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Abstract

Internationally, there are approximately® million khat chewers, most of whom live in the Arabian
Peninsula and the Horn of Africa, particularly in the khat belt countries of Ethiopia, Somalia, and
Yemen. It has been reported that 80886 of adult men and 10%0% of adult women in East Africa
consume khat daily. Khat includes the leaves and youngssbifoatha edulisan evergreen flowering

shrub grown in East Africa and the Arabian Peninsula. It was in 1697 that the first description was
made by the French Barth®l emyd Herbel ot de mol
traditionally consumed during long chewing sessions, its leaves are used for their euphoric and
stimulating properties. The main active ingredients in khat are cathinone and cathine. They are closely
related to amphetamine, and the pharmacological effects of cathinone ai&atinely like those of
amphetamine, although less potent. In 1975, United Nations laboratories first discovered that cathonine
was the biochemically active ingredient in khat. The consumption of khat has negative effects in the
short (insomnia, lethargyslight tremors, depression), medium and long term. After prolonged use,
symptoms of depression, mood swings and violent behavior are observed.

Keywords:khat, cathine, cathinone, amphetamine, danger, drug, stimulant, norephedrine

Afrika BoynuzundanB r Amf et amin Tg¢r ¢ Bi t lCathaMaulisd e s i Ve |

¥ et

Ul usl ararasé, -ojJu Arap Yarémadasé ve Afrika Bo\)
khat kukajé ¢l kel 40i mdéyypyakawnamany & k.la alxobj kut BAfsriinkia
yeti kkin eBRekBhéni ekt i-ek&k'iénn élna dggénnlagke no [%lr0a k
bildirilmicktir. Khat, Doju Afri ka ve Arap Yar é me
Cathaedulisi n yaprakl @garcennervei gen-er st Bu konudaki [
Bart h®l emyd Herbelot de Molainville taraféndan \
olarak wuzun -ijneme seansl arénda t ¢ ketlialniérl,éry aj
Khat'taki ana aktif maddel er katinon ve katindi
farmakol oji k etkileri niteli ksel ol arak amfetan
Mill etler | aboratuvatrtlakie blyoXk'itmyaskhat ohiamiak lalka
kekfetmi ktir. Khat t¢ketiminin késa (uykusuzl uk
vadede olumsuz etkil eri vardeéer. Kull ancél arda
dejki ml er i ve Kiddet i -eren davranéxlar g°r ¢l mek
Anahtar Kelimelerk hat , cathin, cathinone, amfetamin, teh
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Introduction

Khat or gat Catha eduli¥ belongs to the Celastraceous family and is an endemic plave bati
East Africa and the Arabian Peninsula [11]. However, there is only one species of th&€gtraus
(Khat), this family has forty genera alone [19]. The Khat, a very polymorphic species seen its size
varying from one to two meters in the arid regiopsta six meters in the very humid regions of the
equatorial zone. The shape and color of the leaves can vary depending on factors such as the botanical
origin or the degree of development.

Figure 1: Catha edulideaves

Chewing the plant has been the most common mode of consumption for years. Fresh young shoots
are chewed and stored in the cheek and the juice of this chewed material is swallowed, while the residue
is spat out. The plant has the power to dry out the orabsauwhere chewing is always accompanied
by the intake of liquid. For the elderly, the leaves are very hard, so they pulverize them with a mortar
and then the powder obtained is mixed with water.

It was in 1697 that the first description was made by the Erdh man Bart h®l emyd
Molainville during his trip to Yemen, he specifically said (translated) "[it] is made with a seed which is
unknown to us, which has been banned by the Doctor of Laws in the province of Yemen where it is
from...Because itisoto st rong and affects the braine. I n
discovered that cathonine (which is an amphetaiifiestimulant) was the biochemically active
ingredient in Khat [1]. Although khat is known as a stimulant drug that creait@gsskealth, economic
and social problems.

Internationally, there are approximatelyl8 million kat chewers, most of whom live in the
Arabian Peninsula and the Horn of Africa, particularly in the khat belt countries of Ethiopia., Somalia
and Yemen. It habeen reported that 80990% of adult men and 10%0% of adult women in East
Africa consume khat daily [£26].

It grows in regions where normal conditions approach those of its natural habitat, that is wet and
warm slopes from 1500 to 2500 meters abovdesesl [18]. Hence its cultivation is most widespread
in Yemen, Ethiopia, and Kenya. These three countries offer ideal conditions for growing the plant.



1. Chemistry of khat

Although the leaves of Khat contain the common substances of plants but alsbdevareal
substances are present. There are more than forty alkaloids, glycosides, amino acids, vitamins, and
minerals [6]. So, we found 90% water, 1.6% polyphenolsg88qrotein, 2%43% fiber, 0.3% calcium,

0.2% vitamin C, terpenes, flavonoids, and steft]. Within this diversity of ingredients, the presence
of two alkaloids is of particular interest to usc&hinone, also known ag (2-aminopropiophenone or
S-(-) -2-amina1-phenyl-1-propanone (&-keto derivative of amphetamines) and cathine.

OH 0

HaC HoM g

Nk, CH,

(*}amphetzmine Calhine {=)-C alhiriume
(! norpravdoapheadrine)

Figure 2: Molecular structure of amphetamine, Cathine and Cathinone

Cathinone is a very unstable product; indeed, between 24 and 36 hours after harvest, a cathinone
dimer is formed, much less active than cathinone [7]. This explains why khat leave®arkesht to
retain their stimulating effects [3].

The second alkaloid that has the desired effect on khat is cathine, or 1S,2 Snorpseudoephedrine.
This other psychoactive substance comes from the metabolism of cathinones in plants. Cathinone is
indeed metholized into cathine and norephedrinelf4]. Cathine is less important than cathinone and
is ten times less active than the parent molecule [9].Traces of other substances are also found in plants.

Traces of other substances are also found in plants. féteerdR,2Snorephedrine and many
cathedulines (polyhydroxylated sesquiterpenes) [7] and other phenylalkylamines, such as
merucathinone, pseudomerucathinone and merucathine [24], did not play an important role in the
activity. Quinonetriterpenes have alseen identified, which give the roots an orange color. The
cathinone content of fresh khat leaves is around 0.1%. Fresh plants contain lesser amounts of cathine
[9]. This is because cathinone is metabolized to cathine as the plant matures [24]v@bedetain
four times more cathine than norephedrine. The amounts of cathinone, cathine and norephedrine varied
considerably depending on the type of khat tested.

The fresh leaves contain 133 mg of cathinone, 83220 mg of cathine, andi 87 mg of
norepledrine per 100 grams [24]. These significant differences could also be explained by differences
in the freshness of seizures.

Norephedrine is the third major alkaloid found in khat. In fact, like cathine, it is a degradation
product of cathinone. It is alsa diastereocisomer of cathine [24]. Norephedrine can cause some of the
effects of khat, which are generally undesirable, such as headaches.

Cathinone and cathine are closely related to amphetamine, and the pharmacological effects of
cathinone are qualitaely like those of amphetamine (which is a psychostimulant) although they are
less potent [19]. Because of this the marketing of khat has been banned in several countries. As cathinone
degrades rapidly in damaged or desiccated plant material, onlydeagtslare chewed.

2. Pharmacological activity

Cathinone and cathine are central nervous system (CNS) stimulants, like amphetamines, but
qualitatively weaker. The euphoric effect of khat begins about an hour after chewing. Cathinone plasma
concentrations pé&al.5 to 3.5 hours after chewing. After eight hours, cathinones were barely detectable

4



in the blood. Firspass metabolism of cathinone in the liver results in the formation of norephedrine.
Only 2 to 7% of cathinones are excreted in the urine in theifeaw. The elimination halfife of
cathinone is 1.5 +0.8 hours, while that of cathinone is 5.2 34 hours [22].

The khat alkaloids (cathinone and cathine) are central nervous system stimulants; their actions
are similar in nature to those of amphmeii@es. Cathinone and cathine act on the dopaminergic and
noradrenergic pathways. It is well established that, like amphetamines, cathinones cause the secretion
of serotonin in the central nervous syster¥[5 Cathinones also induce dopamine secretictinén
central nervous system, increasing the activity of dopaminergic pathways [16]. It also affects storage
sites by releasing norepinephrine, thereby promoting noradrenergic transmission [25]. Cathinone and
cathine are also thought to inhibit norepinepaniauptake [6B-21].

However, their stimulating effect is much weaker. Cathinone is thought to be half as potent as
amphetamine, and cathine is1D times less potent [14]. In fact, the large number of herbs needed to
achieve a mild stimulating effect makd&hat far less dangerous than the chemically pure form of
psychoactive drugs [9]. Hence, the nhame natural amphetamine is often found [10].

The degree of addiction associated with the consumption of khat is generally low. The sought
after pharmacologicak#ion of khat alkaloids is a state of euphoria and elation, accompanied by a sense
of arousal and heightened excitement. These states of excitement are often accompanied by depression,
irritability, anorexia, and sleep disturbances. Psychotic reactiors heen demonstrated in subjects
regularly taking high doses [9]. Hyperthermia and analgesia demonstrate activation of monoaminergic
pathways and opioid mechanisms+20]. High fever can also be explained by thyroid stimulation [15
21].

Little is known abat the role of other components of khat. However, astringent tannins are
thought to be responsible for gastritis, stomat#isgphagitis, and periodontitis.

3. Pharmacokinetics

One hour of chewing to obtain the desired stimulating effect of the plant. [ptasia
concentrations are reached about 1.5 to 3.5 hours after the start of chew®%j. [A2erage plasma
concentrations up to 100 ng/mL after chewing 60 g of fresh plant for one hour. Eight hours after
chewing, cathinone is barely detectable in the djl@taundergoes a hepatic fiughass effect, resulting in
the formation of norephedrine, which is then excreted in the urine (bi% &f cathinone is excreted)
[11-21-23]. Cathine excretion is unchanged [21].

A two-compartment pharmacokinetic model hasemtly been described E25]. There are two
absorption sections. The first segment lasts 0.1 to 0.2 hours and the second segment lasts 1 to 2 hours.
Absorption through the oral mucosa is defined as the first stage of absorpti2i+25]

Thiswasthedr gest proportion of cathinone (59 N 21¢
plasma concentrations were reached in 2.3 hours for cathinone, 2.6 hours for cathinone, and 2.8 hours
for norephedrine [225]. Chewing can extract much of the active ingradie. In fact, onl vy
remained in leaf residues [25]. The second absorptive segment is the stomach and small intestine [11].

The elimination haH i f e of cathinone is 1.5 Rlifeoof 8 hour
cat hi none i s[2385],2andNhe Soluses bf tha cestral compartment of cathinone and 3
cathinone are 2.7 N 3.4 and 0.7, respectively N

Cathinone is detectable within 0.5 to 7.5 hours after administration but is no longer detectable
after 24 hours [25]. Cathones can be detected in urine by gas chromatography coupled with mass
spectrometry [11].
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Conclusion

Khat comprises the leaves and young shoots of Catha edulis, a flowering evergreen shrub grown
in moist, warmslopes at 1500 to 2500 meters altitude in East Africa on the Arabian Peninsula.
Traditionally consumed during long chewing sessions, its leaves are used for their euphoric and
stimulating properties. Internationally, there are approximatdly gillion kat chewers, most of whom
live in the Arabian Peninsula and the Horn of Africa, particularly in the khat belt countries of Ethiopia,
Somalia, and Yemen. It has been reported that 80% to 90% of adult men and 10% to 60% of adult
women in East Africa consumén&t daily.

Although the leaves of Khat contain the common substances of plants but also a few chemical
substances are present. Khat contains alkaloids (cathinone and cathine) which have euphoric and
stimulating effects; these properties are sought by édvegumers for different reasons. Cathinone and
cathine are closely related to amphetamine, and the pharmacological effects of cathinone are
qualitatively like those of amphetamine (a psychostimulant substance), although less powerful. Despite
its excessiveonsumption, khat is misunderstood as a stimulant drug that creates major health, economic
and social problems. Although the exact relationship between the consumption of khat and the main
diseases detected has not been established, it cannot be eXeltidRis practice is at the origin of the
emergence of certain diseases.
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Abstract

In the current situation, the demand for agricultural products has increased by more than 70%. In
vitro technigues have been proposed as an alternative to -kogle breeding programs.
Unfortunately, a major problem in plant tissogture applications during in vitro plant propagation

is browning of the cultured tissue, and external and internal infections are frequently encountered.
Essential oils have the potential to serve as a natural alternative to synthetic preservatives for
industrial food preservation. They are concentrates of powerful aromatic compounds, obtained by
steam distillation of aromatic plants, rich in active ingredients. The application of essential oils is a
promising alternative to antioxidants due to their poful antibacterial activity and ability to
neutralize free radicals. The use of essential oils is an effective way to improve quality, is believed to
control enzymatic browning reactions, and has potential antimicrobial properties. This work will
allow usto demonstrate the effectiveness of using essential oils to control enzymatic browning and
crop contamination, based on previously conducted research.

Keywords:Enzymatic Browning, Contamination, Essential Oils, In Vitro Culture, Propagation
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Introduction

In the current situation, the demand for agricultural products has increased by moredthan 70
For largescale propagation, the use of cuttings is not ideal due to the long times needed to produce a
developed plant. Hence in vitro techniques have been proposed as an alternativestalargeseding
programs. Unfortunately, a major problem ilarg tissue culture applications during in vitro plant
propagation is browning of the cultured tissue, and external and internal infections are frequently
encountered. Cultures are a source of microbial contaminants and can grow rapidly in vitro due to the
nutrientrich medium. Essential oils have the potential to serve as a natural alternative to synthetic
preservatives for industrial food preservation.

The bioactive components of essential oils have specific antibacterial actions. They act at the level
of the membrane and the cytoplasm, and in certain cases, completely modify the morphology of the cells
[18].

The use of essential oils is an effective way to improve quality, is believed to control enzymatic
browning reactions, and has potential antimicbproperties [1].

This work will allow us to demonstrate the effectiveness of using essential oils (EOs) to control
enzymatic browning and crop contamination, based on previously conducted research.

1. Essential oils as agents antibacterial

EO is a concenttad, strongsmelling natural product produced by aromatic plants as secondary
metabolites [24]. These oils exist in the form of variable mixtures, mainly composed of terpenoids,
monoterpenes and sesquiterpenes, and diterpenes [31]. Other classes ofemaanublso be
encountered such as acids, alcohols, aldehydes, esters, acyclic aliphatic hydrocarbons, or lactones; some
nitrogen and sulfur compounds, homologs of coumarin and phenylpropane [18].

EO is liquid, volatile, transparent, and colored, solubldipids and organic solvents with a
density lower than that of water. They can be present in all plant organs, including buds, flowers, seeds,
branches, st ems, fruits, roots, wood, or bark,
lumen, ducts, glandular hairs, or epidermal cells. EO is extracted from a variety of aromatic plants
commonly found in temperate or warm countries, and they often constitute an important part of
traditional pharmacopoeias. These plants are known for theimpbalogical properties {80] and are
often used for food preservation [4]. EO contains various secondary metabolites that can inhibit or slow
down the growth of microorganisms [14].

2. Browning of the culture medium

Oxidative browning due to the accumulatiand oxidation of polyphenols in the media is the
main barrier to in vitro propagation [23]. Figiglown plants are a source of microbial contaminants that
can proliferate rapidly in vitro due to nutriemth media when new crops are established [29].
Therefore, it is necessary to limit the oxidation of phenolic compounds, a source of enzymatic browning,
and to inhibit microbial growth, for the successful establishment of tissue cultures in vitro [33].

Most protocols to prevent tissue culture browning lbanlivided into two groups:

I Antioxidants such as ascorbic acid, citric acid, or melatonin, which decrease oxidative
stress.

1 Adsorbents that bind phenolic compounds making them less toxic such as activated carbon
or polyvinylpyrrolidone (PVP) [32].

Howewer, some of these strategies currently employed to control the browning problem have
undesirable side effects. For example, ascorbate and citrate are considered toxic, activated carbon and
polyvinylpyrrolidone (PVP) adsorb not only toxic exudates but gleavth regulators and nutrients.
Paraffin was found to be effective in preventing and minimizing the risk of browning when the cut ends
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of plants were sealed [5)ones and Sagna (2013) showed that the incorporation -@n2inoindan2-
phosphonic acid (AIR a competitive inhibitor of the enzyme phenylalanine ammityaise (PAL), into

the culture medium resulted in a significant reduction in visible browning by reducing the biosynthesis
of polyphenolic compounds. The incorporation of antioxidants into tiire medium reduces
browning and leaching of phenolic compounds [26].

3. Previous research

This work aimed to find an alternative source to control the phenomena of oxidation, browning
and contamination, which often lead to explants in A. see in vitrochiewee this, EO extracted from
thyme and rosemary was tested as a solution drug for enzymatic browning and microbial contamination
for A vera propagation.

The plants used are 3 years old. After sterilization of the explants and sterilization of the media
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survival of the explants, the diffusion of browning, the percentage of infection, the number of leaves per
explant and the average lehgf the leaves were measured after four weeks for the different culture
meda (M1, M2, M'3, M'4 and M'5).
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Table 1: Effect of culture media additives in the first experiment

The essential oils added to the medium matched with A. vera cultured iargtsbown in Table
1. None of the explants survived in M3 and M4 media, suggesting that thyme EO inhibited the growth
of explants. The percentage of explant survival in M1 (control treatment) was 86.67%, which was
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Figure 1:Var i ati on of browning diffusion accoAf€i (et owhed
M1: MS + 1 mg/L IBA; M2: MS + 1 mg/L IBA + 0.5 g/L charcoal; M3: MS + 1 mg/L IBA + 0.1%
thyme EO; M4: MS + 1 mg/L IBA + 0.2% thyme EO; M5: MS + 1 mg/L IBA + 0.1% rosemary EO;
M6: MS + 1 mg/L IBA + 0.2% rosemary EO.

The diffusion of enzymaticrbwning as a function of temperature and medium is shown in Table
1. In M5 and M6 media, browning was completely absent, however, in M2 medium, moderate browning
was detected, while in M1, browning was high regardless of temperature. The antioxidatyt @fctivi
rosemary EO inhibits the release of phenolic compounds.

r e —

Tabk 2
Dose-response effects of rosemary EO inthesecond experiment at 22 °C.

Culturemedaaddtives

Nameof themeda  IBA* (mg/L) Rosemay Surviva Browning Infection Average number  Average leaves

EQ” @ percentage @) diffusion @9 percentage @9 of leaves length (cm)
ma 1 0 100.00 ® 63.63§ 0.52° 50008 0.48° 3.57§ 0.53*" 2.71§ 0.49°
M@ b’ 0.025 100.00 * 22458 0.28° 40008 0.45° 357§ 0.51*° 266§ 0.41°
M3 4 0.05 100.00 * 0.00° 40,008 0.54° 350§ 0.65* 3.198 0.37°
M@ 1 0.075 10000 * 0.00% 10008 0.36%  3.28§ 0.49° 2,948 0.32%°
MG 1 0.1 100.00% 0.00° 10.00§ 0.25°  3.71§ 0.44° 2,948 0.46>°

Differentletters indicatesi gni Ucantdiffererces (Fisher® test atp 0.05). 2
1BA: b-indolebutyricadid.
> EO:essential oil.

Table 2:Doser esponse effects of rosemary EO in the

For the second induction experiment, the percentage survival of the explants was 100% for all
culture media.
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Thediffusion of browning for the second induction experiment depended on the concentration of
rosemary EO in the media.

The percentages of infection of the culture media varied from 10 to 50% depending on the culture
medium. The highest percentage of the pmfe50% concerned the M'L medium. This percentage
decreased due to the antifungal and antimicrobial activities of rosemary EO. In fact, the lowest
percentage of infection (10%) was detected in the M'4 and M'5 media, which contained 0.075 and 0.1%
of rosenary EO respectively.

Figure2:Var i ati on of the enzymatic browning diffusion in
MS + 1 mg/L IBA + 0.025% rosemary EO; MO63: MS +
+ 1 mg/L IBA + 0.075% rosemary E® 6 5 : MS + 1 mg/L IBA + 0.1% rosc¢

Indeed, the M'3, M'4 and M'5 media (containing respectively 0.05, 0.075 and 0.1% of rosemary
EO) did not show any sign of browning due to the oxidation of the compounds phenolics. However, the
browning was intensir medium M'1 and weak for M'2 (Fig. 2).

Conclusion

The use of essential oils is an effective way to improve quality, is believed to control enzymatic
browning reactions, and has potential antimicrobial properties. Enzymatic browning and infection of the
medium can be controlled to improve propagation in vitro. These studies are limited in vitro. According
to the studies described, enzymatic browning and infection of the medium can be controlled by adding
rosemary EO to promote the in vitro propagatiodo$ee. Rosemary essential oil can be offered as a
substitute for other chemicals for successful cultivation of A. vera in vitro due to its antioxidant,
antibacterial and antifungal properties.
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Bu -al éekma Bateée Karadeniazn Heaovzzkausré allt- ehsda v zvael a-reév
Ezine taye Havzaséobdne kapsamaktadeéer . Cojrafi B
hidrolojik karakteristiklIler belirlenmicktir. CB
sajl anan fHyodrhil omget it oiol e -al ékma al anéné kapsa
altlejenda il gili spesifikasyonlar ve geometrik
belirlenmesi ve -al é&kma al anéna ddanihavzayaehuygum ol o i
takkéen debi si hesaplama y°ntemleri kul l aneéel ar ak
el de edi Il miktir. Yapélan -al ékmalar neticesinde
anal i zi ( NTaFKA) g &-urhilkan&hakéenl arl a veri fike edi |
saptanmaya -al ékeéel méxkteéer. Buna g°re DSK sentetil
1000 yel ara il e gel mesi/ smubhutleurmemtu kttaukrk.é n debi si
Anahtar KelimelerrAr cgés, Sayésal Y¢ksekli k Modeli (Sym),

Bilgi Sistemleri (Cbs), Hidroloji

Determination of Kastamonu Bozkur tHydaogymed Ri ver
Calculation of Flood Discharges

Abstract

This study covers the Ezine Stream Basin, which collects water from Bozkurt district and its
surroundings, which is one of the sobiasins of the Western Black Sea Basin. The hydrological
characteristics of the basin were determined by using Geograploicriation Systems (GIS). With the
"Hydrology tool" service provided by the program in the -B#sed ArcGIS interface, the relevant
specifications and geometric characteristics have been determined in the digital elevation model (DEM)
base covering the whrarea. After determining the basin parameters and obtaining the meteorological
data about the study area, iterative flood discharges were obtained for the relevant study area by using
the most appropriate flood discharge calculation methods for the bAsira result of the studies,
Mockus, DSI synthetic, Snyder and point flood frequency analysis were used to determine consistent
and healthy results that could be verified with past floods. Accordingly, it has been argued that the DSI
synthetic method givelse most appropriate results. The flood discharge, which is likely to occur with
an interval of 1000 years, was found to be 2046,12 m3/s.

Keywords Ar cgés, Digital El evation Model ( Dem), E
I nformati onHyEmwlmy ems ( Gés) ,
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1.GKRKK

Knsanl éjéen en temel i htiyacé olan suya yakeéen
kaynakl ara yapeélan m¢gdahal el er neticesinde do]j
gel mesine sebep ol maktadédar .aflgrdyadaeny kananolem
yatakl aréna yapéelan mg,dahaleler ile birlikte ge
°nemini korumaktadeéer T¢rkiyedde ge-mi Kk ve yakel
gere&kéemnawfeti, depremlerden sonra en -ok ekonom
°ng°r¢de bulunabil mek ve takkénl arén ol asé hasart
dojruya en yakén d¢zeyde Dbil genieldi mimeki nial @nta®é,i
-al eékma kapsaménda, takkén afeti a-eéséndan gé
dejerl endirme yapél masé gereken Kastamonu Bozku
amac é, cojrafi bi lagnil € siAsrtceGmISer pr o(gCBSné tkaud | aneé
parametrelerinin bulunmasé ve bu parametreler y:
100, 500 ve 1000 yel tekerre¢grleg) literat-¢glradre bul
dejerlendirilmik ve sonu-I|lar b°l ¢im¢gnde veril mi kKt

2. HAVZA HKDROLOJKK PARAMETRELERKNKN ARCGI S KLE

Program i-in gerekl:i ol an Kastamonu iline ait
il erl eyen b°l ¢ml ermoed eanl ¢z erliamd ei Ky eepd lemé kbt ué r ( k
model i, havza parametrelerinin iklenip tanéml anc

kekitlalle.k ma Al anéné Kapsayan SYM (USGS, 20

e
iy P

)
>
2

2.1. SYM Y¢zey Optimizasyonu

Sayeéesal yé¢ksekl i kkmpdeeynttekbukbubanbnbaeacegi der
dojru temsili i-in yapélan bu ikKklemde programén
sayesinde ejim d¢gzenl emesi yapél mék ve akeék yg¢ze
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2. 2. A k énm Bdlidenntes r i

Yézey optimi zasyonu i KI emi nden sonr a d¢zenl
g¢zergahl aréenén belirl enebil mesi i -in progr ameé
fonksiyon, her pixel czerrhdetiankempéyykk&oeskkkDbdkt
akekén ger-eklekmesi temelieaei dhghnmaRbd6ddeg?® sBet

kekitlalZ2.kma Al anéna Ait Akék Y°nlerini G° st
Lejant
Akis Yonleri
Value
01,2525 5 75 10
e ™ i lOMEteErs
2.3. Akém Birikiminin Belirlenmesi

i zerindei kakm@m odimayan ve gelen akémé daha dg¢
h¢crelere d¢kek, czerinde akéem biri ki mi ol an ve
ol duju h¢crelere yéeksek dejerl er veremoeohk aypep
biriktirdijini ifade etmek i-in Aflow accumul ati
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2

g

4).

kekiElzish.e ¢ayé Havzaséna Ait Akém Biriki
N
e
s
Lejant
birikirm
<VALUE=
| ERRE:LL
[]1 000000001 - 523577
o 3 g 12 Kilometers
L 1 1 1 | 1 1 1 |
. 4. Havza ¢éekék Noktasénén ve Havzanén Belirler
Havza Ssénérénén absbubhnuohendneensiizei -di°nk ¢ald¢]j ¢ n ok
erekmektedir. Bu iklem i-in Asnap pour pointod
€Ekék noktasénén programa fAwatershedo fonksiyont
kekiElzishe ¢ayé Havza ¢ékék Noktasé ve Ha\
Legend
@ cikig noktas
Dﬁﬂa Havza
M
WJ.IF»E
S
] ] 10 20
| ] ] 1 ] ] ] |
Kilometers
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2.5. En Uzun Su Kolunun Belirlenmesi

Havzanén
toplayan en uzun akarsu kolunun tespidilmesi gerekmektedir K k | e m
faydal anéel ar ak

belir]l

enmesi

akar su

ni n

kol u,

ardeéendan

talvegin

hidrolojik
yapeéel érken
takip edil

uzunluju Acalculate geometryo iklemi yapeéelarak I
kekiHavk.a Sénéré K-erisindeki En Uzun S
"“'ﬂ
k) Legend
-._\|I
L=51,5 km ;r’ E AnaHavza
r"ér anakol
i N
'\l \
o~ W+E
/}l\jj?
R N
—y
0 5 10 20
I Y N IO B [
Kilometers
ArcGIS prgr amé ¢zerinde gerekli d¢zenl emel erin ye
kull anél mak ¢zere alan 372,49 km2, L boyu 51,5 |
Lc boyu, havza ajérl ek merkezinidemolatkarislue klmd wan:
kadar olan mesafedir.
2.6. Thiessen ¢Cokgenlerinin Belirlenmesi ve Mete
Havza hidrol ojik hesaplarénda kull anél mak ¢z
al ansal dajékgmal eThi Meseo®dudoil e bulunmuxktur. K
ol arak birlexktirilmesi ve bu ¢-genlerin etrafénc
i ki i stasyon arasénda kalan bir ngkstaeéabihlamgkt
(Usul, 2021). ArcGlIS programénén sunduju fAcreate
yapél mék ve istasyonlarén alanlara y¢zdesel daj é
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kekitlalee.k ma Al anéna Ait Thiessen ¢okgenl e

Catalzevtin

Legend
® MG

Thiessen

Mamatlar
L ]

5

[ N
Kilometers

Thiessen -okgenlerine g°re -aléekma al anéna;
Bozkurt/ Mamatl ar MGK %51 oranénda etki etmektedi
M¢ederl ¢ ¢bnden t emin edil mi ktir.muwnl gamak avanie
belirlendi kten sonra bu veriler:i tekerre¢grl ¢ hal
kull anél mék ve en dojru y°nteme bel i-fSmimovtesth| aml él
uygul anarak kagsey,ver93Imi ktBuw Ka@asamda, Nor mal
(PT3) dajeéel éme, -Foaanbsdn dtaij@l @2meéLPTd)y d-mofmall € me ,
(LN2-LN3) dajélemlaré kull anél méektér (Tablo 1).

Tablol.Tekerr¢¢rl ¢ Yajék Yéegksekl ikl eri

Ks toas G°.zl Kollmogorov-. Tekerr¢rl ¢ Yajék Y¢iksekl
Ad e S ¢ r e| Smirnov Testi

(vel Sonucu P2 P5 P10 | P25 | P50 | P100 | P500 | P1000
Log Normal

Bozkurt 57 (2 parametreli) 78,09 98,92 | 111,97 | 127,82| 139,28| 150,28 | 175,45 | 186,4

Mamatlar 7 '-Ogﬁpegrson 58,44 | 112,84| 159,31| 230,23 | 292,17 | 361,98 | 536,76 | 682,07
. Log Normal

Devrekani 34 (2 parametreli) 36,98 | 53,69 | 65,26 | 80,39 | 92,04 | 103,75 | 132,42 | 145,67

2. 7. CORI NE Arazi Kull aném Sénéflandér maseé

CORINE (Coordination of Information on the Environment), vedibanénda mevcut
yé¢zeylerin kull aném senéféna g°re ayrél maséneé s.
Belirlenen ejri numar al aré; zeminin geoteknik ©°z
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ol ar ak deji kKenekkit ediumar aAlka&reé sayesinde t akkeén d
yée¢kseklijinden akek yeéogksekl i bul unabil mektedir
akéek ejri numarasé Tablo 26de g°sterilmicktir
Tablo2.Ezi ne ¢ayé HawvzakKkebhan@dmtSanéfl aré ve AKEK

Ecl)‘(ij Ar azi Kull aném EJri Alan Ai/A Ej ri No *

112 Kesi kli kehir 90 0,812 0,002 0,196

131 Maden ¢ékarém ¢ 87 1,410 0,004 0,329

211 Sulanmayan Ekilebilir Alan 81 19,579 0,053 4,258

231 Meralar 81 3,066 0,008 0,667

242 Sul anmayan Kar é 82 11,595 0,031 2,552

oa3 Dol al Bitki ¥rtes g 52,205 0,140 11,793

Al anl ar é

311 Geni kK Yaprakl e 72 83,426 0,224 16,126

312 Kine Yaprakl e 70 67,873 0,182 12,755

313 Karékék Or man 71 76,736 0,206 14,626

321 Doj al tcayéerl e 78 15,530 0,042 3,252

324 Bitki DejJikim 80 36,585 0,098 7,857

332 ¢teplak Kaya 100 0,529 0,001 0,142

333 Seyrek Bitki A 75 2,470 0,007 0,497

Ej ri Numab&sé He Toplam= 1,000 75

3. TAKKI N DEBKSK HESAPLAMA Y¥NTEMLERK
Takkén debil eri (Q2, Q5 , Q10, Q25, Q50, Q100
)

kokul |l arénéen dejerlendiril mesi ve havzaya ait u
bul unan y°ntemler incelendijinde, hesaplarén 3
Grupl ardan il ki Snyder , Kirpich, Mock us, DSK se
yajJ ek s¢grelerine g°re °telndremd sirydlie .elBdie ge diipll err
abakl ar ve tablolar kull anélarak debilerin hesa,
ampirik y°ntemlerdir. Son grupta akém rasatl areée
bulunmakta é r . Bunl ar ; nokt asal takkén frekans anali
(BTFA) . Frekans analizlerinde kull anél acak ol an
Megderl ¢ é¢bnden temin edil mi Kabro Ybédeewmeeri mi iy

Tablo3.Takkén Debi si Hesapl ama Y°ntemleri ve U

Y°ntem Alan Kull aném Durumuna Ai

Birim hidrografeéen y¢ksel
ol masé uygun g°r ¢l
Toplanma s¢resinin (Tc)

DSK Sent e 0-1000 km2

e i g°r ¢l mektedir.
Ct ve Cp katsayél arénén
Snyder 26-26,000 km2 sonu-1ar vermekt e
Mc. Math - D¢z arazilerde kull ané
Rasyonel 0-5 km2 Abak deijeirh saptanmasé
Nokt as al Tatk i Akarsu kolu ¢zerinde vy
Analizi (NTFA) bul unmasé ger ekmel
B°l gesel Tal i Komku havza ya da devam
Analizi (BTFA) yetertrasalémverisinin b
4 . SONUC¢
Literate¢grde bulunan y°ntemlerden -al é@&ékma al an
i -in uygulanarak tekerr¢grl ¢ takkeén debil eri el d
Y°ntemlerin grafiksel gesteri mi i se kekil 76de
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Tablo4.Ezi ne ¢ayé Havzasédna Ait Takkén Debis

Tekerr¢rl ¢ Taw/ddén Debileri (m

Y°ntem Q2 Q5 Q10 Q25 Q50 Q100 Q500 Q1000

Mockus 55,78 176,91 303,57 518,25 718,11 951 1562,92  2060,78
DSK Sen 9051 226,06 357,59 570,58 764,81 988,63  1575,06  2046,12

Snyder 95,9 232,05 358,75 559,03 755,24 984,15 1577,2  2054,59

NTFA 66,2 103,25 131,35 170,6 202,43 236,36 314,98 375,51

kekiElzime ¢ayé Havzaséédwbéréetm&oau-1arén K
EZINE CAYI HAVZASINA AlT SONUCLARIN
KARSILASTIRILMASI

w 2500

< 2000 =TT

= , :-.'_-r_-."l‘_-_-_-_i

= 1500

ElDOD >

% soo =

_,:: &

= 0 @:

0 200 400 600 800 1000 1200
TEKERRUR SURESI (YIL)
ol Mockus g Snyder D5l Sentetik NTFA
Sonu-1lar incelendijinde, havza i-in elde edi/l
nokt asal takkén frekans anali zi (NTFA) sonu-1ar

daha d¢ke¢gk dejerl erdpt émil,unmavxzar paMam&usely@r i i

dur mamasé ve °telemesiz ol masé nedeniyle tercih
olan ve -aléexkxma alanlaréna g°re belirlenen Ct v
uygulmémsbBul unmamasé ve se-ilen kat sayeéelarén d
se-i Il memiktir. Kriterler g%z °n¢gnde bulundurul du
sentetik y°ntemi ile elde edilenitm@mkk&inr deBill ge
frekans anali zi (BTFA), k o mku havza vya da k ol
uygul anmaméckt éer . Ampirik y°nteml er i se havza

gerek-esiyle kullanéel maméxkter
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S¢rténme Kar ékt ér ma Nokt a Kaynaj e ( SKNK) y°nt
y°nteminden t¢gretilmik ve son zamaé| aadchan dadaeicj
endg¢stri koll arénda da ol duk-a dikkat -eken ye
-al exmal ar e, bu y°ntem i-in takem geometrisinin,
s¢resinin bajl anzemiéme -ocelkdnek -kau vevtekkiisi¢ ol duj unu
y°nteminde kullanélan kaynak takéména benzer bi
belirtilen ¢- kademedenBuoldueknaeny shkeil r -uayl geklneamdaas, € 4v
Poliamid 6 (PA6) |l evhalarén SKNK ile bindirme ba
s¢resi parametreleri arakménébahkhradeknynmki bagl ar

Anahtar Kelimeler:P A 6 SKNK, Si | i ndist, Okimum-kdynak gararkegemeti. ¢ e k me

Application of Fssw To Polyamide 6 Material and Determination of Optimum WigdParameters
Abstract

The Friction Stir Spot Welding (FSSW) method is a derivative of the Friction Stir Welding (FSW)
process, which is a meprocess that recently has received considerable attention from the automotive
and other industriesStudies by various researchers have shown quite the effect of tool geometry, tool
rotation speed, tool penetration depth and dwell time on tensile fadacdeof the joint for this method.

The FSSW process consists of three phases of plunging, stirring and retraction with the FSSW tool
similar to the FSW tooln the study, 4 mm thick Polyamide 6 (PA6) sheets were done lap joints with
FSSW. In the joiningpol rotation speed and dwell time parameters by researching, in the strength of
lap joint variation were examined.

Keywords:PA6, FSSW, Cylindrical tip tool, Tensile test, Optimum welding parameters.

1. GKRKKk
S¢rtéeénme karékt érm& nieeltiia 1O2Bn yjééd ehdkNKW@azyd a t

tamamen yeni ve ergime ol maksézéen bindirme bajl e
[1-10] . SKNK, s¢rtegnme karéktéerma kaynajéndan (S
dikkat - ek mek3ledi Ot grhdti v end¢strisinde al ¢gmi nyum
kaynajJ é sonucunda olukan hatalarén gideril mesi i
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[14], magnezyunjil5], - el i k[16]ueyvghual laanrmaa k't ad éer Ayr éca, yapél
yé¢ksek mukavemetli, ilerekymbkaktemekbhivemetl k|l ee
i -in de kullaneldéjénée belirtmektedir [17]. SKNEK
bu y°ntemin poli mer esasl & mal zemel ere de uy g
Sonranda ise -exitli polimer mal zemel erin SKNK yo?©
saptanabil mesi i-in -exitli -aléxkmalar yapél méxt
mal zemel ere de uygul anabilamandé ryfau teare -48hle.ml [i 4 ]t
SKNK, bindirme tipi bajl ant élarda sajlam birle
sergilemiktir [29].

Pl asti k mal zemel erin | aboratuar «kartl &kénda i
bu mal zemel er e gel ecejin m¢hendi sl ik mal zemel
mal zemel ere g°re mekanik ©°zelliklerinin daha d,
maddelerinin ilave edilmesiyle (cam, karbon, talk, fiber vb.) fizé | vV e mekani k ©°ze
iyilektiril mesi meKklignpol ameft menet eéime [LBB8 yeéel ¢
kekfedilen sel ¢l oittircr [ 30, 31] . Termopl asti kI €
dojrusal veyalidalploehhmméklarin@illmasé nedeniyl e u
ésétéldéklarénda erirler ve eritilerek defalarce
sertl ik, iy el ektriksel ve ki my ateyraoplastkktr B2].1 i k| er
Poliamid 6 m¢ghendislik polimerl eri séenéefénda ol
.sté¢n mekani ksel °czel l ikl eri nedeniyle el ektrik/
yaygén ol amalk bullbangmkaslek performansl é& termopl
polimerinin d¢k¢k €eésé sapma sécakl ej e, y¢é¢ksek
uygul ama al anl aréenda kul | Gamétimnaamayisindepim aombbdim d € r ma k
cretilebil mesinde binlerce par-a kullanél makta
i kKl emlerin en °nemlilerinden birisi aracén kalit
-ékareldej é Kaylnak Si¢gkltemlmer ikdairre kt ér ma nokta kay
kaynajé (SKK) teknijine dayanan yeni bir kaynak
taraféndan, -PnmedéllazdporRXar ab aidanodelnspor asabaimma s € n d ¢
cretiminde kullanél méktér [ 1].

S¢rteéenme kar -evre dost
[

kaynaj e,

[ 35] . Son ye geliktirilen kaynak y°nteml
sanayi sinde halan kalWhakélmakeaml erinin yerini a l
nokta kaynajénén alternatif kaynak y°ntemi SKNK
s¢rteéenme karéktérma kaynajénén nokta haneksehde dil
ergitmeli kaynak teknikleri ile karkel akteéeréeldej
kaynak i kKl eminin Ygeer - ébk Ire kknaeysniaki ry °[n3 ée]lmi ol an SK
dijer sekt®°rl erdekindeyguaul @axnd®| SE&Kery°mB&mienmiin,
y°nteminde kullanélan kaynak takéména benzer bi.
belirtilen ¢- kademede ger-ekl ek4]iriBwensg-biakamau
akajedaki gibidir kekil 1 [12].

Daldirma Karistirma Geri Cekilme

kekiSIKNK. y°nteminin (- kademesi (Three stage of
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Bu deneysel -al eékmada, ucuna metrik vi da C
kull anél mekt ér . Poliamid 6KmgPnéemenhi nybult bermekt
noktal arénén olukturul masé i-in belirlenen uygur
bu -al ékmaya °zel bajl ama aparaté tasarl aneéep, (
testleri uygulanarak&ky na k|l € bajl antéel arén dayanémlareée beld.
dal ma heéezé i-in, farkl é& devir sayésé ve farkl e
maksi mum yapan optimum kaynak parametrel eri beli
2. DENEYSEL¢ AL I k MA

Deneysel -al éxmada, kaynakl e bajl antél ar én
150x40x4 mm boyutl arénda ve standartlara uygun
ekstrg¢gzyon cré¢neg ol arak cretil mitke zRyamlhiéandiad k6 s
-ékarel mexkter SKNK y°ntemini uygul amak i -in
ger ¢l mektedir.

- 150 "
«20 »
¥ 40
4,1 : f
40 >
150 >
kekiSIKNX. i -in bindirme pozisyohu (Overlapping

Deneysel -al ékmada kul |l ané&lmend ek aynmeReysdl ank & meé r
-aléekmal arda kullanélacak takémén °1-¢1l eri bel i
takemlar g°z °n¢gne alénarak, bu takeéeTablemlflp ai t ©|

Tablol.Li t erlkaudlglrareé ]l an SKNK Raids®&ffb3NWtadle @sing inothe dterdtugy € (

Omuz Cap1 / Ug Capi 2.0 + 3,5 arast degigebiliyor

Ug Capi / Ug Uzunlugu 1.1 + 2,6 aras1 degigebiliyor
Ucuna metrik vida di ki a- édememet sii Isii ndtias akr |
Ol ukturul acak SKNK bajl antél aréndar kRulvleandlgdadadk
belirl enmiktir. Tablo 26de bu boyutl ar ve oranl

Tablo2.Tasar |l anan kaynak t ak é& manddimensionsliootlyewesigred weldiegtooly anl ar

Omuz Capi 28 mm
Takim Ucu Cap1r (Pim Capt) MI10 (10 mm)
(Metrik 10 Vida Digi Ac¢ilmig Silindirik Uglu Takim)
Ug Uzunlugu (Pim Uzunlugu) 6.5 mm
Omuz Igi Egimi 0°
Omuz Cap1 / Ug Capt 2.8
Ug Cap1/ Ug Uzunlugu 1.538

Bu oranlara bajleée kal arlkkl, | yragléed maka kk adlyemaeky ste:

|
resmi -iziliop, 4140 -elik mal zemeden, torna tezg
kaynak noktal arénén olukturul maséeénda kull anél an,
fotoje afle- ¢l er i kekil 36te g°r ¢l mektedir.
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ke KiSIKNX. t ak ES8®/tog))T h e

Numunel eri, CNC freze tezgaheneéen tabl aséna
cretil miKaymakke&i bapglant glapel anukkbmunti olgRketsmd k oil
tasaréma ©°zen g°steri|m|Kt|r. Belirl enen par am
tezgaheéenda ger-eklexktirilmiktir. Par -al arén bi
konumundaki par - al arén,k edDixmMed, bd mwz r-nep & °2 8 emm,n i
pim uzunluju 6,5 mm ol arak i mal edi |l mi k kaynak
akamal aré séraséyla wuygulanméxtéér . Takém, numu
dal der el médkalvnea idsetreinnilliefni ne wul akél énca belirl ene
geri -ekil mesi yine ayné héz ile otomati k ol ar
par-alardan wuzakl akteéreéel méxteéer . Talupehurada FSksn ol ar a
bekletil m kK ve takéemén ésénmasé sajlanmexteér. ¥
numunel ere séraséyla SKNK y°ntemi otomati k ol a
s°k¢l memi K, sojumasé i-in beklenmicktir.

e e A

..- -‘N*,

b ) .. Q,‘

kB4 SKNK numunel eri (Clamping tewide forFRAW samppes at é

Yapélan deneysel -al ékmada, belirl enen bir d
s¢resi, farklé devir sayésée parametrelaegmikniemgéel |
Yapéelan °n -aléxkmalar g%z °n¢nde bulundurul arak.
é - farkl & takém devri i -in 25, 50, 75, 100, 125
6,7 mm dal ma demiddkjdadmaveéd®0da, kaynak nokt a
s¢resi, 3 farklé takém devri i -in 75 sn se-il mi
aynéder
Birlektirmenin yeterli dayanéméamealdepegliupl el mad
Bil gi sayar kontroll ¢ el ektromekani k bir -ekme t
uygun ol arak -ekme deneyleri yapél méxkter ¢ ek me

27



olarak ilgili standa da g°°r e belirlenmiktir. El de edil en -
parametrelerde en y¢ksek -ekme kuvveti dejerlerl
3. DENEYSEL SONUC¢CLAR
Bu deneysel -alékmada, 6, 7 mneé zdéalsnaab idte rtiuntluiljai
bekl eme s¢resi ve devir sayésénén -ekme kuvveti:
d/ d devir sayél arénda 25, 50, 75, 100, 125, 150
testi sonwk-elkarl é 6I,<e\/keilke5|<,|l 76de g°r ¢l mektedir. F
- ek me kuvvetinin bel irli bir dej ere kadar d¢
gezlemlenmi ktir. B°yl ece -ekme kuvvetinde maksi
edi | mi ktir.
450 390 332
400
Z 350
£ 300 57 251
5250 —+—750d/d
ﬁZOO 1 6,7mm
5150 74
3100 12
50
0
0 50 100 150 200 250
BEKLEME SURESI (SN)
keki7fl[505.d/d takém devir sayésé ve 6,7 mm takém dal ma
etkisi (The effect of dwell time on tensile failure load for 750 rpm tool rotation speed and 6,7 mm tool penetration
depth
700 652,2
__-600
=
= 500
&
ano ——1250d/d
< 300 6,7mm
%200
L’|1()O
0
0 50 100 150 200 250
BEKLEME SURESI (SN)
kekill25®. d/ d takém devir sayésé ve 6,7 mm takém dal ma

etkisi (The effect of dwell time on tensile failure load for 1250 rpm tool rotation speed and 6,7 mm tool penetration

depth)
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450 400
379,2 384
400

342 335

Z 350 2qq 307
= 300
d
% 250 —e—20004d/d
Z 200 6,7mm
s
e 150
G 100

50

0 50 100 150 200 250
BEKLEME SURESI (SN)

keki2l00D d/d takém devir sayésé ve 6,7 mm takeéeém dal ma
etkisi (The effect of dwell time on tensile failure load for 2000 rpm tool rotation speed and 6,7 mm tool penetration
depth)

100 mm/ dak eda6l,mma mnezdéalvma der i nl i Ji i -in, 750
sayélarénda ve de 25, 50, 75, 100, 125, 150, 20
-ekme kuvvetini 652,2 N dejerle maksi mumsyaEasre O
ve 150 sn bekleme s¢gresidir. En y¢ksek -ekme ku
-ekme deneyi ©°ncesi fotojraflarée kekil 8, kekil
yé¢ksek -ekme kuvvdil didjeij eSKMKi miygukebhdmér par - al
g°zle yapélan incelemelerinde, 750 d/d, 100 sn,
parametresindeki ve 2000 d/ d, 125 sn, 6,7 mm paea
karakte i st i k g°r¢ngmgn meydana gel di i ve kaynak i
parametrelere bajlée olarak farkl & oranlarda, kay
d/ d, 125 sn, 6, 7 mm par amentarkd [€e rniu muwleldaen € | kaaryanka
yumukayan plastik mal zeme, omuz alteéendan déka d
etraféenda bir miktar y¢kseldiJi g°re¢l mektedir. 2
daha fazla malzemenimz ak |l akt éj é& g°zlemlenmi kKtir. Kaynak
mukavemet dejerlerine katke yapmasé gereken mal z
dejerini ol umsuz y°nde etkilediiJi g°°r ¢lacmk Kt ¢r .
i stenen optimum sécakléek dejerlerine ulakmak i -
d/ d da el de edilen -ekme kuvvetinin daha y¢ksek

k e k i SKNKumunesD4 (FSSW sampt®4)
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k e ki EKNK rlumunesiG3 (FSSW sampl&3)

En y¢ksek -ekme kuvveti dejerlerinin el de e
numunel erinin, -ekme deneyi sonr a&8é6téoveyrbamlat
numunel erin kopma b°lgelerinin g°r¢gnegmeg, el de ec

kekiteld@e deneyi s onD4EFESSWSdNIKafter temsile nEst)ys i

kekiteld®e deneyi S 0 n +G3 (FBSWS P& after temsilert€ady i
4 . SONUC¢LAR

Poliamid 6 malzemeyaycuna metri k vida di Ki a-él mék sil
SKNK y°ntemi rei nbuuydgeun eaynsdeélj - al e kmad a, bekl eme s
-ekme kuvvetine °nemli oranda etkisi olduju anl e
farkl & bekl eme s¢resi ve farkl & duevetinin belglaby € sé pa
dejere kadar artéep, sonrasénda d¢kte¢g] ¢ tespit e
dejerleri, optimum parametrelerin belirlenmesini
dal ma hézé sabinteytlwetrudlear aek dyea peédlidmne nde 52, 2 N6 uk
1250 d/d devir sayése, 150 sn bekl eme s¢resi p a
numuneye ait kopma b°l gesinin g°r¢negmegyr el de edi
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Bu arakteér ma, farkle sertifikalara sahip olan il
yangépine karkée -elik kirikler:i yangéndan korum
yangeén riskini mini mize etmek i-in yapésal b¢t ¢
end¢gstriyel i ntumesan boyradlalriélni kdtaihra i}yri¢ nanA ake
adlandeéer el an, -eli k el emanl ar ile yangén arasér
koruma sajlayan farklé end¢gstriyel intumesan bo:
ISO834standaddr éna g°re sertifi-8BweBldi@n@k22rya A@° E& 1888
i réen B i s @ veEASTMLILBRB48'le g°re test edi Il mik ve Tg¢grk
taraféndan sertifikal andér &l meéeknt édro.l alyséo -8e3l4i ky aenlg
yangén performansl aréné dejerlendirmek i-in gene
nedenl e dejiki k sertifikalara sahip intumesan b
koruma pemféor rkaamxlédra&kt ér el masé hakkénda | iterat
UPN 200 -elik kesiti kull anélarak T¢rk Standart |
zaman ejrisini feren i -ine ve 12t umesardeloydlaal
kiriklerin ¢zerine yerlexkxtirilen ésé®°l-erle eloc
sécakl ékl aréene belirl emek i -in, ABAQUS i se den
ger-eklexktiaglma&ktién.n kull an

Anahtar KelimelerYangén G¢gvenliji, Kntumesan Boyalar, Ya

Abaqus, Fén Ec,

Fire Protection Performance of Different Industrial Intumescent Coatings for Steel Beams

Abstract

This study investigateda efficiency of two different industrial intumescent coatings which have
different types of certifications, about the fire protection performance in steel beams in the case of ISO
834 fire for 2 hours. A better understanding of industrial intumesceningsaivhich assure the
structural integrity and prevent collapse of steel structures is needed for minimizing the fire risks in
steel structures. A comparison and understanding of different fire protective intumescent coatings which
are Product A and Produ® are used as thermal barrier between the steel components and the fire.
Product A is tested according to EN 1338hnd BS 47€0,22 and is certificated by 1ISO Standards.
Product B is tested according to EN 133Band ASTM Ut94 and is certificated byurkish Standards
Institute (TSE). Generally, fire tests to evaluate the fire performance of steel components are done
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numerically with a commercial software instead of experiments due to high cost of an ISO 834 fire test
in a furnace. Hence, there is amén the literature about the comparisons of different certificated
intumescent coatings for fire protection in the case of ISO 834 fire for 2 hours. Experiment was
performed by using two-theter UPN 200 steel sections in a furnace in Turkish Standartititas

(TSE). Each one was coated by different industrial intumescent coatings. Temperature of the protected
steels and the inside of the furnace were measured with the help of 24 thermocouples which were applied
before the intumescent coatings during tiwe hours for the performance of intumescent coatings by
getting a temperatureé time curve of steel components. FIN EC software was used to determine the
critical temperatures of protected steels and Abaqus was used for thermal analysis to get theoretical
results to compare with the experimental results.

Keywords:Fire resistance, Intumescent coatings, Steel beams, ABAQUS, ISO 834
1. INTRODUCTION

Fire safety design for steel structures must be considered effectively to save the lives and
properties to save appropriate structural analysis and design in a fire case. As Kodur and Dwaikat
(Kodur and Dwaikat, 2010) stated specific heat, thermal expansion, thermal conductivity, high
temperature creepand stress r ai n curves ar e s tdepedentcharanerstce nt s 0
which directly affect the steel structureds dur e
exposed to fire. These temperatdependent thermal properties are critical values for 3D modelling
and mathematical calcuians for predicting temperatutame curves and thermal analysis.

ISO 834 which is shown in Figure 1, was used in the experiment is the international standard
which has a timéemperature curve can be formulated as:

T = To+ 345 logo (8t + 1)
t: duration in minutes

To: 20° C which is ambient temperature’i@

Figure 1:1SO 834 Temperatuseme curve [2]
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1.1.Comparison of ISO 834 and ASTM E119

Criticisms have beenvolved throughout the differences between the real fires and the standard
firesd (1 SO 834, AST M -timelclir@es due to the irjelevar®es depending omp e r a |
actual construction practices and/or construction materials methods in ordefite FRR (fire

resistance ratings) relying on realistic structural engineering approaches and limitations have been
crucial.

Fire Resitance Rating of the structural steel component is determined by the duration of time that
component can endure standére exposure by performing specific performance criteria.
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Deriving temperaturéime curve for defined fire scenario which was preferred as ISO 834 in this
experiment and research for the response of thermal behavior of isolated with different conymerciall
used intumescent coatings on two structural steel beams which were exposed to fire in the furnace by
following ISO 834 fire curve. Modelling these isolated structural steel beams using ABAQUS software
and deriving the critical temperatures of each isolddeams with the help of ABAQUS software from
the temperaturme curves have been the basis of this resarch. FIN EC software was also used for
preliminary analysis to verify the critical temperatures. An important limitation of the experiment at

TSE Laboratories was that only two isolated structural steel beams were tested instead of the entire steel
structure.

Time to failure and Fire resistance rating (FRR) are two essential criteria for the experiment.
Determining and comparison of actual fire valaesl values that are derived from the ABAQUS

software also gave a view for the i sol gotnsed st
against the 1ISO 834 fire.

Figure 2: Comparison of Tim&emperature Curve of Realistic and Standard Fire Tigles
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Gas temperature in furnace at TSE Laboratory is the function of radiant heat and convective
heat which is an effect of heat source. On the other hand, radiant heat which is affected mainly by furnace

walls which might be different in every test lahtory is remarkable to get accurate data after the
experiment.

Main drive for the isolated steel structure
has a correlation with absolute temperature to thgodver. Conduction is another way fuzat transfer
for the isolated steel beams. By the means of conduction, heat transfer slows down and temperature
increase rate is slower the furnace inside and gas temperature.

1.2.Mechanical Properties of the Steel and Intumescent Coatings

The density of theteel can be explained as steel mass per steel volume, which is shown below,
and it is taken as 7850 kgim

J_ —_
} @ andv are steel density (kgfin masgkg) and volume (R, respectively.

St eel density doesnodt c h an g €850 kgfmanrnkneerical y | SO
calculations for predicting the temperatate given time in a fire scenario. On the other hand, densities
of intumescent coatgs, the Product A and the Product B, change as the temperature increases in a case
of ISO 834 fire or other types of fire including Parametric fire, ASTM E119 or External fire types. Mass
of the intumescent coatings, the Product A and the Product Bingi@on of temperature. In expansion
process of the intumescent coatings in a case of fire, mass loss which changes the density of the
intumescent coating occurs. Although moisture loss leads to a change in density, it is taken as constant
for numerical elculation for simplicity. Duration between the application of the intumescent coating
and experiment time is also important because of the density change of the intumescent coating
meanwhile. For instance, the density of the Product B is k8%®° when t is wet just after the
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application process. On the other hand, its density increases up to 1850aMig/mn it 6s dr i e
shrinkage. Densities of the steel components and the intumescent coatings are taken as constant for
predicting the temperatures oktlsolated steel structural components according to EN-1293
Specific heat of material is the amount of heat which needed to increase the temperature of the
unit mass of a material for’C. St eel 6 s mechani cal pr oM&cCasi es ar
indicated in Figure 10. Specific heat of structural steel stays constant before it gets the peak value around
730° C and extremely decreases to 500 J/kg K as temperature increases as shown in Figure 3.
Figure 3: Specific heat of structural stezccording to EC 3
5000 -
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& L
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EN 19931-2 ANNEX E defines the formulas of struc
Ca= 425 i 1069 1833 2¢kR.22 x 16xd® for 600°C = 20°C
Ca= 666 +——  for 735°C x 660°C
Ca= 545 +— for 900°C = 35°C
Ca= 650 for 1206 d. 900°C
As seen above specific heat of the steel component is a temperature dependent valuedand shoul
be calcul ated i n e v.amdygaretemgemtgre of thenstedl comoreenChandi r e . d

specific heat of the steel component (J/kg K), respectively. Specific heat capacity of the steel increases

up to around 700735° C because of theeparation of steel atoms each other which require energy for

this situation and the atomic structure transition of steel atoms as indicated in Figure 3.
Figure 4: Fire protection market shares of structural steel between 1992 and 2014 [6]
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EN19931-2g ves the steel component 6s sections wi
and uniform temperature distribution throughout the esession and the following formula for the
increase in temperature for st etedating oy appleingt t h a

formula, temperature increment of insulated ste
the iteration method. A significant point while doing iterative process is that negative increments of the
steel compenahudée temdét all owed, seohtlktemperature zer o
increment.
87 h R . .
Pg=—— b (&' *2) g
_ 8 8871
a =————-
8
Where;

g increase inemperature of insulated steel component
ap: thermal conductivity of fire protection
Ap/V: section factor

Oat: temperature of surface of steel element
Ogt: gas temperature of the fire compartment
mpt time interval

dy: thickness of the fire protection

Ca. specific heat of steel

} & unit mass of steel

g+ gas temperature

Cp: specific heat of the fire protection

dp: unit mass of the fire protection

2. Experiment

This experiment is performed to determine tw
two steel beams when they are exposed to fire. Intumescent coating delays the time required to reach
the critical temperature in a fire case. ISO 834 fire type is used in the experiment-rigterlUPN
200 steel beams are used in this experiment. Alléhe v abl es i ncl uding fire ¢ty
that are welded, steel sectionds types and the f
for two specimens except the intumescent coatings. So, the intumescent coating effect ig the onl
variable that can be analysed by measuring the time required to reach the critical temperatures.
Thermocouple locations are also the same for two specimens.

Totally 24 wire thermocouples were fixed on the beams (12 for each one) in TSE Laboratories
after the welding of the plates and bolts. All wire thermocouples were numbered from 1 to 12 for each
beam to see the effect of the fire. Thermocouples 1, 2, 3, 4, 5 and 11 were located 500 mm from the
bottom of the beam. Thermocouples 6, 7, 8, 9, 10 and i laeated 200 mm from the top as seen in
Figure 21.
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Figure5:Fi xed 12 thermocouplesd | ocations for

Each beam is undercoated and then product A and product B type intumescent paintings are
applied on the steel beams for days as shown in Figure 5. Airless paint spray was used for painting.
Each spray layer has a thickness between 400 to 600 microns. Next layer was applied after one or two
days for waiting the previous spray to dry. Coating had to be dried which madgethehianer due to
the shrinkage. Each layer had a duration for drying 1 or 2 days to agree with the thickness that each
manufacturer of the intumescent coatings6 advi c
for Product A after drying. Prodec B advised at least 3150 microns thickness for Product B after
drying. Product A has 3100 microns thickness and Product B has 3280 microns thickness as seen in
Figure 6. Intumescent coatings manufacturers determine the thickness of the intumesceg¥ coatin
mainly regarding of section factor of the steel components. Section factor which is Hp/A is determined
by section type. Section factor is also affected by whether the steel component is expesdddmB
4-sided fire and insulation method coveringpfile method or vox method. Additionally, critical
temperature, steel grade, and fire period are also important factors for determining thickness of the
intumescent factors. All the factors which are mentioned above are the same for both the Product A and
the Product B. 180 microns thickness difference was caused by using different safety factors by different
manufacturers. For instance, the Product B manufacturer used section factor as 210 although it was 205
for UPN 200 S275 steel beam which was expdsetsided fire.

Table 12: Thermal and physical properties of intumescent coatings

Product Product A Product B

Type of Isolation Intumescent Coating] Intumescent Coating
Dry Fim Thickness (DFT) (micron 3100 3280

Density (g/crf) (kg/L) 1.4 1.35
Thermal Conductivitys) (W/m/K) 0.6 0.5

Specific Heat Capacity,¢J/kg/K) 1100 1250
Specimen Steel beam Steel beam
Section type UPN 200 UPN 200
Section Factor 205 210

Height (m) 1 1

Conduction is crucial for determining the surface temperature of the inner surface of the
intumescent coating and the surface of the beam. As seen in Figure 8, adlwsemgoccurred, and
steel beam had no longer contact with the Product B and radiation became the dominant factor for heat
transfer which means intumescent coating no longer protected the steel. So, it can be predicted that steel
beam that was protected the Product B reached the critical temperature earlier than the other steel
beam that was protected by the Product A. Steel beam that was protected by the Product B transferred
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the heat by convection and radiation directly. On the other hand, heat msisried by the means of
the Product A to the steel beam by the conduction with the helpeoéfectrons of the Product A.

Figure 6: Specimens in the furnace just before the fire test

Figure 7: Specimens after the test, Product A is on the left aoduRt B is on the right

Figure 8: Thermocouple values during the fire test for Product A
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Figure 9: Thermocouple values during the fire test for Product B
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In the experiment, the Product A reached the critical temperatur mif6te and the Rduct
B reached the critical temperature irf"3fiinute as shown in Figure 9 and Figure 10. There are 29
minutes differences between the two intumescent coatings for reaching the critical temperature at when
the around 80 % of mechanical properties areldesause of the high temperature. The Product A has
consistent temperatutame values and has a char after the fire test. On the other hand, the Product B
has inconsistent temperattime values within its thermocouples. The Product B has no char on the
steel beam after the fire test which might cause not preveotiegch critical temperature.

Figure 10: Temperaturdime curve of steel beam for Product A in ABAQUS software

1002,

— NTLIFE UPOLN 2
— NTLLFL UPNIDO-1N: T3
m —  HTLIPL P01 N: 13
— HTLLFL: UPNI0O-1 N: 187
— HTLIFL ENI03-1 N 30

HTLLFL; FNZOD-1 H: 181

WTLI P P01 N 472
= NTLIFL UPNIOO-L N: 463

WTLL Pl PN N 8
Q L NTLLFL: UPNZO3-LN: 580

o ] n 1 40 50 (1] 70 (nm) NTLIFI: WPNZ03-1M: 637
Tima —  NTLIFL: UPN2O3-1 : 8]

41



. Figure 12: Temperaturgime curve of steel beam for Product B in ABAQUS software
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When analyzing the heat transfer in steel beams which were exposed to fire from 4 sides, stee
beamsdé web part reached the critical temperatur e
might be different thickness of the intumescent coatings can be applied to increase the fire resistance
of the steel structural components.

3. Conclusion

Thisr esearch covers revealing the intumescent ¢
components when they are exposed to ISO 834 fire. Analysing efficiency of intumescent coatings which
are performed on the individual structural steel companismot the accurate way of researching the
fire safety design of steel structures but analysing total structural steel construction. Analysing all steel
structure instead of structural steel components gives a better understanding of Eurocodes which uses
critical temperature for structural steel member analysis containing fire resistance, temperature, and time
needs for the steel structures.

Design codes do not consider the change in values of thermal and physical properties of
intumescent coatings. Spkc heat and thermal conductivity are the two thermal properties which are
temperature dependent, and their values change as the temperature increases. On the other hand, they
are taken as constants according to EN 1B23Magnitude of the density whiégh a physical property
increases because of | oss of the moisture conten
density increases from 1350 kghm 1850 kg/mdue to loss of moisture which is a result of increasing
temperature in a cas# fire. On the other hand, density of the intumescent coating is also taken as a
constant value according to EN 1992. All these variables change with the temperature, but they are
all taken as constant values which lead to difference with experinagwtaheoretical values.

Char which has an impact on the efficiency of the intumescent coatings behaves as a thermal
barrier between fire as a heat source and the structural steel component. Thermal conductivity of the
char of the intumescent coatings aEges as the temperature increases. Determining the exact value of

A

the chardés ther mal conductivity cané6t be cal cul
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char in heating process which causes a difference in experimental and theoreticalAdiiasion
problems between the steel substrate and the intumescent coating might occur during the fire
experiment. Some adhesion problems occurred in this experiment too with the steel beam and the
Product B which caused fire protection problems as regditical temperature in $7minute instead

of 120 min. On the other hand, for Product A which had no adhesion problems and had 38.78 mm char
thickness, it took 66 minutes to reach the critical temperature instead of 120 minutes. Surely, char is not
the only effect time difference for the time to reach the critical temperatures for Product A and Product
B but an important effect.

Both industrial intumescent coatings are used for 2 hours against the fire exposure, their time for
reaching the critical timavere the different. There might be several reasons for this situation.
Manufacturers might send their best materials for testing to get adequate certificates and there might be
quality differences other products that sell in the fire protection industhyaes which were tested in
the laboratories.

Future Work

1 Different intumescent coatings can be repeated in the future research and can be compared with the
results of the ones that were derived from this research.

1 This study covers the fire resistancerafividual structural steel components which were insulated
by different intumescent coatings by following ISO 834 fire curve which is like ASTM E119. This
experiment should be repeated with other types of fires involving hydrocarbon and parametric fire
types which have different fire curves.

1 Nanomaterials have been used in the intumescent coating as an organic filler for improving the
performance of the intumescent coatings as a thermal barrier. New experiments should be done for
comparison of intumescenbatings with nanomaterials and without ones to see the fire resistance
effect of nanomaterials.

1 Dealing with adhesion problems during the fire experiment in the furnace especially in the expansion
process is important because of decreasing the thermaiictivity in the expansion process. So,
improvements should be done on undercoats and intumescent coatings to overcome the adhesion
problems for increasing fire protection of structural components.

1 This experiment was performed with thesided fire expsure. Insulated beams with the floor or
cell composite assemblies should be tested with-#ide?l fire exposure to see the thermal effects
of insulated beams with the assemblies.

1 Different thickness of intumescent coatings can be applied on the sarmeostp®nent save
different parts. As seen in Figure 12 and 14, web part of steel beam was more affected because of
fire exposure than flange part of the steel beam. Without changing the total weight and total cost of
intumescent coating, thickness of inesoent coating which is applied on the web part of the steel
beam can be increased while thickness of intumescent coating which is applied on the flange part
can be decreased. Generally, all the thickness of the intumescent coatings that are applied on the
structural steel components is the same in the fire protection industry.
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Rebaudiosita (Reb A)ilel r et i | en D¢ke¢ek Kal ori | Pol
T¢eketici Taraféndan Dejerl endi
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Son yeéllarda ©°zellikle Keker hastalaré ve diy
yapél maktader Bu ¢reé¢nlerin fiziksel vesdyd myasal
-ékmasé ve geliktiril mesi i -in t¢gketici dejerl en
tatl andéerecésée (reb A) il e portakal mar mel at &
dejerlendirilmikti 0. 081 erima Ai, - %4 Rl tpektias,t (
i -eren marmel at ¢retil miktir. Bu mar mel at 249 ©]
tat/ koku °zelliklerine gore dejerlendiril mesi
°zel Il i kl erine g°re anal i z edi |l mi ktir. Kat él & mc
kat él méyorum(2), fikrimyok(3), kateéeleéyorum(4),
sonucunda marmel atén g9r¢ynapéeésall tzel erkl 8r 72310
°zellikleri 3.80 ile 3.92 ve tat/ koku °zellikle
belirl enmicktir. Téeketici cretilen marmel atéen ge
dejerl endirmemi ktir. Mar mel aten °zelliklerinin i
memken gor ¢l mektedir .
Anahtar kelimelerrpor t akal , t¢ketici anketi, tatlandér éce.

Consumer evaluation of low calorie orangeammalade produced with Rebaudioside A (Reb A)

Abstract

In recent years, studies have been carried out on special products especially for diabetics and dieters.
In addition to determining the physical and chemical properties of these products, consuoaiceva

is also very important for the launch and development of products. For this purpose, orange marmalade
was produced with reb A sweetener and this marmalade produced was evaluated by consumers. For the
production of lowcalorie marmalade, 1% pectif,08% reb A, 4% citric acid (30%) and orange extract

were used. Then, the produced marmalade was given to 249 participants and asked to evaluate them
according to appearance, structure, mouth texture and taste/smell characteristics. In addition, the
answes of the participants were analyzed according to their sdeimographic characteristicas a

resutl of the appearance properties of marmalade were found between 3.72 and 3.89, structural
properties between 3.42 and 3.75, the general average was detdrasr8.74. The consumer did not

find the produced marmalade similar to traditional marmalade, but did not evaluate it as bad either.
The study measures consumer acceptability ofclalarie orange marmalade produced with reb A. In

this way, scientists Wisee the missing points in the product and it will be possible to produce healthier
and more economical products.
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1. GKRKKk

Teknolojinin artmasé ile birlikte t¢gketicile
al ékkanl ekl aréendaki dej i kmi Kkt ir. Bu da obezite
sorunl arénén -°z¢:;m¢ ialoribie prlinmeiinsapgltatr il oheg
Bu ¢reé¢nler geliktirilirken gedanén fiziksel, K i
créngn satéka -ékareéelabil mesi i -in t¢gketicinin

Y¢ksek keker eeogkepi thidiphbettgi i -exi tl i has
bul unmaktadér. Bu probl e mi -%zemek i-in sakaroz
(Jribi ve ark., 2020)Son vy él | ar da bi |réebaundiamsatnléaaedarean &t evi kA
d¢ K¢k kal ori |l i créenloer iszerinde -al éxteéej e gor ¢
yaprakl aréendan el de edilen steviol gl i kozitler

olan bu glikozitler; steviositeabaudiosit A, B ve C olarak isimlendiriimektedir (Prakash et al., 2008).

Stevi ol gli kozitlerin géda katkée maddesi ol a
dan itibaren izin verilmicktir. IAh3gzGbhanta uzun
2007) . Kol a ve | i mon, yekil l'i mon ¢r ¢nl
k d¢zeyinin 26 hafta boyunca kabul edil el
a i-erisitmdeni kg ket i(lPdiakiashelve ar k. (2008
mé m¢egmken goor el mektedir.
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Mar mel at, °zel besl eyi ci niteliklere sahip ke
endeér . Meyve pul pu, ptelraer, € nmery vee ysal yhui tvlei Isairl iun ¢
nilebilen késémlarénén «kKekerl er ve su il e kor
vamda bir sréendeér . Piyasada mar mel atl ar, norn
e tktedir (T&K, 2006; Nistor et al, 2021).

[ u il o
= O DO =

Duyusal °czellikler i nsan duyul are tarafeéendart
reddet mesi ne yol a-an °zelliklerdir. Bu nedenl e
zaman kimyasal ve biyoliojk anal i zl erin °ncesinde yeme kalites
gerekir. Beylelikle pazar payé artmayan, sevi |l
amacéyla daha fazla deneysel -alékma yapeéelabilir

kekgeerdal arda -exi tli roll er oynar. kekerin en
|l ezzet profiline katkéda bul unur . Gédanén ajeéez
etkil er. Maill ard reaksédry&namnidial gre,r hd ccirm arotnéral
varder . Bu nedenle marmel atta kKeker yerine tat/l
(Manaco et al., 2018).

Bu -alékmada, dofj al bir tatlandedececonham GR¢
Keker yerine kullanél maséyla d¢kegk kalorili port
t¢eketici tutumunun belirl enmesi amacéyla t¢gket
dejerlendirilmiktir.

2. MATERYAL VE METOT

Arakheéenmaklem basamakl|l arée «kekil 16de g°steril
belirl enmesi amacéyla form¢glasyon denemel eri y a
cretilmik t¢egketicilere verilerek tegketici anket |
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kekiAlrakt érma i kKl em basamakl ar e

Process steps tlie research
Determinatio

n of Marmalade Giving to
marmalade production in consumers .
formulation the and An"ﬂﬁf of
with determined application
preliminary formulation of survey
trials
Marmalade
i Putting in
Pulping Cooking Fg};]ndg sensory
the and T Cooling analysis
orange additives : 9 container
jars s
21D¢ k¢ k kal orili portakal mar mel atée ¢reti mi
Mat ervyal : Mar mel at cretiminde Trablus cinsi
denemel er i i-in ayréca pektin ( EA4ReIDA (stavia putan - gi |
%98, Al manya, tatlandérécé) ve sitrik asit (Tit -«
Pektin -°9zeltisinin hazérlanmasé: Toz halde b
i -in %4 oranéndaéecxkto&rel titPeel t ihlaegréirdi ahmzér | anma
karéktéeréecéeya al énmék °ncelikle 75AC0ye kadar &
daki ka tamamen -°z¢:;nene kadar karékteéereéel mékter (
For m¢l asyomoromsd nmlsayroén:d a , 4345.2 kg portakal |

(%461 ¢k), 150 ml sitrik asit (%306l uk), 4.8g rel

Portakall ar yékandéktan sonra kurulanméxteéer.
yézeyindeki z&kl ardabhaakslomwtae red msegment |l eri ne z
segmentl er | aboratuvar mikserinde par-alanarak |
portakal pul pu ocaja al énarak orta yaét exltwk t4us ndhi
amaceyla %4 | ¢k pektin -°9zeltisi son karekeéemda
daha pektin ile birlikte kaynatéldéktan sonra %
deéeKereéel megkt ér (IpaHn noléekjteéerri) .3 . Arodaé nadyaanr Reb A i | ave
séecakl éjén artmaseyla reb A6nén stabilitesinde
al ., 2008) . Byl ece reb Ad6nén wuzun s¢irkel esnd cnaek |
mar mel at én suda -°z¢nebiir kuru maddesi %17 ol L
sécak dolum y°ntemiyle doldurul arak kapakl aré s
s¢reyle bu kKeki |l den adbzelkd re tdi¢l zmikko naurndaé ngdeat ni rkial vear e k
2)
22T ¢ketici anketinén uygul anmaseé

Reb A ilave edilerek yapélan marmel atén duyus
amacéeyla Ko- (2018)6in -alékmkeéndarkul maddéij e
(Al tuj Onojur ve EIl maceé, 2011) . Anketin il k bf
(cinsiyet, yak, okuduju b°l ¢m, séneéef, gel ir, du)
sorunl arénéahdgtmed albok ,i kkeker hastal éj e, ajez i-
tatl andérécé kullanép kullanmadéej éné belirl emek
°zelliklerinin belirlenmesi amaceybal 2OLakett i me
hazerl anmexkt éer . ¥l -ekte yer alan i fadelere kat



kat el méyor um, fikrim yok, katéel éyorum,duyksalsi nl i k
°zelliklerinimirbelelniirllmen ne;szieyamaceyl a kull anéel a
alténda toplanméktér . Bu boytbt)l,ari yfagPers¢an ¢ K z% 2 d i
(ifade 69 ) , Afaj €z doku ©°zelll3i)k!| efiti ante/ kgePkrug D T-26808i | fl @ tkdl ¢
ayréel makhkheein son bel ¢m¢gnde katél éemcél ardan ¢
yoruml ar éna yer ver mesi tal ep edi | mi ktir. Bu

'!'ni versitesinde okuyan 24a%tojrr drkeikiduy2ysal test e

Pektin ¢°zeMdrimel at sreti mi

Tadém kapl ahkreket uygul amasé

kekiMar2nel at ¢r et i mi ve t¢ketici anketl erin

T¢e¢ketici anketdi i -in mar mel at uygun boyutl a
sécakl éjénda panelistlere sunul mukt uek BuytuaaPBE mb
kap ve kakéklar hijyeni k kokull arda hazéerl anép

23Kstatisti ksel Anali z

¢al ékmadan el de edilen verilerin °zetlenmesin
i -bntal ama $pmadlaardak tiver iKaniekgors &kyweeg e z olaedk e nl er
Czetl enmi kKtir.

Grupl arén karkeéel akteéreél masénda el de edilen ve
ile dejerlendirilmicktir. Ortal amal ar araséndaki
kar kél aktérma testi il e belirlenmiktir. Bunun i -

3. BULGULAR VE TARTI kMA

31Kat el émceélara ait bulgular

Téeketici anketi Tokat Gazi osmanpaka | niversi
ul akél mékt er . il&2a0Q ey &uncerl sag &n3d #phA Kk 6%3r8a. s26d6nid a2 1v e %4 .
araséendadeér. Kadéen kateéelémé daha y¢ksektir ( %6 "
%44.606¢ 1., %52 . 206si 2., ve %3.206s2),3.hukarkeé fbtéer
hizmetleri ve sekreterlik (%25.3), tapu ve kadastro (%11.6), mimari restorasyon(%6.4), maliye(%6.8),
bil gi sayar teknolojil eri (%12), bankaceéel ék ve
gastr onomi ve mutf gknl eanadédire. (BABeDbB§ mch&llar én
hakkéenda bil gi sahi bidir. %94. 86sénén herhangi
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hastal ej é&, aj éz i-i | ok al kompli kasyon v b) y C
kullanmakta@ r
32Kat él emcél arén reb A ilaveli d¢kek kalori i po
Reb A tatlandéréecésé ile yapélmék d¢gkegk kalc
tat/ koku ° I'Ti kleri te¢gketiciler tarafendndej
321. G°r¢é¢negkePzell i ki
i retil en mar mel at én g%r¢negk °zell ikl eri iczer
Re-ell erin en °neml i kaliter ¢pmgmmat gél anmadénl
ilgilidr. Bu parametre il k olarak Isat evre al¢mae ts &ri ans énn déa
veya reddet mesi i -in esaster (Banas et al ., 20
dejerlendirilmiktir. tal ekmamézda kateéel éemcéel ar ;

%4 1. 8 ka\‘/él(%)Bc'Br.lekesinlikle katéel éyorum ifadel

ortalamasé ise 5 pua czerinden 3.88N1.16 ol ar a

%32.5 kesinlikle kat éléyorum i fiajdiediemr i orijlienallr ¢m

yakéenl éjéené bildirmiklerdir. Parlakl él ek ve matl

ortalama 3.81N1.20 ol ar ak belirlenmiktir. Bu C

karKéIand']é Deypistl edielf mrkteindi rme ¢ré¢neéegneégn ren

doj al rengiy bir karkél aktéermader . Bu nedenl e
s a

| e
rengi nden pmayé m¢gmkegn ol dujunca degkegk tut mak

Gédal a1 ezzeéenk | i kkileri, bilinen bir yiyecek
|l ezzetsiz hissettirebilir. "G%rsel géda hafezasé
Akartl and€nél mékkkesk et ollaaryaeks etya naé nbl i armagkét daadnéern.  rl
icréneég satéekéné ol umsuz etkileyebilir. ¢al & Kkmamé
homojen g°r¢n¢gm¢g incelendijinde séraséeyla %40. :
kesinliklefhdeékeyadembul unmukl|l ardér . Fréenegn ge
gor ¢é¢neégm sorulare i -in gelen ortalamal aré ise s
bel i r | dviarelling tChamho ve Bolini (2005) ve Brito ve Bolini (2008&hnsantre yeniden
yapélandérélmeK ananas Ve meyve Suyu ve guava ni
tatl andéréel mék °rneklerde g°r¢negm a-éeéséndan °ne
2013).

Tablol.Kat él amcebaréil avel. d¢kek kalorilii portakal
durumu
Kesinlikle Kesinlikle
Kat €l méyor um Kat él éyoru
Gore¢negk °zellikleri czerine Kfi 1 2 3 4 5 Puan
n % n % n % n % n % ®Nsd
fr¢negn renk °zelliji orijinalir2 80 10 40 32 129 104 418 83 333 3.88N
fré¢negn parlakléek/ maflielgivzadalilriol 22 84 15 60 35 141 97 39.0 8 325 3.81N
lrén go°rsel lezzet ol ar ak (g° 20 80 14 56 44 177 100 402 71 285 3. 75N

yakéndeéer .
Yaré saydamlék (lkéjén késmmine 15 60 13 52 61 245 92 369 68 273 3. 73
yakéndeéer.
Yapésénda homojen ge°r¢ngm (Te 14 56 17 68 51 205 95 382 72 289 3.78N
yakénder .

pral

i kl erinin kat él 2 mcbhé Il agri ésn cviensi g

G°r ¢ng¢ K °czell
°re reb A ilaveli d¢kek kalorilii p o
)

I
r

kull anéména g

Tabl o incel endi inde kadéen kateéel émcélarén g°r ¢l
kat el e mc él a rfdaaznl a(d33r68(42p]) yla0k. Okba)t. e | 188mc € |-2a3r éyna kb e | €
czerindeki kat el emcéel ardan farkl é& ol makla birl il
i se bejeni ortal amal ar e aral aréndabie] dmir k d @jnerr
ortalamalarénd 1 séenéf bejeni ortalamaseée ile 2
var de ve daha d2kg¢kvtegr 3(p sémefO5pbejeni ortalanm
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g°r¢l memektedir (p°DelDlLOF).bePgnecdugtimagnbkl ¢ ml e

aralaréndaki fark °nemsizdir (p O 0.05) (kekil :
AfHer hangi bir sajl ek probl emini z (metabol ik
kompli kasyon vb) var mé?0i wenmlusmuinm «&ratta&ll @mecsd a (
diyenlere (3.77N1.15) g°re daha y¢ksektir (p 7
sorusuna evet diyenlerin ortalamasé 3.81N1.14,
kul |l anéyzo%0 nlicrunsuuna evet diyen katél émcéel ar én
ortalamasé 3.79N1.15 ol arm&mlties ¢ lemda rminktki rv e( pat
Tablo2.Kat él émcél arén cinsiyet, yak,andBunénsaalg®arealriezb bA Ii
kal ori |l portakal mar mel at eéné bejeni dur umu

Alt boyut Cinsiyet Yack Sénef saj | &k Duyusal Tatl an

analiz bilgisi kul | an

%Nsd %Nsd %Rsd %Rsd %Rsd %Rsd

G°r¢n, F 385 1820 3.66 1. 3.70 Y 4.15 Y 381 Y 3.76

N1.bj N1.22 N1.22 N1.bg N1.21 N1.21
M 368 2123 3.98 2. 3.86 N 3.77 N 3.76 N 3.79
N1 .21 NoO.b9 N1.b0 N1.27 N1.21 N1.21
24+  3.87 3. 412
N1 .20 NO .*6
Yapés:i F 392 1820 3.69 1 377 Y 429 Y 381 Y 3.89
N1 .27 N1 .22 N1.22 N1 .22 N1.22 N1.20
M 3.61 2123 4.01 2 384 N 380 N 383 N 381
N1 .21 N1.to N1.21 N1 .21 N1.21 N1.21
24+  3.73 3 419
N1 .21 NoO .27
Aféz | F 389 1820 3.74 1 3.77 Y 438 Y 3.87 Y 395
N1 .22 N1.22 N1.22 N1.bg N1.P1 N1.20
M 376 2123 3.97 2 3.88 N 3.81 N 3.80 N 3.83
N1 .21 N1.21 N1 .21 N1 .22 N1.22 N1.22
24+  4.04 3 4.25
NO .28 NOo .b7
TatKoku F 3.63 1820 3.49 1 357 Y 418 Y 3.65 Y 3.59
N1 .2z N1 .23 N1.23 N1.b: N1.b3 N1.22
M 355 2123 3.79 2 362 N 3.57 N 3.53 N 3.60
N1 .2z NL.29 N1.23 N1 .2z N1 .23 N1.23
24+  3.48 3 3.80
N1.23 NO .29

Kaden (F), Erkek (M), Evet (Y), Hayeéer (N),

Naz and Arivuchudar, (2020), noni meyve °z¢ (
yaprajeée °z¢gte ekl enerek re-el ¢retmi k|l eéeaiemdaGel
dijer t¢ém duyusal parametrelerin ve genel kabul
czerinden g°r¢é¢ngk 8. 46, teks¢gr 8.78, flavour 7.
8.24 ol arak bul gul améexkl arder
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4,5

4
35
3
2,5
2
1,5
1
0,5
0 | :
I NNy NO§ I LIP dokusu Tat/Koku
mDPRI 3,94 3,88 4,17 3,86
m Hukuk 3,99 3,96 3,96 3,64
Tapu 3,59 3,51 3,43 3,13
Mimari 3,84 4,14 4,22 3,45
m Gastronomi 3,63 3,76 3,81 3,62
u Maliye 3,79 3,76 3,97 3,72
m Bilgisayar 3,79 3,74 3,78 3,69
m Banka 3,78 3,93 3,75 3,79
m Lojistik 3,45 2,94 3 3,36
kekikKbt e3.e mcél arén b°l ¢mlerine g°re reb A ilaveli de¢ K¢
322. Yapésal ©°zellikleri
iretilen marmel atén yapésal °zellikleri ¢zeri
boyut/ kekil ©°zel IméR!| esrtiamidrar(tp armr-aaaglguhdijugludma kat
ve %35.7 kesinlikle kateléyorum demi kKtir. Genel
' réneégn yézey dokusunun (perezl ¢l ¢k, dézgenl ¢
kéeva mémcéanrtsltaara uygunlujuna séraséyla kateéel émce
%31. 76si ve %32.50i i se kesinlikle katel éyorum ¢
ve g°rsem kévamé ¢zerindeki g°283INXLELNEAH wen?l BONKIL
belirlenmiktir. #A}jre¢gnegn 1 - glreéengmg homojen yapé
ve %30.5 kesinlikle katéleyorum demi kKtir. Genel
Sréneén mhmemdreue‘?he di r°l -¢de etkiler Uygun o
créengeg teéeketici taraféndan kabul edi |l emez hale gc¢
gevrekli]i, sebze sertlifji veyda rr ed-edlerds emdgli & miel
al gél aneéer . Buna karkeéel ek, bu °zelliklerin eksik
getirebilir (Banas et al., 2018).
Tablo3.Kat él emcél arén reb A il aveli dewdlnik dledgreinlii duo utma
Kesinlikle & N Kesinlike
Yapesal °zellikleri ¢zerinePKateImeydrum " yorum
1 2 3 4 5 Puan
n % n % n % n % n % ®Nsd
fréenen boyut/ kekil °zell ikl e¢18 7.2 16 6.4 34 137 92 36.9 89 357 3.88N
uygundur.
Trénen yézey dokusu (peéereéezl ¢ 14 5.6 22 8.8 35 14.1 99 39.8 79 317 3.83N
go°r¢nmesirpuygndarndar t | a
tré¢negn g°rsel kévam ©°zel lifi 15 6.0 29 116 29 116 95 382 81 325 3.80N
ir¢negn i - g°re¢gngmg homojen ye 19 7.6 19 7.6 40 16.1 95 382 76 305 3.7 N1
Erkek ve kadén katéléemceéelarén ¢r¢égnegn yapeése
ol arak °neml.i bir farkl él ék yoktur (Tabl o 2) A\
i retil en mar mel at | atr&lnamaapiels@h ey dk OlBNRIde8d ki |



3.69N2022yaar tgau raunbau y 8 @] e°rnien
|l er arasé dejerlendirildifji
l ¢em ise 2.94N1.39 puan il e |

hukuk (3.96NK1.09) ve mimar
a(3.93N1.e2x0)b°oill¢cemlfearr kalr éalsé&jnal
emektedir.

r
Bl ¢m
n b?°
. 24),
bank
réelm

AHer hangi bir sajl ék probleminiz var mé?0 soI
4.29N1. 23, hayér diyenlerin ortalamasé 3.80N1.

go%r memi ktir. Benzer Kekilde duyusal anal iz bil
czerindeki et ki si ° nemli bul unmamékter (p O 0.0°¢

323. Aj éz Doku ¥zellikleri

u °zel l i kif.er i iz
da par-al anmayan
n-tir. fréeneégn |
i rylekmsrikk t%3r8.. 2Kait
yorum i fadel erinde &
gesterdi i diren-ti
al amasé 3.82N1.18 olarak tespit
éyor um, %3 2. 5 il e kesinlikle K
l ¢l ¢k): ¢i hnemedsEmaseéeddna. k
[ orijinaline yakéndeéero s
ve %39.8 ile kateéeléyorum, %3 3. 3
akkael I(ialdthelsii gédal arén -ijnenmesi
i
3
t

ik, -iJnemede
kuvvetine
amasé 3.81
ile kesin
e

r

[

o —-

retilen marmel atén aj
n
[

o 3=

o

O T C TwWw cwT
c 3

D

yiczeylerde (di : di Kk, damak) yapeécxk
.91N1. 21 ol arak tesmilti kd ki lkmit e | véey 0% 3
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Tablo4.Kat él émcél arén reb A il avel. dekek kalorildi port e

Kesinlikle Kesinlikle

Aj éz doku °zellikleri iszerine Kat él méyorum
1 2 3 4 5] Puan
n % n % n % n % n % %¥Nsd
i réneén i flilik °zeIIiJ‘i (-tig 19 76 22 88 30 1200 9 382 83 333 3.81N
orijinaline vy ndé
bor n i
bor i
ir

é .
éeneégn -ijne i rI ik °zellij 8 325 18 72 32 129 99 39.8 81 325
énegn taneli ik, peterl ¢l ¢k ° 21 84 15 6.0 31 124 99 39.8 83 33.3
inheén algélande]e yézeylerde 18 7.2 23 92 18 7.2 94 37.8 96 38.6

a
e
|

w
© 00 00
=N
22 2a

w w

Kat él emcél arén cinsiyet, y ak, d
il portakal mar mel at é
vV e tat’I an
r
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[SRE R S

~ooBssSe oo
o g —
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3 7
| mayanl ar a
nlara g°r
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Katél éemcéelarén reb A ilaveldi de¢ K¢k
e veerelmi wrijinales;gygake

espit edilmiktir. Ka
orum i fadel erinde bul
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d¢zeydedir. 0 Sorusuna kateél émcél arén ortalama I
kat él emceéel aréen %35.36¢ katéléeyorum %33. 706si kes
l ezzetlilijinin kabul bd'mhehﬂieljierrid@zeﬁﬁcﬂd ﬂacbés
kat €l emceéel arén %36. 50 katel éeéyorum %28. 96u keS|
t at yoktur. o sorusuna kateéel émcélarén %10.406¢ ke
beliromtal amasé 3.65 olarak tespit edilmiKtir |
kat él eémcéel arén %11.606sé kesinlikle kateéel méyorum
ol arak belirlenmicktir boryggrugnd uR akhw n® gelnleil k loerrtia l
Kat el eémcél arén %26. 906u kat él éyorum %32.16i kes
Ay r¢nde farkl é& bir koku yokturo sorusuna %17. 3¢
ol arak Dbel i rsttmi3k 4v3e odratraalkamaspi t edi |l mi k4 i r. B ¢
kezélcéek re-ell er #dslkeexttemdlyeSnl ibkier e-xatlréekmmeal dya) (gle ne |l
aromayeée 7.4, |l ezzet 6. 7, doku i7n la -oélka rua-kl ub edarru
t¢eketicilerin ekki ol arak nitelendirdijini bel i
Tablo5.Kat el émcél aréen reb A ilaveli d¢e¢kek kalorilii port
Tat Koku ©°zell i rleri ¢ zer i n Kesinlikle Kesinlikle

Kat €l méywruom

1 2 3 4 D) Puan

n % n % n % n % n % >€Nsd~
tré¢negn tatléléek degzeyi orji 24 96 37 149 39 157 79 317 70 28.1 3.54!:1
fr¢negn ajeézda béraktéjée mey 23 92 29 116 25 100 88 353 84 337 3.73@
tr¢n lezzetliliJi rkabul edi 19 76 33 133 34 137 91 365 72 289 3.66N
i r¢nde farklée bir acémsé ta 26 104 25 100 36 145 85 341 77 309 3.65N
i r¢nde metalik tat bulunmanm 29 116 12 438 36 145 90 36.1 82 329 3.74[:1
tréeneégn koku datlagaluygunkddrer i st a 41 165 28 11.2 33 133 67 269 8 321 3.47N
'r¢nde farklé bir koku yokt 43 173 28 11.2 30 120 74 297 74 297 3. 43N

Tablo 2 de katél émceélarén cinsiyet, yak, duyu
Ail avel. d¢kek kalori | portakal mar mel at éné t at
czerine cinsiyetin, sénéféen ve tatl andeé2r3&cyéakkul |
grubunun tat ve koku pperi8dé@oflan. g9ksek2deyack vy
farkl él ék g°sterdiiji g°r ¢l mektedir (p °~ 0.05). -
var mé? sorusuna evet diyenlerin ortalamasé 4.1
oarak belirlenmik ve aralaréndaki farkl el ek ©°ne
bilginiz wvar mé? sorusuna wevet diyenl erin orte
ortalamasé 3.53N1.37 olafPalkmbeél bul emmuktwe &pal :
ger¢l dej ¢ é¢zere bol ¢gmler araséenda tapu be°l ¢meg |
i statisti ki ol arak farkl é olduju g°r¢l mekte ve
0.05)
4. SONUE¢
Reb Ai - er en d¢ K¢k kal oril i mar mel at én t¢sgketici

sonrasénda genel g°reé¢negk °2zellikleri czerine ol a
ol an sorul arén genel ort aleama a. 820,r ud jagd 2 nd gkewn e
tat/ koku czellikleri szerine ol an sorul ar én g
Te¢keticilerin genel ol arak d¢gkegk kalorilii mar me |
edi |l mi kt-ilra KBé&uvaamea ¢ zerine -aléxkmalar yapélabil
mar mel at t aki gi bi ajdal e bir yape ol ukmameékt é
dée¢kenegl mektedir. Form¢l asyon -al ékmalear @gei leeele
et tijJi déekenegl mektedir
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Hi droel ektri k Santrallerin Héz Regg¢l
Maki ne ¥7J r elhAmensal Tespid me

Araktérmaceé Meh'metrAakif DBt Khdédan Kokal ay
T¢ibt ak Marmara Arakteérma Merkezi
Ankara ! ni tikElsé ktersaniEK eM¢chendi sl i i

¥zet

Hi droel ektrik santraller ( HES) , d ¢ n ylia drer i en

santralleridir. Bu santrall erde -al ékan kontro
-al exmaseéne sajl arken, herhangi bir aréza du
durdurul maséendan da sor uml udrdurma geBektirenk singatleri o | S i
ka-éérmamasé beklenirken, dijer yandan gereksi z
altyapéséna sahip modern sistemler de dahil ol
olukturmak i-im dllgrimikdkdkulilmir @twanati k ol ar ak h
kokul |l ar e, farklé -alékma kokull aréndan baj émscé¢
olukturul ur. Bu yakl akeéem, alarm/ trip kyak ul | ar €
sonu-lanabilecek k¢-¢k deji ki kli kl eri al gél ama

°nerilen y°ntemlerle bir HES'"in hidrolik reg¢l a
sisteminden el de edil ennge®%jmi «nmesii | o n tkaurhll earniéy |
Ol ukturul an model ve kontrol sisteminden yakeén
ak¢gmeglat®orl erin yaj baséncé tahmin edilecektir.
yapélan we °Haydd cirlle karkéel aktéer el masé, arézane
kal an kull anéem ©°mrg¢ngén belirl enmesine yar démcé
-al ékmal aré daha planlé hale getirirhamgk bstremm
durumunda sorun b¢gy¢e¢meden sistem durdurul acak Ve
Anahtar kelimeler hidroel ektri k; hez reg¢l ator ¢ anomal i

Machine Learning Based Anomaly Detection in Hydraulic Unit§ Governors in Hydroelectric
Power Plants

Abstract

Hydroelectric power plants (HEPPs) are renewable energy power plants with the highest installed
power in the world. While the control systems operating in these power plants ensure that the system
operaes at the desired operating point, it is also responsible for stopping the relevant unit safely in case
of any malfunction. While these control systems are expected not to miss signals that require stopping,
on the other hand, it is desired not to causeagessary stops. In traditional control systems including
modern systems with SCADA infrastructure, alarm conditions to create warnings or trip conditions to
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put relevant unit out of service automatically are usually generated with predefined limitslesgantl
different operating conditions. This approach results in alarm/trip conditions to be less likely to detect
minimal changes which may result in serious malfunction scenarios in near future. With the methods
proposed in this research, routine behawbthe oil circulation of hydraulic governor of a HEPP will

be modeled with machine learning methods using historical data obtained from SCADA system. Using
the created model and recently gathered data from control system, oil pressure of hydraulic
accurulators will be estimated. Comparison of this estimation with the measurements made and
recorded instantly by the SCADA system will help to foresee failure before becoming worse and
determine remaining useful life. By using model outputs, maintenancewitbdesmade more planned,

so that undesired stops are prevented, and in case of any malfunction, the system will be stopped or
several alarms are triggered before the problem grows.

Keywords:hydroelectric; governor; anomaly detection; machine learnmegression

1- GKRKKk
1.1-Genel

Hi droel ektri k santrallerin d¢nyadaki toplam k
yenil enebilir enerji kaynakl ar e i - gInterrmtiomald e %4 0
Renewable Energy Agency, 2021) Temmuz 2022 itibariyle Tg¢rkiyebo
birlikte dejerlendirildijinde toplam hidroel ekt
ve bu toplam kurulu g¢(dE&EKAR3H@dWRRZK sartrallerin B r ma k t a
Kurul um maliyetl eri yé¢ksek ol maséna rajmen uzun
mal i yetl er.i nedeniyle enerij.i i htiyacénéen karkel s
dejerlendirildijinde bsekeséesimrvae enpm&:;iamadalni |
hem kebeke g¢venirlijine katke sajlanmasé hem d
takédéjé g°re¢l mektedir.

Modern hidroelektrik santrallerde yywraaml an - ¢
-ekKi tli kontr ol donanémlaré ve bunlarén bajl é
Acqui sition) sistemi aracélejeyla sajlanér. Bu |
durdurul masée ve istermegmnredal 6odma arko k-tad sf&kmrhas émnZunn
ol ajan déeké durumlara karké gerekl:| duruml ar da
sistemlerinin bir yandan ol ajan dékeé duruml ar é
yandannormla - al ékma kokul l arénda i stenmeyen duruxkl ar
yakl akémla hazérlanmék bir kontrol sisteminde a
kokull aré ile yapéler. Bu [°%m t-ané&mlma Ikiomiutlll err &
etkilerin sebep ol abileceji dejikiklikler g°zar
kokull aré belirlenir. Bu durum ri skl:i duruml ar &
s¢¢resimaisenaza¢retim kayéeplaré ve yenileme maliy

Cexki tli sistemlerde olukan anomalilerin tesp
kaldermak i-in sistemde yer alan donamé@&iml are&n
altéendaki nor mal i mitleri belirlenebilir. Bu me
ol ukturulabilir ancak bu il gili alanda uzmanl ék
eskimi k sistemladada e&kti meyletpe aynantad ragiez ikal abi l ir
makine °Jrenimi y°ntemlerinini kull anéeméné i kKar €
Kekil de modell enip bu modellerin FLtektellhaekdled k
anomali
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12K gi | i Literategr

Enerji santrallerinde yer alan ekipmanl arén ¢
al gel anmasé gi bi ama-larla makine °jJrenmesi t er
kar kaé méezk makt adeéer . Norve-06te yapeélan bir -al eéxkm
depol anan -exitli verilerin ger-ek zamanl é anal:i
yojunl uk tahmini gi bi maki nees8ffireinmeisi dyrPumme mP

yapél abileceji (pshaya vdoBuwlI20AKBi@kmada pel t on ti
enjektorlerin p¢skeerayer dkag red télmarveenréinl esrgr tv, n me

model |l enmi Kkt ir. Herath H. Taraféendan yapélan - ¢
dekar j probl emine y°nelik fonksiyon tabanl é&, ol
aranal ar & gi bi makine °Jrenmesi y°nteml er i kul |l a
dojrul ukl a t e(depathtvd., 2@18)] eWeilltnei k@ r For os taraf énde
hidroelektrik santmuallaeedabbalrécaktgdptemlaer i nakl
séenéflandéréel mék ve gelikmik analiz gerektiren
gel i kKmi K i statistiksel a n a l(Weltel & Forogy €019 k tRi¢rzegmar y °
santrallerinde yaygén g°r¢l en yatak arézaseée prob
Sse¢réelmgk ve yapélan °1 -¢mler destek vekt©or ma Kk |
kul | an é(Sarband vi.i 2022) r

2- Y¥NTEM VE UYGUL AMA
21-Y° nt em

Geli ken teknolojik imkanlar ile birlikte mod
yaygeén ol ar ak kull anmaya bakl anmékt ér . Bu si s
sistemlerden toplanan veril eroilmy-lekittélrimeikjtiémi. aB
model |l eme - al @ékmal arénda kull anél acakkewkkrdiel er i n
°rnek ol arak bir HESO6te kull anél abBtliecekkebaside
ger ¢l eceji czere -exitli sens®°r, switch gibi al
mant ék denetleyicilere(PLC) takénér. Akéem, geril
sayeéesal dejer ISCADAG° 3¢t emi her eler i olarak g°nde
topl anan bu veriler belirli periyotlarla kayded:]
olarak erikim sajlanabilir.
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Bildiride °nerilen y°ntemde ge-mi ke d°n¢gk dep
ak¢egmeglatorl erinion baseén- ejrisi model |l enip n o
kull anélabilirlifji ortaya ktoenmil aacraékztaé rt.e sNooirtma li -
-alektéjé bilinen sistemlerden, genellikle siste
Bu modell erin -éktélaré SCADA sisteminden al éna
belirenen ©° |1 - ej i akmasé dur uifbehhedhingemadt,2013bi | gi si ol ukt

21.kMakine ¥Jrenmesi

Makine °jJreni mi sénérl e miktarda verinin uzma
bir model ol ukt ur ulCoiads,2022) | Buak°naeétheagaebeheksel

farkl é& ol arak modell eme insan eliyle yapélép v
ol ukturul masée yerine bajémséez dejikkenl eri i -er
bilgisayara verine si yl e model in de bil gi sayar (Broaameef éndan
2015)

Maki ne ©°Jrenmesi y°nteml er kull anél érken ©°n
Ardéndan bu ihtiya-lara y°nelik wverileraya opl anr
uygun ol mayabilir, bu durumda i htiyaca g°re ha
nor mali zasyon gi bi i Kl eml erden ge-iril mesi ger e
yentemin belirlenmesiylokr. gerekl. uygul ama hazér|l

212Kul Il anél an Y°ntemler

Bildiri kapsaménda yapeélan -alékmada yaygén o
6 tanesi denenerek sonu-1laré karkeél aktérél méxt é|
ajacée, rasxgeém gramdyan artérma, destek vektor v
Bu y°ntemlerin tamamé denetimli ©°Jrenme y°ntemle
°rnefji ol arak girdi Kekl i nde vleer i°jnreestiinlidigketreenk t:
veri setleriyle ge-erl emesi ve testl eri ger - ekl ¢
2.2 Uygulama

2.2.1 Programlama Platformu

¢al ékma kapsaménda model I erin ol ukturul masé
programlama di Bu tdefrcvbBredbl mi mtnde kull anél an
biridir ve a-ék kaynakle oldujundan makine °jr
ol ukt ur ul ma&a&schika & Mejdlill, 2020 whHoredilinin 3.9 versiyonu ve bununlgumiu
-eki tli a-ék kaynak kodlu k¢t ¢phanel er kullaneéelr
20196) vyazeéel éemé tercih edilmiktir.

Model l eme i-in sklearn.linear _model k¢t éephani
k¢t ¢phaneailmthe Dyeern si onTreeRegressor skl earn. e
RandomForest Regressor, Xgboost k¢t ¢phanesinde
k¢t ¢phanesinde yer alan SVR ve sklearn.neural _
fonksigam| hagdal anél mékt er . Fonksiyonl arén -o0jJ ul
-eKi t i alanlarda artan istatistikselPedregosa anal
vd., 2011)

2.2.2 Vaka ¢tal ékmaseé

Hi droel ektri k santrallerde yer alan ve t rbi
kanatl aré adé verilen kapak-éklaré y¢ksek basén
i KI emilnmaysaép b¢yeé¢k kuvvetl er gerektirmektedir. B u
pi stonl ar/servomotorl ar kull anél maktadér. Vak e
servomotorlaréen i htiya- duyduj u ay¢ kpoanp atsa&s éru-l uyn.

58



vV e bu pompal ar én s¢rekloi -al ékmamasé i -in b a
depolanmaktadér. Ak¢gmeglat®r sistemi, azot tanké
ol an basén-1é& vyaj éi dtegpmdeayanotsi gdzéndve . yBju i r
membran ile ayrél mék kekilde bulunur, basén-128&
tekrar genlextirilerek basné-1¢é& yaj depol anép s
Sistem modellenmmden ©°nce -exitli parametrelerin sist
heat map ¢zerinden dejerlendirilip Ku parametrel e
Bajémséez dejikkenl er:
-Servo fark: Servomotorlardan birdajinkkminumunun
AAkti f G¢g-(Norm): Generat®°r¢n aktif g¢- dejerini
-Yaj Secakl éejé: Adi yaj tankénda yer alan yajén
-Ya] Seviyesi: Adi ya] tankéendaki yaj miktar énén

-Pompa Devredmpompalear dfzrdelxi ri nin her devreye giri
-Pompa Devredékée S¢re: Pompanén durmaséndan tekr

-Bajémlé dejikken:

-Ya] Basénceée: Ak¢gmegl atorl erdeki yaj én basénceé
Model l er 10529 noktadan rmdmikraanl vy kbtaek | ad Im@k m
-alekma kokull aréene kapsayan bir veri seti il e e
t est edi |l mi ktir. Test veri set i ol ukturul ur ken
dejerl endirebe] mekm grubundakil erden farkIl & zamze
TablolBasén- Tahmini Perfor mans Parametr el e

Ortalama Kare

Y° nt em/ Kr| Ortalama Ortal ama N%iden ez | N%5den az
Mutlak Hata Hata Hata R2 Notu tahmin tahmin

Dojrusal R¢ 0.158 0.045 0.212 0.955 76.88% 100%
Kar ar Ajacéd 0.127 0.025 0.159 0.975 88.87% 100%
Rastgele Orman
Relfesyonu 0.01 0.149 0.122 0.985 96.45% 100%
Ekgrem Gradyan 0.01 0.0146 0.121 0.985 96.38% 100%
Art ér ma
Destek Vekt
Regresyonu 0.231 0.093 0.305 0.907 60.97% 99.60%
¢ok Katmanl 958 0.048 0.219 0.952 75.76% 99.96%

Al gél ayéce

Modellerin performans parametrel@ablo16 de ver i | mi Kt i¢srf.¢ Tiazbelroed &% ldda
az mutlak hata ile tahmin edebil me becerisine g°
edilirken destek vekt©°r regresyonu bu vaka -al
Rastgele orman yRanta&mi aji amc é o&n s-agletdaséené birl ikt
karar ajacé y°ntemin %8 daha y¢ksek bakarée ile -
%56den az hata ile tahmin et mesi i | e &ko,nub d aahnmeé
gi bi parametrelerin dejikikIliklere tepki s¢resir
model |l emede yetersiz kaldéejé g°zlemlenmik ve bu
ortaya konul muxktur
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3- SONU¢LAR

Vaka - ahé komatseééynad - é k a performans kriterl er
santrallerde kull aneéel an h|droI|k sistemlerde me
°fTrenimi y°ntemlerinin kullanél abinl @ cdijait i crtti&ky a
yaygeén ol arak kullanélan ve e%noygkasreek dsekoerrunre nd i
0.9856e varan sonu-Ilar el de edil mixktir. Baseén-
%16den az hat a %9l6e 45 atorhiarr albr agmeé& - ekl ekmi Kt i r.
bulunduruldujunda rastgele orman regresyonu il e
kull anél abileceji sonucuna ul akeéel mexkteéer .
REFERANSLAR
isnes, AL, Wi | | er s r uBredictixe maint€&hancenasad liie oydle estimation(fa2 0 1 8

hydro power plants with real i me a rHadroy2018 Nogember

Brownlee, J. (2015Basic Concepts in Machine Learnirfgtps://machinelearningmastery.com/basic
conceptsn-machinelearning/

Cui, B., Weng, Y., & Zhang, N. (2022). A feature extraction and machine learning framework for
bearing fault diagnosi®enewable Energy91, 987 997. https://doi.org/10.1016/j.renene.2022.04.061

International Renewable Energy Agency. (20Renewable Capatyi Highlights(Issue April).

Pedregosa, F., Grisel, O., Weiss, R., Passos, A., Brucher, M., Varoquax, G., Gramfort, A., Michel, V.,
Thirion, B., Grisel, O., Blondel, M., Prettenhofer, P., Weiss, R., Dubourg, V., & Brucher, M. (2011).
Scikit-learn: Machind_earning in PythonJournal of Machine Learning Researd®, 2825 2830.

Raschka, S., & Mirjalili, V. (2021). Python mact
python, scikitlearn, and tensorflow 2Znternational Journal of KnowledgBased Organizationd 1(1),
741.

Sambana, B., Appala Naidu, P., Jarabalag™®Narayana, V. N. S. L. (2022). Performance validation
of wind turbines using machine learning methodologiddaterials Today: Proceedings
https://doi.org/10.1016/j.matpr.2021.07.049

Schlechtingen, M., Santos, I. F., & Achiche, S. (2013). Wind turbindittom monitoring based on
SCADA data using normal behavior models. Part 1: System descrigtoptied Soft Computing
Journal 13(1), 259 270. https://doi.org/10.1016/j.as0c.2012.08.033

TEKAK . Y(¢2K0 2T2e)v.z i Dairesi Bakkan22Zj e Kurulu G¢- R
Welte, T., & Foros, J. (2019 onitor X - Digitalization in Hydropower

60



Presentation ID / Sunum No: 19

Oor al Presentation / S°zl ¢ Sunum

ORCID ID: 00060001-74029058

GeoPr¢Halbitesi Metri kIl eri Kul |l anar ak Yg
Tespiti

Res. Assst. ¥J]r . GResearchérdbdilhameed A. Bodutkaréed| a
Assoc. Prof. Dr PrYélt ©On . Bi¥tniseinmToygar
'Doju Akdeniz !niversitesi
'Computer Engineemig Department, Faculty of Engineering, Eastern Mediterranean University,
Famagusta, North Cyprus, Mersin 10, Turkey.

*Corresponding author: ¥nsen Toygar
¥zet
Géeénegmegzde, ©°zellikle akellée telefon ve bh&hamr i (
biyometri tanéma sistemlerinden biri haline gel-
veya °zel olarak ¢retilen sentetik °rneklerl e ya
i -in °nemli bir eRgygdlecel,uytoer p@ktecand gl eve nin kay
ol anl arée et kili bir kKekilde tespit eden yeni bu
Dejerlendirmesi (I QA) y°ntemiyle yanéldpehtsal kar K ét
bazl e hata ve bilgi teorisi °l-¢mleri gibi dejicKk
olan Ortalama Kare Hatasé (MSE), Tepe Sinyal G¢
Farkée (RRED), JPEG Klal Garre¢ Kindilkal i(tJeQl 73 h Mion i ( NI
( SNR) ve Spektral Beyeéekl ¢k Hat asé ( SME) bu - a
verimliliJini incelemek i-in BANCA y¢z veri k¢
ger¢ntudllemekméxkt er Yaré Toplam Hata Orané (HT
sonu-1I| ar e, °nerilen y°ntemin tanéma kayeéet akKam;:
edebilecejini gestermi ktir. SME véeer aRRED ameX5r ivkel
HTER ol arak ©°1 -¢1l megkt éer .
Anahtar Kelimeler Yanéltma karkét é, GePre¢nt g kalitesi me t

Spoof Attack Detection in Face Recognition Using Image Quality Metrics

Abstract

Face recognition is one of the most commonly used & biometric authentication today especially

with the proliferation of smartphones and similar devices that armed with this capability. However,
attacks on this kind of technology have also become very common; these can be in form of reconstructed
sampes or selHmanufactured synthetic samples. This raises a significant impediment in face
authentication thereby requiring new innovations that efficiently ensure the presence of real and
legitimate trait in contrast to a fake one at the enrolment stagthisnstudy, an antspoofing system

using Image Quality Assessment (IQA) is proposed. Seven IQA metrics namely, Mean Squared Error
(MSE), Peak Signab-Noise Ratio (PSNR), Reduced Reference Entropic Difference (RRED), JPEG
Quality Index (JQI), Naturalnedsnage Quality Estimator (NIQE), Signtd-Noise Ratio (SNR) and
Spectral Magnitude Error (SME) which accounts for different forms of sensitivity measurements such
as difference based error, spectral based error and information theoretic measures weagetbimp
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this study. BANCA face dataset was used in this study along with thatpairtk images created from

this dataset in order to examine the efficiency of the proposed method. Experimental results measured
in Half Total Error Rate (HTER) show thditis method is able to effectively detect fake traits during the
enrolment stage of authentication with as low as 5% and 7.5% HTER in SME and RRED, respectively.

Keywords Anti-spoofing, Image quality metrics, Face recognition.

Introduction

Face recogtion is one of the most commonly used form of biometric authentication today
especially with the proliferation of smartphones and similar devices that are armed with this capability.
However, attacks on this kind of technology have also become very cortimaeg;can be in form of
reconstructed samples or setinufactured synthetic samples. This raises a significant impediment in
face authentication thereby requiring new innovations that efficiently ensure the presence of real and
legitimate trait in contrst to a fake one at the enrolment stage.

In this study, an anpoofing system using Image Quality Assessment (IQA) is proposed. The
study reviewed several IQA metrics as follows:

Mean Squared Error (MSE),

Signatto-Noise Ratio (SNR)

Peak Signato-Noise Ratio (PSNR),

Structural Similarity Index Measure (SSIM)
Gradient Magnitude Similarity Deviation (GMSD)
JPEG Quality Index (JQI),

Naturalness Image Quality Estimator (NIQE)
Spectral Magnitude Error (SME)

Reduced Reference Entropic Difference (RRED)

=4 =8 =8 8 8 -4 -8 -8

The aforementioned Image Quality Assessment metrics account for different forms of sensitivity
measurements such as difference based error, spectral based error and information theoretic measures.

In this study, an anpoofing system on face recognitiagsing Image Quality Assessment (IQA)
is proposed. The proposed system uses seven IQA metrics, namely Mean Squared Error (MSE), Peak
Signatto-Noise Ratio (PSNR), JPEG Quality Index (JQI), Naturalness Image Quality Estimator
(NIQE), Signalto-Noise Ratio (8IR), Gradient Magnitude Similarity Deviation (GMSD) and
Structural Similarity Index Measure (SSIM). The proposed system selects the best 3 IQA metrics among
difference based errosures, spectral based error measures and information theoretic measares and th
combines the decisions of these metrics using Decistoel Fusion to obtain the final decision of the
system as genuine or fake image.

Literature Review

Image Quality Assessment (IQA) is a very difficult task, yet highly important characteristic for
evaluation of the image quality. Various IQA metrics have been proposed and discussed in the literature.
For example, Samajdar and Quarishi [1] did a comparative analysis of Mean Square Error (MSE), Peak
Signal to Noise Ratio (PSNR), human visual systevig), Universal Quality Index (UQI), Structural
SIMilarity (SSIM), Feature SIMilarity (FSIM), Feature SIMilarity for color images (FSIMc), Gradient
Magnitude Similarity (GSM), and Noise Quality Measure (NQM) using images fom IVC database,
CSIQ database andAR database.

Zhang et al [2] did a comparative analysis of full reference IQA metrics such as PSNR, NQM,

UQlI, SSIM, MSSSIM, FSIM, among others. On the other hand, a statistical evaluation of full reference
IQA metrics has earlier been carried out irother study [3]. Moreover, a comparative analysis of
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PSNR, HVS, SSIM, UIQI has also been carried out [4] while a comparison of different image
enhancement techniques based upon PSNR and MSE was carried out in [5].

Methodology

This study proposes a methaat face spoof detection based on seven Image Quality Metrics.

Seven IQA metrics namely, Mean Squared Error (MSE), Peak Sigihidise Ratio (PSNR), JPEG
Quality Index (JQI), Naturalness Image Quality Estimator (NIQE), Sigmblbise Ratio (SNR),
GradientMagnitude Similarity Deviation (GMSD) and Structural Similarity Index Measure (SSIM) are
briefly explained below:

T

Mean Squared Error (MSE), or Mean Squared Deviation (MSD) measures the amount of error
in statistical models by assessing the average sijuhifference between the observed and
predicted values. When a model has no error, the MSE equals zero, as model error increases, its
value increases. In this context, it measures the difference between corresponding pixel values
in the original and fakemages [6].

Signatto-Noise Ratio(SNR) of an image is the ratio between the original intensity value and
the noise. This is calculated using the mean and standard deviation of the original image and the
fake one [7].

The termPeak Signato-Noise Ratio(PS\R) is an expression for the ratio between the
maximum possible value (power) of a signal and the power of distorting noise that affects the
guality of its representation. Because many signals have a very wide dynamic range (ratio
between the largest amtinallest possible values of a changeable quantity), PSNR is usually
expressed in terms of the logarithmic decibel scale [1].

Gradient Magnitude Similarity Deviation (GMSD) uses horizontal and vertical gradients that
are calculated for both the distortedbige and the reference image by convolving Prewitt filter
along the two directions [8].

Structural Similarity Index Measure (SSIM) is a method for predicting the perceived quality of
digital television and cinematic pictures, as well as other kinds gadigages and videos.

SSIM is used for measuring the similarity between two images. Three types of similarities are
computed in SSIM: luminance similarity (LS), contrast similarity (CS) and structural similarity
(SS). The product of the three similargtis used to predict the image local quality at a position

[9].

Natural Image Quality Evaluator (NIQE) is a blind image quality assessment metric. It is a
completely blind image quality analyzer that only makes use of measurable deviations from
statistich regularities observed in natural images, without training on htnaisd distorted
images, and indeed without any exposure to distorted images [10].

JPEG Quiality Index (JQI) evaluates the quality in images affected by the usual block artifacts
found in many compression algorithms running at low bit rates such as the JPEG.

The proposed methodology in this study is shown in Figure 1. The scores of seven IQA metrics are
calculated on genuine and fake face images and then the best three IQA metrics adetedieatsed.

Based on MiAMax values, the decisions of 3 best metrics are taken and then these three decisions are
combined to obtain the final decision of the system as genuine or fake image. For the fusion of three
decisions, Majority Voting method ised.
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Genuine Images

IQA metrics score
Best 3 metrics Fake mage
Min - Max Values QA metrics score
AcceplV/Reject based on Min-Max
IDecision 2] IDecision 3]
I Overaill Decison ]

Figure 1: Proposed Fake Image Identification Process

Experiments and Results

The experiments are conducted on BANCA face database. Face images involved in BANCA
database are all genuine face images. Fifty unique subjeetsieed from the dataset and each subject
has 4 samples and one created fake image.

Fake images are created either by merging two or more photos or altering an existing image. At
the enrolment stage of face recognition, a fake image might be introdueéalim of a pririmage. In
this study, we modelled printing as a screenshot of the image on a PC which is a more convincing fake
image than a printed image. Therefore, a fake image was created for all unique individuals in the dataset
used. Figure 2 shovemmples of real (genuine) and fake images used in the experiments.

False Genuine Rates of seven IQA measures are calculated on the aforementioned real and fake
images on BANCA dataset and the results are presented in Table 1. The results show that SBIR, GM
and SSIM achieved the lowest error rates (6%, 8% and 12%, respectively) to identify real (genuine) and
fake face images. Therefore, these three quality measures are selected to be used for the rest of the
process. Additionally, Decisiebevel Fusion okeven IQA measures is applied and 6% False Genuine
Rate is obtained which is exactly the same as the performance of SNR measure. Additionally,
preliminary results measured in Half Total Error Rate (HTER) with reduced number of images from the
dataset showhat this method is able to effectively detect fake traits during the enrolment stage of
authentication with as low as 5% and 7.5% HTER in SME and RRED, respectively. Therefore, Half
Total Error Rates are calculated for the next experiments on the séfeatgriquality measures.
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Figure 2: Real images (&) versus Fake Images (d)

Table 1.False Genuine Rates using Seven IQA Measures

IQA False Genuine Rate
MSE 40%

PSNR 14%

SNR 6%

SSIM 12%

GMSD 8%

JQl 34%

NIQE 22%

DecisionLevel Fusion 6%

Furthermore, the experiments on the selected best 3 image quality measures are conducted on the
same dataset. SNR, GMSD and SSIM are combined using DeLesieh Fusion with Majority Votig
technigue to identify real and fake images. Consequently, better results are achieved as shown in Table
2. False Genuine Rate, False Fake Rate and Half Total Error Rate results on 3 selected image quality
measures and their fused counterpart are cédclitend presented on Table 2. The lowest error rates are
obtained with the fused approach (4% False Genuine Rate and and 17% Half Total Error Rate).
Compared to the individual image quality measures, in general, Detisiah Fusion of 3 best
measures duieved lower error rates. Consequently, the proposed approach using the best 3 image
quality measures with Decisidrevel Fusion techniques achieves better results compared to the
individual image quality measures. Decisilogvel Fusion of seven IQA measgrachieved 6% False
Genuine Rate while Decisidrevel Fusion of 3 best IQA measures achieved 4% False Genuine Rate
which shows that the proposed approach is successful and better than using all seven IQA measures.
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Table 2.Half Total Error Rates usinghree IQA Measures

IQA False Genuine Rate False Fake Rate Half Total Error Rate
(HTER)

SNR 6% 55.33% 30.66%

GMSD 8% 30% 19%

SSIM 12% 24% 18%

DecisionLevel 4% 30% 17%

Fusion

Conclusion

This study is performed to emulate a form of peattackspoaf ng by wusing fiscreen,;
image quality measures to detect fake face images. Mean Squared Error, Peato-8lgis# Ratio,
JPEG Quality Index, Naturalness Image Quality Estimator, Stgridbise Ratio, Gradient Magnitude
Similarity Deviation ad Structural Similarity Index Measuage used in the experiments. Genuine (real)
face images are obtained from BANCA database and 50 fake images are created in order to measure
False Genuine Rates, False Fake Rates and Half Total Error Rates. SNR, GMESEMrare selected
and combined using Decisitrevel Fusion with Majority Voting technique to identify real and fake
images. The lowest error rates are obtained with the fused approach (4% False Genuine Rate and and
17% Half Total Error Rate). Comparedtte individual image quality measures, in general, Decision
Level Fusion of 3 best measures achieved lower error rates. As a future work, an increased number of
real and fake images can be used to evaluate the image quality assessment measures.
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Anahtar Kelimeler Ci nsi yet tanéme, Lajistik Regresyon,

On the Use of Voice Biometrics for Gender Recognition
Abstract

Voice recognition offers a wide range of applications, ranging from hemmeachine interaction, video
categorization and tagging, voice authentication, vaiearch, gender categorization of phone calls,

among others. Gender classification by speech is generally very easy for human; for machines, however,
it is not the case. This study presents Logistic Regression method, a supervised machine learning

algorithm, for male and female gender classification in humans using recorded speeches or voice notes
from Kaggle voice dataset. This approach presents a relatively less computation intensive structure
compared to similar studies. It uses a threshold of 140 Hegarate male from female voices since
human vocal range is from 0 Hz to 280 Hz. The system is performed in two stag@erpsesing where

the best features are selected and the Logistic Regression is carried out on the chosen features for

gender classi@ation. Experimental results show that proposed system works effectively in categorizing

male and female human speeches with an accuracy of 96.85 %, 3.15 % Equal Error Rate (EER) as well
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as sensitivity and specificity which are recorded as 97.1% and 96d&$bectively. Additionally, the

study compares the experimental results with st&tbe-art methods such as the Long Skhberm
Memory (LSTM) made up of neural networks compared to Logistic Regression, and Multilayer
Perceptron (MLP) learning model cononly used in literature with the same dataset used in this study.
The results showed that the proposed method performed favorably in comparison with these methods.

Keywords Gender recognition, Logistic Regression, Voice, Speech

Introduction

In order tamplement a genddrased model, gender must be defined correctly and for this study,
there are only 2 genders, male or female. Gender recognition can be defined as the extraction of gender
data from the speaker 6s s pagagdrsonfiom histher noce sound i t
characteristics. It also serves as an integral part of speaker recognition. As a key technique for
multimedia data analysis, speaker recognition can be widely used in access control, transaction
authentication, law enfoement, speech data management, personalization and audio monitoring, etc.
[1]. One of the greatest difficulties in voice processing is classifying the speaker's gender information.
Despite numerous studies concentrating on feature extraction and etassifancement, classification
accuracy is still not where it could be. The most important aspect in determining the speaker's gender is
to create robust characteristics and a good classifier. Gender recognition via voice proves to be
incredibly useful infor example, research areas involving behavioral analysis using audio features [2].

There are numerous conventional machine learning approaches to define gender from sound
characteristics. A deeper LSTM (Long Shégrm Memory) network is a strong examptethis field
where an extra LSTM layer was added before the LSTM layer to further deepen the LSTM network.
The LSTM model was created to address the issue of backflow during thepsaekling of recurrent
networks. The LSTM is a form of Recurrent Neuxitwork (RNN) that is capable of learning leng
term dependencies [3]. This approach facilitates the system and achieves a fast implementation with
high accuracy rate. The other approach/classifier to be compared with and be implemented, can be
regarded & a traditional machine learning approach known as Logistic Regression. Specifically,
Logistic Rregression is a supervised learning classification algorithm used to predict the likelihood of a
target variable. In this study, since the nature of the gadmendent variable is dichotomous, there are
only two classes i.e., Male and Female.

Related Works

Machine learning models and data mining techniques have been widely used for gender detection
by speech in recent decades. Various indicators such asijtb td the vocal folds, locomotion, and
speech are used in these prediction models to determine a person's gender. More specifically, acoustic
parameters such as length, intensity, and frequency collected from voice and speech signals can be
employed asdatures to recognize the speaker's gender. In recent years, a number of investigations have
been conducted, the results of which are briefly summarized below.

Maka et al. [5] utilized 630 speakers in their experiments for the gender identification pnoblem
various acoustical situations, with 438 males and 192 females (indoor and outdoor auditory scenes).
Furthermore, each sentence was blended with various types of background noise for the evaluation step.
In their findings, they discovered that Alimearsmoothing improves classification accuracy by 2% and
raises identification accuracy to 99.4%.

To determine the voice gender, Buyukyilmaz et al. [6] used a multilayer perceptron deep learning
model based on the acoustic features of the voices and sp&é8he8orded samples of human voices
made up the dataset they used for their investigations. Their categorization model had a precision of
96.74 percent. They've also created a website that uses the algorithm to predict the gender of a speaker's
voice.
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Zvarevashe et al. [7] proposed a gender speech identification method based on feature selection
using the random forest recursive feature reduction with gradient boosting machines (GBMs) algorithm.
Acoustic characteristics were gathered from 1584 males a8l fénales in a public gender voice
dataset. Without feature selection, the GBMs algorithm attained an accuracy of 97.58 percent, whereas
with feature selection, it nearly reached 100%.

Support Vector Machine and a Neural Network classifier were propgsPaliwa et al. [8]. A
gender recognition system was created with samples gathered from 46 speakers in their study, and it had
an accuracy of 93.5 percent.

Methodology

Logistic Regression is a supervised learning classification algorithm used to detdmmine t
probability that an event will succeed or fail when the target or dependent variable is binary (True/False,
Male/ Female, 0/1, etc.). By analyzing the relationship from a given collection of labeled data, it helps
classifying data into distinct classégom the provided dataset, it learns a linear relationship before
introducing a nosinearity in the form of the Sigmoid function. In this study, the Logistic Regression
model is used to predict the gender (Male/Female) of the person based on thdegatares as shown
in Figure 1.

dre > |- Male
» N—b [rt}nmmmg IrammT (‘Ia/s:hmtmn — Female

Feature Selection

Figure 3: Proposed Gender Recognition System

The proposed gender recognition system using voice biometrics preprocesses the voice data using
several speech attributes. The attributes of the voizeaaKaggle dataset are described in Figure 2.
Feature extraction is based on these attributes using feature selection process. Afterwards, Logistic
Regression classification is applied in order to decide on the gender of the voice owner.

In this studyKaggle voice dataset is used for human gender classification as male or female from
voice biometric data. There are 21 attributes in this dataset that are used as the features. Kaggle voice
dataset is intended to identify if a voice is male or female based t he v oi cesd and spe
properties. The dataset includes 3,168 recorded speech samples from both male and female speakers
(1584 male and 1584 female voice samples). With an assessed frequency rang@86h@hhuman
vocal range), the speesamples are pgrocessed by acoustic analysis in R studio using the seewave
and tuneR packages. The list of voice attributes in Kaggle voice dataset is shown in Figure 2.

Preprocessing the voice data is performed using the numerical and categorakdotum the
voice dataset. Numerical columns are processed by applying the standard scaler and polynomial features
algorithms. Categorical columns are processed by applyingharencoding. Afterwards, both
numerical and categorical columns are combimgdg the Column Transformer module. Then, the best
features are selected using SelectKBest method where K is the number of top features to select which is
selected as 4 in this study. All the steps are then chained using the imbalance Pipeline madtiie. The
experiments are conducted to classify gender based on the voice data.
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meanfreq: mean frequency (in kHz)
sd: standard deviation of frequency
median: median frequency (in kHz)
235: first quantile (in kHz)
Q75: third quantile (in kHz)
IQR: interquantile range (in kHz)
skew: skewness (see note in specprop description)
kurt: kurtosis (see note in specprop description)
sp.ent: spectral entropy
sfm: spectral flatness
mode: mode frequency
centroid: frequency centroid (see specprop)
peakf: peak frequency (frequency with highest energy)
meanfun: average of fundamental frequency measured across acoustic signal
minfun: minimum fundamental frequency measured across acoustic signal
maxtun: maximum fundamental frequency measured across acoustic signal
meandom: average of dominant frequency measured across acoustic signal
mindom: minimum of dominant frequency measured across acoustic signal
maxdom: maximum of dominant frequency measured across acoustic signal
dfrange: range of dominant frequency measured across acoustic signal
modindx: modulation index. Calculated as the accumulated absolute difference between
adjacent measurements of fundamental frequencies divided by the frequency range
label: male or female

Figure 4. Speech Attributes in Kaggle Voice Dataset

Experimental Results

Experiments are performed on Kaggle voice dataset using several voice attrimgestic

Regression is used for the classification process. The dataset is split to training and test sets with the
ratio of 80% to 20%. The results are presented using the classification accuracy, Equal Error Rate, True
Positive RateFalse Positive Ra, Specificity, Sensitivity and Geometric Mean as shown in Table 1.

The results are satisfactory and encouraging for gender classification.

On the other hand, comparison of the gender classification results using the proposed approach
with Logistic Regresion are shown in Table 2. Several stft¢he-art gender classification methods
are used for comparison based on their accuracy results. Additionally, the classifiers used in the state
of-the-art methods and the datasets used are presented in Tableh2 micent methods presented in
Table 2 achieved high accuracy for gender classification on Kaggle or private datasets using voice
biometric data. Our proposed approach with Logistic Regression classifier also achieves a high accuracy

of 96.9% for gendeclassification which is comparable to the performance of the-ctdte-art

Tablel: Logistic Regression Classifier Performance on Gender Classification

Classification Accuracy 0.9685
Equal Error Rate 0.0315
True Positive Rate 0.9714
False Positive Rate 0.0345
Specificity 0.9655
Sensitivity 0.9714
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Geometric Mean 0.9685

Table2: Comparison with the State-TheArt Methods

Study Year Published Classifier Dataset Used  Accuracy (%)

Buyukyilmaz & 2016 Multilayer Perceptron Kaggle 96.8

Cibikdiken [6] deep learning model

Zvarevashe & Olugbara 2018 Random Forest Private 97.6

[7]

Pahwa & Aggarwal [8] 2015 SVM Private 93.5

Ertam [4] 2019 Deeper LSTM Kaggle 98.4

This study 2022 Logistic Regression  Kaggle 96.9
Conclusions

In this study, a machine learning algorithm called Logistic Regression is used for the gender
recognition by voice. Gender classification based on voice attributes from Kaggle voice idataset
performed to classify male or female voices. The voice attributes are preprocessed and features are
extracted from voice biometric data. Then feature selection is performed using SelectKBest feature
selection method to select the top 4 features. Liogistgression is then applied to classify the gender
as male or female based on the extracted and selected voice features. The classification is successful
with 96.9% accuracy which is comparable to the performance of theotidikeart gender classifi¢can
methods. Sensitivity and specificity values are also calculated as 97.1% and 96.6%, respectively. In
addition to these performance metrics, the geometric mean performance is used and calculated as 96.9%.
In the experiments, it is worth noting that ttnean fundamental frequency is an indicator of voice
gender, with a threshold of 140 Hz separating male from female classifications. The experimental results
for gender classification based on Logistic Regression on voice biometric data are successful and
encouraging. The results are also comparable with thed$tdte art methods for gender classification
on voice data. In the future, experimenting on a larger dataset will provide beneficial results as Logistic
Regression analysis tends to yield reliabtdbust and valid results when a larger sample size of the
dataset is considered.
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¥zet
Betonar me el emanl|l arén dinamik y¢kleme alténda
betonarme kirik elemanlarénén ani yékl eme alteé
kow!| mal edér. Bu -alékmada I|ifsiz, ¢elik |Iifli ta
bet onl dveenondllknedél masé ¢zerine deneysel -al é&kma ya
-eli k i f, silis kikmann é,kKt Rirleice kwymk,se&¢, meary aale enl
portland -imentosu kullanélarak 550x140x70 mm b
bet on aj érl ej énén %0 , %0 . 75, %1l .5 ve %2 . 25 or a
merlke zi nden 40, 80 ve 120 mm uzakl éjénda bir dizi
biri kadar (45 mm) derinlikte a-ée&l méekteéer. Kiri k]l
t est edi I mi ktir. Ki rnilkal mearki n¢ zkeérreg, | miai rdiakvirnan gk é m
yerl exktiril mik. Olukacak -atlak y°r¢ngelerini t
araseéenda lukacak y°r¢nge (1080p at 240 fps)

0

er i ve kéerél ma enerjisi i-in test sol

I i -in -atlak y°r¢ngel eri incel enm
u

beton ki Kl er
e daha y¢ksek ol duju g°zlenmi ktir.,

bet ona g

Anahtar Kelimeler:¢ e | 1 k Li f 1 i Bet on, Karékék Mod Keéer él mas
catl ak Y°rg¢gngesi

Investigation The Effect bConcrete Strength And Fiber Rates On The Shape Of The Fracture
Process Zone And Fracture Energy In Mixed MedOf Steel Fiber Concretes Under Impact Load

Abstract

Reinforced concrete elements cause significant problems under dynamic loading. For this reason, it is
necessary to examine and know the behavior of reinforced concrete beam elemenimpader

loading In this study, an experimental study was conducted on-iraxa moddl fracture of plain

concrete, steel fiber reinforced concrete, normal streiy®C)and two class of high streng(RlSC)

beam concretes. Beam samples of 550x140x70 mm were produggtivo types of micro steel fiber,

silica fume, silica sand, superplasticizer, Portland cement with high initial strength and normal portland
cement. Steel fiber was used at the rates of 0%, 0.75%, 1.5% and 2.25% of the concrete weight. A series
of notdes were located in the middle of the beam span and at a distance of 40, 80 and 120 mm from the
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beam center, the notches depth is 45 mm. Beams are tested under impact loading irpairthree
bending test setup. In order to understand the fracture behafbe beams, Accelerometers are placed

at three points of the beam. To follow the crack trajectories that will occur, the trajectory between the
notch tip and the impact loading point will be recorded with (1080p at 240 fps) camera. The test results
for the fracture toughness, crack trajectories and fracture energy of the concrete were tested. Crack
trajectories were investigated for plain and with different fiber ratio concrete. Fracture toughness
valueswere observed to be higher for fiber reinfor@ahcrete than for plain concrete.

Keywords:Steel Fiber Reinforced Concrete, Mixed Mode, Fracture Process Zone, Fracture Energy,
Crack Trajectory.

1. Girick

Yapésal el emanl ar si smik yeéekl er, darbel er v
kal dejehdai k bnor mal Ve tejet geril mel er al t éen
b¢e¢yeéeyebil ecejini bil mek yapeéesal betenl ¢k 0 -1 n 0 -
kéerél manén nasél bakl adéejéené veerwdiyrilld@ij eniéetannh
karkel akt érél déejénda, i flerle gc,-lendlrilmiK b
daj étma kapasitesinin y¢ksek ol mase edeniyle di
i nKkaat melpéhair€nidjai gyaderek daha fazla kul l aneéel |
yé¢ksek dayanéeml é& betonun (YDB) geliktiril mesi Vo
-eékmakt adeéer . YDB' nin farkleée y¢klemeéhmal amdman
-al éeéxkeéel mkeosudur.ger ek en

(Banthia, Mindess et al. 1988 u ar akt érmanén yazarl ar e, bir
ayrenégel amastr¢igmantasyonunu, kali brasyonunu ve {
Darbe y¢ke¢ numunel ere basén-, -ekme ve ¢- nokta
beton karékéména g°re akajédaki gi bi bek gruptart

1) Normaldag né ml € bet on.

2) Y¢ksek dayanéml é bet on.

3) Nor mal dayanéeml é& polipropilen beton.

4) Nor mall dayanéml é& SFRC.

5 Konvansiyonel takviyeli nor mal dayanéml é& SFR

Bu arakteéer ma, bet onun stress orané y¢kl emesi
beton daebBéeng/ dhmaemz kal déjénda statik y¢kl emey
sonucuna varél méxkteéer .

(Bindiganavile 2003 j ér | ék d¢ Keér me test ci hazl ar e, - el
yé¢ksekl ikl eri Ve serbest bér akma mekani zmasé
ama-|laréndan biri, dekerme yegksekl i ] i nethsinive - eki
i ncelemek i-in d¢keér me testinin parametrik bir
i -1 n, tem makinel er - test verilerinin karkeée
parametre ol duju d:é,spldtarbellIyd,ik.lemealtteésmﬂnaeri i -
standardén, -eki- k¢tlesine dejil, déiekme y¢ksekl

(zhang, Ruiz et al. 2008peton numunekei n dar be y¢ke¢ alteéndaki C
incelemek i -in °zel olarak tasarl anméxk darbeli
yayél éméne, kérel mayé ve yeskl emeyi hezl & oranl
numnel erin y¢kleme hézéna duyarl el efjéené g°sterer
darbe y¢ke alténdaki beton yapénén davranékeéeneé
kull anél déjénée g°stermicaihbe Yohay-dlaranda yatnatriak
y¢ksek dayanéema ve daha fazla enerji emme kapasi
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Son otuz vyélda, | i fsiz betonda karékék modl u

de sayésatdprrepekali éhmekt éer. Y¢gkl eme kokul |l ar e
farkl @ numune geometril eri de kapsanméxkt eéer . Yar
losipescu tipi testleflosipescu 1967) Arrea ve I ngraffea taraféndan
¢ z er (ingraffea and Arrea1982) John ve Shah taraféndan orta b?°
é - nokt al & (Ifnil988)e Btaezsatnltervie Pfei ffer tarafeéndan
(Bagant and, PGalivdzrvdodib)erl eri taraféndan or al
ejil me (Gé&€bwvkeri Eli,ceKsonewtanal yoin®B8)Yeli k donat el
karékék modlu keréel ma yayéel emé ¢zer i n(€armoral € Kk ma
Ruiz et al. 2007) | - farkl e boyutta ve -exitld] enine ve
prizmati k kirikler czerinde kapsaml e bir deney
ol uKumunu sajl amak i -in -entik me r kDeozndaet e | ane 8 n
mevcudiyet.i ve mi ktaréenén, -enti k ucundan kayna
deji ktirebilecefji gzl emlenmi ktir Liflerin b e
arakteéerél mamexkt eéer

Bununla birlikte, beton hasaraikee r € | maya maruz kal an bir mal z e |
bet onun dayanémé, keéreél ma mo(d@nkuolvte an ch aSh aramd ax
Bognjak et Lalf.si 20Db3)t onda dinami k karékék modl u
Charpy (Jermgarkl 8ael1988)e ya bi r aj ér (G@wkKobhyashicetam®98g i haz é
ger-eklexktirilmixktir.

Lifler eklendijinde, 1ifl er i(Nmangpednd Gopalaratnamat | a k
1983, Banthia, Bindiganavile et al. 2003 k me me kani zmasé yoluyl a mal z:
arada, dinami k kéreéel ma daha k airkmakeérkeé lhmd é g&2Hdmnmg

i ncel dézhang, ARd Elazim et al. 2014, Zhang, Ruiz et al. 20lLB)takviyeli betonda dinamik
karekék modl u keéereéel méArslgrzl®db)i aceai éhdaml Bkmaa] &rlké

kullanar&k - enti kl i kompakt numuneler ¢zerinde ger-ek

Bu -al ékmad a, dort farkl e -enti k uzakl ej end e
bakl amaséné ve yayél maséné analiz etmek i-in d
genderil mik yocksek dayanéml é beyaz -imento ve no
beton ajérl éjenén %0, %0 . 75, %1 .5 ve %2.25 oranl
2. Deneysel -al @k ma

Deneysel -al exma kapsaménda kul haaal &kmr ma E me
uygul anan deney y°ntemler.i akajéda sunul muktur .

21Bi |l exen mal zemel er

Bu -al ékmada nor mal Ve yéksek dayanéml é be:
tasar éml/ar é ndne ntsou oraneé d¢ K¢k tutul mukt ur . ¢
s¢perakékkanl aktéréeceée ve puzolan mal zeme Kkul |l ane

¢cal ékmada kultIKMSAl dab+ri hasto & NCEME2mBRBeyB ¢ per E

Portland ¢i mentosuo kull anél mékteerl.6deBug?°-sitneernitlony
¢izel €&EM21132,5 -imentosunun °zell ikl eri
Priz BaklalO 75 dakika
Genl ek me O %10 mm

2 G¢nl ¢k D{(O 10,0 Mpa

, . O 32,5 N/ mm2
28 Gcﬂ'(,k N/mm2
¥zge¢l Yé zey49005500 cm2/g
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¢tizel €&€M21252,5 R -imentosunun °zellikle
. . . ¢ i ms a| ENZ1971 Limitleri
Fi zi ksel ve Mekani Dej er | Min. Maks
¥zge¢l Ajérl éefg/em3 3,06 - -
¥zg¢l Yéegzey (B c/r(;rZ 4600 - -

Beyazl ék (CIE sist % 85,5 85,0 -

Priz Bagrl ang | dakika 100 45,0 -
Priz Sonu dakika 130 - -

Su % 30,0 - -
Hacim Sabitlifji mm 1,0 - 10,0
0,045 mm El ekté¢e % 1,0 - -
0,090 mm El ekteé¢ % 0,1 - -
2 G¢nl ¢k Baseén-| mpa 37,0 30,0 -
7 G¢nl ¢k Basén-| mpa 50,0 - -
28 G¢nl ¢k Basén| mpa 60 52,5 -

Agrega ol ar ak; Deneyimizde silisyum dioksit (
AFS4550 kodl u maksi mum dane -apé 1 mm ol an silis
sonucu ®dzee lgglest2er i | mi Kkt i r.

¢i zel giel s 3Kumun el ek anali zi sonu-1| ar e
Elek Boyutu (mikron) Ka b%u I Anallzo/?onucu
710 01 0,2
500710 1-10 4,0
355500 1530 19,6
250-355 2545 42,7
180250 1540 28,4
125180 0-6 4,3
90-125 01 0,3
63-90 0-0,3 0,1
0-63 0 0,0
ASF 4550 48,3 AFS
KIL Max:0,25 0,20

tal ekxkmamézda da gr i renkl i amor f yapéda sil
durabilitenin ©°neml:.i ol duju y¢ksek performans]| ¢
kul | &n aldraa Agrega grang¢l ometri si °zellikle bet
etkilere karké daha korunakl e daha yojun yapéle
bil giler ¢i zelge 2. 46de g°sterilmicktir.
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¢i zel gles2Ddmanén teknik °zellikIleri

Analizler DenﬁzSMAetodu Anal i z Saq TestMetodu Standard
toz¢e¢nerl ¢k Kksa L&D Suda ¢°z G°zde Suda ¢° z
Bajél yojun Kksa L=&2p 2.08 (gr/cm3) ASTM1§124O 2.0-2.2 (g/cm3)
Renk Kksa Lé¢ Gri-A- ék Gr Gezl e Gri-A- ék Gr
Nem i -erij|Kksa L4&41b) 2.01% ASTMlci:lMG En fazla %3
Yajen yojun Kksa L&) 247(kg/m3) ASTM S1240 1 150250 (kg/m3)
ki myasal vy Kksa L3 Amorf., mi Gezl e Amorf, mi
toz toz
Si02(%) Kksa L& 87% ASTMlglz“O En fazla %80
- - ) Kksa Lakh ASTM C1240
Kézdér ma Kk a 14/15) 2% 11 En fazla %5
400m el ekte| Kksa L83 5% ASTM1(331240 En fazla %10
Puzolanik Zk';\)/lte indeksi (7 Kksa Lasp 108% ASTM1(g124O En fazla %105
Ki myasal kat ké mal zemesi ol arak y¢ksek oran
akékkanl akt érécéydeaver?trtel kt kher -izelge 2.5

¢Ci zel §eper &dkéekkanl aktetiréeécéenén teknik °zel

Tip Polikarboksilat
G°r¢n¢ A-ék kahve
Yojunl 1.07 N/LO,
pH 500N 2
Al kal i O%10( TS -1B)N
Mi kro -elik |ifler, -al eékmamézda i %0,%0,7r |0 ft
, %15ve %225arnl arénda mi kro -elik |Iif kullanél mékter
¢i zel gel 2k 6l i flerin teknik ©°zellikleri
. | Lif Boyu, | Lif ¢ a| Narinlik
Lif Ty¢ (mm) (mm) Id ¢ekme Da
Dr ami x 13 0,16 81,25 2600
Ucu Kaih 25 0,4 62,5 2900

22Bet on karékéemlar e

T¢m karéekemlarén betonun dayanémé sénéfeé hede
-elik I'if i-eren karékéemlarda her ¢- beton dayar
karek&méhdaéel an t¢m mal zemel er hassas dijital t
Beton harcé | aboratuvar kokull arénda pan mikser
-imento ve silis dumané ve aswdkin3 yada&kiclsad l&dary
Daha sonra s¢perakéxkxkanl|l aktérécé ve suyun ger.i K
homojenize ol an karékéema | ifler eklendi ve | i fl
Toplamdah er Kk ar €& klédm dsackrieksa alrBasénda s¢rdeg ve tegm kar
ortaménda 12 defa farklé beton &ékygédigl mKeatr ié k& ml
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¢ti zellgar &k &@m or anl arén detayé

Karé Ak ékkanl
malzem| ¢ i me (hyperplasticizer Su Silis Silis Topla su |/ Ak é K
e 0] yp p) kumu d umat m(kg) ¢Ci m
(kg/m3)
C40 700 6 280 1350 0 2336 0.40 0.01
c8o0 820 30 210 1240 60 2360 0.26 0.04
C120 850 45 180 1180 110 2365 0.21 0.05

23Deney tekniiji

¢tal ekxma kapsamdardndar andrak énda ¢retilen, 3 farkIl e
uzakl éjéna sahip -entikl:i kirikler sabit ajéerl é
deney elemanl aréna 5.54 kg ajdegkeg] emaB&K8)5- 6K -
27.1737 Joul e d¢zeyi nde sabit enerjili ani di
kapsaménda incelenen deji kkenl er bet on basén-
konuml andérel an -ent imeismfleisii K 0gr t4a& , n BKOt, a sL&2ra nar
kull anélan fiber y¢zdesi (0, 0. 75, 344=B,den&y25) ol
el emané ¢retilmik ve test edilmiKtlr. Deney el €
olacakk e ki | de ¢reti |l mi ktir. Karéekeéemlarén kodl anmasn
senéfeéene, 0,75 betonun ajérl éjénén y¢igzdesi k ade
uzakl ejné temsil edi yor . | areén ewe e-l eemtainld lae réinré na -gée
veril mi ktir.
w0 - 550 _
|
(@
3
r al
ox
5 4SyGAl 5|SNXYyf
%
P 0
40
45
80
120
keki Nulhuhe geometri si ve a-é&lan -entikel
Test el emanl aréna uygul anan ani dinami k dar be
é - konumdamanver esi d ej i¢kziemii nee ed & beent t i ] i - e
czerindeki di nami k Y ¢ hgmamresideljiil i mlarrgmac |y M

¢k
noktaséna 30 mm uzak| ékta kirik ¢st y¢égzeyinden,

ve kinri-welngrijin yakénl aktéejé tarafta yer alan me
iveme °I| -¢ml eri al enméxt ér De ne yz aarlaenmavnel akriérniékn
noktaséna uygulana -arpma y¢é¢ktemesi ophamaanad@r tg°
al enméexteéer. lvme °l -erl erin konumlanma kekI: K €
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Impact Load Impact Load

g e
=9 =9
S 4® SECH L0 125
| i
I & %=
O o T O o T
‘?é‘ 250 ‘ 250 ﬁ i‘ZQ‘ 290 | 210 Jﬁ
Impact Load Impact Load
45O 450
= F% i) F& Q F% i) F@
| —
1720 e
O o L O o L
‘bﬂ‘ 330 - 170 4‘2% i‘zi‘ 370 - 1304
keki Kvthe2?°°| -erl erin detayé
3. Deneylervesonu | ar é
3.1 C40.00.40 Deney El emaneé
Centi i kirik a-€eékl é]jéemén ddaly amra me z £K10e kotl aa r @ Ik
cretilen -elik I'if oranée seéef ér dzmman gréfiklerievesanis on u c u
yé¢kl eme sonucunda aomawnmk arejamxi myelglreame kl eri akaj] &

[ —

keki IC40®0.40 deneyelean &€ - at |l ak «kKekl i
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=
o
|

W
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0.002 0.004 0.006 0.008 0.01

Time
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0.012

kekilC48.90. 40

d earr pymae lygrhameéme g i af i J i

Deneysel -al ékma sonucunda el de edilen 8
czetlenerek verilmiktir
¢i zel Ben&y 1lsonu-1 ar e
Beam Midpoint Acceleration . .
@ Beam Notch Acceleration (g)] Beam Support Acceletian (g) Impact
Spec. # Load
Maximum Minimum Maximum Minimum Maximum Minimum (kN)
C40.00.00 519.73 -439.52 494.29 -149.68 277.48 -111.85 | 17.48
C40.00.40 578.77 -185.51 526.85 -208.55 200.05 -98.6 17.29
C40.00.80 621.91 -224.99 553.12 -231.15 155.32 -154.25 | 17.23
C40.00.120 687.29 -536.74 611.55 -176.63 109.37 -63.44 17.49
C40.0,75.00 572.35 -324.23 512.11 -175.43 215.75 -162.79 | 17.31
C40.0,75.40 642.1 -362.06 550.54 -240.37 157.6 -98.94 | 17.48
C40.0,75.80 696.09 -287.05 574.76 -427.59 122 -60.06 17.5
C400,75.120 800.1 -535.45 651.85 -239.9 86.82 -53.9 17.52
4. Sonu-1| ar
Bu -aléexkma kaspaménda -entik konumu, bet on be
orane deji kim g°steren -entikIl:i bet on kirikler
davranékl aré deneysel ol arak incelenmi«ktir. Sabi
el emanl aré test edilerek ayneée d¢zeyde enerji i
dayanémé dejiken -entiklaibsbebeneHldi Fdk]jer atarkntee
yorum yapélabil mesi i -in -entikli-zRenaon °Kki- rgimk le
al énmék ve kiriklerin sabit enerji d¢zeyli -arpr
Deneysel al ek madan el de edilen sonu-I|lar akajJ éda madc
T Beton kirik deney el emanl arénén beton kareéexkeée
el emanl aréndan °1| -¢l en maksimum i vme dejerl e
taraféndan yutul an enerji m¢ktaré da art méexkt
T Beton kirik deney el emanl arénda konumlander e
birine dojru kaydéréldééek-a deney el emanl ar
g°stermi Kt i rr.i kKAyerrédceak ib eteonnt ikjiii n ki ri Kk orta nc
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gelen -atlka uzunluju da artmék ve dol ayéseéey
de artéek g°stermiktir.

T Beton kiriklerin ¢retiminde d&udtlearndiljainn dbee tkoint
°l -¢l en maksi mum ivme dejerleri arteék g°ster
enerji mi ktaré da artémkteéer .
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M¢hendi sli k ¥fJrencilerinin Manuel Te
Aktivite D¢zeyi, Kas Kskelet Rahat s
Kncel enmesi

Araktérmacé FatmaDBet ¥ rBPe¢riadni yyksi Kasém S

'Sakarya Uygulamaleée Bilimler !nivers
¥ zet
¢al ekmanén amacé me¢hendi sl ik °Jrencilerinin m
araktéecemadé&t evec¢avi°enkmé@npPa yh& aral éjéenda SUB]| , m¢ h
ejitim g°®ren lisans °jJrencitepi kKatkéméalk ek . aiKiat¢
Si st emi (KKS) Sajl ék Sorgul ama Anket. ( KKSSSA)
SPSS 22.0 istatisti kBugulangrad®m& malya Feagaplrammamads
°frenci Kat el mmegeénréen MT hakkénda bil gi d¢zeyl
czerinden, %33, 80i (n=26) daha ©°nce duymadeéej é v
yene¢gndedir . MT et ki si i - i n; %55, 8 0 ir etkiye sahif,) dij e
%28, 606sée (n=22) fikri yok, %14,306¢ (n=11) anl ek
¢.sté¢n etkiye sahip olduju keklinde belirtmiktir
skoru 30, Tdr NaRmeedsduirk dal e fark etmeksizin °jre
ol maséna rajmen yeterl]i deji Il dir. MT hakkénda |
y°nelim ol duju g°°r¢l mgkter . MT bil gi d¢zeyl erin
oranéneén d¢é¢ K¢k ol masé, fiziksel ol ar ak aktif !
déekenegl mektedir. Farkl e m¢ghendisli k dallaréndan
i htiya- wvarder.
Anahtar Kelimeler:Kas- iskelet sistemi, ®oy a | medya, geleneksel tamaml:

I nv e s totThaRelatonship Baveen Manual Therapy Awarenes$ Bngineering Students
And Physical Activity Level And Muscular Disorders

Abstract

The aim of the study is to investigate the knowledge levegofezring students about manual therapy
(MT). Materials and Methods The study was conducted with undergraduate students studying at
SUBU, engineering branch, between the ages e8Ql8Vianual Therapy Awareness questionnaire,
Musculoskeletal Health Questinaire (KISSSA) and Kasari FIT Score questionnaires were applied to
the participants. The data were calculated with the SPSS 22.0 statistical pr&®gautts:77 students

with an average age of 21.20 participated in the study. Participants' knowleé¢gedbout MT; 51.9%

84



(n=40) stated that they had knowledge through TV and social media, 33.8% (n=26) had never heard of

it before, and 14.3% (n=11) had knowledge through research. For the MT effect; 55.8% (n=43) have a
similar effect with other physical trepy applications, 28.6% (n=22) have no idea, 14.3% (n=11)

instant effect, 1% .3 (n=1) stated that it had a superior effect than other treatment methods. The KISSSA
score of the students was 11. 88 Discu3siof:Reganditsst he Ka
of the engineering branch, students' MT knowledge levels are general but not sufficient. As the level of
knowledge about MT increased, it was observed that there was a tendency to apply to MT. Insufficient

MT knowledge levels; It is thought ththe low rate of general musculoskeletal disorders may be related

to a physically active lifestyle and age factor. There is a need for new studies with more participants

from different engineering branches.

Keywords Musculoskeletal, social media, traidibal complementary medicine

1. GKRKK

Kas iskelet sistemi ( KKS; kemi k, kas, kékeéerda
bi yomekani k de jiKiinkIer ki ki |l er diveyajdah&ciddie f onk
sorunlara sebepmla k't ad é (Eums ke . yet | a2@22) beri i nsanl ar
°z¢é¢m bul mak adéna el Ha&k gyggdgul asrea nKorkd miop ¢ | 22050
gul amal ara GarVur nuOkZ20a)r.déMani p¢l asyonMTh ¢ ng¢ mg z
kni kl erinden biri ol arak KKS problemlerinde u
bi yapeéel ara el il e ger me, - e
gul amadeéer . MT yakeén |g|el-|le1KEed
18) . G¢negmgzde i se sosyal ed
merak uyandeér may baKIameKt r. Ancak KKS pr
MearlBu ko kéndal ekl aréenéen yeterl:i (o
rat ¢re b a Knceé¢inMROZapbomand®d4M&kmad
éndal ej ée: K Bir AnkeBalkakekmase val
i MTd rad &k € nd a eterl iBd¢ikerwywadaa bliil ti evimatdd
ra Kncednin -alékmasé déxkeéend
rneén amislheernidiar asénda karkél akt é

kme ve basén- wuyg
hayoaey@pogahledien
a ¢zerinde MT il

&
y
é

x C

a
a far
t éezd
r sel
K n vy

QT TTT o O T

d
é

< XTIroaNncaQ ~+c

pél an araktéer
terapi far k ésnldiad é9j

2. MATERYAL VEY¥ NTEM

¢tal ékma kapsaménda Sakarya Uygul amaleée Bil i ml
al enmext ér ( T-26428519044298 9@ ) 20 2 B|0é yemdke jaer il a

rya Uygul amalée Bilimler ¢niversitesinde | i seé
di . KKS ciddi yapeéesal veya fonksiyonel boz
| émcél ardan yak mgbhiemsi wéti k Ujal €nivmm ¢ rcailkd ru k
i si al éndeé

21Manuel Terapi Farkéndal ej é

MT farkendal éjé& i-in Bujra Knce (2021)
ilTerk Toplumunda Manuel Terapi Farkéndal é
Genel Bi radBaek é-kal éekmada uygul amék ol duju anke
bu anket; yak, cinsiyeMT()emiimimygiu,lzaaryrinanim lyllne |
hastal ekl arda uygul anmasé gerektiJi Eeckei | Qi02dyz

O6nin Tg¢g
] é: Ke
i

é

22Kas-Ks kel et Sistemi Sajl é&k Dur umu

EkIl em, kas tendon gi bi Bardkeumsi st emi, n&aai Ks ki

Sorgul ama Anketi ( KKSSSA) kull anél mékter . Anket
bakéméndan incelenmesi Akkubak taraféndan yapeéelr
hi ssedé!l ewre a&sjerrt |l i jin ki kilerin yakaml ar é czeri
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i -ermektedir. H
puan), A¢cok «kid
(Akkubak, 2017).

23Fi zi ksel Aktivite Dg¢zeyl

er soru AHIi -0 (0 puan), dAHafifo |
detl i 0 (4 p-H@Epw)n caervad péljaernédnaé die-jeerr

Katelemcéelaréen fiziksel aktivi t-eojduszlewk )ni Skoerl |
anket.i kull anél mékt ér . FI' T Skor Kinrdeekkasni s;& foilzmakks ¢
.- ayreée késem i-erir. Bu ¢- dejerin -arpéeme ile

d¢zed0 PDrase puan fHUDi ksakbeaWlowmirneyre PikB.8402aIn as ma l
puaniyive 8t100ara8 puan -ok iyi fiziksel a Kasariyliotee d ¢z ey

24Kst ati ksel Dejerl endir me

Veriler SPSS 22.0 istatistik programéeyla dejer
standart sapma (x N ®s)hedajpernanadri., Vegidelri n &roa

anlaml el ek dejerinde Pearson korelasyon anali zi
3. BULGULAR
¢al ékxmaya toplam 77 °jrenci kateéel mexkt ér . ¢tal éx
¢tal ekxkmaya kw8e)] aoi k{ KEl @82) nerkek, %19, 50i (N= 1°
-ocukluk -ajénée ge-irdifji bl ge %71,46¢ (n=55)
Kehir-#«&yi b°égesinde, %1006u (n=13) keérsal kesi md:
¥jeencil erde KKS rahatsézl éklareée i-in daha ©°nc
(%16, 9) ki ki, bakvur mayan 64 (%83, 1) Ki Ki bul u
mas®re bakvurdujunu belirtmiwetkisrel ¥jamamtialy&rién t
et kil i ol dujunu, %31, 206si (n=24) fikri ol madeéej
dekendeg] ¢neg belirtmi ktior.

Kat el emcelara MT hakkeénda bil gi d¢ezeyl eri sor
czerindahi bi kotdujunu, %33,86i (n=26) daha ©°nce
ve bil gi sahi bi ol dujunu belirtmiktir. Anket so
gel eneksel bir tedavi y°ntemerioh upp7 ©dmadeF®750ya
ol duju ve %2606sé (n=20) dojru bir kanée ol duju fi
d¢keneglen se-eneklere verilen cevaplar Tabl o 106«

Tablol.Manuel Terapi il e Kinknl i Dojru
Cevaplar Sayé

Hal k arasénda '"-étl at ma, ke¢tl et me' ! 41

Kas, kemi k ve ekleml ere -exitli hezl g 52

bir tedavi Keklidir.

Tamamen el l erl e yapé&llmanyamlbeitr vtee ccavaiy 16

Kéréek-é ve -ékék-élarén uygul adeje, t 14

Ve¢cuda el ektsojkulakeenémasa&jcadi bi fi zik 32

bir tedavi y°ntemidir.

Vecutta ajrél éilfoanlegalygrud aamajl ek £i y d e/ 15

Manuel terapi t ébbi cihazlar ile birl 30

Kat él emcél ara MT wuygul anmaséna karar veren
sorgul anmék v206 cdeVaspukhaur TalKIK& i -in MT tedavi sin
sorgul andeéejénda,; kat él émceéel arén %42,96u (n=33)
(n=32) dijer tedavi y°nteml er i i ke yarainkde] é s
terci hi ol acajéne vV e %5, 26 si (n=4) asl a bakvu
hastal ékl ar a-laidte q@é@wd lrard mi ek ii Ir
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kekiManlu.el Terapinin Kullanéldéjée Hast al €

W Boyun Adnsi

[E Bel Adnisi

O Kirie gilak hast.

W Eklem bilgesi hast.
O st Agrisi

W Romatizma

[E Bag agnsi
CIFikrim yok

Tablo2.Manuel Terapi Karaki V8orgu] ¢
~T O 10
E _
— —_ - ®
— z — ©
\Z./ ~ (O]
k) o € x
= '% . N —
\: E o (&) —
8 § [7p) — e —
X
N [¢o] L~ — @©
Soru 8 [ = I—é W »n
MT*6 nin haea
hast:clleklar 30 20 0 4 3
ol dujuna ki
vermelidir?
MT* 6 vyi Kin
uygul amal éd 9 53 3 2 13

*MT: Manuel terapi

MT et ki si sorul dujunda i se %55,806i (n=43) di]j
ol dujunu, %28, 606sé& (n=22) her hangi bir fikir s
Ki kayetlerin hézl a pgeolidud®unndus,] ¢%1b,i3rd ¢e t(kni=yle) sdaihjie
daha ¢ste¢gn etkiye sahip oldujunu belirtmi ktir.,

¥7rencilerin KKSSS puanée 11,88 N 0,96 dur. Fl
aktivite d¢gzeylerinin Azayéfo olduju goor ¢l mgkt ¢
3.1.Korelasyon Analizi

MT etkisi veaMaskbndai peHz6y¢i oranénda pozitif
bil gi d¢zeyi arasénda p=0,05 oranénda negatif koc
korelasyon ol duju g°r MITmakmmay e KEE:;pmelkl eml 8MTi bi
pozitif korelasyon (p=0,05) bulunmaktadeéer. MT e
vardeéer (Tabl o 3).

87



Tablo 3. Korelasyon Analizi

MT* Etki | MT Bilgi FIT Skor KKS* * GTT*** Etki |[M¢ hendi g
D¢ zeyi MT Almak
MT* Etki |1 327 -,300™" -,034 224" ,022
MT Bilgi |,327™ 1 -,280™ ,230™ ,282™" -,079
D¢zey
FIT Skor |-,300™" |-,280™ 1 -,059 -,102 -,054
KKS* *-,034 ,230™ -,059 1 ,001 ,052
K-1in
Almak
GTT*** ,224™ ,282™ -,102 ,091 1 , 104
Etki
M¢ h e n|,022 -,079 -,054 ,052 ,104 1
i k [
*MT : Manuel terapi, **KKS: Kas iskelet sistemi, ***GI
anlamt®d€tPs 0.01 dejerinde istatiksel ol arak anl aml €
M¢hendi sli k dal é il e KKS rahatsézlaré ile ara
dal & MT bilgi d¢zeyi arasénda korelasyon bul un me

4. TARTI k MA

¢tal eékmada m¢ghent@isslzikh 8arengPketime KKS sajl e

yeterl.i seviyede ol madeje go°r¢l megkt¢gr . ¥ renci l
il e KKS problemlerinin azaltmakta ve MT i htiyac
Bunula birlikte m¢ghendi sli k dal éna °zel ayr emen
kat @&l émcé dahil edi | mesi ile sajlanabilir.

¥ renciler MT hakkénda yeteri kadar bil gi sah
bilimsel daym aj € ol dujuna inanmalaré ve Dbir-ok KKS r e
ol dujunu belirtmeleri ile genel fikir sahibi ol-c
incelediji benzer Dbir - al &k mabdean, z ekriik iulyegruil na nMaTl 6a ry
girdi kl eri ancak katel émcélar taraféendan yeter:i
benzer katéelemcé tutumu ol masé y°n¢gyle bu dur umt

¢tal exkmameézda anket edvlqplnwlree g traeywlcd IMHeji enr Ibe,n
hakkeéenda bilgileri televizyo ve sosyal medya ¢z
k¢tl etme ol arak bilinen bir tedaV| yakl akémé ol ¢
°Jrielnerin MT ile ilgili bilgilerinin neden yeter
GTT wuygul amal aréndan axkina oldukl aré ancak k at
merkezinde b¢yéemegk ol duju g%z etigandeebilndmcurglll
kadarée ile -éetl at ma, k¢tl etme ol arak tabir ediyc

¥jrenciler i-erisinde MT hakkénda bil gi sahit
bir y°ntem ol dujunu veMh@rianglimbye KiKSelpe dibk leenn
Ferat (2018)6éen balerinlerin MT hakkénda bil gil
uygul anmadan °nce bu tedavi y°ntemine karkeé °n vy
uyguad e kt an sonra dijer fizik tedavi y°ntemlerini
de¢kendekl erini belirtmiklerdir. Bu yayénda g°r ¢l
y e gevenilirlijion artabil ecejiol agrP r ylarkd lkatkedném.
profesyonell erinin y ol gesterici vV e bil gilendi
ul akabil ecejini g°z °n¢gne sermektedir.
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5. SONU¢

M¢hendi sli k dalé fark etmeksizin °jJrencileri
dejl di r . Bununla birlikte anket <cevaplareée detayl
sahi bi ol duju dejerlendirilmicktir. ¢al ékmada Kk
°jrencilere de uygul anar rk el de edilen sonu-1I ar
TEKEKK] R
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¥zet
Bu - al é«nyaNdAa ,soln3 u el emanl ar anal i zi programé Kku
zorunda kal madan hemnmdlaisyaetr uiemtdne ki mmagcee nde
mermilerin farkle férlatma hézlarénda metal i k m
incelenmiktir. Mermi l erin burun yapéelar éedef ar kl e
parametri k analiz konusunda yararl é bilgilere er
-el ik, mer mi i -in ise sadece -elik mal zeme Kkull
koruma i-in °nemli olduhemdde hamkit ekkpl akhéekahr
tasarem yapeéel ep, analizler sonucunda plakal ar én
¢eli k mal zemenin al¢gminyum mal zemel ere kéyasl a
-arpewmmnad mal erinde merminin zérhtan -ékék heéze
kull anelarak g°zlemlenen sonu-1lar éxkéjénda i se,
kat man sayésé ile alakaleée ol dkjowumbaslkivé yleembi m:
detaylaré ile birlikte tartékeél mexter. Bu - al écx
testlerinin, sonlu elemanlar analiz programé yar
birbirleéennel dokuyfh&rkl é analizler ile g°sterildr
Anahtar Kelimeler:Bal i st i k, Zér h, Mer mi |, SonrbDyna EIl emanl ar

Investigation of Different Nose Type Projectiles' Effect On Metallic Plates

Abstract

In this study, the residual \agities and deformations of three different nose type projectiles on metallic
materials at different initial velocities were investigated usinddY®A finite element analysis program

in order to save both cost and labor without performing real fire t&sten if the nose types of the
projectiles were different, the diameter and length measurements were kept equal and thus useful
information on parametric analysis was obtained. Both aluminum and steel were used for the target
plates, and only steel was dder the projectile. The layered structure of the target plate, that designed

as single and mulliayered, is important for ballistic protection. As a result of the analysis, the stopping
effect of the plates against the projectiles was discussed. Ttealegelocity of projectile from ballistic

plate was different, because steel material has higher strength values compared to aluminum. Ballistic
protection level is related to thickness and number of layers. The best protection level has been discussed
with different combinations. Consequently, it has been shown by different analyses that costly-and time
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consuming penetration tests can be performed with the help of a finite element analyses program, and
their accuracy levels were very close to each other.

Keywords:Ballistic, Armor, Projectile, Finite Element Analysis, Simulatior;R8NA

1. GKRKKk

M¢hendi sli k alanénda yakanan son gelikmeler i
bil gi sayar ortaménda sim¢gle etmekte ol duk-a bacxk
al endejéenda bu durum rohkl haktbad@eml Fabkiré nokt @
yapéseéenda, geometri farkl el ejénda ve barut gé¢ cC¢
dejiKikllk g°ster medotydldhi sonBu <edlemamdada aval LIi
farkilné thwprimdek i mer mil eri n, met al i k mal zemel er
férl atéelan mermilerin, hem tek katmanlé hem de
deformasyon durumunda arteék heéazrléanrdea viesyea BRS - @
karkélaktérmal & ol arak veril miktir.

100em - apéndaki mer minin 0.5 km/ s -Glassenalzzmek m/ s a
czerindeki et ki si ar-XNAredméext e&lre md8nl am |l &@xanlaida
MAT 162 mal zeme model inin girdileri tanéml anméck
dejerleri detayl éca anl atél mékteéer. A-él é& atexl en

(Meyer vd., 2021).

Keskin burunlu bir merminin metalip | aka ¢zerinde sg¢grtenme kuvy
arakteréeldejée bu yayéenda, hem ger-ek hem de anal
olarak 606iT 6 mal z e me s i 25. 4 mm kaléenl é&j] énda, T-200e r mi P
-el ik malzemede-hpscenirin(nndiexttiirkuIRIanéIarak bal i st
s¢e¢rteéenme etkisinin2memms nf arkloal akzéandag® dberdi ji
Vayig, 2021)

7.62x39 mm merminin tekli gaz & n- 1 € maki nesi ile férlatel al
czerindeki ili kkisinin incelenmesi ile en ivyi Vo€
10, 20 ve 30 mm se-ilerek -exkitl:i dur ml arén bal

AlMg6 hedef malzemesine BAI-4V mal zemesi nden yapél mék mer
-arptéerél maseyla ince metalik plakalar ¢zerindel
del me kuvvet.i il e etkisiniin(Stérgioavdl,2022bi r °1| - ¢de ol

16 mm kal éenl éjéndaki Alg,minyum 2024 mal z e me s
mal zemeden yapél mék mer mi ferl atéeldéjendaki son
direncindeki dal gal amm& adnakhainZrb  Hura nige kidi, n@ 0

Tek mal zemeden yapélan zérhlardan ziyade - okl
ortaya -ékan kompozit zérhlarén balistik kor uma
mermisinin SIC/TC4/UMWPE kombi nasyonu il e olukan zérha -ar
en y¢ksek et kivyi verdi]i ve bu 3 mal zemenin kul
etkili olduju g°zlenmiktir (Xie vd., 2022)

i -gen burun kKekl i nde bwd odaimad selmeme,rzmirli enre - a
yapél a bu yayeénda hem ger-ek test verileri hem
ol arak ¢-gen burnundaki mer minin del me a-ésénda
2020)
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116 ve uzunluju 40 mm olan merminin 1.25 km/s

pl akaséna -arpmasé ile elde edilen merminin Kkp¢gi
arakt ér él me«k, hem test henmuldmu K Um¢ | S&DNanr w4 rair la
mal zemenin ¢zerine konulan y¢zey plakasénén, kor
2020)

D°rt farkl & burun yapéséndaki mer mi |l erin san
limitlerini ve e ner j i s°negml eme dejerlerinin arakteéerél de
kinetik enerji mi ktaréné hangi d¢zeyde indirdij
2020)

2 mm kalénl éejénda ve her bir ét kralboné ed.yad m
pol i mer mal zemel i hedef plakaséna yarém K¢reye
arakteéerél méektéer. Tabaka a-élarénén salgé miktar]l
ol up, en Yy ¢k 98HA ksoanl fgieg ¢miakstyaorneunf[da bul unmuktur (C
2020)

2. N MERKK MODEL VE METOT

Farkl é& u- indislerine sahip mermilerin metal.i
LSDYNA sonlu el emanl ar anat fniz paplgamaeméev&ubophat
bunl ar sérasé ile 5 mm ve 20 mm, hedef plakaneén
daha ivyi ge°r ¢l ebil mesi i -in, mer mi mal zemesi ol &
hezl arogrialmea pgi rdi si yapélarak, plakadan -ékeéek h
hezlée -°zebil mesi i-in ise, si metri model i dOhi
Mer minin -arpma b°l gesi ndme idje ssiéskt eyma pbeadyau ttua sCa.r 2
yé¢ksek hassasiyet ama-|l anméexkt ér , hedef pl akaseér
0.25x1 ve O0.25x2 mmoédir. Me r mi il e hedef pl aka
ERODING_SURFACE_TO BSRFACE model i aktif edilmi ktir. Hed
hem de 2.5+2.5 mm kull anél arak en i yi et ki yi g° s
Al 1100H1 2 (Bhure vd., 2020) , RAMOR 500 (Scazzosi
l'iterat¢rden al @énméext eéer Hedef pl akaxéerkérnd vie vme:
veril mi ktir

kekiHedke.f Pl aka ¥nden G°r¢ng¢Kk

S
S
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kekiKluld2.anél an Mermilerin ¥nden G°r ¢ngéKyg

BANALKZ ¢ALI KkMASI

Bu - al ekxmada,anmsalnilzu perlepmathvhéaaobapl EFé 1 e Al ¢
H12 ve RAMOR 500 malzemelerini kullanarak ol uktu
500 ve 800 m/s feérlatma hézlareé ile - araprtéér el m
detayl éca tartékél mékt eéer . Kullanéelan hedef pl ak
-ift katman ol arak kull anél masénén avantajé veya
mm -ift tabaka t aeadrlfapihmaktadEenéMarimiemien i Ji yer|l e
arka y¢z sehiminin mer mi hareket ekseni ndeki d

kal énl éejéendaki t ek -HKL 2t nvaen RAMAMOR nUoOn Hdameki pl ak:
memile i n 500 ve 800 m/ s dléekdnd eg®ragmtt &lreerl maesréi Ismint

kekiKlgt3. Burunl u Medti renRAMOR1600 | zerindeki Et

Vo =500 m/s

93



kekiElfj r4d.sel A-él é-HU@r men RAMAIR 5000 zerindeki Et

' Vy = 800m/s '
-

k ek iKloni .k &midinvAl1l®0GH1 2 ve RAMOR 500 | zerindeki Et

Vy = 500m/s I

, 56de glre¢ldejeée¢ é¢zere, farkl & bt
yapeélan analiz sonu-Ilarénda plakayé ge-emeyen
pl akal anéndathlki § yi incelemek i-in ise 2.5+2.5 ml
bel ¢mde -aléekél méktér. ¢ift katmanl é yapéda ol an
mer minin °n plaka ile buludbujpbkutanokt adaki éenekeg
mm kal énl ej éndaki -i-HL2 kaé mRAMABR:; MDAy hmde L 0@l ak
mer mil erin 500 ve 800 m/s héez ile -arptéréel maseé
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kekiKlgt6 .Bur unlAilloaeld &vi nen RAMOR 500 | zerindeki Et

Vo =800 m/s

Al ¢mi nyum mal zemenin mekaniksel °czellikleri
mer minin -arpma anénda deforme etme «kKeklinden
bokluju daha fatradar évemayepni drai ddedi r . Ayné 7
andaki titrekim etkisi i se al ¢minyum mal zemed
karkeéelaktéereldéjénda bel li ol maktader .

kekiElj ri.sel A-él é-HU@r mien RAMAIR BHEKBIO | zeri ndek

Vy =500m/s
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kekiKlon8 .k U-1u MeHInd ntem RAMQRODOO | zerindeki Et

Vo = 800m/s

kekil 4 5, 6, 7 ve 86deki -ar p-Blktha gaydakil
RAMOR 500 i-indir.

4. ANALKZ BULGULARI

Bu -alekma kapmpmeaminda,pi3d ifler k(lkégt, ejri-sel a-
H12 ve RAMOR 500 hedef plakalaréna 500 ve 800 n
Mermi l erin plakalaré tamamen def or me et méanj i dur
deforme edemediji durumlarda i se arka sehim dej
ayné kaleénléklarda olukturul an hedef pl akal ar é
Al ¢mi nyuHd 21 1h0eOd e f pl akaesdmnhheriampt Ekéhanl ar é, art

i ¢

l'imitler izelge 16de g°sterilmiktir.

e

¢Ci zelAddeg mi .nyuHM 21 I1HRedef Pl akasé K-in N¢gmeri k S
Al ¢mi nyuai? 1100 B
HéBaIistikdxiiaHé

Mermi Tipi Hedef Plaka KI Kk HéezArt ék m/s

K¢t Tek-5 mm 500 412 200.31
K¢t Tek-5 mm 800 714 255.15
Konik Tek-5 mm 500 424 187.38
Konik Tek-5 mm 800 751 194.93
Efjrisel A Tek-5 mm 500 437 171.80
Ejrisel A Tek-5 mm 800 757 182.96
K¢t ¢i £.6+25 mm 500 417 195.07
K¢t ¢i £.6+25 mm 800 724 240.64
Konik ¢i £.56+25mm 500 427 183.94
Konik ¢i £56+25mm 800 753 191.03
Ejrisel A¢i£25+25mm 500 445 163.93
Ejrisel A¢i £26+25mm 800 761 174.46

RAMOR 500 hedef pl akaséna -arptérélan mer mi |l

l'imitleri ¢izelge 26de g°steril mixktir.
¢i zel|RAMOR. 500 Hedef Pl akasé K-in N¢gmeri k S
Mermi Tipi Hedef Plaka KI' k Héz m/ sArték Héez n
K¢t Tek-5 mm 500 0
K¢t Tek-5 mm 800 418
Konik Tek-5 mm 500 0
Konik Tek-5 mm 800 422
Ejrisel A-&Tek-5mm 500 0
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Efjrisel A- & Tek-5mm 800 438

K¢t ¢ i £.6+25 mm 500 0
K¢t ¢i 2.6+25mm 800 452
Konik ¢i £.56+25mm 500 0
Konik ¢i £.56+25mm 800 457
Ejrisel A-@&c¢if56+25mm 500 0
Ejrisel A-éc¢i 25+25mm 800 470
¢Cizelge 26de gl°r¢lde] ¢ é¢zer e, 3 farkl e mer mi
héeéz igiirlde s-arptéréel masé sonucu, pl akada tam def
arka sehim dejerl eri 5 mm tek plaka i-in tabl od
i-in i1ise 4.57, 5.34 ve 6 mmebsbhphmormbade] €é500i m/
yapél amamaktader, bu nedenden dol ayé balistik heé
5. SONU¢

Teknolojinin ilerlemesi ile birlikte, ger - ek
sayesinde, - ookr adn¢ek ¢ikl ey agneérl-neak | ekt i ri | mesi me¢ mk ¢ 1
si stemi, séeneéer kokull aré ve temas ilikkil er:i pr
parametrelerdlr. Bu bilgiler kapsameékmadkabmbk g t, K
ve -ift plaka 2.5+2.5 mm karkésénda et k-HI2i i nce
hem de RAMOR 500 kull anél arak mukavemet karkél at

T ¢arpma mek-BNNRAiIi kukel B8émé hakkéme& bmhgiée bi ei
gerekli |literate¢gr taramasé yapéelarak, bu al a
il gili bir °ng°r¢ olukturul muktur.

T A] si st emi -%z¢m s¢gresine ve dojruluk payéna
ger - ekl ekec-edripna aentdkai ssiérki,n sadece enerjisini
esnek model tasarl anméxkter.

T Mermilerin plakayé tam deldiji ve del emedi i
karkél akt érma yapél masé sajlanméexteéer.

T Al ¢mi nyum mal zaenmehdeern tteaks e&kraltammanl € hem de - ft
tem mermil er 0 ki farkl e hézda da tam del me ¢

1T ¢eli k malzemenin mukavemet dejerinin y¢gksek
tam deformasyon uygulayamaméKtér.

T Ké¢dhurunl u mer mi burun yapés sebebi il e def
ejilimindedir, dijer iki tlp me r mi i se sivri
neden ol mayép, déka dojru yapraklanma hareke:

T ¢ift tiamdd&at dedr |l anan ve modell emesi yapél an
rajmen tek plakalée hedef plakaséndan daha dg¢
dur um, bu yayéndaki hem -eli k hem de al ¢miny
yapadarge-erlidir.

T Tek plaka sisteminin kullanél maseé, -0 ft kat m
mukavemet durumlareé g%z °n¢gnde tutuldujunda,
programé sonhu-I|laréna g°re ortaya -éekméxter.

6. TEKEKK] R
Buyayén s¢recindeki desteklerinden dol ayé Si ne
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246Trinitrotoluen (TNT), ©zel |l irkd et esra®runfmaa lviey eats
kull anélan ve <ciddi d¢zeyde toprak ve yer al te
patl ayéceéeder . Nitroaromati k enerjik bilexkikIler

cilt tahrikive amemmal k akbanakier fonksiyonu gibi
Bu nedenl e bu maddel erin hassas ve se-ici anal i
sévé kromatografi si (LC), gaz Vv egpektrormefisi 8MS)k r o ma't
(GC/ MS ve LC/ MS) gibi farkl e analitik teknikler
zaman al écée ve fazla -°9z¢c¢ harcamaktader. Bu y¢

yéksek se-icikdlKk mel idpuegtar | lédléky Kyl |l aném, hezl e
nedeniyle tercih edilmektedir

Bu -al ékmada, sens®r -al ékma elektrotu iKki k
karbon elektrotun't(aG@BEna WEezeEymig,g R& ye¥pemndigel 0, 0
aralejénda d°ng¢sel vol tametri y°ntemi il e ger -
(PANI) iletken poli meri i |-nodifiya@CE&,0lmelkstuésru .z [baahkaé rs
s¢l fa@melétri sodyum sitrat i -eren -BuWpatansiyelde; n m¢ K
el ektroki myasal o,Jvaer a®C/nPoAdNi I f/iCQueNPe d iell neikkt r ot ol u
el ektrotunun hazérlanOTw&mgldiladnerSﬂmjmmnahafﬁNkiéarie-|mal
vol tametri si Ol -¢m¢g ger - ekl ektObaM-02 Ve, 8&8 Naét aki
el de edi |l mi ktir. TNTO6nin her bir karakteristik
edilen akém diesjadrlléer ig®is-tiemr md «jtri r . TNT'id4iirn bel i

Anahtar Kelimeler: 2,4,6Trinitrotoluen (TNT), polianilin, kare dalga voltametrisi (SWV),
el ektropolimerizasyon, bakér nanopartike¢ll er.

Electrochemical Analysis of 2,4;8rinitrotoluene (TNT) Using PolyanilineModified Glassy
Carbon Electrode Decorated with Copper Nanopatrticles

Abstract

2,4,6Trinitrotoluene (TNT) is the most popular nitroaromatic explosive that has been used especially
for defense and military purposes and also tesm activities and resulted in severe levels of soil and
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underground contamination. Because nitroaromatic energetic compounds are especially toxic, they can
cause health problems in humans and animals such as skin irritation, anemia, cataracts, angababnorm
liver function. Therefore, sensitive and selective analysis of these substances is very important. Different
analytical techniques have been reported for the determination of TNT such as spectroscopy, liquid
chromatography (LC), mass spectrometry (M&)med to gas, and liquid chromatography (GC/MS

and LC/MS). On the other hand, these techniques are expensiveptisaning, and solvent waste. As

an alternative to these methods, electrochemical methods are preferable because of their high selectivity
and sensitivity, low cost, easy operation, fast response, and portability.

In this work, the sensor working electrode was prepared in two steps. In the first step, the glassy carbon

el ectrodeos ( GCE) surface wa s coatymner usingt h po
electropolymerization by cyclic voltammetry which was performed within the potential rangeiof 0.0

1.4 V, with a 50 mV'sscan rate for 20 cycles. Later, polyanilineodified GCE was electrochemically

modified at a1.2 V potential in water adaining 0.01 mol L copper sulfate anhydrous and 0.02 mol

L? trisodium citrate, and GC/PANI/CuNPs electrode was formed. After the working electrode
preparation, square wave voltammetry (SWV) was performed within 2901 L concentration

range for TNT, and characteristic peak potentials were obtaineedd&4 V,-0.72 V, and-0.87 V.

Calibration of TNT at each characteristic peak potential yielded a linear dependence on current density
versus concentratiorthe limit of detection (LOD) for TATP wasl5 mg L.

Keywords: 2,4,6Trinitrotoluene (TNT), polyaniline, square wave voltammetry (SWV),
electropolymerization, copper nanoparticles.

1.GKRKKk

En pop¢loer nNitroaromati kTrtiinpitrened uetni K TIRadJde ac
savuoma s ahayiinde séeklékla kullanél makl a beraber
(SaYlam et mErer,je20lk8)maddeheredanvei iyehmkki topbea
het erojen bir Kekilde dajéel mék ol maseé, Kirlili
tekni klerini son derece °nemld.i ve dejerli kel ma

ve kromatograk (gaz kromatografisk ¢ t | e spektM®)met sievie &GO mat ogr
spektrometrisi (LEMS) vb. ) farklé teknikler ol makl a ber abe
-%z¢c¢ hanfdamak2emBiyéeaBu tekni kl erden daha dg¢kg¢k

vol t amet ri y°nteminin i se y¢ksek duyarl el ek Vo€
takénabilirlik °zell ikl e (Armmarsetdh,2@2)yl e avantajl ar ¢
Voltametri, bir indk at © r veya -alékma elektrotunun pol ar.
potansiyelin bir fonksiyonu ol arak ol ukan akeémeér
potansiyelinin dejiktiril mesi iine @éayaedn eldktroanalitiki t i k I
met otl arén genel adeéedeéer. Elektrokimyasal ©°1 -¢ml e
referans el ektrot vV e kar ket el ektrot ol mak ¢ Z €
el ektroki myagallehsgdrcegeeadkRI| evrede  yeor et el ¢r. El ek
-alékma elektrotl aréenén y¢gzeyl eri uygun mal ze me
nanopartike¢gller) il e modifiye edil ®hasskstagirderes®r -
ol anak sajlamaktader. Nitroaromati k enerjetik me
indirgenebilennitregr upl ar @ sayesinde elektrokimyasal y°nt
Bu -al ekmada, camsé &daurbwom Y LGy i- a®l rexkarai kellee kd °r n
y°nt e mi ile ger-eklextirilen elektropolimerizas
kapl annsaktiéarm et Al dénd2a0n 591 ukt urul an GC/ PANI -
kronoamperometr.i y°ntemiyle bakeér n@hamgpetal.,t i k¢ | |

100



2020) Hazérl anan GC/PANI/ CuNPs =-al ékma &elektrodu
karakterize edil mik olup ardéndan da TNT i-in el

2. MATERYAL VE Y¥NTEM

2. 1. ¢al ékma Elektrodunun Temi zI|l enmesi

tal ekxma eella&akdk odull anél an camsé karbon -al ékma
czerinde dairesel hareketl erl e birka- dakika bo\y
el ektrotlara saf su i -erisinde b. dBomogluacak ut
el ektrodu asetonitril:izopropil alkol (1:21; v/v)
bekletil micktir.

2.2. Anilin (ANI) Monomer ¢°zeltisinin Hazérl anr
Anilin monomer -°9zeltisibnir tlhaehéerldey dhi7llB8&k gi siom \
destek elektrolit) tarteéel méM) viel geerédiel Mmi6k teiLr A
-%z¢negnceye kadar -°%zel ti ultrasoBfikl bahye® day dmul
balonj oj eye al enméxter. Bal on jojeye alénan -°zel
tamaml anmékt ér .

2.3. GC ¢alékma Elektrodu Y¢gzeyinin Polianilin i
¢tal ekmada GC el ektrot -alékma el eRtreldaekt Agt Ag &I
el ektrot olarak kull anél méxkter. Modi fi kasyon ake
-alékma hg¢gcresi i -erisine al é&nméxktér . El ektropol
(0 V)1 (1,4 V) potansiyel atae ] &h thd 't ar ama hézénda ve 20 d°n
ger-eklexktirilmixktir. Bu i klem sonu¢B8afibhamGELt PAI
2015)

2.4. GC/ PANI ¢tal éxkxma Elektrodu Y¢gzeyinin Bakeéer |

Bu akamada i se™susmlz Obatklé rmosl'ltlr atsodgum, 82t mat L
-0 zeéinmegk-alk@gmathegcresi i -erisine alénméxktér. G(
modi fi kasyonu kronodmg@e rVo npeottrain sy yretl elrai y316e0 sani vy
(Zzhangetal.,2020Bu i Kkl em sonucundan GC/ PANI/ CuNPs - al ek

2.5. TNTO6nin Elektrokimyasal Tayini

TNTONnin GC/ PANI / CuNPs modi fiye -al ékma el ektroc
voltametrisi (SWV) y°ntemivku)l ahefagakangréma: c
KCI destek el ektiel,iétiV)vapxpdtéedresnidyae l( Oaqr2alVej enda g

3. BULGULAR
3.1. GC/ PANI / CuNPs ¢al ékma Elektrodunun Hazérl ar

GC/ PANI / CuNPs -al ekxma el ekttéro.d uKlikkib dsaasmarkatka aG :
PANI il e modEfekeredol mmaetizasyon iklemi d°ngg¢se
i(1,4 V) pot as0sVgtedr eamaa l egzéénddaa ve 20 d°nge¢ ol ac:
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1,6x10™ -
1,4x10" 1
1,2x10" 1 1. Déngil
1,0x10™ 2. Dongii
< B0 ] 10. Déngii
E 6,0x10° 15. Déngii
£ 4,0x10°- 20. Dongu
< -5
2,0x10° -
0,0 -
-2,0x10° -
-4,0x10° -
0,2 0:0 0:2 0:4 0:6 o:a 1:0 1:2 1',4 1:6
Potansiyel (V)
kekil.ID°ng¢sel vol t amet ri 1,y°nmoe it anilkou (ANIla mé@nonzening k
elektrpol i meri zasyon voltamogramlar é.
kekil 1 incelendijinde ANI monomer. i-in 1,08 V
da red¢ksiyomxktpirki ¥eledé i &«diel hi, 08 VOt aki oksidas
artték-a -°zelti ortaménda bul unan monomer mi Kkt
mi kt arénén artteje g°r ¢1CBed PIANd i r-.al Bikimag zeelyei& $ @ 1
kronoamperometri y°ntemiyle CuNPs ile modifiye

ol ukturul muxktur .

3. 2. Hazeérl anan GC/ PANI/ CuNPs ¢al ékma El ektrodur

Hazerl anan GC/ PANI/ CuNPs -al ékma e’lrecket r d 8 o g ¢ sTeN
vol tametri ve EePptadrtnissttadt ¢Ell Ery°nt e mi il e) yapeé
T D°ng¢sel Voltametri ¥I|-¢mleri (CV Scans)

GC, GC/ PANI ve GC/PANI/ QUNBEKCH]l dembek|l ekekbdohi

S5mmol L*[Fe(CNE®" 4™ zel t i -@2Vid Mé 6d &) ( pot ansi y efaramar al €] &
hezenda d°ng¢sel voltametri y°ntemiyle °I1-¢mleri

1,5x10 7

1,0x10™

GC Elektrot
5.0x10° - GC/PANI Elektrot
’ GCIPANI/CuNPs Elektrot

0,0 4

Akim (A)

-5,0x10"°

-1,0x10"*

- - : -
-0,2 0,0 0,2 0,4 0,6
Potansiyel (V)

kekidC,2.GC/ PANI ve GC/ PANI/ CuNPs -aléxkma el ektro
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kekil epadi hcetle GC, GC/PANI ve GC/ FFAGNY'Ct’NPs - al
yapélan el ektroki myasal °]l -¢mler sonucunda y¢ks
0,30 VOota eGQ e- aldékmma ke li eaylatpréd dawn ltgehrhe-vg mdirgenme ¢ k s e

pi klerine ait akéem deg9%r08e6€cdAR,ARI asél & dned dyeablpdekl Ak
°l-¢,mde y¢ckseltgenme ve indirgenme pill0loe 7i7nAgi
veGC/ PANI -al éeleyjppeled ekt rogmde y¢ikseltgenme ve ir
dejerleri séerddodylsgd DBM3 o2mar@Kk Wwerl unmuktur. EI de
da el ektroaktivitesinin olduju g°stermektedir.

1 Elektrokimyasal Empedans Spektroskopisi

Elekr ok i my as al empedans spektroskopi si y°ntemiyle
el ektrotlarénéen iletkenlik ©°1-¢mleri'KGlagsted mé kt & |
el ektroliti VFeCNj'énNdaelst mhoteamémea at EIS yo°ont e
empedans °Il -¢m¢g ger-eklexktirilmiktiri1l1BlKEzKI angeé-
points/ decade: 10 mvotur.

500

400

300+

GC Elektrot
GC/PANI Elektrot
GC/PANI/CuNPs Elektrot

T Y T g T y T L T J T ¥ T ] 1

0 100 200 300 400 500 600 700
Z /ohm
re

kekidC,3.GC/ PANI ve GC/PANI/ CuNPs -al é&kma elektro

Elektrokimyasé empedans spektroskopi si y°nt emi hazér
°czelliklerini dejerl endirmede kull anrEyanakt maamd fug
di renci ) de] e PIRandviir&EdBanksp2D1&)n aYheikl itrr ansf er direnci
oranteéeledér ve y¢kbiraeskeadtroduaenci ebkeoki di adyg

kekil 3 incelendi]jiempe d@dsel®°dktirnygt siolnas cuanmél a&am |
circle) - apécdeeljdeer ie dliull 7opiMmuagg & U R. GC/ PANI -al é kma
°1 - ¢m s onadilemRBlde jederd@9,37q 0ol arak bul unmuxktur . GC/ PA
el ektrodutdiejiemi i ¢ d®k-a k¢-¢k ol up emdepans °|
edi | me midketjierr.i nRn - ok k¢-¢Kk ol maseé GC/ PANI/ CuNP
iletkenlijinin y¢ksek ol dujunu g°stermektedir.

3.3. TNT&énin GC/PANI/ CuNPs ¢aléexkma El ektrodu il €

TNTOnin GC/ P-ANldCmaNP & | ekt ro2Mumgkbdeané&l enr askr aD g
el ektroki myasal tayiniseISVWh:yest émie kwl I(alnéll9ar a
ortaménda 0,5 M KCI dest ek (-le,lek V) olpiottiansiay éE]

103



ger-eklextirilmicktir. TNT -0i54 V,0,7Xk\aveaDl8T ¥ olarakt i k pi
bul unmuxktur .

0,0 CH,
QN NO»
NO.
-1,0x10° A :
<
E 2,0x10° -
X
< Baseline
0,5mgL’ TNT
3.0x10° mg 10mgL TNT
X B 20mgL" TNT
2mglL TNT
4,010
1,6 4,2 -0,8 0,4 0,0 0,4

Potansiyel (V)

k e kdi GC/PANI/CUNPs- al ékma el e2Rtngldbderi kiemOabal éf @énda TNTO6nNni n
elektrokimyasal analizine ait voltamogramlar.

Tablo 1.0571 20mg L*der i ki m ar al €] éndaki -0,94NT-0,72iVrve-B,W/7 yV dtt akmi )

elektrokimyas al t ayi ni sonucu el de edilen akém dejerleri.
TNT 0,54 V6| 0,72 Vot 0,87 Vot
Deri kifi Edil en Edil en Edi |l en
(mg LY Dej eri Dej er i Dej eri
| -054v | 072v | 087V
0,50 14,28 14,12 14,08
1 15,45 14,93 14,68
2 18,01 16,82 16,18
5 23,09 21,30 20,82
10 29,52 28,14 28,04
20 36,99 36,88 37,00
Tablo 16de verilen akem dejerleriyle el de e
veril mi ktir.

TNTO®i, 4 V potansiyeldeki dmi 02ieldmklaai & aps§odaldi
akajedaki gibidir.

| -054v= 1,585 Gnr +14,205 (r = 0.993)

l.054av=-0, 54 VOt aki ak ém=melfeird iridgre ANV ed &r i ki mi

TNTO®i/2NVveO, 87 V potansiyel deki | erin(@=ir20 rkgalt i br asy
aral éjéndaki) akajeéedaki gibidir.

| .072v=1,176 Gnr +14,489 (r =0.991) ; b72v=-0, 72 VOt aki akem dejerl eri
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[ -087v=1,198 Gnr +14,113 (r =0.991) ; bs7v=-0 , 8 7 VOt aki akém dejerl eri

TNT i-in béel {tODy '6ckiare. nmgDoj ru denkI| e mi A = mC
deri kim, m= ejpwrmhborn=-%aglkemi menlstandart sapmaseé
=  3/m)d

4. TARTI kKkMA ve SONU¢

Bu -alékma sonucundaktcamndsuén ukna rylyaere y-i a lpéood maa na ll @ n
nanopar-aceéklarla modifiye edilerek TNTO6nin el
-al ékma elektrodu geliktirdadméekmarel dHdezeodang@W
°l -¢ml eaikylee i R&aNEedni mi et ektroki myasal anadl i zi [
20mgl'deri al smf anda ger-eklektirilmicktir.
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¥zet
Verisetl erinin detayl é kKekilde analiz edil mesi i -
aykére dejerlerle etkin bir Kekilde wujrakeél mas:
kal anéndan farkl e ver.i nesenre-leekrliek ol af Akn dan abl
karkéel akél maktader . Makine °jJreni mi algoritmal at
bil gi Ve sonu-1lar a y ol a-abil mektedir. Baze |
sajlayabil mekamwmal irze Bhaklearhéjeénda aykéreée dejerl
veri setl erindeki aykére dejerleri farkl e yo°nte
belirl enmesini i - er mekt e-<bcore,. Hampal g-ier |solation- Farksé k ma d a
Rosner, DBScan ve MAD y°nteml er i -Skcaorrkeé |yaknttéerngél | enn
k¢-¢k ya da orta boyutlu verilerle, |l sol ation Fiq
daha etkili - aléékkttéérj.é sonucuna vareéelm
Anahtar Kelimeler:Ot omati k Makine ¥Jrenimi, ¥n Kkl eme, Ay

Outlier Detection Methods and Investigation of the Relationship of Other{Pmecessing Steps
With Automatic Machine Learning (Automl)

Abstract

In order to analyze the dateets in detail, they need to be passed throughtemd preprocessing
stages and effectively deal with outliers. Outliers are known as data objects that are different from the
rest of the population. It is often encountered in the analyzes performed ofidr@ymachine learning
algorithms are affected by these outliers, which can lead to incorrect information and results. In some
cases, it may benefit from information. Therefore, outliers should be taken into account when starting
the analysis. This studycludes the determination of the most effective methods among them by
detecting the outliers in the data sets with different methods. In the study, F8wmyeZHampel Filter,
Isolation Forest, Rosner, DBScan and MAD methods were compared. It wasdeohthat DBScan
clustering and ZScore methods work more effectively with small or mediaed data, while Isolation
Forest and Tukey methods work more effectively with {aizgd data.

Keywords:Automated Machine Learning (Automl), Preprocessing,i@utl
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1. GKRKK

D¢nyadalkiyavemezdakmni ktaré giderek artmaktadeér
qunan bil gisayarl ar, tel efonl ar hatta te¢gm el e
s¢permar kett eki se-imevemkeyafétnaasaml al émkanl
kaydetmektedlr. Hepi mi z, verilerin bu arteéexke il ¢
edebiliriz. Yani veri hacmi arttek-a insanl are
verilerde,a - €kl €7 a kavukturul masé ger eken p(oxgaenrsoisykeil,
2008)

Bir- ok ver.i k¢ mesi, ol ajandéeké b¢gyek veya k¢ - ¢
Verilerde bulunan aykere dejerler, verileri anae
ol abilir veya veriler hakkéedeal gamagkiéeebidlegiel ¢
analizl erin ©° n(Rardbacherpi99l) pAayrk-éa e dde]j erl erin tespi
bul unmaktader Bazé y°ntemler aykéerée dejerlere |
gesterebil medéerdj rheBurtunkatel eme y°nteminin ayk
°l -¢mlere sahip olmasé ve verilerin °rnek boyutu
Bu -aléexkmada ise aykereée dejer tees-pdlté kyteénrtéeel nalrearki
karKéIaKtéréIméKter.

2. VERK BKLKMK

Ver bilimi, elde edilen verilerden anl amléé b
dizi temel ilke olarak bilinmektedi(Provost ve Fawcett, 2013) B¢ y ¢ k haci ml i ver il
g°r¢nmeyen kal éeplaré bul mak ve ik kararl aré vet
-al ékma al anéedeéer. Keasthitli gits &y amalkiilniemi©jaleamnlmar ér
b¢yeéek veri k¢mel erini alabilen analitik sistemle

Ver i bilimcileri, toplanan verileri bir araya
analiz spgeeéelnekiimii dy ¢i.l iMeradabmél,i mcsitnaitni skt i k - i Vo
ol mak ¢zere bir-ok gel ene ksel WVteerki niekr raorlalceérl e | ay
tahmin et mek, téeketici davraséewemanelk° ml-é mdi-ramhetk

(Chong ve Chang, 2021)

3. MAKKNE ¥JRENKMK

Yapay zek© kavr ame, 1956 yéeléenda kull anél mecx
ol duGQoumpifut i ng Machi nemayk aalneds il nitleel |fi Maeknicreedl er d ¢ K
sormuk ve makinel eri n (Ncglikigydh, dlir)l erednn dii] is®°ydreim

makinelerin insan gi bi d¢e¢kKenegp degkegnemeyece]ini
bil gi sayar ve karkélaréenda da bir sorgul ayeéce
karkéséndakinini sapam m& gl#&dsjaunou |lgnl ayamaz i s

(Drozdovvd.,2011) Daha sonryaakpiayy ézlelkacr daal adnae nda bir - ok ©n
19641966 yéll hg@&s eaprha sWaemidae nb a u m, ELI ZA sohbet bot
konukma si st eml er i(®hahvd.,i201K)BM @ntemeaiiona Busiessndachinésy

Ul usl araraseéet akkaf Makliamelgerlii)kxkti rilen ve satran-
satran- «Kampiyonu Garry Kaspar Gatpbellad., 2002p0té& - | €k b
yél enda e&k@ pragppryamé ol an Al phaGed,ol Dainysa nmao €kha m
al ar ak on(Graneevd.n20Y iBrunl ar gi bi artan gelikmel er,

karar verecek sisteml eStiiesnl1986e!| i kecej i ni g°%ster mel

Makine ¥Jreni mi, yapay zek©nén temel al anl ar ¢
yapay zek© arayéeké sérasénda ortaya -ékméxkteér. C
verileri °Jrenmek zorundakdlédudawcred ag? s tbair rkiomtui re.
probl emlere -exitl:i y°nteml er ile -ékté ¢retebi
°Jrenmesi esas ol arak 1959 yéléenda bilgisayar b
model +{ta@ahewmal aré& sonucu geliktirilmik bir alt
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41.Tukey mi°nt e
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h©l e gel mektedir. Veri anali zi
hezl e kar (Gadivada adh RO MOtomatik raakilea mé n a
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sahip kullanéceélara da hitap et
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kelkBiztScore Methodu il e Aykéré Dejer Tespi
Outliers Graph Outliers Graph
400 Y ”’“ n¥ pos 400
8 300 - Outliers :,'5 ” = Outliers
0 20 gRle 80
43.Ha mp e | Filter Y©°ntemi
Ha mp e | filter y°nt emi , aykérée dejerlerin - el
déekenegl mektedir . Ha mpel filter, °nceden tanémlar
pencere uzunlujunun medyan dnedee r-{Bhooshknedrk2018)z er e i |k
kekil 3.06de -aléktéreélan Hampel Filter y°nt e
s¢tununda ise 99 tane aykeéré dejer tespit edil mi
k e kdiHa mp e | Filter Methodu ile Aykéré Dejer
Outliers Graph Outliers Graph
(J
0 ‘.. %% % wo..ﬁ.‘ -
3" — .
0 20 gRlM&) 8 4 5 sRM 7 8 9
Outliers Graph
500 ”.
mm;.. ;.
éym W Outliers
£ 20 % .. ® W Norm Data
100 ”® = *
, MW ggs o
44.1 sol ati on Forest Y°ntemi
Isolaa i on Forest y°ntemi or mandaki her bir ajaceé
ve aykéré dejer skorunu belirler. Ver.i setinde
araktermayé ama-I|lar. Y Bsdknbastmasizyaykere tHepkbkr
(Cheng vd., 2019)
kekil 4.6de -al ékterélan |Isolation Forest y©°n
s¢tununda ise 101 tane aykéré dejer tespit edil-H
kelbillsol ati on Forest Methodu ile Aykéré De

Outliers Graph
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45.MAD Y°nt e mi
Medyan Mut | ak Sapma y°ntemi, veri setinin ayk
et kil enmeyen t e me(BeoyeGaryM. Mareh,r2006)nZ eomanan rbhir nok
zaman serilerinin medyan veya "mean" dejeri,
d avr an é k([Bavetva \radnm [2G14)
kekil 5.6de -alexkteéereéelan MAD y°nt emi il e CRI
ise 63 tane aykéré dejer tespit edilmiktir.
ke Wi MAD Met hodu il e Aykéreé Dejer Tespiti
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46.DBScan Y°nt emi

Outliers Graph

DBSCAN yojunl uk diadbami @

wmek idreen et@imedimeo lad rgaok i

er
t a
(0]

)

boyutlu verileri al ér ve buBthaberévd. @old)e | paramet r e

kekil 6. 6da -aléekteérélan DBScan y°nt emi il e (

dejer tespit edilirken RM s¢gtununda tespit edil e
k e KZiDBScan MethoduileAyér @ Dejer Tespiti
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47.Rosner Y°ntemi

Rosner taraféendan geliktirilen bir paramet
i -1 a kadar aykéré dejeri tespit etmek i-in kul
verilein normalolaa k daj él déjéné varsayar. Bu nedenl e bu
yapél masé gerekmektedir. Veriler normal (U8aj el ma
EPA, 2006)

kekil 7.06de yadmlnéwtmérall@an CRdM esrgt ununda 6 3, B
dejer tespit edilirken RM s¢gtununda aykéré dejerl

kelBiRRosner Methodu il e Aykéré Dejer Tespi
Outliers Graph Outliers Graph
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5. SONU¢

Tukey, ZScore, Hampel Filter, Isolation Fee s t , Rosner , DBScan ve MAL
etiketl eme y°ntemlerinin performanseé, hangi y°n
daha g¢-1¢ bir yola sahip oldujunu dejerl endir me
veriseti kullanélarak istatistiksel olarak incel en

Veriler araséndaki uzakl ek nor mal daj él em
vyventemlerinde ol asé aykeér éSaoerfje rv e rTiukbeey iyrel netmeenkl
probleminde et ki |l eni r , bu nedenl e al gél ama hassasiye
ol an herhangi bir nokta i-in potansiyel ayvykere
dejerl eri bul manén en yaygelnndyeolkloar(,eknd\amr|b||err|d||
sonu-lar el de edil mektedir. Rosner tespit edil e
hesapl ama ger—ekIeKtirlr Ger-eklektirilen hesarg
Filter, Isolatim For e st yentemlerinin veri t¢ré ve boyut
deji ki klik g°stermektedir. DBScan y°nteminin is
koyduju g°zlemlenmi ktir.

Z-Score y°nt e mi ile dakRai berlkhoehkgerdedeileer ltersp
gere¢l ¢r kekildedir. Tukey y°nt emi daha fazla ayl
Z-Score g°re daha yakéen ol du$aorge® zyemtl emimi Keék rt a
alamk -al éxkxér ken, Tukey y°ntemi verinin iKki Séneéer
dejer tespit y°nteB®tcere aenaké@ahtdandgukhbiyl ve ¥°nt e
ve boyuta g°re séneérebilmaktedira- éséndan farkl el ek g°:s
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Kompozi't mal zemel er , en az i ki farkl é mal zemeni
ger - eklIreknailjziemei grubudur . Fi ber kat kéelé poli mer
i mpl antasyon ¢zerine y¢ksek hg¢gcre yapékmasé sa
inflamatuar reaksiyon g°stermellerii, vieafyisfk sajke n IKé
kabiliyetleri ve biyouyumluluklaré gibi avantajl
sekt°r¢nde ol duk-a genik bir uygulama alané bul
csten °zeklitklieeindyst+iyel kull aném alanl aréna
gel i ktirme -alékmalaré yapél maktadeér. Bu - al &k m:
te¢e¢rlerinden, liflerin sajlatdamal mekani hk °meml i kb
grubu haline gelen poliaromati k yaré kristal yary
yapelé kompozit mal zemenin fiziksel ve ki myasal
bahsedilecektir.
Anahtar Kelimeler:Fi ber Katkél e Kompozitler, Bi yomedi k al

Biomedical Applications of Fiber Reinforced Composite Materials
Abstract

Composite materials are a group of materials in which at least two different materials come together to
form a new material. Fibrereinforced polymer composites have a wide range of applications in the
medical industry compared to metal and ceramic materials due to their advantages such as
biocompatibility, high cell adhesion on implantation, biodegradabilibyy linflammatory reaction,
lightweight, high mechanical properties and high machinability and biocompatibility. Many research
and development studies are carried out on filgiaforced composite materials due to their superior
properties and various indusl uses. In this study, the types of fibres used in {ibieforced
composites, the mechanical properties provided by the fibres, and the physical and chemical properties
of the polyaromatic serdgrystalline thermoplastic polymer polyetheretherketonEER) composite
material, which has become an important biomaterial group for biomedical applications, will be
discussed.

Keywords:Fiber Reinforced Composites, Biomedical Applications

113



Girikck

Bi yomedi kal alanda °nemli bir yere sahip ol ar
ve biyoteknol oji al anénda kull aneéel érl ar. Bi yoma
yerine getirebilen, iskelet sistemini onarabilenya dadee k| eyebi |l en ve biyouyunmn
yapay mal zemel ere denil mektedir. Bi youyuml ul uk
ortamdaki s¢resi boyunca, v¢gcut sistemine uygun
iletemasedendokl ar én normal fonksiyonlaréna engel ol ma
ol ar ak tanemlanabilir. I n Vivo veya i n vi tro
biyomateryaller metalik biyomateryaller, biyoseramikler, polimer biyomateryalleryakdmpozitier
Keklinde séralanabilir [1].

Kompozit mal zemel er; en az i ki farkl & mal zen
grubudur . Bu mal zemenin amacé, t ek bakéna hertl
malzemeleri bir araya getirerdki | ekxenl eri nden daha ¢stegn °zel |l
den¢ktegrmektir [1]. Kompozit mal zemelerin yapeés:

Matris

Takviye
faz
@
I NI &0®

kekiKlomp.ozit mal zemel erin yapésal g°steri
Genel olarak kompozitler bir matris faz ve bir takviy@ zd an ol ukur | ar . Mat r
bil ekenl eri bir arada tutan yapéktereceée g°revi
dayanékl el ek verir. Ayréca son Lréne i stenil er
malzemenin perfornrmas € n é artter mak amaceéeyl a kompozi't ma
ekl enebilir. Takviye edici mal zemenin yapéséna
takviyel.i kompozitler, l'i f takviyelR2bdkkompemati e

edi | mi ktir.

Kompozit
Malzemeler
]

t NI AL NE
Takviyeli
2} 2 2} 2} 2} 2}
Yl 6l t||Dispersiyonl N YPal ol {FYRIA e
U Takviyeli ] U{ SN f %M LIRS 1] 6{ N NS]U GL Bl 1]'[[ Paneller ﬂ

kekiKlula.anél an takviye t¢réne g°re kompoz
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Fiber ile G¢-lendirilmik Kompozitler ve |

Fi ber (rif) takviyeld kompozitler Ve bu ko
bahsedilecek olursa; fibe t ak vi yel i kompozitlerde takviye f a:
boyut u, dijer boyutuna g°re -ok b¢gyeéek ol an, doj
el astisite modg¢ll eri ayné mal zemeny aipéebimalkz ehnaecli e
ol arak tanémlanér. Takviye edici faz olan bu I if
-atlaklaré azalterken ayné zamanda tokluju artér
Polimerlerin takviye edilmesirek i ama - i se; elastik modgl , dayan
°czelliklerin ve biyoaktivitenin iyilexktiril mesi
mal zemenin °zellikleri czerinde °nemlii berkisgemés
czerinde ise fAs¢grekli i f takviyeli kompozitleroc
kompozitlero olarak isimlendirilir. Lif uzunl ufj
-apéna, - ek me f-rdatyraingméap WWevivetine bajleée ol ara
Kompozitlerde Iiflerin malzeme k°kenlerine g°re

(Fiber, Elyatf)

' f NYAyedzy fAFAZ

kekiEIl d. edi |l di kl eri mal zemelere g°re |if

Lifler, takviye edici faz olarak kullae | de k|l ar é kompozi't mal z e me |
kendil erine wuygulama alané bulduklaré yumukak
g®stermek zorundadeéerl ar . Bu da Iliflerin bir-ok
i | e knekaysaésyllaan ger - ekl exki r . Kull anél acajé ortama
czelli7Ji ve dokunun mekanik °zellik dejerleri
hayvansal ve bitkisel kaynakli &rdanmadlzckenee dirleitp |
sajlayabil mektedir [4]. Tablo 16de bazeée | iflerir
Ayréca akajéeda kekil 4 ve kekil 56te séraséeyl a |
de veril micktir.
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k e k iSlsal [#inin kesiti [5] keki(la)5.Tavuk t¢ye Lifi, (b)) kuk t

Tablol.Kompozit wuygul amalar i-in farkIl é tipteki doj al
Materval Kopma Uz ¢ &me Young Mo
ry (%) Mukavemeti (MPa) (GPa)
Muz 3 529914 27-32
Kenaf 3,5 2951191 2,86
Dot al Keten 1,310 3001500 24-80
(0} a
J Sisal 2.25 80-840 9-38
Pamuk 3-8 264800 5-12,6
¥r ¢mcek 17-18 875972 11-13
El asti k
doku 30 3 -
Aort 77-81 0,07+1,1 -
Knsan d Knsan d 78 7,6 -
Kal p kap 10-15,3 0,452,6 -
Tendon 9,412 53-150 15
Sert doku 1-3 130160 77-81
Kompozitlerin Ortopedi k Uygul amal arda Kull anémeé
Géenegmegzde bir-ok insan i riamacisé@écdil ekdraw@linagam o
yardémceé ol mak amacéyla hastanén yakam standar
bi yomal zemel er yerlextirilebilir. Bu gi bi durun
gereklilkgymaktoadary.a Yapay kemi k uygul amal ar énda
met al ve serami k mal zemel er yaygén ol arak kul | :
ol arak polimer kompozit malzemeler eklenmiktir [
Pol i mer kompadbidtldejin kewajozgpyna diren-, me t &
i yonl arénén saléeménén g°r ¢l memesi ve keéreéelganl
kompozit mal zeme Kkull anéméné artérmécxkter Met al
saéma i mplanteée zayeéefl atmaktan bakka, hasta ¢zeri
Ortopedi k wuygul amal arda kull anél an mal zemel ¢
kull anél an met al ve serami kl eariinl eb ¢kyg ki koramaseé
g°stermesidir. Ortopedi k uygul amal arda kul |l anél
ye¢ke payl akérken, takénan y¢k mal zemenin sertli]
g°re daha seretmebbkankblUl amaél déej énda ve kemiijin
takéyacajée y¢k miktarée ile kéeyaslandéejénda yet el
kéyasla d¢kegk el asti k modegl e sahip ananddyi dayané
artéerméxktéer [2].
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Kompozi't mal zemel er ortopedi k uygul amal arda °ze
repl asmanénda ve kemik greftlerinde genik kull a
kull anél an FGK a® rvreekillemiiktkeki | 60
\

kekiHi d&.oksi apatit kaplamal é Yerknmoapl awmas &z kakarbom

Ortopedi k cerrahide kull anélan kompozi't ma |
kull anél masé, metallmryape&lrmén kil mpgl aret Ipad a meadan
-eKi tli eksi kliklerini ortadan kal der méexkt éer .
osteoiletkenlijini ve osteoind¢gktivitesini iy il
bokl uj uniaf bciayno a(kB C) par-acéklarée eklenerek ger -
dest ekl i tasaréem programé ile kusurlu alana wuyc
gesterilmiktir [8]. Ayréca kekémelBewvleekgked i O dideg
ekl em protezlerinin g°rsellerine yer verilmikti:
k e k i(d) Krahioplasti operasyonundan sonraFBIKC i mpl ant énén def ekt al aneé ve

rekonstr¢ksiyonuBC!| iemplasnh taddacesht zekki || i § iG&aasyaarré mé [ 8]
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kekiKlar&.on / cam elyaf katkeéelé al ¢mina bakl ékl e ve Kk

kekiKlard.on fiber takviyeli termoplastik kal
PEEK Kompozitlerinin ¥zellikleri

Son yéll amdkas, | kodaisy gmml cerrahide adénée sék-
czerinde genik -apta araktérma yapél mékteéer. Pol i
ol an PEEK, bi yomedi k al uygul amal arl zie-merdi wy g Kmem
bil exki k olan PEEKGH&I GP&) ast nsahek md3t0p, k@R a()B eynd I§ &
ol masé sebebiyle omurga cerrahisi, ortopedik cer
kull anéel maktadeéer [11, 12]

Biyome d i k a | uygul amal ar i -in kull anélREBK)L,kar bon
kull anél an karbon fiber mi ktaréna ve ¢retim y©Or
azal érken, Young mod¢l ¢ ve -ekmemimuikme eyngk é n abyit ra
modg¢l ¢ne sahip ol muk ol ur . BREEKI| analbi & me lkerei s
mukavemete sahip ol malaré sebebiyle, femoral g°v
dahi l bir-ok ortopediakéuyRjEIHIKaGI®RJra &sutl d casneen tneazk p
maksiller veya mandi bul ar gi bi rekonstr¢ksi yonl
gesteril miktir.
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keki PEER.Nnin klinik uygul amal aré; o©a) ag®] {d1fkemiij

[

keki KKGPEEK: (a) 10 mm tibial t érnak, (b) dinami k sék
distal radius volar plak [13].

Dental Al anda Fiber Takviyel: Kompozitlerin Geld.
Seramiklerinexww i vo f abri kasyon akamal ar é, metall eri
nanoparti kgl sal enéemeé, yé¢k takéyan di kK restoras

eksi kIl if7Ji gi bi sebepl er, heki ml €&ui )] abmayasy®dnak
[8].

Dent al restorasyonlar i -in ideal bir materyal
di Kk y¢zeyine dayanékl é& yapékma sajl amaléeder. Ay
tokl uk sajl aimpe éleErge FGKDIl mirml eri  mal zeme bil i mi

kekil 126de ise dent al al anda kullanél an ve
mi kroskobu alteéendaki gereé¢ntegse veril mi ktior.
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kekiti fle. kat manl ézditrelkstoeaisyokbmpada kul | askadbl an s ¢r ¢
altéendaki ger¢é¢nt gse [ 8] .

Sonu-

Kompozi't mal zemel er sajl ek, ot omoti v, i nKkaat
e

Kitli uygul amal ar & ve vy ealecek vaatyeddn enalpemelar platak k i
r¢el mektedir Kmpl antasyon ¢zerine y¢ksek h
r-alanabilir ol masé ve d¢keéegk inflamatuar r
youygul amelrark oimpiorzipgadleirin d¢gkegk maliyetl!l i,
lay ¢retilebil meleri de avantajlarée arasénda ¢
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Rastgeleem dejirmlstgel e dejikkenin bir fonksiyonu ¢
t¢r dejikken dPn¢égkegmeg ol arak en ivyi bilinen tesi
Bu -al éuxmeéhdm ni M¢ edbyalsémamels tdiefionr @ edi | mi k be©°l
kull anef makséyonM kapal é bir forma sahip ol duju
yeni bir dajéeléem ¢retmek i -in mat e ma t-tahkimieel bir

dayal é -igtlaariask i gi nidre f krame s iemii hm migk for munu bel i
tekni kl eri ni kul | anma mészt agt e rse ki i] yi onrikaredik val gieanaddi g ji € | g
dajél éméneékarecedilr haBu r®«edenl e ga matrelgdiajalsiméenmé Kk ul
olabilirlik t ahmin y°nt e mi kull anél ar ak tahmir
olukturul an test i st a tSmisnovivg AnderseD ad @ i enrgl egriib,i  Kioylum
testl eri kul | anélnargaakma yésezneir itnedset biisrt adtaij sétlignméennié n
parametreleri tahmin edilerek test edil mi-ktir. [
tahmini kull andéj émézdan, bu yeni i statlarlst i Jin

gama dajel éme takip eder. Ayr éca -tsaommi-niarrd e kkio nauj
fonksiyonunun yeni test istatistijinin dajél éemén
gama daj él é&mé ol dwjiwose- ivlee nqg 0anjuenr | déekj eframke g°r e
var sayémé i hl al edildijinden, bu yeni test istat
Anahtar KelimelerM-Tah mi n, Saj |l aml ®&qgma3yenst Kstatistiji, Q

On the QDeformed Formof Square of ZStatistic Based On the NEstimation
Abstract

The random variable and the statistic as a function of random variable have a distributional property.
The most well known test statistic as a kind of variable transformation is generallyoutest the
hypothesis. In this study, thedgformed form of division is used to propodest statistic based on the
M-estimation. Since theflinction has an implicit form, it is not easy to do a mathematical tractability
to produce a new distributiofor the used variable transformation. For this reason, we need to use the
computational technigues to determine theefprmed form of square ofstatistic based on the M
estimation. As is weknown, the distribution of square obatistic has the chéquare and the special
form of gamma distribution is ctsquare. For this reason, the gamma distribution is used and its
parameters are estimated by using the maximum likelihood estimation method. The values of the
generated test statistic via using themqautational procedure are tested by using the goodness of fit
tests such as Kolmogoré&mirnov and AnderseDarling whether or not the new test statistic has a
distribution on gamma with shape and scale parameters estimated. Since we use the deforamed divis
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and the Mestimation having weight function, the computational distribution of this new statistic is
followed by gamma distribution with the estimated parameters. Further, the results show that the weight
function in the Mestimation for location andcale parameters determine the distribution of the new test
statistic and the computational distribution of new statistic is observed to be gamma distribution
according the chosen weight function and the value of q. Since the normality assumption i3, violate
this new test statistic can be used to perform a hypothesis.

Keywords:M-Estimation, Robustness, Test Statistid)€jormation
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1.GKRKKk

Kstatistik biliminde iki ° neml i kavram vardeé
deji kkenliar alanyere @&l maktadér. Bu dejikkenin tan
¢czerinden olaséel ék fonksiyonu kurulur ya da ra

bir olaséléek (yojunluk) fonksiyonu ol ukturduju

Kst atiimitn ke kii i ki nci kavram ise, bu rastgel e c
i fade ile ilgilenmektir d I d
Bu istatistiijin, bir d é |
do°n¢kKt ¢rmesine karkéel ék gel mektedir. n
olabilirlik tahmin edicisi bilddejn kdrnime ek |orr'
aanohoBhd g zldeherl erinin dijear dbhdvr oiBfhiade il e es.
dejerlerinin topl atdgrénbh°drmenke shacimie edamr edil |

-B wkeklinde g°sterilinrn2000Gut, 2005: 157; ¥ztg¢irk
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iyi Ligi t est i statistikleri verilerin
mede kull anél ér. Kstatistik literate¢reén
i yil ikl eri de ©°zellikllgidaj &glzeemi hdeksigyedrun wea
mat emati ksel kurgusun ol ukturur. Arakteérmacel e
kull anarakoji steaneptnji ]

u
i nin hangi dajéel emdan gel d
kullanabiln z ya da matemati k adéemlaréné i1kl etmemiz ¢

Uyum
belirle

-al exmadaki ama-, i statistik biliminde yer
Ci dur um, rastgele ol arak ®bur uldnagised éyna ain
l erinin elde edil mesi ol acakter. Kkinci C
yeni i statistijin belirl enmesidir. ¢ a
adeér . Bu mteddanliestdd;i spofdlnem aledrmor me b
b I
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gi sinin ne olacajée araxkxterel maktad
e

I ri test istatistikleri -al ékma kap

¢cal ékmanén akeéke kielmarsléemelkt edkir | ¥ncel ikl e,
veril mektedir. KonumtaémP h-edi parametveliel mhkr
de en -ok olabilirlik tahmin edicileri ¢veril mel
testi st atistijine yer verilmektedir. 3. B°l ¢ ¢mde i
edi ldkmegt i statisttahmPmeedi mekeei viel 8 kul |l ané mé
al goritmaseée verilip; soi nnug- | absPyl ognm¢s oonluu-kltaurréu limuek tk
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2. ¥NSEL BKLGKLER

2.1. Konum ve ¥I| - e-KahRiraEdielenet rel eri nin M

ajél émlarda parametrelerin varléjé veriyi m
sahada araktérmaceéel ar tardf adrsdan isni kok atre®@eci h
°]l -ek parametreleridir. Bu parametreler, ver.i
sahiptir. Her hangi bir fonksiyona konum ve °] -ce¢
eklenebilir.

Veriset nin dajélémée ile il gili varsayémlardan b
dayanéekl & tahmin y°ntemidir En -ok ol abilirli
dayanékl é& bir t-abmmnny9fhbeemi ol ahb aniémlna naakn & meéinr
kull anabiliriz. E¢CO tanéme, bt ahmilmaséebekey®$ium
olasel é@ék yojunluk fonksiyonunun (OYF) kull anel
Konum ve ©°I|l -ek paramet malraki rEi¢ Oi -tearherri nbiyrc n O ¥ k|
verelim. & ve 0 parametreler:i i -in bir OYF yapeé

. w
anh Lol — @)

Qah fonksiyonunda yer alan parametrel eri E¢ O

verilenold i | i rl i k fonksiyonunu kull anal é&m.
hirs © B ™Qanh, , 2)

év OB ol mak ¢czere g°zlem®vekk?epnhateimsil gede
olmBhw ol makéeéeg2eremi nnuamg®°sclteujmekt edir .

Kstatistiksel -ékareém s¢fefcomlidei, yomaendhbhariaqe
varsayeéel maktoadkai yoRlugibliil nrl 0§ fonksiyonu akaj éc

1T hR o 3
i 1'Qonh, "GN,

Log-olabilirlik fonksiyonu 1 T &' h Ky @ ; ilgili parametrelere
edildijinde, konum ve ©°| -ek parametreleri i -1in
tahmin edicilyanea <arld,angé mal e e-«kabhmini ediciérikde bi r f o
arakteérmacél ar tarafeéendan kul | an édhaib edicilen . Kon
akajéeéda séraséeyla verilmektedir.

B vLw 4
. | ©
B U

ve
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L P
,,_éumHé= (5)

ksiyonudur. "8oufhokbeumpornmge &h

buradad N Tip aj ér |l ek f on
°r ad & jbrfelve mrhesnimasseén tamufadeel] d ex keedni
r

parametrelerine g

Keklinde g°steril:@ (Lehmann ve Casella, 2006: 4
2.2. Gamma Daj él eémeé
Gamma dajéel émé, «kekil ve °]-ek parametd.relerin
daj él eménén genelvelekg¢ver i Fml dujbundaphél edéna ol a
karkeméza -ékar. Bu dur umdpaariasmet rseadie ciel ek ekka rl K §
. W . ~ .
"Qaf) i 3|pT 6 APDSfo oo ©)
Kekveée Oflp-aagkametrel erinin tahminler:i i -in E¢O t a
2005:192; ¥zt ¢é¢rk vd. 2006: 295) .
2.3. Entropi ve Deforme Edil mik B°l me Kkl emi
Entropi fonksiyonu, bir sistemin rastgelelik
yenib r fonksiyondur . Bu fonksiyonun analitik ifa
"Xull anél arak, entropi fonksiyonu ayné zamanda
Shannon entropisinin bir genel l ektirmesi ol
genelllme kt ibriir | ogaritma fonksiyonu akajéda veri
Q p., (7)
I Q —FXmnNY
¢ 5 nm P
(7) denkl eminde verilen ifade kull anél ar ak, Il og
1 G 1 !
G 11g 110
i fadesi kull aneéel ar ak,
W . - 9
- W W P ho mw ()
W
deforme edil mik b°l me 1kl emi el de edilir (Borge

24»Test Kstatistiiji

Wil ksé Lambda kull anél ar ak, n o r mwabnin edicdgrie | ém b
de kullobheet arakatistiji olukturulur ve akajéda
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Aritmeti k ortalama i-in test istatistijJinin yarprg

® ‘Hb (10)

a h
” Q)

Kekl i ndeY, rn(wet ¢rk vd. , 2006: 222) .

2.5. Uy uns tKyKisltiajtii sTte k1l er i

KolmogorovSmirnov (KS) ve Andersebar | i ng ( AD) test i statistik
fonksiyon araséndaki uzakl|l ékl aré inceleyen bir
i statistikleriOndaieén a@akwerfulnkn i yam@&ya sahiptir
Bundan dol ayé da, bu i ki istatistik i-in ele al
var ol masé; il gili t est dejerl erini hesapl ar k
2019:1264).

3.SONUC¢LAR

3.1. Defor-khet Bdi §mi ki z

Kstatistik, rastgel e deji kkenin bir fonksiy
d°n¢kt ¢rmeye de karkeéeléek gelir (Gut, 2005:157).

ot est istatistiji b°l¢im 2. 406idlee velrié¢ékni wanametur
tahmin edicilerini kull anar ak, ilgili t est i st a

O HE (11)
« —I

burada'H¢ ve, =, séraséyla, konum ve °|-ek parametre|]
dej i@kemn bir fonksiyonu ol dujundan dol ayé da bi

‘H=ve, =i statistikleri yerine; athtmdin werdiqgddelrlie k
M-t ahmin edicilerinde se-ibetatanperkEBEkrifoakkileddl
-al ekxmamézda, gamma dajél éeéméena olan uyum ivyili
se-imi farkleélaktéreéel méxt éw. Kyr c aifades bii r t me k
deji kken d°n¢kt¢rmeye kar kél é kwdeelrmenk tdeadji &1. & mA yi
normalised — dej i kken d°n¢gkKteér mesi nor mal déaj é1 &€ ma
i statistij.idmijrel karéegqsl kdhe kKled Bkhkann ve Casell a, 2(
i stati.swvieya genel hali olan Gamma dajél éméneée |
Bu noktada, -alékmanén amacé °yl esi bir deji kKKk:¢
oanuyum devam edebilir mi diye bir soru sormak vy

Ak a] étdeas t i statistijinin deforme edilmik b°ln
veril mektedir.odisncaak;std fcal inklkea,resi ni n al @ nma ¢
bl me i kKl eminin ®amvedinl Tk ualad d ialrme svia rid-éirn

0 ' HE
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i fadesi ni el e al al é&m. Bu i fade i -1i n, def or me b?©°

, 0 ‘HE
@h T (13)
CHk ,,é pf

ifadesi elde edilir'H&: ve, = i st ati sti kleri yerine herhangi b
-al ékmadami ™M edi ci | e-ahmin a&dicéerinmadedt aplér |l ékM f onksi y
i - er medsalnadyeén daf omkguly olmiur se-i mi s°z konusudur
d°n¢gkt ¢grmesinin hangi daj él ema karkél ék gel diji
ise kolay dejildir. Dijer tarlkhtltlaanéledre ddjeinkak
istatistiklerin yeni olukturulan dejikken de na
¥rnedgiisnt,ati stijindeve, Bul baatl ani kl er i i-in dg¢i
d° n¢ kt ¢ r mekkiinanalgikifadesiyarthd sjti k keni nin daj él éméné be
veya zorluklar ile bizleri karké karkéeya beéerake

Kigi st ati sti ] dnlier idrajréd rémeln émlarha shéi ra |dtaé nédl a& ny iynaep ¢
bil gi si di kkate alénéssati buirpdainn hlehegei nierdi ¢

parametrel] Gamma dajéel eména karkéel ek gel ecefji
sezgi sel ol airkke reil e ddjémlaamadeye i statistiklerin
olane-i st ati stijJinin de bir kekilde Gamma daj él & me
yakl akém ol abilir. nEgMdrahmiymar édimai |pnksiyoaume ¢ k ie s a ] ¢
dejiktirilir iwgedejbeerklleernii |ddejjiik egciebkit i r . Tabi el
deji kken d°ngttegr ntes i k'lbelvan &l iasit ati sti klerindel
fonksiyonlareée i-ilremeiknaniik dfiRkmapct@e mde€e il énan
d°n¢kt ¢rmesi yapéséndan dol aye, Gamma dajél ém s
hesapsal dajél ém yaklakémé Kkullanmak zorunda K
var sayeél an dbsidrajdealjéémeenn@ n lueyum sajl ayép sajl amaya
Biraz °nce el e @il £tnatni ¢ tair jt.i@naijueE | kgaméengaii ngiindecej i ni
budurumday; i st ati stajdaj @l @Gméma sahip ol abileceji C

bu durumda ise, hemh em de KkH vea#édlsamti sti klerindeki afjér
vearp deji kken dP°n¢gkt¢¢grmesi neg-yapéhbeéedelnl akkieanséark , byiarr

def ormasyonu ol duj udwm] &I & ché fH € mi e r g%rsed, genel |
dajél eména gidebilir deriz. Bu nedenden dol ayé
Ancak; araktéermacél ar fheklal dorummayéi kuh| aa&
hesapsal daj él em denemesi yapabilirler. Bi z bu
°czetl|l ejefiokFmasyonunun naseélind ebfior maaspé nualjill aed ek o
fonksiyobli aeaegenilnhefarkéndal éjéné vermek i st ed
araktérmaceéel ar kendi -al ékmal ar énda; °ne s¢rdyeék
i -inde ol url eir st &tei, s tsief paramedkekige M-tarenin adicilerindeki
ajérl ek fonksiyonlaréené dejiktirerek istedikler
3.2. Simglasyon Algoritmase

Sim¢gl asyonun al goritmasé akajéda veril mektedir:
1. Yapay uverneklrem: bae,i mparamé re dej er |l i ol an norm
yapay verilerini ¢ret

2. Yapay verilerine °nerilen ajérl ék fonksiyonl

3. K o n u mahmin edicisinvihesapla: Denklem (4)
4. ¥ | - e-*kahmin-edicmsini Mesapla: Denklem (5)

5.0-i st at ikasesinifesapldr-inst at i sti Jinde pay ve paydal ar én
pozitif olma kokulunu sajl a
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6. Deforme edil mi kK b°di¢cart atil £tmi jnii n ik @iy d amtad eatko fy e a
hesapla

7. Elde edilen deformérist at i st i kl erinin karesinin dafj
Gamma daj él € méenwein ypear aEnteQ riedleertiahmi n et

| @ mén

D

8.4r i statistijininl fdajdéaljeenmeenneenn aGasnanhai(p ol up ol a

istatistikleri ile testeabi tut ve test istatistiklerininkd e ] er | er i ni hesapl a.

Arakt ér macé, nor meg/lapady] aledvea dgearmpmee t,fi d rekns i y on |
ayréca deformatépan gdejemenhredgie]i ktirebilir. Be
dejerlgeamma daj él eména ol an uyum iyilikler:i i
istatistiklerininn-d ej er | er i ni deji ktirmektedir. Bir-ok di
deji kim yap&se] ertdaju D-BBO6e yakén lkéregdsiece gar
yé¢ksek i ken 0.50611 dejerlerde orta derecede ganmn
Gp i statistijinin dajéléménén Gamma dajél éménda
durumu s°z konusudur .u Zoaydéuf] ubnidra dyuar udra B§arza kkt oénrun
dejerini daha da y¢ksek bir dejere -ékarmak i s
mevcut daijrelleand maeéand denemek ol abilir.

3.3. Sim¢glasyon Sonu-1|are

Tablol:0d; Kst ati ammai DapélGeména Olrgbnejleyruneurniu G° st er

Gamma daj él émeé
g° stredregfner | er

(N Kolmogorov Anderson
gezle Smirnov Darling
i -1n
°rnek
hacmi
€ PpTT 0.4461 0.4194
n=0.90 E puT 0.4134 0.3684
E QqmTm 0.3564 0.2863
€ PpTT 0.6177 0.6715
n=0.95 E puTl 0.7377 0.8007
€ QT 0.6944 0.7673
Tablo 16de verilen sonu-1ar smeglessyontadl &8k
pTmmnttatne adet cret @l pmmminvtat. i Biu- ihrerK®ive AD uy
hesapl anmékt ér . Bountkirg e mt ekt ati etdi kimeki yve byl eli
Gamma(fi) dajél éménapmgimene debhemvrhi ki ol an i statisti
buppmmmyum iyili7]inmde] ehrdsdmmamaEnoat an médk;t ér . Bo
i statistijJininhdyapajememendgamma( dijini s°yl eme

Tablo 16de bu ortal ama depsmntarmie kvleerml hnaeckit e dii
deforme edtimtkjiteBh Gammh € mémdie jueyrulmaurniumi n or t ¢
¢czerinden ne kadar wuyumlu ol dujunu ¢g¥%steéeft mekted
T parametrelerinin ECO ile tahmin edatistklietide r i iSzZer
ve MATLAB 2013a ortaménda yer alan Akstesto ve
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4 . SONUC¢LAR

ot est i sri-daefiosrtmeg ibn®ilnme i Kkl emi formu °neril mikt
ile ilgilenilmik védglG@Gamma deaejsiliapiefanasyonuiet isra B¢

daj el eméneén genel daj el emé ol an Ga mma daj él
daj él eména olan uyumu i se, KS ve AD uyum ivyili
hacimlerindev e f ar kl @ durnudneljaerrdani my udneujni kebi |l ecefj i g
bekl enilen bir sonu-tur, -¢nke¢ her bir °rnekl en
dejerli t ahmivel pan d metkr eoll earni ne kumnrise,§-tl € k e giehie b i |
deji ktirebilir ya da yeni dajéeléem °neril mesini

¢tal eékxkma kapsaménda vernmndejneralngaor iftamak | ktul damu

I
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¥zet

Uyku Apnesi Sendromu (Sleep Apnea Syndio®&\ S ) , uyku bozukl ukl aréneéen
ol makla birliktmnukaky kibksiéraedndaevKkemeye bakl am:
olukan negatif basén- ile ¢st solunum yolunun ge
havanén akcijerlere gitmesinin engell emegi ol ar
g°sterip g°stermedijine g°re obstrg¢gktif, mer kezi
olarak dejerlendiril mektedir. SAS taneésé i -1 n,
Polisomnografi (PSG) ile toplanan solunum, elektrokgsgram (EKG), elektroensefalogram,

el ektromi yogram, oksijen satg¢rasyonu, g°j¢s ve |
sinyallerin birlikte analiz edil mesi sonucu sol
ok si j en usbhalitleperek sapn® indeksi, hipopne indeksi, apne/hipopne indeksi ve solunum
bozukluju indeksi gibi standart kriterler dejer
yanéseér a, hastanén bakka bir vyer dtestnbtékradamia sens?®
ol asél éeéjénén olukmaseée, tanéda PSGbée alternatif
olarak, apne/ hipopne sérasénda kandaki oksijen r
EKG sinyallerininformvevegéni J i nde deji ki kli kl er meydana gel m
sinyal:@ dejerlendirilerek, az sayéda sens®°r ile
ol anak sajlayan Bilgisayar DesCADksSistenreTekhi ¢ ef @o
°nem kazanméxkt ér . Bu -al ékmada, EKG sinyallerin
Ssi stemi tasar | annre&G vvee rHhyashiaonNee t¢ zAeprnienad e doj r ul e
sinyall eri h er han giitutnlmadan®ResNat50 eelMbbdeNet\&2 knamaridiermie 2 a t a k
sénéefl e olarak sénéeflandéereéel méexkter. ResNet 50 m
hassasiyet ve %99. 67 kesinlik ile ger-eklextir
hassasigt ve %98. 99 kesinlik elde edilmixktir.

Anahtar KelimelerrUy ku Apnesi Sendr omu, El ektrokardiyogr a

Resnet50, Mobilenetv2
Diagnosis of Sleep Apnea Syndrome Via Ecgi&ls Using Deep Networks

Abstract

Sleep Apnea Syndror(®eep Apnea Syndrom8AS), defined as the blockage of air access to the lungs

as a result of complete (apnea) and/or temporary (hypopnea) cessation of the upper respiratory tract
due to relaxation of the soft tissues during sleep and the negative nerelssing breathing. SAS is
considered to be obstructive, central or mixed depending on whether the patient exhibits respiratory
effort. Standard criteria such as apnea index, hypopnea index, apnea/hypopnea index and respiratory
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disorder index are evalualeor the diagnosis of SAS by analyzing various sighals such as respiration,
electrocardiogram (ECG), electroencephalogram, electromyogram, oxygen saturation, chest and
abdominal movements, collected by Polysomnography (PSG) all night in the sleep igb@esides

the timeconsumption and expensiveness of this process, the possibility of repeating the test as a result
of the patient's inability to sleep comfortably with many sensors elsewhere, leads to a search for
alternative methods to PSG in diagnogtegardless of the SAS type, decrement of oxygen and increment

of carbondioxide rates in the blood cause variations in the form and amplitude of ECG. Hence,
Computer Aided Diagnosis (CAD) systems allowing SAS diagnosis by evaluating only the ECG signals
collected in the patientds own bed with fewer se
study, a CAD system for SAS diagnosis using ECG signals is designed and validated on the PhysioNet
ApneaECG database. This system defines SAS diagassis2class classification of ECG signals

using ResNet50 and MobileNetV2 architectures without any feature extraction. SAS diagnosis was
performed with 99.47% accuracy, 99.29% sensitivity, and 99.67% specificty by the ResNet50
architecture while 99.25%emsitivity, 99.51% sensitivity, and 98.99% specificty are achieved by the
MobileNetV2.

1. INTRODUCTION

Sleep Apnea Syndrome (Sleep Apnea Syndro®AS), defined as the blockage of air access to the
lungs as a result of complete (apnea) and/or temporarpghg) cessation of the upper respiratory
tract due to relaxation of the soft tissues during sleep and the negative pressure during breathing [1].
SAS is considered to be Obstructive (OSA), Central (CSA) or Complex (CompSA) depending on
whether the patiergxhibits respiratory effort [2, 3]. Standard criteria such as apnea index, hypopnea
index, apnea/hypopnea index and respiratory disorder index are evaluated for the diagnosis of SAS by
analyzing various signals such as respiration, electrocardiogram (E€Ié&froencephalogram,
electromyogram, oxygen saturation, pulse oximeter, chest and abdominal movements, collected by
Polysomnography (PSG) all night in the sleep laboratos].[Zomputer Aided Diagnosis (CAD)
systems for evaluating PSG recordingds@amposed in the literature. These systems are focused on
diagnosing recordings as having apnea/hypopnéd]Svhether they have OSA [4B)], and diagnosis
of apnea as OSA, CSA, or CompSA {2B]. Although single sensor such as pulse oximet&r, [B5],
respiration [8, 9, 16, 202], snorerelated sounds [10, 17], EEG [11, 18], or ms#nsors from the PSG
[12-14, 19] are utilized in these systems, the possibility of repeating the test as a result of the patient's
inability to sleep comfortably with mangensors elsewhere, besides the {tmesumption and
expensiveness of PSG process, leads to a search for alternative methods in diagnosis. Regardless of the
SAS type, decrement of oxygen and increment of carbondioxide rates in the blood cause variations in
the form and amplitude of ECG. Hence, CAD systems allowing SAS diagnosis by evaluating only the
ECG signals collected in the patientds own bed
literature [2330].

In this study, a CAD system for SAS diagiwusing ECG signals is designed and validated on the
PhysioNet Apned&CG database. This system defines SAS diagnosis-alaa<classification of ECG
signals using ResNet50 and MobileNetV2 architectures without any feature extraction. SAS diagnosis
was performed with 99.47% accuracy, 99.29% sensitivity, and 99.67% specificty by the ResNet50
architecture while 99.25% sensitivity, 99.51% sensitivity, and 98.99% specificty are achieved by the
MobileNetV2.

This paper is organized as follows: The utilizedatbase and methods are explained in the following
section. The experimental results are presented in Section 3 while the main conclusions are assigned in
Section 4.

2. MATERIALS AND METHODS
2.1. Database

The ApneeECG dataset, collected by Penzel et. al. [31]¢hviis publicly available at Physion2]
is used for the verification of the study in this paper. This database consists-b0-fiourlength
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singlelead ECG recordings of 70 subjects, 57 men and 13 women, whose weight ranges from 53 to 150
kg, betwea the ages of 27 and 63, collected during sleep and sampled at a frequency of 100 Hz. The
machinegenerated QRS annotations of the recordingd are also available in the database. Besides, 8 of
these 70 subjects have the accompanying respiration, oxygeatisstuoronasal airflow, chest and
abdominal respiratory effort signals. Each minute of the 35 ECG recordings are annoated by sleep
disorder experts as whether it contains apnea or not. The database also allows the diagnosis of subjects
as apnea, bordenk and normal, with the number of apneas (Apnea IidéX) and hypopneas
(Hypopnea Index HI) observed per hour.

2.2. ResNet50 Architecture

Residual Network (ResNet) architectures comprise of additional shortcut connections within the
residual blocks in ordeto solve the vanishing gradients and degradation problem [33]. Due to these
connections creating shortcut paths by skipping one or more layers, ResNet architectures are trained by
deeper networks. The ResNet50 architecture is a variant of ResNets ahkidi® IConvolution, one
Maximum Pool and one Average Pool layers.

2.3. MobileNetV2 Architecture

The MobileNetV2 architecture with an initial fully convolution layer with 32 filters followed by 19
bottleneck layers, built on a reversed residual architectureevtherconnections are made between
these bottleneck layers [34]. By using lightweight convolutions in the middle extention layer to filter
out the features resulted from the dmearity issue, the MobileNetV2 improves the performance of
MobileNets whichare small, lowatent, lowpower architectures.

3. EXPERIMENTAL STUDY

The apnea/not apnea annotated sihegel ECG signals of 35 subjects in the ApE€2G dataset are
used in this paper. The SAS diagnosis is realized bycls® classification scheme ugithe
MobileNetV2 and ResNet50 architectures trained by a randomly selected 80% of the data

Table 3: Train/test seperation of the data

Label Count Training Count | Testing Count
Apnea Data 31506 25205 6301
NotApnea Data 30208 2416 6042
Total 61714 49371 12343

Performance evaluation of this study is realized via the accuracy, sensitivity, and specificity metrics.
The mathematical definitions of these metrics are given in Eq. (1) where th&Y@itd§iOmh and"O0
are the numbers of true positives, true negatives, false positives, and false negatives, respectively.
YO
,‘96 “OU
YO,

"YQ¢ i Qo %—Q&w 1)
. Y0
Yi QH00E U éb

The values of these metrics achieved by the ResNet50 and MobileNetV2 architectures are given in
Table 2 while the confusion matrices constructed by these atcings@re presented in Table 3.

\\\\\
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Table 2: Performance evaluation of the architectures

Architecture | Accuracy | Sensitivity | Specificity | Training Time
ResNet50 99.47% 99.29% 99.67% 192 min 40 sec
MobileNetV2 99.25% 99.51% 98.99% 190 min 18 sec

Table 3: Confusion matrices constructed by the architectures

Architecture Confusion Matrix

Classified to
Apnea Not Apnea

6256 45
ResNets Ground | P2 | (99 20%) |  (0.71%)
Truth Not 20 6022
Apnea (0.33%) (99.67%)

Classified to
Apnea Not Apnea

: 6270 31
R Ground | AP | (9951%) |  (0.49%)
Truth Not 61 5981
Apnea (1.01%) (98.99%)

4. CONCLUSION

The SAS diagnosis using just a sintgad ECG signal instead of an ensemble of multiple signals
collected via the PSG, is studied in this paper. The feature extraction stage is not includegtlasd a 2
scheme for the classification stage is prtgd in the CAD system designed for this study. This means
not any features but the ECG signals themselves are introduced to the classification stage to decide
whether they have apnea or not. The classification is realized ustf@ddsossvalidation echnique
via the MobileNetV2 and ResNet50 architectuessl the diagnosis performance is measured by means
of accuracy, sensitivity, and specificity. Besides the achievement of about 99% accuracy, sensitivity,
and specificity, the ResNet50 architectisddund to be more specific in SAS diagnosis. This study is
a basic introductory analysis in which the ECG signals are determined as with apnea or not apnea. It is
planned to design a CAD system that can diagnose OSA, C&ApSAon the detected apnea wugin
apnea index, hypopnea index, and apnea/hypopnea fodes calculated by determining the total
number of apneic moments in the signals detected to be apnea and how long thods tasimemthe
future studies.
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ort am, i K stresi ki Ki czerinde negatif et ki ol ut
i nsanlarda ikKkten eve geldifji zamanda devam etm
yakamakt adeéer . Yamianehman bge -amagydraak ktigm gece ir
Akupresg¢r tekniji il e havlu kumakénén entegre
sunmuRkupres¢gr (akubasé), v¢egcudumuzda dol akan ye
bir épi nt etkni jidir. Bu teknik, veeocutt aki bazeée an
noktal ara dojru kKekilde basén- wuygulayarak, -exk
sojuk algénl éjé/grip vesoroumgluaarl @&urké gh w i kK eckainl dseé khe
bajl amda tasarl anan havl é& yapéda havlu ve paspa
hedef | eDofiakstéi rg.erej i bir t¢r akupunktur ve refl e
kend ni ze wuygul ayabilecejiniz noktalar sayesinde
Havl u tasarémlarénda yapeélacak y°ntem ile kiki b
ve kullanéceye rahatl atmasé ama-|lanméxkter.

Anahtar Keimelerr Ak upr es¢r Havl u, Baské

PROJE KAPSAMINDA

KI'k ol arak Pazar araktermasé yapél mék ve ger
konusu detayl & incelemelerde bulunul muk kire havl L
arakteéerma vyapél méxkteéer . Y¢zeyde verilmek i stenen
yapeél méktéer. Bu -al ékmalar ékéjénda y¢ksek hav
de vyararlanel arak belilrdrn deoxdmnuksgrapesreda warhiil
desenl erin tasarl anmasé sonrasé dokuma akKkamaseéns
Yé¢zeyde bulunan girintild yapé sayesinde kull an:t
olanhavl u tasarémlaré incelenmik ve projenin koni
ol ukumunda yer veril memi«ktir. Ev tekstilinde, h
il e kiki, buklelerin etkktini Daszébhirndkzlaét me Eélne

D¢z bir d¢gzleme bak koymaktan farkl é& bir konf
i -in anaokulu ve kreklerin zeminlerinde bu yape
azaltel mase@rsajl anme
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sajl anméxkt eéer. Kull aném alanlarée dejikebilir. El
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Géenegmegzde makine i malaténda bir-ok farkl e i mal:
bi ri side son yéllarda kull anémé hézla artan sg¢r
edil mesinde olduk-a verimli bir y°ntemdir. Ayn
araceéel éjeyla, d°nen t akengan -odkuakn uérsdéu jvue skearrtegknt nmee
i Kl emi yapél maktadeéer. Kklem sérasénda mal zemel er
y¢zden mal zemelerin i - yapélaréenda f ¢zyon kayn
metall emi nkafygpay éyl a kaynakl anmasénda g°r¢len m
kaynajé sayesinde en aza indirilerek ana mal zem
verimlilik s°2z konusu ol maktadér . p&8ktebhki kbeeadée
tercih edi |l mektedir. Bu -al eékmada, s¢é¢rténme k a
gel i kmel er °czetl enmi K Ve proses parametrelerin
iyil ektirmeler, optiimd tzemlyemil a s a wees i itde@mas gy rotng ng
sanayide daha yaygén kull anél maya baxklanméxkteéer.
Anahtar Kelimeler:S¢ rt ¢ nme Kar éxkt érma Kaynaj é, Al ¢minyum,

Friction Stir Welding
Abstract

KeyToday, many different manufacturing methods are imsethchine manufacturing. One of these
methods is friction stir welding. The use of friction stir welding has rapidly increased in recent years. It
is a very efficient method for welding of light metals. The welding process is made with the effect of heat
and mixing of the same or two different materials by means of a mixing tool, resulting from the friction
created by the rotating tool. During the process, the temperature of the materials remains below the
melting point. Therefore, there is not much chaimgthe internal structures of the materials compared

to fusion welding. The decrease in strength observed in welding some metals with fusion welding is
minimized by the friction stir welding, resulting in an efficiency reaching up to 90% of the stralugth v

of the base material. It is especially preferred when heat treated aluminum is desired to be welded. In
this study, friction stir welding is discussed in detail. Current developments are summarized and the
effects of the process parameters are examniAs a result, thanks to the improvements, optimizations,
and automation systems, friction stir welding has started to be used more widely in the industry.
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1.GKRKKk

S¢rtéenme kar ékt éirnrmabikralyenkatjiér i hanteasli|l eir- i n ger ekl i
tehli kel gazl arén dojaya sal énémé glbi ol ums u:
teknol oj i k bi r (Sikgh YAnHadue, Bifigh, t&ePon, 2022y Ayr éca di j er gc¢
kaynak y°ntemleriyle birl ektiril mesi m¢ mk ¢ n ol
mukavemet a-éeéséndan b¢gyéek problemlerl e kar kél akeé
Sajl adéjé y¢ksek ajjawasnaeynesxllende(Isemn kzod mayrn | ar da ol
kar kéméza -ék maktader . Haf i f metall erin yanénda
kull anél mamasé il e terC|h sebebi ol maktiaml@r . S¢r
yé¢zeyde yapélan i kKl em sonrasé sertlektirme ve mt
S¢rt¢nme kaynajée telaffuz edildijinde bir-ok y°
s¢e¢rteéenme kar éxkt ér ma giiaklrii yy %n tséemll eermedk| anrgank ¢ nargal.
i -lerinde farkleéelek g°stermektedirler. S¢rt¢énme
bahsetmek istedijimizde keki/l 16de go°sterildifiji
takk mén mal zemeye s¢rteéenmesi suretiyle a-€&ja -eéke
dejiktirilerek mukavemet artéeké saf¥aamasée g2e¢8)

Bas levhalar

~ civatalari -

kekiS¢rthegenkar @€kt ér ma kayvajléeamen 20H%) anmaseé

S¢rtéenme karéktérma kaynajénéen temelinde, kayne
geometriyle tasarl anmék, kaymsa&kiilrelreki nenaly gun |
kaynak edil ecek mal zemel er e s¢rteéenerek ol uktur
birlektiril mesi i K| éKomhanRajak, Rpgar, Menézése&kByviadian, 8020) g © r ¢ r
Met al i k mal zemelerin ©°zellikle hafif ol maséneén
magnezyum al akémlarénén birlexktiril mesini m¢ mk ¢,
birlektirme y°ntemleri ar aseénmet ad a ke | maalkz eardeglre r
sertlifji ve mukavemet dejerlerini modi fiye et me
i Kl emindeki i klem parametreleri mikro yapésal de
paraleldir. eKayaallai kukemanal an takem geometri si
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parametreler malzeme akéké ve kayné@Ma Fehg Kher i ni n 1
& Shen, 2018)

S¢rtéenme karéktérma kaynajé degkegk ésé girdisi \
ol ukumu asgar:. d¢zeyde tutabil mesi sebebiyle de
sajl amaktadeér . Birbirindehkfagkltegnme,ibyppaiknh aha
kalitede ol masénén temel nedeni s¢per difg¢gzyon
mal zemesi ve takéem tasarémé intermetalik tabak:
met all er tad ggégnmndcka bime bajén sajl anmaWan&aluaggs € nd an
2018)
S¢rtéenme kajrekitléa mhe X alyemvahal ar haricinde silindi
de m¢mkendeér . B°yl elikle havacéel ék ve uzay sana
t¢e¢pler ve kazanl ar mal zemeni n y¢ k sRkb antuikka vegmett d n
karéktéerma kaynajée y°ntemiyle y¢ksek dojrul uk ve
sebebi o Wamg Zhtioa&lHao, 2018)
S¢rtée¢nme karéexktérma kaynajé y°nteminin verimli
s¢rteée¢nme karéktérma kaynajé yapél mék ol up, bu
kaynak di ki kl eri nde muk av egonk kaynakptoses éeksamtrik bitmdis pi t e
el ektrik motoru taraféendan t ahr i {ouladetln2ely)i Sonuc
S¢rtéenme karéktérma kaynajénén verimlilif]i ar ack
s¢¢rtéenme kar ékterma kaynajénén yapél maséedeéer . Bu
dejerleri, gel eneksel gAndemeel gappéhanskls &k kbked:
Fat hi v e dRatkicgEbrahimkzadeh,darasati, & Teimouri, 2009 pt €é]J &€ - al ékmal ar
s u sojut mal é k a y ak prosesinde ger-ekl eken k a
g°r ¢l mektedir (ke I 2)

400

350

ESDO

-

= 250

:E: 200 /.7 aeemerertttt e Konvensiyonel SKK

_»'2 150 == s == Susogutmall SKK

g ———  Aua malzeme

_:Eamo

& 50

0

0 5 10 15 20

Uzama (%)

kekiSu 2s:ofjutmal é s¢rteéegnme kar é(dathtataha@20l®aynaj &€ muka

ma kaynafj

Bu- al ékma kapsaménda s¢grtegnme karéxkteéerm
eden par amet

S¢rté¢nme kar éktérma kaynajéna et ki
noktalar belirtil micktir.

2. AVANTAJ VE DEZAVANTAJLARI

S¢rt ¢ nuneérkma ékaynajé dijer gel eneksel kaynak y?°
mal zemede g°r¢l en hafif def ormasyon, yé¢ksek ve
magnezyum al akémlar éné eri meden karyunmalkd ragy aloir It @
kal der makt a ol up al ¢minyum ve magnezyum al akée

r
I
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yentemlerden biri ol maktader . Bu y¢zden havace
demi ryolu takémacél eéj é s ed&kktodkeiebu,iChehe& Xy,2928)é n ol a
Farkl e mal zemel erin f¢zyon kayinmtke rymenttaelmiky | eet kkia,
kaynajé sérasénda ésél dengeYugaadhdretald20J2E nda en a:

Kaynak b°|geS|n|n ésénmaseéeé, kaynak i -in kull anel
bajl edér . Her hangi bir sebeple kaynak b°l gesi nc
kaynak dlkiKinde -ekKi tli birl ekme hafraandharetn én me
al., 2022) Takémén kaynak esnasénda bilerek veya ka:
konuml aréna bajlé ol arak kaynak di ki(HadjiBddg,n bek]
Gaceb, & Cheniti, 2022) Takémén mal zemeye dal ma miktar énén

fazla oldujunda kaynak di{KkA kumar,i2022)muk avemeti azal

3. G NCEL GELKKMELER

Wei ve a(Wkiatdla222pa gt ékl ar e -al éeéxkmada, s¢ ekselnme ka
kaynak, ultrasoni k destekl] kaynak ve ésé borul a
¢- farklée ortam kartl arénda kaynak di ki ki ni i nc
i ki yanénda homoper beguttlundedalkidi 1 amelsli éltékl ar é a
yapélan kaynakta molek¢l Il erin hareketine yar émc
daj él emée g°zlemlenmicktir. Gel eneksel kaynak y©°n
kaynak bajlantésénén mukavemet ve uzamasénda art

Yaknesh v e(YaanedhSdngpathkamare& Sevvel, 2022)m gnezyum al akéeml ar
AZ91C aémaéeshlarp 6 mm kaléenl éktaki plakalar ¢zerl
pim ol mak ¢zere 2 farkl é& takémla kaynak parametr
vs. ) dejiktirile k baj | aenttea kyéanpénmé kkl aayr ndaékr .e kTsaeknéir
artmasé kaynak b gesinde hatalara sebep ol makl
é

re
° |
ve AZ91C al akémlaréenda kusursuz bir kaynak di ki K

i fade edi |l mi ktir

Cha ve a(ChaHbe & Zhang,022) AZ31 magnezyum al akeml ar éné
ile y¢ksek sécakl ekl arda g°siteeimdie el ekl gzer s,
s¢rteéenme karekteérma prosesi uygul amekl ardér . Ge
fazla azal mékt ér Kkl em sonrasénda y¢ksek a-él e
enuyguntem | i ol uKt ur mukt ur .

Kumar v e (Yakesk &umark&e Sevvel, 2022) 6 mm kal énl ékt aki bakée
l evhal arén s¢rteéegnme karékt érma kaynajé ile kayn
incelemi Kkl erdirge&méindsirn& &ahig pim takem il e
eksenel kuvvet ve 20 mm/dakd 5 mm/ dak il erl eme hézéna kadar de
sonucu 20 mm/ dakdédda el de etmicklerdir. Kaynak b
sbebi yle verimli bir birl exktirme ger-ekl ekmik v

%85, 386i ne karkél ek gelen 200,65 MPaél ek bir -el

Rani v e (Ram & Mishea k2022) - al ékmal arénda AA5083 ve AAG6
y°ntem ve haricinde SiC par-aceklare kull anar a
birlektirmiktir. 6 mm kaleéenléjéndaki plakalara
3mm derinlijinde frezeleme i K1 e mi il e kanal a- é
di nami k yeni den kristall ekme esnasénda tane b
bl gesinde ge-ikin tekrarlanmdsanéeyéaSit@neaktr
ver i mli Kekilde tamamlamék ol up bunl arénda neti c
Jogendr a v(éKmnarkMaqi;mdeﬂMoncéal&VermaZOZZ)yapteklaré -al éxk
il erl eme ve d°nme hézlarénén yanénda takeéem pim u
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ve sertlik dejeri gi bi mekani k °zelliklere ol an
s¢rteéenme  karjééktiélrena k kyaryant €l maséné i ncelemek ¢ze
kalitesini olukturan etkenl eri i ncelemek ¢zere b
bu kaynakta maksi mum kaynak veri mliln MdkaniRe9 1, 04
°zellikleri tahmin etmek ¢(zere regresyon denkl
sonu-lar karkélakteéeréldéjéenda -ekme mukavemet i nc
sajJl anmexteéer. Ayrécakyapagsaerdk® claykeabindec klayéda
yapméexkl ardeér

Sun ve a(funatdlal2022pnrAPA5083 ve AA2024 al ¢minyum al ak
|l evhal arén T bajlanté keklinde kaynat él maséneé b
ve Vy¢iksek il erl eme/ kaynak hézl arénda tg¢nel K ek
artteéeréeldéejenda hatanén azal dej é g°r¢|m¢Kt¢r. B L
ve ilerleme 204 0 mm/ d a k ol ar ak belirl enmiktir. aynak
mukavemetini °l-mek i-in yamétil adeje sthemd%B&@Qd
5083 |l evhanén %1180ine ulakeél mékteér .

Asadi v e (msadk Midaeik & Akbad, 2022) - al @dammamagpBrezyum al akém
takémé yardéméeyla s¢grtenme karéktérma kaynajévyl
EuleranLagr ange (CEL) y°ntemini kull anarak kaynajeéer
Sayeésal model sédaklrakamek kuvivet ejrilerini kul |
arakteéermak ¢zere kekil 3.0de g°r¢len farklée tip
kenar sayéséndaki arteéecx, kaynak beringae sbh dge spiin
geni Kl emesine, tane boyutunun bg¢y¢mesi ve mal zer
Boyuna wuzanan numunel erde en y¢ksek uzama ve - el
ver i ml.i bir kaynakda gebebm¢ikl gr altégen takeém

Section A-A Section B-B Section C-C Section D-D Section E-E
kekiKlar®ktérma °zell ikl er(Asadievad.,2022)lnen t akém geo

Kar ut ha yKeP.¥ Kdmar& BataBubramanian, 2022) f ar k1 € Al ve Mg al aKk:¢

sertlik elde etmek i-in ikleme parametrelerini

metodolojistme r k e z i kompozi't tasar @ména gere dej i Ker
yer et el mgkt ¢lrar éDedniekyk astoenual énarak i kKl em fakt©oryg
gel i ktirilmixktir. ANOVA regresyon model i ni doj |
yézdesini dejerl endirmek i-in kull amélnmé&k theerz.eé nEa
%28 ile d°nme héezeéna, %20 takém ejim a-éséna ve
Si ngh ve (3inghkkeaa. 262R)asgrt ¢nme kar éktérma kaynaj énd
il erl eme hézénén etkilerini i ncelemek ¢zere den
di zi si ve ANOVA analiz y°ntemleri:i kull anarak t
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AA6063 al akéml ar kull anél méektér. 6 mm kal énl éja sa

dev/dak d°nme hézlareée ile 25, 35 ve 45 mm/ dak |
Yapélan deney sonu-1I| ar éndmak arkiekm dé@ manei mié z&mtdtadk
Yapélan analizlerin deney sonu-1I|laréyla uygunl uj 1
parametrelerinin tahmin edilebil mesine yardeéemceée
Lu ve aflbuaa. @62Pl)arsg rt ¢nme kar éktérma kaynaj énda ot
dojrudan et kild/ ol dujunu g°z °n¢gnde bulundur ar ak
cretim model i ol ukturmuxkl ardeér . Anehi gbeptdt8 mpmt
JMat Pro teknol oji si kull anél arak AA2219 alakém
edi | mi ktir. |l sé ¢retim model i, DFLUX alt progr
aktareéelarak s¢rtegnme kegrd aksty®mma slkagyrmaajmE Ks gr e c iSr
deneyl erl e dojrul anmécxkteer.

Ni v e a (Nk bilg dhang,dvaag, & Yu,2022) 200 x 60 x 0,5 #6&G boyut
ultra ince | evhalarén sabit d°nme hézé [/ kaynak
incelemi kl erdir. Konvensi yonel s¢¢rteée¢nme kar ekt e
yéksekrhgmmé kar ekt érma kaynajénda ise 8000 dev/
°nce yapeélan -alékmalarda ince | evhalar i-in pi
ul akmayé sajlayacajé d¢kenegl dejiansi zi i Al $lakid@Ind s-
Y¢ksek il erl eme ve devir héezl é kaynakta maksi mu
yé¢ksek sécakléeja maruz kal ma s¢resi daha késa
konvensiyonele g°resofdama geérzi ékIléskemerkat evdd r . Ka
incelendijinde y¢ksek hézl e kaynakta daha homoj ¢
Deney sonu-I|laréna bakéldéjéenda kekil 46te g°r ¢
kaymamékavemet dejeri daha tyd k sauktaivie.me%8 7 ed rdaen é&i

kekiFar4k:l ¢ hézl arda yapeéel an(Niletay, 80X numunel eri t

4. UYGULAMALAR

kekil 5. a6da basén-1 & kazan ve silindirlerin ku
sajlam kaynak bajlantélaré olukturul muk olup ve
2018) kekil 5. bdde FOa&aAl-cional9awkw®rkerntérrn akaewreajee n drea |
kaynajé kull anél mékteéer (Sergeeva, 2013). kekil !
bil eken bajlantélarénda kull anél maséyl a otomat.|
20kea daha hézl é birlexktirme sajlandéejée belirtil mi
kaynajé kullanélarak imal edilen tank g°r ¢l mekt e
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