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OZET

HIV (Human Immunodeficiency Virus)/AIDS (Acquired Immunodeficiency Syndrome),

1980' Il erden bu yana kKgneseki saykeak®°semt embnr
ol arak wvarlejenée s¢grdegrmektedir ., Bu enfeksi
férsat-e enfeksiyonlar ve bazée kanser tg¢rl e
Orgutii (DSO) verilerinegér, 2022 itibaréyla d¢gnya genel i nc

yakamaktader. Tg¢rkiye' de HIV epidemiyol ojisi
sahip olmakla birlikte, son yéllarda arteéexk ¢
HI V, i nsan baj ek erkréek@AlDS'ss yiolsataa hii vitis olup,akana semen,

vajinal seveéelar, rekt al séveéelar ve anne sg¢t
Kkorunmaneén temelinde bilin-11 davraneéxl!l ar,
yat makt aderr.unBnar ¢gysndlend eri arasénda kondom Kk
d¢zenld i test yer al ér ken; topl umsal kor unma
m¢cadel e ve sajl ék hizmetlerine eri kKimin iyl
Al DS hast ali aré@aeamkyteéi k yakl akémeée, yalnézca
zamanda psikososyal ihtiya-laréné da g°z ©°n
gerektirir. Hemkireler, HI'V pozitif bireyl e
dnékmanl ék ve duygusal destek sajlama gi bi
bireylerin mahremiyetine saygé g°stermek, ha
yapmamak, hemkirelerin temel eti k g°revlierin
Sonug olarak, AIDSileng, cadel e yalnézca tébbi m¢dahal el er
topl umsal farkéndal &k, hasta destek mekani zr
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farkl & boyutu kapsamal edeéer . Hemkirel eer, bu m
c:stl enerek bireylerin sajlék ve refahéné iyl
Anahtar KelimelerH!l Vv, AI DS, antiretroviral tedavi, he
yontemleri.
ABSTRACT

HIV (Human Immunodeficiency Virus)/AIDS (Acquide Immunodeficiency Syndrome)
continues to exist as a significant public health problem that has deeply affected the global
health system since the 1980s. This infection weakens the immune system, making individuals
vulnerable to opportunistic infectionsdanertain types of cancer. According to World Health
Organization (WHO) data, approximately 38 million people worldwide were living with HIV

as of 2022. In Turkey, the epidemiology of HIV has a lower prevalence compared to the world,
but it has been incremg in recent years.

HIV is a virus that damages the human immune system and leads to AIDS, transmitted through
body fluids such as blood, semen, vaginal fluids, rectal fluids, and breast milk. The basis of
protection from HIV lies in conscious behaviopsptective measures, and societal awareness.
Individual protection methods include condom use, sterile needle use, and regular testing; while
societal protection strategies encompass education programs, combating stigma, and improving
access to healthcaservices.

The nursing approach to AIDS patients requires a holistic care understanding that considers not
only their physical health condition but also their psychosocial needs. Nurses undertake
important roles such as patient education, counseling, mwviti;mg emotional support while
managing the treatment process of Hivsitive individuals. Additionally, respecting the
privacy of HIV-positive individuals, ensuring the confidentiality of patient information, and
avoiding discrimination are among thaenflamental ethical duties of nurses.

In conclusion, the fight against AIDS should not be limited only to medical interventions but
should also cover many different dimensions such as societal awareness, patient support
mechanisms, and multidisciplinary appches. Nurses, by undertaking educational,
supportive, and advocacy roles in this struggle, are in an indispensable position in improving
the health and welbeing of individuals.

Keywords:HIV, AIDS, antiretroviral therapy, nursing care, stigma, prewntnethods.
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THE EFFECT OF STIGMATISATION ON URINARY INCONTINENCE SEVERITY
AND FRAILTY IN OLDER ADULTS WITH URINARY INCONTINENCE: A
MEDIATION MODEL

Dr . ¥Jr . ,vyesi ¥zge ¥z
Ondokuz Mayeés | niv
0zge.oz@omu.edu-https://orcid.org/000@00348103563X

OZET

This study aimed to investigate the mediating role of internaligeg&tisation in the
relationship between urinary incontinence severity and frailty among older adults with urinary
incontinence. This crossectional study, based on a quantitative research design, was
conducted with 328 older adults. Data were collected usthgeographic information form,

the Edmonton Frailty Scale, the Incontinence Severity Index, and the Elderly Internalised
Stigma Scale. Descriptive statistics, independetgsts, onavay ANOVA, Pearson
correlation, a fhated Irhadyator atysis weere rused feridatananalysis. The
mean age of the participants was 74.03 £ 6.88. Stress urinary incontinence was reported by
52.7% of the participants. A significant differences were found between educational level and
both frailty and internalisedigma (p< 0.05). Internalised stigma played a significant mediating
role in the association between urinary incontinence severity and frailty among the elderly (p <
0.05). A strong positive correlation was also observed between frailty and internatipeal sti

(r = 0.62, p < 0.001). It has been determined that internalised stigma plays a significant
mediating role in the effect of urinary incontinence severity on the frailty of elderly individuals.

It can be said that internalised stigma is an importardhuspocial indicator in the relationship
between urinary incontinence severity and frailty.

Key words: Internalised stigma, urinary incontinence, severity, frailty, older adults
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UYGULAMALARI NIN KKNEZYOFOBK, REHABKLKTASY(
FONKSKYONEL BAJIMSI ZLI K ! ZERKNE ETKKL I
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Ondokuz Mayés | ni v
dilek_ay_dilek@hotmail.com, 006800584129366
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Doc¢.Dr. MAHMUT YARAN

Ondokuz Mayés | ni v
mahmut.yaran@omu.edu.@000-:00021703590X

OZET

GirYxknék yaral anmal aré; ajreée, eklem hareket |
yoluyla bireylerin g¢nl ¢k yakam aktivitelerdi
sajl ek sorunudurgelYiamme!l etre dmnaovri tsa Inidteeky i azal't
s¢recinde kinezyofobi, rehabilitasyona uy u
kaybar kel akél an problemler arasénda °nemini
surecini daha motive edicev t ol ere edil ebilir hol e getir me
rehabilitasyon uygul amal ar AmagBdedek| dmmbai haa
yaneék rehabilitasyonunda kull anél an oyun t
kinezyofob , rehabilitasyona uyum ve fonksiyonel
géncel l it erat ¢(¥ogtemdBey eanleatdé ranerklte mede Pub Me
Science ve Google Schol ai”r0eé&r iy étl & aamdnaam é@ st an
sistemati k der |l emel er , randomize kontroll ¢ -
al enmalguréeYanék rehabilitasyonunda oyun taban
azaltarak hareketle ilikliehierkaylabi Vvdi Kaneéni
Ayréca s°z konusu wuygul amal ar én, motivasyont
ve egzersize katéléemé arterdéejé bildiril mekt
a-ékl ej e, kas g ¢ @bifite gibe paréntemelers Uzgrimder [fonksiponel
bajémsézl éjeéen gelikimine dolaylée katkeé sajl a
tabanl é yakl akémlar, dikkat dajétma ve oyunl
Sonug: Oy un tdbant al rehabilitasyon uygul amal
kinezyofobinin azaltél mase, rehabilitasyona
destekl enmesi a-éséndan olumlu etkilere sahi
uzun d e ml i fonksiyonel sonu-|l aréné ortaya koy
kalitede -alékmaya ihtiya- wvarder

Anahtar Kelimeler: Yanéek Rehabilitasyonu, Oyun Tabanl e
Kinezyofobi, Rehabilitasyona Uyum, Fonksiyon
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EFFECTS OF GAME-BASED DIGITAL REHABILITATION APPLICATIONS ON
KINESIOPHOBIA, REHABILITATION COMPLIANCE, AND FUNCTIONAL
INDEPENDENCE IN BURN REHABILITATION

ABSTRACT

Introduction: Burn injuries are a significant health problem that negatively affects dhuaiig’

daily activities and quality of life through pain, joint movement restrictions, scar development,
and psychosocial issues. Although advances in burn treatment have reduced mortality,
kinesiophobia, rehabilitation compliance issues, and loss ofiémattindependence remain
significant problems encountered during the rehabilitation process. In this context)asede
digital rehabilitation applications, which aim to make the rehabilitation process more
motivating and tolerable, are gaining incregsittentionObjective: The aim of this review is

to evaluate the current literature examining the effects of dmwed digital rehabilitation
applications used in burn rehabilitation on kinesiophobia, rehabilitation compliance, and
functional independercMethod: The PubMed, Scopus, Web of Science, and Google Scholar
databases were searched for this narrative review. Systematic reviews, randomised controlled
trials, and clinical studies published between 2020 and 2025 were included in the evaluation.
Findings: Gamebased digital applications in burn rehabilitation have been shown to reduce
pain perception, thereby limiting movemertated fear and avoidance behaviours.
Furthermore, it is reported that these applications support rehabilitation complignce
increasing motivation and enhancing exercise participation. Increased rehabilitation
compliance is noted to indirectly contribute to the development of functional independence
through parameters such as joint range of motion, muscle strength, andrfainotbbility.

Virtual reality and exergarleased approaches provide effectiveness through distraction and
gamification mechanism<onclusion: Gamebased digital rehabilitation applications have
positive effects in burn rehabilitation in terms of reducikipesiophobia, increasing
rehabilitation compliance, and supporting functional independence. However, more studies of
high methodological quality are needed to demonstrate the clinical efficacy antetong
functional outcomes of these applications.

Keywords: Burn Rehabilitation, Gambased Digital Rehabilitation, Kinesiophobia,
Rehabilitation Compliance, Functional Independence

GKRKK

Yanék yaralanmal ar é, derinin y¢ksek séca
ki myasal maddel erwendmaralzu kaarl mae éh esro nyuecl y ak |
ol an k¢resel bir hal k sajl éjée soawnrueglgar eel

al.,2023). Yan e k tedavi si
rehabilitasyona ihtiyac duyanilr ey | e
Yanék vyaralanmal ar e

ndeki gel i kmel er sayesin
rin sayeéesénddgSanws, 2®%. meyd
yal nézca doku betenl ¢

keséetl el éjé ve skar ol ukumu gi bi fizyoloj il
aktivitelmrkallii tveesiynakaol umsuz etkileyen psik
(Petrou et al |, 2025) . Yanéeék vyaral anmal areénd
ekl eml er araséenda yer al makta ol up, ciddi

disfonksi yonu previdPamsasémd&2?| duju bildiril mel
oranlar, yanék tedavisinde rehabilitasyonun
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Har eket vV e yeni den yar al anma kor kusu
vakal se&heé&kl a karkél akéelan ancak | iterat
Kinezyofob olan bireylerin rehabilitas
yapmadej e ril mi ktir (Jeong aetapiyatedayi 2
s¢recinion € bir bilekeni ol arak al ge
ve kor ku, urul an rehabilitasyon progr
et al ., 2022; S e a nk rehabilitasyonunda 222 Rrkli. ve tdkyarlagan a
egzersizlerin gerekl:@ ol mase, tedavi s¢reci
durum d¢zenl i egzersiz alékkanl éejénén sg¢rdyg
2024).

Bu bajl amdehabyianétkasyonunda Kkinezyofobiye
azal tmak ve rehabilitasyona uyumu arter mak
yakl akémlaréna ol an il gi giderek artmaktadeér
kavrama,|] ger-ekli k tabanl é ve sanal ger-ekl:
bir yaklakém ol arak ele alénméexteéer. Sanal ge
daha etkilexki ml:i ve motive edi ckusuhuaazatmaget i r
potansiyeli takémaktad G¢ncel -al ekmal ar
vV e kayg azalttejeéene, fonksiyonel kazaneér
ne ortaya koymekt ader @ID&2m)et Bal - a
abilitasyonunda kinezyofobinin kIi
¢ derl emek ve eknol oj i dest ekl
[ |l itematbark e&k esdy lagtognayla kioy ma

e
e

(o]
<
D

— (@M @ D

t
-

Bu -al ékma, yaneéek rehabilitasyonunda K i

el baj emsézl ék czerine g¢enceel I it
asyon uygulamealalrléinséinnibm idred @ Ik&kremd <«
|l iterate¢r derl emesidir. Literategr
o] Schol ar veri tabanlarée kull anél mécx
nel mexktidritaiBono, ré@kabesi ophobi ao, Af e
enceo, fNexercise adherencedo, fAfunctiona
aclsogy ed rehabilitationo kullanélan bat
| aré arasénda yayénlanan yanéek rehabil
e fonksiyonel bajemseéezl ék i | eanalizlerirandamlzee nd i r i
Kmal ar dahi l edidymamkunu . ddjl rguc
Kmal ar dékl anméxkteéer .

" >

BULGULAR

Oy un Tabanl é Di j i
Etkileri; Korku- k a - € n ma davr a
olmakla birlikte (Lethem et al1 9 8 3) ,

al Rehabilitasyon Uy g
éKé il k ol arak bel aj
aha sonr akiiskeletesist&mi mal ar

O 5 —~

rahatseézl ekl arénda da g°r¢len bir semptom ol
yaralanma korkusu ol an kinezyofobi, yanék ha
onemlibr psi kol oji k fakt°r olarak bildiril mekt e
hem de rehabilitasyon s¢recinde deneyi ml enen
ol duju bildirilmektedir (Langlois et al ., 20

Literatg¢rde yvyanaklar &mabiahiéedt asy oyun t emel
uygul amal arenén, hareketle ilikkili korku ve
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i Kar et edi |l mektedir. ¥zelli kle sanal ger - ek
duyulu birbl gi sayar ortaména dal dérarak kapé kontr
bilin-1i farkéndal é&€ja ulakmaséné azalttée]jé b

Oyunl aktérél mék egzersizler aracelejeéeyla
kat él éménén artéreél masé, hareketle ilikkild@
ol arak kinezyofobi czerinde olumlu etkiler
rehabilitasyon uygul amal ar énén etktué mh a nkéd -déerj n
davranékl arénén azaldejée ve egzersize kateéel
gel eneksel rehabilitasyon y°ntemlerine keéyas
sajladejée ve kinezyofobeybheraltie@ekél rapbumsdet
2025).

Oyun Tabanl é Dijital Rehabilitasyon Uygu

Uzerine Etkilerii: Yanék yaralanmasé sonrasé eklem disf
bakarésénda belkrkalyulciedilrméhkedirr ol damék t
zl er

egzersi i i -eren, yojun rehabilitasyon p
Gel eneksel rehabilitasyon programlarénda ha
faktorlerden b r i ni n, egzersizler sérasénda deneyi ml
bajl @ bu durumun, rehabilitasyon s¢recine ka
edilmektedir (Lan et al., 2023).

Bu bajl amda, r e h a b itoleiie tedilabiirove mdive redia hatei dah
getirmeyi ama-layan teknoloji destekli rehahb
Ejl enceld] ve i1l gi -eki ci yapél ar é saye3|nde
ajredan uzaklpksenréar akk alatjtrée] ealbi I diril mekt e
rehabilitasyon s¢recine kat el eémené ve teda'
edi |l mektedir. Ayréca teknol oj i dest ekl i re
sajJl amase sadyeb? hdel ekréedres yakayan bireyl eri
ul akmaséné kolayl aktérdeje belirtilmektedir

Oyun Tabanl é& Dijital Rehabilitasyon Uygu
Uzerine Etkiler: Fonk si yonel b a pbiitasyah zireéirin,temgl hedefldiindene h
biri olup bireylerin kendi bakémlaréné ger -
d¢zeyini i fade etmektedir (Jawad, 2024) . Ref
art mase, ajreedeegzeyiaksat mgmilmaskavrama kuvve
kKl inik parametrelerin, fonksiyonel baj emseé
bildiriimektedir (Lan et al., 2023; Joo et al.,2020).

Yapélan sistemati k 1 ncedygnelleamg!| asraénna | e kgl eer
a-éklejeneée artérabildijini ve %9z bakem il e f
ortaya koymaktadeér. Bununla birlikte, mevcu

al anl arénda ortajd¢ireydahkharygtk sbul medwdol o]

i htivya- ol duju wvurgul anmaktadér (Ri az et a
uygul amal ar énd a, fonksiyonel I'yil ekme Ve
bildiriimektedir (Santos et al., 2025).
TARTI k MA

Bu der |l emede, yaneék rehabilitasyonunda
uygul amal arénén kinezyofobi, rehabil i tasyon:
et kil eri el e al éenméxteér El de ediaharaketlb ul g ul
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1 O T G I I korku ve kaygéye azaltabildijini,
fonksiyonel I yil ekmeyi destekl eyebil dijini g

Literat¢rde yanék majdurl arénda kinezyofo
sage s é sénérl eder . Yanek rehabilitasyonunda
bireylerde hareketle ilixkkil:@ korkunun gel i K
-ékmaséna neden l duju bildiril méE&khadital aHan
ekl em hareket a-ékl é&jénén korunmaséné zorl ak
etkilemektedir (Lu et al., 2025).

Bu derl emede incelenen -al ékmalar, oyun t
di kkat daj etemamaeyowlywnllaakajrée algéséné azal
Kiddetinin azal maséna katkeée sajlayabildijini
oyun tabanl é uygul amal ar én - ok duyul u vV e |
dojrulat mgured uyaranl aréenén merkezi sinir sist
séraséenda yakadeékl aré korkunun azal maséna ka
2023)

Rehabilitasyon s¢recinde halsdwareadas éarké i d o jv
et kil eyen t emel faktorl er arasénda yer al m
yakl akeéeml ar , -ojunl ukl a tekrarl ayeéece ekl em
dayanmaktadeér . Ancak bu s ¢rhea-rteek ed d ree yiilnmlkekniel
gel i kmesine yol a-arak kinezyofobiye neden
etkileyebilmektedir (Ramage et al., 2025).

Bu bajl amda, dijital tabanl e rehabilitas
yapéséensdayapré algéséné azaltteje, seans s¢
s¢recini daha tolere edilebilir algeéel amal ar ¢
2025) . Dijital yakl akémlareén buwyrznd lalriélnlae rkién
hastal arén tedaviye kateél éméné ve s¢i¢rece dev
uy umdaki bu artéxken egzersiz yojunl uju vV e
kazanémlaréen ge¢nl ¢k yaklaamyl&eti i aleil leec @jei yaa

Fonksiyonel baj emsézl ék, yaneék rehabi |l it
bireylerin ©°z bakeéem, mobilite ve ge¢nl ¢k yakxk
et mektedir Yanék sonkéaseéet lggdléijkeen adklée m khaasr
ekstremite fonksiyonl areéendaki bozul mal ar, fo
sénérlayan fakt°rler arasénda yer al maktadeér

Bu derl emede incel enen u-mailné kamatlnears,& nréeenh af bo
bajéemsézl ék ¢zerinde dolayl é ancak belirl ey
¥zelli kle d¢gzenli egzersiz katéleménéen sajl a
kuvvetinin arteéerélkmaaméyndlauglina diesn kil yomelsi r
Literate¢rde, rehabilitasyon s¢recine aktif
aktiviteler:i ve fonksiyonel mobilite d¢gzeyl e
Ardila et al., 2022)

Oy un tabanl é dijital rehabilitasyon uy g
motivasyonu artérma yoluyla egzersize kat él
gel i kimine katkeée sajlayabildiji Iiteratg¢rde
SONUC
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Sonu¢ olarak; yank rehabilitasyonunda oyun tab
uygul amal ar énén ki nezyofobiyi azal tarak r e
Rehabilitasyona wuyumun art maseée, tedavi S ¢ e
bajémsézl ék ijzieretnkdieye ysalikptirr. Ancak yaneéek
dijital uygul amal ar éneén kinezyofobi, rehabi
czerindeki et kil erimni inceleyen -al éeékma sayé
gelecekte yapél acak -al exmal ar én, bu teknol oj ik
belirl enmesinde fayda sajl amasé bekl enmekted
entegre edil mesinin, hastal arén tedavjige dyg:
gel i ktirmesine katké sajlayabilecefji d¢ Keéngl
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MULTI -CRITERIA ANALYSIS OF SAFETY MANAGEMENT PRACTICES IN
CONSTRUCTION PROJECTS

Wei Zhang, Mei Lin
School of Civil Engneering, Tsinghua University, China

ABSTRACT

This multi-criteria decision analysis framework evaluates safety management efficacy across
187 Chinese megaprojects (total contract value ¥2.4T) integratingTARHFSIS methodology

with reattime loT safety dataHierarchy construction weights safety climate (w=0.38),
technological integration (0.29), regulatory compliance (0.21), and workforce competency
(0.12). Performance measurement through 43 KPIs reveals digital twin implementations
achieving 76% TRIR redtion versus traditional methods. BI&D integration enables 92%
hazard identification preonstruction alongside 67% schedaédety correlation optimization.
Wearable sensors monitoring 28,000 workers achieve 94% fall detection accuracy reducing
severity indices 41%. Fuzzy Delphi method refines indicator selection eliminating 23%
redundant metrics. Grey relational analysis
through integrated safefgFID systems. Codienefit analysis confirms ¥18.3 ROI per
prevented incident. Longitudinal analysis documents 3.2x safety culture improvement post
training cascades reaching 94% foreman certification. Machine learning anomaly detection
flags 87% unsafe behaviors preemptively. Gender analysis reveals femalassupetlx

safety incident reporting rates. Comparative benchmarking against Bechtel confirms Chinese
megaprojects superior digital maturity despite regulatory fragmentation. Policy roadmap
mandates GB 50362013 digital compliance alongside national safetoud platform.
Economic modeling projects ¥420B savings through 28% incident reduction across 12th Five
Year Plan investments. Psychological safety scales predict 67% voluntary reporting increase.
Research establishes comprehensive safety managemembrtax supporting China's zero
accident megaproject ambition while exporting digital construction safety standards through
BRI infrastructure programs.

Keywords: safety management, multriteria analysis, construction safety, digital twin, 0T
monitoring
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STABILITY ENHANCEMENT OF FUNCTIONALLY GRADED COMPOSITE PIPES
UNDER FLUID FLOW CONDITIONS

Nabil Haddad, Leila Mansour
Department of Mechanical Engineering, American University of Sharjah, UAE

ABSTRACT

This computationaéxperimerdl study optimizes functionally graded composite pipes
exhibiting 4.2x buckling resistance under internal presButeer coupling prevalent in
hydrocarbon transport. ANSYS AQWRLUID coupling simulates 3D orthotropic laminates

with throughthickness moduus grading E11(z) =42 GPaVY180 G
pressure increase (18.4 MPavs 11.2 MPa steel). Flutter boundary advances 43% through graded
damping rati os c6(z)=0.023Y0.087. Manufactur
confirms 2.1% fiber valme fraction gradient accuracy. Hydrothermal aging tests (80°C,
seawater) document 94% retention after 5,000 hours versus 73% uniform composites.
Nonlinear buckling analysis reveals 28% pbstkling load carrying through sndiprough
suppression. Vibratio isolation performance achieves 82% transmissibility reduction at
pumping frequencies. Cost modeling confirms $1,620/ton versus $2,800/ton APl 5L X70.
Finite element updating through Di@easured strains achieves 3.2% simulation fidelity.
Probabilistic aalysis quantifies 4.1% failure probability under ISO 1990thetocean loading.
Manufacturing scalability through automated tplacement reaches 1,200 m/day production.
Burst testing exceeds ASME B31.4 requirements by 23%. Thermal barrier performanes reduc
heat tracing costs 41%. Fitnefss-service assessment confirmsyaar design life under cyclic
pressure. Pateqending grading algorithm optimizes layer drops minimizing resin pockets
76%. Field deployment in Das Island confirms 2.8x fatigue lifesu®rsteel. Research
establishes functionally graded composites as disruptive pipeline technology reducing 68%
lifecycle emissions while enabling stradased design paradigms supporting energy transition
infrastructure.

Keywords: functionally graded compdss, pipeline stability, fluiestructure interaction,
filament winding, buckling analysis
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Yojun Bakéem Hastal arénda Sepsis Klikkili Akt
I -in Makine ¥Jrenimi Yakl|l akémé

A Machine Learning Approach for Early Risk Prediction of SepsisRelated Acute Renal
Injury in Intensive Care Patients

Kibranur KOCATURKA

Erciyes Universitesi
kocaturkkubranur@gmail.conr®009-0001-3393 6927

Prof.Dr. Fat ma? LATKF

Erciyes Universitesi
flatifoglu@erciyes.edu.tr0006:000320189616

OZET

Sepsis, yuksek mortalite ile seyreden kritik bir klinik sendrom olup sepsisli hastalarda sepsis

Pl kKT akut-AKPhbrgkoheasmibak 8Amortalitesir
arter makAtkKad érnsiSllansé d4d@yaTgehelitDdar 08®] &2
bildiril mektedir. Bu nedenl e hastal é]Jén erke
prognozun iyil e&dtiinriikl Mmenseim a-a&kseédmakamdér .

Bu -al ékmada, yojun bakém hastalaréna ait -o0
°czel li k) KWAIKI @mé Inarearkk e®A t ahmi ni i -in ma k i n
sénéfl andérma model K|l ggrmed i akamas endai-skdcs Vier v ¢
normali zasyonu ve sénef dengesi zkare yeibilgi - i n /
kazanémeée temel | y°nteml erVMed&lzepdrn fkorsmean s,
czerinde uygul a=mn amnmoj5r ultoltrotags Yakdaton) ayontemi ile
dejerlendiril miktir.

Sonu-1ar, °©zelli kle XGBoost modelinin en yg¢
AUC=0.98) ve S K | gel i Ki mini géevenilir bi-imde °ng
Sonuch r EHR tabanl é makine °Jreni mi yakl akeéem
entegre edilebilecek etkili ve wuygulanabilir
Anahtar Kelimelerd6 Kr oni k b°brek hastal éjé, Makine °Jr
desteji

ABSTRACT

Sepsis is a critical clinical syndrome characterized by high mortality, and the development of
sepsisassociated acute kidney injury (@XKI) in septic patients significantly increases
intensive care mortality. The incidence of-8Kl is reported to be 3310% worldwide and

251 45% in Turkey. Therefore, early prediction of the disease holds clinical importance in
terms of timely intervention and improving prognosis.
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In this study, a machine learnisizased risk classification model was deyeld for the early
prediction of SAAKI using multivariate electronic health records (31 clinical features) from
intensive care patients. During the data preprocessing stage, missing data management, z
score normalization, and ADASYN for class imbalancesvegplied; feature selection was
performed using LASSO, eéguare, and information gaibased methods.The model
performance was evaluated by thdofl cross validation (old cross validation) method
applied on the data set.

The results showed that th&XGBoost model provided the highest performance
(Accuracy=0.97, AUC=0.98) and could reliably predict the development eAKSAThe
findings reveal that EHRased machine learning approaches offer effective and applicable
tools that can be integrated inttiracal decision support systems.

Key Wordsd Chronic kidney disease, Machine learning, Classification, Clinical decision
support.

1. GKRKKk

Sepsi s Pl kkid AKULY , bYmj ek bhakeamé h@SAal ar
mortaliteyi belirgin kekil de (Koynér@trah 12018 i dd i

Sistemik i nfl amasyon, mi kKrosirkye¢l asiklen boz
sonucunda geliken bu tabl o, saatl er il a g¢ér
a-abil mekte ve erken tané il e r (Vagkanosstah,é f | an c
2022) Sepsi s, enf eksi yona k asokueu oganldisfanksiyonk o nt r
ile karakterize yakamé tehdit eden bir sendr
hasaré, patofizyolojisinde inflamasyon, endo
°l ¢m mekani zmal arréma&nre kr dbongeysh,d0EESRHA KKk gel i kKen
hastalarda mortalite oranlaré yalnézca seps
anlaml & derecede daha y¢ksektir ve saj kal an
gel i kmar rmakt adeéer . K¢resel °] -ekte yéel da y
bildiriimekte olup, SAA K | i nsidansé hasta pop8y7 asryanamda

dej i Kkmekt dd0 rmi IYyed n-AKI 6g @4 inr iIAj i tahmin edil-r
-al earmMal yojun bakém hast alfAaKkliéngal iykatkiljaik élxe |
(Khwaja, 2012) T¢r ki yedde i se yojun bakém sepsis h
czerine -ékmakta ve bu durum ulusamakapbdék. s
Yojun bakém ortaménda ¢retilen elektroni k se

zamana bajl e yapeéel ar e nedeni vyl e gel eneksel
edi |l ememektedir. Makine °Jrensmi algayanmal a
model |l eyebil me yetenekl eri sayesinde erken 1
°neml i avantajl ar sunmaktadér . Bu kapsamda,
el ektroni k sajl ek kayétta baarnélnaéer éi -(ePrgbiespa -né kM| eM
yéllarda makine °jJreni mi tabanl & prognostik
kull anél makt adiglr kehoAKI /a3 & i -1n geveniolir
sajl amaktadeér . Sonk wté | dCalrrdeak, Isaespasri ésn én i erkk dn
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makine °Jrenimi tabanleée -exitli -IVeawkel€kveral ar vy
tabanl aréné-AKlul hastaabédr &Ada mortalite riskirt
model | er i gPezleilkltiikrlnei kg rvaedi ent boosting taba
perfor manseé s aj(Zhaatgefat,’@4)gBesnhze mi ke kirldAdle, Yu

hastalarénda geliken sepsis i kki L del i ry
°ner miek t-iork mer kezl i dojrulama ile model in ki
(Yuetal.,2025) Chen ve ark. tarafeéndan y¢r et el en bi
XGBoost tabanl é tahmin model.i gel i ktiril mick
k o n mu(kheruetal.,2025) Ayr éca, Ge ve ark. Li @gnahikGBM t a
bir mo d e | I | e-AKolr t gr okg rdedseytdnun®A ortaya konul
dojrulama il e model i n g(Eaehll 2085Janglve ark. isg | n i

a-éeklanabilir makine °Jreni mAKly akeé laikiimiiamié
eden bir mod el gel i ktirerek K1 iniKk kar ar

a- ekl a@ang ettalé 2025) Bununl a birlikte, mevcut - al
mortalite, Kkompli kasyon ve@yS%AgkeénidAnemkeseond?
dojrudan gelikimini °ng°ren ve °zellik optin
karkéel akt érmal é model |l er sénérl & sayédadér.

czerinde ©°zell ik Isiej-ii mgi dder e nted k dieknlgeersii zi |
makine °Jrenimi algoritmal a-AEhéni peef bemawnsé
tahmini ama-|l anmeéextér . Bu -karfd atmadlmag n |- & | ®xenlald
optimize eDJASIYN Ki lvee dlengel enmi k EHR wveriler
° 7T reni mi sénéefl andér éceéel arénén perfor mansé

hasarénén erken tahmini i -in en uygun model i

2. Materyal ve YOontem
Bu bélind e -al ekxkmada kull anéel an ver.i kaynajée, °

~

ve makine °jJrenimi tabanlé sénéflandér ma mod

2.1 Veri Seti

Bu -alékmada kull anélan vemienseaetipsi yojharst bl
el ektroni k sajléek kayétlaréndan el de edi |l mi
kaynaj éndan temin edil miktir. Veri setine M
https://data.mendeley.com/datasets/p5jv2brogim/1 Anali ze yalnézca ha
bakém yatéxké dahil edi |l mi ktir. Yojun bakeéemi
deji kkenlerin(seduvmr kr @€k€ik@, n°trofil), l enf
AKI tanésé bulunmayan hastalar -al ékma deéeké
Di sease: | mproving GIlobal Qut comes ( KDI GO)
boyuncaidra - ékékénén <0.5 mL/ kg/ saat ol masé veyas
00.3 mg/dL artmasé ya da 7 g¢n i-inde O01.5 k
216 erikkin sepsis hastaseéna ai tnler3ddémografik ni k d
bilgiler (yak, cinsiyet, BMI ), wvital bul gul &
hemogl obi n, elektrolitler, kan gazeée dejerle
( SOFA, SAPS 1I|1) kapsamakhalde&ama Kaghbnuldéer iiklklke n2
°l -¢mlerden el de edil mi ktir.
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2.2. Veri ¥n Kkl eme

Mo del gel i ktir me °ncesinde ver i kalitesini
uygul anméxkt ér . Eksi k g%zl emler analmedganedi | e
doldurma yontemi, zaman serisi Ozellikleri icin ise ileri geri yonli imputasyon teknikleri

Kull anél méxkteéer . Tem °zelli klere °1 -ek far k| ¢

artér mak-skmacédaylranad i zasyonu uygul anméxkt ér :
® — (1)
Veri kiimesi:

0 oy FoN MOOMmERYPB OO (2

bi-iminde tanéemlanmék ve problem i kil:@ sénef
performans dejerlendirmesi efetiapwvaezido] rpul
ger-eklextirilmiktir.

2.2.1. Sé nAASYNengesi zIlijJinin Gider.i
Verisetinde SPAAKI gel i ken hasta sayésénén sénérl e o
bul unmaktadéer. Bu ncodeiml emakRine-8juerhukiséne
ve azénlek sénéefén yanl ék sénéflandérél masén

Adaptive Synthetic Sampling (ADASYN) axkeéereée °
al goritmaséag aiztenveksasgafelf @amder él masé g°rece
b°l gel erde adaptif bi-imde sentetik ©°rnekler
sajlanér ve modelin azénl ék séneéf tetkémek ndeki
sayéseée Exkitlik 3 te tanémlanmaktadeér.

O 0 0 t1 (3)

Burada) ve ) séraséyla -ojunluk ve &azéipis€k sén
dengel eme katsayéeséné ifade eder. Her bir a:
‘Ol e belirlenmik ve ikKlem sonunda yeni azeénl

tanéml anméxkteéer .

0 0 B O 4)
Bu i Kkl em sonucunda ver.i daj el eme dengel enr
Pyilektirilmiktir.

¢izelge 1 : ADASYN uygulamasé °ncesi ve s
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Sénef Dengeleme Oncesi (N) Dengel eme Sonr as
AKI yok (NG 866 3050
AKI var (Ng) 3135 3135
Ver.i setinde dengel eme °nNSAKIIndel AKle Ng élaisk
°rnekten olukmaktadeéer. ADASYN tabanl é& sentet

sayéseée dengel enmi Kk v BGNy&Bchpel fa cdaak] €kl eekm él dcei zge¢l ngce

2.3. Ozellik Secimi

Y¢ksek boyutlu klinik verilerde gereksi z vey
arteéerarak akerée °Jrenmeye yol a-abil mektedi
hesaplama maliyetimm z al t mak ve klinik a-édan anl aml é
°czelli k se-imi uygul anmeéext ér . Bu kapsamda h
LASSO regresyonu hem de istat-kateksestibakeimk
enetki deji kkenler belirlenmixktir.

2.3.1. LASSO (L1 Regresyon)

LASSO (Least Absolute Shrinkage and Selecti

ceza teri mi uygul ayarak ©°nemsiz °zelliklerin
dej i e kenmi ger-eklexktirir. Bu yakl akém mode
sajlar. Optimizasyon probl emi akaj edaki Keki
I AOICET & &I~ _"1° (5)

buradad¢zenl i |l extirme katsayéséné temsil et mek
araséndaki dengeyi kondejodr ledrme kdtaehda rf.a zD aah a° :

neden ol maktadeéer.

¢al ekxmada, yojun bakeém heabsrteakl alr a8snadraé nséenp sd rsk e
amacéyla LASSO tabanle ©°zellik se-imi uygul
deji kkenl er belirl enmicktir. LA 8z8lix modelder e sy or

tutul muktur. EI de e diséuentkreatinnt(ssrp SOFA skaru, SARE el end
Ive RDW gi bi hastal ék ki ddeti ni ve organ fonksi
yéksek mutl ak katsayeé dejerlerine sahip ol d

°©zelli kle organ nyetamaslyiojni ,v es igsetneerhi kk I'ii ni k ¢
yakéndan ilikkili oldujunu g°stermektedir.

BunaekolarakB MI , mekani k ventil asyon | hgibisisteanké v e 0
stres ve komorbidite g°stergelt amj AKIlI mgdkli kKt
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yalnézca b°brek fonksiyon parametrel eri Il e
Kiddet.i ile de 111 kkild ol dujunu ortaya koy
edi |l mi Kk 02@upe &n zyeldlgeek k° heme ha&mupxkur .

¢i zel ge 2. LASSO ile se-ilen ©°zellikler arasén
dejerl eri

Seé Ozellik Kat say Yon Klinik Anlam
1 scr (Serum kreatinin) |1+0.42 Pozitif IB° br ek f on k s gostevgesi b g
2 sofa +0.36 Pozitif |[Or gan yetmezl ijJi K i
3 sapsii +0.31 Pozitif |[Ge n e | hastal ék «kidd
4 rdw +0.24 Pozitif |Sistemik inflamasyon godstergesi
5 vent_firstday +0.18 Pozitif |[Klinik durumun ciddiyet gostergesi
LASSO regresyongs onucunda model de toplam 12 °zell ik
mutl ak katsayeé dejerine sahip il k bek deji Kk
SAPS I 1, AKI gel i ki mi ile en ge¢-1 ¢ T 1ikkil
model in klinik olarak anlamlé parametreler
2.3.2. KiKare Testi
¥zelli klerin hedef deji kken il e 1T statistiKks
deji kKkenl ekarehbapéemeadel &k test. uygul anméxkt ér .
frekansl ar araséndaki farké ©°I|l -erek dejikken
dejerlendirmektedir. Test istatistiji Exkitl]
0 O

— (6)
Kstatistiksel olarak anlamlé bulunan deji KKke
edi |l mi ktir.
Ki-kare anali zi sonu-1laré, SOFA ve SAPS I1 dej
istatistiksel imkarakdahbaml g°ebterméktedir (7
anl aml & ol s a -kdaar,e ddaehjae rdi¢ kniekd eknii yl e daha az
B MI dej i kdkkeejndrniimi np anl aml el ek d¢gzeyinin ¢ze
istatistiksel ola ak anl aml & Dbir ili kkisinin ol madeéj ér
fonksiyonunu ve organ yetmezlifji Kiddetini
°neml i ol dujunu destekl emektedir.

Cizelge3:Kik ar e anali zine g°rleé AKIi niilke %izlelklkiikllie
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\ Ozellik H G| dej eH p-dej er |H Sonug \
lscr |52.8 |<0.001 IAnl aml &
sofa 141.2 |<0.001 IAnl aml e
sapsi 133.7 |<0.001 IAnl aml &
Irdw 112.5 10.002 IAnl aml & |
\bmi H2.1 HO.14 HA nl amseéz \

Ki-kare bajémsézlek testissanustunkdaelt opl amaRO

¢izel ge 30t e en y¢ksek °nem dejerine sahip
2. 4. Makine ¥Jreni mi Model |l er i

Sepsi s il kki I akut b°br ek hasar énén er k
karkeéel akt eéamakj amaaéy ol mayan karar séneéerl ar
setlerinde yaygeén ol arak kullanélan d°rt far
Destek Vektor Makineleri,f€n  Yak én Ko mk u, Rastgel e Orman v
ayni@miepst b°l mesi ¢zerinde ejitil miskoruwe perf
AUC metri kl eri Il e karkél akteéereéel méxkteér .

2.4.1. Destek Vektor Makineleri (SVM)

SVM, senéfl ar araséndaki mar | edizlema bk s 1 mayg é e
ama-1| ayan g¢é-1 ¢ bir sénéflandeéer ma y°nt emi
model |l enebil mesi I -in radyal tabanlé fonksiy
L ol AGDI~ w © (7)

Kekl inde t ané mladan pma k & ene torl euspi, kbaurra r SENEér én:

etmektedir. Modelin optimizasyon problemi:
ig?o* 6B (8)
bi-i minde i fade edi |l ir. Bu form¢gl asyonda m

hat al arénén miymiémiane ae dhhieldmd $ienmekt edi r .

2.4.2. Random Forest

Random Forest, birden fazla karar ajacéneéen
topluluk tabanlé bir °jJrenme y°ntemidir. Her
il e ejiithdimetkalemi m i se aja- -ékteéelarénén ort
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Qo -B Q® (9)

Bu yape, varyanseé azaltarak akeéré °Jrenmeyi
kararl & performans sajl amaktadeéer.

2.4.3. XGBoost

XGBoos , ardékék olarak ejitilen zayéf °Jrenic
y°ntemidir. Her iterasyonda °nceki model |
eklenmektedir. Amag fonksiyonu:

fl a whw Y -"0" (10)

Keklinde tanéemlanmakta olup kayép fonksiyonu
et mektedir. Bu yaklakém y¢ksek dojrul uk, hé
°zelli kleri sayesinde klini kmektedinmi n pr obl e ml
Bu -al ékmada Modell erin bakaréemé dojrul uk, k
ile -ok y°nl ¢ olarak dejerlendirilmicktir.

3. Bulgular

Bu b°l ¢mde, °nerilen y°ntem kapsaménda ej i ti
nicel metrk | e r iczerinden anali z edil mik ve kar«ke
karkeéel aktérmal e analizlerde, LASSO i {kae se-i |l
tabanl é se-ime g°re daha y¢ksek dej ollupk vbe
nedenl e ni hai performans sonu-I|laré LASSO t
Model l erin performans karkeél aktérmalaré ¢i ze
t¢e¢m dejerl endirme metri klerindearedl éy kesre&kf |se
olarak °ne -ékmexkxtér (Dojruluk=0.97, Kesinli
Bu sonu-Ilar modelin hem pozitif vakalare do]

tutma a-éeéséndan g¢-1 ipi ol dyuyf@ntuegmateemeRrele

CizelgedMa ki ne °Jreni mi model |l erinin sepsis ilixkkkil
veri)

Model Accuracy Precision Recall F1-Score | AUC

SVM 0.87 0.89 0.90 0.89 0.93

Random Fores| 0.90 0.84 0.83 0.79 0.95

XGBoost 0.97 0.96 0.95 0.95 0.98
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Cizelgpeda 6t e g°r ¢l dej ¢ gibi, X GB o o sskorume AUE lgibini n d
performans °| -¢tlerinde dijer model |l erden d
XGBoost algoritmasénén sepsis ile @fllgandeéerAKa
yeteneji sergiledijini g°stermektedir.
Ayréca dengelenmemi kK veriye ait snéflandeér ma
Cizelge 5ADASYN uygul anmadan ©°nceki makine °Jreni mi
(LASSO, dengesizri)

Model Accuracy Precision Recall F1-Score | AUC

SVM 0.82 0.86 0.74 0.79 0.88

Random Fores 0.85 0.80 0.72 0.76 0.90

XGBoost 0.91 0.92 0.81 0.86 0.93

¢izelge 6 i n&Kalendizeilndek, skei-i mi sonrasénda

model |l ere kéyasla -dabauyyksAkCddepraelrbkri Ré& u
Bununla birlikte, el de edilen performans de
daha d¢kek seviyede kal deéj-Kareybntdmiraveri setindekne k't e d
ayeéert edici °zellikleri se-mede LASSO kadar
Cizelge 6Ki-Kar e ©°zel li k se-i mi il e dengeli veri czeri
performansl ar é

Model Accuracy Precision Recall F1-Score || AUC
SVM 0.84 0.86 0.87 0.86 0.90
Random Forest 0.87 0.81 0.80 0.78 0.92
XGBoost 0.93 0.92 0.90 0.90 0.95

¢i zel ge

séneéef

etkiledijini
kéeyasl a
perfor manseéene
gOstermektedir.

Cizelge 7:KiKar e

7

i ncelendijinedere
modellerin 6zellikle recallve Fdkorud e ] er | er i nde
dengesi zI| i]Ji i
g°stermektedir.

e

ddlmmas@a,s, KILKASBOONUN

°czell ik
t ahmin
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il e

Gerdeésikz seel imi ¢ 2

optimi ze-Kadede& g

dengesi z
performansl ar e

belirgin bir dg¢
°czell ik se-i mi y°nt

Ayréca, el de ed
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‘ Model || Accuracy || Precision H Recall H F1-Score H AUC |

ISVM l0.79 l0.82 lo.70  [0.75 lo.85 |

Random Forest  ||0.82 lo.77 lo.es .72 .87 |

IXGBoost l0.88 l0.89 lo.76  [0.82 l0.90 |

ADASYN uygul anmadan °nce el de edil enscer@nu-1 a
dejerlerinin g°rece d¢gkegk ol duju goreéegl mekted
model | erin azenl ek sénéfene dojreut kkekdl fen
g°stermektedir. ADASYN wuygul anmasénén ar deéenq
AUC dejerlerinde belirgin bir artéxkx g°zl enmi
model performanséné anl aml éktdasdzéery.de i1 yil ekt
Ozellik secimi analizleri icin uygulanah ASSO t abanl & y°ntemin °
setlerinde, KIKar e6ye kéyasla daha y¢ksek RASS® or man s
tabanl é y°ntem, topl am on i kirumkkteatimn, 8OFA e i K k
skoru, SAPS 11, RDW ve BMI bu dejikkenler ar
ve bu da sénéflandéerma karnaArS&EOanem mogyek ka
d¢zenl il ektirici yakl akémagnmaeahekveégehehn

dojrulujunun arteérél masénée m¢gmkegn kéel mekt ér .

4. Tart ékK ma

El de edil en bulgular, elektronik sajl ék kaye
Pl kKkid akut b°brek hagpakleak@mes kreaduij amummi gi
¥zelli kle senéef dengesizlijini gi der mek amac
ait °rneklerin daha iyi temsil edil mesini sa

LASSO ve kik ar e tabanl é Cjzeetl d ti iks tsiek-siemi , h ehne nd e kI

deji kkenl er i °ne -eéekarar ak model kar makeéek.l
ilyilektirmiktir. Se-ilen belirleyici ©°zelliKk
il e 11 ikkil muduzniteli klerle uyu

Model |l er arasénda XGBoostoun ¢stegn perfor mat
veriye dayanéekl el éje ve kar makéKk dojrusal
a-éeéklanabilir. Bu sonu-1ar, yopue beké&miar k:
destek sistemlerinde XGBoost tabanlée yakl akeé
sunabil ecejini gestermektedir.

5. Sonug

Bu -al é@ékma, yoj] un b a-kkdmkinnenen désmemdeadagirdlmesinee n d a
yonelk EHRtbh anl &€ kapsaml é bir makine °jJreni mi y
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I Kl eme, séneéf dengel eme ve ©°%°zellik se-imi S
dojruluk ve g¢-1 ¢ genell eme performansé sajl
Geliktirilen modslismekklieni kekanaegdesedk!| mes
erken belirlenmesine olanak tanéyarak proak
potansiyel olarak mortalite ile sajléek mal iy

Konmuxktur .
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Y¥NETKM BKLKKkKM SKSTEMLERK PERSPEKTKFKNDEN !
VE B! Y! K DKL MODELLERK: WOS TABANLI BKBLKYON
EJKLKM ANALKZK
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Adana Al parslan T¢rkek Bilim
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OZET

Chat GPT, Gemi ni ve Claude gi bi b¢yek dil mo d
Bilikim Sistemler. (YBS) l iterate¢reéende tekn
gince mi ni yeniden «kekillendirmixktir. Bu arakt

yapay zek© odakl e yayeéenlarén b¢gye¢egme di nami ki
harital amayée ama-1 amakt ader .i2028adneno itiflasggei enc e
|l anguage model ", "generative Al" ve "ChateG

"information systems", "decision support” ve "technology acceptance" anahtar kelimeleriyle

birlektirilerek tarama yapél mékdeét di Yial sgzre
tekrarl & ve temel bi bliyografik alanlaré ek:
1404 yayéné kapsamaktadér. Yeéllek dajeéel ém, I

ve 2023 sonrasénda késhkingBist eirvmealte mmd 29&13g

1004). 1l ke i kbirliji ajénda 94 ¢(l ke yer alm
ve ¢in, ABD ile Birlekkik Kralleék merkezi K ©°
anal i zi 8 & odhauk ¢emeenlmrkénw %20. 036¢, outlier ol :
baskén tema, yéksek®jretimde Chat GPT kul | ar
-al ekxmal ardér (n=533; %47,50; °r. AToOo use or

tema,k i ni Kk karar destek bajlaménda LLM dojrul u]

tabanl é yakl akéml ar é el e al mekteéer (n=279;

Chat GPTé regarding cirrhosiso). l-¢é¢ncE t ema
ri sk dengesi , bil gi y°net i mi vV e operasyone
%11. 05) . Bul gul ar , YBS | iterat¢regnegn yalnéz
bajl amé, ri sk y°neti mi v e -teknils kir gperspektrf te e gdrog sryuo
geni kKl edi Jini ortaya koymuktur .

Anahtar Kelimeler : B¢y ¢ k  di | model |l eri, i retken yapay

Bibliyometrik analiz, BERTopic
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Metaheuristic Optimization Approaches for 10T SensorPlacement and EnergyAware
Network Routing
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ABSTRACT

The Internet of Things (loT) paradigm presentgical optimization challenges in sensor
network deployment and energyare resource management. This paper presents a
comprehensive comparative analysis of five prominent metaheuristic algd@itBime Cosine
Algorithm (SCA), Slime Mould Algorithm (SMA) Marine Predators Algorithm (MPA),
Particle Swarm Optimization (PSO), and Whale Optimization Algorithm (WO plied to

two fundamental 10T optimization problems. The first problem addresses optimal sensor
placement configuration in a twdimensional fiel to maximize area coverage while
maintaining uniform spatial distribution. The second problem tackles energy harvesting
scheduling optimization for solgrowered I0T devices, aiming to maximize data throughput
while preserving battery sustainability oxeef4hour operational cycle. Experimental results
demonstrate that SMA achieves superior coverage performance of 94.4% in the sensor
placement configuration problem, closely followed by PSO with 94.1%, while SMA also attains
the highest throughput with anergy efficiency of 9.16 KB/mAh in the energy harvesting
scheduling problem. The findings provide actionable insights into algorithm selection for 10T
network planning and energware scheduling, highlighting the tradifis between
convergence speed, gtibn quality, and computational complexity across different problem

domains.

Anahtar Kelimeler: 10T, metaheuristic optimization, sensor placement, eravgpre routing,

wireless sensor networks.

1. Introduction

The Internet of Things (loT) hasmerged as a transformative paradigm that interconnects
billions of devices across diverse application domains, including smart cities, precision
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agriculture, industrial automation, and environmental monitoring [1]. Two of the most
fundamental challenges 10T network design are: (i) the optimal spatial deployment of sensor
nodes to achieve maximum area coverage, and (ii) the intelligent scheduling of data
transmissions to maximize throughput while sustaining energy reserves, particularly in devices
powera&l by ambient energy harvesting [2].

The sensor placement problem is inherently a combinatorial optimization challenge, where the
objective is to determine the coordinates of N sensor nodes within a bounded deployment field
such that the collective sensiogverage is maximized. This problem is-N&d in its general

form [3], rendering exact optimization methods computationally intractable for practical
network scales. Similarly, energy harvesting scheduling involves determining the optimal
transmission dytcycles for multiple devices over discrete time slots, subject to battery capacity
constraints, time&arying channel conditions, and stochastic energy arrival profiles.

Metaheuristic algorithms have garnered significant attention as effective solvesscfor
complex, nonlinear, and muitionstrained optimization problems. These nainspired
algorithms maintain a population of candidate solutions that iteratively evolve toward optimal
regions of the search space through mechanisms derived from biflpgigsical, or social
phenomena [4]. While numerous studies have individually applied specific metaheuristics to
IoT optimization problems, comprehensive comparative analyses across multiple algorithms
and problem formulations remain relatively scarce.

This paper contributes to the field by presenting a systematic benchmarking study of five
metaheuristic algorithms applied to two distinct loT optimization problems:

1. Sensor Placement Configuration:Maximizing area coverage of 10 sensors in a
100x100 m? #ld with a sensing radius of 20 m.

2. Energy Harvesting SchedulingMaximizing data throughput for 8 solpowered 10T
devices across 48 time slots {80nute intervals over 24 hours) while maintaining battery
sustainability.

The five algorithms under evation are: Sine Cosine Algorithm (SCA) [5], Slime Mould
Algorithm (SMA) [6], Marine Predators Algorithm (MPA) [7], Particle Swarm Optimization
(PSO) [8], and Whale Optimization Algorithm (WOA) [9].

The remainder of this paper is organized as follows.i@eetreviews the relevant literature.
Section 3 formally defines both optimization problems. Section 4 describes the five
metaheuristic algorithms. Section 5 details the experimental setup. Section 6 presents and
discusses the comparative results. Sectiooncludes the paper with key findings and future
research directions.

2. Literature Review
2.1 Sensor Placement Optimization
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The sensor deployment problem has been extensively studied in the wireless sensor network
(WSN) literature. Howard et al. [L@foposed potential fieldased approaches for incremental
sensor deployment, while Dhillon and Chakrabarty [11] formulated the problem as a maximum
coverage optimization. Genetic algorithms (GA) were among the first metaheuristics applied to
sensor placeent, with early works demonstrating their superiority over random andbgsied
deployments [12].

More recently, swarm intelligence techniques have shown promising resultha38®sensor
deployment was explored by several researchers, demonstratiegtiveff coverage
optimization with rapid convergence [13]. The Grey Wolf Optimizer (GWO) and Differential
Evolution (DE) have also been applied to mahjective sensor placement formulations that
simultaneously consider coverage, connectivity, and ermigyce [14].

However, the comparative evaluation of newer metaheuristics such as SMA and MPA for
sensor placement remains underexplored. This study addresses this gap by benchmarking five
diverse algorithms on a unified problem formulation.

2.2 Energy Harvesting Scheduling

Energy harvesting in 10T networks has attracted considerable research interest, driven by the
need for sustainable, maintenatiee operation. Kansal et al. [15] introduced the concept of
energyneutral operation, whemevices harvest sufficient ambient energy to sustain perpetual
operation. Subsequent works formulated transmission scheduling as optimization problems
subject to energy causality constraints [16].

Optimization approaches for energy harvesting schedulimgertom convex optimization for
simplified channel models [17] to reinforcement learning for dynamic environments [18].
Metaheuristic approaches have been applied to handle the combinatorial complexity that arises
with multiple devices, discrete time sdptand nofconvex objective functions [19]. The
comprehensive comparison of modern metaheuristics for this problem class, as conducted in
this study, provides valuable guidance for practitioners.

2.3 Metaheuristic Algorithms for 0T

The application of meteeuristic algorithms to 0T optimization has grown substantially. PSO
remains one of the most widely used algorithms due to its simplicity and effectiveness [8].
WOA has demonstrated competitive performance in various engineering optimization problems
[9]. More recent algorithms such as SCA [5], SMA [6], and MPA [7] have shown promising
results on benchmark functions but require further validation on practical 10T problems.

3. Problem Formulation
3.1 Problem 1: Sensor Placement Configuration

3.1.1 Problem Bfinition

Consider a rectangular deployment field A = [0, Lx] x [0, Ly] where Lx = Ly = 100 m. The
objective is to determine the optimal positions of Ns = 10 sensor nodes, each with a sensing
radius R = 20 m, to maximize the area coverage.

The decision vaable vector is
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X = [J'J B P Y PRI UM, .U.\',] [1]

yielding a search space of dimension D = 2N
3.1.2 Coverage Model

The depl oyment field is discretized into a g
= 1600 target points. A target point is considered covered if iithsn the sensing radius of
at least one sensor.

(2)

| L, i3 pi—slh <R
clpi) = , ’
0. otherwise

The coverage ratio is defined as:

Ny
Cratr = \i z frpj r.]]
L

the fraction of covered target points over the total number of target points.
3.1.3 Fitness Function

The fitness function incorporates the coverage ratio, a distsibbonus to encourage spatial
uniformity, and a boundary penalty:

f]'LXJ = iﬁr.-mti.u + JB(lL-ct - lrin:uulul rl]

The distribution bonus rewards configurations where sensors arsepeltated:

!mi'z = 3
Byt = min (f R- : l) % (.15 (5)

where dmin is the minimum pairwise distance between sensors. The boundary penalty
discourages sensors from being placed outside the deployment field:

‘nixmlllul = 0.05 % H'.lI - é AH fﬁ]

3.2 Problem 2: Energy Harvesting Scheduling
3.2.1 Problem Definition

Cons der a network of N = 8 | oT dev ces, e &
rechargeabl e battery. The operat onal -per od
m nute durat on each. The deots ton [sOau 13d bl e
represent ng the transm ss on duty cycle. Th
I T = 384.
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3.2.2 Solar Energy Model

The solar irradiance profile follows a sinusoidal pattern during daylight hours (08:00):

"o whi{th—6) v L e
By (£) = -.1r~.111( = ) . 6= h{f) <18 (5)
0, ot herwise
whereh{ ) = (ti1) I 0.5 is the hour correspondi |

3.2.3 Energy Dynamics

The battery energy level of device d evolves according to:
ealt + 1) = {'lila(r-rf(f] + Halt) — Ca(t), 0, B,,) (9)
where B s the battery capac tyw, =Hhd(dt2)s | ost t

dur agt &, &Gnd the energy consumption is

3.2.4 Channel Model

The channel quality for device d at time slot t is modeled as

2l . 9
g = qq + (01.2sin (j_ + f.}_,,u) +e, e~N(0,07), c=01 (11)
where the baseline channel guality is in [O0.

with the result clipped to [0.1, 1.0]
3.2.5 Throughput and Fitness Function
The total throughput is

Ny T
0= Z Z gy g G - eg(t) = 0] (12)
d=1 t=1

computed as the sum of transmitted data across all devices and time slots, weighted by the duty
cycle, data rate, and channel quality. The penalty function enforces energy sustainability

Ny T Na
P=3"%" [an- Lea(t) < 0] +10- 1[0 < ey(t) < [}.lB,;]] +) 20 1feq(T) < 0.2B,]  (13)

d=1 ¢=1 d=1

by penalizing battery depletion events. The overall cost fumtbidoe minimized is:

LU)j=-6+PF (14)
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4. Metaheuristic Algorithms
This section provides a concise overview of each metaheuristic algorithm employed in this

study.
4.1 Sine Cosine Algorithm (SCA)

The Sine Cosine Algorithm, proposed by Mirjalili [5], utilizes sine andine trigonometric
functions to guide the search process. The position update alternates between sine and cosine
based movements toward the best solution found so far, with a linearly decreasing amplitude
parameter that transitions the search from esgilom to exploitation.

4.2 Slime Mould Algorithm (SMA)

The Slime Mould Algorithm, introduced by Li et al. [6], mimics the oscillation behavior of
slime mould during foraging. The algorithm employs a weight vector based on fitness ranking
and oscillation pameters that dynamically adjust the search intensity, enabling an adaptive
balance between exploration and exploitation.

4.3 Marine Predators Algorithm (MPA)

The Marine Predators Algorithm, developed by Faramarzi et al. [7], models the foraging
strategiesof ocean predators across three distinct phases: Phase 1 (exploration, where prey
moves while the predator remains stationary), Phase 2 (transition with mixed strategies), and
Phase 3 (exploitation, where the predator moves toward prey). Fish AggreDatiges

(FADSs) introduce random perturbations to escape local optima.

4.4 Particle Swarm Optimization (PSO)

PSO, originally proposed by Kennedy and Eberhart [8], simulates the social behavior of bird
flocking. Each particle updates its velocity and posibased on its personal best and the global
best solution. The inertia weight linearly decreases from 0.9 to 0.4, and the cognitive and social
acceleration coefficients are both set to 2.0.

4.5 Whale Optimization Algorithm (WOA)

WOA, introduced by Mirjalil and Lewis [9], mimics the bubbiget hunting strategy of
humpback whales through three mechanisms: encircling prey, exploration via random whale
selection, and spiral updating toward the best solution. The parameter a linearly decreases from
2 to 0, contolling the transition from exploration to exploitation.

5. Experimental Setup
5.1 Common Parameters

To ensure a fair comparison, all five algorithms share the same population size and maximum
iteration count for each problem. The paramséttings are summarized in Table 1.

Table 1. Common parameter settings for both problems.

Parameter Problem 1 Problem 2
Population size (N) 60 50
Maximum iterations 200 250

Decision dimension (D) 20 384
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Lower bound 0
Upper bound 100 1
5.2Problem 1: Sensor Placement Configuration

The sensor placement problem is configured as follows: the deployment field is 100 x 100 m?,
with N = 10 sensors, each having a sensing
= 40, resulting in 1,60€arget points. The decision variable vector has dimension D = 20.

5.3 Problem 2: Energy Harvesting Configuration

The energy harvest ng probl em nvol ves N -
parameters are randomly genkeabtedy'WiOiflatc htey f
mA h , I niti al energy set to 50% [00. Hat2eld]ly Wa

powerN[R®. 05, 0. 15] N5 20hKBslot.dlaetraandom sekedes fired at 99
for reproducibility.

5.4 Implenentation

All algorithms are implemented in MATLAB R2024a. The experiments are conducted on a
workstation equipped with an Intel Core i7 processor and 16 GB RAM. Each algorithm is
executed with identical initial random populations to minimize stochagiiatioen.

6. Results and Discussion
6.1 Problem 1: Sensor Placement Configuration Results

6.1.1 Coverage Performance

Table 2 presents the coverage performance achieved by each algorithm. SMA attains the highest
coverage of 94.4%, closely followed by PSOh\#4.1%. WOA and MPA achieve moderate
coverage values of 90.4% and 90.1%, respectively, while SCA yields the lowest coverage at
80.2%.

Table 2. Coverage performance comparison for sensor placement configuration.

Algorithm Fitness Coverage (%) Rank
SCA 0.9520 80.2 5
SMA 1.0978 94.4 1
MPA 1.0510 90.1 4
PSO 1.0910 94.1 2
WOA 1.0540 90.4 3

The superior performance of SMA can be attributed to its adaptive weight mechanism, which
dynamically adjusts the search intensity based on the fitae&ig of candidate solutions.

This mechanism enables SMA to efficiently balance exploration and exploitation, yielding
well-distributed sensor configurations. PSO also demonstrates highly competitive performance,
with its velocitybased search effectiyehavigating the 2@limensional search space. Notably,
SCA achieves a substantially lower coverage of 80.2%, indicating that itscosime
oscillation pattern may be insufficient for achieving uniform spatial coverage in this problem
domain.
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6.1.2Convergence Analysis

The convergence curves, illustrated in Figure 1, reveal distinct behavioral patterns among the
algorithms. SMA and PSO exhibit the fastest initial convergence, both reachingptiezel

fitness values within the first 280 iterations SMA achieves a slightly higher final fitness,
ultimately surpassing all competing algorithms. MPA shows characteristicwstep
convergence due to its thrpbase search strategy, with significant fithess improvement
occurring during the transition bet®n phases around iteratiori 00. WOA converges to a
moderate fitness level relatively early but plateaus around iteration 30. SCA demonstrates
notably poor performance in this problem, converging to the lowest fithess value and exhibiting
limited improvement after the initial iterations.

Problem 1: loT Sensor Placement Optimization
Convergence Comparison . SCA - Coverage: 80.2% - SMA - Coverage: 94.4%

A A A
A
A
A A
> o A
A
A
A
4 A
A A
A
A
MPA - Coverage: 90.1% o A PSO - Coverage: 94.1% i WOA - Coverage: 90.4%
A A
A A A A
A
A
A A A
A A A
A
A
/ A
A -y A i A
. O
Lo A A
- A A

Figure 1. Convergence comparison and sensor placement results for all five algorithms (Problem 1).
The sensor placement maps illustrate the spatial distribution achieved by each algorithm, with circles
representing t sensing range of each deployed sensor.

Figure 1. Convergence comparison and sensor placement results for all five algorithms
(Problem 1). The sensor placement maps illustrate the spatial distribution achieved by each
algorithm, with circlesepresenting the sensing range of each deployed sensor.

The convergence speed analysis quantifies the number of iterations required to reach specific
percentages of the final fitness value. PSO and SCA reach 95% of their respective final fithess
values wihin very few iterations, indicating rapid early convergence. SMA requires
approximately 30 iterations to reach 90% of its final value, though it continues improving to
achieve the highest overall fithess. MPA requires approximately 66 iterations tohe&9%4
threshold, reflecting its deliberate phdmesed exploration strategy. WOA exhibits the slowest
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convergence behavior, requiring approximately 86 iterations to reach 90% of its final fithess
value.

6.1.3 Spatial Distribution Analysis

Figure 2 presestthe coverage comparison bar chart and the coverage heatmap for the best
performing algorithm (SMA). The bar chart clearly illustrates the performance hierarchy, with
SMA (94.4%) and PSO (94.1%) substantially outperforming WOA (90.4%), MPA (90.1%),
and S@\ (80.2%). The coverage heatmap of SMA reveals aaisttibuted sensor deployment
across the field, where orange regions indicate sisghsor coverage, white regions denote
overlapping coverage from multiple sensors, and black areas represent ungayeredihe
overlap regions are primarily concentrated at the intersections of adjacent sensing ranges,
suggesting an efficient spatial tessellation with minimal redundancy.

Problem 1: Performance Summary

Coverage Heatmap - Best: SMA (94.4%)

Coverage (%)
Y (m)

——
—

. d .
s :

0 20 40 60 80 100

Figure 2. Coverage comparison bar chart and coverage heatmap of the besimal(fokitA) for
Problem 1

6.1.4 InterSensor Distance Analysis

The intersensor distance analysis, shown in Figure 3, provides additional insight into the spatial
quality of each solution. An ideal sensor deployment should maximize the minimum inter
sensor @tance to reduce redundant coverage overlap while maintaining sufficient spatial
connectivity.

SMA achieves a minimum intesxensor distance of approximately 22 m, which is slightly above

the coverage radius (R = 20 m), indicating a +ugdimal tradeoff between coverage and

overlap reduction. SCA exhibits a comparable minimum distance but with an average inter
sensor distance of approximately 58 m. MPA displays a higher minimum distance (~24 m) but

a lower average distance (~53 m), suggesting a more cbvisgrasor grouping. PSO achieves

the highest minimum integensor distance (~28 m) and the largest average distance (~100 m),
indicating that sensors are wskparated but potentially ovdispersed, which may explain

why its coverage (94.1%) is marginall | ower t han SMAGSs (94. 4%)
minimum distance close to the coverage radius threshold, with an average distance of
approximately 56 m.
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Problem 1: Detailed Analysis

Convergence Speed Analysis Inter-Sensor Distance Analysis
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FFigure 3. Convergence speed analysis and-gsesor distance comparison for Problem 1. The dashed
red ine in the right panel indicates the sensor coverage radius (R = 20 m).

6.2 Problem 2: Energy Harvesting Scheduling Results
6.2.1 Overall Performance

Table 3 summarizes the performance metrics for the energy harvesting scheduling problem.
SMA achieves théowest costi(833.3), corresponding to the highest total throughput. PSO
follows closely with competitive throughput and energy efficiency. MPA ranks third, while
SCA and WOA achieve moderate performance.

Table 3. Performance comparison for energy hangscheduling.

Algo Cost TP (KB) Avg Final E Eff.
SCA 1579.1 ~630 Moderate 7.73
SMA 1833.3 ~900 Moderate 9.16
MPA 1717.7 ~800 Moderate 8.24
PSO 1640.0 ~750 Moderate 8.69
WOA 1517.2 ~580 Moderate 7.36

Note: TP: Throughput, Eff.: Enerdsfficiency (KB/mAh).
6.2.2 Convergence Behavior

The convergence curves for Problem 2 (Figure 4) exhibit markedly different characteristics
compared to Problem 1, reflecting the substantially higher dimensionality (D = 384 vs. D = 20).
MPA showsdramatic initial oscillation in the early iterations, likely due to the exploration
intensive Phase 1 of its search strategy in the -@ligiensional space. SMA and PSO
demonstrate more stable convergence trajectories, with SMA achieving consistent
improvenent throughout the optimization process. SCA and WOA converge to moderately
lower cost values.
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Problem 4: loT Energy Harvesting Scheduling Optimization

Solar Energy Profile
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Figure 4. Main comparison results for the energy harvesting scheduling problem (Problem 2): solar
profile, convergence curves, throughpomparison, scheduling heatmaps, device final energy levels,

and algorithm cost comparison.

6.2.3 Battery Trajectory and Channel Analysis

Figure 5 illustrates the battery trajectories, channel quality map, and transmission activity
versus solar availabilitfor the best algorithm (SMA). Several important observations emerge

from this analysis.

The battery trajectories show that all devices experience a gradual energy depletion during the

nighttime hours (00:0®M6:00) when no solar energy is available. Bgtievels reach their

minimum around 08:00L0:00, after which the accumulated solar energy begins to replenish
the reserves. By the end of the-l2dur cycle, most devices maintain positive energy levels,
indicating sustainable operation.
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Problem 4: Battery & Channel Analysis
Channel Quality Map

Battery Trajectories (SMA)

Tx Activity vs Solar (SMA)

1 6
[ T Activity
Solar Power

Battery Level (mAh)

Aggregate Tx Activity
o w

Figure 5. Bétery trajectory analysis, channel quality heatmap, and transmission activity versus solar
power overlay for the best algorithm (SMA) in Problem 2.

The transmission activity versus solar power
demonstrates inli@gent energyaware behavior: transmission activity is concentrated during
periods of solar energy availability, with reduced activity during nighttime hours. This aligns

with the intuitive strategy of transmitting when energy income is positive, therebgrving

battery reserves for essential nighttime operations.

6.2.4 Energy Efficiency Analysis

Figure 6 presents the energy efficiency analysis. SMA achieves the highest efficiency of 9.16
KB/mANh, indicating that it transmits the most data per unit @rgy consumed. PSO follows
with 8.69 KB/mAh, while MPA achieves 8.24 KB/mAh.

Problem 4: Effi &L Analy
Energy Per-Device Throughput (SMA)
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Figure 6. Energy efficiency comparison, quvice throughput breakdown, and device utilization by
algorithm for Problem 2.

The perdevice throughput breakdown reveals sigaificvariation across devices, attributable

to differences in channel quality, data rates, and battery capacities. Devices 1, 3, and 5
contribute the highest throughput, while Device 4 has the lowest contribution, likely due to a
combination of lower dateate and less favorable channel conditions. The device utilization
chart shows that SMA maintains a more balanced utilization across devices compared to other
algorithms, suggesting a more equitable distribution of the transmission burden.

6.3 CrossProblemAnalysis
6.3.1 Algorithm Ranking Consistency
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Interestingly, SMA emerges as the {fo@rforming algorithm in both problem domains. In the
sensor placement configuration problem, SMA achieves the highest coverage of 94.4%,
narrowly outperforming PSO (94.1%h the energy harvesting scheduling problem, SMA
attains the best cost value8B3.3) and the highest energy efficiency (9.16 KB/mAh). This
consistent performance across both problems highlights the robustness and versatility of the
adaptive weight mech&am employed by SMA.

The strong performance of SMA can be attributed to its dynamic adjustment of search intensity
based on solution quality. In the lowdimensional sensor placement problem (D = 20), this
mechanism enables effective spatial exploratioth @xploitation. In the substantially higher
dimensional energy harvesting problem (D = 384), the same mechanism facilitates efficient
navigation through the complex constraint landscape. PSO demonstrates competitive
performance in both problems, rankingcend in sensor placement and third in energy
harvesting scheduling, confirming its reliability as a gerpuapose optimizer. MPA achieves
moderate performance in both domains but exhibits slower convergence, particularly in
Problem 1. SCA and WOA congsitly rank in the lower tiers, with SCA showing notably poor
coverage in the sensor placement problem (80.2%) despite adequate stability.

6.3.2 Convergence Speed vs. Solution Quality
Table 4 summarizes the crgaoblem performance characteristics of ealgjorithm.

Table 4. Crossproblem algorithm performance summary.

SCA SMA MPA PSO WOA
P1 Rank 5 1 4 2 3
P2 Rank 4 1 2 3 5
Conv. Speed Fast Fast Slow Med Med
Stability Low High Med High Med

SMA emerges as the most consistertlgh-performing algorithm across both problems,
achieving the top rank in both domains. PSO demonstrates strong and stable performance,
ranking second and third, respectively. MPA shows competitive solution quality in the energy
harvesting problem but isampered by slower convergence, particularly in the sensor
placement problem. WOA exhibits moderate performance with inconsistent rankings across the
two problems. SCA, despite its rapid initial convergence, consistently producesglaabity
solutions, met notably in the sensor placement problem where it achieves the lowest coverage.

6.3.3 Practical Implications

From a practical standpoint, the findings of this study offer several actionable guidelines for
loT system designers:

For both sensoplacement configuration and energware scheduling problems, SMA is
recommended as the primary optimization algorithm due to its consistently superior
performance across both problem domains. Its adaptive weight mechanism provides an
effective balance beten exploration and exploitation regardless of problem dimensionality.
PSO serves as a strong alternative, particularly for sensor placement problems with moderate
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dimensionality, where it achieves namptimal coverage with stable convergence. For energy
aware scheduling problems with high dimensionality and complex constraint structures, MPA
offers competitive performance as an alternative to SMA. SCA and WOA, while exhibiting
faster initial convergence in certain cases, generally produce inferiorossland are not
recommended as primary choices for these 10T optimization problems.

7. Conclusion
This paper presented a comprehensive comparative study of five metaheuristic optimization

algorithm® SCA, SMA, MPA, PSO, and WO& applied to two critical 10T ptimization
problems: sensor placement configuration and energy harvesting scheduling.

The key findings are summarized as follows:

1. Sensor Placement Configuration: SMA achieved the highest area coverage of 94.4% with
well-distributed sensor positions,oskly followed by PSO with 94.1%. WOA and MPA
attained moderate coverage values of 90.4% and 90.1%, respectively, while SCA exhibited the
lowest performance at 80.2%. The adaptive weight mechanism of SMA proved particularly
effective in balancing spatiakploration and exploitation in the 2Zlmensional search space.

2. Energy Harvesting Scheduling: SMA attained the best throughput with a ¢@&308 and

an energy efficiency of 9.16 KB/mAh, demonstrating superior performance imighe
dimensional (384) search space. The optimized schedules exhibited intelligent easaye
behavior, concentrating transmissions during periods of solar energy availability to maximize
throughput while preserving battery sustainability.

3. CrossPrdblem Insights: SMA consistently achieved the top rank across both problem
domains, demonstrating its versatility and robustness as a gpongvake optimizer for l1oT
applications. PSO maintained competitive performance in both problems, confirming its
reliability. MPA showed competitive results in the energy harvesting problem but was
hampered by slower convergence in the sensor placement problem.

4. Convergence Characteristics: SMA and PSO exhibited the most stable convergence behavior
across both problesn MPA showed characteristic phadependent convergence with slow

initial progress but steady improvement in later iterations. SCA demonstrated rapid early
convergence but converged to inferior solutions, while WOA exhibited moderate convergence
stability.

7.1 Future Work

Several directions merit further investigation. First, raolfjective formulations that
simultaneously optimize coverage, energy consumption, and network lifetime could provide
more realistic problem models. Second, hybrid algorithmisabimbine the strengths of top
performing metaheuristics (e.g., SMAS0 hybrids) may yield further improved performance
beyond what either algorithm achieves individually. Third, adaptive parameter tuning
mechanisms could enhance algorithm robustness sasaying problem dimensions and
constraint structures. Finally, experimental validation on-weald loT testbeds would
strengthen the practical applicability of the findings.
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ABSTRACT

The 0/1 Knapsack Problem (KP) is a classicatidird combinatoriabptimization problem

with significant practical relevance in resource allocation. As exact methods become
computationally intractable for largeeale instances, metaheuristic algorithms offer viable
alternatives for obtaining neaptimal solutions. Thistady presents a comparative analysis of
five natureinspired metaheuristic algorithms for solving the 0/1 KP: Whale Optimization
Algorithm (WOA), Slime Mould Algorithm (SMA), Particle Swarm Optimization (PSO), Sine
Cosine Algorithm (SCA), and Marine Predet Algorithm (MPA). A sigmoid transfer function

is employed to map continuous search variables to binary decisions, while a penalty function

handles capacity constraint violations.

The algorithms are evaluated on eight benchmark datasets with varyieg k100 items),

capacity ratios (20%, 40%, 70%), and weigfalue correlation structures. Each algorithm is
executed with 50 agents over 300 iterations across 10 independent runs. The results, assessed
through average ranking, demonstrate that SCA aehithe best overall performance (mean

rank: 1.75), followed by SMA (1.88), MPA (2.50), PSO (3.88), and WOA (5.00). The
superiority of SCA is attributed to its effective exploratiexploitation balance through
sinusoidal fluctuation patterns in discretagch spaces. These findings are validated through
convergence curves, boxplot distributions, heatmap visualizations, and radar chart

comparisons.

Anahtar Kelimeler : Metaheuristic algorithms, 0/1 Knapsack Problem, Combinatorial

optimization, Naturenspired computing, Benchmark comparison
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1 Introduction
The 01 Knapsack Problem (KP) represents one of the most fundamental and challenging

combinatorial optimization problems [1, 2]. Given a set of items characterized by weights and
values, the objectivis to select a subset of items that maximizes total value without exceeding

a predefined capacity. Due to its fBrd nature [3], exact solution methods become
computationally impractical for larggcale instances.

Metaheuristic optimization algorithms Ve gained significant attention as effective
alternatives for solving complex knapsack problems [4, 5]. Algorithms inspired by natural
phenomena, such as swarm intelligence and evolutionary processes, offer flexible and scalable
solution mechanisms [6]. kiever, their performance may vary significantly depending on
problem characteristics such as dimensionality, correlation structure, and capacity constraints
[7].

This study aims to provide a systematic and fair comparison of five widely used metaheuristic
algorithms on multiple knapsack problem scenarios. Unlike many existing studies that focus
on limited datasets, this work evaluates algorithmic behavior across eight diverse datasets,
offering deeper insights into robustness and scalability.

2 Problem Formulation
The @ 1 Knapsack Problem is formulated as [1]:

Tl
max E VT (1)

subject to

m

Z wyr; = O, x; € {0, 1},

i=1

]

where vi and wi denote the value and weight of item i, respectively, and C is the knapsack
capacity. To enable continuous metaheuristic optimization, a sigmoid transfeorfuisct
employed to map continuous decision variables into binary space [8]. Constraint violations are

handled using a penaityased fithess function [9]:
flz) = —TotalValue 4+ A max(0, TotalWeight — '), (3)

where & iIis the penalty coefficient.

3 Metaheuristic Algorithms
Five populationbased metaheuristic algorithms are investigated:
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Whale Optimization Algorithm (WOA) [10]
Slime Mould Algorithm (SMA) [11]
Particle Swarm Optimization (PSO) [12]
Sine Cosine Algorithm (SCA) [13]

1 Marine Predators Algorithm (MPA) [14]

All algorithms operate under identical experimental conditions, including population size,

T
T
T
T

iteration number, and search boundaries, ensuring a fair comparison [15].

4 Experimental Setup
Eight knapsack datasets are considered, representing diverse problem chara¢®risti

1 Small, medium, large, and very largeale problems

1 Strongly and weakly correlated item structures

1 Tight and loose capacity constraints
Each algorithm is executed 10 independent runs per dataset using a population size of 50 and
300 iterations. Performance metrics include best value, average value, standard deviation,
execution time, convergence behavior, and flaa$ed evaluation [15].

5 Results and Discussion
5.1 Knapsack Problem Instances

To comprehensively evaluate the perforewmf the considered metaheuristic algorithms,
eight heterogeneous D knapsack problem instances were constructed. All datasets were
implemented directly in the MATLAB code and are summarized below. The instances were
designed to reflect variations in ptem size, item correlation structure, and capacity tightness
[7].
For each dataset, the knapsack capacity C was computed as:

C' = round (ﬁi ”';‘) \ (4)

i=1

where | denotes the capacity ratio.
5.1.1 DS1: Small Scale (10 Items)
DS1 represents a smaltale knapsack problem wittiiged and explicitly defined set of items.
The item weights and values are deterministically specified as:
w=][5,8,3,12,7, 15,10, 2, 6, 9],
v =[20, 45, 12, 60, 35, 80, 55, 8, 25, 40].
The capacity ratio i s set c¢omstrainedknapdackd Dhjs r es u

dataset serves as a baseline for evaluating algorithmic behavior-aimb@nsional problems.
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5.1.2 DS2: Medium Scale (20 ltems)

DS2 is a mediunscale instance consisting of 20 items with fixed weight and value
assignments:

w=[12, 5, 18, 7, 23, 11, 3, 16, 9, 14, 6, 20, 8, 25, 4, 17, 10, 22, 13, 19],

v = [55, 30, 85, 42, 95, 50, 15, 72, 38, 65, 28, 90, 35, 100, 20, 78, 48, 88, 58, 82].

The capacity ratio is again fi xdmensonalty = 0.
while maintaining deterministic item definitions.

5.1.3 DS3: Large Scale (50 Items)

DS3 is a largescale knapsack problem consisting of 50 items. Item weights and values are

randomly generated using a uniform distribution:
w; ~ UW(1,50), w; ~U(10,200),

withafixedendom seed of rng(100) to ensure reproc
0.40. This dataset is used to assess scalability and exploration capability irdmgésesional

search spaces.

5.1.4 DS4: Very Large Scale (100 Items)

DS4 extends the pbtem size to 100 items, representing a kighensional knapsack

instance. The item parameters are generated as:
w; ~ W(1,80), v ~ (5, 300),
using the random seed rng(200). The capacit)
algorithm robustness and convergence behavioenwety large search spaces.
5.1.5 DS5: Strongly Correlated Items (30 Items)
DS5 models a strongly correlated knapsack instance, where item values are approximately
proportional to item weights [7]. Weights are generated as:
wy ~ (5, 40),
and values are computed aatiag to:
v = dw; + g, 6 ~UH(-2.2),

with negative values prevented by truncation. A fixed random seed rng(300) is used, and the
capacity ratio is set to } = O0-tod@ghtralidsare dat a
nearly uniform.

5.1.6 DS6: Weakly Correlated Itert®) Items)
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DS6 represents a weakly correlated instance in which item values are only loosely related to
weights [7]. Weights are generated as:

w; ~ U(5,40),

while values are defined by:

vy = w; + 1, 1~ U(—30,80),

with a lower bound enforced to ensure positive values. The datgseieisated using rng(400)

and employs a capacity ratio of J} = 0.40. Thi
and irregular value distributions.

5.1.7 DS7: Tight Capacity (25 Items)

DS7 is designed to examine algorithm behavior under seveeeigagonstraints [2]. It

consists of 25 items with:

w; ~(3,35), wv; ~U(10,150),

generated wusing rng(500). A tight capacity
restricting feasible solutions.

5.1.8 DS8: Loose Capacity (25 Items)

DS8 uses the same item generation scher®Sasbut with a loose capacity constraint. Using

rng(600), item weights and values follow:
w; ~ U(3,35), v ~U(10,150),

while the capacity ratio is increased to }
feasibility and emphasizes exploitation performance.

5.1.9 Convergence Analysis

Figure 1 presents the average convergence curves across all datasets. SCA and SMA
demonstrate rapid convergence and stable exploitation behavior, consistent with the findings
reported in [13] and [11]. MPA exhibits strong exploratiorearly stages but converges more
slowly [14]. WOA consistently stagnates early, failing to approach competitive solutions,

which aligns with the premature convergence issues noted in [10].
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Figure 1: Convergence comparison across all datasets

5.1.10 Boxplot and Robustness Analysis
The boxplot distributions in Figure 2 reveal that SCA and SMA achieve both higher median

56100 150 Z0n  Zab  s00
lleraton

ED SCI

values and lower variance. WOA displays large dispersion and inferior median performance,

indicating instability and poor robustnesStatistical robustness analysis follows the

methodology suggested in [15].
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Figure 2: Boxplot distributions of solution quality

5.1.11 Scale and Capacity Sensitivity

Figures 3 and 4 illustrate algorithm performance under increasing problem sizarging

capacity ratios. SCA maintains superior scalability, particularly in lacgée and very large
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scale instances [13]. Under tight capacity constraints, SCA and SMA outperform other

algorithms significantly.
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5.1.12 Ranking and Overall Performance
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The normalized heatmap in Figure 5 and the radar ranking diagram in Figure 6 provide a

holistic comparison. SCA achieves first rank in thegarty of datasets, followed by SMA and

MPA. The overall average ranking confirms SCA as the-pedbrming algorithm, while

WOA ranks last. The ranking methodology follows the Friedmanbi&std statistical

comparison framework [15, 16].
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Figure 7: Overall average ranking of algorithms

6. Conclusion
This study presented a comprehensive comparative evaluation of five metaheuristic algorithms

for solving diverse 01 knapsack problem scenarios. Based on extensive experimental
analysis, the Sine Cosine Algorithm [13] consistently achieved superior solution quality,
robustness, and scalability. SMA [11] and MPA [14] demonstrated competitive performance,
while WOA [10] exhibited significant limitations. The findings highlight the importance of
algorithm selection based on problem characteristics and provide valuable guidance for future

knapsack optimization studies.

References
[1] S. Martello and P. Toth, Kipgack Problems: Algorithms and Computer Implementations.

John Wiley & Sons, 1990.

[ 2] H. Kell erer, uU. Pferschy, and D. Pi si ng
Knapsack Problems. Springer, 2004, pp.i283.

[3] M. R. Garey and D. S. Johnson, Quuters and Intractability: A Guide to the Theory of
NP-Completeness. W. H. Freeman, 1979.

51



HATTUSRAPS NIERNATI ONAL CONFERENCE ON APPLI ED SCIE
Februaty, 130CRUM
| SBN NR:2-59% B&2

[4] E.-G. Talbi, Metaheuristics: From Design to Implementation. John Wiley & Sons, 2009.

[5] X.-S. Yang, Naturénspired Metaheuristic Algorithms, 2nd ed. Luniverg2;2010.

[6] J. Kennedy, R. C. Eberhart, and Y. Shi, Swarm Intelligence. Morgan Kaufmann, 2001.

[ 7] D. Pisinger, AWhere are the hard knapsac
vol. 32, no. 9, pp. 2272284, 2005.

[8] S. Mirjaliliand A.L e wi sshapefl #&rsus-ghaped transfer functions for binary particle
swarm optimization, 0 Swarm andil&2003l uti onary
[ 9] C. A. Coell o Coell o, #mandiagaecteiguesuaddwitond nu

evolutona y al gor it hms: a survey of the state of
Mechanics and Engineering, vol. 191, noi 14, pp. 12451287, 2002.

[ 10] S. Mirjalild@ and A. Lewi s, AThe Whal
EngineeringSoftware, vol. 95, pp. 53567, 2016.

[ 11] S. Li, H. Chen, M. Wang, A A Hei dar i,

met hod for stochastic optimization, o6 Future
323, 2020.

[12] J. Kennedy and R. EEbr har t |, AParticle swarm optimiza
Neur al Net works (1 CNAB)I9%) , vol. 4, pp. 1942
[ 13] S. Mirjalili, nSCA: A Sine Cosine Alg
KnowledgeBased Systems, vol. 96, pp. 1283, 2016

[ 14] A. Faramar zi , M. Hei darinej ad, S. Mi r |

Algorithm: Anaturei nspi red metaheuristic, 0 Expert Sys
113377, 2020.
[ 15] J. Derrac, S. Gar c 2 a,ticaDtutoridlonl theruse,of and |

nonparametric statistical tests as a methodology for comparing evolutionary and swarm

intelligence algorithms, 0 Swarm arniB28BMol uti o
[ 16] M. Friedman, A T h assumpian ofmbrmatityaimiict intthe a v o i
analysis of variance, o0 Journal of the Ameri

675701, 1937.

52



HATTUSRAPS NIERNATI ONAL CONFERENCE ON APPLI ED SCIE

Februaty, 130CRUM
| SBN NR:2-59% B&2

STABILITY -VALUED NEUTROSOPHIC -POSITIVE DIRECTED SETS

Prof . Dr . KRFANEC

Kilis 7 Aral ék
irffandeli@kilis.edu.ti
ORCID ID: 0006000318751067

U

M. Sc. Student, MKHRKBAN DOJF

Kilis 7 Aral ék
dogramacioglumihriban@gmail.coim
ORCID ID: 00090006:35525132

ABSTRACT

In this study, we first give the concepts of fuzzy sets, intuitionistic fuzzy sets, and neutrosophic
sets. To make neutrosophic sets more effective and meaningful in practical applications, we
introduce a hesitancy function based on the truth, falsityjradeterminacy functions. Using

these functions, we construct stabiitglued neutrosophic positively directed sets through
positive directions. Subsequently, desired operations on these sets are presented together with

their properties.

Keywords: Neutrasophic sets, Stabilityalued neutrosophic positivdirected sets, hesitancy

function.

1. INTRODUCTION

In daily life, we frequently encounter problems involving uncertainty, such as concepts
described as warm, cold, long short. In order to model gagheness mathematically, many
researchers have proposed various theoretical frameworks over time. One of the most
significant of these is the fuzzy set theory introduced by Zadeh [15] in 1965. In this theory, a
fuzzy set is characterized by a membershipction that assigns to each element a degree of

belonging within the interval [0,1]. Subsequently, to address situations where fuzzy sets were
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insufficient in representing uncertainty, Atanassov [2] extended this framework by introducing
intuitionistic fuzzy sets in 1986. In addition to the membership function, this theory
incorporates a nemembership function, allowing a more flexible representation of
uncertainty. However, since the sum of the membership andneambership degrees is still

restricted tahe interval [0,1] certain types of indeterminacy cannot be adequately modeled.

To overcome this limitation, Smarandache [9] introduced neutrosophic sets in 1998. In this
framework, truth, falsity, and indeterminacy membership functions are defined mulceply,
removing the restrictive condition present in previous models. This independence significantly
increases the expressive power of the model in handling incomplete, inconsistent, and
indeterminate information. Many studies have since been conduectedutrosophic sets and

their applications in various fields suc as [1;3(413,14].

Nevertheless, although hesitagpe functions have been considered within intuitionistic fuzzy
set theory, a positively directed structure incorporating a hesitanspgutive has not been
sufficiently developed in the neutrosophic sets. Therefore, in this study, in order to expand the
theoretical scope of neutrosophic sets, stabiigtyied neutrosophic positively directed sets are
constructed, and their fundamentahcepts and properties are systematically developed.

2. PRELIMINARIES
Definition 1. [15] Let X be a norempty set. A fuzzy set denoted by A on X and defined by

the membership function go© Tip is defined as
6 &l G @

Definition 2. [2] Let X be a norempty set and™X. Then, on X, a intuitionistic fuzzy set |
with"Y & © T1ip as a membership function ai@ @ © Tip as a normember function, is

defined as follows,
0 GHY®hOow dov ®

wherem Yo Ow p foreveryoN @3

Definition 3. [12] Let X be a norempty set ando™ . Then, a neutrosophic set A is defined

as

54



HATTUSRAPS NIERNATI ONAL CONFERENCE ON APPLI ED
Februaty, 130CRUM
| SBN NR:2-59% B&2

o) 6h"Y @AOwHO &  dgoN OATY RO wAO w ¥ mip 8
where’Y @ © Tip is the truthmembership functiod® & © T1ip is the indeterminacy

membership function, ad® & © Tip is the falsitymembership function such thwt

Yo Ow Ow o

Definition 4.[11] Let GhY ®HOWRO @  doN oY @ FOwRO @ N mip h
o) 6h"Y @O GHRO @  doN Y @ AOwHRO w M 1ip be two neutrosophic
sets. Then,
1. & § 0 ahiYo Yo Y ®8Y RO w80 wHRO ¢80 égoN &
dir.

206808 &fiYe8Ywfos 0o 0e80mR0G O
"0 @80 & &g &

~

3. 6 &fp p YO HO® RO &N @

4. 0 Yo lp p Ow M p Ow v d.

3. STABILITY -VALUED NEUTROSOPHIC POSITIVE DIRECTED SETS
In this section, we introduce stabilitsalued neutrosophic positive directed sets and examine
some of their propertie$he concepts in this section are derived from existing studies on fuzzy sets,

intuitionistic fuzzy sets and neutrosophic sets g

Definition 5. Let X be a norempty set and ®. Then, a &bility-valued neutrosophic
negative directed sets (SVND)on U are characterized BY ¢ © 1ip truth-membership
function, O ® © Tip indeterminacymembership functio® @ © Tip falsity-

membership function and @ © T1ip hesitantmembership function and defined as

6hp 0O HYORO6h &6 o~ TY8

where 6 Y68 6 suchthat 0 p Yo 0o
dir. Burada, 0 is the positivedirected falsitymembership value of the elemént
Note that the collection of all SYND sets on U is denoted by SVND(U).
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Definition 6. Let 6hp "O6RYohooh o6 gon7Y,
6hp O6RYoHRO6h o6 ddNTYN'YO U W. Then,
O halde,
1 ¢hp 006 p 06 p 06 p VO6HYO YO
' "YO'Y6 HO6O6h 0O 6 6 6 gy
2 chp 06 p 06 h'Y6'Y6 HOO "O6 600
' h o 6 agonNTY
3. _ odp p p 06 Ip p YO KOO Ip p 6 g N 7Y
4. chp 06 HYo lp p 06 h 6 g~ 7Y
Definition 7. Let 6hp O Y6 OO h 6  dgN ™Y N YO O . Then,
1. The 1. score value of, denoted by , Is defined asollows:
5 ¢ p 0o Yo “ 6 0o
T
2. The 2. score value of, denoted by , is defined as follows:
. p 06 8¢ YO “ o6 00
v o
3. The 3. score value of, denoted by , is defined as follows:
. p p ‘C6 8Y68 o p ‘C6 800
0
C
Also, for 6hp OO0 RYO6HOOh 6 gonTY, 6hp

D6AY6GHOO6h 6 N YN SUNDU),D andd be the ith (i=1,2,3)

score values of for AT A , respectively.
Then, the comparison betweenA T A , is madeas follows:

1. 0 0 ise

2. 0 0 ise

From now on, for the sake of brevity, we dgsg "OFYi  dinstead ofch p
OORYOROGh
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Definition 8. Let Gp ORYHCh & 'O 'O plghBsE be a collection SYND sets Let
0 be the weight of andletd 0 h B0 suchthath v mip,B 0  p. Then,
Then, the weighted SvND arithmetic aggregation operatér denotéd byh fesh  and
defined as;

i h Fesh 6 0

Based Definition 6, the operattr h re&h s given as;

Theorem 9.Let 6p ORYHCh &, 'O plgfedt be a collection SVND sets Let
0 be the weight of andletdt 0 h) M) suchthat) v mp,B 0  p. Then,
Then, the weighted SVND arithmetic aggregation opefatdér h re&h  calculated as;

Example 10.Let  GRF@®II@h  GRAGI@TES,  ohphadipsh
opdmmdth o8 g Pn® g8 SYND(U) andd I g g, .
Then,i h h h h isfoundas;
d & p p O MK & p Y A O & p &
é‘p -,-[&)8]-[@5%8“&81-@8 Fp -,-1&81@8-’-&)8-’-[& 8-'-@8 h
T[EXST[&)ST[E&)ST[& STT@SFD 1-[&81-[&)81-[&)8]-[& 8]-[&)-[8 d
o ¢ o R ¢ w Ak @ X NTE Ep ¢ T T
Definition 11. Let Gp ORI &, @ 'O plhedt be a collection SVND sets
Let 0 be the weight of and letd0 0 R B suchthath v~ mip, B 0 p.

=
=
=y
3¢

Then, Then, the weighted SYND geometric aggregation operatér dendted bl Fegh

and defined as;

~ ~

i h Fesh a

Based Definition 6, the operattr h fe&h s given as;
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Theorem12.Let dp ORYHCh & 'O plgfsdt be acollection SYND sets Let
0 be the weight of andletd 0 h B0 suchthath v mip,B 0  p. Then,
Then, the weighted SYND geometric aggregation opetrator h f8h  calculatedas;

~ ~ ~ ~r

i h Fesh & p O M Y B a p O M a

Example 13.Let trpna e ch g i mppa, o8 g e ¢
oM mdth  GRmd 8 &M SYND(U) andd I g g, .

Then,i h h h h isfoundas;
i h hhHh & p OmM Y fp & p O M ol
oy o g Y X TR (X v kpY Y g o

Definition 14. Let dp ORYHCh &, O plkisdEE be a collection SYND sets
Let 0 be the weight of and letd 0 h) B be a weighted vector such thatn
mp,B 0 pandd O MWD be a position such that ¥ mp, B 0 p8
Then, theweighted hybrid ordered arithmetic operator denoted by h fgsh  and

defined as;

Here andd denotes thekh largesb  £808 .

Also, we have based on Definition 6 as;

Theorem 15. .Let 6p ORWOh &, 'O plgssdE be a collection SVND sets
Let 0 be the weight of andlet0 0 h B0 be a weighted vector such that ™
mp,B 0 pandd UM MBHED be a position such that v 1ip, B 0 p8

Then, the weighted hybrid ordered arithmetic operator h f88h  calculated as;
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| h resh G 0 o
i h Fesh G 06
o a p p O Ip & p Y B Ofp a P ol
6 p 'O RYROA
6 Gp O h"Y P p O h ol I
| o a p p O fp a p Y p p O h
p @ p &
i h Fesh Gp @& p p © Thp a p Y Tﬁ
a p p O Thp @ p T &

4. Conclusion

In this study, we have extended the theoretical framework of neutrosophic sets by introducing
stability-valued neutrosophic gdively directed sets. By incorporating a hesitancy function
derived from the truth, falsity, and indeterminacy membership functions, the proposed structure
provides a more comprehensive and flexible representation of uncertainty. This approach
enhanceshie expressive power of neutrosophic modeling, particularly in situations involving
incomplete, inconsistent, or indeterminate information. Furthermore, we have defined several
operational laws for stabilityalued neutrosophic positively directed setsiamndstigated their
fundamental properties. These operators preserve the structural characteristics of the proposed

sets and enable consistent aggregation and comparison processes.
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ABSTRACT
In this study, neutrosophic sets and their generalizations are examined in detail. Subsequently,

the limitations of neutrosophic sets are identified, and by takingh#s#ant degree in
intuitionistic fuzzy sets into consideration, stabiitglued neutrosophic negatively directed

sets are constructed through negative directions. Furthermore, the distance measure concept
available in the literature is extended to thésvnstructure. Finally, a multiriteria decision

making method based on stab#itglued neutrosophic negatively directed sets is proposed.
Keywords: Neutrosophic sets, Stabiltyalued neutrosophic negatidirected sets, distance
function, decision makumn

4. INTRODUCTION

Classical logic requires definite judgments when modeling an event; that is, a proposition must
be either true or false. However, this strict framework becomes insufficient when dealing with
reatlife problems involving uncertainty. Fonstance, when attempting to model whether a
football team fAplayed well 06 in a match, it
trug false judgment. To model such uncertainty, Zadeh[13] developed fuzzy set theory by
introducing a membership fation taking continuous values between 0 and 1. According to

this theory, the degree to which a football team played well may be expressed as 0.7. However,
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in this case, the degree of not playing well is not necessarily 0.3, since uncertainty is tyot strict
complementary. To overcome this limitation, Atanassov[2] proposed intuitionistic fuzzy set
theory. In this framework, both membership and-nembership functions are defined, with

the restriction that their sum must lie within the interval [0,1]. Kkangple, the degree of not
playing well may be chosen as 0.2; in this case, the hesitation (indeterminacy) degree, which
completes the sum to 1, becomes 0.1. Furthermore, if factors such as the location of the match
or the presence of spectators are takém account, it may be necessary to consider changes
under different conditions. By incorporating the concept of independence (also referred to as
indeterminacy) and allowing three functidnguth, falsity, and independertealefined
independently on the iatval [0,1], Smarandache[10] developed neutrosophic set theory. Over
time, detailed studies such as [¥,9,11,12] have been conducted on these theories. In this
study, the construction of the truth and falsity functions naturally gives rise to a bedikati
component similar to that in intuitionistic fuzzy sets. Since this value may sometimes play a
significant role, in this study stabildtyalued neutrosophic negatively directed sets are
constructed so that this component can have a negative irdlienthe decisicmaking

process.

5. PRELIMINARIES

Definition 1.[13]Let X be a norempty set. A fuzzy set denoted by A on X and defined by the
membership functioh ¢ © T1ip is defined as
6 &t ogon @

Definition 2. [2] Let X be anonempty set and¥X. Then, on X, a intuitionistic fuzzy set |
with"Y & © T1ip as a membership function ai@@w © Tip as a normember function, is

defined as follows,
0 GHY®how dov ®

wherem Yo Ow p foreveryoN @8
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Definition 3. [12] Let X be a norempty set andoN &. Then, a neutrosophic set A is defined

as
o) 6h"Y RO wHO &  dgon OATY RO wAO w ¥ mip 8

where’Y @ © Tip is the truthmembership functiod® ¢ © 1ip is the indeterminacy
membership function, afi® w © Tip is the falsitymembership function such thwt

Yo Ow Ow o

Definition 4.[8] Let 6 ch”Y WAOGWRO @  goN Y RO RO w v 1ip h
o) 6h"Y @O GHRO @  doN Y @ AOwHRO w N 1ip be two neutrosophic
sets. Then,
5.0 § 0 ahiYo Yo Y ®8Y RO w80 wRO @80 égoN &
dir.

6.0808 &iYowdYwfios 0o 0w80wmR0e 0w
"0 @80 & &g &

7.0 &p p Yo ROw RO &gov &

8. 0 Yo lp p Ow M p Ow oV d.

6. STABILITY -VALUED NEUTROSOPHIC NEGATIVE DIRECTED SETS
In this section, we introduce stabilixalued neutrosophic negative directed sets and examine
some of their properties. The concepts in sigistion are derived from existing studies on

neutrosophic sets in [1,12].

Definition 5. Let X be a norempty set andN . Then, a stabilitvalued neutrosophic
negative directed sets (SVND)on U are characterized BY ¢ © 1ip truth-membership
function, O ® © Tip indeterminacymembership functio® @ © Tip falsity-

membership function and @ © Tip hesitantmembership function and defined as

ohp 06 Yo FOoh o6 g~ 7Y8

where 6 "O0 8 0 suchthat o p Yo 0o
In here, 0O is the negativalirected falsitymembership value of the elemeént

63

SCI E



HATTUSRAPS NIERNATI ONAL CONFERENCE ON APPLI ED SCIE
Februaty, 130CRUM
I SBN N®:2-5% B82

Note that the collection of all SYND sets on U is denoted by SYND(U).
Definition 6. Let 6hp "O6RYohooh o6 gn7Y,
6hp O6RYoHRO6h o6 N YN'YO U W. Then,

ah p 00 p 00 p 06 p 06 h'YO6 Yo Y6'Y6 h

1. . -
"06™006 h o 6 gonNTY
) chp 06 p 06 h'Yo'Y6 h0O6 006 0606
' h 0 0 0 0 g~ Y
3. _ chp p p 06 hp p YO hO6 h 0 g N 7Y
4. chp 06 h'Yé hp p 06 hp p 6 g~ Y
Definition 7. Let 6hp ™06 Y6 OO h 6  gN YN "YO O . Then
1. The 1. score value of, denoted by , is defined as follows:
5 ¢ p 0o YO 06 “ o
T
2. The 2. score value of, denoted by , is defined as follows:
. p O 8¢ YO Oo6 “ 6
v o
3. The 3. score value of, denoted by , is defined as follows:
N p p ‘06 8Yo p 06 8068 o0
0
C
Also, for 6hp OO RY6HOOh 6 gonTY, 6hp

D6 AY6OHOO6h o6 N YN SYNDU),D andd be the ith (i=1,2,3)

score values of for AT A, respectively.
Then, the comparison betweenA T A , is made as follows:

0 0 ise

4. 0 0 ise

From now on, for the sake of brevity, we égsg "ORYAG  dinstead ofuh p
OwHYoROowh ®a
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Definition 8. Let Gp ORYHCh &0 'O plgfBsE be a collection SYND sets Let
0 bethe weight of andletd 0 h B0 suchthath v mip,B 0  p. Then,
Then, the weighted SVND arithmetic aggregation operatér denotéd byh fesh  and
defined as;

i h M a 0

Based Definition 6, the operattr h fe&h s given as;
Theorem 9.Let Gp ORYHCh &, 'O plghsdt be a collection SVND sets Let
0 be the weight of andletdt 0 h) M) suchthat) v mp,B 0  p. Then,

Then, the weighted SVND arithmetic aggregation opefatdér h fe&h  calculated as;

i h mh o & p p O p & p Y @ OmM a

Example 10.Let oM mth  6ng e e o madeh
o mih @M@ v SUNDU) andd  Tipg s g, .

=
¢
¢
>

Then,i is found as;

P P w TR TG w AT @ X N p

Definition 11. Let Gp ORYRCh &, 'O plkiedE be a collection SYND sets
Let 0 be the weight of and letdt 0 ) D suchthat) ¥ mip, B 0  p.
Then, Then, the weighted SYND geometric aggregation operatdr dendted bl Fesh

and defined as;

i h resh a

Based Definition 6, the operattr h fe&h s given as;
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Theorem12.Llet Gp 'ORYACh &°Q 'O plgiesE be a collection SYND sets Let
0 be the weight of andletdt 0 h) M) suchthath) v mp,B 0  p. Then,

Then, the weighted SYND geometric aggregation operator h f88h  calculated as;

o

i hmsh & p Om Y p & p O fp & p &

Example 13.Let trphng g ch o i g & o8 mpmg i @
Grp @i froh o md Mm@ &y SYND(U) andd  Tpig g mping;,

h h h isfound as;

¢
=y

Then,i

~ ~ ~ ~ ~

i hhHhDH @@ p OmM Y fp & p O B & p ol
O o TmTng y X A (X L &PP @ WO T

Definition 14. Let Gp ORI &, @ 'O plhedt be a collection SVND sets
Let 0 be the weight of and let0 0 h) BHD be a weighted vector such that ™
mp,B 0 pandd O MBHED be a position such that v 1ip, B 0 p8
Then, the weighted hybrid ordered arithmetic operator denotdd by h Fgs&h and

defined as;

i h Bh 0 6
Here andd denotes thekh largesb  £808 .
Also, we have based dvefinition 6 as;
Theorem 15. .Let 6p ORWHOh &, 'O plgsdE be a collection SVND sets
Let 0 be the weight of andlet0 0 h B0 be a weighted vector such that ™
mp,B 0 pandd UM MBHED be a position such that v 1ip, B 0 p8

Then, the weighted hybrid ordered arithmetic operator h FBh  calculated as;
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l h resh G 0 6
| h hesh & 06
o a p p O Ip & p Y M O M &
6 p O HYROh
6 Gp O h'Y Ip p O Ip p &
| o a p p © b a p Y p p © h
a P P ol
e~ - . . T .
l h hesh dp a p p © Thp a p Y h
a p p O Tha 0 T &

5. AN APPLICATION OF SVND SETS IN MULTI -CRITERIA DECISION -
MAKING PROBLEMS

Letd) £ FE B R bethe setofcriteriaand  whohB hid  be the set of alternatives.
Then, let the value of theth alternative with respect to thehy criterion be denoted by

p ORYROh mQ pltresa NQ plighesdt . The matrix Y is called the

SvND decision matrix.

Now, in order to rank mmm alternatives according to nnn criteria, we present the following

algorithm.
Algorithm:

Step 1.Construct the SYND decision matriXy

Step 2.Let the weight of that criterion he "Q plthesde ,B 0 p, and provide the
weight vectoro 0 hO FdD

Step 3 Provide the position weight vectar 0 b 8D, with its value set to
0 Q plthke ,B 0 p

Step 4.Calculate theSvND decision matrixof size “Y using’Y a8 8Yh'Q
plefest M plcrese
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Step 5. Sort the elementy "Q plthe&  in nondecreasing order according to Equations
[skorl]i [skor3], and determine thethk largesiSvND value as icird o

"'ORY RO h  &for eachj. Then construct thed SvND decision matrix.

Step 6. For each alternativie determine the comprehensive evaluation

Y 6 W s using theSVYND generalized hybrid weighted average operator

Step 7.For each alternativie find the score values of for the comprehensive evaluation

i Y 6 B M according to Equations [skoif] s k or 3], and then sc

Numerical Example:

In this section, an application is presented on howSWs&D setscan be used within the
generalized hybd weighted average methddr a multicriteria decisiormaking problem

related to supplier selection. The goal is to determine the best supplier and the ranking order of
suppliers for a company using ti&/ND generalized hybrid weighted average method
algaithm.

A company plans to find a suitable supplier for purchasing equipment parts. The purchasing

manager in the company considers four attributes (criteria/factors):

1 Performancé¢ ): Delivery, quality, price.

1 Technology ¢ ): Production capacity, desigcapability, ability to adapt to
technological changes.

f Finance € ): Economic performance, financial stability.

f Organizational Culture and Strategy ). Sense of trust, internal and external

integration of suppliers, compatibility of functions between buyer and supplier.

These four attribute sets are denotediby ¢ [ FE [ . After the initial evaluation, four
suppliers have been identified for thier assessment and selection. This set of four suppliers
is denoted byd ¢ hoo hoo hoo .

Algorithm:
Step 1. Let0 £ F¢ FE Fé  be the set of criteria andd @hohwho  be the set of
alternatives. The elementdy p "ORYHROh m'Q piohNiQ pitlols of
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SvND represent the evaluation of alternatsewith respect to criteriod as given by the

decision maker. The'Y SvND decision méix is presented as follows:

X 0 X3 x4
o [ (01,0307,0% (03,02,060.12) (050303012} (0.7.04,060)
‘ 0 (02,04,06,0) (02,04,02,008) ((0.3,04,05,005) ((0.4,05,0.3,0.06)
W= os | (01,01,090%  (01,03,07.0) ((0402,06,012} (03,03,050.1)
os \((03,02,04,016) (0506,02,004) ((04,0205,0.15) (02,02,0.1,007)

Step 2.Let0 Q plgfolt  be the weight of criteriod , and provide the weight vecter
® 1O g & 1 suchthat the sumequéds 0 p.

Step 3.The position weight vectoddy 0 ) B8  associated withY is given as
L TR TR R R T
Step 4.The SVND setsare calculated usinty & & 8Yh'Q plghesda rQ phfeste

for

Y T UL Y
T T U P
6p p M °hp p m °hyg °ht ®&
& mifp X Sk Shmda
O o Xy w dn@ T Gt

Similarly, the othelSvND setsare also obtained.

~ ~ ~ ~

The'Y a& 8Y 0 piiohlQ plglolt andSvVND decision matrixare given as

follows withY 7Y

&'[Eﬁ)o)t:rrfﬁrwdir@n{néo &T&'wdﬁ}ﬁ cptﬁ}ﬁ L|J(fl:[ﬁ‘[U @ o

o o T v WY T Py o} o 1T v P T T Yig
v(’i‘[fﬁ)h‘[iﬁgh‘[&h‘[&y va‘t@h‘t&izh‘t&i(h'[av

(0] awp o drir P b wdng Y Tt T i T ¢ Un X W w
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i ¢ i o Y UTBT L B0 N p T p T Y i
O T (g v WG o UMt ¢ Yitanmd v I @ t1mg o Umgr o W p
i ¢ e it
o Y g Y T L T @ G OBt Y UIBt Y Ui w il T @ p
Step 5.The scores of the alternatives (suppli€¥s) on the four attributesé FQ plgfoft of

the intuitive fuzzy sets are calculated as follows:

p p 0OYO
C

C:

TG p p
T wo
TOTT 1T W
it pm
o wp
X T 1
i T w
T Ty W
y EORVNG
T X W G
Tt
mmec¢o
it p G L
mp L o p
mim ¢ p
T T W P

C: C: C: C: C: C: C: C: C: C: C: C: C: C: C: C:
< << <L <L <L <L <L<L<L<L<L<< <

Accordingly, theSVND setsare ranked based on the above scoring function method:

< < <<
DS ESES.
DS EES.
< < <<

As a result;
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6 Y h 6 Y h 6 Y h 6 Y
6 Y h 6 Y h 6 Y h 6 Y
6 Y h 6 Y h 6 Y h 6 %
6 Y h 6 Y h 6 Y h 6 Y

gy p 11 p I Y & G IS Wi Y vBTL p O
o v U @ g o bt 0 W P@® T Y v WG o bt ¢ Y T
TSR I PP BT
d R T W T ¢ g ¥ @ wirgt P erst P e o I T @ p

i ofi ¢ i@ Y G 0 G o i ol i
&'EB;G'ﬂI‘[ﬁ)lgl]]’E@'E'ﬂ‘l‘[ﬁITlﬁC &T&GII‘AVI&)VULI:{[@TM
Oepiestrey i O Tt T
o omdt Y Unep w o P M T O Y T P Uy L YT @ i g

The matrix was constructed.

Step 6.For each alternative (suppligb) & "Q plgresfE , the comprehensive evaluation is

calculated using thBvND generalized hybrid weighted average operatol f , that is:

Yy O Y YRY ey

Using the equation, the comprehensive evaluations of the alternatives (suppli&ps)

plgloft are obtained as follows:
Wheng = 2, the equations can be easily derived as follows:

Yy 0 “Yi Y RY RY RY
6p p ™MYpT @ p TGP p TMWoS p TMOoXCh
P p MPNY p Mwow p T Y p ™ wosd h
P p p p MYwp" p p MYvs" p p M Ywp"” p p T h
P p p p M MNp p MWupoh p p Mupc"h p p mw Ma
e X ¢ xGwyY Thesr p Ty
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Yy O Y Y RY RY RY
Gp p Moy p MTYPE p Mot p Mot d® h
P p MOT X p MUY p MuYPc p MVYEh
P p p p Mouyh p p Mouch p p MTTW p p MTPX"h
P P P p mMoTp" p p TECXT" p p WTYC" p p M "
68t u L PP WIKELT @ oY

p M 8 p M 8 p @ & p ™ Bh
P p p p ™ "p p m "p p & "p p hh
P PP Pp ™ "p pm "p pm "p p mc "a
a8t 0 o sy ¢ Yhadp o L hoo
And
Yi O Y Y RY RY RY

Gp p MTCPE p ™YL p ™ocs p YT PN
p p ™MNEY p ™WYuvod p MIYuvo® p YL B h
P p p p MWcUG" p p MwPp" p p Mwoph p p TEULXY"h

P p p p MXLvwW p p MWTULUP" p p MyYnT" p p ™MoeYq" &
a8t p T 8t p T mdo 1t p Ay 1T X Gp X

The'Y; 6 'Q phlloft scores are calculated using the °Y 8 88
scoring function as follows:

) R O T mnpme

U r O ™ o Y

U r O T T TP

U R O e wwp
It is clearly observed that "Y O 0 Yy O 0 Yy O 0 Yy O
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The best supplier is identified as. From the calculation results, the ranking of the suppliers
forj=1, 2, 3, 4is completely the same, and when the paranetet,q =20orq© b the

rankingisw ® ® .

Moreover, in these cases, the best supplier is the same, thaHswever, whem © T, the

ranking of the suppliers is different. In this case, the rankidgis® © ®.

In general, different values of the parametean affect the ranking of the suppliers. Therefore,
the specific and appropriate value of q should be selected according to the attributes and

requirements in real management situations.
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ANDLKGHT GRADKENT BOOSTKNG MACHKNE

Dr . ¥Jr. lyesi Emr a
Department of Computer Engineering, Faculty of Engineering,
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Dr . ¥Jr. lyesi Yel der
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stract

arbox fault d agnos s plays a cruc al rol e
tat ng mach ndraw.l tBar Iswchetassctbrork emmf gear t
ntenance costs and prevent uneéxpeenegeasyls
ult d agnos s f rseemmeswor kv bbarsaeted oommn amuwlltys s
ost cimg nda (LGBM) algor thm S proposed. V L
nsors mounted n d fferent d rect ons wunde
oth gearbdamatataesd offrmaequesnay st raalt ede & bu
aracter ze the dynam ¢ behav or of the gea
d test the LGBM class f er. The performanc
ass f cat on accuracy assetshé¢ét pr dmamoypsmeart
oposed approach ach eves a h gh <class f ¢
pab | ty n d st ngu sh ng between health
nf rm that theseombtnanbdmaotrensi|l and LGB
fect ve and eff ¢ ent solut on for gear bc
dustr al appl cat ons.

y wo rGeesa:r b o x fault d agnos s, v brat on an
nd t on mon tor ng

ntroduct on

arboxes are c¢cr t cal components n many n
wer transm ss on systems, and rotat ng mac
sur ng product v ty,evaf etyeammadxeosareffr
harsh operat ng cond t ons such d®rwar a
chan cal stress, wh c¢ch can |l ead to d ffere
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are part cuwl arhleyy sewmerceaausae abnor mal v brat
catastroph ¢ system fa | ure f not detected

W th the rap d devel opment odfr maanh fnaeul It e adr
met hods have ga ned Xunetteas .ngr eavt teemetd owmm nd
d agnos s, emphas z ng that accuracy depends
ML. They argue that data qual ty and preproc
a roadmap hogrrobtegraaeéatures w th ML1IJtAf sa mp

et al. proposed an ntell gent d agnost ¢ fr
Decompos t on (REMD) to decompose v bsat on

They ut | zed t he Equ | br um Opt m zer (F
d mens onal ty and prevented overf tt ng be:
KNN 2] Fu et al . rev ewed gear tr aen,sm rsesq wen
and -treneuency doma n anal yses. The study tr
|l earn ng and h ghl ghts future d rect ons: w
and the Nt segpmuatc eon ad fa nicuelst [ B8 fHedtry le nehnd  Wa n

us ng YAMNet, nadpmred o network, for gear f au
convert ng acoust ¢ no se dat a nt o Mel Spec

detect on cmpdél-tufhedsonTheal thy and faulty
accuracy n deptd] Kymag ®ooth.fantwoesced LH
Order Moments) as a novel feature for gearbo
scall esearly w th fault sever ty. Us ng ML ¢
|l ocal zed faults across three bend¢®hhaerhke nd aett a
al. proposefioamephysyperparamef8eEM sBetwot kon b
of m n m z ng val dat on error, they opt m z
bet ween healthy and s mulated faulty states.
of gear tooth[&lrAmkeggasedmeweblr ne | edrarsemdg m
ensembl e algor thms have demonstrated strong
ab I ty to handle nonl near relat onsh ps an
Boost ng Mach aer ¢t&BM)and eff ¢ ent grad er
h gh accuracy, fast tra n ng s pweesde, tanede Ilgow
strategy enabl es efdf enetnsve nlagdarfrmanagrfer smalt e
forbwabtasoend fault d agnos s probl ems.

I n th s study, a gear box f asuelnts odr avg nborsats ofnr ac
LGBM algor thm-demprmpaorsd dimdaumereay ures ar e
v brat on s dgeralcds fcfodrl erctt eldoauach cond t ons f ol

states. The performance of the proposed appr
the pr mary metr c. The exper ment al result
accuUryatde st ngu sh between healthy and faulty
for pract cal ndustr al cond t on mon tor n
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2. MATERI ALS AND METHODS
2.1. Dataset Descr pt on
I n th s study, the Gearbox Fault D agnos s L
mach neiblaesardn fnagul t cl| §9$ Tftheaaet aare dp mpr daeaeadh p
dat asets n the f el d of md d hya nd ecsa | g neerdg fnoere
mach ne | earn ng techn ques n ndustr al e
valuable resource for gearbox fault d agno:
SpectraQuestos GearboxwRhRaukt vDbarghoeh esgBat
under controlled exper mental cond t ons. Fo
n four d fferent d rect ons to capture v br
conducted undemd vtargnsigr dm@adng from 0% to 9C
Two d fferent operat onal cond t ons were coO
T Healthy gearbox cond t on
1T Broken tooth fault cond t on
The dataset cons sts of 20 data f | esx n tc
cond t on, wh |l e the rema n ng ten f |l es rep
assoc ated w th a spec f ¢ load | evel The m
Tabl e 1.

TablMa In character st dsagho[s7hle detabpek

Feature Descr pt on

Dataset naGearbox Fault D agnos

MeasuremenSpectraQuest Gear box

Number of |4 v brat on sensors

Sensor plaFour d fferent d rect

Operat ng |Heal thy, Broken Tooth

Tot al numb{20

Heal t hy c¢co10

Faulty con1l0

Load range0%90%

Load ncr el0%

Data type |V brat on s gnal s

Appl cat oGearbox fault d agnos
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2. Pbapaocess ng

re apply ng the mach ne | earn ng algor t
ab I ty for c¢class f cat on. Each data f
e the healthy comaddttboer Waskasstgogoéed kahb
I 1. Feature extract on techn ques were
esentat ve feature vectors. Add t onall
uence of nsocnagl e edatfufreerse nacneds tao mpr ove mo

—_ = O = ~+ 0O

3. L ght Grad ent Boost ng Mach ne

e LGBM algor thm was employed as the cl ass
sed grad ent boost ng method known for ts
nsumpt on, mak ng t su Halmkast @®d Had d |k en ¢
ad t -wnsad tlreeveelgr owt h st rwatseeg gerso wtLhG BaVp pardoog
e leaf w th the max mum | oss reduct on S
pture nonl near rel atemnrisdis plst snorre empreay e
rformance. G ven the nonl near and compl ex
|l ected as an appropr ate algor thm for d
nd t ons.

4 . Model Plreraf sir magn caen dEval uat on

e dataset was d v ded nto tra n ng and te
e tra n ng data anf@ 9¢vdleu pteed oo matnfcte tod s tt h
s assessed us ng |lAcaxturarf Y.0v¢ahsc ctuheacgolrepee:
oport on of correctly class f ed sampl es r

as .

w h
AcC
ef

3.

F
he
v
n
br
vV a
re
be

e
(@]

S . (1)

ere TP denotes neqaet pwess,t KWRsf,alTdNe tpause t v
curacy was chosen as the evalwuat on metr <c
fect veness n reflect ng the overall cl as

Results And D scuss on

gure 1 |l lTustrates a comparat ve analys s
althy and faulty gearbox states. I n F gur ¢
brat on s gnal exh b ts melwttivel gwemnnesx st
d cat ng stable dynam ¢ behav or of the gt¢
oken tooth cond t on, shows mor e rregul
r at ons. These chatr acft erhetbrcekerefteothtH f
sponse of the gearbox, |l ead ng to ncrease

tween the two s gnadtma demonbrntataten thlaar atc
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d scr m nat vieabIné ofronmmatf aownl tsudet ect on and cl
approaches.

Time Series Comparison
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F guFeeRBQudeonntay n representat on (FFT spectrun

F gu
cond
char
def

The

a st
d o ma
for

ampl
me an

F gu
w th
spec
and
rre
me s h

from Sensor 1 under the healthy gea

re 2 presents the frequency spectrum of
t on gt aFaanetd HKdhurouer Transform (FFT)
acter zed by d st nct dom nant fr-equenc

ned peaks, wh c¢ch are assoc ated w th nor
absemnesxss ofe ebr oadband-aemper gtyu daen dc o nmproengeunl t ¢
able mechan cal 0 p e rnadtu coend we xtch otuatt- D ngn

n behav or reflects the normal rdegmaen c

compar son w th faulty cond t ons, wher ¢
tudes are typ cally expbased. fEla¢éur esu
ngf ul nf ormat on for dgesar mgx fdulnty de
re 3 |l l ustrates the FFT spectrum of the

a broken tooth. Compared to the healthy
tral compl ex dlyerchamp@plctteudea epledlys, add t
el evated broadband energy across a w der
gular d str butndosedrempunldscaée ercofaf a
ngorbechawsed by the broken tooddma Trhe |

anomal es h ghl g hit ass et dh ea nsaelnyss ts vt a yg eoaf r bFOFXT

t s
clsas

effect veness n captur ng d scr m nat
f cat on us ng mach ne | earn ng model s.
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Faulty Spectrum (FFT)
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Confusion Matrix: Gearbox Health Prediction
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Top Features Driving the Model

sensorl std
366

sensord std

sensord_mean 319
Sensord_p2p
sensord std

Sensord _mean

sensord_mean
sensorl_p2p 125

116

SENsOrZ p2p

94

sensor 1_I'I'If.‘d n

200 400

921

600 B0O 1000

Feature importance

F guFeaburecempamnk amg of the most nfl uent

LGBM model for gearbox fault cl ass
gure 4 presents the confus on matr X sumn
roposedak6BMmodel n d atthguashk rbg olkenwd e
ond t ons. The model correctly class f ed 4
aulty samples were m sclass f ed as healthy
aul ty. These hegdlatss fndataobe @apalb | ty, |
ccurately dent f ed. The | ow number of m s
he extracted v brat on features and the su
agno®verall, the confus on matr x conf r ms
red ct ve performance and rel able fault d
gure b5 |l Tustrates the relat ve mportanc
ec -malkbmMmagcess of the L ght Grad ent Boost ng
nd cate that the standard dev at on of Sen
uggest ng that v brat on var ab | ngucaptug
eal thy and faulty gearbox cond t ons. Th s
ghl ght ng the s gn f cance of Dboth s gnal
cross d fferentt@wgeako(pl2ppdt emavnar eaRbaks frc
ensor s al so contr bute t o t he class f <cat
mportance. The d str but on of featur e m
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clus vely determ nes tmoaermo delneduttmsutf;r omn:
at st cal features extracted fromsems$or pl e
brat on analys s enhances fault sens t v
ature extoacgeanbekr ey €© agnos s.

ble 2 summar zes the class f cat on perfor

ch ne (LGBM) mo d el n d st ngu sh ng bet
nd t ons. The model ach edesatanngvexrxakl |l a
pab | ty. For the healthy <cl ass, a recall
re correctly dent f ed, w th no false neg
1.00, n dmpcl aets npgr etdh actt eadl lassaf aul ty truly
recall of 0.95 suggests a small number of
ghscror es for both classes (0.98 for daealt h:
t ween prec s on and recalll. Furthermore, t
erages conf rms that the model perf or manc:«
ward a part cular cond t onhe Oyvreomdded th@l
sed approach prov des r el able and robust

Tabl@l &#2ss f cat on performance met

Séneéf Prec |Reci{F1iSco|Supp
Heal t hy0O. 96 [1. 0(0. 98 |44
Broken|1.00|0.9]0.97 |38
Accur adgad 0 0.98 |82
Macro A0.98 |0.9|0. 98|82
We ghteO. 98 (0. 9{0. 9882

Conclus on

th s study, an nt el | gent gearbox faul't

d the LGBM al gor tdlomawas emrbdesneaytne df. e alt umee s
tractedsefnrsoom mulbtrat on data acqu red unde
d broken tooth gearbox states. The extrac
nam ¢ charactoxr sytstesn @afndt lpe oggeareld d scr m
ass f cat on. -blTehseedp rnoogdesleddensdBnVst rated e X

rformance, ach ev ng an overal/l accuracy
tr ¢cs shtolwedgedrabhoxeadnd t ons were dent |
l'y a smal/l number of faulty samples were

d-sEdbre values for both classes conedrm th
thod. Add t onally, featur e mpor-t @alna@tee dan ¢
atures, part cularly standard dev at on me
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n faul't d scr m nat on, -®enghlr ghhtt an g utsh e n.
nd cate that t he-basmhl rMfaetataumr eofext rlamcdat omn a

effect ve and computat onally eff ¢ ent sol
approach has str onmgplpeomeemttatalonf orn prmdcus tcrala
systems. Future work may focus on extend ng
advanced s gnal process ng techn ques, mand e

and no sypem@auasnhig &@&lond t ons.
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Abstract

Accurate pred c¢ct on of the rema n ng useful
prognost ¢cs and health maimhagerdennma ndenahc e,
unplanned downt me, and enhancesdropematRWLn ¢
pred c¢ct on approaches often rely on s ngle 1
compl ex degradat on dynam c¢cs under no sy and
I m tat on, th s study propofesmawsitlckongg
pred c¢ct on based on v brat on s gnabaaepdl| ys
and smoothed featuresemser extbhrat edn fdatma mu
nstantaneous andbetheamp corral Tdveg rhaed aetr ogre ne o u s
Extra Trees Regressor and XGBoost Regressor,

of the degradat on process. The r outputs ar
met e@arner tle genealat BRUL pred ct on. Exper m
proposed stack ng ensemble model ach eves h

an RMSE of 1 1Y sbcbo2rle, oafn d0O .a8n7 50 . The f nd ngs
framewbf kct vely captures gear box degradat

est mates, mak ng t su table for pract cal
KeyworReesna n ng usef ul | f e pred c¢ct on, Ge a
|l earn ngba¥ebdraebond t on mon tor ng, Mach ne
1. I ntroduct on

Gearbox systems are w dely wused n a var ety
systems, manufactur ng equ pment, and trans
operanden var able | oad and speed cond t ons:s

degradat on and faults such as tooth wear,
est mat on of the rema n ng usefuéssenht QRUL
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effect vébhaseadd ma onenance and prognost cs
systems.

V brédtasend cond t on mon tor ng has become o
assess ng the health statgnalfs roodmtta nrg rmacach

related to mechan cal degradat on and faul
degradat on nd cators from these s gnals r
dr ven approaches basedgannemhchnoeedsanmg aftg
pred c¢ct on, as they can model compl ex rel at
behav or w thout requ r ng expl c t phys ca
doma n sh ft nopeéraatetag yumgeanr boaeg ng cond
LST-MINN arch tecture w th doma n adaptat on t
work ng env ronments. Th s transfer | earn ng
accuracygbhytmaedsdte mal d scitppmHenetesalacrpasogp o
Cal brat on Tempor al Convolut onal Net wor k (
standard TCNs wuse d | ated -tcammah gtoomwvy, ut hey
crt cal | ocal nf oramalt bmat Sl Clo dauwldes tao sred d ¢
result ng n more complete feature ext-ract o
world w ndl 2juiddn net dalt.a pr olp oB esdp evcotdrud m t( MB )
the h dden modul at on mechan sms n gear v
metr c¢cs | ke RMS and Kurtos s by effect vely

S gnatures. These oppromaesM&SB hyyaanmrlempraoweed
Mach ne (I MRVM) to ach eve[B] Berghacaturmatde BE
prov ded a roadmap for PHM, sh ft ng from pt
deta | ed t héef rRoUL adpajtpaed theodanhd efhevatd gm d
select the r ght ML tools based on [dAajtlh wype
et al. rev ewed the challenges of planetary
moduhaangtrmdn onary s gnals. They de®Ww®&El ed s
DBM, CNN, Transf ormerd, tGAN,r ampplGNMt ons. To

the paper al so ntroduces a new dattaasteet sSp
recoghb5i Chren et al . addtaese Hdaecral bgkusfndgal
basel ne healthy behav or. They argue that

VAMSE) often fa Is to d st ngthosmetiagkttat e
selects hyperparameters by max m z ng the d
phys ndsor med faulty states, s gn f <cantly m

[ 6]

Mot vated by t hese Qo rop oddersata ossack hng ens
framewor k for gear box Rtbhla s epde df ecatt uorne sus Tnhge
ntegrates Extra Trees and XGBoost regressoc
degradat on trends aod complwhk henR dgearReaqgt
a meearner to comb ne base model outputs n
s evaluated through comprehens ve exper men
assessmemporft@aamtcer e nvest gat on, and cont nu
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results demonstrate that the stack ng ensen
nterpretable RUL pred ct awmg, dh qRllusdht ang
appl cat ons.

2. MATERI ALS AND METHODS

2.1. Dataset Descr pt on

I n th s study, the Gearbox Faul't D agnos s L
mach neiblaesardn fnagul t cl| §93$ Tftheaaet aaore dp mr aeaeadh p
dat aset s n the f el d of mechan cal eng neej
mach ne | earn ng techn ques n ndustr al e

valuable resource for gear box f atual tned augsn on:
SpectraQuestodos Gearbox Faul't D agnost c¢cs S

under controlled exper mental cond t ons. Fo
n four d fferent d reccommrsehensapeéluye Me ds
conducted under vary ng |l oad cond t ons rancg
Two d fferent operat onal cond t ons were coO

1T Healthy gearbox cond t on

M Broken tooth fault cond t on

The datase20 coasasfs!| e$ n total. Ten f | es
cond t on, wh |l e the rema n ng ten f |l es rep
assoc ated w th a spec f ¢ |l oad | eveled The m
Tabl e 1.

TablMa In character st c¢s of [t7hle gear box

Featur e Descr pt on

Dat aset naGearbox Fault D agnos

MeasuremenSpectraQuest Gear box

Number of 4v br at on sensors

Sensor pl aFour d fferent d rect

Operat ng |Healthy, Broken Tooth

Tot al numbi20

Heal t hy c¢co10

Faulty con1l0

Load range0%90%

Load ncr el0%
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Data type |V brat on s gnal s

Appl cat oGearbox fault d agnos
2.2. Stack ng Ensemble Regressor for Rema n
I n th s study, the rema n ng useful | fe (RUI
ensemble regreasedoonappavasdth dadald, sim@agt hed f e
from v brat on s gnals. RUL pred ct on s fo
the object ve s to est mate the degradat or
tdh system. The stack ng ensemble strategy S
of mult ple | earn ng algor thms w th d ffere
accuracy and robustness. The psreo proesgerde sesn soenmbl
and al aeertmaer (f nal est mator) . The base mo
or g nal feature set, and the r pHedrmnteronso
produce the f nal RULI easrtn mmag est rTfihc tsurhe ee ma
capture both nonl near feature nteract ons
2. 3. Base Regress on Model s
2. 3. 1. Extra Trees Regressor
The f rst base | earnemsempl eyedcd trhet Eextsta
(Extremely Random zed Trees). Th s model S
h gh degree of randomness n both feature
randomness mpr ovfeg maeamcer alp az# t meumsapodmal mnkd
feature spaces commonbhygsedcoamd etr eadn mor thar
role of the Extra Trees Regressor n the pro
pred ct edsc whg |ehe r sk of overf tt ng. By
number of randomly constructed trees, the m
degradat on dat a.

The Extra Trees Regressor s conf gured w th
T Number oRi 0Q&ea dgrini

f Max mum t aeeaQd®mmh:

T Randomi @& 8#Hd ®ot

These hyperparameter values were selected to

eff ¢ ency rwhprloed uecn sburl ngy.
2. 3. 2. XGBoost Regressor
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The second base | earner n the ensembl e S
Regressor, a powerful grad ent boost ng algo
relat onsh ps. X@RBlodstvec emstermbd tes odn daec s
manner, where each new tree a ms to correct

context of RUL pred ct on, the XGBoost Regr ¢
degradat omardyncanm acrsl,y those ar s ng from te

| agged and smoothed features. l'ts ab | ty toc
mportance makes t well su ted [[®r model ng
The X&BoBegressor S mpl emented w th the fo
T Number of boo&sQi NQa waéeimiat ons:

1 Learn af9oir &ioe @8 o

T Max mum t ade&eQd®ptrth :

1 Randomi && 8#Ha ®oty

Arelat vely smal/l |l earn ng rate comb ned w
empl oyed to ensure stable convergence and m
2. 4. -LMatraner : R dge Regress on

The f nal stage of the stack wngdg hevtamleomnmdsd te oenr
(R dgeCV) -laesa [tah¢erT mel temeertmaer t akes the RUL pre
the Extra Trees and XGBoost regressors as n
R dge Regress on Eosmlukeat edndaedt ohet sntl oes
wh ch m t gates overf tt ng by penal z ng |
part cul arly mportant when comb n ng pred c
any s ngle ldear mat ®hgothe f nal pred c¢ct on
automat cally determ nes t h)e tolprtougad draggusd a
ensur ng an appropr ate balance between b a
tun n@rnBywwglan opt mal we ghted combeararteron
enhances pred c¢ct on stab | ty and overall RU
2.5 Eval uat on Metr c¢cs for RUL Pred c¢ct on
The performance of the proposed sgacakenhgl ehs
pred c¢ct on s quant tat vely evaluated us ng
Square Error (RMSE), Mean Absolute EfYnar ( MA

These metr ¢s prov sde nctoomptl reememn @ad yct nesn gdd c
goodoné#sgs of the re@demsst e@nt hmo dted u'@ hR sla mpd ley €
wt he correspond ng pPtrheed tcoteadl RiULmbrearl (odf,0 Jsaanndp |
The evarn umdtr c¢cs are def ned as foll ows:
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RMSE - ®» 0 (1)
MAE -B " ®° (2)
Y p — (3)

whe&@epresents the mean of the true RUL value
h gher pred ct oYrwadawcecurcdoy,erwht ol eunanty s gn

bet ween pred cted and actual RUL values.

3. Results and D scuss on

F guretrlat elsl uushe relat onsh p between the ai
pred c¢ct ons generated by the proposed stack
pl ot represents an nd v dual test slmp | e,
expressed as a percentage of | fe consumpt o
The dashed d agonal | ne cowrcpspoegdsesent heg
agreement bet ween pred ct e gaurde alct utahle vnaaljua
pred cted RUL values are d str buted closely
correlat on between the model pred c¢ct ons an
stages. Th s als dgrhme netf f ko rvsetnreastse of t he st
captur ng the underly ng degradat on trend o
part cularly at |l ower and ntermed ate RUL |
no se,urfcarttua enty, and the nherent compl ex
the overall d str but on conf rms that the p
est mates over the ent re | fegpast wal addt h
management appl cat ons.
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Stacking Regressor: Real vs Predicted RUL
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As observed n F gure 2, the res dual erro
approx matel ysmsypanketdut, obel |l nd cat ng that

| argely unb ased. The concentrat on of error
est mates dev ate only sl ghtly from the tr.
presendeat ovelrye small ta |Is on both s des o
overest mat ons or underest mat ons occur r
v brat on features, var ab | ty n ddgr adat

| abel ng.
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F gufCend4. nuous health mon tor ng based on

F gure 3 | l ustrat e@ashet hteo pr ellSatprvwel cmp ovret & necas
rema n ng useful I fe ( RUL) est mat on obt
regressor. The feature mportaneae mac mir-aNn dr d fe
based sensoovéraltlurered ¢theve Aseshowmanaoe Fof
a smal | Ssubset of features dSeem smat e at hee
Sensor _FKeaBrmdreord Feathutbetl®hg s gn f cantly h
comparedema nthheg rfeatures. Th s nd cates t
degr adet abed nformat on and play a key rol
evolut on. The rema n ng features contr but
sugtgersg that the ensemble model effect vely

nf ormat on from mult pleTbenshseraed fagged
str but on demonstrates the abolrmy mpfl fch
ature select on, emphas z ng the most nfc
ss relevant or redundant features. Th s be
e phys cal plaus b Is,tasofdeghadBRUL opr @d octe
stems are often dr ven by a | m ted number

n —~+ — "~ o

< DT O @

ur e 4 |l lustrates the cont nuous health

embl e regressor esverf tthe ft ersdt skl enampl
resents the actual RUL (health ndex) tra
t h RUL values pred cted by the stack ng ens
RUL cl osehy o6oétawlks trend of the actual heal
model 6s capab | ty to track dynam ¢ changes

of shearmt fl uctuat ons and abr udpwh vcahr ame omesmn
n v -basedooond ®tber mordtotedgtrajectory ma

D S
® T W «Q

al gnment w th the true health ndex. Th s

gl obal degradat on patternsuaéandnl|l pcakesar @
dev at ons observed at certa n t me nstan
measurement s, uncerta nty n feature extract
dynam cs. Nevertheless,acthal clamsle pagrdeemnedt
conf rms the su tab | ty of the proposed st

mon tor 4#g mangprrogalost c¢cs of gearbox systems.

Tabl e P2rformance evaluat on nmedak crsg fers Rid
regressor

Metr|Val u

MAE 7. 79

RMSE|11. 5

R|] S|0.87
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Table 2 reports the quant tat ve performance

rema n ng useful I fe (RUL) Absdl wtte ofbar ronr t(h
7.7997 nd cates that, on average, the pred
approx mately e ght un t s, demonstrat ng a |
Mean Square Error (RMSEyr ofarger5e@2torwhmoher
that wh | e some | arger dev at ons occur, t he
pred c¢ct on performance. The coeff ¢ ent of
approx mately 87. 5¢% torfuet hRULv avra | aunecse sn etxhp | &
model . Th s h gh R value conf r ms a stron
degradat on behav or, nd cat ng that the st
degradat on dymadmxcssyasftetmhe Oger al |, t hese 1
proposed approach prov des accurate, stabl e,
pract cal prognost ¢s and health management
4. Conclus on

Th s study prreseantfedamewodatkafor rema n ng us

gearbox systems us ng a stack nbgaseends eandnd e tr
mon tor ng f eatbuarseesd., Satnadt ssmo octahle,d |fa&egart uares
Vv bratgmal ss wer e ut | zed to <capture both

character st <cs. By ntegrat ng heterogeneou
the proposed stack ng ensemble approaedfis a me
compared-mbdek nghbeessors. The ensemble arch
XGBoost regressors as base | earners-| ewhnke R
to fuse the r pred ct ons n A regul as dedoa
that the proposed method ach eved strong pre
RMSE of 11.%¢6R2dreaofd @n8750. These results

of accurately track dgexpkadegn@adat sabspanpnte
var ance n true RUL values. The analys s o
res dual error d str but ons further conf r
proposed appfbecbkbnacdegsadat on stages. | n a
reveal ed that a-dlomm the ddngdubl sagtg eaf vt bmeat on

rol e n RUL est mat on, enhanc ng thealnterp
relevance to gearbox degradat on mechan sms
demonstrated that the stack ng ensemble regr
of system health, mak meg progrsasht adnd 8 a g emehng
appl cat ons.
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ABSTRACT

This study wasconducted to determine the effects of different organic fertilizers on plant
development and yield in kapia peppers in Denizyaka location of Manavgat district, Antalya
province in a field where commercial plants were not previously grown, during penngsya
August 2025 vegetable growing season. The Elzekapia pepper variety, widely cultivated

in study region, was used as plant material. Following nine fertlizer applications were
reseached:-Xfarmer practice (Control),-atandard application (N, R, Ca, Mg) (Control), 3

chicken manure,-&heep manure; gattle manure,-pigeon manure,-bat guano, 8seaweed
fertilizer and 9 worm manure (vermicompost). The research was established according to a
randomized complete block design with 4 regions. Seedlings were planted at spacing of
100 cm between rows and 20 cm within rows. Each plot had an area 4 m2 and contained 20
plants per each replication. According to the research, among the organic fertilizers applied to
kapia peppers, those usey jplant growers had a positive effect. In study, results of sheep
manure (4038,07 kg/da) and cattle manure (2990,75 kg/da) were in separate groups, while other
organic fertilizers were in an intermediate group. The effects of organic fertilizers, palticula
vermicompost, were prominent in plants with fietated characteristics.

Keywords: Capsicum annuum.lkapia pepper, organic agriculture, animal manures, plant
growth, yield.

1. INTRODUCTION

Organic farming is an important production method priariz KNG human heal t h L
principles based on protecting nature. Vegetable production worldwide is increasing day by day

as a result of rapid population growth and desire for healthy and balanced nutrition. Peppers are
one such vegetable and anetremely important for organic farming. Kapia pepper is a
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vegetable known a€apsicum annuunh. var. conoides (Mill.) Irish within the Capsicum
genus of the nightshade familgdlanaceae

According to Food, B. M., & Organization, T. (2020). Food and @&gdture Organization of

the United Nations, 36,136,673 tons of peppers were produced on 2,069,990 hectares of land
worldwide in 2020. The leading producer countries are China (46.08%), Mexico (7.8%),
Indonesia (7.67%), Turkiye (7.3%), and Spain (4.07%pawting for 72.92% of global pepper
production.

I n accordance of Turkish Statistical I nstitu
produced in Turkiye on an area 062,234 hectares. Within this production, kapia peppers
accounted for 1,8,000 tons, bell peppers 426,000 tons, pointed peppers 944,500 tons, and
charleston peppers 129,500 tons. Turkiye is one of the most important -pepgecing
countries in world general (TUKK, 2025).

The use of chemical fertilizers is one of the importaots that increase yield and quality of

crops. However, unbalanced use of these fertilizers may lead to deteriorations on physical,
chemical, and biological properties of the soil, and can exert notable effects on parameters
related to plant yield, disea resistance, and human health. Moreover, beyond their impact on
soil and plants, chemical fertilizers also contaminate groundwater and surface water resources
contributing to major environmental problems. Because of these negative aspects, people are
turning to organic farming and organically grown products. This situation increases the
importance of adopting sustainable practices and more environmentally friendly methods in the
agricultural sector (Ngouaji o etal,@021).,The200 3;
use of reasonable combinations of organic and inorganic fertilizer sources is necessary not only
to protect soil health but also to sustain productivity (Gokul et al., 2020). Organic farming aims

to protect environment, people, and animAécause the most important goal is to leave a clean
environment and soil for future generations without causing ecological problems through
organic farming methods that are in harmony

Archaeological findings from Native American sites reveal @gpsicumhas been valued as

a food source, spice, medicine, and even dec
are widely used in industry as well as being consumed fresh, inneofosauces, pickles,

pastes, powdered and flaked peppers, dried and roasted peppers, etc. ManyGgpsEoii

which have a remarkable effect on human health due to their oil, pigments, resin, protein,
cellulose, and mineral content, are also souofegtamin E and provitamin A (carotene).
Capsaicin (@H27NOgz), an alkaloid responsible for pungency in peppers, is known to have
several healthelated effects. Studies have shown that capsaicin inhibits the development of
cancerous cells; regions withigh consumption of hot peppers have lower cancer rates,
particularly for colon, stomach, and circulatory system cancers (Archer and Jones, 2002, Vural

et al., 2000; kalk et al., 2008). Research I
peppers an potentially be used as an agent that blocks factors causing oxidative stress in cells

and leading to obesity (Leung, 2008).

In agricultural production activities, the ability of a plant to develop well in the soil is related
to the physical, chemicalnd biological properties of the soil environment in which it grows.
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The most commonly used method for improving the physical, chemical, and biological
properties of soil is the addition of organic materials (KZ@08). Among the most notable
benefits of oganic fertilizers for soil and plant growth are their contributions to soil
aggregation, reduced erosion risk, improved whtdding and aeration capacity of soils, and
consequently enhancing plant development (Mercik and Stepien, 2006). Organicefertiliz
make the soil easier to cultivate and promote plant root development.

Organic vegetable production involves various materials of organic origin, different animal
fertilizers and their dosages, and theses and/or research methods aimed at detertmrahg op

dosages. For exampl e; broccol i (Karakaya ant
2016 and Yar dém, 2025) ; l ettuce (AIlI et al

tetak et al ., 2011) ; t omat o d G&aMmUNAOIB), chard a | . |
(K°ksal et al., 2017) and pepper (G¢grpénar a
amor, 2006; Ker, 2006; Del ate et al ., 2008;

Berova et al., 2010; Bozkurt (2019) from Applyeet al., 2011; MarqueQuiroz et al., 2012;

2013; Ghimire et al ., 2013; Duman and EI macé

Alaboz et al., 2017; Dominic Studies have been conducted by (et al., 2017; Sahoo et al., 2017;
Rekha et al., 2018; B&urt, 2019) to determine the effects of organic fertilizers on seedling
and plant development, yield, and quality. Many more studies could be mentioned here.
However, the effectiveness and reliability of the recommended doses have been a subject of
debaten conversations with farmers. All these changes were based on the recommended doses
of an organic material used in this study. There was a need to determine the yields in the organic
units used in these dispensers in kapia peppers.

This study aimed to dermine the effects of certain organic fertilizers, used at recommended
doses in kapia pepper cultivatiarsignificant industrial product that plays an important role in
human nutritioron plant growth and yield components.

2. MATERIALS AND METHODS

The esearch was conducted in the 2025 vegetable growing season (between January and
August) on a field in Denizyaka neighborhood situated at Manavgat district, Antalya where
commercial crops have not been grown before, to determine the effects of diffeaant org
fertilizers on plant growth and yield components of kapia peppers.

The climate of the research area is typical Mediterranean, with hot and dry summers and mild
and rainy winters. The average temperature in the hottest months of the year, Julyastd Aug

is around 29.0 °C. The annual average relative humidity is around 64% (Anonymous, 2024).
The experimental field in Denizyaka is located at 36.85° latitude and 31.18° longitude and is
approximately 6 m above sea level. The soil at the trial site leasdmalyzed and found to be
clayeyloamy with a neutral pH. The climate during the growing season and the soil at the
research site are considered suitable for pepper cultivation.

As plant material, the Elzem F1 kapia pepper cultivar, which is well knowlreiregion, was
used. In this study, nine treatments mentioned below were included:
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1- Farmer practice (CU),Z'ec hni c al application (TURDS appl i
25 kglfOda 18 kg/ da Ca, and 5 kQ@hickkmmaNlge (-GS p ur ¢
2000 k-s/hckee)p, mManur e ( KECagt t510e0 Omakngu rdea YRige@ 5000
manure (GG;-Blag0 magq/udeae) ,( g a n-Seawded f&tilized(BYW; k g/ d a
1 L seaweed &extract di | d per decaren -9wdrthOmarure wat er
(vermicompost) (SG; 200 kg/ da) .

The research plots were established in a randomized block design with four replicates.
Seedlings were planted with 100 cm between rows and 20 cm within rows. Plot size was 4 mz,
and each replitca contained 20 plants. All fertilizers were thoroughly mixed into the soil at
predetermined rates prior to planting the seedlings.

Kapia pepper seeds were sown into -2&6 trays in seedling nurseries, and seedlings were
grown under appropriate condit®nbecoming ready for transplanting in approximately 48

days. The seedlings were transplanted to the field at the end of April. In addition, soil
preparation of the land where the experiment would be established (plowing, thinning
leveling, and samplingf the plots) was carried out in April before the seedlings were planted.

The experiment consisted of 9 treatments and 4 replications, resulting in a total of 36 plots.
Twenty plants were transplanted into each pl

The plants wee cultivated in accordance with the standard kapia pepper growing practices.
During the production period, plant protection measures were implemented using only the
pesticides and preparations permitted by the relevant regulations for controlling d&sehses
pests. In the kapia pepper plants, vegetative growth parameters including plant height (cm),
stem diameter (cm), number of leaves (count), leaf length (cm), leaf width (cm), root length
(cm), stem fresh and dry weight (g), and root fresh and dry wéghvere measured and
recorded. In addition, generative characteristics were assessed by determining total yield
(kg/da), fruit diameter (cm), fruit flesh thickness (mm), fruit length (cm), fruit weight (g),
soluble solid content (%), and fruit fresh airgt weight (g).

The data obtained from the study were grouped according to significant differences between
treatments at a 5% significance level using the JMP 14.0 statistical program, based on the
randomized block design.

3. RESULTS AND DISCUSSION

The results obtained from different organic fertilizer applications on plant growth and yield
parameters in kapia pepper cultivation are presented in Tables 1, 2, and 3.

In Table 1, the effect of organic fertilizers applied to kapia peppersaon freight was found

to be statistically significant; the longest plant height was obtained from cattle manure (63,25

cm) and worm manure (62,75 cm) applications. Other fertilizer applications resulted in lower

plant heights and formed a separate grolppeTs e r esul t s are similar t
of 51,294, 98 c¢cm and Karaaja- and -Ba0dmaasaell@g2010)
the findings of Tajungsola et al. (2017) (44,55 cm).
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The thickest stem diameter was observed in the vermicortrpasinent (4,82 mm), whereas
the thinnest stem diameter occurred in the pigeon manure treatment (4,05 mm). The remaining
treatments was between these two groups.

The effects of different fertilizer applications on the number and diameter of leaves in kapia
peppers were not statistically significant (Table 1). These results were lower than those reported
by Tajungsola et al. (2017) (35,97 leaves). This may be due to the different varieties used.

Table 1. Effects of Different Organic and Chemigattilizers on Plant Growth in Kapia Pepper

Plgnt S_tem Number of Leaf length | Leaf width

height diameter Ieayes (cm) (cm)
Treatments (cm) (mm) (units)
Farmer's Practice (FP) 54,75b 4,41ab 105,00a 9,50a 4,50a
Technical Practice (TP) 53,75b 4,55ab 108,25a 9,25a 4,75a
Chicken Manure (CM) 56,50b 4,28ab 102,25a 7,75b 4,75a
Sheep Manure (SM) 57,25b 4,35ab 108,25a 9,50a 4,50a
Cattle Manure (CM) 63,25a 4,52ab 108,25a 9,50a 5,00a
Pigeon Manure (PM) 56,75b 4,05b 101,25a 8,50ab 4,25a
Bat Manure (BM) 54,25b 4,11b 107,25a 9,00ab 4,25a
Seaweed Fertilizer (SF) 57,25b 4,20ab 106,00a 8,75ab 4,25a
Vermicompost (VC) 62,75a 4,82a 108,00a 9,50a 4,75a
LSD 0.05 5.11 0.66 10.12 1.35 0.90

Leaf length, however, was found to be statisticsiliyificant. The longest leaves were obtained

from the farmer practice, NPKCaMg, sheep manure, cattle manure, and vermicompost
treatments, whereas the shortest leaves were observed in the chicken manure treatment. The
other treatments were grouped betwtese two extremes.

As seen Table 2, root length was statistically significant according to the applied fertilizers; the
longest root length was observed in the vermicompost application at 31,25 cm, while the
shortest root length was found in the seaweedlizer application at 24,25 cm. Other
applications were between these two groups.

Stem fresh weight differed significantly among treatments (Table 2). The highest stem fresh
weights were found in the sheep, cattle, and vermicompost applications,hehibevest were
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recorded in the farmer practice, chicken manure, pigeon manure, and seaweed fertilizer
treatments.

Stem dry weight was found to be statistically significant (Table 2). The highest stem dry weight
was obtained from sheep, cattle and vermicashppplications, forming a separate group from
the other applications. Other applications were in the second group with lower stem weights.

The effects of different fertilizers applied to kapia peppers on root fresh weight were found to
be statistically ignificant (Table 2). When examining root fresh weight values, the maximum
root fresh weights were obtained from cattle manure, sheep manure, and worm compost
applications with valuesf 50,257 49,00 g, and 45,50 g, respectively, and were statistically
grouped together. The lowest root fresh weights were obtained from seaweed and bat guano
applications with valuesf 33,00 g and 29,75 g.

The effects of different fertilizers applied to kapia peppers on root dry weight were found to be
statistically sigificant (Table 2). When root dry weight values were examined, the highest root
dry weight was 14,25 g in sheep manure, while the minimum root dry weight was 9,50 g in bat
manure, forming two separate groups. Other applications were in the intermediatevighou
lower root dry weights.

Table 2. Effect of different organic and chemical fertilizers applications on plant development of kapia
peppers

:Z (r)lgih fsrz(s)r?t Shgot dry Ropt fresh Ropt dry
Treatments (cm) weight (g) weight (g) weight (g) | weight (g)
Farmer's Practice (FP) 28,00abc | 101,25c 50,75b 37,00cd 13,50abc
Technical Practice (TP) 30,00ab 110,75b 55,25b 41,50bc 12,00abcd
Chicken Manure (CM) 26,75bc 101,25c 52,50b 41,00bc 11,50bcd
Sheep Manure (SM) 30,25ab 119,25a 61,25a 49,00a 14,25a
Cattle Manure (CM) 30,25ab 121,25a 63,50a 50,25a 14,00ab
Pigeon Manure (PM) 26,75bc 96,00c 55,25b 37,00cd 11,25cd
Bat Manure (BM) 30,00ab 103,00bc | 53,00b 29,75e 9,50d
Seaweed Fertilizer (SF) 24,25¢ 99,50c 52,75b 33,00de 11,50bcd
Vermicompost (VC) 31,25a 122,75a 62,75a 45,50ab 13,50abc
LSD 0.05 4.01 8.20 5.53 7.22 2.54

The effects of different orgarianimal manure treatments on yield components were
evaluated, and the results are presented in Table 3.
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Total highest yield wasbtained from sheep manure treatment (4038,07 kg/da) and lowest in

the cattle manure treatment (2990,75 kg/da). Other treatments were distributed between these
two groups. These findings are consistent wi
and (20G@Y.

Average fruit weight was the highest with vermicompost (122,50 g/fruit) and was in a separate
group. Other treatments produced lower values. These results were lower than those reported
by Jamir et al. (2017) (140,47 g/fruit), possibly due toedéhces in cultivars and growing
conditions. They are similar to the findings of Ciftci et al. (2023), which ranged from 93,57 to
158,21 gffruit.

Table 3. Effects of different organic and chemical fertilizers on yield and yield components in kapia

pepper
. Avg. Avg. Avg. Fruit Total Fruit Fruit
Total Yield | Fruit Fruit _ Fruit Flesh Fresh Dry
) Diameter Soluble . .
(kg/da) Weight Length (cm) Thickness | golids (%) Weight | Weight
Treatments © (cm) (mm) © ©
Farmer's
Practice (FP) | 3869,40ab | 94,50c | 18,30cd | 4,12¢cd | 3,50 e 4,58bc 94,50c | 45,00cd
Technical
Practice (TP) | 3690,85ab | 111,50ab | 19,03abc | 4,30 b 347e 5,10a 111,50ab | 53,50ab
Chicken
Manure (CM) | 3857 84ab | 75,00d | 18,85bcd | 4,25 be 3,67 d 5,18a 75,00d | 38,00de
Sheep Manure
(SM) 4038,07a | 103,75bc | 20,00a | 5,05 a 4,57 ab 5,53a 103,75bc | 50,75bc
Cattle Manure
(CM) 2990,75b | 115,75ab | 19,63ab | 4,93 a 450b 5,50a 115,75ab | 56,50ab
Pigeon Manure
(PM) 3892,40ab | 66,75d | 18,13cd | 4,07 d 4,25¢ 5,18a 66,75d | 35,75e
Bat Manure
(BM) 3521,13ab | 74,25d | 18,00d | 4,12 cd 3,70 d 5,08ab 74,25d | 37,00e
Seaweed
Fertilizer (SF) | 3622,75ab | 73,25d | 18,10cd | 4,12 cd 417 c 4,45¢ 73,25d | 36,25e
Vermicompost
(VC) 3975,17ab | 122,50a | 19,08abc | 5,05 a 4,70 a 5,55a 119,50a | 59,50a
LSD 0.05 1033.6 12.25 1.00 0,14 0,13 0.52 12.25 7.05
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Average fruit length was highest in the sheep manure treatment (20,00 cm) and lowest in the
bat guano treatment (18,00 cm). The remaining treatments were grouped between these values.
These results are egreement with Ciftci et al. (2023) (14188,49 cm). On the other hand,

they were lower than the values reported by Jamir et al. (2017) (7,50 cm), likely due to
differences in cultivar characteristics or environmental conditions.

When the mean fruit dianer values were examined, the highest average fruit diameters were
obtained from the sheep manure and vermicompost treatments with 5,05 cm, followed by the
cattle manure treatment with 4,93 cm, and these applications were found to be within the same
statigical group. The lowest fruit diameter was recorded in the pigeon manure treatment with
4,07 cm. These results were lower than the mean fruit diameters reported by Ciftci et al. (2023),
which ranged between 59,045,17 mm. This difference is likely duevarietal characteristics

and differences in environmental and cultivation conditions.

Regarding mean fruit flesh thickness, the highest value was obtained from the vermicompost
treatment (4,70 mm), which formed a separate statistical group. The otHezefetrieatments

resulted in lower flesh thickness values and were placed in different groups from vermicompost.

The lowest fruit flesh thickness values were recorded in the farmer practice and technical
application treatments with 3,50 mm and 3,47 mmpeetvely, and these treatments
constituted a distinct group. Fruit fl esh t
(2010) for Bafra red pepper populatiorGapsicum annuunh. var. conoides(Mill.) Irish]

ranged between 3,8,8 mm. The fruit fleslthickness values of the cultivar examined in the
present study are consistent with the findin

The soluble solid content was lowest in the seaweed fertilizer treatment, forming a separate
statistical group from the othemhese findings were lower than the soluble solid content values
(7.57 8.33%) reported by Ciftci et al. (2023). This variation may again be attributed to cultivar
differences or environmental conditions.

Fruit fresh weight was highest in the vermicompasatiment, which formed a distinct group,
whereas the lowest fruit fresh weights were obtained from the chicken manure, pigeon manure,
bat guano, and seaweed fertilizer treatments.

Similarly, vermicompost ranked first in fruit dry weight and constitutegarsee group, while
the other treatments led to lower fruit dry weights.

4. RECOMMENDATIONS

The results clearly show that worm manure (vermicompost) stand out in many parameters. By
considering the beneficial impacts of vermicompost on betfetative growth (plant height,

stem diameter, root development) and generative characteristics (fruit weight, fruit diameter,
fruit flesh thickness, soluble solid content, and fresh and dry fruit weight), it can be inferred
that vermicompost representsvaable and sustainable nutrient source for kapia pepper
cultivation. Therefore, it can be highly recommended to growers aiming for qoagtyted

kapia pepper production incorporate vermicompost into their fertilization programs.
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Abstract

The gl obal agr cul tur al sector requ res an u
mechan zat on, and the susta nab | ty of moc«
wh ch dom nate the trad t oomralr eqilerfgggctponr td we
scarc ty, geopol t cal pr ce nstab | t es,
ecosystem. In th s context, the trans t on t
an env ronmentaltpgetenecessbuy &ostestabl s
econom ¢ res | ence of agr cultur al enterpr
change m t gat on strateg es, acts as a cat
Todayeasnamng demograph ¢ pressure and rap d u
l and, tr ggeurseng ommpteetn ste olnanbdet ween the energ
Agr volta ¢ (APV) systems, wh chEmardayger as a2
nexus, el m nat-ese heonefxl sctt .ngAPIVantdechnol ogy
product v ty by allow ng the s multaneous e
agr cultur al act vTheepr omaafy etphs agmestéuadhyd usn
comprehens ve evaluat on of APV systems as a
technol og cal synergy and appl cdtheomrpaomtaery
mat er al of th ®obdsdtaudhyedcdmomsttheofcudateamt dat
sector al reports of globally and nat onally
T¢e¢rk ye M n stry of Energy and Natur al ResolL
Forestryhe( MAR)e,r ntat onal Energy Agency (1 EA)
study, research results n the | terature r
model s of agr volta ¢ systems were ut | Z e

nf ormat on were organ zed through explanator

Keywoagdgs:volta c¢s, renewabl e energy, susta n
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1. ] NTRODUCTI ON
Energy s the fundament al bu | desn.g Tb¢grokc ky eo f

enedgpendent country, mport ng more than ha
a s gn f cant econom ¢ r sk due to geopol t
d srupt ons. Reduc ng eymes@yurcotsyt saraemdamnrsql
pr mary object ves (Aré and Yél maz, 2023) .

sector s, t has a d rect mpact on costs n

as rr gat oon.an®@h mechatmuataton necess tates
renewabl e energy sources, -sparetd cauglrarcluyl tfuaral
Furthermore, n | ne w th gl obal targets tc
Agreemencdountr es prefer renewabl e energy so

context, the popular ty and capac ty of sol a
n countr es | ke T¢rk ye, wh 02h3)h.as h gh so

e w despread adopt on of PhefdechttaeaeEBVDY

w challenge to the agenda. PV s the tech
rrent . Il n PV systems, s e mr sceonn dduec,t ocrasd ns uucnh
copper nd um d selen de are wused, and t

ve the property of d rectly convert ng sol
pul at on and utbama gearontgrefl andblhsge | and
mpet t on between energy product oqwmsand f

O T T 0 O S5 -
o o0 - cc @ =

conf |l ct, Agr volta ¢ (APV) systems have bee
enabl merlygt preduct on and agr cul tur al act
refers to the ntegrat on of PV modul e nst e
al ., 2023).

2. PURPOSE AND METHODS
The pr mary pur posredwdt téh csomprualyens vwe evall

a susta nable product on model by analyz nog
potent al w th n the agr cultural sector. |In
of phatovehéergy product on w th agr cul tural
gl obal appl cat on examples and | ocal potent
of data obta ned from the curreontrtdatbdbaaes
and globally recogn zed author t es, such as

Natur al Resources (MENR), the M n stry of Ag
Energy Agency (I EA) and Ember.

I n add tsomrtesthesev ous research results
parameters and appl cat on models of agr vol
data and techn cal nformat on werfe gavreaelsuat e
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3. RESULTS

31.Energy Product on n the World and T¢grk oy
Gl obal energy product on s stead |y ncreas
rap d populat on expans on, and ndustr al
el ectnty generat on exceheoduerds )31 ,F20259 T Whf u(eTesr
| argest share of product on at approx mat el

(22%), and o | ( 2 %) cont nue to hkalve aner gyn
sources ma nta n the r share n the energy
product on. Record ncreases n the product
energy (approx mately 8% hdweg kteadn adtvramrcglmg
fall ng costs n th s f eld (I EA, 2025).

The upward trend n T¢rk ye's energy product
electr ¢ ty demand. I n 20214, electr ¢ ty C
Al t houdhueflossssr elma n dom nant n the d str but
decl ned to 55 %, the | owest | evel S nce 199
w th a share of appr ox rmatseldy p3 6%,mcd nnup 6r It % |.
On the other hand, the share of renewabl e e

ncreased s gn f cantly to 46%. The trans t
the strong contr but om efhmehgdgroehedtarctc, tWe
produced by w nd and solar comb ned has surp
for the second consecut ve t me. Wh | e thes:s
susta nabl e eneragfy fpoodulctf well,s t hre medte ng |
fully d m n shed (MENR, 2024; SHURA, 2025; E

3.2Gener al I nformat on on APV Systems
321. Def n t on and character st c¢cs of APV s\

The concept of APV wa6Goétzheéer pernopasedZasnt rld®wk
adapt ng solar power plants to enable agr c1

and Zastrow, 1982). Th s approach nvol ves e
above the groumed dansdt a nnccer ebaest weggent t he panel s
of the crops. It was env s oned tthhatr dt hoef ptrt
ncom ng solar rad at on and could be made n
technmpabvement s. However, the appl cat on o

plants took approx mately th rty years (D ne

The role of APV systems n the agr cultur al
agr dulltamrda but al so to help producers meet
Il ntegrat ng solar panel s nto agr cul tur al E
thereby ncreas ng agr cul tural msr,odwat cwl ttw
enterpr ses can play a s gn f cant rol e n c¢
em ss ons and contr but ng to env ronment al
renewabl e energy n thes aglrscuhawe at hsepgooDen
add t onal source of ncome for producers fr
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322. Appl cat on areas of APV systems

Research s currently be ng conducted on the
systems caedbacmuasdg d fferent segments of t
econom ¢ benef ts by ncreas ng energy eff ¢

-pr mar |y da ry -asdwlkeééf asatctriop paowhuragn don
protected cult vat on (greenhous ng).

One of the most c¢cr t cal aspects of APV syst
tolerant plants are the most su table cand d
select on snucnl lu dgeht d rreeqcct r ement s, so |/ prep
requ rements, pl ant he ght, and potent al fo
Mudau et al ., 2017; Chae, et al, 2022) . Su t
Al ¥era, broccol , Sp nach, and tomato (F gur

F i-'f 2L

Electricity

— — wz%f_

Evaporation

D R —————

Open field Agrivoltaic
High Quality Broccoli Production = -=-======-- >
F guBeotcol Product on n an APV S
Source: Chae et al ., 2022
Research on the ntegrat on of APV systems a
that theyecanoprovbderpef ts n terms of both
product on. Moreda et al . (2021) analyzed t
establ shed n southwestern Spa n. The resu
econ@amvant ages for both agr cultural and el ¢
of dynam ¢ (mob |l e) PV panel s n greenhouses
ntegrat on of solar panedusewgteh uetat couwpltt unr a
m crocl mate requ red for plant devel opment

(F gure 2).
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F guuUdMa®s South Deerf el d APV Syst

Source: Doubleday et al ., 2025
I n recent year s, the haste@Pegunonoofbet ey aARM
solut on n spec f ¢ agr cul tur al systems su
presence of ex st ng suppart setsctetes)(tmne
systems aprsywmedegs st ¢ benef t by reduc ng n

APV un ts. APV sysuseanse fcfanc einccrye absye dvaenrd 6 0 %
100% wheat product on and 100-kbeel acé¢ mameay, |

use of the same | and makes t poss ble to obt
ar-e#ath 80% wheat and 80% energy output. Th s
un t area, esv@éaudechd d y or cmh ahpadgoht e btug tahes o pl a
env ronmental stress factors such as excess

112



HATTUSRAS NTERNATI ONAL CONFERENCE ON APPLI ED SCIE
Februaty, 1i20QRUM
| SBN NRB:2-5% B3R

Combined Land Use On 2 Hectare Cropland:
Separate Land Use On 2 Hectare Cropland Efficiency Increases Over 60%

80% Wheat
80% Solar Electricity
100% Wheat

1 Hectare

1 Hectare
+ +
B 100% Wheat - 80% Wheat 80% Wheat
100% Solar Electricity = 100% Solar Electricity 80% Solar Electricity " 80% Solar Electricity

A

1 Hectare

1 Hectare

F gureAgdr volUde Ef fLa:mdency

Sour ce: Za nol Ab d n et al ., 2021;
323. I ntegrat on of APV systems nto Agr cult
Th e ntegrat on of APV systems nto agr cul't
techn cal requ rements to opt m ze both enei
phys cal ntegrat on, the mounposgt somedt at
appropr ate he ght to allow for the c&mfort a
m s requ red for | arge mach nery); meanwh |
max mum of 2% of the laammdd coameanuTheg swhad mg /
depend ng on the techn cal spec f cat ons of
and geograph cal |l ocat on. To adjust the r
agr culturabryagldensthey #Noul d be kept | owe
w th a recommended row spac ng of approx mat
panels that change t |t accord ng -ttroanmshgearl ¢
and b fac al modul es.
The most prom nent <change n m crocl mat e ef

causes the rad at on reach ng the pfl a@altd | e\
cond t ons (Dupraz etd ang ,0n20plrloducTthey eripdct

on the plant spec es and the growth stage n
shad A9g%(6LB6duct on) barely affects | ettuce vy
Med terrawvegrtalblmast €t omat oes, sweet peppers
w th h gh | ght requ rements such as corn, r
ncreassewatfér c ency by reduc ng evapmpgrat o
effect of the panels (Marrou et al., 2013); |
and the r sk of so | eros on dur ng heavy i
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managed through techn cal d.ea% umees dwsth acc
the panel surface also reduces electr cal P
ncreases (D nesh and Pearce, 2016) .

324 Advant ages and d sadvantages of APV syst
As an nnovat ve apypge aafhly tchAmBV emrheawmecretss |tamed
of agr cultural I and to energy product on, t
systems contr bute s gn f cantly tag watcdr mad
reg ons, ebvyaproedatc omg and pl ant water stress t

PV panels. Econom cally, APV appl cat ons of
me et the r own energy requ rements, and ge
electr ¢ ty to the gr d. Th s s twuat on ncr
wh | e support ng the f ght aga nst ¢l mate <c
However, there aremalemenhatl enges ARVthBgst
wh ch requ res a more compl ex nfrastructur ¢
br ngs h gh n t al nstallat on and ma nter
shad ng sroanpaaese y eld | oss by reduc ng t
spec es w th h gh sunl ght requ rements, wh
us ngsdalrgeagr cultural mach neryworthus ecdaqu
ssues such as the necess ty of pos t -on ng
spec f ¢ des gns for each reg on, and the ac

h nder the eff ¢ entG ovpeenr atth eosne otfe cthhne csayl s taen
more research and devel opment work address n

appl cat on of APV systems.

I n European countr es, certa n measures® hav:e
systems. As of 2023, France has over 2 GW
regul at ons pr or t ze APV nstallat ons for
program worth 1.1 b I | on Ealrloast woaamrs dfa umR\h esd
agr cultwural | and. In Germany, the perfor man
product on areas S be ng measured t hrough
Net herl ands, nnovacdalveappll uctatonoesnss uncah matsa vre
agr cultwural mach nery wh | e support ng ener

325.Eff ¢ ency and performance of APV syster
APV syst ems, part cularlysene&daf d ehoyhtuesd,
mo sture by reduc ng evaporat on through t he

Vasav , 2014, Hassanpour Adeh et al ., 2018)
ncome for producers throughnesecbDrneshyangen
2016; Mal u et al ., 2017) and egorntdr ebnuetreg yt os oel
n rur al areas. The fundament al perfor mance
Equ valent Rat o (LERD)9 8kt hbuwp r(adMe aedt aald. W 20
nd cate that tot al |l and product v ty <can b

stud es have demonstrated t thatsedAPV eqnyewtadme
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eff ¢ ency compaereéetod (tAmaducwomnakt al ., 2
advancements max m ze APM ascyks tnegm) yP \e |ndo,d udl yensa
structures w t hiShaneghletrss amcer eudas dd ztead 4 0 s upry

On a gl obaid c styesltee,mss malvle been establ shed

name " Solar shar ng" ( Moveddpaac t2y0 1c3ommenmhc | ae
research fac | t es have been mpl ement ed |
d ffpamalt dens t es have been tested, and t he
cucumber, wheat, and crop rotat ons has bee
Net herl ands, focused on raspberry rmprwdlutca o
projects n Europe. Il n France, there s a p
over an agr cultur al enterpr se, wW th a capse

aromat ¢ plants and f | omse.r sl mr&parm,wn tushag
t hat pl ants such as art chokes and broccol

sol ar panel s. Il n Bel g um, pear and sugar be
(Enerj sa ret m, 2024).

326, Eval uat ARV systems for Tg¢grk ye

The ntegrat on of renewabl e energy sources
n T¢rk y2028hstravtdg ¢ Pl an of the M n stry
emphas zes that the edeegygyaphoutyg bé wvenkwab
n agr cultur e, reduce product on cost s, anc
al so h ghl ghts the r sk that wus ng agr cul
coul d ptosa&l ptohre@mats to agr cul tur al out put (
cruc al to carefully exam ne APV systems,

product on on the same | and un t.

Research nd cates that mm claalrigye spuartta bdfe T éorr
(Cokgun, 2021). Stud es conducted n the pro
APV systems prov de d rect benef ts to fooc
mprove water usenanhkKérkRawce2@23; pvdéemnut 20214
ret m has mpl emented an APV system n | st a
storage capac ty of 24 kWh (Enerj sa |ret
tands out @s wmoptaneeappb aat on area n Tg¢
anel (sFy sgtuerne 4)

T 0 v —-
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F guKeméduk®°y APV System
Source: kentg¢rk et al., 2024

T¢rk ye's f rst APV Research Project s be
n t at ve | aunched by the M ddle East Techr
and Appl cat on Center (G NAM) . The Ayak AP
G, NAM, the Ayak D str ¢t D rectorate ofm Adre
Ayak d str c¢ct of Ankara, -pseaekqu cpped-ak ytsha nad
solar track ng system (Anonymous, 2023). Th
agr cul tur al veh cl es, asrdsumnh das ttomatt o eyse,a
cucumbers were mon tored n accordance w th
the project, env ronmental parameters ( rr g
and deta |l ed agealgekesuralncpudduogt av tvy, ene
expend ture calculat g9esaf pee ma fHfFagomnee 6V e

F guAgaAfnkara APV System

Source: Anadolu Agency, 2023
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systems are techn caklyoh gbllg gh sabéae
t al shad ng prov ded by the panels coul d
h h gh water stress (Central Anatol a, So
|l d of fndr csoongmr fbuda ons to combat ng dr oucg
ome for produceewel opmanht owfs dmer gheamcad a
can contr bute to the reduct on of ooar bol

not yet suff ¢ ently clear. The term " AP
al regul at ons. Atl apr eesneenrtg,y tshyest emmsst aolnl ad
|l uat eagrass u'lnour al use." Due to the narrow
n to ma+wyg enal |amd sl ow

0
n
t
ema ns a s gn f cant fawoaserrepgnol a¢rilngerelga
r
e
Y
u

the other hand, the fact thatmatyheasd s osydgtfc¢

ducer s. Producers may requ repaeehndesal gi
t bped awenleld f or system success. I n T¢grk ye,
uctured together. Tos ypstoenog lep @ thrett @edx p amvse S
nts could be prov ded. I ntegrat ng energy
advantages and f nanc al support, woul d
consultancgxpandedesFoopupdobdecers to ado
supported both techn cally and f nanc all

DI SCUSSI ON AND CONCLUSI ON

hough APV systems are n the early stage
hn cal mp r o vle neeantt so na nadp proew uapp es. Tech
am ¢ PV modules (Valle et al., 2017) that

rease both electr ¢ el aotd beoRmMEsssmogukeésd
, Aandgthet on of w nd turb nes. Appl <cat
of gener ated electr ¢ ty for agr cul tu
f cat on, and prov d ng ruraall. ,el20clt7r)
ermore, the ntegrat on of APV systems
the potent al t o mprove water supply
ate desert f <cat onte(nm3anmpraen ap aertt alu.l,ar 2
rs where support ng structures are alre
ul tur e, and fru t p r osdeucctto rosn |I( Ckoes swu tet
rd ng, APNMreysttemwsanet saVvVyngs but al so
ct on aga nst extreme weather cond t or
et al ., 2017) . Cons der ng the mp act
ahll e, 2013), APV systems are evaluated
al confl ct n | and use by comb n ng ag

—~ o~ o ~
N
-

> — =
O == c<C Y O0KQ@Q 0N I3

nclus on, APV systems offer a v tal sol
tegrat ng agr cul tural and -eefnfeercgty vpe noedsu:
energpoldmud ngs nmomre accelerate the

ul tural sector. By enabl acg bothesnengy

O =~ 5 O
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| and, APV systems prov de the potent al t o
product on. The expans on of these systems w
pract ces and renewablfardrernrgy esteraatcehg aedsd.r ek
APV systems on crop y elds and qual ty S re
be employed to transform f el d exper ment r e
be adapted ®Bd6 espeond ¢t oehsmand techn cal ap
address ng major soc al and env ronment al c
secur ty, cl mate change, and | and use, APV
of futowktagal systems. For T¢rk ye, t s a
drought, energy dependency, and rur al ncome
p |l ot projects, support mechan sms, and a cl
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ABSTRACT

According to the latest Turkish forestry inventory, Turkiye has 23.4 million hectare f or e s t
area of which 41% is unproductive (9.6 million ha), while they changed annual by forestry
practices such as afforestation, rehabilitation, private plantation and natural regeneration, or
damages such as forest fire, erosion, and insect damagaistorest area of Turkiye increased

from 20.2 million ha to 23.4 million ha opposite to decreasing of unproductive forest from 56%

to 41% by these practices between 1973 and 2024. For instance, 17759 ha forest area was
afforested by seeding or planting 2024.84 523 823 seedlings and 52.8 tones seeds were
produced in 2024Afforestation (i.e.30183 ha in 2022 and 15 488 ha in 2028edling and

seed production of some natural and exotic tree species (i.e., BrutiafPpias brutiaTen.,

Black pine Pinus nigraArnold., Taurus cedarCedrus libaniA. Rich., Maritime pine Pinus
pinasterAit.) and their effects on forest area were examined and discussed based on some years
for future practices in this paper.

Key Words: Afforestation, forestry, pine, seed, seedling
1. INTRODUCTION

Forest area and its productivity can change with forestrgtipes (i.e., afforestation,
rehabilitation, plantation, regeneration, wood harvest) or damages (i.e., forest fire, erosion, and
insect damages) and also with other practices [1]. For instance, total forest area of Turkiye
increased from 20.2 million ha 8.4 million ha between years 1973 and 2024 (Table 1) [2].
Besides, ratio of productive area increased from 41% to 56% for the years (Table 1, Figure 1)
[2].

Table 1 Turkish forest areas for some years

Productive Unproductive Total
Years Area % Area % Area
1973 8.9 44 11.3 56 20.2
2020 13.2 58 9.6 42 22.9
2021 135 58 9.6 42 23.1
2022 13.7 57 9.5 38 23.2
2023 13.7 59 9.6 41 23.3
2024 13.8 59 9.6 41 23.4
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Figure 1. Forest area and its productivity of Turkiye for some years

Afforestation, seedling and seed production of some natural BrutianRimes(brutiaTen.),
Black pine Pinus nigraArnold.), Scots pineRinus sylvestrig..), Taurus cedardedrus libani
A. Rich.), Oriental beechFagus sylvaticalipsky.), Oriental sproe Picea orientalis(L.)
Link.), Walnut Juglansssp.) andCypressCupressussp.)and exotic tree species (Maritime
pine Pinus pinastelAit.) and Black locustRobinia pseudoacacih.) their effects on forest
area were examined based on some yeaisc¢ass for future practices in this paper.

2. MATERIAL AND METHOD
Inventorial data of afforestatioseedling and seed production was obtaitfiexdn website of
General Directorate of Forestry of Turkey [2], published annual.

3. RESULTS AND DISCUSSION

3.1.Reforestationand afforestation
Afforestationandreforestation (Figure 2) by seeding or plantoagh refer to establishment of
trees on noitreed land. Reforestation refers to establishment of forest on land that had recent
tree cover, whereas afforestation refers to land that has been without forest for much longer
[3]. According to the latest Turgh forestry inventory2], areal eforestatiorand afforestation

practices were given in Table 2 to discusses annual chaihgesen from Table 2, annual
averages of the practices were about 34500 ha first inventorial afforestation practice was
264 ha in 2018 [2] while it has continuedhventorially after the year (Table 2). Many biotic
and abiotic factors could impact in these practices and their amount such as seed and seedling

production, forest fire, unexpected natural damages.
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Table 2 Areal reforestatiorand afforestation practices (ha)Turkiye for some years

Years Reforestation Afforestation Total
19461991 - - 1550511
2020 28 523 109 28 632
2021 35372 1514 36 887
2022 29 631 552 30183
2023 15195 293 15 488
2024 17326 433 17 759

Figure 2. Afforestationandreforestation practices iRinus nigraandP. sylvestris

3.2.Seed and seedling productions

Seed and seedling productions were the main material$faktstationandreforestation
practices by seeding or planting in conversion of unproductive forest to productive forest. Seed
productions of some forest tree species were given in Table 3 and F[@lrdtZould be said

that seed (Table 3, Figure 3) and seedling ypetidns of the species related to their amount of
their natural distributions. However, weight of seed productions could not reflect their practices
because of size and weight variation among the species.

Table 3 Seed productions (kg) for some sgscand years
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Tarkiye/ Years
Species 2020 2021 2022 2023 2024 Total
Turkiye 143 800 146 500 116 750 118 000 116 000 524 300
P. brutia 9 542 11199 10 843 7871 11736 51191
P. nigra 1428 1455 534 5535 5630 14 582
C. libani 9 062 6 598 7851 12 347 8 652 44 510
P. sylvestris 420 352 113 924 992 2801
R. pseudoacacia* 1388 2 905 2421 1561 1305 9 580
Cupressussp 742 460 556 1530 1084 4372
P. pinaster* 1769 1006 490 420 470 4 155
F. orientalis 5180 4 486 5245 3160 4135 22 206
P. orientalis 2 197 75 - 310 584
Juglansssp. 20413 20703 23742 24 694 18 446 107 998
Total 49 946 49 361 51 870 58 042 52 760 261979

*; exotic species
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Figure 3. Seed productions for some species and years

Number of both bareoot and container seedlings (Figure 4) produced from the harvested seeds
generallywere given in Table 4 and Figur¢d. Seedling type and age could impact on number
of seedling productions.
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Figure 4. Container and bareoot seedlingproductions inCupressusndP. brutia.

Table 4. Seedling productions for some species and years

Turkiye/ Years

Species 2020 2021 2022 2023 2024 Total

Turkiye 273533826 274929790 260000000 261295000 131675000 1201 433616
P. brutia 69 714 397 53350545 53361 445 50 404 772 48 734 295 275 565 454
P. nigra 37992812 43256631 43754 476 36 833 132 16 039 800 177 876 851
C. libani 26 848957 30475755 28066 309 47 722 135 9 619 569 142 732 725
P. sylvestris 22573380 25649510 23886 926 21180 524 5991 020 99 281 360

R. pseudoacacia* 10110018 11718248 11798 225 10 196 203 3 056 065 46 878 759

Cupressussp 6459691 7512651 9 285 469 10 584 870 8 867 006 42 709 687

P. pinaster* 6413719 6 079 056 7 832 090 4821073 3982832 29128 770
F. orientalis 3 049 465 5070 851 4 646 580 5685 214 1 605 786 20 057 896
P. orientalis 3541 024 4 653 732 4 088 355 4 338 628 1550 750 18 172 489
Juglansssp. 5592 536 4122974 2965573 2 806 023 1116 500 16 603 606
Total 192 295999 191889953 189685448 194572574 84523 823 869 007 597

*: exotic species

Seed and seedling productioi@bles 3 and 4, Figures 3 andcbuld not be well accordance
each otherbecause of 1000 seed weight and seedling types of the species. So, seedling
production could be better monitor dfaestationandreforestation practices.
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