-1800). To draw a calibration chart, gallic acid was prepared with different

concentrations, resulting in a calibration curve of y=0.0046x+0.1256, R>>0.99. The phenolic content of
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the samples calculated according to the chart and expressed as mg gallic acid equivalent (GAE) per L

of melon milk sample.

2.4. Antioxidant activity

DPPH antioxidant activity was measured for a milk sample according to the method described
by Zhu et al. [26]. 0.1 mL, diluted at a suitable rate using methanol, of the sample was mixed with 3.9
mL of DPPH solution (4x10~g of DPPH in 50 mL methanol). The mixture waited in the dark for 30
min. The absorbance values of the samples were measured at a wavelength of 517 nm. The standard
curve of trolox was conducted with various concentrations, resulting in the calibration curve of

y=0.0042x+0.0146 (R*>0.99).

2.5. Apparent viscosity assay

The viscosity of melon milk sample was determined using Anton Paar MCR 301 (Anton Paar
Gmbh, Graz, Austria) at 25 °C (298.15 K) at a storage time of 1 day. The apparent viscosity of the
sample was measured according to Ibrahim et al. [27]. The parallel cone (PP 25) was equipped. The
gap was set to 0.3 mm. A controlled ramped share rate was performed to determine the rheological
properties of the samples. The share rate steadily increased from 0 to 100 s™" in 10 min. The average of
all the measured data was accepted as the viscosity. All rheological data were collected and calculated

by Anton Paar Labor- software version. All rheological measurements were performed in triplicate.

2.6. Sensory evaluation

Twenty semi-trained panelists joined the sensory evaluation of a vegetative milk sample from
kultik kernel. The panelists include 10 women and 10 men, aged between 20 and 35, and they are
students or staff of Munzur University. After 1 day of production, the kernel milk waited in the
refrigerator, and the sample was presented to panelists for evaluation [28]. The ratings were displayed
on a 9- point hedonic ranking scale with the following score expressions: 1 = highly dislike, 2 = dislike
very much, 3 = rather dislike, 4 = dislike a little, 5 = neither like nor dislike, 6 = quite like, 7 = rather
like, 8 = like a lot, and 9 = like very much [28]. The parameters utilized in the sensory evaluation were
appearance, texture, taste quality, and overall acceptance. The values gained from the panelists were
assessed from the averages scores of the panelist’s values in duplicate for each sample. Randomized
three-digit numbers (for example, 101, 205) were assigned to each sample of about 25 mL. All samples

were served at 4°C.
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2.7. Statistical analysis

SPSS 29 was used to evaluate the results. The results displayed in the tables were the mean
value of triplicate measurements according to a randomized block design. In addition, the mean value

for each sensory attribute was calculated from twenty judgments.

3. Results and Discussions

3.1. Proximate composition of Kultik kernel milk

There is a need to find a solution particularly for people suffering from specific clinical
conditions, including allergies or intolerances to cow’s milk proteins and carbohydrates. Plant-based
milks are accepted as a good alternative to dairy milk and are often sold close to dairy milks in stores.
They are deemed healthier and more sustainable products than dairy milk [18, 29]. The result of this
study gives information as to the milk produced from kultik kernel, which is considered food waste but
is rich in nutritional content.

Table 1. Proximate composition of kultik kernel milk.

Proximate Composition Kultik Kernel Milk
Moisture Content, % 88.84 + 0.05
Ash Content, % 1.08 £0.03
Protein Content, % 0.96 £0.03
Crude Fat, % 5.50%+0.11
Carbohydrate, % 3.63+£0.20

Mean value + standard error (n=3). Results are mean values of triplicate measurements.

The proximate composition of the milk sample is displayed in Table 1. The concentration of
proximate composition in plant-based milks is influenced by moisture content. The moisture level
obtained for the sample milk was similar to values stated for soymilk (88.12%), almond milk (86.11%)
[3], and milk of melon seed harvested in Ibadan, Nigeria (88.0%) [23]. However, lower moisture content
was reported in the studies: that used a 1:6 ratio (w/v) in production, for the plant-based milks from
cashew nut (82.66%) [7] and tiger nut (79.29%) [1]. The ratio of water to plant sources can affect the
moisture content of plant-based milks [23]. The ash value indicates the level of mineral content in
foodstuffs [7]. Even though the ash content of kultik kernel milk was lower than values reported for
Nigerian melon seed milk (1.62%) [23] and almond milk (3.04%) [3], but it was higher than values
reported for soymilk (0.84%), coconut milk (0.71%) [21], cashew nut milk (0.90%) [7], and dairy milk
(0.70%) [3, 7, 21, 23]. Thus, the higher ash content of kultik kernel milk in comparison to dairy milk

shows the milk sample as a good alternative to cow milk. The protein content of the milk sample was
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higher than the protein contents of the milks from other plant sources, including almond, cashew, oat,
sunflower seed, pumpkin seed, and coconut [5, 12], but it was lower than that of other melon seed
varieties [23]. Thus, kultik kernel milk, as an alternative to dairy milk, is more suitable than other plant-
based milks for the production of fermented dairy products. Fat is the major energy source in foods.
The amount of fat in kultik kernel milk (5.50%) was higher than the minimum requirement level for
plant-based milks by Codex Alimentarius [3]. It is also higher than the oil content of other plant-based
milks, including soymilk (3.20%), almond milk (3.40%) [3], Nigerian melon seed milk (3.09%) [23],
coconut milk (3.3%), and oat milk (2.1%) [12]. The milk sample is sufficient as an energy source and

thus can produce a protein sparing effect [23].

3.2. Physicochemical properties of Kultik kernel milk

The physicochemical properties of the milk sample are shown in Table 2. Total titratable acidity
(T.T.A.) of the milk was 0.14%, which is higher than T.T.A. values of milks produced from other plant
sources (cashew nut milk and soy milk) having lower pH value [7, 20] while it is lower than T.T.A
values of milks produced from soy and tiger nut having higher pH value [10, 24]. The inverse
relationship between pH value and T.T.A in milk and milk products is related to glucose concentration,
which increases proton (H") concentration while lowering lactic acid production [9]. An acidic pH has
an effect on susceptibility at ambient temperature. Susceptibility is the matter in stabilizing dairy
products throughout pasteurization and storage at convenient conditions [7]. A high acidic pH of kultik
kernel milk (5.65) indicates that the milk sample is suitable for immediate consumption. The shelf life
can be extended by the addition of sugar or flavour that decreases the acidity of milk products [7, 8].
Thus, a further study is needed to investigate the effect of the additions on extending the shelf life of
kultik kernel milk.

Dairy milk contains natural sugar such as lactose and glucose. It makes difficult especially for
those having lactose-intolerance. Those people can consume plant-based milks that have no glucose
content [2, 29]. The total sugar contents of plant-based milks vary according to many factors, including
the type of plant source, extraction conditions, and the ratio of water to plant material [9]. The total
sugar content of the milk sample was an average of 2.23 °Brix. It is lower than the total sugar contents
of other plant-based milks, including cashew nut (3.00 °Brix) [7], tiger nut (5.10 °Brix) [4], soy (18.70
°Brix), and coconut (3.10 °Brix) [20, 24]. Even though low sugar content is preferred for health, it leads
to lower sensory scores and overall acceptance [7].

The colorimetric properties of the milk sample were expressed as a function of the Whitening
Index (WI), which is determined by calculating the chromatic space L, a, and b values. Every plant-

based milk has a unique WI value [13]. WI values of plant-based milks show diversity according to the
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plant source, and the WI value of the kultik kernel milk sample was 22.75, being lower than the WI
value of hemp’s milk (34.97); but being higher than almond’s milk (21.46) and oat’s milk (9.48) [13].

Plant-based milks have unique antioxidant and phenolic contents that are mainly related to plant
sources [13]. Total phenolic content in the sample was 7.85 mg GAE/L, which is higher than TPC in
almond, soy, oat, and quinoa milks [11, 13, 18]. The DPPH antioxidant activity in the sample was also
higher than that of other plant-based milks, including hazelnut and pumpkin seed [5]. However, TPC
and DPPH of the sample were lower than cow’s milk [17]. Therefore, kultik kernel milk can be assessed

as a fortified beverage milk alternative to dairy milk on the market.

Table 2. Physicochemical properties of kultik kernel milk.

Physicochemical Properties Kultik Kernel Milk

Sugar (’Brix) 2.23 £0.05

pH 5.65+0.03

Titratable as % of lactic acid 0.14 £ 0.02

Viscosity (cP) 11.82 £ 0.72

TPC (mg GAE L) 7.85+£0.72
DPPH (mg Trolox L) 1.1£0.03

L 22.79 £ 0.72

a -0.14 £ 0.07

b 245+ 0.26

WI 22.75£0.73

Mean value + standard error (n=3). Results are mean values of triplicate measurements.

Apparent viscosity is an important parameter in assessing plant-based milks. The lower the
viscosity of a fluid, the lower the heat loss throughout the flow, reducing the costs of power and the
production process [15]. The apparent viscosity of kultik kernel milk is lower than that of oat milk, rice
milk, and cow’s milk [6, 14, 16], indicating the production of the milk can be made at a lower price
among plant-based milk varieties. The viscosity of plant-based milks mainly depends on the amount of
water used throughout the extraction process [3]. Moreover, the character, similar to that of dairy milk,
enables the application of production for the milk sample in existing equipment and processes, allowing
large-scale production of the sample in the market [7]. There was a non-linear relationship between the
share rate and the share stress, and as the share rate increased, the apparent viscosity of the sample
decreased, demonstrating the rheological behavior of non-Newtonian fluids with pseudoplastic
character. This result confirms the findings of previous studies that reported the same behavior for other

plant-based milks, including Brazil nut, Macadamia, and Bengal rice [14, 15].
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There is a need to find a solution, particularly for people suffering from specific clinical
conditions, including allergies or intolerances to cow’s milk proteins and carbohydrates. Plant-based
milks are accepted as a good alternative to dairy milk and are often sold close to dairy milks in stores.
They are deemed healthier and more sustainable products than dairy milk [18]. The result of this study
gives information as to the milk produced from kultik kernel, which is considered food waste and has

caused serious environmental problems.

Apparence
6

Overall acceptance Taste quality

Texture

Figure 1. Sensory evaluation of kultik kernel milk.

3.3. Sensory evaluation

The sensory evaluation of the milk sample is demonstrated in Figure 1. The highest score among
sensory attributes was appearance, which was 5.97+£0.53. The taste quality and texture of the sample
were 4.41+1.16 and 5.1+1.01 respectively. Overall acceptance was quite low (3.88+0.80). The addition

of sugar and flavour can enhance the sensory characteristics of plant-based milks [7].

4. Conclusion

This study proves that kultik kernel milk is rich in nutritional content and has sufficient
proximate content and physicochemical properties that partially make the milk possible as an alternative
to dairy milk. Proximate composition showed the milk sample may not be suitable for production of
fermented dairy products due to its low protein content. The flow character of the milk was the same as
that of dairy milk, providing an opportunity to use current equipment and processes in large-scale

production for the vegetative market. All in all, the result, which has yet to have a place on the market
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with a local production, can attract the attention of manufacturers who want a position in the vegan food

market. It is therefore suggested that the milk from Kultik kernel was encouraged to decrease the cost

of dairy milk, especially in rural areas, and to enable those suffering from lactose-intolerance problems

to receive the necessary nutrition for their lives.
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OZET

Bu ¢alisma, igerisinde ¢esitli viriis, bakteri, mikroorganizma baridiran, hem ¢evre hem de insan sagligina olumsuz
etkileri olan tibbi atiklarmn bertaraf tekniklerinin degerlendirilmesi amaciyla yapilmistir. Calisma kapsaminda tibbi
atiklar ve bertaraf tekniklerinden olusan ¢ok kriterli bir karar verme modeli 6nerilmis ve bu model iki agamali bir
metodoloji ile ¢dziilmiistiir. Coziimiin ilk asamasinda ENTROPI yéntemi ile tibbi atiklar dnceliklendirilmis, ikinci
asamada ise WASPAS ve EDAS yontemleri ile alternatif bertaraf teknikleri degerlendirilmistir. ENTROPI
yontemine gore saglik kurumlarinda islemler sonucunda olusan en 6énemli tibbi atiklarn 0,1751 6nem agirlig ile
Radyoaktif atiklar oldugu tespit edilmistir. Bu tibbi atig1 sirasiyla 0,1478 ve 0,1408 6nem agirliklariyla Amalgam
atiklar ve Kimyasal atiklar takip etmistir. Bu bulgular sonrasinda WASPAS ve EDAS yontemleri ile alternatif
bertaraf teknikleri degerlendirilmistir. WASPAS yontemi sonuglarina gore onerilen modelde tibbi atiklarin
bertarafi i¢in en uygun teknigin 0,7761 bagil 6nem degeri ile Mekanik islemler teknigi oldugu bulunmustur. Bu
alternatif teknigi sirasiyla Irridasyon yontemleri ve Sterilizasyon teknikleri izlemistir. Ayrica EDAS yéntemi
sonuglarina gore de 0,9328 degeriyle en uygun bertaraf tekniginin mekanik islemler teknigi oldugu belirlenmistir.
Her iki yontemle elde edilen aragtirma sonuglarina gore tibbi atik bertaraf tekniklerinin siralanmasi ayni olarak
elde edilmistir.

Anahtar Kelimeler: Atik yonetimi, Tibbi Atik, CKKV, Entropi, WASPAS, EDAS

MCDM MODEL PROPOSAL AND SOLUTION FOR EVALUATION OF
MEDICAL WASTE DISPOSAL TECHNIQUES WITHIN THE SCOPE OF
ZERO WASTE APPROACH

ABSTRACT

This study is carried out in order to evaluate the disposal techniques of medical wastes, which contain various
viruses, bacteria, microorganisms and have negative effects on both the environment and human health. Within
the scope of the study, a multi-criteria decision-making model consisting of medical wastes and disposal
techniques have been proposed and this model has been solved with a two-stage methodology. In the first stage of
the solution, medical wastes have been prioritized with the ENTROPY method, and in the second stage alternative
disposal techniques have been evaluated with the WASPAS and EDAS methods. According to ENTROPY
method, it was found that the most important medical waste generated as a result of the processes in health
institutions was Radioactive waste with an importance weight of 0.1751. This medical waste was followed by
Amalgam waste and Chemical waste medical wastes with the importance weights of 0.1478 and 0.1408,
respectively. After these findings, alternative disposal techniques have been evaluated with the WASPAS and
EDAS methods. According to WASPAS method results the Mechanical operations technique was found to be the
most appropriate technique for the disposal of medical wastes in the proposed model with 0.7761 relative
importance value. This alternative technique was followed by Irridation methods and Sterilization techniques,
respectively. In addition, according to the results of the EDAS method, it was determined that the mechanical
processes technique was the most suitable disposal technique with a value of 0.9328. According to the research
results obtained with both methods, the ranking of medical waste disposal techniques was obtained as the same.

Keywords: K Waste management, Medical Waste, MCDM, Entropy, WASPAS, EDAS
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1. Introduction

People benefit from the resources offered by nature to provide their vital activities. While these
resources can be renewed by nature’s own balance, the unconscious and excessive use of people disrupts
this balance, and as a result, difficult or even impossible situations arise for both people and nature. In
addition, the amount of waste is increasing day by day as a result of reasons such as increasing
population in the world, changing consumption habits, increasing immigration to cities due to attractive
living conditions in the city, industrialization and natural disasters [1]. These wastes must be managed
with a sustainable and applicable waste plan.

Improper waste management creates problems and hazards for humans, animals, environment and
threatens health [2]. In order to prevent all these hazards, it is necessary to take the necessary steps of
waste management and adopt a zero waste approach. The zero waste approach aims to reduce and
eliminate the waste at its source by reviewing the causes of its formation [3]. Implementing a properly
functioning waste management within the framework of the zero waste approach will contribute to the
improvement of people’s quality of life and to live in a peaceful and healthy environment [4-5].

In this study, it was aimed to evaluate the disposal techniques of medical wastes under the zero
waste management approach, and for this purpose, a multi-criteria decision-making (MCDM) model
was established. Entropy, WASPAS and Evaluation based on distance from average solution (EDAS)
methods were used to solve the model and compare alternative disposal techniques, respectively.

When the literature studies are examined, it is possible to come across a few studies on the
evaluation of health waste disposal techniques. For example, Menekse and Akdag (2023) made medical
waste disposal planning for healthcare units using spherical fuzzy CRITIC-WASPAS. In this research,
five alternative disposal techniques (Incineration, electromagnetic wave sterilization, landfill,
encapsulation, chemical disinfection) were evaluated according to eight criteria (Human resource
requirement, treatment efficiency, health effects, reliability, treatment system capacity, annual operating
cost, infrastructure requirement, waste residuals) [6]. Mishra et al. (2020) assessed healthcare waste
disposal technologies using new parametric divergence measure [7]. In this research four disposal
techniques (Landfill disposal, steam sterilization, incineration, microwave) were evaluated according to
six criteria (Public acceptance, treatment effectiveness, reliability, release with health effects, waste
residuals, cost) with EDAS method. Ju et al. (2020) used a new framework for health-care waste disposal
alternatives selection with multi granular linguistic distribution assessment and EDAS method [8]. In
this research, four disposal techniques (Chemical disinfection, electromagnetic wave sterilization and
sanitary landfill, pressure steam sterilization, pyrolysis incineration at high temperature) were evaluated
according to six criteria (Advancement of processing technology, treatment effectiveness, health effects
of emissions, waste residuals, processing cost, public attitude). Liu et al. (2013) assessed of health-care
waste disposal methods using a VIKOR-based fuzzy MCDM method [9]. In this research four
alternative disposal techniques (Landfill, microwave, steam sterilization, incineration) were evaluated
according to six criteria (Public acceptance, treatment effectiveness, reliability, release with health
effects, waste residuals, cost). Dursun et al. (2011) used a fuzzy multi criteria group decision making
framework for evaluating health-care waste disposal alternatives [10]. In this research four alternative
disposal techniques (Landfill disposal, microwave, steam sterilization, incineration) were evaluated
according to four main criteria (Social, technical, environmental, economic).

On the other hand, when a literature research is made in terms of the techniques used in the study,
it is seen that the three techniques used in this study are not included at the same time in any research,
but they are applied to various sector problems with various combinations. For example, there are some
researches that used Entropy and EDAS methods. Singh et al. (2023) optimized the tribological
properties of natural fiber reinforced brake friction composite materials [11]. Anilkumar et al. (2021)
selected the phase change material for solar box cooker integrated with thermal energy storage unit [12].
Yazdani et al. (2020) evaluated renewable energy resources [13]. Ghafari et al. (2020) investigated the
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ecological potentials of trees, shrubs and hedge species for urban green spaces [14]. Furthermore, there
are some researches that used Entropy and WASPAS methods together. For example, He et al. (2023)
investigated the challenges of IoT-based applications in high-risk environments, health and safety
industries in the Industry 4.0 era, Akgiin et al. (2023) selected the carbon-based nanomaterials in phase
change materials, Deveci et al. (2022) selected aircraft type, Vaid et al. (2022) made a case study of
Silent Genset, Ali et al. (2021) applied these methods for decision making under uncertain evaluations,
Zhu et al. (2021) evaluated road safety performance of Chinese provinces [15-20].

As a result of the literature research, it is clear that this study will contribute to the literature with
both the MCDM model it proposes and the MCDM solution techniques used in this field. This study, in
which the importance of medical wastes is obtained and the techniques that can be used in the disposal
of these wastes are evaluated, will guide future studies and professionals interested in the subject.

Considering the researchers conducted in previous years and the reports published by scientists,
it was predicted years ago that there will be more pandemics in the globalizing world and that these
diseases will affect all societies indiscriminately. The severity of pandemics, where it is not possible to
predict from which source, when and how they will arise due to their nature, is determined by how
political decision-making mechanisms manage the situation and which health management tools they
use.

2. Medical Waste Concept

Healthcare facilities play a crucial role in society, providing essential services for the well-being
of individuals. However, the generation of health waste is an unavoidable consequence of medical
activities.

The concept of waste can be defined as substances that must be disposed of as a result of
production, consumption and some activities carried out by institutions, organizations, factories or
individuals during their daily lives, and are undesirable and obligatory. While wastes occur in areas
where many activities such as health, education, industry, economy, and cultural activities are carried
out in daily life, their harmful effects can be minimized by ensuring their disposal and recycling with
appropriate technologies [21-22].

Medical wastes are biological and hazardous wastes. These wastes are formed as a result of the
activities of various health institutions. If they are not released into the environment in accordance with
regulations due to the microorganisms, bacteria and viruses they contain, they pose a serious danger to
the environment and human health.

Medical wastes interact directly or indirectly with humans and the environment from the moment
they are formed to their disposal. They negatively affect human and environmental health either directly
due to the disease-causing and infectious substances they contain, or indirectly because they are a source
of nutrition and reproduction for living things such as flies and mice.

Medical wastes have many negative effects on people and the environment, such as diseases
such as plague, cholera, malaria, rabies that can be transmitted directly or indirectly, water and gases
leaking from landfills, and random waste [23]. These negative effects can be eliminated with proper
medical waste management.

2.1 Medical waste management

The aim of the medical waste management is to dispose of medical wastes resulting from the
processes carried out in health institutions with minimum cost by minimizing the negative effects in
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terms of human and environmental health. It is important to implement a good waste management plan
in healthcare institutions, as an unsafe medical waste management can lead to disability and death.

Health waste encompasses a wide range of materials, including sharps, pharmaceuticals,
laboratory specimens, and contaminated equipment. Such waste poses significant health risks if not
handled and disposed of properly. Improper disposal can lead to the spread of infectious diseases,
environmental contamination, and harm to wildlife. By ensuring the appropriate management of health
waste, potential threats that pose to individuals, healthcare workers, and the general population can be
minimized.

Proper disposal of health waste is crucial for preventing the transmission of infectious diseases.
Sharps, such as needles and syringes, if not disposed of correctly, can cause injuries and act as a medium
for the transmission of bloodborne pathogens [24]. Similarly, contaminated laboratory specimens and
biological samples must be handled with care to prevent accidental exposure. By adhering to strict
protocols for waste segregation, packaging, and disposal, healthcare facilities can significantly reduce
the risk of infections among patients, staff, and the community at large [6].

The significance of proper health waste disposal extends beyond human health. Inappropriate
management of biomedical waste can have adverse effects on the environment. Some pharmaceutical
compounds, when discarded incorrectly, may contaminate water sources or soil, affecting ecosystems
and potentially leading to the development of drug-resistant organisms [25-26]. By implementing safe
disposal methods, such as incineration, autoclaving, or chemical treatment, healthcare facilities can
mitigate the environmental impact of health waste, safeguarding ecological balance and biodiversity.

Health institutions cannot dispose of their own medical waste. Medical waste can only be disposed
of at officially authorized facilities. Appropriately, collected medical wastes are transported by
authorized personnel and vehicles and brought to the relevant disposal facilities. Various methods are
applied for the disposal of medical wastes in these facilities.

3. MCDM Model Proposal and Solution for Medical Waste Minimization in Healthcare
Institutions

It is very important to dispose of medical wastes in order to prevent the harm they may cause to
humans and the environment due to their biological, chemical and physical characteristics. Appropriate
disposal of medical wastes comes first in field applications for the purpose of ensuring occupational
safety and protecting employee health in order to prevent occupational accidents and occupational
diseases arising from medical waste in health institutions.

Medical wastes, which contain microorganisms showing infectious disease characteristics and
pose many dangers, cause epidemics, disability and even death if they are not disposed of or if
appropriate disposal methods are not used for disposal. These hazards caused by medical wastes can
occur through direct contact, pollution of the environment or water resources, and air transport. In order
not to encounter the harms of medical wastes, they should be handled with great care and must be
collected with suitable garbage bags and disposed of with appropriate methods.

3.1 Purpose of research
In this study, it is aimed to evaluate the techniques used in the elimination of wastes originating
from health institutions, which are very dangerous for human and environmental health, and to list the

appropriate disposal methods. In addition, in order to achieve this goal, it is aimed to guide the
comprehensive evaluations to be made for health institutions by considering the idea of zero waste.
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3.2. Proposed research model

In the processes carried out in the health sector, many wastes that have quite different
characteristics and are effective on human and environmental health are generated. These wastes must
be disposed with appropriate techniques in order to eliminate the harmful effects they have on the world.

While the correct disposal of medical wastes has great importance, the disposal methods used in
the meantime also carry various risks. For example; if the wastes will be disposed of by incineration, a
suitable gas control system should be used in order to prevent the gases emitted from the incinerators to
cause problems, or if the burial method is to be used, the area to be buried should be at a certain distance
from the living areas and water channels. Otherwise, it is possible for the living creatures and living in
the close environment to be poisoned and to catch infectious diseases.

In order to avoid these and similar problems, the research criteria and alternatives that constitute
the research model of this study, which was carried out to evaluate the techniques that can be used in
the disposal of medical wastes, are listed and explained below. According to the literature review there
is no research that recognized waste types as criteria to evaluating disposal techniques. Because of this
innovation this research is differ from the previous ones.

RESEARCH CRITERIA: The medical wastes have been accepted as criteria in the research model
in the MCDM structure.

e Infectious waste (MW)): It is the waste formed by all materials that can be infected, such as
surgical materials, dialysis wastes.

e Pathological waste (MW>): It is the waste formed by body parts, tissues or organs that
originate from the operating room or morgue.

e Sharp penetrating waste (MW3): It is the waste that has the danger of cutting and drilling and
can cause injury as a result.

e Radioactive waste (MW,): It is the waste generated as a result of radiation therapy or
laboratory procedures in health institutions.

e Pharmaceutical waste (MW5): It is the waste such as unused drug or vaccine.

e Amalgam waste (MWs): It is the waste that occurs in the dental department of health
institutions.

e Wastes containing heavy metals (MW>): It is the waste that consisting of heavy metal powders
or paints containing heavy metals.

e Contaminated packaging waste (MWs;): It is the waste that is created by the materials or
packaging used in the outer coating of hazardous wastes.

e Pressure vessel waste (MWo): Pressure vessels, which are widely used in the health sector, are
containers that contain toxic gases.

e Chemical waste (MW,y): It is the waste that arises from the gases used in health institutions
for sterilization of medical equipment or for anesthesia.

RESEARCH ALTERNATIVES: The disposal techniques that will eliminate health wastes have
been accepted as alternatives in the research model in the MCDM structure.

e Sterilization (477): It is the process of exposing the wastes to high pressure steam and heat in
order to render the medical wastes harmless [6-9; 24].

e Incineration (A7>): It is the process of incineration of hazardous medical wastes in official
authorized facilities [7-9; 24].
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e Regular and planned storage (4753): It is the procedure of accumulating wastes before they
undergo any process such as recycling and disposal [24].

e Mechanical operations (47%): It is the process of separating wastes according to their physical

properties and ensuring their recycling and recovery.

e Irradiation methods (4T5): It is the process of breaking down medical wastes with high energy
of electron [24].
e Embedding to the soil (475): It is the process of disposing of medical wastes by burying them
in a suitable waste pit [6-9; 24].

The MCDM model, which consists of 10 criteria and 6 alternatives proposed within the scope of

this study, is shown in Fig. 1.

|

PROBLEM

Evaluation
of Medical
Waste
Disposal
Techniques
within the
Scope of
Zero Waste
Approach

CRITERIA ALTERNATIVES

MW, Infectious waste W AT; Sterilization ‘
MW, Pathological waste
MW;  Sharp penetrating waste AT:  Incineration ‘
MW, Radioactive waste

i AT; Regular and planned storage ‘
MW;  Pharmaceutical waste
MWs  Amalgam waste

ATy Mechanical operations ‘

MW; Wastes containing heavy metals
MWz Contaminated packaging waste AT Trradiation methods ‘
MWy  Pressure vessel waste
MWy Chemical waste ATs Embedding to the soil ‘

Figure 1. The proposed research model with 10 criteria and 6 alternatives

3.3. A two-stage solution for the research problem

A two-stage solution methodology has been proposed for the solution of the problem discussed
in this study, and the proposed MCDM model has been solved in two stages with MCDM techniques.

In the first stage of the solution, the Entropy method has been used to find the importance weights
of the criteria, that is health wastes, that make up the model. After the Entropy method, which measures
the amount of useful information provided by the existing data set and finds objective results, alternative
medical waste disposal techniques have been evaluated by using WASPAS and EDAS methods in the
second stage of the solution, and they have been ranked. With this last stage of the solution, the results
and rankings obtained with these two techniques have been compared.

Since the entropy method is a suitable scale to be used to evaluate different decision-making
processes, it was used to determine the weights in this study. In addition, the method is very useful
because it uses the initial matrix to obtain the criterion weights and there is no need to evaluate the

criteria.
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WASPAS method was developed as a combination of Weighted Sum Model and Weighted
Product Model. WASPAS was preferred in the solution phase of this study because it is an MCDM
method based on accuracy by using these two methods together, and the aim of the method is to increase
the ranking accuracy of alternative techniques.

The EDAS method was used in this study because it is very effective in decision-making problems
with some conflicting criteria. In this method, the best alternative is determined according to its distance
from the average solution. Therefore, there is no need to calculate the ideal and rare solution in the
EDAS method.

Fig. 2 shows the flowchart of the proposed two-stage solution methodology.
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r-———————+"—""H~~ ~—&"f&F """~ 'i
|
ENTROPY | Common Stap :
: Creating decision matrix |
I I |
| ¥ :
|
| Step 2 |
: Normalizing the decizion matrix :
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|
| Step 3 :
: Finding entropy values :
I ' !
| Step 4 :
: Calculating the amount of information |
|
I ' !
: Step 3 :
- . Finding criteria’s entropy weights |
WASPAS | L Findin g criterie s entes pyweiens | EDAS
r _____________________ y o T ': r _______________ y
| Step 2 | | Step 2
: Normalizing the decision matrix : : Calculating the average solution matrix
| ; | | :
| Step 3 | I Step 3
I With Weighted Sum Model calculation of relative importance of the alternatives : | Caleulating the distance from the mean matrix
| |
| ' | | :
I Step 4 : | Step 4
I With Weighted Product Model calculation of relative importance of the alternatives || | Calculating the weighted total values
| |
I ' | . v
| |
: Step 5 | | - .S‘fep..f
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oD oo f - —————————————. | ! )
| Step 6
: Calenlating the evaluation scores and ranking alternatives
S
—b‘ Comparing of the results I:
END

—a

Figure 2. The flowchart of the proposed two-stage solution methodology

3.3.1 Determining of medical wastes importance weights with ENTROPY method

Entropy is one of the objective criteria weighting methods used in MCDM techniques. The
concept, formulated according to probability theory, is defined as a measure of uncertainty in
information theory. The higher differences between the performances of the alternatives according to
any criterion j, the smaller entropy, that is, the less uncertainty. This shows that the relevant criterion
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contains more information and becomes important in decision making. In other words, the smaller
entropy value, the greater the discriminating power of the criterion to the alternatives [13; 17].

Calculation of criterion weights with the entropy method includes the following steps [17-18]:

Step 1 Creating decision matrix: A mxn dimensional X = [xi j]an decision matrix consisting

of m alternatives and n criteria is created as shown in Eq. (1). Here, x;; is the performance value of
alternative i for criterion .

X11 X1z -+ Xam (D)
X X o Xop . .

X=|" "2 i=12 .,madj=12 ..,n
Xm1  Xm2 o Xmn

The initial decision matrix of the MCDM model, which consists of 10 criteria and 6 alternatives
proposed within the scope of this study, is shown in Table 1.

The decision matrix is created by taking the average of the evaluations made by a group of experts
who are health professionals and managers. There are 8 experts for making the evaluations. While 3 of
the experts who made the evaluation are managers in health institutions, 3 of them are experienced
experts in recycling, zero waste and disposal techniques (These experts are public employees and made
their evaluations within the framework of the legislation, not based on their personal judgment), and 2
of them are academicians related to the subject.

Experts involved in the evaluation phase of the study were asked to evaluate alternative
techniques that could be used to eliminate medical waste included in the proposed MCDM model. In
this evaluation, experts used a scale ranging from 0 to 100. According to this scale, if the alternative
waste disposal technique is more effective in eliminating the relevant criterion, it is evaluated with a
higher score.

In this table MV shows medical wastes and AT shows alternative waste disposal techniques.

Table 1. Initial decision matrix.

MW; MW, MW; MW, MWs MWy MW, MW MW, MW
AT, 95.0 30.0 85.0 10.0 30.0 80.0 15.0 40.0 80.0 25.0
AT 45.0 70.0 20.0 5.0 15.0 20.0 50.0 85.0 5.0 5.0
AT; 5.0 10.0 70.0 15.0 55.0 10.0 10.0 5.0 65.0 10.0
ATy 30.0 40.0 75.0 100.0 70.0 90.0 95.0 50.0 30.0 85.0
ATs 70.0 60.0 25.0 20.0 60.0 25.0 60.0 10.0 100.0 55.0
ATs 80.0 90.0 100.0 30.0 40.0 5.0 5.0 60.0 55.0 15.0

Step 2 Normalizing the decision matrix: The decision matrix X is normalized in order to convert
the criteria values to the common unit. The p;; normalized values of alternative i according to criterion
j are calculated with Eq. (2).

xi]-

Py = 3 I<i<mandI<j<n @)

m o
i=1%ij

Table 2 shows the normalized version of the initial decision matrix created for the research
problem.
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Table 2. Normalized decision matrix.

MW, MW, MW; MW, MWs MWs MW;  MWs MW, MW
AT, 0.2923 0.1000 0.2267 0.0556 0.1111  0.3478 0.0638 0.1600 0.2388  0.1282
AT 0.1385 0.2333  0.0533 0.0278 0.0556 0.0870 0.2128 0.3400 0.0149 0.0256
AT; 0.0154 0.0333 0.1867 0.0833 0.2037 0.0435 0.0426 0.0200 0.1940 0.0513
ATy 0.0923  0.1333  0.2000 0.5556 0.2593  0.3913 0.4043 0.2000 0.0896  0.4359
ATs 0.2154 0.2000 0.0667 0.1111 0.2222  0.1087 0.2553 0.0400 0.2985  0.2821
ATs 0.2462 0.3000 0.2667 0.1667 0.1481 0.0217 0.0213 0.2400 0.1642  0.0769

Step 3 Finding entropy values: By using normalized p;; values, the entropy value (e;) of each j
criterion, that is, the uncertainty measure, is obtained by Eq. (3).

e = —K X7 (pi;In(py;)), K=— 3)

In(m)

Step 4 Calculating the amount of information: The degree of differentiation of information, that
is, the amount of information (d;) contained in the criterion, is calculated by Eq. (4).

dj=1— ej (4)

Step 5 Finding criteria’s entropy weights: Using the calculated d; values, the entropy weight (w)
of each criterion is obtained by Eq. (5).

E— )

L z:;‘1:1 dj

Table 3 shows the calculated e;, d; and w; values for all criteria.

Table 3. The calculated e;, d; and w; values for all criteria.

MW; MW, MW; MW, MW:s MWy MW, MWy MWy MW
€ 0.8891 09124 0.9270 0.7459 0.9465 0.7856 0.8013 0.8546 0.8910 0.7957
d; 0.1108 0.0875 0.0729 0.2540 0.0534 0.2143 0.1986 0.1453 0.1089 0.2042
Wi 0.0764 0.0603 0.0503 0.1751 0.0368 0.1478 0.1369 0.1001 0.0751 0.1408

According to the values shown in Table 3, it was found that the most important medical waste
generated as a result of the processes in health institutions was Radioactive waste (MW,) with an
importance weight of 0. /751. This medical waste was followed by Amalgam waste (MW;s) and Chemical
waste (MW ;y) medical wastes with the importance weights of 0.1/478 and 0.1408, respectively. Again
according to Table 3, among the 10 medical wastes that make up the proposed MCDM model, the one
that has the lowest importance weight, that is, the one that is considered to be the least dangerous, is
Pharmaceutical waste (MWs) with a value of 0.0368.

After finding the weights of the medical wastes by the entropy method, the WASPAS method is
used to evaluate and rank the alternative waste disposal techniques according to the proposed
methodology.
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3.3.2 Evaluating of research alternatives with WASPAS method

The WASPAS method based on the weighted sum model (WSM) and weighted product model
(WPM) was proposed by Zavadskas et al. WASPAS is a decision-making method that allows decision-
makers to evaluate alternatives based on multiple criteria. It combines the weighted sum model and the
weighted product model to calculate the aggregated scores of alternatives. By incorporating weights and
preference functions, WASPAS can provide a comprehensive assessment of different criteria in
decision-making processes [19-20].

Evaluation and ranking of alternatives with WASPAS method includes the following steps [17-
18]:

Step 1 Creating decision matrix: The first steps of the entropy and WASPAS methods are
common. Therefore, the initial decision matrix created with Eq. (1) is also used for the WASPAS
method.

Step 2 Normalizing the decision matrix: According to the WASPAS method, the normalization
process is done for the benefit based criteria whose values should be maximized with Eq. (6), and for
the cost-based criteria whose values should be minimized with Eq. (7).

. Xij
Xij = max;(x;j) (6)
% = mlr:-i(jxij) @)

Since all medical wastes in this study must be eliminated by waste disposal techniques, all
decision criteria are accepted as benefit-based, normalization process is carried out and the normalized
decision matrix is shown in Table 4.

Table 4. Normalized decision matrix with WASPAS method.

MW, MW, MW; MW, MWs MWs MW, MWy MWy MWio

Wi 0.0764  0.0603  0.0503 0.1752 0.0369 0.1478 0.1369 0.1002 0.0751  0.1408
AT, 1.0000 0.3333 0.8500 0.1000 0.4286 0.8889 0.1579 0.4706 0.8000 0.2941
AT 0.4737 0.7778 0.2000 0.0500 0.2143 0.2222 0.5263 1.0000 0.0500  0.0588
ATs 0.0526  0.1111  0.7000 0.1500 0.7857 0.1111 0.1053 0.0588 0.6500 0.1176
ATy 0.3158 0.4444 0.7500 1.0000 1.0000  1.0000 1.0000 0.5882 0.3000 1.0000
ATs 0.7368  0.6667 0.2500 0.2000 0.8571 0.2778 0.6316 0.1176  1.0000  0.6471
ATs 0.8421 1.0000 1.0000 0.3000 0.5714 0.0556 0.0526 0.7059 0.5500 0.1765

Step 3 With Weighted Sum Model calculation of relative importance of the alternatives: The total
relative importance of alternative 7 is calculated according to WSM with Eq. (8).

Qi(l) = ?:1 %’-]W] (8)

Step 4 With Weighted Product Model calculation of relative importance of the alternatives: The
total relative importance of alternative 7 is calculated according to WPM with Eq. (9).

Q® = [Ty (%;)" ©)
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Step 5 Calculating the Q; values of the alternatives and ranking them: With Eq. (10), the
alternatives’ Q; values are calculated and the alternatives are ranked. The alternative with the largest Q;
value is the best alternative.

Qi = 0.5 Z?:l %UW] + 0.5 H?zl(%ij)w'j (10)

Table 5 shows the calculated Qi(l), Qi(z)and Q; values for all alternatives.

Table 5. The calculated Qi(l), Qi(z), Q; values and the ranking of alternatives.

™ % Q; Ranking
AT;  Sterilization 0.4743 0.3521 0.4131 3
AT,  Incineration 0.3270 0.1884 0.2577 5
AT;  Regular and planned storage 0.2033 0.1398 0.1716 6
ATy  Mechanical operations 0.8078 0.7445 0.7761 1
ATs  Irradiation methods 0.4813 0.3933 0.4373 2
ATs  Embedding to the soil 0.4009 0.2468 0.3239 4

Considering the values obtained as a result of the WASPAS method according to Table 5, the
Mechanical operations (47) technique was found to be the most appropriate technique for the disposal
of medical wastes in the proposed model. This alternative technique was followed by Irridation methods
(ATs) and Sterilization (A7) techniques, respectively.

After the ranking of the alternatives is found with the WASPAS method, the research problem is
solved with the EDAS method this time to analyze the consistency of the results.

3.3.3 Evaluating of research alternatives with EDAS method

The EDAS method based on determining the alternative rankings according to the positive and
negative distances of each alternative from the ideal alternative was proposed by Ghorabaee et al. In the
method, the evaluation of alternatives is done by looking at higher values of positive distance and
smaller values of negative distance [7].

Evaluation and ranking of alternatives with EDAS method includes the following steps [13]:

Step 1 Creating decision matrix: The first steps of the entropy, WASPAS and EDAS methods are
common. Therefore, the initial decision matrix created with Eq. (1) is also used for the EDAS method.

Step 2 Calculating the average solution matrix: Eq. (11) is used to calculate the average solution
matrix by taking the average of all criteria.

av = [av] av, = B (11)

n

Step 3 Calculating the distance from the mean matrix: Positive distance from the mean (PDA)
and negative distance from the mean (NDA) values are calculated by Eq. (12) and Eq. (13), respectively.

PDA = [PDA] (12)

nxm
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NDA = [NDA;|

(13)

104

If the criteria are benefit-based, PDA;; and NDA;; values are calculated with Eq. (14) and Eq.

(15).
(xij— AV 14
PDAL-]- _ max(O S;U V])) ( )
J
NDAL-J- _ max(O,(AVj—xij)) (15)
AV]'
If the criteria are cost-based, PDA;; and NDA;; values are calculated with Eq. (16) and Eq. (17).
0,(4V ;- x;; 1
roa, = Tl T
J
NDAL-J- _ max(o S(xij— AV]-)) (17)
AV]'
Table 6 and Table 7 show the PDA and NDS matrices generated for the research problem.
Table 6. PDA matrix.
MW, MW, MWs MW, MWs MWs MW, MWs MW, MW
wj 0.0761  0.0603 0.0503 0.1751 0.0369 0.1478 0.1369 0.1002 0.0751  0.1408
AT, 0.7538  0.0000 0.3600 0.0000 0.0000 1.0870 0.0000 0.0000 0.4328 0.0000
AT 0.0000  0.4000 0.0000 0.0000 0.0000 0.0000 0.2766 1.0400 0.0000 0.0000
AT; 0.0000  0.0000 0.1200 0.0000 0.2222  0.0000 0.0000 0.0000 0.1642 0.0000
ATy 0.0000 0.0000 0.2000 2.3333 0.5556 1.3478 1.4255 0.2000 0.0000 1.6154
ATs 0.2923  0.2000  0.0000 0.0000 0.3333  0.0000 0.5319 0.0000 0.7910 0.6923
ATs 0.4769 0.8000 0.6000 0.0000 0.0000 0.0000 0.0000 0.4400 0.0000 0.0000
Table 7. NDA matrix.
MW, MW, MW; MW, MWs MWg MW, MWy MW, MW
wj 0.0761  0.0603 0.0503 0.1751 0.0369 0.1478 0.1369 0.1002 0.0751  0.1408
AT, 0.0000  0.4000 0.0000 0.6667 0.3333 0.0000 0.6170 0.0400 0.0000 0.2308
AT 0.1692  0.0000 0.6800 0.8333 0.6667 0.4783 0.0000 0.0000 09104 0.8462
AT3 0.9077 0.8000 0.0000 0.5000 0.0000 0.7391 0.7447 0.8800 0.0000 0.6923
ATy 0.4462  0.2000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.4627 0.0000
ATs 0.0000  0.0000 0.6000 0.3333 0.0000 0.3478 0.0000 0.7600 0.0000 0.0000
ATs 0.0000  0.0000 0.0000 0.0000 0.1111 0.8696 0.8723 0.0000 0.0149  0.5385

Step 4 Calculating the weighted total values: SP; and SN; values, which express the weighted sum
of the positive distance from the mean and the negative distance from the mean, are calculated with the
help of Eq. (18) and Eq. (19).
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Step 5 Normalizing the weighted sum values: With the help of Eq. (20) and Eq. (21) SP; and SN;
values are normalized.

SP;
= ! 20
NSP; = — (20)
_ _ SN; 21
NSN; =1 max;(SN;) 1)

Step 6 Calculating the evaluation scores and ranking alternatives: Based on the NSP; and NSN;
values of each alternative, the evaluation score (4S) is calculated by Eq. (22). The alternative with the
largest A4S value is the best alternative.

AS; = 5 (NSP, + NSN;) (22)

Table 8 shows the calculated SP;, SN;, NSP;, NSN; and AS; values for all alternatives.

Table 8. The calculated SP;, SN;, NSP;, NSN;, AS; values and the ranking of alternatives.

SP; SN; NSP; NSN; AS; Ranking
AT, 0.2689  0.2742  0.2487 0.5445  0.3966 3
AT, 0.1662 04759  0.1537 0.2095  0.1816 5
AT; 0.0265  0.6020  0.0245 0.0000  0.0122 6
ATy 1.0812  0.0809 1.0000 0.6856  0.9328 1
ATs 0.2764  0.2161 0.2556 0.6410  0.4483 2
ATs 0.1590  0.3290  0.1470 0.4535  0.3002 4

Considering the values obtained as a result of the EDAS method according to Table 8, the
Mechanical operations (47) technique was found to be the most appropriate technique for the disposal
of medical wastes in the proposed model. This alternative technique was followed by Irridation methods
(AT5) and Sterilization (477) techniques, respectively.

3.4. Comparing the findings

The order of the alternatives shown in Table 5 and Table 8 by WASPAS and EDAS methods is
the same. Although the relative importance value of the alternatives obtained by the WASPAS method
and the evaluation scores of the alternatives obtained by the EDAS method are different from each other,
as seen in Fig. 3, the results obtained by both methods form the same graphical pattern.

As aresult, according to the model proposed in this study, in which the techniques to be used for
the disposal of medical waste in health institutions are evaluated, the most appropriate and the most
prioritized medical waste disposal technique to be used is the Mechanical operations. This technique is
followed by Irradiation methods, Sterilization, Embedding to the soil, Incineration, Regular and planned
storage methods, respectively.
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Figure 3. Comparison of WASPAS and EDAS methods results

This study was carried out emphasizes the importance of hospital waste management, as in study
that is made by Oncel et al. (2023) [27]. Because hazardous medical wastes generated as a result of
hospital activities are among the most important threats to human and environmental health.

After hospital wastes are subjected to appropriate separation conditions, waste collection and
transportation optimization studies, as in Rizvanoglu et al. (2020)’s study, can ensure rapid removal and
disposal of waste [28]. Again, as in Karabulut et al. (2022)'s study, the dangerous effects of medical
waste on the environment and human health can be reduced by studies on the placement of solid waste
in regular landfills [29].

This study provides a great advantage to institutions and employees in making decisions
regarding the selection of medical waste disposal techniques according to the type of waste. One of the
important advantages of this study is that it determines the importance of medical wastes and guides
healthcare institutions and employees in the management of these highly hazardous wastes. The
disadvantage of this study is that a sufficiently in-depth result cannot be obtained due to the small
number of experts whose opinions were taken.

4. Conclusion

One of the biggest problems of today’s world is the unconscious storage of wastes without being
collected separately at their source and their random release to the environment. This big problem poses
a danger to both the environment and human health, and as a result, various health problems arise. In
order to eliminate this big problem, it is necessary to collect the wastes consciously, by people who have
been trained on this subject, in accordance with the regulations and to dispose of them with the help of
the most appropriate disposal techniques.

In this study, it is aimed to find the most suitable disposal technique that can be used for the
disposal of medical wastes in the health sector by solving a proposed MCDM model with MCDM
techniques. In the solution of the proposed model within the scope of the study, the importance weights
of medical wastes were determined with the Entropy method, and the disposal techniques were evaluated
with the WASPAS and EDAS methods, and the results obtained by both methods were compared in
terms of consistency.
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In the definition, creation, modeling and analysis of the problem discussed in this study,
information obtained from literature sources, various researches and expert opinions was used.

According to the calculation results, the ordering of the importance weights of medical wastes
from the largest to the smallest is as radioactive waste, amalgam waste, chemical waste, wastes
containing heavy metals, contaminated packaging waste, infectious waste, pressure vessel waste,
pathological waste, sharp penetrating waste, and pharmaceutical waste. After this ranking, alternative
disposal techniques were evaluated with WASPAS and EDAS methods according to waste importance
weights. The results obtained with both evaluation methods were compared and it was found that the
order of alternative medical waste disposal techniques was consistent and their ordering is as Mechanical
operations, Irradiation methods, Sterilization, Embedding to the soil, Incineration, and Regular and
planned storage, respectively.

In the light of this information, it is ensured that medical wastes are removed from the
environment with minimum danger by applying the most appropriate disposal techniques to medical
waste types.

In future studies, new techniques can be added to waste disposal with the development of
technology. With the increase in the number of alternative disposal techniques, new alternatives will
support the model and opportunities can be provided to bring definite results to waste disposal.
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ABSTRACT

Recognizing hydro-meteorological trends and monitoring drought are crucial for evaluating climate change and
variability at basin and regional levels. In this Study,The Standard Precipitation Index (SPI) was used to assess
drought in the Murat River Basin, analyzing monthly data from seventeen stations over various time periods.
Wallis and Moore's test was used to analyze the homogeneity of the obtained monthly data from 17 rainfall stations
and 18 temperature stations ,while Mann-Kendal tests were used to assess trends. The study analyzing data from
17 meteorological stations in the Murat River Basin found a lack of rainfall and severe droughts in 2014 and 2018.
The Mann-Kendall test showed a decreasing trend in monthly precipitation data from 17 stations. Temperature
data from 18 stations showed a rising trend, except for station 4025, with most showing a rise. The study suggests
that rising temperatures and decreasing precipitation will lead to a decline in water supply in the future, affecting
socioeconomic life by reducing water resources and soil moisture.

Keywords: Climate Change, Trend Analysis, Drought Analysis, Murat River Basin, Standard Precipitation Index
(SPI)

MURAT NEHRIi HAVZASINDA METEOROLOJIK
PARAMETRELERIN TREND ANALIZi VE KURAKLIK ANALIZi

OZET

Hidro-meteorolojik egilimlerin taninmasi ve kurakligin izlenmesi, havza ve bolgesel diizeyde iklim degisikligi ve
degiskenliginin degerlendirilmesi i¢in ¢ok Onemlidir. Bu g¢alismada, Murat Nehri Havzasi'ndaki kurakligi
degerlendirmek icin Standart Yagis indeksi (SPI) kullamlmis ve cesitli zaman dilimlerinde on yedi istasyondan
alman aylik veriler analiz edilmistir. Elde edilen 17 yagis ve 18 sicaklik istasyonlarinin aylik verilerinin
homojenligini analiz etmek i¢in Wallis ve Moore testi kullanilirken, egilimleri degerlendirmek i¢in Mann-Kendal
testleri kullanilmistir. Murat Nehri Havzasi'ndaki 17 meteoroloji istasyonundan elde edilen verilerin analiz edildigi
calismada, 2014 ve 2018 yillarinda yagis eksikligi ve siddetli kuraklik tespit edilmistir. Mann-Kendall testi, 17
istasyondan alinan aylik yagis verilerinde bir azalma egilimi oldugunu gostermistir. 18 istasyondan alinan sicaklik
verileri, 4025 numarali istasyon harig, artig egilimi gostermistir. Calisma, artan sicakliklar ve azalan yagiglarin
gelecekte su arzinda diisiise yol acacagini, su kaynaklarini ve toprak nemini azaltarak sosyo-ekonomik yasami
etkileyecegini dne siirmektedir.

Anahtar Kelimeler: Iklim Degisikligi, Trend Analizi, Kuraklik Analizi, Murat Nehri Havzasi, Standart Yagis
Endeksi (SPI)
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1. Introduction

Water and oxygen are the only ingredients that could support life on Earth, which is the only
planet we know of in this universe.[1] For life on earth to survive, water is essential. It is impossible for
anyone to survive even a single day without water. In addition, there is a limited amount of clean water
accessible for human consumption. In order to ensure the future of pure water, we should conserve it.
[2] It is impossible for life on Earth to exist without water. On our planet, water plays a pivotal role,
serving as the lifeblood that sustains various essential activities. From dawn to dusk, water is harnessed
for a multitude of purposes. [3] It is consumed for drinking, utilized in cooking, employed for cleaning
and laundering, and essential for nurturing plants. [4] Additionally, water serves as a critical resource
for agricultural cultivation, industrial operations, and the generation of electricity in hydroelectric power
plants. [5] Its significance reverberates across diverse sectors, making it an indispensable element in our
daily lives.

Drought is a natural phenomenon resulting from abnormally low rainfall. Meteorological
droughts are caused by increased temperatures and lower humidity, while hydrological droughts occur
when river flow and underground water decrease.[6] Turkey is currently experiencing a severe
meteorological drought from 2013-2014, which is progressing from a meteorological drought to an
agricultural and hydrological drought due to a significant reduction in winter precipitation.[7] Global
climate changes are causing increased frequency and severity of meteorological droughts, making
drought a normal part of daily life. [8] Turkey needs to plan for its drinking water needs, meet its
hydroelectric energy demand, and implement drought-resistant agricultural irrigation methods.

A study carried out by V. Gumus and Y. Avsaroglu evaluates historical droughts in the Tigris
basin of Turkey between 1965 and 2020 using the Standardized Precipitation Index (SPI) method for 3-
, 6-, and 12-month time scales. Three periods are considered: 1965-1983, 1983-192001, and 2001-2020.
The mean peak drought indices in the basin increased significantly from FP to TP for all time scales.
Extreme and severe drought occurrences in SPI-3 and SPI-6 increased from the past to the present.[9]
In SPI-12, although there is a significant decrease in extreme drought occurrence at FP and SP, it
increases considerably at TP. The trend analysis results show an increase in decreasing trend stations in
the basin, and a considerable increase in stations with decreasing trends in almost all drought classes in
SPI-6 and SPI-12.

M. I. Yuce and M. Esit examines the use of 10 drought indices (SPI, SPEI, scPDSI, CZI, MCZI,
RAI, RDI, DI, PNI, and ZI) to monitor drought events in the Ceyhan Basin, Turkey. Eight
meteorological stations were used to evaluate the applicability and effectiveness of these indexes during
previous droughts.[10] The indices show strong correlations for 1-month time scales, but low
correlations for longer time scales. The study found a significant increasing trend in annual maximum,
minimum, and average temperature time series in all seven stations, with a decreasing trend in five
stations and an increasing trend in three stations, indicating that droughts will likely occur in the Ceyhan
Basin.

A study conducted by Yuce 1. and Esit M. uses the Standardized Precipitation Index (SPI) and
Standardized Precipitation Evapotranspiration Index (SPEI) to analyze droughts in Samsun province.
The analysis examines the effects of climate change on precipitation, temperature, relative humidity,
and evaporation. The study finds an increasing trend in temperature data but no trend in precipitation,
relative humidity, and evaporation data.[11] A strong relationship is found between SPI and SPEI in 1-
month time series and 3-, 6-, 9-, 12-, and 24-month time series with decreasing R? value. The normal
drought category is the most common, while extreme drought is the least common. Little difference is
observed between the two indices.
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R. Yadav and S. Tripathi conducted a study focuses on the changing trends of rainfall and
temperature in thirteen districts of Uttarakhand, located on the southern slope of the Himalayan range.
The climate and vegetation vary greatly with elevation, from glaciers at high elevations to subtropical
forests at lower elevations. The study analyzes the most important climatic variables, including
precipitation and temperature, using daily rainfall data from 1971 to 2011 and temperature data from
1971 to 2007. The Mann-Kendall Test and Sen's Slope Estimator are used to determine trend and slope
magnitude.[12] The results show increasing and decreasing trends in precipitation and temperature in
some months, suggesting overall insignificant changes in the area.

This study involves the use of data from meteorological stations in the Murat River Basin.
Before using rainfall and temperature data for detecting any trend and analyzing drought in the basin,
the row data’s homogeneity has been checked by conducting the Wallis-Moore test. Homogeneous data
was used with care to get more accurate findings. In this respect, R Studio software has been used to
estimate the hydro-meteorological condition of the basin utilizing trend analysis. Is there a hydro-
meteorological trend in the Murat River Basin that may be utilized for this purpose? Will there be any
drought effecting water resources resulted in difficulty of supplying water? In this research, answers to
these questions were sought.

2. Methodology
2.1. Homogenity by The Wallis-Moore Test for precipitation and temperature

A number of methods have been developed for confirming that meteorological series are
homogeneous [13] Normally, homogeneity is determined by one of two methods: the absolute method
or the relative method. Each station is assessed separately in the first method. Furthermore, nearby
reference stations can also be used as part of the second method of testing [14]. There is, however,
difficulty in locating reference stations with a high correlation and homogeneous structure in vast
regions. Thus, in our study, homogeneity was determined by the absolute technique [15]. The Wallis-
Moore test was conducted to analyze the inhomogeneity in global annual precipitation data from gauging
stations.

Using the phase frequency test (1941), Wallis and Moore evaluated a sequence of values X1,
X2,..., Xn for randomness. X1, X2, X1,..., Xn. Sign-difference (- or +) tests are performed with Xnl.
Indication sequences occurring at the beginning and end of phases are not taken into account. The total
number of phases is determined by H [16]. The hypothesis that H is typically disturbed may be tested
fairly effectively when continuity correction is applied and n is less than 10. It is not necessary to apply
the correction when n is less than 25.

E[H] =3 (2n—7) (1)
var[H] = - (16n — 29) )
7 = H-E[H] (3)

(%(1611—29))
2.2. Trend test by Mann-Kendall test for precipitation and temperature Test

It relies on the relationship between a time series' rankings and sequences to determine the
Mann-Kendall trend test [17]. A given time series Xi, [ =1, 2..., n is independently distributed according
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to the null hypothesis HO, while a monotonic trend is maintained by the alternative hypothesis
H1.Accordingly, test statistic is calculated as follows.

n-1__
S = E Z sgn(xj - xk) “4)
k=1 j=k+1

Where n represents the number of data and x represents the data at times i and j (j> 1) [18]. The signal
function is defined as follows:

1 (% —xx )0
sgn(xj —x) =20 (x—x,)=0 (5)
-1 (xj - xk)<0

When n > 10, variance of the S value is calculated as follows:

Var(S) _ n(n—11)22n+5) (6)

Variance is calculated as follows if there are equal observations in the series:

n(n-1)(2n+5)-Y7 t;(t;—1)(2t;+5)

Var(S) = - (7

Z test statistic for n> 10 is calculated as follows.

S-1

Jvar(s) S
Z=40 S=0 (8)
S+1
Jvar(s) §<0

Positive values of z indicate an upward trend, while negative values indicate a downward trend.
According to the statistics, the crucial test statistical values for unique significant cases were 1.64 and
1.96 at 90% and 95% probability levels, respectively.

2.3. Standardied Precipitation Index (SPI)

In various periods of time, the SPI is used to measure precipitation deficits. During these times,
different sources of water have been affected by drought. In response to anomalous precipitation
patterns, soil moisture levels fluctuate in the short term. Streamflow and reservoir storage are affected
by longer-term precipitation anomalies [19]. Long-term rainfall statistics are used to calculate the SPI
for every unique site. It is necessary to fit this long-term data to a probability distribution, and then
transform it into a normal distribution, in order to ensure that the mean SPI is zero during the relevant
time period [20]. The SPI value that is negative represents below-average precipitation, while the SPI
value that is positive represents above-average precipitation. Since the SPI is normalized, wet and dry
conditions may be displayed similarly [19] When the SPI is consistently negative and reaches an
intensity of -1.0 or below, then a drought has occurred. In the event that the SPI is positive, the event is
over. As a result, each drought event has a duration and strength based on its beginning and end dates.
The "magnitude" of the drought is calculated by adding the SPIs during all months of the drought. The
SPI index can be seen in Table 1.
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Table 1. SPI (standardized precipitation index) classification [19]

SPI Index Category

2.0+ Extremely wet
1.5t0 1.99 Very wet

1.0to 1.49 Moderately wet
-.99 to .99 Near normal
-1.0 to -1.49 Moderately dry
-1.5t0-1.99 Severely dry

-2 and less Extremely dry

In order to calculate the standardized precipitation index (SPI), you divide the percentage change in
precipitation from the mean by the standard deviation for the relevant time period.

Xij — Xim
SPI=——— (9)

SPI: Standard Precipitation Index

Xij: Observed Precipitation (mm)

Xim: Average of Precipitation Series (mm)
o: Standard deviation of the series

SPI indices for the 1-, 3-, 6-, 9-, 12-, and 24-month timescales are utilized for each measuring station.
The amount of rainfall deficit, or the total amount of time that negative SPI values preceded and
succeeded by positive SPI values, is what is used to determine how long a drought lasts (Figure 1).[21]
Any drought period's intensity, beginning at the i™ month, is described as:

S = %i-1|=SPI;] (10)

2+ {\ ﬂ\ P 'lll I{H | \ IIJ' ] ) . 4
o 1+ | . 1 ,'I ) I [ ‘ | 4
] o .~ glf ,\f‘] ]I 4 .r'\".l I| | D l\ 1]] | I\}'lﬂ | _f"‘r .II \ Ifr [lk /{\l |r ~ [ \
{J \J 1’ lIM r'l \ \ \{ W M “l || l ﬁ 51 J |.’I 1\
A A T w' L H
=21 lll\

Time (months)

Figure 1:The severity S and duration D of a drought episode are determined using the drought index
SPL[7]
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Meteorological and agricultural soil moisture conditions respond to precipitation anomalies over
relatively short time periods, ranging from 1 to 6 months, unlike streamflow, reservoirs, and
groundwater [22]. As a result, meteorological drought applications may require a 1- to 2-month SPI,
agricultural drought applications may require a 1- to 6-month SPI, and hydrological drought applications
may require a 6- to 24-month SPI or longer. From 2013 to 2014, Turkey suffered from a severe drought.
Drought conditions are changing from meteorological to agricultural and hydrological due to a
significant decrease in winter precipitation. The increased frequency and intensity of meteorological
droughts in Turkey are likely to be related to changes in the worldwide climate [23]. We can assume
that drought will increasingly affect daily life as a result of global climate change.

3. Study Area And Data

It is one of Western Asia's longest and most significant rivers, both in terms of catchment area
and length. Turkey, Syria, and Iraq occupy the vast majority of the basin. Saudi Arabia and Kuwait only
have tiny portions inside their borders. There are approximately 2786 kilometers of river along its length.
About 440 000 people live in the catchment area of the river, of which 28%, or 123 000, live in Turkey.
Most of the water for the Euphrates comes from the Murat River, also known as the Eastern Euphrates.
Around 40.000 people live along its 720 kilometers of hilly terrain in Turkey's mountainous region near
Mount Ararat at around 3520 meters above sea level [24];[25]. A warm and dry summer is characteristic
of the Murat River Basin, while a cold and rainy winter is also characteristic.[26] With a combination
of rain and snow, autumn, winter, and spring are the wettest seasons in mountainous headwater regions.
Autumn and spring are relatively brief transitional periods [27]. In the winter, the most precipitation
occurs between November and April. In the Murat River Basin, as shown in Figure 2, annual
precipitation varies from 350 to 1010 mm, depending on the region.
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Figure 2. Location area, Murat Basin

A location near the intersection of the NAF (North Anatolian Fault) and EAF (Eastern Anatolian
Fault) in eastern Anatolia has been strongly impacted by neotectonic deformations since the middle
Miocene. From the Turkish-Iranian-Caucasus orogen to the Himalayan-Tibetan orogen, the Eastern
Anatolian plateau forms the westernmost border of the world's largest continental collision belt.[28]
Combined with the collision of Arabia, India, and Eurasia, the Central Anatolian plateau has created
this situation. In Eastern Anatolia (EA), multiple E-W extended basins were formed as a result of
compressional tectonic activity. In the current study, we select the Mus Basin as the research area, which
has the characteristics of an intermontane press [29]. Several studies have been conducted on the Murat
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River, which is the main branch of the Euphrates River. It is mostly located in the geological depression
of the Mus Basin on the East Anatolian plateau [30]. As for the second region, it experiences an average
annual temperature of 9.5°C and rainfall of 700—750 mm (General Directorate of Meteorology).

%
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Figure 3. Temperature stations in the Murat River Basin

A total of 17 hydro-meteorological stations were used in this study to obtain average monthly
precipitation data. Furthermore, precipitation data were provided by the General Directorate of
Meteorology (MGM), as illustrated in Table 2 and Figure 3. Throughout the Murat River Basin, the
data of 18 different temperature stations (can be seen in the figure 4) were examined in this research.
Data for stations were obtained from the General Directorate of Meteorology.
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Figure 4. Rainfall Stations of the Murat River Basin
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Table 2. Georgraphical values of Murat River Basin, Precipitation and Temperature Stations (*Station
number 17104 is only temperature station)

. . . Average
Station  Observation Location Elevation(m) Temperature Longitude Latitude
ID year name °C)
17778 1977-2020 Varto 1650 7.8 414.452 391.764
17204 1964-2020  Mus Merkez 1320 9.7 415.023 387.509
17780 1959-2020 Malazgirt 1666 7.3 425.308 391.436
4553 1976-2002 Patnos 1650 7.5 428.420 392.394
4025 1977-1994 Diyadin 1900 5.2 436.694 395.436
Ahmed-i
17104" 2001-2020 Hani 1645 9.36 430.200 396.500
Havaalani
17099 1940-2020 Agri 1632 6.2 430.522 397.253
17203 1961-2020 Bingdl 1177 12.1 405.007  388.847
Merkez
17776 1965-2020 Solhan 1366 10.4 410.503 389.597
17808 1979-2020 Geng 1250 12 405.528 387.477
17806 1965-2020 Palu 1000 13.7 39.926 386.907
17202 2001-2020 Elazig 884 13.5 392.973 386.058
17201 1938-2020  Elaz1g Bolge 990 13.1 392.561 386.443
17740 1960-2020 Hinis 1716 6.5 416.957 393.688
17774 1979-2020 Karakocgan 1580 11.1 400.428 389.425
17736 1981-2020 Mazgirt 1100 11.3 396.015 390.180
17165 1960-2020 Tunceli 940 12.7 395.408 391.058
17768 1968-2020 Cemisgezek 953 13.6 389.177 390.401

4. Results
4.1. Precipitation and temperature results of Homogenity by The Wallis-Moore Test

In general, when test findings are reviewed in depth, the rainfall data series are homogeneous,
as illustrated in (Table 3). There is a nonhomogeneity in the data series from 4025 stations, 4553 stations,
and 17778 stations when analysis findings are reviewed at 90% and 95% confidence intervals. In 17774
stations, the data series are homogeneous at a 90% confidence interval, but in the same station, the data
series for precipitation are nonhomogeneous.

Table 3. The Results of Wallis and Moore Homogeneity Test for Precipitation Data

Wallis and Moore Test Results

Station ID p-value Z value 0.90 (+-1.64) 0.95 (+-1.96)
4025 0,024 2,260 Non-homogeneous Non-homogeneous
4553 0,015 2,442 Non-homogeneous Non-homogeneous
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17099 0,534 0,622 Homogeneous Homogeneous
17165 0,304 1,028 Homogeneous Homogeneous
17201 0,792 0,263 Homogeneous Homogeneous
17202 0,781 -0,278 Homogeneous Homogeneous
17203 0,407 0,829 Homogeneous Homogeneous
17204 0,395 0,851 Homogeneous Homogeneous
17736 0,609 0,512 Homogeneous Homogeneous
17740 0,304 1,028 Homogeneous Homogeneous
17768 1,000 0,000 Homogeneous Homogeneous
17774 0,081 1,746 Non-homogeneous Homogeneous
17776 0,519 0,644 Homogeneous Homogeneous
17778 0,028 2,191 Non-homogeneous Non-homogeneous
17780 0,126 1,529 Homogeneous Homogeneous
17806 0,334 0,967 Homogeneous Homogeneous
17808 0,318 0,998 Homogeneous Homogeneous

Table 3. Continue

The study used temperature data from 18 meteorological stations in the Murat River Basin to
assess homogeneity. The results showed that the data series was not homogeneous at 90%, but
homogeneity was observed at a 95% confidence level. Station 17202 had a p-value of 0.058 and a Z-
value of 1.894, indicating it was not homogeneous. Station 17204 had a Z-value of 1.809 and a p-value
0f 0.070, indicating it was not homogeneous with 90% confidence (Table 4).

Table 4. Wallis and Moore Homogeneity Results of Test for Temperature Data

Wallis and Moore Test Results

Station ID  p-value Z value 0.90 % (+-1.64) 0.95 % (+-1.96)
4025 0.922 0.098 Homogeneous Homogeneous
4553 0.937 -0.079 Homogeneous Homogeneous

17099 0.477 0.711 Homogeneous Homogeneous
17104 0.781 0.278 Homogeneous Homogeneous
17165 0.681 0.411 Homogeneous Homogeneous
17201 0.599 0.526 Homogeneous Homogeneous
17202 0.058 1.894 Non-homogeneous Homogeneous
17203 0.147 1.451 Homogeneous Homogeneous
17204 0.07 1.809 Non-homogeneous Homogeneous
17736 0.898 0.128 Homogeneous Homogeneous
17740 0.918 0.103 Homogeneous Homogeneous
17768 0.74 0.331 Homogeneous Homogeneous
17774 0.383 0.873 Homogeneous Homogeneous
17776 0.519 0.644 Homogeneous Homogeneous
17778 0.715 0.365 Homogeneous Homogeneous
17780 0.292 1.055 Homogeneous Homogeneous
17806 1.000 0 Homogeneous Homogeneous
17808 0.383 0.873 Homogeneous Homogeneous
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4.2. Precipitation and temperature results by Mann-Kendall test

The Mann-Kendall test was used to analyze monthly rainfall data from stations in the Murat
River basin. The results showed a decreasing trend at the 90% confidence interval and no trend at the
95% confidence interval for stations 4025, 4553, 17099, 17165, 17201, 17202, 17203, 17204, 17736,
17774, and 17780. Station 17768 showed a statistically significant decreasing trend, while Station 17778
showed a statistically significant trend. Station 17736 showed a statistically significant trend, while
Station 17740 showed a statistically significant no trend (Table 5). The results suggest that the
precipitation trend in the Murat River basin are not uniformly distributed across different stations.

Table 5. Mann-Kendall Trend Analysis Results

Mann-Kendall Test Results

. p- Z Trend
Station ID Var S Trend (90%
ation value ar value rend (90%) (95%)
4025 0,36 697,00 -0,91 No trend No trend
4553 0,71 2301,00 -0,38 No trend No trend

17099 0,88 60119,00 -0,15 No trend No trend
17165 0,23 25823,33 -1,20 No trend No trend
17201 0,61 64657,00 -0,51 No trend No trend
17202 0,31 950,00 -1,01 No trend No trend
17203 0,85 24582,33 -0,19 No trend No trend
17204 0,74 21102,67 0,34 No trend No trend
17736 0,40 7365,67 -0,84  No trend No trend
17740 0,05 25822,33 -1,94  Decreasing No trend
17768 0,01 16995,33 -2,55 Decreasing Decreasing
17774 0,18 8513,33 -1,35 No trend No trend
17776 0,08 20020,00 -1,76  Decreasing No trend
17778 0,01 9774,33 -2,75 Decreasing Decreasing
17780 0,98 27104,33 -0,02 No trend No trend
17806 0,06 20020,00 -1,87 Decreasing  No trend
17808 0,01 8513,33 -2,74  Decreasing Decreasing

The study used the Mann-Kendall test to analyze monthly data from temperature stations in the
Murat River basin. The results showed a trend towards an increase at nearly all 18 stations. The analysis
showed a trend towards an increasing trend at a 90% confidence interval and a 95% confidence interval
for stations 4553, 17099, 17165, 17201, 17202, 17203, and 17204. At 90% and 95% confidence levels,
Station 4025 showed no statistically significant trend in temperature with a p-value of 0.111, a variance
Var (S) of 695, and a standardized test statistic (Z) of -1.593 (Table 6). On the other hand, Station 17104
showed an increasing trend with a p-value of 0.060, a variance Var (S) of 949.00, and a standardized
test statistic (Z) of 1.883. The study provides a comprehensive analysis of temperature trends in the
Murat River basin.
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Table 6. Mann-Kendall Trend Analysis Results

Mann-Kendall Test Results

St;‘g"“ p-value Var S Zvalue Trend (90%) Trend (95%)
4025 0.111 695.000 -1.593 No trend No trend
4553 0.016 2.289.333 2.403 Increasing Increasing
17099 0.022 60.028.000 2.290 Increasing Increasing
17104 0.06 949.000 1.883 Increasing No trend
17165 0 25.723.667 4.714 Increasing Increasing
17201 0.002 64.456.000 3.131 Increasing Increasing
17202 0.002 7.883.000 3.131 Increasing Increasing
17203 0.014 24.504.000 2.447 Increasing Increasing
17204 0 21.066.333 4.671 Increasing Increasing
17736 0.001 7.343.667 3.454 Increasing Increasing
17740 0 25.761.667 4.822 Increasing Increasing
17768 0 16.917.667 5.305 Increasing Increasing
17774 0.033 8.485.667 2.128 Increasing Increasing
17776 0.001 19.970.000 3.319 Increasing Increasing
17778 0.006 9.746.333 2.755 Increasing Increasing
17780 0.001 22.149.333 3.272 Increasing Increasing
17806 0 19.957.333 3.745 Increasing Increasing
17808 0.002 8.469.333 3.140 Increasing Increasing

4.3. Results of SPI

120

The study used the SPI index to analyze data from seventeen meteorological stations in the
Murat River Basin over periods of 1, 3, 6, 9, 12, and 24 months. The severity and duration of droughts
were crucial, with the SPI index determining the maximum drought severity at stations on a one-month
time scale. In 1989, severe droughts occurred at stations 4025, 4553, 17099, 17165, 17201, 17203,
17204, 17736, and 17780. Station 17780 experienced the highest absence of precipitation in 1989, with
an intensity of 12.8 and a duration of nine months. Station 17202 experienced the highest drought
magnitude and duration in 2004, while the SPI 24 index measured a maximum drought magnitude and
duration of 35.1 and 27 months. Stations 17740, 17774, and 17778 experienced the most severe droughts
in 2012, with the highest lack of precipitation observed in 17778. Station 17808 had the highest
maximum drought in 2018 with a magnitude of 22.97 and a duration of 24 months (Table 7 and Table

8).
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Table 7. According to six different time series, the maximum, average, and minimum drought severity
and drought duration (month)

SPI 1 SPI 3 SPI 6 SPI9  SPI12  SPI24

Station  Inde S P S D S D S D S D S D
N. X

Min. 0.1 10 00 10 00 10 00 10 00 10 00 1.0

wps AV 0.4 17 04 31 04 50 04 64 03 58 03 57

Max 996 . 13 . 17 14 2L 17 27 22 50. 35

: (1989) 4 30 2 0 1 0 1 0

Min. 0.0 10 00 10 00 10 02 10 01 10 00 1.0

sy AV 0.4 18 04 30 04 59 04 76 04 73 04 8.1

Max 1078 15 13 41 30. 49. 33 55 32 74 66

. (1989) 9 0 5 0 8 0 0 0 5 0

Min. 0.0 10 00 10 00 10 00 10 00 10 00 1.0

00 AV- 0.4 21 04 42 04 71 04 76 04 1;)' 0.4 171‘

Max 1092 17 19 34 40 41 4l 48 58 79, 7L

. (1989) 6 0 1 0 6 0 1 0 3 0

Min. 0.0 10 00 10 00 10 00 10 00 10 00 1.0

165 AV 0.4 20 04 37 04 69 04 96 04 113‘ 0.4 3;'

Max 1252 10. 18. 14 20. 26. 45. 50. 49. 49. 66. 80.

. (19899 0 2 0 3 0 8 0 7 0 2 0

Min. 0.0 10 00 10 00 10 00 10 01 10 00 1.0

o1 AV 0.4 18 04 36 04 65 04 78 04 96 04 li'

Max 972 _ 13 120 38 3L 46 34 Sl 47 61 62

: (1989) 2 0 3 0 1 0 5 0 1 0

Min. 0.1 10 02 10 01 10 01 10 00 10 07 20

oy AV 0.4 17 04 37 04 62 04 65 04 13‘ 0.4 192'

Max 627 . 120 13 26 22 3l 23 34 39 35 27

: (2004) Y1 0 2 0 4 0 7 0 1 0

Min. 0.0 10 00 10 00 10 00 10 00 10 00 1.0

oz AV 0.4 19 04 37 04 56 04 64 04 86 04 15.

Max 1035 18 17 26 31 28 3L 30. 35 69. 68,

. (1989) ' 0O 3 0 0 0 9 0 4 0

Min. 0.0 10 00 10 01 10 00 10 00 10 00 1.0

s AV 0.4 18 04 34 04 56 04 7.1 04 83 04 136‘

Max 952 . 15 16, 30. 25 38 34 4. 34 5 62

(1989) 2 0 8 0 6 0 9 0 0 0
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Table 8. According to six different time series, the maximum, average, and minimum drought severity

and drought duration (month)

SPI1 SPI3  SPI6  SPI9  SPI12  SPI24
Station  Inde S D S D S D S D S D S D
ID X
Min. 00 10 00 10 00 10 00 10 00 10 01 1.0
736 AV 04 20 04 32 04 54 04 81 04 98 04 135
Max 1163 16. 16, 19. 24. 22. 26. 57. 50.
. g9y 0 s o o o 1 o § o 34 660
Min. 00 10 00 10 00 10 00 10 00 10 00 10
740 AV 04 19 04 40 04 59 04 86 04 12. 02 164
Max 1525  11. 24, 30. 60. 35. 72. 45. 76. 46
. @12 o0 7 0 7 0 6 0 7 o 2370
Min. 0.1 10 00 10 00 10 00 10 00 10 00 10
7eg AV 04 20 04 32 04 46 04 63 04 82 04 98
Max 1576  11. 25. 13. 52. 37. 6l. 38 76. 57. 149. 100.
. @14 0 7 0 8 0 2 0 8 0 6 0
Min. 00 10 00 10 00 10 00 10 00 10 00 1.0
17774 AV 04 19 03 36 04 56 04 70 04 63 04 74
Max 1147 2. 18, 57. 40. 67. 38. 73. 43.
) 212y % 4 o 3 o 2 o 5 o 8 300
Min. 00 10 00 10 00 10 00 10 00 10 00 10
7776 AV. 04 19 04 36 04 58 04 73 04 82 04 105
Max 1405 12, 25 21 70. 47. 82 45 89. 42 134
. @14 0 8 0 1 0 2 0 3 0 4
Min. 00 10 00 10 01 10 00 10 00 10 02 10
778 AV 04 24 04 34 04 64 04 91 04 92 03 115
Max  17.13 13, 35 17. 46. 31. 70. 39. 75. 42.
. @12 0 5 0 0 0 5 0 4 o 202 40
Min. 00 10 01 10 00 10 00 10 00 10 00 10
750 AV. 04 20 04 44 04 76 04 89 04 1g. 03 237
Max 1208 . 18 I8 43 37. 49. 38 45 39. .. 124
. (1989) I 0 5 0 5 0 8 0 0
Min. 0.1 10 00 10 00 10 00 10 00 10 00 10
506 AV 04 19 04 36 04 58 04 74 04 77 04 117
Max 189 12 32 16 38 31 43 45 47 45 oo
. @14 0 3 0 7 0 6 0 5 0
Min. 00 10 00 10 01 10 00 10 00 10 00 10
508 AV- 04 21 04 33 04 53 04 67 04 111' 04 172
Max 2297 24 36 24. 45 28 55 36 6. S 13T o
@18 0 1 0 9 0 1 0 3 0 6 :
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5. Conclusion

The study analyzed data from seventeen meteorological stations in the Murat River Basin using
the SPI method, revealing a lack of rainfall with severe droughts occurring in 2014 and 2018. The study
conducted on 17 precipitation stations in the Murat River Basin used the Wallis and Moore homogeneity
test, Mann-Kendall trend analysis test to analyze monthly precipitation data sets, using 95% and 90%
confidence intervals. The Mann-Kendall test showed a decreasing trend in monthly precipitation data
from 17 Murat River basin stations. A total of 18 temperature stations throughout the Murat River Basin
were used to collect the monthly temperature data series. There have been two tests performed on these
temperature data series: the Wallis and Moore homogeneity test, the Mann-Kendall trend analysis test
in order to analyze these data series, 90% and 95% confidence intervals were used. The results have
showed us that a rising trend in temperature data from 18 stations except for station 4025 which shows
no trend, with most showing a rise in temperature. The data homogeneity calculated by the Wallis and
Moore test was not significant factors in determining the trend.

The results of this research, which were based on data collected from stations in the Murat River
Basin, showed that there was a rising trend in temperature data as well as drought in the precipitation
data of the previous years for the SPI 1, SPI 3, SPI 6, SPI 9, SPI 12, and SPI 24-month periods.

Drought negatively impacts socioeconomic life by reducing water resources, soil moisture, and
other factors. [31];[32].A study using data from Murat River Basin stations found a rising trend in
temperature data and drought in precipitation data. This suggests that rising temperatures and decreasing
precipitation will lead to a decline in water supply in the Murat River Basin in the future. The findings
recommend that competent authorities take significant measures to address the issue and ensure the
safety of the water supply.
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OZET

Kanda yer alan kan hiicrelerinin mikroskobik incelenmesi zaman alici, pahali ve hataya agik bir istir. Bu ¢alismanin
amact, kan hiicresi goriintiilerini kullanarak kan hiicresi tiplerinin siniflandirilmasi i¢in YOLO mimarisini kullanan
otomatik bir sistem gelistirmektir. Caligmada kullanilan BCDD veri seti, 364 kan hiicresi goriintiisii ve 4888
etiketli goriintiiden olusmaktadir. Acik kaynakli BCCD veri seti, kirmizi kan hiicrelerini (RBC'ler), beyaz kan
hiicrelerini (WBC'ler) ve trombositleri igerir. Gelistirilen senaryoda YOLOV9 mimarisi, farkli optimizasyon
algoritmalari, 6grenme oranlart kullanilarak hiperparametrelerin tanimlama siirecindeki etkisi gozlemlendi.
Tanimlama sonuglarini karsilastirirken en iyi sonuca, 0,001 6grenme oranityla ADAMW optimizasyon algoritmast
kullanilarak ulasildi. Genel olarak kan hiicresi tiplerinin siiflandirilmasinda WBC tanimlamasinda 1,0'a yakin
sonug elde edildi. Daha sonra RBC tanimlamasi yaklasik olarak 0,93 dogrulukla elde edilirken trombositler 0,96
dogrulukla tanmimlandi. Bu sonuglar, oOnerilen sistemin kan hiicresi tanimlamasinin manuel siirecini
otomatiklestirmeye yonelik etkili bir arag¢ olarak kullanilabilecegini gostermektedir.

Anahtar Kelimeler: Kan Hiicresi Tespiti, Derin Ogrenme, Yolov9, Optimizasyon, Ogrenme Orant.

AUTOMATIC IDENTIFICATION OF BLOOD CELLS WITH YOLOV9:
OPTIMIZATION AND LEARNING RATE EFFECTS

ABSTRACT

Microscopic examination of blood cells in blood is time-consuming, expensive and error-prone. The aim of this
study is to develop an automatic system using YOLO architecture for classification of blood cell types using blood
cell images. The BCDD dataset used in the study consists of 364 blood cell images and 4888 labeled images. The
open-source BCCD dataset includes red blood cells (RBCs), white blood cells (WBCs), and platelets. In the
developed scenario, the YOLO v9 architecture, different optimization algorithms, and learning rates were used to
observe the effect of hyperparameters in the parameter definition process. When comparing the identification
results, the best result was achieved using the ADAMW optimization algorithm with a learning rate of 0.001.
Overall, a result close to 1.0 was obtained in the WBC classification for blood cell types. Subsequently, the RBC
identification was achieved with an accuracy of approximately 0.93, while platelets were identified with an
accuracy of 0.96. These results indicate that the proposed system could be used as an effective tool for automating
the manual process of blood cell identification.
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1. Giris

Yasamsal fonksiyonlarin siirdiiriilmesinde 6nemli rol oynayan kan, hayati onem tastyan canli bir
stvidir. Viicut agirligimizin yaklagik %8' ini olusturan kan hiicresi tiirleri ve kandaki degerler sagligimiz
acisindan bilyiik 6nem tagir. Bu dogrultuda, kan degerleri ile insan sagligi arasinda dogrudan bir iliski
bulunmaktadir. Cesitli hastalik tiirlerinin belirlenmesinde, hastaligin ilerlemesinin izlenmesinde ve
potansiyel saglik durumlarinin analiz edilmesinde kan testleri 6nemlidir. Kan test siirecinde kan
hiicrelerinin tiirii ve sayismna dikkat edilmektedir. Bu analiz ile saglik durumu hakkinda bilgi
edinilmektedir [1,2].

Bagslica kan hiicresi tiirleri olarak; kirmizi kan hiicrelerini (RBC), beyaz kan hiicrelerini (WBC)
ve trombositleri sayabiliriz. RBC'ler kana kirmiz1 rengini veren hiicrelerdir. Igeriklerindeki hemoglobin
ve eritrositler sayesinde kana oksijen tasima gorevini yerine getirirler. WBC'ler ise esnek sekillere sahip
cekirdekli kan hiicreleridir. Lokositlerin igerigi, organizmay1 bakterilere, viriislere ve diger zararh
ajanlara kars1 koruyarak hayati savunma fonksiyonlarini yerine getirmelerini saglar. WBC'ler bagisiklik
sisteminin islevinde ve yanitinda onemli bir rol oynar. Trombositler ise trombokinaz enziminin
salgilanmas1 nedeniyle morfolojik degisikliklere ugrayan, yapiskanlik gosteren, renksiz, c¢ekirdekli
hiicrelerdir. Salgiladiklar1 trombokinaz enzimi nedeniyle morfolojik degisiklikler ve yapiskanlik
gosterirler, bu da onlar1 kan pihtilasmasi igin gerekli kilar. Ornegin, bir yaralanma durumunda
trombositler pihtilagma ajan1 gorevi gorerek yaranin kapanmasina ve onarilmasina yardime1 olur [2-5].

Insan sagligim dogrudan etkileyen kan hiicresi tiirlerinin manuel olarak belirlenmesi &nemli
zorluklar dogurmaktadir. Ozellikle yogun ve zaman alic1 siire¢ personel icin zorlu olabilir ve sonuglar,
ilgili kisilerin uzmanligi, becerileri ve deneyimine bagli olarak degisiklik gosterebilir [6]. Bu nedenle,
hem saglik profesyonelleri hem de kendilerini bekleyen hastalar i¢in sonuglar1 hizlandirmak amaciyla
bu prosediirlerin otomatiklestirilmesi onemle tavsiye edilir. Onerilen bu ¢dziimiin uygulanmasinin
laboratuvarlardaki is ylikiinii hafifletmesi ve hastane personelinin verimliligini artirmasi bekleniyor.

Kan hiicresi tiplerinin smiflandirilmasi, kan testi siirecinde onemli bir zorluk teskil etmekte ve
literatiirde bu sorunu ele alan ¢ok sayida ¢alismanin yapilmasina yol agmaktadir. Bu ¢aligmalar1 goriintii
isleme ve makine 6grenmesi yontemleri ile derin 6grenmeye dayali yontemler olarak siniflandirabiliriz.
Diger alanlarda oldugu gibi saglik alaninda da son yillarda derin 6grenme iizerine yapilan ¢aligsmalarin
sayisi giderek artryor. Kan hiicrelerinin siniflandirilmasi ve tanimlanmasi gibi ¢esitli gorevler i¢in derin
O0grenme yontemleri kullanilmigtir [7,8]. Kan hiicrelerinin siiflandirilmasi tibbi teshiste ¢ok 6nemli bir
gorevdir. Literatiir gdzden gecirildiginde, evrisimli sinir aglar1 (CNN'ler) teknigi olarak yaygin bir
sekilde kullanilmaktadir. CNN'lerin uygulanmasmin ardindan siniflandirma asamasinda hiicre tipi
ayrimi i¢in ¢esitli yontemlerden yararlanilmaktadir.

Bes farkli kan hiicresi tipinin (kirmizi kan hiicreleri, trombositler, nétrofiller, lenfositler ve
monositler) siniflandirilmasi problemi igin Habibzadeh ve ark. CNN &nerdi. Onerilen modelin test veri
setini %92,6 dogrulukla siniflandirdigi goriilmiistiir [9]. Benzer sekilde Vatathanavaro ve ark. CNN
mimarisi tabanli ResNet-50 ve VGG-16 modellerini kullanarak bes farkli sinifa ait kan hiicrelerinin
siiflandirilmasi1 sorununu ele aldi: kirmizi kan hiicreleri, trombositler, notrofiller, lenfositler ve
monositler. Test veri setinde ResNet-50 %96,52 dogruluk elde ederken VGG-16 %97,57 dogruluk elde
etti [10]. Beyaz kan hiicrelerini dort farkli tiire (nétrofiller, eozinofiller, monositler ve lenfositler)
simiflandirma gorevi i¢in Diouf ve ark. 12.500 goriintiiden olusan bir veri seti lizerinde egitilmis bir
CNN modeli kullandilar ve test veri setinde %95,48 basar1 orani elde ettiler [11]. Beyaz kan hiicresi
tiplerinin siniflandirilmasina odaklanan baska bir ¢alismada Zaho ve ark. WBC tespitini ve ardindan
CNN ile smiflandirmay1 gergeklestirdi. WBC igin %94,6'lik bir tanima dogruluguna ve %91,7'lik bir
siniflandirma dogruluguna ulastilar [12]. Ozyurt, kan hiicresi tiirlerini ayirt etmek igin dzellik se¢imini
kullanan bir CNN modeli 6nerdi ve kan hiicresi goriintiilerinden olusan bir veri kiimesinde %97,14 genel
dogruluk elde etti [13].
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Cesitli galigmalarin sonuglart incelendiginde, kan hiicresi tiirlerinin otomatik olarak taninmasinin
ve smiflandirilmasimin dikkate deger bir etkinlik gosterdigi ortaya ¢ikiyor. Bu sorunu ¢dzmek igin
genellikle CNN tabanli modeller kullanilir. CNN mimarisinin dogasinda bulunan kendi kendine
O0grenme yetenegi, basarisina biiyiik 6l¢lide katkida bulunan ¢ok énemli bir 6zellik olarak kabul edilir.
Bu asamada derin 6grenme ile tespit isleminde hangi parametrenin daha belirleyici olacagini bilmek
sonuglara daha hizli ve dogru sekilde ulasilmasini saglayacaktir. Bu da sonug olarak, egitim iglemini ve
modellerin performansini dogrudan etkiler.

Bu c¢alismada, kan hiicresi tiplerinin otomatik teshisi i¢in derin 6grenme kullanilmis olup,
otomatik teshis sistemleri i¢in yardimci bir sistem sunulmustur. Otomatik teshis amaglanirken YOLOvV9
mimarisi kullanilip mevcut parametreleri iizerinde degisiklik gergeklestirilerek hangi parametrelerin
smiflandirmada daha etkin oldugu gézlemlendi. Optimizasyon algoritmast ADAMW ve §grenme orant
0,001 secildiginde en basarili sonuglara ulasildi.

2. Materyal ve Metot

Bu c¢aligmada kan hiicrelerinin tespiti, halka agik Kan Hiicresi Sayimi Veri Seti (BCCD)[14]
kullanilarak gergeklestirilmistir. BCCD veri seti ii¢ farkli sinifa ayrilan 364 goriintiiden olusur: WBC
(beyaz kan hiicreleri), RBC (kirmizi kan hiicreleri) ve Plateletler (trombositler). Goriintiilerin boyutlari
640x480 pikseldir. Bu 364 goriintii ve ii¢ sinif i¢in 4888 etiket (annonation) igermektedir. Bu etiketlerin
4155’1 RBC, 372’si WBC ve 361’1 platelet etiketine aittir [14]. Sekil 1, etiketleri (veri agiklamalari)
belirtilmis 6rnek bir goriintii yer almaktadir. Farkli kan hiicre tiirlerinin tespitedilip tanimlanmasi igin
veri seti %80 1 egitim, %20 test olacak sekilde ayrilir.

WBC

-

IEH
74 a
A

Sekil 1. Etiket iceren 6rnek bir resim

2.1. Metot ve Parametreler

Nesne tespiti, bir goriintii i¢indeki nesnelerin uzamsal konumunun tanimlanmasini ve ilgili sinif
etiketlerinin belirlenmesini igerir. Kullanim alani1 oldukg¢a yaygin olmakla birlikte bilgisayarli goriide
one cikan bir arastirma alanidir. Donanim yeteneklerindeki ilerlemelerle birlikte derin O6grenme
algoritmalarinin kullaniminda ve yeni tekniklerin gelistirilmesinde artis yasanmustir.

Son yillarda 6zellikle nesne tespiti alaninda 6nemli bir popiilerlik kazanan YOLO algoritmasi
dikkat ¢eken tekniklerden biridir. YOLO, tiim goriintiiniin tek geciste islenmesi yaklasimini yansitan
"Yalnizca Bir Kez Bak" anlamina gelir. YOLO, ugtan uca evrigsimli sinir ag1 mimarisini kullanarak nesne
tespitini bir regresyon problemi olarak formiile eder. Bu yaklagim, bir goriintiideki birden fazla nesnenin
etkili ve es zamanli tespitini saglar [15].
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YOLO'un performansi, COCO veri seti lizerinde kapsamli bir sekilde degerlendirilerek bdlge
bazli nesne algilama algoritmalarina kiyasla {istlinliigiinii ortaya koymustur [16]. Ayrica YOLO, hem
goriintiileri hem de bunlara karsilik gelen siniflar1 kodlayan tek bir ag uygulamasi sayesinde yiiksek
verimlilik elde eder. Algoritmanin dikkat ¢ekici hizi, 6zellikle ger¢ek zamanli uygulamalarda yaygin
olarak benimsenmesine katkida bulunmaktadir.

YOLO'nun temel g¢alisma prensibi, giris goriintiisiiniin tek adimda bir sinir ag1 {izerinden
gecirilmesini ve ayn1 zamanda goriintli lizerinde bir 1zgara (segmentasyon) olusturulmasini igerir.
Ilgilenilen bir nesne bir 1zgara i¢inde mevcutsa ve orta noktasi bu bolgenin i¢indeyse, algoritma nesnenin
genigligini, yiiksekligini ve karsilik gelen siif etiketini belirler. Bazi durumlarda ilgilenilen nesne
birden fazla 1zgaraya yayilabilir. Bu sorunu ¢6zmek i¢in, gereksiz sinirlayici kutularin olusturulmasini
onlemek amaciyla bir giiven degeri kullanilir. Daha sonra nesneyi kapsayan en yiiksek giiven degerine
sahip sinirlayici kutuyu ¢izmek i¢in "Maksimum Olmayan Bastirma" algoritmasi1 kullanilir [17].

YOLO algoritmasimin birden fazla versiyonu mevcut olup Subat 2024'te yaymlanan YOLO' nun
en son siirimii YOLOV9 kullanilmistir [18]. Programlanabilir Gradyan Bilgisi (PGI), bilgi darbogazi
sorunuyla miicadele etmek i¢in YOLOv9'da tanitilan yeni bir kavramdir ve derin ag katmanlarinda temel
verilerin korunmasini saglar. Bu, giivenilir gradyanlarin olusturulmasina olanak taniyarak dogru model
giincellemelerini kolaylastirir ve genel algilama performansii iyilestirir [18,19]. Sekil 2, yaymlanan
makalede yer alan PGI ya iligkin ag mimarileri ve yontemlerini gosteren yap1 yer almaktadir [18].
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a)PAN [20] b)RevCol[21]  c) Geleneksel Derin Denetim  d)PGI [18]

Sekil 2. PGI ve Ilgili Ag Mimarileri. (a) Path Aggregation Network (PAN) [20], (b) Reversible Columns
(RevCol) [21], (c) Geleneksel Derin Denetim ve (d) dnerilen Programmable Gradient Information
(PGI). [18]

Egitim sirasinda ayarlanabilen hiperparametrelerden egitim islemini etkiler ve degerleri egitim
siireci baglamadan ©nce ayarlanabilmektedir. YOLOV9 agmin tasarlanmasi ve egitilmesinde
hiperparametreler iki gruba ayrilabilir. ilk grup, katman saysi, filtreler ve giris goriintiilerinin boyutu
dahil olmak iizere a§ mimarisi hiperparametrelerinden olusur. Ikinci grup, toplu is boyutu, 6grenme
orani ve optimizasyon algoritmasi gibi egitim hiperparametrelerini igerir [18].

YOLOV9'in yaklasik otuz hiperparametresi vardir ve bunlar1 farkli egitim ayarlarina gore
ayarlamak, nesne tanimanin dogrulugunu ve Ogrenme oranini optimize etmek i¢in kullanilabilir.
Hiperparametreler sonucu onemli Olciide etkileyebileceginden, belirli bir gorev i¢in dogru olanlari
secmek onemlidir [22].

Bu calismada YOLOV9 agmm iki egitim hiper parametresine odaklanildi: optimizasyon
algoritmas1 ve O0grenme orani. Bu iki parametre egitim siirecinde kritik bir rol oynar ve modelin
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yakinsama oranmi, kararliligm ve nihai dogrulugunu etkiler. Optimizasyon algoritmasi, egitim
sirasinda model parametrelerinin nasil giincellenecegini belirlerken 6grenme orani, giincelleme
isleminin adim boyutunu kontrol eder. Farkli optimizasyon algoritmalarinin ve dgrenme oranlarinin
sonug iizerindeki etkilerini karsilagtirarak, bunlarin YOLOV9 aginin performansi iizerindeki etkilerini
arastirmak hedeflendi. YOLO mimarilerinde siklikla SGD (Stochastic Gradient Descent), ADAM
(Adaptive Moment Estimation), ADAMW (Adam with Weight Decay) optimizasyon algoritmalari
tercih edildigi i¢in bu algoritmalar kullanildi [23-25].

2.2. Performans Metrikleri

Performans degerlendirmesini yapabilmek i¢in karmasiklik matrisi kullanildi. Bu matriste satirlar
gercek smiflart siitunlar tahmin edilen siniflandirmalar1 belirtmektedir. Degerlendirme metriklerini
Olcebilmek icin tp (dogru pozitif), tn (dogru negatif), fp (yanlis pozitif), fn (yanlis negatif) degerleri
kullanilir.

Kesinlik (Precision; P): Tahmin edilenler arasinda pozitif olarak belirlenen verilerin toplam
pozitif sayisina orani olarak tanimlanmaktadir. Kesinlik degerinin hesaplanmasi denklem 1’de
verilmistir.

. g tp
Kesinlik = tp+fn (D

Duyarhlik (Recall;R): Pozitif olarak tahmin edilmesi gereken verilerden gercekte pozitif olarak
tahmin edilen veri sayisi ile ilgili bilgi vermektedir. Duyarlilik degerinin hesaplanmasi denklem 2’ de
belirtilmistir.

__tw
Duyarlilik = Py @)

F1-Skor: Kesinlik ve duyarlilik hesaplarinin harmonik ortalamasi ile hesaplanmaktadir. 0-1
arasinda degerler almakta olup, 1 en iyi sonuca ulagildigini belirtmektedir. F1 skor degerinin
hesaplanmasi denklem 3’ te verilmistir.

2tp

F1 Skor = ETm

3)

Ortalama Kesinlik Olgiitii (Mean Average Precision; mAP): Nesne tespit modellerinde
algoritmalar1 daha kapsamli degerlendirmek i¢in kullanilan 6nemli bir metriktir. Farkli her nesne sinifi
icin ayr1 ayr1 AP degeri hesaplanarak bu degerin ortalamasi alinarak mAP degeri hesaplanmaktadir.

3. Sonuglar

Bu c¢alismada, Kan Hiicresi Saymmi Veri Kiimesinden (BCCD) ii¢ ayr1 kategoriye ayrilan
goriintiilerin analizini gergeklestirildi. Nesne algilama gorevi igin YOLOV9 modeli kullanildi ve egitim
sirasinda SGD (Stochastic Gradient Descent), ADAM, ADAMW optimizasyon algoritmalari ve 0,001,
0,005 6grenme oranlart kullanildi. Farkli optimizasyon ve 6grenme oran1 kombinasyonlari i¢in, yatay
eksen boyunca donem sayisi ve dikey eksen boyunca kayip degerinden olusan sonug verileri kaydedildi.
Literatiirdeki ¢aligmalarla en ¢ok tercih edilen 6grenme oranlar ile algoritmalar tercih edildi.

Sekil 3'te sunulan bulgularimiz, en diisiikk kayip degerine 0,001 6grenme oraniyla ADAMW
optimizasyon algoritmasi kullanilarak ulasildigini gosterdi. Bu sonuglar, YOLOV9'in hiperparametre
optimizasyonunun, nesne algilama gorevlerinde dogrulugun arttirilmasinda faydali olabilecegini
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gostermektedir. Kayip egrisi incelendiginde burada SGD optimizasyon algoritmasinin 0,001 6grenme
oranindaki 6grenme isleminde diger algoritmalarin gerisinde kalmaktadir. Fakat bununla birlikte SGD
algoritmasinin 0,005 6grenme orani ile egitim igleminde diger algoritmalara yakin sonuglar vermektedir.
Buradan optimizasyon algoritmasi kadar 6grenme oraninin da performansi etkiledigi goriiliir.
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Sekil 3. YOLOvV9 Kayip Egrisi

Bu calisma degerlendirme asamasinda egitilen agin performansini degerlendirmek i¢in model test
verilerine uygulanmistir. Sonuglar daha sonra ii¢ etiketli kan hiicre tipi i¢in karmagsiklik matrisi
olusturmak i¢in kullanildi. Farkli 6grenme oranlarinin tespit performansi iizerindeki etkisini arastirmak
icin ADAM optimizasyon algoritmasiyla birlikte 0,001 ve 0,005 olmak tizere iki farkli 6grenme orani
kullanildi. Sekil 4'te sunulan karmagiklik matrisi, 6grenme oraninin trombositlerin ve WBC'lerin tespit
dogrulugu iizerinde nispeten minimum etkiye sahip oldugunu ortaya koymaktadir. Ancak RBC kan
grubunun tespitinin, 0,001 6grenme oran1 kullanildiginda daha dogru oldugu goriildii.

0.08

0.92

RBC

wac

: o001 0.09 :
= 004 0.07

Platelets RBC whe background

a) 1r:0.001 b)Ir:0.005

Sekil 4. ADAM algoritmasinin 6grenme oranlariyla iligkili karmagiklik matrisi. a) 1r:0.001 b) 1r:0.005

YOLOV9 modelinin kan hiicresi tespiti i¢in performans degerlendirmesi, farkli §grenme oranlar1
ve SGD optimizasyon algoritmasi kullaniminin sonuglarina dayali bir karmasiklik matrisi olusturularak
daha ayrintili analiz edildi. Sekil 5’deki sonuglar incelendiginde; WBC ve RBC tiirlerinin tespit
dogrulugunun 6grenme orani segiminden etkilendigini, trombosit tespitinin ise etkilenmedigi goriiliir.
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Platelets
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Sekil 5. SGD algoritmasinin 6grenme oranlariyla iliskili karmasiklik matrisi. a)lr:0.001 b)Ir:0.005

ADAMW optimizasyon algoritmasinin sonuglarina dayali karmagiklik matrisi analiz edildiginde
trombositlerin ve RBC tiirlerinin tespit dogrulugunun 6grenme orani se¢iminden etkilendigini, WBC
tespitinin ise etkilenmedigi Sekil 6'da goriiliir.

Platelets

Predicted
Predicted

wBC

0.03 0.05 g 0.04 0.08

3

Platelats REC whe background Platelets RBC wEBC background

a)Ir:0.001 b)Ir:0.005

Sekil 6. ADAMW algoritmasinin 6grenme oranlartyla iliskili karmasiklik matrisi. a)lr:0.001 b)lr:0.005

Spesifik olarak, 0,001'lik bir 6grenme orani, RBC'ler i¢in tespit dogrulugunun arttigimn
gosterirken, 0,005'lik bir 6grenme oraninda SGD ve ADAM i¢in trombosit tespiti daha yiliksek
dogrulukla sonuclanirken ADAMW algoritmasinda tam tersi s6z konusudur. Algoritmanin WBC'leri
tespit etme performansi farkli 6grenme oranlarinda nispeten tutarliydi.

Sonuglar, optimum tespit performansini elde etmek igin egitim sirasinda hiperparametrelerin
ayarlanmasmin Onemini vurgulamaktadir. Bu bulgular, kan hiicresi tespiti i¢in nesne tanima
algoritmalarinin performansini gelistirmeyi ve iyilestirmeyi amaglayan arastirmacilar ve uygulayicilar
icin degerli bilgiler saglar.
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Bu ¢alismanin temel amaci, Kan Hiicresi Saymm Veri Setinde (BCCD) nesne tespitinin
dogrulugunu artirmak i¢in en uygun optimizasyon algoritmasi ve dgrenme orani kombinasyonunu
bulmakti. Degerlendirme: duyarlilik, kesinlik, mAP@0.5, mAP@0.5:0.95 degerleri Olgiilerek
gerceklestirildi. Sonuglar, farkli optimizasyon algoritmalarinin ve 6grenme oranlarinin performansini
ozetleyen degerler Cizelge 1'de sunuldu.

Cizelge 1. YOLOV9 ile hiicre tipi tespitinde optimizasyon ve 6grenme oranlarinin performans sonuglar

Optimizasyon | Ogrenme | Duyarhhk | Kesinlik | mAP@0.5 | mAP@0.5:0.95 | F1-Skor
Alg. Oram
SGD 0,001 0.837 0.903 0.901 0.586 0.868
SGD 0,005 0.834 0.901 0913 0.652 0.866
ADAM 0,001 0.838 0.903 0.919 0.659 0.869
ADAM 0,005 0.848 0.901 0.916 0.661 0.874
ADAMW 0,001 0.853 0914 0.927 0.665 0.882
ADAMW 0,005 0.842 0911 0.92 0.659 0.875
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d) SGD-1r:0,005 ¢) ADAM-Ir:0,005 ' f) ADAMW-Ir:0,005

Sekil 7. Ayni test goriintiilerindeki farkli optimizasyon ve 6grenme oranlarina iligkin tahmin
Goriintiileri a) SGD-1r:0,001 b) ADAM-1r:0,001 ¢) ADAMW-Ir:0,001 d) SGD-Ir:0,005 ¢) ADAM-
1r:0,005 ¢) ADAMW-Ir:0,005
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Egitilen YOLOV9 modelinin kan hiicrelerinin farkli tiplerini tespit etme performansini
degerlendirmek amaciyla test verilerine uygulandi. Sonuglar tespit dogrulugu ve mAP degeri agisindan
analiz edilmis olup, karsilik gelen tespit goriintiisii ve mAP degeri Sekil 7'de gosterilmektedir. Sekil
7’de, kan hiicre tiplerinin tespitinin dogrulugunun goriintiiler arasinda farklilik gosterdigi ve belirli kan
hiicre tiplerinin daha yiiksek mAP degeri ile tespit edildigi goriilmektedir. Ik olarak WBC tespitinin
O6grenme oraninin 0,001 (Ir:0,001) oldugunda ADAM ve ADAMW algoritmasimin daha yiiksek
dogrulukla (0,9) tespit ettigi goriliir. Fakat 6grenme orami 0,005 (Ir:0,005) oldugunda biitiin
optimizasyon algoritmalarinin aynt mAP degeri ile tespit ettigi goriiliir. Bununla birlikte bazt RBC
tespitinin 6grenme oranindan bagimsiz sekilde ADAMW algoritmasi tarafindan tespit edildigi
goriiliirken SGD ya da ADAM algoritmasinin tespit edmedigi gortiliir.

Bu calismada kan hiicrelerinin goriintiilerindeki kan tiirlerini tespit etmek i¢cin YOLOV9 derin
O0grenme algoritmasi kullanildi. YOLOV9 algoritmasinda farkli optimizasyon algoritmalarinin ve
dgrenme oranlarmin etkinligi deneylerle arastirildi. Ogrenme oran1 0,001 ve ADAMW optimizasyon
algoritmasinin F1-Skor degeri igin en iyi performansi lirettigi gézlemlenmistir. Bir sonraki en basarili
durum ADAMW optimizasyonu ve 0,005 6grenme oranthipermatreleriyle olusmustur. Kan hiicre
tirlerinin siniflandirilmasinda en 6nemli optimizasyon algoritmast ADAMW olmustur. Elde edilen
sonuclar dogrultusunda optimizasyona ek olarak kullanilan 6grenme orani da sonuglar {izerinde oldukga
etkili rol oynamustir.

Boyut ve renk farkliligi olan WBC’lerin arka plandan ayristirilmasinda daha basarili olunurken
yakin gorsel degerlere sahip RBC’ler ve Trombositlerde karisiklik yasanmis olup bu hiicrelerin bagari
oranlarini diigiirmistiir. YOLO nun son versiyonu olan YOLOV9 mimarisinin temel parametrelerinin
degisimi ile sonuglarinin iyilestirilebilecegi gosterilmis olup daha sonra yapilacak ¢alismalar igin rehber
niteligindedir. Otomatik hiicre tiiriiniin tespiti i¢in onerilen bu sistem ilerleyen zamanlarda mikroskop
altinda farkli boyama segenekleriyle daha iyi sonuglara ulastirilabilir.

Egitilen model, test veri seti kullanilarak degerlendirildi ve sonugclar, farkli kan hiicre tipleri igin
tespit dogrulugunda farkliliklar oldugunu, bazi kan hiicre tiplerinin ise hi¢ tespit edilmedigini gosterdi.
Tespit dogrulugundaki tutarsizliklar, aydinlatma kosullarindaki degisiklikler, kan hiicrelerinin farkl
agilart ve gorilintii arka planinin karmagikligi gibi faktorlere baglanabilir. Bu dogrultuda, tiim kan
tiirlerinin  tespitinin  dogrulugunu artirmak i¢in daha fazla iyilestirme yapilmasi ihtiyacini
vurgulamaktadir.

Bu calismanin sonuclart gozden gecirildiginde, tibbi goriintii analizi uygulamalarinda kan
hiicresinin farkli tiirlerinin tespitinin dogrulugunu ve etkinligini artirmak i¢in degerli bilgiler sagladig1
acikea ortaya ¢ikiyor. Cesitli optimizasyon algoritmalarinin performansi ve 6grenme oranlari, YOLOV9
kullanilarak otomatik kan grubu tanimlama baglaminda karsilastirildi. Bu bulgular, bu alanda ¢aligan
diger arastirmacilara degerli bilgiler sunarak, farkli algoritmalar arasindaki performansi
degerlendirmelerine ve karsilagtirmalarina olanak saglayabilir. Ayrica otomatik kan hiicresi tiirlerini
belirlenmesine yardimei sistem olarak kullanilmasi bu alanda zaman ve is giicii tasarrufu da saglayabilir.
Bu calismaya ilave uygulamalar ve gelistirmeler yapilarak ¢esitli alanlarda kullanilabilir. Bu ¢aligmanin
hasta ve saglik personeli agisindan genel kapsami géz Oniine alindiginda genis bir kitleye fayda saglama
potansiyeli tasidigr ve bu konuda ilerlemesinin saglik alaninda ilerlemelere katki saglayabilecegi
degerlendirilmektedir.

Cikar Catismasi Beyani

Makale yazarlari herhangi bir kurum, kurulus, kisi ile kisisel ve finansal g¢ikar gatigsmasi
olmadigini beyan etmektedirler.
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OZET

Bu ¢alismada, endiistrinin ¢esitli sektorlerinde makinelerde sik¢a kullanilan hidrolik piston contalari, salmastra ve
kegeler gibi polimerlerden iiretilen malzemelerin tribolojik performanslari incelenmistir. Tribolojik ¢alismada saf
poli-tetra-flor-etilen (PTFE) polimeri ile agirlik olarak %25 oraninda bronz takviyeli poli-tetra-flor-etilen
(PTFE/25bronz) kompozit kullanilmis ve her iki malzemenin tribolojik performanslar karsilastirilmistir. Tribojik
deneyler disk iizerinde pim olacak sekilde dizayn edilmis asmmma cihazinda gergeklestirilmistir. Tribolojik
deneyler 30N-150N yiik araliginda ve 1.0 m/s kayma hizinda yapilmistir. Deneylerde siirtiinme katsayisi, aginma
hacmi, pim/disk yiizey sicakliklar1 ve spesifik asinma orani dlgiilmiistiir. Calisma sonucunda PTFE/25 bronze
kompozitin siirtiinme katsayisi, pim/disk yiizey sicakligi ve aginma orani saf PTFE’ye daha diisiik oldugu tespit
edilmistir. PTFE polimerine %25 bronz ilavesi kompozitin spesifik aginma oraninda dnemli oranda azalmaya
sebep olmustur. Taramali elektron mikroskobu ve optik mikroskop kullanilarak numunelerin asinma yliizey
mikroyapi incelemeleri gergeklestirilmistir. Saf PTFE polimerinde abrazif asinma, PTFE/bronz kompozitinde ise
adhezif aginma mekanizmasi gozlenmistir.

Anahtar Kelimeler: PTFE, Bronz, Kompozit, Asinma orani, Stirtiinme katsayist

COMPARISON OF TRIBOLOGICAL PERFORMANCES OF PURE
POLY-TETRA-FLUORO-ETHYLENE AND BRONZE REINFORCED
POLY-TETRA-FLUORO-ETHYLENE COMPOSITE FOR BUSHING,
GASKET AND BEARING APPLICATIONS

ABSTRACT

In this study, the tribological performances of materials produced from polymers such as hydraulic piston seals,
glands and seals, which are frequently used in machines in various sectors of the industry, were investigated. In
the tribological study, pure poly-tetra-fluoro-ethylene (PTFE) and 25wt.% bronze reinforced poly-tetra-fluoro-
ethylene (PTFE/25bronze) were used and the tribological performances of both materials were compared.
Tribological tests were realised on a pin-on-disc wear test rig. Tribological experiments were performed in the
load range of 30N-150N and sliding speed of 1.0 m/s. Friction coefficient (u), wear volume, pin/disk surface
temperatures and specific wear rate (SWR) were measured. As a result, it was observed that the p, pin/disc surface
temperature and SWR of PTFE/25bronze composite were lower than pure PTFE. The addition of 25wt.% bronze
to the PTFE caused a significant reduction in the SWR of the composite. Optical and scanning electron microscopy
were used to examine the wear surface microstructure of the samples. Abrasive wear mechanism was observed in
pure PTFE and adhesive wear mechanism in PTFE/bronze composite.
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1. Giris

Politetrafloroetilen (PTFE), termoplastikler sinifinda yer alan bir floropolimerdir. PTFE, monomer
tetra-flor-etilenden (TFE) polimerize edilmektedir ve formiilasyonunda [(CF,-CF:),] molekiiler
formiiliine sahip C-F bagina sahiptir. PTFE, flor atomlar1 nedeniyle yiiksek molekiiler agirlikli bir
bilesiktir ve yari kristal yapiya sahiptir. Giiglii C-F bagi nedeniyle herhangi bir baska bilesik ile
reaksiyona giremez. Kompozit formda yiiksek termal iletkenlik, mukavemet, hidrofobiklik ve kimyasal
inertlik gibi pek ¢ok 6zellik PTFE tarafindan ortaya konulmaktadir [1-3]. PTFE polimerinin erime
sicakligr 325 ile 335 °C araliginda oldugundan dolayr yiliksek termal dirence ve yiiksek ¢aligma
sicakligina sahip termoplastikler arasinda yer alir. PTFE polimeri fiziksel ve kimyasal 6zelliklerinden
dolay1 endiistriyel alanlarda fonksiyonel bir polimerik malzeme olarak kabul edilmektedir. PTFE,
yaglama, yatak bilyalar1 ve polimerik disliler gibi mekanik ve tribolojik kullanimlar agisindan énemli
bir mithendislik polimeridir [4-6]. PTFE'nin dielektrik 6zelligi, kablo kaplamalari, elektrik yiiklerini
depolamak icin elektretler ve baskili devre kartlarmin yapimi gibi yalitim uygulamalarinda da
kullanilmaktadir [7-8].

Bu avantajli 6zellikleri nedeniyle PTFE polimeri, otomotiv endiistrisindeki siirtiinme tinitelerinde
mekanik bilesen olarak kullanilabilir. Bununla birlikte, ¢ogu durumda saf PTFE polimerinin kolayca
aginabilir olmas1 yani diigiik asinma direncine sahip olmasi siirtinmeye maruz kalinan alanlarda
kullanimin1 engellemektedir [9-10]. Karbon, grafit, bronz, molibden disiilfit (MoS;), cam elyaf, karbon
elyaf gibi dolgu maddeleri sayesinde aginma direnci bilyiik 6l¢iide iyilesmektedir [4, 8, 11-12]. Khan ve
arkadaslar1 [13] %25 oraninda cam elyaf takviyeli PTFE kompozitlerin pim-disk asinma cihazinda
tribolojik 6zelliklerini incelemiglerdir. Tatyana ve arkadaslar1 [9] yaptiklar1 diger bir ¢aligmada %1-10
arasindaki oranlarda karbon elyaf takviyeli zeolit/PTFE kompozitlerin tribolojik &zelliklerini
incelemiglerdir. Calismalar1 sonucunda, diigiik siirtinme katsayisi degerleri elde edilirken aginma
direncinin zeolit/PTFE kompozitine goére yaklasik 8-10 kat arttigini belirtmislerdir. Pathan ve
arkadaglar1 [14] %15 ve %20 oranlarinda cam elyaf takviyeli PTFE kompozitlerin yiik, hiz ve kayma
mesafesine baglh olarak tribolojik 6zelliklerini incelemislerdir. Caligmalar1 sonucunda 3 kg yiik, 5.18
m/s kayma hizi, 2 km kayma mesafesinde %15 cam elyaf PTFE kompozitinde asinma miktar1 ve
stirtiinme katsayist onemli oranda etkilenmezken PTFE polimeri igin ideal parametreler oldugu
belirtilmigtir. Sahin ve Mirzayev [15] agirlikca %15 oraninda cam elyaf, %60 bronz ve %25 karbon
katkili PTFE kompozitlerin kuru ortam sartlarinda tribolojik 6zelliklerini incelemislerdir. Bronz ve
karbon elyaf takviyeli PTFE kompozitlerin cam elyaf takviyeli kompozitlere gére agsinma direncinin
azaldigimi kayma mesafesi ve yiikiin artmasi ile aginma oranin arttig1 belirtilmistir. Raaj ve arkadaslari
[16] molibden disiilfit (MoS>) (%2.5, 7.5, 12.5, 17.5, 22.5 oraninda) ve %2.5 oraninda grafit ilaveli
PTFE polimer kompozitlerinin tribolojik davranislarini incelemislerdir. Calismalarinda siirtiinme
katsayisinin uygulanan yiikiin artisina bagl olarak azaldigi gdzlenirken aginma orani ise kayma hizinin
arti1 ile azalmistir. Grafit ve MoS; ilavesi ile PTFE kompozitlerin aginma direncinin 6énemli oranda
azaldig belirtilmistir. Zhen ve arkadaslar1 [10] ise %1-2-5 oranlarinda MoS, katkili PTFE kompozitlerin
farkli sicakliklardaki tribolojik 6zelliklerini incelemislerdir. 2 °C ile 250 °C arasindaki test
sicakliklarinda siirtiinme katsayisinin ve aginma oraninin sirasiyla yaklasik olarak (0,14—0,19) ve (4,18—
13,38x10* mm?*/Nm) oldugu belirlenmistir. 200 °C iizerindeki test sicakliklarinda ise MoS; ilaveli
PTFE kompozitin siirtiinme katsayisinin katkisiz PTFE'ye gore daha diisiik oldugu gozlenirken,
agirlikca %2 ve %5 oranlarinda MoS; ilaveli PTFE kompozitlerin asinma orani daha diisiik elde
edilmistir.

Literatiir taramas1 degerlendirildiginde, farkli oranlarda karbon, grafit, cam elyaf, karbon elyaf,
MoS, gibi katkilarin PTFE polimerinin siirtlinme ve asinma davranigini etkiledigi goriilmektedir. Bu
deneysel ¢alismada ise katkisiz PTFE polimeri ile agirlikga %25 bronz katkili PTFE polimer kompozit
malzemelerin tribolojik davranislari incelenmistir. Tribolojik testler pim-disk asinma test cihazinda
kurukayma sartlar1 altinda ve yaklasik oda sicakliginda gergeklestirilmistir. Rulmanl yataklarda, burg
kullaniminda milin donme hizi kullanilan polimer yatagin asinma ve siirtiinme davraniglarini
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etkilemekte ve malzemenin ¢alisma 6mriinii belirlemektedir. Bu amagla tribolojik test sartlar1 olarak
1.0m/s kayma hizi ile 30N, 60N, 100N ve 150N yiikler secilmigtir. Karsi disk malzeme olarak AISI 304
paslanmaz ¢elik malzeme kullanilmstir.

2. Materyal ve Metod

Asinma deneylerinde kullanilan saf PTFE polimer ve %25 bronz takviyeli poli-tetra-flor-etilen
polimer kompoziti Istanbul’dan bir firmadan 20 mm ¢apinda ve 1000 mm uzunlugunda gubuk formunda
temin edilmistir. Triboloji testleri kuru ortam sicakliginda donen disk iizerinde pim (pim-disk) bulunan
bir aginma test cihazinda (Sekil 1) yapilmistir. Asinma deneyleri i¢in hazirlanan test gubuklari, 6 mm
¢ap ve 50 mm uzunlugunda olacak sekilde revolver torna tezgahinda tornalanmistir. Karsi disk
malzemesi olarak AISI 304 paslanmaz ¢elik kullanilirken diskler 8 mm kalinliginda ve 100 mm ¢apinda
olacak sekilde once tornalanmis, taglanmis ve yiizeyleri parlatilmistir. Disk malzemesinin ylizey
plirtizliligi ise yaklasik 0,26-0,50 Ra araliginda 6l¢tilmiistiir.

Sekil 1. Pim-disk asinma test cihazi

Asmma deneyleri disk iizerinde pim olacak sekilde dizayn edilmis asinma test cihazinda
gergeklestirilmistir. Deneyler ASTM G99 standardina uygun olarak yapilmigtir. Siirtiinme katsayisi
asagidaki formiil 1 de verilen formiille hesaplanmigtir. Formiilde p siirtiinme katsayisini, F siirtlinme
kuvvetini, Fy ise Normal kuvveti ifade eder.

p=t (1)

Fn

Fs kuvveti siirtlinme kuvveti olup bir yiik hiicresi (load-cell) kullanilarak 6l¢iilmiistiir. Dakikada
yaklagik 1000 veri alinmis ve bilgisayarda bir excell programina kaydedilmistir. Fs kuvveti normal
kuvvete (FN) boliinerek elde edilen siirtiinme katsayisi- zaman grafigi excell programinda asagidaki
Sekil 2°de verildigi gibi elde edilmektedir.
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Sekil 2. Asinma deneyinde excell formatinda elde edilen siirtiinme katsayisi-zaman grafigi

Numunelerin spesifik aginma orani ise asagida formiil 2’ de verilen formiille hesaplanmustir.

WR = 2 (1)

- SxpxF

Formiilde, WR; spesifik asinma oranini, Am; test oncesi ve sonrasi hassas terazide Ol¢iilen
numunenin malzeme kaybi, S ise kayma yolunu, p numunenin yogunlugunu, F ise normal yiikii ifade
etmektedir. Herbir asinma deneyi 6ncesinde numunelerin pim agirligi (m;) ve asinma deneyi sonrasi
pim agirligi (mz) 0,0001 g hassasiyetli hassas terazi kullanilarak 6l¢iilmiis ve agirlik kayb1 Am yani (m;-
my) tespit edilmistir. Formiil kullanilarak spesifik asinma orani hesaplanmustir.

3. Deneysel Sonuglar ve Tartisma
Sekil 3’te saf PTFE polimerine ait taramali elektron mikroskobunda alinan kirik yiizey goriintiisii

ile EDS analizi sonuglar1 verilmistir. Sekilde PTFE polimerinin tipik asinma yiizey goriintiisii
goriilmektedir.

Elt | Line | Intensity | Error Conc Units
(cls) 2-sig
C | Ka 28.88 3.398 | 12.946 | Wt.%
o Ka 8.66 1.861 2.634 Wt.%
F Ka 395.98 12.584 | 84.420 Wt.%
100.000 | Wt.% | Total
.
f T T T r v T T T
5. 10,
T T P T T S T S S SO T D B
Al Window 0.005 - 40.955= 6788 at
» BEA 18mm

Sekil 3. Saf PTFE polimerinin kirik ylizey SEM mikroyap1 goriintiisii ve EDS analizi
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EDS analiz sonucu incelendiginde yapida mevcut olan karbon (C) ve oksijen (O) atomlarinin
yaninda agirlikga %84,2 oraninda Flor (F) elemeti bulunmaktadir. Flor elementi PTFE polimerinin
yapisinda bulunan elementtir. Yani flor elementi malzemenin PTFE polimeri oldugunun kanitidir. Sekil
4’te ise %25 bronz katkili PTFE polimer kompozitinin aginma yiizeyi SEM goriintiisii verilirken ayni
zamanda yiizeyden farkli noktalardan alinan EDS analiz sonuglar1 verilmistir. EDS analizine gore
PTFE/25Bronz kompozitinde C, O ve F atomlar1 yaninda bronzun kimyasal yapisint olusturan bakir
(Cu) ve kalay (Sn) elementlerinin de bulundugu belirlenmistir.

Brage3-1
-

Elt | Line | Intensity | Error | Conc Units
(c/s) 2-sig
C | Ka 4.75 1.379 | 1.967 Wt.%
O | Ka 72.01 5.366 | 14.596 | Wt.%
F Ka 45.31 4.257 | 7.401 Wt.%
Cu | Ka 116.64 6.830 | 69.760 | Wt.%
Zn | Ka 0.28 0.334 | 0.226 Wt.%
Sn | La 20.35 2.853 | 6.049 Wt.%
100.000 | Wt.% | Total

Cursor=’ '8, "
=495

P T .
Window 0.005 - 40.955= 8537 e

~

L8

Brage3-3
Elt | Line | Intensity | Error | Conc Units i Elt | Line | Intensity | Error | Conc Units
(c/s) 2-sig (c/s) 2-sig
C Ka 18.45 2.717 | 6.662 Wt.% C Ka 59.83 4.891 21.144 Wt.%
O | Ka 20.05 2.832 | 3.894 Wt.% O | Ka 9.83 1.983 2.979 Wt.%
F Ka 8595 5.863 | 10479 Wt.% F Ka 358.43 11.972 | 70.488 Wt.%
Cu | Ka 137.50 7416 | 70.977 Wt.% Cu | Ka 3.59 1.197 3.644 Wt.%
Zn | Ka 147 0.767 | 1.034 Wt.% Zn | Ka 0.75 0.548 1.048 Wt.%
Sn | La 26.94 3.282 | 6.954 Wt.% Sn | La 131 0.723 0.697 Wt.%
100.000 | Wt.% | Total 100.000 | Wt.% | Total
s L —
10.
s R P R T = B L T
at=324 Window 0,005 - $0.955= 7623 ot

Sekil 4. %25 bronz takviyeli PTFE polimer kompozitin SEM mikroyapisi ve EDS analizi

Saf PTFE polimeri ve %25 bronz takviyeli PTFE polimer kompozitin farkli yiikler altindaki
stirtiinme katsayist degisimi Sekil 5’te verilmistir. Sekilde gosterildigi gibi artan yiik ile siirtiinme
katsayis1 azalmistir. Uygulanan yiikiin 30 N’dan 150 N’a artirilmasi ile saf PTFE polimerinin siirtiinme
katsayist %15,7 oraninda azalarak 0,22 degerinden 0,19 degerine ulagsmigtir. Benzer bir etki
PTFE/25Bronz kompozit numunesinde elde edilmis olup siirtiinme katsayis1 %7,83 oraninda azalarak
150 N’da 0,166 olarak elde edilmistir. Saf PTFE polimerine ilave edilen bronz katkisi ise siirtiinme
katsayisin1 dnemli oranda azaltmasina sebep olmustur. Bu azalma, 30 N yiik altinda %22.9, 60 N yiik
altinda %21.3, 100 N yiik altinda %]17.1 ve 150 N yiik altinda %14.4 oraninda gerceklesmistir.
Uygulanan yiik araliklarinda en diislik siirtinme katsayis1 150 N yiik altinda PTFE/25Bronz
kompozitinde elde edilmistir. En yiiksek siirtlinme katsayis1 ise 30 N yiik altinda katkisiz PTFE
polimerinde elde edilmistir. Vaibhav ve arkadaslar1 [17] uygulanan yiik ve kayma hiz1 araliklarinda
PTFE kompozitlerin siirtiinme katsayilarinin katkisiz PTFE polimerinden daha diisiik oldugunu
belirtmislerdir. Uygulanan basincin artmasi ile tiim numunelerde spesifik asinma oraninin arttigi
belirtilmistir. Katkisiz PTFE polimerinin diigitk mekanik &6zelliklere sahip oldugu, yiiksek aginma ile
karakterize edildigi katki ve dolgu maddeleri ilavesi ile tiretilen kompozitlerin aginma orani ve siirtiinme
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katsayisinda 6nemli bir azalma meydana geldigi belirtilmistir. Amante ve arkadaglarinin yaptiklari bir
caligmada [18] genel olarak, hem bronz hem de poli-eter-eter-keton (PEEK) dolgulu kompozitlerin
kararli durum siirtinme katsayilariin, cam elyaf ve karbon elyaf katkili kompozitlere gore kars1 yiizeyin
topografyasina daha az bagimli oldugu belirtilmistir.

03
O PTFE B PTFES28branz
_ 0220
= 0.210 0,198
= 0,190
3 02— *
Z 0,169 0185
2
m
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Q
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£
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2
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Sekil 5. Saf PTFE polimeri ve %25 bronz takviyeli PTFE polimer kompozitin farkli yiikler
altindaki siirtiinme katsayis1 degigimi

Sekil 6’da saf PTFE polimeri ile PTFE/25bronz kompozitin 30N ve 100N yiikler altinda ve 1,0 m/s
kayma hizindaki kayma yolu-siirtiinme katsayisi iligkisi verilmistir. Sekilde goriildiigii gibi bronz katkili
PTFE kompozitin siirtiinme katsayilar1 saf PTFE polimerinin siirtiinme katsayilarina gore daha diisiik
oldugu gozlenmistir. Hem saf PTFE polimer hem de bronz katkili PTFE kompoziti ¢ok kisa siirede stabil
hale gelmistir. PTFE polimeri yumusak oldugu igin test basladiginda ¢ok hizli asinarak PTFE
partikiilleri gelik disk yiizeyindeki piiriizliiliikleri hizlica doldurarak ince bir film tabakasi olusmasina
sebep olmaktadir. Bu durumun PTFE ve PTFE kompozitin siirtlinme katsayilarinin daha diisiik
¢ikmasina sebep oldugu diisiiniilmektedir.

0.3
0.25 1

,,,,, 30N
0.2

strtinme Katsayisi (1)

01 A1

0.05 A1

——--=-PTFE

PTFE/25bronz

Kayma yolu (m)

Sekil 6. Saf PTFE polimeri ile %25 bronz takviyeli PTFE polimer kompozitin kayma yolu-
stirtlinme katsayisi iligkisi
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Sekil 7-a’da 1,0 m/s kayma hizinda, saf PTFE polimerinin temas noktasindan alinan pim ve disk
yiizey sicaklik degerleri verilmistir. Beklenildigi gibi hem pim hem de disk yiizey sicakliklar artan yiik
ile birlikte dogrusal olarak artmustir. Disk yiizey sicaklig1 30 N yiik altinda 36 °C civarinda iken 60, 100
ve 150 N yiik altinda sirasi ile 44, 56 ve 60 °C olarak 6l¢iilmiistiir. Benzer sekilde pim yiizey sicakliklar
da yiike bagl olarak 35 °C’den 58 °C’ye kadar artmistir. Uygulanan yiike bagli olarak saf PTFE
polimerinin pim ve disk yiizey sicakliklari ortalama %65 civarinda artmigtir. Sekil 7-b’de ise
PTFE/25bronz kompozitin temas noktasindan elde edilen pim ve disk yiizey sicakliklart verilmistir.
Sekil 5b’de PTFE/25bronz kompozitin pim ve disk yiizey sicakliklari artan yiik ile birlikte arttig1 ve
yiizey sicaklik degerlerinin 30 °C ile 58 °C arasinda degistigi gbzlenmistir. Uygulanan yiikiin 30 N’dan
150 N’a artirilmasi ile pim sicakligi %65,7 oraninda disk sicakligi ise %90 oraninda artmistir. 100 N
yiik altinda, saf PTFE polimerine ilave edilen %25 oranindaki bronz katkis1 temas noktasindaki pim ve
disk yiizey sicakliklarinin ortalama %22 oraninda azalmasina sebep olmustur.

70 70

O Disk sicakhd O Disk sicakid)
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Sekil 7. a) Saf PTFE polimerinin ve b) PTFE/25bronz kompozitin farkli yiikler altindaki pim ve
disk yiizey sicakligi degisimi (Kayma hizi:1.0m/s)

Sekil 8’de saf PTFE polimeri ile %25 bronz takviyeli PTFE polimer kompozitinin kayma mesafesi
x yike bagl olarak asinma hacmi sonuglariin degisimi verilmistir. Sekilde goriildiigii gibi kayma
mesafesi x yiik degisimine bagl olarak asinma hacmi dogrusal olarak artmigtir. Saf PTFE polimerinde
baslangicta asinma hacmi hizla artig gosterirken daha sonra lineer olarak artis gostermistir. Saf PTFE
polimeri i¢in egrinin korelasyon katsayis1 (R?) 0,9601 olarak belirlenirken PTFE/25bronz kompozitinin
egrisi i¢in ise 0.9592 olarak elde edilmistir. PTFE'ye ilave edilen bronz gibi dolgu maddelerinin, matris
malzeme yiizey alti catlaklarmin yayilmasini azaltti§i ve normal yiikiin bir kisminin kati dolgu
maddesine aktarildig1 bilinmektedir [19]. Tribolojik 6zellikleri uygulanan yiik ve kayma hizinin yaninda
etkileyen diger 6nemli bir parametre ise celik disk ylizeyin yiizey piirlizliligiidiir [20-21]. Yiizey
puriizliliiginii karakterize etmek i¢in en ¢ok tercih edilen parametre ortalama yilizey piirizliligi
degerini ifade eden Ra’dir. Menezes ve arkadaglar1 [22] siirtiinme katsayisinin yiizey piiriizliligi ile
onemli oranda degismedigini belirtmislerdir. Ancak Zeynep ve arkadaslarinin [21] yaptiklar1 ¢alismada
kars1 ylizey piiriizliiliigiiniin normal yiik ve kayma hizi kosullarinda siirtiinme katsayisini etkiledigini ve
ylizey piiriizliligi diisiik olan disklerin siirtiinme katsayisinin daha yiiksek oldugunu belirtmislerdir. Bu
durumun ise diisiik yiizey pliriizliliigii durumunda gergek temas alaninin artmasiyla iligkili olabilecegini
belirtmislerdir. Lloyd ve Noel [23], ¢ok yiiksek molekiiler agirlikli polietilenin (CYMAPE) paslanmaz
celige (Ra:0,1-1,0 pm) karsi ¢alistigi durumda, disk yiizey piiriizliliigiiniin artmasiyla birlikte siirtiinme
ve asmmanin arttigint bildirmislerdir. Golchin ve arkadaglar1 [24] ise Ra:0,08-0,55 pum ylizey
puriizliiliigiine sahip Inconel 625'e karsi kayan polifenilen siilfit (PPS) kompozitlerin performansi
tizerinde kars1 ylizey topografyasinin etkisini aragtirmislar ve yiiksek piiriizlii yiizeyler i¢in daha diisiik
bir siirtinme katsayist gozlemlemislerdir. Quaglini ve arkadaglart [25] tribolojik &zelliklerin
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malzemenin Ozelliklerine bagli oldugunu ve daha diisiik elastiklik modiiliine sahip daha yumusak
polimerlerin ¢ok piiriizsiiz yiizeylerde (Ra: 0,05-0,10 um) daha iyi kayma performansi sergiledigini,
yiiksek elastik modiile sahip polimerlerin yiiksek piiriizlii (Ra:0,10-0,30 um) kars1 yiizeylerde daha
disiik siirtinme gosterdigini belirtmislerdir. Kars1 disk ylizey piiriizliiliigiiniin polimerlerin asinma
davranisini ise farkli mekanizmalar ile etkileyebilecegini belirtmislerdir. Zsidai ve arkadaslar1 [26] daha
pliriizlii yiizeylerle karsilagtirildiginda piiriizsiiz yiizeylerde daha diisiik asinma gdzlemlemislerdir.
Giltrow ve Lancaster [27] transfer film tabakasinin ylizey vadilerini doldurarak karsi yiizeyin yiizey
puriizliliigiinii azalttigini 6ne slirmiislerdir. Bu durumun, polimer kompozitteki katkilarin/fiberler
tizerindeki lokal gerilimlerin biiylikliiglinii azalttiginmi ve yorulma davraniginin iyileserek asinma
oranlarinin azalmasina katki sagladigini belirtmislerdir. Ayn1 zamanda, transfer film tabakasinin en
yiiksek yiizey piirtizliiliik seviyelerini doldurabilecegi kritik bir yiizey piiriizliiliigiiniin mevcut oldugu
ve piiriizlii yiizeylerin film tabakasi ile dolmasi durumunda dahi temas yiizeylerinde bir asindiricinin
olabilecegi ve asinma mekanizmasimn etkileyebilecegi belirtilmistir [27-28].
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Sekil 8. Saf PTFE polimeri ve %25 bronz takviyeli PTFE polimer kompozitin farkli yiikler
altindaki aginma hacmi degisimi

Sekil 9’da ise saf PTFE polimeri ile %25 bronz takviyeli PTFE polimer kompozitin farkli yiikler
altindaki asinma oran1 degisimi verilmistir. Saf PTFE polimerinin spesifik asinma oran1 10*-10~ m*/Nm
elde edilirken PTFE/25bronz kompozitin spesifik asinma oran1 10°® m*/Nm elde edilmistir. Saf PTFE
polimerinin yiike bagl olarak spesifik aginma orani 6nemli oranlarda artmistir. Bu artis yiikiin 30 N’dan
150 N’a ¢ikarilmasi ile %130.7 oraninda gerceklesmistir. PTFE/25Bronz kompozitinde ise yiikiin
artmasi ile birlikte spesifik asinma orani %20 oraninda artmistir. Saf PTFE polimerine ilave edilen %25
oranindaki bronz katki kompozitin spesifik asinma oranini 30 ve 60 N yiikler altinda ortalama 50 kat,
100 ve 150 N yiikler altinda ise ortalama 95 kat azaltmistir. En yiiksek spesifik aginma oran1 150 N yiik
altinda saf PTFE polimerinde elde edilirken en diisiik spesifik aginma orani ise 30 N yiik altinda
PTFE/25bronz kompozitinde elde edilmistir. Bronz katki maddesinin PTFE polimerine ilave edilmesi,
PTFE polimer kompozitin asinma direncini artirmistir. Binun sebebinin PTFE matris biinyesinde
gomiili olan ve kompozite ilave dayanim kazandiran bronz katkimmin varligi nedeniyle oldugu
disiiniilmektedir. Calisilan ortam sartlar1 altinda, bronz katkili PTFE kompozitlerin karbon ve grafit
katkili PTFE kompozitlere gore aginma oraninin daha diisiik oldugu yani en iyi asinma direncine sahip
oldugu belirtilmistir. Kayma sirasinda uygulanan yiikiin ilk olarak bronz katki tarafindan tagindigi ve
sonra matris malzeme olan PTFE polimerinin disk iizerinde ince bir yaglayici film olusturarak aginma
direncinin arttig1 belirtilmistir [5]. Federica ve arkadaglar1 [29] polimer malzemelerin aginma oraninin
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secilen dolgu malzemesinin sertliginden ziyade dolgu malzemesinin kars1 yiizey ile kimyasal afinitesine
ve dolgu malzemesinin tribolojik temas esnasinda kararl bir tribo-film olusturma yetenegine giiglii bir
sekilde bagl oldugunu belirtmislerdir.

1,E01

o FTFE B FTFE/Zabranz

—
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=
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Sekil 9. Saf PTFE polimeri ve %25 bronz takviyeli PTFE polimer kompozitin farkli yiikler
altindaki aginma orani degisimi

Sekil 10°da 150N yiik altinda ve 1,0 m/s kayma hizinda saf PTFE polimeri ile %25 bronz takviyeli
PTFE polimer kompozitin asinmis yiizeylerinden alinan taramali elektron mikroskobu (SEM) mikroyap1
goriintiileri verilmistir.

X598 SBrm

Saf PTFE PTFE/25bronz kompozit

Sekil 10. Saf PTFE polimeri ve %25 bronz takviyeli PTFE polimer kompozitin 150 N yiik ve 1,0 m/s
kayma hizindaki aginma yiizey taramali elektron mikroskobu mikroyapi goriintiisii

Sekil 11°de ise ayni yiik ve kayma hizdaki AISI 304 paslanmaz ¢elik disk aginma yiizeyi optik
mikroskop goriintiileri verilmistir. SEM ve optik mikroskop pim resimlerinde goriildiigii gibi saf PTFE
polimerinde kayma yo6niinde ince ve ¢ok sayida oyuk ad1 verilen aginma izlerinin olustugu gézlenmistir.
PTFE/25Bronz kompozit numunesine ait pim resimleri degerlendirildiginde ise asinma izlerinin bronz
katki lizerinde olustugu gozlenmistir. Bu durum bronz katkinin uygulanan yiikii tasidigi ve yiikiin bronz
katki iizerinden ana matrise aktarildiginin gostergesidir. Saf PTFE polimeri ve PTFE/25bronz
kompozitine ait makro-disk ve mikro-disk resimleri incelendiginde disk yiizeylerinde ince bir transfer
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film tabakasinin olustugu gozlenmistir. Olusan bu transfer film tabakasi saf PTFE polimerinde belirli
bolgelerde sekillenirken PTFE/25bronz kompozitinde tiim yiizeyde olustugu gozlenmistir. Saf PTFE
polimerinde asinma partikiilleri adi verilen ve disk yiizeyine yapigsmayan partikiillerin de olustugu
gozlenmistir. PTFE esasli polimer kompozitlerde polimer kompozitin siirtiinme ytlizeyindeki ve ¢elik
kars1 disk yiizeyindeki transfer film tabakasinin aginmanin ve siirtiinme katsayisinin azaltilmasinda
onemli Olgiide rol oynadigi yapilan calismalarda da belirtilmistir [S, 9]. Genel olarak
degerlendirildiginde, transfer film tabakasinin varligt ve asmmis ylizeyin piiriizsiizligi, asmma
mekanizmasinin deformasyon ve yapisma mekanizmalarini icerdigini dogrulamaktadir.

Pim Disk

Saf PTFE (150N, 1m/s)

7w

PTFE/25bronz (150N, 1m/s) PTFE/25bronz/gelik disk, (150N, 1m/s)

Sekil 11. Saf PTFE polimeri ve %25 bronz takviyeli PTFE polimer kompozitin 150 N yiik ve 1,0 m/s
kayma hizindaki aginma yiizey optik mikroskop mikroyapi goriintiisii

4. Sonuclar
Yapilan asinma ve siirtiinme deney ¢alismalarindan asagidaki sonuglar ¢ikarilabilir.

1. PTFE ana matrisine %25 oraninda ilave edilen bronz katkis1i PTFE/25bronz kompozitinin siirtiinme
katsayisi ve aginma oranda 6nemli derecede azalmaya sebep olmustur.

2. Siirtlinme katsayisi uygulanan yiike bagl olarak degismektedir. Ancak saf PTFE ile kiyaslandiginda

3. PTFE/25bronz kompozitinin ortalama siirtlinme katsayis1 yaklasik %18.9 oraninda daha diistik tespit
edilmistir.

4. Uygulanan yiikiin 30N’dan 150N’a artirilmasi ile spesifik aginma orani artmistir. Bu artig orani saf
PTFE polimerinde yaklagik %130.7 oraninda olurken PTFE/25bronz kompozitinde ise aginma orani
yaklagik %20 oraninda olmustur.

5. Saf PTFE polimerine %25 oraninda bronz partikiilleri ilavesi sonucunda kompozitin aginma direnci
saf PTFE ye gore yaklagik 75 kat artmustir.
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6. PTFE ve PTFE/25bronz kompozitin pim yiizey sicakliklart maksimum 57-58 °C olarak tespit edilmis
olup saf PTFE polimerinin camsi gegis sicakliginin (~130 °C) altinda oldugu tespit edilmistir.

7. Saf PTFE polimerinde abrazif asinma mekanizmasi gozlenirken PTFE/25bronz kompozitinde
adhezif asinma mekanizmasi gézlenmistir.

Cikar Catismasi Beyani

Makale yazarlari herhangi bir kurum, kurulus, kisi ile kisisel ve finansal ¢ikar catigmasi
olmadigini beyan etmektedirler.
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OZET

Maymun ¢igegi, agirlikli olarak Orta ve Bati Afrika'da bulunan ve maymun ¢igegi viriisii enfeksiyonundan
kaynaklanan viral bir hastaliktir. Bulagma, enfeksiyon kapmus kisilerle yakin temas yoluyla meydana gelmektedir.
Grip benzeri semptomlar ve deri dokiintiileri seklinde kendini gostermektedir. Cogunlukla su ¢igegi veya kizamiga
benzer ve dolayisiyla yanlis teshis riskini arttirmaktadir. Etkili tibbi miidahale i¢in zamaninda ve kesin tan1 ¢ok
onemlidir. Son zamanlarda, derin &grenmeye dayali transfer 6grenme yontemleri, maymun ¢icegini benzer
hastaliklardan dogru bir sekilde ayirt etmek i¢in umut verici bir arag olarak ortaya ¢ikmistir. Bu ¢aligma, tibbi
goriintiilerden ilgili 6zellikleri ¢ikararak saglam teshis modelleri olusturmak icin VGG16, ResNet modelleri,
Xception, Inception modelleri, DenseNet121 ve DenseNet201 dahil olmak iizere dnceden egitilmis evrigimsel sinir
aglarindan yararlanmaktadir. Bu modelleri degerlendirmek i¢in Kaggle'daki iki siniftan (MaymunCicegi ve
digerleri) olusan "Maymun Cigegi Cilt Lezyonu Veri Seti" kullanilmistir. Deneysel bulgular, DenseNet201
modelinin  %95.56'ya ulasarak en yiiksek siniflandirma dogruluguna ulastigini ve mevcut literatiirle
kargilastirildiginda etkinligini 6ne ¢ikardigini ortaya koymaktadir.

Anahtar Kelimeler: Derin 6grenme, Maymun ¢i¢egi hastaligi, Transfer grenimi, Stniflandirma

MONKEYPOX DISEASE DETECTION FROM SKIN LESION IMAGES
USING TRANSFER LEARNING

ABSTRACT

Monkeypox is a viral disease predominantly found in Central and West Africa, resulting from infection with the
monkeypox virus. Its transmission occurs through close contact with infected individuals, manifesting as flu-like
symptoms and skin rashes, often resembling chickenpox or measles, thus increasing the risk of misdiagnosis.
Timely and precise diagnosis is crucial for effective medical intervention. Recently, deep learning-based transfer
learning methods have emerged as a promising means to accurately differentiate monkeypox from similar diseases.
This study leverages pre-trained convolutional neural networks, including VGG16, ResNet models, Xception,
Inception models, DenseNet121, and DenseNet201, to create robust diagnostic models by extracting pertinent
features from medical images. The "Monkeypox Skin Lesion Dataset" on Kaggle, comprising two classes
(Monkeypox and others), was employed to assess these models. Experimental findings revealed that the
DenseNet201 model achieved the highest classification accuracy, reaching 95.56%, highlighting its effectiveness
when compared to existing literature.
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1. Giris

Maymun ¢icegi viriisiiniin neden oldugu ¢icek hastaligi benzeri bir hastalik olan maymun ¢igegi
hastaligi, oncelikle Orta ve Bati Afrika'nin yagmur ormanlarinda ortaya ¢ikmistir [1]. Ancak Mayis
2022'deki son salgindan bu yana birgok iilkeye yayilmus ve kiiresel bir salgin olma tehdidi olusturmustur.
Virtiis, viicut sivilar1 ve solunum damlaciklari ile temas yoluyla bulagsmaktadir. Enfekte kisiler genel
olarak birka¢ hafta boyunca ates, sismis lenf diiglimleri ve viicudun bircok bdlgesinde, tipik olarak
yilizde, kollarda, bacaklarda, gévdede ve bazen avug i¢i ve ayak tabanlarinda ¢ok sayida lezyon
dokiintiisii gibi tipik semptomlar gostermektedir [2]. Ayrica bas agrisi, yorgunluk, kas agrisi, istahsizlik
ve zihinsel uyaniklikta degisiklikler gibi norolojik belirtilere de neden olabilmektedir [3]. Hastalik,
etkilenen bireylerin cogunda kendi kendini sinirlamakta ve sadece semptomatik tedavi gerektirmektedir.
Bununla birlikte, mevcut tibbi rahatsizliklar1 olan ve bagisiklik sistemi zayif olan hastalarda vakalarin
%3-5'inde 6liimle sonuglanan ciddi tibbi komplikasyonlar ortaya ¢gikabilmektedir [4]. Su anda maymun
cicegi viriisiiniin tedavisinde kullanilacak spesifik bir ilag bulunmamaktadir. Bunun yerine, antiviraller
ve vaccinia immiin globin dahil olmak iizere yetiskinlerde ¢icek hastaliginin tedavisi i¢in gelistirilen
tedaviler, siddetli maymun ¢icegi enfeksiyonunun tedavisi i¢in kullanilmaktadir [5].

Maymun ¢igegi hastaligmin teshisi icin testler, ABD Gida ve ilag Dairesi ydnergelerine uygun
olarak lezyon &rnekleri iizerinde gerceklestirilmektedir. Ornek almak igin lezyon iizerine bir ¢ubuk
stiriilmekte veya alternatif olarak lezyon kabugu da 6rnek olarak alinabilmektedir. Daha sonra bu 6rnek
bir miktar viral tagima ortami icine yerlestirilmekte ve polimeraz zincir reaksiyonu (Polymerase Chain
Reaction - PCR) test sistemleri kullanilarak maymun ¢igegi viriisiiniin incelenmesi i¢in laboratuvara
gonderilmektedir [6]. Ancak PCR testi ile elde edilen sonuglar, viriisiin kanda kisa bir siire kalmasi
nedeniyle yetersiz olabileceginden kesin degildir [7]. Ayrica dokiintiilerin mevcut asamasi, hastanin
yasl, ates ve lezyon dokiintiilerinin baslangig tarihleri gibi ek bilgiler de gerekebilmektedir. Bunun yani
sira, maymun ciceginin teshis testleri icin gereken altyapi kirsal alanlarda da engelleyici bir faktor
olabilmektedir [8][9]. Mevcut PCR test yontemi, teshis igin lezyon 6rneklerinin alinmasi, iletilmesi ve
test edilmesi sirasinda viriisiin bulagsma olasilig1 yiiksek oldugundan, maymun ¢igegi viriisiine kisisel
olarak maruz kalinmasini gerektirmektedir. Ayrica, PCR testleri 6nemli 6l¢iide zaman almakta ve yanlig
negatif sonuglara da egilim gostermektedir [10].

Maymun ¢igegi tespiti i¢in bilgisayar destekli otomatik sistemler, geleneksel PCR testi ile teshis
yontemlerine kiyasla gesitli faydalar saglayabilmektedir [11]. Bdyle bir sistemi gelistirmenin ana
motivasyonlarindan biri, teshisin dogrulugunu ve hizini arttirmaktir. Maymun ¢igegi ates, dokiintii ve
solunum sorunlari gibi bir dizi belirtiye neden olabilen viral bir hastaliktir. Bu semptomlar su ¢icegi ve
kizamik gibi diger viral hastaliklarla benzerlik gosterebilmekte ve bu da saglik ¢aliganlari igin teshisi
zorlagtirmaktadir [12]. Yapay zeka, makine &grenimi ve Ozellikle derin 6grenme algoritmalarini
kullanan otomatik bir sistem, maymun ¢igegine 6zgii belirli kaliplar1 ve belirtegleri tanimlamak igin
biiylik miktarda veriyi analiz edebilmekte ve boylece daha dogru bir teshis saglayabilmektedir. Ayrica,
otomatik bir sistem maymun ¢icegi teshisi i¢in gereken siireyi kisaltarak hastalarin daha hizli tedavi
edilmesine ve izole edilmesine olanak saglayabilmektedir. Bu, 6zellikle salgin durumlarinda 6nemlidir,
¢linkii hizl1 tespit ve miidahale hastaligin yayilmasini 6nlemeye yardimei olmaktadir [13].

Son yillarda, maymun ¢igegi hastaligini teshis etmek i¢in derin 6grenme ve 6zellikle evrisimsel
sinir aglarmi1 (ESA) kullanan calismalar yapilmaya baslanmustir. Sitaula vd. [14] maymun ¢icegi
viriislinii teshis etmek i¢in derin 6grenmeyi kullanmigtir. Egitim ve test islemleri i¢in dnceden egitilmis
on ii¢ farkli model kullanilmistir. Oncelikle bu on ii¢ farkli model igin smiflandirma sonuglar
hesaplanmigtir. Daha sonra bu modeller arasinda, en iyi performans gosteren Xception ve DenseNet169
modellerinden elde edilen olasiliksal ¢iktilar {izerinde ¢ogunluk oylamasi yaklagimi kullanilarak
topluluk 6grenimi modeli gelistirilmistir. Deneysel ¢aligmalar halka agik bir maymun ¢igegi veri seti
tizerinde gergeklestirilmis ve dnerilen topluluk 6grenimi modeli yardimiyla sirasiyla %85.44, %85.47,
%85.40 ve %87.13 ortalama kesinlik, duyarlilik, F1-skoru ve dogruluk degeri elde edilmistir. Ahsan vd.
[15] maymun ¢igegi, su ¢igegi, kizamik ve hastalik olmayan normal siniflara ait goriintiileri kullanarak,
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maymun ¢igegi hastaliginin teshisi i¢in derin 6grenme tabanli bir yontem onermistir. Daha sonra, iki
teknigi g6z Oniinde bulundurarak VGG16 modeli ile bir transfer 6grenme yaklasimini da
degerlendirmislerdir. 11k teknikte, gdriintiiler maymum cicegi ve sucigegi olarak iki hastalik sinifina
ayrilmistir. ikinci teknikte ise goriintiilere veri arttirimi uygulanmistir. Deneysel ¢aligmalarda, veri
arttirmm1  olmadan maymun ¢igegini siniflandirirken %97, veri arttirimi ile %78 dogruluk elde
etmislerdir. Ali vd. [16] ilk olarak maymun ¢icegi, su cicegi ve kizamiga ait deri lezyonu
goriintiilerinden olusan maymun ¢icegi deri lezyonu veri seti gelistirdiler. Bu veri setindeki goriintiiler
cogunlukla web sitelerinden, haber portallarindan ve halka acik vaka raporlarindan toplanmistir. Veri
setindeki drneklem boyutunu arttirmak igin veri arttirimi kullanilmis ve 3 katli bir ¢apraz dogrulama
deneyi olusturulmustur. Bir sonraki adimda, maymun ¢igegi ve diger hastaliklar1 siniflandirmak igin
VGG16, ResNet50 ve InceptionV3 gibi dnceden egitilmis derin 6grenme modelleri kullanilarak
topluluk 6grenimi modeli olusturulmustur. Toplanan maymun ¢igegi deri lezyon goriintiileri
kullanilarak gergeklestirilen deneysel ¢aligmalar sonucunda %79.26 siniflandirma dogruluk degeri elde
ettiler. Akin vd. [17] 12 farkli (ConvNeXt, ShuffleNetV2, ResNeXt50, MobileNetV3, MobileNetV2,
GoogleNet, EfficientNetV2, EfficientNetB7, DenseNet161, VGG16, ResNet50 ve ResNetl8) derin
ogrenme modeli kullanarak maymun ¢igegi deri lezyon smiflandirilmas: gerceklestirdiler. Kaggle
platformunda halka agik iki siniftan (maymun ¢igegi ve normal) olusan maymun ¢igegi deri goriintiileri
veri seti lizerinde gergeklestirilen deneysel ¢aligmalar sonucunda en iyi siniflandirma sonucunu %98.25
dogruluk degeri ile MobileNetV2 modeli ile buldular. Nayak vd. [9] deri lezyonu goriintiilerinden
maymun ¢igegi teshisi i¢in dnceden egitilmis bes derin sinir ag1 (ResNetl8, AlexNet, SqueezeNet,
Places365-GoogleNet ve GoogleNet) iizerinde ¢alismalar gerceklestirdi. Kaggle platformunda yer
alan ve halka a¢ik maymun ¢icegi deri goriintii veri seti lizerinde deneysel ¢calismalar gergeklestirilmistir.
Bu veri setinde maymun ¢igegi ve maymun ¢i¢egi olmayan hastalik olmak iizere iki sinif bulunmaktadir.
Orijinal veri seti lizerinde veri arttirimi uygulanarak deneysel ¢aligmalarda en iyi siniflandirma sonucu
%99.49 ile ResNet18 modelinde bulunmustur. Nayak vd. [10] maymun ¢igegi deri dokiintiilerine neden
olan diger benzer hastaliklardan (kizamik ve su ¢igegi) teshis etmek i¢in dort transfer 6grenme modeli
(SqueezeNet, ResNet10, ResNet18, ResNet50) kullandilar. Kaggle platformunda yer alan deri lezyon
goriintiileri kullanarak gerceklestirilen deneysel ¢aligmalarda maymun ¢igegi sinifi igin ResNet18 ile
%91.19 dogruluk ve %92.55 F1-skoru elde ettiler. Bala vd. [18] ¢ok sinifl1 deri goriintiilerinden maymun
cigegini siniflandirmak i¢in "MonkeyNet" adli modifiye edilmis DenseNet-201 tabanli bir derin ESA
modeli sundular. Deneysel ¢alismalarda kullanilmak tizere maymun ¢icegi, sucicegi, kizamik ve normal
goriintiiler olmak {izere dort farkli goriintii sinifindan olusan "Maymun Cicegi Deri Goriintiileri Veri
Seti” adli tamamen yeni bir goriintii veri seti geligtirdiler. Daha sonra bu veri setine veri arttirimi
uyguladilar. Bu veri seti lizerinde gergeklestirilen deneysel ¢aligmalar sonucunda onerilen yontem ile
%98.91 dogruluk degeri elde ettiler.

Maymun c¢icegi hastaliginin en belirgin 6zelligi ciltteki lezyonlaridir. Bu hastalik sonucu olusan
deri lezyonlarinin diger lezyon hastaliklarindan hizl bir sekilde ayirt edilmesi tedaviye erken baglanmasi
acisindan 6nemlidir. Bu baglamda ¢alismamizin amaci, kiiresel 6lgekte hizla yayilmaya baslayan
maymun ¢igeginin deri lezyonlar iizerindeki etkisini transfer 6grenme yontemleri ile hizli ve yiiksek
dogruluk orani ile ayirt ederek dogru bir sekilde siniflandirmaktir. Bu dogrultuda bu ¢alismada 9 farkli
(VGG16, ResNet50, ResNetl01, ResNetl52, Xception, InceptionV3, InceptionResNetV2,
DenseNet121 ve DenseNet201) transfer 0grenme yontemi kullanilarak maymun ¢icegi hastalik
goriintiileri siniflandirilmistir. Transfer 6grenme yontemlerinin siiflandirma performans sonuglarini
gormek i¢in iki sinif (maymun ¢igegi ve diger hasatliklar (kizamik, sugigegi ve normal)) igeren maymun
cicegi deri lezyonu veri seti kullanilmistir [16]. Veri setinin orijinal goriintiileri toplam 228 goriintii
icermektedir. Bunlardan 102'si maymun ¢igegi sinifina aittir ve kalan 126's1 diger siniflar1, yani maymun
cicegi olmayan (su ¢igegi ve kizamik) hastaliklarini temsil etmektedir. Ancak ¢alisma kapsaminda veri
arttirnmi uygulanarak goriintii sayilar arttirllmistir. Bu veri seti kullanilarak iki farkli deneysel calisma
yapilmistir. Ilk deneysel ¢aligsmalarda 9 farkli derin 6grenme ydntemi sifirdan egitilmis ve sonuglar elde
edilmistir. ikinci deneysel ¢alismalarda ise transfer 6grenimi kullanilmistir. Sifirdan egitim sonucunda
VGG16, ResNet50, ResNet101, ResNet152, Xception, InceptionV3, InceptionResNetV2, DenseNet121
ve DenseNet201 yontemleri i¢in elde edilen dogruluk degerleri sirastyla su sekildedir: %68.89, %71.11,
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%68.89, %68.89, %62.22, %66.67, %71.11, %68.89 ve %64.44. Transfer 6grenme kullanilarak
gergeklestirilen deneysel ¢aligmalar sonucunda elde edilen dogruluk degerleri ise sirasiyla su sekildedir:
%77.78, %84.44, %80, %77.78, %91.11, %88.89, %88.89, %84.44 ve %95.56. Deneysel sonuglar
incelendiginde transfer dgreniminin daha basarili sonuglar verdigi goériilmektedir. Transfer 6grenimi
yontemleri arasinda ise en iyi dogruluk degeri %95.56 ile DenseNet201 yontemi ile elde edilmistir.

Bu ¢alismanin diger boliimlerinin organizasyonu su sekildedir: Boliim 2°de, ¢alismada kullanilan
maymun ¢i¢egi veri seti ve Onerilen transfer d6grenimi yoOntemleri yer almaktadir. Bolim 3’te
gergeklestirilen deneysel ¢alismalar kapsamli bir sekilde ele alinmistir. Boliim 4°te ise ¢alismanin genel
bir degerlendirilmesinin yer aldig1 sonuglar boliimiine yer verilmistir.

2. Materyal ve Metod

Bu béliimde ¢aligmada kullanilan veri seti, veri arttirimi ve transfer 6grenme yaklagimlart detaylt
agiklanmustir.

2.1. Maymun Cicegi Deri Lezyon Gériintiileri Veri Seti

Transfer 6grenme modellerini egitmek i¢in kullanilan veri seti, maymun ¢icegi deri lezyon veri
seti (Monkeypox Skin Lesion Dataset) olarak adlandirilmistir [16]. Maymun ¢icegi ve Maymun ¢igegi
olmayan goriintiiler i¢in ikili bir smiflandirma veri setidir ve Kaggle'da (veri bilimcileri ve makine
Ogrenimi uygulayicilarindan olugan ¢evrimigi bir topluluk) mevcuttur [19]. Veri seti, haber portallari,
web siteleri ve kamuya agik vaka raporlari gibi farkli web tarama araglarindan goriintiilerin toplanmast
ve islenmesiyle olusturulmustur. Maymun ¢icegi deri lezyon veri setinin olusturulmasi &ncelikle
maymun ¢i¢egi vakalarin1i maymun ¢igegi olmayan benzer vakalardan ayirt etmeye odaklanmistir. Bu
nedenle, 'Maymun Cigegi' sinifinin yani sira, ikili siniflandirma yapmak icin 'Digerleri' adli bagka bir
sinifa, baslangi¢ durumundaki maymun ¢icegi dokiintiisiine benzerliklerinden dolayr 'Sugicegi' ve
'Kizamik' cilt lezyonu goriintiileri dahil edilmistir. Orijinal goriintiilerde, toplam 228 goriintii
bulunmaktadir; bunlardan 102'si 'Maymun Cigegi' sinifina aittir ve geri kalan 126's1 'Digerleri' sinifini,
yani maymun ¢i¢egi olmayan (su ¢icegi ve kizamik) vakalari temsil etmektedir. Goriintiiler 224x224x3
boyutundadir. Her iki sinifa ait baz1 goriintiiler Sekil 1°de yer almaktadir.

Maymun Cicegi Digerleri

Sekil 1. Veri setindeki 6rnek deri goriintiileri [9]
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2.2. Veri Arttirim

Veri arttirma, orijinal verilere rastgele doniistimler uygulayarak bir veri setindeki goriintii sayisini
arttirmak i¢in kullanilan bir islemdir. Elde edilen orijinal veri seti, veri setindeki goriintiileri toplayanlar
tarafindan arttirllmistir. Veri arttirimi yapilmasinin amaci, agin siniflandirma performansini arttirmaktir.
Dondiirme, 6teleme, yansima, kesme, renk tonu, doygunluk, kontrast ve parlaklik titresimi, giiriiltii ve
Olgekleme gibi veri arttirma yontemleri kullanilmigtir. Kaggle platformunda yer alan veri seti farkli
klasorlerden olugmaktadir. Calisma kapsaminda Foldl klasoriindeki egitim-test ve dogrulama
goriintiileri kullanilmistir. Fold 1 klasoriinde, orijinal gorlintiilerin yer aldig1 veri setine {i¢ kat ¢apraz
dogrulama uygulanmistir. Bu klasorde, yaygin olarak algilanan veri hazirlama uygulamasina gore, test
veri seti yalnizca orijinal goriintiileri igerirken yalnizca egitim ve dogrulama goriintiileri arttirtlmistir.
Veri arttirimindan sonra Fold1 klasériinde, egitim i¢in 2142, dogrulama i¢in 420 ve test i¢in 45 gdriintii
yer almaktadir. Veri arttirnmindan sonra elde edilen egitim, test ve dogrulama goriintiilerinin ayrintili
dagilimi Cizelge 1°de verilmistir. Calismada gergeklestirilen deneysel calismalarda egitim, test ve
dogrulama oranlar1 Cizelge 1’deki gibi alinmustir.

Cizelge 1. Maymun ¢igegi deri lezyon goriintiilerinin veri arttirimi sonucunda dagilimi

Egitim (Train) Dogrulama (Validation)  Test
Maymun Cicegi 980 168 20
Digerleri 1162 252 25
Toplam 2142 420 45

2.3. Transfer Ogrenimi

Transfer 6grenimi, bir gorev lizerinde egitilen bir modelin farkli ancak ilgili bir gérevi yerine
getirmek iizere uyarlandigi veya ince ayarinin yapildigi bir makine 6grenimi teknigidir. Yeni gorevde
sifirdan bir model egitmek yerine, transfer 6grenimi orijinal goérevden 6grenilen bilgi ve 6zelliklerden
yararlanmaktadir. Bu, egitim siirecini 6nemli 6l¢iide hizlandirabilmekte ve 6zellikle yeni gorev igin
sinirl veriye sahip oldugunuzda genellikle daha iyi performansla sonuglanabilmektedir. Transfer
dgrenme siireci genel olarak su adimlar1 icermektedir. (1) On egitim: Bir model baslangigta bir kaynak
gorev ig¢in biiyiik bir veri seti lizerinde egitilmektedir. Bu gorev, goriintii siniflandirma gibi genel bir
gorev olabilmektedir. (2) Ozellik ¢ikarma: Onceden egitilmis model bir 6zellik cikarici olarak
kullanilmaktadir. Son smiflandirma katmanindan 6nceki katmanlar dondurulmakta ve model, hedef
gorevle ilgili yeni veri setinden ozellikler ¢ikarmak icin kullamlmaktadir. (3) Ince ayar: Onceden
egitilmis model daha sonra degistirilebilmektedir. Son katmanlar belirli hedef gdrev igin
degistirilebilmek veya yeniden egitilebilmektedir. Bu ince ayar adimi, modelin 6grenilen 6zelliklerini
yeni goreve uyarlamaktadir. Bu galisma kapsaminda ImageNet veri seti kullanilarak dnceden egitilmis
olan 9 farkli derin 6grenme yontemi kullanilmaktadir. Bunlar, VGG16 [20], ResNet50-ResNet101-
ResNet152 [21], Xception [22], InceptionV3 [23], InceptionResNetV2 [24], DenseNetl121-
DenseNet201 [25] yontemleridir.

23.1. VGGI6

VGG16, Oxford Universitesi'ndeki Visual Graphics Group (VGG) arastirmacilari tarafindan
Onerilen derin bir evrisimli sinir ag1 mimarisidir. Adin1 gruptan ve 16 katmana (13 evrisimsel katman
ve 3 tam baglantili katman) sahip olmasindan almaktadir. VGG16, 2014 yilinda Karen Simonyan ve
Andrew Zisserman tarafindan yazilan "Very Deep Convolutional Networks for Large-Scale Image
Recognition" baglikli makalede tanitilmistir [20]. VGG16, basitligi ve tek tip mimarisiyle bilinmektedir.
Cesitli katman yapilandirmalar1 kullanan 6nceki derin 6grenme modellerinin aksine VGG16, 6zellik
haritalariin uzamsal boyutlarini azaltmak i¢in maksimum havuzlama katmanlartyla birlikte ag boyunca
3x3 evrisimsel filtreler kullanmaktadir. Kii¢iik 3x3 filtrelerin kullanilmasi, agin daha karmasik
ozellikleri 6grenmesini saglamaktadir. Ayrica, VGG16 nispeten ¢ok sayida parametreye sahiptir, bu da
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onu egitmek icin hesaplama acisindan pahali hale getirebilmektedir. Bununla birlikte, bu biiyilik
kapasite, verilerden karmagsik 6zellikleri yakalamasina ve dgrenmesine olanak tanimaktadir. VGGI16,
etiketli goriintiilerden olusan biiyiik bir veri seti olan ImageNet veri seti tizerinde dnceden egitilmistir
ve genellikle transfer Ogrenimi i¢in kullanilmaktadir. Arastirmacilar, 6nceden egitilmis VGG16
modelini alip belirli bilgisayarla gérme gorevleri i¢in ince ayar yapabilmektedir. Bu ince ayar islemi,
modelin ImageNet lizerinde 6grendigi bilgilerden yararlanarak goriintii ile ilgili diger gorevlerdeki
performansini arttirabilmektedir.

2.3.2. ResNet50-ResNetl01-ResNetl52

ResNet (Artik Ag), Kaiming He, Xiangyu Zhang, Shaoqing Ren ve Jian Sun tarafindan 2015
yilinda "Gériintii Tanima i¢in Derin Artik Ogrenme (Deep Residual Learning for Image Recognition)"
baslikli makalelerinde tanitilan bir derin evrisimli sinir ag1 mimarileri ailesidir [21]. ResNet, ¢cok derin
sinir aglarinda siklikla ortaya ¢ikan kaybolan gradyan sorununu ele alma konusundaki yeniligiyle
bilinmektedir. ResNet'in arkasindaki temel fikir, bilginin agda daha kolay akmasini saglayan artik
baglantilarin veya atlama baglantilarinin kullanilmasidir. Bu atlama baglantilar1 esasen bir veya daha
fazla katmani atlayarak ¢ok derin aglarin egitilmesini miimkiin kilmaktadir. ResNet mimarisinin
ResNet50, ResNet101 ve ResNetl152 dahil olmak iizere, dncelikle derinlikleri, yani sahip olduklari
katman say1s1 bakimindan farklilik gosteren ¢esitli varyantlari vardir. Bunlar asagidaki gibidir.

ResNet50: ResNet mimarisinin nispeten sig bir c¢esididir. Evrigsimsel katmanlar, toplu
normalizasyon ve tam bagli katmanlar dahil olmak {izere toplam 50 katmana sahiptir. "50" agdaki
toplam katman sayisini gostermektedir. Bu model genellikle ¢ok ¢esitli bilgisayarla gérme goérevleri i¢in
kullanilmakta ve hesaplama kaynaklarinin sinirli oldugu durumlar i¢in uygundur.

ResNet101: ResNet50'ye kiyasla ResNet'in daha derin bir ¢esididir. Toplamda 101 katmana
sahiptir, daha fazla derinlik ve bazi durumlarda daha iyi performans sunmaktadir. Daha derin aglar daha
karmagsik ozellikleri yakalayabilmekte ve yeterli hesaplama kaynaklarimin mevcut olmasi kosuluyla
zorlu gorevlerde daha iyi performans gosterebilmektedir.

ResNet152: Toplam 152 katmaniyla ResNet101'den bile daha derindir. Bahsettigimiz {i¢ varyant
arasinda en derin olanidir. Artan derinlik, ResNet152'nin girig verilerinden daha karmasik ve ince taneli
Ozellikleri yakalamasini saglamaktadir. Ancak bu aymi zamanda daha fazla hesaplama kaynagi
gerektirmekte ve egitilmesi daha uzun siirebilmektedir.

Tiim bu ResNet varyantlari, goriintii siniflandirma, nesne algilama ve diger bilgisayarla gérme
gorevlerinde oldukga etkili sonuglar tiretmektedir. Genellikle biiyiik goriintii veri setleri iizerinde
onceden egitilmis modellerin belirli uygulamalar i¢in ince ayarinin yapildigi transfer 6grenme icin temel
olarak kullanilirlar. Arastirmacilar, 6nceden egitilmis ResNet modellerini alip bunlar1 goriintiiyle ilgili
farkli gorevlere uyarlayarak sifirdan egitime kiyasla zaman ve kaynak tasarrufu saglayabilmektedirler.
ResNet50, ResNetlO0l ve ResNetl52 arasindaki secim, gorevin 0Ozel gereksinimlerine, mevcut
hesaplama kaynaklaria ve istenen model derinligi seviyesine baglidir.

2.3.3. Xception

Xception, Keras derin 6grenme kiitiiphanesinin olusturucusu Frangois Chollet tarafindan “Deep
Learning with Depthwise Separable Convolutions" basliklt 2017 yilinda yayinlanan bir arastirma
makalesinde tanitilan bir derin evrigimli sinir ag1 mimarisidir. "Xception" ismi "Extreme Inception"
anlamima gelmekte ve Inception sinir agi mimarileri ailesiyle olan iligkisini gostermektedir [22].
Xception, dzellikle derinlemesine ayrilabilir evrisimler kullanarak evrisimlere getirdigi yeni yaklagimla
bilinmektedir. Tiim girig gériintiisiine tek bir evrisimsel filtre uygulayan geleneksel evrisimlerin aksine,
derinlemesine ayrilabilir evrisim islemi uygulanmaktadir. Bu islem geleneksel evrisimi iki asamaya
ayirmaktadir: derinlemesine evrigim ve noktasal evrisim. Derinlemesine evrisimde, giris goriintiisiiniin
her kanalina bagimsiz olarak ayr1 bir evrisim islemi uygulanmaktadir. Bu islem, ayni filtrenin tim giris
kanallarina uygulandigi geleneksel evrisimlere kiyasla hesaplama maliyetini Onemli o6lgiide
azaltmaktadir. Noktasal evrisim, derinlemesine evrisimden sonra ¢ikis kanallarimi birlestirmek igin
noktasal evrisim olarak da bilinen 1x1 evrisim uygulanmaktadir. Bu adim, ¢ikis kanallarinin dogrusal
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kombinasyonlarina izin vererek karmasik desenlerin yakalanmasina yardimci olmaktadir. Xception'da
derinlemesine ayrilabilir evrisimlerin kullanilmasi, model parametrelerinin ve hesaplama kaynaklarinin
daha verimli kullanilmasini saglamaktadir. Bu mimari se¢im, son derece etkileyici ve verimli bir derin
ogrenme modeliyle sonuglanmaktadir. Xception ayrica ResNet mimarilerine benzer sekilde kaybolan
gradyan sorununu hafifletmek i¢in atlama baglantilar1 kullanmaktadir.

Xception sinir ag1, 71 katman derinlige sahip bir ESA mimarisidir. Xception mimarisi, agin
Ozellik ¢ikarma siirecinin temelini olusturan toplam 36 evrisimli katman igermektedir. Evrigimli
katmanlar toplam 36 katman olacak sekilde 14 modiil halinde gruplandiriimistir. ilk ve son modiiller
hari¢ tiim modiiller kendilerini ¢evreleyen dogrusal artik baglantilara sahiptir. Xception mimarisi, artik
baglantilara sahip, derinlemesine ayrilabilir evrisim katmanlarinin dogrusal bir yiginindan olugmaktadir.
Xception modeli, 1000'den fazla sinifa ait 14 milyon goriintiiniin yer aldig1 ImageNet'te %94.5 dogruluk
elde etmistir [22].

2.3.4. InceptionV3

InceptionV3, Inception mimarisi kullanilarak bir araya getirilen ve GoogleNet olarak da bilinen
InceptionV1'in gelistirilmis versiyonudur. InceptionV3, Google arastirmacilari tarafindan 2015 yilinda
"Rethinking the Inception Architecture for Computer Vision" baslikli bir makalede tanitilmistir [23].
InceptionV3'iin arkasindaki temel fikir, agin farkli uzamsal 6l¢eklerdeki bilgileri verimli bir sekilde
yakalamasini saglayan Inception modiillerinin kullanilmasidir. Bu modiiller, giris verilerini ayn1 anda
farkl ¢oziiniirliiklerde islemek i¢in ayni katman i¢inde birden fazla boyutta (1x1, 3x3, 5x5, vb.) filtreler
kullanmaktadir. Bu, agin giris goriintiilerinden ¢ok ¢esitli 6zellikler 6grenmesini saglayarak goriintii
siniflandirma gorevlerinde dogrulugun artmasina yol agmaktadir. InceptionV3 ayrica asir1 6grenmeyi
azaltmaya ve modelin genellemesini iyilestirmeye yardimei olan toplu normallestirme ve ¢arpanlarina
ayrilmig 7x7 evrisimler de icermektedir. Mimari, giris goriintiilerinden karmasik desenleri ve hiyerarsik
ozellikleri yakalayabilen derin bir ag olusturarak iist {iste y1§ilmis bu tiirden birden fazla Inception
modiilii icermektedir.

2.3.5. Inception-ResNetV2

Inception-ResNetV2, Inception mimarisi ve ResNet'ten artik baglantilar kavramlarini birlestiren
derin bir evrigsimli sinir ag1 mimarisidir. Christian Szegedy, Sergey loffe, Vincent Vanhoucke ve
Alexander A. Alemi tarafindan 2016 yilinda "Inception-v4, Inception-ResNet and the Impact of
Residual Connections on Learning" baslikli makalede tanitilmistir [24]. Inception-ResNetV2, hem
Inception mimarisinin hem de ResNet mimarisinin bir uzantisidir. Inception modiillerinin ¢ok dall1
mimarisinden yararlanirken, kaybolan gradyan sorununu ele almak ve ¢ok derin aglarin egitimini
saglamak i¢in artik baglantilar igermektedir. Orijinal Inception mimarisine benzer sekilde, Inception-
ResNetV2 cesitli dlgeklerdeki ozellikleri yakalamak i¢in paralel olarak farkli boyutlarda ¢ok 6lgekli
evrisimsel filtreler kullanmaktadir. Bunun yanisira, kisayol baglantilarinin bir veya daha fazla katmani
atlayarak egitim sirasinda gradyanlarin daha kolay akmasma izin verdigi artik baglantilar
kullanmaktadir. Bu, gradyanlarin kaybolma riski olmadan ¢ok derin aglarin egitilmesine yardimci
olmaktadir. Ayrica, hesaplama maliyetini azaltmak i¢in ¢arpanlara ayrilmis evrisimler kullanmaktadir.
Carpanlara ayrilmig evrisimler, daha biiyiik evrisimleri daha kiiglik, daha verimli iglemlere ayirarak
parametre sayisini ve hesaplama karmasikligini azaltmaktadir. Son olarak, toplu normalizasyon, ag
icindeki aktivasyonlar1 normallestirmek icin uygulanmakta ve egitim sirasinda daha hizli yakinsamaya
yardimci olmaktadir.

2.3.6. DenseNetl21-DenseNet201

DenseNet121 ve DenseNet201, dzellikle bilgisayarla gérme alaninda derin 6grenme goérevleri
icin tasarlanmig olan DenseNet (Densely Connected Convolutional Networks-Yogun Baglantili
Evrigimsel Aglar) mimarisinin iki ¢esididir. DenseNet'teki "Dense", her katmanin diger her katmana
ileri beslemeli bir sekilde baglandig1 ag i¢indeki yogun baglantiy1 ifade etmektedir [25].

DenseNet121: DenseNet mimarisinin 6zel bir ¢esididir ve "121" sayis1 agdaki toplam katman
say1sini gostermektedir. Bu mimari, evrisimsel katmanlar, toplu normalizasyon ve tam baglh katmanlar
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dahil olmak iizere toplam 121 katmandan olusmaktadir. Her katmanin bir bloktaki onceki tiim
katmanlardan 6zellik haritalar1 aldig1 yogun bir baglant1 modeli kullanilmaktadir. Bu, 6zelligin yeniden
kullanilmasini saglamakta, gradyan akisini iyilestirmekte ve yiiksek verimli ve parametre agisindan
etkili modellerle sonuglanmaktadir. DenseNet121 goriintii siniflandirma, nesne algillama ve
segmentasyon gibi ¢ok cesitli bilgisayarla gorme gorevlerinde yiiksek dogruluk elde etme kabiliyetiyle
bilinmektedir. ImageNet gibi biiyiik goriintii veri setleri lizerinde dnceden egitilmistir, bu da onu cesitli
uygulamalarda transfer 6grenimi i¢in uygun hale getirmektedir.

DenseNet201: DenseNet mimarisinin DenseNet121'e kiyasla daha derin bir ¢esididir. Adindaki
"201" toplam 201 katmandan olustugunu gostermektedir. Arttirilmis model derinligi sunarak giris
verilerinden daha karmagik 6zelliklerin ve desenlerin yakalanmasina olanak tanimaktadir. Bu artan
derinlik, zorlu bilgisayarli gérme gorevleri i¢in avantajli olabilmektedir. DenseNet201, DenseNet121
gibi gorilintii siniflandirma ve nesne tanima gibi gorevler i¢in uygundur. Derin mimarisi gelismis 6zellik
ogrenme yetenekleri saglamaktadir. DenseNet121 gibi, DenseNet201 modelleri de genellikle biiyiik veri
setleri lizerinde 6nceden egitilmekte ve transfer 6grenimi kullanilarak belirli gérevler icin ince ayarlar
yapilabilmektedir.

Hem DenseNet121 hem de DenseNet201, ozelliklerin yeniden kullanimini destekleyen ve
kaybolan gradyan sorunu gibi sorunlar1 azaltmaya yardimci olan yogun baglanti 6zelligini
paylagsmaktadir. Derin 6grenme alanina 6nemli katkilarda bulunmuslardir ve etkileyici performanslari
ve verimlilikleri nedeniyle ¢esitli bilgisayarla gérme uygulamalarinda yaygin olarak
kullanilmaktadirlar. Ikisi arasindaki secim, gorevin 6zel gereksinimlerine ve mevcut hesaplama
kaynaklarina baglidir; DenseNet201 daha derin ve potansiyel olarak daha gii¢liidiir ancak daha fazla
hesaplama kaynagi gerektirmektedir.

2.4.  Onerilen Yontem

Transfer 6grenimi i¢in 6nceden egitilmis modellerin kullanildig1 dnerilen yéntemin semas1 Sekil
2’deki gibidir. Sekil 2°de gosterildigi gibi, girdi goriintiileri 6nceden egitilmis modellerin girigine
verilmeden once ilk olarak veri arttirimi uygulanmistir. Daha sonra 224x224x3 boyutundaki girdi egitim
goriintiileri ayr1 aynn 9 farkli Onceden egitilmis ag modelleri kullanilarak egitim islemi
gerceklestirilmistir. Calisma kapsaminda kullanilan 6nceden egitilmis ag modelleri su sekildedir:
VGG16, ResNet50, ResNet101, ResNel52, Xception, InceptionV3, InceptionResNetV2, DenseNet121
ve DenseNet201. Her bir 6nceden egitilmis modelden sonra elde edilen ¢ikt1 6zellik haritasina sirasiyla
global ortalama havuzlama (GOH), toplu normallestirme ve 0.3 dropout oranina sahip dropout
(birakma) katmani uygulanmigtir. GOH, son siniflandirma katmanindan (softmax) once ozellik
haritalarinin uzamsal boyutlarini azaltmak i¢in ESA’larda yaygin olarak kullanilan bir tekniktir. Tam
baglantili katmanlar kullanmak yerine GOH, 0&zellik haritasindaki tim degerlerin ortalamasini
hesaplayarak her 6zellik haritasi i¢in tek bir deger elde etmektedir. GOH kullanmanin bazi avantajlari
su sekildedir: (i) Agdaki parametre sayisini azaltarak, Ozellikle sinirli miktarda egitim verisi ile
calisirken oOnemli olan asir1 O6grenmeyi azaltmaya yardimci olabilmektedir. Ayrica bir tiir
diizenlilestirme islevi de gorebilmektedir. (i) Tam baglantili katmanlarla karsilagtirildiginda, GOH
hesaplama acisindan daha verimlidir. Tam baglantili katmanlar, 6zellikle yiliksek ¢oziintirliiklii 6zellik
haritalartyla ugrasirken ¢ok sayida parametre ve hesaplama kaynagi gerektirmektedir. GOH hesaplama
karmasikligini 6nemli 6l¢iide azaltmaktadir. Bunun yani sira, GOH basit bir islemdir ve uygulanmasi
basittir. Egitim siirecini basitlestirebilecek herhangi bir ek parametrenin 6grenilmesini gerektirmez. (iii)
GOH, tamamen bagli katmanlara kiyasla daha az bellek gerektirmektedir; bu da onu mobil veya yerlesik
cihazlar gibi kaynaklar1 kisith uygulamalar icin iyi bir se¢cim haline getirmektedir. (iv) Onceden
egitilmis modellere ince ayar yapilirken, tamamen bagli katmanlarin GOH katmanlariyla degistirilmesi
yaygin bir uygulamadir. Bu, egitim 6ncesi asamada 6grenilen bilgileri korurken modeli farkli bir géreve
uyarlamaniza olanak tamimaktadir. Onceden egitilmis ag modellerinde toplu normallestirme
kullanildiginda, (i) yeni gorevler veya veri setleri ilizerinde ince ayar yapilmasi sirasinda modelin
kararliliginin ve performansinin korunmasina yardimci olmaktadir. (ii) Modelin yakinsamasi i¢in
gereken egitim yinelemelerinin sayisini azaltarak egitim siirecini hizlandirmaktadir. Bu, daha hizl
egitimle sonuglanmaktadir. Yani, egitim siirecini hizlandirmak ve kolaylastirmak igin toplu
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normallestirme kullanilmaktadir. Onerilen modelde dropout (birakma) katmani kullanilmasinin
avantajlar ise su sekildedir: Dropout (Birakma), asirt 6grenmeyi dnlemek igin etkili bir diizenleme
teknigi olarak hizmet etmektedir. Egitim sirasinda ndronlarin bir kismini rastgele devre dist birakarak
modelin yeni gorevlere veya veri setlerine daha iyi genellestirilmesine yardimci olmaktadir. Bu
birakmanin neden oldugu rastgelelik, belirli 6grenilen 6zelliklere olan bagimlilig1 azaltarak modeli ince
ayar sirasinda daha uyarlanabilir ve saglam hale getirmektedir. Sonug¢ olarak, dropout (birakma),
modelin cesitli veri dagilimlarina genelleme yetenegini gelistirebilmekte ve transfer Ggrenme
senaryolarindaki performansini  artirabilmektedir. GOH, toplu normallestirme ve dropout
katmanlarindan sonra elde edilen 6zellik haritasi siniflandirma islemi i¢in softmax siniflandiricisinin
girigsine verilmektedir. Softmax, sinir aginda smiflandirma gorevleri igin son katman olarak
kullanilmaktadir. Softmax smiflandirici, girdi olarak rastgele gergek degerli puanlardan olusan bir
vektorii almakta ve bunlart birden fazla sinif iizerinde bir olasilik dagilimina doniistiirmektedir.
Softmax, girdi puanlarini {stellestirerek bunlar1 pozitif degerlere doniistiirmekte ve ardindan bu
degerleri tiim istellestirilmis puanlarin toplamina bolerek normallestirmektedir. Bu normallestirme,
elde edilen degerlerin O ile 1 arasinda olmasini ve olasiliklar1 temsil eden toplamin 1'e kadar ¢ikmasini
saglamaktadir. Daha sonra en yiiksek olasiliga sahip sinif, ¢ikt1 sinifi olarak tahmin edilmektedir.

Transfer 6grenimi igin
onceden egitilmig modeller

I \
} VGG6 l
| |
| |
Girdi goriintiileri Egitim goriintiileri i ResNet50 i
224x224x3 224x224x3 [ ! 3 Maymun Cigegi
‘ ResNet101 | =
— I 3 a
l IS g
g ! ResNet152 | S g a
g ! ! = 3 S 5
— -
- SHE IRHEE
5 | ClE | 2] | 8 |8
bt
> ! InceptionV3 | © 5 a)
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L | | ; | 3 as]
| InceptionResNetV2 | | 5 o
} } Maymun ¢icegi
! DenseNet121 ! olmayan
: ! (Digerleri)
! DenseNet201 !

Sekil 2. Onerilen yéntem

3. Deneysel Calismalar ve Sonuglar:

Deneysel c¢aligmalar ve sonuglar bu boliimde ayrintili olarak agiklanmistir. Bu boélimiin alt
basliklarindan ilki deneysel ¢aligmalarda kullanilan hiperparametrelerin yer aldigi deneysel kurulum
boliimiidiir. Tkinci boliimde, deneysel galismalarda kullanilan degerlendirme 6lgiitleri yer almaktadir.
Son alt boliimde, ¢esitli transfer 6grenme modelleriyle elde edilen deneysel sonuglar agiklanmistir.

3.1 Deneysel Kurulum

Deneysel caligmalarda python programlama dili kullanilmigtir. Tiim python kodlar1 Kaggle
platformunda kodlanmistir. Kaggle platformunda transfer 6grenme modellerinin egitimi, dogrulanmasi
ve testi i¢in yiiriitme ortami olarak GPU P100 kullanilmigtir. Kullanilan hiperparametreler ise su
sekildedir: batch size 128, 6grenme orani 0.001, epok degeri olarak 100 alinmistir. Optimizasyon
yontemi olarak Adam kullamlmustir. Girdi gériintii boyutlar1 224x224x3 olarak ayarlanmstir. Transfer
o0grenme modellerinin egitiminde Kategorik Capraz Entropi (Categorical Cross Entropy) kayip
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fonksiyonu kullanilmistir. Kategorik Capraz Entropi kayip fonksiyonu, smiflandirma modellerinin
egitiminde ve degerlendirilmesinde kullanilan temel bir aragtir. Bu kayip fonksiyonunun kullanim
amact, ¢cok sinifli bir siniflandirma probleminde tahmin edilen sinif olasiliklari ile gercek sinif etiketleri
arasindaki farklilig1 6lgmektir. Bu sayede modelin 6grenme siirecine rehberlik etmekte ve modelin daha
iyl ve daha dogru tahminler yapmasina yardimci olmaktadir. Tiim modellerde egitim-dogrulama-test
ayirimi veri arttirirmindan sonra elde edilen 6rnekler baz alinarak yapilmistir. Veri arttirimindan sonra
elde edilen egitim-dogrulama-test 6rnek sayilar1 Cizelge 1’de verilmistir. Tiim deneysel ¢alismalarda
Cizelge 1°deki ayrim kullanilmustir.

3.2 Degerlendirme olciitleri

Deneysel ¢alismada kullanilan transfer 6grenme modellerinin performansi, her deneme igin ilgili
karigiklik matrisinden elde edilen sonuglar kullanilarak degerlendirilmistir. Degerlendirme igin
kullanilan parametreler kesinlik, duyarlilik, dogruluk ve F1 skoru'dur.

Karisiklik matrisi: ikili siniflandirma sirasinda 2x2'lik bir matristir. Gergek pozitifler, gergek
negatifler, yanlis pozitifler ve yanlis negatif degerlerden olugsmaktadir. Gergek pozitif vakalar, 'Maymun
cigegi' smifi drneklerinin sayist dogru sekilde tamimlandiginda ortaya c¢ikmaktadir. Gergek negatif
vakalar, Maymun Cigegi olmayan (digerleri) vakalar dogru sekilde tanimlandiginda ortaya ¢ikmaktadir.
Yanlis pozitif ve yanlis negatif sonuglar yanlis tahmin edilen sonuglardir. Yanlis pozitif sonuglar,
Maymun ¢igegi olmayanlar (digerleri) yanls tamimlandiginda ortaya ¢ikmaktadir. Yanlis negatif,
Maymun c¢icegi vakalarinin yanlis tahmin edilmesi durumunda ortaya ¢ikmaktadir. Yanlis pozitif ve
yanlis negatif durumlar en aza indirildiginde modeller iyi performans gostermektedir.

Kesinlik: Gergek pozitif ve yanlis pozitif sonuglara vurgu yapan bir 6l¢timdiir. Yanlis pozitif
vakalar diisiik oldugunda kesinlik yiiksektir. Denklem (1) kullanilarak hesaplanmaktadir.

Duyarlhilik: Gergek pozitif ve yanlis negatif sonuglart vurgulayan bir 6l¢liimdiir. Yanlis negatif
vakalar diisiik oldugunda duyarlilik ytiksektir. Denklem (2) kullanilarak hesaplanmaktadir.

F1 skoru: Hem kesinligi hem de duyarlihig: dikkate alan bir dl¢iimdiir. Iki 6liitiin harmonik
ortalamasidir. Denklem (3) kullanilarak hesaplanmaktadir.

Dogruluk: Tiim 6rnekler arasinda dogru tahmin edilen 6rnek sayisidir (Hem maymun ¢igegi hem
de maymun ¢igegi olmayan). Denklem (4) kullanilarak hesaplanmaktadir.

o Gergek pozitif
Kesinlik = — —
Gergek pozitif + Yanlis pozitif 1)
D Wk = Gergek pozitif
wyartiik = Gergek pozitif + Yanlis negatif 2)
Flsk =2 Kesinlik x Duyarlilik
sroru = £x Kesinlik + Duyarlilik 3)
. Gergek pozitif + Gergek negatif
Dogruluk =

Gergek pozitif + Yanlis pozitif + Gercek negatif + Yanlis negatif “4)

3.3.  Deneysel Sonuclar

Bu c¢aligmada, maymun ¢igegini, su ¢icegi ve kizamik gibi diger benzer hastaliklardan
siniflandirmak icin VGG16, ResNet50, ResNetl01, ResNel52, Xception, InceptionV3,
InceptionResNetV2, DenseNetl121 ve DenseNet201 olmak iizere dokuz farkli dnceden egitilmis derin
o6grenme modeli kullanilmigtir. Deneysel ¢aligmalar iki siniftan (maymun ¢icegi ve digerleri) olusan
maymun ¢icegi deri lezyon goriintii veri seti ilizerinde yapilmigtir. Calisma kapsaminda transfer
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dgreniminin daha etkili oldugunu gostermek igin iki farkli deneysel calisma yapilmustir. ilk deneysel
caligmada, dokuz farkli model sifirdan egitim islemine tabi tutulmus ve sonuglar elde edilmistir. Elde
edilen sonuglar Cizelge 2’deki gibidir. Cizelge 2’ye bakildiginda, en iyi dogruluk sonuglar1 %71.11 ile
ResNet50 ve InceptionResNetV2 modelleri ile elde edildigi goriilmektedir. Diger modellerden, VGG16,
ResNet101, ResNet152 ve DenseNet121 modelleri %68.89 dogruluk degeri elde etmistir. Xception ile
%62.22, InceptionV3 ile %66.67 ve DenseNet201 ile %64.44 dogruluk degerleri elde edilmigstir. Diger
degerlendirme oOlgiitleri incelendiginde, en iyi kesinlik, duyarlilik ve F1 skor degerleri sirasiyla %77.08,
%73.5, %75.25 ile InceptionResNetV2 modelinde elde edilmistir. En kot kesinlik, duyarlilik ve F1
skor degeri sirasiyla %62.02, %60 ve %60.99 ile Xception modelinde elde edilmistir.

fkinci deneysel calismada, onceden egitilmis dokuz farkli model kullanilmugtir. Dért farkl
degerlendirme Slgiitiine gore sonuglar Cizelge 3’°te verilmistir. Cizelge 3 incelendiginde, en iyi dogruluk,
kesinlik, duyarlilik ve F1 skor degerleri sirasiyla %95.56, %95.46, %96, %95.73 ile DenseNet201
modelinde elde edilmistir. DenseNet201 modeline en yakin sonuglar, %91.11 dogruluk, %91 kesinlik,
%91.5 duyarlilik ve %91.25 F1 skoru ile Xception modeli ile elde edilmistir. Diger modeller
incelendiginde, InceptionV3 ile %88.89 dogruluk, %90 kesinlik, duyarliik ve F1 skoru,
InceptionResNetV2 ile %88.89 dogruluk, %88.97 kesinlik, %88.5 duyarlilik, %88.73 F1 skoru,
DenseNet121 ile %84.44 dogruluk, %85.5 kesinlik, duyarlilik ve F1 skoru, ResNet50 ile %84.44
dogruluk, %84.23 kesinlik, %84.5 duyarlilik ve %84.36 F1 skoru elde edilmistir. En kotii siniflandirma
sonuglari ise, sirastyla, %77.78 dogruluk ve kesinlik, %77 duyarlilik ve %77.39 F1 skoru ile VGG16,
%77.78 dogruluk, %78.27 kesinlik, %78.5 duyarlilik ve %78.38 F1 skoru ile ResNet152 modellerinde
elde edilmistir. VGG16 ve ResNetl152’den sonra en kotii sonuglar %80 dogruluk, %80.14 kesinlik,
%80.5 duyarlilik ve %80.32 F1 skoru ile ResNet101 modelinde bulunmustur. Cizelge 2 ve Cizelge 3
incelendiginde, dokuz farkli modelin transfer 6grenimi kullanilarak daha basarili sonuglar elde ettigi
acik bir gekilde goriilmektedir.

Cizelge 2. Sifirdan egitim model sonuglari

Model Dogruluk (%) Kesinlik (%) Duyarhlik (%) F1 skor (%)
VGG16 68.89 69.35 69.5 69.42
ResNet50 71.11 73.15 72.5 72.82
ResNet101 68.89 71.53 70.5 71.01
Xception 62.22 62.02 60.00 60.99
InceptionV3 66.67 67.5 67.5 67.5
ResNet152 68.89 71.53 70.5 71.01
InceptionResNetV2  71.11 77.08 73.5 75.25
DenseNet121 68.89 75.85 71.5 73.61
DenseNet201 64.44 70.44 67.00 68.68

Cizelge 3. Onceden egitilmis model sonuglar

Model Dogruluk (%) Kesinlik (%) Duyarhlik (%) F1 skor (%)
VGG16 77.78 77.78 77 77.39
ResNet50 84.44 84.23 84.5 84.36
ResNet101 80.00 80.14 80.5 80.32
Xception 91.11 91.00 91.5 91.25
InceptionV3 88.89 90.00 90.00 90.00
ResNet152 77.78 78.27 78.5 78.38
InceptionResNetV2  88.89 88.97 88.5 88.73
DenseNet121 84.44 85.5 85.5 85.5
DenseNet201 95.56 95.46 96 95.73
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Smiflandirma problemlerinin degerlendirilmesi igin karisiklik matrisleri kullanilmaktadir. Bunun
yani sira dogruluk, kesinlik, duyarlilik ve F1 skor degerlerinin hepsi de karigiklik matrisinden elde
edilmektedir. Matrisin boyutu siniflandirma probleminin ¢ikt1 boyutuna baglidir. Bizim ¢alismamizda
ciktimiz iki sinif (Monkeypox (Maymun ¢icegi) ve Others (Digerleri)) oldugundan dolay1 karisiklik
matrislerimiz 2x2 boyutunda olacaktir. Karigiklik matrisi, siniflandirma modeli i¢in ger¢ek ve tahmin
edilen ¢iktilart karsilastirmaktadir. Karigiklik matrislerinin - olusturulmasi, sonuglarm daha iyi
anlagilmasina olanak saglamaktadir. Modelin degerlendirilmesinden sonra, bir karigiklik matrisi ger¢ek
olumlu ve olumsuz ydnleri ortaya koymaktadir. Bu, bize modeldeki dogru ve yanlis tahminlerin sayisini
net bir sekilde anlamamizi saglamaktadir. Karisiklik matrislerimizde toplam 45 test goriintiimiizden iki
sinifa ait kag tane gdriintiiniin dogru sekilde tahmin edildigi rahat bir sekilde ¢ikarilabilmektedir. Sekil
3, 4 ve 5’te sifirdan egitim ve transfer 6grenimi kullanilarak dnceden egitilmis dokuz farkli derin
o6grenme modelinin karisiklik matrisleri verilmistir. Dokuz farkli modelin karisiklik matrisleri
incelendiginde, sifirdan egitim sonucunda VGG16, ResNet50, ResNet101, ResNel52, Xception,
InceptionV3, InceptionResNetV2, DenseNet121 ve DenseNet201 ile sirastyla, 31, 32, 31, 31, 28, 30,
32, 31 ve 29 goriintiiniin dogru tahmin edildigi goriilmektedir. Dogru tahmin edilen goriintii sayisinin
toplam test drnegi sayisina orani dogruluk degerini vermektedir. Bu sonuglardan dokuz model i¢in elde
edilen dogruluk degerleri sirasiyla su sekildedir: %68.89, %71.11, %68.89, %68.89, %62.22, %66.67,
%71.11, %68.89, %64.44. Transfer 6grenimi kullanilarak dnceden egitilmis modeller sonucunda dogru
tahmin edilen goriintii sayilari ise sirasiyla su sekildedir: 35, 38, 36, 35, 41, 40, 40, 38, 43. Elde edilen
dogruluk degerleri ise su sekildedir: %77.78, %84.44, %80, %77.78, %91.11, %88.89, %88.89, %84.44
ve %95.56. Tiim sonuglar incelendiginde, hem dogru tahmin edilen goriintii sayist hem de dogruluk
degerleri bakimindan transfer 6greniminin sifirdan egitimden daha basarili sonuglar elde ettigi
goriilmektedir. Tiim modeller arasindan Onceden egitilmis DenseNet201 modeli, toplam 45 test
goriintiisiinden 43 goriintiiyli dogru tahmin ederek %95.56 dogruluk degeri ile en basarili modeldir.

Literatiirde ayni veri setini kullanarak gerceklestirilen ¢aligmalarin karsilastirilmasi Cizelge 4’te
verilmistir. Onerilen DenseNet201 modeli ile %95.56 dogruluk, %95.46 kesinlik, %96 duyarlilik ve
%95.73 F1 skoru elde edilmistir. [12] nolu c¢alismada, Inception V3, Xception ve DenseNetl169
modelleri kullanilarak gelistirilen topluluk 6grenimi modeliyle %93.39 dogruluk, %88.91 kesinlik,
%96.78 duyarlilik ve %92.35 F1 skoru elde edilmistir. [14] nolu ¢alismada, Xception ve DenseNet169
modellerinden elde edilen olasiliksal ¢iktilar {izerinde g¢ogunluk oylamasi yaklagimi kullanilarak
gelistirilen topluluk 6grenimi modeli ile %87.13 dogruluk, %85.44 kesinlik, %85.47 duyarlilik ve
%85.40 F1 skor degeri elde edilmistir. [16] nolu ¢alismada, VGG16, ResNet50 ve InceptionV3
modelleri birlestirilerek elde edilen topluluk 6grenimi ile %79.26 dogruluk, %84 kesinlik, %79
duyarlilik ve %81 F1 skoru elde edilmistir. [26] nolu ¢aligmada, mobil bir uygulama kullanarak deri
lezyonu goriintii verileriyle maymun ¢igegi hastaliginin tespiti i¢in diisiik modifiyeli bir MobilNetV?2
modeli tanitilmistir. Gergeklestirilen deneysel calismalar sonucunda %91.11 dogruluk, %90 kesinlik,
duyarlilik ve F1 skoru bulunmustur. Cizelge 4 incelendiginde onceden egitilmis DenseNet201
modelinin karsilagtirmada kullanilan ¢calismalardaki modellerden daha basarili sonuglar iirettigi acik bir
sekilde goriilmektedir.

Cizelge 4. Literatiirdeki farkli ¢aligmalar ile kargilagtirma

Literatiirdeki calisma  Dogruluk (%) Kesinlik (%)  Duyarhlik (%) F1 skor (%)

[12] 93.39 88.91 96.78 92.35
[14] 87.13 85.44 85.47 85.40
[16] 79.26 84.00 79.00 81.00
[26] 91.11 90.00 90.00 90.00
DenseNet201 95.56 95.46 96 95.73
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Sekil 3. Sifirdan egitim ve transfer 6grenimi kullanilarak 6nceden egitilmis modellerin karigiklik
matrisleri (VGG16, ResNet50 ve ResNet101). Soldakiler sifirdan egitim sonucu elde edilen ve
sagdakiler transfer 6grenimi kullanilarak elde edilen karisiklik matrisleridir
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Sekil 4. Sifirdan egitim ve transfer 6grenimi kullanilarak 6nceden egitilmis modellerin karigiklik
matrisleri (ResNet152, Xception ve InceptionV3). Soldakiler sifirdan egitim sonucu elde edilen ve
sagdakiler transfer 6grenimi kullanilarak elde edilen karisiklik matrisleridir

ADYU Miihendislik Bilimleri Dergisi 22 (2024) 148-164



H. Firat, H. Uzen

Sifirdan Egitim Transfer Ogrenimi
18
x x
& w g
g‘CJ 19 1 14 %
= 2
= 12
10
-8
o o
g 12 13 -6 g
o [ 4 5
-2
Monkeypox Others Monkeypox Others
InceptionResNetV2 InceptionResNetV2
18 18
x X
§ 16 é 16
b 19 1 14 ) 19 1 1
=4 [=4
(s} o
= 12 = 12
10 10
g -8
@ n 6
g 13 12 6 g 19
o -4 O L4
-2 -2
Monkeypox Others Monkeypox Others
DenseNet121 DenseNet121
18
x 16 x 20
o o
o [}
2 18 2 14 B
s 5
= 12 = 15
10
- 10
-8
o o
2 14 11 -6 £ L
(o) o)
-4
-2 -0

Monkeypox Others

DenseNet201

Monkeypox Others

DenseNet201

Sekil 5. Sifirdan egitim ve transfer 6grenimi kullanilarak 6nceden egitilmis modellerin karigiklik
matrisleri (InceptionResNetV2, DenseNet121 ve DenseNet201). Soldakiler sifirdan egitim sonucu
elde edilen ve sagdakiler transfer 6grenimi kullanilarak elde edilen karigiklik matrisleridir
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4. Sonuglar

Maymun ¢igegi hastalifi son zamanlarda bir¢ok iilkeye yayilan oliimciil bir hastaliktir. Bu
hastalik, goriintiileme kullanilarak kolayca teshis edilebilecek deri dokiintiilerine neden olmaktadir. Bu
nedenle, bu caligmada, maymun ¢icegi hastaligini, deri dokiintiilerine neden olan diger benzer
hastaliklardan (kizamik ve su ¢icegi) teshis etmek i¢in dokuz transfer 6grenme tabanli derin 6grenme
modeli (VGG16, ResNet50, ResNet101, ResNel52, Xception, InceptionV3, InceptionResNetV2,
DenseNet121 ve DenseNet201) kullanilmistir. Tiim modellerin siniflandirma performanslarinin analizi
icin Kaggle platformunda yer alan maymun ¢icegi deri lezyon veri seti (Monkeypox Skin Lesion
Dataset) kullanilarak deneysel caligsmalar gerceklestirilmistir. Deneysel ¢alismalarda orijinal veri setine
veri arttirimi uygulanarak goriintii sayisi arttirilmistir. Transfer 6grenimi kullanilarak 6nceden egitilmis
modellerin daha iyi siniflandirma performansi verdigini gostermek icin ayni veri seti ile modeller
sifirdan egitilerek de deneyler gerceklestirilmistir. Sifirdan egitim islemi sonucunda VGG16, ResNet50,
ResNet101, ResNel52, Xception, InceptionV3, InceptionResNetV2, DenseNetl21 ve DenseNet201
modelleri ile sirastyla %68.89, %71.11, %68.89, %68.89, %62.22, %66.67, %71.11, %68.89, %064.44
dogruluk degerleri elde edilirken, dnceden egitilmis modeller kullanildiginda sirasiyla %77.78, %84.44,
%80, %77.78, %91.11, %88.89, %88.89, %84.44 ve %95.56 dogruluk degerleri elde edilmistir.
Dogruluk sonuglar1 goz dniine alindiginda, transfer 6grenimi kullanilarak 6nceden egitilmis modellerin
daha basarili siniflandirma sonucu elde ettigi agik bir sekilde gériilmektedir. Onceden egitilmis modeller
arasinda ise en iyi dogruluk degeri ise DenseNet201 modeliyle elde edilmistir. Literatiirde ayn1 veri
setini kullanan farkli calismalar ile gergeklestirilen karsilastirmalar sonucunda da DenseNet201
modelinin daha basarili sonug elde ettigi goriilmektedir. Deneysel ¢aligmalar sonucunda, DenseNet201
modelinin maymun ¢icegi hastaliginin hizli ve etkili teshisine yonelik kullanilabilir bir yontem
olabilecegi sonucuna varilmstir.

Bu caligmada kullanilan veri seti sinirlidir. Gelecekteki ¢aligmalarda veri setindeki goriintii
sayisinin daha da arttirilarak gelistirilmesi planlanmaktadir. Ayrica farkli ESA tabanli mimariler
kullanilarak siniflandirma sonuglarinin arttirilmasi ve daha da giivenli bir sistemin olusturulmasi da
hedeflerimiz arasinda bulunmaktadir.

Cikar Catismasi1 Beyani

Makale yazarlar1 herhangi bir kurum, kurulus, kisi ile kisisel ve finansal ¢ikar ¢atismasi olmadigini
beyan etmektedirler.
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ABSTRACT

This study analyzed the effect of austempering temperatures on the structural characterization of ferritic spheroid
cast irons. Austempering is the austenitization of the materials at 900 °C for an adequate period to obtain a complete
austenitic structure and then quenching to an interval temperature for precipitation of ausferrite. Subcritical
diffusion time was achieved as 1.5 h for 320, 420, and 520 °C ausferrite temperatures. Metallurgical description
of samples was defined using optical microscopy, energy dispersive spectrometry, X-ray diffraction and
microhardness. The austempering temperature had a remarkable effect on the phase variations of the ferritic ductile
cast irons. The higher degree of austempering produced a coarser structure called ausferrite.

Anahtar Kelimeler: Austempering, Microstructure, Ausferrite, Hardness.

FERRITIK DOKME DEMIiRIN OSTEMPERLEME CALISMASININ
DEGERLENDIRILMESI

OZET

Bu calismada, ferritik sfero dokme demirlerin yapisal karakterizasyonuna Ostemperleme sicakliklarinin etkisi
analiz edilmistir. Ostemperleme, tam bir &stenit yap elde etmek i¢in malzemelerin 900 °C sicaklikta yeterli bir
siire dstenitlenmesi ve ardindan bir aralik sicakliginda su vermedir. Ostemperleme 320, 420 ve 520 °C' de 1.5 saat
stireyle elde edilmistir. Numunelerin metalurjik karakterizasyonu, optik mikroskop, enerji dagilimli spektrometri,
X-1s1n1 kirmimi, mikrosertlik kullanilarak belirlendi. Ostemperleme sicakligi, ferritik sfero dokme demirlerin faz
degisimleri iizerinde dikkate deger bir etkiye sahipti. Daha yiiksek derecede 6stemperleme, ausferrit adi verilen
daha kaba bir yap1 {iretti.

Keywords: Ostemperleme, Mikroyapi, Ausferrite, Sertlik.

1. Introduction

Ferritic ductile cast iron (FDCI) consists of a ferritic matrix and a spheroidal graphite
microstructure. After heat treatment, ausferrite, acicular ferrite and bainite can be observed in the
structure [1-3]. The matrix with graphite is intended to create an ausferrite structure by isothermal heat
treatments. FDCI has superiority such as lower density and cost, lubrication properties, high elongation
and toughness [4,5]. Austempering is a method that produces austenite base structure in DCI. The
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method is a two-step process. The first stage is austenitization for 1 to 4 h in the temperature level of
815-920 °C. It is then quickly quenched in a salt bath. The casting is held isothermally at the detected
isothermal annealing temperature in the salt bath. Depending on the desired properties of the casting,
the austenite annealing temperature range is 230450 °C. At higher austempering values, the ferrite
nucleates and transforms into austenite [6-8]. A less isothermal annealing temperature will produce a
finer, larger ferrite rate and higher yield rate. Austempering time and degree are effective in the occur
of ausferrite structure. A higher degree of austempering produces a smaller proportion of coarse ferrite
[9-10]. Mandal et al. [11] reported the impress of austempering on the strength values of high-Si cast
material. Austempering significantly improved the strength and ductility of the casting.

The aim of this research is to detect the impress of austempering temperatures on the structural
characterization of Ce inoculated ferritic ductile cast irons.

2. Material ve Method

The chemical values of the samples included in the study was 3.10%C, Bal.%Fe, 4.30%Si,
0.24%Mn, 0.020%Cr, 0.12%Ce, 0.02%S, 0.025%P (wt.-%). Melting was done in a 300 kg induction
furnace using steel scrap. Alloying elements were melted in an induction furnace at 1510 °C. The melt
was transferred to the casting ladle at 1460 °C. The austempering parameters of test samples are
presented in Table 1. In the first stage, the samples were austenitized at 900 °C for 1.5 h. Then, it was
immersed in a salt bath for austempering and kept at this temperature for 1.5 h. Then the samples were
cooled to room temperature. Austempering was applied at temperatures of 320, 420 and 520 °C. For
metallographic studies, samples were sanded using 80-1200 mesh emery paper and polished a 2 pm
diamond solution. After etching with 2% nital solution, it was examined by optical microscopy (OM),
energy distribution spectrometry (EDS). Phase contents were identified by Bruker brand X-ray
diffraction (XRD) in Cu-Ka radiation. Microhardness results was detected using a 100 g load at 0.5 mm
intervals on the Qness Q10 microhardness machine.

Table 1. The austempering parameters of test samples.

Destabilization | Destabilization Subcritical Subcritical Quenching
No Temperature Time Diffusion Diffusion
Temperature Time
S-Ref. As-Cast - - - -
S1 900 °C 1.5h 320 1.5h Air
S3 900 °C 1.5h 420 1.5h Air
S4 900 °C 1.5h 520 1.5h Air

3. Experimental results

3.1 Evaluation of microstructure

Fig. 1 shows OM micrographs of S-Ref, S1, S2, S3 specimens austenitized at 900 °C and
austempered at 320, 420 and 520 °C. The ADI structure consisted of pearlite, graphite and ferrite. The
microstructure of the austempered sample contained acicular dark ferrite and ausferrite. When the
subcritical phase transformation temperature was low as 320 °C, the ferrite layers were unevenly
oriented and thin. As the subcritical temperature increased from 320 °C to 420 °C, bainitic ferrite laths
grew up. Austenite was sandwiched between adjacent ferrites. A thickness rich in austenite and carbon
was obtained. In the first step of the transformation, ferrite nucleated at austenite grain boundaries and
separated into plates or laths before transforming into carbon austenite. Therefore, ferrite and ausferrite
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emerged in the structure of the samples. The ausferrite formed in the first stage of the transformation
had upper lateral growth, and the surrounding ferrite contained less carbon. The EDS values of the
casting sample is displayed in Fig. 2. C, Fe, Ce, Si, Mn, S were the main elements of the casting sample.
The white particles in Fig. 2 show that the primary precipitates are Ce,O.S with heterogeneous nuclei.
Ce»0,S inclusions produced thinner primary ausferrites. It provided heterogeneous nucleation of
ausferrrites [12].
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Flgure‘I Optfcaf mlcrographs of austempered samples at 320 420 520 “C at 1 5h.

The silicon content in the produced ductile iron castings is desired in the range of 2.45-2.80%.
It was sufficient to prevent melt cooling and at the same time facilitate the production of sufficient
nodules [13]. The excessive silicon contained in the ferritic iron suppressed cementite precipitation
during the austempering and retained a significant amount of stable high-carbon austenite.

Austenite and ferrite gradually coarsened as the austempering degree increased. Very slim
ferrite and austenite were obtained at the lower austempering temperature. On the other hand, rough
and hairy ferrite characteristics of upper bainite were obtained at higher austempering degrees. As
austempering progresses, these ferrite needles increase larger and as a result the remaining austenite
absorbs carbon, thereby increasing the carbon intensity of the austenite [14,15]. At higher
temperatures, decomposition of austenite to ferrite occurred due to the free energy diversity. At higher
temperature, austenite was precipitated by spread of carbon into existing graphite nodules along grain
boundaries. At high subcritical diffusion temperatures, the ferrite structure nucleated and transformed
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into ausferrite. At higher subcritical diffusion temperatures such as 420-520 °C, the rate of ausferrite
incremented. At 520 °C, large areas of austenite separated from each other and coarse ferrite formed.
The increasing the subcritical diffusion temperature leaded the ausferrite spicules to thicken and the
ferrite velocity to increase. Average lath and ausferrite lengths were the same [16, 17]. It produced
finer and larger volume ferrite fractions at lower critical diffusion temperatures. The X-ray patterns of
the produced ferritic ductile iron are presented in Fig. 3. The base phases created in the samples were
ferrite (), ausferrite, graphite.
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Figure 2. EDS analysis of S-Ref sample.
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Figure 3. XRD results of S3 sample.
3.2. Hardness

The effect of austenitizing temperature on the hardnes is shown in Fig. 4. The hardness increased
as the subcritical diffusion temperature decreased. Fine ausferrite created at low subcritical diffusion
temperatures had higher hardness. The hardness of ausferrite appeared at higher temperatures was lower.
As the isothermal annealing temperature increased, the extent and interval of austenite became more
favorable for the transformation of austenite to martensite. Austenite was a softer structure and

increasing austenite ratio reduced the hardness. In addition, grain coarsening caused a decrease in
hardness [18-20].
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Figure 4. The hardness amounts of as-cast and austempered samples.
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4. Conclusion

The results obtained are as follows:

The austempering degree had a remarkable action on the phase variations of the ferritic cast irons.
The higher degree of austempering produced a coarser structure called ausferrite.

Finer and larger bulk ferrite were obtained at the lower austempering temperature.

Hardness raised from 240 HV to 360-380 HV by austempering heat treatment. But, it declined due to
the coarser ausferritic appeared with increasing austempering temperature.

The phases created in the samples were ferrite (o), ausferrite, graphite.
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