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ESP-32 MICROCONTROLLER BASED TELEMTERIC AND LOSLESS SURFACE
ELECTROMYOGRAPHY SYSTEM DEVELOPMENT

Ms.Fatma Nur KAPLAN 1, Mr.Mustafa Can OZKUL 2,Ms. Elif Bengii NALBANT 3,
Reasear ch Assi s%Assistant RrofesdoraOnhan EkdenKHABERAL®

'Bakkent University, Biomedical Engineeri ng
Bakkent University, Bi onmustafacaadzkulBE@gnmaih@mmr i n g

SBakkent University, Bi onbedduwadnt@gBmaddomeer i ng

“Bakkent University, Bi omedi cal Engineerin
SBakkent University, Bi omedi cal Engineering
ABSTRACT

In the analysis of Surface ElectromyograpbgNIG) data, uninterrupted signal acquisition is
critical for accurate interpretation of muscle activity. However, existing systems are either
wired restricting user mobility or wireless but prohibitively expensive. This creates a
significant limitation especially in applications such as sports monitoring, patient rehabilitation

or research where continuous and remote data acquisition is required. To address this gap, this
study presents the design and implementation of aeffesttive, portable, and rkargeable

SEMG telemetry system. The system is built around the ESP32 microcontroller, a low cost and
highly integrated platform that supports ¥Wibased communication protocols. In this study,

the ESPNOW protocol is utilized, which enables direct devio-device communication at the

MAC layer, minimizing latency and communication overhead compared to traditioral Wi
methods. The system acquires analog SEMG signals with AD8232 biosensor module through
a high Common Mode Rejection Ratio (CMRR) such@® decibell(dB) analog froregnd and
converts them into digital data for transmission. The transmitted data consists-eétiase

voltage samples representing muscle activity. The communication range of the system depends
on environmental conditionsubtypically extends up to 100 meters in indoor environments and
longer distances like 400 meters in open areas. The system is poweredPy bdtiery and
includes an integrated TP4056 charging circuit, ensuring portability and independence from
mainsp owe r sources. Il n this study, the term i
continuity during transmission, meaning that the acquired sEMG data is transmitted without

packet loss or temporal distortion. When transmitter and receiver discororactdch other


mailto:mustafacanozkul14@gmail.com
mailto:ebengunalbant@gmail.com

AFRI CAhRNOERNATI ONAL CONFERENCE ON SCIENTI FI C RESEAF
May 7371, T12QA26RO
| SBN SRB2-7 A5

because of various reasons, system save the data during disconnection. After reconnecting has
been done transmitter sends the data in memory which has been recorded during disconnection
to receiver. This is particularly important becausg iaterruption or loss in the signal flow

can significantly complicate signal analysis and reduce the reliability of muscle activity
interpretation. At this stage, the system has been successfully implemented, and its functional
operation has been verifiedDetailed experimental validation and quantitative performance
analysis are planned as future work. In conclusion, this project provides-eo$bvand
rechargeable sEMG telemetry solution that eliminates the limitations of wired systems while
maintainirg signal continuity. The proposed system has strong potential for use in sports
science, remote patient monitoring, rehabilitation processes, and educational or experimental

biomedical applications.

Keywords : Electromyography, Losless Data TransmissioriMicrocontrollers
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GENETKK ALGORKTMA VE GRK KURT OPTKMKZASYONU
ARA¢ kARJ KSTASYONLARININ OPTKMUM YERLEKKMK
Y¥NETKMK

Dr. ¥jJr. lyesi, ! Beytmilhl N RENCAMAK 2
DiizceUniversitesi, Diizce Meslek Yiiksekokulu, beytullahbozali@duzce.edDRCID 1D
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2Diizce Universitesi, Mithendislik Fakiiltesi, semih234986@ogr.duzce.edu.tr, Orcid IB: 0009
000424224452
2Diizce Universitesi, Miihendislik Fakiiltesi, timudZ27@ogr.duzce.edu.tr, Orcid ID: 0609
000175419119

OZET

El ektri kI ara-|l arén sayésé her ge-en g¢n
pl anl anmasé gerektijini °neml i bir konu hal:
Kebekel erinde olukabilecek y¢k artéxke, dojr
abilir. Bu -al ékmada, elektrikli ara- «kar|
e enerjinin naséeél y°netil ecejné balrdrn &k e D &:
niversitesi kamp¢s -evresi ile D¢gzce | niver
e-i |l mi ktir. Ama - , i stasyonlaré kull anécél a
y
[0}

€ zamanda enerji tecketrimdgpk odeepgéeli r. t Buap
n Genetik Algoritma (GA) ve Gri Kur t Opt
teml er kull ané-Mmarnséral gkrkt masemadbae Hr a-
uju b°l gel er belnruggmektistasybonn&ogmkea
< neci akamada ise bu istasyonlar i-in g¢n i
24 saatlik bir karj plané olukturul maktadeér.
sénér | aamen-éalakukmardak i kKl et me maliyetl erinde vy:
ol duju belirlenmicktir. Ayné zamanda, Kebeke
dengel endi Ji go°r ¢l mektedir. Y°ntemler kar kK é
bakgén a daha hézlé sonu- vermektedir. Genet
-%z¢emloer crettigi g%zl emlendi . Genel ol ar a
yakl akémén hem yatéreéemcélar hem de kKed-ekdkan kK
avantajlé bir -°2z¢m sunmakta ol duju s°yleneb

- QQ 5 T 35

Anahtar Kelimeler: EI1 ekt r i k1 i Ara-1I|ar, kar j Kstasyonu
Fiyatl andeér ma, Geneti k Al goritma, Gr i Kurt O
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OPTIMUM PLACEMENT AND DYNAMIC ENERGY MANAGEMENT OF
ELECTRIC VEHICLE CHARGING STATIONS USING GENETIC ALGORITHM
AND GRAY WOLF OPTIMIZATION

ABSTRACT

The number of electric vehicles is increasing every day. This makes the planning of charging
infrastructure a crucial issue. In particular, theréase in load on distribution networks within
cities can lead to serious problems if proper planning is not dbigestudy addresses both the
optimal location for electric vehicle charging stations and how to manage energy consumption.
The Dizce Univery campus and the area surrounding the Duzce University Research and
Application Hospital have been selected as the application area. The aim is to place the stations
in easily accessible locations while maintaining balanced energy consumption andgeducin
costs.To solve this problem, naturaspired methods such as Genetic Algorithms (GA) and
Gray Wolf Optimization (GWO) were used. In the first stage, thddans algorithm is used

to identify areas with high vehicle traffic and to determine the mosildeitharging station
locations accordingly. In the second stage,-A@4r charging plan is created for these stations,
considering the variable electricity tariffs throughout the édagording to the results obtained,

both methods operate without exciegdnetwork limits, resulting in a reduction in operating
costs of approximately 30%. Simultaneously, sudden increases in network load are significantly
mitigated. When comparing the methods, the Gray Wolf Optimization yields faster initial
results. The Geetic Algorithm, however, was observed to produce more stable and consistent
solutions. Overall, the study concludes that this proposed approach offers a viable and
economically advantageous solution for both investors and network operators.

Keywords: Eledric Vehicles, Charging Station Placement, Energy Management, Dynamic
Pricing, Genetic Algorithms, Grey Wolf Optimization.

1. GKRKK

K¢resel é€sénma, sera gazeé emisyonlaréenén ar i
durum ubkektérpadeki paradigmal arée dej i ktirm
hezl andérmayé zorunlu kél maktadeéer (Il nternat:.i
k¢resel °] -ekte héezla yaygénl akmasé, Karj al
EA sayésé ve sateéexklardaki artéka paral el ol
arték g°zlemlenmektedir (Al sharifi, 2025). B
2 ve heéezl é karj) ile altyapeexkictzlgenhe@dirji ini na lke
EAG6Il arén el ektrik kebekesi il e entegrasyonun
a-eéeséendan °nemli teknik etkiler olukturduju
yéllarda hgayegembliakmakal dakl| ade. Bunun neden
azal mase Ve ser a gazeée emi syonl ar éneén -evr e
bul unmaktadeér . Bu dur umda, ul akémeén daha sy
getirmektedir.Do | a l olarak bu d°n¢kegm sadece ul akeéen
pl anlamaséné da etkileyen daha genik bir d e

4
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et mektedirler (Ahmad et al ., 2022; Hal | &
entegp Syonu yeni zorl ukl aré da ortaya -ékmakt
dal gal anmal ar &, g¢- kayéplarée ve sistem kare
al.,, 2014; ClemeANy ns et al . , k @2mtlr0gl. s ¢EzA 0K ealduglmdnela kK a r j

sorunl ar daha da artar. Ayné anda -o0ok saye
probl emlere yol a-abilir. Bu durumda da gg¢-
azal maya ve genel Ssi st em ver iunfade etmgktedirlern et k
(ClemeniNyns etal.2 0 1 0) . Hezl & «kar | i stasyonl aréeneén s
sajl amayabilir. Bazé durumlarda kKebeke ¢zeri
ol umsuz et ki |l edi ] i Dharmakeérthidet al.,e20)she k Ba d inreldeern | €
s¢re-lerinin belirli bir d¢zen i -inde y°net
oldukgca Oonemli hale gelmektedE AO| s mggénl akmaseéyla birlikte
nerel ere kur ulracchaljem doal aayarké khairrk égméza - ék mak
konuml andér el masé hem kull anéceéelar i -in erik«k
kayéplaré arteéerabilir (Liu et al ., 2013) .
Kull anegmgmeéaki °neml i engel |l erden biri ol a
i stasyonlarén yer se-iminde sadece tekni k d
birlikte dejerlendirilmelidir (Chen et al .,
ver medi j i g°zl enmektedir. ¥zelli kle -o0k Kri
yakl akéemlara iht-sgagi daulyubptyomi zavseytan al gor
-ékmaktadeéer . Geneti k algoritma (GA), igenicKk
nedeniyle bu t¢r problemlerde sék-a tercih e
Dojadan esinlenen bir y°ntem ol an Gri Kur t

-ekmektedir. GWO az sayéda paramzedlrleiyjei iihlt e yj
hal e getiriyor (Faris et al ., 2018) . Gel i K
a-éséndan daha bakar el & s onu--{Shahrakietah 80@%).u nu i
EA Karj i stasyonl aeé@&nédmnrydadreldediemi ngeéemeglelnieknle g
bir probleme sahiptir. Maliyet, erixkilebilir
anda dejerlendiril mesi gerekmekte ol dujunu i
Bunedenle GAils ¢ r ¢ zek©sé tabanlé y°ntemlerin birl
A sonu-1| ar verebiliyor. Ayréca ANo Free L
algoritmanén her problemde en iyi sonucu ver
segmi cok onemlidir (Wolpert & Macready, 1997).

Literatg¢rde bu konuyla i1 gildi bir-ok -al é&km:
-ekmektedirler. ¥zellikle dinamik enerji y®©°n
-al eékxmaléaroélndukaywesséener |l édeéer . Ger-ek zamanl e
kull anécé davranéklarénén ayné model i -inde
(Demiryirek et al., 2025; Bozali et al., 2026).

Bu -al é@ékma, el eknlrakénémryer IkaKkij mii suasgnerji
el e alarak Iiterat¢re daha wuygulanabilir bi
optimizasyon modeli olukturul mamék, ayné zam
tarifeleri(t TOU) ve kKebeke késétl aré gi bi ger -ek ya
Ayréca ani y¢k arteklaréné sénérl andér mak i
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mekani zmasé sayesinde sistemin yalsnéénzdcaan ndaal i
daha ger - ek-i sonu-1ar cret mesi hedefl enmi K
mi ni mizasyonu -al ékmal aréndan ayreéel arak pr at
ortaya koymaktadeéer.

¢al ékmanén bir di J er n°niekml i a kkaamakléés eéh iibsrei tprk
al enmaseédér-Mekinls adk@gmada mdsé kull anél arak ket
ayrél mék ve b°ylece yer se-imi probl emi daha
Kkinci akadialdani e epdiemeze edil mik aj yapeés
ve Gri Kur t Optimizasyonu ( GWO) kull anél ar a
yakl akém, optimizasyon sg¢recindeki arama uz.
kaliteli- © z ¢ ml er ¢retmesine katkeée sajl améexkter.
Sonug olarak 6nerilen yontem, mekansal kararlar ile zamansal enerji yonetimi sireclerini
birbirinden ayérarak hesaplama y¢kegneg azal tn
hem i1 stasyon Kkonudnlmaardiek mans ér jhie my ®dreet i mi a -
s¢rdegre¢glebilir ve ger-ek hayatta uygul anabil

2. MATERYAL VE YONTEM

Bu bel ¢mde, -al eékmada kull anél an ver.i set
optimizasyory ° nt eml eri el e al eénmaktadeér . EA kKarj [
probleminin -°z¢m¢nde izl enen adeémlar bu b©°
mat emati ksel temeli, ama- fonksiyonu yapéseé
Yer se- i mi probl emi nin dah a-Mearssdkignelénie yontena | e g ¢
kull anél makt ader . Daha sonra el de edilen yap
Opti mi zasyonu ( GWO) optimizasyon et et emlBeur i

yakl akémlar sayesinde hem problem daha y°net
daha dengeli ve etkin sonu-1lar elde edil mesi

2.1. Problemin Matematiksel Modeli

Bu -alékmada EA «kKkar|j i stasyonu i Kl et mesi i -
i -eren tek hedefe (topl am mabljectiyeghireagrcorivexdi r ger
(dékb¢key ol mayan) fonksiyondur .caKa(rlarrnedejni t

saat) Kar j i stasyonunun kKebekeden -ekrecef] i
Denklem (1) o6deki gi bi tanémlanabilir.
P=ER.B.R..R, 1)

Denklem (1)deyerala® k ar ar vektor¢sder . Bu vekt°or bir
boyunca kKebekeden -ekeceji g¢- Semvektéethie r i ni n
GA ve GWO il e karkélakteéermal é ol arak opti miz

2.1.1. Amag Fonksiyonu Mimarisinin Belirlenmesi

Probl emin ana ama- fonksiyonu, I K|l et meci o=
zamanda kKebeke dengesgiarianvea kadltléannaé cad ntaaylée bhie
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Denklem (2)06de formgl e ediZ(_ﬁ)fomka;iyionu,.modBImnklem
mi ni mi ze et meye -alexkteje toplam M@glLiyeti
hesapl anacak parasal e 1ICg. ). ) Kk e bfeakteu r @z @r igniddeekrii
dal gal anmal aréné ©°nl emek amacéeyx],asearklaemen s

géenl ¢k batarya hedefl erinin karkél anamamaseé
temsil etmektedir.

Man(P) = Cfatura( F) +Q<ararlé | (éla € (ca (2)
2.1.1.1. Elektrik Faturaseé

karj altyapésé ikletmecisinin katlandéjé ana
elektri k tarifesinin (Fiyat) -arpemedeér . Za
formg¢gl e edi |l mektedir. Denkl|l em ktédB JDarabe & f at ur

Ferdowsi, 2011; Hall & Lutsey, 2020).

Denklem (3)'tePi | gi | i i se 0o saatin g¢ncel di nami k
ifade etmektedir.

e 24 .
Cfatura = a t:l(R* Flyatt) (3)
Denkl em Rdgjoideke ni saatteki h atrsaatenistasyongn, ¢ ¢ @
i htiya- duyduju ortalama g¢- miktarénée kW ci
d°nemlerinde fiyatéeéen ucuzl amasé i -in -%z¢m

secmektedir

2.1.1.2. Yuk Dengeleme ve Trafo Omrii
Ejer sistem tamamen faturaya odakl anél ér sa,

yejéelér ve kKebekede "Yapay Pi k" ol ukur. Bu
G¢- dejikimini jepomekaembdbkri qumdaati k (kar esce
Denklem (4)'te kararl el ek maliyet: f obr m¢ | ¢
kat sayéseé gg¢- teketiminin tepe noktal ara -
yayél maséné tekvi k eden kar ePéitadesiisd yilksek giz a aj &
-ekiminin faturaséné algoebtmadbakakl| aganpka
o 24

Ckararlé | é:kb* a t=1 P2 (4)

2.1.1.3. Kullanéceée Talebi Penalté Fonksiyonu
Ul akél amaz késeéetlaré bertaraf etmek ve EA Kk
Eeei€ ksi ksi z karkélanmaséné sajlamak i -in bir
Function Method", sapma ol masé halinde ama-

Denklem (5)'te yer alan ceza fonksiyonunda:d e J i K k e ni kaél sgéotr iktunmraanl é na r .
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et mesi durumunda o -°z¢m¢g direkt i ptal eden
>, hedeflenen enerjiden sapma miktaréna uygu
Eewt!l S€ 0 g¢n i stasyona bajlanan ara-1|lareéen t
gostermektedilli se sayésal hassasiyet toleranseéneée if
o 24

Cceza:Ksbt -b/*Ehedef a.tzlptEI e|r I-|'|a?aceza0 (5)

2.1. 2. Fizi ksel Sistem Késétl ar e

Modelin ger-eklije uymaseé 1i-in anl ek «kKebeke

Kurul an fiziksel késéetta, sisthRmamj-eledislyoc
besl eyen altyapé trafpasunesi makgsiemsiml| f iez imkeke

ol masé ise Iistasyondan kKebekeye geri g¢- ake
0¢P ¢, t{L23..2k (6)

kar | i stasyonu eksi g¢- -ekememektedir (V2G
fiziksel maksi mum (g¢- Slkkagasiett esalngorak anmad ar
edebilecek genler/noktalar Uretebilir. Boyle bir durumda hedef enerjiyi Denkigide (

veril mektedirPY peakdletrme 7i)Oldemi sonrasé el de
dejerini if®Ygaleqoneiktt mané&n il k akamada rast
dejerini i fade eB.ptekrtieiimi.n Feogkn¢ |l dejkdar | er t oj
edilen oran ise eksik veyalkeséedngecamanbggceé a
2 . E

a I:)(t)yeni = Ehedef Y P(t) esk.ik(24h¢) (7)

= ap(i)eski

i=1

2. 1. 3. Kst asMeans Enfegrasyomu v e K

Optimizasyonun 1. evresinde, cojrafi al an i -
tesis altyapée maliyeti en ucuz kon#minar & b
tasarl anan skorl ama fonksiyonundNMormMaligey | & k (
dengel. ol arak birlextirilmektedir. Sbpnkl em
dej eri dejerlendirilen aday i stasyonun uygur

ol masé hedefl enm&Rt edemk( e | &t) daleki a2 dbnun
ol an uzakl éeéj éeéna v ewti dsins %6Wr JUlékmuan uenr | g kk© nvsea
veril en %4 0" | ék ajerl eje g ° s NermMesake thedefi r . A

mer kezin m¢kt er i |Nomblaliyell iasne nteessaifse sy anti éar,ém b e d
edi | i ar(@éna -ekilmik) hallerini g°ster mekt
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Skog = w* NormMesafe + ¥  NormMaliyt (8)

Denkl em w80 .06lekmxmreuni yet. v e%bkvws@. 4meys atf ery e
mal i yetine %40 ajérl ek verilerek optimum d¢j
2. 2. El ektri kIl Ar a - kar j Kstasyonl aréenén
Optimizasyon Al goritmal ar e

El ektri kil $t agsywoenlkargnén en uygun kKekil de kon
etkin bi-imde yapélabil mesi ama-|lanmékteéer. B
Geneti k Algoritma (GA) ve Gri Kurt Optimizas

2.21. Genetik Algoritma

Doj al se-ilim ve evrim kurallaréné temel al a
daha i1iyi jenerasyonlar ¢reten iteratif s¢re-
popiilasyon icindeki her birey (kromozon® karar vektériiniin aday bir temsilidir. Denklem

(9) ve (10)"da GA evrimsel gel i Ki mi séraseéend
ve (10)'dakiXprveXp2, ° nceki d°ng¢den gelen Ebeviyn 1 v
leXcilei se birlexkim ile yeni cretilen -ocuk krc
(10)"'daki U dejikkeni, -aprazlama oranéné be

sayésal ajérléekter (Deb, 1999).

XCl =a Xpl -(1 '@ sz (9)
X,=aX, € 9X, (10)
GA i kKlem akékeéne g°stermekte ol duju diyagram
Tagla
Baslangig
Popiilasyonunu
Olustur
Bireylerin Eski
Uygunluk popiilasyonun
(Fitness) yerine yeni
Dederlerini popiilasyonu
Hesapla gerir

l

. Caprazlama Mutasyon
Secim .
i (selecton): (Crossover): (Mutation):
En yj(;nzurlmf —fuit: ayr— Pfec ,U_: + Ebeveynlerden + Rastgele gen
Daindiir ve Bitir Yen nesilicin . .
yeni yavrular dedisiklikleri
ebeveynleri seg .
liret uygula
G°rsel 1. GA ikKlem akék Kemaseé
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2.2.2. Gri Kurt Optimizasyonu

GriKurtOpt i mi zasyonu, dojadaki kurt s¢greéeglerinion
al goritmasédér (Mirjalil i olarak (ea lyi.optimunOchzdn . En
adayeée) belirler. H)i ywea apintdmgkiedir(sS@ranédnsgeriyd kalanBe t a
-ojunluju Omega (v¥) ol arak tanéemlaneér ve Yyl

Kekil de aven (hedef opti muXihin)t eeatarsayfoenn éa nsLanrdre
Beta ve Delta Ijiédneér IDeerniknlee no I(alnl )u zialkel & ar t ar
ger-eklektirmek denkl eml er. veril mi ktir. Der

tabané kurul maktadér ( Mbadiedliicklkie neit saélr.a d a2n0 1b4i
Il i der i ol an Al fa kurx® Ala liderinia mevogt uzay kodumunwe, a k | € ]

X(t) ise kurdun kendi giincel konumunu gostermektedir. Formiildekie k t ©r ¢ avén r &

hareket similasyonunuy ve kt °r ¢ i se hedefe dojrudan sal d:é
yetenekl!| eri araseéendaki kat sayéyeé belirl emekt

i zer e v einmyeni karar atreshise. ile ifade edilmektedir.

D, =|C* X9 -X(} (11)
X, = X_(f) -A* D, (12)
Mesafeler BetaD,ve Delta D,1 i der | er i i -1 n hesapl andékt an
iterasyondakit+l t a h mi ni adresi, bu y°%°neticilerin bi
noktasédeér . Denkl em (13})+1)t ei,t erfazs¢yno naddaa ygéi ndéenc

uzay konumuolarx (t+1)hes apl anmakt adér . XD Betak/veDeltak,1 3) ' t e
l'iderlerinin ¢-¢negn daedsadlladiefién ymat e mpetnil ke

al eénmaséyl a ni hai kararén verilmesini temsi/l
X(t+y)= 212D (13)

Matri sal b¢eyekl ¢kl er ol ar ak tanéml anan ras
algoritmag nda kexki f (exploration) ve s°m¢gr ¢ (ex
kurul maséné sajlamaktadeér. Bu vekt©orler say
yapél abil mekte hem de umut vadeden b°l gel e
GWOO ntunr ev  bil gi si gerektirmeyen ve g°rece
algoritmanén -°z¢:;m uzayéndaki deji ki ml ere he

kekif kapasitesinin sénérl é& ol masé eaesamayl e
(premature convergence) ri skine daha a-éek ol
2018) . Gr i Kurt Opti mi zasyonu ( GWO) al gor it
czerinde sistemati k bir kKekGfdsePzedbtdensmurub

10
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—

Gri Kurt
Poplillaswornurmnu
iy Ilkklendir

1

A, A wve C velktSr
parametrelerimni
dilklernclir

1

Her bir kkurdumn
i uary Lok
(Fitmness)

degerimni haesapla

1

Popllaswonrncdaki
ery iwi = kurdcdu
belirle:
Alpha (a), Beta
B2, Delta (52

1

Maksim um
iterasvona
ulasildl Mm@

Ewvet Hawir \
L -

Tom kurtlarim
pPo=isyonlacrim
xt, B we S'wa
=Z=Eore gsldancelle

1

&, A owe O
PpParametrelerinmni
Titeraswyvorna Sore

=Earncelle

1

Kurtlaumim arauamnma
uzZasuwl simarlare
icinmnde
kalmasimnt sadgla

1

Tlhm kurtlarnm
werti uwsunmnluk
dedgerlerimi
hesapla

. /

Eger daha iwvisi
warsa Alpha,
Baeta we Deltawa
sldncelle

Ern lyi CS=lmia
CAalpha — <a)
Donadiar we Bitic

Gorsel 2GWOi Kkl em akék kKemasé

3. SONU¢CLAR VE DEJERLENDKRME

Bu bel ¢ mde, °neril en be¢etenl eki k pl anl ama y
performanseée, ger-ek verdiejjeerdeayalia idem xrtyal.arl
l'niversitesi Kamp¢s Al ané ve Araktérma Hast
di kkate al énarak bir model olukturul muk ve a
yeéer et el megkt gor

Geliktirilen model, MATLAB ortaménda 80 kar e
250 iterasyon SEéneér é alténda test edi | mi &
g%zl emleyebil mek i-in 10 ve 20 i stasgyannl u se
durumlar incelenmixktir

11



AFRI CAhNOERNATI ONAL CONFERENCE ON SCIENTIFI C RESEAF
May 131, 12A216R O
I SBN SRB2-F7 A5

3.1. ¢al ékma Al ané ve Veri Seti Oluxkturul mas
¢al ékmaneéen veri seti ol uktur mak i -in, D¢ zc
i niversitesi Araktérma ve Uygus$ amial HiawstiamesC
Bil gi Sisteml eri (CBS/ GI'S) wverileri kul | anél
Araktérma ve Uygul ama Hastanesi -evresi pot .
Kurulum noktalaré ve yo]jDprto& bpbAlgefteriedviel k
ve D¢zce [ niversitesi Araktérma ve Uygul ama
Kar j i stasyonu konumlaré g°rselleri G°rsel 3

Gorsel 3Duizce Universitesi Kamplis Cevresi ve Diizce UnivelisitesAr akt ér ma ve Uygu
Hastanesi ¢evresine Kurul masé Planlanan E,
G°rsel 36te farkle renklerle (mavi, yexil, k
optimizasyon algoritmaseémhangnrpkanmkeanan DbD$Bat
(S«S) temsil etmektedir. Bu konumlara ait yak
i stasyonu bilgileri ¢izelge 106de sunul makt ad
Cizelge1El ekt ri k karj istasyonuj &rolneurml ar & ve yakl ak:@
No | X Koordinat| Y Koordinat| Maliyet (TL)
(Boylam) (Enlem)
1 31.17327 40.90532 2,615,820
2 31.17467 40.90416 3,095,117
3 31.17449 40.90349 3,236,717
4 31.17449 40.90286 2,278,033
5 31.17509 40.90233 3,156,603
6 31.1757 40.90327 3,380,186
7 31.17571 40.90462 3,044,114
8 31.17805 40.90567 2,829,535
9 31.17891 40.90612 3,317,168
10 31.18006 40.90532 3,794,124
11 31.18027 40.90503 2,687,362

12
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12 31.18062 40.90471 3,715,256

13 31.18126 40.90527 2,587,958

14 31.18107 40.906 2,775,955

15 31.18215 40.90558 2,971,794

16 31.18139 40.90642 2,633,894

17 31.18279 40.90585 3,370,848

18 31.18371 40.90691 2,327,648

19 31.18432 40.90775 2,280,465

20 31.18534 40.90532 2,389,824

21 31.18581 40.90667 3,572,110

22 31.18618 40.90603 2,015,964

23 31.18554 40.90452 2,918,325

24 31.18262 40.90401 3,638,072

25 31.18215 40.90269 2,858,406

26 31.17877 40.90224 3,146,850

27 31.17863 40.90174 2,296,702

28 31.17415 40.90587 3,657,369

29 31.177813 40.902116 2,389,824

30 31.175434 40.904812 3,572,110
¢i zelge 106de, pil ot b°l ge ol arak se-ilen Dg
''niversitesi Araktérma ve Uygul ama Hastanesi
Kkonumlaré ve bu istasayomiadriayeadilter yalsluawé kma k
tahminl eri farkl e beol °czelli klerine g°re
(Bozali et al., 2026).
3.2. Yakéeénsama Perforimansé ve Stabilite Anal
Al goritmal arde] pelténodmamedaéen °nemli ©°1 - ¢t

e
fonksiyonunu ne °1-¢,de heéezleée ve kar
G°rsel 40te GA ve GWO y°ntemlerini

mal i yet
bajl amda,

yakénsvarnaan édkal ar € kar kel aktérmal e ol arak veril
%x10* i
2.55 10 T Yaklnla?‘ma (Convelrgence) T 98“04 Yakinlasma (Convergence)
- iGA - T T T T
245
% 2.4
2
=235
2.3
225
2.2 L L L L | 1 1 X )
50 100 150 200 250 0 50 100 150 200 250
lterasyon Iterasyon
G°rsel 4 . 10 ve 20 istasyonlu senaryolar i-in C

sergilediji yakénsama grafifji

13
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3.2.1. Erken Safha ve Héezl é D¢Kg¢K

GWO, i der odakl e hiyerarkik yapésé sayesin
°czellikle [ ¢ I terasyonl arda belirgin bir
fonksiyonunda keskin bir d¢k¢k sajl amakénandar
etkisiyle -°z¢m uzayéné daha genik kapsaml &
kararl & ve p¢rézseéz bir azal ma ejrisi il e

Macready, 1997).

3.2.2. Gelikim B°lgesi
Kt erasyohO®6ageeEnace éabk0Oé p 250 sénéeréna yakl akt ék-

nedeniyle yerel opti mumlara (Il ocal trap) t a
-aprazlama ve gen aktarémé mekanizmal arénén
tuzaklardark a - énabi | mekte ve il erleyen iterasyonl a
keyasla daha ¢ste¢egn performans sergileyebil me
3.3. Zaman Bajémlé (TOU) Batarya ¢izel gel eme
Model in temel amac é, t opl am ekeézenjndeki enaVvei y et |
yé¢ksek talep deji kimlerini dengel emektir. Al
G°rsel 56te sunulan -éktélardan a-ék-a izl e
yéksek seviyd¥e: W0 akxadd@f caslyd dY0&@énl ar én ener ji
azalteéel mékteér. Buna karkel ek, birim elfektrik

05:00) Kar j kapasitesinin b¢yeék °]1 - ¢de k u!
i ncelendijindeWDdeml &GAr hemaldar &nén y¢k profil
tutarak talep ejrisini daha dengeld] bir vyapé
dilimlerinde y ¢ k kaydér ma (Il oad shifting)
anl akél maktadeéer .

GWO Optimum Sarj Plani - 10 Istasyon (530.0 kWh) ﬂ

i I Enerji (kW) i
60 = = Limit

——————————————— Fiyat (Temsili) |-
50 F 7

ONTL2 HH A D3,00NLD» 000 OO AR
Saat
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@)

GWO Optimum Sarj Plani - 20 Istasyon (1060.0 kWh)

| | Enerji (kW) | |
120 = = Limit
e e e e e e et e e | o | e Fiyat (Temisili) |
100 |+ -
80
2
60
40
i ‘ ‘ ‘ ‘ ‘
a
OANDLD X oA D000 000 22PN P
Saat
(b)
GA Optimum Sarj Plani - 10 Istasyon (530.0 kWh) a
| | | Enerji (kW) |
60 = = Limit
[ e | e e | o | e Fiyat (Temsili) |
m = #+ # + # + # + # + # + #+ + + # + # + & + # + o -

QN DD XD oA D 20NIDE00A QRN 2
Saat
(c)
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GA Optimum Sarj Plani - 20 Istasyon (1060.0 kWh) ﬂ

L bbb L | Enerji (kW)
120 = = Limit
——————————————— e iy at {Temsili) |-

ODNAD XD 01D 2.0ND D000 DR (LD
Saat

(d)
Go°rsel 5. Farkle istasyon sayélareé i-in elde edi
GWO 20 istasyon, ¢) GA 10 istasyon, d) GA 20 istasyon

34Kstasyon Sayéséna Bajl é Yerlekim Geni kKl eme
Analizi

Gr i Kurt Optimizasyonu ( GWO), hesapl ama s¢r e
avantajé sunmaséna rajmen, y¢ksek (peetnauned ar t s
convergence) ejil i mi nedeniyle -°9z¢m kararl é

(ClementNyns et al., 2010; Faris et al.,, 2018). Bu durum, Ozellikle endistriyel olgekli
senaryolarda (°rnejin 20 giedtmekytedliuvu.yap&) mda
sapmal arén artmaséna ve algoritmanén her dur
neden ol maktader.

Bu kapsamda, farkl e istasyon sayélaré i-in
anal i zi GOoulsmd k téadbddéar . suAMNn al i zI| er , sistem kap
yapésénen nasél dej i ktijini vV e Kar j al tyap
koymakt adér .-M&G&@ns ek ¢ dldeameK al gori t masé& kul | a
yerl ekojmi Ite@mpiolg®steril mekte ol up; 5, 10, 15
Kekil de dejerlendiril mektedir. -Mermersi lad g oirk it r
il e sabitlenmik, ardendan Geneti k Al gogéit ma
topol oj i czerinde enerji y°netimi optimizasy
Elde edilen sonu-1ar incelendijinde, d¢ K¢k
°] -¢de merkezi b°l gel erde yojunlaktéje g°r ¢
noktd ar enén °neml. bir késmé sénérl é& sayeéedaki

16
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hi zmet al anlarée ve dengesiz y¢k dajél émeée ol u

birlikte dajél ém daha dengelyojbunl ylk petylai giarki
ettiji g°zlemlenmiktir. 15 istasyonlu senary
mesafelerinin azaldéejé ve sistemin daha homo
ve Uzeri istasyon kapasitesinewlal déj énda i se algoritmanén 'y
kal madéj é, ayné zamanda girik noktalar é, re
dojru yayél déej e ge°r ¢l mektedir. Bu durum hi
maliyetlerinin de dk at e al énmaséné ger-f&ans kedamakitadbe
mer kez istasyon konumunun, kapasite artéxkeéen
koruduju tespit edilmiktir. Bu bulgu, temel
am mer kez etraféenda genikledijini g°ster mel
sayéséendaki arteken erikilebilirlik ve hizm

sonra marjinal f a y-etlanrogtimumakapasitethie pdEnmesimin kntk| i y e t
ol duju anl akeél maktadeér

Go°rsel 6 . Farkle istasyon sayélaré i-in elde ed]i
i stasyonlu yerlekim, (c) 15yestasgymnl u yer./l
3.5. GA ve GWO Y°ntemlerinin Karkél akteéer mal é

17
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GWO al goritmal ¢

yé¢ksek optimizasyon bakaréeseé g°stermi ktir. £
sonu-I|lar ¢retmik ve il k iterasyonl|l arakan hezl é
ul akméxkteéer . GWO i se daha yavak yakeénsaméck, a
I terasyonl arda GA6ya benzer sonu-1lar el de et
hez hem de kararl él ék a-ésémdan daha avant aj
Cizelge2GA ve GWO al goritmal arénén -°z:m perfor mans:é
KstasyoYontemler En Kyi S|Sure(sn)|Kyi | eK
5 GA 1840.4639 0.120 %0.01
GWO 5943.4128 0.096 %0.02
10 GA 6611.9141 0.120 %0.00
GA 6611.1743 0.081 %0.01
15 GA 14309.6278 0.121 %0.00
GWO 14308.3172 0.085 %0.01
20 GA 24935.4686 0.107 %0.00
GWO 24931.5894 0.082 %0.02
25 GA 38485.5814 0.120 %0.00
GWO 38480.8002 0.092 %0.01
30 GA 54975.4828 0.101 %0.00
GWO 54956.1033 0.080 %0.04
3. 6. Kstatistiksel Anali z
¢izel ge 30t e yer al an 30 baj emseéz -al ekt e
Al goritmaénéen (GA) ©°zellikle 5, 10, 15 ve 2(

sapma dejerl eri (G=0408@5, ¢c0e3B48k Q:.kKEE&, |
go°r ¢l mektedir. Buna karkél ek, Gri Kurt Optim
standart sapma dejerl eri (G=11.491, ,63. 687,
Il i kKkisinivedoGAwna@amaktaem gevenilirl 7] a -
crettijini ortaya koymaktadeéer.
Cizelge3GA ve GWO al goritmal arénén istatistiksel pert
Ks t a {Algoritma | Ortalama Std En Ky iEnKota
Sayeée
5 GA 1840.2627 | 0.0805 | 1840.1039 | 1840.4102
GWO 1842.1457 | 11.491 | 1840.0454 | 1902.9875
10 GA 6612.0561 | 0.3548 | 6611.5044 | 6612.6776
GWO 6627.8994 | 63.687 | 6611.1550 | 6864.2646
15 GA 14310.0936 | 0.7178 | 14308.891 | 14311.3043
GWO 14326.2154 | 97.948 | 14308.308 | 14844.8175
20 GA 24935.0107 | 1.4024 | 24932.381 | 24937.6734
GWO 24998.1010 | 253.25| 24931.518 | 25945.2173
25 GA 38486.4775 | 2.3343 | 38483.081 | 38493.0635
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GWO 38480.8275 | 0.0348 | 38480.763 | 38480.9031
30 GA 54964.6622 | 3.9556 | 54957.962 | 54976.0857

GWO 54956.1243 | 0.0460 | 54956.026 | 54956.2146
4.SONU¢ VE ¥NERKLER
Bu -al ékmada, D¢zce | niversitesi kampg¢s yerl
i stasyonl arénén optimum yer se- i mi ve dinai
yakl akeagméamekeér. ¥nerilen modelin temel ama
azaltéerken toplam ikletme maliyetini mi ni mi z
Al goritma performansé a-éeéséndan el de edil en
d¢kek ve orom Sénakyol asémadyg Gri Kurt Opti mi
kararl & bir yapé sergilediJini gostermi ktir.

sapma dejerleri ol duk-a dg3k @9k 5s6e)v,i yeaWCe rad g okra
senarychr da Yy ¢ ksek sap mal-263.25)¢Burunlairlikte, icizim(kalitesl 1 . 4 9

a-eéséendan her K algoritma benzer mal i yet
senaryoda GA icin en iyi skor 24935.4686 TL, GWO icin ise 24931.5894 TL olarek eld

edi | mi ktir. Yakénsama davranéké incelendijin
stabi l bir dée¢kek ejil i mi gesterdiji, GWOO6 nu
-%z¢m seviyelerine ulaktejée g°zlemlenmixktir.
Ener ji y°neteil mikt a+ e ¢ eomWsaiead Ugt (aTbiamd € model , K a
mal i yetl: zaman dilimlerine kaydérarak ikl et
Ozellikle 00:0005: 00 saat araleéjénda kapasite kull an
fiyatl ar @éneén y ¢ kidk 0O @ | dwjau | €lr7i: Ode ener ji - €
sénérl andéereéel déj é ge°r ¢l mektedir. Ayr éca mo d
sayesinde y¢k profildi daha dengeltiennianl ek egbeetki
dostu bir -alékma karakteristiji sergil emesi
Yerl ekim anali zi sonu-1I|ar é, model in 56t en
gestermi ktir. Kstasyon sayésé artteéek-a sist
cevresindk i i kincil talep noktal aréeneé d-Beansaps ad:
tabanl e analiz ile Dbelirlenen merkez I st as:
yojunl akarak mek®©nsal kararl él @& éné korumuxt
Sonu- ol ar ak, °nerybenyakl areméal gepnpsemimas:s
GA tabanleée -°z¢:¢m y°ntemi; tekni k a-édan uyg
destek sistemi ol ar ak kull anéel abilir bir y
yenil enebilirneeaettjeigr Rayoalkl arémé& a-tan KkKebe

dahil edilmesi planlanabilir.
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OZET
Géenegmegz savunma str atl ejriilnesiamaae.akiinsedks @z i §ii
"sens°r fg¢gzyonu" kabiliyetl eri il e °1 -¢l mekt
riskli b°lgelerin kekfi amacéyla geliktirile
bir KKasmasfrzacée (KKA) prototipini sunmaktadEé
edilen ESP3XAM modg¢l ¢deér . Bu mo d ¢ | sayesinde ar a
-0 zeéenegrl gkl ¢-FMi e o takkéod &n & zWir i nden Kk oakt r ol n
il et mektedir. G°rsel veri akékéna ek ol arak
ultrasoni k radar sistemi, -evredeki fizi kse
diizleminde tespit etmektedir. HER04 sensori ve servo motor mekem&Zzs éy |l a s aj | an
tarama yeteneji, operat®°re d¢kegk g°r ¢k mesaf
Aracén y°netim merkezi ol an Arduino UNO, S¢ér
ESP32CAM bi r i mi bajéemséz |l bBrak ggPepertve yapauaks.t
yékeneg optimize etmektedir. Kadibri)izagindengblember | e
tel emetri veril eri ve canl e g°re¢gnt ¢, oper at
personelin tehlikeli bélgelere girmedene k i f yapmaséna ol anak sajl a
maliyetli donaném mimarisi ve g°rsel/ mikroda
mes k %n mahal -atékmal ar é, t¢nel / majara keki
senaryol ar @yar lkaon aabyiclai r . Bu -al ekma, yer |l i
bilekenleriyle gelixktirilen wuzaktan &kumanda
sahasénda et kil ve esnek kexkif -0 zeml o er i s u
yal nézaodae tkmedrmadeée] é, prati kte de wuygul anabil
anl akéel maktadeéer .

Anahtar Kelimeler: Knsans éz Kar@AMr aGer, - eEkSPB&Zmanl & G°r
Ultrasonik Radar, Savunma Teknolojileri.
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DESIGN AND IMPLEMENTATION OF UNMANNED GROUND VEHICLES WITH
REAL -TIME IMAGE TRANSMISSION AND ULTRASONIC SCANNING SUPPORT
FOR DEFENSE APPLICATIONS

ABSTRACT

In current defense strategies, the effectiveness of unmanned systems in the field is measured by
their "visual ntelligence" and "sensor fusion" capabiliti€his study presents a prototype of a
remotely controlled Unmanned Ground Vehicle (UGV) with image transmission capabilities,
developed for the purpose of detecting asymmetric threats and exploring riskyl heeasst

critical component of the system is the ESIFM module integrated into the vehicle. Thanks

to this module, the vehicle transmits higdsolution video streams from the operation field to

the control center in real time via Wi protocol.In adlition to visual data flow, the vehicle's

180° scanning ultrasonic radar system detects physical obstacles and hidden elements in the
polar coordinate plane. This scanning capability, provided by th& R@4 sensor and servo

motor mechanism, allows the op®r to navigate safely even in low visibility conditiombe

Arduino UNO, the vehicle control center, processes driving commands and radar data. The
ESP32CAM unit acts as a standalone image server, optimizing the system's processing load.
Telemetry da and live images received via wireless communication infrastructure
(Bluetooth/WiFi) maximize the operator's situational awareness, allowing personnel to
conduct reconnaissance without entering hazardous aresasks to its modular structure, lew

cost lardware architecture, and hybrid visual/microwave sensing capability, this system can be
easily adapted to critical defense scenarios such as urban combat, tunnel/cave exploration, and
border security. This study demonstrates that remotely controlled eméastonomous
platforms developed with domestic and loast hardware components can offer effective and
flexible reconnaissance solutions in the modern battlefield. Furthermore, it shows that this
approach is not merely theoretical but also a practiwhlsastainable option.

Keywords: Unmanned Ground Vehicle, ESRBAM, RealTime Image Transmission,
Ultrasonic Radar, Defense Technologies.

1. GKRKk
Géngmegzde harp sahal arénda karkél akélan teh

operasyon b°lgelerindeki ri sk unsurl aré daha
tehditlerin yaygénlakmaséndan dol ayé persone
kekif ve g°zetl eme faaliyet]!l el bimidiac halmes ans é z
gel mektedir. Bu insanséz sistemler sayesind
girmeden g°rev ger-eklektirmesine i mk©n sajl
sajl anmaséna da kat ke sunmpatdeadkeerki { Snviet hg?°
faaliyetlerinde insan kaynakl é& risklerin az
kull anél an mo b i | sens®r sistemlerinin °nei
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rasyonl arénda dijital mnmoebk nolsoejnisl®err iins tyaasyyg
ge-en g¢n artmaktadér (Brown, 2019) . Bu
|l arénda y¢réeteéelen operasyonl arda ve el

nl ukl a i nsansdz akeerl ana&nt a-dléar § B(r Wkvh), RKRW 1

v T O

n
u

aréele olmasé g°rev sérasénda -evresel vV e
| edér. ¥zelli kle durumsal farkéndal é] én a
er | eesid onendidiri (Arslan ve Karahan, 2021). Ozellikle askeri amaclarla
[
e
[
I
S

® ®O Q9 9 O — d T
.—r—‘—)‘—)x‘—)m—ﬁm

Ktirilen otonom kekif ara-|larénda, gor
nekl er arasénda dojrudan bir ilikki bu
inkl aarldaa g¢venl i hareket edebil mesi, -evre:
eder (yel dez, 2019) . Literatg¢rde KKA ke
onel géevenl i Jioni artérmak amedéyl a Yaragd:
ékmal arda ©°zelli kle ger-ek zamanl é& g°r ¢nt
| gél ama teknolojilerinin KKA performanséneéeé

abanl é kontrol altyapas&np&k gmHiipfebaz é doyau
ull anél ar ak ger - ek zamanl e gor¢ént ¢ aktar
°r ¢l mektedir ayréeca haberl ekme geci kmel er i
t mi kl erdir (Yat ak dekamerldestekli 21€ dp&gsyon dstemleriein, K e |
zaktan s¢reéegk ve -evresel g°zlem kabiliyetl e
010) . Son yeéellarda geliktirilen otonom kar :
l gori tgamalr & wiestem teknolojilerinin birlidKk
tabanl é gerént ¢ Il Kl eme y°ntemlerinin, ar a- |
etmesine katké sajladejéene ifade etmixklerdi
val nezca kekif ve g°zetleme amacéyla kull anel
ve riskli b°l gelerin kontrolg¢ gi bi g°revlerd
et al ., 2025. Yapay zek© dekardaredrrei surdclerimit r o |

kol ayl aktérdejée ve -oklu ara- koordinasyonun

e

al ., 2026) . Ayréca -oklu sens®°r fé¢zyonu yak
e
)

' o o< ooo !
(¢

© ® © @
—_— = = 5

O N DKQ X o

al gél ayécéelardan eljder leadndiemi vrmesil esaye diinmde
arte | déjée ifade etmiktir (Luo, 2023). KKA
ger - zamanl & ver.i aktaréemé ve wuzaktan ko
vur anmaktadald .(GadeBar Bir dijer -al ékmad
don ml ar kull anél arak operasyonel a-édan Kk
i f a etmi klerdir (Kumar ve Singh, 202 1) . S
mo t kontr ol i Kl eml er i birbirinden ayrel a
den l enmi ktir (Nguyen ve Park, 2019) . ¢cal éi
kar | akél an ikl emci yojunl uj u préchal emmo degrlienri
yap sahip uygulanabilir bir -°z¢;m ortaya
Bu -al ekma kapsaménda-CAM it athiamil leem°gicntt g mdrek;t
sens®°r destekl:i -evr es el kontmltdareket sistemidisliide ve m
kull anél ar ak d¢ K¢k mal i yetl vV e mody¢l er bi
operat®re¢gn rioskiIoi b°l gel ere dojrudan girmede
sahaséenée anl ék ol amak admeetleendi rebil mesi a

O X Q O QO 9«
coao M O® - ® >SS O~ —
QD o — X M

D
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Geliktirilen prototip uzaktan kontr ol altya
askeri sénéf KKA platformlaréenén -ojunda vy¢k
donanéeml ar é vV e °©zel h ab e mlAncakmbu tinsidtgmlefine r | k
operasyon sérasénda zarar g°r mesi veya kayl
ol abil mektedir. Bu -alékmada ise a-ék kayna
bil ekenler kull aneél artaaks adahmee ehreidkeifll eebnimiikrt i by
sens?°r altyapéesé sayesinde -evresel tar ama,
g°zl eml enmesi sajl anmexkter. B°yl ece asi me
kull anél abil ecek dabki¢glki rmabliiry ektelkii fv ep | uaytgfuol ramu

2. MATERYAL VE YONTEM

Bu -al ékmada geliktirilen sistemin tasarem s
mi mari ol ukturul maséna °ncelik verilenerfktir .

t¢ketimi ve donaném uyumluluju birlikte deje
birbirleriyle kararl é Dbi-imde -al ékabil mesi

kontr ol ve ver.i i Kl eme pm@yleard tegri € |If naer kktl &r .b i Ari
kontrol ¢ i -in mikrodenetl eyi ci tabanl é& bir |
aracel ejéeyla sajlanan hareket kontrol ¢ saye
ger-ekl exktirilrmilwetriim. ed awr eesdeill mees i amaceyl a
kull anél mék ve sens®°rlerden al énan mesafe I
dejerlendirilmiktir. B°ylece aracén -evresin
Goruntiakhr ém i kKl eml erinde kabl osuz haberl ekxme a
yerlexktirilen kamera mod¢l ¢ sayesinde el de e
araye¢zene aktar él mékter . Ayréca qilatréemiya&zé&
aktar eme, sens®°r °l - ¢m¢  ve hareket kontrol ¢

sayesinde sistemin operasyon sérasénda daha

2. 1. Donaném Bil ekenl eri ve Prototip Mimari s
Sistemdekuhnél an donaném altyapésé, kontrol, al gé¢
yeéreéet el ebil mesi amacéeyla yapélandeéer él mékter .
UNO, aracén temel hareket fonksiyongudiciénén
kontrol ¢, servo motor hareketl eri ve ultraso
ger-eklexktirilmicktir. ¢ eSR0O4eudtrasonik anksgfé kemstrd | K |
kull anél mékter. Sens®°rdenot¢lbde yadidleeng@ybaaklaeé
taranarak dejerlendirilmiktir. B°ylece -evre
ve °l -¢mler polar koordinat d¢zl emine uygun
mekani zmasé sagésiigrnda-kBskiinlierbsrnde s¢rekl
haritalama ikl emleri mi krodenetl eyi ci seviye
yapeé, aracén operasyon sérasénda -evresini d
ve Cetin,2022) . GPre¢nte¢g aktarém ikl emlerinin ana
amaceéeyl £ARBRSPDA ¢ | ¢ baj émseéz bir go°re¢é¢nt ¢ sun
(Wi lliams, 2020) . Bu sayede video verileri
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akt awtedrmé | oT tabanl é g°m¢gl ¢ sistemlerde ikl
s¢re-lerine ayreéel masé, ver. aktarem perfor ma
2.2. Yazél ém Mimarisi ve Haberl ekme Protokol
Sistemin yazélaggm aakl tkyoadd é&us Arad-uékno | DE ort amén
gel i ktiri FOANMtmod ¢ IESP3Yer el bir | P adresi 2
bakl atacak kekil de programl aBmépgt étr ok &P pn¢ k yl
yapélany@mldeawmenda VGA -°z¢negrl ¢] én korunmas
seviyesinde tutmanén en veriml.i yoludur ( Ch
adresine bajlanarak video akéekéené ekrana yan
Arduno UNO, ser.i haberl ekme (Seri al UART) ©pro
kontr ol mer kezinden gelen sg¢r ¢k Kkomut!l ar éné
sens®°r¢n pol ar koordinat d¢zl emi ndekize t ar ar
aktareéelarak operat®r¢n ekranénda grafi ksel b
2018).

23Projede Kull anélan Mal zemel er

2.3.1. Arduino

Arduino UNO, sistem i-erisinde ana kontrol

gelen hae k e t komutl ar éneé I Kl eyer ek mot or S¢r ¢ cy¢
-evresel tarama mekani zmasénén zamanl ama ve
d¢kek maliyet! roboti k uygul amal arda motor
tbbanl & sistemlerle kararl é& bi-imde ger-ekle
¢al ekmamézda kullanéelan Arduino mikrodenet/|

(Arduino, 2026).

Gorsel 1. Arduino Uno

2.3.2.ESP32CAM

¢al ekxkmamézda ar a- czerindeki g-CAM¢, modi@gli akt ar
kull anél mékter. Bensogigedahili@NWR2 6d 8 s kajmer aayesi nd
geré¢nt el er kablosuz aj ¢zerinden ger-ek zama
ESP32CAM t abanlé sistemlerin d¢gkegk gg¢- t ¢keti
perfor mansg® med dee ngrleéent ¢l eme uygul amal ar énda
i fade edil mektedir ( Kumar ve Singh, 2021) .
zamanl é g°r¢nt¢ aktaréménda kararl & sonu-1 al
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2019). cal exmbme-EANMNgESP8RI G°rsel 2CAM,e ver.i
2026).

Gorsel 2. ESP3ZAM

2.3.3.HC-SR04 Ultrasonik Mesafe Sensort

¢al éekme&SRD4HWI|I t rasoni k Mesafe Sens®r ¢, ar a-
al anl ar éneén algel ®SmR&®KBi ludetsriasama &é ysleansAC€ ¢ K
ultrasoni k ses dalgal gkémsgmebedef °yYy;repldeme

edi |l mi ktir. El de edil en veriler, -evresel
dejerlendirilmicktir. D¢ K ¢k mal i yetl: yapeéseée
sajl amasé nedeniyl e rémbobii-ki mdygutlarmailhar ddi I\
ultrasoni k sens®°r wverilerinin polar koordina
harital ama uygul amal arénda daha bakar él e son
ifade edilmektedir (Garcia d . , 2018; Toprak ve Aksoy, 2021)

SR04 Ultrasoni k Mesafe Sens®r ¢-SRP4 Ulsasdnik G°r s
Mesafe Sensori, 2026).

Gorsel 3. HESRO04 ultrasonik mesafe sensori

2.3.4. SG90 / MG90S Mikro Senkotor
tal eékmamézda SG90 [/ MG90S Mi kro Servo Motor

edebi | mesi amacéyla servo motorlar kull aneél m
eksende belirli a-€élar araséeepetlavear ama yYapab
alandan el de edilebil mektedir. Bu yape, sabi
ol ukturarak -evresel algel ama performanséneé
2022) . tal ékmamezdes9d9 ks | MakébarbeBSEGOHO Mbt avir g°

verilmektedir (SG90 / MG90S Mikro Servo Motor, 2026).
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Gorsel 4. SG90 / MG90S mikro servo motor

235 . L298NCit HK® pr ¢ s¢ Mot or S¢r¢ce¢e Kart é
¢tal ekxkmada K2PIN st&i fMotldbr S¢r¢ce Karteée, ara-ta
amacéyla L298N motor s¢ré¢ce karte tercih ed

kontrol sinyallerini motorl ar é&narekétkontpland duyd
sajl amaktadér. Ayréeca PWM tabanl é kontrol vya
ve y°n kontrol ¢gnegn ger-eklexktirilebil mesine
L298N Cift HK® pr ¢ s ¢ Mot or Sg¢r ¢ c ¢vernzekiddie(L2gSNICstell i GO r

Kopr¢se¢ Motor S¢reé¢ce Kart é, 2026) .

Gorsel 5. L298N Cift FK® pr ¢ s ¢ mot or sg¢r ¢c¢ karté

2.3.6. LityumPolimer (LtPo) G¢- Kaynaj é ve LM2596 Vol taj

¢al é Kk madRolimen(itRFFawu)m G¢ - Kaynaj] éRegutatod Bigemtheénedwfol t a |
i hti yRPacc ébadtiarya ¢zerinden karkél anméexkteéer . G¢
rege¢l atere¢ i se bataryadan gelen gerilimi den
sajl améexter. ¥zellilklee amenda ykbukebmkeéeéeek a
filtrelenmesi, Arduinove ESP3 AM gi bi hassas birimlerin koru
(Chen ve Wang, 2020) . ¢ aPolimerrilalme)z d@¢ -k uK d yamajl
LM2596 Voltaj Regulatori gorsei G°rsel 6 6da Pdimar (LiRe)iGtice di r (
Kaynajé ve LM2596 Vol taj Rege¢l ateore¢g, 2026) .

Gorsel 6. LityuraPolimer (LFPo) g¢- kaynajé ve LM2596 vo
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33.PROTOTKP TASARIM VE ¢ALI KMA SONUC¢LARI

Bu -al exmada, asimetrik tehditlerin tespit
faaliyetlerinin desteklenmesi ve sénér g¢ven
Aracé (KKA) geliktirilmiktir. ¢al eékmaneén ter
platform ortaya koyar ak s ah &td@enkr,2020;®niakk abi | e
2020).

Ara-ta -evresel farkéndal éjén arteéreéel masé an
Bunl ardan Dbirincisi ger-ek zamanl é& g°r¢gnt ¢
kabiliyetine sahip ultrasonik tarammae K ani zmas édeér . Bu sayede ope
b°l gel ere dojrudan girmeden -evredeki dur um
i htiya- duyduju bilgileri anl ek olarak el de
Ger-eklexkxtirilen d%%rsdvleagrdie yearsitreeni gqettiermedi | d
aktaréemé kararl é «kxekilde -aléxkmaktadeéer. Enc
I Kl eml er i bekl enen sonu-I|laré vermektedir. B
-okl u KKA (rSiwsair m)l emiimagi | i Il K akékeée G°rsel 7
el de edilen bulgul ar, yaygén ol arak eri«kil el
kull anél arak etkili, geliktirilebilir ve ek
oduj unu anl akél maktadeéer (¢elik, 2023).

Multi-Vehicle (Swarrm) iKA Sistem Mimarisi Swarm is Akis Semasi

Gorev Kontrol Istasyonu (GCS) / Swarm Intelligence Hub

& &8

Global Harita -
Veritabam Operator Araylizi

i
G

GCS update Global Mag
v v
= _[unmn]—-[mmw]- vss mmmﬂ,(m(;m>
WKA-PROTOTIP 1 WKA-PROTOTIP 2 J

G°rsel 7. Savunma uygul amalaré i-in -oklu KI

Bu -al ékmada yalnézca tek bir Knsanséz Kara
temel i klevlierékbakxar &pdal eo]j yapaesm-GAMyesi nd
veHGSR04 tabanléeé bu prototipin gelecekte -okl
G°rsel 76de sunulan Swarm KKA mimari si, me
ger - ekl ekt iérkimad lairl eic-eikn -Paner i | en bir konsep!
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KKA'"nén ortak haberl ekme altyapéseé ¢zerinden

tehdit tespiti yapabil mesi hedefl enmi ktir
Prototipin mekanik tasar éarh amg¢ red eiknde,ni&r ar-e gr
gevenld o bi -imde takénabil mesi dikkate al é@énme
adet DC red¢ktorl ¢ motor kul | a@AMImoddlkterald e r . G
edilirken koentAroduiino eulN@rk amrdt eéndan Kkul |l aneéel
HC-SRO 4 ultrasoni k sens°r kull anél makt adér

sajl anméexkteéer

ESP32 Gelistirme Karti
(Merkezi Kontrolcti)

ESP32-CAM
Goriintileme Sistemi

L298N Cift Motor

HC-SR04 Ultrasonik Siriicu Moddld

Mesafe Sensorii

4WD Digli Motorlar
9V Giig Kaynagi ve Kauguk Tekerlekler

ve Muhafazasi

G°rsel 8. Geliktirilen KKA prototipinin me

Gorsel9 . Ultrasoni k tarama ve g°r¢nte¢g aktar eme
gorunumu

Mot orl ar én kontrol ¢ I -1 n uygun bir mot or S

Geliktirilen KKA prototipinin mekyerlke i°m dd¢

G°rsel 8' de, ultrasoni k tarama ve ger-ek zan

gor ¢ng¢émg i se G°rsel 9' da veril mektedir. Si
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araseéendaki bajl antélare @°steragnrR-tam aliaktad C
10'da verilmektedir.

TAM ELEKTRONIK DEVRE SEMASI VE GUC/SINYAL HARITASI
(RPT-4 ROBOTIK SISTEMI)

ESP32 (Dev Board/Central Controller)
sv

26
T [26 a
28 1 pF
B2 o

TOF Laser Radar

12C

SDA_TOF
SCL_TOF
cAM_csi_i2c =

1 goms 12c
y

GND  CAMERA MODULE

% TECH-LOGICS

- B
9V BATTERY cyp REAR-RIGHT
FAO4 PROTECTIVE CASE

| L298N_DRIVER
|
Ax_WHEEL_SUB_
y ASSEMBLY
| ,// /
¥ >
7

| Micail :m;imula(ionj -
ED-R-&-V9F-FESSRILR 29 BER

SlidaWarke rakAnmariar dasian

Gorsel 10. KKA prototipiné ait elektronil

Manuel kontr ol modunda ar a-, akelle telefo
taraf énday® ndlognrduidrainl mi Kkt i r . Yapeéel an denemel e
hareket komutl aréna kararl é& ve geci kmesi z «ke
manu el kontr ol modunda ger-eklexktirilen sg¢gr ¢

Gorsell 1 . Akeéell & telefon tabanl é manuel kont
Kamera g°r¢nt ¢l eme modunda-CAMramodéeéteritaeayeén

edilen goriantuler WF i bajl antésé ¢(zerinden mobil cCi haz
aacén dojrudan g°r ¢K al ane dékeéenda bul undu
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izl eyebil mik ve araceé ge¢venl i KFa k itladbea nyl °én | gee
zamanl & g°re¢nt¢ aktarém ekrané g°steril mekte

Gorsel 12. ESP3ZAM modult ileWi-Fi t abanl & ger -ek zamanl é

Radar/ Mesafe Al géel ama Modun SR04 ulisasoaik sens@ er i n €

taraféndan el de edilen mesafe veriler:i ger -
Uzerindeki radar arayuzinde goérselle i r i | mi Kkt i r . Bu sayede op ¢
engell erin konumunu ve uzakl éjéné anl ék ol ar

farkéndal ek saj | anrSneOkdt étra b a@®lrés erl adla3' twe He s ¢
gosterilmektedir.

Gorsel13.HECS R04 wul trasoni k sens©°r tabanl & r ada

Yapélan testl erde, Kas.i ¢ zer i ndGAM madliliiniman 9V
a-eék al an kokul-Hiarbéanjdlaa rktaé& sag | kéu rbu Ir muakrtéummé.n éB u
kesintisiz Kekilde ger-eklextirdi. Sistemde
ol ukmamék. Ver.i il etiminin ger-ek zamanl é& ku
araceén beton, toprak ve hat ®forgmadns éf airlkd éa k&
dejerl eri i ncelenmik ve elde edilen sonu-1a
Ssisteminin performanseéneé dejerl endirmek ama
dereceli k tarama s ér asléawrdéa naa nguéd la n°aln- ¢semml geerl |1 ee
Sens®°r verileri il e ger-ek mesafeler araseéend

31



AFRI CAhRNOERNATI ONAL CONFERENCE ON SCIENTIFI C RESEAF
May 737, 12QAI6RO
| SBN 8IRB2-87 A5

Cizelge 1lKKA prototipinin operasyonel ve teknik g
Go°r¢nt ¢ €°71640x480(VGA)/129ps |Akécé ve Kesin

Radar Tar al0°-180° Yatay Eksen Tam Polar Haritalama Kapasitg

Wi-F i Eri ki n40-65 Met r e ( |KesintisizKontrol ve Sinyal

Ortal ama 450 mA- 650 mA Standart LiP o Bat a

Tiketimi Verimli Seyir

Engel Tespit 2cm-400cm (xt1cmhata) G¢ venl i ve Kar
Hassasiyeti

¢izelge 1'"de sunulan sonu-1ar g°r e, gel i kKt
al gel ama vV e hareket kgbrekygehi masrenéendhar
gostermektedir. Ozellkle48 5 met r e aFfia sheanbdearklie WMhe menzi | i ne
radar tarama kapasitesine sahiptir. N1 c¢cm ha
farkéndal ek ve abilyetie ddstekleyerpdaemd psgrformanskgdostergeleri

ol arak dejerlendirilmektedir.

4. SONU¢ VE ¥NERKLER

Bu -al ékmada, ger-ek zamanl é g°r¢ntg¢ aktaré
Knsanséz Kara Areadciek t(iKKKKA)mipkrtoitro.t iSpiist emi n t en
dejerlendiril mektedir. YCaApMVE | maond ¢tl e;s tilleer ssaoj nl uac
aktaréeménén kararl e kKkekilde -al éxktej e, ul tr a
engellern al gel anmasénda yeter |l dojrul uk sund
platformun farkleée y¢zey kokull arénda hareke
gerevlerini bakareéel é bi-imde yerine getirebi
¢al e kma sdéer eecdinldeen edul gul ar , déekegk maliyetl
bil ekenl eri kull anél arak savunma ve kexif ar
sisteminin geliktirilebilecejini g°strdail mek
farkl & sens®°rlerin veya haberl ekme teknol oj i
yone¢gyl e gel i ktirilen prototip yalnézca me v
arakteéermalar i-in de uygun bir altyapé ol uxkt
Mevcut -taelké kbmard aKk KA prototip tasarémé ve dojr
sonr aki akamada otonom hareket algoritmal ar €
tespiti, yapay zek© destekl: kar ar mekani zim
sisteme kazandéreéela bilinir. Ayréca bu - al ¢
yakl akéménén uygulanmaseéyla birden fazla ara
yapmasé ve daha genik alanl ardar. keki f faaliy
Sonu- ol arak geliktirilen KKA prototipi, ger
uzaktan kontrol yetenekl eri bakéméndan bekl e
El de edilen sonu-1I|ar, benzer-snstlemélerendidah
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d¢ K¢k mal i yetl i -0 z¢ée¢ml erion savunma teknol
olukturabilecejini g°stermektedir.
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ABSTRACT

In recent years, the concept of sustainability has evolved from being merely an enviroap@oiath

to becoming a key element of economic competitiveness and international trade. Initiatives such as the
European Union Green Deal, the Circular Economy Action Plan, and the Digital Product Passport have
guided textile manufacturers towards morensgarent and traceable systems, while also raising
consumer awareness.

Sustainability and ecological labelling systems have emerged as important tools of this transformation
period. These labels inform consumers about the sustainable aspects and entatqgarfermance of
products, while also enabling process control, chemical management, and supply chain optimization for
manufacturers. Global sustainability pressures, increased consumer awareness, and regulatory policies
such as the European Union Gré&eal have increased the importance of sustainability and ecological
labelling systems in textile and apparel production. This study comparatively examines sustainability
and ecological certification systems widely used in the textile and apparel industry.

Ecological labels, which were launched years ago with OHE® labels, have increased in number

and diversified their focus areas following the adoption of sustainable production and consumption
concepts. Today, there are varied labels defining fibre piepgand certificating water and energy
consumption in processes, conformity of chemicals, environmental performance, circularity, and social
compliance. It is known that there are over 100 labels in the textile and apparel sector, many of which
are intenational.

This study classifies those labels and discusses the effects of certification systems on production costs,
export capacity, and supply chain management. The study reveals that sustainability labels are not only
a marketing tool but have also lbate strategic tools in terms of production optimization, environmental

risk reduction, and access to global markets.

Keywords: sustainable textiles, ecological label, textile certification, circular economy

OZET

Son yéllarda s¢rdegreglebilirlik kavramé yalnézca
ekonomi k rekabet ve uluslararaseé ticaretin belir
Yexki l Mut abakat é, D° n g Rijgtad Uriin Pasaparta gibi uygularhatamtekBtl a n & v
creticilerini daha keffaf vV e izl enebilir siste

artéerméecxkter.
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Bu d°n¢gkegm i -inde s¢grdegreéglebilirlikrvayakolé&jmielkt
B u eti ketl er, teketicilere sreéenl erion serder el etk
verirken, creticiler a-éséndan da proses kontr ol
sajl amaktadeéer . Kk, reaskéelsgrra,rigblebti il crmin daha f
Birlifji Yeki l Mut abakaté gi bi d¢zenl eyi ci pol it
ekolojik etiket sistemlerinin °nemirfir sanrdteé rynaéykgteé
ol ar ak kull anél an s¢erdereéelebilirl ik vV e ekol oj i

incelenmi ktir . -TEN€Idtairk @€tnlceer iOEIKEO bakl ayan ekol oj i
ve te¢gketim anl ayeéké&k shoenm aksee deark Isaarnyneac an cakrttard ar é

I i f czell i Jini tanéml ayan eti ketl erden bakl ay é|
uygunl uj u, -evresel perfor mans, d°nge¢selli k ve
varder . Tekstil ve hazeéer giyim alanénda -o0oJu u
bilinmektedir.

Bu -alékmada sertifikasyon sistemleri sénéeflande
zinciri yonetimine olan etkileriel t art ékél mékt ér . Sonu- ol arak, bu
ol madeéj é, ayné zamanda ¢retim optimizasyonu, - €
a-éséndan da stratejik ara-Ilar haline geldiiji or

Anahtar Kelimeler: surdirtlebilir tekstil, ekolojik etiket, OEKDEX, GOTS, ZDHC, tekstil
sertifikasyonu, dongusel ekonomi

1. INTRODUCTION

The textile industry occupying 300 million of employee globally generates approximately $1.5
trillion in revenue annually. However j#also one of the most resource intensive and polluting
sectors, causing widespread environmental and social problems. The textile sector accounts
for 2-8% of human caused greenhouse gas emissions and consumes an estimated 215 trillion
litres of water irits operational processes (Word Bank, 2019). Since the "Our Common Future"
report published by the World Commission on Environment and Development under the
United Nations in 1987, the sustainable development goals have become increasingly complex
with various regulations (WCED, 1987). Therefore, due to the high environmental impacts of
textile production, a continuous review of prevailing sustainability tools is essential

Sustainability in textiles refers to manufacturing, manufacturatgted processing,
distributing, and consuming textile products in ways that minimize environmental degradation,
protect human rights, and maintain long term economic viability. To trulyenstand
sustainability in the textile industry, it's essential to have a good understanding of the compound
balance circle, which emphasizes the balance between the planet, people, and profitability
(Figure 1). This framework operates sustainability bglysing the tripartite, interdependent
relationships between environmental impacts, social responsibilities, and economic
performance.

Sustainable development is directly related to the-lalg of economic, environmental, and
social systems. The areafsstudy for sustainability include soeeconomic approaches, which
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are a combination of economic and environmental issues such as job creation or fare wages;
socicenvironmental issues, such as the consumption of natural resources, the safety and health
of present and future generations; and-eiiwiency, which addresses achieving the highest
value with the least environmental impact and consumption of natural resources.

= 2

nnnnn

Figure 1. The Scope of the Sustainability Concept

A multitude of standardized metrics, certifications, conceptual models, and performance
indicators have been developed to quantify and operationalize sustainability within concrete
parameters. Ecological and sustainability labels and certifications are emerging asthe mo
preferred tools in manufacturersd sustainabi
expanding market share, and gaining consumer trust. In addition, these sustainability tools
facilitate an easy transition for manufacturers in their sustéityabfforts due to their
standardized, verifiable, and auditable structures (Gupta et al., 2026).

The global environmental certifications includes both national and universally accepted
frameworks. Currently, more than 465 distinct ecolabels are appdieds 199 countries and

25 industrial sectors and 108 are dedicated specifically to the textile industry. These labels cover
diverse concepts, such as organic production, fair trade, chemical management, recycling, and
feature highly varied criteria ramgy from local to international scopes (Big Room Inc., n.d.).
Since, the European Council of Ministers has systematically integrated the Ecolabel approach
into the EU6s sustainable consumption and pr
been addedo the concept of labelling, including voluntary certifications provided by -third
party organizations. This framework introduces to consumer transparency by focusing on a
product's entire life cycle, distinguishing true sustainability labels from coowahtisingle
criterion options Ranasinghe and Jayasooriya, 2021

In textile and apparel sector, labels and standardizations such as organic, fair trade,
sustainability, and recycling, cover various concepts and have different criteria. Some are
country specific, while others are international. On the other hand, ethical discussions on those
matters are still going on. Therefore, it is would be useful to examine the transformation of
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ecological labelling and also to analyse their fundamental iplas; similarities, and
differences to define sustainability performance. This study examines the methods, scope,
similarities, and differences of labels and certifications used to measure and define the
sustainability performance of manufacturers aratlpcts in the textile industry and analyses
their fundamental principles.

2. CATEGORIZATION OF THE LABEL USE IN THE TEXTILE INDUSTRY

In the textile and apparel industry, ecological labels generally focus on raw material content.
Whether the raw matetiés cellulosic, protein, or recycled fibre, certifications, standards, or
labels basically monitor how raw materials are protected throughout the production process.
Raw materials categorized in this way are monitored and grouped in different ways based o
their production processes.

2.1. General Information About the Most Weltknown Labels and Standards
In the context of protein fibre production, systematic farm monitoring and rigorous animal

welfare oversight are critical to ensuring material consistemymization, and supply chain
integrity. AResponsibleo | abels that stand o
norms of sustainability requirements. Framework of Responsible Fiber Certifications given in
Table 1.

Table 1. Framework ofResponsible Fiber Certifications

Certification Scope Requirements
Responsible Wool | Sheep wool | Guarantees sheep are treated humanely, prohibiting
Standard (RWS) practices like mulesing and ensures farms use sustain

land management practicespitect soil and biodiversity
Responsible Mohair| Angora goat | Focus on the ethical treatment of Angora goats,

Standard (RMS) fibre particularly protecting them from extreme weather afte
shearing and manages grazing impacts on local
ecosystems

ResponsibléAlpaca | Alpaca fiber | Verifies high animal welfare standards specifically

Standard (RAS) tailored to the unique handling and social needs of
alpacas, alongside grassland protection

Responsible Down | Duck & Ensures down anf@athers come from humanely treated

Standard (RDS) goose poultry, enforcing a strict, zettmlerance ban on live

down/featherg plucking and force feeding

Farmers and ranchers must meet strict requirements for animal welfare, land management,
worker health and safety to qualify fosing these certificates. During farm inspections these
standards also encourages and motivates actively protecting soil health, biodiversity, native
species, and overall social welfare (Textile Exchange. n.d.). Apart from these, another globally
accepteccertification that tracks wool fibres is ZQ Merino. RWS and ZQ Merino are both
respected by global brands to eliminate greenwashing, but they differ significantly in scope,
fibre specialization, and supply chain alignment. A comparative frameworks aotuisit
requirements for both certification standards is given in Table 2.

The Responsible Wool Standard (RWS) is an open global standard designed to improve
baseline sustainability across all wool supply chains. In contrast, ZQ Merinpresmaum,
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vertically integrated system that combines high fibre quality with economic security for farmers
(Popescu and Stanescu, 2023 the other hand, Textile Exchange is currently uniting all of

its raw material focused specifications into a singaletric framework called the Materials
Matter Standard (MMS). From this perspective, it can be said that these labels are undergoing
a transformation, attempting to facilitate global oversight to encompass theesonimmic and
ecological dimensions of siasnability. The relevant labels and logos are shown in Figure 1.

Table 2. Comparative Framework for Protein Fiber Certifications

Feature / ZQ Merino Standard Responsible Wool Standard (RWS)
Criterion

Monitoring The New Zealand MerinGompany Textile Exchange (Global, Neprofit)

organization (Private/Proprietary)

Fiber Exclusively Merino wool (and fine All sheep wool types (regardless of

Specialization | crossbreds) breed or micron)

Geographic Predominantly New Zealand, Australi| Global (Applicable to any wool

Origin and partof South America producing country)

Economic Mandates longerm, fixedprice Operates as a voluntary certification;

Mechanism contracts to protect farmers financially pricing follows free open market
dynamics

Mulesing Strictly prohibited from inception Strictly prohibited on certified farms;

Policy across all regions manages transition in areas where it
still practiced

Traceability Direct farmto-brand connection; Usesthe standard Textile Exchange

Model highly visible vertical tracking Content Claim Standard (CCS) chair]
of-custody transaction certificates

Environmental | Requires a holistic, sitepecific farm | Focuses heavily on land degradation

Scope management plan overgrazing controls, and biodiversity
protection

MERINO FIBRE

Textijggxona®®

Figure 1. Protein Fiber Certifications
Recycling labels have also raw material criteria. Textile recycling standards verify that products
contain recycled material and ensure full supply chain traceability. These standards can be
examined in terms of global material content verification, chemical/environmental frameworks,
and circularity models. Recycling certifications generally mandate specific raw material
content; the Recycled Claim Standard (RCS) Blended applies to produtdtinow a
minimum of 5% recycled content, whereas the RCS 100 label requires a 100% verified recycled
composition. However, these standards serve exclusively as-ahaistody protocols
tracking material accuracy, without evaluating seanwironmentalimpacts or mechanical
guality. Conversely, the Global Recycled Standard (GRS) enforces additional social and
environmental criteria, with its latest revisions addressing material quality to counteract the
mechanical durability problems typical in recycliéores. Furthermore, while not dedicated
recycling labels, frameworks such as Cradle to Cradle (C2C) and OE&OStandard 100
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evaluate recycling parameters within broader environmental and chemical toxicity contexts
(Textile Exchange. n.d., OEKDEX Service GmbH, n.d., Textile Exchange, n.d., SCS Global
Services, n.d.). A comparison of the scope of recycling labels is given in Table 3 and logos of
the standards shown in Figure 2.

Table 3. Comparative Framework for Recycled Material Certifications

Standard | Recycled Material Social and Environmen | Chemical
Content Scope Labor Audits | tal Rules Safety

Global 20% (50% All textiles Strict ILO fair | Monitors Strict

Recycled | minimum to use| (synthetics, labourcriteria | water, restrictions on

Standard | the consumer | cotton, wool, energy, and | toxic processing

(GRS) logo) blends) waste chemicals

Recycled | 5% (RCS All textiles No No No

Claim Blended: 594% | (synthetics,
Standard | / RCS 100: 95 | cotton, wool,

(RCS) 100%) blends)
SCS 5% Polymers, No No No
Recycled chips, yarns,
Content and finished
fabrics
Standard | Variable (Must | Highly No No Guarantees zerq
100 meet standard | focused on former
(Recycled| product limits) | recycled hazardous
Content) synthetics chemical
residues
Cradle to | Focuses on Recyclable or | Social Fairnesy Water Material health
Cradle circular design | compostable | expectations | management| evaluation
(C20) rather than a set fibres renewable
minimum energy
&““F"’o
cradletocradle tan ar 1:
‘‘‘‘‘ STANDARD

100

Figure 2. Recycled Raw Material Certifications

Organiccertifications are the most wekhown raw material oriented labels among consumers
and frequently discussed in greenwashing debates. These labels generally monitor raw material
composition based on organic cotton percentages, verifying-ohaustody potocols from

the agricultural field to the finished product. Crucially, these frameworks ensure cradle to cradle
supply chain traceability. In this area, the Global Organic Textile Standard (GOTS) differs from
alternatives by incorporating chemical restdos and social compliance metrics within its
updated versions. GOTS covers the processing, manufacturing, packaging, labelling, trading,
and distribution of all textiles containing at least 70% certified organic natural fibres. It requires
the exclusiveuse of approved, lowmpact chemical inputs that leave minimal synthetic or
natural residues. Additionally, the standard enforces social sustainability rules throughout the
supply chain. Table 4 briefly outlines the scope of the most widely acceptedcostzamards
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(Global Organic Textile Standard, n.d., OERE@X Service GmbH, n.d., Textile Exchange,
n.d.).

Table 4. Organic Content Standards

Standard/ Label Recycled Content Scope Organization
Organic Content | verify organically grown| does not include Textile
Standard (OCS) | 100% raw materials processing requirements Exchange

from the farm to the
final product.

Organic Content | products that contain at| does not include Textile
Standard (OCS | least 5% organically processingequirements Exchange
blended) grown material
GOTSGlobal Covers all textiles mad¢g only approved Global
Organic Textile | from at least 70% chemicals are used Organic
Standard certified organic natural| social sustainability standards arg Textile
fibres inspected Standard
OEKO-TEX Products contain over | OEKO-TEX Organic Cotton and | OEKO-TEX
Organic Cotton | 70% organic cotton, OEKGO-TEX Standard 100 togethg Association
labelled with OEKQ maintain the raw material content|

TEX Organic Cotton and human health

Socioethical parameters represent critical dimensions of holistic sustainability that are
generally underestimated by manufacturers within the textile supply chain. Table 5 show the
most well known tools within the scope of social responsibility and stfiibese labels,
standards, or platforms frameworks generally rely on the International Labour Organization
(ILO) conventions to track and mitigate systemic risks and child labour, forced labour,
occupational health, fair wages or discriminations are éhcW/ithin this scope, The Fairtrade
label is particularly helpful to prevent economic exploitation during raw material procurement
and internationally accepted. In addition to that, it also restricts the use of hazardous
agrochemicals, prohibits deforetsb@m, mandates water and soil management plans.

Table 5. Social Responsibility and Ethics Standards

Standard / Scope Key Parameters
Initiative
SA8000 by Social | Social Responsibility and Ethics Based on ILOhorms; child
Accountability labour, occupational health, fair
International (SAI) wages, and a management syst
WRAP Facility-focused certification program | It has generally become more
accepted in the US and in appar
Fairtrade Designed to ensure that smadlale Fairtrade restricts the use of
farmers andvorkers in developing hazardous agrochemicals,

nations receive equitable compensatig prohibits deforestation, and
operate in safe working conditions, an{ mandates wateronservation and
utilize sustainable farming practices. | soil erosion management plans.
Fair Wear The organization concentrates its It does not monitor upstream
Foundation oversight on the highly labour intensiv{ phases like yarn spinning, fabric
sewing and cutting phases of producti{ weaving,or cotton farming, nor
does it track ecological footprints
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BSCI (Business Management system designed to supf Opento suppliers whose buyers
Social Compliance| companies in improving social are amfori members.
Initiative) FTA compliance and working conditions

within their global supply chains.

Consequently, it evaluates all dimensions of sustainability by monitoring environmental, socio
economic, toxicological, and circular parameters. However, they have no concern or
explanation on calculating environmental impacts (Koszewska, Zé#idrade Bundation,

n.d., Amfori, n.d., Hiscox et al., 2017)

2.2. Transformation of Labels and Standards within the Scope of Sustainability
It is also important to mention about the oldest labels, the German Blue Angel and the Nordic

Swan. These are the oldegigional and product specific labels. Blue AnDeleloped by the
German Ministry of Environment. Strategically updated according to regional needs. Nordic
Swan developed following the success of Blue Angel and adapted to regional needs in
Scandinavian coduries. It has the strictest rulesnd significantly shaped European Union
standards (Hayat et al., 202Qyadle to cradle (C2C) and Content Claim Standard (CCS) are
al so have sustainability or <circul atutareey vi si
C2C specifically haveustainability vision, verifying that a product is designed for a circular
economy. Tracks the lifecycle of materials, ensuring organic materials can be composted back
into nature and synthetic materials can be recycled wittpaality degradation. These supply
chain standardization and certifications are preferred to verify environmental, social, animal
welfare, raw material, and chemical limits from start to finish, and to ensure the traceability of
these materials until thegach the final produc€fadle to Cradle Products Innovation Institute,

n.d, Diekel et al., 2021).

Table 6. New Generation Standards

Standard Label| Audit Focus Sustainability Claim

Global Responsibly sourced Reduction of GHG emissions, water use anc
Responsible | Social norms in manufactured fibj contamination
Textile production Protection of soil health and biodiversity,
Standard Limited content of Virgin syntheti¢ Responsibléorestry
(GRTS) fibres, Biodegradable Biopolymers

Traceability throughout the supply

chain
Materials Uniting all Textile Exchange Establishes detailed requirements for the
Matter standards and labels under production and primary processing of raw
Standard sustainability practices. materials. Landwater, and energy
(MMS) management are tracked. Working conditior]

animal welfare, emissions, chemicals, and
waste are managed

STeP Analyses the entire factory to It is one ofthe first operational labels created
ensure it is running in an within the framework of sustainability.
environmentally friendly and Standard 100, Made in Green and STeP
socially responsible way together manage sustainability

Made In Green Visible product passport shown tq Strict pas/fail certification
the consumer with a unique QR
code for traceability
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MADE IN
GREEN STeP

Materials conTeNTCLAM

Figure 3. Labels and Standards within The Scope of Sustainability

Today in textile labelling is evolving into a cradtegrave traceable format that covers all
aspects of sustainability. To reduce complexity, TexEkehange is uniting its labels and
standards into the Materials Matter Standard (MMS), which becomes mandatory in December
2027. Similarly, Global Standard gGmbH is introducing the Global Responsible Textile
Standard (GRTS) for nearganic fibres. In parkal, facility benchmarks like OEKQEX

STeP are supported by the consuifiaeing Made in Green label, allowing consumers to track
production processes directly using QR codes (OHKEX Service GmbH, n.d., Textile
Exchange, n.d.). Table 6 provides inforroatabout updated and newly created new generation
labels aimed at expanding sustainability controls and their logos are shown in Figure 3.

3. THE EFFECTS OF CERTIFICATION ON TEXTILE INDUSTRY

Many scientific studies examine how certifications impact ecac®through pricing, market
access, codtenefit analyses, and rural development (Carlson and Palmer, \ROlli&ms,

2004, Jaduova et al., 202Besearch shows that optimizing production processes loweks long
term energy and wastewater management cdstditionally, using official '‘Organic’ or
'Sustainable’ certifications builds consumer trust, allowing brands to charge higher prices than
conventional products. In contrast, older labels that rely on a simple pass/fail mechanism and
offer poor consumeradceability have caused severe greenwashing and ethical debates. Studies
confirm that processriented and LCAbased certification systems are much more effective at
reducing environmental impacts. To address these flaws, new EU regulations now mandate
graced environmental assessments. Ecolabels have therefore become strategic tools, shifting
the industry into an era where traceable, transparent, andridaga systems serve as the main
solution to greenwashing (Badhwar et al., 2024, Spindler et al., 2026).

The use of labelling is likely to provide various positive effects on products and all the partners
of the value chain. However, there are also some negative sides, too. The possible effects of
labelling (Austgulen et al., 2013; Koszewska, 2021; Z§ebinelli, 2023; EU, 2023Clark

2025, Spindler, et al, 2026reen &Bandyopadhyay, 2026; Devarajan et al:, 2026) are given
below:

Positive Qutcomes
1. Increased Consumer Trust: Ecological labels provide independent verification of

environmental ad social claims. It is likely to build a brand credibility by reducing information
asymmetry while improving transparency. Eventually they encourage responsible purchasing.
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2. Market Differentiation: Labels help and support brands to distinguish theraseafvhighly
competitive markets. Some certain benefits are stronger brand image, premium positioning,
higher customer loyalty and Access to environmentally conscious consumers.

3. Higher Export Opportunities: Popular brands and major international buyecseasingly

require sustainability certifications. Such labels enable manufacturers to easily access to EU
and North American markets, to comply with retailer requirements with an improved supplier
competitiveness.

4. Improved Environmental Performance: Almost all certification schemes frequently
require measurable environmental improvements and naturally secures or encourages cleaner
production. The expected outcomes are; Reduced water consumption, Lower energy use, Better
wastewater treatment and redddazardous chemicals.

5. Better Social ComplianceDespite the use of specific labels for social responsibility criteria,
most labels are responsive to social compliances. Possible benefits may be given as improved
working conditions, better occupational safety, reduced child labour abuse and gredyer supp
chain accountability.

6. Supply Chain Traceability: The labels of origin improve transparency throughout the
textile value chain. Consequently, the image of quality assurance and the consumer confidence
are enhanced while the tracking of raw matengaleasily maintained with reduced risk of
counterfeit products.

7. Premium Pricing: Consumers often pay more for certified sustainable products. In general,
the proof of authenticity helps to justify the additional cost. The range of premium levels for
various label types varies. The typical premium ranges are given below:

Label Type Price Premium
Organic cotton 51 20%

Fair trade textiles 101 25%
Luxury origin labels 15/ 50%

Sustainable fashion labels 51 30%

Negative Outcomes

1. Certification Costs: This is probably the one of the biggest barriers for manufacturers to
issuing eco labels. The cost items of holding certification include: Certification fees, Annual
audits, Laboratory testing, Documentation systems and StafhigaiFhesecost are particularly
challenging for small sized manufacturers.

2. Administrative Work Load: The certification procedure obviously requires extensive
record keeping. The resultant consequences are Additional paperwork, Increased labor
requiremats, Dedicated compliance personnel and often Complex reporting systems.

Many smaller manufacturers find these requirements difficult to maintain.

3. Label Proliferation and Consumer Confusion :The existence of more than 100
sustainabilityrelated textié labels globally makes a confusion among all sides. Typical
problems are Consumer confusion, Difficulty of comparing labels, Reduced trust and
Information overload. It is very likely that a consumer may not understand the difference
between GOTS, OEKQEX, Bluesign, and Better Cotton.
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4. Risk of Greenwashing :The standard cover and compliance labels are quite varied, and
some labels have weaker standards. Since all sustainability labels do not provide the same
level of assurance, possible risks of Loss of consumer trust, Reduced credibility, Misleading
envionmental claims and Reputational damage to the industry may appeatr.

5. Supply Chain Restrictions: Certified sourcing requirements may limit supplier options
resulting in Reduced flexibility, Higher raw material costs, Longer lead times and Increased
procuement complexity.

6. Limited Measurement of Real Sustainability ;The practice of sustainable processes have

not been conducted on the base of a common standard as well as the measurement criteria.
Many labels focus on selected criteria like chemicadtgaknergy use and biodiversity rather

than a complete sustainability criteria like carbon footprint or circularity.

4. CONCLUSION

In the ecological assessment of textile products, a single eco label rarely covers the full
spectrum of sustainability. Fexample, GOTS certification guarantees strict agricultural and

social standards in raw material production phases, whereas Bluesign validates chemical
efficiency during industrial processing. Therefore, modern supply chain transparency requires
joint certfication strategies or comprehensive circular and LCA frameworks like Cradle to
Cradle, which systematically track a materi a
cycles.

Table 7. Impact of Labelling on Various Shareholders

Shareholder Positive Effects Negative Effects

Consumers Trust, transparency Confusion, higher prices
Brands Differentiation, reputation Certification costs

Retailers Lower compliance risk Supplier limitations
Manufacturers Market access, efficiency Audits, documentation burden
Environment Reduced pollution Variable effectiveness
Society Improved labour standards Possible exclusion of SMEs

Sustainability and ecolabeling frameworks have become critical components of manufacturing
processes within the textile and apparel sector. These systems serve not only as environmental
performance indicators but also as strategic tools for export adeasiggply chain control,
chemical management, and brand reliability. However, certification costs, the complexity of
managing overlapping standards, and the risk of greenwashing present significant barriers for
the industry. The possible advantages anaddiantages of labelling system are summarised in

the Table.7 for all shareholders. Care should be taken by all sides to minimise the negative
impacts. In the near future digital traceability and life cycle assessment (LCA) approaches will
shape sustainabltextile production and become primary verification tools. Thanks to the
studies about ecological tracking technologies and smart labelling systems, it is expected to
change the perspectives of both manufacturers and consumers (Arantes, L., 2026). These
developments are expected to transform static labels into dynamigjrdega sustainability
information systems. The evolved approach is expected to reachinteaccess to product
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lifecycle data, ethical sourcing, access to environmental impact sgtraughout the supply
chain, personalized sustainability suggestions to consumers, real transparency and traceability.
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ABSTRACT

Reducing the weight of manipulators and -@fiééctors is crucial for increasing motion
accuracy and energy economyinidustrial automation and autonomous mechatronic systems.
This work combines parametric modelling with heuristic optimisation methods to offer a
structural topology optimisation strategy for a parallel kinematic gripper mechak@nthis

work, wecombined the Circle Search Algorithm (CircleSA) with a parametric model built using
Python language in FreeCAD. The optimisation objective was to minimise the volume of the
gripper arm while satisfying the mechanical requirements. The maximum allowabli@den
stress was 150 MPa in order to avoid yielding of the material. The load capacity was 300 N
during operation. The iterative optimisation procedure checks that the CircleSA resulted in very
good convergence performance to find the lightest possibldraotign without violating
safety limitations. The Circle SA algorithm was superior to the PSO algorithm. The optimised
design resulted in a significant reduction in the volume of the component while maintaining the
structural integrity, with the maximunirgss converging to a safe value of 149.86 MPa. The
results show the efficiency of melt@uristic optimisation techniques in computer aided
engineering applications, especially in decreasing the moment of inertia, enhancing the light
weight mechanical dagn, and decreasing the production costs without violating any
engineering specifications.

Keywords: Circle Search Algoirthm, Topology optimizatio@omputeraided engineering
(CAE), Gripper Design

1. INTRODUCTION
Designing robots is very difficult. It takea lot of work to design and simulate them . It has got
a lot better in last few decades and there are many ways to deal with this problem. In the design
of robot manipulators, the kinematics design, dynamics design, thermal design and stiffness
design ae important stagefl]. Nowadays, soft gppers are frequently fabricated based on
biomimetic and intuitive principles of desig@]. The grippers are mostly made using the
knowledge, inspiration, and experience of the designers. After the design has been validated
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through numerous trials, the gripper is then adjusted in @ewptimal wayq3]. The primary
challenge in designing soft grippers is an optimization model with design variables, constraints,
and an objective function. Soft grippeare used to successfully grasp obj¢éts Due to
increased technical advancement, the optimization technique is paired with soft grippers for
object grasping5]. Some of the current methods used in soft grippers to irerformance
include tendordriven grippers, optimized grippers based on objective functions, optimized
grippers made using genetic algorithms, and the Taguchi approach, which builds an optimized
gripper model using fuzzy log[6]. Soft gripper design is heavily utilized in gripper modeling.

In a number of hazardous situations, including thogelving explosives, welding equipment,

and radioactive equipment, the grippers can be effectively employed to grasp pHjects
Gripper grasimg ability may be measured using three metrics: gripper strength, slip resistance,
and versatile grasping. The grippers are frequently constructed with a high level of rigidity.
Going ahead, the object will be firmly grasped. In most unclear casestippérg can also be
employed. Nowadays, soft grippers are frequently fabricated based on biomimetic and intuitive
principles of desigi8].

The design of robotic grippers has a great influence on their manipulation performance, and
there are many design limitations to cons[@¢rOne limitation of a robotic gripper is its ability

to successfully grasp objects without damaging them. Therefore, the design of a robotic gripper
is a sensitive and complex procedure involved with modelling with many paraipi€teishe

design parameters of the mechanism such as joint lengths, angles and force are achieved
through a rigorous optimisation procedure. The optimisation of the gripper mechanism has a
complex seattt space and multiple conflicting objectij&d]. The activity is intended to model

the interaction between the gripper and the item. Such difficult optimisation problenasdare h

to solve due to the deterministic nature of traditional optimisation methods and their tendency
to use convergence problems and few design varigb®s As these issues become more
complex, it is possible that the use of optimisation techniques such as evolutionary algorithms
instead of conventional approaches may offer significant opportunities for a solution. One of
the main reasons for using evolutionary algorithms is the ability to perform global searches.
These features also helped to optimise the robot gripper. Even Newesitibieinitial study

for robot gripper optimization employed the conventional optimization metfi&
Gholaminezhad and Jamdli4] studied the same problem using Multipurpose Differential
Evolution (MUDE) and compared their findings with previous research. They showed that their
method capturedhe Pareto front more effectively by evaluating fewer functions and
converging more quickly than previous resedddb]. Later, the researchers tackled the issue
using the reliabilitybased design optimization approgth]. When compared to deterministic
techniques, the robustness and reliability behavior of the gripper mechanism significantly
improved in the study that employed a differential evolution algorithm contgbthim Monte

Carlo simulation method. By addressing the actuator analysis flaw found in Osyczka's problem,
Datta et al. altered the iss{e7]. An actuator with force proportional to applied voltage and
actuator stiffness was postulated in the modifieablem. The Strength Pareto Evolutionary
Algorithm-Il (SPEArII) was used by Avder et al. to solve the is§l@]. In contrast to other
scholars, Rao et al. applied the problem to TLBO and ABC after converting it into a single
objective optimzation problem19]. Although optimization methods are frequently used in
robot gripper design in éliterature, this study employs a new optimization method. The Circle
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Search Algorithm, a relatively new algorithm in the literature, and Particle Swarm
Optimization, a significant element in swarm optimization, were used to optimize the weight
of the rolt gripper part. The design process was observed during the optimization phase using
the FreeCAD design program. The aim of this study is to improve safety in manipulator gripper
systems and contribute to the development of decision support systems.

2. MATHERIAL and METHODS
In this study, optimization algorithms were designed using code written in the Python
programming language, and the tip of the manipulator gripper was designed using the FreeCAD
design program. The study was run on a {pghformanceersonal desktop computer.

21GRKPPER DESI GN
The major goal of this research is to decrease the moment of inertia of components in order to
increase robotic manipulator mobility while preserving mechanical strength. As a result, the
"objective function" ofthe issue is defined as reducing the portion volume ith the
restriction that the part's maximum bending strgss () not surpass the aluminum alloy's yield
strength of 150 MPa, the design is optimized under an operational load of F=300 N. The
FreeCAD parametric modeling interface was utilized for geometric modeling during the design
phase; the Circle Search Algorithm (CircleSA) and Particle Swarm Optimization (PSO)
methods, which have demonstrated success in the literature, were employeditatipti.
Figure 1 shows the main gripper component designed in this study.

Figure 1. Gripper part

Figure 2 shows the complete gripper design obtained by assembling the optimized gripper tab.
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Figure 2. A gripper design with this gripper patided.
22CKRCLE SEARCH ALGORKTHM

The geometrical circle is a basic closed curve where every point is the same distance from the
center. The diameter is defined as the line joining two points on the curve that cross the center
(%), as seen in Figure The line connecting any point on the circle to its center is called the
radius R). The length of the curve that encircles a circle equals its perimeter. The tangent line
segment is a straight line that crosses the circle at a single yppamd is perpndicular to the

radius that crosses this point, as shown in Figure 1. Pythagorean equations state that the ratio
of the radius to the segment of the perpendicular tangent line is the orthogonal furatjon (

of the right triangle. It is clear that thenggent line segment is the distance between paints

and X,, while the radius is defined as the distance betweandx. [20]. The orthogonal
function (Tan) is thus stated as follows:

4A] = (1)
w W

Gw o h B4A] 2)

O o @ B4A] 3)

Tangent line

Xp

Diameter

Figure 3. Geometric circular terminologi20].
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As seen in Algorithm 1, the initialization stage is crucial in the CSA, where each search agent's
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whole dimensions should be equally randomized. The majority of previcelsigsed code

randomly distributes the dimensions unevenly, which occasionally causes the algorithms to
provide unexpectedly good results. Next, as in Equation (4), the search agents are initialized

between the search space's upper limit values (UB) avet lonit values (LB):

L., 95"

where r is a random number between 0 and 1.

L L

=<« & £< éJ'F QOAT

ar

(4)

(®)

Equation (5), for updating the position of the search agent shows that the pXsitiothe

search agents is updated acdbog to the evaluated optimal positi¥a
a critical value for the discovery and use of (J28.

3. RESULTS

Figures 4 and 5 show the plots obtained by the PSO and CSA algorithms through searching

The

angl e

within the defined limits and constraints of this study. Plots are created-timneah the search
space and updated in each iteration. Table 1 shows the seareluspddn this study.

Table 1.Search space

Parameter Value
Length (mm) 40-100
Width (mm) 10-30
Thickness (mm) 3-12

In addition to the search space shown in Table 1, the PSO algorithm achieved a stress value of
147.97 MPa within thenechanical constraint limit of 150 MPa. Figure 4 shows the technical

drawing of the gripper part obtained as a result of the PSO optimization.

40,02
8
of {f?% 10,33 @
o
28.3
= 1 40,02

456
4.5

Figure 4. PSO design
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Figure 5 shows the results obtained by optimizing the CSA method under a 300 Usituad
the search space in Table 1. The CSA optimization achieved a maximum stress value of 149.86
MPa with a lighter design than PSO.

40

RGN}

6,32

Figure 5. CSA design

Figures 6 and 7 show the search areas of some agents used in this study when searching for
suitabk valuesn the search space using optimization methods. In these graphs, the x1 axis
represents Length and the x2 axis represents Width. These methods are critically important
for determining the exploration and exploitation processes when searchisgitidrle

valuesin the search space. Examining Figure 6, it can be seen that the agents influence each
other due to the swarm algorithm and search in a narrower area. It is observed that the
particle swarm optimization behavior is concentrated in titllmisections rather than the
extreme regions, and safe searching is performed.

Trajectory of some agents

26

— Agent 3
Agent 5
24] _ - ngente
IIIII Agent 7
22 -
T T
....... -
Q ........ ‘

18 /
16 -
14 -

12 4

40 50 60 70 80 90
x1

Figure 6. The trajectories of some PSO search agents.

Figure 7 shows the process by which CSA optimization agents determine suitablenvtdaes
scanning space. Examinitigis graph reveals an aggressive and dynamic search process. The
agents make jumps to the search boundaries, demonstrating an improved exploration capability
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in this algorithm. It is observed that the agents obtain suitable vatuagesult of exteng
scanning activity.

Trajectory of some agents

30049 —— Agent 3
Agent 5
2754 i —-- Agent 6
S Agent 7
25.0 1

22.5

20.0 1

x2

17.5

15.0 4

12.5

10.0 A

T T
40 50 60 70 80 90 100
x1

Figure 7. The trajectories of some CSA search agents.

Table 2 presents the optimization outcomes obtained from the CSA and PSO algorithms
throughout the design process. In both methods, a maximum bending stress constraint of 150
MPa was imposed to ensure structural safety. Regarding volumetric performance, the CSA
based optimization yielded a design that is approximately 15% lighter than the PSO approach,
with a volume of 1777.08 mms3. This reduction directly supports the objesftiwenimizing

the moment of inertia, which is particularly important in robotic arm applications.

The comparative results indicate the performance differences between the Circle Search
Algorithm (CSA) and Particle Swarm Optimisation (PSO) in the designasfipulator end
effectors. The CSA method gave a lighter configuration with a volume of 1777.08, while the
PSO method gave a higher value of 2089.77. The results clearly indicate that CSA is more
effective for weight loss. The best geometric parameter€8A were [40.00, 12.65, 3.00]

while [40.02, 10.33, 4.56] was generated by PSO. The first parameter is almost the same in both
algorithms, but the second and the third dimensions are different. In particular, the third
parameter of CSA is often close ts lower bound, resulting in a more compact structural
configuration.

From a stress point of view, CSA kept the maximum bending stress at 149.86 MPa which is
very close to the prdefined safety threshold of 150 MPa but still within the acceptable limits.

In comparison, PSO had a lower stress value of 147.97 MPa at-atfadstructural volume

and total weight. In conclusion, the results show that CSA provides a more balanced and
efficient optimisation performance, which produces a lighter design thiafiss the
mechanical safety constraints without compromising the structural integrity.
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Table 2.Comparison of search results using optimization techniques

Al gor Opt mum \NOpt mum D mens Max mum ¢

( m# ( MPa)
CSA 1777.0¢ [40.00, 12.c¢ 149. 86
PSO 2089. 7" [40.02, 10.:¢ 147.97

4. CONCLUSION
This study utilized optimization in the design of the gripper component of manipulators, which
are among the most commonly used in mechatronic systems. The study focused on optimizing
the weight of the component. Robotic endctioning devices with unnessgary bulk in their
bodies have a higher moment of inertia, which puts dynamic stresses on the motors and causes
energy loss. To solve this problem, the FreeCAD design program was used, and optimization
algorithms attempted to find the appropriate valueuph calculations. The main objective of
the design problem is to eliminate the unnecessary weight of the gripper tip. Furthermore,
maintaining mechanical strength during this design process is of critical importance. In the
operational scenario, a foroé 300 N was applied to the compression point of the system. To
prevent fracture or permanent deformation under this load, the yield strength of the aluminum
alloy, 150 MPa, was established as the maximum allowable bending stress in the optimization
algorithm. The optimisation process utilised the watlown in the literature Particle Swarm
Optimisation (PSO) and the more recent Circle Search Algorithm (CSA) to compare the
characteristics of their search space searching. The two algorithms were runtésattni,
with the design parameters for the length, width, and thickness varying in the provided degrees
of freedom to achieve the optimal topology. This cautious approach allowed PSO to achieve a
design of 2089.77 cubic millimetres with a safe mechasteass of 147.97 MPa. On the other
hand, CSA agents were found to directly address the fracture constraint and scan the design
space limits more aggressively. The maximum stress value was exactly 149.86 MPa, just below
the fracture point of the materjaue to the magnificent boundary exploitation capacity of CSA.
Due to this precise balance, the gripper arm thickness could be reduced to the minimum allowed
value of 3.0 mm. The ideal CSA volume value was 1777.08 cubic millimetres which might
make the mehanism lighter than PSO by around 15Plrough an industrial case study, this
paper quantitatively shows that CSA clearly outperforms traditional swarm intelligence
algorithms, especially in confined topology optimisation issues. In subsequent phasésathi
prototype will be produced, put through physical fatigue testing, and its energy savings in a
dynamic environment will be measured empirically.
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METAL Y! ZEY KUSURU TESPKTKNDE YOLO MKMARKLEF
KARKI LAKTI RMAS|

Li sans ¥jrenci si ; DoglbL, BEYZAAEKUSIBER OZBAY *

Férat | niversitesi, M¢hendi sl i k Fake¢gltesi, \
0009000527077870
‘Férat | niversitesi, M¢hendi sl i k Fake¢l tesi,
0000-000306296888

OZET

Bu- al € k ma, met al cretim s¢é¢gre-lerinde kalite
kusurl arénén otomati k tespiti p rfDEDbve &NBUY ne od:
DET ver.i setl eri kull anélarak YOLOvS8 ve YOL
varyantl arénén dojruluk ve héz performansl ar
setleri farklé& anotasyon formatlaréna sahip
do°n¢kKt ¢r el mgk, ardéndan veri tekil2z2lkeme iV eni xtt
setl eri %70 ejitim, %20 dojrulama ve %10 t es
tutarl el ek sajl anméxktér. Model performanséne
uygul anméxk ,-DBT rweerai &Led0 mglees iszélni€] i ni gi der me
czerinde dengel eme i kKl emi ger-eklektiril mikti
ejitil mk ve kesinlik, d u y-3brgibi anletékler, Uzekntden s k o r u
dejerl endiril ndiakt iyal nBuzncuan gyeanneédn per f or mans
MAP dejerl eri de ayréentéleé bi-imde karkeél akt
czerindeki bakarémée incelenmiktir. El de edi |
bajlle&r ak performansén dejiktiJi gor¢é¢l megkter.
dengel i sonu-1I| ar verirken, bazé duruml arda
sajl amekteéer. Ayréeca héz anal izl er itnédreé Inmoédketl d
Abl asyon ve hata analizl eri sonucunda model
veri seti yapéseé, séneéf dengesi , kusur t ¢rl
belirl enmiktir. ¢tal ék ma, moldlieilk | e ei ndienjiinl , vy
karakteristiklerine vV e séneéef bazl e perfornm
gerektijini ortaya koymaktadér.

Anahtar Kelimeler: Nesne Tespiti, YOL Ov 8, YOLOv11, Me

¥Jrenme

1. GKRKK

MetalGretme nd ¢ stri sinde y¢zey kalitesi, Lréneégn  me
gésvenl i k kokull aréna uygunlujunu dojrudan b
rul o ve profil gi bi met al yézeyl erkdhg amimar &n
gi bi Kkusurl ar , yalnézca ¢regn kalitesini d¢ K
ol - ¢de arteéermaktader Bu nedenl e met al Y ¢z
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dojrulukla tespit edil mesi, e medet, dntayaidgvani kal i
etmektedir [1, 2].

Gel eneksel g°rsel muayene y°ntemler.i operat?®©
karkée duyarl e ol dujundan, y¢ksek héezl é ¢reti
Son yéllarda deesne®°feepmei tghahbeéemlaré bu
ol ukturmuk °zellikle evrikimli sinir ajée mim
yaygeéen bi-i mde kull anél maya bakl anméxteér [
CenterNet[6]v& OLO ai l esi [ 7, 8] gibi mimariler ¢ze
ol arak dojruluk metrikleri ¢zerinden dejerle
Bununla birlikte, ger-ek zamanl é& endg¢striye
denge kriti kd®ernemLittaekréamackrtdae YOLOvE8 ve YOLO
deneysel ortamda ve ayneée ver.i setl eri czer
yeterince yer bul mamexkteéer. ¥zellikle farkl e
etkisi ve veris et | karakteristiklerinin model bakar

beklemektedir.

Gorsel 2. NEUDET veri setinden 6rnek gorintuler

Bu -al ékmada, metal y¢zey kusuru tespi-ti ama
DETve NEUDET kul l anél arak YOLOv8 ve YOLOv11l mo

karkel aktérmale olarak dejerl endi gorihtitee kt edi |
G°rsel 1 ve 206de veDETIveNEKDET .v €ril éxentaldar i G4
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anotasyon yojunluju ve yapésal °czelli kleri

nesne tespitd.i performansémdeeanadeki edit kmi et
Ayr éca, her 1 ki model ail esi i -1 n ayné ejiti
stratejileri uygul anar ak adi | ve tekrarl an
Model | er yal nézca Kkorms,i nmP50ke mAPSOy5a r d iébd ie k d o jJFriu
metrikleri a-éséndan dej il ayne zamanda FPS
hez dengesi bakéméndan da dejerlendiril mikt]
hata analizl erniefillag Eéh@ngimokesltuer sa-éséndan
zorl ukl arén temel nedenl eri ortaya konul mukt

2. KLGKLK ¢ALI kMALAR

Met al y¢zey kusuru tespiti alanenda derin °j
i vme &kazanmékt ékuo vdF[a]negdistrigel metfal lvg¢ Ozelligle duz celik
y¢zeylerde otomati k georsel Kkusur tespitine \
Bu -al ékmalarda kull anélan y°ntemler, veri
bi-i mde éxlt@ral &em vd. [3], -elik y¢zey Kkusul
ver.i setl erini ve perf or rD&EDweri Seti ise,livIivee [4] n i T
taraféendan met al yézey kusuru tespiti i -in

kazandeér él méxkt eér .

Tespit mi maril eri a-éséndan dejerlendirildi
yakl akém ©°nermikken Tian ve Jia |[6] Fse -el
Center Net y°ntemini gel i kKt LiwvenChertgi[7}, YOLOVWOL O t at
TLC model ini -elik y¢zey kusuru tespitine uy
iyilektirilmick bir mi mar i il e kK¢ - ¢k Ve be
hedefl emi kKt ir. Gao vd. yph8] ak¥oeEpPlra tabahkl &¢.
belirl enmesine odakl anmécxkteér . Far k-M@VSbi r -
y°ntemiyle -elik y¢zey kusuru tespitinde do]j
Mevcut | iterate¢r | hoslenditjespde] malt @akmpi ae
veri seti veya tek bir model mi mar i si szerin
YOLOv8 ve YOLOv1I1l model ail el er I-DET ve NBU S, m,
DET veri setleri izerinl ayné deneysel kokullar alténda s
y°neli k -al éexkmal ar sénéerl édér. Bu nedenl e bu
ait farkl e ©°1 -eklerdeki varyantl ar i kzi fark
performansl|l aré karkélakteérmal & ol arak anali z
Deneysel siregte GCADET ve NEUDET ver i setl eri kull anél m
yapeéséna sahip bu wveri setl eri °nceli kl e Y
temizleme ve standardizasyork | eml| er i ger -eklexktirilmiktir.
dojrulama ve %10 test olacak «kekilde b°l ¢nm,
veri artérma tekni kIDeET vueyrgu lsen menkd,e asyernéeda d&
i -1 ntiem k¢mesi czerinde dengel eme I K1 e mi y
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parametreleri kullanélarak ejitilmik; perfor
mMAP50, mAP5E0 5 |, FPS ve geci kme s¢resi metri kIl er.i

3. MATERYAL VE METOT

3.1. Veri Seti

Bu -al ékxkm&EOweNEJOET ol mak ¢zere kamuya a-éek ik
seti kull anél mékter. Ver i seti se-iminde g°©°I
kutu anotasyonu icermesi iear Kk €1l akt ér mal é analize el veri

al énmexkteéer.
GC10DET, crescent_gap, crease, silk_spot, water_spot, welding_line, inclusion, oil_spot,

rolled_pit, punching_hole ve waist_folding o
®re¢nteg ve 3563 sénérlayécé kutu anotasyonu
sil k_spot ve oil spot sénéflarénén baskeén ol
sénérl e sayéda °rnek i-erdiji nd@ar slumaldk tmadkitra

NEU-DET ise crazing, patches, inclusion, pitted_surface, rafledcale ve scratches
séneéefl aréné kapsayan 1800 g°r¢nt-REVee 4KB8Pasle
daha dengel.i bir sénéf dkag el éaremtaa vyyweo g °y gjnu rg
ol an bu veri seti XML formaténda eti ketl|l enmi
¢izelge 10de °zetlenmektedir.

Cizelge 1. GC10DET ve NEU-DET veri setlerine ait temel dzellikler

Veri Seti Gorunti Séne¢ Toplam Format
Séneéerl ay

GC10DET 2292 10 3563 JSON

NEU-DET 1800 6 4189 XML
3.2. Veri ¥n Kkl eme ve B°Il me
Kki veri setinin farkle anotasyon bi-imleri
seti i -in bajéemg@zcbinyecgdPhnegkmegrmer . Her nes
sénérl ayecé kutu merkez koordinateée, geni«klifj
YOLO metin tabanleée eti ket -DBOT madréin as et®inr,kd ¢ d
veya bokn ain-oedraesnyo°r nekl er ayeékl anmeéex, farkl
birlexktirilerek 2292 geDET'lItie °dronseyka eil sdnei eudyi L
°nl emek amacéyl a i ndeksl| eme mekani zmasé K L
kull anédmmudtiur .bul
Her 1 ki veri seti %70 ejitim, %20 deJET ul ama
i -1in ni hai daj el eDET16i0-4i/M586230,26REB60/ 180
ger -ekl ekmi ktir. Teimt iak et keguned iemalleg kgtorrij¢an t t;a
dojrul anméexteéer .
GCIODET wveri setinde seéneéf dengesi zIlijJini gi
czerinde dengel eme uygulanarak az temsil edi
ek °rnek ¢retil miktir. Ba24&é emr cglolnaad umidta ¢
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wai st folding 956ten 2856e ve inclusion 257
k¢mel er i dej i K-DETotl ememeré€EfrdaNEUEMENEN g°r ec
ek dengel emeye gerek duyul maméxteéer .

3.3.VeriAr t ér ma

Model genell eme kapasitesini artérmak ve akeée
arteéerma strateji si beni msenmi ktir. Uygul ana
yatay/ d¢i¢key Kkaydér ma, 0.15 °lrkdhegmeg, Q.9 B
-evirme ve 0.3 mosaic orane. Met al yézey ku
adéna dikey -evirme ve mixup kull anél maméxkt e
i -in ortakter. G°r s e In g@ubttiler Uzeriedeki etkderi Hraeklena t e k
czerinden g°sterilmiktir.

Augmentasyon (Mosaic) Augmentasyon (Flip / Scale)

Augmentasyon (Color Jitter)

Orijinal GorGntla

Orijinal Gorintii Augmentasyon (Crop / Mosaic Benzeri) Augmentasyon (Flip / Scale) Augmentasyon (Color Jitter)

Gorsel3.Ver i artérma tekniklerini °rnek g°rg¢n

3.4. Model Mi marisi ve Ejitim Kurul umu

Bu -al ékmada YOLOv8 ve YOLOvmetdiummlardeeveextaai | el er
| arge ol mak ¢zere bexk farkleée °]-eji -fleejerl en
nesne tespiti mi mar i si czerine Kkurul muk ol L
ger -eklektirmektedir . veYSBRFOyerihe PSA @a8dklini ibeleo k | ar
geliktirilmik bir ajJ yapéséna sahip ol masé n

Tée¢m model | er Googl e Col ab GPU ortaménda, |
kull anél ar ak e] i tametnlerikgbruntd.boy@ur 960apkselebatchtsizert6, p a r
epoch sayéesé 100, optimizer AdamWw, bakl angeé
schedule ve early stopping (patience=20). Bu parametreler her iki model ailesi ve her iki veri

seti i - meldsijzikn i wuygul anarak adil bir kar kK é
s¢recinde kullanelan °rnek g°re¢ntegl er GOorsel
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G°rsel 4. Ejitim s¢recinde kullanélan °rnek g

4. SONUCLAR VE DEJERLENDKRME

Model l erin performansé Kesinl i k,95 Detklarr | €l &k
czerinden dejerlendirilmiktir. Bunl arén yane
Oneme sahip olan FPS ve ortalama gecikme sdiresi © | - ¢ | m¢gkt ¢r . T¢m kar K
ve dojrulama s¢recinde kullanél mayan baj émseé
Kl k akamada her i ki veri seti iczerinde YOLG
ol arak dejerl endiorimamisktsiornu-Game&l ¢peaerl ge 2
karkeéel aktérmal aré ise G°rsel 5 ve G°rsel 606d

¢izelge 2. YOLOvVvV8m ve YOLOv1I1Im modell erinin gene

Veri Seti Model Kesinlik Duyar F1 mAP50 | mAP50-95
GC10DET YOLOv8m 0.664 0.603 0.632 0.655 0.338
GC10DET YOLOv1im 0.616 0.634 0.625 0.652 0.328
NEU-DET YOLOv8m 0.649 0.706 0.676 0.728 0.375
NEU-DET YOLOv1im 0.709 0.698 0.704 0.745 0.389

GCI10DET veri setinde YOLOv8m modeli kesinlik ve F1 skdotn k @ méndan daha i
verirken, NEUDET veri setinde YOLOv11lm modeli mAP50 ve mAPS® dej er |l eri nd

ge-mi Ktir. Bu bul gu, mod el se-iminin yalnéz
°czelli klerine de bajlé ol dujunu a-ék-a g°ste
Sénéf bazl é dePETrikeandedYOLOuELoh enoddifirl cdease, inclusion ve

wai st _folding sénéflarénda belirgin iyilexkm

azlejena bajlé ciddi bir per f eDEMmizairge ise¢ K ¢ K ¢
YOLOv8mM in crazing ve scratches séneéefl ar énda
ise inclusion ve pitted_surface sénefl arénda

63



AFRI CAhRNTERNATI ONAL CONFERENCE ON SCIENTIFI C RESEAF
May i31, i20AI6RO
| SBN 8RG2-87 o5

10 Model
= YOLO11!
m YOLO11m
== YOLO11n
" YOLOlls

- YOLO11x

= YOLOvS8I

= YOLOVBm

" YOLOVE8n

W YOLOVES

W YOLOVE8X

© r

& P i
e & &

0.

0.
0.
0.
& *
& & “'@‘f o“’f ‘*@539 &\t"f 9@"’#
& &

& £

Class

Gorsel 5. GC16DET v er i seti i -in sénef bazl & mAPS5
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- YOLO11m
= YOLO1lln
- YOLO1ls
= YOLO11xX
_ YOLOVEI
- YOLOVBm
= YOLOVEN
. YOLOvSs
. YOLOVEX

08

06

MAPS0

0.4

02

0.0-

3

’ a .;@?ﬁ “‘fé,
Gorsel 6. NEUDET veri seti i-in séenef bazl é mAPS5
He z vV e geci kme karkeéel akt ér mas € dojrul ama K
ger-eklexktirilmicktir. ¢i zel ge 30t e gor ¢l dg¢j

dej er | er i ndeak YRGLOWkmméodelled kiguk fanklarla daha yiksek FPS ve
daha d¢ke¢k geci kme s¢rel evrGLOs éd oni leenmitkézliré,

YOLOv8mM ise en yavak model ol arak ©°ne -é&kmécx
¢izelge 3. Modellerin héez ve geci kme karkél axkt er
Model FPS Ort. Gecikme (ms)

GC16YOLOV8m 21.16 47.26

GC16YOLOv11im 21.26 47.03

NEU-YOLOvV8m 22.35 44.74

NEU-YOLOv1im 23.31 42.91
Kkinci akamada her i ki moREF ve NEUDE® fizenmden t ¢ m

sistematik bicimdel e ] er | endi r-DH Tmiskan ur-.1 a&CelL MR Tz esl ogneu -41" & re
ise ¢Cizelge 506te sunul maktadeéer
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Cizelge 4. GC1I@DET veri setinde model varyantlarénén kar

Model Kesinlik Duyarl é F1 mMAPS0
YOLOvV8n 0.6679 0.5724 0.6165 0.6342
YOLOv8s 0.6498 0.6013 0.6246 0.6663
YOLOv8m 0.6647 0.6030 0.6324 0.6554
YOLOvSI 0.6755 0.6043 0.6379 0.6262
YOLOv8x 0.6305 0.6437 0.6371 0.6726
YOLOv1ln 0.6536 0.6768 0.6650 0.6828
YOLOv11s 0.5949 0.6147 0.6046 0.6556
YOLOv11im 0.6165 0.6340 0.6251 0.6522
YOLOv11l 0.6795 0.6867 0.6831 0.6798
YOLOv11x 0.7217 0.6864 0.7036 0.7025

Cizelge 5. NEUDET veri setinde model varyantlarénén kar

Model Kesinlik Duyarl e F1 mAP50
YOLOv8n 0.7367 0.6530 0.6923 0.7353
YOLOv8s 0.6894 0.6724 0.6808 0.7168
YOLOvV8m 0.6495 0.7067 0.6769 0.7283
YOLOvSI 0.6707 0.7111 0.6903 0.7389
YOLOv8x 0.7094 0.7168 0.7131 0.7467
YOLOv1ln 0.7568 0.6464 0.6972 0.7467
YOLOvl1ls 0.7061 0.6985 0.7023 0.7558
YOLOv1lm 0.7097 0.6985 0.7040 0.7455
YOLOv11l 0.6701 0.7179 0.6931 0.7362
YOLOv11x 0.6845 0.6931 0.6888 0.7350

GCIODET ver. setinde YOLOv1l ailesinin b¢gyeék
-ékteje g°r¢gl mektedir. En vy ¢ ROOk1DKkmodelindel i k |, F

el de edil mik; YOLOvS8 ail esi i-inde 1ise en
model |l erinde g°RPEEmVemimi xetiirnd&EiUse tek bir
ara ¢sten ol madéjé belirlenmiakniy¢ksak ydkysea
YOLOv11l 6de, en y¢ksek F1 YOLOv8x'te ve en vy
Budurum, NEUDET"' i n dengel. senéf yapéseénén farklEé
bir performans zemini olukturdujuna ikKkaret e
Veriada t érma tekniklerinin model performansé ¢z
deneyl er i ger-eklexkxtirilmiktir. -DElNwresetedi | en
czerinde beklenen d¢gzeyde bir perfolikkeans ar
agresif veri artérma ayarl aréenén metal yg¢zey
modelin ©°Jrenme sg¢grecini ol umsuz et kil edif]J.i
beni msenen dengel]| veri art earma stemxatdijiilgi,

amaceéyla tasarl anméxkter

GC10DET veri seti Uzerinde her iki model de punching_hole, welding_line ve crescent_gap
sénéflarénda y¢ksek dojru séneéeflandérma or art
inclusionveozelk | e rol l ed _pit sénéflarénda séeneéefl ar
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Bu sénéefl arda yakanan performans d¢kKegKegnegn ot
birbirine benzer yapéda ol masé ve veri setin

NEU-DET wver. setinde ise her ki model séneéf
sonu-1I| ar cretmi ktir. Pat ches, scratches ve |
yuksek seyrederken, crazing ve rollech _scal e sénef | aadamadfazla di J er
karéekma g%zl emlenmi-RETrte GgapebETod eaé e & - &ENJa
dengel. ° T reni l difji ve YOLOv1I1Im modelinin s
belirl enmicktir

GC10-DET YOLOv8m Confusion Matrix GC10-DET YOLO11m Confusion Matrix

Confusion Matrix Normalized Confusion Matrix Normalized

crease 033 003 crease ﬂ 0.02 0.02
08 08
silk_spot 020 035 silk_spot 017 0.03 027

water_spot 0.06 water_spot o001 0.02
welding_line 012 06 welding_line . 019 06

b b
;
-} inclusion 001 003 m 0.01 008 3 inclusion 0.03 044 013
; ;
& &
rolled_pit 001 rolled_pit 001 020 0.02

punching_hole 0.01 punching_hole . 0.01
02 02
waist_folding (3% 0.06 waist_folding 074 [EXN)

°
°
2
e
s
°
3
a

background background - 031 017 M 012 aos @ﬂ
. . -00 I \ v ‘ -00
e 8§ % ¥ @ £ ® =2 @ °o B e g % ¥ @ £ ¥ = o ©°© 3
g 8 g K g 8 £ 2
s 2 8 &8 £ ¢ 8 § 35 £ ¢ s &2 8 &8 £ 8 88 § 3 £ ¢
g Ao 4 8 o8 o £ 3 3 g Ao o 3 o8 ¢ £ 3 3
g 5 & ¢ g2 3 F &2 o &8 § £ 0 & § 2 4§ F 2 d & §
g = £ § ¢ ¢ 3 £ o 2 g = £ § ¢ ® 5 £ o %2
g @ 8 3T £ g £ g ¢ 2 @ 8 T £ e Z 4 ¥
3 E I} S 2 = il EI ] S 2 s
g S g ¢ 23 g g E 3 2
S s = 5 s =
2 2
True e

Gorsel 7.GCI0DET ver.i set i YQLOe8mivenYDEeOVELiN madelleriaenait
normali ze edil mik karékékl ek matri si

NEU-DET YOLOv8m Confusion Matrix NEU-DET YOLO11m Confusion Matrix
Confusion Matrix Normalized Confusion Matrix Normalized
08
08
patches - 01s patches - 015
inclusion - 026 inclusion - 025 06
06

pitted_surface n 006 pitted_surface 007
04 s

rolled-in_scale 070 024 rolled-in_scale 028
scratches . 010 02 scratches . 007 02
background “

Predicted
Predicted

012 020 03 010 o0 background 009 023 om  om 006
; ] 00 = X 7 ] i 00
o » c o o » c M
2 ] s g 2 g 2 o 2 s g H " T
£ 2 e 3 ] £ 5 £ £ 2 2 ] £ H
3 ] 2 £ g, s 3 8 ] 3 £ 4, s 3
3 3 3 s g 3 ] ]
1 a € ) £ I+ g & a & k] £ I g
= 3 3 H S £ < = 8 <
Iz 5 I3 3
a e = e
True True

Gorsel SNEU-DET veri seti ¢zerinde ejitilen YOLOvVvS8m
normalize edilmik karékékl ék matri si

G°rsel 9060da -QPETsiUzeeindi | eelnd eGCelddi | en PR ve F1 e]
YOLOv8m modelinin genel ol arak daha dengel
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Mo d el -éktelarénén g°rsel i nc a@log meais ibn d @ ,mdhee
et tijJi gzl emlenmi ktir. Bununla birlikte dg¢k
konum hatalarée ve d¢k¢gk geéegven -BET@mdklarinde ¢r et |
her i ki model de kumiuk, badnhgalkigivemn]jskotleampé
-ékmekt-BET NEMek!| erinde i se ©°zellikle kar me
kusurl arda séeénérl ayécé kutularén ¢(st ¢ste ge

GC10-DET - YOLOV8m GC10-DET - YOLO11lm

silk_spot 0,86 /‘l,' silk_spot 0.66 ”.

NEU-DET - YOLOV8m

ti'crazing 0.55

Gorsel 11. GC10DET ve NEU-DET Uzerinde YOLOVBmveYOLOv11lm tespit sonu-
5. GENEL DEJERLENDKRME VE SONU¢LAR

Bu - al é k rm2Ed se, NEWDET eri setleri izerinde YOLOvV8 ve YOLOv11 model

ailelerinin farklé °1-ekl eri karkél akt éer mal é
tim metriklere mut |l ak cstenl ¢k sajl amadé] éneé; mo d e
daj él emé ve kusur terl erine b eDET eri setinder ak  d o
YOLOv1lx en y¢ksek kesinlik, F iIDEVweri setiade5 0 d e ]

f arnkeltéer i kl erde farkl é& model °I| -ekleri ©°ne - &
dejerl eri sunduj u, YOLOv1I1Im modell erinin i se
sajladeéeje g°r¢l megktér . Hata anal i kibenzer® zel | i
kusurl arén model performanséné sénérlayan te
-al ékmal arda di kkat mekani zmal arée, °zellik p
genell eme kapasitesinin artéreélmasé hedefl en
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HAVACI LI KTA KULLANILAN BKR HAVA JETK POMPAZ
DENEYSEL OPTKMKZASYONU

Mak. Miih. EMRECAKIR &, Prof. Dr. ZAFER GEMKCK
Y] LDI Z TEKNKK ! NKVERSKTESK, Makine -008% ¢l tes.

000732230256
2Y| LDI Z TEKNKK ! NKVERSKTESK, Maki-00e002ak ¢!l tes
07169234
OZET
Modern hava ara-1arénda Kk ulnhaave dnraanbncgsagaz t ¢r b
sécakl ekl arénén y¢ksel mesi performanseé arte
mot or bilekenlerinin hizmet °mr ¢n¢g késalt mal
-evresel kokul l ara mar wmadi kalvma kktoakdpgirt. aBlua nd
insanl arén konforu i-in hézlé ve etkin cevaprg
bu i ki problemin -°9z¢m¢g 1 -in Hava Jet. Pompa
Bu -al ékmada, dék ortamdakopbreonpfaki hagagk bel
nozul yapésé ile daha efektif sojutmayé saj
Hesapl amal é Akékkanl ar Di nami J i (HAD) vy°nt el
dojrul ama il e HJ P enpenretkii rgeomeirk eparametrelér kve lbe y

parametrelerin geometrik optimizasyonu sayeé
performans ve akék reji mi etkilerine g°re i
akék duvar s¢rdmankteas i na eqng rutzarkmee kaybé azal m
s¢é¢ré¢kl eme orané artmaktadéer . Bir dijer para
kalitesinin sajlanmasé i-in °nemlidir. EIde

nozulkul aneéména g°re daha késa uzunlukta tam ka

boyutunu k¢-¢ltmektedir. Dif¢gz°r geni kKl eme a
geni Kl emesi il e basén- geri k a z an3 nélndeu jeu nkd a
karékém odasé -apénén nozul -apéna oranéneén
mi ktaré %62 oranénda artmaktadeéer. Di f¢zor -

s¢réekl eme oranée %11 art maktamdedaskKRaunmewamudd a
1.2 ile 2.5 arasénda deji kmesi il e s¢r ¢kl eme

j et pompasénén en etkin geometri k parametr
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di f¢gzor -ékék apagsgameereni azi sekkhegeem oda

ol arak saptanméexkteer

Anahtar Kelimeler: Hava Jet. Pompasé (HJP), Hesapl ama

sayésal dojrulama, s¢rékl eme orané
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AKI LLI ELEKTRKKLK ARAEGRESRDIN KABMNLI kEBEK
STRES ANALKZK

REGRESSION-BASED GRID STRESS ANALYSIS FOR SMART ELECTRIC
VEHICLE CHARGING

¥7r. G°r. Dr. Cel

Adana Al parslan T¢rkek Bilim ve Teknc
000000027631-:8934

OZET
El ektri kI ar a- kull anéménén hezla artmaseé
dal gal anmal arée ve trafo akéereée y¢skl enmesi gi k
akelle kar|j sistemlerinin gmndanatizediimesl bingils i vV e
°nem takémaktadeéer. Bu -al ékxmada, akelle &ele
stresinin tahminl enmesi amaceéeyla farklIl re.

karkeéel akt @ér mal & ol ar ak |Regresgoh, &idge Regtesyon, Destest | é K Ir
Vektor Regresyonu (Support Vector Regressi@&VR), Polinom Regresyon, Rastgele Orman
Regresyonu, Gradyan Art ér ma Regresyonu, X
kull anél mékter. Model | er i R? skpre (Rt Score),aOrtalama e er
Mutlak Hata (Mean Absolute EreMAE) ve K°k Ortal ama Kare Hat
Error - RMSE) metri klerinden yararlanél méxkteéer .
performans Linear Regression ve Ridge Regression mael i taraféndan el de
i ki mo d el de 0.7264 R] skoru, yakl akék 3.8
y°ntemlere g°re daha y¢ksek tahmin dojruluj
rekabetci sonuclar Uretirken, Rastgele Orman veycemeh Art ér ma y°nteml er i

d¢kek performans g°sterdifji belirl enmicktir.
Anahtar Kelimeler: EI ekt ri kIl i Ara-1ar, Akeéell é& karj Sist
Model l eri, Makine ¥]Jrenmes:i

ABSTRACT

With the rapid increase in the use tdatric vehicles, various problems such as load increase,
voltage fluctuations, and transformer overload are encountered in electricity grids. For this
reason, the development of smart charging systems and the analysis of their effects on the grid
are of geat importance. In this study, different regresdiased machine learning models were
comparatively examined to predict grid stress within the scope of smart electric vehicle
charging systems. Linear Regression, Ridge Regression, Support Vector Regi®8§t),
Polynomial Regression, Random Forest Regression, Gradient Boosting Regression, XGBoost,
and LightGBM algorithms were used in the study. R? score, Mean Absolute Error (MAE), and
Root Mean Square Error (RMSE) metrics were used in the performanicatea of the

72



AFRI CAhRNOERNATI ONAL CONFERENCE ON SCIENTIFI C RESEAF
May 737, 12QAI6RO
| SBN 8IRB2-87 A5

models. According to the results obtained, the most successful performance was achieved by
the Linear Regression and Ridge Regression models. Both models provided higher prediction
accuracy compared to other methods, with an R? score dd4).@pproximately 3.899 MAE,

and 4.795 RMSE. While the SVR and LightGBM models produced competitive results, the
Random Forest and Gradient Boosting methods showed relatively lower performance.

Keywords: Electric Vehicles, Smart Charging Systems, Grid Stress Analysis, Regression
Models, Machine Learning.

1. GKRKK

D¢nyada kegresel ikl im dejiki kIl i7Ji il e m¢gcade
bir-ok sekt°rde ol duju gibi enerji ve ul ake
getirmi ktir. Bu bajl amda, gel emeleqnely eir-itnen |
elektrikli ara-1lar (EA) al méxkteér. Uluslarar a
y él i -inde EA pazar payénén eksponanH.iyel b
Ancak bu d°n¢al¢tny aipléed aeper jizel l i kl e de mevec
czerinde yapéesal ve operasyonel baskeéel ar mey
El ektri kI ara-|larén dajéteéem kKebekelerine en
probl emlere sebap ekmaktmahdrée. oAraa-alk kKebekey
°czelli kle akkam saatl er.i gi bi zirve talep
trafolarda akeéereée y¢ ¢kl enmelere, hat kayéepl ar
ol mak[2].8doelrumsuz etkiler enerji kalitesinin dy¢
ekonomi k °m¢rl erinin azal maséna y ol a- mak
entegrasyonu sadece bir y¢k artek problemi d
cokboyutl u bir sorun ol arak -ékmaktadeéer.

Tekni k zorluklarén akKkél masé ve kKebeke yater
teknolojileri ve stratejileri gel i ktirilmickt
Zzamanéneé vemi-ketkairléenné gk¢e-bekenin anl ék kapasi
dinami k elektrik fiyatlandérmal aréna g°re op
°telenmesini sajlayarak kKebeke stresini daj ¢
kul l anmay3 hedefl er

Ancak, akell e kxarj algoritmalarénén sahada b
olukacak stresin °nceden ve y¢ksek bir dojru
Dajétém kKirketl eor iy ¢bkellegnenseelle rb anz d av et rgaefr i | i m
tahmin et mel eri gerekir. Byl ece «kKar | i st as)
bil gilerini il etebilirler. Bu dur um, Kebeke

edil dgjangbtti k tahmin modell erinin gelixktir
Son yeéellarda araktérmaceéel ar veri odakl e ya
y°nel M@[&t6]l.r Makine °jJrenmesi al goritmal ar é,
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orint ¢ 1 er i kekfetme ve dojrusal ol mayan si st e
bakar él aréyl a, ener ji sisteml er i analizinde
i ncelendijinde, Kebeke parametrel ebzelikien t ah
aj a- tabanl é topluluk ©°jJrenmesi al gg5).i t mal a
Rastgele Or man, Gradyan Artérma ve bunl ar én
i1l e LightGBM gi bi y°nt eml er ,rinde piksekaper®rnany e r i |
sergil emel eri nedeniyle enerj4|,[7larakt ér mal ar é

Bu -al ékmaneén t emel amac e, el ektrikli ar a-
tahminl enmesi probl emi i -riens yfam ktl &b am Imé&a rmd keir |
al goritmaséné karkélakteéermal é ol arak incel en
Ridge Regresyon, Destek Vektér Regresyonu (SVR), Polinom Regresyon, Rastgele Orman,
Gradyan Artér ma, XGBoostyn&evéeinighs@BM paeel
model | erin Bel 3, Ottalaind MutlaK datas(MAEE & &6k (ORalama Kare

Hat asé (RMSE) metri kl eri czerinden tahmin dc
Bu dojrultuda - al éiklmma,t arfondied Ikaakw ama&kseék | a&rf &8s € n
perspektifinden yeniden tanémlamayé hedefl em

2. MATERYAL VE YONTEM

Bu b°l ¢mde, arakteérmanén analitik altyapéseén
kul |l anél &nekvdrsiel s eteir, anal i zi, regresyon mo
metrikleri detaylé bir kekilde a-ékl anmakt ad
2.1. Veriseti
Bu -al ékmada, Kaggle platformunda yayeénl ana
araseéendaki bokl ulj wktgu rdelrmek afma\ egH ar i ng & G
i simli wveri 48t i8 3k5uWdl lkaary&ltméamnt &vre 27 ©°zel |l i kt en
Kar j i stasyonlare ile akeéellé kKebeke dinamik
model emek amacéyla ol ukturul muk -ok dejikkenl
batarya kapasiteleri ve konum tabanlé kuyruk
el ektrik fiyatl andeéer masé, Kebekei by, kgebedke
parametreleriyle entegr e eden bir yape s u
"optimizasyon °d¢l ¢ gi bi metrikler ve anl ék
ejitil mesi, pekiktirmeli ©°jJreeamenitraba@all iek toitro
akell e Kebekel erde met asezgi sel O pZamami z a sy |
optimizasyonunun sajlanmasé gi bi Il eri d¢zey

sajl amaktadeér .

2. 2. Keki f sel veri anal i zi
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KekiVearll anal i zi s¢reci, model |l eme akamasén
karakteristiklerini °czetl emek, veri yapéel ar
yurutilen sistematik bir inceleme sureci¢y. Ara- tiplerindaj &leémér
G°Prsel 16de g°sterilmicktir

Arag Tiplerinin Dagilimi Sarj Talebinin Dagilimi

700
2500
600

2000 500

1500 400

Frekans
Frekans

300
1000
200
500
100
0 o] .
Two-Wheeler Car 20 40 60 80 100
Arag Tipi Sarj Talebi
a) b)
G°rsel 1. Ara- tiplerinin(a) ve karj tal
G°rsel 1(a) incelendijinde, i Ki tekerl ekl i a
°rnekl em vy a poaisnéktedirnHerabir dracjkategorisinin benzer frekanslarda temsil
edi | mesi ile sonu-larén genellenebilirlifji a
ol ukturmaséné engellenmixktir. kar j ve \ydksekb i daj

seviyelerde genik bir araleja yayeldéejene g?°
dejerlendiril d35 i W, araleé¢jlérkdae Y®&] unl akan bi
ancak 601 00 kWh aral éjéenda dayememnmllidéeimektg&@mrgd mgk
el ektri kIl ara- kull anéeceéelarénén farkleée kulla
d¢kek hem de y¢ogksek y¢gk senaryol arénén ol ukab

Istasyon Yik Dagilimi: Zirve Saatler ve Zirve Disi Saatler

100
80

60

istasyon Yuku

40

20

Off-Peak Peak
Zaman Dilimi
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Gorsel 2. Zirve saatlerdevenormat aat | er de i stasyonl arén yg¢k

G°rsel 2 Kar j i stasyonl arénén y¢k seviyelerin
ortaya koymakPadk). shat maFdeOmedyan istasyon
ger - eklzenkivrek ¢(nP,e a k) saatl erde bu dejer yakl ack

saatl erde hem al't hem de ¢st -eyrek dejerle
czerindeki y¢k baskéséenéen ge¢ngén  bektedr.Norma z aman
d°nemde g°zIlenen daha genik dajél ém, kul |l ané
eder ken, zirve saatlerde y¢klerin y¢gksek sev

yojunl aktéjenée g°stermektedir

Sarj Talebi ve Elektrik Fiyati iligkisi

12

Elektrik Fiyati
5

6 time_slot &
o Off-Peak giass
Peak  hE%

20 40 60 80 100
Sarj Talebi

Gorsel 3. Zirvesaa | er de ve normal saatlerde karj tale
G°rsel 3 ise kKarj tal ebi ile elektrik fiyatée
g°stermektedir. Normal saatl er de wiayg !l drad e p(l ye:
16065 kWh) vyojunlaktejé g°re¢l ¢rken, zirvi saat.|l
105 kWwh) kaydéejée g°zlemlenmektedir. El ektrik

aral ékta de] i kK me p seviyelerimingbjlyiikelgide ziyve daatlerde kiinelenreesi,
Kebeke ye¢kegnegn zaman bajémlé bir karakter t e

daj el éména bakél deéej énda, el ektrik fiyateéneéen
zammn di |l i mi, kull anécé davranéklaré ve ara- ¢
edi |l mesi gerektijini g°stermektedir
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Kuyruk Uzunlugunun Optimizasyon Odulune Etkisi

-10 \o——.\.\
% -15 \.\“\--\_0\0
QN
5 20
=25
-30
0 2 4 6 8 10 12 14
Kuyruk Uzunlugu
G°rsel 4. karj kuyruk wuzunluju ve kuyrujun
Kuyruk uzunluju ile oanséhdméaioptimkzasyose?tdgd

uzunluju artték-a optimizasyon °d¢l ¢ngn gene

OzelikeQ10 aral éeéjéndaki kuyruk uzunlukl arénda °d
sistempedr mansénén kademeli olarak k°tg¢glektijine
bekl eyen ara- sayésénén artmasénén kaynak kul

daj el eéméneé ol umsuz etkiledijihi ve®° stoairr meletnalc
dejerl erindeki d¢k¢k daha belirgin hale gel me

Ozellik Korelasyon Isi Haritas

Lo
waiting_time . .
battery_capacity_kWh . . 0.8
el . . .
- 0.6
final_soc
energy_consumed_kWh .. .
cheromnspower W . ..
charging_duration . .. =02

-04

queue_length

etenend . ..
electricity_price . - 02
renewable_energy ratio .

-0.0

charging_demand

optimization_reward .

|
o
o

¢ 2 2 F g ¥ E 85 ¢ oo 5 @
- i ¢ 2 & & 5 5 £ £
2 & ¢ = 52 oz E
G°rsel 5. ¥zelliklerin korelasyon ha
Gorsel 56t e °czelli kl erin korel asyon haritas

deji kkenl er ar asleinddkai |fearr kld 18l udn¢dzug yul egodre¢, lime kt e
yenil enebilir ener ji orané (renewabl e _energy._
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bul unmaseé, yenil enebilir enerji kull anéméenéi
gosteme kt edi r . Buna karkeéel ék i1 stasyon y¢ke¢ (stoe
optimizasyon °d¢l ¢ arasénda belirgin negati:
i stasyonl arénén yojun kull anél céjsé& rweesithalne lairn
optimi zasyon performansénén d¢kKteg]jéeneg ortaya
(waiting_ _time) ve kuyruk uzunluju (queue_Ileng
kull anécé geci knjeilneir ianzianl tsains tteemmevlie rfiankti®lril er d e
Dijer taraftan enerji t¢ketimi, batarya kapas
°d¢l ¢ 1 le zayéf Kkorelasyona sahip ol maesé, °d,
Kebeke y¢ke¢egyle ilikkili parametrelerden et kil

2.3. Regresyon Modelleri

¢tal exma kapsaméenda, akeélleée elektrikli ara- «Ka
y ¢ ksek t ahmin perfor manseéneéeé el de e t niklk amac
kull anél mékter.

(o]

a) Doj rusal :Reamr esn enrd evjeiykak eon ridleen Hiazl a baj él
araséndaki il ikkiyi dojrusal bir fonksiyon
yakl akémder .

b) RidgeRegresyon Veri setinde y¢ksek derecede -okl
kicuk kareler yontemi tahmincileri n var yansé akeéré bg¢gye¢egyebiln
mo d e | kat sayél aréenéen karesel b¢e¢yekl ¢kl erin
kat sayél arée ke¢-¢lteor.

c) PolinomRegresyon Dojrusal modellerin yetersiz kal
modellene kK i - i n, ba]j é&deeasne khdaj kuvkekeanm imedele dahil
edi | diji bir yakl akéemdeér. Dejikkenlerin bi
terimlerle (%, X°) ifade ederek hipett ¢, z| emi ej er ve stresirj davraneé
araséndaki ejrisel i1likkileri yakalar.

d) Destek Vektor Regresyonu Hat a oranéné séféra indirmek
marjé (f) i-erisipgei tatimayedbekalfaerhatal
tepen dekeéema moedkedn ns &kpamgeelpa f onksi yonuna dah
fonksiyonlaré yardeméyla veriyi y¢ksek boy
cO6zumleyebilir.

e) Rastgele OrmanRegresyoru Bi r den -ok karar ajacénén Ba
yontem yl e bir araya getiril mesinden olukan b
Al goritma, ejitim veri setinden rastgele a
ajacé olukturur ve bu aja-laren ¢iirert tiji t

) Gradyan Art ér:maGrReedgyraens yforntuér ma, aj a- tabanl
al goritmase |l up, Rastgele Orman'dan far kil
bi-imde ol uk rur. Her yeni kardizeltmel acé, b
czere ejitil

g) XGBoost Regresyonu G
edi |l mi k bir
yeniliklere

Artérma algoritmasénén

n
yonudur. Karar aja-1|laréne
tir. Alyeréicrad erstfaardlalré alrar
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goem¢gl ¢ bir L1 ve L2 d¢gzenlilexktirme mekani
kar makékl akmaséné engell er.

LightGBM Regresyonu:. Mi cr osoft taraféndan gel i kKtiril
seviye bazlbazyerionarwkphmghk ¢t ¢r. Hi stogram
Light GBM, s¢rekli dejikkenleri ayreéek kutul
ve karmakék kKkebeke veri setlerinde modelin
zamanda bk tliketimini optimize eder.

2. 4. Performans Dejerlendirme Metri kIl eri
ine °Jrenmesi al goritmal ar énén ejitim s¢i
erl erden sapma d¢zeylerini °1-mek veeylmodel

erat¢rde yaygén ol arak kabul [119.° rlelng oir-i ttnean e
a marjl aré ve varyansé a)@Gtadmaulak KatagMAE)i t el e
Kok Ortalama Kare Hatasé (RMSE) ¢zerinden

irlili%SkokipR’matyesEi ( Rbajémséz dejikkenle
bakl ange- SOC dejeri vb.)abwphemEn dYegpderkkan
a-éklayabildijini g°steren temel bir uyum
metrijin 1'"e yaklakmasé, modelin baj émseéz
yé¢ksek dojrulukla modell edijini i fade eder
Ortalama Mutlak Hata (MAE): Model in ¢rettiji tahmin dejer
dejerleri araséndaki mutlak farklarén arit
pozitif sapma) di kkate al makséezéear ®ma al ama
dojrusal ve exit bir ajérl ék verdiji i-1n,
ni speten d¢gkegktegr.
Kok Ortalama KareThhmaséhaRBEEBR)y éEnén karel e
karek%ke¢gder . Ortal ama mutél, ak alraetseae | medti rri jfiom
i -er mesi nedeniyle b¢gye¢k hatalaré -ok daha

DENEYSEL SONUC¢CLAR VE TARTI k MA

el l erin bakarésénén objektif dejerlendiri
oraneeamdiasit eslftacak «kekil de ayreéel mexkteér.

-eklexktirilmixktir. Regresyon perfor mans|
alama Kare Hatasé metri kIl eri il e dejerle
rue@t esRyon, aj a- ve topluluk model |l erind
| akém modell erinden ise Polinom Regresyor
rusal Regresyona ait en °neml:i 15 ©°zellifj
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Dogrusal Regresyon igin En Onemli 15 Ozellik
|

traffic_density Low |

renewable_energy_ratio

location_type_Urban |

weather_condition_Rainy |
vehicle_type_Two-Wheeler
energy_consumed_kWh
vehicle_type_Car
charging_demand
initial_soc
day_of week_num
electricity_price
charging_power_kW
hour
battery_capacity_kWh
is_high_demand

0 5 10 15 20 25 30
Onem Puani

G°rsel 6. D gdn icin ena@nemliRLB @gelli& s

CONFERENCE ON SCIENTIFI C RESEAF

G°rsel 66da sunul an Dojrusal Regresyon model
model in tahmin performanséné y°nlendiren fal
ol duju a-ék-a g°r¢lmekémsdéz .ddAniakken ean daeand
orané (renewabl e_energy_ratio) °zniteliJini
deji kken ¢zerindeki en baskén ve neredeyse t
karkél ek, K edlbog kkeu d ayng, k ¢ert ¢k i | e me s i bekl|l enen |
(traffic_density Low), kent sel l okasyon (1o
(weat her condition_Rainy) gi bi deji kkenl er i
kal mexkt ér . Te¢rkeertg yl _ecno nesruenrejdi_ k Wh) Kar j gécCé
bakl angeé- batarya doluluk orané (initial_so
ajéerl eklaré istatistiksel olarak séfeéera yakeée
dej nhkkevaryansénén neredeyse tamamen «Kebeke:
a-eéklandéjéneée g°stermektedir
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Random Forest Modeli icin En Onemli 15 Ozellik
time:_slot_Peal | —
renewable_energy ratio | E—
station_load |
queue_length (NN
charging_demand (NN
electricity_price [[INNEG
initial_soc |
energy_consumed_kwWh [N
hour [N
day_of week_num [l
charging_power_kw [l
battery_capacity kwh [l
location_type_Urban I
weather_condition_Rainy I
weather_condition_Cloudy I

0.00 0.05 0.10 0.15 0.20 0.25 0.30
Onem Puani (Ortalama Azalan Gini)

G°rsel 7. Rastgele Aja- Regresyonu i -1in

G°rsel 70de sunul an Rastgel e Or man Regresy
i ncelendijinde, model in tahmin mekanizmasén
czerinde ke¢gmel endi Ji go°r ¢l mektedir. Anal i z s
saat di i mi (time_slot_ Peak), Krelbnelkred asdtérre.s i E
Zzaman ajérl ekl e deji kkeni séraseéeyl a; 0. 2
(renewable_energy_ratio) ve 0.19 puan ile istasyon yuki (station_load) takip etmektedir. Bu ¢
baskeén °czel lijin ardéndan gel en taleby r u k
(charging_demand), elektrik fiyateée (electri
(initial _soc) gibi ara- ve kullanécé odakl e
geril ediJi saptanméexkt éer . DRainyg, tokasyanrtipi {Utbanh , hav
gibi cevresel faktorler ile batarya kapasitesi (battery capacity kWh) gibi statik arac
°zelli klerinin hedef deji kkenin varyanseéneée
etkiye sahip ol madeéejé tespit edilmicktir

81



AFRI CAhRNOERNATI ONAL CONFERENCE ON SCI ENTI FI C RESEARF
May 737, 12QAI6RO
| SBN 8IRB2-87 A5

Polinom Regresyon icin En Onemli 15 Ozellik

renewable_energy_ratio traffic_density Low _
renewable_energy ratio”2 _
renewable_energy_ratio time_slot_Peak _
renewable_energy_ratio traffic_density_Medium || | | | IR
time_slot_Peak _
time_slot_Peak”™2 -

weather_condition_Rainy traffic_density Low -
vehicle_type_Two-Wheeler~2 -

vehicle_type Two-Wheeler -

vehicle_type_Car weather_condition_Cloudy -
vehicle_type_Two-Wheeler weather_condition_Cloudy [l
vehicle_type_Car weather_condition_Rainy -
renewable_energy _ratio is_high_demand -

renewable_energy_ratio vehicle_type_Car .

0.0 2.5 5.0 15 10.0 12.5 15.0 175
Onem Puam

Gorsel 8. Polinom Regresyon igin en dnemli 15 dzellik

Polinom Regresyon modeline ait °znitelik ©°n
i ncelendijinde, Kebeke stresini a-éklayan t
terimler.i endriifndgfArgékmekt edir. El de edil en
orané (renewabl e _energy _ratio) yaklakék 17.5
eder ken; model in a-éklayeéecéel ék ge¢cecenegn beyeék
et kil eki mi ve karesel formlaré ol uktur makt at
trafi k yojunluju etkil exki mi il e yenilenebil!i
ve yenilenebilir enerji ornmameé einl g¢pilk Laeaetl Id
yer al méexktér. Bu bul gu, yenilenebilir ener]j
stati k ve tek boyutlu ol madéejéné; aksine g¢n
birl ekti]i ndleerkierbie kcee jdii kntainmmiekn doj r usal ol may
kanétl amaktadér

Bu ¢- modelin (Dojrusal Regresyon, Rastgel e
davranékl|l aré karkélaktérmal e ol ar akigidie]j er | e
Oréent ol eri yapeéesal ol arak ol duk-a farkl e yz:
Regresyon model i, sistemin varyanséné a-eékl :
deji kkene (yenilenebilir enexjiveordane) aOKeIr:
faktorl eri gz ardé ederek potansiyel bir e
karkeéel ek aj a- tabanl é Rastgel e Or man algor
kurtularak zamansal (pik saatler) ve sistemsdl @ss y on y ¢ kK ¢ ) di nami kIl er
a-éklamada daha belirleyici ol dujunu ortaya
bi-i mde payl aktérmékteér. Polinom Regresyon i
model i n t esnpidte]dtktkiejni odasnké eni |l enebilir enei
model inin °ne -ékardéejé zamansal ve -evresel
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teti kleyen ana kombinasyonlarée yaratteéej]éné K
bu analizl er, Kebeke stresi gi bi kar makeék m,
metriklerine (°rn. RMSE) g°re dejil, I - sel
daj el emlarénén b¢tenleki k bir pktadéekti ¢akéy
kull anélan t¢gm regresyon modell erin perfor ma
¢izelge 1. Regresyon modellerin performans metr.i
Model R? Skoru Ortalama  Mutlak | Kok Ortalama Kare

Hata (MAE) Hat asé (RN
Dojrusal §0.7264 3.8990 4.7949
Ridge Regresyon 0.7264 3.8993 4.7949
Destek Vektor 0.7239 3.9122 4.8159
Regresyonu
LightGBM 0.7189 3.9533 4.8596
Polinom Regresyon | 0.7161 3.9616 4.8835
XGBoost Regresyon| 0.7122 3.9805 4.9169
Gradyan Ar t &/ 0.7051 4.0249 4.9775
Regresyonu
Rastgele Ormai 0.7026 4.0664 4.9984
Regresyonu
¢i zel ge l16de regresyon model |l erinin perfor
sonu-|larén dojrusal yapédakig®alsd oneiktt malli ar D
Regresyon ve Ridge Regresyon modell eri, 0. 72
yé¢ksek tahmin dojrulujunu ve en d¢gkegk hata m
Regresyon il e ner edeys eilenesiranatizi edilenavernsetinde e r f o r
model in kararl él é]j eéne bozacak d¢zeyde Ki d

bul unmadéjéna ve bajémséz dejikken katsayél
etmektedir. Bu bulguyu destekler nitelikte, Destktor Regresyonu da 0.7239 R2 ve 3.9122

MAE dejerleriyle bu il k 1iKki model i -ok yak.
genell i kle karmakéek ve -ok boyutlu veri set
LightGBM, XGBoost ve Rastgele Orman (Rdom For est) gi bi aj a-
°JT renmesi al goritmal aréneéen, bu -al ékmada g¢g?©°.i
0.7122 ve 0.7026 R]) ve daha y¢ksek hata ora
konu olan girdi parametreler i | e kKkebeke stresi araséendaki i
°r¢nt ¢l erden ziyade g¢-1¢ dojrusal bil ekenl e
4. SONUC

Bu -al ekmada, el ektri kl: ara-1| ar éomr tdhyjaé t-&Em a
Kebeke stresinin akeéellé «kar|j altyapel aré ¢ze
farkl & regresyon tabanlé makine °Jrenmesi n
l'iterate¢rdeki genel ma kii mee, °Dajernurseasli Rggrldasam
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Regresyon gi bi g°rece daha basit ve parametr
model |l erine (Rastgele Or man, XGBoost , Lighto
sundujunu ortaya koynodekde 0.7264 Rékeru ve #.KO49 RMSH r u s a |
dejerl eri Il e en kararl e sonu-1lareé ¢retmikt
parametrel eri araséndaki il i kkinin, yéksek
ziyade, gé¢-l ol dojreasalf ebpdaewkeki |l Il endi Jini l
Regresyonun Dojrusal Regresyon il e neredeyse
model in istikraréné bozacak «kKkiddette Dbir - C
baj é ms ézk adte§ d wk&leanr énén yapeéesal ol arak stabil
Model l erin karar mekanizmal aré ve °zniteliKk
ver.i setindeki gi zl i °rent ol eri yapésal ol @
edilimi.kDojrusal modell erin varyanseé a-ékl| ama
oranéna akKéreée bajémlé bir yapé sergiledif57i
al goritmal arén zamansal fakto°rl eringlanarve s
-ékmexkter. Polinom regresyon anali zi i se me
oranénén b°l gesel trafik yojunluklare ve g¢n
ol mayan ©bir -arpan etkiortgpaakobgmernré ukef Ba
Kebeke analitiiji probl emlerinde algoritma se
i ndirgenemeyecejini,; model l erin 1i-sel karar
dejerlendiril mestedrgerekti jini g°ster mek

Gel ecekt eki -al ékmal ar da, mod el perfor mansl &
Karj protokollerinden elde edilecek heteroje
test edil mesi g erzeelilri. k lAgyrrié cvae dojjmwsall ol ma
ek zamanl e olarak -°z¢mleyebilen derin °jJren
czerindeki bakarémlarénén incelenmesi, bu al
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MEKANKKFNEKKSEL PERFORMANSI

Dr. SEVCAN BARLAS OZGUVEN !
1 Afyon Kocatepe Universitesi, Miihendislik Fakiiltegiarlas@aku.edu 4000600021242

5642

OZET

Mi ner al at ek mal zemel erin -1 mento esasl e :
performans i1yilektirme a-éséndan °neml:. bir
tekil ve ikii k ul I anéml aréna y°neli k -al ékmalar bulu
hi brit kullanéménén olukturduju etkiler daha
tozu, u-ucu kgl ve mermer t ozunun ekanikove i t K u
fiziksel °czell ikl eri iczerindeki et ki si ar akt
bel irli oranlarda hibrit atek miner al mal zem
Mekani k ©°zeli kler e] il maédle fiziksel bzelkler nse suckrmmea n € meé
deneyi il e belirlenmi«kktir. Sonu-1 ar, bazeée hi
a-éséndan kontrol karékéména kéyasla daha vyg¢
Anahtar Kelimeler: Hi br i t mi ner al kat k &, -i mento esas

Ozelikler, surdurulebilir malzemeler.

EFFECT OF USING HYBRID WASTE MINERAL ADMIXTURES ON THE
MECHANICAL AND PHYSICAL PERFORMANCE OF CEMENT -BASED
MORTARS
ABSTRACT

The use bmineral waste materials in cemdrdsed systems is a significant areaesearch
regarding sustainability and performance improvement. While the literature contains studies
on the individual and binary use of these materials, the effects resultimghfechybrid use of
different mineral wastes have been addressed to a more limited extent. In this study, the effect
of the hybrid use of glass powder, fly ash, and marble powder on the mechanical and physical
properties of cemeriitased mortars was invagiited. Within the scope of the experimental
program, mortar mixtures were prepared in which cement was replaced with hybrid waste
mineral materials at specific proportions. Mechanical properties were determined through
flexural and compressive strengthtsesvhile physical properties were determined through a
water absorption test. The results revealed that some kydyoield mixtures exhibited superior
performance compared to the control mixture in terms of mechanical and physical properties.
Keywords: Hybrid mineral admixture, cemefased mortar, physical properties, mechanical
properties, sustainable materials.
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1. GKRKKk

¢i mento esasl & mal zemel er , i nKkaat sektOor¢nde
cretiminin ned e ntuketimidve Karbon gngsyoe gevresel girdirilebilirlik

a-éséendan °neml. b i Scrivesenet al.n 2018)l Bukdurum, ralteradtifa d € r
bajl ayécé sistemlerin ve mineral katkeél ar én

Mineralkda kél ar én -i mento yerine késmen kull anéel
-imentolu mal zemelerin -evresel etkisinin dg¢
2011).

End¢strivyel yan ¢r¢éegnl erin minelriarll ikka tak-éé soél nadr:
avantajlar sunmaktadeéer. ¥zellikle puzol anik
kal siyum hidroksit ile reaksiyona girerek
bul unabil en, si | i ka vmlzemtlegdmiBo r@akdiyankarg gmeemtadua n - z €
matri sin mi kr o yapésénen gel i kmesine Ve b L
°czelli klerinin i yilekmesimeu klagkeda -smafiil aiy a
sayesinde dayanémingldddir(ddique & Kharg 208 )A¢ kélke yceabm d a
i nce toz haline getirildijinde -imentolu si
(Khan et al., 2020). Dong et al. (2021), at é
ve geopolimerik sistal er de kul |l anéméné &kapsamlé bi-i md
boyutu ile ikame oranénén mal zemenin mekanik
r ol oynadéejéné bildirmixktir. Knce cam tozun
mikro yg € n € n yojunl akmaseéna Vve baze dayanekl e
bul unabil eceBunadekdarrkéllerk ,ktatreék mer mer tozun.d
farkl & mekani zmal ar |IMermerkorukslstenidekifidiksdblgulveténe | me k t
aketl enmesi etkileri a-éséndan da dejerlend
2022) , mer mer ateéeje tozunun -imento har - |
raktér mék ve mer mer t oznanis-eenreenn itkarmel armré&am ém
ej i kKtijJini gestermi ktir. Benzer «kKkekil de, Pr
amur u, har -, beton ve kendilijinden yerl eKke
ull anéméné 1 n czenuresirdirilebiirebir greentonikame rhatzemesi olarak
otansiyelini dejerl endirmicktir.

T X Q9 0T

iterat¢rde farkl & miner al kat kél arén -1 ment
alinde kull anéeména y°nel i k - all évkemaaltaérk bcualmu n
irli kte kull anéme, b u mal zemel erin -1 ment o
rackt

I o
t kis
ull anéméenén harsi [°zkeal Irieka kesriiy ovneu a¢lzkearliind e k i
al ékxmal mr pnerfaar kkat kel ar én birlikte kul |l ane

e

performans czerinde °neml.i deji ki kliklere n

érmal ara konu ol muktur. Hwang ve Moreno
kte -imento | kamesiir god mrlaekt rull d ragnre nfémeeln
I ni incelemi ktir. Benzer «kxekil de, G°kke

X ®© T Q T S
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Bununla birlikte, atek cam tozu, u-ucu k ¢ |
si st emi ndei nfaasrykolnél ak @dmb dej erl endiril mesine vy
mal zemel erin tekil veya i kiBu alémumamémarteam
at ek cam tozu, u-ucu k ¢ | Ve mer mer tozunur
kul | ammdmasi mento esasl & har-I|larén mekanik
deneysel olarak dejerlendirmektir.

2. DENEYSEL C¢ALI kMALAR

2. 1. Kull anél an Mal zemel er
Deneysel -al exmal ar , -imento esas!| érahT®r -1 ar
EN1971 st andarC&mIMas Rolamdugcmentosuu | | anél mékt ér . ¢i me
yézey alané 3320 cm)j/ g ve ©°zggl ajérleje 3
Cizelgel de sunul muktur . Har - ¢05d@0unmd rea li éjdéen d an c s
kumu kull anél mék ol up, Kkumun ©°zgg¢l aparreje
Kebek&usltpmél méekt éer .
Mer mer tozu, Afyonkarahisar'daki ©°zel bir me
Mal zeme 105ArCutdel d @ékttanas kmur a, kull anél abili
bilyalé dejirmende °J ¢t el megkt ¢gr . U-ucu k¢l T
I Kl et meden t emin edi |l mi ktir. Kat k é maddel e
UniversitesiDo] al Tak Analiz Laboratuvaré' nda ger - ¢
ki myasal bilekim ve fiziksel °czelikleri ¢i ze
¢izelge 1. Har - karékéemlarda kull anél an mal zemel
Klmya(ijll)Anallz Portland Cimentos{ Cam Tozu Mermer Tozu| Ucucu Kl

0

CaO 63.56 8.37 54.00 6.66
Sioz 19.3 69.53 0.89 47.40
Al203 5.57 1.12 0.45 19.80
FeOs 3.46 0.51 0.16 11.80
MgO 0.86 4.19 0.70 4.76
SG; 2.96 - - 1.86
K20 0.8 - 0.12 2.62
N&aO 0.13 12.38 0.01 0.57
Kezdeér ma Kk 1.15 - - -
¥zge¢l ajeér 3.07 2.89 2.74 1.99
K n ¢ €Blaingy (cnt/g) 3212 - - -

2. 2. Karékémlaréen Hazérl anmasé ve Deneyl e
Har - karéekeml ar e, -i ment cknaurk éb elri rillie arkamieara
hazérl|l anméktér. Toplam 8 farkl é& karéekém tasar
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referans olarak hazerl anméktér. Tekl: kat ké g
tozu (MT10), cimenta | €ér | € énén %106u oranénda -i mento i
cam tozu ve mermer tozu (CT5+MT5), cam tozu ve ugucu kil (CT5+UKS5) ile ugucu kil ve mermer
tozu (UK5+MT5) ayreée ayré kullanéel mémikame her
edi |l mi ktir. Kkinci hibrit grupta ise cam toz
-imento ajérl éejénén yaklakék %3.3306¢, oranénda
%10 ol arak belirlenmiktir (¢izelge 2).
Cizelge2¢i ment o esasl & har- Dbilekenlerinin miktarl at
Karexkem Seri Gimento Su(gr)| Kum | Cam tozul Mermer tozy Ucucu

(an @ | @ @) | kil (gn)
Kontrol Al 500 250 1500 0 0 0
CT10 Bl 450 250 1500 50 0 0
UK10 B2 450 250 1500 0 0 50
MT10 B3 450 250 1500 0 50 0
CT5+MT5 C1 450 250 1500 25 25 0
CT5+UK5 C2 450 250 1500 25 0 25
UK5+MT5 C3 450 250 1500 0 25 25
CT3.3+UK3.3+MT3.3 D1 400.5 250 1500 16.5 16.5 16.5
Karéekémlarén hazérl anmasénda, bajlayécé ve ka
su/ bajl ayecée oranée 0.50 ol acak kekilde su ekl ¢

homojen bir har- el demnedbidymitklitairrén dHaa rp-rliazrmadtOilk
kal epl ara d°k¢l mgk ve 24 saat oda séecakl ejend
20 N 2 AC séecakléek ve %95 bajél nem kokull ar é
(Gorsel 1).

Gorsell Pri zmati k numunel erin kal épl anmaseé

¢i mento hamuruna farkl & oranlarda aték mine
yayélma °zelikleri her bir dejiken katke or a
olan mini konii - eri sine yerlektirilerek yapél mékter
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tablanén alténdaki k ol vV a
tabla ¢zerinde

Gorsel 2. Cimentoe sas |l & har -1 arén yayélma -apl ar én:
Deney programé kapsaménda, mekani k °zellikler
yakl arda(G°rsel 3); fiziksel °czellikler a-@es
ger-eklexktirilmicktir.

3. BULGULAR VE TARTI k MA
3.1. Yayéel ma

¢i mento esasl & har-1larén yayeélma -aplare G°
yayél ma dejeri 180 mm ol arak belirlenmixktir
kull anélan (B2) kar ékeém®Ah8 astanalk £8b mradled wiksekr i kor
dej er e uBlua kamétkétké,r .u- ucu k¢l parti k¢l l erinion

taneler arasé s¢grtegnmenin azal maseéeyl a 110 kki
(B1) karéekémda yaWwdl akakeamerimeX7Q omm iil-er en
178 mm ile%1 . 1 azalGemt Eozunun d¢zensi z Ve k°kKe
akéekkanl ejénée azaltabildifji bildiril miktir

dejerl eri c1, C21 7vbe, (137 2i -vien 1s8e0r amm y b laar ak ©
karékémlarénda yayél ma déjRemBl eree %4o,nd3r akal &
karekéménda kontrol ile ayneée dejer elde edil
168 mmile%6 . 7 az alDmé kktaé&rée k é méndaki bu azal ma, é -
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kull anél mas éthaan eb ag d kée tol leanrnaeks i |, toplam ©°zgg¢l
dej i Kiinli «klie endiril mektedir.

200
2 190
=
= 180
Hd
s 170
160
150
Al B1 B2 B3 C1 B B D1
Katk tip1
G°rsel 4. ¢imento esasl e har-1arén yay
3.2. Su eme
Su emme sonu-laré incelendijinde kontrol k a
belirl enmicktir. Tekl i kat kel é& karékémlarda,

karéekémlarda su emme dé&gpelBl eri %O oNetmaradar Mm@ Kt &
n

-ere (B3) karekéemda i sewbsb eaemméébegirer kak

karékémlarén tamaménda su emme dejer. kontr
karékémlarénda a9t 2vedbldaaleeé i sérceamextar . |
D1 karékémé i se Robbn/tazalnly° kbeéervemé&nangddrye sk st
vermi ktir (G°rsel 5) . Bu sonu-1I| ar, hibrit a
kapasitesini azaltmatdaedetrki Bu akzdumaneng®° &taeée
ve dolgu etkisiyle kapiler bokluklarén azaln
gel mesiyle ilikkili@i ol duju dejerlendiril mekt
12
10
2 .
N g : I
gs L I I L
2
w2
2
0

Al Bl B2 B3 Cl1 c2 C3 Dl
Katla tipi

G°rsel 5. ¢imentemmeadéfehheriaréen su
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3.3 Basén- Dayanémeé
Basén- dayanémé sonu-|laré incelendijinde kor
g¢nl ¢k yakl arda séraseéeyla 32.5 ve 45.0 MPa o
ve B3 kar ékéml arkeonndtar obla skeanr-é kdéafyeamaclnped0e2 s ér a
azal mectiéwve D1 kar ékéml a%lée.ncd av e s%4 Gfbaey@Fntéme Kst¢
kar ék @éml ar ®h6dva %lsbéarabmg @ y | & m¢ Kkt ¢ r . 28 gé¢nl ¢k s
kar é K é&ml araéynadnaé nbéa skéonn-t rdo | k#®4 ek éme n 8, BB razask
karéckém®meddart ekt EB ve D1 kar éx &84, 222Zwvweda da
%11. 6 ar tCBé Kta& r@a2.2 am@&mddel ii rsleenmi Kt i r . En y¢kse

ve 28 g¢nl ¢k 3A.k0 avViRa seraGey | MPaei ledi DIni kdn
karéekéménén dayanémé konrnudg @8 ginda isedokl@oedhana g°r
yuksektir. Bu sonuclar, 6zellikledl ¢ hi brit katkeé sisteminin ba
et ki gesterdijini ortaya koymaktadeér. Ayr éc:
g¢enl ¢k dejere gre daha belirgin ol masé, kat
katk@dsjaghée g°stermektedir (G°rsel 6).

60
m7 gin m 28 giin
e 0
&
=40
g
g 30
é'.
20
g
g 10
0
Al B1 B2 B3 | C2 €3 D1
Katk tipi
G°rsel 6. ¢imento esasl & har-1arén baseén
3.4. Ejil me Dayanéme
Ejil me dayanémé sonu-I|lare G°rsel 76de veriln

7 ve 28 g¢nl ¢k yaklarda séraséyla 5.8 ve 7.5
Bl ve B3 karékéemlar énda day agueden5.R weiod.328 kar é
gindeiséo4 . 0 ve %9. 3BazkamekéméndaWlseé adz2glat g &n
genl ¢k BAy@ ng&mt Wikt iéer kar ékémlarda Cl ve C3

gere 7 génl (%3 . yaAkva BE.CR OWBtl cacz al2Bé wteard ¢k y
Cl ve C3 kar ek &mdl 8r évred a%5sC82r akseetyd¥le3nagamtha | s e

belirl enmiktir. En y¢ksek ejil me dayanémé D1
gore 7 gindé06.9 28 gindévl13.3ar g8 gt er mi Kt i r . Bu sonu-1ar,
sisteminin ejilme dayanéméné geliktirdijini
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10
9 m7gin W28 gin
& 8
S
§ 6
g 5
[
s 4
g 3
B2
=1
0
Al B1 B2 B3 & | CZ 23 D1
Katk tipi
G°rsel 7. ¢i mento esasl é& har-larén ejilm

4 . GENEL DEJERLENDKRME VE SONU¢LAR

Bu -al éekma kapzsaméundacu alkigl ve mermer tozunt

-imento esasl & har-|larén taze ve sertl exkmik

edilen sonu-I|lar akajéda °zetlenmi«ktir:

1 Yayédadaeri nde en dg¢kg¢k sdanuni kD1v ek akroénkt & nod n
gore%6.7azamd el i r 1l enmi kKt i r . Bu sonu-, -1 ¢ hil
i Kl enebilirlijini azalttejéené g°stermi«kt.i
1 Suemma e] er i D1 karéekemén®he kondzrakemé&udp g K B m
su emme d@egcairli miektdi r .

T Basén- deaeeyarneégmésmedka dejer D1 karékéméenda el
artecxk 9%4.688gindéoll.6o0l ar ak belirl enmicktir.

1 Ej il me dadyaa neenrméynidkas ek dej er D1 kar ékéméend:
karékémena g°re 7 vew@89gvel k3 yawndmekd @ r rs

Genel ol arak, aték mineral katkeéelarén uygun

har -1 asé&in Ye zmkkani k performanséna ol umlu Kk

u-ucu k¢l ve mermer tozunun birlikte kull ane

dayaném a-éséndan en bakarél é kar ékeéikte ol muk

kull anéménén s¢rdegreglebilir -imento esasl é vy

bir yaklakém ol dujunu ortaya koymuktur.
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OZET

Ege Deni zinden ¢anakkal e Bojazéna girikte ye

bir arkeolojik yerlekme yeridir. Troyabdbneén ©°
kente ait verilen bilgilerden kaynakl anmakt a
ol ayl ar, M¥ 9. Y¢ézyél sonl arénda Homeros ta
Kl'i adadda ana konu Akhaodolaréenndmoyabdgad&urh
sosyal, duygusal, mitolojik motiflerle zeng
-evr e, akarsu takkenl ar é, depremler gi bi doj
Bu nedenl e, KIiadaj] & eddrainrel,i kyleermirmka Klauthar ¢ian
bakémdan da °zel bir °nem kazandér méxteéer . K
canl el ejéné korumuk, ©°zellikle Orta-aj Avrup

il gi g°rmzgygetr sobh9ar&pda Troyadnén ¥ranki ni n |
Calvert tarafeéndan Hisarl ék (¢anakkale) -evr

s¢rdereéel erek bugenkye sit alané kazél méxkter.

1Bu -alékma T¢rkiye Bilimsel ve Teknolojik Araxkti@&rma Kuru
desteklenmektedit a | & k nvaenmédzi af i deos theylBKE AKKdm texkekke¢rl erimizi sunar éz
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Hazineleri o Troyadyé yeniden ImDiudeldave @Garlas &€ ¢
Bl egen taraféndan yapeélan daha Dbil i msel k a z
belirl enmik, dokuz ana yerlexkme katénéen pl a
Pernicka taraféndan sg¢rdereé |IRgmstyaniAsdame m ake
devam et mektedatré dopwaltdesipomda uzanan al -ak
deni zden 30 m kadar y¢ksekte yer alérmrkkEmoyas
ovasé uzaneér. KueegdeDimseebu-ayaneéehetdakkéE&Em o
oval aré heéezl é dejiken yer Kekilleridir. Bu
-evresindeki ova al anénén «kxekl:/ doj al ol ar ak
deniz seviyesindé n e ml i deji kmel er ol-mMukbhium .y ®®Wn? aceale
metrelerdeyken, sonrasénda heéezlé bir y¢kseld

Bu s¢re-te deniz °nce Karamenderes érmajeée a’

bugih k ¢ al ¢vyal ovanén yerinde wuzun (17 km kad
deni z y¢kseli kinin bugeéenkégne yakén bir sevi
D¢mrek -ayénén al ¢gvyonl aré il e dolénu-ki zvgei iumgi
g¢neyden kuzeye -ekilmesi Troya tarihine ras

itibaren baklayan ve 1983 yéléndan sonra Bek

sondaj (344 sondaj) y°ntembrapakbEemabprafganu
(I d°nemlerinde Troya kenti -evresinin dei
savakl arén ol duju varsayélan Troya VI d°nem
belirlenmiktir. Bal aonwmat akl éKlvadalbalras a ny att
tozlu savak alané tasvirlerine uymaktader. |
pal eocojrafya araxkteérmal arémézén sonu-1|areée
sonu-I| arwetusunuBunu- al ékxkmal arémézén son 3 yel
kapsaménda destekl enmi ktir.

Anahtar Kelimeler: ¢anakkal e, Troya, Kliada, Kar amen

Jeoarkeoloji
ABSTRACT

Troy, located at the entrance to the Dardanelles in theararthegean Sea, is an important
archaeological settlement with a history spanning more than 5,000 years. The significance of
Troy |l argely derives from the references to
place in this region around 1250 B@vere later recorded in literary form by Homer in the late
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9th century BCE through the lliad. The principal theme of the lliad is the siege of Troy by the
Achaeans and the ensuing wars. In addition to its military narrative, the epic incorporates social,
emotional, and mythological motifs within a highly literary framework, while also containing
descriptions related to the geographical environment and natural phenomena such as river
floods and earthquakes. For this reason, the lliad has endowedl Wirmsehistory extends

deep into the Bronze Adewith particular geoarchaeological significance. Owing to the lliad,
interest in Troy remained continuously alive and the epic became one of the most influential
literary sources, especially throughout medieval Berduring the late nineteenth century,
efforts to identify the location of Troy intensified. Investigations initiated by Frank Calvert
around Hisarl ék (¢tanakkale) were subsequent
the excavation of the presemta y archaeol ogi cal site. Schl
particularly the discovery of thespal | ed ATreasures of Troy, 0 <
international prominence. More systematic excavations conducted by Wilhelm Dorpfeld and
Carl Blegen establiwed the developmental phases and architectural sequence of Troy, leading

to the identification and mapping of its nine principal settlement layers. A new phase of
excavations initiated by Manfred Korfmann and Ernst Pernicka is currently being continued
under the direction of Ristem Aslan. Troy is situated approximately 30 m above sea level on
the western end of a low plateau ridge extending in ainveest direction. To the west of the

site lies the deltaic floodplain of the Karamenderes River, while tadhé is the floodplain

of the Dumrek Stream, which merges with the Karamenderes plain. Deltaic and floodplain
environments are highly dynamic landforms; consequently, the morphology of the plain
surrounding Troy has undergone substantial natural chamgegyhout the long history of the
settlement. Significant sdavel fluctuations occurred during the last 12,000 years (the
Holocene). While sea level stood approximately 50 m below its present position between
10,000 and 12,000 years ago, it subsequeangg rapidly and approached its modern level
around 6,000 years ago. During this transgressive phase, the sea penetrated inland through the
mouth of the Karamenderes River, inundating the valley and forming an elongated embayment
approximately 17 km in tggth in the area now occupied by the alluvial plain. Following the
stabilization of sea level near its present position around 6,000 years ago, this embayment was
gradually infilled by sediments delivered by the Karamenderes River and the Dimrek Stream,
resulting in the formation of the modern plain. The northward retreat of the shoreline during
this phase coincided with the occupational history of Troy. Palaeogeographical and

geoarchaeological investigations employing core drilling techniques, initiatddr uhe
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| eadership of KIlIhan Kayan in 1975 and contin
and Troy excavations, have involved a total of 344 boreholes. These studies demonstrated that
the surroundings of Troy were occupied by marine watersgitmanTroy |, I, and Il periods,

while during the Troy VI periodl approximately 3,250 years ago, when the Trojan War is
assumed to have taken placthe delta shoreline had advanced to the near of the settlement.
These findings are consistent with desaoips in the lliad, which portray a battlefield
interrupted by marshes and river channels. These findings are consistent with descriptions in

the lliad, which portray a dusty battlefield interrupted by marshes and river channels. This paper
presents the ratts of our longterm palaeogeographical investigations in the vicinity of Troy
together with the preliminary findings of our most recent research conducted over the last three

years. The | atter studies were supported by
Keywords: Canakkale, Troy, lliad, Karamenderes River, Paleogeography, Geoarchaeology

1. GKRKKk

Troya, Homerosbébun Klyada Destanédnda adé ge-
enl ¢gder . Homer os, bu destanda yaka a%awka k3| 2a5r 0
yanénda y°reye ait manzarayeé da tasvir et mi.:

Bu nedenl e yakl akek 5000 yel é akan bir g €

arakteéermal arda doj al -evre del mumelueri nHamde
Kl'yadadda Troya -evresinde ge-en ol aylareé ai
ver mi K ol masé ©°nemlidir. Homer osdéun anl att é
ger-eklerl e il gi si hakkamdbkt abdiélri.mselAnbat éll

génegmegzden 3276 yeél kaddrd35°rwyecd | ge€bdi jviar 6bly €

karkel ék Klyada M. ¥. 730 yeéellarénda yazél mécx
°nceki bir dP°nemle@g®rirmeagdiljii obiary l mele©ndastlkedrn ku
Destan il k kez 1488 yéléenda basél mekter. Bun
-evresinin bir kxkekilde tanémlanmék ve yazeéelé
Troyadbdya WKremnldnadadliktide ] é

Troya, Karamenderes Deltasédénén dojusunda, T
baté wucunda yer al ér (G°rsel 1 ve 2). 19. \
arayeéexklaré artmeéecx, Calaké&rnt e areavérdamdéli dax
Schliemann tarafeéndan s¢erder el erek buge¢nky
°zelli kle bulunan hazine, batée d¢nyasénda Tr
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Dorpfeld ve Bl egrenddaha alfiélnidmanely ap@&dél arl a Tr
kat e belirl enmicktir. Kor f mann v e Pernicka
genegmegzde Regstem Asl an bakkanl éj é@énda devam e
Il rmaj €éénén, knekyitageodonse ®O®wmkturduju al vy

-evresindeki bu al ¢vyal al anl ar én kentin k

dejikmiktir (Kraft vd. 1980, Kayan 2014)

_FHARMARA DENIZI |

*

P

G°rsel 1. Troya ve - evr esi ninthtipso/mapsousfred.cam/t | ék ol
adresinden al énméexkter) .
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Son Buzul Maksi mumunda, géneéemegzdd43d mkédarbi n y
aka)J] édayde. K¢gresel ©°l -ekte iklimde meydana
enl eml er dekkii Dbkuaztuél Ihaarl deer i me¥® O0OBawleamé@mcesi sae
yéksel me s¢é¢rmegkt gr (Wael broeck vd. 2002, Ka:
Karamenderes Vadisionin akaj] é kesi mi y¢é¢ksel
korfeze (ria) donk m¢ Kt ¢ r (G°rsel 3) . Hen¢gz Troya yer|
k°rfez kéyélarénda Kumtepe, Beki k Yassétepe
Neolitk-Kal kol i ti k yerl ekmelerin varléjé bilinme

[ YUKSEK PLATO (200-250 m)
[] ALgAK PLATC (40-80 m)
[ ALOvYAL OvALAR
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® «ovier

50 YUKSELTILER (m)
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Kayan, 2025)
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Gorsel 2. Troya ¢cevrasin jeomorfolojik ana birimleri ve 6nemli arkeolojik yerler (Kayan, 2023).

Deni z seviyesi yé¢ksel mesi durmaseéyla birlikt
takédéjeée al ¢¢vyonlarl a bu k©°r 3020 0d oyl eralpaar éb aarl
metrelik bir seviye al-almasé ol duju belirl:
hezl ander méktér (G°rsel 4) . ¥zelli kl e Hol os
bojul malara bajlé kéeyé -izgishnddemeydaha o:¢

100



AFRI CAhNOERNATI ONAL CONFERENCE ON SCIENTIFI C RESEAF
May 131, 12A216R O
I SBN SRB2-F7 A5

(Kayan 1996, Kayan 2002, Kayan 2012, Kayan 2014, Kayan 2023, Kraft vd. 1980) (Gorsel 2,
3, 4).

Kl han Kayan bakkanl éjénda 19756den itibaren

kazeéel ar é b¢e¢nyesinde deermlm epmalneodceljgiaf ga@nda

arakteéermal arénén sonu-laré bu dejikmeler hak
Troya -evresinde uzun yeéellar yapeélan pal eocc
yeni arakteéer malaacémanan mulkkk usonu-
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G°rsel 3. Karamenderes (Scamander) ve D¢gmrek (
Hol osenb6éde deni zi#6000 yek Pheelediejiai 7T0p@l eocojr
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1988 yéléenda ProfKorDrmanManflreedo a®@d mayran son |

-evresindeki cojrafi deji kmelerle Troya k¢l't
-al ekxkmal aréna °nem verilmik ve bu konuda - a
taraféméeza davBasiytapéémgkt sondaj ara-1|lareéeyl a
kull anél an el burgusu) bakl at él an -al eékmal ar
-ok destekl enmik, °nce kazéya Mercedes tara
hidroik bi r aparatla, sonra boru -akmal é daha u
Troyadyé -evreleyen al ¢vyal alanlarda 337 de
dest ekl i il k sondajl arén da ekl enmdasdany!| e b

sajlanan sedimantolojik ve stratigrafik wver
belirlenmik ve paleocojrafya haritalarénda g
sonu-1|ar, bakta kazé pobfpasiohimakyeglzleele yayeé

yayénda yer al mékter (Kayan 2023).
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G°rsel 4. Karamenderes (Scamander) ovaséneén | e
Troyadda cojrafi -evre ile ilgildi yapél an a
sénérl e dejildir. Toprak, botanik, polen, zo
birbiri ile ilikkilendirilerek dejerlendiril
°l -¢mler (°zellikle ele@akrkkntreal anéemdaeyapte
-ok bakarél é sonu-1lar al énméxk, °zellikle kKim
(sur ve hendekler) ve Roma kent planée -izil
-l zgi si vV e esknénakkhealsiur | gamakl arkkonusunda
deKenel megkt ¢r . Anc ak, al ¢vyonl arén homojen |
engell er bunun m¢gmk¢egn ol madéjéné go°stermi Kt
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