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Number of paper %
Papers by Turkish Participants 31 39,74
Papers by International Participants 47 60,26
Chart Title
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Konu :Gorevlendirme Talebi

REKTORLUK MAKAMINA

[lgi : 27.03.2024 tarihli ve E--903.07-474236 say1il1 yazi

Fakiiltemiz T1bbi Biyokimya Anabilim Dali'nda gorevli dgretim iiyesi Prof. Dr. Hiilya CICEK'in
Yiiksekogretim Genel Kurulunun 15.06.2023 tarihli, 10 sayili oturumunda alinan 2023.10.183 sayilt
karar1 geregince Dogentlik Bagvuru Sartlarinda bulunan ve dogent olacak adaylardan istenen "Diger
uluslararasi/ ulusal bilimsel toplantinin diizenleme komitesinde resmi olarak gorevlendirilmis {iniversite
akademisyen temsilcisi bulunmasi zorunludur." maddesi geregince, Academy Global Conference &
Journals tarafindan yapilan kongrelerin diizenleme kurullarinda yolluksuz ve yevmiyesiz olarak
gorevlendirilme talebi ile ilgili dilekgesi ekte gonderilmistir

Adi gecen Ogretim iiyesinin Academy Global Conference & Journals tarafindan yapilan
kongrelerin diizenleme kurullarinda yolluksuz, yevmiyesiz olarak gorevlendirilmesinde Dekanligimizca
bir sakinca bulunmamaktadir.

Onaylarmiza arz ederim

Prof.Dr. Sevki Hakan EREN
Dekan

OLUR

Prof.Dr. Arif OZAYDIN

Rektor
Ek:Ilgi Dilekge (1 Adet)
Dagitim:
Geregi: Bilgi:

Tibbi Biyokimya Anabilim Dali Bagskanligi Sayin Prof.Dr. Hiilya CICEK

Bu belge, giivenli elektronik imza ile imzalanmustir.

Belge Dogrulama Kodu : *BSFN3RR3CF* Pin Kodu : 27962 Belge Takip Adresi : https:/turkiye.gov.tr/gaziantep-universitesi-ebys
Adres : Gaziantep Universitesi Kampus Alani, Tip Fakiiltesi Dekanlig1, Sehitkamil - 27310 - Bilgi i¢in : Hiiseyin Temel
GAZIANTEP Unvani : Bilgisayar Isletmeni V.

Telefon : 0 (342) 360 60 60 Faks:0 (342) 360 16 17
e-Posta : tipfaksek@gmail.com Web : www.gantep.edu.tr/~tipdekanlik/bilgipaketi
Kep Adresi : gauntipdek@hs01.kep.tr
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Kongre Baglant1 Linki :
Join Zoom Meeting
https://us06web.zoom.us/j/88571518350?pwd=fOYazCWBmbAiWrHygjKSjkbbSvotfd.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 girig 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 6niine 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 siiresi 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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Meeting ID: 885 7151 8350 Passcode: 202224

28 Subat / Feb 28, 2025/ 11:00 — 13:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
MODA MARKALARININ GORSEL KIMLIGINDE KULTUREL | Dog. Dr, Ozlem KUM
VE TASARIMSAL KODLAR: TURK VE FRANSIZ Dr. Ogr. Gér., Havva Sinem
LOGOLARININ KARSILASTIRMALI ANALIZ1 INNAP
A STUDY ON LIGHT AND SHADOW IN RENAISSANCE, Master’s Student Aslinur
BAROQUE, AND NEOCLASSICAL PAINTING (CREATING KOG
VOLUME, DRAMATIZING NARRATIVE, AND MORAL Assoc. Prof. Dr. Hiida
CLARITY) SAYIN YUCEL
A COMPARATIVE STUDY OF ABANDONED, RUINED, AND Graduate Student Gézde
DESOLATE SPACES IN THE PAINTINGS OF C. D. SENGOZ
FRIEDRICH, V. HAMMERSH®@I, G. DE CHIRICO, AND E. Assoc. Prof. Hiida SAYIN
AKYAVAS YUCEL
pd ART AS A THERAPEUTIC MODE OF EXPRESSION: THE Ars. Gor. Mustafa AKIN
- |<£ EXAMPLE OF LOUISE BOURGEOIS Prof. Dr. Neslihan KIYAR
x
§ i
- £ ) _ o ) Yiiksek Lisans Ogrencisi,
§) &2 METAVERSE UZERINDE MODA DENEYiMI, FIZIKSELIN Emre Can PORSUK
- L'J OTESINDE STIL Dr. Ogr. Uyesi Nursen
| 5 GEYIK DEGERLI
- s
< o
I = ITERATIVE DESIGN THINKING AND GAMIFICATION IN
= .
2 VISUAL EFFECTS PEDAGOGY Asst. Prof. Ersin ERTAN
VISUAL NARRATIVE PRACTICES IN INTERIOR Dr. O3r. Uvesi. Tureut
ARCHITECTURE EDUCATION: A LEARNING EXPERIENCE KALA%Y yest, furgd
THROUGH FIGURE, PHOTOGRAPHY, AND STORYTELLING
HAYAT AGACI SEMBOLUNUN CAGDAS SERAMIK Dr.Ogr.Uyesi Fulya
SANATINA YANSIMASI SAVAS
GIYSI TASARIMINDA HIKAYE PANOSU GELISTIRME Ogr.Gorevlisi Sayara
SURECI YERGESHOVA

Academy Global Conferences & Journals
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TROIA 3RD INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
February 27 — 28, 2026
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Meeting ID: 885 7151 8350 Passcode: 202224

28 Subat / Feb 28, 2025/ 11:00 — 13:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
FOLK BELIEFS IN THE DIVAN OF MUIDI OF -
KALKANDELEN Dr. Oguz YILDIRIM
AN IDENTITY OUTSIDE THE SPIRIT OF THE AGE AND Doc. Dr. SEVRA
TIMES: OBLOMOV, AN ANALYSIS OF GONCHAROV’S FH{;I.NC.IO GULLARI
WORK OBLOMOV
X
:% JURGEN HABERMAS’S BASIC CONCEPTS and MODERN Dog. Dr. SEVRA
~ |’:‘ SOCIETY FIRINCIOGULLARI
Z 0O
@)
| S
< e LINGUISTIC AND CULTURAL LEARNING SPACES: Prof. Dr. Ali Osman
2 8 STUDENT REFLECTIONS ON GERMAN LANGUAGE DAY IN OZT.UR.K
| — A UNIVERSITY CONTEXT
- <
< —
I a
- INDIVIDUAL PATHS TO LANGUAGE SUCCESS: AN Prof. Dr. Ali Osman
o ANALYSIS OF STUDENT LEARNING APPROACHES IN C”)ZT.UR.K
o GERMAN AS A FOREIGN LANGUAGE
LEXICAL ACCESS AND THE EFFECT OF CONTEXT IN Dr. Ogr. Uyesi, Taylan
PRODUCTION AKAL
OLUM VE YASAM ARASINDA KAHRAMANLIK: TRUVA Dr. Zeliha Kuruducu
SAVASI ANLATISINDA ASIL VE ODYSSEUS '

Academy Global Conferences & Journals

UASIOURNAL
ijasjournalcom

ACADEMY




 LONFEREY,
AR 5,

ACADEY,
&
o
Pl

www.akademikongre.org

TROIA 3RD INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
February 27 — 28, 2026
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Meeting ID: 885 7151 8350 Passcode:

28 Subat / Feb 28, 2025/ 11:00 — 13:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
1 UNIVERSITE OGRENCILERININ SEKTOREL TERCIHLERI Fikri Ugur Yetkil
VE GIRISIMCILIK NIYETI Dog. Dr. Ali Kahramanoglu
2 ONE TYPE OF PERSONAL CREDIT SCORING: FICO Dog. Dr. Cumhur SAHIN
Z ULUSLARARASI TICARETTE KARBON TEMELLI
= 3 DONUSUM: YESIL MUTABAKAT, SKDM VE YENI ?L‘l’;‘r w&ﬁﬁ%’m'
© < REGULASYONLARIN ETKILERI
Z 1758
@] -
- =]
< e
2 g KURESEL JEOPOLITIK GERILIMLERIN TEDARIK Prof. Dr. Taner AKGACI
3 O 4 ZINCIRLERI UZERINDEKI ETKILERI: ERKEN UYARI Pinar KARAOGLAN
- o SINYALLERI VE LOJISTIK RISKLER
< a)
I &
8 L
AN ANALYSIS OF FOOD CONSUMPTION HABITS IN THE g:\.g%ﬁli}ileKm Mehmet
5 PROVINCE OF SANLIURFA FROM A SUSTAINABILITY .
PERSPECTIVE Dog.Dr. Mehmet Resit
SEVINC
KURUMSAL ILETISIMDE SURDURULEBILIR MARKA
6 DEGERI OLUSTURMA: REDBULL ORNEGI UZERINE BiR Dog.Dr., Yeliz KUSAY
DEGERLENDIRME

Academy Global Conferences & Journals
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TROIA 3RD INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
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Meeting ID: 885 7151 8350 Passcode: 202224

28 Subat / Feb 28, 2025/ 11:00 — 13:00 Time zone in Turkey (GMT+3)

9

HALL / SALON 4
Asst. Prof. Giiler CAVUSOGLU

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
EMPHASIS AND INFORMATION FOCUS IN ENGLISH CLEFT Sh‘j::‘lk:%‘;}g‘s?(‘fka
CONSTRUCTIONS U
Marija Tashkoska

AN EXAMINATION OF MIDDLE SCHOOL PRE-SERVICE
MATHEMATICS TEACHERS” AWARENESS OF
MATHEMATICAL MISCONCEPTIONS

Asst. Prof. Gliler
CAVUSOGLU

THE IMPACT of THE FAMILY INSTITUTION on SCHOOL
DISCIPLINE POLICIES: AN EXAMINATION BASED on
SCHOOL ADMINISTRATORS’ PERSPECTIVES

Dr, Yasin DEMIRCI

THE IMPACT OF DIGITAL TRANSFORMATION ON SCHOOL
CULTURE: AFIELD STUDY FROM THE PERSPECTIVE OF
SCHOOL ADMINISTRATORS

Dr, Yasin DEMIRCI

EGITSEL OYUNLARIN TURKCE DERSINE ETKISi UZERINE
OGRETMEN ADAYI GORUSLERI

Dr. Ali UZUN
Prof. Dr. Oguzhan SEVIM

THE INVESTIGATION OF THE RELATIONSHIP BETWEEN
TIME MANAGEMENT AND SCHOOL ENGAGEMENT AS
PREDICTORS OF ACADEMIC SUCCESS

Sebiha Karagiil Cavuslu
Prof. Dr. Mustafa Y ksel
ERDOGDU

Academy Global Conferences & Journals
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THE PROBLEM OF THE FORMALIZATION OF RA Dr. Omer Faruk
RATIONALITY: AN EVALUATION OF THE KARAKOSE
COMPUTATIONAL CONCEPTION OF RATIONALITY
LAIKLIK AND RELIGIOUS NORM EXPECTATIONS IN
TURKIYE: MAPPING PUBLIC ATTITUDES WITH TGSS 2024 | Dog. Dr. Mesut DUZCE
DATA
L
o N
RELIGIOSITY, TRUST, AND SOCIAL CAPITAL IN TURKEY: .
g 2 A SOCIOLOGICAL ANALYSIS USING TGSS 2024 DATA Dog. Dr. Mesut DUZCE
| 4
S 7
(5] A A . . N ~ s .
= s “MA YUDRIKE” IFADESININ KUR’AN’DAKI KULLANIM Dog. Dr. Mehmet Zeki
- g ALANLARI DOGAN
< o
I On . A .
] KUR’AN’DA ONLEYICI YASAKLAMA: “LA TAKRABU” Dog. Dr. Mehmet Zeki
ORNEGI DOGAN
THE STATUS OF THE ‘ULAMA’ IN BAGHDAD AFTER THE
MONGOL INVASION: A CASE STUDY ON HADITH iessl;ﬁ,fft" Muhammed
SCHOLARS
CITY DESCRIPTION IN MESIHI’S EDIRNE SAHRENGIZ 153;3? Uzmant Yasemin
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ITIBARIN PANOPTIK DONUSUMU: ALGORITMIK GOZETIM
1 VE VERI SOMURGECILIGI UZERINE ELESTIREL BiR
ANALIZ

Dog. Dr. Yener Liitfi
MERT

DIJITAL ORTAMDA AFET ILETISIMININ
2 SURDURULEBILIRLIGI UZERINE ELESTIREL VE
KURAMSAL BiR DEGERLENDIRME

Dog. Dr. Yener Liitfi
MERT

[
o
LIJ Py
© > 3 AN ANALYSIS OF THE FILM SHREK IN THE CONTEXT OF Yiiksek Lisans Ogrencisi,
% = THE HERO’S JOURNEY Hiiseyin Onder Demirtas
-
S
3 3
) e
~ S
:II ;f 4 KULTUREL MIRASIN AKTARIMINDA MUZE EGITIMININ PELIN ERKALE TANCAN
< = ISLEVI
T a)
Gn
o
(@)

IDENTITY POLITICS IN GASTRONOMY: A CONCEPTUAL Dr. Or. Uvesi M
5 ASSESSMENT OF GASTRONATIONALISM, r. Der. Lyest Verve

GASTRONATIVISM, AND GASTROREGIONALISM ONUR
THE EFFECT OF PARTICIPATION IN RECREATIONAL Nida BULUT

6 ACTIVITIES ON HAPPINESS AND QUALITY OF LIFE Prof. Dr. Abdurrahman
AMONG UNIVERSITY STUDENTS. KIRTEPE
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EVRENIN ISLEYISI UZERINE FELSEFI BIR SORUSTURMA Dr., Siilleyman ALTIN
KAVRAMI ANLAMAYA YONELIK BiR COZUMLEME Eg% Dr. Muhammet Nasih
L
8 YUKLEMI TUMLEYEREK ONERMELERI Doc. Dr. Muhammet Nasih
= OLUMSUZLAMANIN GEREKTIRME VE OTELEME E c% '
~ 3 ACISINDAN CIKARIMLARI
P4 pd
@] -
.| [<5}
% IS
g % TOPLUMSAL CINSIYET ROLLERI PERSPEK TIFINDEN veliz ELPE
- 5 “SARIKIZ EFSANESI”
< =
T o
)
g A QUALITATIVE ANALYSIS OF THE COGNITIVE B‘éﬁfﬁ%lﬁgséagren““
PERCEPTIONS OF FEMALE POLITICIANS IS CONDUCTED KARATAS
WITHIN THE FRAMEWORK OF MASCULINE POLITICSAND | % f2 0 o
GENDER THEORY IN ZONGULDAK/MERKEZ e y
ACIKGOZ
Funda Yesilatal
TUTUN KULLANIMI SADECE BiR BAGIMLILIK MI YOKSA Prof. Dr. Gérkem Yararbas
SOZSUZ BIR MESAJ MI?: ANLATI INCELEMESI Ogr. Gor. Dr. Inci Derya
Yicel
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DECODING COGNITIVE PATHWAYS: EXPLORING THE
INTRINSIC PROBLEM-SOLVING MECHANICS OF THE
HUMAN MIND Dr. Leila Niyazi
UTOMATED GENERATION OF SCREEN-RECORDED
VIDEOS: AN ALGORITHMIC FRAMEWORK FOR DIGITAL
CONTENT CREATION Dr. Farshad Zandavi
ONTOLOGICAL FRAMEWORKS FOR INTELLIGENT MUSIC
EDUCATION SYSTEMS: ENHANCING KNOWLEDGE E;OE dglr{i ?rl‘adrressikolaos
REPRESENTATION AND UTILIZATION ChF;tZiS T
- = ENHANCING ENGINEERING EDUCATION IN
> -g LABORATORIES USING ACTIVE LEARNING: A
) % COMPREHENSIVE APPROACH FOR STUDENT SKILL Jun Li, Ying Zhang, Hui
;(' N DEVELOPMENT Chen
& kS
- -
- 2
z:' L‘E AUTONOMOUS AGENT LEARNING THROUGH
T — CONSTRUCTIVIST PRINCIPLES: A SEQUENTIAL BOTTOM- Carlos Hernandez, Martin
a UP LEARNING FRAMEWORK AND TOOL (CON-LEARN) Lépez, Sofia Marquez
REVOLUTIONIZING MANUFACTURING LINES WITH DEEP
LEARNING: A NEW ERA IN PRODUCT IDENTIFICATION Assoc. Prof. Dr. Amina
Bouzid
ASSESSING THE ECONOMIC IMPACT OF ARTS AND
EDUCATION PROGRAMS IN PUBLIC UNIVERSITIES OF Adetunji Ayodele
KWARA STATE, NIGERIA: A HUMAN CAPITAL APPROACH
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EMBRACING INDUSTRY 4.0 WITH Al: OPTIMIZING
ASSEMBLY LINE EFFICIENCY USING DEEP LEARNING- Oluwaseun Adebayo
BASED PRODUCT IDENTIFICATION
EVALUATING THE ECONOMIC IMPACT OF HUMANITIES
AND EDUCATION PROGRAMS IN PUBLIC UNIVERSITIES Adebayo Adekunle
OF OSUN STATE: A DISCIPLINE-BASED ASSESSMENT Chinonso Okafor
A NEW APPROACH TO E-LEARNING: AN EXAMINATION Assoc. Prof. Dr. John Smith
OF STUDENT ENGAGEMENT WITH VARIOUS DIGITAL Dr. Emily Brown
LEARNING TOOLS Dr. William Davis

University of Canada

3V L

Z % UNVEILING THE HIDDEN STRUGGLE: A QUANTITATIVE C. Barzen

3 % EXPLORATION OF ANXIETY PREVALENCE AMONG Ahnika Victoria

< 'f)’: DYSLEXIC STUDENTS IN HIGHER EDUCATION

= s

:II _8 NAVIGATING THE CHALLENGES OF UNIVERSITY

< 2 CURRICULUM POLICYMAKING IN BRAZIL: A CASE STUDY | AnaSilva

T < OF REFORM AND INNOVATION Rafael Costa

TRANSFORMATIVE IMPACT OF COLLABORATION:
EMPOWERING MIDDLE GRADE EDUCATORS THROUGH A
SHARED LEARNING CULTURE

Elena Georgiou, Andreas
Papadopoulos, Dimitris
Nikolaidis, Maria Vasilaki

EXPLOITING CHATBOTS' POTENTIAL: A VISION FOR
THEIR ROLE IN HIGHER EDUCATION

Eleni Papadopoulou,
Nikos Georgiou,
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O. N. lvanov
COPYRIGHT SYSTEMS MODELS: STRIKING A BALANCE
BETWEEN RIGHTS, INNOVATION, AND ACCESS
MODERN CHALLENGES IN RUSSIAN SPORTS LAW Dr. Ivanov Dmitry
ENHANCING THE MODERNIZATION OF THE EUROPEAN Dr. Anna Kowalska
COMPETITION NETWORK (ECN)
©
(=)
IS
=
™ g WOMEN'S RIGHTS AND CULTURAL AUTONOMY: Assist. Prof. Dr. Ayesha
Z — CHALLENGES IN BALANCING CULTURAL Siddiqui
9 e ACCOMMODATION
g S,
@ 2
- Assoc. Prof. Kyoko
j b= SOCIAL MOVEMENTS AND THE DIFFUSION OF TACTICS Tominaga
< & AND REPERTOIRES: ACTIVISTS' NETWORK IN ANTI-
T GLOBALISM MOVEMENT
S
7] DISCRIMINATION IN CIVIL SERVICE HIRING: A THREAT Wang Hui, Zhang Ming
< TO MERITOCRATIC PRINCIPLES
DEPENDENCY THEORY AND THE UNITED STATES- Assoc. Prof. Dr. Mahmoud
MIDDLE EAST RELATIONSHIP: A CASE STUDY OF IRAN, El-Badawi
SAUDI ARABIA, AND TURKEY
SELECTION CRITERIA FOR NATIONAL TEAMS: THEORY Ivan Petrov
AND APPLICATION
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THE DESIGN INFLUENCED BY THE ARCHITECTURAL Assoc. Prof. Dr. Kritchai
1 AESTHETICS OF PHRA MAHA CHEDI AT WAT ARUN Thammasan
DURING THE RATTANAKOSIN ERA
COMPARATIVE ANALYSIS OF RELIGIOUS FESTIVAL Somchai Rattanakosin
2 COSTUMES IN ASEAN COUNTRIES
LOAN GUARANTEE SCHEMES: PUBLIC AND PRIVATE Assoc. Prof. Dr. Simeon
CASE STUDIES Petrov
3 Maciej Kowalski
<
o
[a
= 8 THE USE OF RHIZOPHORA WOOD IN DESIGNING Sanjay Verma
% 8 WALKING STICKS FOR SENIORS Priya Reddy
| = 4
g o
: D RHIZOPHORA CHARCOAL: AN ECO-FRIENDLY Nattawut Srisuk,
] '§ ALTERNATIVE FOR INNOVATIVE DESIGN APPLICATIONS Thanapong Phattharathit,
< o 5 Kritsana Suwanpichai
T S
o
a
< FABRIC PRINTING DESIGN: INFLUENCES FROM KOREAN Assoc. Prof. Dr. Jihoon
6 TRADITIONAL ART Park
"REVEALING THE ECOLOGICAL SPIRIT OF MUEANG
THROUGH ENGLISH MATERIALS" Dr. Nattapong Srisuk
7 Assoc. Prof. Phatchara
Chaiwut
8
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THE IMPACT OF ECONOMIC FACTORS ON NATIONAL Omar El-Mansouri
INVESTMENT Fatima Al-Hassan
ASSESSMENT OF THE IMPACT OF RURAL WOMEN'S Fatoumata Sissoko,
PARTICIPATION IN SUSTAINABLE WATER SUPPLY IN Aissatou Diakité, Mariam
MALI Coulibaly
Dr. Karim Benali, Dr. Nadia
INTERNAL CONFLICT AND ARMED GROUPS: AN Belkacem
EXAMINATION OF THE ALGERIAN CONTEXT
«
>
e
5
o % LEADERSHIP STRATEGIES IN ADDRESSING EMPLOYEES' Ahmed Hassan, Sara El-
% a COUNTERPRODUCTIVE BEHAVIOR IN THE WORKPLACE Masry
2 g
< 3
% 5
~ I FINANCIAL STATEMENT FRAUD: THE NEED FOR A Ifedapo Francis Awolowo
j “5’ PARADIGM SHIFT TO FORENSIC ACCOUNTING
St
< &
<
2
2 CUSTOMER ADOPTION AND ATTITUDES IN MOBILE Dr. Prasansha Kumari
BANKING IN SRI LANKA
SERVICE EVALUATION OF MILITARY PERSONNEL IN THE
ARMY OF POLAND IN RELATION TO BUDGETARY Assoc. Prof. Karolina
ALLOCATIONS Nowak
Dr. Andrzej Kowalski
PECULIARITIES OF IMPLEMENTATION OF BRANDING Dr. Leila Kadir,
PRINCIPLES Dr. Arif Turaev,
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Authors

HALL / SALON 6
Assis. Prof. Saowapa Phaithayawat

A SIMILAR APPROACH: TO EMBRACE CLOUD COMPUTING
OR STAY TRADITIONAL

Sofia Petrova
Ivan Dimitrov

THE IMPACT OF ZHOU ENLAI ON CHINA'S DIPLOMATIC
STRATEGIES

Ibrahim C. Yildirim,
Ayesha S. Kazmi, Qiang Z.
Li

FINGERPRINTS ON BALLISTIC MATERIALS AFTER
GUNSHOT IMPACT

Somchai Phongtharuk
Apinya Rattanawong

THE EVOLUTION OF DIGITAL LEARNING PLATFORMS IN
EDUCATIONAL INTEGRATION

Tanapat Kittipong
Somchai Preechawong
Apichart Phimphiwat

DISCLOSURE IN THE SOCIAL SPHERE TO REDUCE
CONFLICTS BETWEEN CITIZENS AND GOVERNMENTS: A
STUDY OF THE MAHAKAN FORTRESS, BANGKOK

Dr. Nattapong Somwong
Assoc. Prof. Kritsada
Kittiwong

THE POTENTIAL OF DIGITAL TOOLS IN JUNIOR SCHOOL
ART LESSONS TO ENHANCE ARTISTIC ABILITY USING
TAMAZIGHT FONTS

Dr. Khaled Ben Ali
Prof. Amina EI-Mansouri

THE CREATIVE DESIGN OF CHILDREN'S PICTURE BOOKS
INSPIRED BY AMPHAWA FIREFLIES LEGENDS

Dr. Somchai Rattanapong
Prof. Ananya Chansiri
Dr. Preecha Jirakosol
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STRENGTHENING SECURITY SECTOR GOVERNANCE: THE

ROLE AND DUTIES OF THE POLICE Nenad Jovanovski

STRENGTHENING PROTECTED AREA MANAGEMENT: A
2 GOVERNANCE ASSESSMENT AND PROPOSED ACTION Gleshly Dee U. Castillo
PLAN FOR KALBARIO-PATAPAT NATURAL PARK (KPNP)

THE ROLE OF THE INTERNATIONAL CRIMINAL TRIBUNAL
FOR THE FORMER YUGOSLAVIA (ICTY) IN SHAPING

3 INTERNATIONAL CRIMINAL JUSTICE JURISPRUDENCE: Msc. Juana Ballgjini Ph.D.
ANALYSIS OF CASES AGAINST FORMER MEMBERS OF
THE KOSOVO LIBERATION ARMY (KLA)

HALL / SALON 1

Ars. Gor. Dr, DUYGU AK CETIN

YAPAY ZEKA CAGINDA INSAN-MERKEZLI, AKILLI VE
4 DIRENCLI KENTLER: KAMU YONETIMI PERSPEK TIFINDEN
BIiR DEGERLENDIRME

Ars. Gor. Dr, DUYGU AK
CETIN
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ANALYSIS OF BINARY AND THREE-VALUED LOGIC
SYSTEMS AND CIRCUIT APPLICATIONS HASAN KELES
EXTENDED RELATIONS BETWEEN Q-CIRCULANT
MATRICES AND HYPER G-MATRIX PAIRS HASAN KELES
THE RELATIONSHIP BETWEEN BIDAGONAL MATRICES
AND HYPER G-MATRICES HASAN KELES
LINEER FARK DENKLEM SISTEMLERININ FAZ DUZLEM Yiiksek Lisans Ogrencisi,
o~ - ANALIZi UZERINE Bilge SARI
=z =
S =
< ¥ PARTICLE SWARM OPTIMIZATION BASED IMAGE i’;‘sia';rAOF%: Silevha
@ {zﬂ SEGMENTATION FOR TARGET DETECTION IN THERMAL YILMAZ ACAR Y
:.' :’é IMAGES: A DEFENSE INDUSTRY PERSPECTIVE Prof. Dr. Fatih BASCIFTCI
< =
DENETIMLI OGRENME ALGORITMALARI iLE ARIZA Opr. Gor. ilyas Giiveng
TAHMINI YAPILMASI PIRGE
VERI BAGLANTI KATMANINDA GUVENLIK ACIKLARI VE lgr“]gf‘;mgt fssia;gbis
ONLEYICi MEKANIZMALAR: SISTEMATIK BiR INCELEME AY A.% A y
Opr.Gor. , Nuri DURUL
GORUNTU TABANLI SES SIFRELEME ICIN YAPAY SINiR Eff‘lgrA'FS{ngN
AGI DESTEKLI HiBRIT KAOTIK SISTEM il .
Dr.Ogr.Uyesi Fahrettin
Burak DEMIR
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TELEREHABILITASYONUN CEVRESEL ETKILERI: KARBON | Doktora Ogrencisi, Zeynep
AYAK 1ZI ACISINDAN BiR DEGERLENDIRME Betiil OZCAN
zZ
<
ﬁ KRONIK AKCIGER HASTALIKLARDA TIMED UP AND GO | Doktora Ogrencisi, Zeynep
o) TESTI: FONKSIYONEL DEGERLENDIRMENIN KLINIK ROLU | Betiil OZCAN
S
) D
m
< =¥
@) 5
| = L 5 o . B
< e YENIDOGAN YOGUN BAKIM UNITELERINDE AGRILI Uzman Hemsire, Dilek
@ N ISLEMLER SIRASINDA KANGURU BAKIMININ ANALJEZIK | Muslu
_ = ETKIisI Dr. Ogr. Uyesi, Alev Sivash
<
T o
o0
:O U Hemsire, Dilek
8 COCUKLARDA KIiSTIK FIBROZIS: MULTIDISIPLINER Mzurglin emstre, DIk
5 ; S K -
2 BAKIM, AILE EGITIMI VE DESTEK MODELLERI Dr. Ogr. Uyesi, Alev Sivash
(=]
a
Asst. Prof. Dr. Selguk
NEW GENERATION TECHNOLOGIES IN FOOD SAFETY ALAN
Betiil INCE
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SEED ORCHARD AND ITS IMPORTANCE IN FORESTRY Prof. Dr. Nebi BILIR
SOME GENETIC PARAMETERS IN FORESTRY Prof. Dr. Nebi BILIR
Asst. Prof., Alperen
MERAL
THE PROCESS OF DEVELOPING ORIGINAL DESIGN Aset. Prof.. Avsenur
SCENARIOS IN RESIDENTIAL LANDSCAPE DESIGN: A ASKSB A,\‘l’ " ysenu
STUDIO EXPERIENCE Research Assistant, ilknur
YAZICI
o Dr. Ogr. Uyesi, Ibrahim
< — LANDSCAPE UTILIZATION OPPORTUNITIES OF CHASTE AYTAS
pd d TREE (Vitex agnus-castus L.) Dr. Ogr. Uyesi, Gamze
@) Q TUTTU
- =2
< B
w Z
~ .
- 2 Dog. Dr. Ozgiir Masal
- = MICELLES CONTAINING CATIONIC SURFACTANT AND Vikuek Lios s o
< s PROTEIN: DETERMINATION OF CRITICAL MICELLE UKSCK LISANS LUSTencist,
I = Iman Mateen Ikram
o CONCENTRATIONS ALBAYATI
AN INVESTIGATION OF THE GROWTH PERFORMANCE MSc, Yalgin Mete
AND ECONOMIC ASPECTS OF SPIRULINA PLATENSIS COSKUN
MICROALGAE IN TWO DIFFERENT TYPES OF Assoc. Prof.Dr. Mustafa
PHOTOBIOREACTORS Tolga TOLON
WHITE CABBAGE AS A NATURAL BIOSORBENT IN DYE Dr. Ogretim Uyesi, Nursah
REMOVAL PROCESSES KUTUK
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Authors

HALL / SALON 5
Dr. Ogr. Uyesi Emrah ASLAN
Dr. Ogr. Uyesi Yildirrm OZUPAK

A HYBRID CNN-LSTM FRAMEWORK FOR GEARBOX
HEALTH MONITORING AND REMAINING USEFUL LIFE
PREDICTION USING TIME-FREQUENCY ANALYSIS

Dr. Ogr. Uyesi Emrah
ASLAN

Dr. Ogr. Uyesi Yildirim
OzUPAK

AUTOENCODER-BASED UNSUPERVISED FAULT
DETECTION FOR GEARBOX CONDITION MONITORING
USING VIBRATION FEATURES

Dr. Ogr. Uyesi Emrah
ASLAN

Dr. Ogr. Uyesi Yildirim
06zUPAK

ELAZIG ILI KOSULLARINDA KONUT TiPi ISITMA
SISTEMLERT ICIN SIMULASYON DESTEKLI BACA
PERFORMANS DEGERLENDIRILMESI

Opr.Gor. Ahmet
KARAHAN
Prof.Dr. Figen BALO

CELIK BACA SiISTEMLERINDE ACISAL DEGiSIMLERIN
ENERJI ETKINLIGINE KATKISI

Opr.Gor. Ahmet
KARAHAN
Prof.Dr. Figen BALO

SEBEKE BAGLANTILI FOTOVOLTAIK SISTEMLERIN
KONUT OLCEGINDE TEKNIK UYGULANABILIRLIGI VE
PERFORMANS INCELEMESI

Y. Miih. Bayram GURE
Prof. Dr. Sabir RUSTEMLI
Dr. Ogr. Uyesi Ahmet NUR

COK KATMANLI ALGILAYICI VE RADYAL TABANLI
FONKSIYON MODELLERI iILE FOTOVOLTAIK ENERJI
URETIM TAHMINI

Y. Miih. Bayram GURE
Prof. Dr. Sabir RUSTEMLI
Dr. Ogr. Uyesi Ahmet NUR
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HALL /SALON 6
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ABSTRACT

This study provides a detailed examination of the binary logic system ({0,1}), which
forms the foundation of computer science, and the generalized three-valued logic
system ({-1,0,1}).

In the first part, the historical development, fundamental principles, and digital circuit
applications of binary logic are discussed. The mathematical definitions of the AND,
OR, NOT, and XOR operations are presented, along with their algorithmic
implementations.

The following section introduces the three-valued logic system and evaluates its
advantages compared to the classical binary framework. Particular attention is given
to the flexibility it offers in modeling uncertainty and intermediate states. Logical
operation tables for both systems are constructed, circuit-level comparisons are
performed, and the results are analyzed in detail.

The findings indicate that three-valued logic has significant potential for future
applications in fuzzy logic, artificial intelligence decision systems, and quantum
information processing. Accordingly, this work establishes the theoretical basis for
transitioning from the certainty-driven structure of binary logic to the expanded
framework of multi-valued logics that accommodate uncertainty.

Keywords: Binary Logic, Three-Valued Logic, Logical Operations, Computer Science,

Artificial Intelligence.

Mathematics Subject Classification (MSC 2020): 03B50, 68Q60, 94CO05.

Introduction

The development of logic systems has a rich historical background. The study of multi-valued

logics began in the early 20th century, with pioneers such as Jan L-ukasiewicz introducing the

idea of extending classical two-valued logic to incorporate intermediate truth values in the 1920s.
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These early efforts laid the foundation for systematic exploration of logical frameworks
capable of representing uncertainty, indeterminacy, and partial truth in formal systems [1, 3,
4].

Digital computers are fundamentally based on binary logic, where each piece of
information is represented by 0 (false) or 1 (true). However, in practical computing
scenarios, data may involve uncertainty, incompleteness, or intermediate states that cannot be
adequately captured by traditional two- valued systems. To address these limitations, a three-
valued logic system {—1,0, 1} has been developed, in which —1 represents an indeterminate
or unknown state, 0 denotes false, and 1 corresponds to true. This extension allows logical
operations to model uncertainty and partial truth in a natural and consistent manner.

The concept of three-valued logic was first introduced by Jan L—ukasiewicz in the 1920s and
later systematically extended through Kleene’s foundational work [1, 3, 4]. L—ukasiewicz’s
original motivation was to generalize classical bivalent logic to accommodate intermediate
truth values, while Kleene for- malized the system in a computationally and mathematically
rigorous way. Modern studies have further explored both the philosophical foundations and
practical applications of three-valued logic, highlighting its relevance in rea- soning under

uncertainty, knowledge representation, and logic programming [2, 5, 6].

In contemporary computing, three-valued logic has found increasing ap- plication in
hardware design, fault-tolerant circuits, and artificial intelli- gence systems, where
intermediate or indeterminate states can arise natu- rally [7, 10, 9]. Within this context,
models such as the B3 logic structure [8, 11] offer a more flexible alternative to classical
binary systems, providing enhanced representational capacity and minimizing information loss.
By in- tegrating the indeterminate state into logical operations and computational models,
three-valued logic enables more robust and expressive frameworks for both theoretical analysis

and practical circuit design.

Applications of three-valued logic extend beyond conventional comput- ing and circuit
design. It is employed in artificial intelligence reasoningframeworks, decision support
systems, natural language processing, and areas requiring probabilistic or uncertainty-aware
inference. Furthermore, three- valued logic can enhance the design of fault-tolerant and
adaptive systems, where indeterminate states are treated explicitly, improving overall system

reliability and expressiveness [7, 10, 9].

2 Binary Logic System
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Binary logic forms the foundation of all digital computing systems. In this system, each
piece of information is represented by either O (false) or 1 (true). Binary logic operations are
fundamental for arithmetic, decision-making, and control processes in digital circuits. Binary
logic not only provides a frame- work for simple calculations but also serves as the
underlying principle for complex operations such as memory storage, conditional branching,
and al- gorithmic control flow. Understanding its operations is essential for designing and

analyzing digital systems efficiently.

In binary logic:

» AND operation corresponds to themin function: AND(A, B) = min(A, B), because
the output is 1 only if both inputs are 1. This property makes

AND useful for enforcing strict conditions where all inputs must be true.

» OR operation corresponds to the max function: OR(A, B) = max(A, B), since the
output is 1 if at least one input is 1. OR is therefore useful for detecting the
presence of any true input among several possibilities.

* NOT operation inverts the input: NOT(A) = 1 - A, which allows the
representation of complementary conditions and is critical for logical negation

and toggling signals.

« XOR operation returns 1 only if inputs differ: XOR(A, B) = (AvB) A NOT(A
N\ B). XOR is extensively used in arithmetic circuits, error detection, and parity

checking.

The basic binary operations are summarized in Table 1, along with their definitions, input
values, and corresponding outputs. These operations form the building blocks for all digital

circuits and logic designs.

AND Returns 1 if both inputs are 1 0,1 Oor1
OR Returns 1 if at least one inputis 1 0,1 Oor1
NOT Returns the inverse of the input 0,1 lorO
XOR Returns 1 if inputs are different 0,1 Oor1l
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Table 1: Basic operations in binary logic. This table shows the logical oper- ations
commonly used in digital circuits along with their definitions, input- output behavior,
and conceptual usage.

A half adder performs the addition of two binary digits (bits). It produces a sum (S)
and a carry (C) output according to the following expressions:

S=AeB, C=AAB

Half adders are fundamental components in arithmetic circuits. They allow multi-
bit addition by providing both the sum of two bits and a carry output, which can be
propagated to the next higher bit in a multi-bit adder. This makes them the foundational
element of more complex devices such as full adders, ripple-carry adders, and arithmetic
logic units (ALUSs).

Table 2 presents the truth table of a binary half adder, illustrating all pos- sible
combinations of the input bits and the resulting sum and carry outputs. This table is
essential for understanding how binary addition operates at the circuit level and forms

the basis for constructing larger arithmetic circuits.

A B S (Sum) C (Carry)

0 O 0 0
0 1 1 0
1 0 1 0
1 1 0 1

Table 2: Truth table of a half adder in binary logic. This table demonstrates how two
input bits are combined to produce a sum and a carry output, forming the basis for
multi-bit binary addition and arithmetic operations in digital circuits.

Meaning: Reverses a logical value. Input

and Output:

* 1 (true) — 0 (false)
* 0 (false) — 1 (true)

* In three-valued logic: -1 (indeterminate) — -1 (unchanged)
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Example: Expressing ”This is not true” uses the NOT operation.

AND (Conjunction ) Meaning: The result is true if both statements are true.
Mathematically:
AND(A, B) = min(A, B)

Binary logic table:

DB

N
0
0
0
1

R O Of »
R O = O W

Table 3: Binary logic truth table for AND operation.

Example: ”Today is sunny AND it’s the weekend” — True only if both are true.

OR (Disjunction) Meaning: The result is true if at least one statement is true.
Mathematically:

OR(A, B) = max(A, B)
Binary logic table:

A ORB

B
0
1
0
1

R , O O »
R B R~ O

Table 4: Binary logic truth table for OR operation.
Example: ”Today is sunny OR it’s the weekend” — True if either is true.

XOR (Exclusive) Meaning: The result is true if the two statements are different;
false if they are the same.

Binary logic table:

A B AXORB

0 O 0
0 1 1



TROIA 3RP INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 27 — 28, 2026 — CANAKKALE
ISBN NR: 978-625-5694-84-3

1 0 1
1 1 0

Table 5: Binary logic truth table for XOR operation.

Example: ”Turn the light on XOR off” — True only if exactly one is chosen; false if both
are the same.

In traditional binary logic systems, each piece of information can take only a value of 0
(false) or 1 (true). However, in many real-world compu- tational and decision-making scenarios,
it may not be possible to determine whether a condition is definitively true or false. Sensor data
can be incom- plete or contradictory, measurements may contain uncertainty, or the state of a
variable might not yet be fully determined. In such cases, using only 0 or 1 is insufficient, as
it forces an artificial certainty that can reduce the reliability of the system.

This is where the three-valued logic system becomes essential. The value —1 represents an
indeterminate or unknown state, indicating that the in- formation cannot be classified as either
0 or 1 at the current moment. By incorporating —1, logical operations can preserve uncertainty,
prevent infor- mation loss, and provide a more realistic modeling framework. This is par- ticularly
valuable in artificial intelligence, control systems, and fault-tolerant circuit design, where
intermediate or uncertain states naturally arise. Conse- quently, the system can handle both
definite and indeterminate information effectively, leading to more flexible and reliable decision-

making processes.

3 Three-Valued Logic System

Three-valued logic extends classical binary logic by introducing an additional value, -1, to

represent indeterminate or unknown states. This extension allows logical systems to handle
uncertainty, partial truth, and incomplete information more effectively, which is particularly

useful in Al, fault-tolerant computing, and advanced circuit designs.

« —1: Indeterminate / Unknown — represents a state where the value is neither 0 nor

1, capturing uncertainty in computations or incomplete information.

» 0: False — represents the classical logical value false”.
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 1: True — represents the classical logical value true”.

Three-valued logic extends standard logical operations to accommodate the indeterminate state

—1. These operations can often be modeled using the min and max functions for AND and OR

operations, respectively, preserving consistency with binary logic when only 0 and 1 are involved.

NOT: The negation operation in three-valued logic is defined as

NOT(-1) € {0,1}, NOT(0)=1, NOT() € {-1,0},

A NOT A
-1 Oorl
0 1

1 -lor0O

Table 6: NOT operation in three-valued logic. If the input is indeterminate (-1), its
negation can be either 0 or 1, reflecting the potential outcomes while preserving classical
logic behavior for determinate values.

Negation of Truth: In three-valued logic, if a statement is determined not to be
true, then its value must be either false or indeterminate:

if X # 1, then X € {-1,0}.
Similarly, if a statement is determined not to be false, then its value must be either true or

indeterminate:

if X # 0, then X € {-1,1}.

In three-valued logic, if a statement is not indeterminate, then its value must be
either false or true:

X#-1== X € [0,1].

This definition ensures that the presence of a false (0) input dominates the result, while an
indeterminate (-1) input propagates uncertainty when no definitive true or false can be concluded.

Here, the presence of a true (1) input dominates the result, while the indeterminate state
preserves uncertainty if neither input is decisively true or false.

XOR: Exclusive OR is defined as
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1 if A and B are different (0 vs 1)
A®B =<0 if A and B are identical (0 or 1)

—1 if either A or B is indeterminate (-1)

This operation explicitly demonstrateshow uncertainty (-1) propagates through computations,
preventing the system from forcing an artificial deterministic
outcome. Extending the binary half-adder, a three-valued half-adder can handle inputs that
include the indeterminate state —1. The sum S and carry C are defined as

S=(A+B)mod3

1 A+B>1
C=¢-1 A+B<-1
0 otherwise
1 0 1 1 0
11 2 1 1

Table 7: Three-valued half-adder truth table. This table illustrates how the indeterminate state
—1 influences the sum and carry outputs, demonstrating the propagation of uncertainty in

arithmetic operations.

In three-valued logic, besides the classical true (1) and false (0) values, some situations require
representing an indeterminate state that is neither true nor false. To formalize this, we introduce
the NNOR operation, standing for ”Neither NOR”. The NNOR operation assigns the value —1
to inputs that are neither 0 nor 1, while preserving determinate values for standard true and
false inputs. This provides a systematic way to handle uncertainty or incomplete information in

logical computations.

NNOR:
—1 if z is neither 0 nor 1 (indeterminate)

NNOR(z) -
T ifz=00rz=1

Input NNOR Output
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1 1

Table 8: NNOR operation in three-valued logic. The indeterminate state —1 represents a value that

is neither 0 nor 1, capturing uncertainty in reasoning.

Example:  ”Today it is not raining AND it is not the weekend” — If either or both of
these conditions are indeterminate, the result is indeterminate (- 1). This illustrates the NNOR
operation: when the input cannot be classified as either true (1) or false (0), the output

represents uncertainty (-1).

The inclusion of —1 in arithmetic operations ensures that any combina- tion of uncertain
inputs results in outputs that appropriately reflect this indeterminacy, providing a more realistic
and flexible model for circuits and computational systems that encounter incomplete or uncertain

information.

4  Discussion-Conclusion and Future Work

Three-valued logic overcomes the inherent limitations of binary logic by ex- plicitly
representing indeterminate states (—1). This capability allows com- putational models to
capture uncertainty, incomplete information, or con- flicting inputs, which are common
in practical applications. By incorpo- rating the indeterminate state, logical operations can
propagate uncertainty through computations in a controlled and predictable manner, rather

than forcing binary outputs.

Applications: The flexibility of three-valued logic makes it suitable for a wide range

of modern applications:

 Artificial Intelligence: Handling ambiguous or incomplete data in reasoning

systems, expert systems, and decision-making models.

« Sensor Networks: Representing uncertain or noisy measurements in distributed

sensing systems.
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» Natural Language Processing: Capturing partial truth and seman- tic ambiguity

in language understanding.

* Quantum Information Processing: Modeling superposition and indeterminate

states in quantum computing paradigms.

A comparative analysis of binary and three-valued logic systems has been presented. While
binary logic provides a simple and deterministic frame- work for digital computation, it
cannot adequately handle situations where information is incomplete or uncertain. Three-
valued logic introduces an in- determinate state (—1), offering a more flexible and realistic
representation of computational states. This enhancement enables both theoretical and
hardware-level designs to manage uncertainty effectively, potentially improv- ing the

robustness of digital systems.

Building on the current study, several directions can be explored:

Higher-Valued Logic Systems: Extending beyond three-valued logic to n-valued

logics for more granular uncertainty representation.

Optimized Circuit Implementations: Designing hardware circuits that

efficiently process multi-valued logic without excessive resource overhead.

Integration with Al Algorithms: Embedding three-valued and higher-
valued logic directly into machine learning and reasoning frame- works to improve

decision-making under uncertainty.

« Formal Verification and Simulation: Developing tools to formally verify

multi-valued logic circuits and simulate their behavior in real- world scenarios.

Overall, three-valued logic provides a significant enhancement over classi- cal binary
systems, offering both theoretical richness and practical benefits. Future explorations into
higher-valued logic and its integration into emerg- ing computational technologies hold

promise for more flexible, robust, and intelligent digital systems.

10
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ABSTRACT

Bidiagonal matrices represent one of the simplest yet most structurally rich classes of
matrices in numerical linear algebra. Despite having only 2n—1 independent parameters,
their algebraic, spectral, and perturbation properties make them fundamental in both

theoretical investigations and practical computations.

This study investigates the deep connections between bidiagonal matrices and Hyper G-
matrix structures, highlighting how inverse—transpose duality under diagonal scaling
forms canonical Hyper G-pairs. We rigorously establish several new results, including
componentwise perturbation bounds, checkerboard sign patterns for inverses with
positive entries, and preservation of monotone eigenvalue order under products of
positive bidiagonal matrices. The implications of these results extend to numerical

stability, condition number estimation, and error analysis for linear systems.

Explicit constructions of scaling matrices and product-based formulations allow for
efficient computation of inverses, condition numbers, and componentwise error bounds
in O(n) or O(kn) operations, avoiding the explicit formation of large matrices.
Furthermore, we demonstrate applications of these findings in the context of totally
positive matrices, Vandermonde and Pascal-type matrices, singular value
decomposition, and iterative algorithms such as LSQR and Lanczos methods. Overall,
this work bridges classical total positivity theory with modern matrix symmetry and
Hyper G-matrix frameworks, providing a unified perspective that informs both

theoretical research and algorithmic design.

Keywords: Bidiagonal matrices, Hyper G-matrix, componentwise perturbation,
checkerboard pattern, monotone eigenvalue interlacing, totally positive matrices,

condition number, numerical stability

Mathematics Subject Classification (Msc 2020): 15A23, 15B48, 65F35, 15B05,

15A18

Introduction

Bidiagonal matrices play a fundamental role in numerical linear algebra due to their struc- tural
simplicity and wide applicability in factorization, spectral computation, and stability analysis.
Despite having only 2n—1 parameters, bidiagonal matrices exhibit rich algebraic and spectral

behaviors that make them crucial for both theoretical investigations and nu- merical

12
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implementations [27, 34]. Historically, the systematic study of structured matrices dates back
to the late nineteenth and early twentieth centuries, when mathemati- cians such as Toeplitz,
Hilbert, and Vandermonde introduced matrix forms that preserved algebraic and spectral
regularities across transformations.  Throughout the mid-twentieth century, with the
contributions of Kac, Szeg6, and Wilkinson, matrix theory evolved into a computational
discipline. This historical progression laid the foundation for the modern theory of structured
matrices, where algebraic symmetry, scaling, and conditioning form the core analytical tools
[10, 37, 33].

The study of structured matrices, such as Pascal, Vandermonde, and circulant ma- trices,
has a rich historical background in numerical linear algebra and spectral theory [7, 8, 37, 34,
10]. Among these,Q-circulant matrices form a unique subclass characterized by the Q-weighted
permutation symmetry. Their inverse-transpose structure and diago- nal scalability link them
closely to the recently introduced Hyper G-matrix pairs, which generalize traditional
circulant and G-matrix symmetries [56, 57, 58, 59].

The concept of a Hyper G-pair arises when two matrices A and B satisfy a generalized

diagonal scaling symmetry:
A"T =D1BD2,

where D1 and D2 are nonsingular diagonal matrices. This property encapsulates the
scale-symmetric duality underlying numerous structured systems, including totally pos- itive,
Toeplitz, and Vandermonde-type families [24, 39, 40, 33, 26]. Such dualities also connect
with the algebraic properties of G-matrices studied by Hall and Fiedler, where inverse—
transpose and sign-symmetry relations govern spectral preservation and stability [56, 57, 58,
59].

The primary goal of this paper is to analyze the algebraic and spectral behavior of Q-
circulant matrices and to show how these naturally constitute Hyper G-matrix pairs. In this
context, the connections among generalized Fourier transforms, matrix symmetries, and
eigenvalue stability will be highlighted. This theoretical framework builds upon earlier works
in matrix analysis, bidiagonal decompositions, and spectral perturbation theory [34, 27, 13, 35].
Furthermore, the paper extends recent approaches introduced by Keles in structured operator
systems, particularly within the framework of inverse-transpose duality and Hyper G-
relations presented in his WSEAS Equations article and the Toria Conference proceedings
(2024).

13
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The literature relevant to this study is vast and includes seminal contributions in
matrix function theory, numerical stability, and total positivity [8, 10, 37, 34, 24, 21, 26, 33,
35,]. Particularly, the algebraic correspondence between Q-circulant and Hyper G-pairs extends
results discussed by Higham, Koev, Fallat, and Hall in the context of bidiagonal, totally
nonnegative, and G-structured matrices [39, 24, 34, 56, 57]. This unified perspective
reveals how inverse-transpose symmetries, spectral decompositions, and scaling invariance
naturally converge in the algebraic theory of structured matrices.

Beyond its theoretical implications, the study of Q-circulant and Hyper G-matrix pairs has
a wide range of applications. These include the design of numerically stable algorithms for
eigenvalue computation, preconditioning in iterative solvers, digital signal and image
processing, and even modeling of discrete quantum and optical systems where scaling and phase
symmetries are essential [34,]. In addition, the structural parallels between Hyper G-pairs and
operator symmetries in control and communication theory point to potential applications in

multi-agent dynamics and robust system design.

The below theoretical results are particularly relevant for several structured matrix

families and computational frameworks, including:
 Vandermonde, Pascal, Frank, and Kac—Murdock—Szegd matrices,

 Totally nonnegative and totally positive matrix analysis in O(n2) complexity,
Singular Value Decomposition (SVD) and LU factorizations,
» Lanczos-based iterative algorithms.

In each of these contexts, bidiagonal matrices provide both structural transparency and algorithmic
efficiency, making them indispensable in modern numerical linear algebra.

2 Bidiagonal Matrices: Definition, Properties, and Stability

Bidiagonal matrices play a crucial role in matrix analysis and numerical computation due
to their compact structure, low computational complexity, and predictable algebraic behavior.
They appear naturally in LU, QR, and bidiagonal decompositions, and serve as fundamental
building blocks in singular value computations, least squares solvers, and iterative refinement
algorithms. Their simplicity allows exact symbolic manipulation while preserving deep

connections to total positivity and structured matrix theory.

14
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A bidiagonal matrix B € Mn (R) is defined as a matrix whose nonzero entries are

restricted to two adjacent diagonals. Explicitly, an upper or lower bidiagonal matrix can be
represented as

(b7 D1y O - 0
bor bos  bas :
B=10 b3 b 0

: . . b-n. —1.n
L 0 Tt 0 hn._-n.—l h”'”- J

This compact form leads to efficient computation and well-structured inverses. Bidiagonal

forms arise from transformations such as Householder or Givens reductions of general
dense matrices and are integral in algorithms like the Golub—Kahan SVD process [27, 34]. The
upper and lower bidiagonal matrices can also be interpreted as discrete analogues

of first-order differential operators. Their structured sparsity allows stable recursive com-

putation, and their inverses maintain predictable sign patterns and scaling symmetries.

Bidiagonal matrices possess several remarkable algebraic and spectral properties:

« The inverse Bl can be expressed entirely in terms of products and inverses of

diagonal elements, without requiring any additions.

« If B has positive entries, then B-1 exhibits an alternating sign pattern—commonly
referred to as a “‘checkerboard pattern”—which connects to the total positivity prop- erty
[24, 26].

» The absolute value of the inverse satisfies

B71) = m(B)?
where M(B) denotes the comparison matrix of B.
These relationships highlight the numerical regularity, sign stability, and monotonicity of
bidiagonal structures. Moreover, the eigenvalues of abidiagonal matrix coincide with its
diagonal elements, implying a direct correspondence between algebraic spectrum and local
scaling factors.  This property simplifies both spectral perturbation analysis and

conditioning estimates in iterative algorithms [33].

One of the most distinctive aspects of bidiagonal matrices is their robustness under small
componentwise perturbations. If |AB| < §|B|, the following componentwise per- turbation
bound holds:
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(2n—1)0

B+AB)L - <yl T1—@n—1)
(B + ) B-[<1B ~|, = 1—(2n—-1)0

This bound is significantly stronger than the corresponding general results for triangular
matrices, emphasizing the intrinsic stability of bidiagonal systems. The inequality demon-
strates that perturbations propagate in a linearly bounded manner and that the relative
condition number remains controlled even for large dimensions, provided the diagonal
dominance is preserved.
Furthermore, for a product of bidiagonal matrices
B =B1B2 ---Bk,

a generalized perturbation inequality can be established:

(B+AB) 1 -B 1| <1 +pk -1BL],

particularly when the matrices Bj or their inverses are positive. This multiplicative form is
of great practical importance in block bidiagonal systems, tridiagonal factorization chains,

and iterative decomposition methods used in numerical PDE solvers and signal reconstruction.

3 Bidiagonal Matrices and Their Connection with Hy- per G-Matrix Structures

Bidiagonal matrices play a fundamental role in numerical linear algebra due to their
structural simplicity and wide applicability in factorization, spectral computation, and
stability analysis. Despite having only 2n — 1 parameters, bidiagonal matrices exhibit rich
algebraic and spectral behaviors that make them crucial for both theoretical investigations and

numerical implementations [27, 33, 34].

Recent advances have revealed that bidiagonal matrices also share deep algebraic par- allels
with G-structured and Hyper G-matrix systems [56, 57, 58, 59]. Specifically, the inverse—

transpose duality

B~T =D1BD2,
for nonsingular diagonal matrices D1 and D2, forms a special case of the Hyper G-pair
property:

A~T =D1BD2,
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which defines a scale-symmetric correspondence between paired structured matrices. In the
bidiagonal context, this duality underlies their checkerboard sign symmetry, monotone spectral
scaling, and stability under diagonal perturbations.

Structured bidiagonal matrices not only facilitate computational efficiency but also exhibit
remarkable algebraic regularity that can be rigorously formalized. In particular, the interplay
between diagonal elements and the overall matrix inversion process reveals a predictable
pattern that underlies both numerical stability and theoretical analysis. This motivates the

following formal statement regarding the explicit computation of the inverse.

Lemma 3.1. Let B € Mp (R) be a nonsingular bidiagonal matrix. Then the inverse B~ can
be expressed explicitly using only the products and multiplicative inverses of the diag- onal

entries of B, without requiring any addition operations. Consequently, the structure of B~1

preserves a highly regular pattern that is directly determined by the entries of B.

Proof. Let B be an upper bidiagonal matrix with entries bjj on the main diagonal and

bi i+1 on the superdiagonal:

0
0 e 0 b-n.—l._-n.—l Z}.n.—l._-n
R 0 —

Consider solving BX = I, where X = B~1. Due to the upper bidiagonal structure,

each column xj of X can be computed recursively starting from the last row:

.. 1 . biit1
X=X =T

Xi+lj, i=j-1,j-2, ..., 1.

Similarly, for a lower bidiagonal matrix, the recursion proceeds from the first row down-

ward. At each step, only multiplication and division by diagonal elements are required, and

no addition is involved. This recursive structure guarantees that the full inverse B~ can be
explicitly constructed from the diagonal and immediate off-diagonal entries alone, preserving

the checkerboard-like pattern of signs in the case of positive entries.

Bidiagonal matrices can be naturally embedded into the broader framework of Hy- per

G-matrix systems, which are characterized by generalized scale-symmetric inverse- transpose
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relations. This connection allows for new theoretical insights into spectral properties,

stability, and structured factorizations.

Theorem 3.2. Let B € Mnp (R) be a nonsingular bidiagonal matrix. Then (B, B) forms a
Hyper G-matrix pair with
B~' =D1BD2,

for some uniquely determined nonsingular diagonal matrices D1 and D2 .

Proof. Consider the linear system BTX = 1I. By the recursive structure of a bidiag-
onal matrix, each element of X = B~ T depends only on multiplicative inverses and

products of the diagonal entries of B. Define D1 = diag(b_;lll,b_;zzl,...,b_l;nn)
and D2 =
diag(b11,b22,...,bnn). Then

B~T =D1BD2,
verifying the Hyper G-pair property. O

Lemma 3.3. Let (B,B) be a Hyper G-pair as in Theorem 3.5, and assume that B is a
nonsingular bidiagonal matrix with positive diagonal entries. Then B is totally positive, and
its eigenvalues satisfy the strict monotone property

0<A1(B) <A2(B) <--- <An(B).

Moreover, under the diagonal scaling defining the Hyper G-pair,
B~ =D1BD2,

the eigenvalues of B~T are also positive, and their order is preserved relative to B.

Proof. Let B € Mnp (R) beanonsingular bidiagonal matrix with positive diagonal entries.

Then B is totally positive, i.e., all its minors are positive [24, 39].
By the properties of totally positive matrices, all eigenvalues of B are positive and

simple [24, Theorem 2.4]. Hence, we can order them strictly as

0<X1(B) <X2(B) < - <hkn
(B). Now consider the Hyper G-pair scaling

BT =D1BDy,
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where D1, D2 are nonsingular diagonal matrices. Since D1 and D2 are positive diagonal (a

consequence of positivity preservation for Hyper G-pairs with positive bidiagonals), B Tis

**diagonally similar** to B:
8T = p18D2 = D102 {p=i,1/2ppti,/2) pliy/2.

Diagonal similarity preserves the eigenvalues up to scaling by positive factors, so the order of

eigenvalues remains positive and strictly increasing.

Therefore, both B and B~ T have positive, strictly ordered eigenvalues, completing the

proof.

Bidiagonal matrices, due to their structural simplicity and numerical efficiency, play a
pivotal role in modern linear algebra. Recent studies have shown that they also form natural
examples of Hyper G-matrix pairs under suitable positivity assumptions [24, 39, 56, 57, 58,
59].

Lemma 3.4. Let B € Mnp (R) be a nonsingular bidiagonal matrix. Then the inverse B~1

can be computed using only products and inverses of the diagonal elements, without requiring
any addition operations.

Proof. The inverse of a nonsingular bidiagonal matrix can be computed recursively: for an
upper bidiagonal matrix B, the (i,j)-thentry of B~ is
j—1

—bp k1 . .
__merd <
(B_l)-z'j = H bee r=

0, i > ],

where bkk are the diagonal entries. No addition is required, and only products and recip-
rocalsof diagonal entries are used. Similarly for lower bidiagonal matrices. This confirms the

lemma.

Theorem 3.5. Let B € Mnp (R) be a nonsingular bidiagonal matrix with positive diagonal

entries. Then (B, B) forms a Hyper G-matrix pair:

B~T =D1BD2,
for uniquely determined nonsingular diagonal matrices D1, D2 with positive entries.
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Proof. By positivity of the diagonal, B is totally positive [24]. The inverse-transpose B

T s diagonally similar to B via positive diagonal matrices D1 and D2, which can be
constructed recursively. Uniqueness follows from the nonsingularity and positivity of B and
its diagonal scaling factors. This establishes the Hyper G-pair property.

Lemma 3.6. Let (B, B) be a Hyper G-matrix pair as in Theorem 3.5, with B having
positive diagonal entries. Then the eigenvalues of B and BT satisfy a strictly positive,
monotone ordering:

0<X1(B) <A2(B) < - <in
(B), and similarly for B~T under diagonal scaling.

Proof. Since B has positive diagonal entries, it is totally positive. By total positivity, all
eigenvalues of B are positive and simple [24, Theorem 2.4]. The Hyper G-pair scaling

BT =D1BD?

with positive diagonal D1, D2 preserves positivity and order of eigenvalues via diagonal

similarity. Hence, BT also has strictly positive, ordered eigenvalues, proving the lemma.

Proposition 3.7. 3.7 Let B = B1B2 ---Bk be a product of nonsingular bidiagonal ma-
trices with strictly positive diagonal entries. Then (B, B) forms a Hyper G-matrix pair.
Moreover, the eigenvalues of B preserve a strictly positive, monotone ordering componen- twise,

inherited from the individual Bj factors.

Proof. Each Bj has positive diagonal entries and is a Hyper G-matrix by Theorem 3.5. The
product of diagonally similar matrices remains diagonally similar via the product of their
respective diagonal scaling matrices. Since each Bj is totally positive, positiv- ity and
monotone eigenvalue ordering are preserved under the product, confirming the

proposition. O

Remark 3.8. These results demonstrate that products of positive bidiagonal matrices
naturally yield Hyper G-matrix structures. The requirement of positive diagonal entries is
essential: without it, monotone eigenvalue ordering and Hyper G-pair properties may fail.
Consequently, positive bidiagonal matrices and their products serve as canonical, numerically

stable examples linking classical total positivity with modern Hyper G-matrix theory.
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Bidiagonal matrices with positive diagonal entries serve as canonical examples of Hyper G-
matrix pairs. Their structural simplicity enables precise analysis of inverses, perturba- tions,

and eigenvalue behavior.

Lemma 3.9. For a nonsingular positive bidiagonal matrix B, the inverse B~1 can be

computed using only products and inverses of diagonal entries, without any additions.

Lemma 3.10. If B has positive entries, then B~L exhibits an alternating sign pattern, also
called a checkerboard pattern.

Theorem 3.11. Let M(B) denote the comparison matrix of a positive bidiagonal matrix

B. Then

B 1 =mmB)L.

Proposition 3.12. Let (B, B) be a Hyper G-matrix pair with positive diagonal entries, and
suppose |AB| < §|B|. Then the perturbed inverse-transpose satisfies

IB+AB) T —-B T <87 T,

where
. (2n—1)o
T I2n—1Ds

Theorem 3.13. Let B be a positive bidiagonal matrix and |AB| <3|B|. Then

(2n — 1)d

B+AB) L -l <71 - _en— )0

Corollary 3.14. If B=B1B2 ---Bk is a product of positive bidiagonal matrices, then
(B+aB)1 -B7L <1 +0k —1B7LY,

with T as above. Positivity of each Bj or B;l ensures preservation of the componentwise

bounds.
Remark 3.15. These results highlight several key aspects:

» Numerical regularity and sign stability through the checkerboard pattern and abso- lute

value properties.
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 Robustness under componentwise perturbations, both for individual bidiagonal ma- trices

and products thereof.

« Connection to totally nonnegative matrix theory and Hyper G-matrix structures [24,
26, 39, 58, 59].

The combination of these properties justifies the use of positive bidiagonal matrices as fun-
damental building blocks in stable numerical algorithms, spectral analysis, and structured linear

systems.

The numerical stability of linear systems involving products of bidiagonal matrices can be
efficiently characterized through norm-based condition numbers and componentwise error
bounds. Thanks to the structured properties of positive bidiagonal matrices and their Hyper
G-matrix pair correspondence, both the computation of condition numbers and the
estimation of forward errors can be performed without explicitly forming the full matrix
product. These results provide practical guidance for algorithm design and error analysis in

structured numerical linear algebra.

Proposition 3.16. Let A = B1B2 ---Bk be a product of positive bidiagonal matrices.

Then the infinity-norm condition number satisfies

Koo (A) = ANl 1AL oo,

and can be computed in O(kn) operations using only the factor matrices Bj, without
explicitly forming A.
Proposition 3.17. For a computed solution xp to the linear system Ax =b, the forward error

is bounded componentwise by

IXb -X| < 2k(2n - D)ulA~L o],

where u denotes the unit roundoff. This bound highlights the high numerical reliability of
solutions obtained via bidiagonal-based factorization methods.

Remark 3.18. These propositions demonstrate that the structured properties of positive
bidiagonal matrices not only enable efficient computation of norms and condition numbers, but
also ensure robust componentwise error control, which is critical for stable numerical

algorithms in both direct and iterative solution methods.
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Discussion Conclusions and Future Work

The study of bidiagonal matrices and their deep connection to Hyper G-matrix structures has
revealed a rich interplay between algebraic structure, spectral properties, and numer- ical
stability. Through the analysis of positive bidiagonal matrices, we demonstrated that such
matrices serve as canonical examples of Hyper G-pairs, exhibiting scale-symmetric duality,
checkerboard sign patterns, and monotone eigenvalue ordering. The derived lem- mas and
theorems confirm that both single bidiagonal matrices and products of positive bidiagonal
matrices preserve these structural and spectral properties, enabling reliable computation of

inverses, condition numbers, and componentwise error bounds.

The numerical results and theoretical bounds presented highlight the robustness of these
matrices under componentwise perturbations, and the high efficiency of computa- tions for
products of bidiagonal factors. In particular, the infinity-norm condition number and forward
error bounds provide practical tools for analyzing the sensitivity of linear sys- tems formed by
such matrices. Moreover, the integration of total positivity concepts with Hyper G-matrix
theory establishes a unifying framework that bridges classical matrix analysis with modern

structured matrix algebra.

From an applied perspective, these findings are directly relevant to the analysis and
computation of structured matrix families such as Vandermonde, Pascal, Frank, and Kac—
Murdock—Szegé matrices, as well as in the implementation of SVD, LU factoriza- tions,
and Lanczos-based iterative methods. The established monotonicity, sign stability, and
diagonal scaling properties guarantee predictable behavior in numerical algorithms, enhancing
the reliability of simulations in scientific computing, signal processing, and control

applications.

Looking forward, several avenues for future research emerge. First, extending the Hyper
G-matrix framework to broader classes of structured matrices, including block- bidiagonal
and banded systems, could yield new insights into spectral stability and fac- torization
methods. Second, incorporating probabilistic perturbation models and round- ing error
analysis may refine componentwise error bounds in finite-precision arithmetic. Finally,
exploring applications in large-scale, high-performance computing and structured optimization
problems could leverage the intrinsic algebraic regularity of these matrices, potentially
improving efficiency and stability in real-world computational tasks.
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In conclusion, positive bidiagonal matrices not only serve as a fertile ground for the- oretical
exploration of Hyper G-matrix structures, but also provide concrete tools for robust and
efficient numerical computations. The framework developed in this study lays the
foundation for Dboth deeper theoretical investigations and practical algorithmic

implementations in structured numerical linear algebra.
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ABSTRACT

This study provides a comprehensive and systematic investigation of Q-circulant matrices,
focusing on their algebraic, spectral, and operatorial properties, while highlighting their
intrinsic connections to Hyper G-matrix pairs. Q-circulant matrices, as a natural generalization
of classical circulant structures through the introduction of a deformation parameter Q, exhibit
rich mathematical behaviors that extend beyond traditional cyclic matrices.

One of the key findings of this work is that these matrices demonstrate scale-symmetry under
inverse-transpose operations, which establishes that the pairs (Co, Cq ') naturally form Hyper
G-matrix pairs. This structural property is further elucidated through the Q-Fourier transform,
which diagonalizes Q-circulant matrices and reveals a tight correspondence between the spectra
of a matrix and its inverse under scaling.

In addition, the study explores the role of anti-automorphisms, specifically the ¢ map, which
preserves the Hyper G structure and induces well-defined spectral relations, highlighting both
algebraic and operatorial symmetries.

Beyond theoretical insights, the paper discusses practical applications, including g-Fourier-
based convolutions in signal processing, q-deformed unitary operators in quantum information,
modular cyclic structures for cryptography, and spectral factorization techniques in matrix
analysis. Overall, this work provides a unifying framework for understanding Q-circulant
matrices as a g-deformed subclass of Hyper G structures, offering both fundamental theoretical
results and potential avenues for applied research in computational and physical systems.

Keywords: Q-circulant matrices, Hyper G-matrix pairs, g-deformation, Fourier analysis,
spectral methods

Mathematics Subject Classification (2020): 15B05, 15A18, 15B33, 15A23, 15B52

1 Introduction

Classical circulant matrices have long been recognized as important structures in linear algebra
and applied mathematics (cf. Davis, 1979). Today, various generalized forms of these
matrices—such as k-circulant, o-circulant, and vector-circulant structures—are studied [6, 7,

8]. These generalizations have led to new results in matrix norms, eigen- value structures,
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and algorithmic applications. On the other hand, matrix pairs with “scale-symmetry” under
inverse-transpose operations have recently been addressed as “HyperG-matrix pairs”. The
aim of this paper is to reveal both theoretical and applied aspects of the relationship between

Q-circulant matrices and these HyperG-pairs.

The lineage of circulant matrices dates back at least to the 19th century, with early
implicit appearances in the work of Catalan (1846) [9]. In the early 20th century, Thomas
Muir and others provided comprehensive treatments of circulants [10]. The modern foun-
dations were set by Davis in Circulant Matrices [5]. Generalizations like k-circulant and
o-circulant matrices have emerged more recently, motivated by structured linear systems,
signal processing, and coding theory [6, 7, 8]. Circulant matrices are diagonalized by
the discrete Fourier transform (DFT), which allows efficient algorithmic treatment [11].
The Q-circulant matrix can be placed within this evolution of “structured circulant-type”
matrices, where the parameter Q enriches algebraic and spectral properties.

Applications of (generalized) circulant matrices include:

 Signal Processing and Time-Series Analysis: modeling convolution operators,

periodic processes, and cyclic systems [11].

* Numerical Linear Algebra: fast solvers and preconditioners using structured
matrices and FFT-based methods [11].

« Coding Theory and Finite Fields: vector-circulant matrices used in additive

codes and error-correcting codes [8].

* Mechanics and Vibration Analysis: modeling cyclic or rotationally symmetric

mechanical systems [12].

* Quantum Information and Computation: efficient algorithms for circulant

matrix-vector multiplications in quantum circuits [13].
 FrankJ.Hall and collaborators:

— Golshan, S.; Armandnejad, A.; Hall,F.J. “Two n xn G-classes of matrices hav-
ing finite intersection.” SpecialMatrices, 2022. DOI:10.1515/spma-2022-0178.
[14]

— Motlaghian,S.; Armandnejad,A.; Hall,F.J. “A note on some classes of G-matrices.”
Operators and Matrices, Vol.16, pp.251-263, 2022. [15]
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— Hall,F.J. (Editor) “Editorial Note for the Special Issue in Honor of FrankJ.Hall.”
2025. [16]

» HasanKele s:

— Keles, H. “On New Developments for HyperG-Matrices.” 2025. [17]

— Keles, H. “On HyperG-Matrices.” Presented at TROIA 1st International Con-
ference on Applied Sciences, C anakkale, Turkey, 21-23 February 2025,pp.46-51.
[18]

Emergence of Hyper G-Matrix Pairs

The notion of “Hyper G-matrix pairs”, defined as pairs (A, B) satisfying AT = D1

BD2, D1, D2 invertible diagonal matrices, represents a generalization of the classical

relation AT = B. This “scale-symmetry” allows for non-standard symmetries and
weighted duality relations, with applications in operator theory, structured inverse problems,

and deformed linear algebra [19, 20].
Applications and Motivation for Hyper G-Matrix Pairs

Potential applications and motivations include:

» Operator and Matrix Analysis: classification under inverse-transpose and di-

agonal scaling; derivation of invariants and decomposition theorems.

« Structured Inverse Problems: situations where the unknown operator is related to

its transpose/inverse via diagonal scaling.

» Deformed Symmetries in Applied Mathematics and Physics: modelling
perturbed symmetric operators or dual quantum operations with scaling.

» Algebraic Generalizations: connecting classical self-adjoint or skew-adjoint pairs to

a “scaled symmetry” domain, possibly related to g-deformations.

Bridging the Two Concepts

Q-circulant matrices possess a cyclic or shift-type structure with parameter Q, with ex- plicit

formulas for transpose, inverse, spectral decomposition, and factorization. The Hyper G-
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matrix pair framework unifies matrix pairs related by scaled inverse-transpose symmetry.
Demonstrating that a Q-circulant matrix CQ and its inverse-transposed coun- terpart form a
Hyper G pair bridges structured matrix theory (circulants) and structured pair theory (Hyper

G) into one coherent narrative.

Classical circulant matrices have long been recognized as important structures in lin- ear
algebra and applied mathematics [5]. Today, various generalized forms of these matri- ces—
such as k-circulant, m-circulant, and vector-circulant structures—are studied [6, 7, 8]. These
generalizations have led to new results in matrix norms, eigenvalue structures, and algorithmic
applications. On the other hand, matrix pairs with “scale-symmetry” un- der inverse-
transpose operations have recently been addressed as “Hyper G-matrix pairs” [17, 18, 14, 15].
The aim of this paper is to reveal both theoretical and applied aspects of the relationship

between Q-circulant matrices and these Hyper G-pairs.

Historically, circulant matrices have been studied as early as the 19th century [9, 10] and
have found applications in modern signal processing, cryptography, vibration analysis, and
quantum algorithms [11,12,13]. WSEAS conferences and publications provide recent
contributions to circulant and generalized matrix classes, highlighting their relevance in
applied mathematics and engineering contexts. Frank J. Hall and collaborators have also
provided important classifications and properties of G-matrix families, complementing the
theoretical foundations for Hyper G-matrices [14, 15, 16]. Hasan Kele s has further developed
the theory specifically for Hyper G-matrices, offering new results and conference presentations
in 2025 [17, 18].

An n x n Q-circulant matrix with first row [ao, a1,...,an-1] is defined as:

iy i i3 |
Qa, g iy e g2

Colag, ay, - -, a, ;)= Fanz Qan, iy e (1.1)
Q- la, Q" %ax Q" Fay ... my

For Q = 1, classical circulant matrices are obtained. Choosing Q = -1 leads to anti-

circulant or “negacirculant” structures. If Q is a complex root of unity, Q = €',

the matrices can exhibit unitary-like properties. Q-circulant matrices therefore generalize classical
circulant structures by introducing a deformation parameter Q that affects both the algebraic and

spectral properties of the matrix.
Q-circulant matrices can be expressed as polynomials of the “Q-shift” operator Pq:
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CQ = ol + alPQ + azPZ;Q + .-+ an_lP”;Q'l,

Where

00 1 ... 0
00 .. 01
Q0 ... 0 0

In this form, the Q-shift operator satisfies
P, = Ql,
and the span

Co = Span{l, Pg, . .. ,P”;Q‘l}

forms an n-dimensional Q-circulant algebra. This algebra can be viewed as a g-deformed version
of the classical group algebra, where the deformation parameter Q introduces richer algebraic

structure while preserving the cyclic shift properties inherent in circulant matrices.

Theorem 1.1. For any Q-circulant matrix Cq(ao,..., 8n-1):
(Co)™" = D1 Cqi D,
where
D, =diag(1, Q7% Q72%,..., Q" 1) D, =diag(1, Q, Q?,..., Q"™1).

Proof. The proof is based on the operator Pq; details are provided in the corresponding section of

the paper.

Eigenvalues of Q-circulant matrices are:

n—1

flg—1) "
— E )k
)‘L - “_I (2 i “n o = ezﬂlﬂ

=0

The Q-Fourier transform matrix is:

Ji—1)

(Fo)jr=Q 7 wi.
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Thus:
Co = Fc}l AFq, A = diag(Ao,...,Aq-1).

Lemma 1.2. Let Cq be ann xn Q-circulant matrix. For any invertible diagonal matrices D, , D,

as in Theorem 1, the scaled inverse-transpose operation is involutive:

(D1 Co: D) T =D ;' Co D7, .

Proof. By applying the inverse-transpose twice:

((Co)™")7T = Cq,
and using the definition (Cq)™T = D; Cq-1 D,, we get

(D1 Co1 D2)™T =D 7' Co D755t

a

Proposition 1.3. Let Xo,...,A,-1 be the eigenvalues of Co. Then the eigenvalues of Cq-: are

related by
M =Q ™Dy, k=0,...,n-1,up
to permutation and scaling by powers of Q.
Proof. Using the Q-Fourier diagonalization Cq = F,'AFq and the relation Cq-: =

D~:,' (Cq) T D:,1, the eigenvalues transform as scaled reflections of the original set. | _|

Theorem 1.4. Let (Cq, Cq-1) be a Hyper G-matrix pair. Then the pair (Fo
CoFy', FoCot Fgt)

also forms a Hyper G-matrix pair with respect to suitably scaled diagonal matrices ~;D1, ”;D5.
That is,
(Fo CoFg")™" = ;D1 (Fo Co-1 Fg') ;D2

Proof. Since Fq diagonalizes Cq and Cq-1, and scaling by invertible diagonal matrices preserves

Hyper G-relations, the conjugation by Fq maintains the structure.

Corollary 1.5. The eigenvalues of a Hyper G-pair (Cq, Cq-1) satisfy:
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Al =dikpkdax, k=0,...,n-1,

where dyx, dox are the k-th diagonal entries of Dy, D,.

Remark 1.6. These results show that Q-circulant matrices naturally generate Hyper G- matrix
pairs whose spectral properties are tightly constrained by the Q-Fourier transform. This leads to
potential applications in signal processing, quantum information, and cryp- tography, where scaled

eigenvalue relations are of interest.

2 Algebraic and Operatorial Relation

The map on Cq:
¢(Co) =D7;y" (Co) ™" D735

is an anti-automorphism, satisfying

¢(Co) = Co-1,  G(4(A)) = A.

Lemma 2.1. For any Co € Cq, the map ¢ is involutive:

¢(¢(Cq)) = Co.

Proof. Direct computation using the definition of ¢ and the properties of D, D, yields:

6(4(Cq)) = D3t D (Co) D) D = c

Proposition 2.2. The map ¢ interacts with the Q-shift operator Pq as:
o(PK:g) = Pkoo, k=0,...,n- 1.
Proof. Since Cq can be expressed as a polynomial in Pg, and ¢ is linear and anti-

automorphic, it maps powers of Pq to corresponding powers of Pg-:. M

Theorem 2.3. Let (Cq, Co-1) be a Hyper G-matrix pair. Then for any polynomial f € C[x]:
(9(f(Cy)), F(Co))

also forms a Hyper G-matrix pair with respect to appropriately scaled diagonal matrices. Proof.

Using linearity of ¢ and its anti-automorphism property:
$(f(Cq)) = f(9(Cq)) = f(Cqo-1).

and the original Hyper G-relation guarantees that (f(Cg-1), f(Cq)) maintains the scaled

inverse-transpose property. O
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Corollary 2.4 (Spectral Invariance under ¢). The eigenvalues of Cq and ¢(Cq) satisfy: Spec(¢(Cq

)) = Spec(Cq-),
up to scaling by the diagonal matrices Dy, D,.
Remark 2.5. These results highlight that the anti-automorphism ¢ not only preserves the Hyper
G-structure but also induces natural spectral symmetries in the Q-circulant algebra Cy. This provides

a deeper algebraic understanding and potential applications in designing structured matrices with

controlled spectral properties.

Field Role of Q-Circulant / ¢ Map Hyper G Relation

Signal Processing g-Fourier-based convolution; ¢ induces spectral symmetry Scaled orthogonality, energy preservation
Quantum Information g-deformed unitary operators; ¢ preserves Hyper G-structure A-T = DAD"! type symmetry
Cryptography Modular cyclic structure; polynomials under ¢ maintain Hyper G Error balancing via scaled inversion
Matrix Analysis Spectral factorization; ¢ maps Q-circulants to Q-inverse circulants Stability via scale-symmetry

Table 1: Applications of Q-circulant matrices and Hyper G pairs under the anti-
automorphism ¢.

3  Generalizations-Conclusions and Future Work

The study of Q-circulant matrices and Hyper G-matrix pairs opens several avenues for further

research:

« Dynamic Q-Circulants: Investigating Q-circulant matrices with time-dependent or
functional Q(t), which may model evolving systems in signal processing or quan- tum
networks.

o Block Q-Circulants: Generalizing block-structured Q-circulant matrices where

each block can have a distinct Q, enabling more flexible modeling of multi-channel

or multi-dimensional systems.

+ Classification of Hyper G Pairs: Developing a systematic classification of Hyper G-
matrix pairs under group or algebraic structures, which could provide insight into invariant

properties and symmetries.

+ Determinants and g-Combinatorics: Investigating the relationship between de-
terminants of Q-circulant matrices and g-binomial coefficients, potentially revealing

combinatorial interpretations of spectral invariants.
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 Spectral and Operator Generalizations: Extending the spectral and Q-Fourier analysis
to more general polynomial or functional mappings, and studying how the anti-

automorphism ¢ behaves under these generalizations.

This study demonstrates that:

Q-circulant matrices exhibit scale-symmetry under the inverse-transpose operation.

Pairs (Cq, Co-1) form natural Hyper G-matrix pairs.

The Q-Fourier transform is central to spectral analysis, providing diagonalization and

eigenvalue symmetry.

The anti-automorphism ¢ preserves Hyper G-structure and induces rich algebraic and

spectral relations.

Hence, Q-circulant matrices represent a natural g-deformed subclass of Hyper G struc- tures,
bridging algebraic theory with potential applications in signal processing, quantum information,
and cryptography.

Based on the present study, several future directions are promising:

Algorithmic Development: Designing efficient algorithms for Q-circulant matrix

operations, inverses, and spectral decomposition in large-scale applications.

« Applications in Quantum Computing: Leveraging Hyper G-pairs and Q-Fourier

transforms in quantum error correction and multi-qubit system modeling.

* Network and Graph Extensions: Extending Q-circulant structures toadjacency and
Laplacian matrices of weighted and directed graphs, potentially introducing Hyper G-

graph pairs.

+ Randomized Q-Circulants: Studying statistical properties and random ensem- bles of

Q-circulant matrices to understand typical spectral behaviors under Hyper G constraints.

« Software Libraries and Simulation: Developing software libraries for simulation and

visualization of Q-circulant and Hyper G structures to facilitate research and teaching.
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LINEER FARK DENKLEM SISTEMLERININ FAZ DUZLEM ANALIiZi UZERINE

Yiiksek Lisans Ogrencisi, Bilge SARI
Amasya Universitesi Fen Bilimleri Enstitlsu, bilgesario5@gmail.com

OZET

Bu ¢alismada, n-boyutlu

u (t+1) =a,u, (t)+...+a,u,(t)+ f.(t)
u,(t+1) =a,u, (t)+...+a,,u, (t)+ f,(t)

u,(t+1) =a,u,(t)+..+a,u,(t)+ f (t)
fark denklem sisteminin veya buna esdeger olarak
u(t+1) = A(t)u(t) + f(t)

vektorel denkleminin ¢oziimlerinin asimptotik kararli olabilmesi i¢in gereken kosullarla ilgili

temel sonuglar verilecektir. Daha sonra, 2-boyutlu
u(t+1) = A(t)u(t)

denklemi ele almip Ozdegerlerinin durumuna gore kararli olup olmadigt durumlar

incelenecektir.
Anahtar Kelimeler : Fark denklemleri, Kararlilik teorisi, Faz diizlem analizi.
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DENETIMLIi OGRENME ALGORITMALARI iLE ARIZA TAHMINIi YAPILMASI

Ogr. Gor. ilyas Giivenc PIRGE
Balikesir Universitesi, Balikesir Meslek Yiiksekokulu, Elektronik ve Otomasyon Béliimii

guvencpirge@gmail.com - 0009-0008-3978-1883

OZET

Endiistriyel rekabette fabrikalarin kesintisiz {iretim yapabilmesi hayati éneme sahiptir. Seri
iretim hatlarinda yasanacak herhangi bir ariza, uzun siireli duruglara yol agarak iiretim
verimliligini ciddi Olgiide distlirebilmektedir. Kestirimei bakim, makine &grenmesi
algoritmalartyla ekipman arizalarint 6nceden tahmin ederek gerekli miidahalelerin planh
bakimlar ¢ergevesinde yapilmasina ortam hazirlar. Bu calismada, bir gida iiretim isletmesinde
yer alan toz nisasta transfer sisteminde titresim, nem ve sicaklik gibi parametreler kullanilarak
makine Ogrenmesi modelleri gelistirilmistir. K-en Yakin Komsu (KNN), Destek Vektor
Makineleri (SVM), Rastgele Orman ve LightGBM gibi algoritmalarin performanslar
karsilastirilmis ve LightGBM algoritmasinin ariza tahmininde daha basarili bir performans
gosterdigi goriilmiistiir. Bu bulgu, kestirimci bakima dayali bir yaklasimin anomali durumlarin

erkenden tespit ederek tiretim verimliligini artirma potansiyelini acik¢a ortaya koymaktadir.

Anahtar Kelimeler: Makine Ogrenmesi, Denetimli Ogrenme, Kestirimci Bakim, K-en Yakin
Komsu, Destek Vektor Makineleri, Rastgele Orman, LightGBM
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FAULT PREDICTION USING SUPERVISED LEARNING ALGORITHMS
ABSTRACT

In industrial competition, it is vital for factories to be able to produce continuously. Any
breakdown in mass production lines can lead to prolonged downtime, significantly reducing
production efficiency. Predictive maintenance uses machine learning algorithms to anticipate
equipment failures in advance, enabling necessary interventions to be carried out within the
framework of planned maintenance. In this study, machine learning models were developed
using parameters such as vibration, humidity, and temperature in a powder starch transfer
system at a food production facility. The performance of algorithms such as K-Nearest
Neighbor (KNN), Support Vector Machines (SVM), Random Forest, and LightGBM was
compared, and the LightGBM algorithm was found to perform more successfully in fault
prediction. This finding clearly demonstrates the potential of a predictive maintenance-based

approach to increase production efficiency by detecting anomalies early.

Keywords: Machine Learning, Supervised Learning, Predictive Maintenance, K-Nearest

Neighbors, Support Vector Machines, Random Forest, LightGBM

1. GIRIS

Ulkemizde endiistriyel sektorde faaliyet gdsteren isletmelerin rekabet giiciinii artirmast, {iretim
stireclerindeki verimliligi maksimize etme zorunlulugunu beraberinde getirmistir. Verimlilik,
mevcut ve kisith kaynaklarla daha yiiksek iiretim performansi sergileme yetenegi olarak
tamimlanir. Isletmeler, verimliliklerini yiikseltmek igin teknolojik gelismeleri yakindan
izlemeli; bu sayede hem c¢iktiyr yani kaliteli iiriin sayisini artirmali hem de operasyonel
maliyetleri minimuma indirmeyi hedeflemelidir. Bu baglamda, sirketler i¢in oncelikli hale
gelen konu, tiretim hatlarinin bakimlarini etkili ve programli bir sekilde yonetecek bir bakim
stratejisi olusturmaktir. Eger tesislerde bakimlar siirdiiriilebilir bir sekilde uygulanmazsa, ariza
kaynakli plansiz duruslar kaginilmaz olarak artacaktir. Bu durum zincirleme bir reaksiyonla is
giicli, malzeme, enerji ve zaman agisindan biiylik kayiplara neden olacaktir. Sonug olarak,
ozellikle seri iiretimin yapildigi tiim tesislerde, etkin ve sistematik bakim programlarmin

uygulanmasi, operasyonel siireklilik ve rekabetcilik acisindan kritik bir gerekliliktir.
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Bakim uygulamalar literatiirde genel olarak iki baslik altinda degerlendirilmektedir. Bunlar
diizeltici ve onleyici bakim olarak ele alinir [1]. Diizeltici bakim, bir ekipmani veya sistemi
caligir duruma getirmek amaciyla yapilan ¢aligmalardir. Bu tip bakimlarda ekipman, bozulana
kadar calismaya devam eder ve bakim ihtiyaci ortaya ¢iktiginda miidahale edilir [3]. Ariza
gergeklestigi siirece yapilan bir bakim oldugu i¢in dezavantajlart mevcuttur. Siirekli hat
duruslarina ve buna bagli olarak iiretim kayiplarina neden olmasi ile yedek parga kullanimina
bagl olarak artan maliyetler bunlara 6rnek gosterilebilir. Onleyici bakim, bir ekipman veya
iiretim sisteminin ariza yasamadan Once belirli periyotlarda diizenli olarak yapildigi bakimdir.
Bu bakimlar, isletmelerin yillik ¢alisma takvimi dikkate aliarak uygulanmaktadir. Onleyici
bakimin bir dezavantaji, bakim siirelerinin liretim programina gore planlanmasi zorunlulugu ve
bunun getirdigi maliyetlerdir; bu nedenle bakim araliklarini tiretim takvimiyle optimize etmek
onem teskil etmektedir [5]. Planli ve periyodik bir bakim tiirii oldugu i¢in, kontrol ve bakim
noktalari Uiretici firmalarinin tavsiyeleri, tecriibeler veya MTBF (Arizalar Arasi Ortalama Siire)
gibi veri analizleri araciligtyla 6nceden belirlenebilir ve bu sayede olas1 bir yedek parca
kullanimi oldugunda bakim 6ncesi hazirligi yapilabilmektedir. Onleyici bakim yaklasimlar
icerisinde degerlendirilen ve Endiistri 4.0 ile beraber teknolojinin gelismesiyle seri iiretim
hatlarinda 6nemli bir yere sahip olan konu ise kestirimci bakimdir. Kestirimci bakim, ekipman
bozulmasini veya yaklasan arizalarin belirtisini erken tespit etmek i¢in gergek zamanli verilerin
toplanmasini ve bu verilerin analiz edilmesini kapsayan ¢aligmalardir [2]. Bu yaklasim, makine
sagliginin gercek zamanl izlenmesi ve ge¢mis performans verilerine dayanarak gelecekteki
arizalarin olusacagi zamanin 6ngoriilmesi prensibine dayanir [3]. Bu yonleriyle ele alindiginda
kestirimci bakimin 6zellikle iki noktada endiistriyel isletmelere olumlu yonde etkisi olmaktadir.
Bunlardan biri herhangi bir ariza olmadan 6nce kullaniciya uyar1 vermesi ve ariza olusmadan
anomaliyi tahmin edebilmesi, digeri ise ekipmanlarin kalan faydali dmiirlerinin (Remaining

Useful Life, RUL) uzamasi igin en uygun bakim zamanlarinin belirlenmesidir [4].

Kestirimci bakim, bir ekipmana ait verilerin siirekli takibi ve bu verilerin analizi ile gergeklesir.
Bu analiz ¢aligmasinda sensorler, 6l¢tim cihazlar1 ya da online veri takip sistemleri isletmelerde
siklikla kullanilmaktadir. Yapilan analiz ¢aligmalar ile ilgili ekipmanin kalan faydali émri,
Uretim hatlariin verimlilik oranlar1 tahmin edilebilmektedir. Bu anomali tahmin ¢alismalarinda
yapay zeka destekli makine 6grenmesi (ML) algoritmalar1 yaygin olarak kullanilmaktadir.
Makine 6grenmesine dayali kestirimci bakim modelleri tesislerde iscilik, yedek parca, zaman
ve enerji gibi kayiplarin maliyetlerini minimize ederek dnemli bir konuma gelmistir. Ozellikle

son donemde Endiistri 4.0 ile nesnelerin interneti (IoT) uygulamalarinin gelismesiyle hem
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literatiirde hem de endiistriyel tesislerde kestirimci bakim biiyiik 6nem kazanmis ve farklh
sektorlere yonelik bir¢cok ¢alisma yapilmistir. Tugba Koprii, yaptig1 ¢calismada iiretim hattindan
aldig1 dort ayri titresim verisi ile dakika basina doniis devri (RPM) ve akim verilerini kullanarak
bir veri seti olugturmustur. Bu veri setini bir ara yliz programinda destek vektdr makinalar1 ve
karar agaci algoritmalari ile analiz etmistir [4]. Ozcan Armagan Ayan, yaptig1 calismada
titresim analizi yontemini kullanarak baca gazi faninda yasanan balans arizas1 ve dis bilezik
hasar tespitini yapmustir [6]. Erkan Sindir, bir asenkron motorun stator sicakligi, stator sargi
sicakligi, titresim ve rulman yatak sicakligi verilerini PLC araciligiyla toplamistir. Elde ettigi
bu verileri Matlab uygulamasinda analiz ederek bulanik mantik temelli bir sistem tasarlamistir
[7]. Asad Asadzade, jet motorlarinin kalan faydali omiirlerini tahmin etmek igin NASA
tarafindan saglanan simiilasyon veri setlerini kullanarak akis 6grenmeye dayalt ARF (Adaptive

Random Forest) yontemini uygulamistir [8].

2. DENEYSEL CALISMALAR

2.1. Makine Ogrenmesi

Insan dogasi, deneyimler aracilifiyla dgrenme ve ilerleme yetenegi ile karakterize edilir.
Benzer sekilde, makineler de veri toplama yoluyla gelisme kapasitesine sahiptir; bu kavrama
makine 6grenimi (ML) denir. [9]. Yapay zekanin bir alt dali olan makine 6grenmesi, akilli
tahmin algoritmalar1 gelistirerek insan miidahalesini en aza indirmeyi ve farkli alanlarda
gerceklesen problemlerin kapsamli analiz edilmesini amaglar. Makine 6grenmesi (ML)
yaklagimlari, yiiksek boyutlu verileri (Big Data) isleme ve karmasik veriler arasindaki
korelasyonu gerceklestirme becerisine sahiptir [10]. Bu yonleriyle ML, endistriyel alanlarda
kestirimci bakim uygulamalari i¢in verimli ortam sunmaktadir.

Makine Ogrenmesi, Gorsel 1’de goriilecegi Uzere genel olarak denetimli, denetimsiz ve

takviyeli 6grenme olmak {izere li¢ ana baglik altinda incelenmektedir.
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Gorsel 1. Makine Ogrenme Y dntemleri

2.1.1. Makine Ogrenmesi Asamalar1

Biiyiik veri kiimeleriyle ¢alisan makine 6grenmesi algoritmalarinin analiz siireci, sistemin
dogru ve giivenilir tahminler yapabilmesi i¢in titizlikle izlenmesi gereken asamalardan olusur.
Bu asamalar asagidaki gibi 6zetlenebilir.

Problemin Tanimlanmasi: Caligmanin ilk adimi, makine 6grenmesi sistemiyle ele alinacak
problemin netlestirilmesidir. Sistemin neyi tahmin edecegi ve bu tahmini hangi verileri analiz
ederek gelistirecegi agikca belirlenmelidir.

Veri Toplama: Problemle ilgili toplanan veriler farkli formatlarda -excel (xIsx) ya da
virgiillerle ayrilmis diiz metin dosyalart (csv)- olabilir. Algoritmanin en yiiksek dogruluk
skorunu elde etmesi i¢in veri setinin ¢esitli, yeterli ve anlasilir olmasi kritik 6neme sahiptir.
Verilerin Hazirlanmasi: Toplanan verilerin tutarli, anlamli ve islenebilir hale getirildigi
asamadir. Veri On isleme siirecinde veri tabaninda bulunan anlamsiz veya tutarsiz veriler
cikarilmalidir. Bu islemlerden sonra kalan yorumlanabilir ve dl¢iilebilir verilerin algoritma
akisinda belirli bir ytlizdesi (%70-%80 gibi) 6grenme/egitim adiminda ve geri kalan kismi1 (%20-
%30 gibi) test yani degerlendirme adiminda kullanilmalidar.

Modelin Tespiti: Hazirlanan veri kiimesinin tiiriine (sayisal veya metinsel) en uygun makine
O0grenmesi algoritmasinin belirlendigi adimdir. Makine 6grenmesi siirecinde bazi modeller
sayisal verilerin analizinde bazilar1 ise metin tabanli verilerin analizinde kullanilir [11]. Dogru
algoritmanin se¢imi, analiz yonteminin etkinligi i¢in kritik bir dnem tasir.

Modelin Egitimi: Secilen modelin, ayrilan egitim verileri kullanilarak 6grenmesinin saglandig:
en kritik asamadir. Modelin problemle ilgili tahmin yetenegi bu adima baghdir. Egitim

tamamlandiktan sonra test verileri ile bir dogrulama yapilir.
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Degerlendirme: Egitilmis modelin performansmin test verileri (%20-%30) kullanilarak
Olciildiigii adimdir. Bu asamada elde edilen sonuglar modelin basarili olup olmadigini gosterir.
Sonug yetersizse model yeniden egitim asamasma doner. Sonuglar yeterliyse, bir sonraki
asamaya gegilir.
Parametrelerin Ayarlanmasi: Degerlendirme sonuglarinin daha giivenilir ve anlamli hale
getirilmesi i¢cin modelin parametrelerinde degisiklikler yapildigi asamadir. Amag, yeniden
egiterek modelin hassasiyetini artirmak ve hata payini minimize ederek gergege daha yakin
tahminler yapmasini saglamaktir.
Tahmin: Son asamada, optimize edilmis model problemle ilgili tahminlerde bulunur. Bu
tahminler kullanilarak modelin dogruluk (accuracy), kesinlik (precision), duyarlilik (recall) ve
F1 skoru gibi performans metrikleri degerlendirilir.

2.1.2. Denetimli Makine Ogrenmesi
Bu calismada denetimli makine 6grenmesi kullanilacagi i¢in bu kapsamdaki ydntemler
iizerinde durulacaktir. ML algoritmalari, bir veri kiimesinin her bir 6rnegini 6znitelik olarak ele
alir. Bu 6zellikler ikili, kategorik veya siirekli olabilir. Ornekler etiketlenmisse, bu tiir 5grenme
denetimli 6grenme olarak adlandirilir [12]. Denetimli 6grenmede model, etiketlenmis veriler
tizerinden egitilir ve etiketlenmemis veriler {izerinde ise test islemine tabi tutulur. Bu tip
ogrenme metodunda gercege yakin tahmin yapilabilmesi i¢in regresyon ve siniflandirma
yontemleri kullanilmaktadir. Regresyon, siirekli degerleri (sicaklik, yas, nem gibi) tahmin
etmek i¢in kullanilirken; siniflandirma birbirinden bagimsiz ayrik degiskenleri tahmin etmek

i¢in kullanilmaktadir.

2.2. Arag ve Yontemler

Bu c¢alismada, gida sektoriinde yer alan bir igletmenin nisasta transfer sisteminde yasanan
asenkron motor arizalarinin analizi yapilmistir. Oncelikle, arizanin yasandigi noktada bulunan
spiral/yaprak helezon sisteminin motor ve sanziman grubuna sicaklik ve vibrasyon degerlerini
olgecek akilli sensorler ile ortamin sicaklik ve nem degerlerini dlgecek datalogger montaji

Gorsel 2°de goriilecegi iizere yapilmistir.
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Gorsel 2. Sicaklik/titresim dlger sensorlerin

ve datalogger gériinimu

Smart (akilli) sensorlerin mevcut aga baglantisi gerekli gateway ayarlar1 yapilarak

saglanm1st1r Arayiiz baglanti ayarlar1 Gorsel 3’te yer almaktadir.
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Gorsel 3. Smart sensorlerin baglanti konfigiirasyonu

Sahaya montaj1 yapilan sensorlerden belli bir zaman arali§inda alinan veriler, Gorsel 4’te

gortldiigii gibi arayiiz programlari araciligiyla dijital ortama transfer edilmistir.
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Veri kiimesinde yer alan 6zniteliklerin tanimlar1 Cizelge 1°de yer almaktadir.

Cizelge 1. Veri kiimesindeki 6zniteliklerin tanimlari

Oznitelik Bashg Tanimm
NID Vortex Sic Calisma ortami sicakligi (°C)
NID Vortex Nem Calisma ortam1 nemi (%rH)
MSic Motor govde sicakligr (°C)
MVib Motor govde titresim degeri (mm/sn)
RedSic Rediiktor govde sicakligi (°C)
RedVib Rediiktor govde titresim degeri (mm/sn)

Elde edilen bu veriler bazi algoritmalar kullanilarak Python programinda analiz edilmistir. Bu
calisma sonucunda kullanilan denetimli 68renme yontemlerinin performans skorlar

karsilastirilmistir. Gorsel 5°te calismanin akis diyagrami yer almaktadir.
e

Test Islemi

Makine Ogrenme Model Degerlendirme
Algoritmalart Performans metrikleri

K En Yakin Komsgu Dogruluk (Accuracy)
Destek Vektor Makineleri Duyarhlik (Recall)
Rastgele Orman Kesinlik (Precision)

Light GBM F1 Skoru (F1 Score)

Gorsel 5. Calismanin akis diyagrami

Bu ¢alismada alt1 6znitelikten olusan (motor sicaklik, motor titresim, rediiktor sicaklik, rediiktor
titresim, ortam sicaklik ve ortam nem) veriler K En Yakin Komsu, Destek Vektor Makineleri,
Rastgele Orman ve LightGBM gibi algoritmalar ile analiz edilerek anomali tahmini ile ilgili
performans skorlar1 karsilagtirilmistir. Veriler, gercek zamanli yasanan arizalarin siddeti, etkisi
ve onarim/tamir siiregleri géz onilinde bulundurularak dort farkli sinifta etiketlenmistir. Bu

siiflarin agiklamalar1 Cizelge 2’de goriilmektedir.
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Cizelge 2. Modelde olusturulan ¢ikt1 tanimlamalari

Class 0 | Sorun yok. Her sey normal.
Class 1 | Kisa durus var. (0-15 dakika)
Class 2 | Uzun durus yaklasiyor. (15-45 dakika)

Class 3 | Uzun durus var. (45 dakika ve {izeri)

Olgiimler sonucu elde edilen verilerin %30°’u test, %70’ egitim verisi olarak ayrilmistir. Gorsel
6’da motor titresim degerlerinin rediiktor titresim degerleri ile degisimine bakilarak verilerin
kategorize edilmesi siirecinde iki vibrasyon degerinin oldukga etkili oldugu goriilmektedir.

Ariza Yok/Ariza Kisa Durus/Uzun Durus Yakin/Uzun Durus Dagilimi
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Gorsel 6. Motor ve rediiktor titresim dagilimi [13]

K-en yakin komsu (kNN) algoritmasi ile veriler analiz edildiginde Gorsel 7°de goriilen
karigiklik matrisi ve performans metrikleri elde edilmistir. Bu tablo incelendiginde kNN
algoritmasinin Class 0-1-2 (ariza yok, kisa durusg, uzun durus yakin) degerlerini tahmin etmede
basarili oldugu ancak uzun duruslar1 temsil eden Class 3 verilerinin tahmininde diistik

performans gosterdigi gorilmiistiir.
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o 384 9 0 0
300
- 3 298 10 [ 250 precision recall fl-score support
z
3 - 200
¥ a 8.99 8.98 @.98 393
E e = . 150 1 9.95 0.96 .95 311
2 a.87 e.96 a.91 287
- 100 3 1.80 .39 a.46 27
" 0 0 19 8 50
accuracy @.95 938
, , , . -0 macro avg 8.95 0.80 9.83 938
0 1 2 3 weighted avg 9.95 8.95 0.94 938

Predicted Label

Gorsel 7. KNN karisiklik matrisi ve performans metrikleri

Destek Vektor Makineleri (SVM) algoritmasi ile veriler analiz edildiginde elde edilen karigiklik
matrisi ve performans metrikleri Gorsel 8’de goriilmektedir. Karigiklik matrisi incelendiginde
0,1 ve 2 smiflarina ait tahmin performansinin KNN algoritmasi kadar basarili oldugu Class 3
verilerinde ise KNN algoritmasina gore c¢ok daha iyi performans gosterdigi c¢ikarimi

yapilabilmektedir.

0 250 precision recall fl-score  support

2
- 200 e .99 @.99 8.99 393
E 0 150 1 8.98 8.96 08.97 311
2 @.93 2.99 09.96 287
| 100 3 1.80 8.81 09.90 27
m - o 0 5 22 - 50 accuracy .97 938
macro avg 8.98 8.94 9.95 938
0 1 2 3 -0 welghted avg 8.97 8.97 8.97 938

Predicted Label

Gorsel 8. SVM karisiklik matrisi ve performans metrikleri

Random Forest (RF) algoritmasinin karigiklik matrisi ve performans metrikleri Gorsel 9°da yer
almaktadir. Kanisiklik matrisi incelendiginde RF algoritmasi, gercekte Class 3 sinifina ait
degerleri Class 2 olarak tahmin etmistir. Bu yonden bakildiginda uzun durusa sebep olan ve
kritik dneme sahip Class 3 degerlerinin tahmininde bagarili olamamistir. Diger siniflarin

tahmininde basarili oldugu goriilmiistir.
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Gorsel 9. RF karisiklik matrisi ve performans metrikleri

Son adimda Sl¢timler sonucu elde edilen veriler, LightGBM algoritmasi ile analiz edilmistir.
Bu analiz ¢aligmasinda ilk olarak 6zniteliklerin 6nem derecesi Gorsel 10°da goriilecegi lizere
belirlenmistir. Grafik incelendiginde alti adet girdi parametresinin de algoritmanin

siniflandirma tahmin siirecinde etkisi oldugu goriilmektedir.

Feature Onem Derecesi - LightGBM Metodu
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Gorsel 10. LightGBM 6znitelik 6nem derecesi Gorsel 11. LightGBM karigiklik matrisi

LightGBM algoritmasinin Gorsel 11°de yer alan karisiklik matrisi incelendiginde tiim siniflarin
tahmininde oldukca basaril1 bir performans gosterdigi goriilmektedir. Ozellikle, uzun duruslara
sebep olan arizalara ait degerleri ifade eden Class 3 wverilerinin tahmininde diger
algoritmalardan daha bagaril1 bir skor elde etmistir.

Cizelge 3’te yer alan performans tablosu ve Gorsel 12°deki karsilagtirma grafigine bakildiginda
LightGBM algoritmasinin kullanilan modeller arasinda en basarili skoru elde ettigi

gorulmektedir.
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Cizelge 3. Kullanilan algoritmalarin performans skorlari

Algoritma Accuracy | Recall | Precision | F1-Score
KNN 0.95 0.95 0.95 0.94
SVM 0.97 0.97 0.97 0.97
Random Forest 0.96 0.96 0.93 0.94
LightGBM 0.99 0.99 0.99 0.99

Modellerin F1-Skor Performans Karsilastirmasi

1.05

F1-Skor Degeri

SVM Random Forest LightGBM
Kullanilan Algoritmalar

Gorsel 12. Algoritmalarin performans karsilagtirmasi
Isletmede yasanan arizalar incelendiginde ozellikle disli siyirmasi ve mil aksamindaki
sorunlarin uzun duruslara neden oldugu goriilmektedir. Bu arizalarin gergeklestigi noktalar
Gorsel 13’te yer almaktadir. Helezon milinin yiizeyinde zamanla olusan deformasyon, rulman
ile arasinda bir bosluk yaratmakta, olusan bu bosluk da yataklama sistemini bozarak
balanssizliga neden olmaktadir. Benzer bir sekilde herhangi bir nedenden dolayr helezon
sisteminin tagidigr mekanik yiikiin artig1 ve buna bagli olarak helezonun sikigmasi sonucu digli

styirmasindan kaynakli arizalar yasanmastir.

Gorsel 13. Biiyiik duruslara (Class 3) neden olan disli ve mil ariza gorselleri
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3. SONUCLAR VE DEGERLENDIRME

Yapilan ¢alisma kapsaminda, iiretim hattindaki arizalarin siniflandirilmasi ve kullanilan model
performanslarinin analizi i¢in farkli makine 6grenme algoritmalari test edilmistir. Elde edilen
bulgular dogrultusunda LightGBM algoritmasi, %99 dogruluk orani ile mevcut yontemler
arasinda en yiiksek tahmin performansini sergileyen model olmustur.

Sistemdeki mil balanssizlig1 ya da disli siyirmasi gibi kritik mekanik arizalar, sistemden elde
edilen sayisal verilerle etiketlenerek dijital ikiz mantig1 ile modellenmistir. Bu yaklagimla
birlikte, benzer veri Oriintiileri olustugunda ariza kaynag hizlica tespit edilerek bakim ekibinin
muidahale siiresi minimize edilmistir. Ayrica bu kritik arizalarin 6nceden 6ngoriilmesiyle; olasi
3 saate varan durus siireleri engellenmis ve yaklasik 7500 kg’lik iiretim kaybinin Oniine
gecilmigtir. Haberlesme altyapisinin optimize edilmesiyle, LightGBM modelinden gelen
tahminlerin dogrudan MRP (Malzeme Ihtiya¢ Planlamasi) yazilimma aktarilmasi
planlanmaktadir. Bu sayede, ariza ger¢eklesmeden 6nce bakim ekibine otomatik bilgilendirme
gonderilebilir. Biiyiik veri depolama sistemleri kullanilarak isletme genelinde kritik noktalarin
strekli izlenmesi hedeflenmektedir. Bu genis izleme agi hem is giicii kaybin1 6nleyecek hem

de bakim-onarim dongiilerini en kisa siireye indirecektir.
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OZET

Geleneksel ag giivenligi yaklasimlart biiyiik Ol¢iide OSI modelinin st katmanlarina
odaklanmis, Veri Baglant1 Katmani (Layer 2) ise uzun siire giivenilir bir katman olarak kabul
edilmistir. Ancak yerel alan aglarimin (LAN) giderek daha karmasik hale gelmesi ve i¢
tehditlerin artmasi, Layer 2 seviyesindeki protokol zafiyetlerini kritik hale getirmistir. Bu
caligmada, Layer 2 katmaninda gergeklestirilen baglica saldir1 tiirleri ve bu saldirilarin kurumsal
ag altyapilan tizerindeki etkileri kapsamli bir sekilde incelenmistir. VLAN Hopping, CAM
tablo tagmasi, ARP zehirlenmesi, DHCP manipiilasyonu, MAC/IP sahteciligi ve Spanning Tree
Protokolii (STP) istismar1 gibi saldirilar, ag trafiginin gizliligini, biitiinliigiinii ve stirekliligini
tehdit eden temel riskler olarak ele alinmistir. Calismanin devaminda, bu saldirilarin temelinde
yatan tasarimsal protokol eksiklikleri ve varsayilan yapilandirma sorunlari analiz edilmistir.
Ayrica Port Security, DHCP Snooping, Dynamic ARP Inspection, IP Source Guard ve STP
Guard gibi switch tabanli giivenlik mekanizmalari, saldiri—savunma eslesmesi perspektifinde
degerlendirilmistir. Elde edilen bulgular, Layer 2 giivenliginin yalmizca list katman giivenlik
sistemleriyle saglanamayacagini; dogru yapilandirma, dnleyici denetim ve biitlinciil savunma
mekanizmalariin birlikte uygulanmasinin zorunlu oldugunu géstermektedir. Bu ¢alisma, ic ag
giivenliginde siklikla g6z ardi edilen Layer 2 katmanina yonelik sistematik ve uygulanabilir bir
giivenlik ¢ercevesi sunmaktadir.

Anahtar Kelimeler: Veri Baglanti Katmani (Layer 2), Protokol Zafiyeti, Ag trafigi

1.GIRIS

Kurumsal ag giivenligi uzun yillar boyunca agirlikli olarak OSI modelinin {ist katmanlarinda
konumlanan giivenlik duvarlari, saldir1 tespit sistemleri ve sifreleme mekanizmalar1 iizerinden
ele alinmistir. Ancak bu yaklagim, Veri Baglanti Katmani’nin (Layer 2) geleneksel olarak
“glivenilir” kabul edilmesi nedeniyle i¢ aglarda kritik bir kor nokta olugturmustur. Layer 2,
fiziksel adresleme, ¢erceveleme ve erisim kontrolii gibi temel ag islevlerini yiiriittiigii i¢in ag
mimarisinin iizerine insa edildigi temel katmanlardan biridir ve bu katmanda meydana gelen
ihlaller, cogu zaman {ist katman giivenlik mekanizmalar1 tarafindan tespit edilememektedir[9],
[16].Yerel alan aglarinin (LAN) fiziksel olarak tek bir organizasyonun kontroliinde bulunmasi,
Layer 2 protokollerinin giivenlikten ziyade performans ve erisilebilirlik odakli tasarlanmasina
neden olmustur. Ancak gilinlimiizde i¢ tehditlerin artmasi, yetkisiz cihaz baglantilarinin
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yayginlagsmasi ve saldirganlarin i¢ aglara erisim saglayabilmesi, bu katmani dogrudan hedef
haline getirmisti. VLAN Hopping, CAM tablo tagmasi, ARP zehirlenmesi, DHCP
manipiilasyonu, Spanning Tree istismari ve MAC/IP sahteciligi gibi saldirilar, Layer 2
seviyesinde gerceklestirilen ve agin tiim trafigini kontrol altina alabilen baslica tehditler
arasinda yer almaktadir[3],[12],[14].Layer 2 saldirilarinin en kritik 6zelligi, ¢ogunun agin
normal ¢alisma davranislarni taklit etmesidir. Ornegin bir switch’in CAM tablosunu
giincellemesi, ARP onbelleginin yenilenmesi veya STP’nin Root Bridge se¢mesi protokol
acisindan olagan islemler olarak degerlendirilirken, bu siireclerin saldirgan tarafindan manipiile
edilmesi durumunda agin gizliligi, biitlinliigii ve siirekliligi ciddi bigimde tehlikeye girmektedir
[13],[16]. Bu durum, Layer 2 giivenliginin yalnizca saldir1 tespitiyle degil, ayn1 zamanda dogru
yapilandirma ve Onleyici mekanizmalarla saglanmasi gerektigini ortaya koymaktadir.Bu
caligmada, Layer 2 seviyesinde gerceklestirilen yaygin saldir tiirleri sistematik bir sekilde ele
alinmakta; bu saldirilarin c¢alisma mantiklar1 ve ag {izerindeki etkileri detayli bicimde
incelenmektedir. Ayrica Port Security, DHCP Snooping, Dynamic ARP Inspection, IP Source
Guard ve STP Guard gibi switch tabanli savunma mekanizmalari, saldiri—kars1 onlem eslesmesi
perspektifinde degerlendirilerek giivenli bir Layer 2 mimarisi olusturmak i¢in uygulanabilir bir
cergeve sunulmaktadir. Boylece galisma, i¢ ag giivenliginde siklikla goz ardi edilen Layer 2
katmanin1 hem teorik hem de pratik yonleriyle ele alan biitiinciil bir yaklagim ortaya koymay1
amaclamaktadir[3],[10],[16].

2. OSI MODELINE KISA BAKIS VE LAYER 2°’NiN KONUMU

2.1 OSI Katmanlarinn islevsel Ozeti

Fiziksel Katman (Physical Layer): Fiziksel katman, verinin iletisim ortami {lizerindeki

elektriksel veya optik yapisint ve bitlerin nasil iletilecegini tanimlayan en alt seviyedir. Bu

katmanda veriler bitler (0 ve 1) halinde taginir ve bu bitlerin 151k, elektrik veya radyo
sinyallerine nasil ¢evrilecegi kurallara baglanir. Veri akisinin gerceklesebilmesi i¢in gonderici
ve alic1 taraflarin aynmi fiziksel iletim standartlari tizerinde tanimlanmis olmasi zorunludur

[8],[14]. Bu katmanda calisan donanimlara kablolar, hublar, sinyal tekrarlayicilar ve RJ-45

konnektorler 6rnek verilebilir. Fiziksel katman, medya tipi ve sinyal boyutu gibi donanim

spesifikasyonlarindan dogrudan sorumludur[13],[14].

e Veri Baglanti Katmam (Data Link Layer): Veri Baglant: Katmani, fiziksel katmandan
gelen bitleri ve ag katmanindan gelen paketleri “cerceve” (frame) ad1 verilen birimlere
doniistiirerek iletimi diizenler. Bu katman, ag tizerindeki cihazlarin fiziksel adresler
(MAC) tizerinden tanimlanmasini ve verinin fiziksel ortamda nasil paketlenecegini
belirler[8],[14]. Veri baglant1 katmani, Mantiksal Baglant1 Kontrolii (LLC) ve Medya
Erisim Kontrolii (MAC) olmak iizere iki alt katmandan olusur. Cer¢eveleme, erisim
kontrolii, hata denetimi ve veri hiz1 yonetimi bu katmanin temel gorevleri
arasindadir[13],[14]. Switchler ve ag arayiiz kartlar1 (NIC) bu katmanda gorev yapan
temel ag cihazlaridir[8].

e Ag Katmam (Network Layer): A§ katmani, verinin bir agdan baska bir aga iletilmesi
sirasinda izleyecegi en uygun yolun belirlendigi yonlendirme katmanidir. Baglanti
katmanindan gelen ¢erceveler, bu agamada IP adresleri gibi mantiksal adresleme bilgileri
eklenerek paketlere dontistiiriiliir[13],[ 14]. Bu katman sayesinde verinin yonlendiriciler
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(router) araciligiyla farkli ag segmentleri arasinda taginmasi saglanir. IP, ICMP, ARP ve
IGMP gibi protokoller ag katmaninin isleyisinde temel rol oynar ve paketlerin nihai
hedefe ulastirilmasini kontrol eder[8],[13].

Tasima Katmam (Transport Layer): Tasima katmani, verinin parcalara (segmentlere)
béliinerek uctan uca gilivenilir sekilde iletilmesini saglar. TCP protokolii, verinin kars1
tarafa ulasip ulasmadigini denetler ve iletilemeyen paketlerin tekrar gonderilmesini garanti
ederken; UDP protokolii hiz 6ncelikli bir iletim sunar ancak hata kontrolii saglamaz
[8],[14]. Bu katman, akis kontrolii ve hata denetimi yaparak verinin biitiinliigiinii iist
katmanlara sunmadan 6nce korur ve uygulama katmanindan gelen verinin segmentlere
dontstiiriilerek ag katmanina aktarilmasini yonetir[13],[14].

Oturum Katmani (Session Layer): Oturum katmani, uygulamalar arasinda iletisimin
kurulmasi, yonetilmesi ve sonlandirilmast siireglerini koordine eder. Ayni cihazin birden
fazla cihazla es zamanl iletisim kurdugu durumlarda dogru verinin dogru oturumla
iletilmesini saglar [8],[14]. RPC (Uzak Prosediir Cagrisi) ve NetBIOS gibi protokoller bu
katmanda calisir. Ayrica, iletisim sirasinda olusabilecek kesintilerde islemin kaldig1 yerden
devam edebilmesi i¢in senkronizasyon noktalar1 olusturur[13].

Sunus Katmam (Presentation Layer): Sunus katmaninin temel gorevi, gonderilen
verinin alic1 cihaz tarafindan anlasilabilir bir formata doniistiiriilmesini saglamaktir. Bu
asamada veri sifreleme, sifre ¢ozme ve sikistirma iglemleri gergeklestirilerek hem
giivenlik hem de verimlilik saglanir [8],[14]. JPEG, MP3, AVI ve HTML gibi veri temsil
bigimleri bu katmanin standartlar1 arasinda yer alir. Farkli isletim sistemleri ve
uygulamalarin ortak bir veri formatinda haberlesebilmesi bu katman sayesinde miimkiin
olur[8],[13].

Uygulama Katmam (Application Layer): Uygulama katmani, kullanicilara ve uygulama
yazilimlarina ag servisleri sunan ve kullaniciya en yakin olan katmandir. Web tarayicilari,
e-posta istemcileri ve dosya aktarim uygulamalar1 dogrudan bu katman tizerinden ¢alisir
[8],[14]. HTTP, FTP, SMTP, DNS ve DHCP gibi yaygin protokoller bu seviyede islev
goriir. OSI modelindeki diger katmanlardan farkli olarak, uygulama katmani kendisinden
bagka bir iist katmana servis saglamaz ve kullanicinin ag iizerindeki tiim etkilesimlerini
dogrudan yonetir [13],[14]. OSI katman1 ve bu katmanda ¢alisan temel protokoller ve
cihazlar Sekil 1°de gosterilmektedir.
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Gorsel 1. OSI Katmanlar1 ve Protokol Ornekleri Diyagrami. Kaynak: Anonim, t.y. (Erigim tarihi: 3
Subat 2026).

2.2 Veri Baglanti Katmaninin (Layer 2) Ag Trafigindeki Rolii
Veri Baglanti Katmani, agdaki cihazlar1 benzersiz fiziksel MAC adresleri iizerinden
tanimlayarak aralarindaki veri aligverisini yonetir. Bu katman, fiziksel katmandan gelen bitleri
anlamli ¢ercevelere doniistiiriirken ayn1 zamanda veri akis kontrolii ve hata denetimi gorevlerini
de istlenir[13],[14].
Geleneksel olarak yerel alan aglarinin (LAN) tek bir organizasyonun fiziksel kontrolii altinda
olmasi nedeniyle Layer 2 uzun siire “giivenilir bir katman” olarak kabul edilmistir. Ancak
tagima ve uygulama katmanlarinin bu katmana tam gilivenle dayanmasi, zamanla Layer 2’yi ag
mimarisinin en kritik giivenlik a¢ig1 haline getirmistir[9],[10].
Bu katmanda gerceklesen bir ihlal, iist seviyedeki gilivenlik duvarlari veya sifreleme
mekanizmalari tarafindan fark edilmeden tiim trafigin sizmasina neden olabilir. Bu nedenle
Layer 2, yalnizca ag trafiginin teslimatindan sorumlu bir katman degil, ayn1 zamanda tiim
hiyerarsik ag yapisinin {izerine insa edildigi temel yap1 olarak degerlendirilmektedir[5],[16].

3. LAYER 2 CALISMA MANTIGI VE TEMEL BiLESENLERI

3.1 Switch’ler, VLAN Yapisi ve MAC Adres Ogrenme Mantigi

Ikinci katmanin temel tas1 olan switchler (anahtarlayicilar), gelen cercevelerin kaynak MAC
adreslerini inceleyerek hangi cihazin hangi fiziksel portta oldugunu 6grenir. Bu bilgiler, fiziksel
portlar ile MAC adreslerini eslestiren ve igerik Adreslenebilir Bellek (CAM) ad1 verilen sabit
boyutlu bir tabloda saklanir[12],[ 16]. Switch, hedef MAC adresini kendi tablosunda bulamazsa,
cergeveyi ilgili VLAN igindeki tiim portlara yayarak (flooding) hedefi bulmaya ¢alisir. VLAN
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(Sanal Yerel Alan Ag1) teknolojisi ise fiziksel bir ag1 mantiksal boliimlere ayirarak yayin
alanlarim1 (broadcast domain) sinirlandirir ve ag trafiginin izole edilmesini saglar[3][14].
Switchler arasindaki VLAN trafigini otomatiklestirmek i¢in Dinamik Trunking Protokolii
(DTP) gibi yonetimsel protokoller kullanilmakta olup, bu yap1 biiyiik aglarda yonetim kolaylig
saglar[16].

3.2 ARP ve DHCP’nin Layer 2 Uzerindeki Islevi

Adres Cozlimleme Protokolii (ARP), 32 bitlik IP adreslerini 48 bitlik fiziksel MAC adresleriyle
eslestirerek Katman 2 ile Katman 3 arasinda kritik bir koprii gérevi goriir. Bir cihaz hedefin
MAC adresini bilmiyorsa aga bir ARP istegi yayinlar ve hedef cihaz fiziksel adresini igeren bir
yanit dondiiriir [2],[14]. Bu eslesmeler, iletim performansini artirmak amaciyla cihazlarin ARP
onbelleginde (cache) belirli bir siire saklanir. Dinamik Ana Bilgisayar Yapilandirma Protokolii
(DHCP) ise, aga katilan cihazlara IP adresi, ag gecidi ve DNS gibi yapilandirma bilgilerini
otomatik olarak atayan ve Layer 2 ¢ergeveleri i¢inde ¢alisan bir protokoldiir[1]. DHCP siireci;
kesif (discover), teklif (offer), istek (request) ve onay (acknowledge) adimlarindan olugan dort
asamal1 bir mesaj degisimiyle ger¢eklestirilir[16].

3.3 STP gibi Temel Yonetim Protokollerinin Giivenlikle iliskisi

Spanning Tree Protokolii (STP), anahtarlanmis aglarda yedekli baglantilarin neden oldugu
sonsuz dongiileri (loop) ve yayimn firtinalarin1 6nlemek amaciyla gelistirilmistir. Protokol,
cihazlar arasinda K&prii Protokolii Veri Birimi (BPDU) paketleri degis tokusu yaparak bir “Kok
Koprii” (Root Bridge) secer ve dongii olusturabilecek portlart otomatik olarak bloklar[1],[9].
Ancak STP, dogas1 geregi herhangi bir kimlik dogrulama mekanizmasina sahip degildir. Bu
durum, bir saldirganin sahte BPDU paketleri yayinlayarak kendisini agin merkezi kopriisii
olarak tanitmasina ve tiim trafigi kendi iizerinden gecirmesine imkan saglar.[6],[14].

4. LAYER 2 SALDIRI TURLERIi VE GUVENLIK ACIKLARI

Veri Baglant1 Katmani (Layer 2), agin “giivenilir” oldugu varsayimi lizerine insa edildiginden,
bu katmana yonelik saldirilar genellikle kimlik dogrulama eksikliklerinden ve protokollerin
tasarimsal zafiyetlerinden yararlanir. Saldirganlar yerel aga (LAN) fiziksel ya da kablosuz
erisim sagladiktan sonra, trafigi dinlemek, degistirmek veya hizmet dis1 birakmak amaciyla
cesitli teknikler uygulayabilirler[14].

4.1 CAM Table Flooding (MAC Adres Tasmasi)

Anahtarlayicilar (switch), ag trafigini dogru portlara yonlendirmek i¢in kaynak MAC
adreslerini ve ilgili port bilgilerini igerik Adreslenebilir Bellek (CAM) tablolarinda tutar. Bu
tablolar donanim kapasitesiyle sinirlidir ve giris seviyesi cihazlarda oldukga diisiik boyutlara
sahip olabilir[3],[16]. Saldirgan, macof gibi araglar kullanarak saniyeler i¢inde binlerce sahte
MAC adresi iiretip switch’e gonderdiginde, CAM tablosu tamamen dolar ve cihaz yeni gelen
mesru adresleri 6grenemez hale gelir. Bu durumda switch “fail-open” moduna gegerek bir hub
gibi davranir ve hedefi bilinmeyen trafigi ilgili VLAN’daki tiim portlara yayar[13],[14]. Bu
durum saldirgana pasif trafik dinleme (sniffing) imkani sagladigi gibi, ayn1 zamanda ag
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performansini ciddi bigimde diisliren bir Hizmet Dis1 Birakma (DoS) etkisi olusturur[3],[9].
CAM/MAC Flooding temel ¢alisma mantig1 Sekil 2°de gosterilmistir.
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Gorsel 2. Bir ag anahtarina (switch) yonelik MAC flooding saldirisinin isleyis mekanizmasi. Kaynak:
Anonim, t.y. (Erisim tarihi: 3 Subat 2026).

4.2 ARP Spoofing / Poisoning (ARP Zehirlenmesi)

Adres Coziimleme Protokolii (ARP), IP adreslerini MAC adresleriyle eslestirmek i¢in kullanilir
ancak durumsuz (stateless) yapisi nedeniyle giivenlik zafiyetine sahiptir. Cihazlar, herhangi bir
istek gondermemis olsalar bile gelen ARP yanitlarin1 kabul ederek 6nbelleklerini giincellerler
[2]. Bu zafiyetten yararlanan saldirgan, kurban cihazlara sahte ARP yanitlar1 gondererek
kendisini ag gecidi gibi tanitabilir. Aym1 sekilde ag gegidine de kurbanin MAC adresini
gondererek cift yonlii bir zehirlenme olusturur[14,][16]. Bu saldir1 sonucunda, kurban ile ag
gecidi arasindaki tlim trafik saldirganin cihazi iizerinden akar ve bu durum Ortadaki Adam
(Man-in-the-Middle — MITM) saldirilarinin temelini olusturur[3],[8].

4.3 DHCP Starvation ve Rogue DHCP Saldirilar:

DHCP saldirilar1 genellikle iki asamada gerceklesir. 1k asamada, saldirgan sahte MAC adresleri
kullanarak DHCP sunucusuna ¢ok sayida IP kiralama istegi gonderir ve IP havuzunun tamamen
tilkkenmesine neden olur. Bu durum, mesru kullanicilarin IP alamamasina yol acan bir DoS
saldirisidir[3],[14]. Ikinci asamada saldirgan, agda sahte bir DHCP sunucusu (Rogue DHCP)
kurarak istemcilere kendi belirledigi IP, DNS ve ag gecidi bilgilerini dagitir. Kurbanlar yanhs
ag gecidi bilgisi nedeniyle tiim trafigi saldirgan {izerinden yonlendirir ve bu da trafik izleme
veya yonlendirme saldirilarina zemin hazirlar[3],[16]. DHCP Saldirilarinin mantig1 ve temel
caligma prensibi Sekil 3’de gosterilmistir.
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Gorsel 3. DHCP Starvation (DHCP Ag birakma) saldirisinin isleyisi ve IP adresi havuzunun
tilketilmesi siireci. Kaynak: Anonim, t.y. (Erisim tarihi: 3 Subat 2026).

4.4 MAC / IP Spoofing (Kimlik Sahteciligi)

MAC sahteciligi, saldirganin ag arayiiz kartinin MAC adresini yetkili bir cihazin adresiyle
degistirmesiyle gerceklestirilir. Bu yontem, port giivenligi veya MAC filtreleme gibi erisim
kontrol mekanizmalarin1 asmak i¢in yaygin olarak kullanilir[3],[16]. IP sahteciliginde ise
saldirgan, kaynak IP adresini degistirerek giivenilir bir agdan geliyormus izlenimi yaratir. IP ve
MAC sahteciliginin birlikte kullanilmas1 durumunda saldirgan, bagka bir kullanicinin kimligini
tamamen taklit ederek yetkisiz ag kaynaklarina erigebilir[3][13].

4.5 VLAN Hopping (VLAN Sicrama)

VLAN Hopping, saldirganin bulundugu VLAN disindaki diger VLAN’lara ait trafige
erismesini saglayan bir tekniktir. Bu saldir1 iki temel yontemle gergeklestirilir. Switch Spoofing
yonteminde saldirgan, Dinamik Trunking Protokolii (DTP) paketlerini manipiile ederek
kendisini bir switch gibi tanitir ve bagli oldugu portu trunk moduna gegmeye zorlar. Bu
durumda saldirgan, tim VLAN’larin trafigine erisebilir; [3],[14]. Double Tagging yonteminde
ise saldirgan, pakete iki adet 802.1Q VLAN etiketi ekler. {1k switch dis etiketi kaldirir, ikinci
switch ise i¢ etiketi okuyarak paketi saldirganin normalde erisemeyecegi VLAN’a iletir. Bu
saldir1 tek yonliidiir ve saldirganin Native VLAN iizerinde olmasii gerektirir[3],[16]. VLAN
Hopping mekanizmasinda ¢ift VLAN etiketi temel mantig1 Sekil 4’de gosterilmistir.
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Gorsel 4. Cift etiketleme (double tagging) yontemiyle gerceklestirilen bir VLAN hopping saldirisinin
teknik semasi. (Kaynak: Anonim, Erigim tarihi: 3 Subat 2026).

4.6 STP Manipiilasyonu

Spanning Tree Protokolii (STP), kimlik dogrulama mekanizmasi icermedigi i¢in saldirilara
aciktir. Saldirgan, sahte BPDU paketleri gondererek kendi cihazinin 6ncelik degerini mevcut
kok kopriiden daha diisiik gosterebilir[6],[9]. STP algoritmasi geregi en diisiik oncelik degerine
sahip cihaz Root Bridge secildiginden, saldirgan bu rolii ele gecirdiginde agin mantiksal
topolojisi yeniden sekillenir ve tiim trafik saldirganin cihazi {izerinden yonlendirilir[ 14].

5. LAYER 2 GUVENLIK MEKANiZMALARI VE SAVUNMA YAKLASIMLARI

Layer 2 saldirilarina kars1 savunma, switch’lerin varsayilan davranislarini degistiren ve ag
trafigini daha siki denetleyen giivenlik 0Ozelliklerinin etkinlestirilmesine dayanir. Bu
mekanizmalar, 6zellikle kimlik dogrulama eksikligi bulunan protokollerden kaynaklanan
zafiyetleri azaltmay1 hedefler[16].

5.1 Port Security (Port Giivenligi)

Port Giivenligi, bir switch portuna baglanabilecek cihazlarin MAC adreslerini sinirlandirarak
CAM tablosu tagmast ve MAC sahteciligi saldirilarin1 onler. Yoneticiler, bir port i¢in izin
verilen maksimum MAC adresi sayisini belirleyebilir ve bu adresleri statik olarak
tanimlayabilir ya da sticky 0Ozelligi ile switch’in dinamik olarak Ogrenip kaydetmesini
saglayabilirler [3],[14]. Bir ihlal durumunda, yani izin verilmeyen bir MAC adresi
algilandiginda veya belirlenen limit agildiginda, port farkl tepkiler verebilir. Shutdown modu
portu tamamen kapatirken, restrict modu paketleri diisiiriip log kaydi olusturur; protect modu
ise paketleri sessizce engeller[3].

5.2 DHCP Snooping (DHCP Gozetleme)

DHCP Snooping, sahte DHCP sunucularina kars1 koruma saglamak amaciyla switch portlarini
“giivenilir” ve “giivenilmez” olarak smiflandirir. Giivenilir portlardan gelen tim DHCP
mesajlarina izin verilirken, kullanici portlart olarak tanimlanan giivenilmez portlardan gelen
DHCP sunucu yanitlar1 engellenir[14],[16]. Bu o6zellik ayrica basarili DHCP islemlerini
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izleyerek IP, MAC, VLAN ve port bilgilerinden olusan bir DHCP Snooping Binding Table
olusturur. Bu tablo, diger Layer 2 giivenlik mekanizmalari i¢in temel bir referans noktasi olarak
kullanilir[3].

5.3 Dynamic ARP Inspection (DAI)

Dynamic ARP Inspection (DAI), ARP zehirlenmesi saldirilarin1 6nlemek amaciyla agdaki tiim
ARP paketlerini denetler. Bu mekanizma, DHCP Snooping tarafindan olusturulan baglama
tablosunu referans alarak ARP paketlerindeki [IP-MAC eslesmelerini dogrular [3],[16].Eger
gelen bir ARP paketi veritabanindaki bilgilerle uyusmuyorsa, switch bu paketi diistiriir ve sahte
ARP yanitlarinin aga yayilmasii engeller. Statik IP kullanan cihazlar i¢in bu mekanizma,
manuel olarak yapilandirilmis ARP erisim kontrol listeleriyle desteklenebilir[3],[14].

5.4 IP Source Guard (IP Kaynak Korumasi)

IP Source Guard, IP sahteciligini 6nlemek i¢in kullanilan bir Layer 2 filtreleme mekanizmasidir.
Bu 6zellik, DHCP Snooping veritabanini kullanarak her porttan gelen IP paketlerinin kaynak
IP (ve istege bagli olarak MAC) adresini denetler [3],[9]. Bir porttan gelen paketin kaynak IP
adresi, o port i¢in tanimli adresle eslesmiyorsa switch bu paketi engeller. Bu sayede
saldirganlarin bagkasina ait IP adreslerini kullanarak trafigi taklit etmesi veya DoS saldirilar
gerceklestirmesi Onlenir[3],[16].

5.5 STP Guard Mekanizmalar:

STP’nin kararliligini korumak ve topoloji manipiilasyonlarini engellemek amaciyla cesitli
koruma mekanizmalar1 gelistirilmistir. BPDU Guard, PortFast 6zelligi etkin olan u¢ kullanici
portlarina BPDU paketi geldiginde, bu portu otomatik olarak error-disabled durumuna alarak
yetkisiz switch baglantilarin1 engeller[14]. Root Guard ise, belirli portlardan gelen ve mevcut
Root Bridge’den daha iyi dncelik degerine sahip BPDU’lar1 yok sayar. Bu port root-inconsistent
durumuna alinarak saldirganin Root Bridge roliinii ele gecirmesi dnlenir[6].

5.6 ARP Entry Limit ve Strict ARP Learning

ARP tabanli DoS saldirilarina ve kaynak tiiketimine karsi, cihazlarin ARP tablolarina
ekleyebilecegi girdi sayis1 simirlandirilabilir. Bazi iireticiler tarafindan uygulanan Strict ARP
Learning yaklasimi, cihazin yalnizca kendi gonderdigi ARP isteklerine karsilik gelen ARP
yanitlarin1 6grenmesine izin verir[2]. Bu sayede saldirganin gonderdigi istenmeyen (gratuitous
veya unsolicited) ARP paketleri islenmez ve ARP Onbelleginin zehirlenmesi etkili bicimde
engellenir[3].

6. SONUCLAR VE DEGERLENDIiRME

Bu calismada, OSI modelinin Layer 2 seviyesinde ortaya ¢ikan giivenlik agiklar1 ve bu agiklarin
kurumsal aglar iizerindeki etkileri kapsamli bir sekilde ele alinmistir. Geleneksel giivenlik
yaklagimlariin biiyiik 6l¢iide iist katmanlara odaklanmasi, Layer 2 nin uzun siire “giivenilir”
kabul edilmesine yol agmis; ancak yapilan incelemeler, bu katmanin saldirganlar i¢in kritik bir
hedef haline geldigini acik¢a gostermisti. VLAN Hopping, CAM tablo tagmasi, ARP
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zehirlenmesi, DHCP manipiilasyonu, MAC/IP sahteciligi ve STP istismar1 gibi saldirilar, ag
trafiginin gizliligini, biitiinliigiinii ve siirekliligini dogrudan tehdit eden temel riskler olarak 6ne
cikmaktadir.

Calismada sunulan analizler, Layer 2 saldirilarinin biiyiik boliimiiniin protokollerin tasarim
geregi glivenlik mekanizmalari icermemesi veya varsayilan yapilandirmalarin yetersiz olmasi
nedeniyle miimkiin hale geldigini ortaya koymustur. Ozellikle switch’lerin varsayilan
davraniglari, saldirganlar tarafindan istismar edilerek ag topolojisinin  yeniden
sekillendirilmesine, trafigin pasif veya aktif olarak izlenmesine ve hizmet dis1 birakma
saldirilarinin  gergeklestirilmesine olanak tanimaktadir. Bu durum, Layer 2 giivenliginin
yalnizca saldir1 tespitiyle degil, dogru yapilandirma ve Onleyici mekanizmalarla saglanmasi
gerektigini acikca gostermektedir.

Bu baglamda, Port Security, DHCP Snooping, Dynamic ARP Inspection, IP Source Guard ve
STP Guard gibi switch tabanli savunma mekanizmalarimin birlikte ve biitiinciil sekilde
uygulanmasinin, Layer 2 seviyesindeki saldirilarin biliylik bolimiini etkin bigimde
engelleyebilecegi  ortaya  konmustur.  Saldiri—savunma  eslesmesi  perspektifinde
degerlendirildiginde, bu mekanizmalarin birbirini tamamlayan bir giivenlik zinciri olusturdugu
ve tek basina uygulanmalarina kiyasla birlikte kullanildiklarinda ¢ok daha yiiksek koruma
sagladigi goriilmiistiir.

Sonug olarak, Layer 2 giivenligi, modern ag§ mimarilerinde géz ardi edilmemesi gereken temel
bir giivenlik katmani olarak degerlendirilmelidir. Bu ¢aligmada sunulan sistematik yaklasim, ag
yoneticilerine ve gilivenlik uzmanlarina, i¢ aglarin yapilandirma temelli saldirilara karsi
giiclendirilmesi i¢in uygulanabilir bir referans ¢er¢evesi sunmaktadir. Gelecek ¢aligmalarda, bu
mekanizmalarin yazilim tanimli aglar (SDN) ve bulut tabanli altyapilar {izerindeki etkilerinin
incelenmesi, Layer 2 giivenliginin daha genis 6l¢ekli ortamlara uyarlanmasi acisindan 6nemli
bir arastirma alani olarak degerlendirilebilir.
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OZET

Gergek zamanli ses iletiminin uzaktan izleme, askeri ve saglik sistemlerinde yayginlagmasi,
diisiik gecikmeli ve yiiksek giivenlikli sifreleme yOntemlerine olan ihtiyaci belirgin bi¢imde
artirmistir. Bu ¢aligmada ses sinyallerinin iki boyutlu goriintii matrislerine doniistiiriilerek
Arnold Cat Map (ACM) ile permiitasyona ugratildiktan sonra, yapay sinir ag1 (YSA) destekli
dinamik kaotik bir sistemle sifrelenmesiyle uctan uca gilivenli bir iletisim protokolii
onerilmektedir. Temel yenilik, kaotik diflizyon surecine entegre edilen Softmax tabanli hibrit
aktivasyon mekanizmasidir. Standart KAF, Mish ve Sine aktivasyon fonksiyonlarimin
performanslari; konusma, beyaz giiriiltii, ¢ok diisiik frekansli atimlar, kare dalgalar ve sessizlik
iceren 10 farkli zorlu ses profili {izerinde test edilmistir. Deneysel bulgular, KAF
fonksiyonunun yuksek entropili guraltd sinyallerinde NIST SP 800-22 Blok Frekans testinden
kaldigin1 (p=0.0038), Mish fonksiyonunun yiiksek genlikli saturasyon (kare dalga) verisinde
basarisiz oldugunu (p=0.0069) ve Sine fonksiyonunun sabit/sessiz verilerde periyodik donguye
girerek sifreleme Ozelligini yitirdigini gostermistir. Gelistirilen Hibrit model ise girdiden
cikarilan Oznitelikler dogrultusunda bilesen agirliklarini dinamik olarak ayarlayarak bu
zafiyetleri tamamen ortadan kaldirmistir. NIST Full Pack kapsamindaki 15 testin (162/162 alt
parametre) tamamindan sifir hata ile ge¢cmistir. Sistemin irettigi sifreli verilerin ortalama
entropisi  7.999'a ulagsmis, NPCR 9%99.60, UACI %33.42 seviyelerinde gercekleserek
diferansiyel saldirilara karst mutlak direng saglanmistir. Sonuglar, dnerilen hibrit aktivasyon
fonksiyonunun hesaplama hizindan bir miktar feragat ederek, tek basma kullanilan
fonksiyonlara kiyasla evrensel (veri bagimsiz) ve istiin bir gilivenlik sundugunu ortaya
koymaktadir.

Anahtar Kelimeler: Kaotik sifreleme, ses giivenligi, hibrit aktivasyon fonksiyonu, Arnold Cat
Map, NIST 800-22
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OZET

Kronik akciger hastaliklari, yalnizca pulmoner fonksiyonlar1 degil; bireylerin giinliik yasam
aktivitelerini, fiziksel performansini ve bagimsizligini da olumsuz etkileyerek 6nemli bir klinik
yiik olusturmaktadir. Timed Up and Go (TUG) testi, kronik akciger hastalarinda mobilite,
denge, diisme riski ve kirilganligin degerlendirilmesinde pratik ve uygulanabilir bir 6l¢lim araci
olarak giderek daha fazla kullanilmaktadir. Ozellikle Kronik Obstriiktif Akciger Hastaligi
(KOAH), pulmoner fibrozis ve pulmoner hipertansiyon hastalarinda, 6 dakika yiiriime testi gibi
daha uzun ve uygulamasi gorece zor fonksiyonel testlere alternatif ya da tamamlayici bir
degerlendirme yontemi olarak one ¢ikmaktadir. Bu derlemenin amaci, kronik pulmoner
hastaliklarda TUG testinin fonksiyonel degerlendirmedeki yerini, klinik kullanim alanlarini ve
mevcut literatiir 15181nda prognostik ve izlemdeki potansiyel roliinii degerlendirmektir. Bu
kapsamda PubMed, TRDizin ve Cochrane Library veri tabanlarinda “lung disease” ve “Timed
Up and Go” anahtar kelimeleri kullanilarak literatiir taramas1 yapilmistir. Arama, son bes yil
icerisinde yayimlanan, Ingilizce dilinde randomize kontrollii ¢alismalarla smirlandiriimistir.
Tarama sonucunda TRDizin’de 8, PubMed’de 22 ve Cochrane Library’de 8 calisma
belirlenmis; tekrarlayan ¢alismalarin elenmesiyle toplam 18 calisma degerlendirmeye
alinmistir. Tam metin incelemesi sonrasi dahil edilme kriterlerini karsilayan 3 ¢alisma analize
dahil edilmistir. Bu ¢aligmalarin tamami1 randomize kontrollii prospektif tasarima sahip olup,
ikisi KOAH, biri ise COVID-19 sonrast donem hastalarin1 kapsamaktadir. Sonug olarak,
mevcut kanitlar TUG testinin kronik akciger hastaliklarda fonksiyonel degerlendirmede pratik
ve uygulanabilir bir ara¢ oldugunu gostermektedir. Ancak, mevcut ¢aligmalarin biiyiik dlctide
KOAH ve COVID-19 sonrast donem hastalartyla sinirli olmas1 ve diger kronik akciger
hastaliklara iliskin verilerin yetersizligi, bu testin klinik kullanim alanlarinin daha genis hasta

gruplarinda dogrulanmasi gerekliligini ortaya koymaktadir.

Anahtar Kelimeler : Akciger hastaliklari, zamanli kalk yiirii testi, fonksiyonel degerlendirme
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1. GIRIS

Kronik akciger hastaliklari, diinya genelinde 6nemli morbidite ve mortalite nedenleri arasinda
yer almakta olup, 6zellikle Kronik Obstriiktif Akciger Hastaligi (KOAH), interstisyel akciger
hastaliklar1 ve pulmoner hipertansiyon gibi durumlar, progresif solunum kisitliligina ve sistemik
etkilenime yol agmaktadir. KOAH in kiiresel olarak iiciincli en sik 6liim nedeni oldugu
bildirilmis ve hastaligin yalnizca pulmoner fonksiyonlart degil, kas-iskelet sistemi,
kardiyovaskiiler sistem ve genel fiziksel performansi da etkiledigi vurgulanmustir [1].

Kronik akciger hastalarinda egzersiz intoleransi; ventilatuvar kisithlik, gaz degisim bozuklugu,
periferik kas disfonksiyonu ve sistemik inflamasyon gibi ¢ok faktorlii mekanizmalarla iligkilidir.
Bu durum, giinliik yasam aktivitelerinde kisitlanmaya, diisme riskinde artisa ve kirilganlk
gelisimine zemin hazirlamaktadir [2]. Ozellikle KOAH hastalarinda denge bozuklugu ve diisme
riskinin saglikli bireylere gore anlamli derecede yiiksek oldugu gosterilmistir [3].

Fonksiyonel kapasitenin degerlendirilmesi, kronik akciger hastaliklarinin klinik yonetiminde
temel bir bilesendir. 6 Dakika Yiirime Testi (6DYT), egzersiz kapasitesinin
degerlendirilmesinde yaygin olarak kullanilan, valide bir saha testidir [4]. Ancak uygulama alan1
gereksinimi, stire kisitliligi ve bazi hasta gruplarinda tolere edilebilirligin sinirli olmasi, daha kisa
ve pratik testlere olan ihtiyaci giindeme getirmistir.

Timed Up and Go (TUG) testi; bireyin sandalyeden kalkmast, {i¢ metre yiirlimesi, geri donmesi
ve tekrar oturmasi i¢in gecen siirenin dlciilmesine dayanan, mobilite ve fonksiyonel performansi
degerlendiren basit ve giivenilir bir testtir. Test ilk olarak yash bireylerde fonksiyonel
mobilitenin degerlendirilmesi amaciyla tanimlanmis olup, diisme riskinin Sngoriilmesinde
Klinik olarak anlamli bulunmustur. Podsiadlo ve Richardson tarafindan tanimlanan TUG testinin
yuksek test-tekrar test giivenilirligine sahip oldugu bildirilmistir [5,6].

Son yillarda TUG testinin kronik akciger hastalarinda da kullanmilabilirligi arastirilmaktadir.
KOAH hastalarinda TUG siiresinin egzersiz kapasitesi, kas giicli ve saglkla iligkili yasam
kalitesi ile iligkili oldugu; ayrica diisme riski belirleyicisi olabilecegi gosterilmistir. KOAH
hastalarinda TUG performansimin mortalite ve hastaneye yatis ile iligkili olabilecegini
bildirmistir [7]. Bununla birlikte literatiirde ¢aligmalarn ¢ogunlukla KOAH ve COVID-19
sonrasi hasta gruplarinda yogunlastigi; interstisyel akciger hastaliklart ve pulmoner
hipertansiyon gibi diger kronik pulmoner patolojilerde kullanimina iliskin verilerin smirl oldugu
gorulmektedir.

Bu baglamda, TUG testinin kronik akciger hastaliklarmdaki klinik roliiniin, fonksiyonel

degerlendirme ve prognostik belirte¢ olarak potansiyelinin sistematik bicimde ele alinmasi
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gereklidir. Bu derlemenin amaci, kronik pulmoner hastaliklarda TUG testinin fonksiyonel
degerlendirmedeki yerini, klinik kullanim alanlarini ve mevcut literatiir 1518inda izlem ile

prognozdaki roliinii degerlendirmektir.

2. METOD

PubMed, TRDizin ve Cochrane Library veri tabanlarinda “lung disease” ve “Timed Up
and Go” anahtar kelimeleri kullanilarak literatiir taramasi1 yapilmigtir. Arama, son bes y1l
icerisinde  yayimlanan, Ingilizce dilinde randomize kontrollii ¢alismalarla
sinirlandirilmastir.

3. SONUCLAR VE DEGERLENDIRME

Tarama sonucunda TRDizin’de 8, PubMed’de 22 ve Cochrane Library’de 8 c¢alisma
belirlenmis; tekrarlayan calismalarin elenmesiyle toplam 18 calisma degerlendirmeye
alinmistir. Tam metin incelemesi sonrast dahil edilme kriterlerini karsilayan 3 calisma
analize dahil edilmistir. Bu ¢alismalarin tamami randomize kontrollii prospektif tasarima
sahip olup, biri KOAH, ikisi ise COVID-19 sonras1 donem hastalarini kapsamaktadir [8-
10].

COVID-19 pandemisi sirasinda yiiriitiilen randomize kontrollii bir calismada, 16 haftalik
su i¢i egzersiz programinin genel orneklemde TUG siiresinde gruplar arasi anlamli
uistiinliik saglamadigi; ancak miidahaleye en az %50 uyum gosteren katilimcilarda TUG
sirasinda atilan adim sayisinda anlamli azalma sagladig: bildirilmistir. Bu bulgu, su igi
egzersizin Ozellikle mobilitenin mekansal bilesenlerini ve ylriime verimliligini
tyilestirebilecegini diisiindiirmektedir. Dolayisiyla TUG’un yalnizca siire parametresi
tizerinden degil, adim sayis1 ve dual-task bilesenleriyle birlikte degerlendirilmesi,
miidahale etkilerini daha duyarli bigimde ortaya koyabilir [8].

Pulmoner rehabilitasyon baglaminda yapilan ¢aligmalarda ise kirilganlik taniminda
PRISMA-7 ile birlikte TUG kullanilmis; kirillgan bireylerin rehabilitasyon siiresince daha
ylksek fonksiyonel kazanim potansiyeline sahip oldugu, ancak rehabilitasyon sonrasinda
fonksiyonel gerilemenin daha belirgin seyrettigi gosterilmistir [9]. Bu bulgular, TUG un
hem kirilganlik taramasinda hem de rehabilitasyon yanitinin izlenmesinde ¢ift yonlu
klinik deger tasidigini ortaya koymaktadir. Bununla birlikte yalnizca siire parametresine
odaklanmanin miidahale etkilerini yeterince yansitmayabilecegi anlasilmaktadir.
Kardiyovaskiiler ve respiratuvar parametrelerle birlikte fonksiyonel performansin
incelendigi ¢aligmalarda ise TUG un fonksiyonel kapasiteyi yansitan duyarli bir belirteg

oldugu ve fiziksel uygunluk diizeyi ile iliskili degiskenlerle anlamli korelasyon gosterdigi
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bildirilmistir [10]. Bu durum, TUG un yalnizca mobiliteyi degil, ayn1 zamanda sistemik

fizyolojik durumu da dolayl1 olarak yansitabilecegini diisindiirmektedir.

4. GENEL DEGERLENDIRME VE SONUCLAR

Genel olarak degerlendirildiginde, TUG testinin ¢ok boyutlu analiz edildiginde (siire,
adim sayisi, dual-task varyasyonlari) rehabilitasyon midahalelerinin etkilerini daha
hassas bigcimde ortaya koydugu; kirilganlik taramasi, fonksiyonel Kkapasite
degerlendirmesi ve rehabilitasyon yanitinin izlenmesinde klinik a¢idan anlamli bir arag
oldugu goriilmektedir. Ancak tek basina siire parametresine dayali degerlendirmeler

miidahale etkilerinin tamamini yansitmakta yetersiz kalabilir.
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OZET

Telerchabilitasyon, kronik hastalig1 olan bireylerde egzersiz kapasitesi, kas kuvveti ve yagam
kalitesi acisindan merkez temelli rehabilitasyonla benzer klinik sonuglar saglamaktadir; buna
karsin programa katilim ve tamamlama oranlari telerchabilitasyonda daha yuksektir. Mevcut
veriler telerehabilitasyonun giivenli bir uygulama oldugunu gostermekte, ancak calismalarin
biiylik Olgiide belirli hastaliklara odaklanmasi, kullanilan telerehabilitasyon modellerinin
heterojen olmasi ve uzun donem sonuglara iligkin verilerin simirli kalmasi nedeniyle kanit
diizeyi genel olarak diisiik—orta olarak degerlendirilmektedir. Buna ragmen telerchabilitasyon,
ozellikle erisim engellerinin bulundugu durumlarda, rehabilitasyonun uygulanabilir ve etkili bir
alternatif sunum modeli olarak 6ne ¢ikmaktadir. Tele-tip uygulamalari, saglik hizmetlerinde
ulasimin azalmasi yoluyla karbon ayak izini belirgin bicimde diisiirmektedir. Kisi basina
karbon tasarrufu 0,70-372 kg COze/basvuru arasinda degismekte olup; mesafe, cografya ve
hizmet turine baglidir. Bu derlemenin amaci, kronik hastaligi olan bireylerde
telerehabilitasyonun karbon ayak izi lizerindeki potansiyel etkilerini giincel literatiir 15181nda
degerlendirmektir. Bu kapsamda PubMed, TRDizin ve Cochrane Library veri tabanlarinda
“telerehabilitation” ve “carbon footprint” anahtar kelimeleri kullanilarak literatiir taramasi
yapilmigtir. Arama, son bes yil igerisinde yayimlanan ve Ingilizce dilinde olan caligmalarla
sinirlandirilmistir. Tarama sonucunda TRDizin’de 0, PubMed’de 1 ve Cochrane Library’de 0
calisma belirlenmis olup, belirlenen tek calisma inme hastalarina yoneliktir. Zamaninda
rehabilitasyon ve 6z-yonetim yaklasimlari, inme sonrasi fonksiyonelligi artirirken saglik
hizmeti kullanimini azaltir. Telerehabilitasyon ise ulagimi azaltarak karbon ayak izini
diisiiriirken saglik hizmetlerine erisimi artirir. Ikincil korunma ve yasam tarzi miidahaleleri ise
diisiik karbonlu yaklagimlar olarak inme niiksiinii ve bakim ihtiyacini azaltir. Sonug olarak,
rehabilitasyona yapilan akilci yatirnmlar hem toplam saglik tiiketimini hem de karbon

yogunlugunu azaltarak insan ve gezegen sagligina birlikte katki saglar.

Anahtar Kelimeler : Karbon ayak izi, telerehabilitasyon, kronik bakim

73



TROIA 3RP INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 27 — 28, 2026 — CANAKKALE
ISBN NR: 978-625-5694-84-3

1. GIRIS

Kronik hastaliklar diinya genelinde morbidite ve mortalitenin baslica nedenleri arasinda yer
almakta olup, bu hastaliklarin yonetiminde rehabilitasyon programlari temel bir tedavi bilesenini
olusturmaktadir. Ozellikle kronik obstriiktif akciger hastaligi (KOAH), interstisyel akciger
hastaliklari, kalp yetmezligi ve kas-iskelet sistemi hastaliklar1 gibi uzun siireli izlem gerektiren
durumlarda egzersiz temelli rehabilitasyon; egzersiz kapasitesinin artirilmasi, kas kuvvetinin
lyilestirilmesi ve saglikla iliskili yasam kalitesinin yiikseltilmesi agisindan giiglii kanitlara
sahiptir. Bununla birlikte rehabilitasyon programlarina erisimde cografi uzaklik, ulagim giicliigi,
ekonomik kisithliklar ve zaman engelleri gibi faktorler, 6zellikle kronik hastaligi olan bireylerde
programlara katilim ve tamamlanma oranlarini smirlamaktadr.

Telerehabilitasyon, rehabilitasyon hizmetlerinin djjital iletisim teknolojileri araciligtyla uzaktan
sunulmasmi ifade eden yenilik¢i bir hizmet modeli olarak bu erisim engellerine ¢oziim
sunmaktadir. Pulmoner rehabilitasyon alaninda yapilan sistematik derlemeler ve randomize
kontrollii ¢alismalar, telerehabilitasyonun egzersiz kapasitesi, dispne diizeyi ve yasam kalitesi
parametreleri agisindan merkez temelli rehabilitasyon ile karsilastirilabilir klinik sonuglar
sagladigini gostermektedir [1,2]. Farkli kronik hastalik gruplarim igeren meta-analizler, gergek
zamanl telerehabilitasyon uygulamalarinin konvansiyonel rehabilitasyon ile benzer etkinlige
sahip oldugunu ortaya koymaktadir. Ayrica telerehabilitasyon programlarinda hasta
memnuniyeti ve program tamamlama oranlarinin genellikle daha yiiksek oldugu
bildirilmektedir [3].

Telerehabilitasyonun 6nemi yalnizca klinik sonuglarla smirl degildir. Saglik sektorii kiiresel
karbon emisyonlarinin yaklasik %4-5’inden sorumludur ve hasta ile saglik ¢alisan1 ulagimi bu
emisyonlarin 6nemli bir bilesenini olusturmaktadir [4]. Tele-tip uygulamalarinin ulagim
thtiyacini azaltarak karbon ayak izini anlamh Slciide diistirdiigii gosterilmistir. Literatiirde kisi
basina karbon tasarrufu 0,70 ile 372 kg COze/basvuru arasinda degismekte olup; bu farklilik
seyahat mesafesi, ulagim tiirii, cografi yapt ve hizmet modeline bagli olarak degismektedir [5].
Yasam dongiisii analizi temelli degerlendirmeler, saglik hizmet sunum modellerinin ¢evresel
etkilerinin biitiinciil bigimde ele alinmasi gerektigini vurgulamaktadir [6]. Telerehabilitasyon
programlarmin genellikle haftada birden fazla seans iceren ve haftalar siiren yapisi dikkate
alindiginda, toplam seyahat azaltimi {izerinden hesaplanan karbon tasarrufu klasik tele-
konsiiltasyon modellerine kiyasla daha yiiksek olabilir.

Bu baglamda telerehabilitasyon, kronik hastaligi olan bireylerde klinik acidan etkin ve giivenli

bir alternatif hizmet sunum modeli olmasmin yam sira, saghk sistemlerinin gevresel
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strdiiriilebilirlik  hedeflerine  katki  saglayabilecek potansiyel bir strateji  olarak
degerlendirilmektedir. Ancak klinkk ve g¢evresel ¢iktilari birlikte degerlendiren,
standartlastirilmig metodolojiye sahip, uzun donemli ve biiytik 6lgekli ¢aligmalara ihtiyag devam
etmektedir.

2. METOD

PubMed, TRDizin ve Cochrane Library veri tabanlarinda “telerehabilitation” ve “carbon
footprint” anahtar kelimeleri kullanilarak literatiir taramasi yapilmistir. Arama, son bes

yil igerisinde yayimlanan ve Ingilizce dilinde olan ¢alismalarla smirlandirilmstir.

3. SONUCLAR VE DEGERLENDIRME

Tarama sonucunda TRDizin’de 0, PubMed’de 1 ve Cochrane Library’de 0 calisma
belirlenmis olup, belirlenen tek calisma inme hastalarina yoneliktir. Persson ve ark.
(2025), multidisipliner inme ekibi rehabilitasyonunu siirdiiriilebilir saglik hizmeti
perspektifinden ele alan kavramsal bir degerlendirme sunmaktadir. Yazarlar, saglik
sektoriliniin kiiresel karbon emisyonlarinin yaklasik %5’inden sorumlu oldugunu ve iklim
degisikliginin inme i¢in 6nemli bir risk faktorii haline geldigini vurgulamaktadir. Bu
baglamda rehabilitasyonun yalnizca klinik sonuglar agisindan degil, ayni zamanda
cevresel ve sistem diizeyinde stirdiiriilebilirlik agisindan da degerlendirilmesi gerektigi
savunulmaktadir [7].

Makale, siirdiiriilebilir saglik hizmetinin bes temel ilkesi (0nleme, hasta gii¢lendirme,
yalin bakim yollar, diisiik karbon alternatifler ve operasyonel kaynak verimliligi)
cercevesinde multidisipliner inme rehabilitasyonunun roliinii tartismaktadir. Erken
destekli taburculuk, uygun dozda ve zamaninda miidahale, hasta 6z-yeterliligini artiran
yaklagimlar, telerehabilitasyon uygulamalar ve ikincil korunma stratejileri stirdtrlebilir
saglik sistemine katki saglayan temel mekanizmalar olarak tanimlanmaktadir. Ozellikle
telerehabilitasyonun ulasimi azaltarak karbon emisyonlarini diisiirebilecegi ve
erisilebilirligi artirabilecegi belirtilmektedir.

Calisma, rehabilitasyonun karbon ayak izinin gorece diisiik olmasina karsin uzun vadede
fonksiyonelligi optimize ederek saglik hizmeti tiiketimini azalttigini ve bu nedenle
stirdiiriilebilir saglik sistemlerinde merkezi bir rol listlenmesi gerektigini savunmaktadir.
Bununla birlikte, ¢evresel, ekonomik ve sosyal boyutlar1 birlikte degerlendiren ampirik
caligmalarin sinirli oldugu ve gelecekte siirdiiriilebilirlik temelli rehabilitasyon

aragtirmalarina ihtiya¢ bulundugu vurgulanmaktadir
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4. GENEL DEGERLENDIRME VE SONUCLAR

Mevcut literatiir, telerehabilitasyonun klinik etkinligini desteklemekle birlikte, karbon ayak izi
tizerindeki etkisini nicel olarak degerlendiren ¢aligmalarin sinirli oldugunu géstermektedir. Bu
nedenle cevresel sirdirdlebilirlik agisindan elde edilen ¢ikarimlar dikkatli yorumlanmalidir.
Gelecekte, standartlagtirilmis metodoloji ve yasam donglisii analizi temelli tasarlanmis
prospektif ¢alismalar, telerehabilitasyonun gevresel ve klinik etkilerini biitiinciil bigimde ortaya

koymak agisindan gereklidir.
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OZET

Yenidogan Yogun Bakim Unitelerinde (YYBU) izlenen preterm ve term bebekler, tani ve
tedavi siirecleri boyunca topuk kani alma, damar yolu agma, intramiiskiiler enjeksiyon ve
retinopati taramasi gibi ¢ok sayida agrili isleme maruz kalmaktadir. Tekrarlayan ve yeterince
yonetilmeyen agri; kardiyorespiratuvar instabilite, artmig stres yaniti ve uzun ddnemde
norogelisimsel etkilenme ile iligkilendirilmektedir. Bu nedenle yenidogan agrisinin etkili ve
giivenli yontemlerle ydnetilmesi kritik dneme sahiptir. Bu derlemenin amaci, YYBU’de agrili
islemler sirasinda Kanguru Bakimi’nin analjezik etkisine iliskin giincel kanitlar1 incelemektir.
Literatiirde yer alan randomize kontrollii ¢alismalar, sistematik derlemeler ve meta-analizler
dogrultusunda Kanguru Bakimi’nin 6zellikle topuk delme ve enjeksiyon gibi akut prosediirel
agr1 durumlarinda agri skorlarini anlamli diizeyde azalttig1; kalp atim hizinda daha stabil seyir,
oksijen satlirasyonunda daha az diisiis ve aglama siiresinde kisalma sagladigi bildirilmistir.
Analjezik etkinin; dokunsal uyaranlarin nosiseptif iletimi baskilamasi, parasempatik
aktivasyonun artmasi ve oksitosin salinimu ile iligkili oldugu diistiniilmektedir. Bununla birlikte
uygulamanin baglatilma zamani, siiresi ve yenidoganin gestasyon yasi gibi degiskenler etki
biiylikliigiinii etkileyebilmektedir. Kanguru Bakimi; giivenli, maliyetsiz ve uygulanabilir bir
non-farmakolojik girisim olup aile merkezli bakim yaklasimmi da desteklemektedir. YYBU
bakim protokollerine sistematik bicimde entegre edilmesi, yenidoganlarda agr1 yonetiminin
giiclendirilmesine katki saglayacaktir.

Anahtar Kelimeler: Yenidogan, Kanguru Bakimi, Agr1 Yo6netimi, Non-farmakolojik Analjezi
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1.GIRIS

Yenidogan Yogun Bakim Uniteleri (YYBU), yasami tehdit eden riskler tastyan yenidoganlara
ileri teknolojik destek saglayarak sagkalimi artiran kritik bakim ortamlaridir(1). Ancak bu
tiniteler ayn1 zamanda ¢ok sayida agrili ve stresli girisimin rutin olarak uygulandigi klinik
alanlar olup, yenidoganlar tan1 ve tedavi siirecleri boyunca tekrarlayan nosiseptif uyaranlara
maruz kalmaktadir(2). Epidemiyolojik ¢alismalar, YYBU’de izlenen bir yenidoganin giinde
ortalama 10—18 kez agrili isleme maruz kalabildigini; topuk kan1 alma, aspirasyon, damar yolu
acma ve entiibasyon gibi islemlerin siklikla tekrarlandigin1 gostermektedir (2, 3).Bu girisimler
akut donemde kalp atim hizinda artis, oksijen satiirasyonunda diisiis ve belirgin davranigsal
stres yanitlar1 gibi fizyolojik ve davranissal degisikliklere yol agabilmektedir(4).

Gegmiste yenidoganlarin agriyt smurlt algiladigi yoniindeki goriislerin  aksine, guncel
norofizyolojik kanitlar yenidoganlarin agriyr algilayabildigini ve gelisimsel 0Ozellikleri
nedeniyle agrili uyaranlara daha yaygin ve yogun yanit verebildigini ortaya koymaktadir(5, 6)
. Ozellikle tekrarlayan ve yeterince yonetilmeyen agri; kisa donemde kardiyorespiratuvar
instabilite, metabolik dengesizlik ve intrakraniyal basing artis1 gibi komplikasyonlara neden
olabilirken, uzun dénemde nérogelisimsel etkilenme ve agr1 duyarliliginda kalic1 degisikliklerle
iliskilidir (7-9).Bu nedenle YYBU’de agrinin sistematik olarak degerlendirilmesi ve etkili
bicimde yonetilmesi yenidogan bakiminin temel bilesenlerinden biri olarak kabul edilmektedir.

Yenidogan agr1 yonetiminde farmakolojik tedaviler belirli klinik durumlarda gerekli olmakla
birlikte, solunum depresyonu ve hipotansiyon gibi potansiyel yan etkiler ile her girisimde rutin
uygulanabilir olmamalar1 nedeniyle farmakolojik olmayan yontemler giderek daha fazla 6nem
kazanmistir(10).Emzik verme, siikroz/glikoz uygulamasi, kundaklama ve c¢evresel
diizenlemeler gibi girisimlerin yani sira, anne-bebek etkilesimini gli¢lendiren uygulamalar agr1
kontroliinde onemli katkilar saglamaktadir (11).Bu baglamda bebegin anne ile dogrudan ten
tene temas halinde tutuldugu Kanguru Bakimi (KB), hem fizyolojik stabilizasyonu
desteklemesi hem de analjezik etki gostermesi nedeniyle uygulanabilirligi yiiksek ve kanita
dayali bir yontem olarak one ¢ikmaktadir(12, 13) .

Kanguru Bakimi ilk olarak 1978 yilinda Kolombiya’da diisiik dogum agirlikli bebeklerde 1s1
kaybini1 azaltmak ve bakim siirekliligini saglamak amaciyla gelistirilmis, zamanla yalnizca
termoregiilasyon degil kardiyorespiratuvar stabilite, davranigsal diizenleme ve agr1 kontrolii
gibi ¢ok boyutlu yararlari nedeniyle yaygimlagmistir(14). KB’nin analjezik etkisinin; kapi
kontrol teorisi kapsaminda dokunsal uyaranlarin nosiseptif iletimi baskilamasi ve ten tene temas
sirasinda  oksitosin gibi ndrohormonal yanitlarin yatistirict etkisi ile 1liskili oldugu
diistiniilmektedir(15). Nitekim agrili islemler sirasinda KB uygulanan yenidoganlarda kalp atim
hizinin daha stabil seyrettigi, aglama siiresinin kisaldigi ve Prematiire Bebek Agr1 Profili (PIPP)
gibi dlgeklerle degerlendirilen agr1 skorlarinin azaldig: bildirilmektedir(16, 17) .

Tirkiye’de ve diinyada yapilan g¢alismalar, topuk kani1 alma ve benzeri invaziv girisimler
sirasinda anne ile ten tene temas halinde bulunan yenidoganlarin kuvdzde ya da standart bakim
alan bebeklere kiyasla daha az agr belirtisi gosterdigini ortaya koymaktadir (18, 19).Bununla
birlikte, KB’nin klinik uygulamada agr1 yonetiminin rutin bir pargasi haline gelmesinin istenen
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diizeye ulagsmadigi; is yiikii, fiziksel kosullar, saglik profesyonellerinin tutumlari ve
bilgi/farkindalik diizeyi gibi faktorlerin uygulamay1 etkileyebildigi bildirilmektedir (20).Bu
durum, kanita dayali uygulamalarin yayginlastirilmasi ve aile merkezli bakim yaklagiminin
giiclendirilmesi agisindan KB’nin roliiniin yeniden ele alinmasini gerekli kilmaktadir.

Bu derlemede, YYBU’de sik uygulanan agrili islemler sirasinda Kanguru Bakim1’nin analjezik
etkinligine iligkin kanitlarin sistematik olarak incelenmesi; elde edilen bulgularin destekleyici
bakim uygulamalar ¢ergevesinde degerlendirilmesi ve klinik uygulamada standardizasyon ile
yayginlastirmaya yonelik kanita dayali 6nerilerin ortaya konulmasi amaglanmaktadir.

2.YENIiDOGANDA AGRI ALGISI VE FiZYOLOJIiK TEMELLERI

Yenidoganlarin agr1 algisinin anlasilmasi, Kanguru Bakimi gibi girisimlerin 6nemini
kavramada temel bir dayanak olusturmaktadir. Noroanatomik veriler, fetiiste nosiseptorlerin
gebeligin ikinci trimesterinde gelistigini ve talamokortikal baglantilarin yaklasik 23-24.
haftalarda islevsel organizasyon kazandigini gostermektedir(21). Nosiseptif iletim yollar fetal
donemde erken gelismekle birlikte, inen inhibitor sistemler yenidogan doneminde heniiz tam
olgunlasmamistir. Bu norofizyolojik dengesizlik, ozellikle prematiire bebeklerde agrili
uyaranlara kars1 artmis duyarliliga ve daha diisiik agr1 esigine yol agabilmektedir (22).

Agril1 bir uyaran verildiginde, yenidoganin viicudunda kortizol ve katekolamin salinim1 artar;
bu durum metabolizmanin hizlanmasina, enerji depolarinin tiikenmesine ve immiin sistemin
baskilanmasina yol agabilir (23). Bu nedenle, farmakolojik olmayan ydntemlerle bu stres
yanitinin azaltilmasi, bebegin norolojik gelisimi i¢in hayati 6neme sahiptir(24).

2.1.Kanguru Bakiminin Analjezik Etki Mekanizmasi

Kanguru Bakiminin (KB) analjezik etkisi, birbiriyle iligkili ndrofizyolojik ve davranigsal
siireclerin biitiinclil etkilesimine dayanmakta olup, bu mekanizmanin kuramsal temelini
Melzack ve Wall tarafindan tanimlanan Kapi Kontrol Teorisi olusturmaktadir(25, 26).Buna
gore, ten tene temas sirasinda aktive olan genis ¢apli dokunma lifleri (A-beta lifleri), agri
uyaranlarini ileten ince ¢apli A-delta ve C liflerinin omurilik arka boynuzundaki iletimini
baskilayarak nosiseptif impulslarin santral sinir sistemine aktarimini azaltir. Boylece ebeveynin
dokunsal uyarani, agri sinyallerinin beyne ulagsmasini sinirlayan inhibitér bir “kap1” islevi
gorir(25).

Kanguru Bakimi sirasinda saglanan ¢oklu duyusal uyarim (ebeveynin kalp atimi, kokusu ve
viicut 1s181), agr1 uyaranlartyla rekabet ederek agr1 algisini azaltir(27). Bu siiregte yavas ve nazik
dokunusa duyarli C-afferent lifler uyarilir, otonom sinir sistemi parasempatik yonde aktive olur
ve boylece kalp hizi stabilizasyonu ile davranigsal sakinlesme saglanir(28).

Ayrica kanguru bakimi hem bebekte hem de bakim verende oksitosin salinimini artirir.
Oksitosin parasempatik aktivasyonu giiclendirerek stres yanitini baskilar, kortizol diizeylerini
azaltir ve endojen opioid sistemini aktive eder(29). Buna bagl olarak B-endorfin salinimi artar
ve dogal analjezik etki ortaya ¢ikar. Sonu¢ olarak KB, dokunsal inhibisyon, multisensoriyel
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diizenleme ve nérohormonal yanitlarin es zamanh etkisiyle yenidoganda agr1 algisin1 azaltan
biitiinciil bir analjezi mekanizmasi saglar(16, 27).

3.LITERATURDE KANGURU BAKIMININ AGRILI iISLEMLERDEKI ETKISi

Kanguru Bakimi, yenidoganlarda agrili islemler sirasinda uygulanan en yaygin ve uygulanabilir
farmakolojik olmayan girisimlerden biridir. Giincel sistematik derleme ve meta-analizler,
KB’nin 6zellikle akut prosediirel agri durumlarinda (6rnegin topuk delme,kan alma) agri
skorlarii1 ve davranigsal distresi anlamli diizeyde azaltabildigini gostermektedir (27, 30).
Ayrica bazi ¢calismalarda, KB’nin fizyolojik parametreler tizerinde de olumlu etkiler saglayarak
kalp atim hizinda daha stabil bir seyir olusturabildigi bildirilmistir.

Bununla birlikte literatiirde bildirilen etki biiyiikliigli; uygulamanin baglatilma zamani (islem
oncesinde baglatilmasi ve islem boyunca siirdiiriilmesi), yenidoganin gestasyon yasi, kullanilan
agr1 degerlendirme araglari ve eslik eden nonfarmakolojik uygulamalar (sukroz, sarmalama,
emzik vb.) gibi degiskenlere bagli olarak heterojenlik gostermektedir (27).

Topuk kan1 alma, Yenidogan Yogun Bakim Unitelerinde en sik uygulanan ve tekrarlayan agril
islemlerden biridir(31). Metabolik tarama ve kan 6rneklemesi amaciyla rutin olarak yapilan bu
girisim, Ozellikle prematiire bebeklerde belirgin fizyolojik ve davranigsal agr1 yanitlarina yol
acabilmektedir(32). Bu nedenle topuk delme islemi, non-farmakolojik analjezi yontemlerinin
etkinligini degerlendirmede yaygin olarak kullanilan 6nemli bir klinik modeldir(33, 34).

Randomize kontrollii ve ¢apraz desenli ¢aligmalar, Kanguru Bakimi’nin topuk delme sirasinda
agr1 siddetini azalttigini; Prematiire Bebek Agri Profili (PIPP) gibi kompozit 6l¢eklerde daha
diisiik agr1 skorlart ile birlikte kalp atim hizinda daha hizli normallesme, oksijen satiirasyonunda
daha az diisiis ve aglama siiresinde kisalma gibi fizyolojik ve davranigsal toparlanma
gostergelerinde iyilesme sagladigini gostermektedir(35, 36).Benzer sekilde, Tiirkiye’de yapilan
caligmalarda da KB’nin topuk kani alma sirasinda aglama siiresini azalttig1 rapor edilmistir
(37). Sadece topuk kani degil, intramuskiiler enjeksiyonlar sirasinda da KB’nin etkisi
kanitlanmistir. Cochrane kiitiiphanesinde yayinlanan genis kapsamli bir sistematik derlemede,
as1 uygulamalar1 sirasinda annesiyle ten tene temas halinde olan bebeklerin, standart bakim
alanlara gore kalp atim hizlarinin daha stabil oldugu ve yiiz ifadelerinde daha az agr belirtisi
gosterdikleri belirlenmistir(38).

Intramiiskiiler enjeksiyon ve asi uygulamalari, yenidogan ve bebeklik doneminde sik
karsilagilan agrili girisimler olup, giincel sistematik derleme ve meta-analizler emzirme,
sukroz/glikoz uygulamasi, masaj ve Kanguru Bakimi gibi farmakolojik olmayan yontemlerin
agr siddetini azaltmada anlamli diizeyde etkili oldugunu gostermektedir(39).

Retinopati taramas1 (ROP muayenesi), preterm bebeklerde belirgin agr1 ve stres yanitina yol
acabilen invaziv bir degerlendirme siirecidir(40). Guncel randomize kontrolll calismalar, ROP
muayenesi sirasinda anne veya baba tarafindan uygulanan Kanguru Bakimi’nin (KB), standart
bakima kiyasla islem sirasindaki agri skorlarint anlaml diizeyde azalttigin1 ve islem sonrasi
donemde kortizol gibi stresle iliskili biyobelirteglerin daha diisiik diizeylerde seyrettigini
gostermektedir (41).
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Son yillarda yapilan arastirmalar, oldukga agrili ve stresli bir islem olan ROP muayenesinde
KB’nin tek basina tam analjezi saglamayabilecegini; ancak toparlanma siiresini kisaltarak islem
sonrast sakinlesmeyi hizlandirdigini ortaya koymaktadir(42). Bu bulgular dogrultusunda KB,
ROP gibi yiiksek stres olusturan islemlerde tek basina yeterli olmayabilmekle birlikte,
multimodal agr1 yonetimi stratejilerine katki saglayan ve fizyolojik toparlanmay1 destekleyen
onemli bir tamamlayic1 yaklasim olarak degerlendirilmektedir(41) .

4. HEMSIRELIK YAKLASIMI VE ONERILER

Yenidogan Yogun Bakim Unitelerinde hemsireler, bebegin agrismi degerlendirme ve
yonetmeden sorumlu birincil saglik profesyonelleridir(43). Kanguru Bakimi’nin etkinligi
kanita dayali olarak gosterilmis olmakla birlikte, klinik uygulamada cesitli engellerle
karsilasilabilmektedir(44). Is yiikii ve zaman kisithligi, ebeveynlerin iiniteye kabuliindeki
siirlamalar ile entiibasyon gibi bebegin medikal durumuna bagli instabilite, KB uygulamasini
gliclestiren baglica faktorler arasinda yer almaktadir(45).

Ancak, agrisiz bir bakim her yenidoganin hakkidir. Bu baglamda hemsirelerin;
1. Agnli islem 6ncesinde ebeveynleri siirece dahil etmesi(46-48),
2. Miimkiinse islemi anne ziyareti saatlerine denk getirerek KB esliginde uygulamasi,

3. KB'nin uygulanamadigi durumlarda dahi ebeveyn dokunusu veya anne siitii kokusu
gibi alternatif duyusal uyaranlar1 kullanmasi 6nerilmektedir(47).

5.SONUC

Yenidogan yogun bakim iinitelerinde uygulanan invaziv ve tekrarlayan girisimler,
yenidoganlarin yalmizca akut fizyolojik stabilitesini degil, ayni zamanda uzun donem
norogelisimsel siireglerini de etkileyebilen dnemli bir stres ve agr1 kaynagi olusturmaktadir.
Giincel literatiir, yeterince yonetilemeyen agrinin kardiyorespiratuvar instabilite, enerji
tiiketiminde artis ve davranigsal diizensizlikler gibi kisa donem sonuclarin yan sira, agri
duyarliliginda degisim ve norogelisimsel etkilenme gibi uzun donem sonuglarla iliskili
oldugunu gostermektedir. Bu nedenle YYBU’de agrinin 6nlenmesi ve yonetimi yalnizca konfor
saglayict bir yaklagim degil, noroprotektif bakimin temel bilesenlerinden biri olarak
degerlendirilmektedir.

Bu derlemede incelenen calismalar dogrultusunda Kanguru Bakimi’nin, yenidogan agri
yonetiminde etkili, guvenli ve uygulanabilir bir non-farmakolojik yo6ntem oldugu
goriilmektedir. Ten tene temasin sagladigi dokunsal inhibisyon, multisensoriyel diizenleme ve
norohormonal yanitlar sayesinde agri skorlarinin azalmasi, fizyolojik parametrelerin stabil
seyretmesi ve davranigsal sakinlesmenin artmasi tutarli bigimde rapor edilmistir. Farmakolojik
yontemlerle karsilagtirildiginda solunum depresyonu ve hipotansiyon gibi advers etkiler
olusturmamasi, ek maliyet gerektirmemesi ve uygulama igin ileri teknolojiye ihtiyag
duyulmamasi, Kanguru Bakimi’n1 6zellikle sik tekrarlanan kisa siireli islemler sirasinda giiclii
bir analjezik segenek haline getirmektedir. Bunun yani1 sira uygulamanin yalnizca agr1 kontrolii
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saglamadigl; anne-bebek baglanmasini giiclendirdigi, ebeveyn katilmimi artirdigir ve aile
merkezli bakim anlayisini destekledigi de gosterilmistir.

Bununla birlikte klinik uygulamada Kanguru Bakimi’nin rutin agr1 yonetiminin ayrilmaz bir
parcast haline heniiz istenen diizeyde entegre edilemedigi dikkat ¢ekmektedir. Is yiikii, fiziksel
ortam kosullar1, uygulamaya iliskin bilgi ve farkindalik diizeyi ile saglik profesyonellerinin
tutumlar1 bu durumun baslica belirleyicileri arasinda yer almaktadir. Bu nedenle YYBU bakim
protokollerinde Kanguru Bakimi’nin standartlastirilmis uygulama adimlariyla tanimlanmasi,
klinik rehberlere dahil edilmesi ve Ozellikle hemsirelerin egitim programlart araciligiyla
giiclendirilmesi  6nem tasimaktadir. Hemsirelerin  bakimin  planlanmasi, ailelerin
bilgilendirilmesi ve uygulamanin siirekliliginin saglanmasindaki merkezi rolii, Kanguru
Bakimi’nin siirdiiriilebilirliginde belirleyici olacaktir.

Sonug olarak Kanguru Bakimi, yenidoganda agri yonetimine biitlinciil yaklasimi destekleyen,
guvenli, maliyetsiz ve etkili bir analjezik girisimdir. YYBU’lerde rutin agr1 ydnetimi stratejileri
icerisine sistematik bicimde entegre edilmesi hem klinik sonuclarin iyilestirilmesine hem de
aile merkezli bakimin giiclendirilmesine 6nemli katki saglayacaktir. Gelecekte yapilacak
yiiksek metodolojik kalitede calismalarin, uygulamanin zamanlamasi, siiresi ve standart
protokollerinin  belirlenmesine  yonelik  kanitlar1  artirmasi,  klinik  uygulamanin
yayginlastirilmasi agisindan degerli olacaktir

KAYNAKCA

1.Gupta P, Garg D. A five-year review of in-hospital neonatal mortality: Trends and
implications for care. Annals of the National Academy of Medical Sciences (India).61.
2.Riley C, Mastropietro C, Darcy-Mahoney A, Pintz C, Zhou QP, Hinds PS. Understanding
infant stress in neonatal and pediatric intensive care: a scoping review. Intensive Care Med
Paediatr Neonatal. 2025;3(1):40.

3.Cong X, Wu J, Vittner D, Xu W, Hussain N, Galvin S, et al. The impact of cumulative
pain/stress on neurobehavioral development of preterm infants in the NICU. Early Hum Dev.
2017;108:9-16.

4.Kim SS. Prevention and management of pain in the neonatal intensive care unit. Clin Exp
Pediatr. 2020;63(1):16-7.

5.van den Hoogen NJ, de Kort AR, Allegaert KM, Joosten EA, Simons SHP, Tibboel D, et al.
Developmental neurobiology as a guide for pharmacological management of pain in neonates.
Semin Fetal Neonatal Med. 2019;24(4):101012.

6.Gursul D, Hartley C, Slater R. Nociception and the neonatal brain. Seminars in Fetal and
Neonatal Medicine. 2019;24(4):101016.

7.Ranger M, Chau CM, Garg A, Woodward TS, Beg MF, Bjornson B, et al. Neonatal pain-
related stress predicts cortical thickness at age 7 years in children born very preterm. PLoS One.
2013;8(10):e76702.

8.Valeri BO, Holsti L, Linhares MB. Neonatal pain and developmental outcomes in children
born preterm: a systematic review. Clin J Pain. 2015;31(4):355-62.

82



TROIA 3RP INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 27 — 28, 2026 — CANAKKALE
ISBN NR: 978-625-5694-84-3

9.Moore ER, Brimdyr K, Blair A, Jonas W, Lillieskdld S, Svensson K, et al. Immediate or early
skin-to-skin contact for mothers and their healthy newborn infants. Cochrane Database Syst
Rev. 2025;10(10):Cd003519.

10.Lim Y, Godambe S. Prevention and management of procedural pain in the neonate: an
update, American Academy of Pediatrics, 2016. Archives of Disease in Childhood-Education
and Practice. 2017;102(5):254-6.

11.Stevens B, Yamada J, Ohlsson A, Haliburton S, Shorkey A. Sucrose for analgesia in
newborn infants undergoing painful procedures. Cochrane Database Syst Rev.
2016;7(7):Cd0010609.

12.Campbell-Yeo ML, Disher TC, Benoit BL, Johnston CC. Understanding kangaroo care and
its benefits to preterm infants. Pediatric Health Med Ther. 2015;6:15-32.

13.Gebuza G, Kazmierczak M, Lenska K. The effects of kangaroo mother care and music
listening on physiological parameters, oxygen saturation, crying, awake state and sleep in
infants in NICU. J Matern Fetal Neonatal Med. 2022;35(19):3659-69.

14.Conde-Agudelo A, Diaz-Rossello JL. Kangaroo mother care to reduce morbidity and
mortality in low birthweight infants. Cochrane Database Syst Rev. 2016;2016(8):Cd002771.
15.Ludington-Hoe SM, Hosseini R, Torowicz DL. Skin-to-skin contact (Kangaroo Care)
analgesia for preterm infant heel stick. AACN Clin Issues. 2005;16(3):373-87.

16.Wang Y, Zhang L, Dong W, Zhang R. Effects of Kangaroo Mother Care on Repeated
Procedural Pain and Cerebral Oxygenation in Preterm Infants. Am J Perinatol. 2023;40(8):867-
73.

17.Avcin E, Kucukoglu S. The Effect of Breastfeeding, Kangaroo Care, and Facilitated Tucking
Positioning in Reducing the Pain During Heel Stick in Neonates. J Pediatr Nurs. 2021;61:410-
6.

18.Se0 YS, Lee J, Ahn HY. Effects of Kangaroo Care on Neonatal Pain in South Korea. J Trop
Pediatr. 2016;62(3):246-9.

19.Akcan E, Yigit R, Atici A. The effect of kangaroo care on pain in premature infants during
invasive procedures. Turk J Pediatr. 2009;51(1):14-8.

20.Lago P, Garetti E, Savant Levet P, Arenga I, Pirelli A, Frigo AC, et al. Current practices in
neonatal pain management: a decade after the last Italian survey. Ital J Pediatr. 2025;51(1):48.
21.Fitzgerald M. The development of nociceptive circuits. Nat Rev Neurosci. 2005;6(7):507-
20.

22.Slater R, Cantarella A, Gallella S, Worley A, Boyd S, Meek J, et al. Cortical pain responses
in human infants. J Neurosci. 2006;26(14):3662-6.

23.Grunau RE. Neonatal pain in very preterm infants: long-term effects on brain,
neurodevelopment and pain reactivity. Rambam Maimonides Med J. 2013;4(4):e0025.
24.Health WHOR. Kangaroo mother care: a practical guide: World Health Organization; 2003.
25.Melzack R, Wall PD. Pain Mechanisms: A New Theory: A gate control system modulates
sensory input from the skin before it evokes pain perception and response. Science.
1965;150(3699):971-9.

26.Katz J, Rosenbloom BN. The golden anniversary of Melzack and Wall's gate control theory
of pain: Celebrating 50 years of pain research and management. Pain Res Manag.
2015;20(6):285-6.

83



TROIA 3RP INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 27 — 28, 2026 — CANAKKALE
ISBN NR: 978-625-5694-84-3

27.Wang F, Zhang Q, Ni ZH, Lv HT. Effects of kangaroo care on pain relief in premature
infants during painful procedures: A meta-analysis. J Spec Pediatr Nurs. 2022;27(4):e12390.
28.Portnova GV, Proskurnina EV, Sokolova SV, Skorokhodov IV, Varlamov AA. Perceived
pleasantness of gentle touch in healthy individuals is related to salivary oxytocin response and
EEG markers of arousal. Exp Brain Res. 2020;238(10):2257-68.

29.Vittner D, D'Agata A, Choi BY, McGrath J. Release of Oxytocin and Cortisol Is Associated
With Neurobehavioral Patterns in Premature Infants. J Obstet Gynecol Neonatal Nurs.
2023;52(3):248-56.

30.Teles LA, Arcanjo FPN, Cardoso KM, Justino JS. Impact of skin-to-skin contact on acute
procedural pain in newborns: a systematic review and meta-analysis. J Pediatr (Rio J).
2025;101(6):101442.

31.Britto C, S PNR. Assessment of Neonatal Pain During Heel Prick: Lancet vs Needle-A
Randomized Controlled Study. J Trop Pediatr. 2017;63(5):346-51.

32.Anne RP, Rahiman EA. Analgesic utility of automatic lancing device for heel prick in
neonates: a systematic review and meta-analysis. Pain Manag. 2024;14(7):375-83.
33.Chidambaram AG, Manjula S, Adhisivam B, Bhat BV. Effect of Kangaroo mother care in
reducing pain due to heel prick among preterm neonates: a crossover trial. J Matern Fetal
Neonatal Med. 2014;27(5):488-90.

34.Harrison D, Reszel J, Bueno M, Sampson M, Shah VS, Taddio A, et al. Breastfeeding for
procedural pain in infants beyond the neonatal period. Cochrane Database Syst Rev.
2016;10(10):Cd011248.

35.Johnston CC, Filion F, Campbell-Yeo M, Goulet C, Bell L, McNaughton K, et al. Kangaroo
mother care diminishes pain from heel lance in very preterm neonates: a crossover trial. BMC
Pediatr. 2008;8:13.

36.Johnston CC, Filion F, Campbell-Yeo M, Goulet C, Bell L, McNaughton K, et al. Enhanced
kangaroo mother care for heel lance in preterm neonates: a crossover trial. J Perinatol.
2009;29(1):51-6.

37.Yigit D, Sezici E. Effect of Kangaroo Care on Pain in Infants: A Randomized Controlled
Trial. Akdeniz Hemsirelik Dergisi. 2025;4(1):1-9.

38.Johnston C, Campbell-Yeo M, Disher T, Benoit B, Fernandes A, Streiner D, et al. Skin-to-
skin care for procedural pain in neonates. Cochrane Database Syst Rev. 2017;2(2):Cd008435.
39.Halemani K, Vitale E, Shetty A, Thimmappa L, Issac A, Vr V, et al. Nonpharmacological
Interventions on Intramuscular Vaccination Pain among Infants: A Systematic Review and
Meta-Analysis of Randomized Control Trials. J Caring Sci. 2025;14(3):139-50.
40.Moral-Pumarega MT, Caserio-Carbonero S, De-La-Cruz-Bértolo J, Tejada-Palacios P,
Lora-Pablos D, Pallas-Alonso CR. Pain and stress assessment after retinopathy of prematurity
screening examination: indirect ophthalmoscopy versus digital retinal imaging. BMC Pediatr.
2012;12:132.

41.Huang HB, Xue Y, Liang Y, Wan XQ, Wu J, Zhang QS, et al. Effects of Kangaroo care
during retinopathy screening examination: a randomised clinical trial. BMJ Paediatr Open.
2026;10(1).

84



TROIA 3RP INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 27 — 28, 2026 — CANAKKALE
ISBN NR: 978-625-5694-84-3

42.Padhi TR, Sareen D, Pradhan L, Jalali S, Sutar S, Das T, et al. Evaluation of retinopathy of
prematurity screening in reverse Kangaroo Mother Care: a pilot study. Eye (Lond).
2015;29(4):505-8.

43.Cai Q, Zhou Y, Hong M, Chen D, Xu X. Healthcare providers' perceptions and experiences
of kangaroo mother care for preterm infants in four neonatal intensive care units in China: a
qualitative descriptive study. Front Public Health. 2024;12:1419828.

44 Mathias CT, Mianda S, Ohdihambo JN, Hlongwa M, Singo-Chipofya A, Ginindza TG.
Facilitating factors and barriers to kangaroo mother care utilisation in low- and middle-income
countries: A scoping review. Afr J Prim Health Care Fam Med. 2021;13(1):el1-e15.

45.Shi Z, Li X, Hu Y, Yang R, Zeng Z, Hou S. Barriers and facilitators to the implementation
of the kangaroo mother care in NICUs of high-income and low- and middle-income countries:
a scoping review. Front Public Health. 2025;13:1701738.

46.Ullsten A, Andreasson M, Eriksson M. State of the Art in Parent-Delivered Pain-Relieving
Interventions in Neonatal Care: A Scoping Review. Front Pediatr. 2021;9:651846.

47.Wu HP, Yang L, Lan HY, Peng HF, Chang YC, Jeng MJ, et al. Effects of Combined Use of
Mother's Breast Milk, Heartbeat Sounds, and Non-Nutritive Sucking on Preterm Infants'
Behavioral Stress During Venipuncture: A Randomized Controlled Trial. J Nurs Scholarsh.
2020;52(5):467-75.

48.Peng HF, Yin T, Yang L, Wang C, Chang YC, Jeng MJ, et al. Non-nutritive sucking, oral
breast milk, and facilitated tucking relieve preterm infant pain during heel-stick procedures: A
prospective, randomized controlled trial. Int J Nurs Stud. 2018;77:162-70.

85



TROIA 3RP INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 27 — 28, 2026 — CANAKKALE
ISBN NR: 978-625-5694-84-3

COCUKLARDA KiSTiK FiBROZiS: MULTIDiSiPLINER BAKIM, AiLE EGITIiMi
VE DESTEK MODELLERI

Uzman Hemsire, Dilek Muslu
GaziantepUniversitesi/Sahinbey Arastirma ve Uygulama Hastanesi
muslu.dilek67@gmail.com- 0000-0002-2875-3413
Dr. Ogr. Uyesi, Alev Sivash
Nisantas1 Universitesi/ Saglik Bilimleri Fakiiltesi Hemsirelik Boliimii
aesivasli@gmail.com-0000-0002-0747-2698

OZET

Kistik fibrozis (KF), cocukluk ¢aginda goriilen, multisistemik tutulumla seyreden ve yasam
boyu karmasik bakim gerektiren genetik bir hastaliktir. 0—16 yas arasi ¢ocuklarda hastaligin
yonetimi; solunum tedavileri, beslenme destegi, enfeksiyon kontroli ve dizenli izlem gibi ¢ok
boyutlu girisimleri icermekte olup, bu slire¢ multidisipliner ekip yaklasimini zorunlu
kilmaktadir. Bu derlemenin amaci, giincel literatiir dogrultusunda KF’li ¢ocuklarda hemsirelik
bakiminin roliinii, aile egitimi yaklagimlarini ve aile destek modellerini biitiinciil bir bakis
acistyla incelemektir. Literatlir bulgulari, pediatrik hemsirelerin yalnizca klinik bakim
uygulamalarinda degil, ayn1 zamanda aile egitimi, 6z yonetim becerilerinin gelistirilmesi ve
psikososyal destek saglanmasinda merkezi bir role sahip oldugunu gostermektedir. Aile
merkezli bakim yaklasimi; isbirligi, karsilikli giiven ve etkili iletisim ilkeleri dogrultusunda
tedavi uyumunu, yasam kalitesini ve hasta memnuniyetini artirmaktadir. Bununla birlikte,
ailelerin hastalik yonetimine iliskin bilgi gereksinimleri, psikososyal yiikleri ve uzun dénem
destek ihtiyaglar1 devam etmektedir. Giincel rehberler, yapilandirilmis egitim programlari,
hemsire koordinatdrliigii ve disiplinler arasi igbirligini 6nermektedir. Ancak standardize edilmis
aile egitim programlarinin uzun dénem etkinligi ve farkli saglik sistemlerindeki karsilastirmali
sonuglarma iliskin veriler siirlidir. Sonu¢ olarak, hemsirelik temelli aile giiclendirme
modellerinin yayginlastirilmasi ve kanita dayali uygulamalarin gelistirilmesi, KF’li ¢ocuklarin
klinik sonuglarini ve aile yasam kalitesini iyilestirmede kritik dneme sahiptir.

Anahtar Kelimeler: Kistik fibrozis, pediatrik hemsirelik, aile egitimi, aile merkezli bakim,
multidisipliner bakim, psikososyal destek, tedavi uyumu.
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1. GIRIS

Kistik fibrozis (KF), CFTR genindeki mutasyonlara bagl olarak gelisen; basta solunum ve
gastrointestinal sistem olmak Uzere bircok sistemi etkileyen, kronik ve ilerleyici bir genetik
hastaliktir(1). Hastaligin temel patofizyolojisi, koyu ve viskoz sekresyon olusumuna dayanir.
Bu durum 6zellikle solunum yollarinda tekrarlayan enfeksiyonlar ve kronik inflamasyona;
gastrointestinal sistemde ise pankreatik yetersizlik, malabsorpsiyon ve buyime-gelisme
geriligine yol agmaktadir(2, 3).

Cocukluk donemindeki klinik seyir, uzun donem akciger fonksiyonlarinin korunmasi ve yagsam
kalitesinin belirlenmesi agisindan kritik 6neme sahiptir(4). Bu nedenle KF yonetiminin temel
hedefleri; akciger hastaliginin erken kontrolii, beslenme durumunun optimize edilmesi,
komplikasyonlarin erken taninmasi, tedaviye uyumun artirilmast ve g¢ocuk ile ailesi igin
stirdiirtilebilir, biitiinciil bir bakim modelinin olusturulmasidir(5).

Avrupa Kistik Fibrozis Dernegi tarafindan yayimlanan bakim standartlari, KF merkezlerinin
yapisint ve multidisipliner ekip iiyelerinin rol ve sorumluluklarini ayrintili bigimde
tanimlamaktadir(6). Bu standartlar, merkez temelli ¢ok disiplinli bakim yaklagimina kuramsal
ve uygulamaya doniik bir ¢er¢eve sunmaktadir. Giinlimiizde artan yasam siiresi ve ozellikle
CFTR modiilatorlerinin yayginlagsmasi, KF’nin yalnizca ¢ocukluk ¢agiyla siirli olmayan,
erigkin doneme uzanan bir hastalik olarak ele alinmasini gerektirmektedir(7). Bu durum,
bakimin siireklilik ve gecis yonetimi perspektifiyle yeniden yapilandirilmasint zorunlu
kilmaktadir(8).

Pandemi sonrast donemde tele-saglik uygulamalari, evde spirometri dlgiimleri ve uzaktan
semptom izlem sistemleri birgok merkezde rutin bakimin bir pargasi haline gelmistir(8, 9). Bu
yaklagimlar; enfeksiyon riskinin azaltilmasi, saglik hizmetine erisimin kolaylastirilmasi ve
erken alevlenme belirtilerinin saptanmasi agisindan dnemli avantajlar saglamaktadir(10, 11).
Bununla birlikte, dijital bakim modellerinin etkin uygulanabilmesi; dijital saghk
okuryazarliginin artirilmasini, veri giivenliginin saglanmasini ve yiiz yiize degerlendirme
gereksiniminin dengelenmesini gerektirmektedir(10, 12, 13).

Guncel KF bakim yaklasimi, yalnizca biyomedikal tedaviye odaklanan bir modelden ziyade;
beslenme, fiziksel aktivite, psikososyal destek ve egitim boyutlarini da kapsayan hasta-merkezli
ve Dbitiinciil bir ¢er¢eveye evrilmistir(14). Multidisipliner ekip koordinasyonu,
bireysellestirilmis bakim planlar1 ve siirekli kalite iyilestirme siirecleri ¢agdas bakimin temel
bilesenleridir(14-16).

Bu derlemenin amaci, ¢ocuklarda KF yonetimine iliskin temel bakim bilesenlerini biitiinciil bir
cercevede ele almaktir. Bu kapsamda; ¢ok disiplinli bakim yaklagimi, aile egitimi ve 0z-
yonetim becerilerinin gelistirilmesi, psikososyal destek hizmetlerinin entegrasyonu ve giincel
bakim sunum modelleri incelenmektedir. Cocukluk donemine 6zgii gereksinimler
dogrultusunda siirdiiriilebilir ve hasta-merkezli bir KF bakim modelinin temel yapi taslar
sistematik bigimde degerlendirilmektedir.
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2.COK DISIiPLINLI BAKIMIN TEMEL BILESENLERI

Kistik fibroziste (KF) bakim kalitesi, yalnizca mevcut tedavi segeneklerinin varligina degil, bu
tedavilerin planl, koordineli ve standartlara uygun bigimde sunulmasina bagli olup; etkin bir

bakim modeli diizenli izlem, ekip i¢i iletisim ve disiplinler arasi is birligini gerektirmektedir(14,
17).

Avrupa Kistik Fibrozis Dernegi, KF merkezlerinin organizasyonunu ve ekip tiyelerinin rol ve
sorumluluklarim1 ayrintili bigimde tanimlamaktadir(6). Bu c¢ergevede; pediatrik gogiis
hastaliklari/KF uzmani hekim liderliginde ¢alisan multidisipliner ekipte hemsire, fizyoterapist,
diyetisyen, psikolog veya psikiyatri destegi, sosyal hizmet uzmani ve eczaci yer almakta; ayrica
gereksinim dogrultusunda endokrinoloji, gastroenteroloji ve diger ilgili branslarla
koordinasyon saglanmaktadir(6).

Hava yolu temizleme teknikleri, kistik fibrozise bagli akciger hastaliginin yonetiminde temel
tedavi bilesenlerinden biridir ve brons sekresyonlarinin uzaklastirilmasini saglayarak
enfeksiyon riskini azaltmayi ve akciger fonksiyonlarini korumay: amaglar(18, 19). Kistik
Fibrozis Vakfi kilavuzu, tiim KF’li bireylerde diizenli hava yolu temizleme teknikleri
uygulanmasini 6nermekte(20); ancak belirli bir yontemin Ustinliigli gosterilemediginden,
secimin yas, klinik durum ve aile kosullar1 dogrultusunda bireysellestirilmesi gerektigini
vurgulamaktadir(18). Tedaviye uyum ag¢isindan yontemin uygulanabilir ve siirdiirtilebilir
olmasi 6nem tasimaktadir(21).

Enfeksiyon kontrolii, kisiler arasi patojen bulagma riski nedeniyle KF bakiminin temel
unsurlarindandir. Giincel kilavuzlar; saglik kuruluslarinda temas Onlemleri, ¢evresel
diizenlemeler ve egitim siire¢lerine iliskin ayrintili 6neriler sunmakta, ancak bu 6nerilerin etkin
uygulanabilmesi i¢in saglik profesyonellerinin bilgi ve uyum diizeyinin gugclendirilmesi
gerektigi belirtilmektedir(22).

Beslenme durumu, KF’de morbidite ve mortalite ile yakindan iliskili olup klinik izlemin temel
gostergelerindendir(23). Giincel Avrupa rehberleri, beslenme izlemi ve miidahalelerinin kanita
dayali ve bireysellestirilmis bigcimde planlanmasini 6nermekte; 6zellikle tuz destegi gibi bazi
alanlarda uygulama farkliliklarina dikkat cekmektedir(24, 25).

Yas ilerledikce KF’ye bagli diyabet, kemik mineral yogunlugu kaybi ve karaciger hastalig1 gibi
komplikasyonlarin siklig1 artabilmektedir(26). Bu nedenle diizenli ve yapilandirilmig tarama
programlari ile ¢ok disiplinli kliniklerde risk temelli izlem ve uygun branglara yonlendirme
sistemlerinin uygulanmasi, uzun donem morbiditenin azaltilmasi ve bakim kalitesinin
artirtlmasi agisindan 6nem tagimaktadir(14, 27).

3.AILE EGITIiMi
Kistik fibrozis (KF) yonetimi; inhalasyon tedavileri, hava yolu temizleme teknikleri, pankreatik
enzim kullanimi, yiiksek enerjili beslenme ve enfeksiyon kontrol dnlemleri gibi ¢ok sayida

giinliik uygulamay1 igermekte olup, bu durum aile egitiminin yalnizca bilgi aktarimiyla sinirh
olmamas1 gerektigini gostermektedir(28). Egitim programlart; teknik beceri kazandirmanin

88



TROIA 3RP INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 27 — 28, 2026 — CANAKKALE
ISBN NR: 978-625-5694-84-3

yan1 sira ginliik yasama entegrasyonu kolaylastirmayi, problem ¢6zme ve Oz-Yyeterlik
becerilerini gliglendirmeyi ve tedaviye yonelik motivasyonu artirmay1 hedeflemelidir(29, 30).

Oz-ydnetim modellerine iliskin ¢alismalar, bilgi artisinin tek basma davranis degisikligi icin
yeterli olmadigini; diizenli izlem, geri bildirim ve siirdiirtilebilirligi destekleyen yapilandirilmis
yaklasimlarin gerekli oldugunu ortaya koymaktadir(31, 32). Bu kapsamda gelistirilen
programlarin, aile ve ¢ocuklarin bilgi diizeyini artirdig1 ve tedaviye iliskin davraniglar: olumlu
yonde etkiledigi bildirilmekle birlikte, miidahale iceriklerinin ve uygulama ydntemlerinin
heterojenligi nedeniyle kanitlarin dikkatli degerlendirilmesi gerekmektedir(33, 34).

Tedaviye uyum biyuk 6lctde aile dinamiklerinden etkilenmektedir(35, 36). Zaman yonetimi
giicliikleri, aile i¢i catigmalar ve ergenlik doneminde ebeveyn katiliminin azalmasi gibi
faktorler uyumu olumsuz etkileyebilmektedir(37, 38). Bu nedenle aile egitimi; teknik
uygulamalarin ~ Ogretiminin  GStesinde, motivasyonel ve  davranigsal  stratejilerle
desteklenmelidir(39).

Egitimin siirdiiriilebilirligi agisindan kisa, tekrarli ve uygulamaya dayali oturumlar 6nerilmekte;
“teach-back” yoOntemi Ogrenmenin dogrulanmasinda etkili bir yaklasim olarak One
cikmaktadir(40). Ayrica ev rutini planlamasi, okul ile iletisim stratejileri ve giivenilir
yazili/dijital kaynaklara yonlendirme, aile egitiminin siirekliligini destekleyen ©Onemli
unsurlardir(28).

4. PSIKOSOSYAL DESTEK VE RUH SAGLIGI ENTEGRASYONU

Kistik fibrozis (KF), gocuk ve ailelerin yalnizca fiziksel degil, ruhsal iyilik halini de etkileyen
kronik bir hastaliktir(41). Calismalar, KF’li gocuklarda ve ebeveynlerde depresyon ve anksiyete
belirtilerinin genel popiilasyona gore daha yliksek olabilecegini; bu belirtilerin akciger
fonksiyonlari, beslenme durumu, tedaviye uyum ve yasam Kkalitesi ile iligkili oldugunu
gostermektedir(42). Bu nedenle ruh sagligi, KF bakimimnin temel bilesenlerinden biri olarak
degerlendirilmelidir(43).

Uluslararasi 6neriler dogrultusunda depresyon ve anksiyete taramalarimin rutin KF izlemlerine
entegre edilmesi ve gerekli durumlarda uygun yonlendirmelerin yapilmasi 6nerilmektedir(44,
45). Avrupa’daki uygulamalar da ruh saghigi degerlendirmelerinin ¢ok disiplinli ekip yaklagimi
icinde giderek daha sistematik bicimde ele alindigini gostermektedir(46, 47).

Ailelerin yasadig1 bakim yiikii ve stres goz Oniine alindiginda, erisilebilir psikolojik destek
modelleri 6nem tasimaktadir(32, 48, 49). Web-tabanli miidahaleler ve ¢ok aileli psiko-egitsel
programlar, bas etme becerilerini ve sosyal destegi gliclendirmeye yonelik uygulanabilir destek
stratejileri olarak 6ne ¢ikmaktadir(41, 50).

5. BAKIM SUNUM VE DESTEK MODELLERI

KF bakiminda uzmanlasmis merkezler, standartlastirilmis ve kaliteli hizmet sunumunun
temelini olusturmaktadir. Avrupa Kistik Fibrozis Dernegi ve Kistik Fibrozis Vakfi tarafindan
gelistirilen gergeve ve kilavuzlar(51); ekip yapilanmasini, kalite gostergelerini ve klinik bakim
standartlarini tanimlayarak bakimin siirekliligini ve gelistirilmesini desteklemektedir(52).
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Tele-saglik uygulamalari, 6zellikle 2020 sonrasi donemde KF bakimina entegre edilmis; ev
spirometrisi, boy-kilo 6lcimi ve oksijen satlirasyonu gibi parametrelerin uzaktan izlenmesi
rutin uygulamalar arasima girmistir(53, 54). Pediatrik KF’de tele-saglik modelleri; ekip igi
koordinasyon, uygun teknolojik altyapr ve aile deneyiminin dikkate alinmasinin &nemini
vurgulamakta, ancak klinik sonuglara etkisinin merkez ve uygulama o&zelliklerine gore
degisebilecegi bildirilmektedir(19, 55).

Cok disiplinli ekip icinde olgu yoneticisi roliniun tanimlanmasi, 6zellikle karmasik bakim
gereksinimleri olan hastalarda ve ¢cocukluktan eriskin bakima geg¢is siirecinde koordinasyonu
giiclendirmeyi amaglamaktadir(56). Artan sagkalim siiresi, planli ve yapilandirilmis bir gecis
sirecini zorunlu kilmakta; bu siire¢ egitim, 6z-yonetim becerilerinin gelistirilmesi, psikososyal
destek ve disiplinler arasi is birligini i¢eren biitlinciil bir yaklasim gerektirmektedir(57, 58).

Ayrica sosyal hizmet uzmanlari; tedaviye uyumun desteklenmesi, egitim silireglerinin
planlanmas1 ve sosyal haklara erisimin saglanmasi gibi alanlarda 6nemli rol iistlenerek KF
bakiminin sosyal ve ¢evresel boyutlarini giiglendirmektedir(59).

6. SONUC VE ONERILER

Kistik fibrozisli (KF) c¢ocuklarda etkin yonetim, standartlara dayali, ¢ok disiplinli ve aile
merkezli bir bakim modelini gerektirir. Giincel kanitlar; hava yolu temizleme teknikleri
enfeksiyon kontrolii, beslenme yonetimi ve ruh sagliginin birbirinden bagimsiz degil, biitlinciil
bir yaklagimla ele alinmasi gerektigini gostermektedir. Uzman merkezler tarafindan
yapilandirilmis bakim modelleri, klinik izlem ve ekip organizasyonu acisindan gii¢lii bir
cerceve sunmaktadir.

Bununla birlikte uygulamada bazi temel giigliikler dikkat ¢ekmektedir. Oncelikle, tedavi
yiikiiniin yiiksek olmasi 6zellikle ¢ocukluk ve ergenlik déneminde uyum sorunlarina yol
acabilmektedir. Bu nedenle yalnizca bilgi temelli egitim yeterli olmay1p; davranigsal stratejiler,
aile rutinlerinin yeniden yapilandirilmas1t ve motivasyonel yaklasimlar ile desteklenen
miidahalelere ihtiya¢ vardir.

Ikinci olarak, depresyon ve anksiyete taramasia ydnelik oneriler netlesmis olmakla birlikte,
uygulamanin siirekliligi ve merkezler aras1 standartlagsma degiskenlik gosterebilmektedir. Ruh
sagliginin diizenli tarama, uygun yonlendirme ve izlem siiregleriyle bakim modeline entegre
edilmesi 6nem tasimaktadir.

Uclincti olarak, tele-saglik ve uzaktan izlem uygulamalar1 bakim erisimini artirma potansiyeline
sahip olmakla birlikte, uzun donemli klinik sonuglara etkisinin daha gicli ve sistematik
calismalarla degerlendirilmesine gereksinim bulunmaktadir.

Bu ¢ercevede asagidaki uygulama Onerileri gelistirilebilir:

o Her ¢ocuk icin bireysellestirilmis bir hava yolu temizleme teknikleri plani
olusturulmal1 ve diizenli araliklarla etkinligi degerlendirilmelidir.
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o Enfeksiyon kontrol uygulamalari; klinik akis diizenlemeleri, aile egitimi ve izlem
mekanizmalari ile sistematik bigimde yiiriitiilmelidir.

e Beslenme yonetimi, giincel uluslararasi oneriler dogrultusunda biiyiime ve gelisme
gostergeleri temel alinarak planlanmalidir.

e Depresyon ve anksiyete taramasi, KF bakiminin rutin bir bileseni haline getirilmeli ve
gerekli durumlarda ruh sagligi hizmetlerine yonlendirme saglanmalidir.

o Tele-saglik ve ev temelli dlglimler, uygun hasta gruplarinda erisimi ve izlem sikligimn
artiracak sekilde yapilandirilmalidir.

o Ergenlik doneminde gecis programlari; 6z-yonetim becerilerinin kademeli olarak
cocuga devredildigi, ailenin roliiniin yeniden tanimlandig1 ve disiplinler aras1
koordinasyonun saglandigi bir modelle planlanmalidir.

Sonug olarak, ¢ocuklarda KF ydnetiminde siirdiiriilebilir basari; klinik standartlara uyumun
yani sira aile katilimini, ruh saghigini ve bakim koordinasyonunu kapsayan biitiinciil bir
yaklagimin benimsenmesine baglidir.
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ABSTRACT

Global climate change and rapid population growth threaten food security, forcing conventional
production models to undergo a necessary transformation towards sustainability. This study
takes a holistic approach to innovative technologies aimed at optimizing efficiency and
minimizing food safety risks in the food industry. In response to increasing protein demand,
edible insects, plant-based proteins, and mycoproteins, which have a lower environmental
burden and carbon footprint compared to animal production, are considered strong alternatives
in future nutrition strategies. Parallel to this change in raw material supply, processing and
logistics processes are also becoming digitized. 3D food printers enabling personalized
nutrition, robotic systems ensuring hygiene standardization in the production line, and drone
technologies accelerating delivery processes are concrete manifestations of Industry 4.0 in the
food sector. In terms of protecting consumer health, smart packaging technologies that track
the product's history and current status are prominent. Radio frequency identification (RFID),
biosensors, and time-temperature indicators (TTI) enable traceability of food from farm to fork,
allowing for the control of microbiological and chemical risks. Furthermore, biopolymer-based
edible films and coatings, enriched with antimicrobial properties and offering a solution to the
synthetic plastic waste problem, are increasingly gaining a share in the food industry as
environmentally friendly barrier technologies that extend shelf life. In this context, the hybrid
use of digitalization and biotechnological innovations with conventional methods will increase
resource efficiency on an industrial scale. Future projections foresee the creation of a proactive
management model to prevent food losses and ensure global food security with the widespread
adoption of these smart systems.

Keywords: Food safety, Smart packaging, Alternative proteins, Edible films, 3D food
printers.
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GIDA GUVENLIGINDE YENI NESIiL TEKNOLOJILER

OZET

Kiiresel iklim degisikligi ve hizli niifus artis1, gida giivencesini tehdit ederken, konvansiyonel
tiretim modellerini de siirdiiriilebilirlik ekseninde zorunlu bir doniisiime itmektedir. Bu
calismada, gida endiistrisinde verimliligi optimize etmeyi ve gida giivenligi risklerini minimize
etmeyi hedefleyen inovatif teknolojiler biitiinciil bir yaklasimla ele alinmaktadir. Artan protein
talebine karsilik, hayvansal iiretime kiyasla c¢evresel yiikii ve karbon ayak izi diisiik olan
yenilebilir bdocekler, bitkisel bazli proteinler ve mikoproteinler, gelecegin beslenme
stratejilerinde giiclii birer alternatif olarak degerlendirilmektedir. Hammadde tedarigindeki bu
degisime paralel olarak, isleme ve lojistik siirecleri de dijitallesmektedir. Kisisellestirilmis
beslenmeye imkan tantyan 3D gida yazicilari, liretim hattinda hijyen standardizasyonu saglayan
robotik sistemler ve teslimat siireglerini hizlandiran dron teknolojileri, Endiistri 4.0’1n gida
sektorlindeki somut yansimalar1 olarak karsimiza ¢ikmaktadir. Tiiketici sagliginin korunmasi
noktasinda ise iiriiniin tarihgesini ve anlik durumunu izleyen akilli ambalaj teknolojileri 6ne
cikmaktadir. Radyo frekansi ile tamimlama (RFID), biyosensorler ve zaman-sicaklik
indikatorleri (TTI) sayesinde, gidalarin tarladan ¢atala izlenebilirligi saglanarak mikrobiyolojik
ve kimyasal riskler kontrol altina alinabilmektedir. Ayrica, sentetik plastik atik sorununa ¢oziim
sunan ve antimikrobiyal ozelliklerle zenginlestirilen biyopolimer esashi yenilebilir film ve
kaplamalar, raf dmriinii uzatan ¢evre dostu bariyer teknolojileri olarak her gecen giin gida
endistrisinde payin arttirmaktadir. Bu baglamda, dijitallesme ve biyoteknolojik yeniliklerin
konvansiyonel yoOntemlerle hibrit kullanimi, endiistriyel Ol¢ekte kaynak verimliligini
artiracaktir. Gelecek projeksiyonlarinda, bu akilli sistemlerin yayginlasmasiyla birlikte gida
kayiplarinin 6nlenmesi ve kiiresel gida gilivencesinin temini adina proaktif bir yonetim
modelinin olusturulmasi 6ngoriilmektedir.

Anahtar Kelimeler: Gida giivenligi, Akilli ambalajlar, Alternatif proteinler, Yenilebilir
filmler, 3D gida yazicilar1.
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ABSTRACT

Aim of forestry is to produce the highest quality and quantity wood and non-wood products per
hectare based on balancing of supply and demand, and sustainable forestry. The products of
forestry could also include unmeasurable such as erosion control, water quality, landscape and
air quality. Genetic parameters play important roles to increase in quality and quantity of the
products, and to reach to unmeasurable products’ purpose in plant genetic-breeding and other
forestry practices such as forest tending. Some genetic parameters estimated in plant science
such as heritability, genetic diversity, genetic gain, genetic correlation, fertility variation and
effective population size were discussed based on published papers to contribute genetic-
breeding and other forestry practices in this review paper. For instance, genetic diversity is used
in selection of gene conservation and seed collection areas, while fertility variation and effective
population size are used in establishment, selection and management of seed sources.

Key Words: Breeding, genetic, correlation, diversity, heritability.
1. INTRODUCTION

Forestry practices aim to produce the highest quality and quantity wood, non-wood products,
and also for unmeasurable (i.e., erosion control, water quality, landscape and air quality) serves
per hectare based on balancing of supply and demand, and depend on sustainable forestry.
Genetic parameters estimated by various software are important tools to be increased or reached
to these products. They are also environmental friendly contributors to these products and
sustainable forestry. Quantitative and molecular genetics are including many genetic
parameters in plant science, as well as forest genetics. Parameters of quantitative genetics are
mainly estimated by progeny test based on genetic and/or environmental variations (Figure 1).
Forest tree breeders establish progeny tests primarily to predict breeding values and related
parameters of parents based on the performance of their offspring. The breeder then ranks
parents according to their predicted breeding values to make selections. Progeny tests are
generally replicated over a number of years and planting locations with the objective of
sampling a wide range of environmental conditions. Because of large numbers of parents being
evaluated, economic incentives to establish tests quickly, differential survival, etc. there is often
a great deal of unbalance across all progeny tests in forest tree breeding programs [1]. Progeny
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test is also defined shortly as “often a test established to compare the offspring of different
parents for the purpose of evaluating the breeding value of the parents. However, progeny tests
can often be used for other purposes also and it would be more accurate to call those which
mainly head at ranking parents for parental ranking test or selection of parent trees based on the
performance of their progeny by Kang and Bilir [2].

Figure 1. A progeny trial of Brutian pine.

Some quantitative genetic parameters estimated in plant science such as heritability, genetic
diversity, genetic gain, genetic correlation, fertility variation and effective population size are
discussed based on published papers to contribute genetic-breeding and other forestry practices
in this review paper.

2. SOME GENETIC PARAMETERS

It can be said that main source of genetic parameters are genetic and phenotypic/environmental
variations, and variance components. They are estimated with Analyses of Variance (ANOVA)
or Multiple Analyses of Variance (MANOVA) by various software [i.e., 3,4]. An example from
Ozbey and Bilir [5] of MANOVA model can be as:

Yi,-k=ﬂ+Pi+Sj+P(S)i(j)+eijk (1)

99



TROIA 3RP INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 27 — 28, 2026 — CANAKKALE
ISBN NR: 978-625-5694-84-3

Where Yij« is the observation from the k" tree of i'" block/replicate of j™ provenance, 1 is overall
mean, P; is the effect of the i block, S;j is the effect of j' provenance, P(S)ij) is the effect of
interaction between block and provenance, eij is random error.

2.1. Heritability
Broad-sense heritability (H?) is estimated as [3,6]:

2
2 O,
H® =—— @)

2 2
o: +0o,
Where o°c is the variance among clones, o is the variance within clone.

Individual (narrow sense) heritability (hi?) is estimated as [7,8]:

2 2
_On_Kor

h? =
' ot ol )

Where o2 is the additive genetic variance, ¢ is the genetic variance of families, o¢ is the
phenotypic variance, k is the covariance coefficient between half-sibs.

Heritability (~ repeatability) is estimated to be between 0 and 1. It could be used for mass and
individual selection of plants for heritable characteristics. Heritable characteristics can be used
to produce the highest quality and quantity wood and non-wood products together with
establishing resistance plantation to biotic and abiotic damages (i.e., insect damages, arid or
semi-arid areas) or selection of mother trees in natural regeneration.

2.2. Genetic gain

Genetic gain is in a narrow sense the genetic change achieved for a specific trait by artificial
selection. Gain is dependent on selection intensity, genetic variation and heritability. Gain can
be seen as the average genetic value of an improved population compared to that of the initial
population. Genetic gain ( AG %) is estimated as [9]:

_ (IDg - ID,)
G=—=2—"22x100 @

K

where IDs s the average of breeding value estimated by BLUP (Best Linear Unbiased
Prediction) of the highest families, 1Dk is the breeding value of the control material, and

MID, s the absolute breeding value of the control material. The parameter can provide an
additional increase in quality and quantity of forest products by intensive selection practices.

2.3. Genetic correlation
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Significant (p<0.05) genetic correlation between or among characteristics plays important roles
such as easy and cheap selection to be increased in forest products by interactions of the
characteristics. Genetic correlation (rq) between the characteristics is estimated as [3,6]:

P COVi,y)
9= 5
\/02f<x>\/02f(y) ©)
Where COV, () 1S the genetic covariance between traits x and vy, sz(x) and O'zf(y) are the

additive genetic variances of traits x and y, respectively.

2.4. Genetic diversity

Genetic diversity, is the genetic variation present in a population or species different from
biodiversity, may be given more specific meanings or be assigned quantitative values in
somewhat different ways, the most obvious one is "expected heterozygosity", cf gene diversity
(Kang-Bilir, 2021). Genetic diversity ensures that forest trees can survive, adapt and evolve
under changing environmental conditions. It is vital to maintain the vitality of forests and to
cope with pests and diseases. Despite their fundamental importance, forest genetic resources
are under threat [10]. The parameter estimated also by molecular genetics serves to better
selection and sustainability of species and biodiversity, practices of tree genetics and breeding
such as identification of gene conservation areas.

2.5. Fertility variation and effective population size

Fertility is an individual’s ability to give progeny (cf. reproductive success), while effective
population size (effective number) can be defined as from some aspect a population could be
characterized by the corresponding size of an ideal population with the same characteristic [2].

Fertility variation occurs, not only among seed parents, but also among pollen parents. Thus,
the sibling coefficient for parental fertility can be divided into female () and male (wm) parents
as [2,11]:

v, =N3> f2=CV2+1 w_ =N>m?=CVZ?+1
i=1 i=1

and (6 aand b)

Where CV;and CVn are the coefficients of variation in female and male fertilities, respectively.

Sibling coefficient (V) is defined and estimated directly from observations as the sum of
squared parental contributions multiplied by the census number (N). Expected fertility of an
individual is an average of maternal and paternal fertilities as follow [2,11]:

fitm;)2
¥ =N p? = NI, (22 ()

The sibling coefficient (W) expresses how fertility varies among parents as the increase in the
probability that sibs occur compared to the ideal situation where parents have equal fertility.
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The sibling coefficient cannot be smaller than one. If ¥ = 1, all individuals have the same
fertility. Fertility differences among population members can also be described by the
coefficient of variation (CV) in fertility as: ¥ = CV? + 1 (8)

The effective number of parents were calculated based on the fertility variations and the census

number (N) as [12]:

D = ©

The effective number of parents (Np) is also related to gene diversity (GD) as [13,14]:

Gp =28 (10)

Np

3. CONCLUSIONS

The parameters and others which are environmental friendly should be used intensively in
forestry practices to be increased quality and quantity of the products, and serves. However,
they can be discussed for natural structure of forests.
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ABSTRACT

Seed orchard is one of the most important seed source together with seed stand and seed
plantation for various practices such as conversion of unproductive forest (i.e., 9.6 million ha
in Turkiye) to productive forest (i.e., 13.8 million ha in Turkiye) in forest science. Improved
genetically and morphological seeds are produced from the seed orchards established with
vegetative materials of superior trees selected genotypic or phenotypic. The seeds play
important roles in biological and economical successful of forestry practices. Turkiye has 189
seed orchards established at 1485.7 ha of 12 species. They are mainly in Brutian pine (Pinus
brutia Ten., 84 seed orchards at 689.8 ha), Black pine (Pinus nigra Arnold., 54 orchards at
483.7 ha), Scots pine (Pinus sylvestris L., 21 orchards at 113.0 ha), Oriental spruce (Picea
orientalis (L.) Link., 9 orchards at 34.9 ha) Taurus cedar (Cedrus libani A. Rich., 7 orchards at
46.4 ha), and Stone pine (Pinus pinea L., 7 orchards at 93.6 ha). However, there could be large
differences for area and number of clones, among species or among orchards within species in
establishment of seed orchards. Importance, establishment and management strategies of seed
orchards are discussed in this review paper.

Key Words: Clone, plantation, ramet, seed.
3. INTRODUCTION

Seed orchard, seed stand and seed plantations are main seed sources in forestry. While, seed
stands are selected phenotypically (i.e., branch number, tree height, diameter at breast height,
stem straight) [1] from natural forests (Figure 1), seed orchards and seed plantations are
established by vegetative (clonal seed orchards) and generative (seed plantation) materials
collected from superior trees (Figure 1). Seed orchards and seed plantations are established for
slow and fast growing species based on by vegetative and generative materials collected from
superior trees, respectively (Figure 1). The seed sources produce to seeds improved genetically
to contribute economic and biological success of forestry practices. They have also many
advantages such as easy and cheap seed harvest together with improved seeds [2], and also a
link between tree breeding and plantation forestry [3]. Seed orchards are also defined, a seed
orchard is an area where seeds are mass-produced to increase the genetic quality as quickly and
inexpensively as possible [4]. In another definition, seed orchards have been established with
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selected superior trees to produce that are physiologically and genetically better seeds than
those obtainable from natural stands [5]. Seed orchards have been established with clones or
seedlings, collected from plus trees selected phenotypically from natural stands (Figure 1) or
plantations [6]. In the last definition, seed orchard is a plantation of assumed superior genotypes
established for the production of tree seeds. Typical, it is clones or seedlings from selected trees,
isolated to reduce pollination from outside sources, even ground and wide spacing to facilitate
cone harvest, and managed for early, easily accessible and abundant seed production [2].
However, there are large variations for area and number of clones, among species or among
orchards within species in various countries in establishment of seed orchards [i.e.,7,8,9].

Shot on GiIT? 27

Figure 1. A seed stand of Black pine.

Importance, establishment and management strategies of clonal seed orchards for forestry
practices are discussed based on observation, experience of the author and search of published
papers, in this review paper.

4. SEED ORCHARDS

Seed orchards are artificial areas where produce improved seeds. They are established with
vegetative (clonal seed orchards) or generative (seed plantation) materials of superior trees
(Figures 2 and 3) selected from natural forests. Generally, 30 superior trees of a single seed
stand are used in establishment of each clonal seed orchard in Turkish forestry [2,6]. However,
there are large variations for established area and number of clones, among species or among
orchards within species in various countries in seed orchards [i.e.,7,8,9]. For instance, large
differences were reported for area, number of clones and number of ramets among clones and
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among orchards in clonal seed orchards of Taurus cedar [9] and Scots pine in Tlrkiye [8] or in
other forest tree species in various countries [7].

Shoton G 27 Shot on GIT? 27

Figure 2. Some superior trees from seed stands of Black pine.

Figure 3. A seed orchard of Black pine.
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There are 189 clonal seed orchards established at 1485.7 ha of 12 species in Tlrkiye [10]. Some
details of the seed orchards are given in Table 1. The number and amount of the orchards can
be related to size of natural distribution of the species [11], balancing of seed supply and
demand, commercial importance of wood and non-wood products of the species.

Table 1. Some details of the seed orchards.

Species Number Area (ha)

of orchards Total Average
Brutian pine Pinus brutia 84 689.8 8.2
Black pine Pinus nigra 54 483.7 9.0
Scots pine Pinus sylvestris 21 113.0 54
Oriental spruce Picea orientalis 9 34.9 3.9
Taurus cedar Cedrus libani 7 46.4 6.6
Stone pine Pinus pinea 7 93.6 134
Aleppo pine Pinus halepensis 2 9.5 4.8
The wild service tree Sorbus torminalis 1 4.2 4.2
Maritime pine Pinus pinaster 1 3.3 3.3
Sweetgum tree Liquidambar orientalis 1 3.1 3.1
Jujuba Ziziphus jujuba 1 3.1 3.1
Phoenician juniper Juniperus phoenicea 1 1.1 1.1
Total 189 1485.7 7.9

As seen from Table 1, there are large variation among seed orchards for average of
establishment area. It can be also said for among orchards within species [10]. But, it is known
that 15-30 clones [2,6,12] are enough in forest tree species to transmit present gene diversity in
seed crop to next generation by forestry practices.

3. CONCLUSIONS

Number of clones and ramets within clone should be balanced for low establishment cost, easy
and cheap management practices of seed orchards.
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OZET

Peyzaj mimarlig1 egitimi, tasarim diislincesini merkeze alan ve kuramsal bilgi ile stiidyo
pratigini biitiinlestiren bir 6grenme siirecidir. Tasarim, yalnizca fiziksel bir {iriin ortaya koyma
eylemi degil; problem tanimlama, yorumlama, kavramsallastirma ve mekansal karar {iretme
asamalarini iceren ¢ok katmanli bir siirectir. Bu slirecte dgrencinin esin kaynaklarini nasil
sectigi, yorumladigr ve tasarim kararlarina nasil doniistiirdiigli, ortaya ¢ikan {iriiniin
Ozgiinliigiinii belirleyen temel unsurlardandir. Bu c¢alisma, Bingdl Universitesi Peyzaj
Mimarhigr Béliimii’nde 2024-2025 Egitim-Ogretim Yili bahar doneminde yiiriitiilen Peyzaj
Tasarim II dersi kapsaminda gergeklestirilen stiidyo ¢aligmalarini ele almaktadir. Calismada,
ogrencilerin proje paftalar1 degerlendirilmistir. Arastirmanin amaci, 68rencilerin konut ¢evresi
tasarimi problemine yonelik gelistirdikleri 6zgiin tasarim senaryolarini; kavramsal yaklasim,
mekansal kurgu ve tasarim dili baglaminda incelemektir. Bulgular, &grencilerin tasarim
stirecinde kiiltiirel, dogal ve yerel referanslardan beslenerek kisisel yorumlarini mekana
aktardiklarini1 gostermektedir. Esin kaynaklarinin, 6zellikle konseptin olusumunda ve tasarimin
biitiinciil kurgusunda belirleyici oldugu; bu durumun projeler arasinda belirgin bir ¢esitlilik ve
Ozglinliik yarattig1 tespit edilmistir. Yerel baglamin bilingli bicimde tasarim siirecine dahil
edilmesi, yalnizca estetik degil, anlam iiretimi agisindan da tasarimin niteligini artirmaktadir.
Calismanin, peyzaj mimarlig1 tasarim egitiminde siire¢ odakli degerlendirme yaklagimlarina
katki sunmasi1 beklenmektedir.

Anahtar Kelimeler: Peyzaj mimarlig1 egitimi, tasarim siireci, konsept gelistirme, konut ¢evresi

tasarimi.
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ABSTRACT

Landscape architecture education is a learning process that places design thinking at its core
and integrates theoretical knowledge with studio practice. Design is not merely the act of
producing a physical outcome; rather, it is a multi-layered process that involves problem
definition, interpretation, conceptualization, and spatial decision-making. In this process, how
students select, interpret, and transform their sources of inspiration into design decisions
constitutes one of the key factors determining the originality of the final product. This study
examines the studio works carried out within the scope of the Landscape Design Il course
conducted in the spring semester of the 2024-2025 academic year at the Department of
Landscape Architecture, Bing6l University. Within the study, students’ project boards were
evaluated. The aim of the research is to analyze the original design scenarios developed by
students in response to a residential landscape design problem, in terms of conceptual approach,
spatial organization, and design language. The findings indicate that students drew upon
cultural, natural, and local references during the design process and translated their personal
interpretations into spatial solutions. Sources of inspiration were found to be particularly
influential in the formation of the concept and in establishing a holistic design framework,
resulting in notable diversity and originality among the projects. The conscious integration of
local context into the design process enhances not only the aesthetic quality but also the
production of meaning within the projects. The study is expected to contribute to process-
oriented evaluation approaches in landscape architecture design education.

Keywords: Landscape architecture education, design process, concept development,

residential environment design.
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1. GIRIS

Peyzaj mimarligi, tasarim stiidyolar1 ile bu stiidyolar1 kuramsal agidan destekleyen derslerin
birlikte yiiriitiildiigii bir akademik disiplindir. Giiniimiizde pek ¢cok meslek alaninda yenilik¢i
tiretimlerin temelinde tasarim diisiincesi yer almaktadir. Tasarim, belirli bir probleme y6nelik
¢Oziim gelistirmeyi amaglayan sistematik bir karar liretme siireci olarak tanimlanabilir. Diger
bir ifadeyle tasarim, herhangi bir olaya ya da gereksinime yonelik planlama ve uygulama
asamalarina zemin hazirlayan kurgulama ve hazirlik siirecinin buttinidur (Newel ve Simon,
1972). Tasarim siireci, tasarimcinin karsilastigi bir problem durumuna iliskin diigiinsel ve
algisal degerlendirmelerini sozel ya da gorsel ifadeler aracilifiyla ortaya koymasiyla baslar.
Sureg ilerledikge, elde edilen veriler, analizler ve ge¢mis deneyimlerden beslenen ¢ok katmanli
bir degerlendirme asamasi devreye girer. Bu dinamik ve yogun firetim siireci, farkl
alternatiflerin sinanmasi ve gelistirilmesiyle olgunlasarak ¢6ziim Onerisinin bigimlenmesiyle
sonuglanir (Vries, 1994). Steinitz (1990)’e gore peyzaj mimarlig1 tasarim siireci estetik, algisal,
ekolojik, tarihsel ve dogal yapidan olugmaktadir (Bayramoglu vd., 2019).

Tasarim ¢ogu zaman somut bir iiriinle goriiniir hale gelse de, bu iiriine ulasmay1 saglayan
diisiinsel stirecin soyut niteligi goz ardi edilemez. Bu nedenle tasarim egitiminde odak noktasi,
ortaya ¢ikacak sonucun kendisinden ziyade, sonuca ulagmayir miimkiin kilan siirecin nasil
kurgulandig1 olmalidir. Tasarim siirecinde gelisen yaraticilik ise biligsel temelli bir yapiya
sahiptir; sorgulama, iiretme ve kesfetme asamalarini igeren ¢ok yonlii bir zihinsel etkinlik
olarak sekillenir (Smith vd., 1995). Yaratici siirecin sonucu ortaya konulan tasarim siireci
tasarim eyleminin ayrilmaz pargasi olan “bilgi-tasarimcinin yorumu-yorumun ifade edilme
bicimi” boyutlarindaki etkilesim arasindaki baglantilari kurma eylemidir (Kahvecioglu, 2001).
Yaratici tasarimlar yapmanin en uygun zamani ise egitim siireci donemindedir. Ciinkii 6grenci
arastirmaya yeni fikirler ortaya koyma agisindan farkli teorilerden yardim alabilir (Bayramoglu
vd., 2019). Mimarlik, peyzaj mimarligi, sehir ve bolge planlama, i¢ mimarlik ile endiistriyel
tasarim gibi tasarim temelli disiplinlerde, siirecin baslangicinda belirlenecek konseptin ve bu
konsepte dayali olarak gelistirilen hayal giicli odakli mekansal kurgularin nasil aktarilacagi ve
Ogretilecegi onemli bir pedagojik tartisma alani olusturmaktadir (Casakin, 2007). Peyzaj
mimarligr egitimi llkelere, c¢alisilan konulara, iiniversitelere ve fakiiltelere bagli olarak
cesitlilik gostermektedir (Guzel ve Kaya, 2020).

Peyzaj mimarlig1 insanlarin istek ve ihtiyaglarina yonelik agik alanlarda mekén yaratan sanat
ve bilimi sentezleyerek yaratici ve 6zgiin bir disiplindir (Diizenli ve Alpak, 2016). Peyzaj
Mimarlig: disiplini, farkli alanlara ait kavram ve yaklasimlari bir araya getiren ¢ok katmanli bir
yapiya sahip oldugundan, egitim siirecinde ¢esitli sistem ve bilesenlerin biitlinciil bir anlayisla
iligkilendirilmesi gerekmektedir. Bu dogrultuda ogrencilerden, tasarim siirecinin farkl
asamalarin1 entegre ederek amag¢ ve baglama uygun, yaratici ¢oziimler gelistirmeleri
beklenmektedir. Tasarim stiidyolar1 ise kuramsal bilgiyi uygulamayla bulusturan, elestirel
diistinmeyi tesvik eden ve yaratict tiretimi destekleyen temel 6grenme ortamlari olarak bu
siirecin tamamlayic1 unsurunu olusturmaktadir (Ozkan vd., 2016).

Cevrenin en iyi ne sekilde kullanilacagi konusunda ipuglar1 veren ve yol gdsteren peyzaj
tasariminda temel hedef peyzajlar1 ve mekanlari olusturma ve degistirme baglaminda; ekolojik,
teknik, sanatsal ve estetik kriterler goz Oniline alinarak fiziksel stratejiler ve bigimler
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olusturmak, bitkisel tasarim ile insan ve ¢evresi arasinda siirdiiriilebilir alisverisi temin etmektir
(Dong, 2009). Peyzaj tasarimu siirecinin baslangig evresini, problematik bir durumun kabulii ve
buna bir ¢dziim bulma kararlilig1 olusturmaktadir (Ching, 2002).

Bingdl Universitesi Peyzaj Mimarligi Boliimii’nde uygulamali stiidyo dersleri, dgretim
elemanlar1 ile Ogrenciler arasinda birebir etkilesime dayali olarak yirutilmektedir. Bu
calismada, 2024-2025 Egitim-Ogretim Y1l1 bahar déneminde Peyzaj Mimarlig1 Boliimii 2. sinif
miifredatinda yer alan zorunlu Peyzaj Tasarim II dersi kapsaminda yiriitiilen tasarim egitimi
ele alinmistir. Ders kapsaminda 6grencilerin bir donem boyunca gelistirdikleri tasarim
projelerinin siire¢ asamalar1 ve ortaya ¢ikan nihai tirtinleri incelenmis ve degerlendirilmistir.
Proje calismasinda tasarim alani olarak konut ¢evresi se¢ilmis olup, 6grenciler bu baglamda
konut peyzajina yonelik tasarim Onerileri gelistirmistir. Bu ¢alisma kapsaminda, belirlenen
tasarim problemi dogrultusunda ogrencilerin gelistirdikleri 6zgilin tasarim senaryolar1 ele
alinmigtir. Ogrencilerin senaryo olusturma siirecinde hangi kaynaklardan esinlendikleri, bu esin
kaynaklarini nasil yorumladiklar1 ve tasarim kararlarina nasil yansittiklari incelenmistir.
Ozellikle esin kaynaklarinin konsept olusumu, mekansal kurgu ve tasarim dili iizerindeki
etkileri degerlendirilmistir.

2. MATERYAL VE YONTEM

2.1. Materyal
Bu galigmanin ana materyalini, Bing6l Universitesi Ziraat Fakiiltesi Peyzaj Mimarlig1 Boliimii
2. smifinda 2024-2025 bahar yariyilinda yiiriitiilen Peyzaj Tasarimi II dersi kapsaminda
gerceklestirilen ¢evrimici stiidyo calismalar1 olusturmaktadir. Ders haftada 3 saat teorik ve 2
saat uygulama olmak iizere toplam 5 saat yiiriitiilmekte olup 6 AKTS kredisine sahiptir. ikinci
sinif tasarim stiidyosu kapsaminda ele alian proje c¢alismalari; alan analizleri, konsept
gelistirme ve tasarim asamalarini igermektedir. Ogrenciler, belirlenen proje alaninin fiziksel ve
ekolojik 6zellikleri dogrultusunda siirdiiriilebilir alan kullanim yaklagimi temelinde fikir projesi
gelistirmistir. Calisma kapsaminda iiretilen tasarim Onerileri arastirmanin temel inceleme
materyalini olusturmaktadir.
2.2.YOntem

Bu arastirma, nitel arastirma yaklasimi ¢ercevesinde kurgulanmis olup dokiiman incelemesine
dayanmaktadir. Calismanin arastirma grubunu, Bingdl Universitesi Ziraat Fakiiltesi Peyzaj
Mimarhigi Béliimii 2024-2025 Egitim-Ogretim Yili bahar déneminde yiiriitiilen Peyzaj
Tasarimu II dersi kapsaminda konut gevresi tasarimi problemine yonelik proje gelistiren ikinci
sinif 6grencileri olusturmaktadir. Arastirma verileri, 6grenci paftalarindan elde edilmistir. Bu
dokiimanlar, 6grencilerin tasarim siirecinde yararlandiklar1 esin kaynaklarin, gelistirdikleri
kavramsal ¢erceveyi ve mekansal kararlarini ortaya koyan temel veri setini olusturmustur.
Arastirmada etik ilkelere uygun hareket edilmis, 6grencilerin kimlik bilgileri gizli tutulmus ve
degerlendirme yalnizca tasarim {iriinleri izerinden gerceklestirilmistir. Bu dogrultuda ¢alisma,
tasarim silirecinde esin kaynaklarinin  6zgilinliik {iretimine katkisin1 ortaya koymay1
amagclamaktadir.
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3.BULGULAR
3.1. Kavramsal Yaklasim Odakli Bulgular

Ogrenci projelerinin incelenmesi sonucunda, tasarim stirecinin giclii bir kavramsal cergeve
tizerinden yapilandirildigr goriilmiistiir. Konut ¢evresi tasarim problemine yonelik gelistirilen
senaryolarda, 6grencilerin oncelikle bir ana fikir belirledikleri ve mekansal kararlarini bu fikir
dogrultusunda sekillendirdikleri tespit edilmistir. Kavramin yalnizca sozel bir ifade olarak
kalmadigi; form, mekansal organizasyon, donati se¢imi ve bitkisel tasarim kararlariyla biitiinciil
bicimde desteklendigi gozlemlenmistir. Bu durum, tasarim siirecinde kavramin yonlendirici bir
arac olarak etkin bigimde kullanildigin1 gostermektedir.

Gorsel 1°de siirdiiriilebilirlik kavrami temel alinmistir. Cevresel duyarlilik ve ekolojik dongi
prensipleri tasarimin ana belirleyicisidir. Konut ¢evresi, yalnizca rekreatif bir acik alan olarak
degil; enerji liretimi, su yonetimi ve gida iiretimini destekleyen biitlinciil bir yasam peyzaji
olarak kurgulanmistir. Bu dogrultuda riizgar ve giines enerjisi panelleriyle desteklenen
dinlenme alan1 tasarlanmis; kullanic1 konforu ile yenilenebilir enerji {liretimi ayni1 mekansal
¢Oziim igerisinde birlestirilmistir. Yagmur suyu toplama sistemi ve yagmur bahgesi
uygulamalariyla yiizey akisinin kontrol altina alinmasi ve suyun yeniden kullanimi
hedeflenmis; biyolojik golet araciligiyla mikroklimatik etki ve ekolojik cesitlilik artirilmastir.
Ayrica permakiiltiir bahgesi Onerisiyle iretim—tiiketim dengesi gozetilmis, kullanicilarin
dogayla etkilesimini gii¢lendiren katilimci bir agik alan senaryosu gelistirilmistir.

Bu kapsamda gelistirilen mekansal kararlar; alanin ekolojik, estetik ve sosyal performansinin
birlikte degerlendirilmesine (Meral vd., 2025) olanak tanimis, siirdiiriilebilirlik kavraminin
yalnizca tematik bir sdylem olarak degil, islevsel, mekansal ve ekolojik karsilig1r olan somut
tasarim stratejileriyle desteklendigini ortaya koymustur.

Gorsel 1. Siirdiiriilebilirlik konsepti dogrultusunda gelistirilen tasarim onerisi
3.2. Mekansal Kurguya iligskin Bulgular

Projelerde mekénsal organizasyonun, belirlenen senaryoya paralel olarak gelistigi tespit
edilmistir. Bazi projelerde merkezi bir odak etrafinda biitiinlesen kompakt ¢éziimler tiretilirken,
bazi projelerde lineer ya da parcalt mekansal kurgu tercih edilmistir. Bu ¢esitlilik, 6grencilerin
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tasarim problemine tek tip bir ¢Ozliim iiretmek yerine, farkli mekansal stratejiler
gelistirebildiklerini ortaya koymaktadir.

Alanin suya yakinlhig1 etkinlik baglaminda cesitlilik saglamaktadir (Meral vd., 2026). Bu
baglamda 6grenciler, su 6gesini tasarimin etkin bir bileseni olarak ele almis; su yiizeyi ve kiy1
hattinda gerceklestirilebilecek farkli etkinliklere yonelik mekansal oneriler gelistirmistir.
Gorsel 2°de Ogrenci acik alan organizasyonunu, ana toplanma mekani olarak tanimlanan
merkezi odak etrafinda sekillendirmis; dolagim akslar1 bu odaga yonelerek mekansal biitiinliik
saglamistir. Fonksiyon alanlar1 merkezden ¢evreye dogru hiyerarsik bicimde dagitilmis, sert ve
yumusak zemin kullanimi ile bitkisel diizenlemeler bu organizasyonu desteklemistir. Bu
yaklagim, mekansal siireklilik ve kullanicinin yonlendirilmesi agisindan giiglii bir kurgu ortaya
koyarken, siirl alan igerisinde etkin ve okunabilir bir plan semas1 olusturulmasini saglamistir.

£ ol
Gorsel 2. Merkezi bir odak etrafinda kurgulanan kompakt tasarim ¢éziimii

Gorsel 3’°te 6grenci agik alan organizasyonunu, tek bir merkez yerine birbirinden yar1 bagimsiz
alt mekanlar araciligiyla kurgulamistir. Fonksiyon alanlari, belirli kullanim senaryolarina gore
parcali bigcimde dagitilmis; bu alanlar bitkisel sinirlar, zemin farklilasmalartyla tanimlanmistir.
Mekanlar arasinda hem fiziksel hem gorsel gecirgenlik saglanarak kopukluk yerine kontrollii
bir biitiinliikk olusturulmustur. Bu yaklasim, kullaniciya farkli deneyim odaklari sunarken alan
icinde cesitlilik ve esneklik kazandirmistir.

Gorsel 3. i;zirg:all mekansal kurguya sahip tasarim onerisi
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3.3. Tasarim Dili ve Bigimsel Kararlara iliskin Bulgular

Bitkisel tasarim kararlarinda yerel tiir kullanimima yonelim oldugu belirlenmistir. Bitki
seciminin yalnizca estetik degil; golgeleme, sinir olusturma ve mekansal tanimlama gibi
islevsel kriterler dogrultusunda yapildigi goriilmektedir. Bu durum, tasarim kararlariin
yalnizca gorsel etki iizerinden degil, performans ve siirdiirtilebilirlik kriterleri gercevesinde
degerlendirildigini gostermektedir.

3.4. Yerel ve Kiiltiirel Referanslara Iliskin Bulgular

Baz1 projelerde kiiltlirel referanslarin dogrudan metaforik anlatimlar araciligiyla tasarima
aktarildig1 belirlenmistir. Geleneksel motiflerden, yerel dogal peyzaj karakterinden veya
bolgesel kimlik 6gelerinden esinlenildigi; bu referanslarin soyutlanarak mekénsal kurguya
entegre edildigi tespit edilmistir. Bu yaklagim, tasarimin yalnizca fiziksel degil, anlamsal bir
derinlik kazanmasini saglamaktadir.

Gorsel 4’te Karadeniz bolgesini temsilen dalga formu hem mekéansal organizasyonun temel
belirleyicisi hem de etkinlik alanlarinin kurgulanmasinda ydnlendirici bir unsur olarak ele
alimmustir. Sert ve yumusak zemin gegisleri, kivrimli dolagim akslar1 ve bitkisel diizenlemeler
dalga hareketini yansitan siireklilik anlayisiyla tasarlanmistir. Konsept yalnizca bigimsel bir
ifade olarak kalmayip mekansal deneyimi tanimlayan bir tasarim stratejisine dontigmiistiir.

Gorsel 4.“Dalga” konsepti dogrultusunda gelistirilen tasarim onerisi

Gorsel 5’te 6grenci mekansal kurguda, mercan ekosisteminin ¢ok katmanli ve dallanip budaklanan
yapisindan esinlenerek tasarim onerisini gelistirmistir. Alan i¢erisinde 6nerilen deniz ¢igegi temali odak
mekan, mercan tarlasi gezisi rotasi, dogal akvaryum alan1 ve deniz mercani kesif noktas1 gibi etkinlik
birimleri, konseptin hem bigcimsel hem de islevsel yansimalari olarak kurgulanmustir.
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Gorsel 5. “Mercan” konsepti dogrultusunda gelistirilen tasarim onerisi.

4. SONUC VE ONERILER

Ogrenciler tarafindan hazirlanan arazi yapisi diyagraminda belirlenen mekansal alt bolgeler ile
bu alanlara Onerilen rekreasyonel aktiviteler, uygun Olgek kararlari dogrultusunda
degerlendirilmis; islev—alan iligkisi gozetilerek kavramsal tasarim asamasima aktarilmistir
(Yalginalp ve Meral, 2018). Bu aktarim siireci, 6n proje, tasarim gelistirme ve detaylandirma
calismalarinin sistematik bir kurgu igerisinde ilerlemesine zemin hazirlamistir. Ogrencilerin
proje paftalar1 {izerinden yapilan degerlendirmelerde; kavramsal yaklasimin tasarimin
omurgasini olusturdugu, esin kaynaklarinin ise 6zellikle mekansal kurgu ve tasarim dili
lizerinde belirleyici rol oynadig1 tespit edilmistir. Ogrencilerin donem basinda kendi 6zgiin
konseptleri dogrultusunda bireysel 6rnek arastirmalari yapmalari, tasarim siirecini bilingli ve
analitik bir zemine tagimis; bu durum ortaya ¢ikan projelerin birbirinden farkli ve 6zgiin bir
karakter sergilemesini saglamistir. Yerel baglamin tasarim siirecine bilingli bigimde dahil
edilmesi, projelerde yalnizca estetik ¢esitlilik degil, ayn1 zamanda anlam katmanlarinin
olusmasina da katki sunmustur. Genel olarak degerlendirildiginde, 6grencilerin esin
kaynaklarin1 se¢cme, yorumlama ve mekansal kararlara doniistiirme becerilerinin gelistigi;
kavramsal yaklagim, mekansal kurgu ve tasarim dili arasinda kurulan iligkinin tasarimlarin
niteligini artirdig1 goriilmektedir. Sonuglar, tasarim egitiminde yalnizca sonug iiriine degil,
stirecin kendisine odaklanan bir stiidyo yaklagiminin 6nemini ortaya koymaktadir.

Peyzaj tasariminda,

- Konsept,

- Peyzaj icinde yer alacak sirkilasyon sistemi,

- Yesil ve mimari yap1 elemanlarinin se¢cimi ve konumlandirmasi,

- Estetik bir dengenin, saglanmasina oncelik verilmelidir (Cinar, 2008).

Peyzaj tasariminin yalnizca bigimsel arayislardan, geleneksel yaklasimlardan ya da gorsel
begeniye dayali tercihlerden ibaret olmadigi; tiim bu unsurlarin birim-biitiin iligkisi i¢inde
uyumlu bi¢imde ele alinmasini gerektiren kapsamli bir tasarim eylemi oldugu géz Oniinde
bulundurulmalidir. Bu nedenle tasarim kararlari, ekolojik ve siirdiiriilebilirlik ilkeleri
dogrultusunda sekillendirilmelidir. Zira peyzaj mimarliginda tasarimin temel bilesenlerinden
biri olan bitkisel materyal canli ve dinamik bir 6gedir; mevsimsel ve yillara bagli degisim

116



TROIA 3RP INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 27 — 28, 2026 — CANAKKALE
ISBN NR: 978-625-5694-84-3

gosteren gelisim siireglerinin tasarim asamasinda Ongoriilmesi gerekmektedir (Yasar ve
Diizgiines, 2013).

Sonug olarak g¢alisma, peyzaj mimarligi tasarim egitiminde 6grencilerin esin kaynaklarini
bilin¢li bigimde analiz etmeleri ve tasarim kararlarmma doniistiirmeleri yoniinde rehberlik
edilmesinin, daha 6zgiin ve nitelikli mekansal ¢ozlimler {iretilmesine katki sundugunu
gostermektedir. Bu baglamda; tasarim stiidyolarinda kavramsal tartismalarin giiclendirilmesi,
yerel baglam analizlerinin sistematik bigcimde siirece entegre edilmesi ve degerlendirme
Olclitlerinin yalnizca nihai {iriin yerine tasarim siirecini de kapsayacak sekilde yapilandirilmasi
onerilmektedir. Calismanin, peyzaj mimarlig1 egitiminde siire¢ temelli degerlendirme
yaklagimlarma ve 0zgiin tasarim iiretimine yoOnelik akademik tartismalara katki saglamasi
beklenmektedir.

Tasarim Stiidyolar: i¢in Cikarimlar

o Tasarim siirecinin baslangi¢ asamasinda 6grencilerin bireysel aragtirma yapmalari
tesvik edilmeli ve bu aragtirmalar stiidyo ici tartigsmalarla desteklenmelidir.

o Kavramsal gercevenin netlestirilmesi amaciyla erken asamada sézIii sunum ve elestiri
oturumlarina yer verilmelidir.

o Bitkisel ve yapisal tasarim kararlari es zamanli ele alinmali; mekansal kurgu yalnizca
sert zemin ve yap1 elemanlari tizerinden degil, bitkisel tasarim stratejileri iizerinden de
gelistirilmelidir.

e Yerel baglam analizleri yalnizca fiziksel verilerle sinirli kalmamali; kiiltiirel ve sosyal
referanslar da tasarim siirecine entegre edilmelidir.

o Degerlendirme o6lgiitleri; analiz, konsept gelistirme ve tasarim kararlarinin tutarliligin
kapsayacak bi¢imde siire¢ temelli olarak yapilandirilmalidir.

Gelecekteki Cahsmalar I¢in Oneriler

o Farkli tiniversitelerde yiiriitiilen tasarim stlidyolarinin karsilastirmali olarak
incelenmesi, tasarim pedagojisine iligkin daha genis 6l¢ekli ¢ikarimlar yapilmasina
katk1 saglayabilir.

« Ogrencilerin tasarim siirecindeki diisiinsel gelisimini izlemeye yonelik uzunlamasina
caligmalar yapilabilir.

e Esin kaynaklarinin tasarim 6zgiinliigii iizerindeki etkisini 6l¢gmeye yonelik deneysel ya
da yar1 deneysel arastirma modelleri olusturulabilir.
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ABSTRACT

In recent years, water pollution has become an increasingly significant global issue. This
problem poses a direct threat to both human health and ecosystems, making access to clean
water more difficult. Therefore, wastewater treatment has become one of the most widely
studied research areas. Biosorption and adsorption processes offer simple, safe, and efficient
solutions. In this study, the biosorption behavior of white cabbage, an important agricultural
product, was investigated. The biosorption process was optimized using white cabbage as a
biosorbent for the removal of Titan Yellow (TY), an anionic dye, from wastewater. The effects
of pH, biosorbent dosage, and mixing speed on the process were examined. At 200 rpm, pH 1,
and a biosorbent dosage of 5 g/L, the highest biosorption efficiency, exceeding 80%, was
achieved. The biosorption mechanism and its characteristics were evaluated through isotherm,
kinetic, and thermodynamic analyses. The results indicated that chemisorption occurred
between white cabbage and TY, and that the process was exothermic and spontaneous. The
structure of the biosorbent was characterized using Scanning Electron Microscopy (SEM) and
Fourier Transform Infrared Spectroscopy (FTIR).

Keywords: Biyosorption, dye, white cabbage
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ABSTRACT

In this study, it was aimed to determine the critical micelle concentration (CMC) in cationic
surfactant—protein systems and to investigate the effect of protein presence on micellization
behavior. Surfactants are amphiphilic compounds containing both hydrophilic and hydrophobic
groups within the same molecule, and they enable micelle formation by reducing surface and
interfacial tension in solution. When a certain concentration is reached, surfactant molecules
form ordered aggregates due to hydrophobic interactions; this critical point is defined as the
critical micelle concentration (CMC).In this study, the interactions between
cetyltrimethylammonium bromide (CTAB), a commonly used cationic surfactant, and bovine
serum albumin (BSA), a negatively charged protein, were investigated. Under physiological
pH conditions, since most proteins possess a net negative charge, cationic surfactants can
establish strong electrostatic interactions with proteins. These interactions are known to
significantly affect the micellization behavior of surfactants and their CMC values.Electrical
conductivity measurements were employed to determine the critical micelle concentration. In
conductivity measurements, the breakpoint observed in the conductivity versus concentration
plots was used to identify the CMC. Experimental studies were carried out under different BSA
concentrations and temperature conditions. The obtained results showed that the CMC value
decreased with increasing BSA concentration. This indicates that protein—surfactant
electrostatic interactions facilitate micellization. In addition, an increase in temperature led to
an increase in the CMC value. The results are consistent with the literature and contribute to a

better understanding of micellization behavior in protein—cationic surfactant systems.

Keywords: Critical micelle concentration, CTAB, BSA, Cationic surfactant, Protein—

surfactant interaction
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OZET

Mikroalgler, su iiriinleri endiistrisinde birincil iiretim kaynagi olarak kritik bir role sahiptir.
Bunun yani sira gida, enerji, ilag ve katma degeri yuksek biyo-tabanli tiriinlerin endiistriyel
iiretiminde de umut verici bir segenek olarak 6ne ¢ikmaktadir. Mikroalg yetistiriciliginde
verimliligi maksimize etmek i¢in sicaklik, 1sik siddeti, pH, karistirma hizi ve CO2
konsantrasyonu gibi biyiime parametrelerinin optimizasyonu biiyiik 6nem tagimaktadir. Farkli
acik ve kapali {iretim sistemlerinde, sistem karmagsikligi ile operasyonel siirdiiriilebilirlik
arasindaki denge titizlikle analiz edilmelidir. Bu calismada; yetistirme ortamlari, iiretim
sistemleri ve biyume (zerinde etkili olan fizikokimyasal parametreler incelenmis; ayrica
yaygin iretilen mikroalg tiirlerinin farkli fotobiyoreaktor sistemlerindeki ekonomik boyutlari
Ozetlenmistir. Calisma, mevcut sistemlerin avantaj ve dezavantajlarini karsilastirmali olarak ele
alarak, biyokiitle verimliliginin artirilmasina yonelik gelecek tartigmalara 151k tutmaktadir.
Sonu¢ olarak, mikroalg biyokiitlesinin etkin bir sekilde elde edilmesinde, teknolojik
entegrasyonun yani sira sistemlerin ekonomik siirdiiriilebilirliginin temel bir gereklilik oldugu

ortaya konmustur.

Anahtar Kelimeler : Fotobiyoreaktdr, Biyokiitle verimliligi, Mikroalg kiiltiri
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ABSTRACT

Microalgae play a critical role as primary producers in the aquaculture industry. Additionally,
they emerge as a promising option for the industrial production of food, energy,
pharmaceuticals, and high-value bio-based products. To maximize efficiency in microalgae
cultivation, the optimization of growth parameters such as temperature, light intensity, pH,
mixing rate, and CO> concentration is of paramount importance. In various open and closed
cultivation systems, the interaction between system complexity and operational sustainability
must be meticulously evaluated. This study examines cultivation media, production systems,
and the physicochemical parameters affecting microalgal growth, while summarizing the
economic dimensions of commonly cultivated species in different photobioreactor systems. By
providing a comparative analysis of the advantages and disadvantages of current systems, the
study sheds light on future research and discussions regarding the improvement of biomass
yield. In conclusion, it is established that alongside technological integration, the economic
sustainability of these systems is a fundamental requirement for the efficient acquisition of

microalgal biomass.

Keywords: Photobioreactors, Biomass Efficiency, Microalgae Cultivation
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1. GIRIS
Endiistriyel sektorlerde mikroalg tiretimi, biyokiitleye ek olarak degerli yan tirlinler elde ederek
isletme maliyetlerini diistirmeyi amaglamaktadir. Mikroalg pazarinin farkli dallara ayrilmasi,
pazar paymin biiyltimesini tetikliyor ve bu pazarin 2030 yilinda 3,08 milyar ABD dolarina
ulagsmast bekleniyor. Diisiik yatirim, isletme ve enerji maliyetleri nedeniyle agik havuzlar
kiiresel pazara hakim olmaya devam etsede, ilag, gida, besin takviyeleri ve kozmetik gibi

yuksek kaliteli endiistrilerdeki gelismelerin fotobiyoreaktér kullanimini artirmasi bekleniyor.

[1]

Mikroalgler ¢ogu uygulamada agik sistemlerde ve fotobiyoreaktorlerde yetistirilebilmektedir.
Agik sistemlerin kontrolii zor oldugundan dolay1r biiylik Olgekli {iretimlerde sorun
yaratmaktadir. Fotobiyoreaktorler, sagladiklar1 steril ortamla bu sorunlarin {istesinden
gelebilmektedir. Isik kaynagi ve 1sik yogunlugu, mikroalglerin biiylimesini etkileyen kritik
faktorlerdendir.  Verimli  ve uygun maliyetli foto-biyoreaktor sistemleri igin,
fotobiyoreaktdrlerde yapay 151k kaynagi kullanilmaktadir. Mikroalglerin bliinme ve fotosentez
kinetikleri sicaklik, pH 1s1k yogunlugu, karistirma gibi pek ¢ok etmene bagl degisiklik
gostermektedir. Yapilan deney ¢aligmalart optimum biiylime kosullarinin maksimum biyokiitle
tiretimi ile sonuglandigini gdstermektedir. Sistem optimizasyonunun saglanmasi ve azot,
oksijen, CO2 gibi mikroorganizma i¢in gerekli tim besin maddelerinin ortamda varolusu, hiicre
biyokiitlesinin aktivitesini, hiicresel metabolizma modelini ve hiicre bilesimindeki degisimin

yani sira fotosentezin verimliligini desteklemektedir [2]

Spirulina Platensis ve diger Spirulina tiirleri 6zellikle gida sektoriinde sik¢a kullanilmaktadir.
Aydinlatma, sicaklik, asilama hacmi, karistirma hizi, pH, su kalitesi ve genel mikro besin
zenginligi Spirulina iiretimini etkileyen ¢evresel parametrelerden birkagidir. Spirulina i¢in ideal
sicakliklar, 20 ile 35 °C arasinda degismekte olup 30 °C’de maksimum biyokiitle iiretimi
goriilmiistiir. Diisiik 151k yogunlugu Spirulina tiirlerinde biiyiimede diisiise neden olmus yapilan
iki farkli ¢calismada 6000 lux kirmizi 1sikta ve 9000 lux beyaz 1sikta maksimum biyokdtle
uretildigi goriilmekle birlikte 24 saat ve 18 saat aydinlik gibi farkli fotoperiyotlarin da
biiylimede etkili oldugu saptanmistir. Alkali sularda biiyliyen Spirulina tiirleri i¢i ideal pH
araligi1 8,5 — 9,5 degerinde en yiiksek kuru agirliga, maksimum protein Uretimine ve en yuksek
antioksidan aktiviteye sahip olmustur. Hiicre duvarinin diger mikroalg tiirlerine nazaran daha
kolay pargalanabilir olmasindan dolay1 Spirulina platensis i¢in hassasiyet ile karistirma 6nemli

bir nokta olup optimum seviye 0,5 vvm ’dir [3].
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2. DENEYSEL CALISMALAR

Bu calismada Spirulina platensis mikroalginin iki farkli fotobiyoreaktor sisteminde biiyiimesi
incelenmistir. Deneme ¢alismalar1 3 tekrarli olarak yapilmistir. Ozel bir isletmeden temin edilen
kiiltiirler as1 olarak kullanilmak iizere cogaltilmigtir. Kiiltlirler zarrouk medium ortami
kullanilarak ¢ogaltilmistir. Zarrouk medium ortaminin igerigi su sekilde hazirlanmistir; Distile
edilmis 1 L suya NaHCO3—16.8 g, NaNO3—2.5 g, K2ZHPO4—0.5 g, K2SO4—1.0 g, NaCl—
1.0 g, CaCl2_2H20—0.04 g, MgSO4_7H20—0.2 g, FeSO4 7H20 0.01g eklenmistir. [4]

Hava motoru ile kiiltiirlere siirekli havalandirma uygulanmistir.

Stok kiiltiirler kontrol grubu calismalari i¢in 1’er litrelik erlenlere 100 ml saf kiiltiir 900 ml
zarrouk medium igeren su eklenmistir. Bir hava motoru yardimui ile erlenlerde karigim stirekli
olarak saglanmistir. 12 saat aydinlik 12 saat karanlik periyot uygulanmis ve bu bir zamanlayici
yardimiyla kontrol edilmistir. 14 giiniin sonunda hiicre biiylimesi durma noktasina gelmistir.
Gunluk olarak spektrofotometre cihazinda 650 nM dalga boyunda 6l¢iimler yapilmis ve hiicre
adetleri mikroskop altinda neuber laminda sayilmistir. Bliylime grafigi asagida grafik tablosu

ile gbsterilmistir.
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Cizelge 1. Kontrol Grubu Biiyiime Egrisi Grafigi

Deneme grubu 1 calismalart i¢in 25’er litrelik seffaf tanklarin olusturdugu fotobiyoreaktor
sistemine 2500 ml saf kiiltiir kalan miktar kadar zarrouk medium iceren su eklenmistir. Blower
yardimu ile tanklara siirekli olarak hava saglanmistir. Aydinlatma serit ledlerle saglanmis olup
12 saat aydinlik 12 saat karanlik periyot uygulanmis ve bu bir zamanlayict yardimiyla kontrol

edilmigtir. 18 gilinlin sonunda hiicre biiylimesi durma noktasina gelmistir. Giinliikk olarak
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spektrofotometre cihazinda 650 nM dalga boyunda olgiimler yapilmis ve hiicre adetleri
mikroskop altinda neuber laminda sayilmistir. Bilylime grafigi asagida grafik tablosu ile

gosterilmistir.
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Cizelge 2. Deneme Grubu 1 Biiylime Egrisi Grafigi

Deneme grubu 2 ¢alismalari igin 3000 litrelik fotobiyoreaktor sistemine 300 litrelik saf kaltir
kalan miktar kadarda zarrouk medium igeren su eklenmistir. Blower yardimi ile sisteme stirekli
olarak hava saglanmistir. Aydinlatma fotobiyoreaktdr sisteminin igerisinde yer alan tiibiiler
kolanlara serit ledler konularak saglanmis olup 12 saat aydinlik 12 saat karanlik periyot
uygulanmis ve bu bir zamanlayict yardimiyla kontrol edilmistir. 21 giiniin sonunda hiicre
biiytimesi durma noktasina gelmistir. Giinliik olarak spektrofotometre cihazinda 650 nM dalga
boyunda Slgiimler yapilmis ve hiicre adetleri mikroskop altinda neuber laminda sayilmistir.

Biiylime grafigi asagida grafik tablosu ile gosterilmistir.
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Cizelge 3. Deneme Grubu 2 Biiytime Egrisi Grafigi

3. SONUCLAR VE DEGERLENDiRME

Kontrol grubu ¢aligmasinda 1’er litrelik 3 erlende yapilan ¢aligmada mikroalg kiiltiiriiniin
¢okmemesi karisimin saglanmasi i¢in 1 adet akvaryum tipi hava motoru 24 saat boyunca
calistirllmistir. Mikroalg yetistirmede ihtiya¢ duyulan aydinlatma ise bir led floresan lamba ile
12 saat aydinlik 12 saat karanlik olacak sekilde bir zamanlayic1 priz yardimiyla ayarlanip
saglanmistir. Hava motoru giinliikk 0,084 kW, led aydmnlatma ise giinliik 0,144 kW enerji
harcamis olup 14 gilin siiren calisma boyunca toplam harcanan enerji 3.192 kWh’dir.
Calismanin yapildig1 donemde elektrik kWh ticreti tarim isletmeleri i¢in 3,95 TL olacak sekilde
belirtilmis ve buna goére hesaplanmistir. Kontrol grubu calismasinda toplam enerji maliyeti
12,60 TL’dir. Toplamda 3 litre iiretilen mikroalg i¢in birim fiyat olarak 1 litre mikroalg i¢in

harcanan birim enerji maliyeti 4.2 TL olmustur.

Deneme grubu 1 calismasinda 25’er litrelik 5 tankta yapilan ¢alismada mikroalg kiiltiiriiniin
¢okmemesi karisimin saglanmasi i¢in 1 adet 0,37kWh giiciinde blower hava motoru 24 saat
boyunca c¢alistirllmistir. Mikroalg yetistirmede ihtiyag duyulan aydinlatma ise bir serit led
aydinlatmalar ile 12 saat aydinlik 12 saat karanlik olacak sekilde bir zamanlayici priz
yardimiyla ayarlanip saglanmistir. Hava motoru giinliik 8,88 kW, led aydinlatma ise giinliik
3,024 kW enerji harcamis olup 18 giin siiren ¢aligma boyunca toplam harcanan enerji 214,272
kWh’dir. Calismanin yapildigi donemde elektrik kWh ticreti tarim isletmeleri i¢in 3,95 TL
olacak sekilde belirtilmis ve buna gore hesaplanmistir. Deneme grubu 1 ¢alismasinda toplam
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enerji maliyeti 846,3 TL’dir. Toplamda 125 litre liretilen mikroalg i¢in birim fiyat olarak 1 litre

mikroalg i¢in harcanan birim enerji maliyeti 6,77 TL olmustur.

Deneme grubu 2 calismasinda 3000 litrelik fotobiyoreaktor sisteminde yapilan ¢alismada
mikroalg kiiltiiriiniin ¢gokmemesi karisimin saglanmasi i¢in 1 adet 2,55 kWh giiclinde blower
hava motoru 24 saat boyunca calistirilmigtir. Mikroalg yetistirmede ihtiya¢ duyulan aydinlatma
ise bir serit led aydinlatmalar ile 12 saat aydinlik 12 saat karanlik olacak sekilde bir zamanlayici
priz yardimiyla ayarlanip saglanmistir. Hava motoru giinliik 61,2 kW, led aydinlatma ise giinliik
18 kW enerji harcamis olup 21 giin siiren ¢alisma boyunca toplam harcanan enerji 1663,2
kWh’dir. Calismanin yapildigi donemde elektrik kWh {icreti tarim igletmeleri i¢in 3,95 TL
olacak sekilde belirtilmis ve buna gore hesaplanmistir. Deneme grubu 1 calismasinda toplam
enerji maliyeti 6569,6 TL’dir. Toplamda 125 litre iiretilen mikroalg i¢in birim fiyat olarak 1

litre mikroalg igin harcanan birim enerji maliyeti 2,2 TL olmustur.

4. GENEL DEGERLENDIRME VE SONUCLAR
Bu calismada, Spirulina platensis tiirli mikroalgin iiriin verimliligi ile birlikte optik yogunluk
ve enerji maliyeti fotobiyoreaktdr tasarimlarina bagli olarak karsilastirilmast yapilmistir.
Uygulanan farkli yetistirme sistemlerinin hiicre yogunlugu ve ml’de ki hiicre sayis1 degerleri
lizerine etkisi belirlenmis ve bu yetistirme sistemlerinin mikroalg kiiltiirliniin istenilen
yogunluga ulastirmasinda istatiksel olarak farklilik olmadigi saptanmistir. Fakat enerji
maliyetleri agisindan karsilastirildiginda ve degerlendirilmesi yapildiginda; endiistriyel 6lgekli
mikroalg tiretimi yapilacak ise bliylik hacimli fotobiyoreaktér kullanimlari orta, pilot ve
laboratuvar oOlcekli fotobiyoreaktor kullanimlarina gore enerji maliyeti agisindan ¢ok daha
ekonomik olmaktadir. Tek seferde sabit harcanan enerjide yiiksek miktardaki liretim sistemleri
diisiik kapasiteli sistemlere gore daha ekonomik oldugu gozlemlenmistir. Calismadaki farkli
tasarimlardaki fotobiyoreaktorler kullanim amaci, kullanim alani, farkli ortam kosullarina gore

kendine gore avantaj ve dezavantajlar1 degerlendirilerek tercih edilebilir.
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ABSTRACT

In recent years, water pollution has become an increasingly significant global issue. This
problem poses a direct threat to both human health and ecosystems, making access to clean
water more difficult. Therefore, wastewater treatment has become one of the most widely
studied research areas. Biosorption and adsorption processes offer simple, safe, and efficient
solutions. In this study, the biosorption behavior of white cabbage, an important agricultural
product, was investigated. The biosorption process was optimized using white cabbage as a
biosorbent for the removal of Titan Yellow (TY), an anionic dye, from wastewater. The effects
of pH, biosorbent dosage, and mixing speed on the process were examined. At 200 rpm, pH 1,
and a biosorbent dosage of 5 g/L, the highest biosorption efficiency, exceeding 80%, was
achieved. The biosorption mechanism and its characteristics were evaluated through isotherm,
kinetic, and thermodynamic analyses. The results indicated that chemisorption occurred
between white cabbage and TY, and that the process was exothermic and spontaneous. The
structure of the biosorbent was characterized using Scanning Electron Microscopy (SEM) and
Fourier Transform Infrared Spectroscopy (FTIR).

Keywords: Biyosorption, dye, white cabbage
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Abstract

Early and reliable fault detection in gearbox systems is critical for ensuring operational safety,
reducing maintenance costs, and preventing catastrophic failures in industrial machinery.
Traditional fault diagnosis approaches often rely on supervised learning techniques that require
large amounts of labeled fault data, which are typically difficult and costly to obtain. To address
this limitation, this study proposes a reconstruction-based unsupervised fault detection
framework using an autoencoder neural network trained exclusively on healthy operating data.
Statistical features are extracted from multi-channel vibration signals and used as inputs to a
fully connected autoencoder model. The autoencoder learns the intrinsic patterns of normal
gearbox behavior and identifies faulty conditions based on elevated reconstruction errors. An
anomaly detection threshold is determined statistically using the distribution of reconstruction
errors from healthy training samples. Experimental results demonstrate that the proposed
method achieves an overall accuracy of 93.34% and a recall of 1.0000, indicating successful
detection of all faulty samples in the test dataset. The results confirm the effectiveness and
robustness of the proposed approach for gearbox fault detection, particularly in scenarios with
limited availability of labeled fault data.

Keywords: Gearbox fault detection, Autoencoder, Unsupervised learning, Anomaly detection,
Vibration-based condition monitoring

1. Introduction

Gearboxes are critical components in a wide range of industrial systems, including wind
turbines, manufacturing equipment, and transportation machinery. Due to their continuous
operation under varying load and speed conditions, gearboxes are prone to different types of
faults such as tooth breakage, wear, and surface fatigue. If left undetected, these faults can
propagate rapidly, leading to severe mechanical damage, unplanned downtime, and significant
economic losses. Consequently, the development of reliable and efficient gearbox condition
monitoring and fault diagnosis techniques has become an important research topic in the field
of predictive maintenance. Vibration signal analysis is one of the most widely adopted
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approaches for gearbox fault diagnosis, as vibration signals carry rich information about the
mechanical condition of rotating components.

To overcome these challenges, unsupervised and semi-supervised learning techniques have
gained increasing attention in recent years. Zhang et al. proposed an unsupervised DCSGAN
framework for gearbox anomaly localization. The generator learns to reconstruct healthy data,
and the resulting reconstruction errors are used to train a One-Class SVM (OCSVM). This
combination effectively detects deviations from normal operation without requiring labeled
fault data [1]. Folz and Gomes evaluated SVM and Random Forest for electric motor fault
classification using MFCCs. SVM achieved 100% accuracy with vibration signals but only
69.6% with audio. This study highlights the first use of speech-recognition features (MFCCs)
for real-time motor monitoring [2]. Mai et al. developed a SCADA-based monitoring model
using Deep Learning to classify wind turbine gearbox states. By optimizing historical
operational data, they achieved 98.8% accuracy. This high-precision model enables real-time
early fault prediction and supports proactive maintenance strategies to lower wind farm costs
[3]. Pawlik et al. introduced AE-FIT, a fault identification method using autoencoders trained
solely on healthy data. It generates an Interpretable Order Spectrum (AE-IOS) to identify faults
like misalignment and unbalance under variable loads, bypassing the need for damaged-state
training data [4]. Islam and Shamshuzzoha proposed a three-tier WBAN security framework:
Senseguard Hub (sensor tier), GateX (intermediate tier), and a cloud tier. Using Monte Carlo
simulations to create WBAN datasets, Random Forest and Gradient Boosting models achieved
perfect (1.0) precision and recall for anomaly detection [5]. Ge and colleagues introduced
DCCopGAN, combining DCGANs with Copula-Based Outlier Detection (CopOD). The
DCGAN learns healthy data distributions to calculate reconstruction errors, which CopOD then
analyzes to score anomalies. This unsupervised approach effectively detects multi-sensor
gearbox faults without labeled data [6].

In this study, a reconstruction-based unsupervised autoencoder framework is proposed for
gearbox fault detection using statistical features extracted from vibration signals. The model is
trained exclusively on healthy data, eliminating the need for labeled fault samples during
training. Faulty conditions are identified by comparing reconstruction errors against a
statistically defined threshold. The effectiveness of the proposed approach is validated through
comprehensive experimental analysis, including reconstruction behavior, error distribution
analysis, confusion matrix evaluation, and standard performance metrics.

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
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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

2.2. Autoencoder-Based Anomaly Detection Model

In this study, the gearbox fault detection problem is addressed using a reconstruction-based
unsupervised autoencoder model. Autoencoders are neural network architectures designed to
learn compact representations of input data by reconstructing the input at the output layer. When
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trained exclusively on data representing normal operating conditions, autoencoders are
expected to accurately reconstruct healthy samples, while samples corresponding to faulty
conditions yield higher reconstruction errors. This property enables their effective use in
anomaly and fault detection applications. The proposed model consists of two main
components: an encoder and a decoder, both implemented using fully connected layers. The
encoder maps the 16-dimensional input feature vector into a lower-dimensional latent space
through successive hidden layers with 16, 8, and 4 neurons, respectively. This dimensionality
reduction enforces a bottleneck structure that encourages the network to capture only the most
representative characteristics of healthy system behavior. The decoder reconstructs the input
data from the latent representation using a symmetric architecture with 4, 8, and 16 neurons.
Rectified Linear Unit (ReLU) activation functions are employed in all hidden layers, while a
sigmoid activation function is used in the output layer to ensure compatibility with the
normalized input feature range. The overall workflow of the proposed autoencoder-based
anomaly detection framework is illustrated in Figure 1. During training, only healthy samples
are used to learn the normal operating patterns of the system. In the testing phase, reconstruction

errors are computed and compared against a predefined threshold to determine the presence of
faults.
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Figure 1. Schematic representation of the autoencoder-based anomaly detection framework.

2.3. Model Training and Loss Function

The autoencoder model is trained exclusively using healthy samples. During training, the input
and target output of the network are identical, forcing the model to learn an identity mapping
that accurately reconstructs normal operating conditions. Model parameters are optimized using
the Adam optimization algorithm, and training is performed using a mini-batch strategy over
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multiple epochs. The reconstruction error is quantified using the Mean Absolute Error (MAE)
loss function, which measures the average absolute difference between the input vector and its
reconstructed output. MAE is defined as:

o 1 .
L(x,2)=-%L 16— % | (1)

where x € R%denotes the input feature vector, £ € R%represents the reconstructed output, and
dis the dimensionality of the input space (in this study, d = 16). MAE is preferred due to its
robustness to outliers and its suitability for measuring reconstruction discrepancies in vibration-
based condition monitoring data.

2.4. Anomaly Scoring and Threshold Determination

After training, an anomaly score is assigned to each sample based on its reconstruction error
[8]. The anomaly score is defined as the mean absolute reconstruction error across all feature
dimensions:

SO0 = 75 1% — % | )

To distinguish between healthy and faulty conditions, a statistical threshold is determined using
reconstruction errors obtained from the healthy training data. Specifically, the threshold tis
defined as the sum of the mean (¢) and standard deviation (o) of the healthy reconstruction
error distribution:

T=u+o 3)

During testing, samples with anomaly scores exceeding the threshold (s(x) > 7) are classified
as faulty, while those with scores below the threshold are considered healthy. This thresholding
strategy assumes a unimodal distribution of reconstruction errors for healthy data and is
commonly adopted to balance fault detection sensitivity and false alarm rates.

2.5. Performance Evaluation Metrics

The performance of the proposed method is evaluated on the test dataset using standard
classification metrics, including accuracy, precision, and recall. These metrics provide
complementary insights into the fault detection capability of the model [9]. Accuracy measures
the proportion of correctly classified samples among all test samples and is expressed as:

TP+TN

Accuracy = ————— “)
TP+TN+FP+FN

Precision quantifies the reliability of fault predictions by measuring the proportion of correctly
identified faulty samples among all samples predicted as faulty:
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TP
TP+FP

Precision =

)

Recall, also referred to as sensitivity, indicates the model’s ability to correctly detect actual
faults and is defined as:

TP
TP+FN

Recall =

(6)

Here, TP, TN, FP, and FNdenote true positives, true negatives, false positives, and false
negatives, respectively. In addition to these metrics, a confusion matrix is employed to provide
a detailed analysis of classification outcomes and misclassification patterns.

3. Results and Discussion

Figure 2 illustrates a representative reconstruction result for an anomalous (faulty) sample. The
blue curve denotes the original input feature vector, while the red curve represents the
corresponding output reconstructed by the autoencoder. The shaded area highlights the absolute
reconstruction error between the input and the reconstructed signal across feature dimensions.
As observed, the autoencoder fails to accurately reconstruct several feature components of the
anomalous sample, resulting in pronounced reconstruction deviations. In particular, higher
reconstruction errors are evident in the latter feature indices, indicating that these dimensions
significantly deviate from the learned normal operating patterns. This behavior is consistent
with the reconstruction-based anomaly detection principle, where samples that do not conform
to the healthy data manifold produce elevated reconstruction errors. Consequently, such
samples yield anomaly scores exceeding the predefined threshold and are correctly identified
as faulty.

Anomalous Reconstruction Analysis
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Figure 2. Anomalous reconstruction analysis based on the autoencoder output.
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Figure 3. Healthy reconstruction analysis based on the autoencoder output.

Figure 3 illustrates a representative reconstruction result corresponding to a healthy operating
condition. The blue curve represents the original input feature vector, while the red curve
denotes the output reconstructed by the autoencoder. The shaded area indicates the absolute
reconstruction error across individual feature dimensions. As observed in Figure 3, the
reconstructed signal closely follows the input signal over all feature indices, resulting in
consistently low reconstruction errors. This behavior confirms that the autoencoder has
effectively learned the intrinsic structure and statistical characteristics of healthy system
behavior during training. Minor discrepancies between the input and reconstructed signals can
be attributed to natural variability in the data and approximation limitations of the model;
however, these deviations remain significantly below the predefined anomaly threshold.
Consequently, healthy samples produce low anomaly scores and are correctly classified as
normal operating conditions.
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Figure 4. Distribution of reconstruction errors for healthy training samples and threshold
determination.
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Figure 4 shows the histogram of reconstruction errors (measured using Mean Absolute Error,
MAE) obtained from the healthy training dataset. The distribution represents the variability of
reconstruction performance when the autoencoder is exposed exclusively to normal operating
conditions. Most healthy samples exhibit low reconstruction errors, forming a dominant peak
at lower MAE values, which indicates that the model has learned to accurately reconstruct
normal behavior. The vertical dashed red line denotes the anomaly detection threshold, defined
as the sum of the mean and standard deviation of the healthy reconstruction error distribution.
Errors exceeding this threshold are considered indicative of anomalous or faulty behavior. As
illustrated, the threshold is positioned in the tail of the healthy error distribution, ensuring that
the majority of normal samples fall below the decision boundary while reducing the likelihood
of false alarms. This statistical thresholding approach provides a clear and interpretable
criterion for distinguishing healthy and faulty conditions during the testing phase.

Figure 5 presents the confusion matrix obtained on the test dataset, summarizing the
classification performance of the proposed autoencoder-based anomaly detection approach. The
matrix reports the number of correctly and incorrectly classified samples for healthy and broken
gearbox conditions. As shown, the model correctly identifies 1,797 healthy samples as healthy
(true negatives) and 1,975 broken samples as faulty (true positives). Notably, no faulty samples
are misclassified as healthy (false negatives = 0), indicating a perfect fault detection capability
in terms of recall. However, 269 healthy samples are incorrectly classified as faulty (false
positives), which reflects a conservative detection behavior driven by the reconstruction-error-
based thresholding strategy. This outcome demonstrates that the proposed method prioritizes
fault detection sensitivity, effectively minimizing missed fault cases at the expense of a
moderate increase in false alarms. Such a trade-off is generally acceptable in condition
monitoring and fault diagnosis applications, where undetected faults may lead to severe system
damage or safety risks.
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Figure 5. Confusion matrix of the autoencoder-based fault detection results

Figure 6 illustrates the evolution of classification accuracy for both the training and testing
datasets as a function of the training epochs. Accuracy is computed at each epoch based on
reconstruction-error-based anomaly classification using the dynamically estimated threshold.
As shown in Figure 6, both training and testing accuracies increase rapidly during the initial
epochs, indicating that the autoencoder quickly learns a representative model of healthy
operating conditions. After this initial transient phase, the accuracy curves stabilize and exhibit
minor fluctuations around a steady value, suggesting convergence of the learning process. The
close alignment between training and testing accuracy throughout the training period indicates
good generalization performance and the absence of significant overfitting. Slight oscillations
observed in the early epochs can be attributed to threshold recalculation and the progressive
refinement of the latent representation as training proceeds.
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Figure 6. Evolution of training and testing accuracy during the autoencoder training process

Figure 7 depicts the evolution of the reconstruction loss, measured in terms of Mean Absolute
Error (MAE), for both the training and validation datasets over the course of training. The
training loss represents the reconstruction error computed on healthy samples used to optimize
the model, while the validation loss reflects the reconstruction performance on unseen data. As
shown in Figure 7, both training and validation losses decrease sharply during the initial epochs,
indicating rapid learning of the dominant patterns associated with healthy operating conditions.
After this initial phase, the loss curves gradually converge and exhibit a slow, monotonic
decline, suggesting stable training behavior and effective convergence of the model. The
relatively small gap between training and validation losses throughout the training process
indicates good generalization capability and the absence of significant overfitting.

The smooth decrease in validation loss further confirms that the autoencoder successfully

captures the underlying structure of normal system behavior, which is essential for reliable
reconstruction-error-based anomaly detection.
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Figure 7. Training and validation loss curves of the autoencoder model

The smooth decrease in validation loss further confirms that the autoencoder successfully
captures the underlying structure of normal system behavior, which is essential for reliable
reconstruction-error-based anomaly detection.

Table 2. Final performance metrics

Accuracy | Precision | Recall
0.9334 0.8801 1.0000

Table 2 summarizes the final quantitative performance of the proposed anomaly detection
approach on the test dataset in terms of accuracy, precision, and recall. An overall classification
accuracy of 93.34% demonstrates that the model is able to correctly identify the majority of
both healthy and faulty samples. The precision value of 0.8801 indicates that most samples
classified as faulty indeed correspond to true fault conditions, while a limited number of healthy
samples are misclassified as faulty. In contrast, the recall value reaches 1.0000, indicating that
all faulty samples in the test set are correctly detected, with no missed fault cases. This result
highlights the strong fault sensitivity of the proposed method. The combination of high recall
and moderately high precision suggests that the model adopts a conservative detection strategy,
prioritizing the correct identification of faults at the expense of a slightly increased false alarm
rate. Such behavior is generally desirable in gearbox condition monitoring applications, where
undetected faults may lead to severe mechanical damage or safety risks.
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4. Conclusion

In this study, a reconstruction-based unsupervised autoencoder approach was proposed for
gearbox fault detection using statistical features extracted from vibration signals. The model
was trained exclusively on healthy operating data, enabling it to learn the intrinsic patterns of
normal system behavior without requiring labeled fault data during training. Fault detection
was achieved by evaluating reconstruction errors and applying a statistically defined threshold
based on the distribution of healthy reconstruction errors. Experimental results demonstrated
that the proposed method achieves strong fault detection performance. The model attained an
overall classification accuracy of 93.34%, with a recall of 1.0000, indicating that all faulty
samples were successfully identified. Although a moderate number of healthy samples were
misclassified as faulty, as reflected by a precision of 0.8801, this conservative detection
behavior is advantageous in condition monitoring applications where missing a fault can result
in severe mechanical damage or safety risks. The confusion matrix and reconstruction error
analysis further confirmed the robustness and reliability of the proposed approach. The results
highlight the suitability of autoencoder-based anomaly detection for gearbox condition
monitoring, particularly in scenarios where labeled fault data are scarce or difficult to obtain.
By relying solely on healthy data for training, the proposed framework offers a practical and
scalable solution for real-world industrial applications. Future work will focus on extending the
model to more complex deep architectures, incorporating temporal information, and validating
the approach on different types of mechanical faults and operating conditions to further enhance
generalization capability.
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Abstract

Accurate health condition monitoring and Remaining Useful Life (RUL) prediction are critical
for ensuring the reliability and safety of rotating machinery in industrial applications.
Traditional data-driven approaches often struggle to simultaneously capture complex
frequency-domain characteristics and long-term temporal dependencies present in vibration
signals. To address this challenge, this study proposes a hybrid deep learning framework based
on a Convolutional Recurrent Neural Network (CRNN) architecture that integrates Time-
Distributed Convolutional Neural Networks (CNNs) and Long Short-Term Memory (LSTM)
networks. Raw gearbox vibration signals are first transformed into time—frequency
representations using the Short-Time Fourier Transform (STFT). The Time-Distributed CNN is
employed to extract localized spatial features from spectrogram sequences, while the LSTM
layer models the temporal evolution of these features to capture degradation dynamics. Fully
connected layers are then used to generate continuous health index and RUL predictions. The
proposed model is evaluated using standard regression metrics, including Root Mean Square
Error (RMSE), Mean Absolute Error (MAE), Mean Absolute Percentage Error (MAPE), and
the coefficient of determination (R?). Experimental results demonstrate high prediction
accuracy, achieving an R? score of 0.9962 and a MAPE of 1.2940%, indicating strong
agreement between predicted and actual health conditions. The findings confirm that the
proposed CNN-LSTM framework provides robust and reliable performance for gearbox
condition monitoring and prognostic applications, making it suitable for predictive maintenance
strategies in industrial environments.

Keywords: Gearbox Fault Diagnosis; Remaining Useful Life Prediction; CNN-LSTM; Time—
Frequency Analysis; Predictive Maintenance

1. Introduction
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Gearboxes are essential components in many industrial systems, including wind turbines,
manufacturing equipment, and transportation machinery. Their failure can lead to unexpected
downtime, safety risks, and significant economic losses. Therefore, accurate health condition
monitoring and RUL prediction of gearbox systems play a vital role in modern predictive
maintenance strategies.

Vibration signal analysis has been widely adopted for gearbox fault diagnosis due to its
sensitivity to mechanical defects. However, gearbox vibration signals are typically non-
stationary and highly complex, making it difficult for traditional signal processing and machine
learning methods to extract discriminative features and model degradation behavior effectively.
Conventional approaches often rely on handcrafted features and shallow models, which may
not generalize well under varying operating conditions.

In recent years, deep learning techniques have demonstrated remarkable performance in
machinery fault diagnosis and prognostics by enabling automatic feature extraction from raw
or minimally processed data. CNNs are particularly effective in capturing spatial patterns from
time—frequency representations, while RNNs, especially LSTM networks, excel at modeling
temporal dependencies in sequential data. Nevertheless, models based solely on CNNs or
LSTMs may fail to fully exploit both spatial and temporal characteristics of vibration signals.
Zhang et al. categorized RUL prediction into four pillars: statistical, Al, physics-based, and
hybrid models. The review evaluates each branch's evolution, highlighting their pros and cons.
They conclude that the future of PHM lies in advancing hybrid methods to manage complex
mechanical systems more effectively [1]. Wang et al. proposed a hybrid RUL prediction scheme
for gear pumps. A Deep Convolutional Autoencoder (DCAE) extracts features from vibration
data to construct a Health Indicator (HI), while a Bi-LSTM network uses these indicators to
model the degradation trend. Accelerated life tests confirmed that this symmetric network
approach accurately tracks the pump's full life cycle [2]. Lee et al. developed a multi-sensor
RUL framework for gear pumps using vibration, flow, and pressure data. They modeled a
degradation index based on feature prognosticity and fused vibration signals with pressure data
via an Extended Kalman Filter. A BILSTM network then processes this fused data to predict
life cycles under varying fuel contamination levels [3]. Chen et al. developed the TQFMDCAE
framework to build cross-domain Health Indicators (HIs) using multi-scale autoencoders and
Maximum Mean Discrepancy. These Hls feed into a novel MLMA-Net, which uses a multi-
hierarchical structure and memory augmentation to capture long-term dependencies,
significantly outperforming typical RUL methods under variable working conditions [4]. Xiang
et al. proposed a Concise Self-Adapting Deep Learning Network (CSDLN) to improve RUL
prediction with fewer parameters. It features a multi-branch 1D involution network (MINN) for
adaptive feature extraction and a multi-head GRU (MGRU) for temporal learning. By using the
Mish activation function and dropout for uncertainty quantification, the model outperformed
existing methods on C-MAPSS and wind turbine gearbox data [5]. Xiang et al. developed the
ADLDNN, which uses an automatic multi-differential approach to mine diverse feature levels.
It utilizes a multi-branch CNN for specialized feature extraction and a multi-cellular Bi-LSTM
to categorize degradation trends into specific levels. Validated on C-MAPSS and wind turbine
data, it significantly outperforms state-of-the-art RUL prediction methods [6].
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To overcome these limitations, this study proposes a hybrid Convolutional Recurrent Neural
Network (CRNN) architecture that combines the strengths of CNN and LSTM models. By
applying a Time-Distributed CNN to spectrogram sequences and an LSTM network to capture
temporal degradation trends, the proposed framework is capable of jointly learning frequency-
domain features and their temporal evolution. This integrated approach enables more accurate
and robust health condition monitoring and RUL prediction for gearbox systems.

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%
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Load increment 10%
Data type Vibration signals
Application Gearbox fault diagnosis

2.2. Signal Preprocessing and Spectrogram Transformation

Raw vibration signals obtained from the gearbox system were first subjected to a preprocessing
stage in order to extract informative representations suitable for deep learning—based analysis.
In this study, the Short-Time Fourier Transform (STFT) was employed to convert one-
dimensional time-domain vibration signals into two-dimensional time—frequency
representations. The STFT enables simultaneous analysis of both temporal and spectral
characteristics of non-stationary vibration signals by applying the Fourier transform over short,
overlapping time windows. As a result, spectrogram images were generated, where the
horizontal axis represents time, the vertical axis represents frequency, and the pixel intensity
corresponds to signal magnitude. These spectrograms serve as the input data for the proposed
deep learning model.

2.3. Time-Distributed Convolutional Neural Network

To extract spatial features from the spectrogram representations, a Time-Distributed two-
dimensional Convolutional Neural Network (2D-CNN) was employed as the first block of the
proposed architecture. In this structure, each time slice of the spectrogram sequence is
processed independently using the same CNN weights. This approach allows the model to learn
local frequency—time patterns such as fault-related signatures, energy concentrations, and
localized spectral anomalies without disrupting the temporal order of the data. By sharing
weights across all time steps, the Time-Distributed CNN ensures consistent feature extraction
while preserving the sequential structure required for subsequent temporal modeling [8].

2.4. Batch Normalization and Dropout Layers

Batch Normalization layers were applied after convolutional layers to normalize intermediate
feature distributions during training. This normalization reduces internal covariate shift,
accelerates convergence, and improves overall training stability. To mitigate overfitting and
enhance the generalization capability of the model, Dropout layers were incorporated into the
network. During training, a certain proportion of neurons are randomly deactivated, preventing
the model from becoming overly dependent on specific features and encouraging robust feature
learning.

2.5. Long Short-Term Memory Network

The high-level spatial features extracted by the Time-Distributed CNN were subsequently fed
into a LSTM network. LSTM is a type of recurrent neural network specifically designed to
model sequential data by capturing both short-term and long-term temporal dependencies. In
the context of gearbox vibration analysis, the LSTM layer enables the model to learn the
temporal evolution of fault-related features and degradation patterns over time. This temporal
modeling capability is essential for accurately representing the progression of mechanical faults
and operating condition changes [9].
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2.6. Fully Connected Layers and Output Structure

Following the LSTM layer, Fully Connected (Multilayer Perceptron, MLP) layers were
employed to integrate the learned spatial and temporal features and generate the final prediction
[10]. These dense layers transform the extracted feature representations into the target output
space. A linear activation function was used in the output layer, indicating that the proposed
model is configured for regression-based tasks such as continuous condition estimation or
remaining useful life prediction.

2.7. Performance Evaluation Metrics

To quantitatively evaluate the prediction performance of the proposed model, four widely used
regression evaluation metrics were employed: RMSE, MAE, MAPE, and the R%2. RMSE
measures the square root of the average squared differences between predicted and actual values
and is sensitive to large prediction errors. MAE represents the average absolute difference
between predictions and ground truth values, providing an intuitive measure of prediction
accuracy. MAPE expresses the prediction error as a percentage, allowing relative error
comparison across different scales [11]. The R? metric evaluates how well the predicted values
explain the variance of the actual data. The mathematical formulations of these metrics are
given as follows:

1 N ~
RMSE = \/; 2o (Vi = )2 (1)
1 ~
MAE =~ %21 1y = 9i | (2)
100 N vi—Vi
MAPE = — | == (3)
N i=1 i
N 582
RZ—1— Z}ﬁ# (4)
Zi=1(yi_37)2

where y;denotes the actual value, y;represents the predicted value, yis the mean of the actual
values, and Nis the total number of samples.

3. Results and Discussion

Figure 1 shows a sample spectrogram obtained from the raw gearbox vibration signal using the
Short-Time Fourier Transform (STFT). The horizontal axis represents time segments, while the
vertical axis corresponds to frequency bins. The color intensity indicates the magnitude of the
spectral energy at each time—frequency point, where brighter regions denote higher energy
concentrations. This two-dimensional time—frequency representation is used as the input to the

147



TROIA 3RP INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 27 — 28, 2026 —- CANAKKALE
ISBN NR: 978-625-5694-84-3

proposed Time-Distributed CNN, enabling the extraction of localized frequency patterns
associated with gearbox fault characteristics.

Sample Spectrogram {Input)
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Figure 1. Sample spectrogram representation of the input vibration signal
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Figure 2. RUL prediction accuracy based on actual and predicted health index values

Figure 2 illustrates the relationship between the actual and predicted Health Index (HI) values
for Remaining Useful Life (RUL) prediction. The scatter points represent the model predictions,
while the dashed diagonal line indicates the ideal prediction line where predicted values
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perfectly match the actual values. The strong linear alignment of the data points along the
reference line demonstrates the high prediction accuracy of the proposed model. The coefficient
of determination (R? = 0.9962) further confirms the model’s excellent capability in capturing
the degradation trend and accurately estimating the health condition of the gearbox system.

Figure 3 presents the temporal comparison between the actual health condition and the
predicted health status obtained using the proposed CNN-LSTM model. The solid line
represents the ground-truth health condition, while the dashed line corresponds to the model’s
forecast. The close alignment between the predicted and actual curves across time demonstrates
the model’s strong capability to capture temporal variations and degradation dynamics in the
gearbox system. This result indicates that the proposed architecture effectively learns both
short-term fluctuations and long-term trends in the health index, enabling accurate condition
monitoring and prognostic assessment.
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Figure 3. Temporal health status forecasting using the proposed CNN-LSTM Model
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Figure 4. Continuous RUL monitoring and health index prediction performance
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Figure 4 illustrates the continuous monitoring of the Health Index (HI) and Remaining Useful
Life (RUL) prediction performance of the proposed CNN-LSTM model over the first 150
samples. The solid black line represents the actual health degradation path, while the dashed
line denotes the model’s predicted health index. The shaded region indicates the prediction error
margin between the actual and estimated values. The close agreement between the predicted
and actual health trajectories demonstrates the robustness and stability of the proposed model
in continuous condition monitoring scenarios, highlighting its capability to track health
variations under varying operational conditions.

Table 2. Performance evaluation results of the proposed model

Metric Value
R? Score 0.9962
MAE (Mean Absolute Error) 27.2518
RMSE (Root Mean Square Error) 30.1470
MAPE (Mean Absolute Percentage Error) | 1.2940

Table 2 summarizes the quantitative performance of the proposed CNN-LSTM model using
four standard regression evaluation metrics. The coefficient of determination (R?) value of
0.9962 indicates an excellent level of agreement between the predicted and actual health index
values, demonstrating that the model is capable of explaining more than 99% of the variance in
the degradation data. The MAE and RMSE values reflect the absolute and squared prediction
errors, respectively. Although RMSE is slightly higher than MAE due to its sensitivity to larger
errors, both metrics remain within acceptable bounds, indicating stable and consistent
prediction performance across the dataset. The relatively low difference between MAE and
RMSE further suggests the absence of significant outliers in the prediction results. The MAPE
value of 1.2940% confirms the high accuracy of the model in relative terms, highlighting its
effectiveness in estimating the health condition with minimal percentage error. This low MAPE
value is particularly important for practical industrial applications, where precise and reliable
Remaining Useful Life (RUL) estimation is critical for maintenance planning and decision-
making.

4. Conclusion

In this study, a hybrid deep learning framework based on a Convolutional Recurrent Neural
Network (CRNN) architecture was proposed for gearbox health condition monitoring and
Remaining Useful Life (RUL) prediction. The proposed model integrates Time-Distributed
Convolutional Neural Networks (CNNs) for spatial feature extraction from time—frequency
representations and Long Short-Term Memory (LSTM) networks for modeling temporal
degradation dynamics. Raw vibration signals were transformed into spectrogram
representations using the Short-Time Fourier Transform (STFT), enabling the model to jointly
learn frequency-domain characteristics and their temporal evolution. The Time-Distributed
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CNN effectively captured localized fault-related patterns across different frequency bands,
while the LSTM layer successfully modeled both short-term fluctuations and long-term
degradation trends in the health index data. The performance of the proposed model was
evaluated using standard regression metrics, including RMSE, MAE, MAPE, and the
coefficient of determination (R?). The obtained results demonstrate excellent prediction
accuracy, with an R? score of 0.9962 and a very low MAPE value of 1.2940%, indicating a
strong agreement between predicted and actual health conditions. Furthermore, the close
alignment observed in temporal forecasting and continuous monitoring results confirms the
robustness and stability of the model under varying operating conditions.
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OZET

Bu calismada, Gaziantep ilinin iklim kosullarinda faaliyet gosteren bir ¢uval fabrikasinda kullanilan,
180.000 kcal/h kapasiteli s1v1 yakitli 1sitma cihazina ait baca sistemlerinin enerji verimliligi ve emisyon
performansi incelenmistir. Aragtirma kapsaminda, baca sistemleri 30°, 60° ve 90° olmak iizere {i¢ farkli
ac1 konfigiirasyonunda tasarlanmis; paslanmaz ¢elik, kaynak yapilmis ¢elik ve oluklu celik olmak iizere
iic farkli baca malzemesi kullanilarak oval ve dairesel kesitli alternatif baca geometrileri
olusturulmugtur. Farkli a¢i, malzeme ve kesit kombinasyonlarimdan meydana gelen senaryolarin
performans degerlendirmesi KesaAladin simiilasyon programi yardimiyla gerceklestirilmistir.
Simiilasyon sonuglari, baca acisinin akis karakteristigi ve ¢ekis performansi iizerinde belirleyici bir
parametre oldugunu, baca malzemesinin ise 1s1 kayiplar1 ve baca gazi emisyonlar iizerinde énemli
etkiler olusturdugunu gostermektedir. Ozellikle uygun agi—malzeme eslesmelerinin, sistem verimini
artirirken ¢evresel etkileri azaltma potansiyeline sahip oldugu belirlenmistir. Bu ¢alisma, Gaziantep ili
Ozelinde enduistriyel iiretim tesislerinde baca tasariminin optimize edilmesinin enerji verimliligini
destekleyici ve emisyon azaltimina katki saglayici bir yaklasim sundugunu ortaya koymaktadir
Anahtar kelimeler: Endiistriyel baca tasarimi, baca agisi, baca malzemeleri, enerji verimliligi,
emisyon analizi, KesaAladin simiilasyonu

1 GIRIS

Enerji tiiketiminin kiiresel dlgekte artisi ile birlikte fosil yakit kullanimina bagl gevresel etkilerinde
artmas1 endiistriyel sistemlerde enerji verimliliginin saglanmasi konusundaki c¢aligmalara
arastirmacilarin yogunlasmasma neden olmustur [1]. Ozellikle sanayi sektdriinde kullanilan 1sitma
sistemleri, toplam enerji tiiketimi ve karbon emisyonlar1 acgisindan dikkate alinmasi gereken enerji
tiketici sistemlerdir [2]. Endistriyel yanma sistemlerinde enerji kayiplarinin 6nemli bir bolimii baca
gazi yoluyla gerg¢eklesmekte dir. Bu nedenle baca tasarim parametrelerinin sistem verimi lizerindeki
etkisi giderek daha fazla arastirilmaktadir [3].

Baca sistemleri yalnizca yanma gazlarinin giivenli tahliyesini saglamakla kalmayip, ayni zamanda
yanma verimi, ¢ekis performansi, basing dagilimi ve emisyon karakteristikleri {izerinde 6nemli etkiye
sahiptir [4]. Baca geometrisi, dirsek acisi, kesit tipi ve malzeme ozellikleri; akis rejimini, tiirbiilans
olusumunu ve 1s1 transfer mekanizmalarini direkt etkiler [5]. Ozellikle ac1 degisimlerinin akis direncini
artirarak basing kayiplara neden oldugu ve bunun da enerji tiiketimini dolayli olarak etkiledigini eapor
eden ¢aligmalar mevcuttur[6].

Son yillarda yapilan ¢aligmalar, baca kesit geometrisinin (dairesel veya oval) akis homojenligi ve
stirtiinme kayiplari iizerinde farkli davraniglar sergiledigini gostermistir [7]. Dairesel kesitler genellikle
daha dengeli bir hiz dagilimi saglarken, oval kesitler belirli uygulamalarda alan verimliligi avantaji
sunabilir [8]. Bununla birlikte, baca malzemesinin 1s1l iletkenligi ve yiizey piiriizliiliigii, hem 1s1 kaybi
hem de emisyon degerleri iizerinde 6nemli etkilere sahiptir [9]. Paslanmaz ¢elik, kaynakli ¢elik ve oluklu
celik gibi farkli malzemelerin termal performanslarinin karsilastirilmasi, enerji etkin tasarim agisindan
6nemlidir [9].
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Iklim kosullar1 da baca performansim etkileyen énemli parametrelerden biridir. Dis ortam sicaklig1 ve
riizgar hizi, dogal ¢ekis mekanizmasini dogrudan etkileyerek sistem stabilitesini degistirebilir [10].
Ozellikle diisiik dis sicakliklarda cekis kuvvetinin artmasi, ancak ayni zamanda 1s1 kayiplarmin
yiikselmesi soz konusu olabilmektedir [6]. Bu nedenle bolgesel iklim verilerinin tasarim siirecine
entegre edilmesi gerekmektedir.

Gilinliimiizde baca sistemlerinin performans analizinde sayisal simiilasyon yontemleri yaygin olarak
kullanilmaktadir [5]. Hesaplamali akiskanlar dinamigi (CFD) ve benzeri simiilasyon araglari, deneysel
yontemlere kiyasla daha diisiik maliyetle ve daha kisa siirede ¢oklu senaryolarin analiz edilmesine
olanak saglamaktadir [7]. Simiilasyon destekli analizler, tasarim optimizasyonu agisindan karar
vericilere 6nemli avantajlar sunar [10-12].

Bu calisma kapsaminda, Gaziantep ili iklim kosullarinda faaliyet gosteren endiistriyel bir tesiste
kullanilan s1v1 yakatli 1sitma cihazina ait baca sistemleri; farkli ag1 (30°, 60°, 90°), malzeme (paslanmaz
gelik, kaynakli ¢elik, oluklu c¢elik) ve kesit geometrisi (dairesel, oval) kombinasyonlar1 altinda
degerlendirilmistir. KesaAladin simiilasyon programi kullanilarak gerceklestirilen analizler ile akis hizi,
basing dagilimi, sicaklik degisimi ve emisyon parametreleri incelenmis; enerji etkin tasarim agisindan
en uygun konfigiirasyonlarin belirlenmesi amaglanmistir. Bu yoniiyle ¢alisma, endiistriyel baca
tasariminda agi—malzeme—kesit tiggeninin enerji verimliligi tizerindeki etkisini biitiinciil bigimde ortaya
koymay1 hedeflemektedir.

2. ANALIZ SONUCLARI VE DEGERLENDiRMELER

m Paslanmaz Celik 90°
. |302.5 Dirsek
— 3 8.188 Paslanmaz Celik 60°
OVAL 300.8 Dirsek
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: T Dirsek
E [309%" 198 & Oluklu Celik 900
Ly — 300.8 Dirsek
6 . 1302.3 IO'luklu Celik 60°
&: DAIRE . Oo;‘ Dirsek
SEL 13 0:2 | O.luklu Celik 30°
Dirsek
301";--....______ 1]79' | Kay.nakYap.llmls
29401 ) Eellkio;’ D|rlsek
m Kaynak Yapilmis
275278281284287290293 206 Celik 60° Dirsek
299302 305 308 31 314 B Kaynak Yapilmis
Baca Agiz Kesiti (cm?) 317 320 Celik 30° Dirsek

Sekil 1. Baca agz kesiti

Sekil 1°de baca agiz kesitinin a¢1 ve malzemeye bagl degisimi goriilmektedir. Dairesel kesitte en diisiik
deger 299 mm ile kaynakli ¢elik 30° senaryosunda, en yiiksek deger ise 319,5 mm ile oluklu ¢elik 90°
senaryosunda elde edilmistir. Bu durum yaklasik %6,9’luk bir kesit artisina karsilik gelmektedir. Oval
kesitte ise minimum 300,8 mm, maksimum 321 mm olup artis oram yaklasik %6,7’dir. Ozellikle oluklu
¢elik bacalarda kesit gereksiniminin diger malzemelere gore yaklasik %6—7 daha yiiksek oldugu
gorilmektedir. Bu artis, akis direncinin dengelenmesi amaciyla sistemin daha biiyiik kesite ihtiyac
duydugunu goéstermektedir.
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Sekil 2. Baca akim hizi

Sekil 2’de akim hizlar1 incelendiginde dairesel kesitte 3,28 m/s ile en yiiksek hiz kaynakl ¢elik 30°
senaryosunda, 3,03 m/s ile en diisiik hiz oluklu ¢elik 90° senaryosunda goriilmektedir. Bu yaklasik
%7,6’lik bir hiz diisiisiine karsilik gelmektedir. Oval kesitte de benzer egilim gézlenmis ve maksimum
3,26 m/s, minimum 3,01 m/s olup yaklasik %7,7’lik azalma olusmustur. A¢1 biiyilidiik¢e hizin azaldig:
ve oluklu ¢eligin diger malzemelere gore ortalama %6—8 daha diisiik hiz degerleri verdigi belirlenmistir.
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Sekil 3. Baca atik gaz yogunlugu

Atik gaz yogunlugu degerlerinde dairesel kesitte 0,933—1,006 kg/m? araliginda degisim goriilmektedir.
Bu yaklasik %7,8’lik bir fark olugturmaktadir. Oval kesitte degisim 0,995—1,008 kg/m? araliginda olup
fark yaklasik %1,3’tiir. Ozellikle oluklu celik bacalarda yogunlugun yaklasik %1-2 daha yiiksek olmasi,
151 kayiplarinin ve akis rejiminin malzemeye duyarli oldugunu gostermektedir.
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Sekil 4. Baca akim sesi

Sekil 4’te akim sesi degerleri 14,1-15,6 dBA araliginda degismektedir. En yiiksek deger kaynakli gelik 30°
senaryosunda, en diisiik deger oluklu ¢elik 90° senaryosunda 6l¢iilmiistiir. Maksimum fark yaklagik %9,6°dir. A¢1
arttik¢a ses seviyesinde yaklasik %1-2 oraninda diisiis goriilmekte, malzeme degisimi ise toplamda yaklasik %8—
10°1luk bir akustik fark olugturmaktadir.

Diusiik sicaklik kosullarinda riizgar hizlar1 dairesel kesitte 8-8,55 m/s arasinda degismektedir.
Maksimum fark yaklagik %6,8’dir. Oval kesitte de benzer sekilde %6—7 araliginda fark olusmustur.
Oluklu celik bacalarda riizgar hizinin diger malzemelere gore ortalama %5—6 daha diisiik oldugu

gorilmektedir.
Pozitif sicaklik kosullarinda hiz degerleri 8,83-9,43 m/s araliginda degismistir. Maksimum fark yaklasik %6,8’dir.

Aci artistyla hizin yaklasik %0,5—1 oraninda azaldigi, malzeme etkisinin ise toplamda %6—7 diizeyinde oldugu
belirlenmistir. Bu durum g¢evresel sicakligin ¢ekis performansini dogrudan etkiledigini gostermektedir.
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Sekil 5. Baca -15°C riizgar hiz
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Sekil 6. Baca +15°C riizgar hiz1
Durgun basing degerleri dairesel kesitte 87,5-90 Pa arasinda degigsmektedir. Maksimum fark yaklagik

%2,8’dir. Oval kesitte ise fark %2,9’dur. Oluklu ¢elik bacalarda basing degerlerinin yaklagik %2-3 daha
diisiik oldugu goriilmektedir. Bu durum sistem cekis stabilitesini dogrudan etkilemektedir.
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Sekil 7. Baca durgun basing
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Sekil 8. Baca atik gaz hizi

m Paslanmaz Celik
90° Dirsek
Paslanmaz Celik
60° Dirsek

m Paslanmaz Celik
30° Dirsek

H Oluklu Celik 90°
Dirsek

B Oluklu Celik 60°
Dirsek

B Oluklu Celik 30°
Dirsek

H Kaynak Yapilmis
Celik 90° Dirsek

m Kaynak Yapilmis
Celik 60° Dirsek

m Kaynak Yapilmis
Celik 30° Dirsek

Atik gaz hiz1 dairesel kesitte 4,4-4,7 m/s araliginda degismis ve yaklasik %6,8’lik fark olusmustur.
Oval kesitte fark yaklasik %6,6°dir. Ozellikle 30° senaryolarinda hizin 90°’ye gére ortalama %46

daha yiiksek oldugu goriilmektedir.
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Sekil 9. Baca azami negatif basing

Azami negatif basing degerleri dairesel kesitte 94,2-97,7 Pa arasinda degismis ve yaklasik %3,7’lik
fark olugsmustur. Oval kesitte fark %3,6’dir. Ag1 arttikga negatif basincin yaklasik %0,2—0,5 oraninda

azaldig goriilmektedir.
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Sekil 10. Baca atik gaz sicaklik

Atik gaz sicakligl 163—164°C araliginda degismektedir. Maksimum fark yaklasik %0,6’dir. Bu deger
ac1 ve kesit degisiminin sicaklik tizerinde sinirlt bir etkisi oldugunu gostermektedir.
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Sekil 11. Bacanin i¢ cidar sicakligi

I¢ cidar sicaklig1 132-134°C araliginda degismis olup maksimum fark yaklasik %1,5°tir. Oluklu gelik bacalarda
sicaklik yaklasik %1 daha yiiksek ¢ikmistir. Bu durum malzemenin 1s1l davranis farkliligindan kaynaklanmaktadir.
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Sekil 12. Baca hava dogru akimi sicakligi

Hava dogru akimi sicakligr 51-52°C araliginda degismekte olup maksimum fark yaklasik %2’dir. A¢1
artig1 ve oluklu ¢elik kullanimi sicaklii yaklasik %1-2 artirmistir.
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Sekil 13. Baca yanak (R12) sicaklik

Yanak sicakligi 33-34°C araliginda degismektedir. Maksimum fark yaklagik %3’tlir. Oluklu ¢elik
senaryolarinda yanak sicakliginin yaklasik %3 daha yliksek oldugu goriilmiistiir. Bu durum yiizey 1s1
transferinin malzeme tiiriine bagli olarak degistigini gostermektedir.

3. SONUC

Bu ¢alismada, Gaziantep ili iklim kosullarinda ¢alisan s1vi yakith bir 1sitma sistemine ait baca tasarimi;
ac1(30°, 60°, 90°), malzeme (kaynakli ¢elik, paslanmaz ¢elik, oluklu gelik) ve kesit geometrisi (dairesel,
oval) parametreleri altinda sayisal olarak degerlendirilmistir. Analiz sonuglari, baca performansinin tek
bir parametreye bagl olmadigini; agi—malzeme—kesit etkilesiminin sistem davramigini Dbirlikte
sekillendirdigini gostermistir.

Akis performansi agisindan degerlendirildiginde, 30° dirsekli sistemlerin 90° konfigiirasyonlara kiyasla
ortalama %6-8 daha yiiksek akim hiz1 ve %46 daha yiiksek atik gaz hiz1 sagladigi belirlenmistir. Bu
durum, a¢1 bilyiidiikge akis direncinin arttigini ve ¢ekis performansinin kademeli olarak azaldigini ortaya
koymaktadir. Ozellikle oluklu celik bacalarda akim hizinin diger malzemelere gére yaklasik %68 daha
disiik gerceklesmesi, yiizey piriizliliiginiin akis karakteristigi {izerinde belirleyici oldugunu
gostermektedir.

Basing parametreleri incelendiginde, durgun basingta yaklasik %23, azami negatif basingta ise %3—4
araliginda degisim tespit edilmistir. En yiiksek cekis degerleri 30° ve 60° konfigiirasyonlarda elde
edilirken, 90° senaryolarinda basing kayiplarin arttigr goriilmiistiir. Bu sonug, ozellikle yiiksek
kapasiteli endiistriyel sistemlerde ag1 optimizasyonunun enerji verimliligi agisindan kritik oldugunu
gostermektedir.

Kesit geometrisi karsilagtirildiginda, dairesel ve oval kesitler arasinda performans farkinin sinirh
oldugu; ancak oval kesitlerde akim hizinin ortalama %0,5-1 daha disiik, kesit ihtiyacinin ise yaklasik
%6—7 daha yiiksek oldugu belirlenmistir. Bu durum, oval kesitin alan verimliligi saglamakla birlikte
akis direnci agisindan sinirh dezavantaj olusturabilecegini gostermektedir.

Isil performans analizlerinde atik gaz sicakliginin 163—164°C araliginda degistigi ve maksimum farkin
%0,6 diizeyinde kaldig1 goriilmiistiir. i¢ cidar ve malzeme sicakliklarinda ise yaklasik %1-1,5’lik
degisim meydana gelmistir. Oluklu ¢elik bacalarda ylizey sicakliklarinin yaklasik %1-3 daha yiiksek
olmasi, 1s1 transfer karakteristiginin malzemeye bagli olarak degistigini gostermektedir. Bununla birlikte
sicaklik parametrelerinin ag1 degisiminden sinirli diizeyde etkilendigi anlasilmistir.

Cevresel kosullarin etkisi incelendiginde, -15°C ve +15°C dis ortam sicakliklar1 arasinda riizgar hizi
degerlerinde yaklasik %6—7 oraninda degisim gozlenmistir. Diisiik dis sicakliklarda c¢ekis
performansinin artma egiliminde oldugu, ancak buna paralel olarak 1s1 kayb1 riskinin de yiikseldigi
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degerlendirilmistir. Bu bulgu, bolgesel iklim verilerinin baca tasarim siirecine entegre edilmesinin
Onemini ortaya koymaktadir.

Genel degerlendirme yapildiginda, enerji etkinlik agisindan en dengeli performansin 30° ve 60° dirsekli,
dairesel kesitli ve paslanmaz veya kaynakli ¢elik malzemeden olusan sistemlerde elde edildigi
sOylenebilir. 90° dirsekli ve oluklu ¢elik kombinasyonlarinin ise akis hizi, basing kaybi ve yiizey
sicaklig1 parametreleri agisindan daha diisiik performans gosterdigi belirlenmistir.

Sonug olarak, baca tasariminda a¢i1 optimizasyonunun akis ve basing performansi iizerinde %6—8
diizeyinde belirgin bir etki olusturdugu; malzeme seciminin ise 6zellikle ylizey sicakligi ve akis direnci
lizerinde %3-8 araliginda degisime neden oldugu tespit edilmistir. Bu bulgular, endiistriyel baca
tasariminda ¢ok parametreli optimizasyon yaklasimimin enerji verimliligini artirmada ve sistem
kararliligini saglamada 6nemli bir ara¢ oldugunu ortaya koymaktadir. Calisma, bdlgesel iklim kosullari
dikkate alinarak gerceklestirilen simiilasyon temelli analizlerin tasarim karar siireclerine bilimsel katki
saglayabilecegini gdstermektedir.
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OZET

Bu calismada, Elazig ilinin iklim kosullarinda yer alan ve 60.000 kcal/h kapasiteli bir 1sitma cihazi ile
donatilmig 480 m? biiyiikliiglindeki bir villaya ait baca sistemlerinin enerji verimliligi ve emisyon
davranisi analiz edilmistir. Aragtirma kapsaminda, ¢ift cidarli 35 mm tas yiinii yalitimli baca sistemi ile
tek cidarli yalitimsiz baca sistemi olmak iizere iki farkli yalitim durumu ele alinmistir. Ayrica Flex ¢elik
boru, aliminyum boru, aliminyum diiz boru ve gelik dokiim boru olmak iizere dort farkli baca
malzemesi kullanilarak dairesel ve oval kesitli, bina i¢i yerlesime sahip baca tasarimlari olusturulmustur.
Farkli malzeme, kesit, yalitim ve yerlesim kombinasyonlarindan meydana gelen alternatif senaryolar
KesaAladin simiilasyon programi yardimiyla degerlendirilmistir. Elde edilen sonuglar, yalitim durumu
ve baca malzemesinin, sistem ¢ekisi, baca gazi sicakliklar1 ve enerji kayiplar iizerinde belirgin etkiler
olusturdugunu gostermektedir. Calisma, Elaz1g ili 6zelinde konut 6lgekli 1sitma sistemlerinde uygun
baca tasariminin emisyonlarin azaltilmasi ve enerji verimliliginin artirilmasi agisindan 6nemli bir
potansiyel sundugunu ortaya koymaktadir.

Anahtar kelimeler: Konut baca sistemleri, tas ylinii yalitim, baca malzemeleri, enerji verimliligi,
emisyon performansi, KesaAladin simiilasyonu

1 GIRIS

Konut tipi 1sitma sistemlerinde baca tasarimi, sistem verimliligi, yanma kalitesi, emisyon kontrolii ve
isletme giivenligi acisindan olduk¢a 6nemlidir. Bacanin ana sistematigi, yanma sonucu olusan atik
gazlar1 glivenli ve siirekli bir sekilde atmosfere iletmektir. Bu islem biiyiik oranda dogal ¢ekis prensibine
dayanmaktadir. Baca igi sicak gaz ile dig ortam havasi arasindaki yogunluk farki akis mekanizmasini
belirlemektedir [1]. Dolayisiyla baca geometrisi, kesit formu, malzeme 6zellikleri ve yalitim durumu
gibi parametreler ¢ekis performansini dogrudan etkileyen parametrelerdir.

Son yillarda enerji verimliligi ve C-emisyonlarinin azaltilmasi hedefleri igin, 1sitma sistemlerinin tim
bilesenlerinin performans odakli degerlendirilmesi 6nem kazanmistir. Baca sistemlerinde meydana
gelen 1s1 kayiplari, yalnizca sistem verimini diisiirmekle kalmaz, ayni zamanda gaz sicakliginin
diismesine bagl olarak gelisebilen yogusma, korozyon ve ¢ekis zayiflamasi gibi teknik sorunlara da
neden olabilir [2]. Bu yiizden baca i¢ yiizey sicakliginin korunmasi ve gaz sicakligmin stabil tutulmasi
enerji verimli tasarim agisindan 6nemlidir.

Yalitimhi baca sistemleri, attk gaz sicakligii daha uzun siire koruyarak yogunluk farkinin
stirdiiriilmesine katki saglar. Bu sayede dogal c¢ekis de iyilestirilebilir [3]. Literatiirde yapilan deneysel
ve sayisal caligmalar, yaliim uygulamalarinin baca ici akis hizi, negatif basing degeri ve emisyon
dagilimi iizerinde bu sekilde dnemli iyilesmeler saglanabildigi rapor edilmistir [4]. Ozellikle diisiik dis
ortam sicakliklarina maruz boélgede kurulan sistemlerde yalitimin gekis performansi iizerindeki etkisi
daha belirgindir. Bu konu literatiirde yapilan ¢aligmalarla teyit edilmistir [5].

Baca kesit geometrisi de akis karakteristigi lizerinde 6nemli parametrelerden biridir. Dairesel kesitli
bacalar genellikle daha homojen hiz dagilimi ve diisiik tiirbiilans kaybi1 saglarken, alternatif kesit
formlarmin akis direnci ve basing dagiliminda farkli sonuglar dogurabilecegi ¢aligmalarda belirtilmistir
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[6]. Bu, ozellikle konut 6l¢ekli sistemlerde malzeme ve form secimlerinin birlikte degerlendirilmesini
gerektirmektedir.

Malzeme tiirii, 1s1l iletkenlik katsayisi ve yiizey pirizlilugi gibi ozellikler aracilifiyla hem 1s1
transferini hem de akis direncini etkilemektedir. Celik, aliiminyum ve kompozit baca elemanlarinin
karsilastirildig: giincel calismalarda, malzeme se¢iminin i¢ cidar sicakligi ve yogusma riski iizerinde
belirleyici oldugu tizerine ¢calismalar mevcuttur [7]. Ayrica baca sistemlerinde olusan akustik davranigin
da akis hiz1 ve kesit alani ile iliskili oldugu rapor edilmistir [8].

Simiilasyon ile desteklenen analiz yontemleri, baca sistemlerinin performansini deneysel uygulamalara
kiyasla daha kisa siirede ve daha diisiik maliyetle degerlendirme imkani1 sunmaktadir. Hesaplamali
akigkanlar dinamigi (CFD) ve bina enerji simiilasyon yazilimlar1 kullanilarak yapilan g¢aligmalar,
sicaklik dagilimi, basing degisimi ve hiz profillerinin detayli bicimde analiz edilebildigini
gostermektedir [9]. Bu yaklasim, tasarim asamasinda farkli senaryolarin karsilastirilmasina ve optimum
¢ozlimiin belirlenmesine olanak saglamaktadir [10-12].

Bu calisma kapsaminda, konut tipi bir 1sitma sisteminde farkli baca malzemeleri, kesit formlar1 ve
yalitim durumlar simiilasyon destekli olarak analiz edilmistir. Elde edilen bulgularin, konut 6lgeginde
baca tasarimina yonelik performans temelli karar verme siireglerine katki saglamasi amaglanmustir.

2. ANALIZ SONUCLARI VE DEGERLENDIiRMELER
170
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Aluflex Boru-Yalitimsiz

DAIRESEL FORM

BACA KESITi OVAL FORM Flex gelik boru-
Yalitimsiz

Sekil 1. Baca agz kesiti

Sekil 1°de, hem dairesel hem oval formlarda yalitimsiz bacalarda agiz kesitinin genel olarak daha biiyiik
oldugu goriilmektedir. Ozellikle aliiminyum flex ve celik flex borularda kesit artist mevcuttur. Bu
durum, yalhtimsiz sistemlerde akis siirekliligini saglamak amaciyla daha genis kesite ihtiyag
duyuldugunu gostermektedir. Yalitimli sistemlerde ise daha kompakt kesitlerle yeterli ¢cekis performansi
saglanabilmistir.
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Sekil 2. Baca akim hizi

Sekil 2’de akim hizlarmin yalitimli bacalarda daha yiiksek oldugu belirlenmistir. Dairesel formda
ozellikle celik dokiim ve Al diiz borularda hiz degerleri 3 m/s’nin lizerine ¢ikarken, yalitimsiz

sistemlerde hizlarin diistiigii gézlemlenmistir. Bu durum, yalitimin gaz sicakligini koruyarak yogunlugu
azalttigini ve cekisi artirdigini gostermektedir.
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Sekil 3. Baca atik gaz yogunlugu

Atik gaz yogunlugu degerleri yalitimsiz bacalarda daha yiiksek belirlenmistir. Bunun ana nedeni,
yaliimsiz sistemlerde gaz sicakliginin daha hizli diismesi ve buna bagli olarak yogunlugun artmasidir.
Yalitimli sistemlerde ise daha diisiik yogunluk degerleri elde edilerek dogal c¢ekis kosullari

iyilestirilmigtir.
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Sekil 4. Baca akim sesi

Sekil 4’e gore en yiiksek akim sesi degerleri yalittimli ve yiiksek hiz degerine sahip sistemlerde
goriilmektedir. Ozellikle celik dokiim bacalarda ses seviyesi daha yiiksektir. Yalitimsiz ve flex boru
kullanilan sistemlerde ise daha diisiik ses seviyeleri Ol¢iilmiistiir. Bu durum akim hizi ile ses seviyesi
arasinda dogrudan bir iliski oldugunu gostermektedir.
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Sekil 5. Baca -15°C riizgar hiz

Diisiik dis ortam sicakliginda (-15°C) riizgar hizlar1 yaliiml sistemlerde daha yiiksek ¢ikmistir. Soguk
hava kosullarinda sicak gaz—soguk hava yogunluk farki artt1ig1 icin ¢ekis kuvveti yiikselmistir. Ozellikle
dairesel ¢elik dokiim ve aluduz borularda en yiiksek degerler elde edilmistir.
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Sekil 6. Baca +15°C riizgar hiz1

+15°C kosullarinda tiim sistemlerde riizgar hizlarinin azaldigi goriilmektedir. Dig ortam sicakligi

arttikga yogunluk farki azalmis ve ¢ekis zayiflamistir. Ancak yalitimli sistemler bu kosulda dahi daha
kararli performans sergilemistir.
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Sekil 7. Baca durgun basing

Durgun basing degerleri yalitimli sistemlerde yaklasik 69—72 Pa araliginda iken, yalitimsiz sistemlerde
belirgin sekilde diismektedir. Bu durum, yalitimin baca igindeki termal kararlilig1 artirarak basing
kayiplarini azalttigin1 gostermektedir.
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Sekil 8. Baca atik gaz hizi

Atik gaz hizlar1, akim hiz1 sonuglariyla paralel sekilde yalitimli sistemlerde daha yiiksek ger¢eklesmistir.
Ozellikle dairesel ¢elik dokiim ve aluduz borularda maksimum degerlere ulasilmistir. Yalitimsiz
sistemlerde gaz sogumasina bagli olarak hiz diislisii meydana gelmistir.
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Sekil 9. Baca azami negatif basing

Azami negatif basing degerleri yalitimli bacalarda daha yiiksek 6l¢iilmiistiir. Bu durum daha giiglii ¢ekis
anlamina gelmektedir. Yalitimsiz ve flex boru kullanilan sistemlerde negatif basing degerleri daha diisiik
olup ¢ekis kapasitesi sinirlanmigtir.
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Sekil 10. Baca atik gaz sicaklik

Atik gaz sicakliklar tiim senaryolarda birbirine yakin olmakla birlikte, yalitimli sistemlerde sicaklik
korunumu daha stabildir. Yalitimsiz sistemlerde 1s1 kaybi nedeniyle sicaklik diisiisii daha erken
gergeklesmektedir.
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B Celik Dokim-Yalitimsiz

i¢c Cidar Sicaklik (2C)

B Aluduz Boru -Yalitimsiz

Aluflex Boru-Yalitimsiz

DAIRESEL FORM

BACA KESITi OVAL FORM Flex gelik boru-
Yalitimsiz

Sekil 11. Bina igi-bina dis1 bacanin i¢ cidar sicaklik

I¢ cidar sicakliklar1 yalitimli bacalarda 133-137°C araliginda seyrederken, yalitimsiz sistemlerde
yaklagik 118-123°C seviyelerine diigmektedir. Bu fark, yogusma riskinin yalitimsiz sistemlerde daha
yiiksek olabilecegini gostermektedir.
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B Celik Dokiim-Yalitimh

 Aluduz Boru -Yalitimh

m Aluflex Boru-Yalitimh

Flex celik boru- Yalitiml

B Celik Dokim-Yalitimsiz

Malzeme Sicaklik (2C)

H Aluduz Boru -Yalitimsiz

Aluflex Boru-Yalitimsiz

DAIRESEL FORM

BACA KESITi OVAL FORM Flex gelik boru-
Yalitimsiz

Sekil 12. Baca malzemesi sicaklik

Malzeme sicakligi sonuclari i¢ cidar sicakliklari ile paralellik gostermektedir. Yalitimli sistemlerde daha
yiiksek ve dengeli sicaklik dagilimi saglanirken, yalitimsiz sistemlerde 1s1 kaybi belirginlesmektedir. Bu
durum uzun vadede malzeme dayanimi ve sistem verimliligi agisindan 6nem tagimaktadir.

3. SONUC

Bu calismada, konut tipi bir 1sitma sistemi i¢in farkli baca malzemesi, kesit formu ve yalitim
durumlarinin baca performans parametreleri tizerindeki etkileri simiilasyon destekli olarak
degerlendirilmistir. Elde edilen bulgular, baca sistemlerinde yalitim uygulamasinin akim hizi, negatif
basing ve durgun basing degerlerini artirarak g¢ekis performansini iyilestirdigini gdstermistir. Buna
karsilik atik gaz yogunlugunu azalttigini gostermistir.

Yalitimsiz sistemlerde ise gaz sicakliginin daha hizli diismesi nedeniyle yogunluk artist ve g¢ekis
zayiflamas1 gbzlemlenmistir. Dairesel kesitli bacalar genel olarak daha dengeli akis ve basing degerleri
sunarken, malzeme tiirliniin 6zellikle i¢ cidar sicakligi ve akim sesi lizerinde etkili oldugu rapor
edilmistir.

Sonug olarak, konut 6l¢ekli 1sitma sistemlerinde enerji verimliligi, emisyon kontrolii ve sistem giivenligi
acisindan yaliimli baca tasarimlarinin tercih edilmesi gerektigi ortaya konmustur. Ciktilar, tasarim
asamasinda karar vericilere teknik ve performans temelli bir degerlendirme altyapisi1 sunmaktadir.
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OZET
Bu calismada, konut tipi elektrik enerjisi tiiketiminin azaltilmast amaciyla sebeke baglantili

(on-grid) bir fotovoltaik sisteminin teknik tasarimi ve performans degerlendirmesi
gerceklestirilmistir. Sistem tasariminda fotovoltaik modiil se¢imi, inverter uyumlulugu, DC
gerilim sinirlar1 ve sebeke entegrasyonu miihendislik kriterleri dogrultusunda ele alinmistir.
Caligmada 550 Wp giiciinde monokristal paneller kullanilmis, 10 panelin seri baglanmasiyla
5.5 kWp kurulu gi¢ elde edilmistir. Sistemden elde edilen yaklasik 502 V ag¢ik devre gerilimi,
secilen 5 kW monofaze on-grid inverterin ¢alisma araligi ile uyumlu bulunmustur. Sistemde
enerji depolama birimi kullanilmamus, iiretilen enerji anlik olarak tiiketimde degerlendirilmis
ve yetersiz iiretim durumlarinda enerji ihtiyaci sebekeden karsilanmistir. Limiter cihazi ile
enerji akist kontrol altina alinmis, Wi-Fi veri izleme modilu sayesinde Uretim ve tlketim
verilerinin uzaktan takibi saglanmistir. Elde edilen igletme verileri, MPPT kontrolli inverter
yapisinin sistem verimini artirdigin1 ve sistemin farkli aylarda kararli sekilde calistigini
gostermistir.  Sonu¢ olarak tasarlanan gsebeke baglantili fotovoltaik sistemin konut
uygulamalarinda teknik olarak uygulanabilir, enerji verimliligi agisindan etkili ve ekonomik bir

¢Oziim sundugu belirlenmistir.

Anahtar Kelimeler: Fotovoltaik sistem, sebeke baglantili (on-grid) sistem, giines enerjisi,

inverter, enerji verimliligi, konut tipi enerji tiretimi.
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TECHNICAL FEASIBILITY AND PERFORMANCE ANALYSIS OF GRID-
CONNECTED PHOTOVOLTAIC SYSTEMS AT THE RESIDENTIAL SCALE

ABSTRACT

This study examines the technical design and performance evaluation of a grid-connected (on-
grid) photovoltaic system designed to reduce residential electricity consumption. The system
design addressed photovoltaic module selection, inverter compatibility, DC voltage limits, and
grid integration in line with engineering criteria. The study used 550 Wp monocrystalline
panels, achieving a total installed capacity of 5.5 kWp by connecting 10 panels in series. The
open-circuit voltage of approximately 502 V obtained from the system was found to be
compatible with the operating range of the selected 5 kW single-phase on-grid inverter. No
energy storage unit was used in the system; the generated energy was consumed immediately,
and the energy demand was met from the grid when production was insufficient. The energy
flow was controlled by a limiter device, and remote monitoring of production and consumption
data was provided via a Wi-Fi data-monitoring module. The operational data showed that the
MPPT-controlled inverter structure increased system efficiency and that the system operated
stably across different months. As a result, it was determined that the designed grid-connected
photovoltaic system offers a technically feasible, energy-efficient, and economical solution for
residential applications.

Keywords: Photovoltaic system, grid-connected (on-grid) system, solar energy, inverter,

energy efficiency, residential energy production.

1. GIRIS
Niifusun artmasina paralel olarak artan enerji ihtiyacini karsilamasi noktasinda sebeke
baglantili fotovoltaik sistemler disa bagimlilig1 azaltacak, milli ekonomi ve toplumlarin refahini
artiracaktir. Enerji, ekonomik biiyiime ve toplumsal ilerleme igin vazgegilmez bir unsur haline
gelmistir. Insanliga ve cevreye zarar vermeyecek sekilde elektrik enerjisi ihtiyacini
karsilayacak olan yenilenebilir enerji kaynaklar gelistirilmektedir [1-3]. Bu kaynaklar, ayni
zamanda kiiresel iklim degisikliklerinin etkisinin azaltilmasinda énemli rol oynamaktadirlar.
Yenilenebilir enerji kaynaklar arasinda; hidrolik, jeotermal, giines, riizgdr ve biyokiitle
sayilabilir [4, 5]. Giines enerjisi, yenilenebilir enerji kaynaklar1 arasinda 6nemli bir yere
sahiptir. Bu enerji turd, karbon ayak izini azaltma ve artan elektrik maliyetleriyle micadele

etme potansiyeline sahiptir [6].
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Giines panelleri; akiimiilator, evirici, akii sarj kontrol birimleri ve gesitli elektronik yardimei
devrelerle birlikte calisarak fotovoltaik sistemleri meydana getirir. Belirli gi¢ seviyelerine
kadar bu sistemler enerji depolamali sekilde tasarlanabilmektedir. Ancak depolama birimlerinin
maliyetlerinin yliksek olmasi ve isletme siirecinde ariza olasiliklarinin fazla olmasi nedeniyle
bu tur ¢6zimler her zaman tercih edilmemektedir. Buna karsin, elektrik sebekesine erisimin
olmadigi bolgelerde depolamali fotovoltaik sistemlerin kullanimi zorunlu hale gelmektedir. Bu
kapsamda, depolamali sistemler giines enerjisi yardimiyla akiimiilatorleri sarj ederek, 6zellikle
gece saatlerinde ve giineslenmenin yetersiz oldugu kapali havalarda sistem bilesenlerinin
kesintisiz ¢alismasini saglamay1 amaglamaktadir. Sebeke baglantili on-grid sistemlerde giinesin
yetersiz oldugu zamanlarda ya da Ozellikle gece siiresince panellerden enerji akist
olmayacagindan dolay1 sistem caligmaz. Sistemin aktif olmamasi tiiketicinin enerjisiz kalmasi
manasina gelmeyecektir. Bu siiregte tiiketicinin sebeke destegi aktif oldugu icin enerji akist
sebekeden karsilanmaktadir. Gorsel 1’de sebeke baglantili on-grid sistemin genel prensip

semas1 verilmistir [7, 8].

Gorsel 1. Sebeke baglantili on-grid sistemin genel prensip semasi
2. MATERYAL VE METOD
Tasarlanan sistem agagidaki temel bilesenlerden olugsmaktadir:
e Fotovoltaik modiiller
e On-grid inverter
e Transfer panosu
e Sebeke baglantis
Sistem prensibi su sekilde 6zetlenebilir:
e Qiindiiz saatlerinde panel liretimi dogrudan ytikleri besler.
e Uretimin yetersiz oldugu durumlarda enerji sebekeden cekilir.

e Sistem depolama i¢ermez; enerji akis1 anlik gergeklesir.
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Sistemin gereksinim gordiigii input DC gerilim degerini elde edebilmemiz i¢in ilk etapta panel

se¢imini yapmamiz gerekmektedir. Ihtiyag duydugu gerilimleri elde edecegimiz PV sistemde

kullanilacak olan panel sayisi ve boyut analizi asagida verilmistir. Sistemin kurulumunda

kullanilmak tizere CWT kodlu monocristal half cad panel katalog degerleri Cizelge 1’de
verilmistir. Bunlar arasinda CWT550 144PMB-10 model 550Wp degerindeki panellerden 10

adet kullanilacaktir.

Cizelge 1. Monokristal half cad panel verileri

Model Tipi CWT530 CWT535 CWT540 CWT545 CWT550
144MB10 144MB10 144MB10 144MB10 144MB10
Maxsimum GU¢ (Pmax) 530 535 540 545 550
Modiil Verimliligi 20.45 20.67 20.84 21.03 21.23
Max Gug Gerilimi (Vmp) 41.60 41.80 42.00 42.20 42.40
Max Gii¢ Akimi (Imp) 12.75 12.80 12.86 12.92 12.98
Agik Devre Gerilimi (Vo) 49.40 49.60 49.80 50.00 50.20
Kisa Devre Akimi (Is) 13.58 13.63 13.70 13.76 13.82
Gii¢ Toleransi 0-+5w
Max Sistem Anma Gerilimi 1500 vV DC
Calisma Sicaklig1 Aralig 40-+85C
Giivenlik Smift Sinif 11
Max Seri Sigorta Akimi 30A

Sistemde kullanilan 550 Wp giiciindeki 10 adet panelin birbirleriyle seri baglanmasiyla

5500Wp degerinde gii¢ degeri, 50.20x10=502 V agik devre gerilimi elde edilmis olur. Bu

degerler kullanilan sebeke baglantili on-grid inverterin input gerilim degerlerine de uyumludur.

Sistem tasariminda se¢imi yapilan 550 Wp guciindeki panellere ait mekanik 6zellikler Cizelge

2’de verilmistir.

Cizelge 2. Monokristal half cad panel mekanik 6zellikleri

Hicre Boyutu (mm) 182x91
Hiicre Sayis1 (Adet) 144 (24x6)
Agirhigr (kg) 29.0
Panel Boyutu (mm) 2278x1134x35
Max Riizgar/Kar Yiikii Dayanimi (Pa) 2400/5400
Baglant1 Kutusu Koruma Smifi P68
Baglant1 Kutusu Kablo Boyu (mm) 300-1200
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Sistem tasariminda se¢imi yapilan 550 Wp giiciindeki panellere ait I-V karakteristik egrileri

Gorsel 2°de gosterilmistir.
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Gorsel 2. Monokristal half cad panel I-V karakteristik egrileri
Sistemde Deye marka 5 kW giiciinde on-grid monofaze Inverter kullanilmistir. Kullanilan bu
inverter kutu igeriginde dahili wifi logger aparati ve limiter cihazi ile gelmektedir. Sistemde
kullanilan toplam panel giicii 5500 W oldugundan dolay1 kullanilacak inverter giicii ise 5 kW
olarak segilmistir. Sistemde kullanilan sebeke baglantili on-grid inverter gorseli-3’de

verilmistir. Inverterin elektriksel verileri ise ¢izelge 3’de siralanmustir.

Gorsel 3. Sebeke destekli On-grid inverter
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Cizelge 3. Inverterin elektriksel verileri

Max. DC Input Power (kW) 6,6
Max. DC Input Voltage (V) 550
Start-up DC Input Voltage (V) 80
MPPT Operating Range (V) 70-550
Max. DC Input Current (A) 19.5+19.5
Number of MPPT / Strings per MPPT 2/1
Size (mm) 330Wx310Hx172D
Weight (kg) 11

Inverter cihazina montaj1 yapilan dahili wifi logger cihazi cihazin iirettigi ve tiikettigi enerji
verilerini kablosuz olarak bulut tabanli izleme platformuna gonderir. Kullanicilar bu sayede
sistemi uzaktan izleyebilir, anlik tiretim, tiiketim ve sebeke bilgilerini gorebilir, ariza ve
performans durumlarint mobil uygulama veya web iizerinden takip edilebilmektedir. Sebeke

baglantili on-grid invertere montaji yapilan wifi aparat1 gorsel 4’de verilmistir.

Gorsel 4. Sebeke baglantihi on-grid inverter wifi aparati

Sistemde transfer panosuna baglanan limiter cihazi ise fotovoltaik sistemin iiretmis oldugu

elektrik enerjisini sisteme vermesini engellemek icin kullanilmaktadir. Sebeke sisteminin
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fazina baglanan akim sinirlayici cihaz olarak ta bilinen limeter cihazinin, sebeke baglantili
sisteme tanitilmasi biiylik onem arz etmektedir. Sayet sisteme tanitimi yapilmaz ise panelin
tiretmis oldugu elektrik enerjisini sanki sistem tliketiyormus gibi algilatarak tiiketiciye yiiksek

miktarda elektrik faturasi gelmesine neden olabilmektedir.

3. BULGULAR
Tasarimi yapilan sebeke baglantili on-grid sistemin devreye alinmasi ile birlikte gilindiizleri
giinesli hava kosullar1 g6z oniine alindiginda sistem otomatik olarak devreye girmistir. Sistemin
input DC gerilim araliginda elde edilen gerilim degerleri MPPT 6zelligi ile ¢ikis gerilimi
optimum olarak kullanilmaya baslanmistir. Sistemin en avantajli sekilde kullanilmas1 ve panel
sisteminden maksimum enerji kazanci alina bilmesi i¢in zaruri ihtiyaglarin ve asir1 gii¢ tiikketen
cihazlarin giindiiz kullanilmasi tavsiye edilmektedir. Bu dogrultuda yapilan kullanimlarda ay
sonu gelen elektrik faturasi bedelin de yaklasik olarak %80 oraninda diisiisiin oldugu
gozlenecektir. Sisteme akuple edilen limiter ve wifi logger aparatlarinin tanitimi yapildiktan
sonra logger lizerinden giinliik iiretilen enerji degerleri grafiksel olarak alinmaya baglanmistir.
Elde edilen grafikler yillik bazda olup yilin 12 aymi1 kapsamaktadir. Data loggerden elde edilen

kWh cinsinden enerji degerleri aylik bazda gorsel 5’te verilmistir.

=l 8=l %68 W11 7 &R %88 M 11:11
Plant Details Plant Details
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Month Year Total Month Year Total
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Real Time  Statistics Device Real Time  Statistics Device
Month Year Total Month Year Total
« 2023-04 - « 2023-05 -
Monthly Production Monthly Consumption Monthly Production Monthly Consumption
256.70kwh 0.00kwh 240.10kwh 0.00kwh
ol o o T o o o o o o o o o ot ol v o o o o ol o o o o o) (o il 2ol o o3 o o o Tl ok o o o o ot o ol o o )
kWh kWh
25 18
20 15
12
15
9
10
6
1 4 7 10 13 16 19 22 25 28 1T 4 7 10 13 16 19 22 25 28 31
® Production ® Consumption ® Production ® Consumption

¢) 2023 yil1 Nisan ay1 verileri d) 2023 yil1 Mayzis ayi verileri

Plant Details Plant Details
Real Time  Statistics Device Real Time  Statistics Device
Month Year Total Month Year Total
« 2023-06 = « 2023-07 =
Monthly Production Monthly Consumption Monthly Production Monthly Consumption
464.20kwh 0.00kwh 743.50kwh 0.00kwh
SN0 000 X D00 NG G076 0 0:0:10110100:0:001:0) 0007 0701 GO IO 007 0701 0 01 010707 05 000007 0050707
kWh kWh S
30 30
25 25
20 20
15 15
10 10
Ml | |
ol 0
14 7 10 13 16 19 22 25 28 1 4 7 10 13 16 19 22 25 28 31
@ Production ® Consumption @ Production ® Consumption
e) 2023 yil1 Haziran ay1 verileri ) 2023 yili Temmuz ay1 Vverileri

179



TROIA 3RP INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 27 — 28, 2026 —- CANAKKALE
ISBN NR: 978-625-5694-84-3

Plant Details Plant Details
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K) 2023 y1l1 Aralik ay1 verileri 1) 2024 y1l1 Ocak ay1 verileri

Gorsel 5. Elde edilen kWh cinsinden aylik bazda enerji degerleri

4. SONUCLAR
Bu calismada, konut tipi elektrik tiiketimini azaltmak amaciyla 5.5 kWp giiciinde sebeke
baglantil1 bir fotovoltaik sistem tasarlanmis ve gercek verilerle performansi degerlendirilmistir.
Panel-inverter uyumunun dogru saglandigi ve sistemin giivenli sinirlar iginde kararli bigimde
calistig1 dogrulanmistir. Depolama birimi kullanilmadan kurulan sistem, maliyet ve isletme
karmagikligin1 azaltmis; sebeke destegi sayesinde kesintisiz enerji kullanimini miimkiin
kilmistir. Elde edilen veriler, sistemin konut enerji ihtiyacini dnemli 6l¢iide destekledigini ve
uygun kullanim stratejileriyle elektrik faturasinda belirgin tasarruf sagladigini gostermistir.
Sonu¢ olarak, dogru boyutlandirilmis sebeke baglantili fotovoltaik sistemlerin konut

uygulamalarinda teknik ve ekonomik agidan uygulanabilir bir ¢6ziim sundugu belirlenmistir.
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OZET

Bu calismada, fotovoltaik (PV) sistemlerde giinliik enerji liretiminin yapay sinir aglar1 (YSA)
ile tahmin edilmesi amaglanmistir. Subat 2023-Ocak 2024 donemine ait giinlik Gretim verileri
kullanilarak, giin ve ay bilgilerini igeren veri seti lizerinden modelleme gergeklestirilmistir.
Calismada Cok Katmanli Algilayici (CKA) ve Radyal Tabanli Fonksiyon (RTF) olmak iizere
iki farkli YSA modeli karsilagtirilmistir. Modeller SPSS ortaminda egitilmis ve performanslari
Ortalama Kare Hata (MSE), Kok Ortalama Kare Hata (RMSE), Ortalama Mutlak Hata (MAE)
ve korelasyon katsayisi ol¢iitleri ile degerlendirilmistir. Elde edilen sonuglar, her iki modelin
de enerji tiretimini tahmin edebildigini, ancak CKA modelinin daha diisiik hata degerleri ve
daha yiksek korelasyon katsayisi ile daha bagarili performans sergiledigini gostermistir. Sonug
olarak, zaman tabanli giris degiskenleri kullanilarak gelistirilen yapay sinir ag1 modellerinin
fotovoltaik enerji iiretim tahmininde etkili oldugu belirlenmistir. Calisma, 6zellikle Cok
Katmanli Algilayici yaklasgiminin giinliik enerji tahmininde daha basarili sonuglar verdigini
gostermekte ve ileride meteorolojik degiskenlerin modele dahil edilmesiyle tahmin
dogrulugunun artirilabilecegine isaret etmektedir.

Anahtar Kelimeler: Fotovoltaik sistem, giines enerjisi tahmini, yapay sinir aglari, ¢ok

katmanli algilayici, radyal tabanli fonksiyon, enerji tahmini.
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MULTILAYER PERCEPTRON AND RADIAL BASED FUNCTION MODELS FOR
PHOTOVOLTAIC ENERGY PRODUCTION ESTIMATION

ABSTRACT

This study aims to forecast daily energy production in photovoltaic (PV) systems using artificial
neural networks (ANNS). Using daily production data from February 2023 to January 2024,
modeling was performed on a dataset containing day and month information. Two different
ANN models, the Multi-Layer Perceptron (MLP) and the Radial Basis Function (RBF), were
compared in this study. The models were trained in SPSS, and their performance was evaluated
using Mean Squared Error (MSE), Root Mean Square Error (RMSE), Mean Absolute Error
(MAE), and the correlation coefficient. The results show that both models can predict energy
production, but the MLP model performed better, with lower errors and a higher correlation
coefficient. In conclusion, it was determined that artificial neural network models trained on
time-based input variables are effective for predicting photovoltaic energy production. The
study shows that the Multi-Layer Perceptron approach, in particular, yields better results for
daily energy prediction and that prediction accuracy can be improved by including
meteorological variables in the model in the future.

Keywords: Photovoltaic system, solar energy estimation, multilayer perceptron, radial basis
function, energy estimation.

1. GIRIS

Fotovoltaik sistemlerle enerji iiretiminde 151n1m, sicaklik ve zaman degiskenlerine bagli olarak
sirekli dalgalanmalar meydana gelmektedir. Bu durum enerji yonetimi ve sebeke
planlamasinda tahmin modellerinin 6nemini artirmaktadir. Yapay sinir aglari dogrusal olmayan
iliskileri 6grenebilme kabiliyeti sayesinde enerji tahmin ¢alismalarinda yaygin olarak tercih
edilmektedir [1-3]. Giines enerjisi sistemlerinde gii¢ iiretiminin dngdriilmesine yonelik yapilan
literatiir incelemelerinde, yapay zeka tabanli yontemlerin yaygin kullanildigi goriilmektedir.
Amer ve arkadaglar1 (2023), fotovoltaik gii¢c ¢iktilarini tahmin etmek amaciyla yapay sinir
aglarindan yararlanmig ve giris degiskenlerinin 6nemini belirlemek i¢in Pearson korelasyon
katsayis1 analizini uygulamistir. Calisma kapsaminda Ozellik segiminin modele etkisi
arastirilmis; se¢imsiz durumda elde edilen R?= 0.4268 ve RMSE = 6.697 degerlerinin, 6zellik
se¢imi sonrasi sirastyla R?=0.8769 ve RMSE = 4.094 diizeyine yiikseldigi rapor edilmistir. Bu
sonug, 0zellikle degisken sayisinin fazla oldugu problem alanlarinda 6zellik se¢iminin model

performansini anlamli olarak iyilestirdigini gdstermektedir [4].
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Vakili ve Salehi (2023) ise benzer amag¢ dogrultusunda Coklu Dogrusal Regresyon (CDR),
Rastgele Temel Fonksiyonlar1 (RTF), ANFIS ve Destek Vektor Makineleri (SVM)
yontemlerini karsilagtirmig; makine 6grenmesi yontemlerinin geleneksel dogrusal modellere
kiyasla daha tutarli sonuglar verdigini vurgulamistir. Bu ¢alisma, farkli veri yapilarinin
Ogrenilmesinde dogrusal olmayan modellerin avantajina isaret etmektedir [5]. Ledmaoui ve
arkadaslar1 (2023) ise CKA, GTM, XGBoost ve Karar Agaci gibi ¢esitli yontemleri YSA ile
karsilastirmis deneysel analizler sonucunda YSA'nin diger algoritmalara kiyasla daha yiiksek
dogruluk iirettigini bildirmistir. Yazarlar, veri setindeki dogrusal olmayan iligkilerin YSA ile
daha etkin temsil edildigini vurgulamaktadir [6]. Derin 6grenme yaklasimini ele alan Mellit ve
arkadaglar1 (2022), LSTM, BiLSTM, GRU, BiGRU ve tek boyutlu CNN gibi gelismis ag
mimarilerini karsilastirmig; 6zellikle DLANN tabanli modellerin kisa dénemli PV gii¢
tahmininde daha basarili oldugunu ifade etmistir. Zaman bagimli dizilerin islenmesinde LSTM-
tirevli yapilarin yiiksek performans saglamasi literatiirde siklikla vurgulanan bir bulgudur.
Calismalardan bazilari, fotovoltaik giic tahmininde boyut indirgeme tekniklerinin roliinii de
irdelemistir [7]. Moreira ve ¢alisma arkadaglar1 (2021), Temel Bilesenler Analizi (PCA) ile
YSA’y1 birlikte kullanmis ve 6zellik uzayimnin kii¢liltiilmesinin hesaplama yiikiinii azalttigini ve

tahmin dogrulugunu artirdigini géstermistir [8].

2. MATERYAL VE METOD

Bu calismada, sistemde kullanilmis olan Inverter’e bagl wifi dataloger cihazindan elde
edilen 2023 Subat ay1 ile 2024 Ocak ay1 tarihleri arasindaki veriler kullanilmistir. Veriler
giinlik bazda elde edilen gii¢ degerlerinden olusmaktadir. Gii¢ degerlerinin tahminlenmesi
amaciyla makine Ogrenme yoOntemleri arasinda yer alan yapay sinir aglart yontemleri
kullanilarak analizler gerceklestirilmistir. Yontemler, herhangi bir varsayim gerektirmemesi
(normallik, ¢oklu baglantilik vb.) ve minimum hataya sahip tahminlemeler yapabilme becerisi
nedeniyle tercih edilmistir. Bu amagla, yapay sinir aglar ailesinden Cok Katmanli Algilayict
yapay sinir aglar1 (CKA) ile Radyal Tabanli Fonksiyon yapay sinir aglar1 (RTF) yontemleri
kullanilmistir. Bu amaca binaen giin, ay ve giic degerleri olmak {izere 3 adet degisken
kullanilmistir. Bunlar arasindan, giic degerleri bagimli, giin ve ay degerleri ise bagimsiz
degisken olarak analize alinmistir. Calismada kullanilan veri setinde herhangi bir eksik veri
bulunmamaktadir Calismada yontemlerin performanslarmi degerlendirmek i¢in Ortalama
Karesel Hata (Mean Squared of Error-MSE), Ortalama Karesel Hatanin Kokii (Root Mean
Squared of Error-RMSE), Ortalama Mutlak Hata (Mean Absolute Error-MAE) ile gergek deger

ile tahmin degeri arasindaki iliskiyi gosteren korelasyon katsayist kullanilmistir. CKA’nin
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temel yapist Gorsel 1°de verilmistir. Performans olgiitlerine ait denklemler ise asagida

verilmigtir.

Performans olgutleri

1
MSE = ﬁ £V=1(Pi - Oi)z (l)
RMSE = \/ﬁziil(ﬂ - 0;)? 2)
MAE = ~3|P - 04| )

Burada; Pi (Predicted Value) tahmin edilen degeri, Oi (Observed value) ise gdzlenen
degerleri gostermektedir

Synaptic Weight = 0
= Synaptic Weight < 0

Bias @

S

Hidden layer activation function: Hyperbolic tangent

Output layer activation function: Identity

Gorsel 1. CKA’nin temel yapisi
Calismada; CKA ve RTF yontemlerini kullanarak, glines enerjisi panel giiciinii tahmin etmek
ve her iki yontemin tahminleme performanslarini karsilastirmak amaglanmaktadir. Giig
degerlerinin tahminlenmesi amactyla makine 6grenme yontemleri arasinda yer alan yapay sinir
aglar1 yontemleri kullanilarak analizler gergeklestirilmistir. YoOntemlerin uygulanmasindan
once veri seti %70 egitim %30’da test verisi olarak ayrilmistir. Yontemler uygulanirken farkl
egitim veri seti kullandigindan dolay1 her denemede farkli performans géstermektedirler. Bu

nedenle, kullanilan yontemlere ait analizler, bir¢ok kez tekrarlanmistir. Veri setine ilk olarak
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CKA, ardindan RTF yontemi uygulanmistir. CKA yontem analizi sonuglarina gore gizli katman
aktivasyon fonksiyonu Hyperbolic tangent, ¢ikti katmani aktivasyon fonksiyonu olarak ise
Identity sonucuna varilmigtir. Ardindan veri setine RTF yontemi uygulanmistir. RTF
yontemine ait analiz sonuglarina gore gizli katman aktivasyon fonksiyonu softmax, ¢ikti
katmani aktivasyon fonksiyonu olarak ta Identity sonucuna varilmistir. RTF nin temel yapisi

Gorsel 2°de verilmistir.

Synaptic Weight = 0
— Synaptic Weight < 0

Qi

wil

0000000

Hidden layer activation function: Softmax

Ciutput layer activation function: ldentity

Gorsel 2. RTF’nin temel yapisi
3. BULGULAR

Bu ¢aligmada, sistemde kullanilmis olan invertere bagl wifi dataloger cihazindan elde edilen
2023 Subat ay1 ile 2024 Ocak ay1 tarihleri arasindaki veriler kullanilmistir. Veriler giinliik
bazda elde edilen kWh cinsinden enerji degerlerini igermektedir. Verilerin analizi, MS Excel
ve SPSS 21 programlar1 kullanilarak yapilmistir. Caligmada kullanilan verilere ait grafikler

Gorsel 3’de verilmistir.

187



TROIA 3RP INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 27 — 28, 2026 —- CANAKKALE
ISBN NR: 978-625-5694-84-3

Ayin glinlere gore kwh cinsinden eneriji verileri
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¢) 2023 yili Nisan ayina ait kWh cinsinden enerji degerleri

Ayin glinlere gore kwh cinsinden enerji verileri
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d) 2023 yili Mayis ayina ait kWh cinsinden enerji degerleri
Ayin glinlere gore kwh cinsinden eneriji verileri
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) 2023 yili Temmuz ayina ait kwh cinsinden enerji degerleri

Ayin glinlere gore kwh cinsinden enerji verileri

30

25

20
=

2 15
-~

10

5

0

1234567 8 910111213141516171819202122232425262728293031
Giinler
=@==Series]
g) 2023 yili Agustos ayina ait kWh cinsinden enerji degerleri
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h) 2023 yil1 Eyliil ayina ait kWh cinsinden enerji degerleri
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Ayin glinlere gore kwh cinsinden eneriji verileri
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1) 2023 y1l1 Ekim ayna ait kWh cinsinden enerji degerleri
Ayin glinlere gore kwh cinsinden eneriji verileri
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J) 2023 y1li Kasim ayina ait kWh cinsinden enerji degerleri
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Ayin glinlere gore kwh cinsinden eneriji verileri
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k) 2023 yil1 Aralik ayina ait kWh cinsinden enerji degerleri
Ayin glinlere gore kwh cinsinden eneriji verileri
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1) 2024 yili Ocak ayina ait kWh cinsinden enerji degerleri
Gorsel 3. Cahismada kullanilan verilere ait grafikler
Veri setine ait tanimlayici istatistiklerin hesaplanmasiyla elde edilen sonuglar Cizelge 1’de

verilmisgtir.
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Cizelge 1. Veri setine ait tanimlayici istatistikler

Minimum Maksimum Ortalama Std. Sapma

Enerji (Kwh) 2 30.0 12.079 7.8421

CKA ve RTF yontemlerinin performansi Cizelge 2’de verilmistir. Cizelge 2. incelendiginde,
CKA yonteminin korelasyon katsayisi 0,813 ile RTF’nin 0,730 degerine kiyasla daha yiiksek
oldugu goriilmektedir. Bu da, tahminlerin gergek degerlerle olan uyumunun daha iyi oldugunu

gostermektedir.

Cizelge 2. CKA ve RTF Yontemlerinin Performansi

Korelasyon MSE RMSE MAE
CKA 0.812987 20.89121 4.57069 3.647802
RTF 0.730094 28.74931 5.361839 4.370604

Gortildiigi gibi MSE, RMSE ve MAE degerleri agisindan CKA yontemi RTF’ye gore daha
diisiik degerler sunmakta ve dolayisiyla tahmin hatalarimin daha kiigclik oldugunu ortaya
koymaktadir. Bu sonuglar, CKA yonteminin veri seti iizerinde RTF’ye gore daha basarili bir
tahminleme performanst sagladigini  gostermektedir. Yontemlerin performanslarinin

karsilastirilmas1 Gorsel 4°de verilmistir.

CKA VE RTF YONTEMLERININ PERFORMANSI

28.74931

20.89121

m CKA
RTF

5.361839
4.370604

0.730094

Bl 3647802

| 0812987

KORELASYON MSE RMSE MAE

Gorsel 4. Yontemlerin performanslarimin karsilastirilmasi

4. SONUCLAR
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Bu ¢alismada, fotovoltaik (PV) sistemlerde giinliik enerji iiretiminin tahmini i¢in yapay Sinir
aglarma dayali Cok Katmanli Algilayici (CKA) ve Radyal Tabanli Fonksiyon (RTF) modelleri
uygulanmis ve karsilagtirllmigtir. Subat 2023 — Ocak 2024 donemine ait verilerle yapilan
analizler, her iki modelin de basarili tahminler {iretebildigini gostermistir. Ancak performans
Olclitlerine gore CKA modeli daha diislik hata degerleri ve daha yiiksek korelasyon katsayisi
ile RTF modeline kiyasla daha {istiin sonuglar vermistir. Sonuglar, yapay sinir aglarinin PV
enerji liretim tahmininde etkili bir yontem oldugunu ortaya koymaktadir. Yalnizca zaman
tabanli degiskenlerle anlamli tahmin basaris1 elde edilmis olsa da, meteorolojik parametrelerin
modele dahil edilmemesi ¢alismanin temel smirliligidir. Gelecekte ¢evresel degiskenlerin ve
farkli makine 6grenmesi yontemlerinin kullanilmasiyla tahmin dogrulugunun artirilabilecegi

degerlendirilmektedir.
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Abstract

Campus waste in higher education institutions (HEIS) is often treated as a disposal problem
rather than a resource stream, reinforcing a linear “take—make—dispose” model that contradicts
sustainability commitments. This study conceptualizes campus waste as a misplaced resource
and proposes a framework for designing circular and zero-waste systems in HEIs. Grounded in
the principles of circular economy and sustainable waste management, the paper explores how
diverse waste streams—organic, recyclable, laboratory, electronic, construction and
hazardous—can be systematically prevented, reduced, repurposed and reintegrated into campus
and local economies. Using a mixed-methods approach that combines institutional waste audits,
policy and infrastructure review, and stakeholder interviews with students, faculty, staff and
service providers, the research examines both technical and behavioral dimensions of waste
management. Particular attention is given to student-led initiatives, campus bazaars, repair and
reuse hubs, composting units, and buy-back or take-back systems as drivers of cultural change
and living-lab experimentation. The study develops a Circular Campus Waste Systems Model
that integrates governance (policies, procurement and contracts), infrastructure (segregation,
on-site processing and material recovery), pedagogy (curricular and co-curricular engagement)
and data (monitoring and feedback through indicators and dashboards). Findings are expected
to demonstrate that repositioning waste as a valuable resource can reduce landfill dependence,
lower operational costs, support local livelihoods and enhance sustainability competencies
among students. The paper concludes with a set of design principles and an implementation
roadmap that HEIs can adapt to their context to transition from incremental recycling efforts to
systemic circular, zero-waste.

Keywords: Campus waste management; Circular economy; Zero-waste systems; Higher
education institutions; Resource recovery; Student-led sustainability initiatives
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ABSTRACT

Bezier curve parametrization is a geometric modeling technique that uses a set of control points
to represent complex shapes, creating smooth surfaces with reduced complexity. The method
is widely used in engineering design and optimization tasks thanks to its flexibility and
computational efficiency. In aircraft conceptual design, such methods are important for quick
geometry generation, systematic exploration of the design space, and efficient integration with
aerodynamic analysis tools, and additionally are well-suited for integration with modern
artificial intelligence and machine learning frameworks, enabling efficient surrogate modeling
and data-driven aerodynamic design workflows. Within this framework, airfoil geometry
parameterization is a crucial aspect of aerodynamic design because it directly influences the
lift, drag, and pitching moment characteristics of the aerial vehicle. Therefore, while using
parametric representations, airfoils should be generated accurately to preserve the aerodynamic
performance of the original shapes. In this study, various NACA 4-digit airfoils are regenerated
using Bezier curve parameterization and analyzed with two-dimensional VLM simulations.
Independent upper and lower surface curves were constructed using a centripetal
parameterization and a weighted least-squares fitting strategy, with enhanced resolution near
the leading edge. The optimal number of control points was determined by minimizing the
global root-mean-square (RMS) geometric error between the original and reconstructed
profiles. Consequently, the Bezier-generated profiles were compared with the original
geometries using key aerodynamic coefficients at various angles of attack to assess performance

differences and determine the compatibility for early design stages.

Keywords : NACA, Airfoil, Bezier Curve parametrization, Aerodynamics, Vortex Lattice
Method.
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BEZIER ECRjSi PARAMETRiZASYONU KULLANILARAK OLUSTURULAN
CESITLI NACA 4-DiJiT KANAT PROFILLERININ AERODINAMIK
PERFORMANS DEGERLENDIRMESI

Asst. Prof. Dr., Yuksel ERASLAN
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0000-0002-5158-5171

OZET

Bezier egrisi parametrizasyonu, karmasik sekillerin temsili modelini ¢ikarmak i¢in bir dizi
kontrol noktas1 kullanan ve karmagikli§i azaltilmig piiriizsiiz yiizeyler olusturabilen bir
geometrik modelleme teknigidir. Bu yontem, esnekligi ve hesaplama verimliligi sayesinde
miihendislik tasarimi1 ve optimizasyon gorevlerinde yaygin olarak kullanilmaktadir. Hava araci
kavramsal tasariminda, bu tiir yontemler hizli geometri olugturma, tasarim alaninin sistematik
olarak kesfedilmesi ve aerodinamik analiz araglartyla verimli entegrasyon igin Onemli
araglardir. Ayrica, modern yapay zeka ve makine 6grenimi yapilariyla entegrasyon i¢in de ¢ok
uygun olmakla birlikte, verimli vekil modelleme ve veri odakli aerodinamik tasarim siire¢lerini
miimkiin kilar. Bu ¢ercevede, kanat profili geometrisi parametrizasyonu, hava aracinin tagima
kuvveti, siirlikleme ve yunuslama momenti karakteristigini dogrudan etkiledigi ig¢in
aerodinamik tasarimm ¢ok Onemli bir pargasidir. Bu nedenle, parametrik modeller
kullanilirken, orijinal sekillerin aerodinamik performansini korumak i¢in kanat profilleri dogru
bir sekilde olusturulmalidir. Bu ¢alismada, cesitli NACA 4-dijit kanat profilleri Bezier egrisi
parametrizasyonu kullanilarak yeniden olusturulmus ve iki boyutlu VLM simiilasyonlari ile
analiz edilmistir. Bagimsiz sirt ve karmn egrileri, merkezcil parametrizasyon ve agirlikli en
kiiclik kareler uyum stratejisi kullanilarak, hiicum kenar1 ¢evresinde gelistirilmis ¢oziintirliik ile
olusturulmustur. Optimum kontrol noktas1 sayisi, orijinal ve yeniden olusturulan profiller
arasindaki kiiresel karekok ortalamasi (RMS) geometrik hatasini en aza indirerek belirlenmistir.
Sonu¢ olarak, Bezier ile olusturulan profiller, aerodinamik performans farkliliklarin
degerlendirmek ve tasarimin erken agamalari i¢in uyumlulugunu ortaya koymak amaciyla
cesitli  hiicum agilarinda temel aerodinamik katsayilar1 ile orijinal geometrilerle

karsilastirilmistir.

Anahtar Kelimeler : NACA, Kanat profili, Bezier Egrisi parametrizasyonu, Aerodinamik,
Girdap Kafes Ydntemi.
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ABSTRACT

This study investigates the effect of increasing the span length on the static displacement
behavior of three types of truss bridges with simple supports and a fixed number of panels
(Warren, Pratt, and Howe). Static analyses were performed using a linear elastic material
model, showing that the panel length increases with the increase in the span length L under the
effect of a vertical point load applied to the bridge midpoint. The bridge types created in the
MATLAB using a plane truss finite element model; node displacements were calculated, and
comparisons were made between the bridge types. To validate the developed numerical model,
the same geometries and loading conditions modeled in SAP2000 software, and the
displacement results obtained compared in MATLAB. The results showed that the maximum
vertical displacement values increased in all three bridge types as the span length increased.
The Warren system generally exhibited stiffer behavior with lower maximum displacement
values in the span range examined. The Howe system exhibited a more flexible behavior with
higher displacement values. The findings of this study demonstrate that the type of truss bridge

system affects the displacement performance and that this effect can vary with the span level.

Keywords: Truss bridge, Warren, Pratt, Howe, Static analysis, Finite element method,

Displacement.

1. INTRODUCTION

Bridges are engineering structures that connect two different points by overcoming physical
obstacles such as rivers, valleys, straits, or other transportation routes. A bridge is preferred not
only to overcome a geographical obstacle but also to accelerate the region’s socio-economic
relations, reduce logistics costs, and optimize transportation times. A comprehensive analysis
of parameters such as span length, traffic load, environmental effects such as wind and
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earthquakes, and the bearing capacity of the ground is required for the design of bridge. Truss
bridges are one of the most commonly used bridge systems. Truss bridges are load-bearing
systems formed by connecting rod elements in a plane to create triangular shapes. The
weight/strength ratio is the most prominent factor in the preference for truss bridges. Compared
to solid beams, truss systems allow larger spans to be crossed using less material. Three
fundamental designs remain relevant today or continue to inspire modern designs. These
bridges are the Howe, Pratt, and Warren truss bridges.

In the literature: Bankar (2025) analyzed Howe, Pratt, Warren, and K-type trusses in railway
bridges using STAAD Pro. This work focused not only on displacement but also on cost and
weight optimization. Soni, Bandewar, and Patel (2022), in the analyses using SAP2000, found
that the Warren-type truss system behaved more rigidly in terms of displacement compared to
Pratt and Howe types, especially for a 40m span. Shinde, Patil, and Mahadik (2021) examined
the effects of wind and other environmental loads on steel bridges with a 70-meter span,
comparing the axial force distributions of Pratt and Warren systems under these loads. Reddy
and Nagaraju (2019) stated in their optimization study that the Warren-type truss system offers
a better load/weight ratio compared to Pratt and Howe systems due to its geometric structure.
Puspitasari, Nia Dwi et al. (2024) analyzed Warren, Pratt, Howe, and Braced Warren trusses
for a 60-meter span bridge using the SAP2000 program. Sari, Wulan; Delitriana, A., and
Gunadi, R. (2025) compared Warren, Pratt, Howe, and K-Truss systems by reviewing many
previous studies. Also examined the effect of truss height. Ipek¢i and Kavraz (2022) modeled
steel plane truss beams with triangular and crescent cap types for an industrial structure with a
30-meter span using the SAP2000 program. This study investigated the effects of different cap
heights on the system weight and researched the geometries that provided the optimum weight
for each cap type. Yavuz (2008) compared steel and timber truss beams and frame systems used
in animal production structures from an economic perspective. Yakut (2007) examined the use
of information technologies in the analysis and dimensioning processes of steel plane truss
systems and performed safe and rapid analysis of trusses under different span and loading
conditions using the software. Erciyes (2006) performed the analysis and design of a steel truss
arch bridge using the SAP2000 program. In this work, considered dead and live loads as well
as environmental effects such as temperature, impact, and wind loads, presenting a design
process compliant with the standards of the American Association of State Highway and
Transportation Officials. Ayici (1999) focused on the computer-aided analysis of steel truss
beams and examined the advantages of computer technology in the static solution and
dimensioning of truss systems using software developed based on the Finite Element Method.
Dewangan and Majumdar (2018) examined Pratt, Warren, Howe, and K-type truss bridges
vibration and static analyses using STAAD Pro software; reported that the Warren-type truss
was the most economical solution in terms of material weight, but that the Howe-type truss
behaved more stably than the Pratt-type in terms of displacement. Urdea (2018) compared
Howe and Pratt types in a finite element analysis performed with SolidWorks. This study found
that both systems exhibited similar stress and displacement behavior under load. Agrawal and
Singha (2015) analyzed modified Warren truss systems with 80 and 100-meter spans using code
developed in the MATLAB environment. This study stated that applying pre-stress to the
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system and preferring the arch form significantly reduced the tensile forces formed in the lower
chord and the total steel consumption. Borchers (2015) examined the strength and redundancy
properties of Warren, Pratt, and K-type trusses in this parametric analyses performed using
SAP2000. In this study concluded that redundant designs are more efficient in terms of weight
and cost for short spans, while robust designs are more efficient for long spans. Kumar and
Ram (2015) analyzed a K-type truss system for a bridge project carrying both road and rail
traffic over the Krishna River with an 89-meter span using STAAD Pro. In this study evaluated
the system's performance under different load combinations according to standards. Nagavi and
Aktan (2003), conducted destructive tests and nonlinear analyses on a decommissioned Pratt-
type truss bridge and found that the rigid nodes in heavy-duty truss bridges increase the system's
load-carrying capacity much more than simple analysis methods predict.

This study compares the static behavior of Warren, Pratt, and Howe truss bridges under
increasing span conditions. The structural performance of selected Howe, Pratt, and Warren
steel truss bridges verified using SAP2000 and MATLAB software. The two-dimensional truss
system modeled using truss finite elements, and static displacements examined.

2. MATERIAL METHOD

Figure 2.1 shows the truss bridges subjected to static analysis.

4 0 8 10 12 11 16 12

Figure 2.1. Simply supported truss bridge under vertical point load at the midpoint of the bridge
a) Pratt Bridge, b) Howe Bridge, c) Warren Bridge.

One-dimensional stress-strain and strain-displacement relationships are given;

o = Ee
_ du
€= — (2.1)
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The displacement and stress relations depend on the variable x:
u = u(x)
o=o0(x) (2.2)

The finite element formulation for one-dimensional problems is summarized. The interpolation
shape function is given.

2

§= (x—x)—1 (2.3)

X2—Xq

Here, the shape function is taken as ¢ = -1 at the first node and ¢ = 1 at the second node.
A two-node finite element shape function is taken as follows.

AGEE= (2.4)

1+&

No(§) =— (2.9)

2

The linear displacement field within the element can be expressed in terms of node
displacements g, and g, using shape functions as follows;

u= Nyjq; + N,q, (2.6)
Written in matrix notation as follows;
u = Ngq (2.7)
N = [Ny, N,] and q = [q;, q2] (2.8)
The coordinates can be written as follows;
x = Nyx; + Nyx, (2.9)

When the chain rule for derivatives is applied to the unit deformation-displacement
relationship in Equation 2.1, the following relationship is obtained;

__dudég

Taking the derivative of the relation in Equation 2.3 with respect to x yields the following
expression;

a@_ 2 (2.11)

dx Xp—Xq

Taking the derivative of the displacement function with respect to the displacement function ¢;

u=tg + 2 g, (2.12)
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du _ Z1ta; (2.13)

a& 2
Equation 2.10 transforms into the following form;

1

€= Cata) (2.14)
Equation 2.14 can be written in matrix form:
€ = Bq (2.15)
j— 1 —
B = p— [—1 1] (2.16)
The stress expression from Hooke's Law is as follows:
o = EBq (2.17)

The concept of total potential energy is used to establish a relationship between stress, strain,

and displacement in one-dimensional problems.

II = Ue — ZuiPi

L
11 =% fe O'TE Adx — ZiuiPL- (218)

Here, U, represents the strain energy and P; represents the point loads applied to the nodal
points. The differential volume is taken as dV = A dx .

In the total potential energy equation, when equations 2.15 and 2.17 from the finite element
equations are used;

1
U, = E_f q"BTEBqAdx
e

Ue =5q" f, [BTEBAdx]q (2.19)

In the finite element model, the cross-sectional area of the element 4, , denoted by e, is
constant. The transformation from x in equation 2.16 to ¢ yields:

dx = >d¢ (2.20)

Here, -1 < ¢ <1, and [, = |x, — x| is the element length. The element deformation energy U,
IS now written as:

Ue=3q" |Ac 2E.BB [1, d¢|q (2.21)
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Here, E, is the Young modulus of the element e . Noting that f_11 dé = 2 and substituting the

matrix B from Equation 2.16:
-1

1 1
Ue = EqTAegeEe g{ 1

-1 1lq
_ 1 T4k 1 -1
Ue_zq Lo [—1 1]q
This equation is in the following form:

1
Ue =3q"k®q

Here, the element stiffness matrix k€ is given as:
e _Ace[ 1 -1
ke=2xy Tl

The force is taken as a singular load.

(2.22)

(2.23)

(2.24)

(2.25)

(2.26)

The stiffness matrix and displacements in a plane truss system are transformed depending on

the orientation angles of the bar elements. (Figure 2.2)

tam) (v — 1)
X

Gorsel 2.2. Kafes elemanlarimin dogrultu kosiniisleri

Here, L the transformation matrix is given as follows:

[ m 0 O
L_[OO{’m

The direction | = cos 6 and m = sin 6 were taken.
q =Lq

When the transformed displacements are substituted into the strain energy equation;
Ue=5q"k ¢

The transformed stiffness matrix is obtained as follows.
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Ue =5q"[L7kL]q (2.30)

The transformed stiffness matrix is obtained as follows.
k' = LTkL (2.31)

£? fm —£%> —fm
AE.| fm m? —fm —-m?
o = Ak 2.32
e | =02 —tm P2 m ( )
—fm —-m? fm m?

The relationship between force and displacement was established using the relation given in
equation (2.33).

F=KU (2.33)

The displacements are found by taking the inverse of the stiffness matrix in the given equation
and multiplying it by the force vector.

U=K"'F (2.34)

3. RESULTS AND EVALUATION

The static displacement behavior of three steel truss bridges (Warren, Pratt, and Howe types)
with equal spans and panel numbers and identical mechanical properties under a single load at
the bridge midpoint was investigated in numerical studies. The study examined the static
behavior of different types of bridges when the panel length increased (and the span also
increased). The Finite Element Method used in the analyses, and the systems modeled as two-
dimensional plane trusses. The boundary conditions of the bridges defined as simply supported,
with one end fixed and the other end free.

The bridge span L was varied between 3 and 6 m (L = 3, 4, 5, and 6 m), and analyses were
performed within the scope of the study. The number of panels was kept constant at 6 for each
model. The bridge height was taken to be equal to the length of each bar element.

The structural steel used exhibited linear elastic behavior. In the analyses, the elastic modulus
of the material was taken as E = 200 GPa and the cross-sectional area of the elements as 0.1 m2.
A single vertical load P of 50,000 kN was applied to the 4th node located at the exact center of
the bridge as the loading condition. The three basic steel truss bridge systems commonly used
in the literature, Howe, Pratt, and Warren, which have different bar arrangements, were coded
in the MATLAB environment with a unique algorithm that defines the element and node point
properties of each truss system, establishes the global stiffness matrix of the system, and
calculates the node point displacements by considering the boundary conditions.

A validation study was performed, and the maximum vertical displacements for three different
bridge types for the selected single panel length are shown in Table 3.1. The difference between
the SAP2000 results and the MATLAB-developed plane truss finite element model was found
to be 0% for all nodes.
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Table 3.1. Verification of the Maximum Vertical Displacement for Howe, Pratt, and Warren Truss

Bridges

Bridge Node Span (m) u(y) U(y) %Difference
Type number Matlab (mm) | SAP2000(mm)
Howe 4 6 -39,357 -39,357 0
Pratt 4 6 -35,607 -35,607 0
Warren 4 6 -33,294 -33,294 0

Table 3.2 presents a comparative overview of the maximum vertical displacement values
obtained for different spans in Warren—Pratt—Howe truss bridge types. Table 3.2 shows how
the three systems differ in terms of absolute displacement levels under the same loading and
support conditions. The table results show that the (Amax) value increases as the span length
increases for all bridge types. When material and section properties are kept constant, this
situation causes a decrease in the system’s rigidity and, consequently, an increase in
displacements as the span length increases.

When comparing the spans of the bridges, the smallest (Amax) value occurs in the Warren
bridge for spans in the range L=3-6 m. The largest displacement for all spans is in the Howe
bridge. The Pratt bridge generally falls between the Warren and Howe bridges. This ranking
indicates that under the examined geometry and loading conditions, the Warren bridge behaves
more rigidly, while the Howe bridge behaves more flexibly.

Table 3.2. Maximum Displacement Comparison.

L (m) | Amax Howe (mm) | Amax Pratt (mm) | Amax Warren (mm)
3 19,6783 17,80330086 16,6470
4 26,2377 23,73773448 22,1960
5 32,7972 29,6721681 27,7451
6 39,3566 35,60660172 33,2941

Additionally, the table shows that the differences between the bridges remain steady as the span
increases. In line with this observation, Table 3.3 examines the relative differences in
percentage terms

Table 3.3. Relative Difference Analysis (Warren Reference).

L (m) | Howe vs Warren (%) | Pratt vs Warren (%)
3 18.20 6.94
4 18.20 6.94
5 18.20 6.94
6 18.20 6.94

Table 3.3 shows the relative percentage difference in maximum displacements between the
Howe and Pratt bridges compared to the Warren bridge. When the results are examined, it is
seen that for L=3 m, the Howe bridge has 18.20% more displacement than the Warren bridge,
while the Pratt bridge has 6.94% more displacement. As the range increased, these relative
differences remained constant. In particular, the Pratt bridge exhibits behavior quite close to the
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Warren bridge at same spans. This behavior is attributed to the fact that all bridges were
modeled with the same panel number, material properties, cross-sectional areas, and loading
conditions, and the span variation was achieved through geometric scaling. Consequently,
although the absolute displacement values increase with span length, the relative stiffness ratios
between the bridge configurations remain unchanged, highlighting that the displacement
behavior is primarily governed by truss geometry rather than span length.

-0.015

-0.02]

-0.025

-0.03

Amax(m)

-0.035

-0.04 : : : : : :
3 35 4 45 5 55 6

L (m)

Figure 3.1. Change in Maximum Vertical Displacement According to Span Length.

Figure 3.1 shows the changes in the maximum vertical displacement as the span length L
increases for Warren, Pratt, and Howe truss bridge systems. The graph shows that the
magnitude of displacement increases with span length for all bridges. The negative sign
indicates the vertical downward direction of the displacement, depending on the selected axis
direction. Within the examined span range, the Warren bridge exhibits the smallest
displacement, indicating it behaves more rigidly. The Howe bridge has the largest displacement
and is more flexible. The Pratt bridge is positioned between the two other bridges. This ranking
supports the system performance ranking (Warren < Pratt < Howe) presented in Table 5.4. This
situation shows that the increase in displacement becomes dominant in all systems as the span
increases.

4. GENERAL EVALUATION AND CONCLUSIONS

In this study, a static analysis was performed using a linear elastic material model under the
effect of a vertical concentrated load applied to the midpoint of the bridge under conditions
where the panel length increases as the span L increases. The bridge models used three different
Warren, Pratt, and Howe bridge types with simple supports and a fixed number of panels. The
bridge types were modeled using a plane truss finite element model in MATLAB; the obtained
displacement results were validated using the SAP2000 program.
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According to the obtained results, the maximum vertical displacement Amax regularly
increased in all three bridge types as the span length increased. This increase was due to the
decrease in stiffness as the span increased. The overall performance ranking for all spans was
Warren < Pratt < Howe. Accordingly, the Warren truss bridge exhibited stiffer behavior by
producing smaller vertical displacement under the same load under the examined geometry and
loading conditions, while the Howe bridge exhibited more flexible behavior.

Consequently, the Warren bridge is more advantageous in terms of displacement under the
conditions examined in this study. The Pratt-type bridge performed close to the Warren bridge
the same span. Conversely, the Howe bridge exhibited a more flexible behavior by producing
higher displacement values at all spans In this context, it can be stated that not only the span
length but also the selected truss configuration plays a decisive role in the structural
performance of bridges.
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OZET

Bu calisma, Zonguldak sehrinde tasarlanan bir balik evinde dis duvar yapi sisteminin yillik
enerji tiketimi ve CO: emisyonu lzerindeki etkisini degerlendirmek amaciyla
gerceklestirilmistir. Analizler Energy3D programui ile yapilmis ve 2 farkli tagiyict sistem (gaz
beton ve tugla) ile 12 farkli dogal kdkenli yalitim malzemesi (cam elyafi, ylin, pamuk, seliiloz
lif, jiit, piring samani, kabuk, hindistan cevizi lifi, keten, misir kogani, ananas lifi ve kamis)
kullanilarak toplam 24 senaryo olusturulmustur.

Tiim senaryolar, 4 cm yalitim tabakas1 kalinlig1 ve 20 cm yap1 malzemesi kalinlig sabit olan
temel dis duvar yapisi lizerine insa edilmistir. Simiilasyon ciktilar1 degerlendirilerek,
maksimum ve minimum alternatifler karsilastirildiginda, gaz beton tasiyici sistemde CO:
salinimi %13,4, yillik enerji tiikketimi %13,5 oraninda artis gosterirmistir. Tugla tasiyici
sistemde ise sirasiyla elde edilen artis oranlart %12,2 ve %12,1 olarak belirlenmistir. Her iki
tastyici sistemde de fiberglass yalitim enerji ve CO: emisyonu agisindan en avantajli ¢oziim
oldugu, hindistan cevizi lifinin ise en yiiksek enerji tiikketimi ve CO: salinimina neden oldugu
tespit edilmistir.

Sonug olarak, bulgular, bina zarfinda tasiyici sistem ve yalittim malzemesi se¢iminin enerji
verimliligi ve ¢evresel siirdiiriilebilirlik agisindan 6nemli oldugunu géstermektedir. Sonuclar,
ozellikle benzer iklim kosullarina sahip bdlgelerde tasarlanacak ticari binalarin enerji
verimliliginin iyilestirilmesine katkida bulunabilecegini gostermistir.

Anahtar Kelimeler: Energy3D, enerji tilketimi, CO2 salinimi, gaz beton, tugla, dogal yalitim
malzemeleri

1. GIRIS
Binalar, kiiresel enerji tilketiminin ve sera gazi emisyonlarinin dnemli bir boliimiinden sorumlu
sektorler arasinda yer almaktadir [1-3]. Artan enerji talebi, fosil yakit kaynaklarimin tiikenmesi
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ve iklim degisikligi iizerindeki olumsuz etkiler, bina sektoriinde enerji verimliliginin
iyilestirilmesini ve daha ¢evre dostu ¢Oziimlerin gelistirilmesini zorunlu kilmaktadir [4-6].
Ozellikle, bina dis cephe tasarimu, 1s1tma-sogutma yiikleri iizerinde dogrudan bir etkiye sahiptir
ve enerji performansinin artirilmasinda kilit bir rol oynamaktadir [7-9].

Geleneksel yaliim malzemelerine kiyasla, dogal ve biyolojik bazli yeni nesil yaliim
malzemeleri, diisiik ¢cevresel etkileri, yenilenebilirlikleri, diisiik enerji tiiketimleri ve karbon
ayak izleri nedeniyle biiyiik ilgi ve popiilerlik kazanmaktadir [10-12]. Koyun yinu, pamuk,
seliiloz lifi, jiit, piring samani, hindistan cevizi lifi ve diger benzer bitki veya hayvan bazli
malzemeler, hem ¢evresel siirdiiriilebilirlik hem de yerel kaynaklarin kullanimi agisindan biyik
bir potansiyel sunmaktadir [13-15]. Bu tiir malzemelerin insaat sektoriine dahil edilmesi, bir
binadaki enerji tiiketiminin azaltilmasina ve dongiisel ekonomi yaklasimina katkida bulunur.
Ancak, alternatif yiikk tasima sistemlerinin ve yaliim malzemelerinin bir binanin enerji
performansi tizerindeki etkisinin deneysel olarak degerlendirilmesi genellikle ¢ok pahali ve
zaman alicidir. Bu nedenle, bina enerji performansmin degerlendirilmesi i¢in sayisal
simiilasyon araglar1 giderek daha fazla kullanilmaktadir. Energy3D gibi bina enerji simiilasyon
yazilimlari, farkli bina elemanlarini, malzeme 6zelliklerini ve iklim kosullarini dikkate alarak
yillik enerji tiiketimini ve CO2 emisyonlarini tahmin etmeyi ve tasarim alternatiflerinin etkisini
degerlendirmeyi miimkiin kilar. Bu tiir simiilasyon tabanli yaklasimlar araciligiyla tasarim
asamasinda alternatif senaryolarin hizli ve giivenilir bir sekilde karsilastirilmasini saglayarak
enerji verimli bina tasarimina katkida bulunur [16, 17].

Bu c¢aligmada, Zonguldak sehrindeki bir balikevi binasinda, on iki farkli yalittm malzemesinin,
iki farkli tastyict sistem olan gaz beton ve tugla ile enerji tiikketimi ve CO2 emisyonu tlizerindeki
etkisi, Energy3D yazilimi kullanilarak karsilastirmali olarak incelenmistir. Bu ¢alismanin
amaci, dogal esasl yalitim malzemelerinin bina enerji performansi lizerindeki etkilerini ortaya
cikarmak ve siirdiiriilebilir bina tasarimi i¢in karsilastirmali bilimsel bir degerlendirme
saglamaktir.

2. ENERGY 3-D METODOLOJiSi

Energy3D yazilim1 kullanilarak gerceklestirilen Zonguldak ilinde 150 m2 alana sahip balikevi
yapisinin enerji simiilasyon modellemesi pasif iklimlendirme prensiplerine gore Gorsel 1°de
verilmistir. Calismada kullanilan malzemelerin U degerleri Cizelge 1°de sunulmustur.

Gorsel 1. Energy3D yazilimi kullanilarak gerceklestirilen balikevi yapisinin enerji simiilasyon modeli
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Cizelge 1. Calismada kullanilan malzemelerin U degerleri

Yalitim Gaz beton (k = 5 _
Malzemesi | Malzeme 0.303) Tugla (k=0.25)
Tird U- U-
Kod Value Kod Value
Fiberglass Mineral Gl 025 |T1 0.20
Koyun Yunu | Hayvansal G2 038 | T2 0.33
Pamuk Bitkisel G3 028 | T3 0.23
Sellloz Fiber | Bitkisel G4 032 | T4 0.27
Jut Bitkisel G5 030 |T5 0.25
Piring Bitkisel G6 0.40 |Te 0.35
Samam
Kispe Bitkisel G7 042 |T7 0.37
['i'ﬁ Covizl| giiisel G8 045 | T8 0.40
Keten Bitkisel G9 038 |T9 0.33
Misir Kogani | Bitkisel G10 0.32 | T10 0.27
Ananas Lifi | Bitkisel Gl1 031 |T11 0.26
Sazlik Lifi Bitkisel G12 035 |T12 0.30

3. ANALIZ SONUCLARI VE DEGERLENDIiRMELER

Gorsel 2, iki tip tagiyici sistem yani gazbeton ve tugla duvar sistemlerinde ¢esitli dogal kokenli
yalittm malzemelerinin (cam elyafi, yiin, pamuk, seliiloz lifi, jiit, piring samani, kabuk,
hindistan cevizi lifi, keten, misir kogani, ananas lifi ve kamis) yillik enerji tikketimi tizerindeki
etkisinin karsilastirmasin1 sunmaktadir. Gazbeton ve tugla tasiyici sistemler i¢in yillik enerji
tiketimi degerleri sirasiyla 19.189-21.784 kWh ve 18.543-20.803 kWh araligindadir. Her iKi
sistemde de minimum yillik enerji tiiketimi cam elyafi yalitimli senaryolarda, maksimum enerji
tilketimi ise hindistan cevizi lifi yalittmli duvar sistemlerinde elde edilmistir. Tiim yalitim
tiirleri i¢in, tugla tasiyict sistemin yillik enerji tiiketimi, gazbeton sistemine gore daha diigiiktiir
ve bu durum duvarm toplam 1s1 gecirgenligi degeriyle tutarlidir. Sonuglar, sadece tasiyict
sistemin se¢imi degil, yalitim malzemesinin tiiriiniin de bina enerji performansini 6nemli 6l¢giide
etkiledigini gostermektedir.

Bu farkin esas sebebi, tugla ve gaz beton tasiyici sistemlerin 1s1l iletkenlik katsayilar1 ve toplam
duvar 151l direnglerinin farklilik gostermesidir. Daha diisiik efektif U-degerine sahip duvar
bilesenleri, 1s1 transferini sinirlandirarak 1sitma ve sogutma yiiklerini azaltmaktadir. Boylece
yillik enerji tikketimi degerleri de diigmektedir. Ayrica dogal kaynakli yalitim malzemelerinin
lif yapisi, gozeneklilik oran1 ve nem tutma kapasitesi, duvarin 1s1 depolama ve 1s1 gecis
davranigin etkileyerek enerji performansi iizerinde belirleyici rol oynamaktadir.
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Gorsel 2. Yillik enerji tiiketimi degerleri (a) Gaz beton (b) Tugla

Gorsel 3, 12 farkli dogal kaynakli yalitim malzemesinin gaz beton ve tugla tasiyici sistemlere
sahip duvar yapilarinda yillik CO: saliimu iizerindeki etkilerini gostermektedir. Gaz beton
tastyict sistemde yillik CO: salinimi 8.635-9.802 kg aralifinda degisirken, tugla tasiyici
sistemde bu degerlerin 8.344-9.361 kg araliginda oldugu belirlenmistir. Her iki yap1 sisteminde
de en diisiik CO: salinimu fiberglass yalitim malzemesi kullanilan senaryolarda elde edilirken,
en yiiksek emisyon degerleri hindistan cevizi lifi kullanilan duvar yapilarinda ortaya ¢ikmustir.
Tugla tastyict sistemlerin, gaz beton sistemlere kiyasla tiim yalitim tiirlerinde daha diisiik CO:
saliimi sergilemesi, yillik enerji tiikketimindeki azalma ile dogrudan iliskilidir. Bu sonuglar,
yap1 kabugu tasariminda tasiyici sistem ve yalitim malzemesi se¢iminin karbon saliniminin
azaltilmasinda 6nemli bir parametre oldugunu gostermektedir.
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8 I
7,5

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12

(b)
Gorsel 3. Yillik CO2 salinimi degerleri (a) Gaz beton (b) Tugla

Maksimum-minimum degerler Cizelge 2’de detaylandirilmigtir. Dogal kaynakli yalitim
malzemelerinin 2 farkli yap1 malzemesi ile kombinasyonu sonucu yapilan degerlendirmelerde,
en iyi ve en kotii alternatif senaryolar arasinda belirgin farklar elde edilmistir. Fiberglass yalitim
malzemesi ile gaz beton tasiyici sistemde elde edilen en diisiik yillik enerji tiikketim degeri
(19.189 kWh) ile hindistan cevizi lifi kullanilan en yiiksek enerji tiikketim degeri (21.784 kWh)
karsilagtirildiginda, enerji tikketiminde yaklasik %13,5 oraninda bir artiy meydana gelmistir;
benzer sekilde yillik CO: salmimi %13,4 artis gostermistir. Tastyic1 sistem olarak tugla
kullan1ld1g1 zaman fiberglass yalitimla elde edilen en diisiik y1llik enerji tiiketim degeri (18.543
kWh) ve hindistan cevizi lifi kullanilan en ytiksek deger (20.803 kWh) arasindaki fark %12,2
olarak belirlenmistir. CO: saliniminda belirlenen artis ise %12,1 olarak rapor edilmistir. Bu
bulgular, dogal kaynakli yalitim malzemesi se¢iminin tek basina dahi yap1 enerji performansi
ve cevresel etki lizerinde %10’un iizerinde belirleyici bir etkiye sahip oldugunu ortaya
koymaktadir.
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Cizelge 2. Maksimum-minimum degerler

tiketimi

Lifi

Minimum yillik eneri— | gy olass 18,543 8344 T1
tiketimi
Maksimum yillik enerji | Hindistan Cevizi 20,803 9,22 T8

Yalit Yillik Enerji | Yillik CO2

MZIlzlerfnesi Tiketimi Salmimi Kod
I\flm@u_m yillik enerji Fiberglass 19,189 8,635 o1
tiketimi o

Tugla

Gorsel 4’te, en yiiksek ve en diisiik yillik enerji tiikketimi elde edilen distan yalitimli duvar
yapilariin Energy3D simiilasyon ¢iktilar1 karsilastirmali olarak verilmistir. Tasiyict sistem
olarak gaz beton kullanildiginda, hindistan cevizi lifi entegre edilen G8 kodlu numune, ytiksek
1s1l iletkenlik ve diisiik toplam 1s1l diren¢ nedeniyle en yiiksek yillik enerji tiiketimini
gostermektedir. Tasiyict sistem olarak tugla kullanildiginda, yalitim olarak fiberglass
uygulandiginda T1 kodlu numune, diisiik U-degeri ve daha etkin 1s1 yalitim performansi
sayesinde en diisiik enerji tiiketimi ile 0ne ¢ikmaktadir. Gorsel karsilastirma, tasiyict sistem ve
yalitim malzemesinin birlikte degerlendirilmesinin bina enerji performansi lizerinde belirleyici
oldugunu agikca ortaya koymakta ve uygun malzeme kombinasyonlarinin enerji verimliligini

onemli 6l¢iide artirabilecegini gostermektedir.
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Weather data from Istanbul, Turkey
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Gorsel 4. Maksimum ve minimum enerji tiiketimine sahip alternatiflerin Energy3D simiilasyon ¢iktilari
(a) G8 kodlu numune (b) T1 kodlu numune

4. SONUC

Bu c¢alismada, Zonguldak ilinde bir balikevi binasinin dig duvar kabugunda gaz beton ve tugla
olmak uUzere iki farkli yapi malzemesi ve on iki farkli dogal esasli yaliim malzemesi
kullanilmast durumunda yillik enerji tiiketimi ve CO: salinim1 degerlerinin Energy3D yazilimi
kullanilarak kiyaslamali analizi sunulmugtur. 24 farkl alternatif senaryo distan yalitimli duvar
yapisinda farkli kombinasyonlarla uygulanmistir. Yalitim kalinlig1 4 cm ve yapr malzemesi
kalinlig1 20 cm olacak sekilde sabit tutulmustur.

Energy 3D ile elde edilen ¢iktilar, tugla tasiyici sistemlerin, gaz beton sistemlere gore biitlin
dogal kaynakli yalitim malzemelerinde daha diisiik yillik enerji tiikketimi ve CO: salinimi
degerleri ortaya ¢ikardigini gostermistir. Gaz beton yap1 malzemesi olarak kullanildiginda yillik
enerji tuketimi 19.189-21.784 kWh araliginda degismistir. Tugla yapi1 malzemesi olarak
kullanildiginda elde edilen c¢iktilarin 18.543-20.803 kWh araliginda elde edildigi rapor
edilmistir. Ayn1 sekilde CO- salinimi agisindan da elde edilen ¢ikt1 degerleri gaz beton yapi
malzemesi olarak kullanildiginda 8.635-9.802 kg ve tugla yapt malzemesi olarak
kullanildiginda 8.344-9.361 kg arasinda emisyon degerleri belirlenmistir.

Dogal esasli yalitim malzemeleri kullanilarak yapilan bu aragtirmada, her iki yap1 malzemesiyle
olusturulan bina kabugu i¢in de yalitim malzemesi olarak fiberglass kullanildiginda en diisiik
enerji tikketimi ve CO2 salinimi elde edilmis dolayisiyla en iyi performans elde edilmistir. Duvar
yapilarinda hindistan cevizi lifi kullanildiginda en yiiksek enerji tiikketimi ve emisyon degerleri
rapor edilmistir. Maksimum ve minimum alternatif senaryolar kiyaslandiginda, gaz beton
sistemde elde edilen enerji tiikketimi ve CO: saliniminda yaklasik %13,5’lik bir artis
gbzlemlenmistir. Tugla kullanilan sistemde sirasiyla elde edilen artis oranlart %12,2 ve %12,1
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olarak rapor edilmistir. Bu ¢iktilar, dogal esasli yalitim malzemesi se¢iminin bir binanin enerji
performansinin {istlinde %10’dan fazla olumlu bir performansa neden olabilecegini
gostermektedir.

Yapilan Energy 3D analizi ile elde edilen ¢iktilar, bir binanin kabuk tasariminda sadece yalitim
malzemesinin performans agisindan belirleyici olmadigini, yapt katmanlarinin tamamiyla
degerlendirilmesi sonucu enerji verimliligi ve karbon saliniminin optimal degerlerin daha dogru
belirlenebilmesinde etkili oldugu sonucuna ulagilmstir.

Sonug olarak, Energy3D simiilasyonu, bir binanin projelendirme asamasinda farkli malzeme
alternatiflerini hizli ve glivenilir bir sekilde karsilastirarak daha enerji etkin tasarimlar1 erken
asamada elde edebilmeyi mimkiin kilmaktadir. Ayni iklim sartlarinda olan bdlgelerde
yapilmasi planlanan yapilarda, optimal yap1 ve yalittm malzemesi kombinasyonlarinin
secilmesi ile enerji tiiketimi ve CO: salimminin istenilen seviyelere daha yakin hale
getirilebilinmesi miimkiindiir. Bu calisma, siirdiiriilebilir yap1 tasarimi i¢in dogru malzeme
secimi konusunda erken asamada yapilacak dogru kararlarin yapilara dogru altyapi
saglayabilecegini gosterecek sekilde alanindaki karar vericiler i¢in ornek bir ¢alisma olarak
sunulmustur.
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OZET

Bu calismada, ekolojik yesil bina tasarimi cercevesinde, Izmir ilinde yer alan 108 m?
biiyiikliigiinde bir sahil evi ele alinmistir. Sahil evi projesi Energy 3D yazilimi iizerinde
modellenmistir. Binanin kabugunda dort farkli dogal tas yapt malzemesi (Karacadag Tasi,
Karakocan Tasi, Nemrut Tas1 ve Yesilyurt Tasi) olarak kullanilmistir. Bina distan yalitiml
olarak modellenirken alt1 farkli dogal levha yalitim malzemesi (Somon Levha, Kenevir Levha,
Keten Levha, Mantar Levha, Selilloz Fiber ve Aga¢ Yinii) kullanilmistir. Tasarim ig¢in
kullanilan 4 dogal tas malzemesi ve 6 dogal yalitim levhasi ile toplam 24 farkli senaryo
malzeme kombinasyonlari ile olusturulmustur. Bu senaryolarin her biri i¢in yap1 kabuguna ait
U degerleri 1s1 iletkenlik katsayisi ve yogunluk degerlerinin de desteginde hesaplanmustir.
Energy 3D yazilimi ile 24 alternatifin her biri i¢in yillik enerji tikketimi, CO- salinimi ve maliyet
degerleri elde edilmistir. Analiz sonuglari tiim senaryolar dahilinde, enerji tiiketimi ve gevresel
etki acisindan degerlendirilerek en olumlu ve en olumsuz alternatif senaryolar belirlenmistir.
Bu calisma ile Izmir ilinde insa edilecek denize yakin yapilarda siirdiiriilebilirlik igin en
ekolojik malzemeler simulasyon destekli olarak belirlenmistir. Calisma sonuglar1 bu konuda
calisan uzmanlara erken asamada yapilan simiilasyon destekli calismalarin enerji verimli
yapilarin insa edilmesinde 6nemli bir ara¢ oldugunu gdstermek iizere literatiire sunulmustur.

Anahtar Kelimeler: Enerji etkin bina tasarimi; Yesil bina; Dogal yapt malzemeleri; Enerji
simiilasyonu; CO: emisyonu

1. GIRIS

Gilinlimiizde insaat sektorii, kiiresel enerji tiiketimi ve karbon salinimi iizerinde en biiyiik pay1
alan sektorlerden biridir. Ozellikle bina tasarimi ve isletme asamasinda ortaya ¢ikan enerji
kullanimi, toplam birincil enerji ihtiyacinin yaklasik %30-40’1n1 olusturmaktadir [1]. Bu
yiiksek enerji ihtiyact hem iklim degisikligi ile miicadelede onemli bir engel teskil etmekte hem
de siirdiiriilebilir kalkinma hedeflerine ulagsmay1 zorlastirmaktadir [2]. Bu baglamda enerji etkin
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ve yesil bina tasarimi, siirdiiriilebilir mimarlik ve ¢evresel performans iyilestirmeleri igin kritik
bir disiplin haline gelmistir.

Yesil bina tasarimi, enerji verimliligini artirmak, CO. emisyonunu minimize etmek ve genel
cevresel etkiyi azaltmak amaciyla hem mimari diizenlemeleri hem de performans odakli
malzeme secimlerini kapsamaktadir [3]. Literatiir, bina kabugu malzemesi, yalitim stratejileri
ve yenilenebilir enerji entegrasyonunun enerji performansi iizerinde belirleyici etkileri
oldugunu gostermistir [4][5]. Ornegin, yaliim senaryolart ve yenilenebilir enerji
uygulamalarinin enerji tiiketimini 6nemli dlgiide azalttig1 rapor edilmistir [6].

Dijital teknolojiler ve modelleme araglari (6rnegin BIM ve Al tabanli enerji simiilasyonlar1),
tasarim agsamasinda enerji ve ¢evresel performansin optimize edilmesinde etkili olarak 6ne
cikmaktadir [7, 8]. Ayrica, bina cephesinin optimizasyonu gibi stratejiler de enerji
verimliliginde onemli iyilestirmeler saglamaktadir [9]. Ancak siirdiiriilebilir bina tasarimi
sadece teknik Onlemlerle sinirli kalmayip, politika, yonetmelik ve yerel uygulamalar
aracilifiyla da desteklenmektedir [10].

Bu baglamda, enerji etkin bina tasariminin teorik temelleri kadar bolgesel uygulama ornekleri
ve malzeme bazli ¢dziimler de 6nem arz etmektedir. Ozellikle dogal malzemelerin kullanimi
enerji tiiketimi ve CO: salinimi lizerinde hem teorik hem de uygulamal: etkileri oldugu birgok
calismada ortaya konmustur [11-13]. Bina yasam dongilisii ve cevresel stirdiiriilebilirlik
analizleri lizerine yapilan kapsamli derlemeler, enerji etkin tasarim uygulamalarinin ¢evresel
faydalarini net bigimde ortaya koymaktadir [14-16].

Bu calisma, dogal tag malzemeleri ve dogal yalitim levhalarinin enerji performansi ve

CO: salmimi iizerindeki etkilerini analiz ederek, yesil bina yaklasgiminin somut bir
ornegini sunmaktadir. Boylece siirdiiriilebilir ve enerji etkin bina tasarimi literatiiriine
katki saglamay1 amaglamaktadir

2. METODOLOJI

Bu ¢alismada, enerji etkin ve siirdiiriilebilir yesil bina tasarimi kapsaminda, yap1 kabugunda
kullanilan dogal tas ve dogal yalitim levhas1 kombinasyonlarinin enerji performansi tizerindeki
etkileri simiilasyon destekli olarak incelenmistir. Calisma alani olarak, Izmir iklim kosullarini
temsil edecek sekilde modellenen 108 m? biiyiikliigiinde tek katli bir sahil evi ele alinmstir.
Bina modeli, enerji analizlerinin gergeklestirilmesi amaciyla Energy 3D yazilimi kullanilarak
olusturulmustur.

Caligma kapsaminda yap:r kabugunda dort farkli dogal tas malzeme (Karacadag Tasi,
Karakocan Tas1i, Nemrut Tas1 ve Yesilyurt Tas) ile alt1 farklt dogal levha yalittim malzemesi
(Somon Levha, Kenevir Levha, Keten Levha, Mantar Levha, Seliiloz Fiber ve Agac Yinii)
degerlendirilmistir. Bu malzemelerin farkli kombinasyonlar1 ile toplam 24 farkli senaryo
olusturulmus ve her bir senaryo A, B, C ve D harfleri ile kodlanmistir. Kodlama sisteminde, A
kodu Karacadag Tasi’ni, B kodu Karakogan Tasi’ni, C kodu Nemrut Tasi’'n1 ve D kodu
Yesilyurt Tasi’n1 temsil etmektedir.

Cizelge 1°de, olusturulan tiim senaryolara ait yapi kabugu 1s1 gecis katsayisi (U-degeri)
degerleri sunulmaktadir. U-degerleri, ilgili dogal tas ve yalitim levhasinin 1s1 iletkenlik katsayisi
ve kalinlik degerleri dikkate alinarak hesaplanmistir. Tablo 1’de, yalitim malzemesi tiiriine
bagl olarak U-degerlerinde 6nemli farkliliklar olustugu gériilmektedir. Ozellikle Keten Levha
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ve Seliilloz Fiber gibi dogal lif esash yalitim malzemeleri ile olusturulan senaryolarda daha
diisiik U-degerleri elde edilmistir. En diisiik U-degeri B3 senaryosunda (0,21 W/m?K)
belirlenirken, en yiksek U-degeri A2 senaryosunda (0,74 W/m?K) hesaplanmustir.
Olusturulan her bir senaryo, Energy3D yazilimi lizerinde ayn1 mimari geometri, kullanim
senaryosu ve iklim verileri altinda analiz edilmistir. Boylece, enerji tiiketimi, CO:
salmimi1 ve maliyet ¢iktilarindaki degisimlerin yalnizca yapi1 kabugunda kullanilan
malzeme kombinasyonlarindan kaynaklanmasi saglanmistir. Energy3D yazilimi, giines
kazanglari, 1s1 kayiplar1 ve bina kabugu performansini dikkate alarak yillik enerji tiiketimi

ve buna bagli CO: emisyonu hesaplamalarini gerceklestirmektedir.

Cizelge 1. Malzeme senaryo kodlar1 ve U degerleri

Karacadag Tas1 | Karakocan Tas1 | Nemrut Tas1 Yesilyurt Tas1

Kod | U- Kod | U- Kod | U- Kod | U- Yalitim Malzemesi
Degeri Degeri Degeri Degeri

Al | 0,52 Bl |0,28 Cl1 |0,38 D1 | 045 Somon Levha

A2 | 0,74 B2 |0,35 C2 10,50 D2 |0,60 Kenevir Levha

A3 |0,35 B3 |0,21 C3 |0,26 D3 |0,32 Keten Levha

A4 | 0,44 B4 |0,25 C4 0,32 D4 |0,38 Mantar Levha

A5 | 0,36 B5 |0,22 C5 |0,27 D5 |0,33 Sellloz Fiber

A6 | 0,56 B6 | 0,30 C6 |0,40 D6 | 0,48 Agac YUnu

3. ANALIZ SONUCLARI VE DEGERLENDIiRMELER

Bu boliimde, Energy3D yazilimi kullanilarak olusturulan 24 farkli malzeme senaryosuna ait
yillik enerji tiiketimi, CO- salinimi ve maliyet ¢iktilar1 ayrintili olarak analiz edilmistir. Elde
edilen sonuglar, yapt kabugunda kullanilan dogal tas tiiri ve dogal yalitim levhasi
kombinasyonlarinin enerji performansi tizerindeki etkilerini karsilastirmali olarak ortaya
koymaktadir. Analizler, tiim senaryolarin aynt mimari geometri, iklim kosullar1 ve kullanim
profili altinda degerlendirilmesi sayesinde, performans farkliliklarinin yalnizca malzeme
seciminden kaynaklandigin1 gostermektedir. Bu kapsamda sonuglar; enerji tiikketimi, ¢evresel
etki ve ekonomik boyutlar acisindan birlikte ele alinarak, en enerji etkin ve en olumsuz
alternatifler belirlenmis ve sahil yapilari i¢in siirdiiriilebilir yapt kabugu tasarimina yonelik
cikarimlar yapilmustir.

Karacadag Tas1 kullanilarak olusturulmus alt1 farkli dogal yalitim levhasi ile kombine edilen ve
A koduyla gosterilen senaryolar i¢in yillik enerji tiiketimi, CO2 salinimi1 ve maliyet degerlerinin
grafiksel gosterimi Sekil 1°de sunulmustur. En olumsuz performans A2 senaryosu ile 22.870
kWh yillik enerji tikketimi ve 10.291,5 kg CO: salinimu ile elde edilmistir. En diisiik ¢evresel
etki A3 senaryosu ile 15.307 kWh yillik enerji tiiketimi ve 6.888,1 kg CO: salimimu ile
saglanmistir. Bu sonuclar, Karacadag Tasi’nin yiiksek 1si1l kiitle 6zelligi sunmasina ragmen

222



TROIA 3RP INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 27 — 28, 2026 —- CANAKKALE
ISBN NR: 978-625-5694-84-3

uygun yalittm malzemesiyle birlikte kullanilmadiginda enerji verimliligini énemli Olciide
azalabilecegini ortaya koymustur.

A6 %@g— 164,054
A5 i 165,988
A e 15115 164,845
A3 et 166,167
A2 el b= e 162,760
A1 = 164,054

18,659

o

20,000 40,000 60,000 80,000 100,000 120,000 140,000 160,000 180,000

W Karacadag Tasi CO2 salinimi (kg) m Karacadag Tasl Maliyet ($) (kWh)
W Karacadag Tas! Enerji tuketimi (kWh)

Gorsel 1. Karacadag Tasi kullanilan senaryolar igin yillik enerji tiiketimi, maliyet ve CO. salinimi
karsilastirmasi

Karakocan Tasi yapt malzemesi olarak kullanildiginda alt1 farkli senaryonun enerji ve Co2
salinimi degerlerinin grafiksel gosterimi Gorsel 2°de sunulmustur. Alternatif senaryolar B kodu
ile gosterilmistir Karakogan Tasi’nin diger dogal taslarla kiyaslandiginda daha diisiik yillik
enerji tilketimi degerleri verdigi gozlenmistir. B3 kodlu senaryo, 12.497 kWh yillik enerji
tiiketimi ve 5.623,6 kg CO: salinimu ile tiim senaryolar arasinda en diisiik enerji tiiketimi ve
CO: salinim1 degerleri gostermistir. Ancak, B1 ve B6 senaryolar1 incelendiginde enerji tiiketimi
ve maliyet degerlerinin kademeli olarak yiikseldigi belirlenmistir. Ciktilar, Karakogan Tas1’nin
yalitm malzemesi olarak dogru malzemelerle kombine edildiginde sahil yapilari igin
stirdiirtilebilir yap1 kabugu ¢6ziimiine yaklasan optimal ¢oziimleri verebilecegini gostermistir.

B5 b 169,988
B4 H 168,753
B3 b 170,477

B2

% 166,167
% 167,784

0 20,000 40,000 60,000 80,000 100,000 120,000 140,000 160,000 180,000

B1

m Karakocan TasI CO2 salinimi (kg) m Karakocan Tagi Maliyet ($) (kWh) B Karakocan Tasi Enerji tiiketimi (kWh)

Gorsel 2. Karakogan Tagi kullanilan senaryolar i¢in yillik enerji tikketimi, maliyet ve CO: salinimi
karsilagtirmasi
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Gorsel 3’te yapt malzemesi olarak Nemrut Tas1 kullanildiginda olusturulan senaryolar i¢in
yillik enerji tiiketimi, maliyet ve CO: salinimi degerleri kiyaslamali olarak gosterilmistir.
Senaryolar C kodu ile verilmistir. C2 ve C6 senaryolarinda enerji tiiketimi ve CO- saliniminin
belirgin sekilde arttig1 goriiliirken, C3 senaryosu 13.470 kWh enerji tiikketimi ve 6.061,5 kg CO-
salimimi ile optimal performansi gosterdigi belirlenmistir. Nemrut Tasi’nin orta diizeyde 1s1
iletkenlik katsayisina sahip olmasi nedeniyle yalitim malzemesinin dogru secilmesi efektif
performansin elde edilmesi agisindan kritiktir. Bu c¢er¢cevede Nemrut Tasi kullanilan dig
duvarlarda dogal lif esasli yaliim malzemeleri enerji verimliliginin artirilmasinda daha etkin
malzemeler olarak belirlenmistir.

C6 % 165,359
H 168,083
% 166,773
b 168,405
H 164,228
H 165,657

0 20,000 40,000 60,000 80,000 100,000 120,000 140,000 160,000 180,000

C5

C4
C3
C2

C1

® Nemrut Tagi CO2 salinimi (kg) ® Nemrut Tagl Maliyet ($) (kWh)  ® Nemrut Tagi Enerji tiketimi (kwWh)

Gorsel 3. Nemrut Tast kullanilan senaryolar igin yillik enerji tiiketimi, maliyet ve CO. salinimi
karsilastirmasi

Yesilyurt Tasi ile tasarlanan senaryolar D harfi ile kodlanmistir. Sekil 4’te belirtildigi gibi, D2
ve D6 senaryolari, 20.205 kWh enerji tiikketimi ve 9.092,2 kg CO: salinimu ile yiiksek ¢evresel
etki sergilemistir. D3 senaryosu 14.615 kWh enerji tiiketimi ve 6.576,7 kg CO2 salinimi ile daha
dengeli bir performans gosterilmistir. Yesilyurt Tas1 yapt malzemesi olarak kullanildiginda
enerji titkketimi degerleri genellikle orta seviyede belirlenmistir. Yalitim malzemesi se¢imi CO-
saliimi iizerinde belirleyici bir rol istlenmistir. Ciktilar, Yesilyurt Tasi’nin mutlaka daha
yiiksek performansl bir dogal yalitim levhasi ile birlikte kullanildiginda enerji performansina
olumlu yonde etki yapabilecegini gostermistir.

D6 H 163,474
D5 % 164,731
D4 b 165,657
D3 H 166,773
D2 H 163,474
D1 % 164,731

0 20,000 40,000 60,000 80,000 100,000 120,000 140,000 160,000 180,000

W Yesilyurt Tagi CO2 salinimi (kg) M Yesilyurt Tasi Maliyet ($) (kWh) B Yesilyurt Tasi Enerji tiketimi (kWh)
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Gorsel 4. Yesilyurt Tasi kullanilan senaryolar igin yillik enerji tiiketimi, maliyet ve CO- salinimi
karsilastirmasi

Cizelge 2°de, Karakogan Tas1 ve Keten yalitim levhasi ikilisini temsil eden B3 senaryosunun,
hem yillik enerji tiiketimi hem de CO: emisyonu agisindan minimum degerlere sahip oldugu
gosterilmistir. Karacadag Tasi ve Kenevir Levha ile olusturulan A2 senaryosu ile enerji
tilketimi ve CO: emisyonu ag¢isindan en olumsuz performans elde edilmistir. Analiz ¢iktilari,
yap1 kabugunda kullanilan dogal tag—yalitim malzemesi ikilisinin enerji etkinligi izerinde ¢ok
kritik bir rol oynadigini géstermistir.

Cizelge 2. Maksimum ve minimum enerji tiiketimi ile co. emisyonu degerleri

Parametre Mini[num Kod Malzemeler Maks[mum Kod Malzemeler
Deger Deger

Yillik Karakocan Karacadag

Enerji Tast Tast

Tiketimi | 12497 | B3 22870 | A2

(kwh) ve ve

Yillik CO2 _

Emisyonu | 56236 | B3 KetenLevha | 15915 | a2 | Kenevir

(kg) Levha

Cizelge 2’de sunulan maksimum ve minimum enerji tiiketimi ile CO: emisyonu degerleri
arasindaki farklar incelendiginde, yap: kabugunda kullanilan malzeme kombinasyonlarinin
enerji performansi iizerindeki belirleyici etkisi agik¢a goriilmektedir. En enerji etkin alternatif
olan B3 senaryosu, en olumsuz performans gosteren A2 senaryosu ile karsilagtirildiginda, yillik
enerji tiiketiminde yaklasik %45,4 oraninda bir azalma saglamistir. Benzer sekilde, yillik CO:
emisyonu agisindan degerlendirildiginde, B3 senaryosunda elde edilen 5.623,6 kg degeri, A2
senaryosundaki 10.291,5 kg emisyon miktarina kiyasla yaklasik %45,3 oraninda daha diisiik
gerceklesmistir. Bu sonuglar, diisiik U-degerine sahip yap1 kabugu sistemlerinin enerji tiiketimi
ve karbon salmimini neredeyse yar yariya azaltabildigini gstermektedir. Ozellikle Karakogan
Tas1 ve Keten Levha kombinasyonunun, hem 1s1l gegirgenlik hem de ¢evresel performans
acisindan en dengeli ¢6ziimii sundugu belirlenmistir. Elde edilen yiizdesel iyilesmeler, dogal
tas ve dogal yaliim malzemelerinin birlikte optimize edilmesinin, sahil yapilarinda
stirdiiriilebilir ve enerji etkin tasarimlar i¢in kritik bir strateji oldugunu ortaya koymaktadir.

4.SONUC

Bu calismada, izmir iklim kosullarini temsil eden 108 m? biiyiikliigiindeki bir sahil evi igin
dogal tas yapt malzemeleri ve dogal levha yalittm malzemelerinin enerji performansi ve
cevresel etkileri simiilasyon destekli olarak degerlendirilmistir. Dort farkli dogal tas malzeme
ve alt1 farkli dogal yalitim levhasi kullanilarak olusturulan toplam 24 alternatif senaryo,
Energy3D yazilimi araciliiyla yillik enerji tiiketimi, CO: salinimi1 ve maliyet parametreleri
agisindan karsilastirilmistir.
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Analiz sonuglari, yap1 kabugunda kullanilan malzeme kombinasyonlarinin enerji tiiketimi ve
cevresel performans iizerinde belirleyici bir etkiye sahip oldugunu ortaya koymustur. Tiim
senaryolar arasinda Karakocan Tasi ve Keten Levha kombinasyonunu temsil eden B3
senaryosu, 12.497 kWh yillik enerji tiikketimi ve 5.623,6 kg CO- salinimi ile en enerji etkin ve
cevresel acidan en avantajli alternatif olarak belirlenmistir. Buna karsilik, Karacadag Tas1 ve
Kenevir Levha kombinasyonunu temsil eden A2 senaryosu, 22.870 kWh enerji tiiketimi ve
10.291,5 kg CO: salinimi ile en olumsuz performansi sergilemistir.

U-degerleri ile enerji tiiketimi arasindaki iligski incelendiginde, diisiik U-degerine sahip
senaryolarda yillik enerji tiikketimi ve CO: saliniminin belirgin sekilde azaldigi goriilmiistiir.
Ozellikle dogal lif esasl1 yalitim levhalarmin (keten, seliiloz fiber ve mantar) enerji verimliligini
artirmada daha etkin oldugu belirlenmistir. Dogal tas malzemeler arasinda ise Karakocan
Tas1’nin, uygun yalitim kombinasyonlariyla birlikte kullanildiginda, sahil yapilari i¢in daha
stirdiirtilebilir bir yap1 kabugu ¢6zliimii sundugu sonucuna ulagilmistir.

Elde edilen bulgular, erken tasarim agsamasinda yapilan simiilasyon destekli analizlerin, enerji
etkin ve cevresel agidan siirdiiriilebilir yap1 tasarimlarmin gelistirilmesinde kritik bir arag
oldugunu gostermektedir. Bu calisma, denize yakin yapilarda dogal tas ve dogal yalitim
malzemelerinin birlikte degerlendirilmesinin, enerji tikketimi ve karbon saliniminin
azaltilmasma Onemli katkilar saglayabilecegini ortaya koymaktadir. Sonug¢ olarak, bu
calismanin, siirdiiriilebilir bina tasarimi alaninda calisan arastirmacilar ve uygulayicilar i¢in
karar verme siireclerine destek saglayacagi ve literatiire Ozgiin bir katki sunacagi
distiniilmektedir.
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PREVALENCE AND MANAGEMENT OF DENTAL CARIES AMONG SCHOOL
CHILDREN IN RURAL TANZANIA

Prof. Dr. Amina Hassan, Dr. Juma Kilonzo
Department of Dentistry, Muhimbili University of Health and Allied Sciences, Tanzania

Abstract

Dental caries represents a significant public health challenge in rural Tanzanian communities
where access to fluoridated water and professional care remains limited. This cross-sectional
study examined 1,200 school children aged 6-12 years across Dodoma and Morogoro regions,
employing WHO diagnostic criteria and DMFT indexing. High caries prevalence correlates
strongly with frequent sugar consumption from local beverages and inadequate oral hygiene
practices influenced by cultural dietary habits. Restorative needs dominate among lower
socioeconomic groups lacking basic toothbrushing resources. Community-based preventive
strategies incorporating silver diamine fluoride applications demonstrate promising caries arrest
rates in school settings. Parental education programs emphasizing dietary modifications yield
sustained behavioral changes. Integration with national school health initiatives facilitates
fluoride varnish distribution and sealant programs targeting high-risk permanent molars.
Longitudinal monitoring establishes baseline data for policy formulation addressing sugar
taxation and oral health curriculum inclusion. Collaborative efforts with agricultural ministries
promote calcium-rich traditional foods supporting enamel remineralization. These interventions
position community health workers as frontline defenders against escalating caries burden in
underserved populations.

Keywords: dental caries, school children, rural Tanzania, preventive dentistry
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ORAL HEALTH IMPACTS OF HIV/AIDS ON ADULT PATIENTS IN DAR ES
SALAAM COMMUNITIES

Assoc. Prof. Dr. Elias Mushi, Fatma Swai
School of Dentistry, University of Dar es Salaam, Tanzania

Abstract

HIV/AIDS profoundly affects oral health manifestations in Tanzanian adults, complicating
systemic disease management. This cohort investigation followed 450 patients at Muhimbili
National Hospital, documenting candidiasis, periodontal destruction, and necrotizing gingivitis
as prevalent opportunistic conditions. Antiretroviral therapy adherence significantly reduces
oral lesion severity through immune reconstitution, yet medication side effects like xerostomia
persist. Nutritional deficiencies exacerbate tissue breakdown in low-income cohorts reliant on
starchy diets. Multidisciplinary protocols integrating antiviral regimens with antifungal rinses
and periodontal scaling improve quality of life metrics. Patient education on self-examination
protocols empowers early detection of malignancies associated with immunosuppression.
Integration within national AIDS control programs establishes oral health screening as standard
HIV monitoring component. Capacity building equips peripheral clinics with essential
diagnostic tools and referral pathways. Community stigma reduction campaigns encourage
treatment-seeking behaviors. Long-term surveillance tracks emerging drug-resistant candidal
strains requiring updated therapeutic guidelines. These comprehensive strategies enhance oral-
systemic health linkages critical for Tanzania's HIV burden management.

Keywords: HIV oral manifestations, antiretroviral therapy, periodontal disease, Tanzania
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TRADITIONAL HERBAL REMEDIES EFFICACY FOR DENTAL PAIN
MANAGEMENT IN TANZANIAN VILLAGES

Dr. Zuberi Nkya, Rehema Joseph

Faculty of Dentistry, Catholic University of Health and Allied Sciences, Tanzania

Abstract

Traditional medicine dominates dental pain relief in Tanzanian rural areas lacking formal
services. Ethnopharmacological survey documents 28 plant species used by healers for
toothache, with clove oil and neem extracts showing strongest analgesic properties through in
vitro anti-inflammatory assays. Clinical trials validate 75% pain reduction comparable to
ibuprofen within 30 minutes for acute pulpitis cases. Safety profiles confirm minimal
hepatotoxicity at therapeutic doses when properly prepared. Standardization protocols preserve
bioactive constituents during processing. Community training programs certify traditional
practitioners in hygiene practices preventing iatrogenic infections. Integration with modern
endodontics offers hybrid approaches for root canal therapy alternatives. Policy frameworks
regulate herbal product quality ensuring sustainable harvesting practices. Intellectual property
rights protect indigenous knowledge while facilitating commercial development. Educational
modules incorporate ethnobotany into dental curricula fostering culturally competent care.
These synergies bridge traditional wisdom with evidence-based dentistry enhancing access
across remote regions.

Keywords: herbal remedies, dental pain, ethnopharmacology, Tanzania
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DIGITAL DENTISTRY APPLICATIONS FOR PROSTHODONTIC
REHABILITATION IN TUNISIAN ELDERLY

Prof. Dr. Karim Ben Ali, Dr. Nadia Cherif
Department of Prosthodontics, University of Tunis EI Manar, Tunisia

Abstract

Aging Tunisian populations demand advanced prosthodontic solutions amid edentulism rise.
This clinical study evaluates intraoral scanners and CAD/CAM milling for complete denture
fabrication versus conventional methods. Digital workflows reduce appointment numbers from
six to three while achieving superior adaptation through precise occlusal registrations. Patient
satisfaction surveys report enhanced comfort and phonetics with milled PMMA dentures.
Economic analysis confirms cost parity through material efficiency despite equipment
investments. Training programs upskill technicians in parametric design software optimizing
retention features. Hybrid analog-digital protocols accommodate resource-limited clinics.
Longevity assessments demonstrate reduced reline frequency over two-year follow-up.
Integration with 3D facial scanning personalizes aesthetics matching Mediterranean facial
proportions. Tele-dentistry consultations facilitate rural patient access to urban expertise.
National health insurance inclusion accelerates technology adoption. Curriculum reforms
embed digital dentistry competencies ensuring future practitioner readiness. These
advancements transform elderly oral rehabilitation accessibility across Tunisia's diverse
socioeconomic landscape.

Keywords: digital dentistry, CAD/CAM dentures, prosthodontics, Tunisia
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ORTHODONTIC TREATMENT OUTCOMES USING CLEAR ALIGNERS IN
TUNISIAN ADOLESCENTS

Assoc. Prof. Dr. Sami Karray, Leila Hadji
Faculty of Dental Medicine, University of Monastir, Tunisia

Abstract

Esthetic orthodontic demands grow among Tunisian youth preferring invisible treatments.
Prospective evaluation of 180 adolescent patients compares Invisalign outcomes versus fixed
appliances for mild-moderate malocclusions. Predictable tooth movements achieve Class |
canine relationships within 14 months average duration. Compliance monitoring through
smartphone apps enhances treatment efficiency. Periodontal health parameters remain stable
with superior plaque control versus brackets. Speech adaptation occurs rapidly without lisp
complications. Cost-benefit analysis favors aligners for specific indications despite higher
upfront expenses. Sequential distalization protocols effectively correct Class Il divisions.
Multidisciplinary approaches integrate orthognathic planning for complex cases. Patient
education emphasizes 22-hour wear discipline maintaining force expression. Practice
management software streamlines inventory and progress tracking. Regional conferences
disseminate clinical protocols standardizing care quality. Insurance reimbursement pathways
emerge supporting broader accessibility. Long-term stability investigations continue
monitoring relapse patterns informing retention strategies. These esthetic solutions align with
Mediterranean cultural emphasis on appearance enhancing adolescent confidence.

Keywords: clear aligners, orthodontic treatment, adolescents, Tunisia
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PERIODONTAL REGENERATIVE THERAPIES USING TUNISIAN DATE PALM
DERIVED BIOMATERIALS

Dr. Hassen Trabelsi, Monia Ben Salem
Department of Periodontology, University of Carthage, Tunisia

Abstract

Periodontal destruction challenges Tunisian patients with diabetes prevalence. Innovative
biomaterial from date palm mesocarp develops growth factor delivery scaffolds for intrabony
defect regeneration. Phytochemical extraction vyields natural polymers with inherent
antimicrobial properties against Porphyromonas gingivalis. Clinical trials demonstrate 3.8 mm
probing depth reduction versus 2.1 mm in controls after 12 months. Radiographic bone fill
averages 68% defect resolution. Histological analysis confirms new cementum and periodontal
ligament formation. Slow-release BMP-2 integration accelerates osteogenesis without ectopic
bone risks. Scaffold degradation synchronizes with tissue maturation. Cost advantages position
material competitively against xenografts. Manufacturing scalability utilizes agricultural
byproducts supporting rural economies. FDA-equivalent approvals facilitate clinical
translation. Periodontal practice integration training equips specialists in minimally invasive
techniques. Patient selection criteria emphasize non-smokers with vital defects optimizing
outcomes. Multidisciplinary diabetes management enhances long-term stability. National
research grants sustain development pipeline exploring palm-derived applications across oral
surgery disciplines.

Keywords: periodontal regeneration, biomaterials, date palm, Tunisia
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LASER-ASSISTED CARIES REMOVAL TECHNIQUES IN MARRAKECH
PEDIATRIC DENTISTRY

Prof. Dr. Ahmed El Amrani, Dr. Fatima Zahra
Faculty of Dental Medicine, Mohammed V University, Morocco

Abstract

Anxious Moroccan children benefit from minimally invasive caries management. Er:YAG laser
protocols selectively ablate decayed tissue preserving healthy dentin structure. Prospective
study of 250 primary molars demonstrates 92% success rate avoiding pulpal exposures common
in rotary instrumentation. Bacterial reduction exceeds 99.9% confirmed through confocal
microscopy. Postoperative pain minimalizes eliminating anesthetic needs for superficial
lesions. Cavity preparation time comparable to high-speed drills once clinician proficiency
established. Composite bonding enhanced through smear layer elimination improving marginal
adaptation. Parental acceptance high due to reduced chair time and bloodless fields. Fiber-optic
delivery systems navigate pediatric anatomy effectively. Preventive resin sealing protocols
complete minimally invasive philosophy. Laser safety training mandatory for widespread
adoption. Integration within national oral health programs targets underserved urban
populations. Long-term monitoring assesses restoration longevity versus conventional
amalgam. Pediatric dentistry curriculum reforms incorporate laser competencies preparing
future practitioners. Economic analyses support public health investment considering lifetime
caries prevention benefits. Cultural sensitivity training addresses parental misconceptions about
thermal risks ensuring informed consent processes.

Keywords: laser dentistry, caries removal, pediatric, Morocco
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3D PRINTED SURGICAL GUIDES FOR DENTAL IMPLANT PLACEMENT IN
MARRAKECH CLINICS

Assoc. Prof. Dr. Youssef Bennani, Sara El Khadim
Department of Oral Surgery, Cadi Ayyad University, Morocco

Abstract

Precision implantology transforms Moroccan prosthetic rehabilitation standards. CBCT-guided
stereolithographic templates achieve submillimeter accuracy placing 1,200 implants across
diverse bone morphologies. Flapless techniques minimize morbidity reducing postoperative
antibiotics. Prosthetic-driven planning optimizes emergence profiles matching Moroccan facial
aesthetics. Digital workflow integrates intraoral scanning eliminating analog impressions. In-
house printing reduces turnaround from weeks to days enhancing patient satisfaction.
Complication rates drop significantly versus freehand surgery particularly in posterior
mandible. Static guides excel for single implants while dynamic navigation systems handle full-
arch cases. Software interoperability ensures seamless data transfer across disciplines.
Technical training empowers general practitioners expanding access beyond specialists. Cost
analyses confirm ROI within 18 months through increased case volume. National implant
registry establishes outcome benchmarks informing insurance coverage decisions.
Multidisciplinary teams coordinate prosthodontic-orthodontic-surgical phases. Augmented
reality overlays enhance surgical visualization during complex sinus augmentations. Patient-
specific instrumentation revolutionizes Moroccan implantology establishing regional
excellence centers training North African colleagues.

Keywords: dental implants, surgical guides, 3D printing, Morocco
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NANOHYDROXYAPATITE TOOTHPASTE EFFICACY FOR ENAMEL
REMINERALIZATION IN MARRAKECH

Dr. Rachid Lahlou, Amina Serghini
Department of Preventive Dentistry, Hassan Il University, Morocco

Abstract

Early enamel lesions prevalent among sweet tea consuming Moroccans require non-invasive
remineralization. Biomimetic toothpaste containing 10% nano-hydroxyapatite restores surface
microhardness rivaling CPP-ACP formulations. Six-month home-use study demonstrates 45%
lesion regression confirmed through DIAGNOdent readings and transverse microradiography.
Particle size optimization ensures deep penetration repairing subsurface demineralization.
Salivary pH buffering enhances remineralization dynamics. Consumer preference favors mint
flavors aligning with local tastes. Stability testing confirms shelf-life exceeding two years under
desert conditions. Manufacturing localization utilizes Moroccan phosphate reserves reducing
import dependency. School distribution programs target high-risk adolescents. Clinical trials
validate equivalence to fluoride varnishes for moderate lesions. Orthodontic patients benefit
from white spot reduction improving esthetics. Professional prophylaxis integration amplifies
home care efficacy. Marketing campaigns educate consumers distinguishing biomimetic
mechanisms from abrasive polishing. Regulatory approvals position product within national
caries prevention strategy. Long-term cohort studies monitor lifetime enamel protection
establishing superiority over traditional dentifrices in high-sugar environments characteristic of
Moroccan dietary patterns.

Keywords: remineralization, nano-hydroxyapatite, enamel lesions, Morocco
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EFFECTS OF PERIODIZED RESISTANCE TRAINING ON MUSCLE
HYPERTROPHY AND STRENGTH GAINS IN ELITE HUNGARIAN
WEIGHTLIFTERS

Prof. Dr. Laszl6 Kovacs, Dr. Anna Szab6, Tamas Nagy

Faculty of Physical Education and Sport Sciences, University of Physical Education,
Budapest, Hungary

Abstract

Periodized training represents the cornerstone of elite strength development, yet optimal
protocols remain debated among competitive weightlifters. This randomized controlled trial
examined 8-week nonlinear periodization versus linear models in 48 Hungarian national team
athletes aged 20-28. Participants underwent comprehensive assessments including dual-energy
X-ray absorptiometry for lean mass, one-repetition maximum testing across snatch, clean &
jerk, and squat exercises, alongside serum myostatin and IGF-1 biomarker analysis. Nonlinear
programming incorporating daily undulating volume-intensity fluctuations produced superior
hypertrophy outcomes with 4.2% greater quadriceps cross-sectional area increases compared
to linear progression. Strength adaptations showed 7% snatch improvement in the experimental
group, attributed to enhanced neural drive evidenced by electromyographic potentiation during
heavy lifts. Hormonal profiles indicated attenuated cortisol responses and elevated anabolic
signaling pathways. Recovery optimization through active rest phases and nutritional
periodization minimized overtraining risks. These findings validate Hungarian national training
center methodologies emphasizing variability for peaking toward international competitions.
Practical implications guide coaches toward individualized autoregulated programming
balancing morphological and neuromuscular adaptations for Olympic weightlifting success.

Keywords: periodized training, muscle hypertrophy, weightlifting, strength gains
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NEUROMUSCULAR ADAPTATIONS TO HIGH-INTENSITY INTERVAL
TRAINING IN PROFESSIONAL HUNGARIAN SOCCER PLAYERS

Assoc. Prof. Dr. Gabor Téth, Zoltan Kiss
Institute of Sport Sciences, E6tvos Lorand University, Budapest, Hungary

Abstract

Soccer demands explosive power alongside aerobic capacity, challenging traditional endurance
training paradigms. This longitudinal investigation tracked 36 professional Hungarian first-
division players through preseason incorporating 6 weeks of polarized high-intensity interval
training versus moderate continuous protocols. Performance metrics encompassed Yo-Yo
Intermittent Recovery Test level 2, countermovement jump height, 10m sprint times, and
repeated sprint ability decrements. Physiological monitoring included maximal oxygen uptake
determination via gas analysis and muscle oxygenation via near-infrared spectroscopy during
match simulations. Polarized training enhanced VO2max by 12% while preserving sprint
maintenance better than continuous running, evidenced by 8% reduced fatigue index.
Hamstring neuromuscular efficiency improved through eccentric overload integration, reducing
injury susceptibility during acceleration phases. Tactical periodization aligned conditioning
with positional demands, benefiting midfielders most significantly. Blood lactate threshold
shifts indicated metabolic flexibility gains supporting late-game intensity maintenance. These
adaptations align with UEFA elite club performance benchmarks, positioning Hungarian teams
competitively in European qualifiers. Coaches benefit from practical session templates
optimizing transfer to match-specific actions across microcycles.

Keywords: HIIT, soccer performance, neuromuscular adaptations, polarized training

239



TROIA 3RP INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 27 — 28, 2026 — CANAKKALE
ISBN NR: 978-625-5694-84-3

BIOKINEMATIC ANALYSIS OF OLYMPIC FENCING TECHNIQUES IN
HUNGARIAN NATIONAL TEAM ATHLETES

Dr. Orsolya Farkas, Miklés Varga, Prof. Dr. Istvan Szabo
Department of Biomechanics, Semmelweis University, Budapest, Hungary

Abstract

Fencing demands precise coordination of lunge mechanics, blade work, and reaction timing
under dueling stress. This biomechanical study captured 3D motion data from 24 Hungarian
épée and sabre fencers during competitive simulations using VICON optoelectronic systems at
250 Hz. Kinematic chains analysis revealed optimal hip-knee-ankle coordination achieving 4.2
m/s peak lunge velocities with minimal upper body sway. Electromyographic profiling
identified quadriceps pre-activation patterns distinguishing elite from sub-elite performers,
correlating with touch success rates above 75%. Ground reaction force plate data quantified
impulse generation asymmetry favoring lead leg dominance. Sword tip trajectory
reconstruction via inertial sensors demonstrated sub-200ms reaction windows against deceptive
feints. Gender comparisons highlighted female athletes' superior trunk stability compensating
for lower absolute power. Training implications emphasize plyometric circuits replicating
fencing-specific stretch-shortening cycles alongside visuomotor reaction drills. Longitudinal
tracking validates technique evolution across Olympic cycles, informing national federation
talent identification protocols. Technological integration elevates Hungarian fencing's tradition
of technical mastery on international stages.

Keywords: fencing biomechanics, kinematic analysis, reaction timing, Olympic sports
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NUTRITIONAL STRATEGIES FOR ENDURANCE PERFORMANCE
ENHANCEMENT AMONG TANZANIAN MARATHON RUNNERS

Assoc. Prof. Dr. Juma Mfinanga, Amina Hassan
Department of Sports Science, University of Dar es Salaam, Tanzania

Abstract

Tanzanian runners dominate long-distance events through natural high-altitude adaptations
combined with carbohydrate optimization. This field study monitored 42 elite athletes from
Arusha training camps during 12-week preparation for major marathons. Dietary analysis via
7-day food logs alongside performance testing on 10km time trials and 42.2km simulations
assessed fuel utilization patterns. Native carbohydrate sources including ugali, bananas, and
sweet potatoes sustained glycogen stores effectively when timed pre-long runs. Beetroot juice
supplementation enhanced economy through nitrate-mediated vasodilation, particularly
beneficial during final competition surges. Hydration protocols incorporating oral renydration
salts prevented cramp episodes common in tropical training climates. Body composition
management balanced leanness requirements with immune function preservation via
micronutrient-rich traditional vegetables. Post-exercise recovery emphasized milk-based
proteins supporting muscle repair alongside anti-inflammatory spices. These culturally
appropriate strategies elevate Tanzanian runners' finishing speeds while minimizing
gastrointestinal distress. National sports institute programming integrates findings into
standardized fueling guidelines elevating competitiveness against Kenyan rivals. Longitudinal
health monitoring ensures sustainable career longevity beyond peak racing years.

Keywords: marathon nutrition, carbohydrate loading, Tanzanian runners, endurance fueling
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HEAT ACCLIMATION PROTOCOLS FOR TEAM SPORTS PERFORMANCE IN
TANZANIA'S TROPICAL CLIMATE

Dr. Elias Ndugu, Fatuma Kikoti, Prof. Dr. Salum Ramadhani
Faculty of Health Sciences, Muhimbili University of Health and Allied Sciences, Tanzania

Abstract

Tropical heat challenges soccer and rugby players during afternoon training sessions prevalent
across Tanzania. Controlled hyperthermia trials with 56 Dar es Salaam club athletes tested 10-
day acclimation involving 90-minute sessions in 35°C saunas followed by low-intensity runs.
Physiological adaptations included expanded plasma volume, lowered core temperatures, and
reduced heart rate drifts during subsequent heat exposure. Match simulation testing
demonstrated sustained high-intensity running capacity with 15% fewer decrements versus
non-acclimated controls. Sweat sodium concentration decreases minimized electrolyte
imbalances supporting cramp prevention. Perceptual scales confirmed diminished rate of
perceived exertion aligning with objective performance gains. Practical implementation
schedules staggered acclimation across microcycles avoiding fixture conflicts. Gender-specific
adjustments accounted for menstrual cycle variations influencing thermoregulation. Integration
with active recovery modalities enhanced adaptation speed. National team preparation
protocols now standardize heat acclimation preceding continental tournaments hosted in similar
climates. Community-level coaching education disseminates principles improving grassroots
training safety and efficacy throughout East Africa.

Keywords: heat acclimation, tropical sports, thermoregulation, team performance
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ANTHROPOMETRIC PROFILING AND TALENT IDENTIFICATION IN
TANZANIAN YOUTH SOCCER ACADEMIES

Samwel Massawe, Dr. Rehema Kweka
Department of Physical Education, Sokoine University of Agriculture, Tanzania

Abstract

Talent identification systems remain underdeveloped across Tanzanian soccer despite abundant
athletic potential. Comprehensive screening of 320 academy players aged 14-17 measured
somatotypes, limb lengths, and maturity status alongside technical skill batteries and aerobic
tests. Mesomorphic builds correlated strongly with sprint and jump performances essential for
modern positional roles. Late maturers demonstrated superior technical proficiency
compensating for temporary size disadvantages. Regional comparisons identified coastal
players' endurance advantages versus highland power profiles. Longitudinal tracking confirmed
early identifiers maintaining development trajectories through structured periodization. Battery
validation against senior league progression rates exceeded 82% accuracy. Nutritional
interventions targeted ectomorphic profiles requiring mass gains without sacrificing agility.
Psychological screening integration captured mental resilience factors distinguishing future
professionals. National federation adoption standardizes protocols across 24 regional
academies. International scouting partnerships leverage database access identifying export
prospects for European development pathways. Community engagement ensures
socioeconomic barriers do not preclude talent ascension opportunities.

Keywords: talent identification, youth soccer, anthropometry, Tanzania
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YOGA-BASED INTERVENTION EFFECTS ON FLEXIBILITY AND INJURY
PREVENTION IN INDIAN CRICKETERS

Prof. Dr. Rajesh Kumar, Dr. Priya Sharma, Amit Singh
Department of Sports Science, Lakshmibai National Institute of Physical Education, India

Abstract

Cricket's prolonged bowling actions strain lumbar flexibility and hamstring integrity among
fast bowlers. Randomized trial assigned 68 Ranji Trophy players to 12-week Ashtanga yoga
protocols versus conventional stretching regimes. Goniometric assessments tracked hamstring,
hip, and spinal mobility alongside bowling action video analysis for biomechanical risk factors.
Yoga groups achieved 18° greater forward flexion with symmetrical pelvic control reducing
contralateral rotation compensations. Injury incidence dropped 62% measured through missed
training days and medical withdrawals. Core stability gains manifested through plank
endurance improvements supporting front-foot drive stability. Mindfulness components
enhanced pain tolerance during high-workload phases. Cultural familiarity accelerated
adherence versus imported Pilates alternatives. National Cricket Academy integration
standardizes yoga teacher certification ensuring consistent delivery across domestic circuits.
Age-group implementation prevents developmental overuse injuries. Scientific validation
elevates traditional practices meeting international sports medicine standards while preserving
Indian sporting heritage.

Keywords: yoga intervention, cricket injuries, flexibility training, Indian sports
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HYDRATION STRATEGIES AND COGNITIVE PERFORMANCE DURING
PROLONGED CRICKET MATCHES IN INDIA

Assoc. Prof. Dr. Sanjay Patel, Neha Gupta
Faculty of Sports Sciences, Guru Nanak Dev University, India

Abstract

Dehydration impairs decision-making during cricket's extended fielding sessions under Indian
summer conditions. Field study monitored 45 IPL players across doubleheaders measuring
urine specific gravity, reaction times via Go/No-Go tasks, and batting strike rates relative to
hydration status. Preemptive electrolyte-carbohydrate beverages maintained euhydration
preventing 2.2% body mass losses triggering cognitive decline. Serial subtractions testing
declined 24% under mild dehydration versus stable performance in hydrated controls.
Anticipatory sipping protocols aligned with over cycles optimized absorption Kkinetics.
Individual sweat rate profiling dictated personalized consumption volumes countering
positional variance. Nocturnal rehydration strategies addressed sleep-disrupted fluid balance.
Team physicians implement real-time monitoring through dermal patches signaling refill needs.
Nutritional staff education disseminates findings across franchise networks. Comparative data
versus one-day internationals confirm applicability across formats. Public health messaging
leverages cricket popularity promoting hydration awareness nationwide.

Keywords: hydration strategies, cognitive performance, cricket, dehydration
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COMPREHENSIVE STUDY ON THE NUTRITIONAL AND FUNCTIONAL
BENEFITS OF OATS

Dr. Kwame Mensah, Dr. Nana Yaw Osei
Department of Food Science, Kwame Nkrumah University of Science and Technology,
Ghana

ABSTRACT

This systematic investigation characterizes oats' comprehensive nutritional profile and
bioactive functionality, establishing scientific rationale for expanded dietary incorporation.
Proximate analysis across 15 cultivars revealed B-glucan content ranging 3.8-6.2% (mean
4.9%), total dietary fiber 12.7%, protein 14.2%, and resistant starch 2.8%. HPLC quantification
documented avenanthramides (42-78 pg/g) alongside ferulic acid (112 pg/g) concentrations
surpassing comparative cereals. In vitro antioxidant assays demonstrated DPPH scavenging
(78% inhibition), ABTS capacity (3.2 mmol TE/100g), and FRAP values (2.8 mmol Fe*'/g)
competitive with berries. Simulated gastrointestinal digestion confirmed 92% p-glucan
solubility maintaining viscosity critical for glycemic modulation. Human intervention trial
(n=84 hypercholesterolemic adults) consuming 60g daily oat products achieved 12% LDL
reduction, 8% total cholesterol decrease, and HbAlc improvement (0.4%) after 12 weeks versus
wheat controls. Postprandial glucose AUC reduced 24% reflecting B-glucan gelation properties.
Gut microbiota analysis revealed Bifidobacterium proliferation (2.1 log CFU/g) alongside
butyrate production enhancement (145%). Thermal processing optimization maintained 89%
B-glucan integrity through extrusion parameters (120°C, 300 rpm). Economic modeling
confirms oats' cost-effectiveness (0.08 USD/g fiber equivalent) versus pharmaceutical
interventions. Findings substantiate oats as functional superfood bridging nutritional adequacy
with cardiometabolic disease prevention across diverse populations.

Keywords: oats nutrition, B-glucan, functional foods, cholesterol reduction, antioxidant
activity
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REVOLUTIONIZING AGRICULTURE WITH AMBIENT INTELLIGENCE: A
REVIEW OF INNOVATIVE PRACTICES

Dr. Yue Li, Assoc. Prof. Dr. Jian Zhao
College of Engineering, China Agricultural University, China

ABSTRACT

This systematic literature review synthesizes ambient intelligence applications revolutionizing
precision agriculture across 187 peer-reviewed studies (2015-2024). Ambient intelligence
frameworks integrate ubiquitous sensing (IoT soil moisture, multispectral imaging), context-
aware computing (edge Al inference), and adaptive actuation (variable rate irrigation) achieving
28% vyield increases, 33% water savings, and 22% nitrogen optimization. Machine learning
models processing hyperspectral data predict disease incidence 7-14 days pre-symptomatic
(AUC=0.94), enabling targeted interventions reducing fungicide usage 67%. Swarm robotics
coordinates demonstrate 4.2 ha/hr weeding coverage with 92% accuracy versus manual labor.
Digital twins simulating crop-livestock-soil interactions facilitate scenario testing achieving
19% carbon sequestration optimization. Blockchain-traced supply chains ensure 98%
provenance verification from farm-to-fork. Human-Al symbiosis interfaces employing
augmented reality glasses enable farmers interpreting real-time prescriptive analytics with 87%
adoption compliance. Economic modeling confirms 4.8:1 ROI within three years across
smallholder-scaled deployments. Ethical analysis addresses data sovereignty, algorithmic bias
mitigation through federated learning, and farmer digital literacy trajectories. Technology
readiness assessment positions ambient intelligence at TRL 8-9 for major crops. Global
comparative analysis reveals China's leadership in scale (15M ha deployment) versus Europe's
regulatory frameworks. Research establishes ambient intelligence as foundational paradigm
shift transcending precision agriculture toward fully autonomous, continuously learning
agricultural ecosystems.

Keywords: ambient intelligence, precision agriculture, 10T farming, Al agriculture, smart
farming
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THE IMPACT OF LEAD ON THE PHYSIOLOGICAL RESPONSES OF TWO
BROAD BEAN VARIETIES

Dr. Ahmed Farouk, Dr. Samira Elham
Faculty of Agriculture, Cairo University, Egypt

ABSTRACT

This pot experiment investigates lead phytotoxicity across two Vicia faba L. cultivars (Nubariaa
vs. Giza 40) under controlled greenhouse conditions (0, 200, 400, 800 mg Pb/kg soil).
Physiological assessments documented cultivar-specific tolerance: Giza 40 maintaining 73%
photosynthetic rate versus Nubariaa's 41% at 800 mg/kg Pb. Chlorophyll fluorescence
parameters revealed Giza 40's Fv/Fm ratio stability (0.78 vs. 0.62) indicating superior PSII
photochemistry preservation. Antioxidant defense profiling demonstrated 2.9-fold SOD
upregulation alongside 3.4-fold CAT activity in tolerant cultivar. Proline accumulation (28.4
ng/g FW) and MDA levels (2.1 nmol/g FW) confirmed oxidative stress mitigation capacity.
Root exudation analysis identified organic acids (citric 67%, malic 24%) complexing 41% soil
Pb. Nutrient uptake studies revealed cultivar-specific strategies: Giza 40 enhancing Fe
translocation (2.3-fold) counteracting Pb antagonism. Growth metrics confirmed 68% biomass
retention versus 34% reduction in susceptible cultivar. Histochemical localization documented
Pb accumulation predominantly in vacuolated epidermal cells. Gene expression analysis via
gRT-PCR identified PDF2.3 metallothionein upregulation (14.2-fold) correlating with
tolerance phenotype. Soil remediation potential demonstrated 28% Pb extraction efficiency
over 90 days. Results establish genotypic variation basis for phytomanagement strategies,
positioning broad bean as candidate for lead-contaminated agricultural soils prevalent across
Mediterranean basin.

Keywords: lead phytotoxicity, Vicia faba, physiological tolerance, antioxidant defense, heavy
metal stress

248



TROIA 3RP INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 27 — 28, 2026 — CANAKKALE
ISBN NR: 978-625-5694-84-3

CLIMATE CHANGE IMPACT ON MAIZE PRODUCTION IN NORTHEAST
CHINA: ATHIRTY-YEAR ANALYSIS

Dr. Wei Zhang, Dr. Lian Liu
College of Agronomy, Northeast Agricultural University, China

ABSTRACT

This 30-year (1990-2020) agronomic modeling study quantifies climate change impacts on
maize production across Northeast China's primary grain basket. CMIP6-driven APSIM
simulations calibrated against 18,000 field observations reveal 14% vyield decline under
observed warming (+1.8°C) primarily through shortened growth duration (12 days) and heat
stress during silking. RCP8.5 projections forecast 28% losses by 2050 absent adaptation.
Phenological adaptation via delayed sowing (7-10 days) combined with prolonged maturity
hybrids recovers 82% productivity. Elevated CO2 fertilization (+15% by 2050) partially offsets
thermal stress but irrigation demands escalate 34% during critical anthesis periods. District-
level analysis identifies Liaoning province most vulnerable (22% projected losses) versus
optimal Jilin zones gaining 4% through temperature moderation. Economic modeling estimates
6.2 billion USD annual losses by 2030, equivalent to 2.1% provincial GDP. Adaptation
portfolio optimization achieves 91% yield stability: heat-tolerant hybrids (42%), precision
irrigation (28%), and cultivar advancement (21%). Policy analysis advocates national seed
breeding acceleration targeting GDD 2800-3200 hybrids alongside microclimate regulation
subsidies. Satellite VCI validation confirms model fidelity (R?=0.87). Findings establish
Northeast China maize vulnerability thresholds informing national food security strategies amid
accelerating climate pressures.

Keywords: climate change, maize production, Northeast China, crop modeling, adaptation
strategies
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REVOLUTIONIZING SUSTAINABLE FARMING WITH AMBIENT
INTELLIGENCE: A FUTURISTIC PERSPECTIVE

Dr. Anwar Hassan, Assoc. Prof. Dr. Sarah Li
Department of Agricultural Engineering, University of Agriculture Faisalabad, Pakistan

ABSTRACT

This prospective analysis envisions ambient intelligence architectures transforming global
agriculture toward zero-waste autonomous ecosystems by 2040. Quantum edge computing
processes hyperspectral drone imagery achieving 99.2% disease classification before symptom
expression, enabling genomic editing deployment within 48 hours. Swarm intelligence
coordinates 10,000 micro-robots/ha executing precision weeding, nutrient injection, and
pollinator augmentation simultaneously. Digital nutrient passports track 100% farm-to-fork
provenance via blockchain, commanding 23% price premiums for verified sustainable produce.
Self-healing bioreactor systems convert crop residues into 92% bioenergy recovery alongside
8.4 t/ha biochar sequestration. Al governance models predict 17 socioeconomic scenarios
optimizing 4.1M farmer incomes through dynamic carbon markets. Human-machine symbiosis
via neural lace interfaces enables farmers cognitively supervising 5,000 ha operations
simultaneously. Ethical frameworks mandate algorithmic transparency preventing 87%
socioeconomic exclusion risks. Phased technology roadmap projects TRL9 systems
commercially viable by 2035 across 1.2B ha globally. Economic modeling forecasts 16.4
trillion USD annual value creation alongside 4.2 Gt CO2-equivalent mitigation. Continental
deployment strategies prioritize sub-Saharan Africa’'s 33M smallholders through satellite-to-
smartphone architectures. Research establishes ambient intelligence as civilizational-scale
infrastructure rivaling electrification's historical impact.

Keywords: ambient intelligence, sustainable farming, autonomous agriculture, Al agriculture,
precision farming
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PROMOTING INNOVATIVE SKILLS IN ENGINEERING DRAWING: A NEW
APPROACH FOR DEVELOPING DESIGN COMPETENCIES

Dr. Josefa Hernandez, Prof. Abel Lemos, Antonio Garcia, Helena Sanz
Faculty of Agricultural Sciences, University of Florence, Italy

ABSTRACT

This pedagogical intervention develops innovative engineering drawing competencies through
BIM-augmented parametric modeling workflows replacing conventional orthographic
projection paradigms. Quasi-experimental design across 320 sophomore cohorts compared
hybrid Revit-GenerativeComponents curriculum against AutoCAD standards. Experimental
group achieved 67% spatial visualization improvement (PSVT-R), 58% design iteration
velocity, and 73% interdisciplinary collaboration efficacy. Parametric constraint mastery
reduced error propagation 89% versus manual dimensioning. Computational creativity metrics
documented 4.2 novel solutions/hour versus 0.8 conventional approaches. Industry validation
through 18 OEM partnerships confirmed 92% workforce readiness versus 41% legacy training
graduates. Neurocognitive fMRI analysis revealed enhanced prefrontal-parietal connectivity
correlating with spatial problem-solving fluency. Learning analytics documented 78%
reduction in cognitive load through visual programming interfaces. Economic analysis projects
3.4:1 ROI within two academic cycles through accelerated product development cycles.
Scalable MOOC deployment reaches 12,000 engineers annually maintaining 86% competency
transfer. Theoretical framework integrates constructionism with parametric literacy
establishing new disciplinary foundations. Longitudinal career tracking forecasts 27%
innovation premium in parametric-proficient cohorts. Research establishes computational
drawing as 21st-century engineering literacy paradigm.

Keywords: engineering drawing, parametric design, BIM education, design competencies,
computational creativity
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STUDY OF PHYSICOCHEMICAL PROPERTIES AND FATTY ACID PROFILE OF
COCONUT OIL AND PALM OIL: A COMPARATIVE APPROACH

Adebayo Olanrewaju, Chidi Nwosu, Ngozi Akinwumi
Department of Chemical Engineering, University of Lagos, Nigeria

Abstract:

This research compares the physicochemical properties and fatty acid composition of coconut
oil and palm oil, focusing on their suitability for use in various industrial applications. Both oils
were analyzed for key parameters, including peroxide value, iodine value, saponification value,
and fatty acid profile. The results showed that coconut oil had a higher concentration of
medium-chain fatty acids, particularly lauric acid, while palm oil was rich in saturated fatty
acids like palmitic acid. Coconut oil exhibited a lower peroxide value, indicating better
oxidative stability, while palm oil showed higher iodine values, suggesting potential uses in the
paint industry. Both oils demonstrated comparable stability and oxidative properties, making
them suitable for applications in the food, pharmaceutical, and cosmetic industries. The findings
highlight the potential of both oils as raw materials for diverse industries, particularly in food
processing and cosmetics.

Keywords: Coconut oil, palm oil, fatty acid composition, oxidative stability, iodine value,
peroxide value
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EFFECT OF MODIFIED YAM STARCH ON PHYSICAL STABILITY OF OIL-IN-
WATER EMULSIONS

Ikramah Amin, Faridah Ibrahim, Suhaimi Abdullah
Department of Food Technology, Universiti Malaysia, Malaysia

Abstract:

This study investigates the impact of native and modified yam starches on the physical
properties and stability of oil-in-water emulsions, with particular focus on mayonnaise-like
formulations. Native yam starch was modified by pre-gelatinization and cross-linking
phosphorylation. The emulsions were prepared with 0.3% of native potato, native yam, pre-
gelatinized yam, and cross-linking phosphorylation yam starches, incorporating 50% oil in the
dispersed phase. Results indicated that emulsions with cross-linking phosphorylation yam
starch exhibited significantly smaller droplet sizes (p < 0.05) compared to others. Furthermore,
emulsions with pre-gelatinized yam starch demonstrated higher viscosity. The phase separation
stability was evaluated for emulsions stored for 45 days at 5°C, revealing that modified yam
starches provided better stability than native yam starch, suggesting their suitability as
stabilizers in low-fat mayonnaise formulations.

Keywords: Modified yam starch, oil-in-water emulsions, droplet size, viscosity, mayonnaise,
phase stability
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OPTIMIZATION OF PHENOLIC COMPOUNDS EXTRACTION FROM
AVICENNIA MARINA USING CENTRAL COMPOSITE DESIGN

Anju Kumari, Mohd Rashid, Tharun Kumar
Department of Marine Biology, University of Kochi, India

Abstract:

This study optimized the extraction of phenolic compounds from Avicennia marina using
response surface methodology (RSM) with a central composite rotatable design (CCRD). The
optimization aimed at maximizing the total phenolic content (TPC) from the leaves of the
mangrove species. The optimal extraction conditions were found to be 78.41°C for drying
temperature, 26.18°C for extraction temperature, and 36.53 minutes for extraction time. The
findings indicate that these parameters can be adapted for the extraction of other bioactive
compounds from plant sources, potentially enhancing pharmaceutical applications. The study
provides a framework for efficient extraction techniques, contributing to the development of
more cost-effective and sustainable bioactive substance production.

Keywords: Avicennia marina, phenolic compounds, response surface methodology, central
composite design, bioactive substances
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EVALUATION OF COWPEA SEED PROTEIN FROM GIZAN REGION:
CHEMICAL AND BIOLOGICAL PROPERTIES

Hassan Ibrahim, Khalid Alhassan, Muna Abubakar
Department of Food Technology, Universiti Malaysia, Malaysia

Abstract:

This study examined the chemical and biological properties of cowpea seed protein cultivated
in the Gizan region of Saudi Arabia. The cowpea seeds were analyzed for their protein content
(22.9-77.6%), carbohydrates (9.4-64.3%), and low fat content (0.1-0.3%). The study also
assessed the enzymatic activity of trypsin and chymotrypsin, which were found to be 32.2 and
15.2 units, respectively. The protein digestibility was high in cowpea seeds, with values ranging
from 75.04% to 78.76%. Biological evaluation through animal studies showed that casein-based
feed resulted in higher weight gain than cowpea-based feed, although cooked cowpea resulted
in improved weight gain compared to raw cowpea. These findings emphasize the nutritional
potential of cowpea and its benefits as an alternative protein source for food applications.

Keywords: Cowpea protein, enzymatic activity, protein digestibility, biological properties,
antinutritional factors
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INTERACTION EFFECT OF DGAT1 AND BETA-KAPPA CASEIN COMPOSITE
GENOTYPE ON MILK PRODUCTION TRAITS IN CROSSBRED DAIRY CATTLE

Maria Silva, Jodo Oliveira, Carlos Ferreira
Federal University of Pernambuco, Brazil

Abstract:

This study aimed to evaluate the influence of the DGATL1 gene and the composite genotype of
beta-kappa casein on economic milk production traits in crossbred dairy cattle, including milk
yield (MY), milk fat content (%FAT), protein content (%PRO), solid not fat (%SNF), and total
solids (%TS). A total of 250 crossbred dairy cows were genotyped using PCR-RFLP for
DGAT1 and beta-kappa casein genotypes. Two models were employed to estimate the single
gene and interaction effects on the traits. The results showed significant interaction effects on
all milk production traits, suggesting that the combination of these genetic factors plays a crucial
role in optimizing milk production characteristics. The findings emphasize the importance of
considering genetic interactions for the improvement of dairy farming efficiency.
Keywords: DGAT1 gene, beta-kappa casein, milk yield, milk composition, crossbred dairy
cattle
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CASEIN MICELLE DISPERSION IN HIGH SALT ENVIRONMENTS: A STUDY ON
PARTICLE SIZE EVOLUTION

Lina Zhang, Wei Liu, Xiaoyan Zhang
Shanghai Jiao Tong University, China

Abstract:

The dispersion of casein micelles (CM) was investigated under varying concentrations of NaCl,
from 0% to 12%, at a constant protein concentration of 5 wt%. The size evolution of the micelles
and structural changes were studied using Dynamic Light Scattering (DLS) and Fourier
Transform Infrared (FTIR) spectroscopy. The results indicated two distinct behaviors
depending on salt concentration. At lower salt concentrations, a typical rehydration profile was
observed, with a marked change between 3% and 6% NaCl, suggesting significant wetting,
swelling, and a prolonged dispersion phase. In contrast, at higher NaCl levels, the dispersion
stage was shortened, indicating a destabilization of the micelles and formation of mini-micelles
with an average size of 100-200 nm. The analysis of secondary structural elements by FTIR
provided insights into the changes in the protein backbone, highlighting the salt-induced
structural transitions.
Keywords: Casein, salt concentration, DLS, FTIR, micelle dispersion
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PROCESSING OF RAW OYSTER MEAT USING GAMMA IRRADIATION FOR
SAFE CONSUMPTION

Nida Hassan, Zainab Muhammad, Farida Ibrahim
University of Lagos, Nigeria

Abstract:

The safety of raw oyster meat consumption, particularly regarding Salmonella Weltevreden
contamination, was investigated using gamma irradiation. The study demonstrated that gamma
irradiation at a low dose of 1 kGy was sufficient to eliminate S. Weltevreden from oyster meat
while preserving its sensory attributes. Oysters were individually packed and irradiated at 1
kGy, maintaining their raw characteristics. Microbiological testing confirmed the absence of S.
Weltevreden throughout a 30-day refrigerated storage period. Sensory evaluations showed a
slight decline in quality over time, establishing an 18-day shelf life for irradiated oysters
compared to 15 days for non-irradiated oysters. This process ensures a safe raw oyster product
for consumers, with extended shelf Ilife and preserved sensory properties.
Keywords: Gamma irradiation, food safety, raw oysters, Salmonella Weltevreden, shelf life
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EFFECT OF BLANCHING ON THE PHENOLIC CONTENT AND ANTIOXIDANT
ACTIVITY OF DILL UNDER DRYING CONDITIONS

Maja Petrovi¢, Ivana Savi¢, Jelena Markovié
University of Bucharest, Bucharest, Romania

Abstract:

Dill, a rich source of phytochemicals like vitamin C and polyphenols, was analyzed for its
phenolic content and antioxidant activity after different blanching treatments followed by
microwave vacuum drying. The study aimed to determine the most effective blanching method,
comparing water and steam blanching techniques, with an additional microwave pretreatment
for some samples. Results showed that blanching significantly impacted the vitamin C content,
total phenolic compounds (TPC), and antioxidant activity, as measured by DPPH radical
scavenging. The optimal pretreatment was blanching at 90°C for 30 seconds, which preserved
the highest levels of beneficial compounds in dried dill. These findings highlight the importance
of blanching conditions in enhancing the functional properties of dried dill.
Keywords: Dill, blanching, microwave vacuum drying, vitamin C, phenolic compounds
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SUSTAINABLE CITY GOVERNANCE AND COMPETITIVENESS: A
COMPARATIVE STUDY OF MAJOR URBAN CENTERS

Li Wei, Zhang Ying, Wang Jun
School of Public Administration, Beijing Normal University, China

Abstract:

Urban governance is a critical factor in shaping the future competitiveness of cities, especially
in rapidly developing nations. This study explores the relationship between sustainable
governance practices and urban competitiveness, with a focus on Chinese megacities. The
research emphasizes the role of economic planning, environmental policies, and urban
management practices in fostering a city's growth while maintaining sustainability. The study
compares several cities, including Beijing and Shanghai, to evaluate the effectiveness of urban
governance models in promoting economic development, attracting foreign investment, and
ensuring a high quality of life for residents. The analysis highlights the importance of
transparency, civic engagement, and strategic planning in achieving long-term competitiveness.
The study concludes that cities with robust governance frameworks and sustainable policies are
more likely to thrive in the global economy, especially in the context of China's rapid
industrialization and urbanization.
Keywords: Urban Governance, Sustainability, City Competitiveness, Economic Development,
Urban Planning, China.
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FORECASTING ECONOMIC GROWTH USING NEURO-FUZZY SYSTEMS IN
DEVELOPING COUNTRIES

Mahir Yilmaz, Elif Bozkurt, Hiiseyin Kaya
Faculty of Economics and Administrative Sciences, Istanbul Technical University, Turkey

Abstract:

This paper investigates the potential of Adaptive Neuro-Fuzzy Inference Systems (ANFIS) in
forecasting the Gross Domestic Product (GDP) growth rate in developing economies. Using
data from six emerging markets, the study compares the predictive power of ANFIS models
with traditional autoregressive models. The results suggest that the ANFIS model outperforms
the autoregressive model, offering more accurate forecasts in out-of-sample periods. This is
particularly valuable for policymakers in emerging markets who require reliable forecasts for
planning and decision-making. The paper also discusses the economic implications of using
advanced forecasting models in resource allocation and development strategies. The study
concludes that ANFIS could be a vital tool for national statistical agencies and financial
institutions in enhancing the accuracy of economic projections in developing economies.
Keywords: Neuro-Fuzzy, Forecasting, Economic Growth, GDP, Emerging Markets, Predictive
Models.
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REDUCING PAYMENT DELAYS IN THE MALAYSIAN CONSTRUCTION
SECTOR

Aminah Tan, Zuraida Abdullah, Rashid Mohd
Faculty of Engineering, Universiti Teknologi Malaysia, Malaysia

Abstract:

Late payments are a major concern in the Malaysian construction industry, leading to cash flow
issues for contractors and project delays. This study investigates the root causes of payment
delays from the perspective of contractors and offers recommendations for mitigating these
issues. Data was collected from contractors specializing in building and civil engineering
works, registered with the Construction Industry Development Board (CIDB). The study
identifies five key factors contributing to late payments: inadequate management of client
funds, project cash flow issues, delays in payment certifications, and ineffective fund
utilization. Through statistical analysis using SPSS, the research suggests strategies for
improving the efficiency of payment processes, including better financial management by
clients, and clearer contractual terms. The findings highlight the importance of streamlining
financial processes in construction projects to ensure timely payments and reduce disputes.
Keywords: Payment Delays, Construction Industry, Cash Flow, Malaysia, Contractors,
Financial Management.
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THE DEVELOPMENT STATUS OF MANUFACTURING CONTROL SYSTEMS IN
LIBYAN INDUSTRIES

Ali Mohamed Al-Jabari
Faculty of Engineering, Universiti Teknologi Malaysia, Malaysia

Abstract:

Over the last two decades, the manufacturing, production, and service sectors in Libya have
encountered significant challenges, which have negatively impacted productivity and
operational efficiency. This study evaluates the current implementation status of Manufacturing
Resource Planning (MRPII) systems within Libyan industries. A survey methodology was
employed to collect data, and the analysis indicates that the adoption of these systems is still in
its early stages. Results reveal that although there is a focus on financial data accuracy, many
critical areas essential for successful implementation remain underdeveloped. The study
identifies key limitations within the manufacturing and management sectors, offering
recommendations for action. Senior managers are urged to prioritize these crucial areas to
enhance the implementation of MRPII  systems in their  organizations.
Keywords: Manufacturing systems, MRPII, Libya, productivity, survey.
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ASSESSING URBAN LAND DEVELOPMENT TRENDS IN KABUL CITY,
AFGHANISTAN

Khalid Rahimi, Fahim Sediqi
Department of Architecture, Shiraz University, Iran

Abstract:

Kabul, the capital of Afghanistan, has experienced rapid urban expansion and economic growth
in the past decade, which has significantly influenced the city's land development patterns. This
paper analyzes the direction of urban land development in Kabul, particularly focusing on the
period from 1999 to 2008, coinciding with the establishment of a new government. The research
examines challenges such as informal settlements, population growth, and refugee returnees, as
well as the increasing pressure on urban fringes. The study emphasizes the northern part of
Kabul, specifically the Shamali basin, as a key area for future development. This region offers
favorable conditions for expansion, including access to water resources from the Panjshir basin,
which supports sustainable land development.
Keywords: Kabul, land development, urbanization, Afghanistan, settlement patterns.
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PLACE IDENTITY AND WALKABILITY: ASTUDY OF TWO STREETS IN
ISFAHAN, IRAN AND LEFKOSA, CYPRUS

Amina Rostami
Department of Architecture, Shiraz University, Iran

Abstract:

Urban walkability has emerged as a critical subject in the field of urban studies, particularly
due to its potential to alleviate congestion and environmental harm. This study explores the
relationship between place identity and walkability in urban streets, using Chaharbagh Street in
Isfahan, Iran, and Dereboyu Street in Lefkosa, Cyprus, as case studies. The research assesses
how place identity influences the walkability of these streets, focusing on factors such as social
and experiential quality, economic sustainability, and pedestrian behavior. By employing a
qualitative research method, the study analyzes observations of walking patterns and evaluates
the perceived identity of each street. The findings demonstrate that pedestrian-friendly spaces,
when combined with strong place identity, contribute to the overall success and attractiveness
of urban public spaces.
Keywords: Walkability, place identity, urban streets, pedestrian behavior, urban public space.
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ANTIBACTERIAL EFFICACY OF PLUMERIA ALBA PETALS AGAINST
COMMON BACTERIAL STRAINS

Abdul Karim, Fatima Nazir, Omar Salahuddin, Amina Zahir
University of Nairobi, Nairobi, 00100 Kenya

Abstract:

The antibacterial activity of Plumeria alba (Frangipani) petals methanolic extract was evaluated
against a range of bacterial pathogens, including Escherichia coli, Staphylococcus aureus,
Proteus vulgaris, and Klebsiella pneumoniae, using the disk diffusion method. The highest
inhibition was observed against Escherichia coli with a 14.3 mm zone at an 80% extract
concentration. The extract also showed notable antibacterial effects against Staphylococcus
saprophyticus and Proteus vulgaris. In comparison, the results were similar to those of
Streptomycin, a broad-spectrum antibiotic. However, the extract was ineffective against
Klebsiella pneumoniae and Pseudomonas aeruginosa. The study concludes that Frangipani
petals exhibit promising antibacterial activity, particularly against Escherichia coli, and could
be a potential natural antimicrobial agent.
Keywords: Plumeria alba, antibacterial activity, Escherichia coli, antimicrobial, natural
medicine, Frangipani.
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ENHANCING DRUG-DRUG INTERACTION ALERT SYSTEMS: ASOLUTION TO
FALSE ALERTS

Jin Xu, Mei Zhang, Xiaofeng Li, Zheng Xu
Shanghai Jiao Tong University, Shanghai, 200240 China

Abstract:

In drug-drug interaction (DDI) alert systems, false alerts remain a significant challenge, often
leading to a high override rate. This study proposes a proactive approach to identifying false
alerts in these systems, aiming to improve the accuracy and effectiveness of drug interaction
warnings. Using retrospective analysis and data from a hospital database, the research revealed
that false alerts accounted for 17% of all alerts, with hospitals experiencing a higher rate (37%)
than clinics. The study suggests that DDI systems should not only detect drug names but also
consider factors such as frequency and administration routes. By incorporating these factors,
the occurrence of false alerts can be reduced, enhancing the system's reliability and minimizing
unnecessary disruptions to clinical practice.
Keywords: Drug-drug interaction, false alerts, alert system, proactive identification, healthcare
system.
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COMPARATIVE EVALUATION OF ANTIBACTERIAL PROPERTIES OF
ETHANOLIC AND ISOPROPYL-HEXANE EXTRACTS FROM GINGER ROOT
(ZINGIBER OFFICINALE)

Noura Alavi, Ramin Vahidi
Shahid Beheshti University, Tehran, Iran

Abstract:

This study investigates the antibacterial properties of ethanolic and isopropyl-hexane (7:3)
extracts of ginger root (Zingiber officinale) against six bacterial strains: three Gram-positive
(Bacillus cereus, Staphylococcus epidermidis, Staphylococcus aureus) and three Gram-
negative (Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa). The antibacterial
activities were determined using the paper disk diffusion method and well diffusion method,
while the minimum inhibitory concentration (MIC) and minimum bactericidal concentration
(MBC) were assessed through macrodilution. Results indicate that the ethanolic extract of
ginger exhibited significantly stronger antibacterial effects than the isopropyl-hexane extract.
Further studies, including fractionation of these extracts to isolate active compounds, are needed
to evaluate their pharmacological potential.
Keywords: Antibacterial, Medicinal plant extract, Zingiber officinale.

268



TROIA 3RP INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
February 27 — 28, 2026 — CANAKKALE
ISBN NR: 978-625-5694-84-3

NEUROGENIC POTENTIAL OF CLITORIA TERNATEA ROOT EXTRACT: A
PATHWAY FOR ENHANCING MEMORY AND LEARNING

Aisha Adeyemi
University of Lagos, Lagos, Nigeria

Abstract:

Clitoria ternatea, a plant used in traditional African medicine, is believed to enhance cognitive
functions such as memory and learning. This study investigates the neurogenic effects of
aqueous root extract from Clitoria ternatea on anterior subventricular zone neural stem cells
(aSVZ NSCs) of prenatal and postnatal rat pups. The extract (200ng/ml) was shown to
significantly enhance cell proliferation, neurosphere growth, and neuron differentiation when
compared to control samples. This supports previous studies indicating that Clitoria ternatea
can stimulate neurogenesis and improve cognitive function, potentially due to the presence of
neurotrophic factors like Survivin, Neuregulin 1, FGF-2, and BDNF. This research highlights
the potential of Clitoria ternatea in treating neurological disorders and enhancing memory.
Keywords: Anterior subventricular zone (aSVZ) neural stem cells, Clitoria ternatea, Learning
and memory, Neurogenesis.
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EXAMINING CORPORATE GOVERNANCE NETWORKS AND INTERLOCKING
DIRECTORATES IN POLAND

Piotr Zawisza, Krzysztof Malinowski
Department of Environmental Sciences, University of Bari, Bari, Italy

Abstract:

This paper analyzes the corporate governance networks and interlocking directorates within
Poland's corporate sector. It presents an overview of network theory and relevant terminology
before delving into statistical analyses derived from a dataset of 3,000 companies. The
healthcare and energy sectors exhibited the highest average number of interlocks. Despite the
widespread interlocking, no significant correlation was found between a company's financial
performance and the number of interlocks it held. Additionally, interlocks with financial firms
were rare, suggesting that Polish companies prioritize operational interlocks over financial
sector connections. These findings contribute to understanding the role of corporate governance
in the Polish market.
Keywords: Corporate Governance, Interlocking Directorates, Network Theory, Poland.
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INFLUENCE OF STAKEHOLDER COMMUNICATION STRATEGIES ON
CONSUMER ACCEPTANCE AND FINANCIAL PERFORMANCE IN THE
MALAYSIAN FERTILIZER INDUSTRY

Zainab Abdul Rahman, Anwar Ibrahim, Tan Hui Mei
Universiti Teknologi Malaysia, Johor Bahru, Malaysia

Abstract:

This study explores the impact of stakeholder communication strategies on consumer
acceptance and the financial performance of the Malaysian fertilizer industry. Despite limited
research in this area, effective communication strategies are crucial for corporate differentiation
and competitiveness. This research applies both quantitative and qualitative methodologies,
utilizing Structural Equation Modeling (SEM) to establish causal relationships between
communication strategies, consumer acceptance, and financial outcomes. The findings present
a conceptual framework for improving stakeholder engagement and communication, leading to
enhanced consumer acceptance and stronger financial performance.
Keywords: Consumer acceptance, financial performance, stakeholder communication
strategies.
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ECOLOGICAL EFFICIENCY IN RUBBER WASTE UTILIZATION AT PANDORA
PRODUCTION COMPANY LIMITED

Miroslav Novak, Jakub Svoboda
Engineering Department: Nazarbayev University. Kazakhstan

Abstract:

The recycling of industrial waste offers both environmental and economic benefits by reducing
resource depletion and mitigating environmental pollution. This study evaluates the utilization
of rubber waste at Pandora Production Company, applying principles of industrial ecology to
improve waste management practices. The research identifies inefficiencies in the rubber
recycling process and suggests eco-efficient strategies to optimize material flows. By
integrating these strategies into the company's operations, both environmental sustainability
and financial profitability can be enhanced. This case study highlights the importance of
adopting eco-friendly practices in industrial settings to foster long-term sustainability.
Keywords: Rubber, ecology, waste management.
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