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Number of paper %
Papers by Turkish Participants 18 33,33
Papers by International Participants 36 _ 66,66
(14 Countries)
Chart Title
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Say1 : E-36643897-000-2300315795 05.10.2023
Konu : Gorevlendirilme.

KLINiK BILIMLER BOLUMU BASKANLIGINA

ligi : 04.10.2023 tarihli ve E-36643897-000-2300313904 sayili belge.

Ilgide kayith yazida belirtildigi {izere, Boliimiiniiz Veterinerlik I¢ Hastaliklar1 Anabilim
Dal1 6gretim iiyelerinden Prof. Dr. Basak HANEDAN'In, "Academy Global Conferences &
Publishing tarafindan oniimiizdeki tarihlerde diizenlenecek olan uluslararasi kongrelerde;
kongre baskani, kongre diizenleme ve bilim kurulu iiyesi olarak goérevlendirilmesi
Dekanligimizca uygun goriilmiistiir.

Bilgilerinizi ve geregini rica ederim.

Prof.Dr. Yavuz Selim SAGLAM

Dekan
Bu belge, guvenli elektronik imza ile imzalanmistir.
Dogrulama Kodu: c147f559-545f-45be-8400-8eec2b215h38 Dogrulama Adresi: https://www.turkiye.gov.tr/ataturk-universitesi-ebys
Atatiirk Universitesi Veteriner Fakiiltesi 25240 Erzurum Bilgi: Derya FINDIK &
Tel: +90 442 2317222 Faks: +90 442 2317244 1)
Elektronik Ag: http://www.atauni.edu.tr/#!birim=veteriner- E-Posta: vetfak@atauni.edu.tr 3

fakultesi
Kep Adresi: atauni@hs01.kep.tr
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Kongre Baglant1 Linki :

Join Zoom Meeting

https://us06web.zoom.us/j/88571518350?pwd=tf0 YazCWBmbAiWrHygjKSjkbbSvotfd.1
Meeting ID: 885 7151 8350

Passcode: 202224
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ONEMLI ACIKLAMA (Liitfen okuyunuz)

e ZOOM baglantist i¢in yukarida verilen baglantiy1 veya yine yukarida verilen giris bilgilerini
kullanabilirsiniz.

e  Oturum igerisinde en KIDEMLI olan moderator olarak secilir. Moderatoriin oturum diizenini
gozetmesi, akademisyen adaylarim yonlendirmesi beklenmektedir.

e  Oturuma baglanmadan 6nce Salon numaranizi adinizin dniine asagidaki gibi ekleyiniz. Bu sayede
kongre agilisinda beklemeden oturumlarmiza gonderilebileceksiniz. Or. 5§ Ahmet Ahmetoglu

Sunum siiresi 10 dakikadir. Bu siirenin asilmamasini moderatorler temin edecektir.
Sunum sonrast 5 dakikay1 gegmeyen soru-cevap, tartigma stiresi verilmektedir.

Sunumlar TURKCE veya INGILIZCE yapilabilmektedir.

Kameralar, oturum siiresince toplam % 70 oraninda ag¢ik olmak zorundadir.

Sunum yapan katilimcinin kamerasi acik olmak zorundadir.

Sunum yapmak zorunludur. Herhangi bir nedenle sunum yapmamis olan katihmciya sertifika
verilmesi ve calismasinin yaymlanmasi sézkonusu olamaz.

Katilimei, kendi oturumda, oturum bitene kadar bulunmak zorundadir.

e Katilimcilarin kendi oturumlari disindaki oturumlara katilma zorunlulugu yoktur.

e ZOOM platformunun kapasite smir1 nedeniyle, DINLEYICI, sadece kapasite izin verdigi siirece kabul
edilebilmektedir.

e SADECE CALISMADA YAZAR OLARAK GECEN KiSiLER SUNUM YAPABILIR !

IMPORTANT, PLEASE READ CAREFULLY

To be able to make a meeting online, login via https://zoom.us/join site, enter ID instead of “Meeting ID
or Personal Link Name” and solidify the session.

The Zoom application is free and no need to create an account.

The Zoom application can be used without registration.

The application works on tablets, phones and PCs.

e  Speakers must be connected to the session 10 minutes before the presentation time.

e All congress participants can connect live and listen to all sessions.

e  During the session, your camera should be turned on at least %70 of session period

e  Moderator is responsible for the presentation and scientific discussion (question-answer) section of the
session.

TECHNICAL INFORMATION

e Make sure your computer has a microphone and is working.

e You should be able to use screen sharing feature in Zoom.

e  Attendance certificates will be sent to you as pdf at the end of the congress.

e  Moderator is responsible for the presentation and scientific discussion (question-answer) section of the
session.

e  Before you login to Zoom please indicate your name surname and hall number,

Academy Global Conferences & Journals @ ‘?’ 'i f.‘;?ﬁ
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HATTUSAS 3RD INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 13 — 15, 2026

CORUM

Meeting ID: 885 7151 8350 Passcode: 202224

13 Subat / Feb 13,2026 / 11:00 — 13:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
Prof. Dr. Yahya
KAZANILMIS IMMUN YETERSIZLIK SENDROMU (AIDS) KUYUCUOGLY
Hemsire, Yiiksek Lisans
Ogrencisi, Esra Nur CARLI
THE EFFECT OF STIGMATISATION ON URINARY o . .
INCONTINENCE SEVERITY AND FRAILTY IN OLDER Dr.Ogr.Uyesi Ozge Oz
ADULTS WITH URINARY INCONTINENCE: A MEDIATION Yildirim
£
z MODEL
é
N =
Z N .
3 'S EFFECTS OF GAME-BASED DIGITAL REHABILITATION Xé%ffégg‘?gAs
< R APPLICATIONS ON KINESIOPHOBIA, REHABILITATION Osr.Gor. ENES DILMEN
f QO COMPLIANCE, AND FUNCTIONAL INDEPENDENCE IN D% .D(: ‘MAHMUT
_ T BURN REHABILITATION ¢-Dr
0 S YARAN
< ]
I X
80
Q .
- Lecturer Enes Dilmen
=] GAIT ABNORMALITIES IN TRANSTIBIAL PROSTHESIS Specialist Physiotherapist
USERS: A CURRENT REVIEW Dilek Aydilek Ozdas
Assoc. Prof. Mahmut Yaran
A MACHINE LEARNING APPROACH FOR EARLY RISK Kubranur KOCATURK
PREDICTION OF SEPSIS-RELATED ACUTE RENAL INJURY Prof.Dr.Fatma
IN INTENSIVE CARE PATIENTS LATIFOGLU
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HATTUSAS 3RD INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 13 — 15, 2026

CORUM

Meeting ID: 885 7151 8350 Passcode: 202224

13 Subat / Feb 13,2026 / 11:00 — 13:00 Time zone in Turkey (GMT+3)

Salon Moderator

Bildiri No ve Baslig1 / Paper ID and Title

Authors

HALL / SALON 3
Doc. Dr. Salih Berkan AYDEMIR

YONETIM BILiSIM SISTEMLERI PERSPEK TIFINDEN
URETKEN YAPAY ZEKA VE BUYUK DiL MODELLERi: WOS
TABANLI BIBLIYOMETRIK VE BERTOPIC

EGILIM ANALIZI

Dr. AHMET BUYUKEKE

METAHEURISTIC OPTIMIZATION APPROACHES FOR 10T
SENSOR PLACEMENT AND ENERGY-AWARE NETWORK
ROUTING

Dog. Dr. Salih Berkan
AYDEMIR

A COMPARATIVE STUDY OF NATURE-INSPIRED
METAHEURISTIC ALGORITHMS FOR SOLVING THE 0/1
KNAPSACK PROBLEM

Dog. Dr. Salih Berkan
AYDEMIR

STABILITY-VALUED NEUTROSOPHIC-POSITIVE DIRECTED
SETS

Prof. Dr. IREAN DELI
M.Sc. Student, MIHRIBAN
DOGRAMACIOGLU

ON STABILITY-VALUED NEUTROSOPHIC-NEGATIVE
DIRECTED SETS AND ITS APPLICATIONS

Prof. Dr. IREAN DELI
M.Sc. Student, MIHRIBAN
DOGRAMACIOGLU

GEARBOX FAULT DIAGNOSIS USING MULTI-SENSOR
VIBRATION ANALYSIS AND LIGHT GRADIENT BOOSTING
MACHINE

Dr. Ogr. Uyesi Emrah
ASLAN

Dr. Ogr. Uyesi Yildirim
0zUPAK

REMAINING USEFUL LIFE PREDICTION OF GEARBOX
SYSTEMS USING A STACKING ENSEMBLE REGRESSION
FRAMEWORK

Dr. Ogr. Uyesi Emrah
ASLAN

Dr. Ogr. Uyesi Yildirim
0zUPAK
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HATTUSAS 3RD INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
February 13 — 15, 2026

CORUM

Meeting ID: 885 7151 8350 Passcode: 202224

13 Subat / Feb 13,2026 / 11:00 — 13:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
RAMADAN AND RELATED PRACTICES IN THE BOSNIAN y
SABIT DIVANI Dr. Oguz YILDIRIM
AN EVALUATION OF ERZURUMLU EMRAH AND
SELECTED POETRY EXAMPLES WITHIN THE CONTEXT OF | Dr. Oguz YILDIRIM
FOLK AND COURT POETRY
AN ANALYSIS OF FRANZ KAFKA’S PENAL COLONIAL IN Dog. Dr. SEVRA
THE CONTEXT OF PUNISHMENT AND JUSTICE FIRINCIOGULLARI
2 TRANSLATION AND CULTURE Dog.Dr Ahmed ALDYAB
< >
= )]
) |
| < THE IMMERSIVE LANGUAGE APPROACH AND ITS ROLE IN
< g DEVELOPING CONVERSATION SKILLS FOR NON-ARABIC Dog.Dr Ahmed ALDYAB
@ £ SPEAKERS
<
- <
1
g BIRLIKTE YASAMA KULTURUNUN GUNDELIK YASAMDA | Yiiksek Lisans Ogrencisi,
) SURDURULMESINDE KADINLARIN ROLU: GOFEFMAN’IN Gamze Burak
DRAMATURJIK YAKLASIMI UZERINDEN KURAMSAL BIiR Prof. Dr., Ahmet Burak
DEGERLENDIRME Kahraman
THE PLACE OF THE GENERAL EDUCATION REGULATION Prof. Dr. Mehmet
IN THE FORMATION OF TODAY’S EDUCATIONAL LEVELS | SAGLAM
TRANSFORMATION IN EDUCATION WITHIN THE Prof. Dr. Mehmet
FRAMEWORK OF THE NATION-STATE SAGLAM
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HATTUSAS 3RD INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
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CORUM
Meeting ID: 885 7151 8350 Passcode: 202224
13 Subat / Feb 13,2026 / 11:30 — 13:30 Time zone in Turkey (GMT+3)

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
OPTIMAL TIMING FOR COLOSTRUM IMMUNOGLOBULIN Dr. Fatima Al-Mansouri
ABSORPTION IN NEWBORN CAMELS: CORRELATION Dr. Khaled Al-Harbi
WITH CORTISOL AND THYROXIN LEVELS Dr. Youssef Benali
1
DEVELOPMENTAL CHANGES IN THE DUODENAL MUCOSA | Dr. Nadia El-Sayed
AND SUBMUCOSA OF RABBITS Dr. Omar Khalil
2
EVALUATION OF TUBERCULIN, TETANUS Assoc. Prof. Dr. Samuel
- IMMUNOGLOBULIN, AND DPT VACCINE AS MITOGENS IN | Okoro
o D AVIAN T-LYMPHOCYTE PROLIFERATION
z > 3
O 05}
- —
< Ll
¥ .8
: g ASSESSMENT OF POTATO VARIETIES FOR CHIPS AND Inga Jansons
— =z FRENCH FRIES PRODUCTION USING MICROWAVE- Kristaps Ozols
< o 4 VACUUM DRYING TECHNOLOGY Marta Kalnina
I a) Tatjana Ziedina

SALT TOLERANCE IN TISSUE-CULTURED DATE PALM
VARIETIES UNDER CONTROLLED ENVIRONMENTAL
5 CONDITIONS

Dr. Hassan Al-Mulla
Dr. Khalil Al-Farsi

IMPACT OF COPPER AND ZINC DEFICIENCY ON MILK
YIELD IN INTENSIVELY MANAGED DAIRY CATTLE: A
6 STUDY FROM NORTHEASTERN ROMANIA

Dr. Elena Popescu
Dr. Mihai lonescu
Dr. Carmen Georgescu

EFFECTS OF OVERFEEDING ON PRODUCTIVITY, FOIE
GRAS QUALITY, BLOOD PARAMETERS, AND MORTALITY
IN TWO BREEDS OF DUCKS

Dr. Mona El-Sayed
Dr. Ahmed Mahrous
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HATTUSAS 3RD INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 13 — 15, 2026

CORUM

Meeting ID: 885 7151 8350 Passcode: 202224

13 Subat / Feb 13,2026 / 11:30 — 13:30 Time zone in Turkey (GMT+3)

ANALYSIS

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
IMPACT OF TRAINING INTENSITY ON PHYSICAL FITNESS Dr. Amina Mwanai
PARAMETERS AMONG U-17 FEMALE BASKETBALL Aséis Prof. Dr Jgse h
ATHLETES IN KENYA : T P
Kamau
THE IMPACT OF DAILY WALKING HABITS ON SLEEP
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OZET

HIV (Human Immunodeficiency Virus)/AIDS (Acquired Immunodeficiency Syndrome),
1980'lerden bu yana kiiresel saglik sistemini derinden etkileyen dnemli bir halk saglig1 sorunu
olarak varligini siirdiirmektedir. Bu enfeksiyon, bagisiklik sistemini zayiflatarak bireyleri
firsatc1 enfeksiyonlar ve bazi kanser tiirlerine karsi savunmasiz hale getirir. Diinya Saglik
Orgutt (DSO) verilerine gore, 2022 itibartyla diinya genelinde yaklasik 38 milyon kisi HIV ile
yasamaktadir. Tiirkiye'de HIV epidemiyolojisi, diinya geneline kiyasla daha diisiik prevalansa
sahip olmakla birlikte, son yillarda artis gdstermektedir.

HIV, insan bagisiklik sistemine zarar vererek AIDS'e yol agan bir viriis olup, kan, semen,
vajinal sivilar, rektal sivilar ve anne siitii gibi viicut sivilari yoluyla bulagsmaktadir. HIV'den
korunmanin temelinde bilingli davraniglar, koruyucu oOnlemler ve toplumsal farkindalik
yatmaktadir. Bireysel korunma yontemleri arasinda kondom kullanimu, steril igne kullanimi ve
diizenli test yer alirken; toplumsal korunma stratejileri egitim programlari, damgalama ile
miicadele ve saglik hizmetlerine erisimin 1yilestirilmesini kapsamaktadir.

AIDS hastalaria yonelik hemsirelik yaklasimi, yalnizca fiziksel saglik durumlarini degil, ayn
zamanda psikososyal ihtiyaglarin1 da goz oniinde bulunduran biitiinciil bir bakim anlayisini
gerektirir. Hemsireler, HIV pozitif bireylerin tedavi siirecini ydnetirken, hasta egitimi,
danigmanlik ve duygusal destek saglama gibi dnemli roller istlenir. Ayrica, HIV pozitif
bireylerin mahremiyetine saygi1 gostermek, hasta bilgilerinin gizliligini saglamak ve ayrimcilik
yapmamak, hemsirelerin temel etik gérevlerindendir.

Sonug olarak, AIDS ile miicadele yalnizca tibbi miidahalelerle sinirli kalmamali, ayn1 zamanda
toplumsal farkindalik, hasta destek mekanizmalar1 ve multidisipliner yaklasimlar gibi bir¢cok
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farkli boyutu kapsamalidir. Hemsireler, bu miicadelede egitici, destekleyici ve savunucu roller
iistlenerek bireylerin saglik ve refahini iyilestirme konusunda vazgecilmez bir konumdadir.

Anahtar Kelimeler: HIV, AIDS, antiretroviral tedavi, hemsirelik bakimi, damgalama, korunma
yontemleri.

ABSTRACT

HIV (Human Immunodeficiency Virus)/AIDS (Acquired 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 infections and certain 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 increasing 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 behaviors, protective 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 healthcare services.

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, and providing emotional support while
managing the treatment process of HIV-positive individuals. Additionally, respecting the
privacy of HIV-positive individuals, ensuring the confidentiality of patient information, and
avoiding discrimination are among the fundamental 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 approaches. Nurses, by undertaking educational,
supportive, and advocacy roles in this struggle, are in an indispensable position in improving
the health and well-being of individuals.

Keywords: HIV, AIDS, antiretroviral therapy, nursing care, stigma, prevention methods.
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OZET

This study aimed to investigate the mediating role of internalised Stigmatisation in the
relationship between urinary incontinence severity and frailty among older adults with urinary
incontinence. This cross-sectional study, based on a quantitative research design, was
conducted with 328 older adults. Data were collected using a demographic information form,
the Edmonton Frailty Scale, the Incontinence Severity Index, and the Elderly Internalised
Stigma Scale. Descriptive statistics, independent t-tests, one-way ANOVA, Pearson
correlation, and Hayes’ regression-based mediation analysis were used for data analysis. 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 internalised stigma (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 internalised stigma
(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 important psychosocial indicator in the relationship
between urinary incontinence severity and frailty.

Key words: Internalised stigma, urinary incontinence, severity, frailty, older adults


https://orcid.org/0000-0003-4810-563X

HATTUSAS 3%P INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 13 — 15, 2026 — CORUM
ISBN NR: 978-625-5694-81-2

YANIK REHABILITASYONUNDA OYUN TABANLI DiJITAL REHABILITASYON
UYGULAMALARININ KiNEZYOFOBI, REHABILITASYONA UYUM VE
FONKSIYONEL BAGIMSIZLIK UZERINE ETKILERI

Uzm. Fzt, DILEK AYDILEK OZDAS

Ondokuz May1s Universitesi,

dilek_ay dilek@hotmail.com, 0009-0005-8412-9366
Ogr. Gor, ENES DILMEN

Ondokuz May1s Universitesi,
enes.dilmen@omu.edu.tr, 0000-0002-3204-7052
Do¢.Dr. MAHMUT YARAN

Ondokuz May1s Universitesi,
mahmut.yaran@omu.edu.tr, 0000-0002-1703-590X

OZET

Giris: Yanik yaralanmalari; agri, eklem hareket kisitliligi, skar gelisimi ve psikososyal sorunlar
yoluyla bireylerin giinliik yasam aktivitelerini ve yasam kalitesini olumsuz etkileyen 6nemli bir
saglik sorunudur. Yanik tedavisindeki gelismeler mortaliteyi azaltmis olsa da, rehabilitasyon
siirecinde kinezyofobi, rehabilitasyona uyum sorunlar1 ve fonksiyonel bagimsizlik
kayb1 karsilasilan problemler arasinda dnemini korumaktadir. Bu baglamda, rehabilitasyon
slirecini daha motive edici ve tolere edilebilir hale getirmeyi amaglayan oyun tabanli dijital
rehabilitasyon uygulamalari giderek daha fazla ilgi gérmektedir. Amag: Bu derlemenin amaci,
yanik rehabilitasyonunda kullanilan oyun tabanli dijital rehabilitasyon uygulamalarinin
kinezyofobi, rehabilitasyona uyum ve fonksiyonel bagimsizlik {izerindeki etkilerini inceleyen
giincel literatiirii degerlendirmektir. Yontem: Bu anlati derlemede PubMed, Scopus, Web of
Science ve Google Scholar veri tabanlari taranmistir. 2020—2025 yillar1 arasinda yayimlanan
sistematik derlemeler, randomize kontrollii ¢aligmalar ve klinik arastirmalar degerlendirmeye
alinmigtir. Bulgular: Yanik rehabilitasyonunda oyun tabanli dijital uygulamalarin agri algisini
azaltarak hareketle iligkili korku ve kaginma davraniglarini sinirlayabildigini gostermektedir.
Ayrica s6z konusu uygulamalarin, motivasyonu artirarak rehabilitasyona uyumu destekledigi
ve egzersize katilimi artirdigi bildirilmektedir. Artan rehabilitasyon uyumunun; eklem hareket
acikligi, kas gilici ve fonksiyonel mobilite gibi parametreler (zerinden fonksiyonel
bagimsizligin gelisimine dolayl katki sagladigi belirtilmektedir. Sanal ger¢eklik ve exergame
tabanli yaklagimlar, dikkat dagitma ve oyunlastirma mekanizmalariyla etkinlik saglamaktadir.
Sonug: Oyun tabanli dijital rehabilitasyon uygulamalari, yanik rehabilitasyonunda
kinezyofobinin azaltilmasi, rehabilitasyona uyumun artirilmast ve fonksiyonel bagimsizligin
desteklenmesi agisindan olumlu etkilere sahiptir. Ancak bu uygulamalarin klinik etkinligini ve
uzun donemli fonksiyonel sonuglarini ortaya koymak i¢in daha fazla yiiksek metodolojik
kalitede caligmaya ihtiyac vardir.

Anahtar Kelimeler: Yanik Rehabilitasyonu, Oyun Tabanli Dijital Rehabilitasyon,
Kinezyofobi, Rehabilitasyona Uyum, Fonksiyonel Bagimsizlik
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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 individuals'
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 of functional independence remain
significant problems encountered during the rehabilitation process. In this context, game-based
digital rehabilitation applications, which aim to make the rehabilitation process more
motivating and tolerable, are gaining increasing attention. Objective: The aim of this review is
to evaluate the current literature examining the effects of game-based digital rehabilitation
applications used in burn rehabilitation on kinesiophobia, rehabilitation compliance, and
functional independence. Method: 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: Game-based digital applications in burn rehabilitation have been shown to reduce
pain perception, thereby limiting movement-related fear and avoidance behaviours.
Furthermore, it is reported that these applications support rehabilitation compliance by
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, and functional mobility.
Virtual reality and exergame-based approaches provide effectiveness through distraction and
gamification mechanisms. Conclusion: Game-based digital rehabilitation applications have
positive effects in burn rehabilitation in terms of reducing kinesiophobia, increasing
rehabilitation compliance, and supporting functional independence. However, more studies of
high methodological quality are needed to demonstrate the clinical efficacy and long-term
functional outcomes of these applications.

Keywords: Burn Rehabilitation, Game-based Digital Rehabilitation, Kinesiophobia,
Rehabilitation Compliance, Functional Independence
GIRIS

Yanik yaralanmalari, derinin yiiksek sicaklik, siirtiinme, elektrik, radyasyon veya
kimyasal maddelere maruz kalmasi sonucunda olusan ve her yil yaklasik 180.000 6liime neden
olan kiiresel bir halk sagligi sorunu olarak tanimlanmaktadir (WHO, 2025; Zwieretto et
al.,2023). Yanik tedavisindeki gelismeler sayesinde mortalite oranlari azalmig; ancak
rehabilitasyona ihtiya¢ duyan bireylerin sayisinda artis meydana gelmistir (Santos, 2025).
Yanik yaralanmalar1 yalnizca doku biitlinliigiinii etkilemekle kalmamakta; agri, hareket
kisitliligi ve skar olusumu gibi fizyolojik sorunlarin yani sira, bireylerin giinlilk yasam
aktivitelerini ve yasam kalitesini olumsuz etkileyen psikososyal sorunlara da yol agmaktadir
(Petrou et al, 2025). Yanik yaralanmalarinda el, dirsek ve omuz eklemleri en sik etkilenen
eklemler arasinda yer almakta olup, ciddi yamik vakalarinda taburculuk sirasinda eklem

disfonksiyonu prevalansinin %2242 arasinda oldugu bildirilmektedir (Lan et al, 2023). Bu
oranlar, yanik tedavisinde rehabilitasyonun roliine dikkat ¢ekmektedir.
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Hareket ve yeniden yaralanma korkusu olarak tanimlanan kinezyofobi, yanik
vakalarinda siklikla karsilagilan ancak literatiirde gorece sinirlt ele alinmis bir konudur.
Kinezyofobisi olan bireylerin rehabilitasyon siirecinden kagindigi ve yeterli diizeyde egzersiz
yapmadigi bildirilmistir (Jeong et al., 2022). Calismalar, yanik hastalarinin fizyoterapiyi tedavi
siirecinin agrili bir bileseni olarak algiladigini ortaya koymaktadir. Hareketle iligkili agr1, kaygi
ve korku, olusturulan rehabilitasyon programina katilim1 olumsuz yonde etkilemektedir (Basha
et al., 2022; Sean et al., 2023). Ayrica yanik rehabilitasyonunda uzun sureli ve tekrarlayan
egzersizlerin gerekli olmasi, tedavi silirecinin monoton algilanmasina yol acabilmekte; bu
durum diizenli egzersiz aliskanliginin siirdiiriilmesini giiglestirebilmektedir (Bressler et al.,
2024).

Bu baglamda, yanik rehabilitasyonunda kinezyofobiye bagli kaginma davraniglarini
azaltmak ve rehabilitasyona uyumu artirmak amaciyla teknoloji destekli rehabilitasyon
yaklasimlarina olan ilgi giderek artmaktadir. Bu derlemede “oyun tabanli dijital rehabilitasyon”
kavrami, sanal gerceklik tabanli ve sanal gerceklik dis1 exergame uygulamalarini kapsayan {ist
bir yaklagim olarak ele alinmistir. Sanal gergeklik ve exergame tabanli uygulamalar, egzersizi
daha etkilesimli ve motive edici hale getirerek algilanan agr1 ve hareket korkusunu azaltma
potansiyeli tasimaktadir. Giincel ¢alismalar, bu teknolojik yaklagimlarin yanik hastalarinda agri
ve kaygiyr azalttigini, fonksiyonel kazanimlar1 destekledigini ve rehabilitasyona uyumu
artirdigin1 ortaya koymaktadir (Lan et al., 2023; Santos et al., 2025). Bu ¢alismanin amaci,
yanik rehabilitasyonunda kinezyofobinin klinik ve fonksiyonel etkilerini inceleyen giincel
literatlirli derlemek ve teknoloji destekli yaklasimlarin rehabilitasyona uyum {izerindeki
etkilerini literatiir 15181nda biitlinciil bir bakis acistyla ortaya koymaktir.

YONTEM

Bu c¢alisma, yanik rehabilitasyonunda kinezyofobi, rehabilitasyona uyum ve
fonksiyonel bagimsizlik iizerine giincel literatiiriin derlenmesi ve oyun tabanli dijital
rehabilitasyon uygulamalarmin bu degiskenler iizerine etkisinin incelenmesi amaciyla anlati
tiirde bir literatiir derlemesidir. Literatiir taramasi yapilirken PubMed, Scopus, Web of Science
ve Google Scholar veri tabanlar1 kullanilmistir. Tarama siirecinde Ingilizce anahtar kelimeler

bl 13

kullanilmistir. “Burn rehabilitation”, “kinesiophobia”, “fear of movement”, “rehabilitation
adherence”, “exercise adherence”, “functional independence”, “virtual reality”, “exergame” ve
“technology-assisted rehabilitation” kullanilan baglica anahtar kelimelerdir. Derlemeye 2020-
2025 yillar1 arasinda yayinlanan yanik rehabilitasyonunda kinezyofobi, rehabilitasyona uyum
ve fonksiyonel bagimsizlik ile iligkilendirilen sistemik derlemeler, meta-analizler, randomize
kontrollii ¢calismalar dahil edilmistir. Olgu sunumlar1 ve yanik rehabilitasyonunu dogrudan

icermeyen c¢alismalar dislanmistir.
BULGULAR

Oyun Tabanh Dijital Rehabilitasyon Uygulamalarinin Kinezyofobi Uzerine
Etkileri: Korku- kacinma davranisi ilk olarak bel agrisi yasayan bireylerde tanimlanmis
olmakla birlikte (Lethem et al., 1983), daha sonraki ¢alismalarda ¢esitli kas-iskelet sistemi
rahatsizliklarinda da goriilen bir semptom olarak literatiirde yer almistir. Hareket ve yeniden
yaralanma korkusu olan kinezyofobi, yanik hastalarinda da rehabilitasyonu olumsuz etkileyen
6nemli bir psikolojik faktor olarak bildirilmektedir. Yanik yaralanmasi sonrasinda hem akut
hem de rehabilitasyon siirecinde deneyimlenen yogun agrinin, kinezyofobinin gelisimine neden
oldugu bildirilmektedir (Langlois et al., 2021).

Literatiirde yanik rehabilitasyonunda kullanilan oyun temelli dijital rehabilitasyon
uygulamalarinin, hareketle iligkili korku ve kaygi diizeylerinde olumlu etkiler olusturabildigine

6
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isaret edilmektedir. Ozellikle sanal gerceklik uygulamalarinin, kullaniciyr interaktif, ¢ok
duyulu bir bilgisayar ortamina daldirarak kap1 kontrol teorisi dogrultusunda agr1 sinyallerinin
bilingli farkindaliga ulagsmasini azalttig1 belirtilmektedir (Sean et al., 2023).

Oyunlastirilmis egzersizler aracilifiyla hastalarin agrili hareket aciklig1 aktivitelerine
katilimimin artirilmasi, hareketle iligkili korkunun azaltilmasina katki saglamakta ve dolaylt
olarak kinezyofobi {izerinde olumlu etkiler olusturmaktadir. Caligmalar, oyun temelli dijital
rehabilitasyon uygulamalarinin  kullanildigi  yanik hastalarinda hareketten kaginma
davraniglarinin azaldig1 ve egzersize katilimin arttigini gostermektedir. Bu yaklasimlarin,
geleneksel rehabilitasyon yontemlerine kiyasla hastalarin tedavi siirecine daha istekli katilim
sagladig1 ve kinezyofobiyle iliskili olumsuz davranislar1 azalttig1 rapor edilmistir (Yang et al.,
2025).

Oyun Tabanh Dijital Rehabilitasyon Uygulamalarinin Rehabilitasyona Uyum
Uzerine Etkileri: Yanik yaralanmasi sonrasi eklem disfonksiyonun dnlenmesi, rehabilitasyon
basarisinda belirleyici bir faktor olarak kabul edilmektedir. Yanik tedavisi, tekrarli aktif ve pasif
egzersizleri igeren, yogun rehabilitasyon programi gerektiren uzun ve zorlu bir siirectir.
Geleneksel rehabilitasyon programlarinda hastalarin tedaviye katilimini zorlagtiran temel
faktorlerden birinin, egzersizler sirasinda deneyimlenen agri oldugu bildirilmektedir. Agriya
bagli bu durumun, rehabilitasyon siirecine katilimi ve tedaviye uyumu olumsuz etkiledigi ifade
edilmektedir (Lan et al., 2023).

Bu baglamda, rehabilitasyon siirecini daha tolere edilebilir ve motive edici hale
getirmeyi amaglayan teknoloji destekli rehabilitasyon programlari son yillarda 6ne ¢ikmaktadir.
Eglenceli ve ilgi ¢ekici yapilar1 sayesinde bu uygulamalarin, yanik hastalarmin dikkatini
agridan uzaklastirarak agr1 algisim1 azalttigi bildirilmektedir. Bu durumun, hastalarin
rehabilitasyon siirecine katilimini ve tedaviye uyumunu olumlu yonde etkiledigi ifade
edilmektedir. Ayrica teknoloji destekli rehabilitasyon yaklasimlarmin, erisim kolayligi
saglamas1 sayesinde kirsal bolgelerde yasayan bireylerin rehabilitasyon hizmetlerine
ulagsmasini kolaylastirdig1 belirtilmektedir (Atiaa et al., 2025).

Oyun Tabanh Dijital Rehabilitasyon Uygulamalarimin Fonksiyonel Bagimsizhik
Uzerine Etkileri: Fonksiyonel bagimsizlik, yanik rehabilitasyon siirecinin temel hedeflerinden
biri olup bireylerin kendi bakimlarmi gerceklestirebilme ve anlamli aktiviteler yapabilme
diizeyini ifade etmektedir (Jawad, 2024). Rehabilitasyon siirecinde eklem hareket agikliginin
artmasi, agr1 diizeyinin azalmas, iist ekstremite kavrama kuvveti ve kas giiclindeki artis gibi
klinik parametrelerin, fonksiyonel bagimsizligin saglanmasinda O6nemli rol oynadigi
bildirilmektedir (Lan et al., 2023; Joo et al.,2020).

Yapilan sistematik incelemeler, sanal gerceklik tabanli uygulamalarin eklem hareket
acikligini artirabildigini ve 6z bakim ile fonksiyonel bagimsizlik diizeylerini gelistirebildigini
ortaya koymaktadir. Bununla birlikte, mevcut literatiirde 6zellikle 6z bakim ve hareketlilik
alanlarinda orta diizeyde kanit bulundugu ve daha yiiksek metodolojik kalitede galismalara
ihtiya¢c oldugu vurgulanmaktadir (Riaz et al., 2025). Benzer sekilde exergame tabanl
uygulamalarinda, fonksiyonel iyilesme ve bagimsizlik {zerinde etkili olabilecegi
bildirilmektedir (Santos et al., 2025).

TARTISMA

Bu derlemede, yanik rehabilitasyonunda oyun tabanli dijital rehabilitasyon
uygulamalarinin kinezyofobi, rehabilitasyona uyum ve fonksiyonel bagimsizlik iizerindeki
etkileri ele alinmistir. Elde edilen bulgular, bu uygulamalarin yanik hastalarinda hareketle



HATTUSAS 3%P INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 13 — 15, 2026 — CORUM
ISBN NR: 978-625-5694-81-2

iliskili korku ve kaygiy1 azaltabildigini, rehabilitasyon siirecine katilimi artirabildigini ve
fonksiyonel iyilesmeyi destekleyebildigini gostermektedir.

Literatiirde yanik magdurlarinda kinezyofobi davranislarin1 dogrudan inceleyen calisma
sayis1t sinirlidir. Yanik rehabilitasyonunda deneyimlenen yogun ve tekrarlayici agrinin,
bireylerde hareketle iliskili korkunun gelismesine ve zamanla kaginma davraniglarinin ortaya
cikmasina neden oldugu bildirilmektedir. Hareketten kaginma davranislari, yanik hastalarinda
eklem hareket agikliginin korunmasini zorlastirmakta ve fonksiyonel iyilesme siirecini olumsuz
etkilemektedir (Lu et al., 2025).

Bu derlemede incelenen ¢alismalar, oyun tabanl dijital rehabilitasyon uygulamalarinin
dikkat dagitma ve oyunlastirma yoluyla agr1 algisini azaltarak, hareketle iligkili korkunun
siddetinin azalmasia katki saglayabildigini diisiindiirmektedir. Ozellikle sanal gergeklik ve
oyun tabanli uygulamalarin ¢ok duyulu ve etkilesimli yapisinin, kapi kontrol teorisi
dogrultusunda agr1 uyaranlarinin merkezi sinir sistemine iletimini azaltarak bireylerin hareket
sirasinda yasadiklari korkunun azalmasina katki saglayabilecegi ifade edilmektedir (Sean et al.,
2023).

Rehabilitasyon stirecinde hastanin aktif ve istekli katilimi, tedavi basarisin1 dogrudan
etkileyen temel faktorler arasinda yer almaktadir. Yanik rehabilitasyonunda geleneksel
yaklagimlar, cogunlukla tekrarlayici eklem hareketlerini iceren egzersiz programlarina
dayanmaktadir. Ancak bu siirecte deneyimlenen agri, bireylerde hareketle iliskili korkunun
gelismesine yol agarak kinezyofobiye neden olmakta ve tedaviye katilimi olumsuz yonde
etkileyebilmektedir (Ramage et al., 2025).

Bu baglamda, dijital tabanli rehabilitasyon uygulamalarmin eglenceli ve ilgi ¢ekici
yapisi sayesinde agri algisini azalttigi, seans siiresini uzattigi ve hastalarin rehabilitasyon
stirecini daha tolere edilebilir algilamalaria katki sagladigi diislinilmektedir (Sibbett et al.,
2025). Dijital yaklasimlarin bu 6zelliklerinin, geleneksel rehabilitasyon programlarina kiyasla
hastalarin tedaviye katilimini ve stirece devamliligini artirdigz ileri siiriilebilir. Rehabilitasyona
uyumdaki bu artisin egzersiz yogunlugu ve siirekliligini destekleyerek fonksiyonel
kazanimlarin giinliik yasam aktivitelerine yansimasini kolaylastirabilecegi diistintilmektedir.

Fonksiyonel bagimsizlik, yanik rehabilitasyonunun temel hedeflerinden biri olup
bireylerin 6z bakim, mobilite ve giinlik yasam aktivitelerini gerceklestirme diizeyini ifade
etmektedir. Yanik sonrast gelisen eklem hareket kisitliligi, agri, kas giicii kayb1 ve iist
ekstremite fonksiyonlarindaki bozulmalar, fonksiyonel bagimsizligin kazanilmasini1 dogrudan
sinirlayan faktorler arasinda yer almaktadir (Varzeshi et al., 2025).

Bu derlemede incelenen g¢aligmalar, rehabilitasyona uyumun artmasimin fonksiyonel
bagimsizlik iizerinde dolayli ancak belirleyici bir etkiye sahip oldugunu diisiindiirmektedir.
Ozellikle diizenli egzersiz katiliminin saglanmasi, eklem hareket agikligiin korunmasi ve kas
kuvvetinin artirilmasi yoluyla fonksiyonel kazanimlarin desteklenmesine katki saglamaktadir.
Literatiirde, rehabilitasyon siirecine aktif katilim gosteren yanik hastalarinda 6z bakim
aktiviteleri ve fonksiyonel mobilite diizeylerinin daha hizli iyilestigi bildirilmektedir (Garrido-
Ardila et al., 2022).

Oyun tabanl dijital rehabilitasyon uygulamalarinin, agri1 algisin1 azaltma ve
motivasyonu artirma yoluyla egzersize katilimi destekleyerek fonksiyonel bagimsizligin
gelisimine katki saglayabildigi literatiirde vurgulanmaktadir.

SONUC
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Sonu¢ olarak; yanik rehabilitasyonunda oyun tabanli dijital rehabilitasyon
uygulamalarinin  kinezyofobiyi azaltarak rehabilitasyona uyumu kolaylastirmaktadir.
Rehabilitasyona uyumun artmasi, tedavi siirecini olumlu yonde etkileyerek fonksiyonel
bagimsizlik iizerinde iyilestirici etkiye sahiptir. Ancak yanik rehabilitasyonunda oyun tabanli
dijital uygulamalarinin kinezyofobi, rehabilitasyona uyum ve fonksiyonel bagimsizlik
tizerindeki etkilerini inceleyen ¢aligma sayisinin sinirlt oldugu dikkat ¢ekmektedir. Bu sebeple
gelecekte yapilacak ¢alismalarin, bu teknolojik yaklasimlarin  klinik etkinliginin
belirlenmesinde fayda saglamasi beklenmektedir. Ayrica geleneksel rehabilitasyon programina
entegre edilmesinin, hastalarin tedaviye diizenli katilimini destekleyerek egzersiz aliskanligi
gelistirmesine katki saglayabilecegi diisiiniilmektedir.
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MULTI-CRITERIA ANALYSIS OF SAFETY MANAGEMENT PRACTICES IN
CONSTRUCTION PROJECTS

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

ABSTRACT

This multi-criteria decision analysis framework evaluates safety management efficacy across
187 Chinese megaprojects (total contract value ¥2.4T) integrating AHP-TOPSIS methodology
with real-time loT safety data. Hierarchy 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 reduction versus traditional methods. BIM-5D integration enables 92%
hazard identification pre-construction alongside 67% schedule-safety 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 ranks Shanghai Tower contractors highest (y=0.89)
through integrated safety-RFID systems. Cost-benefit 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 female supervisors 2.1x
safety incident reporting rates. Comparative benchmarking against Bechtel confirms Chinese
megaprojects superior digital maturity despite regulatory fragmentation. Policy roadmap
mandates GB 50300-2013 digital compliance alongside national safety cloud 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 management taxonomy supporting China's zero-
accident megaproject ambition while exporting digital construction safety standards through
BRI infrastructure programs.

Keywords: safety management, multi-criteria analysis, construction safety, digital twin, loT
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 computational-experimental study optimizes functionally graded composite pipes
exhibiting 4.2x buckling resistance under internal pressure-flutter coupling prevalent in
hydrocarbon transport. ANSYS AQWA-FLUID coupling simulates 3D orthotropic laminates
with through-thickness modulus grading E11(z)=42 GPa—180 GPa achieving 67% critical
pressure increase (18.4 MPavs 11.2 MPa steel). Flutter boundary advances 43% through graded
damping ratios {(z)=0.023—0.087. Manufacturing validation through filament winding
confirms 2.1% fiber volume 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% post-buckling load carrying through snap-through
suppression. Vibration isolation performance achieves 82% transmissibility reduction at
pumping frequencies. Cost modeling confirms $1,620/ton versus $2,800/ton API 5L X70.
Finite element updating through DIC-measured strains achieves 3.2% simulation fidelity.
Probabilistic analysis quantifies 4.1% failure probability under 1ISO 19901-7 metocean loading.
Manufacturing scalability through automated tow-placement reaches 1,200 m/day production.
Burst testing exceeds ASME B31.4 requirements by 23%. Thermal barrier performance reduces
heat tracing costs 41%. Fitness-for-service assessment confirms 32-year design life under cyclic
pressure. Patent-pending grading algorithm optimizes layer drops minimizing resin pockets
76%. Field deployment in Das Island confirms 2.8x fatigue life versus steel. Research
establishes functionally graded composites as disruptive pipeline technology reducing 68%
lifecycle emissions while enabling strain-based design paradigms supporting energy transition
infrastructure.

Keywords: functionally graded composites, pipeline stability, fluid-structure interaction,
filament winding, buckling analysis
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Injury in Intensive Care Patients
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OZET

Sepsis, yiksek mortalite ile seyreden kritik bir klinik sendrom olup sepsisli hastalarda sepsis
iligkili akut bobrek hasar: (SA-AKI) gelisimi yogun bakim mortalitesini belirgin sekilde
artirmaktadir. SA-AKI insidansi diinya genelinde %30—40, Tiirkiye 'de ise %25—45 araliginda
bildirilmektedir. Bu nedenle hastaligin erken donemde ongoriilmesi, zamaninda miidahale ve
prognozun iyilestirilmesi agisindan klinik 6nem tasimaktadir.

Bu ¢alismada, yogun bakim hastalarina ait ¢ok degiskenli elektronik saglik kayitlar: (31 klinik
ozellik) kullanmlarak SA-AKI'nin erken tahmini icin makine 6grenimi tabanli bir risk
smiflandirma modeli gelistirilmistir. Veri on isleme asamasinda eksik veri yonetimi, z-Skor
normalizasyonu ve smif dengesizligi icin ADASYN uygulanmis; LASSO, ki-kare ve bilgi
kazanimi temelli yontemlerle ozellik se¢imi gerceklestirilmistir.Model performansi, veri seti
tizerinde wuygulanan 5 katli ¢apraz dogrulama (k-fold cross validation) yontemi ile
degerlendirilmistir.

Sonuglar, ozellikle XGBoost modelinin en yiiksek performansi sagladigini (Accuracy=0.97,
AUC=0.98) ve SA-AKI gelisimini giivenilir bicimde ongorebildigini gostermistir. Elde edilen
Sonuglar, EHR tabanli makine ogrenimi yaklasimlarmmin klinik karar destek sistemlerine
entegre edilebilecek etkili ve uygulanabilir araglar sundugunu ortaya koymaktadir.

Anahtar Kelimeler — Kronik bobrek hastaligi, Makine 6grenmesi, Siiflandirma, Klinik karar
destegi.

ABSTRACT

Sepsis is a critical clinical syndrome characterized by high mortality, and the development of
sepsis-associated acute kidney injury (SA-AKI) in septic patients significantly increases
intensive care mortality. The incidence of SA-AKI is reported to be 30-40% worldwide and
25-45% 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 learning-based risk classification model was developed for the early
prediction of SA-AKI 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 imbalance were applied; feature selection was
performed using LASSO, chi-square, and information gain-based methods.The model
performance was evaluated by the 5-fold cross validation (k-fold cross validation) method
applied on the data set.

The results showed that the XGBoost model provided the highest performance
(Accuracy=0.97, AUC=0.98) and could reliably predict the development of SA-AKI. The
findings reveal that EHR-based machine learning approaches offer effective and applicable
tools that can be integrated into clinical decision support systems.

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

1. GIRIS

Sepsis iligkili akut bobrek hasar1 (SA-AKI), yogun bakim hastalarinda sik goriilen ve
mortaliteyi belirgin sekilde artiran ciddi bir klinik komplikasyondur (Koyner et al., 2018).
Sistemik inflamasyon, mikrosirkiilasyon bozukluklari ve hemodinamik dengesizlikler
sonucunda gelisen bu tablo, saatler ila gilinler i¢inde hizli bobrek fonksiyon kaybina yol
acabilmekte ve erken tani ile risk siiflandirmasini kritik hale getirmektedir (Vagliano et al.,
2022). Sepsis, enfeksiyona karsi gelisen kontrolsiiz immiin yanit sonucu organ disfonksiyonu
ile karakterize yasami tehdit eden bir sendromdur. Sepsis ile birlikte ortaya ¢ikan akut bobrek
hasari, patofizyolojisinde inflamasyon, endotel disfonksiyonu, mitokondriyal hasar ve hiicresel
6liim mekanizmalarinin rol oynadig1 karmasik bir siirectir (Song et al., 2021). SA-AKI gelisen
hastalarda mortalite oranlar1 yalnizca sepsis veya yalnizca AKI goriilen hastalara kiyasla
anlaml derecede daha ytliksektir ve sag kalan bireylerde uzun dénemde kronik bobrek hastaligi
gelisme riski artmaktadir. Kiiresel Olgekte yilda yaklagik 48,9 milyon sepsis vakasi
bildirilmekte olup, SA-AKI insidansi1 hasta popiilasyonuna bagli olarak %1487 arasinda
degismektedir. Yillik 610 milyon kisinin SA-AKI gecirdigi tahmin edilmekte ve cok merkezli
caligmalarda yogun bakim hastalarimin yaklagik %18’inde SA-AKI gelistigi belirtilmistir
(Khwaja, 2012). Tiirkiye’de ise yogun bakim sepsis hastalarinda AKI gelisme oran1 %47 nin
tizerine ¢ikmakta ve bu durum ulusal saglik sistemi i¢in 6nemli bir klinik yiik olusturmaktadir.
Yogun bakim ortaminda iiretilen elektronik saglik kayitlar1 (EHR), ¢ok boyutlu, heterojen ve
zamana bagl yapilart nedeniyle geleneksel istatistiksel yoOntemlerle yeterince analiz
edilememektedir. Makine 6grenimi algoritmalar1 ise karmasik ve dogrusal olmayan iliskileri
modelleyebilme yetenekleri sayesinde erken risk ongdriisii ve klinik karar destegi acisindan
onemli avantajlar sunmaktadir. Bu kapsamda, yogun bakim hastalarina ait biiyiik 6lcekli
elektronik saglik kayitlarini igeren agik erisimli veri tabanlari (6rnegin MIMIC-IV gibi) son
yillarda makine 6grenimi tabanli prognostik model gelistirme caligmalarinda yaygin olarak
kullanilmaktadir ve AKI/SA-AKI kohortlar1 i¢in giivenilir ve Onemli klinik veriler
saglamaktadir. Son yillarda, sepsis iliskili akut bobrek hasarinin erken dngdériilmesi amaciyla
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makine 6grenimi tabanli ¢esitli ¢alismalar yapilmistir. Zhuang ve ark., MIMIC-1V ve elCU veri
tabanlarmi kullanarak SA-AKI hastalarinda mortalite riskini tahmin eden makine 6grenimi
modelleri gelistirmis ve Ozellikle gradient boosting tabanli yontemlerin 6nemli tahmin
performansi sagladigini géstermistir(Zhuang et al., 2024). Benzer sekilde, Yu ve ark., SA-AKI
hastalarinda gelisen sepsis iliskili deliryum i¢in XGBoost temelli erken tahmin modeli
Onermistir ve ¢ok merkezli dogrulama ile modelin klinik uygulanabilirligini ortaya koymustur
(Yuetal., 2025). Chen ve ark. tarafindan yiiriitiilen bir diger ¢alismada ise ICU mortalitesi i¢in
XGBoost tabanli tahmin modeli gelistirilmis ve SHAP ile model yorumlanabilirligi ortaya
konmustur (Chen et al., 2025). Ayrica, Ge ve ark. LightGBM tabanli iki zaman noktali dinamik
bir model ile orta siddetli SA-AKI progresyonunu ortaya konulmus ve cok bdlgeli dis
dogrulama ile modelin genellenebilirligini gosterilmistir(Ge et al., 2025). Jiang ve ark. ise
aciklanabilir makine 6grenimi yaklagimlar1 kullanarak persistan SA-AKI gelisimini tahmin
eden bir model gelistirerek klinik karar destek sistemlerine entegrasyonun 6nemini
aciklanmistir (Jiang et al., 2025). Bununla birlikte, mevcut ¢alismalarin biiyliik ¢ogunlugu
mortalite, komplikasyon veya ge¢c donem sonugclari iizerine olup, SA-AKI’nin erken donemde
dogrudan gelisimini 6ngdren ve 6zellik optimizasyonu ile dengelenmis EHR tabanli kapsamli
karsilastirmali modeller sinirli sayidadir. Bu nedenle, bu ¢alismada ¢ok degiskenli EHR verileri
tizerinde Ozellik secimi ve smif dengesizligi giderme teknikleri ile optimize edilmis farkli
makine 6grenimi algoritmalarinin performansi karsilastirilarak SA-AKI’nin erken ve giivenilir
tahmini amacglanmistir. Bu baglamda, ¢alismada LASSO ve Ki-kare tabanli 6zellik se¢imi ile
optimize edilmis ve ADASYN ile dengelenmis EHR verileri kullanilarak farklt makine
O6grenimi siniflandiricilarinin performanst karsilastirllmis ve sepsis 1iliskili akut bobrek
hasarinin erken tahmini i¢in en uygun modelin belirlenmesi amaglanmaistir.

2. Materyal ve Yontem
Bu bélimde, ¢alismada kullanilan veri kaynagi, 6n isleme adimlari, 6zellik se¢imi yontemleri
ve makine 6grenimi tabanli siniflandirma modellerine iliskin metodolojik siirecler sunulmustur.

2.1 Veri Seti

Bu calismada kullanilan veri seti, yogun bakim iinitesinde izlenen sepsis hastalarina ait
elektronik saglik kayitlarindan elde edilmis ve agik erisimli olarak paylasilan bir klinik veri
kaynagindan temin edilmistir. Veri setine Mendeley Data platformu iizerinden erisilmistir
https://data.mendeley.com/datasets/p5jv2brddm/1). Analize yalnizca hastalarin ilk yogun
bakim yatis1 dahil edilmistir. Yogun bakimda 24 saatten kisa siire kalan, temel klinik
degiskenleri (serum kreatinin, idrar ¢ikisi, nétrofil, lenfosit veya trombosit) eksik olan veya
AKI tanis1 bulunmayan hastalar ¢calisma dis1 birakilmistir. Akut bobrek hasari tanis1 Kidney
Disease: Improving Global Outcomes (KDIGO) kilavuzuna gore belirlenmistir: >6 saat
boyunca idrar ¢ikisinin <0.5 mL/kg/saat olmasi veya serum kreatinin diizeyinin 48 saat iginde
>0.3 mg/dL artmasi ya da 7 giin i¢inde >1.5 kat yiikselmesi kriterleri kullanilmistir. Toplamda
216 eriskin sepsis hastasina ait 31 klinik degisken analiz edilmistir. Bu degiskenler; demografik
bilgiler (yas, cinsiyet, BMI), vital bulgular, laboratuvar parametreleri (BUN, kreatinin, GFR,
hemoglobin, elektrolitler, kan gaz1 degerleri), komorbiditeler ve klinik siddet skorlarinm
(SOFA, SAPS II) kapsamaktadir. Tiim degiskenler yogun bakima kabuliin ilk 24 saatindeki
Olctimlerden elde edilmistir.
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2.2. Veri On Isleme

Model gelistirme Oncesinde veri kalitesini artirmak amaciyla bir on isleme siireci
uygulanmistir. Eksik gozlemler analiz edilerek siireklilik gosteren degiskenler i¢cin medyan
doldurma yontemi, zaman serisi 6zellikleri icin ise ileri geri yonli imputasyon teknikleri
kullanilmistir. Tiim 6zelliklere 6lgek farkliliklarini ortadan kaldirmak ve model kararliligini
artirmak amaciyla z-skor normalizasyonu uygulanmistir:

x' ==£ (1)
Veri kiimesi:
D = {(x;, )}t yi € {0 (AKI yok),1 (SA-AKD)}  (2)

bigiminde tanimlanmis ve problem ikili siniflandirma olarak modellenmistir. Model se¢imi ve
performans degerlendirmesi egitim verisi lizerinde uygulanan 5 katli capraz dogrulama ile
gerceklestirilmistir.

2.2.1. Sinif Dengesizliginin Giderilmesi- ADASYN

Veri setinde SA-AKI gelisen hasta sayisinin sinirli olmasi nedeniyle belirgin sinif dengesizligi
bulunmaktadir. Bu durum, makine 6grenimi modellerinin ¢cogunluk sinifa egilim gdostermesine
ve azinlik sinifin yanlis siniflandirilmasina yol agabilmektedir. Bu problemi azaltmak amaciyla
Adaptive Synthetic Sampling (ADASYN) asir1 6rnekleme yontemi uygulanmistir. ADASYN
algoritmasi, azinlik smifina ait ve siniflandirilmasi gorece zor olan ornekleri belirleyerek bu
bolgelerde adaptif bicimde sentetik 6rnekler tiretir. Boylece karar sinirinin daha iyi 6grenilmesi
saglanir ve modelin azinlik sinif lizerindeki duyarlilig1 artirilir. Uretilecek toplam sentetik 6rnek
sayis1 Esitlik 3 te tanimlanmaktadir.

G = (Nimaj — Nmin) - B 3)

Burada Np,,jve Npipsirasiyla cogunluk ve azinlik smif Ornek sayilarni, g € [0,1]ise
dengeleme katsayisimi ifade eder. Her bir azinlik 6rnegi i¢in liretilecek sentetik 6rnek sayisi
G;ile belirlenmis ve islem sonunda yeni azinlik sinif biiyiikliigii Esitlik 4 ile verildigi sekilde
tanimlanmustir.

Nrrrll?rvlv = Nmin + Z:ril Gi (4)

Bu islem sonucunda veri dagilimi dengelenmis ve modelin genelleme performansi
tyilestirilmistir.

Cizelge 1 : ADASYN uygulamasi oncesi ve sonrasi AKI sinif dagilimi
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Simif Dengeleme Oncesi (N) Dengeleme Sonrasi (N')
AKI yok (No) 866 3050
AKI var (N;) 3135 3135

Veri setinde dengeleme oncesinde AKI gelismeyen hastalar Ng, AKI gelisen hastalar ise N4
ornekten olusmaktadir. ADASYN tabanli sentetik 6rnekleme sonrasinda her iki sinifin 6rnek
sayis1 dengelenmis ve sinif dagilimi Cizelge 1°de Ng' ve N1’ olacak sekilde giincellenmistir.

2.3. Ozellik Segimi

Yiiksek boyutlu klinik verilerde gereksiz veya zayif iligkili degiskenler model karmagikligini
artirarak asir1 6grenmeye yol acabilmektedir. Bu nedenle model performansini artirmak,
hesaplama maliyetini azaltmak ve klinik a¢idan anlamli parametreleri belirlemek amaciyla
ozellik se¢imi uygulanmistir. Bu kapsamda hem gomiilii bir diizenlilestirme yontemi olan
LASSO regresyonu hem de istatistiksel bagimsizlik analizi saglayan ki-kare testi kullanilarak
en etkili degiskenler belirlenmistir.

2.3.1. LASSO (L1 Regresyon)

LASSO (Least Absolute Shrinkage and Selection Operator) yontemi katsayilar {izerinde L1
ceza terimi uygulayarak dnemsiz 6zelliklerin katsayilarini sifira indirger ve bdylece otomatik
degisken secimi gerceklestirir. Bu yaklasim modelin daha sade ve genellenebilir olmasini
saglar. Optimizasyon problemi asagidaki sekilde tanimlanir:

f = arg mﬁin Uy =XBUI3+A181,) (5)

burada Adiizenlilestirme katsayisini temsil etmekte olup model karmagikligi ile uyum basarisi
arasindaki dengeyi kontrol etmektedir. Daha yiiksek Adegerleri daha fazla 6zelligin elenmesine
neden olmaktadir.

Calismada, yogun bakim hastalarinda sepsis iliskili akut bobrek hasarinin erken risk tahmini
amaciyla LASSO tabanli 6zellik se¢imi uygulanmig ve model i¢in en belirleyici klinik
degiskenler belirlenmistir. LASSO regresyonu sonucunda toplam 12 0&zellik modelde
tutulmustur. Elde edilen katsayilar incelendiginde, serum kreatinin (scr), SOFA skoru, SAPS
Il ve RDW gibi hastalik siddetini ve organ fonksiyon bozulmasini yansitan parametrelerin en
yuksek mutlak katsay1r degerlerine sahip oldugu goriilmiistiir. Bu bulgular, AKI gelisiminin
Ozellikle organ yetmezligi, sistemik inflamasyon ve genel klinik durumun koétiilesmesi ile
yakindan iliskili oldugunu gostermektedir.

Buna ek olarak, BMI, mekanik ventilasyon ihtiyaci ve demografik degiskenler gibi sistemik
stres ve komorbidite gostergeleri de model tarafindan segilmistir. Bu durum, AKI gelisiminin
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yalnizca bobrek fonksiyon parametreleri ile degil, hastanin genel fizyolojik durumu ve klinik
siddeti ile de iligkili oldugunu ortaya koymaktadir. LASSO ile segilen tiim &zellikler analiz
edilmis olup, Cizelge 2’de en yiiksek 6neme sahip ilk bes 6zellik sunulmustur.

Cizelge 2. LASSO ile segilen ozellikler arasindan en yiiksek oneme sahip ilk 5 degisken ve katsayt

degerleri
Sira Ozellik Katsay1 (B) | YOn Klinik Anlam
1 scr (Serum kreatinin)  |[+0.42 Pozitif |Bobrek fonksiyon bozulmasi gostergesi
2 sofa +0.36 Pozitif ||Organ yetmezligi siddeti
3 sapsii +0.31 Pozitif ||Genel hastalik siddeti
4 rdw +0.24 Pozitif ||Sistemik inflamasyon gostergesi
5 vent_firstday +0.18 Pozitif ||Klinik durumun ciddiyet gostergesi

LASSO regresyonu sonucunda modelde toplam 12 6zellik secilmis olup, tabloda en yiiksek
mutlak katsay1 degerine sahip ilk bes degisken gosterilmistir. Serum kreatinin , SOFA skoru ve
SAPS II, AKI gelisimi ile en giiclii iliskili degiskenler olarak belirlenmistir. Bu bulgular,
modelin klinik olarak anlamli parametreleri 6n plana ¢ikardigini gostermektedir.

2.3.2. Ki-Kare Testi

Ozelliklerin hedef degisken ile istatistiksel iliskisini degerlendirmek amaciyla kategorik
degiskenler tizerinde ki-kare bagimsizlik testi uygulanmistir. Bu test, gozlenen ve beklenen
frekanslar arasindaki farki dlcerek degisken ile sinif etiketi arasindaki bagimlilig1 nicel olarak
degerlendirmektedir. Test istatistigi Esitlik 6 da verilen formiille hesaplanmaistir.

k
0,-E,)?
ri= E Oy ©)

[statistiksel olarak anlamli bulunan degiskenler bu esitlige gére model egitim siirecine dahil
edilmistir.

Ki-kare analizi sonuglari, SOFA ve SAPS II degiskenleri ile serum kreatinin arasinda giiglii ve
istatistiksel olarak anlamli bir iliski oldugunu goéstermektedir (p<0.001). RDW degiskeni de
anlamli olsa da, daha diisiik ki-kare degeri nedeniyle daha az iligski gdsterdi. Bununla birlikte,
BMI degiskeninin p-degerinin anlamlilik diizeyinin iizerinde olmasi, degiskenin AKI ile
istatistiksel olarak anlamli bir iligkisinin olmadigimi gostermektedir. Bu bulgular, bobrek
fonksiyonunu ve organ yetmezIligi siddetini yansitan parametrelerin AKI 6ngoriisiinde daha
onemli oldugunu desteklemektedir.

Cizelge 3: Ki-kare analizine gore AKI ile iligkili en anlaml klinik ozellikler
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| Ozellik [ L degeri | p-degeri I Sonug |
Iscr |52.8 |<0.001 | Anlamls |
Isofa 141.2 |<0.001 | Anlamli |
lsapsii 33.7 I<0.001 |Anlamls |
Irdw 112.5 10.002 | Anlamls |
‘bmi H2.1 H0.14 HAnlamsm ‘

Ki-kare bagimsizlik testi sonucunda toplam 20 ozellik istatistiksel olarak anlamli bulunmus,
Cizelge 3’te en yiiksek 6nem degerine sahip ilk bes klinik degisken sunulmustur.

2.4. Makine Ogrenimi Modelleri

Sepsis 1iligkili akut bobrek hasarinin erken tahmininde siniflandirma performansini
karsilastirmak amaciyla dogrusal olmayan karar sinirlarini modelleyebilen ve klinik veri
setlerinde yaygin olarak kullanilan dort farkli makine 6grenimi algoritmasi degerlendirilmistir:
Destek Vektor Makineleri, k-En Yakin Komsu, Rastgele Orman ve XGBoost. Tiim modeller
ayni egitim—test bolmesi lizerinde egitilmis ve performanslart dogruluk, duyarlilik, F1-skoru ve
AUC metrikleri ile karsilagtirilmistir.

2.4.1. Destek Vektdr Makineleri (SVM)

SVM, smiflar arasindaki marji maksimize eden optimal ayirici hiper-diizlemi bulmay1
amaglayan giiclii bir siniflandirma yontemidir. Dogrusal olmayan veri yapilarinin
modellenebilmesi i¢in radyal tabanli fonksiyon ¢ekirdegi kullanilmistir. Cekirdek fonksiyonu:

K(x;,x) = exp (=y Il x; — x; II?) (7)

seklinde tanimlanmakta olup, burada yparametresi karar sinirinin esnekligini kontrol
etmektedir. Modelin optimizasyon problemi:

min = | w 124+ C 3™, & (8)
wé 2

biciminde ifade edilir. Bu formiilasyonda marjin maksimize edilmesi ile siniflandirma
hatalarinin minimize edilmesi ayn1 anda hedeflenmektedir.

2.4.2. Random Forest
Random Forest, birden fazla karar agacinin bagging yaklasimi ile birlestirilmesine dayanan

topluluk tabanli bir 6grenme yontemidir. Her agac rastgele 6rnekleme ve rastgele 6zellik se¢imi
ile egitilmekte, nihai tahmin ise aga¢ ¢iktilarinin ortalamasi alinarak elde edilmektedir:
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fe) ==%8 f, (@) 9)

Bu yap1, varyansi azaltarak asir1 6grenmeyi engellemekte ve heterojen klinik veriler iizerinde
kararli performans saglamaktadir.

2.4.3. XGBoost

XGBoost , ardisik olarak egitilen zay1f 6grenicilerden olusan artirmali agag tabanli bir topluluk
yontemidir. Her iterasyonda oOnceki model hatalarini minimize edecek yeni agaglar
eklenmektedir. Amag fonksiyonu:

L= 300090+ ), (T+51wiE) (o)

seklinde tanimlanmakta olup kayip fonksiyonu ile diizenlilestirme terimlerini birlikte optimize
etmektedir. Bu yaklagim yiiksek dogruluk, hizli egitim siiresi ve eksik veriye dayaniklilik
ozellikleri sayesinde klinik tahmin problemlerinde siklikla tercih edilmektedir.

Bu calismada Modellerin basarimi dogruluk, kesinlik, duyarhilik, F1 skoru ve AUC metrikleri
ile cok yonlii olarak degerlendirilmistir.

3. Bulgular

Bu boéliimde, 6nerilen yontem kapsaminda egitilen siniflandirma modellerinin performanslari
nicel metrikler tizerinden analiz edilmis ve karsilastirmali sonuglar sunulmustur. Yapilan
karsilastirmali analizlerde, LASSO ile segilen 6zellikler kullanilarak egitilen modellerin ki-kare
tabanl secime gore daha yiiksek dogruluk ve AUC degerleri sagladig1 belirlenmis olup, bu
nedenle nihai performans sonuglart LASSO tabanli 6zellik seti {lizerinden sunulmustur.
Modellerin performans karsilastirmalar1 Cizelge 4 ve 5’de sunulmustur. XGBoost algoritmasi
tim degerlendirme metriklerinde en yiiksek sonuclar1 elde ederek en basarili siniflandirict
olarak 6ne ¢ikmistir (Dogruluk=0.97, Kesinlik=0.96, Duyarlilik=0.95, F1=0.95 ve AUC=0.98).
Bu sonuclar modelin hem pozitif vakalar1 dogru tanimlama hem de yanlis pozitif oranim diisiik
tutma agisindan gii¢lii bir ayristirma yetenegine sahip oldugunu gostermektedir.

Cizelge 4 : Makine 6grenimi modellerinin sepsis iliskili AKI tahmin performanslart (LASSO, dengeli

veri)
Model Accuracy Precision Recall F1-Score | AUC
SVM 0.87 0.89 0.90 0.89 0.93
Random Forest | 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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Cizelge 4’te goriildiigii gibi, XGBoost modelinin dogruluk, duyarlilik, F1-skoru ve AUC gibi
performans Ol¢iitlerinde diger modellerden daha iyi oldugunu goéstermistir. Bu sonuglar,
XGBoost algoritmasinin sepsis ile ilgili AKI tahmininde daha iyi ayirt edicilik ve siniflandirma
yetenegi sergiledigini gostermektedir.

Ayrica dengelenmemis veriye ait sniflandirma sonuglari ¢izelge 5 te sunulmustur.

Cizelge 5: ADASYN uygulanmadan onceki makine 6grenimi modellerinin AKI tahmin performanslart
(LASSO, dengesiz veri)

Model Accuracy Precision Recall F1-Score | AUC
SVM 0.82 0.86 0.74 0.79 0.88
Random Forest | 0.85 0.80 0.72 0.76 0.90
XGBoost 0.91 0.92 0.81 0.86 0.93

Cizelge 6 incelendiginde, Ki-Kare 0Ozellik se¢imi sonrasinda XGBoost modelinin diger
modellere kiyasla daha yiiksek dogruluk, F1-skoru ve AUC degerlerine ulastig1 goriilmektedir.
Bununla birlikte, elde edilen performans degerlerinin LASSO tabanli 6zellik secimine gore
daha diisiik seviyede kaldig1 dikkat ¢gekmektedir. Bu durum, Ki-Kare yonteminin veri setindeki
ay1rt edici 6zellikleri segmede LASSO kadar etkili olmadigini gostermektedir.

Cizelge 6 :Ki-Kare ozellik se¢imi ile dengeli veri iizerinde makine ogrenimi modellerinin AKI tahmin

performanslari
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

Cizelge 7 incelendiginde , dengesiz veri lizerinde Ki-Kare 6zellik se¢cimi uygulandiginda
modellerin 6zellikle recall ve F1-skoru degerlerinde belirgin bir diisiis gézlenmistir. Bu durum,
smif dengesizligi ile o6zellik secimi yonteminin birlikte model performansini olumsuz
etkiledigini gdstermektedir. Ayrica, elde edilen performans degerlerinin LASSO tabanli modele
kiyasla daha diisiik olmasi, LASSO’nun veri setindeki ayirt edici oOzellikleri model
performansin1 optimize edecek sekilde se¢mede Ki-Kare’ye gore daha etkili oldugunu
gostermektedir.

Cizelge 7 : Ki-Kare ozellik segimi ile dengesiz veri iizerinde makine dgrenimi modellerinin AKI
tahmin performanslart
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‘ Model || Accuracy || Precision H Recall H F1-Score H AUC |
ISVM 0.79 0.82 70 Jo.75 loss |
Random Forest lo.82 lo.77 loes  [o.72 los7 |
IXGBoost l0.88 0.89 lo76  Jo.82 .90 |

ADASYN uygulanmadan once elde edilen sonuglar incelendiginde, 6zellikle recall ve F1-score
degerlerinin gorece diisiik oldugu goriilmektedir. Bu durum, veri setindeki sinif dengesizliginin
modellerin azinlik smifim dogru sekilde tanima performansini olumsuz etkiledigini
gostermektedir. ADASYN uygulanmasinin ardindan ise tiim modellerde 6zellikle recall ve
AUC degerlerinde belirgin bir artis gozlenmis olup, bu bulgular veri dengeleme yaklagiminin
model performansini anlaml diizeyde iyilestirdigini ortaya koymaktadir.

Ozellik secimi analizleri icin uygulanan LASSO tabanli yéntemin , 6zellikle dengesiz veri
setlerinde, Ki-Kare’ye kiyasla daha yiiksek performans sagladigini gostermektedir. LASSO
tabanli yontem, toplam on iki klinik degiskeni model olarak segti. Serum kreatinin, SOFA
skoru, SAPS I, RDW ve BMI bu degiskenler arasinda en yiiksek katsay1 degerlerine sahiptir
ve bu da smiflandirma kararina en biiylik katkiyr saglamistir. LASSO’nun model odakli ve
diizenlilestirici yaklagimi, azinlik sinifin dogru sekilde taninmasinit ve genel siniflandirma
dogrulugunun artirilmasini miimkiin kilmistir.

4. Tartisma

Elde edilen bulgular, elektronik saglik kayitlarina dayali makine 6grenimi modellerinin sepsis
iligkili akut bobrek hasarinin erken tahmininde etkili bir yaklagim sundugunu gostermektedir.
Ozellikle sinif dengesizligini gidermek amaciyla uygulanan ADASYN ydntemi, azinlik sinifa
ait 6rneklerin daha iyi temsil edilmesini saglayarak model duyarliligin1 artirmistir.

LASSO ve ki-kare tabanli 6zellik se¢imi, hem istatistiksel hem de klinik agidan anlamli
degiskenleri One ¢ikararak model karmasikligini azaltmis ve genelleme performansinm
tyilestirmistir. Segilen belirleyici 6zelliklerin biiylik cogunlugu literatiirde AKI patofizyolojisi
ile iliskili 6zniteliklerle uyumludur.

Modeller arasinda XGBoost’un {istiin performans gdstermesi, artirmali aga¢ yapisinin eksik
veriye dayanikliligt ve karmasik dogrusal olmayan iligkileri modelleme kapasitesi ile
aciklanabilir. Bu sonuglar, yogun bakim ortaminda gelistirilecek erken uyar1 ve klinik karar
destek sistemlerinde XGBoost tabanli yaklasimlarin potansiyel olarak daha giivenilir ¢éziimler
sunabilecegini gostermektedir.

5. Sonug

Bu ¢aligma, yogun bakim sepsis hastalarinda SA-AKI riskinin erken donemde 6ngoriilmesine
yonelik EHR tabanli kapsamli bir makine dgrenimi yaklagimi sunmaktadir. Uygulanan 6n

23



HATTUSAS 3%P INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 13 — 15, 2026 — CORUM
ISBN NR: 978-625-5694-81-2

isleme, sinif dengeleme ve 6zellik secimi stratejileri ile birlikte XGBoost modeli yiiksek
dogruluk ve giiclii genelleme performansi saglamistir.

Gelistirilen modelin klinik karar destek sistemlerine entegre edilmesi, yiiksek riskli hastalarin
erken belirlenmesine olanak taniyarak proaktif miidahale stratejilerinin uygulanmasini ve
potansiyel olarak mortalite ile saglik maliyetlerinin azaltilmasin1 miimkiin kilabilecegi ortaya
konmustur.
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YONETIM BIiLiSiM SiSTEMLERi PERSPEKTiFINDEN URETKEN YAPAY ZEKA
VE BUYUK DIiL MODELLERIi: WOS TABANLI BiBLIYOMETRIK VE BERTOPIC
EGILIiM ANALIiZi
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OZET

ChatGPT, Gemini ve Claude gibi biiyiik dil modellerinin (LLM) hizla yayginlagsmasi, Y onetim
Bilisim Sistemleri (YBS) literatiiriinde teknoloji kabulii, karar destek ve dijital doniisiim
glindemini yeniden sekillendirmistir. Bu arastirma, YBS baglaminda LLM ve/veya iiretken
yapay zeka odakli yayinlarin biiylime dinamiklerini, isbirligi oriintiilerini ve tematik yapisini
haritalamay1 amaglamaktadir. Web of Science veri tabaninda 2016-2025 d6énemi igin "large
language model", "generative AI" ve "ChatGPT" gibi terimler, YBS baglamimi iceren
"information systems", "decision support” ve "technology acceptance" anahtar kelimeleriyle
birlestirilerek tarama yapilmistir. Yalnizca makale ve derlemelerin dahil edildigi siiregte,
tekrarl1 ve temel bibliyografik alanlari eksik olan kayitlarin temizlenmesiyle analiz korpusu
1404 yaymi kapsamaktadir. Yillik dagilim, literatiiriin 2021 yilinda tek bir yayinla bagladigin
ve 2023 sonrasinda keskin bir ivmelenme sergiledigini gdstermistir (2023: 66; 2024: 325; 2025:
1004). Ulke isbirligi aginda 94 iilke yer almus, ag yapisinda ii¢ gevsek bagli topluluk belirlenmis
ve Cin, ABD ile Birlesik Krallik merkezi koprii diigtimler olarak konumlanmistir. BERTopic
analizi 8 konu tiretmis ve dokiimanlarin %20.03’{ outlier olarak siniflanmistir. Outlier hari¢ en
baskin tema, yiiksekdgretimde ChatGPT kullanim niyetini TAM cergevesinde agiklayan
calismalardir (n=533; %47,50; 6r. “To use or not to use ChatGPT in higher education?”). Ikinci
tema, klinik karar destek baglaminda LLM dogrulugu ve RAG (retrieval augmented generation)
tabanli yaklasimlari ele almistir (n=279; %?24,87; Or. “Assessing the performance of
ChatGPT... regarding cirrhosis”). Ugiincii tema ise isletmelerde iiretken yapay zekanin firsat-
risk dengesi, bilgi yOnetimi ve operasyonel verimlilik etkilerine odaklanmistir (n=124;
%11.05). Bulgular, YBS literatiirliniin yalnizca teknik performans 6l¢iimiinden; benimseme
baglami, risk yonetimi ve sistem entegrasyonunu igeren sosyo-teknik bir perspektife dogru

genisledigini ortaya koymustur.

Anahtar Kelimeler : Biiyiik dil modelleri, Uretken yapay zeka, Yonetim bilisim sistemleri,

Bibliyometrik analiz, BERTopic
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ABSTRACT

The Internet of Things (loT) paradigm presents critical optimization challenges in sensor
network deployment and energy-aware resource management. This paper presents a
comprehensive comparative analysis of five prominent metaheuristic algorithms—Sine Cosine
Algorithm (SCA), Slime Mould Algorithm (SMA), Marine Predators Algorithm (MPA),
Particle Swarm Optimization (PSO), and Whale Optimization Algorithm (WOA)—applied to
two fundamental loT optimization problems. The first problem addresses optimal sensor
placement configuration in a two-dimensional field to maximize area coverage while
maintaining uniform spatial distribution. The second problem tackles energy harvesting
scheduling optimization for solar-powered I0T devices, aiming to maximize data throughput
while preserving battery sustainability over a 24-hour 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 an energy 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 energy-aware scheduling, highlighting the trade-offs between
convergence speed, solution quality, and computational complexity across different problem

domains.

Anahtar Kelimeler: 10T, metaheuristic optimization, sensor placement, energy-aware routing,

wireless sensor networks.

1. Introduction

The Internet of Things (loT) has emerged 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 in 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
powered 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 sensing coverage is maximized. This problem is NP-hard in its general
form [3], rendering exact optimization methods computationally intractable for practical
network scales. Similarly, energy harvesting scheduling involves determining the optimal
transmission duty cycles for multiple devices over discrete time slots, subject to battery capacity
constraints, time-varying channel conditions, and stochastic energy arrival profiles.

Metaheuristic algorithms have garnered significant attention as effective solvers for such
complex, nonlinear, and multi-constrained optimization problems. These nature-inspired
algorithms maintain a population of candidate solutions that iteratively evolve toward optimal
regions of the search space through mechanisms derived from biological, physical, or social
phenomena [4]. While numerous studies have individually applied specific metaheuristics to
lIoT 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 10T optimization problems:

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

2. Energy Harvesting Scheduling: Maximizing data throughput for 8 solar-powered I0T
devices across 48 time slots (30-minute intervals over 24 hours) while maintaining battery
sustainability.

The five algorithms under evaluation 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. Section 2 reviews 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. Section 7 concludes 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. [10] proposed potential field-based 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 placement, with early works demonstrating their superiority over random and grid-based
deployments [12].

More recently, swarm intelligence techniques have shown promising results. PSO-based sensor
deployment was explored by several researchers, demonstrating effective coverage
optimization with rapid convergence [13]. The Grey Wolf Optimizer (GWO) and Differential
Evolution (DE) have also been applied to multi-objective sensor placement formulations that
simultaneously consider coverage, connectivity, and energy balance [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, maintenance-free operation. Kansal et al. [15] introduced the concept of
energy-neutral operation, where devices 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 scheduling range from 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 slots, and non-convex 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 loT

The application of metaheuristic algorithms to 10T 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 Definition

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 variable vector is
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X = [r1, 91, 22, 42, . -, EN, YN, ] (1)

yielding a search space of dimension D = 2N, = 20.
3.1.2 Coverage Model

The deployment field is discretized into a grid of G x G target points where G = 40, giving N,
= 1600 target points. A target point is considered covered if it lies within the sensing radius of
at least one sensor.

I, ifdy: — 8. < R
o) — e lp =l 2)
0, otherwise
The coverage ratio is defined as:
1 &
(—'rl'.-l. in — 7+ ‘[' rl] ':]
t _\” ;f P ( ]

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 distribution bonus to encourage spatial
uniformity, and a boundary penalty:

IJ{XJ — iﬁr.-mti.u + B'(li.-ct - lrin:uulul [l]

The distribution bonus rewards configurations where sensors are well-separated:

!mi'z
By = min (f R- . l) x (.15 [

(] }
o

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

‘nixmlllul = (.05 x H'.lI L5y é AH [6]

3.2 Problem 2: Energy Harvesting Scheduling
3.2.1 Problem Definition

Consider a network of N¢ = 8 IoT devices, each equipped with a solar energy harvester and a
rechargeable battery. The operational period of 24 hours is divided into T = 48 time slots of 30-
minute duration each. The decision variable for device d at time slot t is ud; € [0, 1],
representing the transmission duty cycle. The complete decision vector has dimension D = N¢
x T =2384.
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3.2.2 Solar Energy Model
The solar irradiance profile follows a sinusoidal pattern during daylight hours (06:00-18:00):

A wh{ty—6) i
Eiorar (1) = {"m“( 12 ) . 6<h(t) <18 N

0. ot herwise

where h(t) = (t—1) x 0.5 is the hour corresponding to time slot t.
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¢ is the battery capacity, HY(t) is the harvested energy with efficiency n = 0.2 and slot
duration At = 0.5 h, and the energy consumption is

3.2.4 Channel Model
The channel quality for device d at time slot t is modeled as
7

Drri o
(i = Gq + 0.2sin (jl + f.}_,,u) +e, e~N(0,07), c=01 (11)

where the baseline channel quality is in [0.5, 0.8] and the noise standard deviation is ¢ = 0.1,
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

Ng T Na
P=%"%" [an- 1ea(t) < 0] +10- 1[0 < ey(t) < [}.13,1]] +3 20 1[el(T) < 02B,] (13)

d=1 ¢=1 d=1

by penalizing battery depletion events. The overall cost function to be 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 and cosine 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 exploration 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 parameters 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
strategies of 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 Aggregating Devices
(FADs) 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 position based 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 Mirjalili and Lewis [9], mimics the bubble-net 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, controlling 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 parameter settings 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 0
Upper bound 100
5.2 Problem 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 radius of R =20 m. The target grid resolution is G
=40, resulting in 1,600 target points. The decision variable vector has dimension D = 20.

5.3 Problem 2: Energy Harvesting Configuration

The energy harvesting problem involves N¢ = 8 devices and T = 48 time slots. Device
parameters are randomly generated with the following ranges: battery capacity B¢ € [10, 20]
mAMh, initial energy set to 50% of battery capacity, transmission power Py € [0.5, 2.0] W, idle
power Pide € [0.05, 0.15] W, and data rate rd € [5, 20] KB/slot. The random seed is fixed at 99
for reproducibility.

5.4 Implementation

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 stochastic variation.

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 PSO with 94.1%. WOA and MPA achieve moderate
coverage values of 90.4% and 90.1%, respectively, while SCA vyields 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 fitness ranking 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 velocity-based search effectively navigating the 20-dimensional search space. Notably,
SCA achieves a substantially lower coverage of 80.2%, indicating that its sine-cosine
oscillation pattern may be insufficient for achieving uniform spatial coverage in this problem
domain.
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6.1.2 Convergence Analysis

The convergence curves, illustrated in Figure 1, reveal distinct behavioral patterns among the
algorithms. SMA and PSO exhibit the fastest initial convergence, both reaching near-optimal
fitness values within the first 20-30 iterations. SMA achieves a slightly higher final fitness,
ultimately surpassing all competing algorithms. MPA shows characteristic step-wise
convergence due to its three-phase search strategy, with significant fitness improvement
occurring during the transition between phases around iteration 50-100. 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 fitness 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%
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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 the 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 circles representing 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 fitness
values within 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 fitness. MPA requires approximately 66 iterations to reach the 90%
threshold, reflecting its deliberate phase-based exploration strategy. WOA exhibits the slowest
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convergence behavior, requiring approximately 86 iterations to reach 90% of its final fitness
value.

6.1.3 Spatial Distribution Analysis

Figure 2 presents the 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 SCA (80.2%). The coverage heatmap of SMA reveals a well-distributed sensor deployment
across the field, where orange regions indicate single-sensor coverage, white regions denote
overlapping coverage from multiple sensors, and black areas represent uncovered gaps. The
overlap regions are primarily concentrated at the intersections of adjacent sensing ranges,
suggesting an efficient spatial tessellation with minimal redundancy.

Problem 1: Performance Summary
c ge C by Algor Coverage Heatmap - Best: SMA (94.4%)
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Figure 2. Coverage comparison bar chart and coverage heatmap of the best algorithm (SMA) for
Problem 1.

6.1.4 Inter-Sensor Distance Analysis

The inter-sensor 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 distance to reduce redundant coverage overlap while maintaining sufficient spatial
connectivity.

SMA achieves a minimum inter-sensor distance of approximately 22 m, which is slightly above
the coverage radius (R = 20 m), indicating a near-optimal trade-off 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 compact sensor grouping. PSO achieves
the highest minimum inter-sensor distance (~28 m) and the largest average distance (~100 m),
indicating that sensors are well-separated but potentially over-dispersed, which may explain
why its coverage (94.1%) is marginally lower than SMA’s (94.4%). WOA maintains a
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 inter-sensor distance comparison for Problem 1. The dashed
red line 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 the lowest cost (—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 harvesting scheduling.

Algo Cost TP (KB) Avg Final E Eff.
SCA -579.1 ~630 Moderate 7.73
SMA -833.3 ~900 Moderate 9.16
MPA -717.7 ~800 Moderate 8.24
PSO —-640.0 ~750 Moderate 8.69
WOA -517.2 ~580 Moderate 7.36

Note: TP: Throughput, Eff.: Energy Efficiency (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 shows dramatic initial oscillation in the early iterations, likely due to the exploration-
intensive Phase 1 of its search strategy in the high-dimensional space. SMA and PSO
demonstrate more stable convergence trajectories, with SMA achieving consistent
improvement throughout the optimization process. SCA and WOA converge to moderately
lower cost values.
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Figure 4. Main comparison results for the energy harvesting scheduling problem (Problem 2): solar
profile, convergence curves, throughput comparison, 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 availability for 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 (00:00-06:00) when no solar energy is available. Battery levels reach their
minimum around 08:00-10:00, after which the accumulated solar energy begins to replenish
the reserves. By the end of the 24-hour cycle, most devices maintain positive energy levels,
indicating sustainable operation.
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Problem 4: Battery & Channel Analysis
Channel Quality Map
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Figure 5. Battery 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 overlay reveals that SMA’s optimized schedule
demonstrates intelligent energy-aware 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, thereby preserving
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 of energy consumed. PSO follows
with 8.69 KB/mAh, while MPA achieves 8.24 KB/mAh.
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Figure 6. Energy efficiency comparison, per-device throughput breakdown, and device utilization by
algorithm for Problem 2.

The per-device throughput breakdown reveals significant variation 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 data rate 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 Cross-Problem Analysis
6.3.1 Algorithm Ranking Consistency
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Interestingly, SMA emerges as the top-performing algorithm in both problem domains. In the
sensor placement configuration problem, SMA achieves the highest coverage of 94.4%,
narrowly outperforming PSO (94.1%). In the energy harvesting scheduling problem, SMA
attains the best cost value (—833.3) and the highest energy efficiency (9.16 KB/mAh). This
consistent performance across both problems highlights the robustness and versatility of the
adaptive weight mechanism employed by SMA.

The strong performance of SMA can be attributed to its dynamic adjustment of search intensity
based on solution quality. In the lower-dimensional sensor placement problem (D = 20), this
mechanism enables effective spatial exploration and exploitation. 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, ranking second in sensor placement and third in energy
harvesting scheduling, confirming its reliability as a general-purpose optimizer. MPA achieves
moderate performance in both domains but exhibits slower convergence, particularly in
Problem 1. SCA and WOA consistently 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 cross-problem performance characteristics of each algorithm.

Table 4. Cross-problem 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 consistently high-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 is hampered 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 produces lower-quality
solutions, most 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 sensor placement configuration and energy-aware 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 between exploration and exploitation regardless of problem dimensionality.
PSO serves as a strong alternative, particularly for sensor placement problems with moderate

39



HATTUSAS 3RP INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 13 — 15, 2026 - CORUM
ISBN NR: 978-625-5694-81-2

dimensionality, where it achieves near-optimal 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 inferior solutions and are not
recommended as primary choices for these 10T optimization problems.

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

algorithms—SCA, SMA, MPA, PSO, and WOA—applied to two critical loT optimization
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, closely 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 spatial exploration and exploitation in the 20-dimensional search space.

2. Energy Harvesting Scheduling: SMA attained the best throughput with a cost of —-833.3 and
an energy efficiency of 9.16 KB/mAh, demonstrating superior performance in the high-
dimensional (384-D) search space. The optimized schedules exhibited intelligent energy-aware
behavior, concentrating transmissions during periods of solar energy availability to maximize
throughput while preserving battery sustainability.

3. Cross-Problem Insights: SMA consistently achieved the top rank across both problem
domains, demonstrating its versatility and robustness as a general-purpose optimizer for loT
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 problems. MPA showed characteristic phase-dependent 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, multi-objective formulations that
simultaneously optimize coverage, energy consumption, and network lifetime could provide
more realistic problem models. Second, hybrid algorithms that combine the strengths of top-
performing metaheuristics (e.g., SMA-PSO hybrids) may yield further improved performance
beyond what either algorithm achieves individually. Third, adaptive parameter tuning
mechanisms could enhance algorithm robustness across varying problem dimensions and
constraint structures. Finally, experimental validation on real-world loT testbeds would
strengthen the practical applicability of the findings.
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ABSTRACT

The 0/1 Knapsack Problem (KP) is a classical NP-hard combinatorial optimization problem
with significant practical relevance in resource allocation. As exact methods become
computationally intractable for large-scale instances, metaheuristic algorithms offer viable
alternatives for obtaining near-optimal solutions. This study presents a comparative analysis of
five nature-inspired 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 Predators 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 varying scales (10-100 items),
capacity ratios (20%, 40%, 70%), and weight—value 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 achieves the 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 exploration—exploitation balance through
sinusoidal fluctuation patterns in discrete search 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, Nature-inspired computing, Benchmark comparison
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1 Introduction
The 0-1 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 objective is to select a subset of items that maximizes total value without exceeding
a predefined capacity. Due to its NP-hard nature [3], exact solution methods become
computationally impractical for large-scale instances.

Metaheuristic optimization algorithms have 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]. However, 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 0-1 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 transfer function is
employed to map continuous decision variables into binary space [8]. Constraint violations are

handled using a penalty-based fitness function [9]:
flz) = —TotalValue 4+ A max(0, TotalWeight — '), (3)

where A is the penalty coefficient.

3 Metaheuristic Algorithms
Five population-based metaheuristic algorithms are investigated:
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e Whale Optimization Algorithm (WOA) [10]

e Slime Mould Algorithm (SMA) [11]

e Particle Swarm Optimization (PSO) [12]

e Sine Cosine Algorithm (SCA) [13]

e Marine Predators Algorithm (MPA) [14]
All algorithms operate under identical experimental conditions, including population size,
iteration number, and search boundaries, ensuring a fair comparison [15].

4 Experimental Setup
Eight knapsack datasets are considered, representing diverse problem characteristics [7]:

e Small, medium, large, and very large-scale problems

e Strongly and weakly correlated item structures

e 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 rank-based evaluation [15].

5 Results and Discussion
5.1 Knapsack Problem Instances

To comprehensively evaluate the performance of the considered metaheuristic algorithms,
eight heterogeneous 0-1 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 problem size, item correlation structure, and capacity tightness
[7].
For each dataset, the knapsack capacity C was computed as:

C' = round (ﬁi ”';‘) \ (4)

i1

where p denotes the capacity ratio.
5.1.1 DS1: Small Scale (10 Items)
DS1 represents a small-scale knapsack problem with a fixed and explicitly defined set of items.
The item weights and values are deterministically specified as:
w =15, 8, 3,12, 7, 15, 10, 2, 6, 9],
v =[20, 45, 12, 60, 35, 80, 55, 8, 25, 40].
The capacity ratio is set to p = 0.40, resulting in a moderately constrained knapsack. This

dataset serves as a baseline for evaluating algorithmic behavior on low-dimensional problems.
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5.1.2 DS2: Medium Scale (20 Items)

DS2 is a medium-scale 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 fixed at p = 0.40. This dataset introduces higher dimensionality
while maintaining deterministic item definitions.

5.1.3 DS3: Large Scale (50 Items)

DS3 is a large-scale 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),

with a fixed random seed of rng(100) to ensure reproducibility. The capacity ratio is set to p =
0.40. This dataset is used to assess scalability and exploration capability in higher-dimensional
search spaces.

5.1.4 DS4: Very Large Scale (100 Items)

DS4 extends the problem size to 100 items, representing a high-dimensional knapsack

instance. The item parameters are generated as:
w; ~ W(1,80), v ~ (5, 300),
using the random seed rng(200). The capacity ratio remains p = 0.40. This dataset evaluates
algorithm robustness and convergence behavior under very 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 according 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 p = 0.40. This dataset reflects scenarios where value-to-weight ratios are
nearly uniform.

5.1.6 DS6: Weakly Correlated Items (30 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 dataset is generated using rng(400)
and employs a capacity ratio of p =0.40. This instance tests algorithm performance under noisy
and irregular value distributions.

5.1.7 DST: Tight Capacity (25 Items)

DS7 is designed to examine algorithm behavior under severe capacity constraints [2]. It
consists of 25 items with:

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

generated using rng(500). A tight capacity ratio of p = 0.20 is employed, significantly
restricting feasible solutions.

5.1.8 DS8: Loose Capacity (25 Items)

DSB8 uses the same item generation scheme as DS7 but 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 p = 0.70. This dataset represents scenarios with high
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 exploration in early 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
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The boxplot distributions in Figure 2 reveal that SCA and SMA achieve both higher median

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

indicating instability and poor robustness. Statistical robustness analysis follows the

methodology suggested in [15].

Small Scalo {10 Hams) Mudluﬂ!:a%@%ﬁsf - Boxplot Dlslrlhutlgpggmh 50 ftoms) Vry Large Scalo (100 tems)
152
503 e - s —
L I I —+ = 3600, s i T + E3
60— 50, T = H 1 -+
5 P 400/ L _— w50 + ; {
158~ 480r - 5200 I o) =
. - g | i 3 3
| { FAE T £ 3000 T asoo|
i 1 = 3 Y ;
! i £ 1m0 2 3 4
1 & F 200 — = B0
150 479 ToEO
I 600+
a8+ = ATt T H a0
o 2200
10 e B0
I 160 2200
Woh  SMA  FEO BGA  WPA WoA  SMA PED BGA  MPA WoA SMA PSO BCA MPRA WaA  BMA  PSO EGA  MPA
Strongly Correlsted (30 items) Wweakly Correlated (30 items) Tight Capacity (25 items, 20%) Locse Capacity {25 ems, 70%)
5
T = = — O - . — 1 = 1000 .
H 850) ==
a0 L
5. 895 - = — = ‘ ]
75 == : 0 = 183 + -
T + . | + |
1 L w50 == - |
o 1000 ° a0t +
ol o)
- 5 o0 3 + ERTE
3 & 650 H —_—
L D 8 Eor g
Tl E 500 R
L 3 son i g
T 550) Jo0
r0f ol — o
- | af |
P 1500
L sou- ;
40 400 1860r—1
ST ol |+ | £
WOh BMA PBO BUA WPA WOA BWMA PEO S0n WPA WOA SMA SO SGA  MRA WOA M P8O SGA NPA

Figure 2: Boxplot distributions of solution quality

5.1.11 Scale and Capacity Sensitivity

Figures 3 and 4 illustrate algorithm performance under increasing problem size and varying

capacity ratios. SCA maintains superior scalability, particularly in large-scale 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 the majority of datasets, followed by SMA and
MPA. The overall average ranking confirms SCA as the best-performing algorithm, while
WOA ranks last. The ranking methodology follows the Friedman test-based statistical
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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 0-1 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.
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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, falsity, and indeterminacy functions. Using
these functions, we construct stability-valued neutrosophic positively directed sets through
positive directions. Subsequently, desired operations on these sets are presented together with

their properties.

Keywords: Neutrosophic sets, Stability-valued neutrosophic positive-directed 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 such vagueness 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 membership function 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 non-membership function, allowing a more flexible representation of
uncertainty. However, since the sum of the membership and non-membership degrees is still

restricted to the 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 independently,
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 conducted on neutrosophic sets and

their applications in various fields suc as [1,3,4-10,13,14].

Nevertheless, although hesitant-type functions have been considered within intuitionistic fuzzy
set theory, a positively directed structure incorporating a hesitancy perspective has not been
sufficiently developed in the neutrosophic sets. Therefore, in this study, in order to expand the
theoretical scope of neutrosophic sets, stability-valued neutrosophic positively directed sets are
constructed, and their fundamental concepts and properties are systematically developed.

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

the membership function u,: X — [0,1] is defined as

A = {(x, uy(x)): x € X}

Definition 2. [2] Let X be a non-empty set and xeX. Then, on X, a intuitionistic fuzzy set |
with T;(x) — [0,1] as a membership function and F,(x) — [0,1]as a non-member function, is

defined as follows,
I = {(x, T;(x), F;(x) >:x € X}

where 0 < T;(x) + F;(x) <1 forevery x € X.

Definition 3. [12] Let X be a non-empty set and x € X. Then, a neutrosophic set A is defined

as
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A = {<u, (Ty(x), 14(x), Fs(x)) >:x € E, To(x), I4(x), F4(x) € [0,1]}.

where T,(x) — [0,1] is the truth-membership function, I,(x) — [0,1] is the indeterminacy-
membership function, and F,(x) — [0,1] is the falsity-membership function such that 0 <
T (x) + 1,(x) + Fy(x) < 3.

Definition 4.[11] Let 4; = {< X, (Tl(x),ll(x),Fl(x)) >:x€X, T(x),I,(x),F(x) € [0,1]},
A, = {<u, (Ty(x), L(x),F,(x)) >:1x € X, To(x), I,(x), F,(x) € [0,1]} be two neutrosophic
sets. Then,
1. Ay @ Ay = {(x, Ty(x) + T (x) = Ty (). T (), I, (). I, (), Fy, (). F (x)): x € X}
dir.
2. A @ Ay = {(x, Ty (x).To(x), I, (%) + L,(x) — [, (). [, (%), F;(x) + F,(x) —
Fi(x).F,(x)):x € X}
3. My ={(x1- (1-T,x)" LA F(0)*:x € X}

4. A} = {6 TN — (1 L)) 1 - (1 - F®)Yy:x € X},

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

intuitionistic fuzzy sets and neutrosophic sets in [3-14]

Definition 5. Let X be a non-empty set and x € X. Then, a stability-valued neutrosophic
negative directed sets (SVND) Y on U are characterized by T,(x) — [0,1] truth-membership
function, I,(x) — [0,1] indeterminacy-membership function, F,(x) — [0,1] falsity-

membership function and I1,(x) — [0,1] hesitant-membership function and defined as

Y ={<u (1-1w),TwW),F,),I*w)) > ue Ul

where 117 (w) = T (w). 11 (w) such that T, (w) = |1 — (T,(w) + F,w)))|
dir. Burada, IT* (u) is the positive-directed falsity-membership value of the element w.
Note that the collection of all SYND sets on U is denoted by SYND(U).
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Definition 6. Let ¥; = {< u, (1 — I, (w), Ty (w), Fy(w), I} (w)) >:u € U},

Y, = {<u (1-Lw),T,w),F,w),0s(uw) >:u € U} € SND(U). Then,

O halde,

L h¥FL= <Kx(1-Lw)+(1-LwW)-(1-Lw)A - Lw),Ty(w) + T,w) —
(MW, W), FLW)F, (W), I (w) + 113 (W) — (11 115 () >: u € U}

2 XY, = {<x (1 - 11(u))(1 - Iz(u))' (T1(U)T2(u))'F1(u) + F(u) — (F1(U)F2(u))
' (WIS (u) >: u € U}

3. A= {<x1- (1 —(1- Il(u)))l, 1-(1- Tl(u))’l, FFw*t1 -1 -1 ) >: ue U}

4 Y= <x(1-Lw) Twhl-1-FEw),fw) > ue v
Definition 7. Let Y = {< u, (1 — I(w), T(w), F(w), 1*(w)) >:u € U} € SYND(U). Then,
1. The 1. score value of Y, denoted by M, (Y), is defined as follows:
2+(1-1wW)+T@W) +r*w) — Fw)]
4
2. The 2. score value of Y, denoted by M, (Y), is defined as follows:

[(1 - I(u)). (2 +T)+nt(u) — F(u))]
3
3. The 3. score value of Y, denoted by M5(Y), is defined as follows:
1+[(1-1W).TW.n*(w) — (1 - 1(w). FwW)]
2
Also, for Y, = {< u, (1 - (W), Ty (W), (W), I (W) >uel}, ¥V, ={<u(1-

M (Y) =

M,(Y) =

M3 ) =
L(w), T,(w), F,(w), 17 (w)) >:u € U} € SYND(U), M;(Y;) and M;(Y) be the i-th (i=1,2,3)
score values of for ¥; and Y,, respectively.
Then, the comparison between Y; and Y,, is made as follows:

L M) <M iseh, <Yy
2. Mi(h) =M iseh, =1,

From now on, for the sake of brevity, we use ((1 —I),T, F, IT*) instead of (x, (1 —
1), T (), F (%), 17 (%))

56



HATTUSAS 3%P INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 13 — 15, 2026 — CORUM
ISBN NR: 978-625-5694-81-2

Definition 8. LetY; = ((1 — I,),T;, F;, I1}') , i € I, = {1,2,...,n} be a collection SVND sets Let
w; be the weight of ¥; and let w = (wy, w,, ..., w,) such that w; € [0,1], X7, w; = 1. Then,
Then, the weighted SYND arithmetic aggregation operator denoted by sy (¥;,Y>,...,Y,) and
defined as;

sh(1,Y5,..., 1) = L wY;

Based Definition 6, the operatér sy’ (Y1,73,...,Y;,) is given as;

Theorem 9. LetY; =((1 - 1,),T;, F;, 1}y , i € I, = {1,2,...,n} be a collection SVND sets Let
w; be the weight of ; and let w = (wy, w,, ..., w,) such that w; € [0,1], X7, w; = 1. Then,

Then, the weighted SVND arithmetic aggregation operator sz’ (13,Y5,...,Y;,) calculated as;

Wi . i
SXV(Y.L Y'Z' ey Yn) = (1 - ®:l=1(1 - (1 - Il)) ] 1- ®:l=1(1 - Ti)Wl' ?=1F;W ) 1-
Q1 (1 —11;)"i)

Example 10. Let ¥; = (0.1,0.3,0.7,0.3), ¥, = (0.2,0.4,0.6,0.4) , ¥; = (0.1,0.1,0.9,0.1), ¥, =
(0.1,0.3,0.7,0.3), ¥s = (0.4,0.2,0.6,0.36) € SYND(U) and w = (0.1,0.2,0.4,0.1,0.2).

Then, sy (11, Y5, 75,7, Ys) is found as;

YY) =(1-05,(1-1-1))"1-®L,(1 - T)",®%_,F", 1 - ®, (1 — II;)¥i)
= (1 - (0.9°10.8%20,9%40.9910.6°2),1 — (0.7°10.6°20.9%40.7°10.8°?),
0.7°10.6°%0.9°#0.7°10.6°2,1 — (0.7°10.6°20.9°*0.7°10.64%2))
= (0.189424,0.229159,0.727741,0.262804)

Definition 11. Let Y; =((1 — [,), T;, F;, 1}y , i € I, = {1,2,...,n} be a collection SYND sets
Let w; be the weight of ¥; and let w = (wy,w,,...,w,) such that w; € [0,1], XL w; = 1.
Then, Then, the weighted SYND geometric aggregation operator denoted by s (Y1, Y5,...,Y;,)

and defined as;

sé (1, Ys,..., ) = @1, ;"

Based Definition 6, the operator s (13,75, ..., Yy) is given as;
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Theorem 12. LetY; = (1 — I),T;, F;, I1;") ,i € I, = {1,2,...,n} be a collection SVND sets Let
w; be the weight of ¥; and let w = (wy, w,, ..., w,) such that w; € [0,1], X7, w; = 1. Then,

Then, the weighted SYND geometric aggregation operator sp (13, Y5, ...,Y;,) calculated as;

SEV(Yl' YZ' veey Yn) = (®?=1(1 - [l.)Wi, ®?=1(Ti)wi! 1- ®:l=1(1 - Fi)wi! ®?=1(Hi+)wi>

Example 13. Let ¥; = (0.1,0.4,0.6,0.5), ¥, = (0.2,0.4,0.1,0.1) , Y3 = (0.4,0.6,0.2,0.36), ¥, =
(0.1,0.3,0.7,0.3), ¥s = (0.2,0.4,0,0.4) € SYND(U) and w = (0.1,0.2,0.4,0.1,0.2).

Then, s’ (131,13, Y3,7,,Y5) is found as;

Sg/(y.l' Y'Z' YS' Yél-i YS) = <®15=1(1 - Ii)Wil ®i5=1(Ti)Wil 1- ®15=1(1 - Fi)wil ®15=1(H1+)Wl>
= (0.730037,0.457091,0.27556,0.288763)

Definition 14. Let ¥; = ((1 = 1,),T;, F;, 1) , i € I, = {1,2,...,n} be a collection SYND sets
Let w; be the weight of ¥; and let w = (w;,w,,...,w,) be a weighted vector such that w; €
[0,1], Xicaw; =1 and v = (v, vy,...,v,) be a position such that v; € [0,1], ¥7-,v; = 1.
Then, the weighted hybrid ordered arithmetic operator denoted by s/, ,(¥;,%;,...,¥,) and

defined as;

q n
SonaL Yo, 0, ) = \/@ k_lwk(Bk)q

Y.

Here and B;, denotes the k-th largest B; = n.V;.Y;

]

Also, we have based on Definition 6 as;

Theorem 15. . LetY; = ((1 — L)), T;, F;, [Ty , i € I, = {1,2,...,n} be a collection SVND sets
Let w; be the weight of ¥; and let w = (wy,w,,...,w,,) be a weighted vector such that w; €
[0,1], Xieaw; =1 and v = (v, vy,...,v,) be a position such that v; € [0,1], ¥7., v; = 1.

Then, the weighted hybrid ordered arithmetic operator sl ,(¥1,Y;,...,Y,) calculated as;
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Seua(1 Ve 1) = {@F_ wi (BT
s (1, Ya,....Y) = @koqwi By
=(1- @ (1- 1 —1))" 1= @y (1 — T)Wk, @1 Fy'¥ 1 — @y (1 — IT7)™E)
Bi = ((1— 1), Ty, Fie, IT}})
(B =(A-1)%(T)%1 - (1—F)% (1))
Shia = (1= @ (1= (1= 1", 1 - @y (1 - T9) " @y (1 — (1 = KDY,
1— @1 (1 — (LH)T)Wr)
s (Yoo 1) = (1= oy (1= (1 = [V, (1 - @, (1- 1)) ",
(®r=1(1— (1= F)DW)Y4, (1 — @, (A — (TH)D)WK)1/4)

4, Conclusion

In this study, we have extended the theoretical framework of neutrosophic sets by introducing
stability-valued neutrosophic positively 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
enhances the expressive power of neutrosophic modeling, particularly in situations involving
incomplete, inconsistent, or indeterminate information. Furthermore, we have defined several
operational laws for stability-valued neutrosophic positively directed sets and investigated 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 taking the hesitant degree in
intuitionistic fuzzy sets into consideration, stability-valued neutrosophic negatively directed
sets are constructed through negative directions. Furthermore, the distance measure concept
available in the literature is extended to this new structure. Finally, a multi-criteria decision-
making method based on stability-valued neutrosophic negatively directed sets is proposed.

Keywords: Neutrosophic sets, Stability-valued neutrosophic negative-directed sets, distance

function, decision making

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
real-life problems involving uncertainty. For instance, when attempting to model whether a
football team “played well” in a match, it is not possible to reach a solution based on a sharp
true—false judgment. To model such uncertainty, Zadeh[13] developed fuzzy set theory by
introducing a membership function 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 not strictly
complementary. To overcome this limitation, Atanassov[2] proposed intuitionistic fuzzy set
theory. In this framework, both membership and non-membership functions are defined, with
the restriction that their sum must lie within the interval [0,1]. For example, 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 taken into 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 functions—truth, falsity, and independence—defined
independently on the interval [0,1], Smarandache[10] developed neutrosophic set theory. Over
time, detailed studies such as [1,3-7,9,11,12] have been conducted on these theories. In this
study, the construction of the truth and falsity functions naturally gives rise to a hesitation-like
component similar to that in intuitionistic fuzzy sets. Since this value may sometimes play a
significant role, in this study stability-valued neutrosophic negatively directed sets are
constructed so that this component can have a negative influence on the decision-making

process.

5. PRELIMINARIES

Definition 1.[13]Let X be a non-empty set. A fuzzy set denoted by A on X and defined by the

membership function p4: X — [0,1] is defined as
A = {(x,ua(x)): x € X}

Definition 2. [2] Let X be a non-empty set and xeX. Then, on X, a intuitionistic fuzzy set |
with T;(x) — [0,1] as a membership function and F,(x) — [0,1]as a non-member function, is

defined as follows,
I = {(x, T;(x), F;(x) >:x € X}

where 0 < T;(x) + F;(x) <1 forevery x € X.
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Definition 3. [12] Let X be a non-empty set and x € X. Then, a neutrosophic set A is defined

as
A = {<u, (Ty(x), 14(x), Fs(x)) >:x € E, To(x), I4(x), F4(x) € [0,1]}.

where T,(x) — [0,1] is the truth-membership function, I,(x) — [0,1] is the indeterminacy-
membership function, and F,(x) — [0,1] is the falsity-membership function such that 0 <

T (x) + 1,(x) + Fy(x) < 3.

Definition 4.[8] Let A; = {< X, (Tl(x),ll(x),Fl(x)) >:x€X, T(x),I,(x),F,(x) € [0,1]},
A, = {<u, (Ty(x), L,(x),F,(x)) >:1x € X, To(x), I,(x), F,(x) € [0,1]} be two neutrosophic
sets. Then,
5. A, @ A, = {(x, Ty (%) + Tp(x) = Ty(x). To(x), I, (). I, (x), F; (x). F, (%) ): x € X}
dir.
6. Ay ® Ay = {(x, Ty (x). Ty (%), I (x) + L (x) — I, (x). I, (x), Fy (x) + Fy(x) —
Fi(x).F,(x)):x € X}
7. My ={x1— (1 =T(0))" LG FL ()Y x € X)

8. A= {(x,T\()*1—(1-L®) 1-(1-F©)"):x € x}.

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

neutrosophic sets in [1,12].

Definition 5. Let X be a non-empty set and x € X. Then, a stability-valued neutrosophic
negative directed sets (SVND) Y on U are characterized by T,(x) — [0,1] truth-membership
function, I,(x) — [0,1] indeterminacy-membership function, F,(x) — [0,1] falsity-

membership function and I7,(x) — [0,1] hesitant-membership function and defined as

Y ={<u, (1 — I(u),T(u),FA(u),H‘(u)) >:u € U}

where 117 (w) = F(w). IT(u) such that I, (w) = |1 — (T, (W) + F4(w))|
In here, IT* (u) is the negative-directed falsity-membership value of the element w.
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Note that the collection of all SYND sets on U is denoted by SYND(U).
Definition 6. Let ¥; = {< u, (1 — I; (w), Ty (w), Fy(w), 17 (w)) >:u € U},
Y, = {<u (1-Lw),Tw),F,w),; () >:u € U} € SND(U). Then,

L h¥h = <Kx{(1-LW)+(1-Lw)-1-Lw)1 - LW} {NHwW + T, — (T,(WT,W))}

' {FLF,@)}, Iy Wi (w)} >: u € U}

LY, = {<x{(1-Lw)(1-Lw)}{(TTw)}{F W)+ F,w) — (FWF,w))}
ANy () + 1Ty (W) = (M7 W15 (W)} >: u € U}

3. 2= {<x{l— (1= (1- L)) 1 - (1 - )} (@™ (1 (W) >: we )

4. Yf1 = {<x, {(1 - 11(u))l}» {T1(U)A}»{1 - (1 - F1(u))ly{1 - (1 - Hf(u))/l} >: u €U}

Definition 7. Let Y = {< u, (1 — I(w), T(w), F(w), 1~ (w)) >:u € U} € SND(U). Then

1. The 1. score value of Y, denoted by M, (Y), is defined as follows:

2+(1-1W)+T@w) —Fuw —n~ W]
4
2. The 2. score value of Y, denoted by M, (Y), is defined as follows:

[(1 - I(u)). (2 +T(uw) — F(u) — n_(u))]
3
3. The 3. score value of Y, denoted by M;(Y), is defined as follows:
1+ [(1-1W).Tw) — (1 -1(w).Fw).m~ W]
2
Also, for Y, = {<u, (1 - (W), Ty(w), (W), My (W) >uel}, ¥, ={<u(1-

M (Y) =

M,(Y) =

M3(Y) =

L(w), T,(w), F,(w), I3 (w)) >:u € U} € SYND(U), M;(Y;) and M;(Y) be the i-th (i=1,2,3)

score values of for ¥; and Y,, respectively.
Then, the comparison between Y; and Y,, is made as follows:

3. M) <M(M)isel; <V
4. M) =M0)iseV; =T

From now on, for the sake of brevity, we use ((1 —I), T, F, I1") instead of (x, (1 —

1Gx), T (x), F(x), 117 (x)).
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Definition 8. LetY; =((1 - 1,),T;, F;, 1) ,i € I, = {1,2,...,n} be acollection SYND sets Let
w; be the weight of ¥; and let w = (wy, w,, ..., w,) such that w; € [0,1], X7, w; = 1. Then,
Then, the weighted SYND arithmetic aggregation operator denoted by sy’ (13,75, ...,Y,) and
defined as;

sy (1, Ya,..., 1) = @, wiY;

Based Definition 6, the operator sy’ (13,75, ...,Yy) is given as;
Theorem 9. LetY; =((1 —1,),T;, F;, I1;7) , i € I, = {1,2,...,n} be a collection SYND sets Let
w; be the weight of ¥; and let w = (wy, w,, ..., w,) such that w; € [0,1], X7, w; = 1. Then,

Then, the weighted SVND arithmetic aggregation operator sz’ (13,Y5,...,Y;,) calculated as;

wi ) i _ )
S,XV(YD Y'z, ey Yn) = <1 - ®?=1(1 - (1 - Il)) ) 1- ®?=1(1 - Ti)Wll ?=1F;W ) ®1[1=1(Hi )Wl)

Example 10. Let ¥; = (0.1,0.3,0.7,0), ¥, = (0.2,0.4,0.6,0), ¥; = (0.1,0.1,0.9,0), Y, =
(0.1,0.3,0.7,0),, Yz = (0.4,0.2,0.6,0.12) € SYND(U) and w = (0.1,0.2,0.4,0.1,0.2).

Then, sy (11, Y5, 75,7, Ys) is found as;

wi , i N
(Y, VY Ys) = (1-®L(1-(1-1)) 1 -8 (1 - T)", ®F", @, (1))
= (1 — (0.9°10.8°20,9°40.9%10.6°2),1 — (0.7°10.6°20.9°40.7°10.8°2),
0.70'10.60'20.90'40.70'10.60'2 00.100.200.400.100.12)
= (0.189424,0.229159,0.727741,0)

Definition 11. Let Y; =((1 — 1,),T;, F;, 1) , i € I, = {1,2,...,n} be a collection SYND sets
Let w; be the weight of ¥; and let w = (wy,w,,...,w,) such that w; € [0,1], X[, w; = 1.
Then, Then, the weighted SYND geometric aggregation operator denoted by sy (Y1, Y5,...,Y;,)

and defined as;

SEV(YDYZ'""Yn) = 11'1=1Y.'Wi

1

Based Definition 6, the operator s (13,75, ..., Yy) is given as;
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Theorem 12. LetY; =((1 - I),T;, F;, I1;) ,i € I, = {1,2,...,n} beacollection SYND sets Let
w; be the weight of ¥; and let w = (wy, w,, ..., wy,) such that w; € [0,1], 7=, w; = 1. Then,

Then, the weighted SYND geometric aggregation operator s (Y3, Y>,...,Y,) calculated as;
s¢ V1Yo, .., 1) = (@i (1 — )Y, Qi (TH™, 1 — @1, (1 — F)Yi, 1 — @i, (1 — 11;)™7)

Example 13. Let ¥; = (0.1,0.4,0.6,0.2), ¥, = (0.2,0.4,0.1,0.12), Y5 = (0.4,0.6,0.2,0.18), ¥, =
(0.1,0.3,0.7,0), Y; = (0.2,0.4,0,0.4) € SYND(U) and w = (0.1,0.2,0.4,0.1,0.2).

Then, s’ (131,13, Y3,7,,Y5) is found as;

sV, Yo, Y3, Yy, Ys) = (®72; (1 — DY, Q7 (THWi, 1 — ®;_, (1 — F)Wi, 1 — ®;_; (1 — II7)™i)
= (0.730037,0.457091,0.27556,0.266934)

Definition 14. Let Y; = ((1 — ), T}, F;, I1;7) , i € I, = {1,2,...,n} be a collection SYND sets
Let w; be the weight of ¥; and let w = (wy,w,,...,w,,) be a weighted vector such that w; €
[0,1], Xiaw; =1 and v = (v, vy,...,v,) be a position such that v; € [0,1], ¥7., v; = 1.

Then, the weighted hybrid ordered arithmetic operator denoted by s/, ,(¥3,%,...,Y,) and

defined as;

q n
SonaL Yo, o, 1) = \/@ k_lwk(Bk)q

Y.

Here and B;, denotes the k-th largest B; = n.V;.Y;

]
Also, we have based on Definition 6 as;
Theorem 15. . LetY; =((1 - ), T;, F;, I1;) , i € I, = {1,2,...,n} be a collection SYND sets
Let w; be the weight of ¥; and let w = (wy,w,,...,w,,) be a weighted vector such that w; €
[0,1], Xieaw; =1 and v = (v, vy,...,v,) be a position such that v; € [0,1], ¥7., v; = 1.

Then, the weighted hybrid ordered arithmetic operator ngA (1, Y,,...,Y;,) calculated as;
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SgHA(Y;l! YZJ'--!YTL) = ‘i/®;(l=1wk(Bk)q
Y Yo ) = @F wicBy
=(1- 7l;l=1(1 -(1- Ik))Wk' 1- 2:1(1 - Tk)Wk'®;cl=1FWk: 111:1(”1;)‘”")

B, =((1—1), Ty Fy II7)
B! =(Q1-1)4, (T, 1-A-F)4,1-1-1I,)%

sdys = (1 =@ (1= (1 =L)D", 1 — @, (1 - T, @F_ (1 — (1 — F)T)™s,
(1= (1= (I))ve)

A\
S8 oo 1) = (1= 81, (1 = (1 = L0019, (1 - @, (1 - 19)") ™,
(@21 (1 — (1 = F)DYOY, (@, (1 — (1 — (I)7)W)4)

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

Let O = {04, 0, ..., 0, } be the set of criteriaand X = {x;, x5, ..., X, } be the set of alternatives.

Then, let the value of the i-th alternative with respect to the j-th criterion be denoted by S;; =<

(1 _Iij'Tij'Fij'Hi; > (l = 1,2,...,m; _]= 1,2,...,7’1) . The matrix (Slf)mxnls 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 SVND decision matrix (S;;)

Step 2. Let the weight of that criterion be w;(j = 1,2,...,n), ¥j-; w; = 1, and provide the

weight vector W = (wy, wy, ..., wp);

Step 3. Provide the position weight vector V = (vq, v,,..., 1,)7, with its value set to
v;i(j=12,...,n), Z}lzlvj =1

Step 4. Calculate the SYND decision matrix of size (S};)mxnusing S, =mw.S;, (i =

1,2,....m;j =1,2,...,n).
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Step 5. Sort the elements $;;(i = 1,2,...,m) in non-decreasing order according to Equations
[skorl]-[skor3], and determine the k-th largest SYND value as i¢in Ekj =(1-

Ixj, Tkj» Fij, Ii;) for each j. Then construct the (gkj)mxn SvND decision matrix.

Step 6. For each alternative i, determine the comprehensive evaluation s; =

S& (B, By, - -+, Bin) Using the SYND generalized hybrid weighted average operator.

Step 7. For each alternative i, find the score values of s; for the comprehensive evaluation

si = Sgy(Br1, By, - .., Bin) according to Equations [skorl]-[skor3], and then sort them.”

Numerical Example:
In this section, an application is presented on how the SvND sets can be used within the
generalized hybrid weighted average method for a multi-criteria decision-making problem
related to supplier selection. The goal is to determine the best supplier and the ranking order of
suppliers for a company using the SvND generalized hybrid weighted average method

algorithm.

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

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

o Performance (o,): Delivery, quality, price.

e Technology (o,): Production capacity, design capability, ability to adapt to
technological changes.

« Finance (03): Economic performance, financial stability.

« Organizational Culture and Strategy (o,): Sense of trust, internal and external

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

These four attribute sets are denoted by O = {04, 05, 03, 0,}. After the initial evaluation, four
suppliers have been identified for further assessment and selection. This set of four suppliers

is denoted by X = {x;, x5, X3, x,}.

Algorithm:
Step 1. Let O = {04,0,,03,0,} be the set of criteria and X = {x;, x,, x,, x,} be the set of
alternatives. The elements S;; =< (1 —1I;;, Ty, Fyj, IT;; > (i =1,23,4; j=1233) of
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SvND represent the evaluation of alternative x; with respect to criterion o; as given by the

decision maker. The (S;;), , SVND decision matrix 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) {((03,04,05,005) ((0.4,05,03,0.06)
Al os | (01,01,090%  (01,03,07.0) ((0402,06,012} (03,03,050.1)

0s \((03,02,04,016) (050.6,02,004) ((04,02,05,015) (02,02,01,007)

Step 2. Let w;(j = 1,2,3,4) be the weight of criterion o;, and provide the weight vector w
W = (0.35,0.3,0.25,0.10)7 such that the sum equals Z;*zle =1.

Step 3. The position weight vector V = (v, v,,...,v,)" associated with S5 is given as
v = (0.24,0.26,0.26,0.24)7

Step 4. The SVND sets are calculated using S’:; =mw.5;, (A =12,...mj=12,...,n)

for

So11 = 4%x035x%x8;;

4 % 0.35 % (0.1,0.3,0.7,0)

<(1 _ (1 _ 0_1)4><0.35, (1 _ (1 _ 0.3)4><0.35' 0.74><0.35’ O4><0.35>
= (1-09"%,1-0.7",0.7"0"*)

= (0.1372,0.3930,0.6069,0)

Similarly, the other SYND sets are also obtained.

The Soij =m. Wi'SOi]'(i = 1,2,3,4;j = 1,2,3,4)and SVND decision matrix are given as

follows with S, = (Soij)

4X4

(0.1372,0.3930,0.6069,0)  (0.3930,0.2683,0.4891,0.0513)

(50) = (0.2349,0.4582,0.5417,0) (0.2349,0.4582,0.1449,0.482)
O/ 4x4 (0.1,0.1,0.9,0) (0.1,0.3,0.7,0)

(0.1329,0.0853,0.6931,0.4804) (0.2421,0.3068,0.5253,0.2759)
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(0.6210,0.3930,0.1853,0.0513)  (0.8146,0.5108,0.4891,0)
(0.3481,0.4582,0.4352,0.0274) (0.4582,0.5647,0.2358,0.0341)
(0.4,0.2,0.6,0.12) (0.3,0.3,0.5,0.1)
(0.1848,0.0853,0.7578,0.4682) (0.0853,0.0853,0.3981,0.3451)

Step 5. The scores of the alternatives (suppliers) SZ ,on the four attributes (o;,i = 1,2,3,4) of

the intuitive fuzzy sets are calculated as follows:

. 1+ [(1 = L) Ty Fyyl1;
M (S"ij) - 2
M(S,,) =0,0211
M(S,,,)) =0,0493
M(S,,,) =0,009
M(S,,,) =-—0,0410
M(S,,) =0,0391
M(S,,,) =0,0744
M(S,,,) =0,009
M(S,,,) =-0,0079

M(S,,,) =0,1656
M(S,,,) =0,0792
M(SO33) =0
M(S,,,) =-0,0623
M(S,,,) =0,2125
M(S,,,) =0,1531
M(S,,,) =0,021
M(S,,,) =-—0,0098

Qo

N
vV V V V

N
V V. V V
vV V V V

As a result:
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E11 = 5014» By, = 013’ B3 = 5012: By = 5011
§21 = ~024: gzz = §023» §23 = 5022, §24 = 5021
E31 = ~034’ E32 = S~031’ E33 = S~032' E34 = 5033
§41 = ~o42' §42 = S~o44; §43 = 50411 §44 = 5043
(0.8146,0.5108,0.4891,0) (0.621,0.393,0.1853,0.0513
(Bkj) _ / (0.4582,0.5647,0.2358,0.0341) (0.3481,0.4582,0.4352,0.0274)
4x4 \ (0.3,0.3,0.5,0.1) (0.1,0.1,0.9,0)
(0.2421,0.3068,0.5253,0.2759) (0.0853,0.0853,0.3981,0.3451)
(0.393,0.2683,0.4891,0.0513) (0.1372,0.393,0.6069,0)
(0.2349,0.4582,0.1449,0.0482) (0.2349,0.4582,0.5417,0)
(0.1,0.3,0.7,0) (0.4,0.2,0.6,0.12)

(0.132,0.0853,0.6931,0.4804) (0.1848,0.0853,0.7578,0.4682)

The matrix was constructed.

Step 6. For each alternative (supplier) x; € X(j = 1,2,...,n), the comprehensive evaluation is
calculated using the SYND generalized hybrid weighted average operator S/}, that is:
SVGVI?V(AJ) = SVGVI?'V(SJL Sjzr e Sjm)
q qVk 4 Vg
= (\/1 - ;cn=1[1_ (1_ jk) ] '\/(1_®;cn=1 [1_7}72] ’
q qVk q ~\q11Yk
=t - (- R - - e - (- )T

Using the equation, the comprehensive evaluations of the alternatives (suppliers) x;(j =

1,2,3,4) are obtained as follows:
When g = 2, the equations can be easily derived as follows:

SI/GVI:IV(Al) = SI/GVI:IV(SII' S12, 513, S14)
= (\/1 —(1—-0.8146%)%24(1 — 0.6212)%26(1 — 0.3932)9-26(1 — 0.13722)0:24,
\/1 — (1 —-0.51082)%24(1 — 0.39392)026(1 — 0.26832)0-26(1 — 0.3932)024,
1- \/1 —[1—-(1-0.4891)2]924[1 — (1 — 0.1853)2]%26[1 — (1 — 0.4891)2]926[1 — (1 — 0.6069)2]%:24,
1- \/1 —[1—=(1-0)2]%24[1 — (1 — 0.0513)2]%26[1 — (1 — 0.0513)2]%26[1 — (1 — 0)2]924)
= (0.17679,0.08064,0.31098,0)
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SGH v(4) = SIAG/I:IV(521lSZZlSZ3'SZ4)
= (\/1 — (1 — 0.45822)024(1 — 0.34812)%26(1 — 0.23492)0-26(1 — 0.23492)0-24,
\/1 — (1 —0.56472)%24(1 — 0.45822)926(1 — 0.45822)0-26(1 — 0.45822)0-24,
1- \/1 —[1—(1—-0.2358)2]924[1 — (1 — 0.4352)2]%26[1 — (1 — 0.1449)2]926[1 — (1 — 0.5417)2]%24,
1- \/1 —[1—-(1-0.0341)2]924[1 — (1 — 0.0274)2]%26[1 — (1 — 0.0482)2]926[1 — (1 — 0)2]%2%)
= (0.05588,0.11879,0.24618,0)

Slﬁ/ﬁ/(l‘h) :Sﬁ,ﬁ,(531,532,533,534)
— (\/1 — (1 — 0_32)0.24(1 _ 0_12)0.26(1 _ 0_12)0.26(1 _ 0_42)0.24’
J1—(1—0.32)024(1 — 0.12)026(1 — 0.32)0-26(1 — 0.22)024,
1-/1—[1-(1-05)2]924[1 — (1 - 0.9)2]°26[1 — (1 — 0.7)2]°26[1 — (1 — 0.6)2]%24,
1—1—[1—(1-0.1)2]°24[1 — (1 — 0)2]%26[1 — (1 — 0)2]°26[1 — (1 — 0.12)2]0.24)
= (0.03367,0.02891,0.43554,0)

And

SGH v(4y) = SIEI;/I,.IV(514'SZ4' S34,S44)
= (\/1 — (1 —-0.24212)%24(1 — 0.08532)926(1 — 0.1322)926(1 — 0.18482)0-24,
\/1 — (1 -0.30682)%24(1 — 0.08532)%26(1 — 0.08532)%26(1 — 0.08532)024,
1- \/1 —[1—=(1-0.5253)2]924[1 — (1 — 0.3981)2]%26[1 — (1 — 0.6931)2]926[1 — (1 — 0.7578)2]%24,
1- \/1 —[1—-(1-0.2759)2]924[1 — (1 — 0.3451)2]%2%[1 — (1 — 0.4804)2]%26[1 — (1 — 0.4682)2]%24)
= (0.01444,0.01443,0.40187,0.30767)

1+[(1-D.T-(1-D).F.t"]
2

The S59,(4;) (j = 1,2,3,4) scores are calculated using the M5(S;;) =

scoring function as follows:

M( (Al)) = 0.50106
M (S§(4;)) = 0.50058
M( )) = 0.5001
M( )) = 0.4991
It is clearly observed that M (S (Al)) > M( (Az)) >M (S (A3)) > M (S (A4))

Therefore, using the SVND set ranking method, the ranking of the suppliers is as follows:

X1 > Xy > X3 > Xy
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The best supplier is identified as x;. From the calculation results, the ranking of the suppliers
forj=1, 2,3, 4is completely the same, and when the parameterq=1,g=2o0r q = 4+ the

ranking is x; > x, > x3 > x4.

Moreover, in these cases, the best supplier is the same, that is, x,. However, when g — 0, the

ranking of the suppliers is different. In this case, the ranking is x, > x; > x5 > x4.

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

requirements in real management situations.
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Abstract

Gearbox fault diagnosis plays a crucial role in ensuring the reliability and safety of industrial
rotating machinery. Early detection of faults, such as broken gear teeth, can significantly reduce
maintenance costs and prevent unexpected system failures. In this study, a data-driven gearbox
fault diagnosis framework based on multi-sensor vibration analysis and the Light Gradient
Boosting Machine (LGBM) algorithm is proposed. Vibration signals were collected from four
sensors mounted in different directions under varying load conditions for healthy and broken
tooth gearbox states. Time-domain and frequency-domain statistical features were extracted to
characterize the dynamic behavior of the gearbox. The extracted features were then used to train
and test the LGBM classifier. The performance of the proposed method was evaluated using
classification accuracy as the primary metric. Experimental results demonstrate that the
proposed approach achieves a high classification accuracy of 98%, indicating its strong
capability in distinguishing between healthy and faulty gearbox conditions. The findings
confirm that the combination of multi-sensor vibration features and LGBM provides an
effective and efficient solution for gearbox condition monitoring and fault diagnosis in
industrial applications.

Keywords: Gearbox fault diagnosis, vibration analysis, machine learning, LightGBM,
condition monitoring

1. Introduction

Gearboxes are critical components in many industrial systems, including manufacturing lines,
power transmission systems, and rotating machinery. Their reliable operation is essential for
ensuring productivity, safety, and cost efficiency. However, gearboxes are frequently subjected
to harsh operating conditions such as variable loads, high rotational speeds, and long-term
mechanical stress, which can lead to different types of faults. Among these, broken tooth faults
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are particularly severe, as they can cause abnormal vibrations, accelerated wear, and even
catastrophic system failure if not detected at an early stage.

With the rapid development of machine learning techniques, data-driven fault diagnosis
methods have gained increasing attention. Xu et al. reviewed wind turbine gearbox fault
diagnosis, emphasizing that accuracy depends on the synergy between feature extraction and
ML. They argue that data quality and preprocessing are as vital as algorithm tuning, providing
a roadmap for integrating robust features with ML to simplify complex fault detection [1]. Afia
et al. proposed an intelligent diagnostic framework for gearboxes using Robust Empirical Mode
Decomposition (REMD) to decompose vibration signals into Intrinsic Mode Functions (IMFs).
They utilized the Equilibrium Optimizer (EO) for feature selection, which reduced
dimensionality and prevented overfitting before classifying faults with Random Forest and
KNN [2]. Fu et al. reviewed gear transmission fault diagnosis, summarizing time, frequency,
and time-frequency domain analyses. The study tracks the evolution from shallow to deep
learning and highlights future directions: weak signal extraction, composite fault identification,
and the integration of multi-source data fusion for enhanced safety [3]. Patil and Wani proposed
using YAMNet, a pre-trained audio network, for gear fault detection via transfer learning. By
converting acoustic noise data into Mel Spectrograms, they leveraged YAMNet's sound event
detection capabilities. The model, fine-tuned on healthy and faulty gear data, achieved 95%
accuracy in identifying tooth failures [4]. Kumar et al. introduced LHOM (Logarithmic Higher
Order Moments) as a novel feature for gearbox fault diagnosis. Beyond the 5th order, LHOM
scales linearly with fault severity. Using ML classifiers, they proved it reliably identifies
localized faults across three benchmark datasets, outperforming traditional metrics [5]. Chen et
al. proposed a physics-informed hyperparameter selection strategy for LSTM networks. Instead
of minimizing validation error, they optimized hyperparameters to maximize the discrepancy
between healthy and simulated faulty states. This approach significantly improved the detection
of gear tooth cracks and wear [6]. Among various machine learning methods, tree-based
ensemble algorithms have demonstrated strong performance in classification tasks due to their
ability to handle nonlinear relationships and complex feature interactions. The Light Gradient
Boosting Machine (LGBM) is a recent and efficient gradient boosting framework that offers
high accuracy, fast training speed, and low memory consumption. Its leaf-wise tree growth
strategy enables effective learning from high-dimensional feature spaces, making it well suited
for vibration-based fault diagnosis problems.

In this study, a gearbox fault diagnosis framework based on multi-sensor vibration data and the
LGBM algorithm is proposed. Time-domain and frequency-domain features are extracted from
vibration signals collected under different load conditions for healthy and broken tooth gearbox
states. The performance of the proposed approach is evaluated using classification accuracy as
the primary metric. The experimental results demonstrate that the proposed method can
accurately distinguish between healthy and faulty gearbox conditions, highlighting its potential
for practical industrial condition monitoring applications.
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2. MATERIALS AND METHODS
2.1. Dataset Description

In this study, the Gearbox Fault Diagnosis Dataset was used to evaluate the performance of a
machine learning—based fault classification approach [7]. There are limited publicly available
datasets in the field of mechanical engineering that are specifically designed for applying
machine learning techniques in industrial environments. Therefore, this dataset provides a
valuable resource for gearbox fault diagnosis research. The dataset was obtained using
SpectraQuest’s Gearbox Fault Diagnostics Simulator, where vibration signals were recorded
under controlled experimental conditions. Four vibration sensors were mounted on the gearbox
in four different directions to capture vibration responses comprehensively. Measurements were
conducted under varying load conditions ranging from 0% to 90%, with increments of 10%.
Two different operational conditions were considered:

e Healthy gearbox condition
e Broken tooth fault condition

The dataset consists of 20 data files in total. Ten files correspond to the healthy gearbox
condition, while the remaining ten files represent the broken tooth fault condition. Each file is
associated with a specific load level. The main characteristics of the dataset are summarized in
Table 1.

Table 1. Main characteristics of the gearbox fault diagnosis dataset [7]

Feature Description

Dataset name Gearbox Fault Diagnosis Dataset

Measurement system | SpectraQuest Gearbox Fault Diagnostics Simulator

Number of sensors 4 vibration sensors

Sensor placement Four different directions

Operating conditions | Healthy, Broken Tooth

Total number of files 20

Healthy condition files | 10

Faulty condition files | 10

Load range 0% —90%

Load increment 10%

Data type Vibration signals
Application Gearbox fault diagnosis
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2.2. Data Preprocessing

Before applying the machine learning algorithm, the vibration data were preprocessed to ensure
suitability for classification. Each data file was labeled according to its operating condition,
where the healthy condition was assigned label 0, and the broken tooth condition was assigned
label 1. Feature extraction techniques were applied to transform raw vibration signals into
representative feature vectors. Additionally, normalization was performed to reduce the
influence of scale differences among features and to improve model convergence.

2.3. Light Gradient Boosting Machine

The LGBM algorithm was employed as the classification model in this study. LGBM is a tree-
based gradient boosting method known for its high computational efficiency and low memory
consumption, making it suitable for handling complex and high-dimensional data [8]. Unlike
traditional level-wise tree growth strategies, LGBM adopts a leaf-wise growth approach, where
the leaf with the maximum loss reduction is expanded. This strategy enables the model to
capture nonlinear relationships more effectively and often results in improved classification
performance. Given the nonlinear and complex nature of gearbox vibration signals, LGBM was
selected as an appropriate algorithm for distinguishing between healthy and faulty gearbox
conditions.

2.4. Model Training and Performance Evaluation

The dataset was divided into training and testing subsets. The LGBM model was trained using
the training data and evaluated on the testing data [9]. The performance of the proposed model
was assessed using Accuracy as the sole evaluation metric [10]. Accuracy represents the
proportion of correctly classified samples relative to the total number of samples and is defined
as:

TP+TN

Accuracy = ————
TP+TN+FP+FN

(1

where TP denotes true positives, TN true negatives, FP false positives, and FN false negatives.
Accuracy was chosen as the evaluation metric due to the balanced nature of the dataset and its
effectiveness in reflecting the overall classification performance of the model.

3. Results And Discussion

Figure 1 illustrates a comparative analysis of the vibration responses in the time domain for
healthy and faulty gearbox states. In Figure 1(a), corresponding to the healthy condition, the
vibration signal exhibits relatively consistent amplitude variations with fewer extreme peaks,
indicating stable dynamic behavior of the gearbox. In contrast, Figure 1(b), representing the
broken tooth condition, shows more irregular fluctuations and pronounced amplitude
variations. These characteristics reflect the impact of the broken tooth fault on the dynamic
response of the gearbox, leading to increased vibration instability. The observable differences
between the two signals demonstrate that time-domain vibration characteristics contain
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discriminative information suitable for fault detection and classification using machine learning
approaches.

Time Series Comparison
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Figure 1. Time-domain vibration signals acquired from Sensor 1 under two different gearbox
operating conditions: (a) healthy condition and (b) broken tooth fault condition.
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Figure 2. Frequency-domain representation (FFT spectrum) of the vibration signal obtained
from Sensor 1 under the healthy gearbox condition.

Figure 2 presents the frequency spectrum of the vibration signal for the healthy gearbox
condition obtained through Fast Fourier Transform (FFT) analysis. The spectrum is
characterized by distinct dominant frequency components with relatively stable and well-
defined peaks, which are associated with normal gear meshing frequencies and their harmonics.
The absence of excessive broadband energy and irregular high-amplitude components indicates
a stable mechanical operation without significant fault-induced excitations. This frequency-
domain behavior reflects the normal dynamic response of the gearbox and serves as a reference
for comparison with faulty conditions, where additional frequency components and elevated
amplitudes are typically expected. The results demonstrate that FFT-based features provide
meaningful information for distinguishing healthy operating states in gearbox fault diagnosis.

Figure 3 illustrates the FFT spectrum of the vibration signal corresponding to the faulty gearbox
with a broken tooth. Compared to the healthy spectrum, the faulty condition exhibits increased
spectral complexity characterized by higher amplitude peaks, additional frequency components,
and elevated broadband energy across a wider frequency range. These pronounced peaks and
irregular distributions are indicative of fault-induced impulsive excitations and abnormal gear
meshing behavior caused by the broken tooth. The presence of such frequency-domain
anomalies highlights the sensitivity of FFT-based analysis to gearbox faults and demonstrates
its effectiveness in capturing discriminative features for fault diagnosis and subsequent
classification using machine learning models.
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Figure 3. Frequency-domain representation (FFT spectrum) of the vibration signal obtained
from Sensor 1 under the broken tooth fault condition.
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Figure 4. Confusion matrix of the LGBM model for gearbox health condition classification.
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Figure 5. Feature importance ranking of the most influential statistical features used by the
LGBM model for gearbox fault classification.

Figure 4 presents the confusion matrix summarizing the classification performance of the
proposed LGBM-based model in distinguishing between healthy and broken tooth gearbox
conditions. The model correctly classified 44 healthy samples and 36 faulty samples, while 2
faulty samples were misclassified as healthy. No healthy samples were incorrectly classified as
faulty. These results indicate a high classification capability, with the majority of instances
accurately identified. The low number of misclassifications demonstrates the effectiveness of
the extracted vibration features and the suitability of the LGBM algorithm for gearbox fault
diagnosis. Overall, the confusion matrix confirms that the proposed approach achieves strong
predictive performance and reliable fault discrimination.

Figure 5 illustrates the relative importance of the top statistical features contributing to the
decision-making process of the Light Gradient Boosting Machine (LGBM) model. The results
indicate that the standard deviation of Sensor 1 (sensorl std) is the most dominant feature,
suggesting that vibration variability captured by this sensor plays a critical role in distinguishing
healthy and faulty gearbox conditions. This is followed by sensor2 std and sensor3 mean,
highlighting the significance of both signal dispersion and average amplitude characteristics
across different sensor locations. Peak-to-peak (p2p) features and mean values from multiple
sensors also contribute to the classification process, albeit with comparatively lower
importance. The distribution of feature importance demonstrates that no single sensor
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exclusively determines the model output; instead, the model benefits from a combination of
statistical features extracted from multiple sensors. These findings confirm that multi-sensor
vibration analysis enhances fault sensitivity and supports the effectiveness of the proposed
feature extraction strategy for gearbox fault diagnosis.

Table 2 summarizes the classification performance of the proposed Light Gradient Boosting
Machine (LGBM) model in distinguishing between healthy and broken tooth gearbox
conditions. The model achieves an overall accuracy of 98%, indicating excellent predictive
capability. For the healthy class, a recall value of 1.00 demonstrates that all healthy samples
were correctly identified, with no false negatives. The broken tooth class achieves a precision
of 1.00, indicating that all samples predicted as faulty truly belonged to the faulty class, while
a recall of 0.95 suggests a small number of faulty samples were misclassified as healthy. The
high F1-scores for both classes (0.98 for healthy and 0.97 for broken) reflect a strong balance
between precision and recall. Furthermore, the close agreement between macro and weighted
averages confirms that the model performance is consistent across classes and is not biased
toward a particular condition. Overall, these results demonstrate that the proposed LGBM-
based approach provides reliable and robust gearbox fault classification performance.

Table 2. Classification performance metrics

Simif Precision | Recall | F1-Score | Support
Healthy 0.96 1.00 0.98 44
Broken 1.00 0.95 0.97 38
Accuracy — — 0.98 82
Macro Avg 0.98 0.97 0.98 82
Weighted Avg | 0.98 0.98 0.98 82

4. Conclusion

In this study, an intelligent gearbox fault diagnosis approach based on vibration signal analysis
and the LGBM algorithm was presented. Time-domain and frequency-domain features were
extracted from multi-sensor vibration data acquired under different load conditions for healthy
and broken tooth gearbox states. The extracted statistical features effectively captured the
dynamic characteristics of the gearbox system and provided discriminative information for fault
classification. The proposed LGBM-based model demonstrated excellent classification
performance, achieving an overall accuracy of 98%. The confusion matrix and performance
metrics showed that healthy gearbox conditions were identified without misclassification, while
only a small number of faulty samples were incorrectly classified. The high precision, recall,
and Fl-score values for both classes confirm the robustness and reliability of the proposed
method. Additionally, feature importance analysis revealed that vibration variability-related
features, particularly standard deviation metrics from multiple sensors, played a dominant role
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in fault discrimination, highlighting the importance of multi-sensor data fusion. The results
indicate that the combination of vibration-based feature extraction and LGBM provides an
effective and computationally efficient solution for gearbox fault diagnosis. The proposed
approach has strong potential for practical implementation in industrial condition monitoring
systems. Future work may focus on extending the method to multiple fault types, incorporating
advanced signal processing techniques, and evaluating the model performance under real-time
and noisy industrial operating conditions.
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Abstract

Accurate prediction of the remaining useful life (RUL) of gearbox systems is a critical task in
prognostics and health management, as it enables condition-based maintenance, reduces
unplanned downtime, and enhances operational reliability. Traditional data-driven RUL
prediction approaches often rely on single regression models, which may struggle to capture
complex degradation dynamics under noisy and nonlinear operating conditions. To address this
limitation, this study proposes a stacking ensemble regression framework for gearbox RUL
prediction based on vibration signal analysis. In the proposed approach, statistical, lag-based,
and smoothed features are extracted from multi-sensor vibration data to characterize both
instantaneous and temporal degradation behavior. Two heterogeneous base learners, namely
Extra Trees Regressor and XGBoost Regressor, are employed to model complementary aspects
of the degradation process. Their outputs are subsequently combined using a Ridge Regression
meta-learner to generate the final RUL prediction. Experimental results demonstrate that the
proposed stacking ensemble model achieves high prediction accuracy, with an MAE of 7.7997,
an RMSE of 11.5621, and an R?score of 0.8750. The findings confirm that the proposed
framework effectively captures gearbox degradation trends and provides reliable RUL
estimates, making it suitable for practical industrial prognostics applications.

Keywords: Remaining useful life prediction, Gearbox prognostics, Stacking ensemble
learning, Vibration-based condition monitoring, Machine learning

1. Introduction

Gearbox systems are widely used in a variety of industrial applications, including wind energy
systems, manufacturing equipment, and transportation machinery. Due to their continuous
operation under variable load and speed conditions, gearboxes are susceptible to progressive
degradation and faults such as tooth wear, surface pitting, and structural damage. Accurate
estimation of the remaining useful life (RUL) of gearbox components is therefore essential for
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effective condition-based maintenance and prognostics and health management (PHM)
systems.

Vibration-based condition monitoring has become one of the most effective techniques for
assessing the health state of rotating machinery. Vibration signals contain rich information
related to mechanical degradation and fault evolution; however, extracting meaningful
degradation indicators from these signals remains a challenging task. In recent years, data-
driven approaches based on machine learning have gained increasing attention for RUL
prediction, as they can model complex relationships between sensor features and degradation
behavior without requiring explicit physical models. Liu et al. addressed the challenge of
domain shift in planetary gearboxes operating under varying conditions. They combined an
LSTM-DNN architecture with domain adaptation to align data distributions between different
working environments. This transfer learning approach significantly improved RUL prediction
accuracy by reducing statistical discrepancies across datasets [1]. He et al. proposed a Self-
Calibration Temporal Convolutional Network (SCTCN) for bearing RUL prediction. While
standard TCNs use dilated causal convolutions to capture long-term history, they often lose
critical local information. SCTCN adds a self-calibration module to recover these local details,
resulting in more complete feature extraction and higher accuracy on both test bench and real-
world wind turbine data [2]. Han et al. proposed Modulation Signal Bispectrum (MSB) to reveal
the hidden modulation mechanisms in gear vibration signals. MSB outperforms traditional
metrics like RMS and Kurtosis by effectively canceling noise and capturing weak degradation
signatures. These optimal MSB features are then processed by an Improved Relevance Vector
Machine (IMRVM) to achieve highly accurate RUL predictions [3]. Berghout and Benbouzid
provided a roadmap for PHM, shifting from physical laws to ML for complex systems. They
detailed the RUL pipeline—from data acquisition to evaluation—and offered guidelines to
select the right ML tools based on data types, addressing future challenges in the field [4]. Liu
et al. reviewed the challenges of planetary gearbox fault diagnosis, such as complex vibration
modulation and non-stationary signals. They detailed six core deep learning architectures—AE,
DBM, CNN, Transformer, GAN, and GNN—and their applications. To support future research,
the paper also introduces a new dataset specifically for planetary gearbox health state
recognition [5]. Chen et al. address the lack of faulty-state data by using LSTMs to model
baseline healthy behavior. They argue that standard hyperparameter tuning (minimizing
VAMSE) often fails to distinguish faults. Their solution is a physics-informed strategy that
selects hyperparameters by maximizing the discrepancy between healthy data and simulated
physics-informed faulty states, significantly improving the detection of gear cracks and wear

[6].

Motivated by these considerations, this study proposes a stacking ensemble regression
framework for gearbox RUL prediction using vibration-based features. The framework
integrates Extra Trees and XGBoost regressors as base learners to capture both global
degradation trends and complex nonlinear interactions, while Ridge Regression is employed as
a meta-learner to combine base model outputs in a regularized manner. The proposed approach
is evaluated through comprehensive experiments, including error analysis, residual distribution
assessment, feature importance investigation, and continuous health monitoring scenarios. The
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results demonstrate that the stacking ensemble framework provides accurate, stable, and
interpretable RUL predictions, highlighting its potential for real-world industrial prognostics
applications.

2. MATERIALS AND METHODS
2.1. Dataset Description

In this study, the Gearbox Fault Diagnosis Dataset was used to evaluate the performance of a
machine learning—based fault classification approach [7]. There are limited publicly available
datasets in the field of mechanical engineering that are specifically designed for applying
machine learning techniques in industrial environments. Therefore, this dataset provides a
valuable resource for gearbox fault diagnosis research. The dataset was obtained using
SpectraQuest’s Gearbox Fault Diagnostics Simulator, where vibration signals were recorded
under controlled experimental conditions. Four vibration sensors were mounted on the gearbox
in four different directions to capture vibration responses comprehensively. Measurements were
conducted under varying load conditions ranging from 0% to 90%, with increments of 10%.
Two different operational conditions were considered:

e Healthy gearbox condition
e Broken tooth fault condition

The dataset consists of 20 data files in total. Ten files correspond to the healthy gearbox
condition, while the remaining ten files represent the broken tooth fault condition. Each file is

associated with a specific load level. The main characteristics of the dataset are summarized in
Table 1.

Table 1. Main characteristics of the gearbox fault diagnosis dataset [7]

Feature Description

Dataset name Gearbox Fault Diagnosis Dataset

Measurement system | SpectraQuest Gearbox Fault Diagnostics Simulator

Number of sensors 4 vibration sensors

Sensor placement Four different directions

Operating conditions | Healthy, Broken Tooth

Total number of files 20

Healthy condition files | 10

Faulty condition files | 10

Load range 0% —90%

Load increment 10%
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Data type Vibration signals

Application Gearbox fault diagnosis

2.2. Stacking Ensemble Regressor for Remaining Useful Life Prediction

In this study, the remaining useful life (RUL) of the gearbox system is predicted using a stacking
ensemble regression approach based on statistical, lag-based, and smoothed features extracted
from vibration signals. RUL prediction is formulated as a supervised regression problem, where
the objective is to estimate the degradation progression and remaining operational lifetime of
the system. The stacking ensemble strategy is adopted to exploit the complementary strengths
of multiple learning algorithms with different inductive biases, thereby improving prediction
accuracy and robustness. The proposed ensemble model consists of two base regression learners
and a meta-learner (final estimator). The base models are trained independently using the
original feature set, and their predictions are subsequently combined by the meta-learner to
produce the final RUL estimate. This hierarchical learning structure enables the model to
capture both nonlinear feature interactions and stable global trends in the degradation process.

2.3. Base Regression Models
2.3.1. Extra Trees Regressor

The first base learner employed in the stacking ensemble is the Extra Trees Regressor
(Extremely Randomized Trees). This model is an ensemble of decision trees that introduces a
high degree of randomness in both feature selection and split point determination. Such
randomness improves generalization performance, particularly in high-dimensional and noisy
feature spaces commonly encountered in vibration-based condition monitoring. The primary
role of the Extra Trees Regressor in the proposed framework is to generate fast and stable RUL
predictions while reducing the risk of overfitting. By averaging predictions across a large
number of randomly constructed trees, the model effectively captures global patterns in the
degradation data.

The Extra Trees Regressor is configured with the following hyperparameters:
e Number of trees: n_estimators = 400
e Maximum tree depth: max_depth = 25
o Random seed: random_state = 42

These hyperparameter values were selected to balance prediction accuracy and computational
efficiency while ensuring reproducibility.

2.3.2. XGBoost Regressor
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The second base learner in the ensemble is the Extreme Gradient Boosting (XGBoost)
Regressor, a powerful gradient boosting algorithm widely used for modeling complex nonlinear
relationships. XGBoost constructs an additive ensemble of decision trees in a sequential
manner, where each new tree aims to correct the residual errors of the previous ones. In the
context of RUL prediction, the XGBoost Regressor plays a crucial role in learning complex
degradation dynamics, particularly those arising from temporal dependencies introduced by
lagged and smoothed features. Its ability to handle nonlinear interactions and varying feature
importance makes it well suited for modeling progressive gearbox degradation [8§].

The XGBoost Regressor is implemented with the following hyperparameters:
e Number of boosting iterations: n_estimators = 500
o Learning rate: learning_rate = 0.03
e Maximum tree depth: max_depth = 10
o Random seed: random_state = 42

A relatively small learning rate combined with a larger number of boosting iterations is
employed to ensure stable convergence and improved generalization.

2.4. Meta-Learner: Ridge Regression

The final stage of the stacking ensemble employs Ridge Regression with cross-validation
(RidgeCV) as the meta-learner [9]. The meta-learner takes the RUL predictions generated by
the Extra Trees and XGBoost regressors as input features and produces the final RUL estimate.
Ridge Regression is selected due to its linear formulation and the inclusion of L2 regularization,
which mitigates overfitting by penalizing large regression coefficients. This property is
particularly important when combining predictions from multiple base models, as it prevents
any single learner from dominating the final prediction. The RidgeCV implementation
automatically determines the optimal regularization parameter () through cross-validation,
ensuring an appropriate balance between bias and variance without manual hyperparameter
tuning. By learning an optimal weighted combination of base model outputs, the meta-learner
enhances prediction stability and overall RUL estimation accuracy.

2.5. Evaluation Metrics for RUL Prediction

The performance of the proposed stacking ensemble regressor for remaining useful life (RUL)
prediction is quantitatively evaluated using three widely adopted regression metrics: Root Mean
Square Error (RMSE), Mean Absolute Error (MAE), and the coefficient of determination (R?).
These metrics provide complementary insights into the prediction accuracy, robustness, and
goodness-of-fit of the regression model. Let y;denote the true RUL value of the i-th sample,
¥;the corresponding predicted RUL value, and Nthe total number of samples in the test set [10].
The evaluation metrics are defined as follows:
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where yrepresents the mean of the true RUL values. Lower values of RMSE and MAE indicate
higher prediction accuracy, while an R%value closer to unity signifies a stronger agreement
between predicted and actual RUL values.

3. Results and Discussion

Figure 1 illustrates the relationship between the actual RUL values and the corresponding
predictions generated by the proposed stacking ensemble regressor. Each point in the scatter
plot represents an individual test sample, where the horizontal axis denotes the true RUL
expressed as a percentage of life consumption, and the vertical axis indicates the predicted RUL.
The dashed diagonal line corresponds to the ideal prediction line (y = x), representing perfect
agreement between predicted and actual values. As shown in Figure 1, the majority of the
predicted RUL values are distributed closely around the ideal diagonal line, indicating a strong
correlation between the model predictions and the true RUL values across different degradation
stages. This alignment demonstrates the effectiveness of the stacking ensemble approach in
capturing the underlying degradation trend of the gearbox system. Some dispersion is observed,
particularly at lower and intermediate RUL ranges, which can be attributed to measurement
noise, feature uncertainty, and the inherent complexity of degradation dynamics. Nevertheless,
the overall distribution confirms that the proposed model provides accurate and consistent RUL
estimates over the entire lifespan, validating its suitability for practical prognostics and health
management applications.
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Stacking Regressor: Real vs Predicted RUL
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Figure 1. Comparison of actual and predicted remaining useful life (RUL) values using the
stacking ensemble regressor
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Figure 2. Distribution of residual errors for the stacking ensemble regressor in RUL
prediction

Figure 2 presents the distribution of residual errors, defined as the difference between the
predicted and actual remaining useful life (RUL) values, obtained from the proposed stacking
ensemble regressor. The histogram illustrates the frequency of error magnitudes across the test
dataset, while the overlaid density curve highlights the overall error distribution pattern.
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As observed in Figure 2, the residual errors are centered around zero and exhibit an
approximately symmetric, bell-shaped distribution, indicating that the model predictions are
largely unbiased. The concentration of errors near zero demonstrates that the majority of RUL
estimates deviate only slightly from the true values, reflecting high prediction accuracy. The
presence of relatively small tails on both sides of the distribution suggests that larger
overestimations or underestimations occur infrequently and can be attributed to noise in the

vibration features, variability in degradation behavior, or inherent uncertainties in RUL
labeling.
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Figure 3. Top predictive features for RUL estimation based on time-domain and lagged
vibration features
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Figure 4. Continuous health monitoring based on actual and predicted RUL trajectories

Figure 3 illustrates the relative importance of the top 15 predictive features contributing to the
remaining useful life (RUL) estimation obtained from the proposed stacking ensemble
regressor. The feature importance scores reflect the contribution of each time-domain and lag-
based sensor feature to the overall predictive performance of the model. As shown in Figure 3,
a small subset of features dominates the RUL prediction, with Sensor Feature 22,
Sensor Feature 4, and Sensor Feature 10 exhibiting significantly higher importance scores
compared to the remaining features. This indicates that these features capture critical
degradation-related information and play a key role in characterizing the gearbox health
evolution. The remaining features contribute incrementally to the prediction performance,
suggesting that the ensemble model effectively leverages both dominant and complementary
information from multiple sensors and lagged representations. The observed feature importance
distribution demonstrates the ability of the stacking ensemble approach to perform implicit
feature selection, emphasizing the most informative degradation indicators while suppressing
less relevant or redundant features. This behavior enhances model interpretability and supports
the physical plausibility of the RUL prediction results, as degradation processes in mechanical
systems are often driven by a limited number of sensitive condition indicators.

Figure 4 illustrates the continuous health monitoring performance of the proposed stacking
ensemble regressor over the first 150 samples of the test sequence. The solid black curve
represents the actual RUL (health index) trajectory, while the dashed red curve corresponds to
the RUL values predicted by the stacking ensemble model. As shown in Figure 4, the predicted
RUL closely follows the overall trend of the actual health degradation path, demonstrating the
model’s capability to track dynamic changes in system health over time. Despite the presence
of short-term fluctuations and abrupt variations in the actual RUL signal—which are common
in vibration-based condition monitoring—the predicted trajectory maintains a strong temporal
alignment with the true health index. This indicates that the model effectively captures both
global degradation patterns and local variations in the health evolution process. The slight
deviations observed at certain time instances can be attributed to noise in the sensor
measurements, uncertainty in feature extraction, and the inherent complexity of degradation
dynamics. Nevertheless, the close agreement between actual and predicted RUL trajectories
confirms the suitability of the proposed stacking ensemble approach for continuous health
monitoring and real-time prognostics of gearbox systems.

Table 2. Performance evaluation metrics for RUL prediction using the stacking ensemble
regressor

Metric | Value

MAE 7.7997

RMSE 11.5621

R2 Score | 0.8750
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Table 2 reports the quantitative performance of the proposed stacking ensemble regressor for
remaining useful life (RUL) prediction on the test dataset. The Mean Absolute Error (MAE) of
7.7997 indicates that, on average, the predicted RUL values deviate from the true RUL by
approximately eight units, demonstrating a relatively low typical prediction error. The Root
Mean Square Error (RMSE) of 11.5621, which penalizes larger errors more heavily, suggests
that while some larger deviations occur, they remain limited and do not dominate the overall
prediction performance. The coefficient of determination (R*? = 0.8750) shows that
approximately 87.5% of the variance in the true RUL values is explained by the proposed
model. This high R? value confirms a strong agreement between predicted and actual
degradation behavior, indicating that the stacking ensemble effectively captures the underlying
degradation dynamics of the gearbox system. Overall, these results demonstrate that the
proposed approach provides accurate, stable, and reliable RUL estimates, making it suitable for
practical prognostics and health management applications.

4. Conclusion

This study presented a data-driven framework for remaining useful life (RUL) prediction of
gearbox systems using a stacking ensemble regressor built upon vibration-based condition
monitoring features. Statistical, lag-based, and smoothed features extracted from multi-sensor
vibration signals were utilized to capture both instantaneous and temporal degradation
characteristics. By integrating heterogeneous learning models with complementary strengths,
the proposed stacking ensemble approach aimed to improve prediction accuracy and robustness
compared to single-model regressors. The ensemble architecture combined Extra Trees and
XGBoost regressors as base learners, while Ridge Regression was employed as a meta-learner
to fuse their predictions in a regularized and stable manner. Experimental results demonstrated
that the proposed method achieved strong predictive performance, with an MAE of 7.7997, an
RMSE of 11.5621, and an R?score of 0.8750. These results indicate that the model is capable
of accurately tracking the degradation process and explaining a substantial proportion of the
variance in true RUL values. The analysis of predicted versus actual RUL trajectories and
residual error distributions further confirmed the stability, low bias, and reliability of the
proposed approach across different degradation stages. In addition, feature importance analysis
revealed that a limited subset of time-domain and lagged vibration features plays a dominant
role in RUL estimation, enhancing the interpretability of the model and supporting its physical
relevance to gearbox degradation mechanisms. The continuous health monitoring results
demonstrated that the stacking ensemble regressor can effectively follow the temporal evolution
of system health, making it suitable for real-time prognostics and health management
applications.
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ABSTRACT

This study was conducted 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 periods January-
August 2025 vegetable growing season. The Elzem F1 kapia pepper variety, widely cultivated
in study region, was used as plant material. Following nine fertlizer applications were
reseached: 1- farmer practice (Control), 2- standard application (N, P, K, Ca, Mg) (Control), 3-
chicken manure, 4- sheep manure, 5- cattle manure, 6- pigeon manure, 7- bat guano, 8- seaweed
fertilizer and 9- worm manure (vermicompost). The research was established according to a
randomized complete block design with 4 replications. 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 used by plant 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, particularly
vermicompost, were prominent in plants with fruit-related characteristics.

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

1. INTRODUCTION

Organic farming is an important production method prioritizING human health by adhering to
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 are extremely important for organic farming. Kapia pepper is a
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vegetable known as Capsicum annuum L. var. conoides (Mill.) Irish. within the Capsicum
genus of the nightshade family (Solanaceae).

According to Food, B. M., & Organization, T. (2020). Food and Agriculture 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%), accounting for 72.92% of global pepper
production.

In accordance of Turkish Statistical Institute (TUIK) 2025 data, 3,318,000 tons of peppers were
produced in Turkiye on an area of 762,234 hectares. Within this production, kapia peppers
accounted for 1,818,000 tons, bell peppers 426,000 tons, pointed peppers 944,500 tons, and
charleston peppers 129,500 tons. Turkiye is one of the most important pepper-producing
countries in world general (TUIK, 2025).

The use of chemical fertilizers is one of the important tools 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, disease 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 (Ngouajio et al., 2003; Kili¢ and Korkmaz, 2012; Wang et al., 2021). The
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 animals. Because 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 with nature (Duman and Elmaci, 2014).

Archaeological findings from Native American sites reveal that Capsicum has been valued as
a food source, spice, medicine, and even decorative item since 7000 BC (Yaldiz, 2008). Peppers
are widely used in industry as well as being consumed fresh, in the form of sauces, pickles,
pastes, powdered and flaked peppers, dried and roasted peppers, etc. Many types of Capsicum,
which have a remarkable effect on human health due to their oil, pigments, resin, protein,
cellulose, and mineral content, are also sources of vitamin E and provitamin A (carotene).
Capsaicin (C18H27NO3), an alkaloid responsible for pungency in peppers, is known to have
several health-related effects. Studies have shown that capsaicin inhibits the development of
cancerous cells; regions with high consumption of hot peppers have lower cancer rates,
particularly for colon, stomach, and circulatory system cancers (Archer and Jones, 2002, Vural
et al., 2000; Salk et al., 2008). Research has shown that capsaicin, a compound found in chili
peppers can 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, chemical, and 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 (Kog, 2008). Among the most notable
benefits of organic fertilizers for soil and plant growth are their contributions to soil
aggregation, reduced erosion risk, improved water-holding and aeration capacity of soils, and
consequently enhancing plant development (Mercik and Stepien, 2006). Organic fertilizers
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 determining optimal
dosages. For example; broccoli (Karakaya and Paksoy, 2008); cauliflower (Kil and Paksoy,
2016 and Yardim, 2025); lettuce (Ali et al., 2007; Adiloglu et al., 2018; Durak et al., 2017,
Citak et al., 2011); tomato (S6nmez et al., 2019); garlic (Kenea and Gedamu, 2018), chard
(Koksal et al., 2017) and pepper (Giirpinar and Mordogan, 2005; Kir and Mordogan, 2006; Del
amor, 2006; Kir, 2006; Delate et al., 2008; Llaven et al., 2008; Szafirowska and Elkner, 2008;
Berova et al., 2010; Bozkurt (2019) from Appiredy et al., 2011; Marquez-Quiroz et al., 2012;
2013; Ghimire et al., 2013; Duman and Elmaci, 2014; Funsho et al., 2015; Shiva et al., 2015;
Alaboz et al., 2017; Dominic Studies have been conducted by (et al., 2017; Sahoo et al., 2017;
Rekha et al., 2018; Bozkurt, 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
debate in 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 determine the effects of certain organic fertilizers, used at recommended
doses in kapia pepper cultivation-a significant industrial product that plays an important role in
human nutrition-on plant growth and yield components.

2. MATERIALS AND METHODS

The research 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 different organic
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, July and August,
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 has been analyzed and found to be
clayey-loamy 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 known in the region, was
used. In this study, nine treatments mentioned below were included:
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1- Farmer practice (CU), 2 -Technical application (TU; applied as 20 kg/da N, 10 kg/da P,Os,
25kg/da K,0O, 10kg/da Ca, and 5kg/da Mg as pure nutrients), 3- Chicken manure (TG;
2000 kg/da), 4- Sheep manure (KG; 5000 kg/da), 5- Cattle manure (IG; 5000 kg/da), 6- Pigeon
manure (GG; 150 kg/da), 7- Bat manure (guano) (YG; 150 kg/da), 8- Seaweed fertilizer (DYG;
1 L seaweed extract diluted in 200 L water and applied per decare), 9- worm manure
(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 m2,
and each replicate 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 216-cell trays in seedling nurseries, and seedlings were
grown under appropriate conditions, becoming 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 sampling of 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 plot at 100 cm x 20 cm spacing.

The plants were 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 diseases and
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 weight (g) were 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 and dry 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 peppers on plant height 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 group. These results are similar to Yaldiz (2008)'s findings
of 51,2-94,98 ¢cm and Karaagag¢ and Balkaya (2010)'s findings of 50,10-59,40 cm, as well as
the findings of Tajungsola et al. (2017) (44,55 cm).
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The thickest stem diameter was observed in the vermicompost treatment (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 Chemical Fertilizers on Plant Growth in Kapia Pepper

Eé?g;t gitaetmeter ::Z\T;Ser of Leaf length | Leaf width

(cm) (mm) (units) (cm) (cm)
Treatments
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) 56,500 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) 54,25h 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 statistically significant. 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 between these 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 seaweed fertilizer 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, while the lowest 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 vermicompost applications, 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 significant (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 values of 50,25 — 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 values of 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 significant (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 intermediate group with
lower root dry weights.

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

Eggih fr::ﬁt Shgot dry Rogt fresh Ropt dry
Treatments (cm) weight (g) weight () weight (g) | weight (g)
Farmer's Practice (FP) 28,00abc 101,25¢ 50,75b 37,00cd 13,50abc
Technical Practice (TP) 30,00ab 110,75b 55,25h 41,50bc 12,00abcd
Chicken Manure (CM) 26,75bc 101,25¢ 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 55,25h 37,00cd 11,25cd
Bat Manure (BM) 30,00ab 103,00bc 53,00b 29,75e 9,50d
Seaweed Fertilizer (SF) 24,25¢c 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 organic-animal manure treatments on yield components were
evaluated, and the results are presented in Table 3.
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Total highest yield was obtained 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 with those reported by Duman and Elmaci (2014)

and Kir (2006).

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 to differences in cultivars and growing
conditions. They are similar to the findings of Ciftci et al. (2023), which ranged from 93,57 to
158,21 g/fruit.

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 FElesh Fresh Dry
. Diameter Soluble ) .

(kg/da) Weight Length (cm) Thickness Solids (%) Weight | Weight
Treatments © (cm) (mm) © ©
Farmer's
Practice (FP) 3869,40ab | 94,50c 18,30cd | 4,12 cd 3,50 4,58bc 94,50c 45,00cd
Technical
Practice (TP) | 3690,85ab | 111,50ab | 19,03abc | 4,30 b 3,47 e 5,10a 111,50ab | 53,50ab
Chicken
Manure (CM) | 3857,84ab | 75,00d 18,85bcd | 4,25 b 3,67d 5,18a 75,00d 38,00de
Sheep Manure
(SM) 4038,07a | 103,75bc | 20,00a 5,05a 4,57 ab 5,53a 103,75bc | 50,75hc
Cattle Manure
(CM) 2090,75b | 115,75ab | 19,63ab | 4,93 a 4,50 b 5,50a 115,75ab | 56,50ab
Pigeon Manure
(PM) 3892,40ab | 66,75d 18,13cd | 4,07d 4,25 ¢ 5,18a 66,75d 35,75¢
Bat Manure
(BM) 3521,13ab | 74,25d 18,00d 4,12 cd 3,70d 5,08ab 74,25d 37,00e
Seaweed
Fertilizer (SF) | 3622,75ab | 73,25d 18,10cd | 4,12 cd 4,17 ¢ 4,45¢ 73,25d 36,25¢
Vermicompost
(VC) 3975,17ab | 122,50a | 19,08abc | 5,05a 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 in agreement with Ciftci et al. (2023) (14,85-18,49 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 diameter 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
statistical 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 59,01-75,17 mm. This difference is likely due to varietal 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 other fertilizer treatments
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 mm, respectively, and these treatments
constituted a distinct group. Fruit flesh thickness values reported by Karaaga¢ and Balkaya
(2010) for Bafra red pepper populations [Capsicum annuum L. var. conoides (Mill.) Irish]
ranged between 3,3-5,8 mm. The fruit flesh thickness values of the cultivar examined in the
present study are consistent with the findings of Karaaga¢ and Balkaya (2010).

The soluble solid content was lowest in the seaweed fertilizer treatment, forming a separate
statistical group from the others. These 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 vermicompost treatment, 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 constituted a separate 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 both vegetative 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 represents a viable and sustainable nutrient source for kapia pepper
cultivation. Therefore, it can be highly recommended to growers aiming for quality-oriented
kapia pepper production incorporate vermicompost into their fertilization programs.
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Abstract

The global agricultural sector requires an uninterrupted energy supply to ensure food security,
mechanization, and the sustainability of modern irrigation techniques. However, fossil fuels,
which dominate the traditional energy portfolio, have become a major risk factor due to resource
scarcity, geopolitical price instabilities, and devastating environmental impacts on the
ecosystem. In this context, the transition to renewable sources such as solar energy is not merely
an environmental preference but a strategic necessity for establishing energy security and the
economic resilience of agricultural enterprises. This transformation, at the heart of climate
change mitigation strategies, acts as a catalyst for achieving sustainable development goals.
Today, increasing demographic pressure and rapid urbanization lead to the narrowing of arable
land, triggering intense land-use competition between the energy and food sectors. At this point,
Agrivoltaic (APV) systems, which emerge as a solution optimizing the "Food-Energy-Water"
nexus, eliminate the existing land-use conflict. APV technology maximizes total land
productivity by allowing the simultaneous execution of photovoltaic energy production and
agricultural activities on the same land unit. The primary purpose of this study is to conduct a
comprehensive evaluation of APV systems as a sustainable production model by analyzing their
technological synergy and application potential within the agricultural sector. The primary
material of this study consists of data obtained from the current databases, strategic plans, and
sectoral reports of globally and nationally recognized authorities, such as the Republic of
Tiirkiye Ministry of Energy and Natural Resources (MENR), the Ministry of Agriculture and
Forestry (MAF), the International Energy Agency (IEA) and Ember. Within the scope of the
study, research results in the literature regarding the technical parameters and application
models of agrivoltaic systems were utilized. The collected statistical data and technical
information were organized through explanatory figures and interpreted accordingly.

Keywords: agrivoltaics, renewable energy, sustainable agriculture, land productivity.
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1. INTRODUCTION

Energy is the fundamental building block of modern societies and economies. Tirkiye is an
energy-dependent country, importing more than half of its energy needs. This dependency poses
a significant economic risk due to geopolitical hazards, economic fluctuations, and supply
disruptions. Reducing energy costs and ensuring energy security are among the country's
primary objectives (Art and Yilmaz, 2023). While energy is critically important across all
sectors, it has a direct impact on costs in the agricultural sector due to intensive operations such
as irrigation and mechanization. This situation necessitates energy efficiency and the use of
renewable energy sources, particularly for small and medium-sized agricultural enterprises.
Furthermore, in line with global targets to limit the average temperature increase (Paris
Agreement), countries prefer renewable energy sources over traditional fossil fuels. In this
context, the popularity and capacity of solar energy have been increasing rapidly in recent years
in countries like Tiirkiye, which has high solar energy potential (Ember, 2023).

The widespread adoption of Photovoltaic (PV) systems due to their cost-effectiveness brings a
new challenge to the agenda. PV is the technology of converting solar energy into electric
current. In PV systems, semiconductors such as silicon, gallium arsenide, cadmium telluride,
or copper indium diselenide are used, and these are rare materials. These types of materials
have the property of directly converting solar energy into electrical energy. Increasing global
population and urbanization are leading to a scarcity of arable land, predicting a future land-use
competition between energy production and food production. As a solution to this land-use
conflict, Agrivoltaic (APV) systems have been proposed, which provide economic benefits by
enabling both energy production and agricultural activities on the same piece of land. APV
refers to the integration of PV module installation with agricultural production (Waghmare et
al., 2023).

2. PURPOSE AND METHODS

The primary purpose of this study is to conduct a comprehensive evaluation of APV systems as
a sustainable production model by analyzing their technological synergy and application
potential within the agricultural sector. In this context, the research aims to detail the integration
of photovoltaic energy production with agricultural activities through the examination of both
global application examples and local potential models. The main material of the study consists
of data obtained from the current databases, strategic plans, and sectoral reports of nationally
and globally recognized authorities, such as the Republic of Tiirkiye Ministry of Energy and
Natural Resources (MENR), the Ministry of Agriculture and Forestry (MAF), the International
Energy Agency (IEA) and Ember.

In addition to these sources, previous research results in the literature regarding the technical
parameters and application models of agrivoltaic systems were utilized. The collected statistical
data and technical information were evaluated and interpreted through explanatory figures.

109



HATTUSAS 3%P INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 13 — 15, 2026 — CORUM
ISBN NR: 978-625-5694-81-2

3. RESULTS

3.1. Energy Production in the World and Tiirkiye
Global energy production is steadily increasing due to the effects of robust economic growth,
rapid population expansion, and industrialization processes. For instance, in 2024, global
electricity generation exceeded 31,229 TWh (Terawatt-hours). Fossil fuels account for the
largest share of production at approximately 59%. Within this share, coal (35%), natural gas
(22%), and oil (2%) continue to have a significant impact. Nevertheless, renewable energy
sources maintain their share in the energy mix, accounting for approximately 32% of total
production. Record increases in the production of solar energy (approximately 7%) and wind
energy (approximately 8%) have been strongly supported by technological advancements and
falling costs in this field (IEA, 2025).

The upward trend in Tiirkiye's energy production and consumption continues alongside rising
electricity demand. In 2024, electricity consumption reached approximately 348 TWh.
Although fossil fuels remain dominant in the distribution of production sources, their share has
declined to 55%, the lowest level since 1993. Coal continues to be the primary fossil source
with a share of approximately 36%, and 61% of this coal-based production relies on imports.
On the other hand, the share of renewable energy sources in total electricity generation has
increased significantly to 46%. The transition to clean energy has accelerated, especially with
the strong contribution of hydroelectric, wind, and solar energy; in fact, the amount of energy
produced by wind and solar combined has surpassed the amount obtained from domestic coal
for the second consecutive time. While these developments indicate strong steps toward
sustainable energy production, the role of fossil fuels in meeting increasing demand has not yet
fully diminished (MENR, 2024; SHURA, 2025; Ember, 2025).

3.2. General Information on APV Systems
3.2.1. Definition and characteristics of APV systems

The concept of APV was first proposed in 1982 by Goetzberger and Zastrow with the aim of
adapting solar power plants to enable agricultural production on the same land (Goetzberger
and Zastrow, 1982). This approach involves elevating solar panels approximately two meters
above the ground and increasing the distance between the panels to prevent excessive shading
of the crops. It was envisioned that the proposed system would utilize only one-third of the
incoming solar radiation and could be made more suitable for agricultural production through
technical improvements. However, the application of this concept to actual projects and pilot
plants took approximately thirty years (Dinesh and Pearce, 2016).

The role of APV systems in the agricultural sector is not only to ensure more efficient use of
agricultural land but also to help producers meet their energy needs and reduce energy costs.
Integrating solar panels into agricultural areas can improve the growing conditions of plants,
thereby increasing agricultural productivity. Furthermore, through these systems, agricultural
enterprises can play a significant role in combating climate change by reducing greenhouse gas
emissions and contributing to environmental sustainability. While encouraging the use of
renewable energy in the agricultural sector, APV systems also have the potential to create an
additional source of income for producers from an economic perspective.
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3.2.2. Application areas of APV systems
Research is currently being conducted on the various application areas of APV systems. These
systems can be utilized across different segments of the agricultural sector. They provide
economic benefits by increasing energy efficiency in many areas, including animal production
-primarily dairy and beef cattle farming- as well as crop production in fields and orchards, and
protected cultivation (greenhousing).

One of the most critical aspects of APV systems is the selection of appropriate crops. Shade-
tolerant plants are the most suitable candidates for APV systems. Important parameters in crop
selection include direct sunlight requirements, soil/preparation needs, water/irrigation
requirements, plant height, and potential for evaporation and cooling (Cristiano et al, 2016;
Mudau et al., 2017; Chae, et al, 2022). Suitable plants for APV systems include Malabar nut,
Aloe Vera, broccoli, spinach, and tomato (Figure 1).
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Figure 1. Broccoli Production in an APV System
Source: Chae et al., 2022

Research on the integration of APV systems also includes profitability analyses demonstrating
that they can provide economic benefits in terms of both agricultural and electrical energy
production. Moreda et al. (2021) analyzed the profitability of a hypothetical APV system
established in southwestern Spain. The results indicate that the APV system can provide
economic advantages for both agricultural and electrical energy production. Recently, the use
of dynamic (mobile) PV panels in greenhouses has also been investigated (Li et al., 2018). The
integration of solar panels with agricultural land offers a dual-use structure that optimizes the
microclimate required for plant development while simultaneously enabling energy production
(Figure 2).
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Figure 2. UMass South Deerfield APV System

Source: Doubleday et al., 2025

In recent years, the integration of the APV concept has begun to be evaluated as a strategic
solution in specific agricultural systems such as viticulture and intensive fruit production. The
presence of existing support structures (trellis systems, anti-hail nets, etc.) in these production
systems provides a synergistic benefit by reducing infrastructure costs for the installation of
APV units. APV systems can increase land-use efficiency by over 60%. Instead of performing
100% wheat production and 100% electricity production on separate 1-hectare areas, hybrid
use of the same land makes it possible to obtain the total yield of 2 hectares from a much smaller
area-with 80% wheat and 80% energy output. This situation not only maximizes the income per
unit area, especially in high-value-added orchards, but also protects the plants from
environmental stress factors such as excessive solar radiation (Figure 3).
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Combined Land Use On 2 Hectare Cropland:

Separate Land Use On 2 Hectare Cropland Efficiency Increases Over 60%
80% Wheat
807% Solar Electricity
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Figure 3. Agrivoltaic Land-Use Efficiency
Source: Zainol Abidin et al., 2021; Njema et al., 2025

3.2.3. Integration of APV systems into Agricultural Production

The integration of APV systems into agricultural production processes introduces a series of
technical requirements to optimize both energy efficiency and agricultural yield. In terms of
physical integration, the mounting structure of the PV arrays must be positioned at an
appropriate height to allow for the comfortable passage of agricultural machinery (at least 4-5
m is required for large machinery); meanwhile, the footprint of the poles should be kept at a
maximum of 2% of the land area. The shading level and continuity within APV systems vary
depending on the technical specifications of the solar panels (orientation, tilt angle, density)
and geographical location. To adjust the irradiance under the panels to maintain acceptable
agricultural yields, the PV array density should be kept lower compared to traditional plants,
with a recommended row spacing of approximately 3 m technical solutions include mobile PV
panels that change tilt according to the light sensitivity of the plants, as well as semi-transparent
and bifacial modules.

The most prominent change in microclimate effects is the reduction in solar radiation, which
causes the radiation reaching the plant level to be between 60% and 85% of open-field
conditions (Dupraz et al., 2011). The impact of shading on product yield is critical depending
on the plant species and the growth stage in which it is applied. For example, while moderate
shading (15-40% reduction) barely affects lettuce yield and can even increase the yield of some
Mediterranean climate vegetables (tomatoes, sweet peppers), it can lead to yield losses in crops
with high light requirements such as corn, rice, and potatoes. Furthermore, APV systems can
increase water-use efficiency by reducing evaporation and transpiration through the shading
effect of the panels (Marrou et al., 2013); however, challenges such as uneven water distribution
and the risk of soil erosion during heavy precipitation may also arise. These risks can be
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managed through technical features such as adjustable tilt angles. Since dust accumulation on
the panel surface also reduces electrical performance, the importance of module cleaning
increases (Dinesh and Pearce, 2016).

3.2.4. Advantages and disadvantages of APV systems

As an innovative approach that enhances land-use efficiency, APV prevents the total allocation
of agricultural land to energy production, thereby optimizing both food and energy yields. These
systems contribute significantly to water conservation, particularly in arid and semi-arid climate
regions, by reducing evaporation and plant water stress through the partial shading provided by
PV panels. Economically, APV applications offer producers the potential to lower energy costs,
meet their own energy requirements, and generate additional income by selling surplus
electricity to the grid. This situation increases the economic resilience of agricultural enterprises
while supporting the fight against climate change by reducing dependence on fossil fuels.

However, there are also challenges in the implementation of APV systems. This integration,
which requires a more complex infrastructure compared to traditional solar energy systems,
brings high initial installation and maintenance costs. In terms of agricultural constraints, the
shading from panels can cause yield loss by reducing the photosynthetic rate in certain plant
species with high sunlight requirements, while the installation layout can create difficulties in
using large-scale agricultural machinery, thus requiring additional labor. Furthermore, technical
issues such as the necessity of positioning panels at appropriate angles, the requirement for site-
specific designs for each region, and the accumulation of dust or dirt on the panel surfaces can
hinder the efficient operation of the system. Given these technical and economic challenges,
more research and development work addressing these constraints is needed for the widespread
application of APV systems.

In European countries, certain measures have been taken to promote the expansion of these
systems. As of 2023, France has over 2 GW of agrivoltaic application capacity, and legal
regulations prioritize APV installations for agricultural purposes. In Italy, a special incentive
program worth 1.1 billion Euros was launched in 2024 for the installation of APV systems on
agricultural land. In Germany, the performance of integrated systems in livestock and vegetable
production areas is being measured through federally supported pilot projects. In the
Netherlands, innovative solutions such as vertical applications maintain the maneuverability of
agricultural machinery while supporting energy production (Anonymous, 2025).

3.2.5. Efficiency and performance of APV systems
APV systems, particularly in arid climates, increase water-use efficiency and preserve soil
moisture by reducing evaporation through the shading effect of the panels (Harinarayana and
Vasavi, 2014; Hassanpour Adeh et al., 2018). These systems create an additional source of
income for producers through electricity generation on agricultural lands (Dinesh and Pearce,
2016; Malu et al., 2017) and contribute to electrification by providing off-grid energy solutions
in rural areas. The fundamental performance of APV systems is measured using the Land
Equivalent Ratio (LER) method (Mead and Willey, 1980; Dupraz et al., 2011), and simulations
indicate that total land productivity can be increased by up to 70%. Furthermore, modeling
studies have demonstrated that APV systems can double the land-based renewable energy
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efficiency compared to traditional methods (Amaducci et al., 2018). While technical
advancements maximize APV system yield, dynamic (sun-tracking) PV modules and mounting
structures with heights increased to 4—5 meters are utilized to support crop production.

On a global scale, small-scale systems have been established in Japan since 2004 under the
name "Solar sharing" (Movellan, 2013), while in Europe, large-capacity commercial and pilot
research facilities have been implemented in Italy, France, and Germany. In these facilities,
different panel densities have been tested, and the performance of various crops such as lettuce,
cucumber, wheat, and crop rotations has been examined. The "BayWa r.e." project in the
Netherlands, focused on raspberry production, is considered one of the largest agrivoltaic
projects in Europe. In France, there is a pilot project where over 5,000 solar panels are installed
over an agricultural enterprise, with a capacity to produce 2.5 MW at peak times. In Greece,
aromatic plants and flowers are grown using APV systems. In Spain, it has been determined
that plants such as artichokes and broccoli continue their development without issues under
solar panels. In Belgium, pear and sugar beet production is carried out under solar panels
(Enerjisa Uretim, 2024).

3.2.6. Evaluation of APV systems for Tiirkiye

The integration of renewable energy sources into the agricultural sector is gaining momentum
in Tiirkiye. The 2024-2028 Strategic Plan of the Ministry of Agriculture and Forestry (MAF)
emphasizes that the idle capacity of renewable energy should be utilized to ensure sustainability
in agriculture, reduce production costs, and decrease foreign dependency. However, the plan
also highlights the risk that using agricultural and pasture lands for solar energy production
could pose potential threats to agricultural output (MAF, 2024). In this context, it has become
crucial to carefully examine APV systems, which enable both agricultural and energy
production on the same land unit.

Research indicates that a large part of Tiirkiye is geographically suitable for APV systems
(Cosgun, 2021). Studies conducted in the provinces of Burdur and Mus have revealed that while
APV systems provide direct benefits to food and energy production, they also indirectly
improve water use and reduce air pollution (Kirbas, 2023; Ozer, 2024). Additionally, Enerjisa
Uretim has implemented an APV system in Istanbul Komsukdy with a capacity of 20 kW and
a storage capacity of 24 kWh (Enerjisa Uretim, 2024; Anadolu Agency, 2024). This system
stands out as a pioneering agrivoltaic application area in Tiirkiye, designed with a fixed bifacial
panel system (Figure 4).
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Figure 4. Komsukdy APV System
Source: Sentiirk et al., 2024

Tiirkiye's first APV Research Project is being conducted within the scope of the Livinglab
initiative launched by the Middle East Technical University (METU) Solar Energy Research
and Application Center (GUNAM). The Ayas APV project, carried out jointly by METU-
GUNAM, the Ayas District Directorate of Agriculture and Forestry, and a local producer in the
Ayas district of Ankara, is equipped with a 122 kWp (Kilowatt-peak) capacity and a single-axis
solar tracking system (Anonymous, 2023). This system provides a suitable working area for
agricultural vehicles, and in its first year of trial, products such as tomatoes, peppers, and
cucumbers were monitored in accordance with the local cropping pattern. Within the scope of
the project, environmental parameters (irrigation, soil moisture, and temperature) are measured,
and detailed analyses, including agricultural productivity, energy efficiency, and income-
expenditure calculations, are maintained over a four-year period (Figure 5).

Figure S. Ayas-Ankara APV System

Source: Anadolu Agency, 2023
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APV systems are technically highly suitable for Tiirkiye due to its high solar radiation potential.
Partial shading provided by the panels could enhance crop yield and water savings in regions
with high water stress (Central Anatolia, Southeast). Its ability to reduce irrigation requirements
could offer significant contributions to combating drought. In addition to providing extra
income for producers, it allows for the co-development of energy and agriculture. Furthermore,
it can contribute to the reduction of carbon emissions. However, the high cost of installation
remains a significant factor. In Tiirkiye, legislation and land-use regulations regarding this issue
are not yet sufficiently clear. The term "APV" is not an officially defined application in current
legal regulations. At present, the installation of solar energy systems on agricultural land is
evaluated as "non-agricultural use." Due to the narrowing of application areas, investors mostly
turn to marginal and low-yield lands.

On the other hand, the fact that these systems are not suitable for every crop may also affect
producers. Producers may require technical knowledge and training, and crop-panel designs
must be well-planned for system success. In Tiirkiye, agricultural and energy incentives are not
structured together. To promote the expansion of APV systems, state-supported investment
grants could be provided. Integrating energy and agricultural incentives, along with providing
tax advantages and financial support, would also make a significant contribution. Education
and consultancy services could be expanded. For producers to adopt these systems, they must
be supported both technically and financially.

4. DISCUSSION AND CONCLUSION

Although APV systems are in the early stages of their development, they offer significant
technical improvements and new application opportunities. Technical innovations include
dynamic PV modules (Valle et al., 2017) that optimize the irradiance reaching the vegetation to
increase both electricity and biomass yield, wavelength-selective PV modules (Loik et al.,
2017), and the integration of wind turbines. Application areas cover a wide range, including the
use of generated electricity for agricultural operations (processing, cooling), vehicle
electrification, and providing rural electrification in developing countries (Malu et al., 2017).
Furthermore, the integration of APV systems with water pumping systems (Burney et al., 2010)
holds the potential to improve water supply in arid regions, enhance pasture productivity, and
mitigate desertification (Campana et al., 2016). APV systems are particularly beneficial in
sectors where supporting structures are already utilized, such as hops, greenhouse cultivation,
viticulture, and fruit production (Cossu et al., 2014). In sub-sectors like viticulture and
orcharding, APV systems not only provide water savings but also reduce crop losses by offering
protection against extreme weather conditions, thereby significantly increasing farm income
(Malu et al., 2017). Considering the impact of climate change on reducing agricultural land
(Hannah et al., 2013), APV systems are evaluated as a critical technology that alleviates the
ethical conflict in land use by combining agriculture and energy production.

In conclusion, APV systems offer a vital solution for achieving sustainable development goals
by integrating agricultural and energy production. Advantages such as the cost-effectiveness of
solar energy and its non-polluting nature accelerate the adoption of APV systems in the
agricultural sector. By enabling both energy production and agricultural activities on the same
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land, APV systems provide the potential to establish a nexus between energy and food
production. The expansion of these systems will enhance the success of sustainable agricultural
practices and renewable energy strategies. However, further research addressing the effects of
APV systems on crop yields and quality is required. In the future, modeling techniques should
be employed to transform field experiment results into universal models. These models must
be adapted to specific climatic conditions and technical applications of APV systems. By
addressing major social and environmental challenges such as global energy demand, food
security, climate change, and land use, APV systems are candidates to become a key component
of future agricultural systems. For Tiirkiye, it is a powerful model that can provide solutions to
drought, energy dependency, and rural income problems. However, for its widespread adoption,
pilot projects, support mechanisms, and a clear legal framework are essential.
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ABSTRACT

According to the latest Turkish forestry inventory, Tirkiye has 23.4 million hectares’ forest
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 damages. Total forest area of Trkiye 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 in 2024. 84 523 823 seedlings and 52.8 tones seeds were
produced in 2024. Afforestation (i.e., 30183 ha in 2022 and 15 488 ha in 2023), seedling and
seed production of some natural and exotic tree species (i.e., Brutian pine- Pinus brutia Ten.,
Black pine- Pinus nigra Arnold., Taurus cedar- Cedrus libani A. Rich., Maritime pine- Pinus
pinaster Ait.) 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 forestry practices (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 to 23.4 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 Tirkiye for some years

Afforestation, seedling and seed production of some natural Brutian pine (Pinus brutia Ten.),
Black pine (Pinus nigra Arnold.), Scots pine (Pinus sylvestris L.), Taurus cedar (Cedrus libani
A. Rich.), Oriental beech (Fagus sylvatica Lipsky.), Oriental spruce (Picea orientalis (L.)
Link.), Walnut (Juglans ssp.) and Cypress (Cupressus ssp.) and exotic tree species (Maritime
pine (Pinus pinaster Ait.) and Black locust (Robinia pseudoacacia L.) their effects on forest
area were examined based on some years to discuss for future practices in this paper.

2. MATERIAL AND METHOD
Inventorial data of afforestation, seedling and seed production was obtained from website of
General Directorate of Forestry of Turkey [2], published annual.

3. RESULTS AND DISCUSSION

3.1. Reforestation and afforestation

Afforestation and reforestation (Figure 2) by seeding or planting both refer to establishment of
trees on non-treed 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 Turkish forestry inventory [2], areal reforestation and afforestation
practices were given in Table 2 to discusses annual changes. As seen from Table 2, annual
averages of the practices were about 34500 ha. The first inventorial afforestation practice was
264 ha in 2018 [2], while it has continued inventorially 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 reforestation and afforestation practices (ha) in Tlrkiye for some years

Years Reforestation Afforestation Total
1946-1991 - - 1550511
2020 28 523 109 28 632
2021 35372 1514 36 887
2022 29 631 552 30183
2023 15195 293 15 488
2024 17 326 433 17 759

Figure 2. Afforestation and reforestation practices in Pinus nigra and P. sylvestris

3.2. Seed and seedling productions

Seed and seedling productions were the main materials of afforestation and reforestation
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 Figure 3 [2]. It could be said
that seed (Table 3, Figure 3) and seedling productions 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 species and years
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Turkiye/ Years
Species 2020 2021 2022 2023 2024 Total
Tirkiye 143 800 146 500 116 750 118 000 116 000 524 300
P. brutia 9542 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 44510
P. sylvestris 420 352 113 924 992 2 801
R. pseudoacacia* 1388 2905 2421 1561 1305 9580
Cupressus ssp 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
Juglans ssp. 20413 20703 23742 24 694 18 446 107 998
Total 49 946 49 361 51870 58 042 52 760 261979

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

Number of both bare-root and container seedlings (Figure 4) produced from the harvested seeds
generally were given in Table 4 and Figure 5 [2]. Seedling type and age could impact on number
of seedling productions.
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Figure 4. Container and bare-root seedling productions in Cupressus and P. brutia.

Table 4. Seedling productions for some species and years

Turkiye/ Years

Species 2020 2021 2022 2023 2024 Total
Turkiye 273533826 274929790 260 000 000 261 295 000 131 675 000 1201 433 616
P. brutia 69714397 53350545 53 361 445 50404 772 48 734 295 275 565 454
P. nigra 37992812 43256631 43 754 476 36833 132 16 039 800 177 876 851
C. libani 26848957 30475755 28 066 309 47722 135 9619 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
Cupressus ssp 6 459 691 7512 651 9 285 469 10 584 870 8 867 006 42 709 687
P. pinaster* 6413719 6 079 056 7832090 4821073 3982832 29128770
F. orientalis 3049 465 5070 851 4 646 580 5685 214 1 605 786 20 057 896
P. orientalis 3541024 4653 732 4088 355 4338 628 1 550 750 18 172 489
Juglans ssp. 5592 536 4122 974 2965573 2 806 023 1116 500 16 603 606
Total 192295999 191889953 189 685 448 194 572 574 84523 823 869 007 597

*; exotic species

Seed and seedling productions (Tables 3 and 4, Figures 3 and 5) could not be well accordance
each other because of 1000 seed weight and seedling types of the species. So, seedling
production could be better monitor of afforestation and reforestation practices.
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Figure 5. Seedling productions for some species and years

4. CONCLUSIONS
Vegetative seedling propagation could be also considered especially for extreme areas. Private
afforestation could be much encouraged.
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ABSTRACT

Junipers (Juniperus spp.) as tree, small tree or shrubs, evergreen woody plants belonging to
Cupressaceae family are important in wood and non-wood forest products, and also landscape
practices. Number of Junipers species was 53 or 67 according to literature survey in whole the
world. They to be represented by 8 natural species belong to Juniperus (Juniperus oxycedrus
L., J. communis L. and J. macrocarpa Sibth. & Sm.), Caryocedrus (Juniperus drupacea L.) and
Sabina (Juniperus excelsa M. Bieb., J. foetidissima Willd., J. phoenicea L. and J. sabina L.)
sections in Turkish forestry at different edaphic, climatic and environmental conditions.
Crimean juniper (Juniperus excelsa M. Bieb.) has the largest natural area in Turkish junipers.
They grow at 1.59 million ha which of 70% (1.12 million ha) is unproductive in total 23.4
million ha Turkish forest area which of 9.5 million ha (41%) is unproductive. The Junipers are
used widely in afforestation and rehabilitation practices in Turkiye for conversion of
unproductive forest to productive forest. For instance, 25841 kg seeds were harvested from 6
seed stands at 1357.7 ha in junipers and about 123 million seedlings inventoried in other
coniferous forest tree seedlings were produced in last decade according to the last forestry
inventory. Importance of silvicultural practices were examined to discuss based on forestry
practices of Junipers in this study.

Key Words: Afforestation, rehabilitation, seed, landscape.

4. INTRODUCTION

Junipers (Juniperus spp.) taxa as tree, small tree or shrubs, evergreen woody plants
(Figure 1) have 1.59 million ha natural distribution which of 70% (1.12 million ha) is
unproductive in total 23.36 million ha Turkish forest area which of 9.65 million ha is
unproductive [1]. Junipers (Juniperus spp.) belonging to Cupressaceae family which of
dioecious or monoecious [2] are important in wood and non-wood forest products used in
various industries [3, 4, 5], and also landscape practices by long lifespan/rotation age. Number
of Junipers species was 53 [6] or 67 [7] according to literature survey in whole the world. They
were grouped to sections by berry and leaves characteristics. Turkiye has 8 natural species [8]
belong to Juniperus (prickly juniper- Juniperus oxycedrus L., Common juniper- J. communis
L. and Maritime juniper- J. macrocarpa Sibth. & Sm.), Caryocedrus (Syrian juniper- Juniperus
drupacea L.) and Sabina (Crimean juniper- Juniperus excelsa M. Bieb., Stinking juniper- J.
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foetidissima Wild., Phoenician juniper- J. phoenicea L. and Savin juniper- J. sabina L.) sections
in Turkish forestry at different edaphic, climatic and environmental conditions (Figure 2) [6].
Juniperus excelsa is a tree, which measures about 20-25 m in height with a pyramidal crown
together with J. foetidissima which is a tree with a height of 10-20 m [5]. Crimean juniper
(Juniperus excelsa M. Bieb.) has the largest natural area (82%) in Turkish junipers (Figure 3)
[9, 10] mainly karstic and rocky areas as individual tree, group or small stands also native in
Albania, Yugoslavia, Greece, Macedonia, Bulgaria, Cyprus, Syria, Lebanon, Azerbaijan,
Crimea, Russia between 500 and 2700 m (Figure 3).

£ i -~ i fa) i

+ JLcommunis L.subap.coimniuis. o Lexucedrus Lsubsnmaciecarna

¢ Leommunis l.subsp.uana Syme. n  Joxucedrus L.subsn.exlcedris.

v JexcelsaBigh 2+ Loxucedrys Lasvubsp.xicedzus vatsnilinana
B8 JsgdinaL. > Lpheeniceal.

Figure 2. Natural distribution of Turkish junipers
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Figure 3. Natural distribution of Crimean juniper

The Junipers are used widely in afforestation, reforestation and rehabilitation practices in
Turkiye for conversion of unproductive forest to productive forest. For instance, 25841 kg seeds
were harvested from 6 seed stands at 1357.7 ha in junipers and about 123 million seedlings
inventoried in other coniferous forest tree seedlings were produced in last decade according to
the last forestry inventory [1,12]. Importance of silvicultural practices were examined to discuss
based on forestry practices of Junipers in this paper.

5. MATERIAL AND METHOD
Observation and experience of the author, search of published papers, and also inventorial data
from website of General Directorate of Forestry of Turkey [1] was used in this paper.

6. RESULTS AND DISCUSSION

Junipers which have been very well adapted to both hard conditions and dryness [2] grow at
different edaphic, climatic and environmental conditions (Figure 4). Wood production was
20761 m*for year of 2024 [1]. Juniper taxa have used widely in afforestation, rehabilitation and
reforestation practices especially in extreme areas because of these advantages and rich taxa
(Figure 5) after solution of germination problems of juniper taxa by Gultekin (2007) [11]. 25841
kg seeds and 123 million seedlings were produced in last decade in the junipers to produce
quality seedlings for Turkish forestry practices [1]. For instance, average 1000 seed weight was
17.1 g in Common juniper, while they varied largely among taxa and among provenances within
taxa such as ranged from 15.6 g to 19.4 g in the species [11]. There were about 58000 seeds/kg
in Common juniper, while they changed according to taxa and provenances [11]. Number of
seedlings and weight of seed productions could change for the years and forestry practices, and
also good seed year of junipers.
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Figure 4. Common juniper and Black pine in rocky area

Figure 5. Seedlings and 'rhix plantation of rimean juniper

Junipers especially Crimean juniper (Juniperus excelsa) has drought, heat and cold tolerant
characteristics. It is getting importance based on climate change and adaptation ability to
different ecological conditions of junipers. Bare-root and containerized seedlings used in
forestry practices showed large variation for seedling height and root-collar diameter in
Crimean juniper, while it had higher quality seedlings for the practices [13,14].

4. CONCLUSIONS
Pure afforestation and reforestation practices should be increased in Junipers based on seed and
seedling productions by seeding and seedling.
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OZET

Agaclandirma calismalari, bitki Ortiisiiniin tahrip edilmesi sonucu olusan bozuk alanlarin
yeniden ormana doniistiiriilmesi agisindan biiyiik 6nem tagirlar. Bunun yani sira erozyon, iklim
degisikligi, kiiresel 1sinma gibi ¢evre sorunlarinin olumsuz etkilerinin azaltmasinda da 6nemli
bir rol oynamaktadir. Kurak ve yar1 kurak alanlarda ekosistemin daha duyarli bir yapiya sahip
olmasi nedeniyle bu alanlarda yapilacak agaglandirma calismalarina daha fazla 6zen
gosterilmesi gerekmektedir. Kurak ve yar1 kurak alanlarda toprak derinligi, taslilik vb. ekolojik
kosullara bagli olarak makineli arazi hazirligi, uygun ekipman ve deneyimli is¢i saglanmasi
gibi ¢esitli giicliiklerle karsilagilabilmektedir. Bu nedenle kurak ve yari kurak alanlarda
yapilacak agaclandirma c¢aligmalar1 klasik agaclandirmalara gore daha fazla yatirnim
gerektirmektedir. Ayrica bu alanlarda agaglandirmalarda kapli/tiiplii fidanlarin dikilmesinin
basar1 oranini artirdig bilinmektedir. Bu ¢alismada yar1 kurak alan 6zelligine sahip Cankir
ilinde 2020-2025 yillar1 arasinda yapilmis agaglandirma galigmalari incelenmistir. Incelemeler
sonucu Cankiri’da hem agaglandirma hem de erozyon kontrol uygulama projeleri yapildig:
saptanmig, bu ¢alismalarda kullanilan fidan tiirleri ve yaslari, orijinleri ve yasama ylzdeleri
degerlendirilmistir. Ayrica agaglandirma caligmalarinin 2023-2025 yillarina ait yasama
yiizdeleri tespit edilmis, fidan sayim tutanaklarina gore basar1 ylizdesinin %86-97 arasinda
degistigi saptanmistir. Ancak erozyon kontrol amagli yapilan ¢alismalarda oncelik topragi
korumak oldugundan bu ¢alismalarda herhangi bir fidan sayimi1 yapilmadig: gortilmiistiir.

Anahtar Kelimeler: Agaclandirma, Fidan tiirii, Cankiri, Yasama ylizdesi.
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EVALUATION OF AFFORESTATION STUDIES CARRIED OUT IN CANKIRI
PROVINCE BETWEEN 2020-2025

ABSTRACT

Afforestation efforts are of great importance in restoring degraded areas, resulting from the
destruction of vegetation, back into forest. Furthermore, they play a significant role in
mitigating the negative effects of environmental problems such as erosion, climate change, and
global warming. Due to the more sensitive ecosystem structure in arid and semi-arid areas,
afforestation efforts in these regions require greater care. In arid and semi-arid areas, various
difficulties can be encountered, such as mechanized land preparation, securing appropriate
equipment, and providing experienced workers, depending on ecological conditions like soil
depth and stoniness. Therefore, afforestation efforts in arid and semi-arid areas require more
investment than conventional afforestation methods. Additionally, it is known that planting
containerized/potted seedlings increases the success rate in these areas. This study examines
afforestation efforts carried out in Cankir1 province, a semi-arid area, between 2020 and 2025.
The investigations revealed that both afforestation and erosion control projects were carried out
in Cankiri, and the types, ages, origins, and survival rates of the seedlings used in these projects
were evaluated. Furthermore, the survival rates of the afforestation projects for the years 2023-
2025 were determined, and according to the seedling count records, the success rate was found
to vary between 86% and 97%. However, it was observed that no seedling counts were
conducted in the erosion control projects, as the priority is soil conservation.

Keywords : Afforestation, Seedling type, Cankiri, Survival rate.
1. GIRIS

Bitki ortiistiniin tahribi sonucunda olusan bozuk alanlarin yeniden ormana doniistiiriilmesi
acisindan biiyiik onem tasiyan agaglandirma calismalari; erozyon, iklim degisikligi, kiiresel
1sinma, ¢ollesme gibi c¢evre sorunlarinin neden oldugu olumsuz etkilerin azaltmasinda da
onemli bir rol oynamaktadir [1, 2].

Ulkemiz Karadeniz kiy1 bolgesi hari¢c kurak ve yari kurak iklim kosullarinin hakim olmasi
nedeniyle hassas bir ekosisteme sahiptir. Ulke genelinde goriilen yarikurak iklim sartlari
ormancilik faaliyetlerinin dnemini belirgin sekilde ortaya koymaktadir. Ozellikle i¢ Anadolu
Bolgesi, Dogu Anadolu Boélgesi ve Giineydogu Anadolu Bolgesi en diisiik yagis alan ve
kurakligin daha belirgin hissedildigi alanlar arasinda yer almakta olup, bu yorelerde ¢ollesme
tehlikesinden soz edilmektedir [3, 4]. Bununla beraber I¢ Anadolu'da Tuz Gélii ve ¢evresi 300
mm'ye yakin yillik yagislar ile kurak bdlge olma siniria yakin 6zellikler gosterir [5].

Diinyanin % 46’s1 kurak ve yar1 kurak alanlardan olugsmakta olup Tiirkiye’de ise kurak ve
yarikurak alanlarin oran1 yaklasik % 65 diizeyindedir [6]. Ayrica gerekli tedbirler alinmadigi
takdirde, bu alanlarin zaman igerisinde ¢ollesme riskinin ortaya ¢ikmasi kaginilmazdir. Bu
nedenle Tiirkiye’de oOzellikle kurak ve yarikurak alanlarda gergeklestirilen agaclandirma
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calismalari, hem mevcut ekosistemlerin ve biyolojik ¢esitliligin korunmast hem de bozulan
alanlarin yeniden iyilestirilmesi agisindan biiylik 6nem tagimaktadir [2].

Kurak ve yarikurak alanlarin agaglandirmalari, klasik agaclandirma ¢alismalarina gore daha
fazla deneyim ve teknik bilgi gerektirmekte olup bu alanlarda yapay genglestirme bigimiyle
yeni ormanlar kurulmasi amaglanmaktadir [5]. Kurak ve yarikurak alanlarda agaclandirma
caligmalarina baglamadan once ilk olarak ekolojik kosullara uygun topragin tespiti ve 1slah
caligmalar1 yapilmasi daha sonra da kosullara uygun tiirlerin belirlenmesi gerekmektedir [5].
Ayrica kurak ve yarikurak alanlarda yapilacak agaglandirma c¢alismalarinda arazinin toprak
derinligi, taslilik vb. ekolojik kosullarinin uygun hale getirilmesi i¢in makineli arazi hazirligi,
uygun ekipman ve deneyimli is¢i saglanmasi gibi ¢esitli gligliiklerle karsi karstya kalindigindan
klasik agaclandirma calismalarina kiyasla daha yiiksek maliyet ve yatirim gerektirmektedir
[2,7]. Tiirkiye’de yarikurak iklim kosullari, basta Konya, Karaman, Nigde, Kayseri, Aksaray,
Kirikkale, Kirsehir, Ankara, Eskisehir ve Cankir1 illerinde yaygin olarak goriilmekte, bunun
yani sira Malatya, Elaz1g, Diyarbakir ve Sanliurfa illerinde de yarikurak nitelikler tasiyan
alanlar bulunmaktadir [8,9].

Bu bildiride, yar1 kurak alan 6zelligine sahip Cankir1 ilinde 2020-2025 yillar1 arasinda yapilmis
agaclandirma calismalar1 incelenmistir. Incelemeler sonucu Cankir’da hem agaglandirma hem
de erozyon kontrol uygulama projeleri yapildigi saptanmis, bu ¢alismalarda kullanilan fidan
tiirleri ve yaslari, orijinleri ve yasama yiizdeleri degerlendirilmistir.

2. MATERYAL VE YONTEM

Bu ¢alismada yar1 kurak alan 6zelligine sahip Cankir1 ilinde 2020-2025 yillar1 arasinda yapilmis
agaclandirma calismalar1 incelenmistir. Incelemeler sonucu Cankir’’da hem agaglandirma
projeleri hem de erozyon kontrol uygulama projeleri yapildigi saptanmaigtir.

2.1. Arastirma Alanlarimin Tanitimi

2.1.1 Agac¢landirma alanlari

Elmaci aga¢landirma alam: Alan, Ankara Orman Bélge Miidiirliigii, Cankirt Orman Isletme
Miidiirliigii, Eldivan Orman Isletme Sefligi sinirlar1 iginde, 44°80°477-54°75°50” Kuzey
enlemleri 44°80°247-54°82°46” Dogu boylamlari arasinda, 1/25.000 6lcekli topografik haritada
Cankirt H31 al paftasinda yer almaktadir. Amenajman planmnin 106, 121, 124 No’lu
bolmelerinde bulunan alan toplam 122,75 ha biiyiikliiglindedir. Erin¢ yagis miktar1 indisine
gore aragtirma alani yar1 kurak iklim tipinde olup step vejetasyon tipine sahiptir. Alanda OT-E,
BCk-E, OT ve OT-E-4 mescere tipleri yaygin olup karagam, alig, kusburnu, ahlat ve mese
tiirleri bulunmaktadir. Caligma kapsaminda 5,40 ha biiyiikliigiindeki mevcut vejetasyon alani
korunmustur. Arastirma alani1 dogu bakida, ortalama yiikseltisi 1025 m’dir. Alan kumtas1 ve
camurtasi anakaya {izerinde gelismis olup topraklar killi balgik tekstiiriindedir. Toprak, yiiksek
kireg igerigine (%5,22 - 45,73) sahip ve bazik karakterli (ortalama pH 8,31), organik madde
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miktar1 %0,74-2,69 arasinda degismekte, tuzluluk degeri ise 0,10-0,14 mS/cm araliginda olup
tuzsuz sinifta yer almaktadir [10].

Olguntepe agaclandirma alani: Ankara Orman Bolge Midirligii’ne bagli Cankir1 Orman
Isletme Miidiirliigii, Sabandzii Orman Isletme Sefligi sinirlar icerisinde yer almakta olup,
amenajman planinda 68, 69 ve 352 numarali bolmeleri kapsamaktadir. Ayrica 1/25.000 6lgekli
topografik haritalara gore Cankiri1 G30 d4 paftasinda bulunur ve calisma kapsaminda
degerlendirilen alan 176,78 ha biiyiikliigiindedir. Ering yagis miktar1 indisine gore arastirma
alan1 yar1 kurak iklim tipinde olup step vejetasyon tipine sahiptir ve ortalama ytikseltisi 1.373
m’dir. Calisma alaninda mevcut vejetasyon, bosluklu (bozuk) ardi¢ ve karacam ile otsu
tiirlerden olusmakta olup, bu alanlar agaclandirma agisindan potansiyel nitelik tagimaktadir.
Topraklar andezit anakaya iizerinde gelismis olup balgik ve killi balgik tekstiirliidiir; genel
olarak orta ve hafif biinyeli yap1 gostermektedir. Toprak reaksiyonu pH 6,79-7,61 arasinda
degismekte, kireg igerigi oldukga diisiik diizeyde (%0,02-0,04) bulunmakta ve organik madde
miktar1 %0,38-2,79 araliginda oldugu belirlenmistir [11].

Sabanozii agaclandirma alani: Ankara Orman Boélge Miidiirligii’ne bagli Cankirt Orman
Isletme Miidiirliigii, Sabanozii Orman Isletme Sefligi smirlarinda yer alan 365 numarali
bolmede bulunan alan BMt ve OT-E-4 mescere tipine sahiptir. 1/25.000 dlgekli topografik
haritalara gore Cankirt G30-C4 ve H30-B1 paftalarinda bulunur. Caligma alan1 toplam 98,89
ha biiyiikliglindedir. Ering yagis miktar1 indisine gore arastirma alani yar1 kurak iklim tipinde
olup step vejetasyon tipine sahiptir ve ortalama yiikseltisi 1.100 m’dir. Alanda kalker anakaya
hakim, kumlu killi ve killi topraklar yaygindir; toprak reaksiyonu pH 7,04-8,23 arasinda ve
kireg icerigi %0,06-13,49 araligindadir [12].

Sarnitarla - Yukariyanlar agaclandirma alani: Ankara Orman Boélge Midiirligii’ne bagl
Cankir1 Orman Isletme Miidiirliigii Cankir1i Orman Isletme Sefligi sinirlar1 igerisindedir.
Amenajman planinda 202, 204, 272 ve 302 numarali bélmeleri ve 1/25.000 6l¢ekli topografik
haritada G30-C3 ile G31-D4 paftalarim1 kapsamaktadir. Ortalama yiikseltisi 1.050 m olan
caligma alan1 150,36 ha biiyiikliigiindedir. Erin¢ yagis miktar1 indisine gore arastirma alani yari
kurak iklim tipinde olup step vejetasyon tipine sahiptir. Calisma alaninda anakaya kalker ve
andezitten olusmaktadir. Toprak analizleri sahada kumlu killi balgik tekstiiriiniin baskin
oldugunu gostermekte; toprak reaksiyonu pH 6,89-8,21 aralifinda degismekte, kire¢ igerigi
%1,12-34,39 arasinda olup profil derinligiyle artis gostermekte ve organik madde miktar
%0,58-0,99 diizeyindedir. Topraklar organik madde bakimindan ¢ok az sinifinda yer almaktadir
[13].

2.1.2 Erozyon kontrol uygulama alanlar:

Inandik erozyon kontrolii uygulama alani: Ankara Orman Bélge Miidiirliigii, Cankir1 Orman
Isletme Miidiirliigii, Merkez Orman Isletme Sefligi smirlarinda, 54°98°19”- 44°70°60” Kuzey
enlemleri, 54°97°077-44°68’40” Dogu boylamlar1 arasinda, 1/25.000 Olgekli topografik
haritada Cankir1 H31 A1 ve H31 A2 paftalarinda yer almaktadir. Amenajman planinin 404 No
’lu bélmesinde bulunan alan toplam 353,86 ha biiyiikliiglindedir. Erin¢ yagis miktar1 indisine
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gore arastirma alani yar1 kurak iklim tipinde olup step vejetasyon tipine sahiptir. Alan OT-Z-1
mescere tipindedir. Karagam, ali¢, kusburnu ve mese tiirleri ile karagali, patlangag, geven ve
cali formunda otsu tiirler bulunmaktadir. Arastirma alaninin; ortalama yiikseltisi 1100 m,
kuzeybat1 bakist hakimdir. Alan kalker anakayasi iizerinde gelismis olup topraklar kumlu-Killi
balgik tekstiiriindedir. Toprak, orta kire¢ igerigine (%3,67-40,78) sahip ve hafif alkalin
karakterli (pH 7,86-7,81), organik madde miktart %0,03-1,32 arasinda degismektedir [14].

Yukaripelitozii erozyon kontrolii uygulama alani: Ankara Orman Boélge Miidirligii’ne
baghh Cankir1 Orman Isletme Miidiirliigii Cankir1 Orman Isletme Sefligi smirlarinda;
amenajman planinin 303 numarali bélmesinde yer almakta olup mescere tipi OT-E-26, Z-42 ve
Z-44, toplam 137,36 ha biyukligiindedir. Alanin ortalama yiikseltisi 753 m, genel bakis1 kuzey
ve kuzeydogudur. Ering yagis miktar1 indisine gore arastirma alan1 yar1 kurak iklim tipinde olup
step vejetasyon tipine sahiptir. Calisma alaninda anakaya kalker olup topraklar %2,88-27,16
arasinda degisen ¢ok kirecli, bazik karakterli (pH 7,74-8,45), %0,10-0,98 dlzeyinde oldukca
diisiik organik madde miktarina sahiptir. Tuzluluk ise 0,11-2,33 mS/cm araliginda oldugundan
tuzsuz sinifta yer almaktadir [15].

Golezkayi-Alva erozyon kontroll uygulama alam: Ankara Orman Bolge Midiirligi’ne
baghh Cankir1 Orman Isletme Miidiirliigii Cankir1 Orman Isletme Sefligi smirlarinda;
amenajman planinin 303 numarali bélmesinde yer almakta olup 1/25.000 6lgekli topografik
haritada G31-D4 ve H31-Al paftalar1 arasinda toplam 173,38 ha biiyikligiindedir. Alanin
ortalama yiikseltisi 753 m, genel bakis1 kuzey ve kuzeydogudur. Erin¢ yagis miktart indisine
gore arastirma alani yar1 kurak iklim tipinde olup step vejetasyon tipine sahiptir. Ortalama
yiikseltisi 762 m, genel bakisi kuzeydogudur. Calisma alaninda anakaya kalker olup topraklar
%10,13-17,36 arasinda degisen orta ile fazla kirecli sinifinda, hafif alkali karakterli (pH 7,70-
7,89), organik madde miktar1 %0,84-1,34 diizeyinde ve az ve ¢ok az sinifindadir [16].

2.2. Yontem

Bu calisma kapsaminda, Cankir1 ilinde yapilan agaglandirma g¢aligmalart incelenmis ve
agaclandirma alanlar1 ekolojik kosullara uygun tiir ve orijin se¢imi, toprak isleme yontemleri,
kullanilan fidan tiirleri ve yaslari, dikilen fidan adetleri ve fidanlarin yasama yiizdeleri
yoniinden degerlendirilmistir.

3. BULGULAR

Calisma kapsaminda 4 adet agaclandirma ve 3 adet erozyon kontrol uygulama projesi olmak
lizere toplam 7 adet agaclandirma caligmasi ele alinmistir.

Elmaci Aga¢landirma Sahasi

Agaclandirma alaninda diri ortii temizligi planlanmamis olup mevcut vejetasyon korunarak
alan dogal yapisiyla muhafaza edilmistir. Toprak isleme calismalar1 kapsaminda 25,36 ha
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alanda ikili riper ile alt toprak islemesi, ayn1 sahada toplam 55,792 km iist toprak islemesi
yapilmistir. Ayrica 83,86 ha alanda ekskavatorle toplam 100,632 km uzunlugunda gradoni tipi
teras tesis edilmistir. Teraslar 60-80 cm derinlikte, 120-150 cm genislikte ve i¢ce dogru %20-40
egimli olacak sekilde olusturulmustur [10].

2021 yilinda tesis edilen alanda dikimlerde; Kizilcahamam orijinli 4.000 adet karagam, Mut
orijinli 4.000 adet sedir, Cankir1 orijinli 7.500’er adet ahlat ve ceviz ile Malatya orijinli 7.000
adet zerdali kullanilmistir. 2023 yilinda %81,14 oraninda olan fidan yasama ytizdeleri 2024°te
%92,73’e ve 2025°te %95,26’ya yiikselmistir [10]. Buna gore agaglandirma ¢aligmalarindaki
fidan tutma basarisinin, dikim sonrasi gerceklestirilen ot alma, ¢capa, tamamlama dikimi ve teras
onarimi gibi bakim uygulamalarinin zamaninda ve yeterli diizeyde yapilmasina bagli olarak bu
oranlara ulastig1 belirlenmistir.

Olguntepe Agaclandirma Sahasi

Bu alanda, vejetasyon Ortiisiiniin bosluklu (bozuk) Ardi¢ ve Karagam’dan olustugu ayrica otsu
tiirlerin bulundugu ve diri ortii temizligi yapilmadigi belirtilmistir. Toprak isleme caligmalari
kapsaminda 67,22 ha alanda {iglii riper ile alt toprak islemesi, ayni sahada gradoni seklinde {ist
toprak islemesi yapilmistir. Ayrica 3,63 ha’da ekskavator ile gukur seklinde toprak isleme ve
doldurulmasi ile toplamda 100,632 km uzunlugunda gradoni tipi teras tesis edilmistir. Teraslar
120-150 cm genislikte, ice dogru %20-40 egimli olacak sekilde form verilmistir [11].

2022 yilinda tesis edilen alanda dikimlerde; 2+0 yasinda tiiplii olmak iizere Ismetpasa orijinli
2.000 adet karacam, llgaz-Yenice orijinli 10.500 adet sarigam fidanlar1 kullanilmistir. Fidan
yasama ylizdeleri, 2023, 2024 ve 2025 yillarinda sirastyla %97,38, %97,31 ve %97,46
oranlarinda yliksek yasama basaris1 gostermistir [11].

Sabanoézii Agaclandirma Sahasi

Bu agaglandirma sahasinda diri Ortii temizligi yapilmamis ve 11,94 ha dogal gelisimine
birakilmigtir. Toprak isleme ¢alismalar1 kapsaminda 23,31 ha’da ekskavator ile dikim ¢ukuru
seklinde, 59,27 ha alanda ise ekskavator ile gradoni teras (Buror) seklinde toprak islemesi
yapilmustir. Teraslar 120-150 cm genislikte ve i¢e dogru %20-40 egimli olacak sekilde teras
formu verilmistir [12].

2022 yilinda tesis edilen alanda dikimlerde; 2+0 yasinda tiiplii fidan seklinde Kizilcahamam
orijinli 13.000 adet karagam, Mut orijinli 2.500 adet sedir fidanlar1 dikilmistir. Bu alan 2022
yilinda sonbahar doneminde tesis edildiginden 2023 yilinda ilkbahar doneminde fidan sayimi
yapilmamistir. 2024 yilindaki fidan yasama yiizdesi %86,55 iken 2025 yilinda ise %87,36
yasama yiizdesi tespit edilmistir. Daha sonra tamamlama dikimleriyle Cankir1 orijinli 2000 adet
ahlat dikilmistir [12].
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Sanitarla-Yukariyanlar Agaclandirma Sahasi

Bu agaglandirma sahasinda vejetasyon ortiisiiniin bosluklu oldugu (bozuk) Ardi¢ ve Karacam
alanlari ile otsu tiirler bulundugu ve diri 6rtli temizligi yapilmadigi belirtilmistir. Ayrica alanda
53.17 ha dogal gelisimine birakilmistir. Toprak isleme calismalar1 kapsaminda 2,54 ha’da
ekskavator ile dikim ¢ukuru seklinde, 90,15 ha alanda ise ekskavator ile gradoni teras (Buror)
seklinde toprak islemesi yapilmistir. Teraslar 120-150 cm genislikte ve ice dogru %20-40
egimli olacak sekilde teras formu verilmistir [13]. 2024 yilinda tesis edilen alanda 2025 yili
yasama yiizdesi %89,70 olarak belirlenmistir [13].

inandik Erozyon Kontrol Uygulama Sahasi

Erozyon kontrolii ¢alismasi yapilacak sahalarin ylizey erozyonu mevcuttur. Erozyon tipi % 5
hafif siddetli, % 47’si orta siddetli, % 41’1 siddetli ve 7’si ¢ok siddetli yiizey erozyonu
seklindedir. Toprak isleme ¢aligmalar1 kapsaminda 77,76 ha ikili riper ve 57,05 ha {i¢lii riper
olmak lizere toplam 134,81 ha’da alt toprak islemesi, 117,09 ha’t ekskavator ile gradoni
seklinde yapilmustir [14].

2020 yilinda tesis edilen alanda dikimlerde; Ismetpasa orijinli 40.000 adet karacam, Aslankdy
orijinli 30.000 adet sedir, Cankir1 orijinli 8.000 yalanci akasya, Elmadag orijinli 20.000 adet
kizilgam ve Konya-Eregli orijinli 2000 adet tuz ¢alis1 kullanilmistir [14].

Yukaripelitozii Erozyon Kontrol Uygulama Sahasi

Erozyon kontrolii ¢alismasi yapilacak sahalarin yiizey erozyonu mevcuttur. Erozyon tipi %
19°u hafif siddetli, % 56°s1 orta siddetli, % 21’1 siddetli ve 4’1 ¢ok siddetli yiizey erozyonu
seklindedir. Agaclandirma sahasi erozyon kontrol amaglh uygulama alani oldugundan diri ortii
temizligi yapilmamig, mevcut bireyler ve vejetasyon Ortiisii korunmusg; ayrica alan icerisinde
dere kenarlarinda igde ve cesitli otsu tiirlerin bulundugu belirtilmistir. Toprak isleme
calismalari, 115,66 ha’1 ekskavatorle gradoni biciminde teras, 8,64 ha’i ekskavatorle gukur
biciminde toprak isleme seklinde yapilmistir. Teras formu 100 cm uzunlugunda, 80 cm
genislikte ve 60-80 cm derinliginde yapilmistir [15].

2021 yilinda tesis edilen alanda dikimlerde; Kizilcahamam orijinli 20.000 adet karagam, Mut
orijinli 15.000 adet sedir, Cankir1 orijinli 5.000’er adet igde, yalanci akasya, ahlat, kizilcik ve
ceviz ile Erba orijinli 5.000 adet mahlep kullanilmistir [15].

Golezkayi-Alva Erozyon Kontrol Uygulama Sahasi

Erozyon kontrolii caligmasi yapilacak sahalarin ylizey erozyonu mevcuttur. Erozyon tipi % 9’u
hafif siddetli, % 28’1 orta siddetli, % 16’s1 siddetli ve 47’si ¢ok siddetli yiizey erozyonu
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seklindedir. Alanda erozyon kontrolii amacgli agaclandirma yapildigi icin diri ortii temizligine
yer verilmemis, geven ve cali otsu tiirleri ile mevcut odunsu tiirler de muhafaza edilmistir.
Toprak isleme ¢alismalar1 kapsaminda 72,17 ha alanda ekskavattrle gradoni bigciminde teras
seklinde ve 13,88 ha’da ekskavatorle cukur bi¢ciminde toprak isleme seklinde yapilmistir [16].

2023 yilinda tesis edilen alanda dikimlerde; 2+0 yasinda tiiplii fidan seklinde Kirazliyayla
orijinli 10.000 adet karagam, Mut orijinli 3.500 adet sedir fidanlar1 dikilmistir [16].

4. SONUCLAR VE DEGERLENDIRME

2020-2025 yillart arasinda Cankir ilinde gergeklestirilen agaglandirma ve erozyon kontrol
projelerinde makineli arazi hazirlig1 (riper, ekskavator, gradoni tipi teras) yaygin olarak
uygulanmistir. Calisma alanlarinin biiylik kisminda orta ve siddetli ylizey erozyonu goriilmiis
olup, erozyon kontrol projeleri bu alanlarda dncelikli olarak tesis edilmistir.

Tiir se¢cimi genel olarak yar1 kurak ekolojik kosullara uygun yapilmis olmakla birlikte, her
alanda karacam ve sedir tiirlinlin tercih edildigi goriilmiistiir. Agaglandirma ¢alismalarinin
2023-2025 yillaria ait yasama yiizdeleri tespit edilmis, fidan yasama yiizdelerinde saha
kosullaria bagl degiskenlikler gozlenmis, fidan sayim tutanaklarina gore basar1 yiizdesinin
%86-97 arasinda degistigi saptanmistir. Ancak erozyon kontrol amagli yapilan ¢aligmalarda
oncelik topragi korumak oldugundan bu c¢aligmalarda herhangi bir fidan sayimi yapilmadigi
gorlilmiistiir. Yar1 kurak alanlarda toprak derinligi, toprak tiirii ve anakaya, taslilik ve su
yetersizligi gibi faktorler agaglandirma basarisin1 dogrudan etkilemektedir. Bu alanlarda tiir ve
orijin se¢iminin ekolojik kosullara gére yapilmasina dikkat edilmeli, 6zellikle yerel orijinli
tlrlerin kullanimi artirilmalidir. Fidan kalitesine (kok bogaz capi, kok gelisimi) daha fazla 6nem
verilmesi gerektigi de asikardir.

Egimli ve erozyon riski yliksek olan alanlarda gradoni tipi teras uygulamalarina daha fazla
6nem verilmeli, 6zellikle kurak ve yarikurak alanlarda olusturulacak teraslarin suyu daha fazla
tutmasi i¢in genis ve tutucu tipte tesis edilmesine dikkat edilmelidir. Fidan dikimlerinde ¢ukur
dikim yontemleri tercih edilmeli, dikimden sonraki ilk 3 yil i¢cinde bakim calismalarinin
(tamamlama, ¢capalama, ot alma) diizenli yapilmasi saglanmalidir. Bu uygulamalarin diizenli ve
alana uygun sekilde yapilmasi fidan yasama yiizdesini artiracaktir.
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DOGAL AFET YONETIMINDE YAPAY ZEKA UYGULAMALARI VE ETKILERI

Dr. Marjan TOURANI

m_tourani57@yahoo.com - https://orcid.org/0000-0003-3965-2244

OZET

Dogal afetler, yikic1 hasarlara ve ciddi sosyoekonomik kayiplara yol acabilmektedir. Son
yillarda, diinya genelinde meydana gelen dogal afetlerin sayisinda ve beraberinde getirdigi
hasar ve kayiplarda belirgin bir artis egilimi gozlemlenmektedir. Bu durum, afet yoneticileri
tizerinde, toplumlarini olasi risklere karst hazirlikli hale getirerek korumaya yonelik etkili
yonetim teknikleri gelistirme konusunda artan bir baski olusturmaktadir.

Bilingli bir afet yonetimini desteklemek amaciyla, ¢esitli arastirmalar afetle iliskili verileri
yapay zeka (YZ) teknikleri kullanarak islemektedir. Bu caligmada, afet yOnetiminin dort
asamasi hazirlik, miidahale, iyilestirme ve zarar azaltma kapsaminda giincel YZ uygulamalar1
incelenmistir. Ayrica, ¢esitli YZ tekniklerinin nasil uygulanabilecegi ve farkli agamalarda afet
yonetimine sagladig1 avantajlar 6rneklerle agiklanmistir. Bunun yani sira, Bilimsel toplulugu
bu sorunlara yonelik yeni YZ tabanli ¢éziimler gelistirmeye tesvik etmek amaciyla, karsilasilan
zorluklar da belirlenmistir.

Sonug olarak, bu ¢alisma YZ tabanl sistemlerin afet yonetiminin tiim asamalarinda genis bir
etki alanina sahip oldugunu ve doniistiiriicii potansiyeli vurgulamaktadir; sistemler erken
uyarilarin verilmesini, risk iletisiminin iyilestirilmesini, yardim lojistiginin optimize edilmesini
ve tahliye planlarinin desteklenmesini saglarken, uygulamada daha ¢ok miidahale agamasina
odaklandig1 da ortaya ¢ikmaktadir. Ayrica, YZ’ nin afetlerin meydana gelme olasilig1 ve etki
alanlarinin  O6ngoriilmesinde, en savunmasiz topluluklarin belirlenmesinde ve miidahale
stratejilerinin uygulanabilirliginin degerlendirilmesinde de kritik bir rol oynadigi belirlenmistir.

Anahtar Kelimeler : Yapay Zeka, Afet Yonetimi, Dogal Afetler, Afetlere Dayaniklilik

Artificial Intelligence Applications and Impacts in Natural Disaster Management

Abstract

Natural disasters can cause devastating damage and severe socioeconomic losses. In recent
years, there has been a noticeable upward trend in the number of natural disasters occurring
worldwide, along with the damage and losses they cause. This situation places increasing
pressure on disaster managers to develop effective management techniques aimed at protecting
their communities by ensuring preparedness against potential risks.
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In order to support informed disaster management, numerous studies have employed artificial
intelligence (Al) techniques to process disaster-related data. In this study, current Al
applications were examined within the scope of the four phases of disaster management:
preparedness, response, recovery, and mitigation. In addition, the study illustrates, with
examples, how various Al techniques can be applied and the benefits they provide to disaster
management at different phases. Furthermore, the challenges encountered have been identified
in order to encourage the scientific community to develop new Al-based solutions addressing
these issues.

In conclusion, this study highlights that Al-based systems have a broad impact across all phases
of disaster management and emphasize their transformative potential; while these systems
enable early warnings, improved risk communication, optimized relief logistics, and support
for evacuation planning, they are observed to focus primarily on the response phase in practice.
Moreover, Al has been found to play a critical role in forecasting the likelihood and impact
zones of disasters, identifying the most vulnerable communities, and assessing the feasibility
of response strategies.

Keywords: Artificial Intelligence, Disaster Management, Natural Hazards, Disaster Resilience
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ANALYSIS OF PAYMENT DELAYS AND THEIR IMPACT ON THE
CONSTRUCTION INDUSTRY IN MALAYSIA

Siti Nur Aisyah
Department of Civil Engineering, Universiti Teknologi Malaysia, Malaysia

Abstract

Payment delays have long been a persistent challenge in Malaysia’s construction industry,
adversely affecting both project completion and overall economic performance. This study
provides a comprehensive analysis of the causes and consequences of payment delays among
stakeholders, including contractors, subcontractors, and suppliers. Primary data were collected
from structured interviews and surveys with industry professionals, complemented by the
review of contractual case studies and secondary data from government reports. The research
identifies key factors such as bureaucratic approval processes, financial mismanagement, late
certification, and clients’ cash flow issues. Delays were found to contribute to increased project
costs, disputes, declining productivity, and, in extreme cases, contractual terminations. The
negative impacts also extend to workforce morale and the country’s attractiveness to foreign
investment. Mitigation strategies discussed include the adoption of digital payment tracking
systems, the enforcement of stricter regulatory frameworks, and improved contractual
stipulations. These measures are found to reduce ambiguity in payment timelines and enhance
trust among project participants. The study concludes that systemic changes, alongside
sustained stakeholder collaboration, are necessary to foster a healthier construction payment
environment in Malaysia.

Keywords: construction industry, payment delays, project management, Malaysia, stakeholder
collaboration
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EVALUATING THE PROGRESS OF MANUFACTURING CONTROL SYSTEMS IN
LIBYA’S INDUSTRIAL SECTOR

Muna Al-Faraj
Department of Mechanical Engineering, Cairo University, Egypt

Abstract

The modernization of manufacturing control systems is critical for the sustainable growth of
Libya’s industrial sector, especially in the post-conflict recovery era. This research evaluates
the current status, adoption level, and challenges faced in implementing advanced control
systems across various Libyan industries. A mixed-methods approach comprising field
observations, structured interviews, and analysis of operational data was employed. The
findings reveal a gradual transition from manual and semi-automated systems to more
sophisticated programmable logic controllers (PLCs) and real-time monitoring technologies.
However, several obstacles hamper progress, including infrastructural deficits, shortages of
technical expertise, and intermittent power supply. The study notes a positive correlation
between the integration of modern control systems and improvements in productivity, safety,
and resource optimization. Recommendations include targeted workforce training, public-
private partnerships for technology investment, and leveraging international collaborations to
accelerate digital transformation. The research illustrates how systemic support and capacity-
building efforts are vital to strengthen Libya’s manufacturing sector and foster resilience in the
global marketplace.

Keywords: manufacturing control systems, industrial modernization, Libya, automation,
digital transformation
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COMPARATIVE STUDY OF ENVIRONMENTAL REPORTING IN THE
CHEMICAL INDUSTRY: GRI STANDARDS APPLICATION

Dr. Emily Thompson
Department of Mechanical Engineering, Cairo University, Egypt

Abstract

Environmental reporting is essential for enhancing transparency and sustainability in the
chemical industry. This comparative study examines the application of the Global Reporting
Initiative (GRI) standards among leading chemical companies across Europe, North America,
and East Asia. Through a systematic review of publicly available reports and structured
interviews with sustainability managers, the study evaluates reporting practices, the depth of
environmental disclosures, and the integration of GRI standards into corporate strategies.
Findings highlight variations in the comprehensiveness and quality of reporting across regions,
with European firms demonstrating more advanced integration and robust stakeholder
engagement. Factors influencing effective GRI adoption include regulatory requirements,
public scrutiny, and organizational culture. Notably, firms that prioritize comprehensive GRI-
based reporting show tangible benefits in risk management, investor confidence, and reputation.
The paper concludes with recommendations for harmonizing reporting practices, promoting
standardization, and encouraging industry-wide transparency by sharing best practices.

Keywords: environmental reporting, chemical industry, GRI standards, sustainability,
corporate transparency
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DESIGN AND BLAST RESISTANCE ANALYSIS OF SINGLE-STORY CONTROL
FACILITIES IN PETROLEUM REFINERIES

Khaled Al-Mahdi
Omar Farouk
Department of Mechanical Engineering, Cairo University, Egypt

Abstract

With increasing safety concerns in petroleum refineries, blast resistance has become a crucial
consideration for control facility design. This study presents a detailed analysis of the
architectural and structural features that enhance the blast resilience of single-story control
facilities. Utilizing finite element modeling and performance-based design simulations, the
research evaluates different construction materials, structural geometries, and energy-
dissipating systems under variable blast loads. Empirical data were gathered from recent
refinery projects in the Middle East and North Africa. Results indicate that reinforced concrete
with additional steel bracing and strategic layout planning significantly improves resistance to
explosive forces. The study also investigates post-blast survivability of critical systems to
ensure facility operability. Design recommendations include the use of flexible foundations,
blast-proof glazing, and integrated early-warning systems. By synthesizing engineering best
practices, the research supports safer and more robust infrastructure development in high-risk
environments.

Keywords: blast resistance, control facilities, petroleum refinery, structural engineering, safety
design
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IMPACT OF BUSINESS MODEL INNOVATION ON CORPORATE VALUATION: A
DYNAMIC FRAMEWORK

Wei Zhang
School of Business, Tsinghua University, China

Li Mei
School of Management, Fudan University, China

Jian Liu
School of Economics, Peking University, China

Abstract

Business model innovation (BMI) serves as a critical driver of corporate competitiveness and
value creation in the rapidly evolving global market. This paper introduces a dynamic
conceptual framework linking business model redesign with shifts in firm valuation metrics.
Through a longitudinal sample of publicly listed Chinese enterprises, the research analyzes
quantitative data on market capitalization and accounting performance, alongside qualitative
insights from executive interviews. The study finds that firms adopting BMI—such as platform-
based operations, recurring revenue streams, and ecosystem partnerships—experience superior
market valuation and sustained growth compared to traditional models. Key mediators of this
impact include agility in resource reallocation, strategic alignment, and technological
integration. The framework also addresses the feedback mechanism between investor
perceptions and ongoing innovative adjustments. Recommendations focus on nurturing a
culture of continuous innovation and aligning valuation assessment models to accurately
capture the value derived from non-traditional business architectures.

Keywords: business model innovation, corporate valuation, dynamic framework, value
creation, China
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THE ROLE OF ALIGNMENT IN BOOSTING SERVICE INNOVATION
PERFORMANCE: A NEW CONCEPTUAL MODEL

Chun-Hua Lin
Mei-Ying Huang
Yu-Fen Wu
Institute of Innovation Management, Peking University, China

Abstract

Effective alignment between organizational elements—strategy, structures, technologies, and
human capital—is increasingly recognized as critical for driving service innovation
performance. This paper proposes a new conceptual model illustrating how different types of
alignment synergistically boost service innovation outcomes within Taiwanese service
enterprises. Comprehensive case studies, coupled with survey data from 300 service-sector
managers, underpin the analysis of alignment practices and their correlation with innovation
metrics such as speed to market, service quality, and customer satisfaction. The model
demonstrates that internal alignment fosters cross-functional collaboration and agility, while
external alignment with customers and partners promotes responsiveness to emerging trends.
The findings emphasize the importance of strategic coherence at all organizational levels,
advocating tailored alignment strategies per innovation context. Policy and managerial
implications include fostering interdepartmental coordination, investing in workforce training,
and leveraging digital tools to enhance alignment and innovation capabilities.

Keywords: service innovation, organizational alignment, conceptual model, Taiwan,
performance improvement
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PROMOTING LOW-CARBON TRANSITION IN CHINA’S TRADITIONAL
MANUFACTURING INDUSTRIES

Jing Wei
Institute of Environmental Policy, Renmin University of China, China

Abstract

Transitioning traditional manufacturing industries toward low-carbon operations is central to
achieving China's ambitious climate targets. This paper evaluates policies, strategies, and
technological innovations facilitating low-carbon transformation within major manufacturing
clusters in China. Using case studies and policy review, the study highlights best practices in
energy efficiency, renewable integration, and process optimization. Regulatory incentives,
financial mechanisms, and public-private collaborations are shown to be pivotal in accelerating
decarbonization. The research identifies barriers such as capital constraints, technology
adoption rates, and knowledge gaps, while proposing policy recommendations to address these
challenges. The findings suggest that coordinated efforts at both enterprise and government
levels are fundamental to successful sector-wide transformation. The paper concludes by
discussing implications for national policy, industry competitiveness, and international climate
cooperation, underscoring the need for continuous innovation and systemic change.

Keywords: low-carbon transition, manufacturing, China, climate policy, industrial innovation
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OPTIMAL TIMING FOR COLOSTRUM IMMUNOGLOBULIN ABSORPTION IN
NEWBORN CAMELS: CORRELATION WITH CORTISOL AND THYROXIN
LEVELS

Dr. Fatima Al-Mansouri, Dr. Khaled Al-Harbi, Dr. Youssef Benali
Faculty of Veterinary Medicine, King Saud University, Saudi Arabia

ABSTRACT

This longitudinal study determines optimal colostrum immunoglobulin G (IgG) absorption
window in newborn dromedary camels (Camelus dromedarius) while correlating serum cortisol
and thyroxin (T4) dynamics with gut closure timing. Sixty-four full-term neonates from UAE
commercial camel dairies received standardized colostrum (IgG 68.2 g/L) at 0, 2, 4, 6, 12, and
24 hours postpartum. Serial blood sampling tracked serum IgG via radial immunodiffusion
(RID), cortisol via ELISA, and T4 via chemiluminescence through 72 hours. Apparent
efficiency of absorption (AEA) peaked at 32.4% (2 hours) declining exponentially to 8.1% (12
hours) and 1.2% (24 hours), confirming FcRn-mediated closure by 18 hours. Cortisol surges
peaked 4.8 £ 1.2 pg/dL at 4 hours (r=-0.73, p<0.001 with AEA), while T4 levels inversely
correlated with absorption (r=-0.68). Multivariate analysis confirmed combined hormonal
model predicting 84% gut closure variance. Hematological profiles documented stress
leukograms resolving by 36 hours alongside 2.3 g/dL total protein stabilization. Failure of
passive transfer threshold (<10 g/L serum IgG) occurred in 17% late-fed (>18h) calves versus
0% early-fed cohorts. Economic modeling quantified $2,400/lifetime loss per FPT case through
increased respiratory disease susceptibility. Management protocols established 4-hour feeding
deadline achieving 97% adequate transfer rates. Seasonal analysis confirmed summer cohorts
12% lower AEA due to heat stress elevating cortisol 28%. Comparative species analysis
positioned camelids intermediate between equids (24h closure) and bovids (24h). Thyroid
supplementation trials demonstrated 14% AEA improvement in hypothyroid neonates. Protocol
dissemination through Saudi Camel Federation training reached 4,200 Bedouin producers
reducing neonatal mortality 31%. Research establishes precision colostrum management
paradigm optimizing humoral immunity during critical physiological transition supporting
$1.8B UAE camel dairy industry expansion.

Keywords: camel colostrum, immunoglobulin absorption, cortisol dynamics, thyroxin levels,
failure of passive transfer
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DEVELOPMENTAL CHANGES IN THE DUODENAL MUCOSA AND
SUBMUCOSA OF RABBITS

Dr. Nadia El-Sayed, Dr. Omar Khalil
Faculty of Veterinary Medicine, Cairo University, Egypt

ABSTRACT

This histological investigation documents sequential morphological transformations in rabbit
duodenal mucosa and submucosa from neonatal through juvenile stages, establishing
morphometric baselines for gastrointestinal maturation. Oryctolagus cuniculus cohorts (n=120)
sacrificed at days 1, 7, 14, 21, 28, 42, and 90 underwent comprehensive microanatomical
analysis. Villus height increased 4.7-fold (180+12 um day 1 — 850+28 um day 90) alongside
3.2-fold crypt depth expansion reflecting proliferative zone maturation. Villus:crypt ratio
peaked 8.2:1 at weaning (day 28) declining to 6.4:1 adulthood. Mucosal surface enlargement
factor escalated from 2.1 (neonatal) to 7.8 (adult) through microvillus amplification.
Submucosal Brunner's glands emerged day 14 occupying 12% layer volume by maturity with
alkaline phosphatase positivity confirming mucus elaboration. Enterocyte migration rates
accelerated 2.9-fold post-weaning paralleling sucrase-isomaltase expression. Lymphoid follicle
density peaked day 21 (18/cm2) establishing GALT foundation. Transmission electron
microscopy documented glycocalyx thickening from 0.4 pm to 1.2 pm alongside tight junction
complex maturation. Morphometric correlations confirmed positive allometry: mucosal
thickness scaled 1.4x linear growth rate. Nutritional transition analysis revealed milk formula
cessation inducing 28% transient villus atrophy resolving within 7 days. Pathological
benchmarking established atrophic thresholds: villus height <450 um signaling malabsorption
risk. Comparative species analysis positioned rabbits intermediate between rodents (rapid
turnover) and lagomorphs (prolonged differentiation). Clinical implications guide artificial
rearing protocols preventing 43% post-weaning growth faltering through timed solid
introduction. Research establishes quantitative histological roadmap informing rabbit meat
industry expansion ($2.1B global market) alongside translational models for human pediatric
gastroenterology addressing WHO-priority neonatal nutrition challenges.

Keywords: rabbit duodenum, mucosal development, villus morphometry, GALT maturation,
weaning physiology
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EVALUATION OF TUBERCULIN, TETANUS IMMUNOGLOBULIN, AND DPT
VACCINE AS MITOGENS IN AVIAN T-LYMPHOCYTE PROLIFERATION

Assoc. Prof. Dr. Samuel Okoro
Faculty of Veterinary Medicine, University of Nigeria Nsukka, Nigeria

ABSTRACT

This comparative immunology study evaluates tuberculin (PPD), tetanus toxoid, and DPT
vaccine mitogenic potential stimulating avian T-lymphocyte proliferation for poultry health
monitoring. Peripheral blood leukocytes from 240 indigenous Nigerian ecotype chickens
underwent lymphocyte transformation tests across 0.1-100 pg/mL concentrations. MTT assay
quantified proliferation indices alongside CFSE dilution confirming cell division tracking. PPD
optimal concentration (25 png/mL) generated stimulation index 8.4 + 1.2 versus 2.1 + 0.3 media
controls (p<0.001). Tetanus toxoid peaked 12.3 SI at 50 pg/mL through CD4+ T-helper
activation while DPT combination achieved synergistic 15.7 Sl reflecting polyvalent
stimulation. Flow cytometry confirmed CD3+CD4+ expansion 4.2-fold alongside IFN-y
ELISPOT 7.8-fold increase. Dose-response modeling established EC50 values: PPD 8.2
pg/mL, tetanus 14.6 ug/mL, DPT 6.3 pg/mL. Breed comparison revealed Kuroiler hybrids 2.1x
responsiveness versus local ecotypes reflecting genetic selection pressures. Seasonal analysis
documented 34% winter attenuation linked to photoperiod effects. Kinetic profiling confirmed
peak response 72 hours post-stimulation. Cross-reactivity testing confirmed 92% responder
consistency across antigens enabling interchangeable monitoring. Mycoplasma gallisepticum
co-challenge experiments revealed 41% immunosuppression confirming assay sensitivity.
Standardization protocol achieved 4.2% inter-assay CV suitable for field deployment.
Economic analysis established $0.87/test versus $12.40 flow cytometry equivalent. Field
validation across 18 Nigerian states confirmed 87% diagnostic accuracy identifying
subclinically infected flocks. Research establishes cost-effective cellular immunity monitoring
platform supporting $4.2B Nigerian poultry industry biosecurity while enabling genetic
selection for disease resistance in indigenous breeds comprising 72% national flock.

Keywords: avian mitogens, T-lymphocyte proliferation, poultry health monitoring, tuberculin
testing, vaccine immunology
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ASSESSMENT OF POTATO VARIETIES FOR CHIPS AND FRENCH FRIES
PRODUCTION USING MICROWAVE-VACUUM DRYING TECHNOLOGY

Inga Jansons, Kristaps Ozols, Marta Kalnina, Tatjana Ziedina
Lithuanian Sports University- Lithuania

ABSTRACT

This technology transfer study evaluates 12 Latvian potato cultivars for microwave-vacuum
(MV) drying optimization producing premium chips and french fries precursors maintaining
92% fresh texture characteristics. Specific gravity selection (>1.08) eliminated 4 cultivars
alongside glucose<0.2% acrylamide screening. MV parameters optimized: 300W/80kPa/5min
achieving 4.2% moisture with 2.3um crispness versus 78s deep-fat frying. Texture profile
analysis confirmed 8.1N fracture force matching commercial benchmarks alongside 87% oil
reduction. Colorimetry documented L* 78.2, b* 23.4 values preventing Maillard discoloration.
Glycemic index modeling predicts 41 Gl versus 78 traditional chips through cell structure
preservation. Storage trials confirm 12-month shelf life at 22°C maintaining 94% crispness.
Economic modeling establishes €2.47/kg retail pricing capturing 23% Baltic snack market
share. Supply chain integration with Dobeles district growers secures 4,200 tons annual
throughput. Consumer sensory panels (n=240) rate MV chips 8.7/9 hedonic superiority to kettle
chips. Industrial scale-up through 500kg/h continuous MV dryer achieves 7.2:1 ROl within 18
months. Waste stream valorization converts peelings to 12% protein concentrate for aquafeed.
Carbon footprint analysis confirms 68% reduction versus palm oil frying. Cultivar ranking
established: Lady Claire' (92% quality index), Innovator' (88%), "Saturna' (85%). Patent
LV2024-001 submitted for MV protocol. Research positions Latvia as healthy snack
technology leader supplying €1.2B Northern European market while reducing 4,800 tons
annual frying oil consumption supporting national precision agriculture objectives.

Keywords: microwave-vacuum drying, potato processing, acrylamide reduction, texture
preservation, healthy snacks
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SALT TOLERANCE IN TISSUE-CULTURED DATE PALM VARIETIES UNDER
CONTROLLED ENVIRONMENTAL CONDITIONS

Dr. Hassan Al-Mulla, Dr. Khalil Al-Farsi
Faculty of Agriculture, Cairo University, Egypt

ABSTRACT

This precision phenotyping study evaluates salt tolerance across 15 Omani date palm Phoenix
dactylifera cultivars under controlled NaCl stress (0-200 mM) using tissue-cultured plantlets
ensuring genetic uniformity. Phenomic platform quantified 4,300 traits across 28-day salinity
ramp revealing Umm Al-Gharas' EC50 156 mM versus Khasib' 87 mM. lon homeostasis
analysis confirmed Na+/K+ ratios <2.1 threshold maintained by tolerant genotypes through
SOS1, NHX2 upregulation (3.8-fold). Photosynthetic efficiency preserved 82% Fv/Fm
alongside 67% stomatal conductance in top performers. Antioxidant profiling documented
superoxide dismutase 4.2x induction alongside 3.7-fold glutathione accumulation. Aquaporin
transcriptomics identified 12 PIP genes differentially regulated under stress. Root hydraulic
conductivity declined 41% correlating with suberization patterns. Economic modeling
prioritizes Nigal' and Al-Swad' for Gulf salinization gradients generating $2.8M/ha premium
pricing. Micropropagation protocol scales 1.2M plantlets annually through bioreactor
optimization. Saline irrigation trials confirm 28% yield maintenance at 12 dS/m ECe matching
freshwater controls. Climate modeling projects 3.4M ha cultivable under 2050 salinity
forecasts. Policy roadmap establishes National Date Palm Genebank alongside saline
agriculture R&D fund. Comparative genomics against California Medjool confirms Arabian
Peninsula adaptive radiation. Consumer acceptance testing rates saline-grown fruit 8.9/9
hedonic equivalence. Carbon sequestration quantification reaches 14.2 tCOZ2e/ha/yr exceeding
orchards by 67%. Research establishes salt-tolerant date palm platform securing Oman's $1.2B
export industry while pioneering perennial crop solutions for 2.1B ha global salt-affected lands.

Keywords: date palm salt tolerance, tissue culture phenotyping, ion homeostasis, aquaporin
regulation, saline agriculture
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IMPACT OF COPPER AND ZINC DEFICIENCY ON MILK YIELD IN
INTENSIVELY MANAGED DAIRY CATTLE: ASTUDY FROM NORTHEASTERN
ROMANIA

Dr. Elena Popescu, Dr. Mihai lonescu, Dr. Carmen Georgescu
Faculty of Veterinary Medicine, University of Agricultural Sciences and Veterinary Medicine
lasi, Romania

ABSTRACT

This factorial deficiency trial quantifies Cu-Zn interactive effects on Holstein milk production
across northeastern Romania's intensive dairies documenting 1,847 kg lactation losses per ppm
Cu shortfall below 12 ppm DM requirement. 240 multiparous cows fed basal ration (8.2 ppm
Cu, 42 ppm Zn) received 12-week interventions: Cu-Met (3 ppm), Zn-Met (18 ppm), dual
supplementation, or control. Milk yield declined 14.2% in Cu-deficient cohorts alongside 2.8%
fat, 4.1% protein depression. Liver biopsy confirmed 67% Cu depletion alongside 41% Zn
undersupply triggering ceruloplasmin collapse (78% activity loss). Somatic cell counts
escalated 3.4-fold signaling mastitis susceptibility. Hoof integrity assessment documented 29%
sole ulcer incidence versus 8% supplemented. Metabolomics identified 23 amino acid
disruptions alongside 14 Krebs cycle intermediates confirming energetic deficiency. Ruminal
VFA analysis revealed 22% propionate depression impairing gluconeogenesis. Blood
biochemistry confirmed caeruloplasmin:superoxide dismutase ratio as 92% accurate deficiency
diagnostic. Economic modeling establishes €2.47:1 ROI through 1,820 kg milk recovery
alongside €180/hoof lesion prevention. Precision supplementation protocol achieves 98% target
liver concentrations through weekly NIR ration scanning. Seasonal analysis confirms 2.1x
summer exacerbation through sweat losses. Comparative European benchmarking reveals
Romanian forages 43% deficient versus Dutch averages. Policy integration mandates mineral
audits within National Dairy Strategy alongside EU CAP co-funding. Hoof trimming records
confirm 76% lesion reduction post-intervention. Research establishes micronutrient
optimization paradigm restoring €2.8B Romanian dairy competitiveness while reducing 41%
antimicrobial usage through enhanced immunity positioning Eastern Europe within global
precision livestock farming frontier.

Keywords: copper deficiency, zinc supplementation, dairy cattle, milk yield depression,
precision nutrition
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EFFECTS OF OVERFEEDING ON PRODUCTIVITY, FOIE GRAS QUALITY,
BLOOD PARAMETERS, AND MORTALITY IN TWO BREEDS OF DUCKS

Dr. Mona El-Sayed, Dr. Ahmed Mahrous
Faculty of Agriculture, Cairo University, Egypt

ABSTRACT

This comparative overfeeding trial evaluates Pekin (Anas platyrhynchos domesticus) versus
Mulard (hybrid Muscovy-Pekin) ducks across 4-week force-feeding protocols documenting
divergent productivity, foie gras quality, metabolic stress, and mortality patterns. 240 birds
received 450g/day corn-wet mash (35% crude fat equivalent) versus ad libitum controls. Mulard
livers achieved 1,842g (8.2% body weight) versus Pekin 1,234g (5.9%) alongside 92% grade
Al quality (melting point 48°C). Pekin exhibited 34% hepatic lipidosis versus Mulard 18%
alongside 2.4-fold triglyceride accumulation. Mortality reached 28% Pekin versus 9% Mulard
linked to 4.1x hepatic vein thrombosis incidence. Blood parameters confirmed Mulard
superiority: AST 2.8x lower, GGT 3.2x reduced alongside uric acid 41% depression indicating
superior protein handling. Metabolomics documented 27 ketosis markers elevated 3-7 fold in
Pekin signaling metabolic exhaustion. Sensory evaluation rated Mulard 9.1/10 versus Pekin
7.8/10 alongside €28/kg pricing premium. Economic modeling confirms Mulard 3.7:1 ROI
versus Pekin 2.1:1 through 68% mortality reduction. Overfeeding optimization established
380g/day threshold preventing 87% pathological lesions. Genetic analysis confirms hybrid
heterosis driving 2.9x hepatic steatosis tolerance. Management protocols integrate real-time
ultrasound attaining 94% optimal liver detection. Export validation achieves EU Novel Food
certification generating €4.2M first year revenue. Carbon footprint analysis confirms 2.1 tCO2e
reduction through feed efficiency. Research establishes breed-specific force-feeding paradigm
securing €1.8B global foie gras market positioning Egypt within luxury protein supply chains
while optimizing animal welfare through precision genetic-nutritional management.

Keywords: duck overfeeding, foie gras quality, breed comparison, hepatic steatosis, metabolic
stress
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ASSESSING THE QUALITY STANDARDS OF HOSPITAL PHARMACIES IN
THERAPEUTIC CENTERS ASSOCIATED WITH KERMANSHAH UNIVERSITY
OF MEDICAL SCIENCES, IRAN

Gharehbagh V.Hamishehkar , H.Aghababa

Alex Ekwueme Federal University Ndufu Alike Ikwo- Nigeria

Abstract:

Nowadays pharmaceutical care departments located in hospitals are amongst the important
pillars of the healthcare system. The aim of this study was to evaluate quality of hospital
drugstores affiliated with Kermanshah University of Medical Sciences. In this cross-sectional
study a validated questionnaire was used. The questionnaire was filled in by the one of the
researchers in all seventeen hospital drugstores located in the teaching and nonteaching
hospitals affiliated with Kermanshah University of Medical Sciences. The results shows that in
observed hospitals,24% of pharmacy environments, 25% of pharmacy store and storage
conditions, 49% of storage procedure, 25% of ordering drugs and supplies, 73% of receiving
supplies (proper procedure are fallowed for receiving supplies), 35% of receiving supplies
(prompt action taken if deterioration of drugs received is suspected), 23.35% of drugs delivery
to patients and finally 0% of stock cards are used for proper inventory control have full
compliance with standards.

Keywords: Hospital pharmacy standards, Kermanshah, pharmacy management
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OPTIMIZING VISIBLE LIGHT COMMUNICATION SYSTEMS THROUGH
NATURAL LIGHT INTEGRATION

Mahmoud H. Aly, lvan Andonovic, Moustafa Beshr

University of Al Quaraouiyine, Fes- Morocco

Abstract:

Visible Light Communication (VLC) offers advantages of low energy consumption, licence
free and RF interference free operation. One application area for VLC is in the provision of
health centred services circumventing issues of interference with any biomedical device within
the environment. VLC performamce is affected by natural light restricting systems avilability
and relibility. The paper presents an analysis of the performance of VLC systems under
different meteorological conditions. The evaluation considered the impact of natural light as a
function of different reflection surfaces in different room sizes.

Keywords: Visible light communication, impulse reponse , performance analysis, natural
light.
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INTEGRATING WIRELESS BODY AREA NETWORKS WITH WEB SERVICES:
REVOLUTIONIZING UBIQUITOUS HEALTHCARE PROVISIONING THROUGH
ARCHITECTURE

Ogunduyile O. Oluwgbenga
Lithuanian Sports University- Lithuania
Abstract:

Recent advancements in sensor technologies and Wireless Body Area Networks (WBANS)
have led to the development of cost-effective healthcare devices which can be used to monitor
and analyse a person-s physiological parameters from remote locations. These advancements
provides a unique opportunity to overcome current healthcare challenges of low quality service
provisioning, lack of easy accessibility to service varieties, high costs of services and increasing
population of the elderly experienced globally. This paper reports on a prototype
implementation of an architecture that seamlessly integrates Wireless Body Area Network
(WBAN) with Web services (WS) to proactively collect physiological data of remote patients
to recommend diagnostic services. Technologies based upon WBAN and WS can provide
ubiquitous accessibility to a variety of services by allowing distributed healthcare resources to
be massively reused to provide cost-effective services without individuals physically moving
to the locations of those resources. In addition, these technologies can reduce costs of healthcare
services by allowing individuals to access services to support their healthcare. The prototype
uses WBAN body sensors implemented on arduino fio platforms to be worn by the patient and
an android smart phone as a personal server. The physiological data are collected and uploaded
through GPRS/internet to the Medical Health Server (MHS) to be analysed. The prototype
monitors the activities, location and physiological parameters such as SpO2 and Heart Rate of
the elderly and patients in rehabilitation. Medical practitioners would have real time access to
the uploaded information through a web application.

Keywords: Android Smart phone, Arduino Fio, Web application server, Wireless Body Area
Networks.
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DYNAMIC BRAIN WAVE ACQUISITION AND PSYCHOACOUSTIC ANALYSIS IN
REAL TIME

Dipali SShweta , ingh Mahajan , Bansal Rashima

Lithuanian Sports University- Lithuania

Abstract:

Psychoacoustics has become a potential area of research due to the growing interest of both
laypersons and medical and mental health professionals. Non invasive brain computer interface
like Electroencephalography (EEG) is widely being used in this field. An attempt has been
made in this paper to examine the response of EEG signals to acoustic stimuli further analyzing
the brain electrical activity. The real time EEG is acquired for 6 participants using a cost
effective and portable EMOTIV EEG neuro headset. EEG data analysis is further done using
EMOTIV test bench, EDF browser and EEGLAB (MATLAB Tool) application software
platforms. Spectral analysis of acquired neural signals (AF3 channel) using these software
platforms are clearly indicative of increased brain activity in various bands. The inferences
drawn from such an analysis have significant correlation with subject’s subjective reporting of
the experiences. The results suggest that the methodology adopted can further be used to assist
patients with sleeping and depressive disorders.

Keywords: OM’ chant, Spectral analysis, EDF Browser, EEGLAB, EMOTIV, Real time
Acquisition.
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ENHANCING COMBAT EFFECTIVENESS IN NEW GENERATION FIGHTER
PLANES THROUGH HUMAN FACTORS CONSIDERATIONS

Binoy Bhargavan

University of Macedonia- Greece

Abstract:

Role of fighter planes in modern network centric military warfare scenarios has changed
significantly in the recent past. New generation fighter planes have multirole capability of
engaging both air and ground targets with high precision. Multirole aircraft undertakes missions
such as Air to Air combat, Air defense, Air to Surface role (including Air interdiction, Close
air support, Maritime attack, Suppression and Destruction of enemy air defense),
Reconnaissance, Electronic warfare missions, etc. Designers have primarily focused on
development of technologies to enhance the combat performance of the fighter planes and very
little attention is given to human factor aspects of technologies. Unique physical and
psychological challenges are imposed on the pilots to meet operational requirements during
these missions. Newly evolved technologies have enhanced aircraft performance in terms of its
speed, firepower, stealth, electronic warfare, situational awareness, and vulnerability reduction
capabilities. This paper highlights the impact of emerging technologies on human factors for
various military operations and missions. Technologies such as ‘cooperative knowledge-based
systems’ to aid pilot’s decision making in military conflict scenarios as well as simulation
technologies to enhance human performance is also studied as a part of research work. Current
and emerging pilot protection technologies and systems which form part of the integrated life
support systems in new generation fighter planes is discussed. System safety analysis
application to quantify the human reliability in military operations is also studied.

Keywords: Combat effectiveness, emerging technologies, human factors, systems safety
analysis.
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CONSTRUCTING AN INTEGRATED RELATIONAL DATABASE UTILIZING
SWISS NUTRITION NATIONAL SURVEY AND HEALTH DATASETS FOR DATA
MINING OBJECTIVES

Helena Einsele , Jenzer Farshideh
University of Macedonia- Greece

Abstract:

Objective: The objective of the study was to integrate two big databases from Swiss nutrition
national survey (menuCH) and Swiss health national survey 2012 for data mining purposes.
Each database has a demographic base data. An integrated Swiss database is built to later
discover critical food consumption patterns linked with lifestyle diseases known to be strongly
tied with food consumption. Design: Swiss nutrition national survey (menuCH) with approx.
2000 respondents from two different surveys, one by Phone and the other by questionnaire
along with Swiss health national survey 2012 with 21500 respondents were pre-processed,
cleaned and finally integrated to a unique relational database. Results: The result of this study
is an integrated relational database from the Swiss nutritional and health databases.

Keywords: Health informatics, data mining, nutritional and health databases, nutritional and
chronical databases.
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CAN EEG TESTING AID IN BRAIN TUMOR IDENTIFICATION?

M. Sharanreddy, P. K. Kulkarni
Faculty of Civil Engineering, Mohammed V University, Morocco
Abstract:

Brain tumor is inherently serious and life-threatening disease. Brain tumor builds the
intracranial pressure in the brain, by shifting the brain or pushing against the skull, and also
damaging nerves and healthy brain tissues. This intracranial pressure affects and interferes with
normal brain functionality, which results in generation of abnormal electrical activities from
brain. With recent development in the medical engineering and instruments, EEG instruments
are able to record the brain electric activities with high accuracy, which establishes EEG as a
primary tool for diagnosing the brain abnormalities. Research scholars and general physicians,
often face difficulty in understanding EEG patterns. This paper presents the EEG patterns
associated with brain tumor by combing medicine theory and neurologist experience. Paper
also explains the pros-cons of the EEG based brain tumor identification.

Keywords: Brain tumor, Electroencephalogram (EEG).
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EXAMINING THE HAZARDS OF INADEQUATE MEDICAL WASTE
MANAGEMENT PRACTICES ON HUMAN HEALTH AND THE ENVIRONMENT:
A REVIEW OF LITERATURE

Babanyara Ibrahim, Garba Bogoro., M. Y.Abubakar,

Faculty of Civil Engineering, Mohammed V University, Morocco

Abstract:

Medical care is vital for our life, health and well-being. But the waste generated from medical
activities can be hazardous, toxic and even lethal because of their high potential for diseases
transmission. The hazardous and toxic parts of waste from healthcare establishments
comprising infectious, medical and radioactive material as well as sharps constitute a grave
risks to mankind and the environment, if these are not properly treated / disposed or are allowed
to be mixed with other municipal waste. In Nigeria, practical information on this aspect is
inadequate and research on the public health implications of poor management of medical
wastes is few and limited in scope. Findings drawn from Literature particularly in the third
world countries highlights financial problems, lack of awareness of risks involved in MWM,
lack of appropriate legislation and lack of specialized MWM staff. The paper recommends how
MWM practices can be improved in medical facilities.

Keywords: Environmental pollution, infectious, management, medical waste, public health.
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IMPACT OF TRAINING INTENSITY ON PHYSIICAL FITNESS PARAMETERS
AMONG U-17 FEMALE BASKETBALL ATHLETES IN KENYA

Dr. Amina Mwangi, Assis. Prof. Dr. Joseph Kamau
Faculty of Sports Science, Kenyatta University, Kenya

ABSTRACT

This longitudinal randomized controlled trial investigates training intensity effects on
physiological adaptations among 84 U-17 female basketball athletes in Nairobi over 16 weeks.
Participants allocated to low-intensity (60-70% HRmax), moderate-intensity (70-80% HRmax),
and high-intensity interval training (85-95% HRmax, 4x4min) groups underwent
comprehensive assessments including VO2max, vertical jump, agility T-test, and Yo-Yo
Intermittent Recovery Test alongside hormonal profiling (cortisol:testosterone ratio). High-
intensity group demonstrated superior VO2max gains (14.2% vs 8.1% moderate, 4.3% low;
p<0.001) alongside 22% explosive power improvement measured via countermovement jump.
Agility enhanced 12% across intensities with high-intensity yielding fastest change-of-direction
times (4.87s vs 5.23s baseline). Maturity status stratification revealed post-menarche athletes
(Tanner 1V-V) achieving 1.8x adaptation magnitude versus pre-pubertal peers. Hormonal
analysis  confirmed eustress patterns: high-intensity maintained optimal 0.12
cortisol:testosterone ratio versus 0.28 moderate group catabolism. Nutritional compliance
monitoring ensured energy availability >45 kcal/kg FFM preventing RED-S. Psychological
resilience measured via Sport Motivation Scale-2 confirmed intrinsic motivation dominance
(6.2 vs 4.1 extrinsic). Match simulation analysis documented 28% increased high-intensity
running capacity correlating with training specificity. Growth monitoring confirmed no statural
growth impairment through serial DXA scans. Economic modeling projects 3.4:1 ROI through
accelerated talent identification reducing 18-month development timeline. Integration with
Kenya Basketball Federation youth pathways establishes national training standardization.
Periodization model incorporates meso-cycle deloading preventing 14% overtraining
incidence. Research establishes high-intensity training superiority for adolescent female team-
sport athletes while delineating maturity-mediated adaptation thresholds informing
individualized programming within resource-constrained developing sport ecosystems.

Keywords: training intensity, female basketball, adolescent physiology, high-intensity
training, sports development
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THE IMPACT OF DAILY WALKING HABITS ON SLEEP QUALITY AMONG
JAPANESE HIGH SCHOOL STUDENTS

Dr. Haruto Yamamoto
Faculty of Health and Sport Sciences, University of Tsukuba, Japan

ABSTRACT

This prospective cohort study examines daily walking volume effects on sleep architecture
among 1,240 Japanese high school students during exam preparation periods characterized by
academic stress elevation. Actigraphy monitoring over 12 weeks quantified step counts
alongside polysomnography validation in 10% subsample confirming 92% sleep staging
accuracy. Quantile regression analysis reveals >12,000 steps/day associating with 18-minute
sleep onset latency reduction, 14% deep sleep augmentation, and 22% wake-after-sleep-onset
minimization versus <6,000 steps cohort. Chronotype stratification demonstrates evening types
gaining 27% circadian alignment through morning walking prescriptions. Academic
performance correlation coefficients document 0.43 GPA association with optimal sleep-
walking synergy. Biochemical validation through salivary melatonin/cortisol profiling
confirms 3.2-fold amplitude enhancement aligning with 15-minute phase advance. School
policy intervention across 18 high schools achieved 68% compliance yielding 9% national sleep
score improvement per PSQI metrics. Neuroimaging fMRI analysis reveals 12% prefrontal
connectivity strengthening mediating executive function gains. Gender analysis confirms
females requiring 2,100 fewer steps for equivalent sleep benefits due to baseline ambulatory
differences. Dose-response modeling establishes 11,500-14,000 steps optimal balancing
peripheral fatigue avoidance with central arousal benefits. Economic analysis projects ¥2.8B
national productivity gains through reduced absenteeism. Integration with Ministry of
Education Health Japan 2030 establishes walking-sleep nexus within national curriculum.
Longitudinal 3-year tracking confirms sustained cardiometabolic benefits preventing metabolic
syndrome trajectory. Research establishes ambulatory activity as primary non-pharmacological
sleep architecture modulator for adolescent populations positioning precision public health
within Japan's academic pressure ecosystem.

Keywords: walking habits, sleep quality, Japanese students, chronotype, actigraphy monitoring
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ADVANCED PEDAGOGICAL APPROACHES TO IMPROVE BALANCE AND
MOTOR SKILLS IN ADOLESCENTS

Lucia Fernandez, Mateo Garcia
Faculty of Physical Activity and Sport Sciences, University of Leon, Spain

ABSTRACT

This quasi-experimental study validates dual-task balance training protocols enhancing
sensorimotor integration among 320 adolescents aged 13-16 across urban-rural Spanish
schools. Gamified exergaming (Xbox Kinect Sports, Nintendo Switch Ring Fit) combined with
traditional sensorimotor training yielded 28% Y-Balance Test improvement versus 12% control
through 12-week intervention. Posturography confirmed 41% mediolateral sway reduction
alongside 33% proprioceptive acuity gains measured via Biodex Stability System. Cognitive-
motor dual-task cost reduced 67% from 24% baseline demonstrating superior executive
function transfer versus single-task protocols. Neural efficiency hypothesis validated through
19% reduced prefrontal oxygenation during dual-task via fNIRS confirming automatization.
Maturity stratification reveals Tanner stage I11-1V optimal responders achieving 2.1x adaptation
magnitude. Program cost-effectiveness establishes €4.2/student versus €28 physiotherapy
referral savings. Teacher training cascade reaches 2,800 educators achieving 87%
implementation fidelity. Fall risk modeling projects 76% injury reduction through dynamic
balance proficiency. Neurodevelopmental mechanisms elucidated through BDNF serum
increases (28%) alongside 3.4-fold hippocampal volume correlation. Gender-specific
adaptations document females excelling visuomotor strategies while males demonstrate
superior vestibular weighting. Scalability achieved through Spanish Ministry of Education
integration reaching 1.2M adolescents annually. Injury surveillance confirms 43% ankle sprain
incidence reduction. Longitudinal tracking documents skill retention through university
transition. Research establishes gamified sensorimotor training as gold standard preventing
adolescent neuromotor decline while enhancing cognitive reserve critical for lifelong physical
literacy within European educational frameworks.

Keywords: balance training, motor skills, adolescents, dual-task protocols, sensorimotor
integration
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ANALYZING THE INFLUENCE OF BODY ART ON ATHLETIC PERFORMANCE
AND PSYCHOLOGICAL RESILIENCE

Dr. Moussa Traoré
Faculty of Health Sciences, University of Cape Town, South Africa

ABSTRACT

This mixed-methods investigation examines tattoo psychological effects on West African
combat sport athletes documenting resilience augmentation through ritual scarification analogs.
280 MMA/boxing practitioners stratified by body art coverage reveal 34% higher ACL injury
tolerance, 27% faster return-to-play post-concussion, and 41% elevated pain thresholds via
guantitative sensory testing. Thematic analysis identifies "warrior marking" narrative
conferring 3.2x competitive identity strength measured via Sport Identity Scale. Physiological
validation through HRV analysis confirms 22% parasympathetic dominance during recovery
phases among tattooed athletes. Cross-cultural comparison against Japanese sumo reveals
convergent ritual body modification enhancing competitive aggression (r=0.68).
Psychodynamic interpretation links somatic inscription with superego transcendence
facilitating flow state entry (92% self-reported incidence). Neuroimaging demonstrates 18%
amygdala deactivation during pain anticipation unique to ritual-modified athletes. Gender
analysis confirms equivalent benefits across sexes challenging objectification hypotheses.
Longitudinal tracking documents 67% career longevity extension through injury
desensitization. Economic modeling projects $4.8M UFC market value premium for tattooed
fighters through fan identification. Evolutionary psychology framework posits modern
tattooing as cultural successor to tribal scarification signaling genetic fitness. Clinical validation
through PTSD screening reveals 76% lower incidence among heavily tattooed combat veterans.
Policy implications advocate therapeutic tattooing within sports psychology confronting body
art stigma. Research establishes ritual body modification as performance enhancing
psychological technology bridging ancestral tradition with contemporary high-performance
sport psychology.

Keywords: body art psychology, athletic resilience, tattoo effects, combat sports, ritual
modification
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FROM TWEETS TO TOUCHDOWNS: FORECASTING NFL SUCCESS THROUGH
SOCIAL MEDIA SENTIMENT ANALYSIS

Prof. Dr. Marcus Johnson, Dr. Emily Carter
Department of Electrical Engineering, Polytechnic University of Catalonia, Spain

ABSTRACT

This machine learning framework integrates Twitter sentiment dynamics with NFL
performance metrics predicting weekly rushing yards (R?=0.87), quarterback ratings (R?=0.82),
and MVP probability (AUC=0.94) across 2018-2025 seasons. Multimodal analysis fuses 14.2M
geo-tagged tweets with play-by-play data employing BERTopic for latent theme extraction
identifying 23 performance-correlated narratives. Temporal sentiment volatility predicts
rushing explosions (OR=3.4 first-mover advantage) while coach criticism spikes precede 67%
underperformance weeks. XGBoost feature importance ranks teammate endorsement 1st, rival
shade 2nd, lifestyle posting 18th confirming social capital primacy. Player career arc modeling
reveals 41% breakout probability elevation through sustained positivity. Brand valuation
quantifies $2.3M jersey sales correlation per 10,000 sentiment points. Gender analysis confirms
female fans driving 28% predictive signal strength through relational attention. Crisis detection
achieves 92% accuracy forecasting benchings through sentiment inflection. Comparative
analysis against NBA establishes NFL's unique positional sentiment sensitivity. Economic
impact modeling projects $1.8B annual league value through optimal roster construction. Agent
training algorithms achieve 76% client valuation increase through sentiment optimization.
Policy recommendations establish social media crisis response protocols. Longitudinal player
development tracking confirms early sentiment patterns predicting Pro Bowl probability 7 years
ahead. Research establishes social listening as core NFL analytics discipline positioning
sentiment engineering within $18B league human capital optimization paradigm.

Keywords: social media sentiment, NFL performance, predictive analytics, player valuation,
machine learning
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SOUTH AFRICAN SOCCER DEVELOPMENT: ANALYZING LOCAL PRACTICES
WITHIN A GLOBAL FRAMEWORK FOR MASS AND ELITE ATHLETE
PROGRESSION

Dr. Thabo Mbeki, Prof. Dr. Sipho Dlamini, Dr. Naledi Khumalo
Faculty of Health Sciences, University of Cape Town, South Africa

ABSTRACT

This national soccer development audit benchmarks South African mass participation against
elite pathways documenting systemic bottlenecks impeding FIFA U17 Women's World Cup
medal contention. Longitudinal tracking of 4,200 township players reveals 87% talent attrition
between U12-U17 due to 3:1 coach:player ratios versus UEFA 1:12 standard. Physiological
profiling confirms township girls achieving 92% age-expected VO2max yet lacking technical
finishing (28th percentile). Periodization analysis identifies 6-week macrocycle neglect causing
34% overtraining markers. Socioeconomic modeling quantifies R12,000 annual family burden
excluding 73% eligible players. Policy intervention establishes National School of Soccer
Excellence centralizing 1,200 annual intakes achieving 4.2x progression rates. Comparative
analysis against Nigeria reveals South Africa’s superior grassroots density (1:4,800 vs 1:12,400)
undermined by coordination failures. Genetic screening identifies ACTN3 RR genotype
prevalence (68%) confirming sprint-endurance hybridity advantage. Injury epidemiology
documents 41% ACL ruptures linked to artificial pitch trauma versus 12% grass. Talent 1D
algorithm integrates GPS workload, technical radar, psychological inventories achieving 89%
U20 national team prediction accuracy. Economic modeling projects R4.8B GDP multiplier
through 2026 AFCON qualification. Gender mainstreaming achieves 67% female coach
certification. Diaspora recruitment strategy repatriates 23 Bafana Bafana eligible players.
Research establishes integrated development continuum bridging township soccer with
European pro pathways positioning South Africa within CAF Power 5 by 2030 while generating
18,000 sustainable coaching livelihoods.

Keywords: soccer development, South African sports, talent pathway, periodization, talent
identification
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ANALYSIS OF PHYSICAL AND BIOLOGICAL CHARACTERISTICS OF ELITE
KENYAN LONG-DISTANCE RUNNERS

Dr. Samuel Kiprotich, Assoc. Prof. Dr. Grace Wanjiku
Faculty of Sports Sciences, University of Lahore, Pakistan

ABSTRACT

This phenotypic survey characterizes elite Kenyan Rift Valley runners documenting
unprecedented physiological adaptations explaining 78% major marathon dominance since
2010. 342 sub-2:10 men/2:25 women underwent comprehensive profiling revealing mean
VO2max 84.2 ml/kg/min, 2.1 I/min absolute alongside 92% slow-twitch dominance through
biopsy-validated MHC typing. Running economy averages 180 ml/kg/km versus global elite
192 ml/kg/km achieved through 2.8 Hz optimal cadence. Mitochondrial biogenesis markers
document 4.2-fold PGC1a expression versus sea-level controls. Limb morphology reveals 28%
longer Achilles tendons, 14% narrower feet, 9% calf girth reduction optimizing energy return.
Growth trajectory analysis confirms high-altitude pubertal growth spurt peaking age 15.3
versus lowland 16.8. Telomere length averages 8.2 kb indicating low biological age despite
chronological 27.4 years. Heart stroke volume reaches 180 ml versus 120 ml sedentary through
eccentric hypertrophy adaptation. Sleep architecture reveals 11.2 hours 24-hour sleep budget
including 3.8 hours naps. Genetic analysis identifies 23 altitude adaptation SNPs including
EPAS1, EGLN1 alongside novel Kenyan-specific haplotypes. Training load quantification
documents 280 km/week peak volumes averaging 23 km easy:4 km threshold. Economic
modeling values physiological template at $14M per athlete career earnings potential. Policy
roadmap establishes Iten National Running Academy centralizing 6,400 annual intakes. Injury
prevention through cyclic loading prevents 67% stress fracture incidence. Research codifies
Kalenjin running phenotype as premier human locomotor template informing global endurance
optimization while protecting $2.8B Kenyan athletics economy.

Keywords: Kenyan runners, running physiology, genetic adaptations, running economy, high-
altitude training
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EFFECTS OF WATER IMMERSION ON THERMOREGULATION AND
RECOVERY IN ATHLETES TRAINING IN HIGH-TEMPERATURE
ENVIRONMENTS

Ayesha Khan, Imran Siddiqui, Sara Malik
Faculty of Sports Sciences, University of Lahore, Pakistan

ABSTRACT

This randomized crossover trial quantifies cold water immersion (CWI, 10°C) versus active
recovery effects on thermoregulation and performance restoration among 48 Pakistani field
hockey players training at 38°C wet-bulb globe temperature. Post-exercise CWI reduces core
temperature 2.1°C faster (18 vs 42 minutes) alongside 41% faster heart rate recovery versus
active recovery. Muscle oxygenation via NIRS recovers 67% quicker preventing 28%
secondary hypoxic damage. Cytokine profiling reveals 73% IL-6 reduction alongside 82% CK
normalization within 24 hours. Subsequent performance testing documents 14% Yo-Yo test
distance superiority alongside 9% sprint decrement minimization. Sweat electrolyte analysis
confirms 3.2 g/L sodium replenishment requirements met through immersion osmoregulation.
Perceptual recovery via Total Quality Recovery scale achieves 8.9/10 versus 6.4 active
recovery. Sleep quality enhancement documents 34% deep sleep augmentation through
normalized circadian markers. Gender analysis reveals females gaining 1.8x perceptual benefits
despite equivalent physiological gains. Dose-response modeling establishes 12-minute 10°C
immersion optimal balancing vasoconstriction benefits against shivering thermogenesis.
Economic analysis confirms Rs. 2,800/athlete seasonal savings versus physiotherapy costs.
Integration with Pakistan Hockey Federation heat protocols reaches 1,800 national athletes.
Long-term 6-month tracking confirms 22% injury reduction through cumulative fatigue
mitigation. Neuroendocrine axis preservation documents 41% cortisol preservation versus
active recovery depletion. Research establishes CW1 as gold standard heat adaptation recovery
modality positioning resource-constrained tropical nations within evidence-based sports
science paradigms while protecting $180M national sports investment.

Keywords: water immersion recovery, thermoregulation, heat adaptation, sports recovery,
cytokine modulation
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ANALYSIS OF SOIL STABILIZATION TECHNIQUES USING ORGANIC
ADDITIVES IN SEMI-ARID REGIONS

Dr. Fatima Zahra, Dr. Karim Benali, Dr. Amina El-Mansouri
Faculty of Civil Engineering, Mohammed V University, Morocco

ABSTRACT

This comprehensive investigation evaluates organic additives including lignin sulfonate,
molasses, and cow manure for stabilizing expansive clay soils typical of semi-arid regions like
Morocco's High Plateau and eastern Algeria. Laboratory testing of 240 samples subjected to
unconfined compressive strength (UCS), California Bearing Ratio (CBR), and Atterberg limits
analysis demonstrates lignin sulfonate at 4% OMC achieving 2.8 MPa UCS (350%
improvement) alongside 42% CBR enhancement versus untreated controls. Molasses at 6%
reduces plasticity index 67% through organic complexation of montmorillonite while manure
improves shear strength 210% via fibrous reinforcement. Cyclic wetting-drying tests confirm
85% strength retention after 12 cycles versus 23% for cement stabilization. Microstructural
SEM-EDX analysis reveals amorphous gel formation bridging clay platelets alongside 28%
reduction in void ratio. Field trials across 3 km unpaved road sections document 76% IRI
reduction and 92% dust suppression over 18 months. Economic analysis establishes 3.4:1
benefit-cost ratio versus lime treatment with $2.8/ton material costs. Environmental life-cycle
assessment confirms 89% CO2 reduction alongside 94% water savings. Geochemical modeling
predicts pH stability (7.8-8.2) preventing heavy metal leaching over 20-year service life.
Dosage optimization through response surface methodology identifies lignin:molasses 3:1 ratio
maximizing flocculation while minimizing shrinkage 71%. Performance under seismic loading
confirms 2.1x energy dissipation capacity versus conventional stabilizers. Policy
recommendations advocate incorporation into TMNB 2001 earthworks specifications alongside
rural road program scaling. Research establishes organic stabilization as sustainable alternative
for 1.2M km unpaved roads across MENA reducing $4.7B annual maintenance costs while
enhancing climate resilience through carbon sequestration equivalent to 18,000 tons CO2
annually.

Keywords: soil stabilization, organic additives, semi-arid regions, expansive clays, sustainable
geotechnics
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CLOUD-BASED DEVELOPMENT FRAMEWORKS FOR ADVANCED
CONSTRUCTION MANAGEMENT SOFTWARE

Assoc. Prof. Dr. Min-Jae Park
Department of Architectural Engineering, Kyung Hee University, South Korea

ABSTRACT

This research develops cloud-native microservices architecture for construction management
platforms integrating BIM, 10T sensor streams, and Al-driven risk analytics processing 2.5TB
daily project data. Kubernetes-orchestrated deployment across AWS Seoul region achieves
99.97% uptime serving 4,700 concurrent users with 28ms API latency. Serverless AWS
Lambda functions handle peak loads scaling from 200 to 12,000 requests/second during bid
closings. MongoDB Atlas-NoSQL stores 1.2B geospatial documents enabling real-time clash
detection reducing RFIs 67%. Apache Kafka streams process 15,000 10T events/minute from
site sensors predicting schedule delays 72 hours advance (92% accuracy). MLflow-managed
XGBoost models achieve 0.94 AUC classifying safety incidents using computer vision analysis
of 3.7M helmet/drone images. Cost analysis confirms 41% OpEx reduction versus on-premises
ERP through pay-per-use scaling. Security framework implements zero-trust architecture with
OAuth 2.0, JWT tokens, and HashiCorp Vault achieving SOC2 Type Il compliance. DevOps
pipeline through GitLab CI/CD automates testing-coverage 88%, security scanning, and blue-
green deployments enabling zero-downtime updates. Multi-tenancy isolation via hamespace
segregation supports 240 enterprise clients maintaining data sovereignty under KCCPA
regulations. Performance benchmarking against Primavera P6 confirms 3.8x faster critical path
analysis. Case study of Incheon Airport expansion documents 14% schedule compression
through predictive analytics. API-first design enables marketplace integration generating
$2.8M partner revenue. Scalability roadmap targets 50,000 users by 2028 supporting K-Smart
Construction national initiative. Research establishes cloud-native paradigm shift replacing
monolithic systems with composable intelligent platforms driving Asia-Pacific construction
digitization.

Keywords: cloud-native architecture, construction management, BIM-loT integration,
microservices, predictive analytics
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NUMERICAL MODELING OF ELECTROMAGNETIC FIELDS IN COMPLEX
MATERIALS USING FINITE ELEMENT ANALYSIS

Assoc. Prof. Dr. Carlos Mendoza, Dr. Lucia Fernandez
Department of Electrical Engineering, Polytechnic University of Catalonia, Spain

ABSTRACT

This advanced computational study develops anisotropic finite element models simulating
electromagnetic field propagation through multi-layered composites containing carbon
nanotubes, graphene, and metamaterials exhibiting negative permittivity. COMSOL
Multiphysics implementation couples Maxwell equations with thermo-mechanical analysis
predicting 2.4 GHz field enhancement 18x within CNT forest structures. Drude-Lorentz
dispersion models accurately capture frequency-dependent permittivity (er -2.8 to +14.3)
validated against waveguide measurements (error <3.2%). Surface impedance boundary
conditions reduce computational domain 67% while maintaining 4th order convergence.
Perfectly matched layers (PML) with complex stretching coordinates achieve -78 dB reflection
suppression. Adaptive mesh refinement targets 1/20 wavelength resolution within high-gradient
regions. Parametric sweeps quantify field intensification: 41% increase per 0.1 vol% CNT
loading alongside 28% thermal hotspot mitigation through graphene heat spreading. Nonlinear
Hall effect modeling predicts 3.7x magneto-resistance under 1.2T fields. Multiphysics coupling
reveals electro-thermal runaway in dielectrics exceeding 180°C within 2.3 cycles at 5 kvV/mm,
Uncertainty quantification through polynomial chaos expansion confirms 95% confidence
intervals for shielding effectiveness (SE 62-78 dB). Validation against NIST benchmarks
achieves 2.1% mean absolute error across 14 test cases. High-performance computing scales to
1.2B DOF problems across 128 CPU cores reducing solution time 94%. Case studies model 5G
antenna radomes, EMI shielding composites, and THz sensors. Design optimization identifies
minimal material configurations achieving IEEE C95.1 compliance. Research establishes
comprehensive EM simulation framework supporting next-generation material development
for aerospace, telecommunications, and biomedical applications.

Keywords: electromagnetic modeling, finite element analysis, complex materials,
metamaterials, multiphysics coupling
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THERMAL PERFORMANCE EVALUATION OF ECO-FRIENDLY INSULATION
MATERIALS IN WOODEN BUILDINGS

Dr. Lars Jensen, Mette Sgrensen
Department of Electrical Engineering, Polytechnic University of Catalonia, Spain

ABSTRACT

This experimental investigation evaluates mycelium composites, cellulose nanofibers, and
aerogel-enhanced wood fiber insulation thermal performance under Nordic climate conditions
(Dfb Képpen). Hot box apparatus testing per 1ISO 8990 confirms mycelium achieving 2=0.038
W/mK (14% below mineral wool) alongside 2.3 h-m2-K/W thermal inertia. Cellulose nanofiber
panels demonstrate 87% moisture buffering capacity preventing 94% interstitial condensation
risk. Aerogel incorporation yields A=0.021 W/mK enabling 43% wall thickness reduction while
maintaining U<0.15 W/m?K passivhaus standard. Hygrothermal simulations through WUFI-
Pro predict 100-year service life without microbial growth across 18 Scandinavian stations.
Cyclic hygric loading (95%RH/20°C — 35%RH/-15°C) confirms dimensional stability <0.8%
alongside 97% recovery. Fire testing per EN 13501-1 classifies mycelium B-s1,d0 through
intumescent char formation. Embodied carbon analysis documents 68% reduction versus XPS
(12 kgCO2e/m?3 vs 38). Acoustic performance exceeds SoundClass B requirements (Rw+Ctr 52
dB). Cost-benefit modeling projects 7.2-year payback through 28% heating savings alongside
14% reduced material transport emissions. Life-cycle assessment confirms 73% GWP
reduction alongside 82% primary energy savings. Field monitoring of 12 retrofitted timber
frame houses documents 34% measured energy reduction matching simulations (R?=0.91).
Diffusion openness (u<5) prevents moisture trapping. Vapour barrier optimization eliminates
92% airtightness failures. Circular economy analysis confirms 94% recyclability. Research
establishes bio-based insulation superiority supporting Norway's 50% carbon neutral building
target by 2030 while preserving timber construction heritage comprising 82% national housing
stock.

Keywords: eco-friendly insulation, mycelium composites, thermal performance, hygrothermal
analysis, passivhaus
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OZET

Diz alti amputasyon cerrahisi sonrasi protezle yiiriime; protez tarafta itme kuvvetinin sinirli
olmasi, gudikte yiik toleransinin zayif olmasi ve giidiik soket arayiiziinde olusan bileske
kuvvetler nedeniyle siklikla asimetrik bir paternle gergeklesir. Bu durum spatiotemporal
farkliliklar, proksimal eklemlerde kompansasyonlar ve artmis fizyolojik yiik ile iligkilidir. Bu
derlemenin amaci, diz alti protez kullanicilarinda yiiriiylis bozukluklarini giincel kanit
iizerinden 6zetlemek ve klinik uygulamaya yonelik c¢ikarimlar sunmaktir. Anlati derleme
yaklasimiyla PubMed, Scopus, Web of Science ve Google Scholar veri tabanlar1 2015-2025
yillar1 arasi i¢in taranmis; sistematik derlemeler ve yiirliyiis analizi ¢iktilar1 raporlayan primer
caligmalar degerlendirilmistir. Literatiir, bir¢ok calismada yliriime hizinin azalabildigini; adim
uzunlugu, durus fazi siiresi ve yer reaksiyon kuvveti dagiliminda taraflar arasi farkliliklar
goriilebildigini gostermektedir. Saglam ekstremitenin diz ve kalga eklemlerine binen yuklerin
artmasi yaygin bir problem olarak karsimiza ¢ikmistir. Dogrudan veya dolayli olarak pelvis ve
kalgca odakli kompansatuvar stratejiler ise ¢cok sik oldugu gorilmiistiir. Enerji tuketiminin
genellikle normal bireylere gore daha yiiksek oldugu bir ¢ok ¢alismada ortaya koyulmaktadir.
Protez ayak bileseninin sertlik ve esneklik gibi dzellikleri ile birlikte kurulumun, stispansiyon
sisteminin, soket teknolojilerinin, sispansiyon sitemleri ile soket teknolojilerinin uyumunun;
biyomekanik ¢iktilar1 anlamli bi¢imde etkileyebilecegi bildirilmektedir. Sonug olarak yiiriiyts
bozukluklari ¢ok boyutludur; komponent se¢imi ve uygun ayarlama ile hedefli rehabilitasyonun
birlikte planlanmasi, asimetriyi ve asir1 eklem yiiklerini azaltma potansiyeli tasir.
Standartlastirilmis protokollere dayanan ve uzun donem klinik sonlanimlar1 degerlendiren
yiiksek metodolojik kalitede ¢aligmalara gereksinim devam etmektedir.

Anahtar Kelimeler: diz alt1 protez, yiiriiyiis analizi, yiirtiyiis asimetrisi, biyomekanik, enerji
maliyeti.
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ABSTRACT

Prosthetic ambulation following transtibial amputation is frequently characterised by an
asymmetric gait pattern, primarily attributable to limited push-off capacity on the prosthetic
side, diminished load tolerance of the residual limb, and the resultant composite forces
generated at the socket-residual limb interface. These biomechanical constraints are
consistently associated with spatiotemporal asymmetries, proximal joint compensatory
mechanisms, and elevated physiological loading. The objective of this narrative review was to
synthesise contemporary evidence regarding gait deviations in individuals with transtibial
prostheses and to derive clinically meaningful implications for orthotic and prosthetic practice.
A structured literature search was conducted across PubMed, Scopus, Web of Science, and
Google Scholar databases for studies published between 2015 and 2025. Systematic reviews
and primary investigations reporting quantitative gait analysis outcomes were included in the
evaluation. The current body of literature indicates that walking speed is frequently reduced in
transtibial prosthesis users. Interlimb asymmetries have been documented in step length, stance
phase duration, and ground reaction force distribution. Increased mechanical loading of the
knee and hip joints on the intact limb emerges as a prevalent finding, with potential implications
for long-term joint degeneration. Pelvis- and hip-dominant compensatory strategies are also
consistently reported, reflecting proximal adaptations to distal biomechanical insufficiencies.
Moreover, multiple studies demonstrate elevated metabolic cost and energy expenditure
compared with non-amputee controls. Prosthetic foot characteristics—particularly stiffness and
energy return properties—alongside alignment parameters, suspension systems, socket
technologies, and the biomechanical compatibility between suspension mechanisms and socket
design, have been shown to significantly influence gait mechanics and loading patterns. In
conclusion, gait abnormalities in transtibial prosthesis users are inherently multidimensional.
An integrated clinical approach encompassing evidence-based component selection, precise
alignment optimisation, and targeted rehabilitation strategies may mitigate gait asymmetry and
reduce excessive joint loading. Nevertheless, there remains a need for high methodological
quality research employing standardised assessment protocols and evaluating long-term clinical
outcomes.

Keywords: transtibial prosthesis, gait analysis, gait asymmetry, biomechanics, energy
expenditure
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1. GIRIS

Diz alt1 amputasyon sonrasinda protezle ambiilasyon, distal segmentte biyolojik plantar fleksor
fonksiyonunun ortadan kalkmasi ve bu fonksiyonun protez mekanikleri araciligiyla ikame
edilme zorunlulugu nedeniyle temelde yeniden organize edilmis bir lokomotor stratejiye
dayanir. Protez tarafinda itme kuvveti iiretiminin yetersiz kalmasi, rezidiiel ekstremitenin sinirl
yilik aktarim kapasitesi ve protez bilesenlerinin rijitlik, enerji geri doniisii ve moment iletim
ozellikleri gibi intrinsik mekanik parametreleri; yliriiylisiin zamansal, kinematik ve kinetik
organizasyonunda sistematik sapmalara yol agmaktadir. Bu yeniden yapilanmis yliriiyiis paterni
cogunlukla ekstremiteler arasi asimetri ile karakterizedir. Ortaya ¢ikan asimetri yalnizca
performans temelli bir varyasyon olarak degil, ayni zamanda uzun dénem biyomekanik
sonuglar1 olan bir yiik yeniden dagilimi siireci olarak degerlendirilmelidir. Literatiir, saglam
ekstremitede diz ve kalca eklemlerine aktarilan ekstansér momentlerin ve eklem reaksiyon
kuvvetlerinin arttigini; bunun da sekonder kas-iskelet sistemi patolojileri ve dejeneratif eklem
degisiklikleri agisindan potansiyel risk olusturdugunu bildirmektedir [1]. Sagittal diizlem odakl1
klasik biyomekanik ¢aligmalar, diz alti amputasyonlu bireylerde ayak bilegi gii¢ liretiminin
kaybina eslik eden kompansatuvar diz ve kalga moment paternlerini agik bigcimde ortaya
koymustur [3]. Daha giincel kanitlar ise protez tarafinda yeterli diizeyde itme kuvveti
iiretilememesinin, yiiriiylis dongiisii boyunca hem kinetik hem de kinematik diizeyde taraflar
aras1 asimetriyi belirginlestirdigini gostermektedir [7]. Bu c¢ercevede, diz alti protez
kullanicilarinda gézlenen yiiriiyiis bozukluklarinin giincel kanit temelli ve ¢ok boyutlu bir
perspektifle ele alinmasi; protez bilesen seciminin rasyonel bigimde temellendirilmesi, kurulum
parametrelerinin biyomekanik agidan optimize edilmesi ve hedefe yonelik rehabilitasyon
stratejilerinin yapilandirilmast agisindan kritik 6neme sahiptir. Bununla birlikte, yiirtiytls
asimetrisinin yalnizca bir sonug¢ degil, protez—rezidiel ekstremite—ndromiskuler sistem
etkilesiminin dinamik bir ¢iktis1 oldugu dikkate alindiginda; standartlastirilmis degerlendirme
protokollerine ve uzun donem klinik sonlanimlar1 igeren yiiksek metodolojik kalitede
caligmalara duyulan gereksinim devam etmektedir.
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2. DENEYSEL CALISMALAR (YONTEM)

Bu calisma, diz alti amputasyonlu bireylerde gézlenen yliriiylis bozukluklarina iligkin giincel
literatlrti kavramsal bitunlik igerisinde degerlendirmeyi amaglayan bir anlati1 derleme olarak
tasarlanmigtir. Sistematik bir ¢cerceveye dayali olmakla birlikte meta-analitik nicel birlestirme
hedeflenmemis; bunun yerine mevcut kanitlarin biyomekanik baglamda elestirel ve tematik
sentezi amaglanmustir. Literatiir taramas1 PubMed, Scopus, Web of Science ve Google Scholar
veri tabanlarinda gergeklestirilmig; 2015-2025 yillar1 arasinda yayimlanan c¢alismalar
degerlendirmeye alinmistir. Arama stratejisi; “transtibial”, “below-knee”, “prosthesis”, “gait”,
“gait analysis”, “asymmetry”, “kinematics”, “kinetics” ve “energy expenditure” anahtar
sozctiklerinin ¢esitli “AND/OR” kombinasyonlarma dayandirilmistir. Arama terimleri,
yiiriiyiisiin zamansal-mekansal organizasyonu, segmental hareket paternleri, eklem moment ve
gli¢ tretimi ile metabolik maliyet boyutlarin1 kapsayacak sekilde yapilandirilmigtir. Dahil
edilme kriterleri kapsaminda; diz alt1 protez kullanicilarini igeren, nicel yiiriiyiis analizi ¢iktilar
(spatiotemporal parametreler, kinematik ve kinetik veriler, eklem moment ve guc tretimi, enerji
maliyeti Olglimleri vb.) raporlayan sistematik derlemeler ile primer arastirmalar
degerlendirmeye alinmistir. Pediatrik popiilasyonu igeren g¢aligmalar, yalnizca transfemoral
amputasyonlu bireyleri kapsayan aragtirmalar ve objektif yliriiyiis analizi verisi igermeyen
yaymlar diglanmistir. Bdylece orneklem homojenligi ve biyomekanik yorumlanabilirlik
korunmaya calisilmistir. Elde edilen bulgular, kavramsal tutarlilik ve klinik anlamlilik
gozetilerek dort ana tematik baslik altinda sentezlenmistir: (i) spatiotemporal asimetri ve
ylirliylis organizasyonu, (ii) kinematik ve kinetik kompansatuvar stratejiler ile eklem yiiklenme
paternleri, (iii) enerji maliyeti ve metabolik talep diizeyi ve (iv) protez bilesen 6zellikleri ile
kurulum parametrelerinin biyomekanik ¢iktilar iizerindeki etkisi. Bu tematik yapi, yliriiyls
sapmalarinin yalnizca tanimlayict degil, ayn1 zamanda mekanik neden-sonug iligkileri
icerisinde yorumlanmasina olanak saglayacak bigimde kurgulanmistir.
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3. SONUCLAR VE DEGERLENDIiRME
3.1. Spatiotemporal yiiriiyiis bozukluklari ve asimetri

Literatiiriin 6nemli bir bolimii, diz alti protez kullanicilarinda yiiriiyiis organizasyonunun
zamansal ve mekansal parametreler agisindan sistematik bicimde degistigini gostermektedir.
En sik bildirilen bulgular; yiirliylis hizinda azalma, adim uzunlugunda taraflar aras1 farkliliklar,
durus fazi siiresinde asimetri ve yer reaksiyon kuvveti dagiliminda dengesizliktir. Bu
degisiklikler yalnizca performans temelli varyasyonlar degil, ayn1 zamanda yiik aktarim
stratejilerinin yeniden yapilandigini gosteren biyomekanik gostergelerdir. Protez kiitlesinin
artirllmasinin belirli temporal parametreleri ve yiiklenme dagilimini modifiye edebildigi rapor
edilmistir [1]. Bu bulgu, distal segment kiitlesinin yiirliyligiin salinim ve yliklenme fazlarindaki
dinamik organizasyon iizerinde belirleyici rol oynayabilecegini diisiindiirmektedir. Bununla
birlikte, protez tarafinda yeterli diizeyde itme kuvveti iiretilememesi, yliriiyiis dongiisiiniin
ozellikle durus sonu ve salinim Oncesi evrelerinde mekanik enerji transferini sinirlandirarak
taraflar aras1 asimetriyi artiran temel mekanizmalardan biri olarak tanimlanmaktadir [7].
Dolayisiyla spatiotemporal asimetri, yalnizca bir zamanlama problemi degil; kinetik
yetersizliklerin zamansal ¢iktisi olarak degerlendirilmelidir.

3.2. Kinematik ve kinetik kompansasyonlar; saglam tarafta eklem yiiklenmesi

Yiiriiyiis sirasinda protez tarafinda itme kuvveti iiretiminin sinirli kalmasi, lokomotor sistemin
denge ve ilerleme gereksinimini karsilamak amaciyla saglam ekstremitede daha yiiksek
yiiklenme stratejilerinin devreye girmesine yol acabilmektedir. Bu durum 6zellikle saglam diz
ekleminde osteoartrit gelisimiyle iliskili biyomekanik gostergelerin artis1 nedeniyle klinik 6nem
tasimaktadir.  Nitekim dizin abdlksiyon momentindeki artis, medial kompartman
yuklenmesinin dolayli bir gostergesi olarak kabul edilmekte ve uzun donem dejeneratif
degisiklikler acisindan risk faktorii olarak degerlendirilmektedir. Randomize ¢apraz tasarimla
yiritilen bir ¢alismada, protez ayak sertliginin artiritlmasinin saglam dizde abdlksiyon
momentini azalttig1 bildirilmistir [5]. Bu bulgu, protez bilesen parametrelerinin yalnizca protez
tarafi degil, kars1 taraf eklem biyomekanigi {lizerinde de belirgin etkiler olusturabilecegini
gostermektedir. Dolayisiyla kurulum ve bilesen sec¢imi, yiikk dagiliminin iki tarafli sistem
bitlinliigli igerisinde degerlendirilmesini gerektirir. Klasik biyomekanik literatir (eklem
moment-gii¢ analizleri ve elektromiyografik veriler), diz alti amputasyonlu bireylerde
proksimal eklemlerin farkli motor kontrol paternleri gelistirerek distal giic kaybin1 kompanse
ettigini ortaya koymaktadir [3]. Artmis kalga ekstansor aktivitesi, diz moment paternlerinde
yeniden dagilim ve segmental hareket acgikliklarinda adaptif degisiklikler bu kompansatuvar
organizasyonun temel bilesenleri arasindadir. Bu durum, yiiriiylis bozukluklarinin yalnizca
distal mekanik eksiklikle smirli olmadigini; noéromiiskiiler sistem diizeyinde yeniden
yapilanmis bir hareket stratejisini yansittigini gostermektedir.

3.3. Enerji maliyeti ve fizyolojik ytk

Sistematik derleme bulgulari, alt ekstremite amputasyonlu bireylerde yliriiyiis sirasinda enerji
harcamasinin saglikli bireylerle karsilastirildiginda anlamli diizeyde arttigin1 gostermektedir
[2]. Bu artisin tek boyutlu olmadigi; amputasyon seviyesi, tercih edilen yiiriime hizi, protez
bilesen 6zellikleri ve bireyin fonksiyonel kapasitesi gibi degiskenlerle etkilesim igerisinde
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sekillendigi bildirilmektedir. Ozellikle distal segmentte aktif plantar fleksor gic Gretiminin
kaybi, yliriiytiisiin ileri dogru ilerleme fazinda mekanik is liretiminin azalmasina ve bu eksikligin
proksimal kas gruplar1 araciligiyla telafi edilmesine neden olmakta; bu durum metabolik
maliyetin yikselmesine neden olmaktadir. Yiirliylis simetrisi ile enerji maliyeti arasindaki
iliskiyi inceleyen ¢alismalar, protez ve saglam ekstremitenin kiitle dagilimi ile salinim dinamigi
ozelliklerinin daha dengeli hale getirilmesinin hem zamansal simetriyi hem de metabolik
verimliligi etkileyebilecegini gdstermistir [8]. Bu bulgular, enerji maliyetinin yalnizca kas
aktivitesi artisi ile agiklanamayacagini; segmental kiitle dagilimi ve mekanik enerji transferinin
biitiinciil organizasyonu ile iligkili oldugunu diisiindiirmektedir. Dolayisiyla enerji maliyeti,
yiirtiyiis kalitesinin ikincil bir ¢iktis1 degil, biyomekanik organizasyonun biitlinciil bir
gostergesi olarak degerlendirilmelidir.

3.4. Protez bileseni ve kurulum parametrelerinin etkisi (ayak sertligi, 0n ayak esnekligi,
kurulum)

Protez ayak bilesenlerinin mekanik 6zellikleri, 6zellikle durus fazinda yiik aktarimi ve ileri
dogru ilerleme mekanizmasi lizerinde belirleyici rol oynayabilmektedir. Cift-kor randomize
capraz tasarimla yiriitilen bir randomize kontrollii ¢aligmada, O0n ayak esnekliginin
degistirilmesinin protez ayak bilegi dorsifleksiyon hareket agikligini ve etkin ayak uzunlugu
oranini modifiye ettigi; bunun da durus fazinda yiik aktarim paternini etkileyerek “drop-oft”
benzeri bir mekanik organizasyona yol agabildigi bildirilmistir [6]. Bu durum, 6n ayak
rijitliginin yalnizca lokal ayak bilegi kinematigini degil, yiirliylisiin distalden proksimale
uzanan kinetik zincirini etkileyebilecegini gostermektedir. Ayak sertligi odakli randomize
capraz c¢alismalar, ayak-bilek kompleksinin moment ve gic¢ Uretim Kkarakteristiklerinde
oOlciilebilir degisiklikler ortaya koymakla birlikte; bu biyomekanik degisimlerin her zaman adim
uzunlugu simetrisi, tercih edilen yiiriime hiz1 veya topluluk ici fiziksel aktivite diizeyi gibi
fonksiyonel ¢iktilara yansimayabilecegini gostermektedir [4]. Bu ayrisma, biyomekanik
parametreler ile fonksiyonel performans gostergeleri arasinda dogrusal olmayan bir iliski
olabilecegine isaret etmektedir. Bu nedenle klinik degerlendirme siirecinde yalnizca
spatiotemporal metriklere odaklanmak yeterli degildir. Eklem momentleri, ylklenme
gostergeleri ve enerji maliyeti gibi kinetik temelli parametreler; bireyin fonksiyonel hedefleri
ve gilinliikk yasam gereksinimleri ile birlikte biitiinciil bir ¢er¢evede ele alinmalidir. Protez
bileseni segimi ve kurulum kararlari, yalnizca simetriyi artirma amaciyla degil; uzun donem
eklem yiiklenmesini optimize etme ve metabolik verimliligi iyilestirme perspektifiyle
degerlendirilmelidir.
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Cizelge 1. Diz alt1 protez kullanicilarinda yiiriiyiis bozukluklarina iliskin se¢ilmis ¢alisgmalarin

oOzeti
Calhisma Tasarim / Odak Temel bulgu Kaynak
Orneklem
Sagawa ve Sistematik Biyomekanik, Yiiriiyiis parametrelerinde degisiklikler [2]
ark., 2011 derleme fizyoloji ve enerji maliyetinde artis; yontemsel
heterojenlik belirgin
Winter & Laboratuvar Kinetik, EMG Sagittal diizlem eklem momenti ve glic [3]
Sienko, 1988 | temelli yiiriiyiis iretim paternleri belirgin farklilik
analizi gostermektedir
Seth ve ark., Tekrarl 6l¢tim Protez kitlesi Distal kiitle degisiminin baz1 yiiriiyiis [1]
2020 tasarimi asimetri l¢itlerini etkileyebilecegi
bildirilmistir
Halsne ve Randomize Ayak sertligi Ayak-bilek biyomekaniginde 6l¢iilebilir [4]
ark., 2020 capraz tasarim degisiklikler; ancak spatiotemporal
simetri her zaman paralel
degismemektedir
Slater ve ark., Randomize Saglam diz Daha rijit ayak kullaniminda saglam diz [5]
2024 capraz tasarim yuklenmesi abdiiksiyon momentinde azalma
gbzlenmistir
Klodd ve Cift-kor On ayak Durus fazinda yiik aktarim paternleri ve [6]
ark., 2010 randomize esnekligi “drop-off” benzeri mekanik organizasyon
kontrollii calisma etkilenmistir
Adamczyk & Mekanizma Itme faz1 Protez tarafinda itme kuvveti eksikliginin [7]
Kuo, 2015 temelli deneysel eksikligi yiiriiyiis asimetrisine mekanistik katki
analiz sagladig1 gosterilmistir
Mattes ve Klinik yiiriiytis Simetri, enerji Segmental kiitle dagiliminin [8]
ark., 2000 analizi maaliyeti dengelenmesinin simetri ve enerji

maliyetini etkileyebilecegi bildirilmistir
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4. GENEL DEGERLENDIRME VE SONUCLAR

Bu derlemenin biitiinciil degerlendirmesi, diz alti protez kullanicilarinda yliriiyiis
organizasyonunun siklikla taraflar arasi asimetri ve proksimal kompansatuvar stratejilerle
karakterize oldugunu ortaya koymaktadir. Bu biyomekanik yeniden yapilanmanin, 6zellikle
saglam ekstremitede diz ve kalca eklemlerine aktarilan mekanik yiikleri artirabilecegi ve uzun
donemde dejeneratif siiregler agisindan risk olusturabilecegi bildirilmektedir [1,5]. Dolayisiyla
yiirliyiis asimetrisi yalnizca performans temelli bir varyasyon degil; yiik dagilimi ve eklem
saghigr acisindan klinik anlam tasiyan bir mekanik adaptasyon siireci olarak
degerlendirilmelidir. Mevcut kanitlar, protez ayak bileseninin rijitlik, enerji geri doniisii ve On
ayak esnekligi gibi mekanik 6zelliklerinin yani sira ayar parametrelerinin belirli biyomekanik
ciktilar1 anlamli diizeyde etkileyebildigini gostermektedir. Bununla birlikte, gézlenen kinetik
ve kinematik degisimlerin her zaman spatiotemporal simetri, tercih edilen yliriime hiz1 ya da
giinlik adim sayist gibi fonksiyonel ve davranigsal ¢iktilara tutarli bi¢imde yansimadigi
anlagilmaktadir [4,6]. Bu durum, biyomekanik parametreler ile klinik sonu¢ gostergeleri
arasinda dogrusal olmayan ve ¢ok faktorlii bir iligski olabilecegine isaret etmektedir. Klinik
uygulama agisindan; (i) degerlendirme siirecinin yalnizca yiirliylis hiz1 ile sinirh tutulmayip
simetri indeksleri, eklem momentleri ve yiiklenme gostergelerini igeren c¢oklu yiiriyis
metrikleri ile yurtiilmesi, (ii) protez bileseni se¢iminin kullanicinin fonksiyonel hedefleri ve
proksimal eklem yiiklenme profili ile birlikte ele alinmasi ve (iii) kurulum optimizasyonunun
standartlagtirilmis ve tekrarlanabilir protokoller ¢ergevesinde gergeklestirilmesi onerilmektedir.
Bu yaklagim, kisa donem performans kazanimlarinin 6tesinde uzun dénem eklem sagligini ve
metabolik verimliligi gozeten biitlinciil bir klinik karar siirecini destekleyebilir. Mevcut
caligmalarin baslica sinirliliklari arasinda gorece kiiciik 6rneklem biiyiikliikleri, protez bilesen
ozellikleri ile kullanici profillerindeki heterojenlik ve uzun dénem klinik sonlanimlarin siirl
raporlanmas1 yer almaktadir. Gelecekte yapilacak arastirmalarin, standartlastirilmig yiiriiyiis
protokollerine dayanan, biyomekanik parametreleri klinik olarak anlamli sonlanimlarla
iliskilendiren ve yeterli 6rneklem giicline sahip metodolojik olarak daha giiclii tasarimlar
icermesi gerekmektedir.
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