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ARTDergi 2™ INTERNATIONAL GROUP EXHIBITION
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Kongre Baglant1 Linki :

Join Zoom Meeting

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

Passcode: 202224
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ONEMLIi ACIKLAMA (Liitfen okuyunuz)

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

e  Oturum icerisinde en KIDEMLI olan moderator olarak secilir. Moderatriin oturum diizenini gdzetmesi,
akademisyen adaylarin1 yonlendirmesi beklenmektedir.

e  Oturuma baglanmadan 6nce Salon numaranizt adinizin dniine asagidaki gibi ekleyiniz. Bu sayede kongre acilisinda

beklemeden oturumlariniza génderilebileceksiniz. Or. 5 Ahmet Ahmetoglu

Sunum siiresi 10 dakikadir. Bu siirenin agilmamasinit moderatdrler temin edecektir.

Sunum sonras1 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 katilimecinin kamerasi agik olmak zorundadir.

e  Sunum yapmak zorunludur. Herhangi bir nedenle sunum yapmamus olan katilimerya sertifika verilmesi ve
¢aligmasinin yaymlanmasi sézkonusu olamaz.

e  Katilimci, kendi oturumda, oturum bitene kadar bulunmak zorundadir.

e Katilmcilarin kendi oturumlart disindaki oturumlara katilma zorunlulugu yoktur.

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

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.

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

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

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

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
gy

ACADEMY
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BURSA 4th INTERNATIONAL CONFERENCE ON HUMANITY AND SOCIAL SCIENCES
January 24 - 26, 2025

25 Ocak / Jan 25, 2025 / 11:00 — 13:00 Time zone in Turkey (GMT+3)

BURSA

Meeting ID: 885 7151 8350 Passcode: 202224

Salon Moderator

Bildiri No ve Baslig1 / Paper ID and Title

Authors

HALL / SALON 1
Dr. Ogr. Uyesi GAMZE TEMIZEL

KIiSISEL BAKIM URUNLERINDE TUKETICILERIN URUN
TERCIHLERINT ETKILEYEN FAKTORLERIN
BELIRLENMESINE YONELIK BIR ARASTIRMA:

P&G URUNLERI ORNEGI

Dr. Ogr. Uyesi Ahmet Esad
YURTSEVER

ADOBE UYGULAMALARININ DIJITAL PAZARLAMA
UZERINDEKI ROLU: SAW COK KRITERLI KARAR YONTEMI
KULLANILARAK YAPILAN BiR ARASTIRMA

Dr. Ogr. Uyesi ONUR
TURKER

A RESEARCH TO DETERMINE THE BRAND VALUE OF
RETAIL CLOTHING SECTOR COMPANIES WITH STORES IN
SHOPPING MALLS AND LISTED ON THE STOCK
EXCHANGE

Dr. Mehmet Arif TUNCER

PAZARLAMADA DINi SEMBOLIZM

Y Lisans Ogrencisi, Nisa
Nur BURCUN
Dog.Dr. Atilla YUCEL

SAGLIK TURIZMINDE MEMNUNIYET TEMASI ICEREN
YAYINLARININ BIBLIYOMETRIK ANALIZ iLE
DEGERLENDIRILMES]

Doktora Ogrencisi, Yusuf
Alper Bastiirk

Opr.Gor. Dr. Erhan Dag
Dr. (PhD) Yasar Demir

PUBLIC AND NON-GOVERNMENTAL ORGANIZATIONS IN
THE RELATIONSHIP BETWEEN SUSTAINABLE TOURISM
AND COMMUNITY-BASED TOURISM

Dr. Ogr. Uyesi GAMZE
TEMIZEL

Academy Global Conferences & Journals
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BURSA

Meeting ID: 885 7151 8350 Passcode: 202224

25 Ocak / Jan 25, 2025 / 11:00 — 13:00 Time zone in Turkey (GMT+3)

Salon Moderator

Bildiri No ve Baslig1 / Paper ID and Title

Authors

HALL / SALON 2
Assistant Professor, MUSA SADAK

OGRENME GUCLUGU OLAN OGRENCILERE SUNULAN
DESTEK EGITIM HIZMETLERINE ILISKIN OGRETMEN
GORUSLERININ BELIRLENMESI

Ogretmen Kubra URTEKIN
Dr. Ogr. Uyesi Tugba
PURSUN

REVIEW OF STUDIES ON SCHOOL DROPOUT

Dr. Seyma MIZRAK

REVIEW OF STUDIES ON CAREER ADAPTATION

Dr. Seyma MIZRAK

TEACHERS’ PERCEPTION OF SCHOOL AND STUDENTS’
MATHEMATICS ACHIEVEMENT IN THE U.S.

Assistant Professor, MUSA
SADAK

Dog. Dr. YASIN

TURKCE DERS KITAPLARINDA DEGERLER MAHMUT YAKAR
SEMRA YAZAR
2020-2024 YILLARI ARASINDA | Yiiksek Lisans
ILKOGRETIM VE ORTAOGRETIM Ogrencisi, Ilayda
KADEMELERINDE MATEMATIK DERSI KAPSAMINDA HASDEMIR

USTBILISSEL DUSUNMEYE YER VEREN TEZLERIN
INCELENMESI

Prof. Dr., SENEL ELALDI

TURKIYE’DE MULTECI COCUKLARIN EGITIMINE
YONELIK POLITIKA VE UYGULAMALAR BAGLAMINDA
PiKTES PROJESI

Prof. Dr. Hasan Basri
MEMDUHOGLU
Hiiseyin GOKHAN
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BURSA

Meeting ID: 885 7151 8350 Passcode: 202224

25 Ocak / Jan 25, 2025 / 11:00 — 13:00 Time zone in Turkey (GMT+3)

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
Trieu-Vy UNG
Tuong-Vi NGUYEN
EXPLORING NATURAL RICHES IN TOURISM: HOW _ﬁ'gr‘]hmﬂﬂ T?;];\'EEUYEN
VIETNAM CAN BRIDGE THE GAP WITH THAILAND 1y
Hong-Nhi LE
Bich-Dao Thi TRAN
Que-Nhu DUONG
THE REGULATORY FRAMEWORK GOVERNING
SUPERVISORY AUTHORITIES UNDER THE EU’S Dr. Dudu Derva Giiven
CORPORATE SUSTAINABILITY DUE DILIGENCE : rya Liivenir
DIRECTIVE
SUSTAINABILITY AGREEMENTS iN EU COMPETITION
LAW: A COMPARATIVE PERSPECTIVE WITH TURKISH Dr. Dudu Derya Giivenir
™ = LAW
Z =)
O 4
- [
§) (723
- E 6-7 EYLUL OLAYLARI’NIN KIBRIS SORUNU UZERINDEN EMIR ALTUNOK
- 4 DEGERLENDIRMES] Prof. Dr. Serhan Yiicel
< =
T a
REASONS THAT MADE IT EFFECTIVE FOR THE PUBLIC
FINANCIAL MANAGEMENT AND CONTROL LAWNO.5018 | . .\ o
(KMYKK) TO COME INTO FORCE IN TURKEY AND WHAT DrgSebiha YIEDIZ
IS EXPECTED FROM IT AFTER IT COME INTO ’
FORCE
EVALUATION OF MACROECONOMIC EFFECTS OF Bagimsiz Arastirmaci
CARBON TAXES Dr.Sebiha YILDIZ
MINIMUM WAGE AND MINIMUM WAGE DETERMINATION .
COMMISSION Dr.ESIN SENOL
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Meeting ID: 885 7151 8350 Passcode: 202224
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
Asst. Prof. Dr. CAGLA
ON THE MODULATIONS OF OBJECTS” MOVEMENT RAMIS ILGUZ
THE TRAJECTORY OF PARTICLES DEPENDS ON THE Asst. Prof. Dr. CAGLA
PLANES RAMIS ILGUZ
A generalized critical estimate in chemotaxis systems Ogr. Gor. Dr. Halil Ibrahim
KURT
< 1753 Dr. Ogr. Uyesi Ali
= ﬁ 3D Simulation of a Circle in Maple: Geometric Exploration and BABAPOUR GOLEZANI
@) = Visual Analysis Prof. Dr. Yasin SOYLU
< 2
% 4
hag - e
- a Dr. Ogr. Uyesi Ali
2‘ S Dynamic Learning Object and Simulation Explaining Derivatives in | BABAPOUR GOLEZANI
T B Maple: A Mathematical Exploration and Learning Journey Prof. Dr. Yasin SOYLU
= Prof.Dr. Belgin OZER
ARF SAYISAL YARIGRUPLARIN RF-BAGINTILARI Suna AYDOGDU
SOME MEIR-KEELER TYPE FIXED-DISC RESULTS ON S- .
METRIC SPACES Dog. Dr. Nihal TAS
INTERPOLATIVE KANNAN TYPE CYCLIC CONTRACTION .
ON S-METRIC SPACES Dog. Dr. Nihal TAS
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
CONSTRUCTION OF THE MOTHERHOOD MYTHS IN o
CONTEMPORARY TV COMMERCIALS: A STUDY ON Kiibra GUNGOR
MOTHER AND BABY COMMERCIALS
Zeynep ABACI
THE INTERPLAY OF ADVERTISING AND CREATIVITY ‘Asst. Prof. Atiye GUNER
Prof. Dr. Mehmet
SPORDA ILETISIM: BIR META ANALIZ INCELEMESI DALKILIC L
Yiiksek Lisans Ogrencisi,
Abdullah KAYABAS
&
|
o
o |2
> o . .. Prof. Dr. Mehmet
5 g SPORUN KULTURLERARASI iLETISIME KATKISI DALKILIC
- N
< 5}
) £
3 5 Prof.Dr.YUSUF
- = GOSTERGEBILIMSEL ACIDAN FILM COZUMLEMESI: YURDIGUL
< = KORLUK FILMI ORNEGI NESRIN TOPAK
I 2 MUHAMMET EMIN
o YAGIZ
S
R Prof.Dr.YUSUF
YURDIGUL
GLADYATOR 2 FILMININ DRAMATURJIK ANALiZi NESRIN TOPAK
MUHAMMET EMIN
YAGIZ
THE SURREAL TRANSFORMATION OF CITIES DURING THE | 50 procco poen
COVID PERIOD: PANDEMIC AESTHETICS IN GORGULL
PHOTOGRAPHY
Assoc. Prof. EREN
ETHNOGRAPHY OF PHOTOGRAPHY: THE LIGHT OF GORGULU
EDUCATION IN LOST PHOTOGRAPHS Prof., Ali Muhammet
BAYRAKTAROGLU
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January 24 - 26, 2025

BURSA
Meeting ID: 885 7151 8350 Passcode: 202224

25 Ocak / Jan 25, 2025/ 11:30 — 13:30 Time zone in Turkey (GMT+3)

Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
TRUST DYNAMICS AND LEARNING BEHAVIORS IN Prof. Dr. Ananda Mishra,
VIRTUAL TEAM ENVIRONMENTS Dr. Kavita Rao
1
ENHANCED AUTOMATED DIFFERENTIATION BETWEEN Dr. Nuwan Perera
ALCOHOL DEPENDENCE AND SOBRIETY
2
RHETORICAL STRATEGIES IN COGNITIVE SCIENCE Dr. Mariana Coutinho,.
DISCOURSE: ANALYSIS OF COGNITIVE Giuseppe Romano
3
MORAL REASONING AND BEHAVIORAL PATTERNS IN Felipe Tavares, Carla De
ADULTHOOD Luca
4
g INVESTIGATIONS INTO THE ROLE OF EMOTIONS IN Kwame Mensah
© = MORAL DECISION-MAKING
2L 5 5
zZ S ®©
@) c X
2 | E:
%) © '% END-TO-END METAPHOR DETECTION IN GREEK USING Andreas Krii d
~ IV 6 ADVANCED NEURAL NETWORK ARCHITECTURES -Toger an
| Thomas Fischer
| -
< [alal - -
T e EFFECTS OF PROBABILITY AND INSTRUCTION ON Assis. Prof. Dr. Mei
° SYLLOGISTIC CONDITIONAL REASONING Tanaka, Dr. Satoshi
o 7 Yamamoto
ANALYZING KANJI CHARACTER RECOGNITION Dr. Hiroshi Takagi,
8 PROCESSES USING EEG SIGNALS Keiko Nakamura
A COGNITIVE FRAMEWORK FOR CLASSIFYING Dr. Pedro Monteiro,
FREQUENCY SIGNALS
9
ANALYZING MICROBLOGS: EXPLORING THE
PSYCHOLOGY OF POLITICAL LEANINGS
10 Meaghan Bowman
INNOVATIVE APPROACHES TO TEACHING Dr. Sofia Andrade
INTRODUCTORY STATISTICS IN HEALTH, SOCIAL, AND
11 BEHAVIORAL SCIENCES: HISTORICAL PERSPECTIVES
AND JUSTIFICATIONS
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Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
EXPLORING IRISH IDENTITY: MANIFESTATIONS OF Assoc. Prof. Dr. Rafik
‘IRISHNESS’ IN THE WORKS OF WILLIAM BUTLER YEATS Massoudi,
1 AND SEAMUS HEANEY
DISASTER TOURISM: EXPLORING DARK TOURISM Dr. Dorota Rucifiska,
) THROUGH NATURAL CALAMITIES
THE INTERPLAY OF DEMOCRATIZATION AND MARKET Ahmad Naghizadeh,
LIBERALIZATION ON ANTI-CORRUPTION EFFORTS IN
3 INDONESIA
CULTURAL AND ARTISTIC TRANSFORMATION DURING Weena Eiamprapai,
THE MODERNIZATION ERA OF KING RAMA VI
4
CREATING INNOVATIVE EVENTS THROUGH A Dr. Maryam Kim,
DECONSTRUCTIVIST LENS Mahmood Khoirul,
S 5
>
o
7]
< IDENTITY RECONSTRUCTION: NARRATIVE Katerina Umam Antoniou,
; E 6 (IN)CONSISTENCY DURING TRANSITIONAL PERIODS
@) =
| ©
< o
%) o IMPACT OF ORGANIZATIONAL RESOURCES ON Dr. Soungwan Memarian,
=~ @] ENHANCING INDEPENDENCE FOR INDIVIDUALS WITH
- 4= SEVERE DISABILITIES: A STUDY OF VOCATIONAL
- o 7
< & REHABILITATION IN SOUTH KOREA
I
13
2
g THE RELATIONSHIP BETWEEN CAPITAL ACCUMULATION | Prof. Dr. Abubakar
N AND UNEMPLOYMENT IN NAMIBIA, NIGERIA, AND Shakeela
8 SOUTH AFRICA
THE INFLUENCE OF SOCIAL MEDIA ON EUROPEAN Maria Thompson
9 GOVERNANCE: A COMPARATIVE ANALYSIS ' nomp
Luca Bianchi
ETHICAL CHALLENGES iN LOCAL PUBLIC
ADMINISTRATION: A CASE STUDY FROM SOUTHERN .
10 Dr. Ana Petrovic,
EUROPE
STRATEGIES FOR MANAGING WATER CRISIS IN TOURISM- | Dikko Aishath
DEPENDENT COMMUNITIES
11
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EXAMINING THE IMPACTS OF ASSISTED REPRODUCTIVE
TECHNOLOGIES ON WOMEN'S LIVES IN NEW DELHI: A
1 FEMINIST PERSPECTIVE STUDY Dr. Priya Dutta

ADDRESSING THE ABUSE OF LEGAL AUTHORITY IN
SOCIETY

Ph.D. Student Musa
Adeyemi

EXPLORING SOCIAL STRUCTURES, INVOLUNTARY
RELATIONSHIPS, AND URBAN POVERTY DYNAMICS

Assoc. Prof. Dr. Faridah

3 Hassan
c
I
3
E FACILITATING KNOWLEDGE TRANSFER THROUGH THE
© = TRANSLATION OF TECHNICAL TEXTS
pd o] 4 Prof. Dr. Abdullah EI-
®) 'g Khatib
-
= &
2 o INVESTIGATING THE INFLUENCE OF ISLAMIC ARTS ON
- @] WEAVING PATTERNS IN OMAN
2‘ s 5 Dr. Saeed Al-Hinai, Assis.
T & Prof. Zahra Al-Mahroogi
3
2
2 APPROACHES TO MANAGING COMPLEXITY IN COMPLEX

SYSTEM DESIGN: PARADIGMS, FORMALISMS, AND

TRANSFORMATIONS Assis. Praf. Hycham
6 Barrere,

Prof. Dr. Bruno Aboutaleb

EUROPE'S ROLE IN PROMOTING LIBERTY, SECURITY, AND
JUSTICE: AN INTERNATIONAL PERSPECTIVE

7 Dr. Elena Petrova

UNDERSTANDING OUT-MIGRATION METHODOLOGIES IN
GEORGIA

8 Lec. Dr. Shota Lomidze
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THE IMPACT OF ORGANIZATIONAL DYNAMIC Assoc. Prof. Dr. Akira
CAPABILITIES ON INNOVATION PERFORMANCE : T
Nakamoto,
Dr. Helen Amankwah,
A COMBINED PARTICLE SWARM OPTIMIZATION AND
NELDER-MEAD ALGORITHM FOR CALIBRATING THE Dr. Ling Wei
NELSON-SIEGEL-SVENSSON MODEL Assoc. Prof. Dr. Ahmed EI-
Amin,
Dr. Sara Boukhaled,
THE EFFECTS OF OIL PRICE FLUCTUATIONS ON
RENEWABLE ENERGY INVESTMENT
Dr. Rafael Costa,
c LEAN HEALTHCARE: CHALLENGES AND FACILITATORS .
o 2 IN THE COLOMBIAN HEALTHCARE SYSTEM Dr. Maria Fernanda Santos
= o Assoc. Prof. Dr. Victor
@) = Hugo Mejia
- =
< =
& %) IDENTIFYING BARRIERS TO LEAN IMPLEMENTATION IN
- 5 INDIAN MANUFACTURING INDUSTRIES
-
< w“ Prof. Dr. Sunil Menon
I 2
o
ENHANCING LOCAL PRODUCTS: THE ONE VILLAGE ONE
PRODUCT APPROACH AND CUSTOMER SATISFACTION Dr. Abdul Rahman Khalid,
Assoc. Prof. Dr. Eunice
Adebayo,
ANALYZING THE DECLINE OF ENGINEERING FIRMS
DURING THE FINANCIAL CRISIS
Dr. Ibrahim Hassan,
CONSUMER BEHAVIOR MODELS: THE ROLE OF
EMOTIONS IN DECISION MAKING Dr. Nina Johansson,
Assis. Prof. Dr. Roberto
Castillo,
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COMPETENCE-BASED EDUCATION FOR PURCHASING
PROFESSIONALS IN AUSTRIA
Prof. Dr. Thomas
Reichenbach
FORMULATING AN AUDIT QUALITY FRAMEWORK FOR
DEVELOPING MARKETS Assoc. Prof. Dr. Anusha
Kumarasinghe,
Dr. Farah Habibullah,
Amin Saeedpour
FACTORS INFLUENCING PROFITABILITY IN INDIAN
PHARMACEUTICAL COMPANIES UNDER THE NEW
INTELLECTUAL PROPERTY REGIME Shweta Ramanathan,
Prof. Dr. Manoj Prakash
EFFECTS OF MOTIVATION, TRUST, AND CULTURAL
o DIFFERENCES ON KNOWLEDGE SHARING VIA EMAIL
g Dr. Khalid Al-Mansoori
j -
@
S Y =
Z g '% ANALYSIS OF FACTORS AFFECTING EARNINGS RESPONSE
9 = COEFFICIENT IN EMERGING MARKETS .
Z - Assoc. Prof. Dr. Tariq
g oS Hassan,
< [ Dr. Layla Abdulrahman
- w— O
- e
< a N CHALLENGES AND BARRIERS IN ACCOUNTING
T 8 INFORMATION SYSTEMS OF KUWAITI FIRMS
g Prof. Dr. Salwa Al-Qatami
SUPPLY CHAIN PLANNING WITH A FOCUS ON RISK AND
ENVIRONMENTAL GOALS Ghanem Al-Rashidi,
Dr. Hassan Shadmani,
Zahra Alavi
ETHICAL GOVERNANCE AND CORPORATE SOCIAL
RESPONSIBILITY IN NETWORK MARKETING
ORGANIZATIONS Dr. Anita Balakrishnan
THE RELATIONSHIP BETWEEN FINANCIAL REPORTING
TRANSPARENCY AND INVESTMENT EFFICIENCY: A Prof. Dr. Ni
INSIGHTS FROM IRAN $Soc. Frot. Lr. Nima
Karimi,
Dr. Parvin Sadat
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IMPORTANCE OF CONTEMPORARY LEXICOGRAPHY AND | [ o (oo e
DICTIONARIES -y Y
Dr. Ogr. Uyesi, Taner
AN ANALYSIS ON THE ARMAGAN DAGARCIGI OF ARA TURAN
NESIL MAGAZINES Yiiksek Lisans Ogrencisi,
Hava Nur DEMIR
DO BINDING SOUNDS HAVE STYLISTIC VALUE? Prof. Dr. Tahir BALCI
[}
>
> 2 HOMONYMY, SYNONYMY OR POLYSEMY? A SEMANTIC
2 = ) 7 i
o) 2 DISCUSSION Prof. Dr. Tahir BALCI
| S
< I
2] -
~ (o]
=
:|I f 5 Doktora Ogrencjsi, Fatma
< - KAVRAM VE KAVRAM BOSLUGU Giilsah EKIZOGLU
I S TOPRAK
o
GOREV TABANLI OGRETIM YONTEMIYLE YABANCI DiL
OGRETIMI Dog¢.Dr, Ahmed ALDYAB
YABANCI DIL OGRETIMI iCERIK ODAKLI ETKILESIMLI
OGRETIM YONTEMIYLE Dog.Dr, Ahmed ALDYAB
YUSIFOVA NAILD
Muhammad Fuzuli’s philosophy of life YUSIF QIZI
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YENI DOVR AZORBAYCAN ODOBIYYATI o .. | Doc. Dr. Nazile
NUMAYSNDOLORININ YARADICILIGININ TODRISI TARIX Abgh lazade
(Calil Mommadquluzadanin yaradicihigi osasinda)
SABAHATTIN ALI’NIN KUYUCAKLI YUSUF ADLI
ROMANINDA SOSYOLOJIK VE PSIKOLOJIK BAGLAMDA Nejla KARADENIZ
INSAN
% Novel Genre and Epic Dog. Dr', Sevra
g Firinciogullart,
o~ =
=
g 2
=
=2 <
% 2 Aesthetics, Marxist Aesthetics and Disintegrating Nature Art Class Dog. Dr. Sevra
-~ kS| Positions Firmnciogullari
| <
a V4
< Y
I =
33 .
S FROM ENGLAND TO THE ASi RIVER: A COMPARATIVE . - "
_ ANALYSIS OF PRIDE AND PREJUDICE AND ASi TV SERIES | 10108, GULTEN AKGUL
CULTURAL CROSSROADS: A COMPARATIVE STUDY OF . - -
EVLIYA CELEBI AND CHARLES DICKENS Filolog, GULTEN AKGUL
PERVIN-I iTISAMI DiVAN’INDA TOPLUMSAL KONULAR Bfi_gﬁé Il,\JAyeSI SERPIL
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Authors

HALL / SALON 3
Dr. Aysun Devrim YEMENICI

SAHIPLIK KULTURU BAGLAMINDA SIEMENS ORNEGI

Dog. Dr. Sevgi ISIK EROL

ABD’DE CALISAN HiSSE SAHIPLIGI PLANI (ESOP)’NIN
SAYILARLA DEGERLENDIRILMESI

Dog. Dr. Sevgi ISIK EROL

IS SURECI YENIDEN MUHENDISLIGINT YENIDEN
DUSUNMEK: ORGUTSEL DONUSUME BUTUNCUL BIR
YAKLASIM

Cebrail Sina BAYRAM
Prof.Dr.Biilent SEZEN

DEVELOPING ARTIFICIAL INTELLIGENCE-SUPPORTED
PYTHON CHATBOT AND ITS USE CASES

Ekrem Sahin
Prof. Dr. Biilent Sezen

IS-AILE CATISMASI, ORGUTSEL BAGLILIK VE
TUKENMISLIK FAKTORLERININ YASAM TATMINI
UZERINDEKI ETKILERI

Yiikseklisans Ogrencisi,
HATICE PAZAR
OZCELIK

THE EFFECT OF DIGITAL LEADERSHIP ON WORKPLACE
LONELINESS

Dr. Aysun Devrim
YEMENICI

BILGI TEKNOLOJILERI KULLANIMI, YENILIKCILIK VE
FIRMA PERFORMANSI ILISKiSI

Yiiksek Lisans Ogrencisi
Tugba AYHAN
Dog. Dr. Serhat ERAT
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
1 METAFORIK MIMARLIK VE ESTETIK Prof. Dr. Elmas ERDOGAN
Sila KURT
? ERKEN OSMANLI DONEMi KULLIYELER{ VE PEYZAJ Sila KURT
TASARIMI : BURSA ORNEGI Prof. Dr. Elmas ERDOGAN

RUSYA, IRAN VE OSMANLI MESRUTIYET HAREKETLERI: Arastirma Gorevlisi Doktor

BENZERLIKLER VE FARKLILIKLAR ibrahim Yetis
4 | ON A GROUP OF MOSQUES IN BURSA PROVINCE ]E)[P%gre“m Uyesi Ebru
= 5 WISH GRAVES IN BURSA PROVINCE Elr_'Pcégre“m Uyesi Ebru
N
N
> |©
- o
o g BURSA ATATURK HOUSE MUSEUM COLLECTION AND Uzm. Sanat Tarihgi Fikret
pr £ NSERVATION ALKAN
< 17 6 CONS 0 Prof. Dr. Aysegiil
5 o PROPOSALS -
e = KOYUNCU OKCA
_I —
3 f f il
% a . CHARACTERISTICS OF ANATOLIAN EARLY BRONZE AGE PKrg\'(Brr\iéasgilc A
E FABRICS IN THE LIGHT OF PUBLICATIONS Tugbs KAYMAKCI
[-™
THE PERCEPTION OF THE TRIPOLIS WARS OF 1911-1912 IN . "
8 THE GERMAN (NEURUPPIN) BILDERBOGEN Prof. Dr. Ali Osman Oztiirk
SOUTH AFRICAN WRITER N. GORDIMER’S VIEWS ON
9 SOCIAL DISHARMONY AFTER THE APARTHEID REGIME Prof. Dr. Ali Osman Gutiirk

AND THE REUNIFICATION OF THE TWO
GERMAN STATES

ONAN YILDIRIM
Prof. Dr. SEFAETTIN

10 WOMEN AND POLYGAMY IN THE OTTOMAN EMPIRE SEVERCAN

THE ROLE OF THE QARA-KHITAN STATE IN THE

1 COLLAPSE OF THE GREAT SELJUK EMPIRE

Doktor, sedat SAYIN
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Graduate Student, Sema
EXAMINING THE PREDICTORS OF PSYCHOLOGICAL CELIK
WELL-BEING IN EMERGING ADULTS Assoc. Dr. Ali CEKIC
ORTHOREXIA NEVROSA: THE DARK SIDE OF HEALTHY Gulchin ASGAROVA
EATING OBSESSION Dr.Ogr.Uyesi Elif UNAL
7 o ) ) ) Lisansﬁstﬁ Ogrencisi Fidan
= ATTACHMENT STYLE AND INFIDELITY IN ROMANTIC ISMAYILZADE
= RELATIONSHIPS Dr. Ogr. Uyesi Elif UNAL
o o
z £
O )
?(I b DUYGULARI TANIMA VE iFADE ETME PSIKOEGITIM Lisansistii Ogrencisi
%) = NAGIHAN ALPYUREK
@ ) PROGRAMININ 9-11 YAS COCUKLARIN DUYGU Dr. Or. Uvesi Ezen
1 s DUZENLEME VE OZSAYGI DUZEYLERINE ETKISI L D8l LY g
= 2 OZKAN
w
< o
T = . .
= AU = . : Lisar}sﬁstq Ogrenqim
2 ROMANTIK ILISKILERDE BAGLANMA STILLERI, FATIMA IBRAHIMZADE
s MUKEMMELIYETCILIK VE KENDINI ACMA DUZEY1 Dr. Ogr. Uyesi Ezgi
O ARASINDAKI ILISKININ INCELENMESI OZKAN
CONFLICT OF RESPONSIBILITY SHARING IN CHILD Prof. Dr. Ahmet AKIN
REARING Y_uksek Lisans Ogrencisi,
Sibel BULBUL DESAT
PhD Student, HILAL
TRAUMA-INFORMED APPROACH IN SOCIAL WORK WITH ULUTEPE
WOMEN Prof. Dr., AYSE SEZEN
SERPEN
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Bildiri No ve Baslig1 / Paper ID and Title

Authors

HALL / SALON 6
Dr. Ogr. Uyesi MAHMUT ULU

EBU CA’FER ET-TUSI’NIN TEFSIRINDE EHL-i SUNNETE
MUHALIF GORUS VE YAKLASIMLAR (TAKIYYE ORNEGI)

MESUT ALKIS

ISHARI INTERPRETATIONS OF SURAH AL-FATIHA IN
ABDULBAQHI AT-TABRIZI WORK TITLED TAFSIR
QUR’AN-I MACHIT

Dr. Ogr. Uyesi MAHMUT
uLu

AMBITION AND TRUTH: ANALYZING HUMAN NATURE
AND MORALITY IN FRANCIS BACON’S ESSAYS

Instructor Dr. DUYGU
KORONCU OZBILEN
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
CHINESE INVESTMENTS IN RUSSIAN AGRICULTURE:
CHALLENGES AND OPPORTUNITIES .
Linfeng Huang,
Maria Okot
DESIGNING WORK ENVIRONMENTS TO ENHANCE
EMPLOYEE WELL-BEING AND ORGANIZATIONAL
INNOVATION N .
Jodo Pereira,
Amina Dlamini
SUPPLY CHAIN MANAGEMENT AS A DRIVING FORCE IN
THE EVOLUTION OF GASTRONOMY
Carlos Eduardo Lima,
Aisha Kamara
-5 DIGITAL TRANSFORMATION IN ENTREPRENEURSHIP
N~ — EDUCATION: OPPORTUNITIES AND CHALLENGES .
= 5 Ana Julia Ribeiro,
@) I Wei-Lin Zhang
- -
< a)
2 -45 CONSUMERS’ ATTITUDES TOWARDS HEALTH-
- jus CONSCIOUS MARKETING AND ITS IMPACT ON Adesina Oluwatobi
- o PURCHASING DECISIONS esina Dluwatobl,
< 1) Zanele Dlamini,
T g Wei Ling Zhang
<
INFLUENCE OF SUSTAINABLE FOOD MARKETING ON
CONSUMER PURCHASING BEHAVIOR
Dr. Li Wei, Chen Zhang,
Assoc. Prof. Dr. Hui Lin
EFFECTIVE STRATEGIES FOR ENHANCING FOREIGN
GUEST EXPERIENCE IN SOUTH KOREA'S HOSPITALITY . .
Lec. Min-seok Kim,
INDUSTRY -
Ji-hyun Park,
Dr. Soo-jin Lee
COMPETITIVENESS OF SKI RESORTS IN MOROCCO: A
DOMESTIC TOURISM PERSPECTIVE
Dr. Amina El Idrissi,
Omar Benkacem
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
EFFECT OF SOCIAL MEDIA ON COLLABORATIVE
LEARNING IN HIGHER EDUCATION Adebayo Oluwaseun,
Dr. Folake Ayomide,
Prof. Dr. Chidi Okonkwo
TOURISM ENHANCEMENT THROUGH AUGMENTED
REALITY IN HISTORICAL SITES
Ahmed S. Ibrahim,
Fatima A. Kassem
AGRITOURISM DEVELOPMENT IN AFRICA: EXPLORING
s NEW ECONOMIC OPPORTUNITIES
© ° M. N. Fofana,
Z I R. A. Toure,
o Q K. D. Bamba
- > b
< <
2 g
: «© SUSTAINABLE TOURISM PLANNING: A TERRITORIAL
- LOL APPROACH FOR ECONOMIC AND ENVIRONMENTAL
< - BALANCE Dr. Ana Costa,
I = Dr. Rafael Silva
(@]
THE EFFECT OF POLITICAL INSTABILITY ON THE
DEVELOPMENT OF TOURISM AND ARCHAEOLOGICAL Assis. Prof. Dr. Ahmed M.
SITES: A STUDY OF EGYPT AFTER THE 2011 REVOLUTION Al-Sayed,
Farida H. Kamal,
Dr. Omar T. Fathy
IMPACT OF SECURITY MEASURES ON FAN ATTENDANCE
AT PROFESSIONAL FOOTBALL MATCHES
M. J. Lee,
K. H. Park,
J. S. Kim
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THE INFLUENCE OF THE GENERAL DATA PROTECTION
REGULATION ON HUMAN RESOURCE PRACTICES IN P
Maria Oliveira, Assoc. Prof.
SCHOOLS ~
Dr. Jodo Costa
THE ROLE OF MINIMUM SPEECH SIGNAL DATA IN VOICE
IDENTIFICATION FOR FORENSIC ANALYSIS
Dr. Zhang Jun, Liu Mei
THE IMPACT OF UNDERFUNDING ON POLICE
CORRUPTION IN NIGERIA
Chijioke Okafor, Dr.
Adebayo Afolabi
£
c_E\'S THE INFLUENCE OF MISINFORMATION ON GOVERNANCE
o [a) AND PUBLIC POLICY FORMULATION: A COMPARATIVE
prd o STUDY Carlos Eduardo Souza,
@) -% Mariana Lima de Andrade
- c
< =
2 o THE IMPACT OF INDUSTRIAL EFFLUENT MANAGEMENT
- ) POLICIES ON WATER PROTECTION IN AFRICA
3 - Zanele Moyo
< o Assis. Prof. Dr. Thabo
I o Dlamini
%)
3
< SOUTH KOREA AND BRAZIL ECONOMIC RELATIONS: A
STUDY THROUGH THE WORLD TRADE ORGANIZATION
Lucas D. Oliveira,
Mariana F. Silva
COMBATING RADICALIZATION AND VIOLENT
EXTREMISM: A COMPARATIVE STUDY OF BRAZIL,
KENYA, AND SOUTH EAST ASIA Carlos Silva, Amina
Ndegwa
THE IMPACT OF INTERNATIONAL ENVIRONMENTAL LAW
ON SOUTH AFRICA: A CASE STUDY OF EARTHLIFE
AFRICA JOHANNESBURG V MINISTER OF ENERGY AND . .
OTHERS Dr.Mwansa Chikondi
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
THE INFLUENCE OF SOCIAL MEDIA ON GOVERNMENT
POLICIES IN BRAZIL: A COMPREHENSIVE STUDY .
Dr. Lucas Martins, Prof. Dr.
Paula Oliveira
PUBLIC SERVICE ETHICS IN LOCAL GOVERNANCE: A
STUDY OF PERCEPTIONS AND CHALLENGES
Assis. Prof. Dr. Gabriel
Costa,
Prof. Dr. Carla Mendes
LEGAL FRAMEWORK AND STRATEGIES FOR AIR
POLLUTION MITIGATION AND ADAPTATION IN EAST
AFRICAN LOCAL GOVERNMENTS Dr. Laila Mwangi,
Prof. Dr. Rashid Omar
8 MORDECHAI VANUNU: THE NUCLEAR WHISTLEBLOWER
S E AND THE CHALLENGE TO ISRAELI MILITARY ETHICS .
S Dr. David Cohen,
% P Isabella Pereira
| o
< )
n O ADDRESSING MENTAL HEALTH NEEDS TO REDUCE
: o RECIDIVISM: THE ROLE OF EARLY DIVERSION IN Dr. Ali Salem
| o CRIMINAL JUSTICE REFORM ' !
< - A_ssgg. Prof. Dr. Elena
T o Nikitina
o
LIMITS AND RESPONSIBILITIES IN FREEDOM OF
EXPRESSION: LESSONS FROM AFRICA'S DIGITAL
LANDSCAPE Dr. ifeoma Okoye,
Ibrahim Bello
THE EVOLUTION OF STUDENT UNDERSTANDING OF
CONFLICT RESOLUTION IN POLICE TRAINING .
Dr. Omar Khan, Fatimah
Abdullah, Ibrahim
Mohammed
THE INFLUENCE OF SOCIAL MEDIA ON GOVERNMENT
POLICIES IN BRAZIL: A COMPREHENSIVE STUDY
Dr. Lucas Martins,
Prof. Dr. Paula Oliveira
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Salon Moderator

Bildiri No ve Baslig1 / Paper ID and Title

Authors

.

Prof. Dr. Oguzhan SEVIM

HALL / SALON 1
Ars. Gor. Dr. Fetullah UYUMAZ

DENEYIMSEL OGRENME VE ERKEN COCUKLUKTA
UYGULANMASI

Prof. Dr. Giines SALI

COCUKTA OYUN GELISIMINE BIR BAKIS

Prof. Dr. Glines SALI

TURKIYE’DE OGRETMEN ATAMA MULAKAT SINAV
SISTEMINE YONELIK GORUSLERIN

COK YONLU ANALIZI: OGRETMEN ADAYLARI,
EGITIMCILER, AKADEMISYENLER VE SiVIL TOPLUM
ORGUTLERI PERSPEKTIFIYLE

Prof. Dr. METIN
ELKATMIS
ILAYDA OKAN

TEKNOLOJI TABANLI LISANSUSTU TURKCE EGITIMI
ARASTIRMLARINA YONELIK BiR ICERIK ANALIZI

Prof. Dr. Oguzhan SEVIM
Ars. Gor. Dr. Fetullah
UYUMAZ

WEB 2.0 ARACLARININ OGRETIMDE KULLANIMINA
ILISKIN YAPILAN LiSANSUSTU CALISMALARIN
INCELENMESI: BiR ICERIK ANALIZi

Ars. Gor. Dr. Fetullah
UYUMAZ
Prof. Dr. Oguzhan SEVIM

UNIVERSITE OGRENCILERININ SPORA KARSI
TUTUMLARININ INCELENMESI (Karamanoglu Mehmetbey
Universitesi Ornegi)

Prof. Dr. Mehmet
DALKILIC

Yiiksek Lisans Ogrencisi,
Abdullah KAYABAS

OGRENCILERIN BEDEN EGITiMi VE SPOR DERSINE
YONELIK TUTUMLARI VE OZYETERLIK DUZEYLERININ
INCELENMESI

Yiiksek Lisans Ogrencisi,
Emrah AKGUL

Prof. Dr. Mehmet
DALKILIC
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
CRISIS IN THE RING: ETHICAL AND ADMINISTRATIVE SAMET ALIM
1 CONFLICTS IN SPORTS REGARDING GENDER ELIGIBILITY | Assoc. Prof. Dr. ZUHAL
AT THE PARIS 2024 OLYMPICS YURTSIZOGLU
UMUT COKNAZ
2 Parent Participation in Sports: A Study on the Youth Club Prof. Dr. HAKKI COKNAZ
T.C. Kiitahya Dumlupinar Universitesi’ndeki Baz1 Fakiilte UMUT COK.NA-Z ;
3 Akademik Personelin Mental Iyi Olus Diizeylerinin Incelenmesi Prof. Dr. Cetin OZDILEK,
Fahri Berke KARACAY
EFFECTS OF PLYOMETRIC TRAINING ON BALANCE AND
4 JUMPING IN 15-18 YEARS OLD FEMALE VOLLEYBALL Ergiin AKCA
PLAYERS
<
>
«~ § GLUTENSIZ BESLENME TERAPOTIK ETKIiSI: ATLETIK
> E 5 PERFORMANS Uzm.Dyt. Mustafa BAHAR
o
3 b
g g
° | E
- ) DOGRU BESLENME STRATEJILERI: SPOR
:(' = 6 YARALANMALARI, EGZERSIZ SONRASI HIZLI iYILESME Uzm Dyt Mustafa BAHAR
T =
a
(>
(=]
= INVESTIGATION OF THE RELATIONSHIP BETWEEN BUSE GUNDUZ DEMIR
7 DIGITAL ADDICTION AND PHYSICAL ACTIVITY LEVELS Prof. Dr. GULBIN
IN CHILDREN AND YOUNG PEOPLE RUDARLI
An Examination of the Anthropometric Characteristics of Athletes Dog Dr. Mehmet
Competing in the Final Races of the Athletics Events at SARIKAYA
8 the Paris 2024 Olympic Games Dog Dr. Akan
BAYRAKDAR
Dog. Dr. Akan
COMBATING ETHICAL ISSUES IN E-SPORTS: DOPING AND BAYRAKDAR
9 CHEATING Dilruba Nur KAYA
Dog Dr. Mehmet
SARIKAYA
Lisans (')grerlcisi, Burkay
1o | BIBLIOMETRIC ANALYSIS OF STUDIES ON ARTIFICIAL if;‘;:i‘:n‘:\égfvﬁsi .
INTELLIGENCE IN SPORTS WITH VOSVIEWER Gizem AKARSU
TASMAN
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HALL / SALON 3
Prof. Dr. Mehmet DALKILIC

TURK FUTBOLUNDA ALTYAPI VE SCOUTING SISTEMININ
ONEMI

Yiiksek Lisans Ogrencisi,
HARUN USTUNDAG

A RESEARCH ON SPORTS INJURIES OCCURRING IN
HANDBALL

Yls. Ogr., RUKIYE ASAN
Yls. Ogr., YAKUP CAN
KURT

Prof. Dr. Mehmet

DIJITAL CAGDA SPOR TARAFTARLIGI: DIJITAL DALKILIC

DONUSUMUN ETKILERI Yiiksek Lisans Ogrencisi,
Abdullah KAYABAS

DIJITALLESME VE SPOR Prof. Dr. Mehmet

DALKILIC

SPORCULARIN SOSYAL MEDYA BAGIMLILIGI:
PSIKOLOJIK VE PERFORMANS UZERINE ETKILERI

Prof. Dr. Mehmet
DALKILIC

Yiiksek Lisans Ogrencisi,
Abdullah KAYABAS

SPORDA KADIN LIiDERLIGI: SPOR DUNYASINDA CINSIYET
ESITLIGI

Prof. Dr. Mehmet
DALKILIC

GUNUMUZDE SPORDA SIDDETIN YERI

Prof. Dr. Mehmet
DALKILIC

PHYSICAL ACTIVITY LEVELS AND ANTHROPOMETRIC
PROFILES OF UNIVERSITY STUDENTS

Dr. Ogr. Uyesi Meryem Elif
OZTURK

Merve BOZKURT

Aysenur {ZMIRLI

frem AZAK

Academy Global Conferences & Journals

UASIOURNAL
ijasjournalcom

ACADEMY *




F
LT
S -

&

ACADEY,
Pl

www.akademikongre.org

BURSA 4th INTERNATIONAL CONFERENCE ON SPORTS AND HEALTH SCIENCES
January 24 - 26, 2025

BURSA

Meeting ID: 885 7151 8350 Passcode: 202224

26 Ocak / Jan 26, 2025 / 11:00 — 13:00 Time zone in Turkey (GMT+3)

Salon Moderator

Bildiri No ve Baslig1 / Paper ID and Title

Authors

HALL / SALON 4
Dr. Ogr. Uyesi Benil KISTAK ALTAN

AGRICULTURAL CONTRIBUTIONS TO FUNCTIONAL
FOODS AND THEIR IMPACT ON HEALTH AND SPORTS
PERFORMANCE

Imam Muhyidiyn
Mahmuod Abubakar Bashir

6 HAFTALIK PLIOMETRIK ANTRENMANLARIN
FUTSALCILARDA BAZI PERFORMANS PARAMETRELERI

Erol AYDEMIR

UZERINE ETKISININ INCELENMESI Ahmet ATLI
BADMINTONCULARDA ISINMADA UYGULANAN FARKLI

POST AKTIVASYON POTANSIYALIZASYON (PAP) Oguz AYGAN
YUKLENMELERININ BAZI PERFORMANS Ahmet ATLI
PARAMETRELERI UZERINE ETKISININ INCELENMESI

AGE AND GENDER BASED PERFORMANCE DIFFERENCES Ali ISIN

IN TRIATHLON Eren AKDAG

EGZERSIZ GENCLESTIRIR Mi? SIRTUINLER UZERINE BiR
INCELEME

Ars. Gor. Emsal Cagla
AVCU

Gokge AVCU

Dog. Dr. Taner AKBULUT

EGZERSIiZ BAGISIKLIK SISTEMINi DUZENLEYEN BiR iLAC
MI, YOKSA BIR TEHDIT Mi? EGZERSIZ SIDDETI] ve SITOKIN
FIRTINASI UZERINE BIR ARASTIRMA

Gokge AVCU

Ars. Gor. Emsal Cagla
AVCU

Dog. Dr. Taner AKBULUT

SERBEST YUZME STILINDE SU ALTI DONUSUNE ETKI
EDEN BIYOMEKANIK FAKTORLER VE GELISTIRME
STRATEJILERI

Dr. Ogr. Uyesi Benil
KISTAK ALTAN

Prof. Dr. Cigdem BULGAN
ERCIN

Dr. Ogr. Uyesi Mustafa
Arslan BASAR
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The P2X7R-NLRP3 axis in neuroinflammation PhD, Asuman CANAK
A RARE CAUSE OF A COMMON COMPLAINT: THE STORY . - -
OF RENAL INFARCTION Erding SENGULDUR
X
o |2
§ <
b @)
c L i
S 3 STERNAL FORAMEN VE CATALLI KSIFOID PROSES: VAKA | ADdiisselam Aver
zZ = SUNUMU Siddika Halicioglu
_ 2 Emine Ipek Avel
- <
< N
T o ;
& Uzman Hemsire Semra
BENEFITS OF MEDITATIVE EXERCISES IN INDIVIDUALS ]L)JSTA]‘)r Emine KAPLAN
WITH METABOLIC SYNDROME 06, T Lmine
SERIN
. . . Lo Semra USTA
The impact of technological advances on physical activity: Has Dog. Dr. Emine KAPLAN
cardiovascular .
. X SERIN
disease increased ?
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HALL / SALON 6
Doc. Dr. Emine KAPLAN SERIN
Dr. Ogr. Uyesi Tuba GUNER EMUL

THE ROLE OF MOBILE HEALTH-BASED PHYSICAL
ACTIVITY IN CHRONIC DISEASE MANAGEMENT

HATICE SIMSEK
Dog. Dr. BIRGUL VURAL
DOGRU

IS ACTIVE AGING POSSIBLE WIiTH PHYSICAL ACTIVITY?

HATICE SIMSEK
Dog. Dr. BIRGUL VURAL
DOGRU

EFFECTS OF EARLY MOBILIZATION ON RECOVERY AFTER
ABDOMINAL SURGERY: WHAT DOES THE EVIDENCE SAY?

Res. Assist Tugba OZCAN
Assist. Prof. Dr Bahar
Colak

EXAMINATION OF NURSING STUDENTS FROM THE
PERSPECTIVE OF PSYCHOSOCIAL DEVELOPMENT

Assist. Prof. Dr Bahar
Colak )
Res. Assist. Tugba OZCAN

Exercise Awareness in Individuals with Gestational Diabetes: Tai
Chi Practice

Dog. Dr. Emine KAPLAN
SERIN

Dr. Ogr. Uyesi Tuba
GUNER EMUL

The Impact of Wearable Technology on Exercise in Individuals with
Gestational Diabetes

Dr. Ogr. Uyesi Tuba
GUNER EMUL

Dog. Dr. Emine KAPLAN
SERIN
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THE USE OF HYDROCOLLOID DRESSING IN THE
MANAGEMENT OF OPEN WOUNDS IN BIG CATS

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
MOLLUSCICIDAL EFFECTS OF AGERATUM CONYOZOIDES
AND DATURA STRAMONIUM ON BULINUS GLOBOSUS .
AND LYMNAA NATALENSIS Dr. Thabo M. Kgosi,
Assoc. Prof. Dr. Adebayo
K. Adeyemi
RIVERS DRAIN IMPACT ON THE BLACK SEA COASTAL
LINE BIOCENOSIS WITHIN THE GREATER SOCHI AREA
ASSESSED BY BIOASSAY METHOD Prof. Dr. Ekaterina V.
lvanova
8 OPPORTUNITIES FOR PRECISION FEED IN APICULTURE
% FOR MANAGING THE EFFICACY OF FEED AND MEDICINE
~ o Dr. Luis Fernando Garcia,
z Q Assoc. Prof. Dr. Anita K.
o 2 Olsson
| ©
< =
U) .
- 5 COMPARATIVE PRODUCTIVITY ANALYSIS OF MEDIAN
- - SCALE BATTERY CAGE AND DEEP LITTER HOUSING
;:' S CHICKEN EGG PRODUCTION IN RIVERS STATE, NIGERIA Dr. Suleiman S. Bello, Prof.
I o Dr. Emmanuel O. Adebayo
8
3
<

Assoc. Prof. Dr. Marco
Bianchi

A PROFILE OF RECENT UPSURGE OF BRUCELLOSIS OF
VETERINARY HEALTH CARE WORKERS ENGAGED IN
BRUCELLA VACCINATION PROGRAM IN WEST BENGAL,
INDIA

Dr. Rajesh Kumar,
Assoc. Prof. Dr. Ranjan
Chakraborty
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MODEL-BASED APPROACH TO EARLY DIAGNOSIS

Assoc. Prof. Dr. Simone
Leblanc

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
IMPROVING PERSONAL WELLNESS THROUGH Dr. Laura Benson. Assoc
INTEGRATED PATIENT CARE: A COMPREHENSIVE STUDY Prc;f Dr. Rachel S‘immoné
OF DIGITAL TOOLS AND ENGAGEMENT STRATEGIES G, !
Prof. Dr. Olivia Taylor,
Dr. Robert Whitney
DEVELOPING A PERFORMANCE FRAMEWORK FOR
HEALTHCARE PROVIDERS IN NIGERIA: EXAMINING THE
IMPACT OF LEADERSHIP STYLES IN TEACHING Assoc. Prof. Dr. Emeka
HOSPITALS Okoro, Dr. Yusuf Omar,
Prof. Dr. Olajide Okafor
A COMPREHENSIVE STUDY ON THE DRIVERS OF EARLY
ANTENATAL CARE ATTENDANCE AMONG WOMEN IN
BENIN: INSIGHTS FROM THE 2017/2018 BENIN . .
Dr. Adama Diallo, Assis.
DEMOGRAPHIC AND HEALTH SURVEY Prof. Dr. ibrahim Jalloh
OCCUPATIONAL HAZARDS IN THE MEDICAL FIELD: A
8 STUDY ON FACTORS AFFECTING HEALTHCARE i
S WORKERS IN SANA'A, YEMEN Dr. Amira Haddad, Assoc.
a Prof. Dr. Tariq Al-Mansoori
0 |
[«5]
% g DENTAL ETHICS IN PRACTICE: UNDERSTANDING
| e MALPRACTICE RISKS AND COMPLIANCE CHALLENGES IN | Dr. Erjon Hoxha, Assis.
< %) DENTAL CARE Prof. Dr. Elira Pasha, Prof.
2 o Drita Meta, Assoc. Prof.
_ (@] Reza Sharifi
: |z
% E PREDICTING CARDIOVASCULAR DISEASE RISKS: A
S
o
3
<

UNDERSTANDING FIRE SAFETY IN HOSPITAL
OPERATIONS: KNOWLEDGE AND PRACTICES OF
OPERATING ROOM STAFF IN SANA'A, YEMEN

Dr. Hani Ziad, Assis. Prof.
Faris Qasim,
Prof. Dr. Khaled Al-Sabahi

DEVELOPING INTERACTIVE THERAPEUTIC TOOLS FOR
CHILDREN WITH CHRONIC ILLNESSES: THE CASE OF THE
'IRIS' VIDEO GAME

Dr. Mikael Ortiz,
Ava Lee,
Assoc. Prof. Dr. John Smith

STUDYING HAND HYGIENE BEHAVIOR AMONG YOUTH IN
ACCRA: IMPLICATIONS FOR PUBLIC HEALTH IN GHANA

Dr. Samuel Adeyemo,
Assoc. Prof. Dr. Mariam
Abdu
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Authors

HALL /SALON 9
Dr. Kassem Afsahi,
Assis. Prof. Dr. Maryam Soheilifar

EVALUATION OF THE ANALYTIC FOR HEMODYNAMIC
INSTABILITY AS A PREDICTION TOOL FOR EARLY
IDENTIFICATION OF PATIENT DETERIORATION

Dr. Brian Benson, Assoc.
Prof. Dr. Sooin Lee, Prof.
Dr. Ashwin Belle

EFFICACY OF RECOVERY TECH VIRTUAL REALITY
REHABILITATION SYSTEM FOR SHOULDER
IMPINGEMENT SYNDROME

Dr. Kassem Afsahi, Assis.
Prof. Dr. Maryam Soheilifar

MALARIA PRONE ZONES OF WEST BENGAL: A SPATIO-
TEMPORAL SCENARIO

Prof. Dr. Meghna Maiti,
Assoc. Prof. Dr. Utpal Roy

USING MACHINE LEARNING TECHNIQUES FOR AUTISM
SPECTRUM DISORDER ANALYSIS AND DETECTION IN
CHILDREN

Dr. Nora Alshahrani, Assoc.
Prof. Dr. Abdulaziz
Almaleh

VIRTUAL REALITY IN COVID-19 STROKE
REHABILITATION: PRELIMINARY OUTCOMES

Dr. Kassem Afsahi, Assis.
Prof. Dr. Maryam
Soheilifar, Prof. Dr. S.
Hossein Hosseini

SAFE, EFFECTIVE, AND COST-EFFICIENT AIR CLEANING
FOR POPULATED ROOMS AND ENTIRE BUILDINGS BASED
ON THE DISINFECTING POWER OF VAPORIZED
HYPOCHLOROUS ACID

Dr. D. Boecker, Assoc.
Prof. Dr. R. Breves, Prof.
Dr. F. Herth, Dr. Z. Zhang,
Assis. Prof. Dr. C. Bulitta

SEXUALITY EDUCATION TRAINING PROGRAM EFFECT ON
JUNIOR SECONDARY SCHOOL STUDENTS’ KNOWLEDGE
AND PRACTICE OF SEXUAL RISK BEHAVIOR

Dr. B. O. Diyaolu, Assoc.
Prof. Dr. O. O. Oyerinde

LITERATURE-BASED DISCOVERIES IN LUPUS TREATMENT

Dr. Oluwaseyi Jaiyeoba,
Prof. Dr. Vetria Byrd
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Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
BALANCE ENHANCEMENT IN ADOLESCENTS: Dr. Ahmed Al-Eahim
STRATEGIES AND APPROACHES : '
1 Assoc. Prof. Dr. Sara
Hassan, Prof. Dr. Khaled
Rahman
THE EFFECT OF BODY ART ON ATHLETIC PERFORMANCE
5 Dr. Yong Zhang, Assoc.
Prof. Dr. Min Chen
FROM SOCIAL MEDIA TO SPORTING SUCCESS:
PREDICTING NFL ACHIEVEMENTS THROUGH ONLINE
3 OPTIMISM Assoc. Prof. Dr. Roberto
Martinez, Dr. Emma Collins
THE EVOLUTION OF THE NIGERIAN FOOTBALL SYSTEM: Dr. Emmanuel Nkem, Prof.
MICRO PRACTICES IN A GLOBAL CONTEXT Dr. Joseph Odogwu, Assoc.
4 Prof. Dr. Nancy Adams, Dr.
S = Lincoln Matthews, Assis.
> < Prof. Dr. David Ojai, Dr.
o) O Obiago Udo
- < RECOVERY METHODS FOR ATHLETES: THE ROLE OF
% = WATER IMMERSION IN HOT CONDITIONS
: E 5 Dr. Maria Fernanda Pereira
| Y—
< 2
I o
MOVEMENT-BASED LEARNING: THE IMPACT OF MOVI-
MENTE© ON INCLUSION AND PERFORMANCE Prof. Dr. Carlos Gomez, Dr.
6 Lucas Marques, Assoc.
Prof. Dr. Fernando Costa,
Assis. Prof. Dr. Joao Pinto
ACTUAL NURSING COMPETENCY AMONG NURSES IN
HOSPITALS IN VIETNAM i
7 Dr. Minh T. Nguyen, Assoc.
Prof. Dr. Lam T. Pham
THE OPINIONS OF NURSING STUDENTS REGARDING .
HUMANIZED CARE THROUGH VOLUNTEER ACTIVITIES Assoc. Prof. Dr. Apichat S.
8 AT A NURSING COLLEGE IN CHONBURI Thong, Prof. Dr. Kittiya P.
Preechachart
THE ROLE OF CONSTRAINTS IN NCAA DIVISION 11
ATHLETES' PERFORMANCE Dr. Christopher Wilson,
9 Assoc. Prof. Dr. Olivia
Johnson
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
THE IMPACT OF WHOLE-BODY VERTICAL RHYTHM
TRAINING ON FATIGUE, PHYSICAL ACTIVITY, AND Dr. Ahsan labal. Prof. Dr
1 QUALITY OF LIFE AMONG MIDDLE-AGED AND ELDERLY Sa.rah Khanq ' T
HEMODIALYSIS PATIENTS
KNOWLEDGE, ATTITUDE, AND PRACTICES REGARDING
ANTENATAL CARE AMONG PREGNANT WOMEN AT Assoc. Prof. Dr. Omar Al-
2 PUBLIC HOSPITALS IN SANA'A CITY, YEMEN Farsi, Dr. Layla Al-Sabahi,
Dr. Ali Mohammed
FACTORS INFLUENCING THE USE OF CHILDHOOD
VACCINATION SERVICES BY UNDOCUMENTED MIGRANT Assis. Prof. Dr. Nadia Aziz,
3 CAREGIVERS IN SABAH, MALAYSIA: A QUALITATIVE Dr. Zainab Binti Mohd,
STUDY Prof. Dr. Amirah Rahman
COLLABORATION WITHIN PALLIATIVE CARE NETWORKS .
IN URBAN AND RURAL AREAS OF SWITZERLAND Dr. Laura Meier, Prof. Dr.
4 Alexander Schulz, Dr. Peter
Hoffmann, Assoc. Prof. Dr.
Claudia Werner
% EXPLORING PHYSIOLOGICAL, PSYCHOLOGICAL
E STRESSORS, AND COPING STRATEGIES AMONG Dr. Salma Al-D .
— = HEMODIALYSIS PATIENTS IN THE KINGDOM OF SAUDI r. saima /A-Losarl,
— « O 5 ARABIA Assoc. Prof. Dr. Jameela
= 8 = Al-Khater
@] aZ
| <3
5) S - YOGA AS A COMPLEMENTARY MEDICINE APPROACH IN
- ‘T O VULNERABLE PEDIATRIC CANCER PATIENTS
| — = 6 Assoc. Prof. Dr. Selma
- = O Ozkan, Dr. Hiiseyin Yildiz
< [alrey
I .
8
a IMPACT OF PSYCHOTIC SYMPTOMS, SOCIAL SUPPORT,
< STRESSFUL LIFE EVENTS, AND MEDICATION USE SELF- Prof. Dr. Padma Kumari
7 EFFICACY ON SOCIAL DYSFUNCTION IN PERSONS WITH Dr ﬁajah Chandra Assc;c
SCHIZOPHRENIA AND METHAMPHETAMINE MISUSE: A Préf Dr. Mira th;sh '
CROSS-SECTIONAL STUDY T
A CASE STUDY ON CLINICAL PRECEPTORS’ EXPERIENCES
o IN UNDERGRADUATE NURSING PROGRAMS Dr. Alina Patrascu, Dr.
Simona Munteanu
NURSES’ PERSPECTIVES ON THE CHARACTERISTICS OF
9 AN ‘EFFECTIVE NURSE LEADER’ IN IRAQ Dr. Laila Abbas, Assoc.
Prof. Dr. Nadir Othman
PHYSICAL PROPERTIES AND RESISTANT STARCH
CONTENT OF RICE FLOUR RESIDUES HYDROLYZED BY o- . .
AMYLASE Dr. Hiam AI-!(hatlb, As_soc.
10 Prof. Dr. Rania El-Khatib,

Prof. Dr. Ahmed Mostafa
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BURSA 4th INTERNATIONAL CONFERENCE ON SPORTS AND HEALTH SCIENCES
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BURSA

Meeting ID: 885 7151 8350 Passcode: 202224

26 Ocak / Jan 26, 2025 / 11:30 — 13:30 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
TEMPERATURE OPTIMIZATION FOR COLD-WATER
IMMERSION RECOVERY IN SWIMMERS ; .
Dr. Isabella Ferreira,
Prof. Dr. Lin Zhang
DESIGNING INTERACTIVE MODULES FOR PERIOPERATIVE A Prof. Dr. Jin H
NURSING EDUCATION: A PEDAGOGICAL APPROACH PZ;SEC. rot. br. Jin Ho
Assis. Prof. Dr. Fatima
Adeyemi
IMPLEMENTING IRT MODELS TO ENHANCE ASSESSMENT
ACCURACY IN NURSING EDUCATION Dr. Tariq Hussein,
Assoc. Prof. Dr. Sun-Young
Kim
8 EXPLORING THE CHALLENGES AND SUPPORT ROLES OF
~ S CLINICAL PRECEPTORS IN NURSING EDUCATION Prof. Dr. Nyasha Mugabe,
— S Assis. Prof. Dr. Ahmed
Z = Benkacem
9 ©
c
% 2 INTEGRATING NUTRITIONAL INTERVENTIONS INTO CARE
- > PLANS FOR PEDIATRIC CANCER PATIENTS .
3 2 Ying Hua Zhang,
- - Assoc. Prof. Dr. Carolina
< D Borges
T I
o IMPACT OF HEALTH PROMOTION INTERVENTIONS ON
FEMALE INMATES IN VIETNAMESE CORRECTIONAL
FACILITIES Dr. Linh Tran,
Sofia Almeida
FOSTERING EFFECTIVE NURSE LEADERSHIP IN
CHALLENGING HEALTHCARE CONTEXTS Dr. Hassan Karim, Assoc.
Dr. Thandiwe Ndlovu
RESILIENCE AND COPING MECHANISMS AMONG . .
Maria Beatriz Gomes,
HEMODIALYSIS PATIENTS IN RURAL COMMUNITIES Dr. Diego A. Pereira,
Assis. Prof. Dr. Thandiwe
Khumalo
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BURSA

Meeting ID: 885 7151 8350 Passcode: 202224

26 Ocak / Jan 26, 2025 / 15:00 — 17:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
DIVISION AND INTERSECTION OF G-CLASSES OF
MATRICES Hasan KELES
ON A SEQUENCE OF DERIVATIVES OF FUNCTION Hasan KELES
ON DIVISION OF THE GENERALIZED MAX FRANK
MATRICES Hasan KELES
2 Dr,ELMIRA
—
= 05: OPTIMAL KONTROL PROBLEMLERININ COZUMU iCiN SEHF;'?*ZRZSEE')EH
3 4 NUMERIK BiR YAKLASIM LAKESTANI
< > Dr,AHMET YILDIRIM
@ -
= L
- S
AN ANALYTICAL STUDY ON THE RELATIONSHIP .
< z BETWEEN GEOMETRIC FUNCTIONS AND z-TRANSFORM | D+ Aldattin Akyar
o
a)
EXAMINING THE CONCEPT OF ROUGH EQUIVALENCE
AND LOCAL ROUGH EQUIVALENCE IN DETERMINING THE | M. Mustafa BEYDAGI
TREES FARMERS OWN
CALCULATION OF CORNER LENGTH OF PATTERNED Mehmet Mustafa
SQUARES BEYDAGI
NEUTROSOPHIC APPROACH on NORMED LINEAR SPACE ELIF AKAY

Academy Global Conferences & Journals

UASIOURNAL
ijasjournalcom

ACADEMY




 LONFEREY,
AR 5,

ACADEY,
&
o
Pl

www.akademikongre.org

BURSA 4th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
January 24 - 26, 2025

BURSA

Meeting ID: 885 7151 8350 Passcode: 202224
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Salon Moderator

Bildiri No ve Baslig1 / Paper ID and Title

Authors

HALL / SALON 2
Asst. Prof., ARZU ERGUL BOZKURT

ASSESSMENT OF SMALL SCALE FISHING ENTERPRISE IN
WASSAI DAM MINJIBIR L.G.A. NORTHWEST KANO STATE,
NIGERIA

Dambatta M. A
M.A Haruna
Bichi N.S

l. Yahaya

SAHARAN DUST EVENTS DURING WINTER IN THE
WESTERN BALKANS

Gladiola Malollari
Seit Shallari

SIGIR ORIJINLI BACILLUS ANTHRACIS IZOLATLARININ
ANTIBIYOTIK DIRENC PROFILLERININ VE MULTIPLE-
LOCUS VARIABLE-NUMBER

TANDEM REPEAT ANALYSIS YONTEMI iLE
GENOTIPLERININ

BELIRLENMESI

Ahu KAYALARLI
ACARTURK
Prof. Dr. Timur GULHAN

Innovative Blue Crab Culture Using Biofloc Technology

Dr. Ovgii GENCER

MEDICINAL AND AROMATIC PLANTS USED FOR ANIMAL
FEED AND ANIMAL HEALTH IN DEMIRCILER VILLAGE
(ARTVIN-BORCKA)

Asst. Prof., ARZU ERGUL
BOZKURT
Dr., NEBAHAT CIMEN
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BURSA
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
Dog.Dr. Nusret MUTLU
I:rof.[)r. Hasan Hiiseyin
TARIMDA YENILENEBILIR ENERJI KULLANIMININ SZ%URK ATAY
FINANSMANINDA KAMU KAYNAKLARININ ONEMI T mran
Dr. Hasan Kaan
KUCUKERDEM
Prof.Dr. Hasan Hiiseyin
OZTURK
URETEN TUKETICI OLARAK TARIM SEKTORUNDE ENERJI | Dog.Dr. Nusret MUTLU
KULLANIMI: ZORLUKLAR VE FIRSATLAR Dr. Hasan Kaan
KUCUKERDEM
Dr. Umran ATAY
<Z<
; ; Prof. Dr. Saim Zeki
|_
- e ARMUTTA MEYVE KALITESI ALGISI BOSTAN
O
Z m
o) —
= <
< N - o .
@ = ORDU EKOLOJISINDE YETISTIRILEN “ISTANBUL” VE Prof. Dr. Saim Zeki
4 'S “AKCAKOCA 77®” STANDART MUSMULA CESITLERININ BOSTAN
Z:I n POMOLOJIK OZELLIKLERT Aykut DUMAN
o
I ) - =
- DILAN KOKSAL
o OZTURK
o DETERMINATION OF PYROLYSIS AND KINETIC Prof. Dr. MENDERES
PARAMETERS OF PALM SEED AND OLIVE SEED LEVENT
Dr. Ogr. Uyesi KADIR
GUNDOGAN
- ity FNTE . Yiiksek Lisans Ogrencisi,
IKLIM DEGISIKLIGININ METEOROLOJIK KURAKLIKLAR Sezen KAYA
UZERINDEKI ETKILERININ ARASTIRILMASI: YAMULA Dr. Ogretim Uyesi, Gaye
BARAJI HAVZASI ORNEGI AKTORK
USAGE OF LUCUMA POWDER AS SUGAR REPLACER IN Assistant Prof, Kiibra
REGULAR AND GLUTEN-FREE CAKES AKTAS
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
ISLETMELER iCIN KURYE VERIMLILIK SIMULASYONU Adem ORPEK
BANKA ATM SISTEMLERININ SIMULASYONU Zeynep ORPEK
& TRANSFERRING THE HODGKIN-HUXLEY NERVE CELL gfmé?rs%”a fﬁiﬁ“ﬂERT
= MODEL TO FPGA AND INVESTIGATION OF ITSRESPONSE | T/ EN yes ¢
C:“ TO DIFFERENT EXCITING CURRENTS
<t o=
pd £
O S
=
< g HEALTH ANALYSIS USING FACE MAPPING METHOD WITH | Sedanur YILMAZ
& = IMAGE Dr. Ogr. Uyesi Ahmet
4 5o PROCESSING TECHNIQUE TURAN
4 )
< &)
T [ Ar-Ge Elektrik Donanim
e. DDAW UYGULAMASININ SEHIRICI TOPLU TASIMA Ekip Lideri, EZGI
S ARACLARINA ENTEGRE EDILMESI VE CEVREYE ASLANE
a KAZANIMLARI Ar-Ge Elektrik Donanim
Miihendisi, TUGBA ISIK
A HYBRID PREDICTION SYSTEM USING FUZZY LOGIC ProfDr. Cazin Kandemi
AND SVM: ON QSAR DATA MODELLING craovés r. Cagmn Kandemir
ANALYSIS OF ENZYME SEQUENCES USING SPECTRAL Prof.Dr. Cagin Kandemir
CLUSTERING METHOD Cavas
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BURSA
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26 Ocak / Jan 26, 2025 / 15:00 — 17:00 Time zone in Turkey (GMT+3)

Salon Moderator

Bildiri No ve Baslig1 / Paper ID and Title

Authors

HALL / SALON 5
Dr. Ogr. Uyesi ENES KAYMAZ

Izmir-Bornova llgesinde Kapali Alanlarda Calisanlarin Maruz
Kaldig1 Radyoaktif Radon Gaz1 Konsantrasyonlarinmn Olgiilmesi

Kamuran ilkim OZYURT
Prof; Dr. Murat SAC
Dr. Ogr. Uyesi Caner

TASKOPRU
COK MAKINALI GUC SISTEMINDE SVC-POD’UN GECICI ng%?%l’ DN
KARARLILIK DURUMUNDA OPTIMAL YERLESIM YERININ D C")S OGLU
BELIRLENMES]

Dr. Ogr. Uyesi ENES
KAYMAZ

CBAG TABANLI RUZGAR TURBININDE FARKLI RUZGAR
HIZI VE SERI KOMPANZASYON ORANLARINDA ALT
SENKRON REZONANS ANALIZI

BETUL PEKDEMIR
Prof. Dr. M. KENAN
DOSOGLU

CHEMICAL PROFILE OF TUNCELI PULUMUR HONEY

GULNUR CELIK
GOLCUR

Prof. Dr. OLCAY
KAPLAN INCE

Prof. Dr. MUHARREM
INCE

DETERMINATION OF Ni?* IONS REMOVAL PERFORMANCE
OF FUNCTIONALIZED COMPOSITE MATERIALS
CONTAINING ZnO NANOPARTICLE

GULNUR CELIK
GOLCUR

Prof. Dr. OLCAY
KAPLAN INCE

Prof. Dr. MUHARREM
INCE

BURAK NAIL TASKIN

BEHAVIOUR OF THE AG/TiO 2 /GS/nSi SENSOR TO DETECT
DIFFERENT ALCOHOL VAPOURS

Pinar DUZGUN

Assoc. Prof. Dr. Siireyya
AYDIN YUKSEL

Prof. Dr. Cigdem
NUHOGLU

CFRP TAKVIYELI BETON KIiRISLERDE KOMPOZIT-BETON
ARAYUZ MEKANIGININ INCELENMESI

CAN MERT CISDIK
Dr. Ogretim Uyesi
VOLKAN ACAR

Prof. Dr. FERIT CAKIR
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BURSA
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26 Ocak / Jan 26, 2025 / 15:00 — 17:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
DIGDEM ATABEK
ONUR MURATAL
YiGIT GONULALAN
GALVANNEAL KAPLAMANIN DUAL FAZLI CELIKLERIN Ar. Gér. HASAN ISMAIL
ASINMA OZELLIKLERINE ETKISININ INCELENMESI YAVUZ
Prof. Dr. RIDVAN
YAMANOGLU
A NOVEL ROBUST ADAPTIVE LASSO ESTIMATOR: Ismail YENILMEZ
<Nt SIMULATION STUDIES AND PERFORMANCE EVALUATION
>
<
© z
Z N
®) < BALANCING EXPLORATION AND EXPLOITATION IN _— .
| = HYPERPARAMETER TUNING WITH HYBRID Ismail YENILMEZ
§, é OPTIMIZATION APPROACHES
~
3 3
< =
L X INTEGRATING CONDITION MONITORING AND DEEP Asst. Prof. Dr. Erkan Caner
:’5‘) LEARNING FOR DIESEL ENGINE FAULT DIAGNOSTICS OZKAT
-
Q .
YUSUF CAN GOKTAS
ORTA GERILIM KABLO IZOLASYON MALZEMELERININ DArY(ngr - Uyesi RAMAZAN
PERFORMANS FAKTORLERININ INCELENMESI Dr. Ogr. Uyesi CELAL
FADIL KUMRU
) Metaliirji ve Malzeme
SERT KROM KAPLANMIS 416 KALITE PASLANMAZ Miihendisi, MERVE CAL
CELIKTE KAPLAMA PARAMETRELERININ ETKiSi Dog. Dr., Yakup Yiirektiirk
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26 Ocak / Jan 26, 2025 / 15:30 — 17:30 Time zone in Turkey (GMT+3)

OPTIMAL DESIGN FOR BLOCKED EXPERIMENTAL
STUDIES: A STATISTICAL APPROACH

Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
RELIABILITY ASSESSMENT OF DATA CENTERS USING
LRU ALGORITHM AT EAST AFRICAN UNIVERSITY Assoc. Prof. Dr. N. Kibet,
Dr. R. Owusu, Prof. Dr. A.
T. Mwangi
INTEGRATING PROGRAMMING WITH GEOMETRIC
CONCEPTS FOR IMPROVED LEARNING OUTCOMES .
Dr. S. M. Shams, Assis.
Prof. Dr. H. C. Okoro
AN ADVANCED APPROACH FOR MODELING
DEFORMABLE ELASTIC MEMBRANES IN FLUID Prof. Dr. M. Chirwa, Assoc.
INTERACTIONS Prof. Dr. D. Ngugi, Dr. T.
K. Mwaura
ANALYTICAL METHODS FOR COROTATIONAL MAXWELL
FLUIDS IN MANUFACTURING PROCESSES Dr. F. G. Udo, Assis. Prof.
~ % Dr. A. T. Babbaj, Prof. Dr.
= © J. M. Adebayo
O Y
- 4 MODELING STOCHASTIC PROCESSES IN POPULATION
% N DYNAMICS WITH CATASTROPHIC EVENTS Dr.S. R. Dube
~ . DN ’
_ — Assoc. Prof. Dr. J. X. Liu,
O a Prof. Dr. Z. K. Kante
< G
I o
o

Dr. F. P. Batista, Assis.
Prof. Dr. A. K. Sanya

NUMERICAL SOLUTIONS TO DIFFUSION AND CAHN-
HILLIARD EQUATIONS ON EVOLVING SPHERICAL
GEOMETRIES

Prof. Dr. G. O. Acharya, Dr.
N. F. Ali

STABILITY ANALYSIS IN AN EXTENDED ENDOCRINE
FEEDBACK SYSTEM MODEL

Dr. L. Q. Wang, Assoc.
Prof. Dr. J. W. Lee
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BURSA

Meeting ID: 885 7151 8350 Passcode: 202224

26 Ocak / Jan 26, 2025 / 15:30 — 17:30 Time zone in Turkey (GMT+3)

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
OPTIMIZING PERFORMANCE IN MARTIAL ARTS FOR
ATHLETES WITH VISUAL IMPAIRMENTS: AN AHP
APPROACH Assoc. Prof. Dl_'. Ahme_d Z.
Khan, Dr. Nadia Ibrahim
EFFECTS OF PHYSICAL ACTIVITY ON METABOLIC
MARKERS IN HIGH-PERFORMANCE ATHLETES
Dr. Camila Pereira
ENHANCEMENTS IN PERFORMANCE MODELS OF
TURBOCHARGERS UNDER VARIABLE OPERATING Dr. Kenji Nakamura,
CONDITIONS Prof. Dr. Michael T.
Lawson
ADVANCEMENTS IN NUMERICAL METHODS FOR
STUDYING MANDIBULAR DISORDERS: INNOVATIONS . .
AND APPLICATIONS Dr. Mariam Al-Fahim,
o S Prof. Dr. Takashi Ueno
zZ (@]
O @
o
2‘ % OPTIMIZING RISK PREDICTION USING NORMALIZED
) n DATA IN LONG-TERM FINANCIAL MODELS . .
g » Dr. Luis Santiago,
_ S Assoc. Prof. Dr. Zhao Li,
- - Prof. Ibrahim K. Darboe
< o
I o

IMPROVING ACOUSTIC PERFORMANCE IN SPEAKER
SYSTEMS THROUGH OPTIMIZED AIR VISCOSITY

Dr. Elena V. Mikhailova,
Ricardo J. Moreno, Sofia T.
Oliveira

TOPOLOGICAL FEATURES OF LP-SASAKIAN MANIFOLDS
WITH CONSTANT CURVATURE

Dr. Hassan A. Madi, Prof.
Erika R. Jensen

NOVEL APPROACHES TO SIMULATING REACTION-
DIFFUSION DYNAMICS ON CURVED GEOMETRIES

Dr. Idris Amara, Assis.
Prof. Dr. Zhang Wei, Prof.
David L. Johnson
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BURSA
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26 Ocak / Jan 26, 2025 / 15:30 — 17:30 Time zone in Turkey (GMT+3)

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
TREATMENT OF VACTERL ASSOCIATION WITH
LYMPHOCYTE THERAPY IN PREGNANT WOMEN Alil Akbar, Assis. Prof. Dr.
Khaled Al-Farsi,
INTEGRATING HEALTHCARE WITH SMART IDENTITY
CARDS: A FRAMEWORK FOR ADOPTION AND PRIVACY
Dr. Samar Al-Mansoori
GENE SELECTION OPTIMIZATION IN LUNG AND OVARIAN
ALGORITHMS Hassan Al-Jabari, Dr. Omar
Basyuni
EFFECTS OF BLEEDING DURING EARLY PREGNANCY ON
PERINATAL OUTCOMES: A COMPARATIVE STUDY Dr. Zainab Farah, Assoc.
o 5 Prof. Dr. Noor Al-Sayed,
= I Dr. Hafiza Rahman
@) =
2' = ELECTROCHEMICAL PERFORMANCE OF CARBON-
) = COATED LIFEP4 AS CATHODE MATERIAL FOR LITHIUM- . .
g o ION BATTERIES Prof. Dr. Ming Liu, Dr.
1 e Yifan Wang, Assis. Prof.
- W Dr. Xiang Zhang
< S
I a

IMPROVEMENTS IN ELECTROCHEMICAL PERFORMANCE
OF AL-DOPED LINI1/3C0O1/3MN1/302 CATHODES FOR
HIGH-VOLTAGE LITHIUM-ION BATTERIES

Dr. David Kim, Assoc. Prof.
Dr. Mei Lin, Dr. Jun Hwang

FABRICATION AND CHARACTERIZATION OF 3D SNO
LEAFY NANOSTRUCTURES FOR LI-ION BATTERIES

Prof. Dr. Ahmed Zayed,
Dr. Layla Al-Hashmi,
Assoc. Rania Ibrahim

PROPANE DEHYDROGENATION OVER PLATINUM-TIN
CATALYSTS SUPPORTED ON MAGNESIUM ALUMINATE
WITH VARYING MG/AL RATIOS

Dr. Emmanuel Nkurunziza,
Dr. Lydia Mwangi
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Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
COMPARATIVE ANALYSIS OF VMAT AND IMRT FOR
OPTIMIZED CANCER TREATMENT
1 Dr. H. Ahmed,
Assoc. Prof. A. Murad
UNDERSTANDING AUTISM IN THE MIDDLE EAST:
CHALLENGES AND INTERVENTIONS Prof. Dr. R. Abdullah,
2 Dr. Z. Al-Farsi,
Assis. Prof. S. Al-Qarawi
VALIDATING IGG ELISA FOR DIET-RELATED ALLERGIES
IN DOGS
3 Dr. L. Gonzalez
GENETIC DIVERSITY OF OCT1 IN ZULU POPULATIONS:
IMPLICATIONS FOR DRUG RESPONSE Dr. P. Zuma,
4 Assoc. Prof. K. Khumalo,
— D. Ngubane
2
S S EFFECTIVENESS OF ANTIGRAVITY TRAINING IN
> = REDUCING OBESITY IN CHILDREN
o) s 5 Dr. W. El-Khatib,
| @) Prof. Dr. F. EI-Amine
5 | o
~ N
- e ENHANCEMENT OF PHOTOVOLTAIC OUTPUT PREDICTION
;:' o USING ADVANCED SOLAR DATA DECOMPOSITION
S METHODS Dr. N. Yadav,
I 2 6 Prof. Dr. A. Rathore,
2 Assoc. Prof. S. Chaturvedi
OPTIMIZATION OF ENERGY STORAGE IN SOLAR-
INTEGRATED DISTRIBUTION NETWORKS Prof. Dr. J. Okoro, Assis.
7 Prof. T. Adebayo, Dr. L.
ikenna
TRANSFORMING LEBANON'S ENERGY LANDSCAPE
THROUGH HYBRID MICROGRIDS
8 Dr. R. Basha, Assoc. Prof.
Z. Taha
TRANSFORMING LEBANON'S ENERGY LANDSCAPE
THROUGH HYBRID MICROGRIDS
9 Assoc. Prof. A. Ibrahim,
Dr. K. Khalil
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ANALYSIS OF CHILDHOOD POISONING ADMISSIONS IN
LIBYA: THREE-YEAR RETROSPECTIVE STUDY

Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
SECURE ADS-B SYSTEMS USING HYBRID MODULATION
TECHNIQUES Dr. Linh T. Nguyen, Prof.
Mei C. Huang, Assoc. Prof.
Dr. Jia L. Wong
PERFORMANCE ANALYSIS OF AIR COOLING SYSTEMS
WITH VARIABLE GENERATOR PRESSURE Lamia M. Hussein, Assis.
Prof. Dr. Hiroshi Tanaka,
Prof. Dr. Kenji T. Yamada
IMPACT OF VARIABLE PRIMARY STREAM CONDITIONS i
ON THE PERFORMANCE OF EJECTOR COOLING SYSTEMs | Dr- Rafael Moreira,
Assoc. Prof. Dr. Jie Zhang,
Ahmed Saleh,
Samuel Okoro
TIME-DOMAIN ANALYSIS OF FLOATING WAVE ENERGY
CONVERTER PERFORMANCE Yuki Nakamura,
- — Prof. Dr. Mei Lin,
— < Dr. Peter Mensah
z c
o) a
| B4 EVALUATION OF A HIGH-VOLTAGE GAIN DC/DC
% T CONVERTER FOR SOLAR ENERGY APPLICATIONS Chen Wei,
hag o Assis. Prof. Dr. Fatima
- () Haddad,
:(' Hé' Prof. Dr. Marco dos Santos
T a

Assoc. Prof. Dr. Fatima Al-
Bakri,

Mohamed Hassan,

Dr. Elena Petrov

EFFECTS OF PROLACTIN ALTERATIONS ON MALE
REPRODUCTIVE FUNCTION IN WHITE RATS

Prof. Dr. Hassan Ali

IMPACT OF DEXAMETHASONE ON REPRODUCTIVE
HEALTH IN JUVENILE RATS

A. Rahimi,
Assoc. Prof. Dr. M. Amara
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
ROBUST CONTROL STRATEGIES FOR 3-DOF HELICOPTER
DYNAMICS USING LQR-PID TECHNIQUES .
Manuel Silva,
Sophia Kim
IMPROVING POWER QUALITY WITH ADAPTIVE FUZZY
LOGIC-BASED PID CONTROL IN ACTIVE FILTERS .
Fatou Ndiaye,
Dr. Elias Moreno
ADVANCED EYE-TRACKING SYSTEM FOR WHEELCHAIR
Ahmed Khan,
DESIGN OF LOW-COST EMG SIGNAL AMPLIFIERS FOR
WEARABLE TECHNOLOGIES Ahmed O. lbrahim,
Chike N. Okeke,
Sophia Mensah
N . PERFORMANCE ENHANCEMENT OF SINGLE-PHASE
> g INVERTERS USING PWM CONTROL METHODS
o) % Dr. Jodo P. Silva,
b " Maria C. Costa
< A
» 3
- = LOAD FREQUENCY CONTROL OPTIMIZATION VIA
;:' = GENETIC ALGORITHM APPROACHES
T = Dr. Wanjiku N. Mwangi,

Dr. Joseph A. Otieno

AERODYNAMIC ANALYSIS OF MORPHING STABILIZERS
FOR EXECUTIVE AIRCRAFT

Hassan M. Yusuf,
Yoon S. Park,
Fatima B. Sadiq

ROBUST CONTROL STRATEGIES FOR 3-DOF HELICOPTER
DYNAMICS USING LQR-PID TECHNIQUES

Manuel Silva,
Aisha Ahmed,
Sophia Kim

IMPROVING POWER QUALITY WITH ADAPTIVE FUZZY
LOGIC-BASED PID CONTROL IN ACTIVE FILTERS

Fatou Ndiaye,
Dr. Elias Moreno

Academy Global Conferences & Journals

2 e =

oo ACADEMY




%,

ACADEy,

LT
o

&

&

Pl

www.akademikongre.org

BURSA 4th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
January 24 - 26, 2025

BURSA

Meeting ID: 885 7151 8350 Passcode: 202224

26 Ocak / Jan 26, 2025 / 15:30 — 17:30 Time zone in Turkey (GMT+3)

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
INTEGRATED APPROACHES TO SMART MANUFACTURING
AND MECHATRONICS DESIGN " .
Kenji Takahashi,
Dr. Funmi Adebayo
ADVANCED SIMULATION TECHNIQUES FOR ELECTRIC
SKID-STEERING VEHICLES Dr. Ibrahim Cissé,
Assis. Prof. Dr. Hans De
Vries
ANALYSIS OF EXPANSION-INDUCED IRONING IN
ADVANCED WELL CASING TECHNOLOGIES i
Dr. Felipe Carvalho,
Leila Hamdi
DEVELOPMENT OF INDOOR DRONE SYSTEMS FOR
CREATIVE INDUSTRY INNOVATIONS Assoc. Prof. Dr. Ahmed
Hassan,
Dr. Claudia Marini
2 S EMOTIONALLY INTELLIGENT ROBOTS FOR SOCIAL
> 3 INTERACTION
O 5 Dr. Minji Park,
- =z Prof. Dr. Dr. Bruno Oliveira
< ‘T
2 2
- ﬁ ADVANCING EMOTION-SENSITIVE Al IN ROBOTIC
z‘:' o SYSTEMS: A STUDY OF MULTIMODAL EMOTION Dr. Adewale Ogunleve
I a RECOGNITION APPROACHES : gunieye,

Assoc. Prof. Dr. Mei Ling,
Lec. Sofia Martinez

IMPACT ASSESSMENT OF LEAN MANUFACTURING ON
ORGANIZATIONAL SUCCESS: A STRUCTURAL ANALYSIS
FRAMEWORK

Dr. Tendai Ndlovu

DESIGN AND ANALYSIS OF A DUAL-ACTUATED
MICROGRIPPER FOR BIOMEDICAL APPLICATIONS

Assis. Prof. Dr. Dr. Fatou
Ndiaye,

Dr. Carlos Gomez,

Phd. Dr. Jian Huang

INTEGRATED APPROACHES TO SMART MANUFACTURING
AND MECHATRONICS DESIGN

Kenji Takahashi,
Dr. Funmi Adebayo

Academy Global Conferences & Journals

2 e =

oo ACADEMY




BURSA 4th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
January 24 - 26, 2025- BURSA
ISBN: 978-625-5962-21-8

Contents

THE TRAJECTORY OF PARTICLES DEPENDS ON THE PLANES ... 1
ON THE MODULATIONS OF OBJECTS” MOVEMENT ...oiiiiteiieie ettt 2
A generalized critical estimate in Chemotaxis SYSEMS ......oiiuii i, 3

MAPLE'DA TUREVI ANLATAN DINAMIK OGRENME NESNESI VE SIMULASYONU: MATEMATIKSEL KESIF VE

OGRENME YOLCULUGU ... 5
MAPLE'DA CEMBERIN 3D SIMULASYONU: GEOMETRIK KESIF VE GORSEL ANALIZ ......coovovverrcea 15
ARF SAYISAL YARIGRUPLARIN RF-BAGINTILAR.....c.ovveeeereeeeeeeeeeeseeee e, 23
SOME MEIR-KEELER TYPE FIXED-DISC RESULTS ON S-METRIC SPACES ......vovvveieeeeeeeeeeeeeeeeen 24
INTERPOLATIVE KANNAN TYPE CYCLIC CONTRACTION ON S-METRIC SPACES .....coovvovveeeeeeeee. 32
DIVISION AND INTERSECTION OF G-CLASSES OF MATRICES ......ovvveeeeieeeeeeeeeeeeeeeeee e, 38
ON A SEQUENCE OF DERIVATIVES OF FUNCTION w....oviieiiiieieteseeceeeeeeeeee e 43
ON DIVISION OF THE GENERALIZED MAX FRANK MATRICES ........oivveeiieeeeeeeeeeeeeeeeeeeeeee e 53
OPTIMAL KONTROL PROBLEMLERININ COZUMU iCIN NUMERIK BIR YAKLASIM ........covieveirrcie 61
AN ANALYTICAL STUDY ON THE RELATIONSHIP BETWEEN GEOMETRIC FUNCTIONS AND z-TRANSFORM
............................................................................................................................................................... 62
CALCULATION OF CORNER LENGTH OF PATTERNED SQUARES .......oovviviiiiiiieieieeiesee s 64
EXAMINING THE CONCEPT OF ROUGH EQUIVALENCE AND LOCAL ROUGH EQUIVALENCE IN
DETERMINING THE TREES FARMERS OWN ..o, 65
NORMLU LINEER UZAYLARDA NOTROSOFIK YAKLASIM.........omivveieeeeeeeeeeeeeeeeeeeee e 72
SAHARAN DUST EVENTS DURING WINTER IN THE WESTERN BALKANS........oovoviiireeeeeeeeeeeeeeeen 74
INNOVATIVE BLUE CRAB CULTURE USING BIOFLOC TECHNOLOGY .....oooviiiieeeeeeeeeeeeeeeeeeeee, 78
MEDICINAL AND AROMATIC PLANTS USED FOR ANIMAL FEED AND ANIMAL HEALTH IN DEMIRCILER
VILLAGE (ARTVIN-BORGKA) ...ttt 84
URETEN TUKETICi OLARAK TARIM SEKTORUNDE ENERJIi KULLANIMI: ZORLUKLAR VE FIRSATLAR ......... 85
TARIMDA YENILENEBILIR ENERJI KULLANIMININ FINANSMANINDA KAMU KAYNAKLARININ ONEMI .. 100
ARMUTTA MEYVE KALITESTALGIS] ..ot 108
ORDU EKOLOJISINDE YETISTIRILEN ‘AKCAKOCA 77 VE ‘ISTANBUL STANDART MUSMULA GESITLERININ
POMOLOJIK OZELLIKLERI ... 117
DETERMINATION OF PYROLYSIS AND KINETIC PARAMETERS OF PALM SEED AND OLIVE SEED............ 127

ORTA GERILIM KABLO iZOLASYON MALZEMELERININ PERFORMANS FAKTORLERININ INCELENMESI . 142
IKLIM DEGISIKLIGININ METEOROLOJIK KURAKLIKLAR UZERINDEKI ETKILERININ ARASTIRILMASI:

YAMULA BARAJI HAVZAST ORNEGI ...t 144
USAGE OF LUCUMA POWDER AS SUGAR REPLACER IN REGULAR AND GLUTEN-FREE CAKES.............. 158
ISLETMELER IGIN KURYE VERIMLILIK SIMULASYONU ....ccoooiiiiiiiiciciccccse s 169
BANKA ATM SISTEMLERININ SIMULASYONU ......ocouiiiiiiiiiiicieeieseccs s 175



BURSA 4th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
January 24 - 26, 2025- BURSA
ISBN: 978-625-5962-21-8

TRANSFERRING THE HODGKIN-HUXLEY NEURON MODEL TO FPGA AND INVESTIGATION OF ITS

RESPONSE TO DIFFERENT EXCITING CURRENTS. ... oot eeeeeeees e eee e seeseeeseeseeeseeseeenees 183
HEALTH ANALYSIS USING FACE MAPPING METHOD WITH IMAGE PROCESSING TECHNIQUE ............. 197
DDAW UYGULAMASININ SEHIRICI TOPLU TASIMA ARACLARINA ENTEGRE EDILMES| VE CEVREYE
KAZANIMLARI ..ottt e e s et ee e e e e et e et ee e eeeeeees 212
ANALYSIS OF ENZYME SEQUENCES USING SPECTRAL CLUSTERING METHOD.......ccov.eververeeereerenns 226
A HYBRID PREDICTION SYSTEM USING FUZZY LOGIC AND SVM: ON QSAR DATA MODELLING............. 233
[ZMiR-BORNOVA ILCESINDE KAPALI ALANLARDA CALISANLARIN MARUZ KALDIGI RADYOAKTIF RADON
GAZI KONSANTRASYONLARININ OLCULMES .o 244
COK MAKINALI GUC SISTEMINDE SVC-POD’UN GECICi KARARLILIK DURUMUNDA OPTIMAL YERLESIM
YERININ BELIRLENIVIEST ..ottt eee et s e s oo 245
CBAG TABANLI RUZGAR TURBININDE FARKLI RUZGAR HIZI VE SERI KOMPANZASYON ORANLARINDA ALT
SENKRON REZONANS ANALIZI ..ot see e 258
DETERMINATION OF Ni2* IONS REMOVAL PERFORMANCE OF FUNCTIONALIZED COMPOSITE MATERIALS
CONTAINING ZNO NANOPARTICLE ..ot e et eeee e eeseee e 269
CHEMICAL PROFILE OF TUNCELI PULUMUR HONEY ... s 270
Ag/TiO2/GS/nSi SENSORUNUN FARKLI ALKOL BUHARILARINI ALGILAMA DAVRANIS! ... 271
BEHAVIOUR OF THE AG/Ti0,/GS/nSi SENSOR TO DETECT DIFFERENT ALCOHOL VAPOURS ............... 272
CFRP TAKVIYELI BETON KiRISLERDE KOMPOZIT-BETON ARAYUZ MEKANIGININ INCELENMESI............. 273
GALVANNEAL KAPLAMANIN DUAL FAZLI CELIKLERIN ASINMA OZELLIKLERINE ETKiSININ INCELENMESI
............................................................................................................................................................. 275
BALANCING EXPLORATION AND EXPLOITATION IN HYPERPARAMETER TUNING WITH HYBRID
OPTIMIZATION APPROACHES ... oottt e e e e ee e e e eeee oo 283
A NOVEL ROBUST ADAPTIVE LASSO ESTIMATOR: SIMULATION STUDIES AND PERFORMANCE
EVALUATION . ..ottt ettt e et e e ee e e 291
INTEGRATING CONDITION MONITORING AND DEEP LEARNING FOR DIESEL ENGINE FAULT
DIAGNOSTICS ¢ttt e e et et ee e e e s e s e et et ee e s e e et eee s e e e st ee e 298

SERT KROM KAPLANMIS 416 KALITE PASLANMAZ GELIKTE KAPLAMA PARAMETRELERININ ETKISI ..... 299
RELIABILITY ASSESSMENT OF DATA CENTERS USING LRU ALGORITHM AT EAST AFRICAN UNIVERSITY 300
INTEGRATING PROGRAMMING WITH GEOMETRIC CONCEPTS FOR IMPROVED LEARNING OUTCOMES

AN ADVANCED APPROACH FOR MODELING DEFORMABLE ELASTIC MEMBRANES IN FLUID
INTERACTIONS .ottt ettt et e e e e e e e 302

ANALYTICAL METHODS FOR COROTATIONAL MAXWELL FLUIDS IN MANUFACTURING PROCESSES .... 303
MODELLING STOCHASTIC PROCESSES IN POPULATION DYNAMICS WITH CATASTROPHIC EVENTS ..... 304
NUMERICAL SOLUTIONS TO DIFFUSION AND CAHN-HILLIARD EQUATIONS ON EVOLVING SPHERICAL

GEOMETRIES ...ttt ettt ettt e et e et ee e 305
OPTIMAL DESIGN FOR BLOCKED EXPERIMENTAL STUDIES: A STATISTICAL APPROACH.......ccocuviiiienen. 306
STABILITY ANALYSIS IN AN EXTENDED ENDOCRINE FEEDBACK SYSTEM MODEL........cccvvvvvieiiiininnee 307



BURSA 4th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
January 24 - 26, 2025- BURSA
ISBN: 978-625-5962-21-8

OPTIMIZING PERFORMANCE IN MARTIAL ARTS FOR ATHLETES WITH VISUAL IMPAIRMENTS: AN AHP

APPROACH ..ottt e 308
EFFECTS OF PHYSICAL ACTIVITY ON METABOLIC MARKERS IN HIGH-PERFORMANCE .............cccoocn 309
ENHANCEMENTS IN PERFORMANCE MODELS OF TURBOCHARGERS UNDER VARIABLE OPERATING
CONDITIONS e ettt ettt e e ettt e ettt e ettt e et e e e eee e 310
ADVANCEMENTS IN NUMERICAL METHODS FOR STUDYING MANDIBULAR DISORDERS: INNOVATIONS
AND APPLICATIONS ..ottt e e ettt e e e e et e e e e e e e 311

OPTIMIZING RISK PREDICTION USING NORMALIZED DATA IN LONG-TERM FINANCIAL MODELS........ 312
IMPROVING ACOUSTIC PERFORMANCE IN SPEAKER SYSTEMS THROUGH OPTIMIZED AIR VISCOSITY 313
TOPOLOGICAL FEATURES OF LP-SASAKIAN MANIFOLDS WITH CONSTANT CURVATURE ............ccce. 314
NOVEL APPROACHES TO SIMULATING REACTION-DIFFUSION DYNAMICS ON CURVED GEOMETRIES. 315

TREATMENT OF VACTERL ASSOCIATION WITH LYMPHOCYTE THERAPY IN PREGNANT WOMEN.......... 316
INTEGRATING HEALTHCARE WITH SMART IDENTITY CARDS: A FRAMEWORK FOR ADOPTION AND
PRIVACY oottt ettt ettt et ettt e e et e e st e et et e e ke e e bt e et e e e ba et e et e e ntbaeenae s 317
GENE SELECTION OPTIMIZATION IN LUNG AND OVARIAN CANCER USING STATISTICAL METHODS AND
ALGORITHIMS Lottt ettt ettt e ettt e et e e e s e et eeetb e e e tb e e tbeeesbseesabeeessseens 318
EFFECTS OF BLEEDING DURING EARLY PREGNANCY ON PERINATAL OUTCOMES: A COMPARATIVE STUDY
............................................................................................................................................................. 319
ELECTROCHEMICAL PERFORMANCE OF CARBON-COATED LiFePO4 AS CATHODE MATERIAL FOR
LITHIUM-TON BATTERIES .. ettt e e e e e e e e e e e e e e e e e e 320
Prof. Dr. Ming Liu, Dr. Yifan Wang, Assis. Prof. Dr. Xiang Zhang Department of Materials Science and
Engineering, Tsinghua University, Beijing, China.........cociiiiiii e 320
IMPROVEMENTS IN ELECTROCHEMICAL PERFORMANCE OF AL-DOPED LiNii/5C01/4Mn;/30, CATHODES
FOR HIGH-VOLTAGE LITHIUM-ION BATTERIES . ....oiieeeeeeeeeeeeee et 321
COMPARATIVE ANALYSIS OF VMAT AND IMRT FOR OPTIMIZED CANCER TREATMENT ....ooeviiiiiiiiinnnn. 322
UNDERSTANDING AUTISM IN THE MIDDLE EAST: CHALLENGES AND INTERVENTIONS ........coovvvinnnnnnn. 323
FABRICATION AND CHARACTERIZATION OF 3D SNO LEAFY NANOSTRUCTURES FOR LI-ION BATTERIES
............................................................................................................................................................. 324
PROPANE DEHYDROGENATION OVER PLATINUM-TIN CATALYSTS SUPPORTED ON MAGNESIUM
ALUMINATE WITH VARYING MG/AL RATIOS ... 325
VALIDATING IGG ELISA FOR DIET-RELATED ALLERGIES IN DOGS .....ovvvviviiiiiriiiiiiiiiiiiiiiiiiiiiieveiiiavsvevananns 326
GENETIC DIVERSITY OF OCT1 IN ZULU POPULATIONS: IMPLICATIONS FOR DRUG RESPONSE ............. 327
EFFECTIVENESS OF ANTIGRAVITY TRAINING IN REDUCING OBESITY IN CHILDREN .....oovviiiiiiiiiiene, 328
ENHANCEMENT OF PHOTOVOLTAIC OUTPUT PREDICTION USING ADVANCED SOLAR DATA
DECOMPOSITION IMETHODS. ... e e e e e e e e e e e e e e e e e e e e e e aaas 329
OPTIMIZATION OF ENERGY STORAGE IN SOLAR-INTEGRATED DISTRIBUTION NETWORKS.................. 330
TRANSFORMING LEBANON'S ENERGY LANDSCAPE THROUGH HYBRID MICROGRIDS ........cccoeevvvvnne. 331
SECURE ADS-B SYSTEMS USING HYBRID MODULATION TECHNIQUES ......ccoiiiiiieiiieeeeiee e, 332



BURSA 4th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
January 24 - 26, 2025- BURSA
ISBN: 978-625-5962-21-8

PERFORMANCE ANALYSIS OF AIR COOLING SYSTEMS WITH VARIABLE GENERATOR PRESSURE........... 333
IMPACT OF VARIABLE PRIMARY STREAM CONDITIONS ON THE PERFORMANCE OF EJECTOR COOLING

SY ST EIMIS e 334
TIME-DOMAIN ANALYSIS OF FLOATING WAVE ENERGY CONVERTER PERFORMANCE ............ccocveeneee. 335

EVALUATION OF A HIGH-VOLTAGE GAIN DC/DC CONVERTER FOR SOLAR ENERGY APPLICATIONS...... 336
ANALYSIS OF CHILDHOOD POISONING ADMISSIONS IN LIBYA: THREE-YEAR RETROSPECTIVE STUDY .. 337

EFFECTS OF PROLACTIN ALTERATIONS ON MALE REPRODUCTIVE FUNCTION IN WHITE RATS............ 338
IMPACT OF DEXAMETHASONE ON REPRODUCTIVE HEALTH IN JUVENILE RATS ... 339
INTEGRATED APPROACHES TO SMART MANUFACTURING AND MECHATRONICS DESIGN................... 340
ADVANCED SIMULATION TECHNIQUES FOR ELECTRIC SKID-STEERING VEHICLES......coccovviiiiiiiinnn, 341
ANALYSIS OF EXPANSION-INDUCED IRONING IN ADVANCED WELL CASING TECHNOLOGIES .............. 342
DEVELOPMENT OF INDOOR DRONE SYSTEMS FOR CREATIVE INDUSTRY INNOVATIONS ..........c.ccce 343
EMOTIONALLY INTELLIGENT ROBOTS FOR SOCIAL INTERACTION ....ooiiiiiiicecee e 344
ADVANCING EMOTION-SENSITIVE Al IN ROBOTIC SYSTEMS: A STUDY OF MULTIMODAL EMOTION
RECOGNITION APPROACHES ......ci ittt 345
IMPACT ASSESSMENT OF LEAN MANUFACTURING ON ORGANIZATIONAL SUCCESS: A STRUCTURAL
ANALYSIS FRAMEWORK ...ttt ettt e e e e e e e 346

DESIGN AND ANALYSIS OF A DUAL-ACTUATED MICROGRIPPER FOR BIOMEDICAL APPLICATIONS....... 347
ROBUST CONTROL STRATEGIES FOR 3-DOF HELICOPTER DYNAMICS USING LQR-PID TECHNIQUES ... 348
IMPROVING POWER QUALITY WITH ADAPTIVE FUZZY LOGIC-BASED PID CONTROL IN ACTIVE FILTERS

............................................................................................................................................................. 349
ADVANCED EYE-TRACKING SYSTEM FOR WHEELCHAIR NAVIGATION USING EOG SIGNALS ................ 350
DESIGN OF LOW-COST EMG SIGNAL AMPLIFIERS FOR WEARABLE TECHNOLOGIES ......ccvvviiniiiieane 351

LOAD FREQUENCY CONTROL OPTIMIZATION VIA GENETIC ALGORITHM APPROACHES .............ccc... 353
AERODYNAMIC ANALYSIS OF MORPHING STABILIZERS FOR EXECUTIVE AIRCRAFT ...ccoviiiiiiiiiecie, 354

iv|Page



BURSA 4th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
January 24 - 26, 2025- BURSA
ISBN: 978-625-5962-21-8

THE TRAJECTORY OF PARTICLES DEPENDS ON THE PLANES

Asst. Prof. Dr. CAGLA RAMIS iLGUZ
Nevsehir Hact Bektas Veli University, cramis@nevsehir.edu.tr - 0000-0002-2809-8324

ABSTRACT

Describing the trajectory of a particle refers to the path that a particle follows through space as
a function of time. It is mathematically denoted along the x-, y-, and z-axes but locally we may
use any orthonormal frames depending on the path. As the particle moves along the path,
realistic motion simulations can be interpreted according to where the position vector is located.
In this study, the position vector is handled in the main planes such as rectifying and then we
give a method to find the path under certain force fields where the particle’s velocity and

acceleration vectors are.

Keywords : Orthonormal frame, rectifying plane, rectifying curve.
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ON THE MODULATIONS OF OBJECTS’ MOVEMENT

Asst. Prof. Dr. CAGLA RAMIS iLGUZ
Nevsehir Hac1 Bektas Veli University, cramis@nevsehir.edu.tr - 0000-0002-2809-8324

ABSTRACT

Describing the movement of objects where the distances between any two points in the body
remain constant during motion is a fundamental concept in mechanics. This concept combines
aspects of translation, rotation, and a combination of both in various dimensions. Mathematical
versions of movements can be described using quaternion algebra, transformation matrices, or
differential equations, particularly when analyzing dynamics. In this study, transformation

matrices are modulated and applied to Newton's and Euler’s differential equations.

Keywords : Rotation minimizing, momentum, Newton-Euler formula.

2|Page



BURSA 4th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
January 24 - 26, 2025- BURSA
ISBN: 978-625-5962-21-8

A generalized critical estimate in chemotaxis systems

Ogr. Gor. Dr. Halil Ibrahim KURT
Artvin Coruh Universitesi
bayhalilkurt@artvin.edu.tr

ORCID ID: 0000-0002-9549-6445

OZET

Consider the following IVP problem with the smooth initial data and homegeneous Neumann
boundary condition, known as Keller-Segel type chemotaxis system,

(u, = Au—V- (x(uv)V) + f(u), x€Q,t>0,
T, = Av + g(u, v), x€ENt>D0,
1
a—uza—vzo, x €0Q,t>0, (1)
lav av
u(x,0) = ugy(x) x€ENt>0

where Q c R™ with n > 1 is a smooth bounded domain; y(u, v) is the chemotactic sensitivity
function; f(w) is the logistic growth source; and g(u, v) is the reaction function. The term
chemotaxis describes the directional movement of mobile cells or living species in response to
certain chemicals in their environments and has a significant role in a diverse range of biological
processes, such as population dynamics, tumor progression, immune responses, etc.

The fundamental problems in chemotaxis models consist of issues such as local existence,
uniqueness, finite time blow-up, global existence, boundedness, persistence, asymptotic
stability of classical solutions, etc. Over the years, these problems have been extensively
investigated for many variations of the chemotaxis models presented above. Within all of these
problems, the LP-boundedness of solutions is a key factor in studying the dynamical properties
of the system (1). In order to obtain the LP-boundedness of solutions, it is essential to establish
some relations between the terms u, v, Vu, Vv with the help of the second equation. Among
others, one of the most important estimates in the literature is obtained when the coefficient
T = 0 and the function g(u,v) = —v + u, that is,

|Vv|2P uP ok
— <M | —=+C | vk, ©)
a V QU 7P Q

for some positive constants M, C > 0.

In this study, we will provide some generalizations to the estimate (2) in the case of the
parameter T > 0 and an arbitrarly choosen function g(u, v).
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MAPLE'DA TUREVI ANLATAN DINAMIK OGRENME NESNESI VE
SIMULASYONU: MATEMATIKSEL KESIF VE OGRENME YOLCULUGU

Dynamic Learning Object and Simulation Explaining Derivatives in Maple: A
Mathematical Exploration and Learning Journey

Dr. Ogr. Uyesi Ali BABAPOUR GOLEZANI
Atatiirk Universitesi, alibabapur1983@gmail.com
ORCID: 0000-0001-5958-5056
Prof. Dr. Yasin SOYLU
Atatiirk Universitesi, yasinsoylu@gmail.com
ORCID: 0000-0002-2951-0069

OZET

Bu galigma, Maple yazilimi kullanilarak tiirev konusunun 6gretimi igin gelistirilen dinamik bir 6grenme
nesnesi ve simillasyonunun tanittimini1 amaglamaktadir. Gelistirilen 6grenme nesnesi, 6grencilere tlirev
kavramini etkilesimli bir sekilde kesfetme imkani1 sunmakta ve bu siiregte Maple’in giiglii matematiksel
hesaplama ve gorsellestirme olanaklarindan faydalanilmaktadir. Simiilasyon, tiirevin hem geometrik
hem de analitik yonlerinin anlasilmasini desteklemek {izere tasarlanmis olup, Ogrencilere tiirev
konusunda derinlemesine bir anlayis kazandirmay1 hedeflemektedir. Bu ¢alisma, matematik 6gretim
siireglerini zenginlestirmeyi ve Ogrencilerin tiirev gibi soyut kavramlari daha somut bir bigimde

kavramalarina yardimci olmay1 amaglamaktadir.

Anahtar Kelimeler: Maple Yazilimi, Tiirev, Dinamik Ogrenme Nesnesi, Simiilasyon, Matematiksel
Kesif

ABSTRACT

This study aims to introduce a dynamic learning object and simulation developed for teaching the
concept of derivatives using Maple software. The developed learning object provides students with the
opportunity to explore the concept of derivatives interactively, utilizing Maple's powerful mathematical
computation and visualization capabilities. The simulation is designed to support the understanding of
both the geometric and analytic aspects of derivatives, aiming to provide students with a deep
understanding of the concept. This study seeks to enrich mathematics teaching processes and help

students grasp abstract concepts such as derivatives in a more concrete way.
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Keywords: Maple Software, Derivative, Dynamic Learning Object, Simulation, Mathematical

Exploration

Giris

Matematiksel diisiinme, soyut kavramlarin somutlastirilmasi yoluyla gelisen ve 6grencilerin
problem ¢6zme becerilerini giiclendiren 6nemli bir siiregtir. Bu siirecte matematiksel
kavramlarin daha etkili bir sekilde dgretilebilmesi icin teknoloji tabanli araglarin kullanimi
giderek artmaktadir. Aydogdu, Ersen ve Tutak (2014), materyal destekli matematik
ogretiminin Ogrencilerin basarilari1 ve tutumlarin1 olumlu yodnde etkiledigini ortaya
koymustur. Ayni sekilde, Askar (2004), egitimde 6grenme nesnelerinin kullanimiyla ilgili yeni
bir paradigma olusturmus, bu araglarin 6grencilere soyut matematiksel kavramlar1 daha somut
ve etkilesimli bir bicimde sunma potansiyelini vurgulamigtir. Bu baglamda, 6zellikle tiirev gibi

karmagsik matematiksel kavramlarin 6gretiminde teknolojinin sagladigi avantajlar 6n plana

cikmaktadir.

Tiirev, Ozellikle analiz derslerinde O6grencilere soyut bir kavram olarak sunulmakta ve ¢ogu
Ogrenci i¢in anlasilmasi gii¢ bir konu olmaktadir. Cakiroglu, Baki ve Akkan (2012), dinamik
ogrenme nesnelerinin, 6grencilerin bu tiir soyut kavramlar1 daha iyi anlamalarin1 sagladigini
ve Ogrenme siireglerinde kavramsal bir derinlik kazandirdigini belirtmistir. Maple yazilimu,
matematiksel hesaplamalarin ve gorsellestirmenin giiciinden faydalanarak bu tiir zorluklarin
istesinden gelmeyi miimkiin kilmaktadir. Maple, 6grencilerin tiirev gibi konularda etkilesimli
ve gorsel deneyimler yasamalarma imkan tanirken, soyut matematiksel iliskileri

somutlastirarak anlamalarini kolaylastirmaktadir.

Maple yazilimi, matematiksel konular1 gorsellestirmek ve Ogrencilerin bu konularla ilgili
diisiinsel stireclerini desteklemek amaciyla gelistirilmis gilicli bir aractir. Baki (2002),
bilgisayar destekli matematik 6gretiminin 6grencilere sadece teknik beceriler kazandirmakla
kalmayip, ayn1 zamanda onlarin analitik ve elestirel diisiinme becerilerini de gelistirdigini
vurgulamaktadir. Ozellikle tiirev konusundaki uygulamalar, &grencilerin bu kavrami daha
derinlemesine kesfetmelerini saglar. Maple’in 3D simiilasyonlari, tiirev gibi kavramlari
ogrencilerin daha iyi anlamalarina olanak tanir ve konunun her bir agamasinin gorsel bir sekilde

sunulmasini saglar.

6|Page



BURSA 4th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
January 24 - 26, 2025- BURSA
ISBN: 978-625-5962-21-8

Dinamik geometri yazilimlari, geometri ve analiz gibi derslerde G6grencilere 6grenme
nesnelerini sunma konusunda etkili bir aragtir. Stewart (2011), tiirev gibi konularda etkilesimli
bir 6grenme ortami yaratmanin Ogrencilerin konuyu daha kolay kavramalarini sagladigini
belirtmistir. Maple yaziliminda tiirev konusunun 3D simiilasyonlari, 6grencilerin tlirev
kavraminit hem teorik hem de gorsel agidan anlamalarina yardimer olur. Bu simiilasyonlar,
ogrencilerin konuyu daha somut bir sekilde kesfetmelerini saglar, bu da onlarin kavramsal

anlama becerilerini giiclendirir.

Buteau ve Mgombelo (2012), 6grenme nesnelerinin matematik 6gretiminde kullaniminin,
ogrencilerin soyut kavramlari anlamalarint 6nemli Olglide artirdigini belirtmistir. Dinamik
O0grenme nesneleri, 6gretmenlere ve dgrencilere, kavramlari somutlastirarak 6grenmeyi daha
etkilesimli hale getirme firsat1 sunar. Bu tiir bir yaklasim, 6zellikle tiirev gibi soyut kavramlarin
ogretiminde 6nemli bir etkiye sahiptir. Maple’de olusturulan tiirev simiilasyonlar1, 6grencilerin

bu kavramlar1 daha az soyut, daha anlagilir bir bigcimde kesfetmelerine olanak saglar.

Cesitli egitim teknolojileri, 6grenme siireclerinde 6nemli degisiklikler yaratmaktadir. Bonaveri
ve arkadaslar1 (2015), teknoloji kullaniminin 6grenci basarisini artirmada biiylik bir rol
oynadigini ifade etmistir. Ozellikle animasyonlar ve simiilasyonlar, matematiksel kavramlarm
daha etkili bir sekilde anlagilmasini saglar. Maple yazilimi da tiirev gibi konular1 animasyon
ve simiilasyonlarla sunarak Ogrencilerin bu kavramlar1 daha iyi igsellestirmelerine olanak
tanimaktadir. Bu siire¢, ogrencilerin tiirevle ilgili kavramsal anlamalarimi artirarak, onlarin

matematiksel diigiinme becerilerini gelistirmelerine yardimct olur.

Ogrenme nesnelerinin egitimde kullaniminin matematiksel grenme iizerinde biiyiik bir etkisi
vardir. Aydogdu ve arkadaglar1 (2014) materyal destekli 6gretim ile 6grencilerin matematiksel
basarilarin1  artirdigim1  ortaya koymuslardir. Maple yaziliminda gelistirilen tiirev
simiilasyonlar1, 6grencilerin hem teorik hem de pratik diizeyde 6grenmelerine olanak tanir. Bu
simiilasyonlar, 6grencilere soyut matematiksel kavramlar1 daha somut bir bicimde sunarak,

ogrenme siireclerini daha verimli hale getirir.

Maple yaziliminin tiirev gibi konularda sagladig: gorsellestirmeler, 6grencilere sadece sayisal
sonuglar1 degil, aynt zamanda bu sonuglarin geometrik ve fonksiyonel anlamlarini da
kavratmaktadir. Kohen ve Nitzan-Tamar (2022), matematiksel modelleme ve problem ¢6zme

stireglerinde gorsellestirmenin 6grenci basarisin1 dnemli dlgiide artirdigini belirtmistir. Maple,
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ogrencilere tiirev konusunu hem geometrik hem de analitik diizeyde kesfetme firsati sunar, bu

da onlarin matematiksel diisiinme becerilerini gelistirmelerine yardimci olur.

Sonug olarak, Maple yazilimi ile tiirev gibi soyut matematiksel kavramlarin 6gretimi,
ogrencilere etkili ve etkilesimli bir 6grenme deneyimi sunmaktadir. Bu tiir dinamik 6grenme
nesneleri, Ogrencilerin tiirev kavramint daha iyi anlamalarina ve bu kavrami g¢esitli
perspektiflerden kesfetmelerine olanak tanir. Maple, egitimdeki teknolojik potansiyelini
kullanarak &grencilerin  matematiksel diisiinme becerilerini gelistirmekte ve Ogrenme
stireclerini daha verimli hale getirmektedir. Dinamik 6grenme nesneleri ve simiilasyonlar,
tiirev gibi matematiksel kavramlarin 6gretiminde gii¢lii bir aractir ve bu araglarin kullanimu,
ogrencilerin matematiksel kesif ve 6grenme yolculuklarinda dnemli bir adim atmalarini

saglamaktadir.
Amag

Bu ¢alismanin amaci, Maple yazilimi kullanilarak tiirev kavramini anlatan dinamik 6grenme
nesneleri (DMON) ve simiilasyonlarmin gelistirilmesi ve bu araclarin  matematik
ogretimindeki etkinliginin incelenmesidir. Matematiksel kavramlarin Ogretiminde, soyut
bilgilerin somutlagtirilmasi biiyiik bir 6nem tagimaktadir. Bu baglamda, tiirev gibi karmasik
matematiksel konularin, dinamik gorsellestirme ve etkilesimli 6grenme yontemleriyle daha
anlasilir hale getirilmesi hedeflenmektedir (Baki, 2002; Aydogdu, Ersen & Tutak, 2014).
Maple yaziliminin giiglii grafikleme ve hesaplama yetenekleri, tiirev konusunun
gorsellestirilmesine olanak taniyarak, dgrencilere kavramsal anlamalarini derinlestirecek bir
ogrenme deneyimi sunacaktir. Bu calisma, Maple yazilimi aracilifiyla tiirev 6gretiminde
dinamik 6grenme nesnelerinin kullanimini arastirarak, bu tiir teknolojilerin matematiksel kesif

ve 0grenmeye olan katkilarini incelemeyi amaglamaktadir (Buteau & Mgombelo, 2012).
Onem

Matematiksel kavramlarin 6gretiminde teknolojinin kullanimi, Ogrencilerin kavramsal
anlayislarmm gelistirme agisindan kritik bir rol oynamaktadir. Ozellikle tiirev gibi soyut ve
zorlayici konularda, dinamik 6grenme nesneleri ve simiilasyonlar, 6grencilere bu kavramlari
gorsel ve etkilesimli yollarla kesfetme imkéani sunarak, anlamalarini derinlestirmektedir
(Aydogdu, Ersen & Tutak, 2014). Baki (2002), bilgisayar destekli matematik gretiminin

ogrenenler iizerinde olumlu etkiler yaratacagini belirtmistir. Maple yazilimi, bu tiir teknolojik
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yaklagimlarla tiirev gibi soyut konulari somutlastirarak, dgrencilerin hem teorik hem de
uygulamali diizeyde bu kavramlar1 6grenmelerini saglar (Stewart, 2011). Ayrica, dinamik
geometri yazilimlar1 ve O6grenme nesneleri, 6grencilerin uzamsal diisiinme becerilerini

gelistirme konusunda 6nemli firsatlar sunmaktadir (Badeleh, 2017).

Bu caligma, tlirev Ogretiminde teknoloji kullaniminin 6grenme siirecine olan katkilarini
inceleyerek, matematiksel diisiinme becerilerini gelistirme siirecinde énemli bir adim atmay1
amaclamaktadir. Ayrica, bu tiir teknolojik yaklagimlar 6grencilerin 6grenme siireglerine daha
fazla katilim gostermelerini saglayarak, derslere olan ilgiyi artirmaktadir (Bonaveri et al.,
2015). Maple gibi yazilimlar, matematiksel kavramlarin gorsellestirilmesi ve daha somut hale
getirilmesi i¢in etkili araclar sunmaktadir. Bu calisma, dinamik 6grenme nesneleri ve
simiilasyonlarin, tiirev 6gretiminde etkili bir 6grenme deneyimi yaratma potansiyelini ortaya
koyarak, matematiksel 6gretimin gelecegine katkida bulunmayir amaglamaktadir (Kohen &

Nitzan-Tamar, 2022).
Bulgular

Bu calismada, Maple programi kullanilarak Dinamik Matematik Ogrenme Nesneleri'nin
(DMON) modellenmesi igin gereken komutlar aciklanmistir. Ayrica, Tiirev {initesini temsil
eden bir simiilasyonun adim adim nasil olusturulacag: ele alinmistir. Maple programinda,

ornek bir Tiirev uygulamasini gosteren bir 6grenme nesnesi olusturmanin asamalari su sekilde

Ozetlenebilir:

1. Adim: Maple'1 Basglatma ve Yeni Bir Caligma Sayfas1 A¢ma

Maple't agin ve yeni bir caligma sayfasi baglatin.

2. Adim: Gerekli Kiitliiphaneleri Yiikleme

Tiirev hesaplama ve grafikleri ¢izmek icin gerekli olan kiitiiphaneleri yiikleyin.

with(plots):

with(Student[Calculus1]):

3. Adim: Fonksiyonu Tanimlama

Oncelikle tiirevini alacaginiz bir fonksiyonu tanimlayin. Ornegin, f(x) = x2 + 3x + 2

fonksiyonunu kullanabilirsiniz.
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fi=x->x"2+3*x+2;

4. Adim: Fonksiyonun Grafigini Cizme

Tanimladigimiz fonksiyonun grafigini ¢izmek icin asagidaki komutu kullanin:
plot(f(x), X = -5..5, color = blue, title = "Fonksiyonun Grafigi", labels = ["x", "f(x)"]);
5. Adim: Tirevini Hesaplama

Fonksiyonun tiirevini hesaplamak i¢in diff komutunu kullanin:

f_prime := diff(f(x), x);

6. Adim: Tiirev Fonksiyonunu Tanimlama ve Cizme

Hesapladiginiz tiirev fonksiyonunu tanimlayin ve grafigini ¢izin:

f_prime_func := unapply(f_prime, x);

plot(f_prime_func(x), X = -5..5, color = red, title = "Tiirev Fonksiyonunun Grafigi", labels = ["x",

"f.(X)"]);
7. Adim: Tirev Kavramini Anlatma

Bir noktadaki tiirev, o noktadaki teget dogrusunun egimini ifade eder. Bunu gostermek i¢in

belirli bir noktadaki tiirev degerini hesaplayin ve bu noktadaki teget dogrusunu ¢izin.

a. Teget Noktasini Belirleme
Teget dogrusu gizilecegi noktayi belirleyin. Ornegin, x = 1 noktasini kullanabilirsiniz.

a:=1;

b. Teget Dogrusunu Hesaplama
Teget dogrusu icin gerekli olan egim ve y-kesim noktasini hesaplayin:

slope :=eval(f_prime, x = a);
y_intercept := eval(f(a) - slope*a);
tangent_line :=slope*x + y_intercept;

c¢. Fonksiyon ve Teget Dogrusunun Birlikte Grafigi
Fonksiyon ve teget dogrusunu ayni grafikte gosterin:

plot([f(x), tangent_line], x = -5..5, color = [blue, red], title = "Fonksiyon ve Teget Dogrusu", labels =
["x", "y"], legend = ["Fonksiyon", "Teget Dogrusu"]);
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8. Adim: Dinamik Teget Dogrusu Simiilasyonu

Teget dogrusunu dinamik hale getirmek i¢in bir animasyon olusturun. Bunun igin animate

fonksiyonunu kullanabilirsiniz:

animate(
plot,
[f(x), x = -5..5, color = blue],
X =-5..5,
frames = 100,
title = "Dinamik Teget Dogrusu",
labels = ["x", "y"]
);
Bu adimlan takip ederek, Maple'da tiirev kavramini anlatan bir simiilasyon olusturabilirsiniz. Bu

simiilasyon, bir fonksiyonun tiirevini hesaplama, tiirev fonksiyonunu c¢izme ve teget dogrularini

gorsellestirme gibi konulari kapsar.

Srmxr 32+ 3x42

Fonksiyonun GrafiZi
90+ 30

801
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slope =9
Vv_intercept == —1

tangent_line == 9x — 1
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> with(plots) :

with(Student| Calculus1)) :

fi=x=3x"2+3*x+2:

plot(f(x).x=—5..5,color= blue,title="Fonksiyonun Grafigi". labels=["x"."f(x)"]):

[ prime == diff (f(x).x):

[ prime_func := unapply( f prime.x):
plot(f prime_func(x).x=—5 ..5. color=red.title = "Tiirev Fonksiyonunun Grafigi", labels=["x","f(x)"]):

a:=1:

slope := eval( f prime.x=a):
y_intercept := eval( f(a) — slope*a):
tangent_line := slope*x + y_intercept:

plot([ f(x).tangent_line].x= —5..5,color= | blue.red]. title="Fonksiyon ve Teget Dogrusu". labels=["x","y"],legend= [ "Fonksiyon", "Teget Dogrusu"]):
animate(

plot.

[f(x).x=—5.5.color=blue].

x=—5.5,

Sframes=100,

title="Dinamik Teget Dogrusu",

labels=["x"."y"]

¥

Sonuc¢

Bu calisma, Maple yazilimi kullanilarak tiirev konusunun 6gretiminde dinamik O6grenme
nesnelerinin (DMON) ve simiilasyonlarin etkinligini incelemistir. Elde edilen bulgular,
teknoloji destekli 6gretim yontemlerinin, 6zellikle tiirev gibi soyut kavramlarin 6grenilmesinde
ogrencilerin anlamalarim1  derinlestirdigini ve oOgrenme siireglerini  zenginlestirdigini
gostermektedir. Maple yaziliminin giiglii grafik ve hesaplama 6zellikleri, tiirev kavraminin
gorsellestirilmesini miimkiin kilarak, 6grencilerin bu kavrami daha somut bir sekilde

anlamalarina yardimei olmustur (Baki, 2002; Memisoglu, 2005).
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Dinamik 6grenme nesneleri, tiirev konusunun hem teorik hem de uygulamali yonlerinin etkili
bir sekilde 6grenilmesini saglamistir. Ogrenciler, etkilesimli simiilasyonlar sayesinde tiirev
hesaplamalarini daha kolay bir sekilde kavramis ve matematiksel diisiinme becerilerini
gelistirmistir. Bu durum, teknoloji destekli 6gretimin geleneksel yontemlere gore daha etkili
bir dgrenme yolu sundugunu ortaya koymaktadir (Oztiirk, 2011; Thomas, Weir & Hass, 2018).
Sonu¢ olarak, tirev Ogretiminde kullanilan dinamik 6grenme nesnelerinin  ve
simiilasyonlarinin, 6grencilerin akademik basarilar1 iizerinde olumlu bir etki yarattigi ve
matematiksel kavramlari daha derinlemesine anlamalarina olanak sagladigi sonucuna
varilmaktadir. Bu ¢aligma, matematiksel ogretim siireglerinde teknoloji kullaniminin
potansiyelini ortaya koyarak, gelecekteki egitim uygulamalarina katki saglamaktadir (Dur,
2016; Ekmez, 2016).
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OZET

Bu calisma, Maple yazilimi kullanilarak bir ¢emberin {i¢ boyutlu simiilasyonunu olusturmay1 ve bu
simiilasyon araciligiyla ¢emberin geometrik 6zelliklerini goérsel olarak incelemeyi amaglamaktadir.
Calisma, kullanicilarin cemberin temel 6zelliklerini etkilesimli bir sekilde kesfetmelerini saglayarak,
soyut matematiksel kavramlarin somutlastirilmasina yardimci olmaktadir. Maple’in giiglii grafikleme
ve hesaplama yetenekleri sayesinde c¢emberin 3D goriintiisii olusturulmus ve farkli acilardan
incelenmesi miimkiin kilinmistir. Bu sayede, matematiksel gorsellestirmeler yoluyla 6grenme deneyimi
zenginlestirilmis, 6grencilerin geometrik kavramlart daha iyi anlamalar1 ve matematiksel diisiinme

becerilerini gelistirmeleri hedeflenmistir.

Anahtar Kelimeler: Maple Yazilimi, Cember, 3D Simiilasyon, Geometrik Kesif, Gorsel Analiz

ABSTRACT

This study aims to create a three-dimensional simulation of a circle using Maple software and visually
explore the geometric properties of the circle through this simulation. The study allows users to
interactively discover the basic properties of the circle, thereby helping to concretize abstract
mathematical concepts. Thanks to Maple’s powerful graphing and computational capabilities, a 3D
representation of the circle is generated, and it can be examined from different angles. In this way, the
learning experience is enriched through mathematical visualizations, with the goal of enhancing

students' understanding of geometric concepts and improving their mathematical thinking skills.

Keywords: Maple Software, Circle, 3D Simulation, Geometric Exploration, Visual Analysis
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Giris

Matematik, soyut kavramlarin somutlastirilmas1 ve gercek diinyadaki problemleri ¢ozme
yeteneginin gelistirilmesi acisindan Onemli bir disiplindir. Giiniimiizde teknolojinin
ilerlemesiyle birlikte, matematik egitiminde bilgisayar destekli dgretim (BDO) ydntemleri
ogrencilerin kavramsal anlamalarin1 derinlestirme ve 6grenmeyi daha etkilesimli hale getirme
potansiyeline sahiptir (Bayturan, 2011). Bu kapsamda, ¢esitli yazilimlar matematik egitiminde
kullanilarak soyut kavramlarin gorsellestirilmesi ve anlasilabilir hale getirilmesi
saglanmaktadir. Maple, bu amaca hizmet eden etkili matematik yazilimlarindan biridir ve hem

ogrenciler hem de 6gretmenler i¢in ¢cok yonlii bir ara¢ sunar (Dost, 2009; Celik, 2014).

Geometri, matematik egitiminde soyut diisiinme becerilerinin gelistirilmesinde temel bir rol
oynamaktadir. Ozellikle gember gibi temel geometrik kavramlarm anlasilmasi, dgrencilerin
matematiksel diisiinme becerilerini gelistirmeleri agisindan kritik bir 6neme sahiptir (Ekmez,
2016). Dinamik geometri yazilimlarinin 3D simiilasyonlar iiretme kapasitesi, bu tiir
kavramlarin 6grencilere daha somut ve etkilesimli bir bigimde sunulmasina olanak tanimakta
ve bdylece dgrenme siirecini daha verimli hale getirmektedir (Dur, 2016; Ozgakir, 2013). Bu
yazilimlar, soyut matematiksel kavramlarin somutlastirilmasimni saglayarak oOgrencilerin
geometrik  diislinme  becerilerini  giiclendirmekte = ve  6grenme  deneyimlerini

zenginlestirmektedir.

3D simiilasyonlar, 6grencilerin uzamsal diislinme becerilerini gelistirmelerine ve geometrik
kavramlarin daha anlasilir hale gelmesine olanak tantyan 6nemli bir potansiyele sahiptir (Uzun,
2013). Ayrica, bu tiir teknolojik yaklagimlar, 6grencilerin derslere olan ilgisini artirarak
ogrenme deneyimlerini daha etkilesimli ve zengin bir hale getirmektedir (Ersoy, 2003). Bu
teknoloji, dgrencilerin soyut matematiksel kavramlar1 somutlagtirmalaria yardimci olarak

ogrenme siireclerini daha etkili ve verimli bir sekilde desteklemektedir.

Matematik Ogretiminde kullanilan teknolojilerin basariya olan etkisi uzun yillardir
aragtirllmaktadir. Memisoglu (2005), bilisim teknolojilerinin matematik derslerinde
kullanimiyla dgrencilerin basarilarinin ve tutumlarinin olumlu yonde degistigini belirtmistir.
Oztiirk (2011) ise bilgisayar destekli dgretim ydntemleriyle hazirlanan animasyonlarin,
ogrencilerin 6grenme siirecine katki sagladigini vurgulamaktadir. Bunun yaninda, Thomas,
Weir ve Hass (2018) gibi kaynaklar, matematiksel gorsellestirmenin 6grenme siirecindeki

onemini kiiresel bir perspektiften ele almistir.
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Bu baglamda, ¢emberin geometrik 6zelliklerinin gorsellestirilmesi ve analizi, analitik diistinme
ve problem ¢O6zme becerilerinin gelistirilmesi i¢in onemli bir olanak sunar. Maple'da
gelistirilen 3D simiilasyonlar, 6grencilere sadece iki boyutlu ¢izimler sunmakla kalmaz, ayni
zamanda ¢emberin uzamsal baglamda nasil isledigini de anlamalarina yardimci olur (Thomas,

Weir ve Hass, 2018).

Bu calisma, Maple platformunun bu potansiyelini ortaya koyarak matematiksel kesif ve gorsel
analizin nasil gelistirilebilecegini  gostermeyi hedeflemektedir. Ayrica, Hacettepe
Universitesi'nde yapilan arastirmalar (Dost, 2009) ve dinamik geometri yazilimlarmin 6grenme
stireclerine etkisi tizerine yapilan diger ¢alismalar (Ekmez, 2016) bu tiir araglarin egitimdeki

Onemine isaret etmektedir.

Sonug olarak, Maple yazilimi ile yapilan ¢gemberin 3 boyutlu grafik simiilasyonu, matematik
egitiminde ve arastirmalarinda 6nemli bir yenilik¢i yaklasim olarak degerlendirilebilir. Bu tiir
simiilasyonlar, 6grencilerin ve arastirmacilarin matematiksel kavramlari daha iyi anlamalarina
ve uygulamalarina yardimci olur. Bu ¢alismanin bulgulari, matematik egitimine ve
aragtirmalarina yeni bir perspektif kazandirarak, bu alanlardaki ¢alismalar1 daha etkili hale

getirebilir.

Amacg

Bu ¢alismanin amaci, matematik egitiminde soyut kavramlarin somutlagtirilmasini saglamak
amacityla Maple yazilimi kullanilarak ¢ember kavrammin 3D  simiilasyonunu
gerceklestirmektir. Bu simiilasyonun, 6grencilerin geometrik kavramlari daha iy1 anlamalarina,
uzamsal diisiinme becerilerini  gelistirmelerine ve analitik diisiinme yeteneklerini
giiclendirmelerine nasil katki sagladigini incelemektir. Ayrica, bu ¢aligma, bilgisayar destekli
Ogretim yontemlerinin matematiksel kesif, gorsellestirme ve problem ¢ézme becerilerini nasil
giiclendirdigini ve oOgrencilerin derslere olan ilgilerini nasil artirabilecegini arastirmay1

amaglamaktadir.

Onem

Bu calismanin 6nemi, matematik egitiminde soyut kavramlarin daha somut ve anlasilir hale
getirilmesinde teknolojinin etkisini vurgulamasidir. Matematiksel kavramlar, o6zellikle
geometri gibi soyut alanlarda, Ogrencilerin zihinsel haritalarin1  sekillendirmekte

zorlanabilecekleri konular arasinda yer alir. Maple yazilimu ile gelistirilen 3D simiilasyonlar,
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bu soyut kavramlar1 gorsellestirerek Ogrencilerin konuya dair derinlemesine bir anlayis
geligtirmelerini saglar. Ayrica, bu tiir teknolojik araglar, 6grencilerin uzamsal diisiinme
becerilerini giiclendirir ve problem ¢dzme siireclerinde daha etkin olmalarina yardimci olur.
Bilgisayar destekli 6gretim yontemleri, 6grencilere daha etkilesimli ve ilgi ¢ekici bir 6grenme
deneyimi sunarak, matematik derslerine olan ilgiyi artirir. Bu ¢alisma, egitimde kullanilan
teknolojilerin  potansiyelini  ortaya koyarak, geleneksel Ogretim  yOntemleriyle
karsilagtirildiginda daha etkili bir 6grenme siireci sunmay1 amaglamaktadir (Dost, 2009; Dur,

2016; Celik, 2014; Ersoy, 2003; Ozcakir, 2013;Thomas, Weir ve Hass, 2018; Uzun, 2013).

Bulgular

Bu c¢alismada, Maple yazilimi kullanilarak Dinamik Matematiksel Ogrenme Nesneleri
(DMON) gelistirilmis ve bu siirecte kullanilan komutlar ayrintili bir sekilde sunulmustur.
Ayrica, matematiksel temellerden biri olan Cemberin 3D Simiilasyonu ile ilgili bir simiilasyon
tasarlanmig ve bu simiilasyonun olusturulma siireci adim adim acgiklanmistir. Maple
programinda, 6rnek bir Cemberin 3D Simiilasyonu ve Ogrenme nesnesinin olusturulma
adimlar asagida aciklanmaktadir.

Adim 1: Maple'r A¢in ve Yeni Bir Calisma Sayfasi Olusturun

Adim 2: Cemberin Denklemini ve Parametrik Temsilini Tanimlayin

Cemberin standart denklemi (x—h)*+(y—k)?=r? seklindedir. Bu denklemi kullanarak ¢emberin
merkezini ve yarigapini tanimlayacagiz. Daha sonra parametrik olarak ¢gemberi tanimlayacagiz.
restart;

with(plots):

Adim 3: Cemberin Parametrik Temsilini Tanimlayin

Cemberi parametrik olarak x(t)=h+rcos(t) ve y(t)=k+rsin(t) seklinde tanimlayabiliriz. Burada
h ve k ¢emberin merkezinin koordinatlari, r ise yarigapidir.

h :=0: # Cemberin merkezinin x koordinati

k :=0: # Cemberin merkezinin y koordinati

r:=3: # Cemberin yarigapi

X:=t->h+r*cos(t):
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y:=t->Kk+r*sin(t):
Adim 4: 3D Grafik Olusturun
Cemberi 3D olarak gostermek i¢in z eksenini de ekleyerek parametrik denklemleri

kullanacagiz. Bu, ¢cemberi x-y diizleminde bir 3D grafikte géstermemizi saglayacak.

circle := plot3d(
[x(®), y(®), 01,
t=0.. 2*Pi,
color = blue,
thickness = 2,
labels = ["x", "y", "z"],
title = "3D Cember",
axes = boxed,
orientation = [30, 75]
):
center := pointplot3d([h, k, 0], symbol = solidcircle, symbolsize = 10, color = red):
display([circle, center],
labels = ["x", "y", "z"],
title = "3D Cember ve Merkezi",
axes = boxed,
orientation = [30, 75]);

Bu kodu ¢alistirarak, Maple'da gemberin 3D simiilasyonunu olusturabilirsiniz. Bu simiilasyon,

cemberin geometrik 6zelliklerini ve parametrik temsilini anlamaniza yardimci olacaktir.
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% Start.mw X | % =Untitled (2)

Nonexecutable Math ‘ C 2D Input w | Times New Roman -2~ BI U Eg:: g

> restart:
with(plots) :

h:= 0: # Cemberin merkezinin x koordinati
k= 0: # Cemberin merkezinin y koordinati
»:= 3 : # Cemberin yarigapi

[

x:=t—h+ r*cos(z):
y:=t—k+ r*sin(z) :
circle := plot3d(
[x(2).»(2).0].
t=0..2*%Pi.
color=blue.
thickness=2.
labels=["x"."y"."z"],
title="3D Cember",
axes=boxed.
orientation=[30.75]

)i

center ‘= pointplot3d([ h.k.0].symbol = solidcircle, symbolsize= 10, color =red) :

display([circle.center].
labels=["x"."y"."z"],
title="3D Cember ve Merkezi",
axes = boxed.
orientation=30.75]
)
restart:
with(plots) :

h:= 0: # Cemberin merkezinin x koordinan
k= 0: # Cemberin merkezinin y koordinati
r:= 3 : # Cemberin yarigapi

c:=1t—h+ r*cos(t) :
pi=t—k+ r¥*sin(z) :

-

-
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Sonuc¢

Bu calismada matematiksel kavramlarin daha derinlemesine anlagilmasini saglamak igin
Maple yazilimi kullanilarak ¢cemberin standart denklemi ve parametrik temsili {izerinde
calisilmistir. Cemberin standart denklemi, merkezi (h,k) ve yaricapi r olan bir ¢emberi
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tanimlayarak, ¢emberin geometrik Ozelliklerini matematiksel olarak ifade etmektedir. Bu
denklem, ¢emberin tiim noktalarinin merkezi ile olan uzakliklarinin sabit oldugunu
gostermektedir. Ayrica, cemberin parametrik temsili, a¢1 6 parametresi ile gember tizerindeki
noktalarin konumlarini belirleyerek, cemberin dinamik ve gorsel bir sekilde analiz edilmesine

olanak tanimaktadir.

Maple yazilimi kullanarak olusturulan bu dinamik matematiksel Ogrenme nesneleri,
ogrencilerin matematiksel kavramlar1 gorsellestirerek, daha somut bir sekilde anlamalarina
yardimci olmaktadir. Calisma, ¢emberin hem analitik hem de parametrik temsillerini sunarak,
ogrencilerin geometri ve trigonometri derslerindeki soyut kavramlari somutlagtirmalarina katki
saglamaktadir. Ayrica, bu tiir teknolojik araclarin kullanimi, 6grencilerin matematiksel
diisiinme becerilerini gelistirmelerine ve derse olan ilgilerini artirmalarina olanak tanimaktadir.
Bu baglamda, Maple yazilimimin matematik egitimindeki potansiyeli, 6grencilerin problem
¢ozme, analitik diisiinme ve uzamsal diistinme yeteneklerini destekleyen 6nemli bir arag olarak

karsimiza ¢ikmaktadir.
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OZET

Arf sayisal yarigruplari ile ilgili caligmalar ilk 6nce Cahit Arf tarafindan 1949°da baslamstir.
Pedro Garcia Sanchez ve Halil Ibrahim Karakas gibi birkac giiniimiiz matematikgileri de Arf
sayisal yarigruplar iizerinde ¢alismalar yapmistir. Bu calisma bir Arf sayisal yarigrubunun
RF(satirca indirgenmis)-bagintilarinin bulunabilmesi amaciyla diizenlenmistir. Arf sayisal
yarigruplari maksimal gémme boyutuna sahiptir. Maksimal gdmme boyutuna sahip olmak
iretecteki en kiiciik eleman ile tiretecteki eleman sayisinin esit oldugu anlamma gelir. Arf
say1sal yarigrubunun iireteg sistemi Apery kiimesi ile elde edilmistir. Iletkeni ve katlilig1 bilinen
Arf sayisal yarigrubunun nasil yazilabilecegi verilmistir. Sozde Frobenius kiimesinin
elemanlar1 kullanilarak RF(satirca indirgenmis)-matrisinin nasil elde edilebilecegi
aciklanmistir. Arastirmada Arf sayisal yarigruplarinin RF(satirca indirgenmis)-matrisleri satir
vektorlerine ayrilmigtir. Bu satir vektorleri kullanilarak Arf sayisal yarigruplarinin RF(satirca
indirgenmis)-bagintilarinin  nasil bulundugu agiklanmistir. Bir Arf sayisal yarigrubun
RF(satirca indirgenmis)-bagintilar metodu kullanilarak,bu Arf sayisal yarigrubunun idealleri
bulunmustur.

Anahtar Kelimeler : Arf sayisal yarigruplar, katlilik, RF-matrisleri,S6zde Frobenius kiimesi
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SOME MEIR-KEELER TYPE FIXED-DISC RESULTS ON S-METRIC SPACES
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ABSTRACT

Fixed-point theory has been extensively studied using different approaches in these years. In
general, metric fixed-point theory is investigated under three technigues. One of them is to
generalize the used contractive condition. For example, the notion of Meir-Keeler type
contractive condition is a generalized contractive condition. Second technique is to generalize
the used metric spaces. For example, the concept of an S-metric space is one of the generalized
metric spaces. Last technique is the fixed-circle problem (or fixed-disc problem) as a geometric
approach. From the above generalizations, in this study, we obtain new Meir-Keeler type fixed-
disc results on S-metric spaces with necessary examples.

Keywords : S-metric space, fixed-disc theorem, Meir-Keeler type contraction.

1. INTRODUCTION

Fixed point theory has been a central topic in mathematical analysis for decades, with wide-ranging
applications in diverse fields such as topology, functional analysis, economics, and more. A fixed point
of a mapping is a point that is mapped to itself, and such points often reveal deep structural properties
of the underlying space. The study of fixed points dates back to the seminal works of Brouwer,
Kakutani, and others, and over time, the theory has expanded to various generalizations and new

frameworks.

In recent years, considerable attention has been paid to the extension of fixed point theorems to more
generalized settings. For instance, Sedghi, Shobe, and Aliouche (2012) introduced a generalization of
fixed point theorems in S -metric spaces, a refinement of traditional metric spaces. Their work
expanded the applicability of fixed point results by considering a broader class of spaces that exhibit a
more flexible structure. The significance of their contribution lies in the fact that S -metric spaces allow
for more nuanced behavior, thereby enabling the discovery of new fixed point results that are not

accessible through conventional metric spaces.
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Additionally, Ozgiir and Tas (2019) focused on the concept of fixed-circle theorems within
metric spaces. Their research highlights the importance of studying fixed points when the
number of fixed points is more than one. Fixed-circle theorems contribute not only to theoretical
mathematics but also to applications in applicable areas like activation functions.

The continued exploration and generalization of fixed point theorems is vital for advancing
both the theory and its applications. By considering new classes of spaces and additional
structural assumptions, researchers can uncover deeper insights into the dynamics of
mathematical systems. The results presented by Sedghi et al. and Ozgiir and Tas represent
significant steps in this direction, broadening our understanding of fixed points and their
potential for solving complex problems in both mathematics and applied disciplines.

2. PRELIMINARIES

In this section, we recall some necessary concepts related to S -metric spaces as follows:

Definition 2.1. [1] Let X be a nonempty set and the mapping S: X x X x X —[0,) satisfies
the following conditions:

(S;) S(x,v,2)=0=x=y=z forall x,y,ze X,
(S,) S(XY.2)<S(x,xt)+S(y,y,t)+S(z,zt) forall x,y,z,te X.
Then S is called an S-metric and the pair (X,S) is called an S-metric space.

Lemma 2.2. [1] Let (X,S) be an S-metric space and X,y € X . Then we have

S(x,%Yy)=S(y,y,X).

Definition 2.3. [2,3] Let (X,d) be a metric space. Then the function S, : X x X x X —[0,)
defined by

Sq(xy,z)=d(x,z)+d(y,z),

forall x,y,ze X isan S-metricon X . The S-metric S, is called the S-metric generated by d

In the literatiire, there exist some examples of an S -metric which is not generated by any metric
d . For example, let X be the set of real numbers and the function S: X x X x X —[0,) be

defined as
S(xy,z)=|x—z|+|x+z-2y],

forall x,y,z e X [3]. Then the function S isan S -metric and it is not generated by any metric.
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Definition 2.4. [4] Let (X S) be an S-metric space. A circle C is defined by

Cor={xeX:S(x,x,%)=r},
with the center X, and the radius r.

Definition 2.5. [4] Let (X,S) be an S-metric space, C; , be acircleand T:X — X be a
self-mapping. If Tx=x forall xe C . then the circle CS is called a fixed circle of T .

r

Definition 2.6. [1,5] Let (X,S) be an S-metric space. A disc D; | is defined by

Dy, ={xeX:S(x,x,%)<r},
with the center x, and the radius r.

Definition 2.7. [5] Let (X,S) be an S-metric space, D; , beadiscand T:X — X be aself-

mapping. If Tx=x forall xe D . then the disc DS is called a fixed disc of T .

,r

3. MAIN RESULTS

Let the number o be defined as

=inf {S(Tx,Tx,X):Tx = x,x e X | (3.1)
and the function x: X — [O,oo) be defined as
1(x)=S(Tx,Tx, x) (3.2)
forall xe X .

Theorem 3.1. Let (X,S) bean S -metric space, T: X — X be a self-mapping, p be defined
asin (3.1) and u be defined as in (3.2). If there exists x, € X such that
(1) S(Tx,Tx, %)< p and 0< u(x)<1 forall xeC;

Xg.p0 !

(2) Forall xe X,
p(X)>0=> p(X) <[ (X)= (%) Mg (X, %) .
where
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S(x,%Y),as(Tx,Tx,x)+(1-a)S(Ty,Ty,y),

s L Y) = e ,0<a<l,
s(9) (1-a)S(Tx,Tx,x)+aS(Ty,Ty,y), S(Ty.Ty.x) er S(Tx.Tx,y)

then Tx, = x, and the circle Cfo’p is a fixed circle of T .
Proof. Let p=0. Then we get
Con =%}

We suppose z(%,)>0. By (2), we have

(%) =S (T T, X0 ) < [ 22(X) = 2(X5) Mg (X5, X
a contradiction. It should be

H(%)=0,

that is, Tx, = X,.

Let p>0 and xeC; .Weassume x(x)>0.By (1)and (2), we obtain

(%) =S (Tx, T, ) <[ (%)= (%) ] ms (

(X,X,%,),aS (Tx,TX, x) (1 a)S (Txy, Ty, %y ),
S (Tx,Tx, x) max{ S (T, T, X) + S (TX, TX, X, )
2
{ p+S(Tx,Tx,xO)}
2

S(TX, T, X)+aS (TX,, Ty, X, )

=S (Tx,Tx,x)max1 p,aS (Tx,Tx,x),(1-a)S (Tx,Tx, x),

(3.3)

)
< S(Tx,Tx,X) max{p,aS (Tx,Tx,x),(1-a)S (Tx,Tx, x)}

Case 1: Let A= p. By (3.3) and (1), we get
S(Tx,Tx,x) < S(Tx,Tx, X) p <[ S (T, Tx, x)]2 ,

a contradiction.

Case 2: Let A=aS(Tx, Tx, x). By (3.3) and (1), we get
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S(TX,Tx,x) < S(Tx,Tx, x).aS (Tx, Tx, X) = a[S (Tx,Tx, x)]2 ,
a contradiction.

Case 3: Let A=(1-a)S(Tx,Tx,x). By (3.3) and (1), we get

S(Tx, Tx,x) < S(Tx, Tx,x)(1-a)S (Tx,Tx,x) =(1- a)[S (Tx, T, x)]2 ,

a contradiction.

From the above cases, it should be Tx=x and so C; _ isa fixed circle of T . o

Corollary 3.1. Let (X,S) bean S -metric space, T : X — X be a self-mapping, o be defined
asin (3.1) and u be defined as in (3.2). If there exists x, € X such that

(1) S(Tx,TX,%,)< p and 0< u(x)<1 forall xe D;

X0 ?
(2) Forall xe X,

1(x)>0=> p(x [ﬂ (Xo)]mS(X’XO)’
then Tx, = x, and the disc Dfo'p is a fixed disc of T .
Remark 3.1. (i) Theorem 3.1 generalizes Theorem 2.3 proved in [6].
(i) Corollary 3.1 generalizes Corollary 2.2 given in [6].

Example 3.1. Let X be the set of real numbers and the function S: X x X xX —[0,%) be
defined as

S(xy,2)=|x—z|+|y-7|,

for all x,y,ze X [1]. Then (X,S) iIs an S -metric space. Let us define a self-mapping
T:X>X as

2 X=3
Tx = o,
X , otherwise

forall xe X . Then, we get

p=inf{S(Tx,Tx,x):x=3}=2
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and so T satisfies the conditions of Theorem 3.1 (resp. Corollary 3.1) with x,=0.
Consequently, T fixes the circle C;, ={-1,1} and the disc D;, =[-1.1].

Definition 3.1. [7] Let X be the set of all real numbers and Y be the family of all functions
F:(0,00) > X such that

(F1) F is strictly increasing,

(F2) For each sequence {x,} in (0,c0) the following holds

limx,=0< limF (x,)= -,

n—o n—oo

(F3) There exists k «(0,1) such that lim x“F (x)=0.

x—>0"

Theorem 3.2. Let (X,S) bean S -metric space, T: X — X be aself-mapping, p be defined
asin (3.1) and u be defined as in (3.2). If there exist x, € X, >0 and F € Y such that
(1) S(Tx,Tx,%, )< p and 0< u(x)<1 forall xeC;

X.p !

(2) Forall xe X,
#(x)>0=7+F(u(x))< F([ﬂ(x)_ﬂ(XO)]mS(X’Xo))’
then Tx, = x, and the circle Cfo,p is a fixed circle of T .

Proof. Let p=0. Then we get

sto,p = {XO}

and by (2), we have Tx, =x,. Let p>0 and xe Cfoyp such that Tx = x. By (1), (2) and the
property of F , we get
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T+ F (u(x))=7+F(S(TTxX)) < F ([2(X) = 2(%) Jms (x. %))

S(X, X, %),aS (TX, TX, X)+(1-a) S (Txy, TXy, X, ).
=F| S(Tx,Tx,x)max+ (1-a)S (Tx,Tx,x)+aS (Tx;, Xy, X, ).
S (X, T, X) + S (TX, TX, X, )

2

-F S(Tx,Tx,x)max{p,as(Tx,Tx,x),(l—a)S(Tx,Tx,x),p+S(T;(’TX'X°)}] (3.4)

<F(S(Tx,Tx,x)max{p,as (Tx,Tx, x),(1-a)$ (Tx,Tx, x)})

F (S (T, TX, x).A)

Case 1: Let A= p.By (3.4), we have

£+ F(S(TxTx X)) < F (08 (T Tx, %)) < F ([ (Tx Tx ) ]),

a contradiction.

Case 2: Let A=aS(Tx,Tx, x). By (3.4), we get

£+ F(S(Tx T X)) < F (S (T, Tx,x)as (T Tx,x) < F([8 (T Tx,x) T,

a contradiction.

Case 3: Let A=(1-a)S(Tx,Tx,x). By (3.4), we have

£+ F(S(Tx T X)) < F (S (T, Tx,x)(1-2)8 (Tx,Tx,x)) < F ([ (Tx, Tx,x) ),

a contradiction.

From the above cases, it should be Tx=x and so C; , is a fixed circle of T . o

Corollary 3.2. Let (X,S) be an S -metric space, T : X — X be a self-mapping, p be defined
asin (3.1) and x be defined as in (3.2). If there exist x, € X, >0 and F € Y such that

(1) S(Tx,Tx,%,) < p and 0< u(x)<1 forall xe D, ,,

(2) Forall xe X ,
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#(x)>0=7+F(u(x))< F([ﬂ(x)_ﬂ(XO)]mS(X’Xo))’
then Tx, = X, and the disc D;  is a fixed disc of T .

Remark 3.2. (i) Theorem 3.2 generalizes Theorem 2.4 proved in [6].
(i) Corollary 3.2 generalizes Corollary 2.3 given in [6].

Example 3.2. Let us consider Example 3.1. Then T satisfies the conditions of Theorem 3.2
(resp. Corollary 3.1) with x, =0 and F =Inx. Consequently, T fixes the circle C(iz :{—1,1}

and the disc D;, =[-11].
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ABSTRACT

The study of fixed points in the context of interpolative Kannan-type cyclic contraction on S-
metric spaces is a modern approach to generalize classical fixed-point theory. The primary
focus is on examining the existence and uniqueness of fixed points under certain contraction
conditions. In this study, S-metric spaces are used as the underlying structure, which provides
a generalization of metric spaces where the distance between two points is defined by an S-
metric. The concept of cyclic contraction refers to a type of mapping that exhibits contraction
properties in a cyclic manner, involving multiple mappings in a sequence. The interpolative
Kannan-type contraction is a specific contraction condition that combines interpolation
techniques with the well-known Kannan contraction. This contraction type guarantees the
existence of a unique fixed point under certain conditions. The work involves proving that under
the assumption of this type of cyclic contraction in S-metric spaces, a unique fixed point exists
for the given mappings. This result extends and refines previous fixed-point results, offering
new insights and techniques for solving problems in various applied fields where S-metric
spaces and cyclic contractions may arise. In summary, the study provides an effective approach
to establishing fixed-point existence and uniqueness by utilizing the concept of interpolative
Kannan-type cyclic contraction in S-metric spaces.

Keywords : S-metric space, fixed-point theorem, interpolative Kannan type cyclic S-

contraction.

1. INTRODUCTION

Recently, fixed-point theory has been explored in great depth, with researchers examining various
facets of the subject. These aspects are typically studied through three main approaches. The first
approach involves generalizing the metric spaces commonly used in the theory. The second focuses
on extending the contractive conditions that play a key role in ensuring the existence of fixed points.

The third approach involves geometric generalizations, which aim to broaden the application of fixed-
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point results by incorporating more complex geometrical structures. These developments have

contributed to a more comprehensive understanding of fixed-point theory and its applications.

Building on the techniques mentioned above, this study introduces a new fixed-point theorem by
utilizing the concept of interpolative Kannan-type cyclic S-contractions in S-metric spaces. The main
result extends and generalizes several established fixed-point theorems found in the literature, offering
a broader framework for analyzing fixed points under these new conditions.

2. PRELIMINARIES

In this section, we recall some necessary notions.

Definition 2.1. [1] Let X be a nonempty set and the mapping S: X x X x X — [0,oo) satisfies
the following conditions:

(S;) S(x,v,2)=0e=x=y=z forall x,y,ze X,
(S,) S(Xy.2)<S(x,xt)+S(y,y,t)+S(z,zt) forall x,y,z,te X.
Then S is called an S-metric and the pair (X, S) is called an S-metric space.

Lemma 2.1. [1] Let (X,S) be an S-metric space and X,y € X . Then we have

S(X,%Y)=S(Y,Y,X).
Definition 2.2. [1] Let (X,S) be an S-metric space.

(1) A sequence {x,} = X convergesto xe X if S(x,,X,,X)—>0 as n—oo. That is, for each

n!“n?
£>0, there exists n, e N such that for all n>n, we have S(x,,x,,x)<e&. We can write

n!“'n?’

X, = X.

(2) A sequence {x,} < X isa Cauchy sequence if S(x,,X,,X,)—>0 as n,m— oo That s, for

n?“'n? 'm
each £ >0, there exists n, € N such that for all n,m>n,; we have S(x,,x,,X,)<¢.

(3) The S -metric space is complete if every Cauchy sequence is a convergent sequence.

Definition 2.3. [2,3] Let (X,d) be a metric space. Then the function S, : X x X x X —[0,)
defined by

Sy (x,y,z)=d(x,2)+d(y,z),
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forall x,y,ze X isan S-metricon X . The S-metric S, is called the S-metric generated by d

Example 2.1. [3] Let X be the set of real numbers and the function S: X x X x X —[0,) be
defined as

S(xy,z)=|x—z|+|x+z-2y],
forall x,y,z e X . Then the function S isan S -metric and it is not generated by any metric.

Proposition 2.1. [4] Let (X,S) be an S-metric space and let

d(xy)=S(xxy),

forall x,y e X . Then we have

(1) d isa b-metricon X.

(2) x, > x in (X,S) ifand only if x, » x in (X,d).

(3) {x,} =X isa Cauchy sequence in (X,S) if and only if {x,} = X is a Cauchy sequence
in (X,d).

Definition 2.4. [5] Let A and B be two none-empty subsets of X . Amapping T: X — X is
cyclic with respectto A and B if TAc B and TB c A.

3. MAIN RESULTS
In this section, we prove a fixed-point theorem on S-metric spaces inspiring the proved fixed-

point theorems in [6-8].

Definition 3.1. Let (X : S) be an S -metric space and A, B be two non-empty subsets of X . A

cyclicmap T: AuB — AUB is called an interpolative Kannan type cyclic S -contraction if
there exists h[0,1) and y €[0,1) such that

S(Tx,Tx,Ty) <h[S(Tx,Tx,x) [ [S (Ty.Ty.y)] 7,
forall (x,y)e AxB with x,y ¢ Fix(T), where
Fix(T)={xe X :Tx=x},

that is, Fix(T) denotes the set of all fixed points of T .
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Theorem 3.1. Let (X,S) be a complete S -metric space and A, B be two non-empty subsets

of X.If T:AuB — AUB is an interpolative Kannan type cyclic S -contraction, then T has
a unique fixed pointin AnB.

Proof. Let us define a sequence {x,} in (X,S) such that
Txn = Xn+1’
forall neN u{O} , Where N is the set of natural numbers. In general, we have

n
X, =T X,

for all ne N w{0}. Using hypothesis, we get

S (T%,, T%,, Tx, ) < [ (T XO,TZXO,TXO)] [S (%, %5, %, ] M
=[8(T%%, T2, %) ] <h[S(Tx, T%0. %) |
1
= S (T %%, T 7%, T ) <7 [ S (T, T, %, )|

= S (T %%, T2%,,T% ) <[ S (Tx, Ty %, ) |
= S (%, %, %) S ¢[ S (X, X, %) |,

1
where c=h'" e [0,1). Using mathematical induction, we obtain

S(Xn+l,Xn+1,Xn)SCnS(Xl,Xl,XO),
for all ne N w{0}. This implies

0

ZS(XFHJ.’ n+1? n ZC S X1 Xl X )

n=1 n=1

forall ne N U{0}.

Zc”s(xl,xl,xo) is convergent, then wusing the comparison test, the series

DS (Xyu1r X, X, ) i CONVergent. Hence, we get

n+1? “*n+1! n

S (Xyis Xy1s Xy ) =0,

n+1? “*n+1? “n
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as n—oo. Forall me N with m>n, we obtain

n?'n? 'm

S Xy X X ):S(T"XO,T”XO,TmXO)
<h[[S(T"%, 7%, T ) | [S (T T, T, |
=h['S (%3 %0 X0 ) ] [S (Xps Xws X )]

As n— oo, we get

S (X1 Xy Xt ) >0, S (X Xy Xy ) = 0

n?'”*n? *n-1 m?! *m? "m-1
and so

S( Xy, Xy0 Xy ) = 0.

n!n? 'm

Therefore, {xn} is a Cauchy sequence in X . By the completeness hypothesis, there exists
z € X such that

X — 2,

as n—» oo, that is,
d(x,,z)—0.
Then, we get

S(T2,72,2)<25(T2,Tz,X,,,)+S (2,2, %,.1)
=2S(Tz2,Tz,Tx,)+S(2,2,X,,,)

151 Mgl

th[S(Tz,Tz,z)]y [S(Txn,Tx X ):|1_7+S(z Z,%,.1)

n?”*n 151 Mgl

=2h[S(Tz,Tz,2) [ [S(xn+l,xn+l,xn)]l_7+8(z Z,%,.1)

121 X
and as n — oo, we have

S(Tz,Tz,z)=0,

that is,

Tz=1.

To Show the uniqueness of fixed point, we assume we AN B such that Tw=w and w=z.

Using hypothesis, we get
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S(z,2,w)=S(Tz,Tz,Tw) <h[S(Tz,Tz,z) | [ S (Tw, Tw, W)]H =0

and so

Z=W.

Consequently, z is the unique fixed pointof T . o
Remark 3.1.

(1) Since every S -metric generates a b -metric, Theorem 3.1 generalizes Theorem 2.2
proved in [8].

(2) From the similar approach in (1), the notion of an interpolative Kannan type cyclic S -
contraction is a generaliztion of the notion of an interpolative Kannan-type cyclic
contraction.

(3) If the S -metric is generated by any metric, then the notion of an interpolative Kannan
type cyclic S -contraction can be considered on metric spaces.
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ABSTRACT

This paper is about g-classes of regular matrices and their divisionst. New investigations using
divisibility are done in addition to the work on the collection of g-matrices. Relations with
multipliers of regular matrices are analysed. New results obtained from this relation are
discussed. The relation of the structure associated with the transpose of the inverse of a real
numbered regular matrix to other operations is revealed. The relations between the division of

two regular matrices and their corresponding diagonal matrices are studied. That is, let A, B be

two nxn real matrices. If A, B are regular matrices then

4

The above equality is considered. Some conclusions are reached. New researches are carried
out on this definition given this equation. New results are obtained. These results are compared

with known results.
Key words: G-matrix, division of matrices, multiplication, transpose, diagonal.

AMS Subject Classification: 15A23, 15B05, 15A09, 97H60.

1 The rich collection of G-matrices originated in a 2012 paper by Fiedler and Hall.
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1. INTRODUCTION

G-matrices are defined for the first time by Fiedler and Hall in 2012 [1], New contributions are
contributed by Golshan, Armandnejad and Frank J. Hall in 2024 [2]. Researchers are attracted
to the study of the surprising properties of g-matrices. The subject of G-matrices is increased the

interest of division and multiplication on matrices.

Definition 1.1([2-7]). An Ae M, (R) is called a G-matrix, if there exist nonsingular
diagonal matrices D, and D, such that
A" =DAD,.

The following some notations are given.
i M, (R)= {[aﬁ] ‘[%] regular,a;, e R,n e Z+} .

ii. A" is the transpose of the inverse of matrix A4.
1il. G(D,,D,) = {A eM, (]R)‘ AT = DIADZ} is a class of matrices a G-class of matrices,

where D, and D, are regular fixed diagonal matrices.

Proposition 1.2. ([1-6]). If 4e G(D,,D,), then the inertia of D, is equal to the inertia of D, .

Theorem 1.3.([1-6]). If 4€ G(D,,D,), then A", A" € G(D,,D,).

Definition 1.4 ([8)). Let ¥ bea field and M, (F)={[a, ] [, e F.nez'}.
i.  The rational (division) matrix is defined by
—:M, (F)x M, (F) - M, (F)
F ( gij )ji

(B,F)—)EZ: |B|

B l./

, where [( F") } is the column
Ji 1,

nxn

co-divisor matrix on the B matrix of the matrix F .
The set of rational matrices is denoted by Q(Mn (IF)) .

The matrix [( : i/.) } is the determinant of the matrix obtained by writing the i” column of
Ji

n

h

the F matrix into the ;” column of the B matrix in [9].

ii. The determinant of the new matrix obtained by writing on the ;" row of the

matrix Bthe i” row of the matrix 4 is called the co-divisor by row of the matrix
A by the row on the matrix B. It is denoted by AB . Their number is n’. The
ij

matrix co-divisor by row is {(AB) }, where 4,BeM, (F) [10].
ij

i
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Theorem 1.5([10]). Let X,Y,Z e M, (R). If XY =Z, then

. Y=—.

Corollary 1.6([10]). If XY =1, then

I_n:X*1
X

Theorem 1.7([12]). Let X,Y € M, (R). For X, € M, (R), the following hold.

LI CON
Y Y

ioox =N X

Y v

2. DIVISION AND INTERSECTION OF G-CLASSES OF MATRICES

In this section, some situations between g-matrices and division of matrices are analysed.
Let uss start with the following example.

1 2
Let A= {3 J . We calculate,

3
(-] 7
2 1
7 7
30 2
If D= 14 E , We write
0 0
3 1 3
14 Ol 272 o 7 7 r
D AD, = 3 = =(A“)
e 13 -1 2
0 — 0 1| |2 —=
7 7 7

Then 4e G(D,,D,).

If 4,BeG(D

i+1°

..,), where i =0,2, then there exist D,,D, and D,, D, such that
AT =D AD,, BT =D,BD,.
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Lemma2.l. If AeG(D,D,),C " =BTAT, then

-T
E_T eG(D,,D,).
Proof. If AeG(D,,D,),C T =BTA™", then
+ BTAT CT
AT==_5—=5¢<G(D,D,).

Theorem 2.2. If geG(Dl, D,), then there exists A e M, (I ) such that A e G(D,,D,).

Proof. If Se G(D,, D,),then by Theorem 1.5. we have

A B
E:?Al:Ai, A €G(D,,D,).
Corollary 2.3. If geG(Dl, D,).then

. B
L~ €G(D,D,),

ii. [Zj eG(D, D).

ii. A'eG(D,D,),

Proof. By Theorem 1.3, it is clear.

3. DISCUSSION AND CONCLUSIONS

As the result of the study, the divisions of a G-matrices are obtained. New G-matrices are
obtained by simplifying the divisional matrices.

i. If 4e G(D,,D,), there exist 4, 4,,...,4, € M, (F) such that 4= A44,...,4, and
AA,...,A, €G(D,D,),where keZ".

. If % € G(D,,D,), then there exists B, € M, (F) such that B = AB, and

(B) ' eG(D;', D).
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ABSTRACT

This study is about n" order derivatives of any differentiable function. For ne[]* if there exist
all derivatives of f of order up to n, then we calculate f"(x), where xell and its

antiderivative using integral calculus approach. The antiderivative (up to a constant) of a
function of a single variable at a chosen input value is the main problem, since the double
integral is not defined at functions of single variable. The calculation of sequential
antiderivatives is the basis of the subject of this study. Our research here is carried out on the
precalculated derivatives of a function. Some results are obtained for the antiderivative

sequence like a sequence of derivatives. Shortly, the nth derivative of a function f is analyzed

for all integers.
Key words: derivative, antiderivative, sequence, sequence derivative, integer.

AMS Subject Classification: 90C56, 11B83, 11A25.

1. INTRODUCTION

The series goes back in history to Eudoxus 2350 years ago. This information is mentioned in
Euclid’s book Elements, written 2300 years ago [1, 2]. Aristotle emphasized that the sum of an
infinite number can be a finite quantity. Archimedes indirectly used the concept of series in his
studies [3]. Tacquet stated that there would be a transition from a finite series to an infinite
series after the 1700s [3]. The sequence of genes is identified in 2022. There are many special

series. A few of them are Subsequences of the De Bruijin sequence, Fibonacci sequence and
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Narayana sequence [4, 5]. The sequences have contributed to the solution of many natural

problems. This subject is attracted the attention of humanity and is become a field of study.

Jakimczuk obtained many results on the relationship between the n derivatives of functions
and sequences for n >1 in his study named ”Successive Derivatives and Integer Sequences”

[7]. Sloane contributed significantly to the compilation of sequences and the series [8].

Definition 1.1. For a given continuous function y = f (x), the derivative of a function of a

point x is given by the value, if exists,

im f(x+hg— f(x) w1
and denoted by f'(x). That s,
(x)=tim f(x+hr)]— f(0 12)

The function f (x) is a real number function.

Definition 1.2. The function F(x)is called the antiderivative of the function f(x), if

F'(x)= f(x) onan open interval | [10].

The n" order derivative of the function y = f (x) s denoted by £ (" (x). Itis written as follows,

d"f(x) . S - @)
dx" =20 h
(1.3)

,where neZ",

y(n) _ f(n) (x) _

and

=1 (x)=1(x). (14)
Definition 1.3. Let [ be a function. If f () (x) exists and is continuous for all n€ 7", then
we called the function y = f(x) is of class C". The set of all functions in C" is denoted by

c” (f) = {f| f(") (x) exist and is continuous} .

The set of all derivatives of any function feC” at the point x=a is the set of n”
derivatives of this function at x=a.
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Definition 1.4. Let X be any set. A sequence is called the image set of a special function
defined in sequential formby a: Z* — X. This special function is written as a(n) = a, and

then the sequence is denoted by {a,} [9].
2. THE SEQUENCES OF DERIVATIVES OF FUNCTIONS

In this section, the close relationship between derivatives and sequences is explained. The
positive integers are used as sub-index in the sequences. The same numbers is expressed with
the upper index in the derivative. This similarity is the main topic of this section. The constant

C is ignored in antiderivatives.

Definition 2.1. Let f be a continuous function. The function g(x) is called the derivative of

order (-1)" of f(x) ata point x, denoted by ¥ (x), so, if exists,

dg (x)
') =B 1 () @
then, we have, fH)(x): g(x) and
df Y (x)
— 2.2
dx (X) 22)
If neZ", then
df (n)(x) B f(““)(x) 2.2)
dx" ' '
Notation.
. d™ (x
O (x)= dx(‘(l)) f(x).

Definition 2.2. Let f € C" be any function. The functions of sequential derivative of the

function f is a rule that asings the ordered pair (x,n)e]RxZ to a unique real number

denoted by f(") (x) and f(x,n) = f(”) (x) In this case, the set of range of f is

{f(”)(x)‘xeR,neZ}gR.
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This range of f is denoted by D" ( f(x)). That s,
DY (f(x))={ s (x)| xeRnez|.
For n e 7 we usually write as
= U (x). (2.4)

If feC”,then

e f ) () D () FED(2) FO(z) f(2) f () - fO) () -
— P s P
o = | 0 1 2 n
/(=)

Definition 2.3. Let f e C"be any function ™ : Z — D(")(f(a)) is called the derivative

sequence of the function [ at point a € R. The image set of f(") is

if(ml) (X)

:f(")(a),neZ}.

xX=a

The derivative sequence of the function changes when the point a changes. The terms of this
sequence are the elements of D" ( f (a)) .

Remark 2.4.

[%j(y f (x)] =L 1 (x)= £ (x). 25)

B

Using Equations (2.5), (2.6), we write

& le 515
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Example 2.5. If f(x)=x" for m>n,meR, and x=1, then

Figure 1: Pink colors are belong to " (x). Blue colors is belong to f (x). Green colors are

belong to " (x).

(-0) (1)
mmey " W mrmey

f'(x)=m(m-1)(m-2)x"2, f"(1)=m(m-1)(m-2)
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£ (x)=m(m-1)...(m-(n-1))x"", { (1) =m(m-1)...(m-(n-1))

For x=1 and neZ", this sequence becomes

D(n)(f(l)):{m’(m+n)---(nlq+2)(m+1)"“’(m1+1)’l’m"”’m(m_l)mm(m_(n_l))’”}'
P (f ()= ()]

nez

The derivative functions f () (1) are transformed into the sequence of derivatives. Then this

sequence becomes now the sequence of integers. If a € R, then

Corollary 2.7. If f(x)=x", then

fO9 (1) £(2) —_ ™ \where m=-1.

(m+1)

So from this, we get a sequences of real numbers.

Lemma2.8.If f(x)=a",ae(0,1)u(L+wo), then £ (x) for x=0
D" (£(0)={" ()} ={(ina)’}

nel

Proof. If f(x)=a"ae(0,1)U(1,+x), then f(”)(x) for x=0
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Figure 2: Pink colors are belong to £ (") (x) Blue colors is belong to f (x). Green colors are

belong to ™ (x).

f™(x)=a*(Ina)", " (0)=(Ina)"
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For x=0 and neZ", this sequence

becomes

D(")(f(O))Z{“ 1 Jeen, ! ,l,lna,---,(lna)n,“} (2.7)

’ (Ina)’ Ina
— 1 ’1} ]
{( na) neZ .
The term of this sequence are some positive and some negative terms Equation (2.7).

Corollary 2.9. Let {f“”(a)}m . The following holds.

—00

0

Corollary 2.10. Let {a,} ={f(”)(0)}7 b, } ={f(”)(0)}:o . The following hold.

i. lima, =0.
nN—+00

i. limb =0.
n——o0

a, Is convergent for n — -0 and it is divergent for n — —oo. Similarly, b, is also convergent

for n — —0 and it is divergent for n — +oo.

Proposition 2.11. For the function f(x) =a“,ae (0,1)u(1,+oo) and neZ’ , the following
hold.

i F(x)F(0)= £ (x) £ (0).
i.  f(x)f"7(0)=f(x) " (0).

Proof. For the function f(x) =a‘,ae (O,l) u(l, +OO) and neZ", we have by Lemma 2.8

i () (0)=—2— =& (lna)" = £ (x) 15 (0).

(Ina)" (Ina)
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i f(x)f7(0)=a*(Ina)" = Iixa(ma)”ﬂ ~ £09(x) £ (0)..0

Proposition 2.12. If f(x)=a",a€(0,1)uU(1,+x), then
f(”)(x) f(‘”)(x): f (2x).

Proof. If f(x)=a",ae(0,1)uU(1,+x), then by Lemma 2.8

X

f0(x) ™ (x)=a*(Ina)" =a” = f(2x).o

n

(Ina)
Corollary 2.13. If f(x)=a",ae(0,1)U(1,+), then

i f7(0)f""(0)=1.

i.  f70)=['(0)].

By Corollary 2.13 we write the sequence of derivatives of the f (x)=a" atpoint 0 as

DY (£(0))={[/ (O] ]

neZ

3. DISCUSSION AND CONCLUSIONS

Fundamental to the study is the relationship between functions and their derivatives. We have
obtained integer sequences of differentiable functions using the derivative. The following are
given.

(i) Added sequences defined on positive integers and sequences defined on negative integers.
(i) Sequences are interpreted along the real number line.

(iii) Relationship angle-derivative-sequence is examined. (iv) Negative derivatives are given.
(V) New properties for exponential and power special functions are implemented.

All these results are lead to new application areas for sequences. For example, this study is
prioritized on the sequences of the natural life cycle. Shortly, negative directional formation

sequences are obtained.
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ABSTRACT

In this study, the generalised Frank matrix is considered. Specialised matrices are lead to the
search for new properties. The relation of this special matrix to division is attractive.
Hessenberg matrix called the generalized max r-Frank matrix. The min and max matrices with

minimum and maximum entries are first given by Pdlya and Szego in the following form.

11 .1 123 ...n

3 ...n

Mo, =11 2 3 \M =13 3 n
1 2 3 n | n nn n |

The division of maximum and minimum matrices is analysed. In addition, new properties of
generalised maximum and minimum matrices are investigated by division. Some properties of

the factors of these special matrices are obtained. New properties of Frank matrices are studied.
Key words: Division of matrice, Frank matrix, max matrix, max r-Frank matrix.

AMS Subject Classification: 15A09, 15A15, 15A60.

1. INTRODUCTION

Researchers are interested in the properties of special matrices. They are studied many
properties of these special matrices. The special matrices analysed are matrices M ;, and M,
given by Polya and Szegd [1]. Max and Min matrices were studied differently by Bhat [2].
Mattila and Haukkanen are expressed these matrices differently. They have contributed to this

subject with new properties [3]. Kizilates, and Terzioglu defined r-min and r-max matrices.
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They are obtained many theoretical properties with this new expression [4]. Frank is defined

the Frank matrix order n" . It is denoted F,. This Frank matrix is

n n-1 0 .0
n-1 n-1 n-2 ... 0
F,.=|n-2 n-2 n-2 ... 0
: : .0
11 1 .1
The generalized Frank matrix is
fa a, 0 .. 0]
a,, a, a, .. 0
F=la, a, a, ... 0
: : : .0
1 1 1 .1

This matrix is also a special max matrix Varah [5]. Mersin and Bahsi are studied the Sturm
theorem with the generalised Frank matrix, a special form of the Hessenberg matrix [6]. These
researchers are contribute a lot to this subject by using the Sturm property [7]. The r-Frank

matrix is defined as

ra’n—l an—l an—z
r
F, =|ra,, ra,_, a,,

[8]

o O o o

| ra,  ra, ra ... ora |
In 2010, we are added different features to this subject with the following definition, which we
defined for the first time [9-13]. Gokbas has analysed the subject of Frank matrices. Gokbas is
analysed the subject of Frank matrices. This researcher is contributed many important
contributions to the subject with important results too [14].

The non-singular matrices used in division are given by the following notation.
M, (F)= {[ai/} ‘[aij] regular,a; eF,ne Z+; .

Definition 1.1 ([11]). Let F be a field and M, (F)= {[a]]

i.  The rational (division) matrix is defined by
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—ZMn(F)XMn(F)—)Mn(F)
(B,F)—)%;= (B|IBJ|)JI , Where [(gij)ﬁl is the column

n

co-divisor matrix on the B matrix of the matrix F .

The set of rational matrices is denoted by Q(Mn(F)) .

The matrix [(gij)“} is the determinant of the matrix obtained by writing the i" column of

the F matrix into the j™ column of the B matrix in [10].

ii.  The determinant of the new matrix obtained by writing on the j" row of the matrix

Bthe i" row of the matrix A is called the co-divisor by row of the matrix A by the
row on the matrix B. It is denoted by AB . Their number is n?. The matrix co-
ij

divisor by row is [(A_B) } where A,BeM_ (F) [13].
ij

ij

Lemma 1.2.([12]) Let A,Be M, (F).

i.  The solution equation AX =B is X =%.
B"
ii. The solution equation XA=B is X =(—Tj .
A

Theorem 1.3 ([13]). Let geQ(Mn(F))Then, for least the regular matrix A e M, (F)
exists such that A= AA and B = AB, it satisfies equation,

A_AA _A
5~ AB B , Where A,B,e M (F).

2

2.DIVISION OF THE GENERALIZED FRANK MATRICES

There are many studies on Frank Matrices and the structure they form. In this section, the
divisibility cases are discussed for the regular matrices given in these studies. The validity of

simplification is discussed in these matrices for the given properties.

55| Page



BURSA 4th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
January 24 - 26, 2025- BURSA
ISBN: 978-625-5962-21-8

The different writing of the Max and Min matrices is given below.

AR YA /Al

- o [i=jis<y
(z,])%m(z,])—{ i

and
M 7" x7" =>7°
. N AR
(1,])—>M(1,])—{i:j’i2j.

Let us analyse the subject with the following lemmas.

Lemma2.1. Let M, =[a; | be the min matrix. The following holds.
m(i, j)=a;.

Lemma2.2. Let M, =|c; | be the max matrix. The following holds.
M (i, j)=c;.

The following function is given for the Frank matrix

F:7"x7">7"
n—(i-1),i>j
(i,/)) > F(i,j)=4n—-(j-1),i+1=j
0,i+1<j
Lemma 2.3. Let F, =[ f; | be the Frank matrix. The following holds.

F(i,j)=f,.

Theorem 2.4. Let F, be the generalized Frank matrix. If F, =[ ;| , then

F=la, |-

56 |Page



BURSA 4th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
January 24 - 26, 2025- BURSA
ISBN: 978-625-5962-21-8

Theorem 2.5. Let F, be the generalized Frank matrix. If F, =[ ;| , then

and their product M, M __ is denoted by

max

The division matrix % is denoted by M

M(min)(max)'
1111 1 2 3 4
) 1 2 2 2 2 2 3 2
For matrices M, = M. = , we have
1 2 3 3 3 3 3 4
1 2 3 4 4 4 4 4
0 2 3 4
Mo 0O -1 0 O
M. [0 0 -1 0]
1 1 1 0
10 11 13 16 10 19 26 30
19 20 23 28 11 20 27 31
M, = ., M L= )
(min)(max) 1} 96 27 30 36 (maj(min) ~1 93 23 30 34
30 31 34 40 16 28 36 40
Lemma 2.7. Forany twoM ., M, , the following hold.
T
| (min)(max) = (M(max)(min))
.
n M(max)(min) = (M(min)(max))
Proof. Let M ;..M ., -
) T T
I (min)(max):M(min)M(max):(M(max)M(min)) :(M(max)(min)) .
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i M min) = Mg M i) :(M M )T :(M(min)(max) )T.

Let us write down the following lemmas and theorems which are generally valid for these

matrices.

Lemma 2.8. For any twoM ,.,M___ , the following holds.

0 2 3
0 -1 0
— =10 0 -1 ... 0.

min

o S

11 1 ...0

Proof. It is clear by Definition 1.2.

Teorem 2.9. For any two F,, F, , the following holds.

a+a_ —a_,—ha_+na_ 2a_,-a _,—nha_ +na_ 0 ... 0
-a +na_ —-na -a,+nha _ —na 0 ... 0
n n-1 n-2 n n-1 n-2
1 1 1
F, |—(2a, ,-a ,-na +na,) —(2a  -a ,-na_ +na —a . 0
N n-1 n-2 n-1 n-2 n-1 n-2 n-1 n-2 n-2
I n=-2 n-2 n-2
F
n . . .
1 1 1
——(n-a_,-2) ——(n-a_,-2) ——(n-a_,-2) ... 1
n-2 n-2 n-2
L n-2 n-2 n-2 .

Proof. It is clear by Definition 1.2.

3. DISCUSSION AND CONCLUSIONS
The following results are obtained in this study.

_ M(min)(max) .

M(max) M

(min)

T

M- (M)
™ (M)

58| Page



BURSA 4th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
January 24 - 26, 2025- BURSA
ISBN: 978-625-5962-21-8

.
M a1

i, M(mw)((%ﬂwﬂf))
(min)
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OZET

Bu ¢alismada biortogonal ¢oklu dalgaciklar yontemi kullanarak durum ve kontrol esitsizligi
kisitlamalar1 da dahil olmak iizere kesirli optimal kontrol problemlerini ¢6zmek i¢in yeni bir
sayisal yaklasim Onerilmistir. Biortogonal ¢oklu dalgaciklar i¢in Riemann-Liouville kesirli
integral operatdrii, optimal kontrol problemlerinin ¢6ziimii i¢in algoritmalarin uygulanabilecegi
dogrusal olmayan bir programlamaya indirgeme amaciyla kullanilmistir. Kullanilan yontem

hesaplama ac¢isindan oldukca etkilidir ve dogru nlimerik yaklasimlar verir.

Anahtar Kelimeler : Biortogonal g¢oklu dalgaciklar yontemi, Kesirli optimal kontrol

problemleri, Riemann-Liouville kesirli integral operatorii.
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AN ANALYTICAL STUDY ON THE RELATIONSHIP BETWEEN GEOMETRIC
FUNCTIONS AND z-TRANSFORM

Dr, Alaattin Akyar
Duzce University, alaattinakyar@duzce.edu.tr - 0000-0003-4759-8313

ABSTRACT

Bernhard Riemann brought a geometric approach to complex analysis based on Cauchy-
Riemann equations and conformal transformations. The work he did with his intellectual
knowledge, and under the influence of the cumulative nature of science, gave birth to the
fascinating field called Geometric Function Theory, a sub-branch of Complex analysis.
Geometric function theory deals with the geometric properties of complex analytic functions
based on the geometric characterization exhibited by images. Moreover, it aims to classify them
based on having some other specific conditions in addition to the condition of being univalent.
Unfortunately, Riemann only showed the existence of a complex analytic function that maps
any simply connected region, which was not sufficient for their certain classification. Because
images of complex analytic functions with different simply connected domains have different
geometric characterizations. In 1907, Koebe proved with his work that analytic and univalent
functions defined in an open unit disc could be classified precisely by imposing some additional
conditions. This approach further accelerated the development of geometric function theory,
which is considered the interaction of geometry and analysis. The above-mentioned difficulty
has been eliminated without loss of generality, by taking the open unit disc as a common
domain, instead of a simply connected domain. In this sense, geometric function theory mainly
deals with the classification of functions that were both analytic and univalent in the open unit

disc.

Nowadays, the z-transform is used extensively in specific fields such as applied mathematics,
digital signal processing, control theory, population science, economics, and plays a crucial role
in the advancement of communication engineering. Therefore, the study of the z-transform is
essential for engineers and scientists. The z-transform is the basic mathematical tool for

analyzing topics such as digital control and digital signal processing. The z-transform is very

62| Page



BURSA 4th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
January 24 - 26, 2025- BURSA
ISBN: 978-625-5962-21-8

useful for manipulating discrete data sequences and has gained new importance in the

formulation and analysis of discrete-time systems.

From the point of view of the information provided so far, the main objective of this paper is to
investigate the relationship between geometric functions and the z-transform from a different

approach and to open the door to new developments.

Keywords: Analytic function, convex function, starlike function, univalent function, z-

transform.
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CALCULATION OF CORNER LENGTH OF PATTERNED SQUARES

Mehmet Mustafa BEYDAGI
Inonu University, Faculty of Arts and Sciences, mbeydagi23@gmail.com ORCID ID:
0000-0002-3553-1173

ABSTRACT

Formulas have been developed to determine the corner lengths of squares arranged side by side
in a pattern, without any space between them.

In the pattern formed by placing squares with side lengths of consecutive natural
numbers side by side, the shortest distance between the square with side length 1 unit and two
corners of other squares that do not intersect with any corner or edge;

\/(n —1)2 + (@)2

In the pattern formed by placing squares with side lengths of consecutive natural
numbers side by side, the longest distance between the square with side length 1 unit and two
corners of other squares that do not intersect with any corner or edge is;

\/nz 4 ((n —21).71)2

In the pattern formed by placing squares with side lengths of consecutive natural numbers
side by side, the longest distance between the square with side length 1 unit and the two

corners of the other squares is;
nn+1
\/nz * ( ( 2 ))2

The shortest distance between the two corners of two consecutive squares in a pattern formed
by placing squares with side lengths that are consecutive natural numbers;

Jin—12+1

The longest distance between the two corners of two consecutive squares in the pattern
formed by placing squares with side lengths of consecutive natural numbers side by side;

Jn?+ (2n—1)2

are obtained.

Key Words : Geometric pattern, Pythagorean theorem, Square,
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EXAMINING THE CONCEPT OF ROUGH EQUIVALENCE AND LOCAL ROUGH
EQUIVALENCE IN DETERMINING THE TREES FARMERS OWN

M. Mustafa BEYDAGI
Inonu University, Faculty of Arts and Sciences, mbeydagi23@gmail.com — ORCID ID:
0000-0002-3553-1173

ABSTRACT

Since the concept of rough equality cannot be applied to examples in daily life, the concept of
rough equivalence, which gives more effective and accurate results, has emerged. In this study,
rough equivalence is localized and the concept of local rough equivalence is introduced. The
analysis of different types of trees owned by two farmers using rough equivalence and local
rough equivalence was discussed. It has been concluded that local rough equivalence provides
more concrete data and is more advantageous than rough equivalence. It has been observed that
the limits of the concept of local rough equivalence have emerged more clearly.

Key Words: Rough Set, Rough Equivalence, Local Rough Equivalence.

1. INTRODUCTION

Rough set theory, introduced by Pawlak in 1982, brought an innovation to the world of
mathematics as a solution to reasoning problems in cases of uncertainty [1]. Mathematics
requires data to be clear, but it is difficult to apply this in situations of uncertainty, especially
in daily life.

In the rough equality concept introduced to the literature by Pawlak and Novotny, the lack of
clarity in the data suggested the concept of approximate equality, as opposed to the concept of
equality in the classical set [2-4].

To address the negativities experienced in this case, the concept of rough equivalence was
introduced in the studies conducted by Tripathy et al. This concept has been more useful than
rough equality [5,6].

In this study, the concept of local rough equivalence is presented with its properties and
theorems, by taking advantage of the properties of the rough equivalence concept. In addition,
it was revealed that the concept of local roughness would be more useful in determining the
different tree species grown by farmers by calculating their degree of affiliation.
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2. ROUGH EQUIVALENCES OF SETS

Definition 2.1 : Let (U, R) be the approximation space and 4, B c U [7].

i)
i)
i)

The set A is called bottom roughly equivalent to the set B if both R(A) and R(B)
are equal to @ or both are different from @.

The set A is called top roughly equivalent to the set B if both R(A) and R(B) are
equal to U or both are different from U.

If both R(A) and R(B) are both equal to @ or both different from @ and both R(A)

and R(B) are equal to U or both are different from U, set A is called roughly
equivalent to set B.

Definition 2.2 : Let (U, R) be the approximation space and 4, B c U [7].

i)
i)
i)

If R(A) € R(B), then the set A is bottom roughly included in the set B and is
denoted by A < B.

If R(A) < R(B), then the set 4 is top roughly included in the set B and is denoted
by A € B.

If R(A) € R(B) and R(A) = R(B), then the set A is roughly included in the set B
and is denoted by A € B.

Definition 2.3 : Let (U, R) be the approximation space and A, B c U [7].

i)
i)
i)

If A< B orB S A, then the sets A and B are bottom rough comparable.
If AC B or B € A, then the sets A and B are top rough comparable.
If A S BorAC B, then the sets A and B are rough comparable.

Proposition 2.1 : The following properties are true for (U, R) approximation space and A, B c

U [8].
1)
2)
3)
4)
5)
6)
7)
8)
9)

IfAcB,thenA<SB,Ac Band A C B.
IfASBand B < A,then A = B.
IfACBandBC A,then A =~ B.

AS BandB S A,then A = B.

IfAC B,thenAUB =~ B.

If A< B ,then4A N B = A.
IfAcB,A~=~ A and B = B’ ,thenA4’' € B’.
IfAcB,A~A"and B ~B’',thenA’ € B'.
IfAcB,A~ A and B~ B',thenA’ € B’.

10)IfA'© Aand B’ € B ,then A" UB' € A UB.
1) IfA S Aand B’ S B ,thenA’'nB' S AN B.

3. LOCAL ROUGH EQUIVALENCES OF SETS
In this section, the concept of Rough equivalence is given by considering it with Local Rough

Set Theory [9,10].
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Definition 3.1 : Let U={(U;,R;) : i € I, U; c U finite set of objects, R; c U; X U; equivalence
relation} family be the local approximation space and A,B < U; .

i)
i)
i)

The set A will be named bottom local roughly equivalent to the set B if both R;(A)
and R;(B) are equal to @ or both are different from @.

The set 4 will be named top local roughly equivalent to the set B if both R;(4) and
R,(B) are equal to U or both are different from U.

If both R, (A) and R,(B) are both equal to @ or both different from @ and both R, (4)

and R;(B) are equal to U or both are different from U, set 4 will be named local
roughly equivalent to set B.

Definition 3.2 : Let U={(U;,R;) : i € I, U; c U finite set of objects, R; c U; X U; equivalence

relation} family be the local approximation space and A4, B c U; . For the pair (U;, R;) € U, let

the local lower approximation of the set A is R;(A) and the local upper approximation is R, (A4).

i)
i)
i)

IfR,(4A) c &(B), then the set A will be named bottom local roughly included in the

set B and is denoted by A <; B.

If R;(A) c R,(B), then the set A will be named top roughly local included in the set
B and is denoted by A C; B.

If R,(4) < Ry(B) and R,(A) c R,(B), then the set A will be named local roughly
included in the set B and is denoted by A €, B.

Definition 3.3 : Let U={(U;,R;) : i € I, U; c U finite set of objects, R; c U; X U;
equivalence relation} family be the local approximation space and A,B < U; .

i)
i)
i)

If A <, BorB S, A, then the sets A and B will be named bottom rough comparable.
If AS; BorB C; A, then the sets A and B will be named top rough comparable.
IfAS, BorB C, A, then the sets A and B will be named rough comparable.

The following properties are true for U be the local approximation space and A € B c U, .

1) IfAS,B,thenA &, BandA S, B.

2) IfAS, A'andB S; B’ ,then A’ &, B'.

3) IFAE, AandB &, B’ ,then A’ €; B' dir.

4) IfAS, A andB S, B' , thenAnB S, A 'nB'.

5 IfAC,A'andB &, B', thenAUB <, A UB'.

4. EXAMPLE

In this section, the degree of belonging of two farmers who grow different tree species will be
compared by using the concepts of rough equivalence and local rough equivalence to determine
the trees they own.
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Example 4.1: Let the sets of trees of four different kind be as follows.

Apricot = {ay, a, as,a,}, Cherry = {B4, B2, B3}, Peach = {y4,v,,v3 vs}and Pear =
{61, 82, 83}.

Let U = {ay, &y, a3, @y, B1, B2, B3, Y1, Y2, V3, Yar 01, 82, 63} set of objects,

F = {Apricot, Cherry, Peach, Pear} set of properties, V; = {1,23,4},V, = {1,2,3},

Vs ={1234},V,=1{1,2,3} be set of values.

Let R(x) = {x,yeU: xRy ,x and y being trees of the same kind} be an equivalence relation
on U. Let the set of trees owned by two farmers be X = {ay, a,, a3, a4, 1, v3}and Y =

{ 81,82, 83,71, B3}, respectively.

According to the equivalence (indistinguishability) relations, let's show the lower
approximation, the upper approximation and the measure of completeness (saliency levels) of
the A and B sets.

RX) ={ay,az,a3,a,} #0, E(X) = {ay, ay, a3, a4, 1, B2, B3, V1, Y2 V3, Ya} # U

B(Y) = { 51' 52' 63} * @ ’ E(Y) = {61, 62) 631 Y1,V2,V3, Vas ﬁl' ﬁZl ﬁ3} U
Here it is seen that two farmers own some kind of tree and also all trees of a particular kinds.
So, A and B are equivalent.

Also, measure of completeness az(X) = % = % = (0,36 and aiy(¥) = % = 110 = 0,30

Example 6.2: Let's apply the same example for the local rough set. Let U =

{aq, az, az, ay, B1, B2, B3, V1, V2, V3, Yar 61, 82, 85} set of objects,

F = {Apricot, Cherry, Peach, Pear} set of properties, V; = {1,2,3,4}, V, = {1,2,3},

Vs ={1234}V,={1,2,3} be set of values.

Let R(x) = {x,yeU: xRy ,x and y being animals of the same kind} be an equivalence
relation on U.

For the subset U; < U, let the equivalence relation R; € U, X Uy and U = U U,.

LetU={(U;,R;) : i €1, U; c U finite set of objects, R; c U; x U; equivalence relation} family

be the local approximation space. Also, Let, U; = {a;, ay, a3, a4, 84,85, 63,01, v1} and U, =
{B2, B3, Y2, V3, Y4} Subsets be given pairs (U;,R;) and (U, R;), selected from the local
approximation space family.

For U; ={a1, a3, a3,a4,61,62,03,01,v13 € U, according to the equivalence
(indistinguishability) relations, let's show the local lower approximation, the local upper
approximation and the local measure of completeness (local saliency levels) of the X and Y

sets.
Ri(X) ={ay, a3, 03,04} # 0, R_l(X) ={ay,az,a3,a4,61 } # Uy
Ri(Y) ={01,6,,63} 0, R_z(Y) ={61,02,03,v1} # Uy
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Here it is seen that two persons own some kind of animal and also all animals of a particular
kinds. So, X and Y are local equivalent.

|Bl(y)| — E =1

Measure of completeness ag,(X) = Lc) 1and ag,(Y) = |~ 3
l

R 4

Comparatively, the completeness measures of the elements can be seen more clearly on the
following figures.

U.=U

— Set X

R(X) 4
SetY CZR(X) =ﬁ=az 0,36

_|RM _ 3 _
ap(Y) = R = 10— 0,30

Fig. 1. Completeness measures of rough equivalent sets.

R (X 4
ag, (X) = |:’( | _4_ 0,80
Rl S
RM)| _3
U: Us
— Set X
Fig. 2. According to the U;, completeness
etY measures of local rough equivalent sets.
N J
U: Ui
— Set X _|BI(X)| B
RI(X) -
SetY |R1(X)|
T _[RM)|
Rl( )
|R,(V)]

Fig. 3. According to the U;, completeness measures of local rough equivalent sets.
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R0
X) == =1
aRl( ) |RZ(X)|
vy = BOL_
TR
Us Us Fig. 4. According to the U,, completeness

= SetX measures of local rough equivalent sets.

SetY

5. CONCLISUON

The local rough equivalent provides more
detailed information about the elements of sets
than the rough equivalent. It has been determined
that the workload is reduced by grouping and
localizing the rough sets. It has also been revealed that when the boundaries are narrowed, the
local rough cluster will have more distinct elements.

6. REFERENCES
[1] Pawlak, Z. Rough Sets — theoretical aspects of reasoning about data, Boston, London,
Dordrecht: Kluwer Academic Publishers (1991)

[2] M. Novotny and Z. Pawlak, “Characterization of Rough Top equalities and Rough Bottom
Equalities”, Bull. Polish Acad. Sci. Math., 33, (1985), pp.91-97.

[3] M. Novotny and Z. Pawlak, “On Rough Equalities”, Bull. Polish Acad. Sci. Math., 33,
(1985), pp.99-104.

[4] M. Novotny and Z. Pawlak, “Black Box Analysis and Rough Top Equality”, Bull. Polish
Acad. Sci. Math., 33, (1985), pp.105-113.

[5] B.K.Tripathy, A.Mitra and J.Ojha, “On Rough Equalities and Rough Equivalences of Sets”,

RSCTC 2008- Akron, U.S.A., Springer-Verlag Berlin Heidelberg (2008), LNAI 5306, pp. 92—
102.

70| Page



BURSA 4th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
January 24 - 26, 2025- BURSA
ISBN: 978-625-5962-21-8

[6] B.K.Tripathy, A.Mitra and J.Ojha, "Rough Equivalence and Algebraic properties of Rough
Sets”, International Journal of Artificial Intelligence and Soft Computing, (Switzerland), vol.1,

nos.2/3/4, (2009)

[7] Tripathy, B.K., “An Analysis of Approximate Equalities based on Rough Set Theory”,
International Journal of Advanced Science and Technology Vol. 31, June, 2011.

[8] Pawlak, Z. Rough Sets, “International Journal of Computer and Information Sciences
(1982) Vol.11, No.5

[9] Tasbozan, H. (2017). Lokal Rough Kiimeler ve Rough Altgrupoidler, Ph. D. Thesis, Inénii
University, Malatya, Turkey.

[10] A.F. Ozcan, M.M. Beydagy, 1. icen, “Comparison of Rough Sets and Local Rough Sets in
Data Analysis”, New Trends in Mathematical Sciences (2022) vol:10 pp:1-13

71| Page



BURSA 4th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
January 24 - 26, 2025- BURSA
ISBN: 978-625-5962-21-8

NORMLU LINEER UZAYLARDA NOTROSOFIK YAKLASIM
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OZET

Gokylizii her zaman masmavi, duru, berrak olmamaktadir ve sakin durmamaktadir. Bazen
giinesli, bulutlu, yagmurlu, firtinali, karli, riizgarli ve sisli olmaktadir. Hava durumlarindan
bahsederken, hava tahmin raporlarina gore, gokyiizii bulutlu oldugu zamanlarda bazen az
bulutlu bazen parcali bulutlu bazen de ¢ok bulutlu gibi ifadeler kullanilirken; gokyiiziiniin
yagmurlu oldugu zamanlarda bazen hafif yagmurlu bazen de kuvvetli yagmurlu gibi ifadeler
kullanilmaktadir. Buna ilaveten, gokyiizii karli oldugu zamanlarda bazen hafif kar yagish bazen
de yogun kar yagish gibi ifadeler kullanilirken; gokytiziiniin firtinali oldugu zamanlarda bazen
kum firtinas1 bazen de kuvvetli firtina gibi ifadeler kullanilmaktadir ve bu ifadeler kullanilirken
net, kesin ve mutlak ifadeler yer almamaktadir. Iste, bu hususta, belirsizlik kavram ise
koyulmaktadir. Belirsizligi ifade etmek i¢in de nétrosofik kiime devreye girmektedir. Bu
nedenle ¢alismamin giris kism1 olan birinci boliimde belirsizlik kavrami kisaca agiklandi ve
klasik kiime teorisinden nétrosofik kiime teorisine dogru gecis evresinden kisaca bahsedildi ve
bu gecis evreleri, sirasiyla, klasik kiime teorisi, bulanik kiime teorisi, sezgisel bulanik kiime
teorisi ve notrosofik kiime teorisi olarak yer almaktadir ve bu kiime teorileri 6rneklerle
acikland1. Ikinci boliimde ise Notrosofik kiimeye ulasincaya kadar bulamk kiime, sezgisel
bulanik kiime ve en sonunda da nétrosofik kiime tanimlanmaktadir, 6zellikleri yazilmaktadir
ve bu kiimeler detayli bir sekilde 6rneklerle agiklanmaktadir. Ugiincii béliimde ise ¢alismamin
asil konusu olan normlu lineer uzaylarda notrosofik yaklasim i¢in lineer uzay, norm ve normlu
lineer uzay, t-norm, t-co-norm ve en sonunda da ndtrosofik norm ve notrosofik normlu lineer
uzay tanimlar1 yapildi, 6zellikleri yazildi ve konu iizerinde 6zenle duruldu. Son olarak sonug
kisminda ise calismamin sonucunda nereye ulastigim konusunda kisaca bilgi verildi.

Anahtar Kelimeler : Notrosofik kiime, Lineer uzay, Notrosofik norm, Notrosofik normlu
lineer uzay
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NEUTROSOPHIC APPROACH on NORMED LINEAR SPACE
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ABSTRACT

The sky is not always blue, clear, clear and calm. Sometimes it is sunny, cloudy, rainy, stormy,
snowy, windy and foggy. When talking about weather conditions, according to weather forecast
reports, when the sky is cloudy, sometimes it is described as slightly cloudy, sometimes partly
cloudy, sometimes very cloudy; when the sky is rainy, sometimes it is described as light rain,
sometimes as heavy rain. In addition, when the sky is snowy, sometimes expressions such as
light snowfall and sometimes heavy snowfall are used; when the sky is stormy, sometimes
expressions such as sandstorm and sometimes strong storm are used, and while using these
expressions, there are no clear, precise and absolute expressions. In this respect, the concept of
uncertainty comes into play. In order to express uncertainty, the neutrosophic set comes into
play. For this reason, in the first section, which is the introduction part of my study, the concept
of uncertainty is briefly explained and the transition phase from classical set theory to
neutrosophic set theory is briefly mentioned, and these transition phases are, respectively,
classical set theory, fuzzy set theory, intuitionistic fuzzy set theory and neutrosophic set theory,
and these set theories are explained with examples. In the second part, fuzzy set, intuitionistic
fuzzy set and finally neutrosophic set are defined, their properties are written and these sets are
explained in detail with examples. In the third part, for the neutrosophic approach in normed
linear spaces, which is the main subject of my study, linear space, norm and normed linear
space, t-norm, t-co-norm and finally neutrosophic norm and neutrosophic normed linear space
are defined, their properties are written and the subject is carefully emphasised. Finally, in the
conclusion part, a brief information is given about where I have reached as a result of my work.

Key Words: Neutrosophic set, Linear space, Neutrosophic norm, Neutrosophic normed linear
space
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ABSTRACT

The Western Balkans is part of a region affected by dust events originating from the Sahara
Desert. Among various long-range transported aerosols, dust events frequently occur during
spring, summer, and autumn, and occasionally during winter. Mineral dust particles can be
observed from ground level to varying altitudes within the troposphere and are capable of being
transported over both continental and intercontinental distances. This study presents a dust
event observed using a Raman lidar in Tirana, the capital city of Albania. The event occurred
during winter and was characterized by a substantial dust layer extending from the ground to
an altitude of 3 km. The maximum backscatter coefficient recorded was 4 Mmsr?, with
depolarization ratios ranging from 28% near the surface to 15% at higher altitudes. The aerosol
optical depth (AOD) derived by integrating the extinction coefficient was around 0.28.
Backward trajectory analysis (HYSPLIT model) indicated that the air masses responsible for
this event originated over the Sahara Desert.

Keywords: Saharan dust, lidar, remote sensing, optical properties, Hysplit

1. INTRODUCTION

Mineral dust, a natural aerosol primarily originating from desert regions, is distributed globally
through long-range atmospheric transport, reaching various altitudes and remote regions. This
transport affects air quality, weather, climate, and human health. Dust can cause several health
effects, including respiratory disorders such as asthma, tracheitis, and pneumonia, as well as
cardiovascular diseases such as stroke, arrhythmia, ischemic heart disease, and cerebrovascular
disease [1]. During transport, dust can interact with other aerosol types, forming complex
mixtures. Dust particles affect the Earth's radiation budget by scattering and absorbing
radiation, leading to both heating and cooling effects. Aerosol profiling plays an important role
in understanding the regional and global transport and deposition of mineral dust, as well as its
impacts on radiation balance, cloud and precipitation formation, and human health [2]. The
Balkans region is often affected by dust originating from the Sahara. A Saharan dust event that
occurred during the winter was observed in Tirana, and its optical properties are analyzed in
Section 3.
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2. DATA AND METHODS

The case study presented in this paper is part of the atmospheric observations carried out as part
of the lidar campaign organized by TROPOS (Leibniz Institute for Tropospheric Research) in
Albania. The campaign started on the 8" of November 2022 and lasted one year. During that
time continuously and automatically aerosol vertical measurements were performed. This
campaign involved a Portable Raman Lidar (Polly), deployed in Tirana, which is equipped with
a laser emitting vertically linearly polarized pulses at 532 nm wavelength. This instrument
utilizes a telescope to collect the backscattered radiation from atmospheric particles and
measures it across five different channels: 530 nm, 532 nm, 532 nm cross-polarized, 532 nm
parallel-polarized, and 607 nm [3], [4]. Optical profiles of aerosol from the ground up to the
tropopause level of the backscatter coefficient, extinction coefficient, depolarization ratio, and
lidar ratio can be determined with this instrument. The origin and trajectories of aerosols at
different altitudes can be investigated using the Hysplit model (Hybrid Single-Particle
Lagrangian Integrated Trajectory).

3. RESULTS AND DISCUSSION

In Figure 1 profiles of aerosol optical properties retrieved using the Raman method [5] are
shown. The profiles are visualized up to 4 km altitude. The backscatter coefficient reaches a
maximum value of 3 Mmsrtat 2 km altitude and approaches zero at 3 km. The depolarization
ratio decreases from 28% near the surface to 15% above 1 km. The lidar ratio remains
approximately 50 sr, while the extinction coefficient peaks at 150 Mm™. Depolarization and
lidar ratio values are essential for determining aerosol types [6].
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Figure 1. Vertical profiles of aerosol particles retrieved with the Raman method for 28th February at
00:00-01:00 UTC: a) backscatter coefficient (green line) and depolarization ratio (brown line);
b)extinction coefficient (green line) and lidar ratio (brown line) at 532 nm wavelength. Standard
deviations are shown as shadows along the properties lines in respective colors.
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A lidar ratio value of 50 sr is characteristic of pollution, dust, and pollution-dust mixtures,
whereas the depolarization ratio of 28% is indicative of Saharan dust. Near the ground level,
the aerosol load can be categorized as pure Saharan dust. Higher up, the observed decrease in
the depolarization ratio, while the lidar ratio remains constant, suggests the presence of the
pollution-dust mixture.

Aerosol Optical Depth (AOD), a parameter used to quantify the aerosol load within a vertical
column of air, is computed by integrating the extinction coefficient. In the present case, the
AOD value at 532 nm for the main aerosol layer (500-3000 m) is approximately 0.28. AOD
can also be determined through sun photometer observations. Numerous sun photometers
worldwide continuously provide AOD measurements, with the data accessible through the
AERONET (AErosol RObotic NETwork) database.
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Figure 2. AOD values measured by AERONET station in Lecce University.

In Figure 2, the mean AOD value measured by the AERONET station at Lecce University (40.33511°
N, 18.11139° E, 30 m above sea level) at 500 nm is 0.31. In the case of the AOD computed by integrating
the extinction retrieved from lidar observations, the value corresponds to Tirana and is given at a
wavelength of 532 nm. On the other hand, the AOD obtained from AERONET is provided at 500 nm
and corresponds to the Lecce AERONET station, located 176 km away from the Polly site.

For better aerosol categorization, we simulated the backward trajectories of air masses using the
HYSPLIT model. In Figure 3, backward trajectories of the air parcel at 2 km height,
corresponding to the peak of the aerosol layer, are shown for a 120-hour period. The air masses
are coming mainly from Spain and drifting through North Africa before reaching at Polly site.
The air masses predominantly originate from Spain, passing through North Africa before
reaching the Polly site. The mineral dust from Africa is mixed with European continental
pollution, as clearly indicated in the optical profiles shown in Figure 1.
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Figure 3. Five days Hysplit backward trajectories arriving at Tirana on 28" February at 01:00 UTC,
the time step is 12 hours.
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ABSTRACT

This study investigates the integration of biofloc technology (BFT) into blue crab (Callinectes
sapidus) aquaculture as an innovative and sustainable production method. The research
examines the feasibility, efficiency, and economic viability of incorporating BFT into intensive
blue crab culture systems. A controlled experiment was conducted over a 120-day period,
comparing traditional and biofloc-based culture systems. Results demonstrated that BFT
integration led to significant improvements in water quality parameters, including reduced
ammonia (-45%) and nitrite (-38%) levels. The biofloc system showed enhanced growth
performance with a 22% increase in growth rate and improved survival rates (85% vs. 72%)
compared to conventional systems. Feed conversion ratio (FCR) improved by 28%, attributed
to the supplementary nutrition provided by biofloc aggregates. Economic analysis revealed a
30% reduction in operational costs, primarily through decreased feed inputs and water exchange
requirements. Additionally, the system demonstrated superior biosecurity and disease
resistance. These findings suggest that BFT integration offers a promising solution for
sustainable and cost-effective blue crab aquaculture, addressing both environmental and

economic challenges in commercial production.

Keywords : Bioflock Technology, Blue crab Bioflock, Innovative Approch in Blue Crab
Aquacculture
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1. INTRODUCTION

Aquaculture has emerged as a vital sector in addressing the increasing global demand for
seafood, yet it faces significant challenges in ensuring sustainability and efficiency. Blue crab
(Callinectes sapidus), a high-value species in global fisheries, has drawn considerable attention
for its potential in aquaculture. However, traditional blue crab farming methods often struggle
with issues such as high operational costs, limited water quality control, and susceptibility to
diseases. To overcome these challenges, biofloc technology (BFT) has been proposed as an
innovative and sustainable solution for blue crab culture.

Biofloc technology is a novel aquaculture practice that leverages the natural processes of
microbial aggregation to improve water quality and provide supplemental nutrition to cultured
species. By promoting the development of beneficial microbial communities, BFT reduces the
reliance on frequent water exchange, minimizes waste discharge, and enhances the overall
efficiency of aquaculture systems. This approach not only addresses environmental concerns
but also optimizes production economics by lowering feed conversion ratios and improving
growth and survival rates.

In the context of blue crab aquaculture, the integration of BFT offers transformative potential.
Blue crabs are particularly well-suited to biofloc systems due to their omnivorous feeding habits
and tolerance to variable environmental conditions. By adopting BFT, farmers can achieve
superior water quality management, enhanced biosecurity, and reduced environmental impact,
making blue crab farming more sustainable and commercially viable.

This study explores the application of biofloc technology in blue crab culture, highlighting its
impact on water quality, growth performance, and economic feasibility. Through controlled
experimental trials, the research demonstrates the significant advantages of BFT over traditional
farming practices, setting a benchmark for future advancements in aquaculture systems. The
findings aim to provide valuable insights for aquaculture stakeholders, promoting the adoption
of innovative methods that address the dual objectives of sustainability and profitability in
seafood production.

2. Experimental Studies

The experimental phase of this study aimed to evaluate the effectiveness of integrating biofloc
technology (BFT) into blue crab (Callinectes sapidus) aquaculture systems. Drawing inspiration
from existing literature and innovative practices in the field, this section provides a detailed
description of the experimental setup, methodologies, and comparative analysis with traditional
systems. Research in biofloc technology has shown its potential in improving aquaculture
sustainability and productivity.

Avnimelech (2012): Demonstrated the ability of biofloc systems to significantly reduce
nitrogenous waste, improving water quality in shrimp and tilapia cultures.
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Crab et al. (2007): Highlighted the role of microbial flocs in providing supplementary
nutrition, reducing feed costs, and enhancing growth rates.

Emerenciano et al. (2017): Reported higher survival and disease resistance in fish and shrimp
cultured in biofloc systems compared to conventional methods.

Xu et al. (2012): Showed improved feed conversion ratios and reduced ammonia levels in
aquaculture species reared under biofloc conditions.

These studies provided a foundation for designing the experimental approach for blue crab
aquaculture in this research. The study was conducted over a 120-day period in a controlled
aquaculture facility. The experimental setup included:

Culture Systems:
Traditional System: Regular water exchange with no microbial management.

Biofloc-Based System: Minimal water exchange with carbon sources (e.g., molasses) added to
stimulate microbial growth.

Tank Design: Circular tanks with a capacity of 1,000 liters, equipped with aeration systems to
ensure adequate oxygenation and biofloc formation.

Stocking Density: Juvenile blue crabs were stocked at a density of 30 individuals per square
meter, as per guidelines from Avnimelech (2012).

Monitoring and Adjustments: Regular monitoring of water quality parameters (ammonia,
nitrite, nitrate, pH, and dissolved oxygen) ensured optimal conditions. The carbon-to-nitrogen
(C:N) ratio was maintained at 15:1 to promote microbial growth, based on recommendations
by Crab et al. (2007).

Data Collection and Analysis
Water Quality Monitoring:

Daily measurements of ammonia, nitrite, and nitrate levels.
Weekly assessments of pH, dissolved oxygen, and turbidity.

Growth and Survival Metrics:

Average weight gain, specific growth rate (SGR), and survival rates were recorded bi-weekly.
Feed conversion ratio (FCR) was calculated based on feed input and biomass gain.

Economic Viability:

Operational costs, including feed, water, and electricity consumption, were tracked. Revenue
potential was evaluated based on marketable biomass production. Comparative Results the
findings from the experimental trials align with the trends reported in the literature:
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Ammonia levels in the biofloc system were 45% lower than the traditional system, consistent
with Avnimelech (2012). Nitrite reduction by 38% reflected the effective microbial activity
highlighted by Xu et al. (2012). Blue crabs in the biofloc system exhibited a 22% higher growth
rate and an 85% survival rate, corroborating the results of Crab et al. (2007) and Emerenciano
et al. (2017). FCR improved by 28%, aligning with the supplementary nutrition benefits
reported in the literature. Operational costs decreased by 30%, primarily due to reduced feed
and water exchange requirements, similar to findings by Emerenciano et al. (2017).

3. Results and Evaluation

The integration of biofloc technology (BFT) into blue crab (Callinectes sapidus) aquaculture
demonstrated transformative advancements across several critical parameters, including water
quality, growth performance, survival rates, and economic feasibility. A detailed evaluation of
the results is presented below:

Water Quality Improvement

Ammonia Levels: The biofloc system achieved a 45% reduction in ammonia concentrations
compared to traditional systems, significantly mitigating the risks of ammonia toxicity.
Nitrite Levels: A 38% decrease in nitrite levels was observed, indicating effective microbial
nitrification and enhanced nitrogen cycling.

Nitrate Accumulation: While nitrate levels increased as part of the nitrogen cycle, they
remained within safe limits, reflecting the system’s capacity to manage waste efficiently.

pH Levels: The biofloc system exhibited more stable pH values, avoiding harmful fluctuations
common in traditional aquaculture systems.

Dissolved Oxygen: Continuous aeration and microbial activity maintained optimal oxygen
levels, supporting healthy growth conditions for the crabs.

Growth and Survival Metrics

Crabs reared in the biofloc system exhibited a 22% higher growth rate, benefiting from the
supplemental nutrition provided by biofloc aggregates, which are rich in proteins, lipids, and
other micronutrients. The feed conversion ratio (FCR) improved by 28%, indicating more
efficient utilization of feed and reduced waste. The presence of biofloc aggregates as an
additional food source contributed to this improvement. The biofloc system achieved an 85%
survival rate, significantly surpassing the 72% survival rate recorded in traditional systems. The
improved water quality and biosecurity in the biofloc environment played a pivotal role in
reducing stress and mortality.

Economic Viability

A 30% reduction in operational costs was achieved through decreased feed inputs and minimal
water exchange requirements. These savings enhance the economic feasibility of biofloc
systems for large-scale production.
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Higher growth rates and survival resulted in increased biomass production, leading to greater
revenue potential for aquaculture farmers.

By significantly reducing water exchange and improving waste management, the biofloc
system aligns with environmentally sustainable practices, minimizing the ecological footprint
of blue crab farming.

Additional Observations

Biosecurity: The microbial activity in the biofloc system contributed to enhanced biosecurity,
reducing disease outbreaks and the need for chemical treatments such as antibiotics.
Nutritional Benefits: The biofloc aggregates provided a natural, protein-rich feed supplement,
which not only reduced dependency on formulated feeds but also improved the overall
nutritional profile of the crabs.

4. General Evaluation and Conclusions

The findings from this study underscore the significant potential of biofloc technology as a
sustainable and efficient approach to blue crab aquaculture. The key outcomes and broader
implications are summarized below: The reduction in water exchange and waste discharge
highlights the eco-friendly nature of the biofloc system, addressing critical environmental
concerns associated with traditional aquaculture. The combination of cost savings and increased
productivity establishes biofloc technology as a commercially viable alternative for blue crab
farming. The adaptability of biofloc systems to various scales of operation and environmental
conditions enhances their applicability across different aquaculture settings. The microbial
composition of biofloc systems creates a more resilient culture environment, reducing the
prevalence of diseases and the reliance on external chemical inputs.

Future Perspectives and Recommendations

While this study highlights the numerous advantages of biofloc technology, several areas
warrant further investigation to maximize its potential: Research should focus on tailoring the
microbial community composition to enhance specific benefits, such as improved nutrient
cycling or pathogen resistance. Assessing the long-term effects of biofloc integration on blue
crab physiology, behavior, and product quality will provide valuable insights for sustainable
aquaculture development. Exploring the integration of biofloc systems with other sustainable
aquaculture methods, such as integrated multi-trophic aquaculture (IMTA), can further enhance
productivity and environmental benefits. Comprehensive cost-benefit analyses across diverse
aquaculture settings will help identify optimal conditions for scaling up biofloc systems.
Providing technical training and resources to farmers will facilitate the broader adoption of
biofloc technology, ensuring its successful implementation.
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ABSTRACT

There are many applications for aromatic and medicinal plants, particularly in food and
medicine. The demand for these plants is rising daily as a result of people's growing interest in
nature and natural resources. This study looked into the uses of aromatic and medicinal plant
taxa that are naturally found in Demirciler Village (Artvin-Borgka) for the nutrition and health
of animals. For this purpose, the summer of 2017 saw the completion of this study. A face-to-
face survey using snowball sampling was carried out with rural residents of Demirciler Village
in Borcka (Artvin) as part of the study. Before each interview began, an oral Prior Informed
Consent (PIC) was obtained. Aristolochia pontica Lam, Bellis perennis L., Cardamine hirsuta
L., Ficus carica L., Helleborus orientalis Lam., Hypericum perforatum L., Malva neglecta L.,
Morus alba L., M. nigra L., Onobrychis cornuta (L.) Desv., Plantago major L., P. lanceolata
L., Pteridium aquilinum (L.) Kuhn, Rhus coriaria L., Satureja hortensis L., Thymus praecox
Opiz, Trifolium pratense L., Vicia cracca L., and Zea mays L. are among the plant taxa used as
animal feed and to treat animal diseases in the area. As a result of the study, it was found that
the above-ground parts of plants were mostly used to feed and heal animals. The majority of
the plants found in the area are used to treat wounds, boost immunity to colds, reduce
inflammation in the eyes, and boost milk production. Biological properties of medicinal and
aromatic plants include antibacterial, fungicidal, and antioxidant properties. For this reason, it
is advised to utilize natural preparations rather than dangerous chemicals in order to safeguard

the health of both people and animals.

Keywords : Animal feed, Animal health, Demirciler Village
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OZET

Tarim sektorii dnemli bir enerji tiiketicisidir. Dogrudan ve dolayli olarak tiiketilen enerjinin
verimsiz kullaniminin ¢evre ve insan sagligi agisindan bir¢ok olumsuz etkileri vardir. Diger
taraftan, tarim, oOzellikle biyokiitle kokenli olmak iizere ¢esitli yenilenebilir enerjilerin
iiretilmesine olanak saglayan bir sektordiir. Bu yaklagim, tarim sektoriiniin bir tiir "kolektif
tilketici" olarak goriilebilecegi, kendi ihtiyaglar1 ve diger sektorlerin ihtiyaglari i¢in enerji
iretebilecegi (lireten tiiketici) anlamina gelir. Kiiresel iklim politikasi, iddiali enerji gegis
hedeflerini islevsel hale getirmenin yontemleri arama konusunda Onemli baskilar
olusturmaktadir. Bu siire¢, tarim da dahil olmak iizere ekonominin bir¢ok sektdriinde
degisiklikler gerektirmektedir. Tarim sektorii, hem kendi kullanimi hem de diger sektorlerin
ithtiyaglar1 i¢in enerji iretimine katkida bulunmak ic¢in O6nemli firsatlar sunmaktadir.
Glinlimiizde tarmmin enerji {retimindeki potansiyeli kiiciik bir oranda kullanilmaktadir.
Stirdiiriilebilir bir modele dogru enerji doniistimiiniin hedeflerine ulagmak icin; tarim
sektoriiniin potansiyelinin ve islevinin belirlenmesini, dogrudan ve dolayli enerji tiiketiminin
azaltilmasini, tliketilen enerjinin kullanim verimliliginin artirilmasim1 ve sektoriin kendi
kullanim1 ve ekonominin diger sektorleri igin yenilenebilir enerji iiretimine dahil edilmesini
gerektirir. Tarim sektoriiniin modern ekonomik ve enerji sistemindeki islevini degistirmek ve
enerji agisindan verimsiz bir tiiketici konumundan uzaklastirilmasi gereklidir. Bu ¢alismada,
enerji lireten tiiketici olarak tarim sektdriinde enerji kullaniminda karsilagilan zorluklar, firsatlar
ve Oneriler tartisilmistir.

Anahtar kelimeler: Tarim, Ureten tiiketici, Yenilebilir enerji, Tarimsal biyokiitle

1. GIRIS

Tarim sektdrii dnemli bir enerji tiiketicisidir. Tarimsal tiretimde (dogrudan ve dolayli) enerjinin
verimsiz kullanimi bir¢cok olumsuz etkiye neden olmaktadir. Diger taraftan, tarim, 6zellikle
biyokiitle bazli olmak iizere, ¢esitli yenilenebilir enerji tiirlerinin iiretimine 6zellikle yatkin bir
sektordiir. Bu durum sektdriin bir tiir "kolektif tiikketici" olarak goriilebilecegi, kendi ihtiyaglar
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ve diger sektorlerin ihtiyaglar1 i¢in enerji liretebilecegi anlamina gelir. REN21’deki veriler
(REN21, 2024), giiniimiizde kiiresel 6lgekte, tarimin tiikettigi enerjinin yaklasik %15,4’iiniin
yenilenebilir kaynaklardan geldigini ve bunun da sadece yaklasik %35,3’linlin modern
biyoenerjiden (odun hari¢) geldigini gostermektedir. Tarimin enerji tiretimindeki potansiyeli
bugiin kiigiik bir oranda kullanilmaktadir. Enerji gecisinin zorluklari, hem enerji kullanim
verimliligini artirmanin yontemlerini hem de fosil yakitlar1 yenilenebilir kaynaklarla
degistirmenin yontemlerini aramay1 tesvik etmektedir. "Uygun fiyath temiz enerji" de dahil
olmak iizere, Birlesmis Milletlerin (BM) kiiresel Siirdiiriilebilir Kalkinma Hedeflerinin pesinde,
tarimin modern ekonomik ve enerji sistemindeki roliinii degistirmek ve tarim sektoriinii enerji
acisindan verimsiz bir tiiketici konumundan uzaklastirmak gerekli goriinmektedir. Urettigi
enerjiyi verimli bir sekilde kullanan ve ekonominin diger sektorlerine (enerji tedarikinde ve
cevresel hedeflere ulasmada) yardimci olan bir iireten tiiketici islevi kazandirmak gereklidir.
Bu baglamda, bu bildiride tarimsal iiretim enerji {ireten tiiketici yaklasimiyla
degerlendirilmistir. Bu degerlendirmeler, bir enerji sisteminde enerji iireten tiiketici temel
varsayimlari baglaminda gerceklestirilmistir.

2. ENERJI SISTEMINDE URETEN TUKETICI

Geleneksel ekonomi modeli, ekonomik degisimde iki temel katilimcinin varligini varsayar. Bu
temel katilimcilar, mal ve hizmet saglayan {ireticiler ve bu mallar1 satin alan tiiketicilerdir. Bu
boliinmenin yaninda, iiretici ve tiiketici arasindaki sinirlarin belirsizlestigi "lireten tiiketici"
kavrami vardir. Ciinkii bu kategori kendi veya toplum iiyelerinin kullanimi i¢in mal ve hizmet
iiretir. Ureten tiiketici kavrami son zamanlarda enerji endiistrisinde ve dijital ekonomide
popiilerlik kazanmistir. Ancak, bu kavram ¢ok daha dnce tiiketicilerin "endiistriyel donemin"
bir fenomeni oldugunu savunan Toffler (1980) tarafindan gelistirilmistir. Toplumlar “post-
endiistriyel doneme” dogru ilerlerken, “saf tiiketicilerin” sayis1 azalmakta ve bunlarin yerini
giderek kendi kullanimlari i¢in mal ve hizmet iireten “iireten tiiketiciler” almaktadir (Kotler,
2010). Uygulamada, tireten tiiketiciler, kendileri veya baskalar1 i¢in deger iiretmek amaciyla
geleneksel ekonomik rollerin yeniden tanimlanmasina 6rnek teskil etmektedir (Ertz ve Ark.,
2024). Ureten tiiketici kavrami, “paylasim ekonomisi”, “isbirlikli tiiketim”, “ortak yaratma”,
“ortak tiretim”, “kendi kendini iiretme” veya “tiiketici” gibi ekonomik kavramlari ifade eder.
Birgok agidan hala belirsizlikler vardir ve bazen farkli piyasa katilimcilar1 ve tireten tiiketici
kategorileri arasinda net bir ayrim yoktur (Pienkowski, 2021). Ancak ilkesel olarak iireten
tiiketici kavrami siirdiiriilebilir kalkinma paradigmasina (Filho ve Ark., 2024) ve “dongiisel
ekonomiye” de (Gimeno ve Ark., 2020) uymaktadir. Ureten tiiketici sektorlere drnek olarak,
digerlerinin yan1 sira, saglik, egitim, moda, sanat, 3D bask1, Bitcoin madencilik veya tarim gibi
endiistriler verilebilir. Bununla birlikte, Ureten tiiketici olgusunun en énemli etkisi enerji
sektoriindedir (Botelho ve Ark., 2021). Kirsal alanlardaki iireten tiiketici 6rnekleri arasinda gida
sektorii yer alir (Trebska ve Biernat-Jarka, 2020). Genel olarak, enerji iireten tiiketicilerinin
ayn1 anda hem enerji iireten hem de tiiketen bireyler oldugu varsayilabilir. Ureten tiiketicilik,
biiytik 6lgekli sirketlerden aktif tiiketiciler tarafindan iiretilen dagitilmis enerjiye dogru tarihi
bir degisimi belirtir (Kuchmacz ve Mika, 2018). Genel olarak, iireten tiiketici kategorisi gibi,
enerji Ureten tiiketiciler kategorisi de heterojendir ve alt boliimlere ayrilabilir (EEA, 2022):
“Bireysel yatirimlar” (ev sahiplerinin iireten tiiketici olmasinin en yaygin yolu bir PV santrali
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kurmaktir); “bir binadaki kolektif iireten tiiketiciler”; “toplum yatirnmlar1” (en ¢esitli iireten
tilkketici grubu); “sirket liderligindeki projelere katilim” (bireylerin bolgesel yenilenebilir enerji
projelerine katilimi esas olarak finansal katilima dayanmaktadir). Bagka bir smiflandirma,
haneler, kamu kuruluslar1, kiigiik isletmeler ve ti¢linciil sektor gibi iireten tiiketici kategorilerini
belirtir (Naber ve Ark., 2021). Ureten tiiketicilerin &nemli bir 6zelligi, enerji topluluguna dahil
olmak ve vatandaglarini temsil etmektir. Bu nedenle, 6rnegin, kendi ihtiyaglari i¢in parga iireten
endiistriyel sirketler, vatandaslar1 dogrudan temsil etmedikleri i¢in iireten tiiketici olarak kabul
edilmezler (EEA, 2022).

Enerji iireten tiiketicilerinin varliginin temel bir yonii, faaliyetlerinin siirdiiriilebilir kalkinma
hedeflerini desteklemesi ve bu nedenle pratikte yenilenebilir enerji kaynaklarina dayali olmasi
ve BM’nin Siirdiiriilebilir Kalkinma Hedefi "uygun fiyatli temiz enerji" ile tutarli olmasidir.
Tipik olarak, enerji alanindaki tireten tiiketici fikri, yenilenebilir enerjinin tiiketimi ve {iretimi
ile acikca iliskilidir (Brown ve Ark., 2020). Pratikte, bir ¢ift¢cinin fosil yakitlardan enerji
iiretebilecegini hayal etmek zordur. Bu nedenle, giftgiler s6z konusu oldugunda, bir iireten
tiiketici olmanin yenilenebilir enerji iiretimiyle iligkili oldugunu varsayilir.

AB’de enerji lireten tiiketicilerinin artisini tesvik eden baslica faktorler arasinda yenilenebilir
enerji kaynaklarinin azalan maliyetleri ve bu faaliyet bi¢ciminin bir¢ok hiikiimet tarafindan
desteklenmesi (siibvansiyonlar veya net 6l¢iim sistemleri seklinde) ve vatandaslarin artan ¢evre
bilinci yer almaktadir (Gajdzik ve Ark., 2023). Bununla birlikte, son yillarda iireten tiiketicilik
yoluyla yenilenebilir enerji kaynaklarinin gelisimini 6zellikle yogun bir sekilde destekleyen AB
iilkelerinde bile, enerji iireten tiiketicilerinin sayisini tam olarak belirlemek giliniimiizde ¢ok
zordur. Ornegin, 2015 ile 2020 arasinda Hollanda’daki fotovoltaik (PV) iireten tiiketici say1s1
500.000’den az iken 1 milyondan daha fazlaya, Portekiz’de 3.000’den 30.000’den daha fazlaya
ve Polonya’da 2018’de 51.000°den 2021°de 847.000’e ¢cikmistir (EEA, 2022). Ancak genel
olarak, iireten tiiketicilik enerji liretiminde bugiine kadarki gelisiminin esas olarak catilara ve
yere kurulan elektrik tireten PV modiillere ve ¢ok daha az 6lgiide riizgar enerjisine dayandigi
soylenebilir (EEA, 2022). Baz1 tahminler, AB iilkelerinde bu iki kaynaga giivenen iireten
tilketicilerin elektrik ihtiyaclarmin %30 ila %70’ini (lilkeye bagli olarak) ve toplam 1s1
ihtiyaclarmin = %30 ila %70’ini elektrik, biyokiitle ve giines 1sisma giivenerek
karsilayabilecegini One siirmektedir (EEA, 2022). Tarim alaninda enerji ireten tiiketici
gelistirme firsatlar1 baglaminda, bireysel ciftliklerde enerji kaynaklarinin devreye alinmasini
iceren girisimlere ek olarak, ciftciler tarafindan iiretilen yenilenebilir enerjinin kullanimini
iyilestirebilecek "hibrit enerji-tarim kooperatifi" (yenilenebilir enerji topluluklari ve
kooperatifleri) gibi kolektif eylemler i¢in de firsatlar oldugunu belirtmekte fayda vardir. Bu tiir
kooperatifler, birkag¢ farkli yenilenebilir enerji kaynagina, tiyelerin birbirine bagliligina, enerji
akislarinin iki yonliiliigiine ve bireysel olarak faaliyet gdsteren tesislerden daha fazla esneklige
sahip olmalidir. Bu tiir kooperatiflerin gelistirilmesi, biyoenerjinin yerel topluluklardaki
kullanilmayan potansiyelinin aciga c¢ikarilmasina yardimer olabilir ve tarimin ve diger
sektorlerin karbondan arindirilmasini destekleyebilir. Bu noktada, yenilenebilir enerji
kooperatiflerinin gelistirilmesindeki faktorlerden birinin sosyal sermaye oldugunu belirtmekte
fayda vardir (Geskus ve Ark., 2024). Kolektif enerji girisimleri, kirsal alanlarda olduk¢a yaygin
bir enerji liretim bigimi haline gelmis olsa da, bunlarin gelistirilmesi hala ¢cok sayida engelle
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(politik, yasal, ekonomik ve sosyo-kiiltiirel kosullar) kars1 karsiyadir. Enerji tireten tiiketicinin
gelisimi esas olarak asagidaki teknolojilere dayanmaktadir (Naber ve Ark., 2021):

e Elektrik iiretimi icin ¢at1 veya yer tabanli giines PV: Fotovoltaik (PV) teknolojisi,
iireten tliketicilerin en yaygin enerji tiretim teknolojisini temsil eder. Baglica yarari
kurulum kolaylig1 iken, birincil olumsuzlugu hava kosullarina bagli olmasidir.
PV’nin yere kurulumu ek alan isgalini gerektirir ve bu da onu hanelerde kismen
nadir bir ¢6ziim haline getirir. Ancak, kirsal alanlarda daha kolay uygulanabilir.

e Elektrik tiretmek i¢in riizgar tiirbinleri: Riizgar enerjisine dayanir ve ¢atiya veya yere
monte edilebilir. Yere monte riizgar tiirbinleri (yer tistii PV modiilleri gibi) 6n
tedarik giic liretimi ve ticari ¢oziimlerde (sadece enerji satis1 amaciyla kurulur)
kullanilir.

e Is1 enerjisi lretmek icin gilines termali: Giines 1s1 enerjisi, giinesten gelen 1s1y1
yakalamak icin kullanilabilir ve genellikle diger yenilenebilir enerji kaynaklariyla
(PV gibi) birlikte kullanilir. -

e Elektrik ve 1s1 iiretmek icin birlesik 1s1 ve gii¢ iiretimi (CHP): Ureten tiiketici,
kullanilan enerji tastyicisini kendisi tiretiyorsa CHP bir iireten tiiketici teknolojisi
olarak goriilebilir. Uygulamada, bu 6zellikle yeterli biyokiitlenin elde edilebildigi
kirsal alanlarda sadece biyokiitle enerjisi i¢in gegerlidir. Bu teknolojinin bireysel
hanelerde kullanilmasi olas1 degildir, ancak genellikle biyogaz tesisi olan ¢iftliklerde
kullanilir.

e Is1 enerjisi iretmek i¢in biyokiitle kazani: CHP’ye benzer sekilde, kullanilan
biyokiitle iireten tiiketici tarafindan {iretiliyorsa, bu teknoloji lireten tiiketici olarak
gorilebilir. Bu durum pratikte kullanimini kirsal alanlarla sinirlar.

e Is1 enerjisi tiretmek icin 1s1 pompalari: Bu teknoloji, ¢evreden (hava, toprak veya su)
enerji ¢ikarmaya dayanir. Hem kentsel hem de kirsal alanlarda kullanilabilir.
Yenilenebilir enerji kaynaklarina dayali herhangi bir sistemin (hem tarimda hem de
tarim disinda) etkili bir sekilde islemesinin, ekonomik o6zellikler (yiiriitiilen
faaliyetler), yol altyapisi, enerji altyapisi (iletim aglari), niifus yogunlugu vb. gibi
digerlerinin yan1 sira bolgenin kosullarina baglidir.

Literatiirde, g¢iftcilerin ayn1 anda hem tiiketici hem de {iretici olarak islev gordiigline iliskin
ornekler bulunmaktadir. Pereira ve Ark. (2022), giiniimiizde sadece yenilenebilir enerji
kaynaklarini kullanmanin yeterli olmadigini, ayn1 zamanda uygun enerji yonetiminin de énemli
oldugunu ve bunun i¢in akilli tarima dayali ¢esitli ¢oziimlerin faydali oldugunu belirtmektedir.
Portekiz’deki bir ¢iftligin kendi enerji kaynagiyla entegre edilmesi, sebekeden enerji tiiketimini
%83 oranindan fazla azalmistir. mimkin kildigmi gostermektedir. Fotovoltaiklere
(agrivoltaikler) dayal1 ¢6ziimler giines 1s1nimina baglidir. Bu nedenle diinyanin farkli yerlerinde
etkiler degisecektir. Uretimi iklime degil, sadece biyokiitle tedarikine bagli olan tarimsal
biyogaz, cift¢i-lireticiler igin istikrarli bir enerji kaynagi olarak gosterilmektedir. Biyogaz
tiretiminden her zaman biiyiik bir yatirim projesi anlagilmamalidir. Kirsal alanlarda, 6zellikle
gelismekte olan tlkelerde, ailelerin ihtiyaglar i¢in gaz saglamak amaciyla genellikle kiigiik
biyogaz fermentorleri kurulur. Boyle bir ¢6ziimiin maliyeti dogal gaz edinme maliyetini agmaz
(Jain, 2024). Tarimmin, sadece kendi tiiketimi i¢in degil, ayn1 zamanda ekonominin diger
sektorleri i¢in de biyogaz iiretmesi beklenen gelismis iilkelerde, biyogaz projeleri biiylik
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yatirimlar gerektirir. Ornegin, tarimsal biyogaz iiretiminin dzellikle yogun bir sekilde gelistigi
bir lilke Almanya’dir. Ancak burada bu sektoriin gelisimi yogun bir sekilde kamu fonlariyla
desteklenmis ve ayrica tartisma konusu haline gelen enerji {iriinlerine biiyiik Olgiide
giivenilmistir. Bununla birlikte, 9500 biyogaz tesisi Alman enerji sistemine yaklasik 50 TWh
enerji saglamaktadir (Thran ve Ark., 2023). Buna karsilik, biiylik biyogaz tesislerinin
cogunlukla bircok ciftlikten ve gida endiistrisinden gelen atik biyokiitle kullanilarak insa
edildigi Danimarka’da biraz farkli bir model gelistirilmistir (Foged, 2019). Danimarka modeli
giibre kullanimini ilk siraya, enerji iiretimini ikinci siraya koyar; ancak bu durum sinerjik
etkilere yol acar ve ¢iftciler, gevre ve enerji tiiketicileri i¢in ¢ok boyutlu faydalar saglar. Ancak
genel olarak, yliksek yatirim maliyetleri bir biyogaz girisiminin basarisini pratikteki destek
diizeyine bagli hale getirecektir. Ne yazik ki, biyokiitle gii¢ liretim maliyetleri tiim RES’lerin
en yavas oraninda azalmaktadir. Elektrik maliyeti (LCOE) 2010 ile 2023 yillar1 arasinda,
biyoener;ji i¢in %14 azalirken, glines PV icin %90, kara riizgar1 i¢in %70, agik deniz riizgari
icin %63, jeotermal icin %31 ve hidroelektrik i¢in %33 oraninda azalmistir (IRENA, 2024).
Biyogaz {iretimi i¢in tarimsal atiklarin anaerobik fermentasyonuna iligkin bazi drneklerin bir
incelemesi Alengebawy ve Ark. (2024) tarafindan yapilan bir arastirmada bulunabilir.
Cifteilerin riizgar giicii kullanimina iligkin 6rneklere gelince, bu, 1930’lardan beri kiigiik 6lgekli
rlizgar tiirbinlerinin insa edildigi ABD’ nin bazi bolgelerinde oldukga popiiler bir teknolojidir.
Ugiincii taraf gelistiricilerin tarim arazilerine tiirbin dikmesi giderek daha yaygin hale
gelmektedir. Ancak bu gelisme, iireten tiiketici modelinden ¢ok uzaktir. Son yillarda, 6rnegin
Almanya’da bdyle bir model gelistirilmektedir (Fuch ve Ark., 2019). Bir¢ok basarilt 6rnek
sunulabilse de, sorunlara da isaret edilmektedir. Bunlardan biri, iireten tiiketicilere saglanan
finansal destegin bicimi ve diizeyidir. Ornegin Polonya’da, 2022’ye kadar iireten tiiketiciler,
giines PV’lerinin hizla biliylimesine katkida bulunan net o6l¢lim avantajindan
yararlanabilmislerdir. Sistemin net faturalamaya ge¢cmesi kosullar1 nemli 6l¢iide degistirmistir
ve Lakomiak (2022) tarafindan yapilan analizine gore; bu, meyve bahgesi ciftliklerinde
yenilenebilir enerji liretim potansiyelinin kullanimini (hem bireysel iireten tiiketiciler hem de
enerji kooperatifleri tarafindan) sinirlamaktadir.

3. ENERJI TUKETICIiSI OLARAK TARIM

Daha 6nce belirtildigi gibi, ekonomik gelisme ve sanayilesme, tarimi1 enerji iireten bir sektorden
enerji tiiketen bir sektdre doniistiirmiistiir. Fosil yakit enerjisi tarimin birincil girdilerinden biri
haline gelmistir. Tarimdaki enerji tiiketimi, iiriin/faaliyet tiiriine, cografi konuma, iklime, tiretim
uygulamalarina, tarim alet/makinalarina veya iiretim yogunluguna bagli olarak 6nemli 6l¢iide
degisir. Ayrica ekonomik duruma gore de degisir. Genel olarak, ekonomik durum ne kadar
iyiyse, tarimdaki enerji tiikketiminin o kadar yliksek oldugu gozlemlenebilir.

Tarimdaki enerji, hem dogrudan tarimsal emtialarin iiretim siireclerinde (6rnegin, makinalar
icin yakit) hem de dolayli olarak tarimda ihtiya¢ duyulan diger girdilerin (6rnegin, giibreler)
iretiminde ve ayrica gida isleme ve dagitim siireglerinde tiiketilir. Fosil yakit enerjisini de
iceren tarimsal siirecte kullanilan dogrudan enerji girdileri, tiiketilen elektrik ile kati, siv1 ve gaz
yakitlarin toplamini belirtir. Dogrudan enerji, sahada kullanilan enerjiyi (6rnegin dizel) belirtir,
genellikle enerji tastyicisinin 1sitma degerini yansitir ve tagiyicinin iiretimi ve dagitimiyla
iligkili enerji thmal edilir. Dizel durumunda, bir litre yakit yaklasik 38 MJ enerji (toplam 1s1l
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deger) tasir. Bu deger, Dizel yakitinin toplam 1s1l degeridir. Bununla birlikte, ek olarak,
cikarilmasi, islenmesi ve ¢iftlige teslimi 9,1 MJ gerektirir. Bu deger genellikle ciftlik enerji
tilketiminin hesaplanmasinda atlanir (Zegada-Lizarazu ve Ark., 2010). Genel olarak, dogrudan
enerji kullanimimin "¢iftlik kapisi" asamasina kadar iiretim siireclerinde dogrudan kullanilan
enerji girdilerini icerdigi varsayilir. Elektrik tiiketimi, rafine edilmis petrol {iriinleri (esas olarak
Dizel), dogal gaz bazli yakitlar ve odun yongalarin1 kapsar. Dolayl1 enerji girdileri, tarimsal
iretim siireclerinde tiiketilen girdilerin tiretimi i¢in tiiketilen enerjiyi i¢erir. Bu girdiler giibreler,
tarim 1ilaglari, ciftlik makinalar1 ve ciftlik binalari dahil olmak {izere, iiretim araglarinin
imalatinda kullanilan enerji tasiyicilardir. Tarimda kullanilan enerjinin yarisindan fazlasinin,
esas olarak azottan kaynaklanan dolayli enerji kullanimlariyla ilgili oldugu tahmin edilmektedir
(Pimental, 2017). Dolayl1 enerji kullaniminin dogru tahmini, 6zellikle makina ve binalar s6z
konusu oldugunda, dogrudan enerji tiiketimini belirlemekten daha karmasiktir. Ciinkii bu
durum, teknik ¢ozlimlerde biiylik farkliliklar olan kosullar altinda kesin makine ve ingaat
verileri gerektirir. Ciftlikte tiretilen biyokiitlede bulunan enerji tiikketimini kategorize etmek bile
zordur. Ornegin, tarimsal iiretimden elde edilen saman, 1s1tma yakit1 olarak islenebilir. Saman,
toplam 1s1l degeri 18 MJ/kg’a kadar olan bir enerji tastyicisidir (OECD, 2017). Yine de, ¢iftlikte
hayvanlar i¢in yataklik olarak tiiketilebilir veya toprak iyilestirme i¢in tarlada siirtilebilir. Bu
samanin, yetistirme siireci sirasinda dogrudan (6rnegin traktor icin Dizel) ve dolayli (6rnegin
giibre girdileri) enerji kullanimi ve fotosentez yoluyla biriken giines enerjisi sonucu iiretildigini
belirtmekte fayda vardir. Biyolojik ve yenilenebilir kaynaklardan elde edilen enerji (biyokiitle)
biyoenerji olarak siiflandirilabilir. Uretilen ve daha sonra ciftlikte gesitli {iretim siireclerinde
kullanilan biyokiitle, tarimda enerji tiiketimi analizlerinde genellikle goz ardi edilen potansiyel
bir dolayli enerji girdisini (biyoenerji) temsil eder. Bu durum, yukarida belirtilen saman,
organik giibreler, kaba yem, yogun yem i¢in kullanilan tahillar, tohumlar ve gen¢ hayvanlara
atifta bulunabilir. Is1 veya elektrik tiretmek i¢in kullanilan biyokiitle, dogrudan enerji girdileri
olarak smiflandirilmalidir. Sentetik olarak, tarimdaki temel enerji girdileri kategorileri Cizelge
1'de 6zetlenmistir.

Cizelge 1. Tarimdaki Enerji Girdilerinin Simflandirmasi (Sulewski ve Ark., 2024)

Dogrudan Enerji Girisleri | Potansiyel Olarak Dolayll | Dolayli Enerji Girisi
Enerji Girisleri

e Dizel e Tohumlar o Giibreler

o Elektrik o Kaesif yem e Tarim ilaglar

o I[sitma yakitlari: e Kabayem o Ciftlik binalar1 ve ¢iftlik

e Komiir, Dogal Gaz, e Geng hayvanlar altyapisi gelistirme

o [s1 e Organik giibreler (¢iftlik | ® Makine ve diger

e Odun artiklari) ekipmanlar

¢ Enerji tiretimi igin e Hizmetler (makina
biyokiitle (gida atiklari, miiteahhitleri, tohum
biyogaz tesisi i¢in gida hazirlama, tahil kurutma)
endiistrisinin yan e Endiistri bazli hayvan
tirtinleri) yemi (melas, pancar

kiispesi)
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Dogrudan enerji maliyeti kategorisinde, tarimin son enerji tiiketimindeki payinin yaklasik %3
oldugu, tiim tarimsal gida sektoriiniin payimin ise halihazirda yaklasik %30 oldugu tahmin
edilmektedir (FAO, 2021). Tarimin son enerji tiikketimindeki payr AB’de de ortalama %3
oranindadir. Ancak bu konuda AB’deki iilkeler arasinda énemli farkliliklar vardir. Ornegin,
Hollanda’da %9’dan yiiksek iken, Slovakya'da %1,3 diizeyindedir (Eurostat, 2024). FAO
verileri, kiiresel (dogrudan) enerji tiiketiminde tarimin biraz daha kiiglik bir ortalama payimni
gostermektedir, Bu da 1971-2009 yillar1 arasinda tarim ve ormanciligin kiiresel payinin %3
diizeyini gegmedigini, ancak durumun diinya bolgeleri arasinda ortalama olarak biiytik dlgiide
degistigini gostermektedir. Gozlem donemi boyunca en dar pay, ortalama olarak Giiney
Amerika’da meydana gelmistir (%4-6 aralifinda degisim). Diger taraftan, en diisiik pay
gelismekte olan iilkelerde ve Kuzey Amerika’da goézlemlenmistir. Ayrica, s6z konusu
gostergenin 1970’lerin basina kadar oldukca istikrarli bir sekilde biiyiidiiglinii, ardindan hafif
bir diislis egiliminin basladigini (cogunlukla Avrupa ve Giiney Amerika’da) belirtmekte fayda
vardir. Enerji tiiketiminde tarimin payidaki degisiklikleri analiz ederken, bunlarin ekonominin
diger sektorlerindeki enerji tiiketimindeki degisikliklerin de sonucu oldugu unutulmamalidir.
Ancak, modern tarimin bir 6zelligi, endistriyel girdilere asir1 bagimli olmasidir. Bu bagimlilik
tarimin enerji tiikketimindeki gergek 6neminin sektor istatistiklerinin gésterdiginden daha biiytik
oldugu ve 6rnegin Eurostat istatistiklerinde bildirilen enerji tiikketiminin hafife alinabilecegi
anlamina gelir. Cesitli tahminler, ¢iftlike toplam enerji tiikketiminin %50’sinin giibre, yem ve
diger girdilerde yer alan dolayli enerji kullanimindan kaynaklanabilecegini gostermektedir
(Pelletier ve Ark., 2011; Baptista ve Ark., 2014). AB i¢in yapilan tahminler, 6rnegin AB’de
tarimsal uygulamalarin maliyetlerindeki enerji paymin ortalama olarak 6zgiil maliyetin
%30’una, ara tiikketimin %18’ine ve toplam girdinin %]12’sine ulastigin1 gostermektedir
(Martinho, 2020)

Cesitli girdilerin iiretim siireglerinin enerji yogunlugu, tarimdaki dolayli enerji maliyetinin
seviyesini etkiler. Ornegin, Giibreler Avrupa Genel Miidiirii'ne gére, 2022°de giibre iiretiminin
degisken maliyetlerindeki gaz maliyetlerinin payr %90’a kadar ulasmistir (UK, 2022). Bu
durum, tarim sektoriiniin enerji piyasasindaki duruma biiyiik 6lgiide bagli oldugu ve enerji
fiyatlarindaki artiglarin tarimsal liretimin karliligint 6nemli 6lcilide etkiledigi anlamina gelir.
Tarimin enerji fiyatlarina olan giiglii bagimliligy, ciftliklerin diisiikk dayanikliligi durumunda,
yliksek enerji fiyatlarinin sonuglarinin tiretimde azalmaya yol acabilecegi anlamina gelir. Bu
durum sadece ¢iftlik ekonomisi agisindan degil, ayn1 zamanda kiiresel gida gilivenligi agisindan
da 6nemli bir konudur (Alexander ve Ark., 2022). Sorun, kiiresel niifusun istikrarli bir sekilde
artmas1 gercegiyle daha da kotiilesmektedir. Biiylime oraninda beklenen azalmaya ragmen, bu
egilim, mevcut tahminlere gore diinya niifusunun 10 milyara ulagacagi 2100 y1lina kadar devam
edecektir. Diger bir deyisle, "enerji-tarim bag1" hem enerji arzin1 ve talebini hem de gida
giivenligini ve ¢evresel (iklim) zorluklarini giindeme getirmektedir.

4. ENERJi URETEN SEKTOR OLARAK TARIM

Ciftciler enerji tasarrufu uygulamalarin1 benimsediklerinde, daha da kendi kendine yetebilen
hale gelmek i¢in kendi enerjilerini liretebilirler ve bu da dis girdileri azaltir. Yenilenebilir enerji
sadece ciftcilerin para tasarrufu yapmasina yardimci olmakla kalmaz, ayni zamanda kiiresel
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1sinmaya karst miicadeleye de yardimci olur. Tarim, biyokiitle, PV modiller ile elektrik
iiretmek icin kullanilan glines enerjisi ve riizgar enerjisine dayali olarak yenilenebilir enerji
iretebilir. Ancak giiniimiize kadar, tarimdan elde edilen yenilenebilir enerjinin genel
ekonomide kullanimi1 kismen kii¢iik kalmistir. Ancak, enerji saglamada tarimin roliinii gosteren
dogru istatistikler yoktur. Bununla birlikte, toplam son enerji tiiketimindeki toplam kiiresel
yenilenebilir enerjinin yaklasik %15,4 oldugu tahmin edildiginde (REN21, 2024), tarimin
kendisinin bu degere katkisinin 6nemli 6l¢iide daha diisiik olmas1 gerektigi siiphesizdir. REN21
Raporunda (REN21, 2024), yenilenebilir enerjileri tarim uygulamalariyla biitiinlestirmenin
sayisiz faydasina ragmen, AB disinda sadece dort iilkenin (Banglades, Hindistan, Kore
Cumhuriyeti ve Malta) tarim sektorii icin yenilenebilir enerji hedeflerine sahip oldugunu
belirtilmektedir.

4.1. Biyokiitle

Biyokiitle, tarimdan enerji elde etmesinin birincil yoludur ve tarihsel olarak, insanlik tarafindan
en eski enerji liretme bigimidir. Literatiir, tarimsal biyokiitlenin ¢esitli enerji tastyicilarinin
dretimini tretmek i¢in kullanilmasinin, hem tarim sektoriiniin kendi tiketimi hem de
ekonominin diger sektorlerinin ihtiyaglari i¢in enerji iiretiminde tarimin katilimini artirma s6z
konusu oldugunda muhtemelen en 6nemli secenek oldugunu belirtmektedir. Biyokiitleden
(organik maddeler) ¢ikarilan ve elektrige, ulasim yakitlarina ve 1siya doniistiiriilen enerjiye
biyoenerji denir. Kiiresel olarak, biyokiitle enerjisinin toplam enerji talebinin %10-14’{ine
katkida bulundugu tahmin edilmektedir (Kumar ve Ark., 2023). Diinya Biyoenerji Birligi’nin
(WBA, 2024) istatistikleri, biyoenerjinin diinya enerji karisiminda yaklasik %9’luk bir paya
sahip oldugunu belirtmektedir. Ttim kiiresel biyoenerji pazarinin degeri, oniimiizdeki birkag yil
icinde %9,4’liikk Bilesik Yillik Biiylime Oranlar1 (CAGR) ile 296,7 milyar ABD dolar1 olarak
tahmin edilmektedir (BRC, 2024).

Genel olarak, biyokiitle, Avrupa Birligi’ndeki RES yapisina hakimdir ve RES’teki payin
ortalama yaklasik %60’1n1 olusturur ve bazi iilkelerde %90’1 bile asar. Ancak, énemli bir
sekilde, bu sonuca ana katki odunsu (ormancilik) biyokiitlesinden (biyokiitlenin yaklagik
%60’1) gelmektedir (EC, 2023). Tarimsal yan firiinleri ve tarimsal triinleri igeren tarimsal
biyokiitlenin pay1, toplam biyokiitlenin yaklasik %27°si olarak tahmin edilmektedir. Ancak,
stire¢ siirdiiriilebilirse ve karbondioksit sekestrasyonuna ve biyolojik cesitlilik hedeflerine
ulagmaya olan ihtiyaci gii¢lendiriyorsa, giiniimiizde baskin olan odunsu biyokiitlenin hasadi
hakli ¢ikar (EC, 2021). Bu nedenle, AB’de odunsu biyokiitle potansiyelinin azalmasi
beklenebilir (Janiszewska ve Ossowska, 2022). Dongiisel ekonominin artan zorluklari ve
gereksinimleri dikkate alindiginda, tarimsal biyokiitlenin ¢ok daha biiyiik bir potansiyele sahip
oldugu goriilmektedir (Alatzas ve Ark., 2019). Tarimsal biyokiitlenin yenilenebilir enerji
kaynagi olarak bir¢ok avantaji vardir. Bunlarin en dnemlileri arasinda; tarim sektdriinden gelen
atik ve kalintilarin kullanimi, tarimdan kaynaklanan emisyonlarin azaltilmasi, cesitlilik, enerji
tedarikinin merkezden uzaklastirilmasi ve bolgesel diizeyde enerji giivenliginin iyilestirilmesi
ve tarimsal biyorafinerilerde farkli enerji tasiyicilart ve farkli {irtinler iiretme veya kirsal
alanlarda yeni is yaratma olasilig1 yer almaktadir.

AB’de 2020 yilinda enerji lretimi i¢in kullanilan biyokiitlenin yaklasik %15°1 tarimsal
tiretimden karsilanmistir. Bu biyokiitleden tarimsal artiklar ve 1s1, elektrik ve biyoyakit {iretimi
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icin enerji Uriinleri tiretilmistir (Biyoenerji Avrupa, 2024). Ancak, tarimsal biyokiitlenin yeterli
politika onlemlerinin olmamasi, sinirli bilgi veya uygun is modellerinin olmamasi nedeniyle
yeterince kullanilmadig1 vurgulanmaktadir. Ayrica, tarimin yenilenebilir enerji tiretim firsatlari
icin potansiyelinin yeterince kullanilmadig1 ve ciftliklerin kendi enerjilerini ¢ok az kullandigi
belirtilmektedir (Rokicki ve Ark., 2021). Tarimin biyoenerji tiretimindeki énemli potansiyeli,
tarimsal {rtlinlerin sadece bir kisminin tiiketilmesi ve emtiaya bagl olarak artiklarin %10 ile
%90’a kadar ¢ikabilmesinden kaynaklanmaktadir (Energypedia, 2024).

Majewski ve Ark. (2016) tarafindan yapilan, Polonya 6rneginde hayvansal iiretimden arta kalan
atiklardan iiretilen tarimsal biyogaz potansiyeli lizerine yapilan bir ¢calisma, tarim sektoriiniin
elektrik talebini karsilamanin miimkiin olacagini gostermistir. Biyometanin da biiyiik bir
potansiyeli vardir. Biyogazla karsilastirildiginda, bu teknolojinin daha iyi enerji kullanimina
olanak saglamasi nedeniyle bir avantaji vardir. Bazi tahminler, 2050 yilina kadar tarimsal
biyometanin AB’nin gaz ihtiyacinin %30 ile %40’m1 karsilayacagini gostermektedir,
Glinlimiize kadar, biyogaz ve biyometan AB’nin gaz ihtiyacinin yaklasik %5’ ini
karsilayabilmistir (EBA, 2021; Sulewski ve Ark., 2023).

Bazi arasgtirmalarda (Janiszewska ve Ossowska, 2022), elde edilen biyokiitlenin igerdigi
potansiyelin sadece bir kisminin tarlalarin giibrelenmesi ihtiyaci nedeniyle enerji tiretmek i¢in
kullanilabilecegini belirtilmektedir. Biyogaz tesislerinde elde edilen giibre gibi fermente olmus
materyal iyi giibre 6zelliklerine sahiptir.

Biyokiitle genellikle bitki, hayvan ve mikroorganik biyokiitle olmak iizere {li¢ kategoriye
ayrilabilir. Tarimsal biyokiitle, enerji liretmek i¢in ¢esitli sekillerde kullanilabilir. Dogrudan
yanici1 yakit olarak, gaz yakit olarak (biyogaz), sivi yakit olarak (etanol, biyodizel), yakit
peletleri olarak ve elektrik iiretmek icin kullanilabilir. Biyokomiir, biyodizel, biyoetanol,
biyobutanol, biyogaz, biyometan ve biyohidrojen gibi ¢esitli yakitlar (sivi, kati ve gaz enerji
tastyicilar) biyokiitleden tiretilebilir. Biyoenerjinin ¢ikarildig: biyokiitlenin tiirtine bagh olarak,
birinci, ikinci, Ui¢lincli ve dordiincii kusak biyoyakitlar olarak dort kusak biyoyakit ayirt
edilebilir. Birinci kusak biyoyakitlar tarimsal {riinlerden elde edilir. Tahil iiriinleri, pancar,
misir vb. biyoetanol iiretirken, yag lrlinlerinden (yag palmiyesi, soya fasulyesi, Hindistan
cevizi, kolza ve ay¢icegi) biyodizel iretilir. Genel olarak, birinci kusak biyoyakitlar yenilebilir
gida kaynaklarindan iiretilir. Bu da tarim arazileri i¢in rekabet yaratir ve bu ¢6zlimiin mesruiyeti
biiyiik siiphelerle doludur. Ozellikle dnemli olan, gelecekteki biyoyakit nesillerinin yenilebilir
gida kaynaklarin1 kullanmayacak olmasidir. ikinci kusak biyoyakatlar, dncelikle lignoseliilozik
biyokiitlenin ve 6zellikle bugday kepegi, hayvansal yaglar veya pisirme ve kizartma yagi
atiklar1 gibi gida endiistrisinden gelenler gibi ¢esitli organik atiklar, 6zellikle tarimsal kalintilar
dahil olmak tizere diger atiklarin ayrigsmasindan iiretilen enerji tagtyicilarini igerir. AB RED II
Direktifine gore, siirdiiriilebilir enerji liretimi i¢in biyokiitlenin gida ve yem tiretimine ayrilmig
tarim arazileri i¢in rekabet yaratmamasi gerektigi vurgulanmalidir (EBA, 2021). 2010 ile 2015
yillar1 arasinda, yeni kurulan biyometan tesislerinin neredeyse yarisi enerji iriinlerine
dayanmistir (EBA, 2021). Ugiincii kusak biyoyakitlar, 6zellikle makroalgler ve deniz ¢ayirlari
olmak tizere deniz biyokiitlesinin kullanimina dayanirken, dordiincii kusak biyoyakaitlar,
biyoyakit iiretiminde kullanilan organizmalarin istenen 6zelliklerini gelistirmek icin genetik
mithendisliginin kullanimina dayanmaktadir. Tarimin biyoenerji liretim potansiyeli esas olarak
ikinci kusak biyoyakitlara, diger bir deyisle 6rnegin tarimsal biyogaz iiretmek i¢in atik tarimsal
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hammaddelerin kullanimima dayanmaktadir. Ancak, bunlar aym1 zamanda sdzde tarimsal
biyorafinerilerde diger enerji liriinleri ve malzemeleri tiretmek i¢in de kullanilabilir.

Tarimsal biyokiitleyi kullanmak i¢in 6zellikle yararli bir teknoloji, biyometana yiikseltme de
dahil olmak iizere biyogaz iiretimidir. Organik giibrelerden (gilibre, bulamag) iiretilen tarimsal
biyogaz, sadece belirli miktarda fosil yakit enerjisinin yenilenebilir enerjiyle degistirilmesini
saglamakla kalmaz, ayn1 zamanda giibre ve bulamacin geleneksel depolanmasi sirasinda olusan
metan emisyonlarin1 da azaltir. Fosil yakitlarin organik giibreden iiretilen tarimsal biyogazla
degistirilmesiyle, CO2 emisyonlarinda 1 kg’lik bir azalmanin, giibre yonetimindeki bir
degisiklik nedeniyle CO2 emisyonlarinda ek 1 kg’lik bir azalmaya doniistiigii varsayilmaktadir
(Mirosz ve Ark., 2015).

Biyogaz tesislerinde enerji tiretiminin verimliligi, biyogazin nasil kullanildigina bagh olarak
degisir. Ornegin, kombine 1s1 ve gii¢ (CHP) iiretimi i¢in tipik elektrik ve 1s1l verimlilikler
sirastyla %40 ve %50°dir. Bu nedenle verimliligin anahtari, yanma motorunda iretilen 1s1l
enerjinin yonetilip yoOnetilemeyecegidir. Bircok durumda, 1s1l enerjiyi verimli bir sekilde
kullanmak imkansizdir. Bu da birincil enerjinin bir kisminin dagitildigi anlamina gelir (EBA,
2021). Bunun aksine, bir gaz kazaninda biyogaz yakilarak 1sil enerji iiretimi ig¢in deger
%82,5’tir (Hakawati ve Ark., 2017). Biyogaz biyometana yiikseltilirse, tipki dogal gaz gibi
cesitli sekillerde kullanilabilir ve bu siirecin verimliligi isleme teknolojisine bagli olacaktir.
Biyometanin GHG emisyonlarin1 azaltmada biiyiik bir potansiyeli vardir. Fosil yakitlarin
biyometanla degistirilmesinin emisyonlar1 %80 oraninda azalttig1 ve bazi ¢oziimlerde %200
oraninda azalmalar miimkiin oldugu varsayilabilir. Fosil yakitin degistirilmesiyle 6nlenen
emisyonlara ek olarak, benzer miktarda GHG atmosferden etkili bir sekilde uzaklastirilir ve
karada depolanir veya bitigik sistemlerde onlenebilir (Alberici ve Ark., 2022). Sonug olarak,
yagsam dongiisii emisyonunun sifirin altinda olmasi beklenir (Hakawati ve Ark., 2017). Biyogaz
ve biyometan tesislerinin bir diger yarar1 da, diger yenilenebilir enerji kaynaklariyla
karsilastirildiginda, biyogaz tesislerinin daha fazla tiretim kararlilig1 ile karakterize edilmesidir
(Stejskal, 2008). Ustelik, biyogaz iiretimi, yerel kullanima odaklanan kiigiik 6l¢ekli, merkezi
olmayan enerji liretimi olan dagitilmis enerji modelini destekler ve bu da enerji lireten tiiketici
icin uygundur. Bu bakis agisindan, mikro biyogaz tesisleri ilging bir ¢oziimdiir. Kismen kii¢iik
ciftliklerde bile kurulabilir ve ciftciler tarafindan kendi ihtiyaglari i¢in kullanilabilir (enerji 6z
yeterliligi). Bu tiir tesisler genellikle sadece belirli bir ¢iftlikten (¢iftlik grubu) gelen biyokiitle
ile calistirilir. Bu da atiklarin tasinmasi ihtiyacini ortadan kaldirir ve bunlarn atik fiyati
dalgalanmalarindan bagimsiz hale getirir.

4.2. Tarimsal Fotovoltaikler

Genel olarak, insanlar ve hayvanlar i¢in bir gida kaynag olarak iiriin yetistirme siirecinde giines
enerjisi biyokiitleye doniistiiriiliir. Ancak, giinesin enerjisi fotovoltaik (PV) modiillerde elektrik
tiretmek amaciyla da kullanilabilir. Ciftciler elektrik iiretimini kismen kendi tliketimleri i¢in de
yapabilirken, kullanilmayan fazlalik diger tiiketicilere yonlendirilebilir. Son yillarda,
agrivoltaik kavraminin gelistirilmesiyle birlikte, tarim sektoriinde fotovoltaige olan ilgi belirgin
bir sekilde artmistir. Agrivoltaik, belirli bir tarim arazisinin ayni anda {iriin yetistirmeye ve PV
modiillerden enerji iiretilmesine olanak tantyan bir ¢oziimdiir. Ayrica, tarim arazisinin iiriin
yetistirmek ve enerji liretmek amactyla ikili kullanimina iligkin belirgin faydaya ek olarak,
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agrivoltaikler ciftcilere su tiikketimini azaltma veya PV modiillerin altindaki bitkileri asir1 hava
kosullarindan koruma ile ilgili baska faydalar da saglar. Ancak diger taraftan, PV modiillerinin
bitkilerin 1sinimma erisimini  kisitladigt ve bu nedenle iiretkenliklerini simirladigi
unutulmamalidir. Bununla birlikte, Dupraz ve Ark. (2011) tarafindan yapilan analizler, arazinin
iki yonlii kullanimiyla, PV modiillerin yogunluguna bagli olarak iiretkenliginin %35-75
araliginda arttigin1 géstermektedir. Buna karsilik, Dinesh ve Pearce (2016) tarafindan yapilan
analizler, ekonomik iiretkenlikte 9%30’luk bir artis oldugunu gostermektedir. Tarimsal
fotovoltaikleri basariyla kullanmak i¢in 6nemli bir 6n kosul, goélgeye iyi tolerans gdsteren
bitkilerin yetistirilmesi i¢in se¢im yapilmasidir. Bu nedenle, hayvan otlatma veya polinator
habitatiyla iligkili tarimsal fotovoltaikler, {iriin liretimine dayali tarimsal fotovoltaiklerden
finansal olarak daha rekabetci goriinmektedir. Tarimsal fotovoltaiklerin belirli bir bi¢imi
fotovoltaik seradir (PVG).

Riizgar enerjisini biyokiitle tabanli veya fotovoltaikleri (agrivoltaikleri) diger kaynaklarla
entegre etmek gibi hibrit ¢dziimlerden yararlanilmalidir. Ayrica, giines PV 1s1 enerjisi kaynagi
olarak (hem 1sitma hem de sogutma i¢in) kullanilabilir. Bu durum, sicak suyun gerekli oldugu
tarimsal faaliyetlerde (seralar, hayvan barinaklari) 6zellikle yararl bir ¢6ziimdiir. Giines PV’yi
181l teknolojilerle birlestirmek de miimkiindiir.

4.3. Riizgar Enerjisi

Tarimda da heniiz kesfedilmemis riizgar enerjisi firsatlar1 vardir. Giines enerjisinin aksine,
riizgar enerjisi glinde 24 saat kullanilabilir. Ancak atmosfer kosullarina da giiclii bir bagimlilik
vardir. Bu nedenle, tiim bolgeler bu enerji liretim yontemine yatkin degildir. Tiirbinin islevi,
donen pervanelerin riizgarin kinetik enerjisini mekanik veya elektrige dontistiiren bir elektrik
jeneratoriine gii¢ vermesidir. Tarihsel olarak, ylizyillar 6nce, riizgar enerjisi tarlalart sulamak
veya bosaltmak i¢in "riizgar pompalaria" gii¢c saglamak amaciyla kullanilmistir. Gliniimiizde,
yaygin olarak elektrik tlirbinleri kullanilmaktadir. Riizgar tiirbinlerinin gii¢ ¢ikisi dnemli dlciide
degisebilir (birkag kW’dan birkag MW’a (megawatt) kadar). Bu nedenle, farkli isletme
olgeklerindeki giftgilere enerji saglayabilirler. Ornegin, kiigiik 6lgekli riizgar tiirbinleri
Teksas’ta 1930’lar ve 1940’lar gibi erken bir tarihte popiiler hale gelmistir (UCS, 2003). Diger
uygulamalarin yam sira, elektrik sebekesine erisimi olmayan bdlgelerde sigirlar igin su
pompalamak i¢in kullanilmiglardir. Ciftliklere kurulan tiirbinler 6nemli O6l¢iide farklilik
gosterebilir. Ekipmani kurmak i¢in gerekli alanin az olmas1 6nemli bir avantajdir.

Riizgar tiirbinlerinden elde edilen enerji, sulama sistemlerine gii¢ saglamaktan elektrik
tiretmeye kadar ¢esitli amaglar i¢in kullanilabilir. Ciftgiler, riizgar enerjisi liretimine ii¢ sekilde
katilabilirler:

1) "Riizgar gelistiricisi" ile ortaklik kurarak ve arazilerine bir tiirbin kurulmasina izin vererek
2) Riizgar tiirbinlerini kismen kendi kullanimlari i¢in ve kismen enerji satisi i¢in kurarak

3) Kendileri bir "riizgar gelistiricisi" olarak sadece enerji isine odaklanarak

5. GENEL DEGERLENDIRME VE SONUCLAR

Kiiresel iklim politikasi, iddiali enerji gecis hedeflerini islevsel hale getirmenin yollarini arama
konusunda agikca baski olusturmaktadir. Bu siire¢, tarim da dahil olmak iizere ekonominin
birgok sektoriinde degisiklikler gerektirmektedir. Tarimin dogrudan enerji tiiketimindeki
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kismen kiigiik payma ragmen, tarimsal gida sektorii, g¢esitli enerji bigimlerinin verimsiz
kullannminin bir sonucu olarak goriilebilecek sekilde ¢evreyi bir¢ok farkli sekilde olumsuz
etkilemektedir. Ayni zamanda, tarimin hem kendi kullanimi hem de diger sektorlerin ihtiyaglar
i¢in enerji liretimine katkida bulunmak igin &nemli firsatlar1 vardir. Ozellikle, tarim ve tarimsal
gidada ortaya ¢ikan biyokiitle sektoriiniin kullanilmasina biiylik umutlar baglanabilir. Ancak,
cifteiler glines PV (agrivoltaik) ve riizgar enerjisi tiretimine de dahil olabilirler. Kiiresel enerji
gecis hedefleri gerceklestirilecekse, tarima belirli bir tiir "enerji tiiketicisi" olarak bakilmalidir.
Stirdiirtilebilir bir modele dogru enerji gecisinin hedeflerini karsilamak i¢in tarimin
potansiyelinin farkina varmak, dogrudan ve dolayli enerji tiiketimini azaltmayi, tiiketilen
enerjinin kullanim verimliligini artirmay1 ve tarimi kendi kullanimi ve ekonominin diger
sektorleri i¢in yenilenebilir enerji liretimine dahil etmeyi gerektirir.

Tarimda tireten tiiketici yaklasimina gecis, gelecek igin bazi dnemli zorluklar1 da beraberinde
getirmektedir. Birincil endise, glines ve riizgar gibi yenilenebilir kaynaklarin aralikli olarak
enerji {iretmesi nedeniyle enerji depolamadir. Uretim ve tiiketimi etkili bir sekilde dengelemek
icin, gelismis pil teknolojileri de dahil olmak iizere, uygun fiyatli ve verimli depolama
coztimleri gelistirmek esastir. Yeni nesil biyoyakitlar daha temiz bir enerji manzarasi vaat
etmektedir. Ancak, bunlarin ilerlemesi, su anda Olceklenebilirligi sinirlayan teknolojik ve
ekonomik engellerin asilmasina baglidir. Ayrica, tarimsal enerji iretimini Sirdiiriilebilir
Kalkinma Hedefleri (SKH) ve iklim politikalartyla uyumlu hale getirmek ¢ok yonlii bir
zorluktur. Bu uyum, artan enerji taleplerini cevre koruma ¢abalari, adil kaynak dagitimi ve iklim
eylemi hedeflerine baglilikla dikkatli bir dengeleme gerektirmektedir. Bilimsel arastirma
gerektiren 6nemli bir zorluk, modern teknolojik ¢ozlimleri daha genis bir 6l¢ekte kullanmanin
yollarinin aranmasidir. Modern bilimde, hassas tarim ve akilli tarim kavramina uyan daha
verimli enerji kullanimi i¢in bircok yontem vardir. Bununla birlikte, bunlarin yayilma derecesi
orgiitsel ve ekonomik engeller nedeniyle yetersiz kalmaktadir. Bu konudaki arastirmalar,
diinyanin birgok bolgesinde teknolojik ilerlemelerin yayilmasi i¢in ¢ok 6nemli gériinmektedir.
Bu yonleri sosyoekonomik kisitlamalart ele alirken entegre etmek, tarimi siirdiiriilebilir bir
enerji iireten tiiketici sektdriine doniistiirmeye yardimer olmalidir.
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OZET

Tarim, yenilenebilir enerji kullaniminin yayginlastiriimasina 6zellikle uygun ekonomik bir
sektordlir. Tarim sektorii de dahil olmak iizere, yenilenebilir enerji kullaniminin
yayginlagmasinin Oniindeki 6nemli engellerden biri, son yillarda azalmalarina ragmen,
yenilenebilir enerji liretimi i¢in yatirim maliyetlerinin hala yiliksek olmasidir. Bu nedenle,
hiikiimetlerin iklim doniistimii hedeflerinin ve buna eslik eden enerji doniisiimiiniin, enerji
karisiminda yenilenebilir enerjinin paymni artirma da dahil olmak {izere, uygulanmasini
hizlandirmaya odaklanmasiyla, konutlar, isletmeler ve ¢iftlikler tarafindan yapilan yatirimlar
icin devletin mali destegine ihtiya¢ duyulmaktadir. Giiniimiizde, yiiksek enerji fiyatlari,
jeopolitik istikrarsizlik ve enerji giivenligi konusundaki endiseler nedeniyle, tarimda
yenilenebilir enerji kullaniminin finansmaninda kamu fonlarmin islevinin degerlendirilmesi
ozellikle onemli hale gelmektedir. Tarimin mekansal ve yapisal cesitliligi, ciftcilerin
yenilenebilir enerji hakkindaki goriislerini etkilemektedir. Ciftcilerin yenilenebilir enerjiye
yatirim yapma motivasyonlari, devletin ve toplumun roliine iliskin algi ve enerji doniisiim
stirecinde kullanilan araglar hakkindaki goriislerine bagl olarak degisir. Ciftciler yenilenebilir
enerji kaynaklarinin kullanimini destekleme agisindan uygun diizenlemeler, dogrudan araclar
(stibvansiyonlar) seklinde finansal destek, dolayli etki destegi (vergi indirimleri, imtiyazli
krediler), teknolojik destek (6rnegin enerji depolama tesislerinin insasi, iletim aglarinin
modernizasyonu) ve egitim destegine (yenilenebilir enerji alaninda 1yi uygulamalarin tesviki)
ithtiyaclari vardir. Bu ¢alismada, tarimda yenilenebilir enerji kullaniminin finansmaninda kamu
kaynaklarinin 6nemi tartisilmistir. Calisma, tarimda yenilenebilir enerjiyi destekleme politikasi
icin Oneriler olusturulmasina yardimci olabilir.

Anahtar Kelimeler: Tarim, Yenilenebilir enerji, Kamu kaynaklari, Destek ve tesvikler

1. GIRIS
Son yillarda birgok iilke hiikiimetinin ilgi odagi haline gelen alanlardan biri de yenilenebilir
enerjidir. Bu ilgi, dncelikle enerji tiiketimini azaltmayi ve sera gazi (GHG) emisyonlarini
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azaltmay1 igeren enerji doniisiim siirecini hizlandirma ihtiyacindan kaynaklanmaktadir. Mevcut
gelistirme yonleri, yenilenebilir enerji kaynaklarinin maksimum kullanimin1 ve kaynaklarin
optimum ve rasyonel kullanimimi hedeflemektedir. Bu faaliyetler yasamin tiim alanlarini
ilgilendirir ve ¢esitli diizeylerde gergeklestirilir. Enerji doniisiimii, ¢esitli endiistrilerde faaliyet
gosteren bireyleri, sirketleri ve iiretim igletmelerini ilgilendirir. Bu konu, COVID-19 salgini ve
Ukrayna’daki savasin patlak vermesiyle ortaya ¢ikan enerji krizi ve bunun Rusya i¢in sonuglari
sonucunda olaganiistii bir dnem kazanmistir. Rusya, simdiye kadar enerji iiretimi i¢in
digerlerinin yani sira fosil yakitlarin gerekli ana tedarikgilerinden biri olmustur.

Enerji doniisiim siireci, hem uyarlanmis yasal hiikiimler temelinde (sonraki alici gruplarina
belirli yiiktimliiliikler yiikleyerek) vatandagslarin farkindaligini etkileyerek hem de her seyden
once hiikiimet harcamalar1 da dahil olmak iizere ¢esitli kamu miidahale araglar1 yoluyla
uygulanmaktadir. Haziran 2023 tarihli Uluslararas1 Enerji Ajanst (IEA) raporu (IEA, 2023),
hiikiimetlerin 2020’den bu yana temiz enerji yatirimlarini desteklemek i¢in 0,3216 trilyon USD
ayirdigini belirtmektedir. Bu nedenle, 2023’te 2022’ye kiyasla neredeyse %25 oraninda artan
bu yatirimlarin hizli biiylimesinde 6nemli bir rol oynamiglardir. Hiikiimet harcamalarinin biiytik
bir kismi, s6zde karsilanabilirligin siirdiiriilmesi nedeniyle o donemde tiiketicileri desteklemeye
ayrilmigtir. Bu destek, enerji krizi sirasinda istikrarli fiyatlarin stirdiiriilmesiyle ilgili
operasyonel kayiplari telafi etmekten olusmustur. 2023’te altt ay boyunca, temiz enerji
yatirimlarini desteklemek i¢in yaklasik 31,2 milyar USD tutarinda yeni hiikiimet harcamasi
duyurulmustur. Harcama esas olarak toplu ve alternatif ulasim icin diisiik emisyonlu elektrik
dretim projelerini ve diisiik emisyonlu araglarin satigin1  artirmayr amaglamaktadir.
Yenilenebilir enerji alanindaki 6nceki aragtirmalar genellikle gelisimini etkileyen ¢esitli faktor
gruplarina odaklanir. Bu faktorler; politik, ekonomik, egitimsel, cografi, ¢cevresel ve teknolojik
faktorler olarak gruplandirilabilir.

Baz1 c¢aligmalar ayrica yenilenebilir enerjinin gelistirilmesinde kamu fonlarinin 6nemini
vurgulamaktadir. 2007°deki son kiiresel mali krizin baglangicindan bu yana enerji piyasasindaki
artan rekabetin ve ek kamu finansmaninin yenilenebilir enerji kaynaklarinin kullanimin tesvik
eden faktorler olarak cok daha biiylik bir rol oynadigini gostermistir. Buna karsilik,
yenilenebilir enerji piyasasini etkileyen temel faktorler, yenilenebilir enerji kaynaklarimin
finansmanina erisimi genisletmek, geleneksel enerji kaynaklarinin payim azaltmak ve
yenilenebilir enerji projelerine kamu-6zel sektor destegi saglamak olarak belirtilmektedir.
Ayrica, birgok lilkede yenilenebilir enerjinin gelisme icin elverisli kosullar bulunmaktadir.
Ancak uygulamalar hiikiimet ve is diinyas: tarafindan amag¢hh ve koordineli eylemler
gerektirmektedir. Ekonominin ve kentlesmenin gelismesi, tesvik politikasi sisteminin ve
hiikiimet politikasinin uygulanmasi, yenilenebilir enerji yatirim projelerinin gelistirilmesinde
en Onemli ti¢ faktordiir. Bununla birlikte, yenilenebilir enerjiye yonelik kamu harcamalarinin
etkinligini inceleyen bazi calismalarda (Meleddu ve Pulina,2018) gercek Gayri Safi Yurt ¢i
Hasilanin (GSYIH) ve teknik ve bilimsel alanlardaki mezun sayisinin yenilenebilir enerji
alanindaki kamu miidahalesinin etkinligini olumlu ydnde etkiledigi belirtilmistir. Ayrica,
arastirma ve gelistirmeye yonelik kamu harcamalari, yesil ekonomik biiylime ve enerji
verimliligi arasinda bir iligski oldugu bildirilmistir (Zhang ve Ark., 2021).

Giic tiretimine ek olarak, depolama teknolojisine sahip yenilenebilir enerji, enerji {ireticilerine
ve tiiketicilere ek faydalar saglamakta ve yerel kosullara uyum saglayan is modelleri ortaya
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cikmaktadir. Ancak, enerji verimliligi ve yenilenebilir enerjiye yonelik vatandag katilimi, artan
kamu destegiyle giiclendirilecektir. Yenilenebilir enerji pazarindaki engellerin ortadan
kaldirilmasi ve haneler i¢in yatirim firsatlarinin artirilmasi, ekonomik belirsizlik, pandemi ve
durgunluk doénemlerinde ekonomik gerilemelerin iistesinden gelmek igin etkili ¢oziimler
saglayabilir. Bu durum, incelenen durumlarda iireten tiiketicilere yonelik mevcut destegin
Olgeginin yetersiz oldugu anlamina gelir.

Yukarida belirtilenler dikkate alindiginda, enerji tiilketiminin sadece tarimsal tiretimle degil,
ayni1 zamanda hane halki ihtiyaclariyla da iligkili oldugu aile ¢iftliklerine dayal1 bir ekonomik
sektor olarak tarimin durumu ilging goriinmektedir. Genellikle, ciftliklerin daginik ve enerji
iireticilerinden 6nemli 6l¢iide uzak olmalari, dagitim aglarinin zayifligiyla birlestiginde, onlar1
enerji yoksulluguna karst savunmasiz hale getirmektedir. Tarim yenilenebilir enerji
kaynaklarinin 6nemli potansiyeli nedeniyle 6zel bir sektordiir. Bu kaynaklarin kullanimi,
ciftcilerin sadece enerji satin alimlarinda tasarruf etmelerini degil, ayn1 zamanda iiretilen fazla
enerjiyi satmalar1 durumunda alternatif gelir kaynaklar1 elde etmelerini de saglayacaktir.
Avrupa Birligi’nde (AB), cift¢iler hem Ortak Tarim Politikast hem de ulusal programlar
kapsaminda ¢ok ¢esitli destek araglarini kullanma firsatina sahiptir. Son yillarda, esas olarak
yenilenebilir enerji kaynaklarini kullanan teknolojilere yonelik ¢iftlik yatirimlarini destekleyen
siibvansiyonlar bi¢iminde araglar da ortaya c¢ikmistir. Ciftcilerin  yenilenebilir enerji
kaynaklarina yatinm yapma konusundaki ilgilerinin arastirilmasi ve tarimda yenilenebilir
enerjinin gelistirilmesinde kamu fonlarinin roliiniin degerlendirilmesi 6nemlidir. Przygodzka
ve Ark. (2024) tarafindan Polonya i¢in kamu fonlarinin ciftgileri yenilenebilir enerji
teknolojilerine yatirnm yapmaya motive etmedeki oneminin belirlenmesi konusunda yapilan
arastirmada asagidaki sorulara yanitlar aranmistir:

» Ciftgileri yenilenebilir kaynaklardan enerji iiretmeye motive eden sey nedir?

Ciftcilerin enerji doniistimiinde devletin rolii hakkindaki algist nedir?

Ciftciler yenilenebilir enerjinin gelistirilmesinde devletten ne tiir destek beklemektedir?
Ciftcilerin yenilenebilir enerji kaynaklari kurma motivasyonlarina yonelik yaklagimlari ile
devlet destegi ve enerji doniislimii yonleri ve araclarina yonelik algilari arasinda farklar var
mi1?

YV V V

2. YENILENEBILIiR ENERJi YATIRIMLARI iCiN KAMU DESTEGI

Cogu calismada, kamu fonlarindan destek olmadan yenilenebilir enerjinin gelistirilmesinin,
ozellikle baslangic doneminde, imkansiz olacagini belirtmektedir (Angelopoulos ve Ark.,
2017). Bu anlasilabilir bir durumdur. Ciinkii yenilenebilir enerji piyasasinin gelisimi, diger tiim
piyasalar gibi, yatirnmin karliligina baglidir. Bu durum da oncelikle yatirim maliyetlerine,
isletme maliyetlerine, yakitlara erisim maliyetlerine, 6lgege, liretim kapasitelerine ve fiyatlara
baglidir. Piyasa enerjisi durumunda, bunlar sadece arz ve talepten degil, ayn1 zamanda politika
ve diizenlemelerden de etkilenir. Modern teknolojilerin uygulanmasiyla iligkili yiiksek yatirim
maliyetleri 6zel bir sorundur. Uluslararasi Yenilenebilir Enerji Ajansi’nin (IRENA) verilerine
gore, 2010-2022 yillarinda, jeotermal ve hidroelektrik disinda, diger kaynaklarin kurulum
maliyetlerinin kiiresel olarak %26’dan (biyoenerji durumunda), %83’e (fotovoltaik
durumunda) kadar azaldigimi gostermektedir (IRENA, 2023). Bu maliyetlerdeki degisimler;
teknolojik ilerleme, malzeme ve hammaddelere erisim, is¢ilik maliyetleri ve lojistik
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maliyetlerinin bir sonucudur. Kurulum maliyetlerindeki azalma egilimi ve gii¢ faktorlerindeki

es zamanli artig, jeotermal ve hidroelektrik harig¢, cogu yenilenebilir enerji kaynaginin elektrik

iiretim maliyetinde (LCOE) bir azalmaya olanak saglamistir. Analiz edilen gostergedeki en
biiyiik azalma 2010-2022 yillar1 arasinda fotovoltaiklerde kaydedilmistir. Fotovoltaikler i¢in

2010 yilinda enerji iiretim maliyeti tiim yenilenebilir enerji kaynaklar1 arasinda en yiiksekti.

Diger bir deyisle, PV icin elektrik tiretim maliyeti 1 kWh bagina 0,445 USD’den 1 kWh basina

0,049 USD’ye azalmistir. Bu durumda elektrik tiretim maliyeti %89 oraninda azalmistir. Buna

karsilik, 2022 yilinda en ucuz enerji kaynagi karasal riizgar enerjisi olmustur (1 kWh bagina

0,033 USD). Daha da 6nemlisi, 2022'de kiiresel anlamda PV'den elde edilen enerji komiirden

elde edilen enerjiden yaklasik %65, gazdan elde edilen enerjiden ise yaklasik %80 daha ucuzdu

(Przygodzka ve Ark., 2024). Riizgar enerjisinin maliyetinin kdmiir ve gazdan elde edilen

enerjinin maliyetine oran1 benzerdi.

Burada belirtilenlerden goriilebilecegi gibi, hem ortalama kurulum maliyeti hem de ortalama

enerji tiretim maliyeti son yillarda 6nemli 6l¢iide azalmistir. Girig boliimiinde vurgulandigi gibi,

cogu yenilenebilir enerji kaynaginda yesil enerjiye verilen destegin dlgcegi dnemli Olgiide

artmigtir. IEA (2023) tarafindan, 2020°nin ikinci ¢eyregi itibartyla (28 Nisan 2023’e kadar), 68

hiikiimet tarafindan kullanilan, 1600°den fazla farkli yatirim destegi bildirilmistir. Ancak,

bunlarin biiyiik bir kisminin hem girisimcilerin hem de hanelerin enerji krizinin etkilerine kars1
korunmasiyla ilgilidir.

Przygodzka ve Ark., (2024) tarafindan bildirildigine gore, Polonya’da, iklim ve Cevre

Bakanligi’nin tahminlerine gore, iiretim kapasitesine yapilan yatirnm harcamalar1 yaklagik

174,336 milyar USD tutarinda olacaktir. Bu fonlarin yaklasik %60°1 yenilenebilir ener;ji

teknolojileriyle, yaklasik %26’s1 ise niikleer enerjiyle ilgili olacaktir. Ayrica, sebeke

altyapisinin gelistirilmesi i¢in gerekli yatirim harcamalart 120 milyar USD’ye kadar ulasabilir.

Bu yatirnmlarin finansman kaynaklar1 yerel fonlar, AB fonlar1 ve diger yabanci fonlardir.

Bunlar, 6zel ve finansal kuruluslardan (esas olarak geri 6denebilir finansman alaninda) fonlar1

harekete gecirmeyi amaglamaktadir. Giderlerin 6nemli bir kismi, yakit ve enerji sektdrlerinden

(Devlet Hazinesine ait) sirketlerin fonlariyla karsilanacaktir. Diger enerji ihtiyaglarinin ise

asagidaki yontemler ile karsilanabilecegi bildirilmistir:

» Kamu miidahalelerinin kullanilmasi: RES miizayede sistemleri, agik deniz riizgar santrali
destek sistemleri-fark s6zlesmesi, yiiksek verimli kojenerasyon destek sistemleri, beyaz
sertifika sistemleri, kapasite piyasasi, tarife garantisi, tarife garantisi piyasa fiyatina
siibvansiyon sistemleri (prim garantisi), enerji sirketinin yuriittiigii faaliyetlerle baglantili
olarak ortaya ¢ikan yiikiimliiliikleri yerine getirmek icin gerekli maliyetleri hesaba katan
tarifeler);

» Ulusal Cevre Koruma ve Su Yonetimi Fonu'ndan (6rnegin, "Temiz Hava", "Elektrigim
5.0", "Benim 1s1m" ve "Bolgesel Isitma i¢in kojenerasyon" programlar1 kapsaminda) veya
yerel hiikiimet birimlerinden gelen fonlar dahil olmak {izere biitce dis1 araglarin
kullanilmasi.

Belirli bir programa bagli olarak, Avrupa fonlar1 asagidakiler tarafindan kullanilabilir:

e Bireysel miisteriler (6rnegin, fotovoltaik, 1s1 pompalari, bina yalitimi alaninda);

e Girisimciler (6rnegin, iiretim siire¢lerinin  ve yenilenebilir enerji kaynaklarinin
verimliliginin iyilestirilmesiyle ilgili olarak);
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e Belediye sirketleri (6rnegin, 1s1 iiretimi veya atik kullanimiyla ilgili alanlarda).

Ciftciler (bireyler olarak) AB ve ulusal fonlardan finanse edilen c¢ogu programdan
faydalanabilir. Ornegin, Polonya’daki bolgesel uygulamalarda, “Elektrigim 5.0” veya “Temiz
Hava” programlarindan yararlanilmaktadir. Ciftgiler ayrica, “Agroenergia” programi veya
“Kirsal i¢in enerji” programi gibi sadece kendileri ile ilgili programlardan da yararlanabilirler.
Avrupa Tarim Garanti Fonu (EAGF), Avrupa Kirsal Kalkinma Tarim Fonu (EAFRD) ve ulusal
fonlar tarafindan finanse edilen 2023-2027 Bilgisayar Destekli Planlama (CAP) Stratejik Plani
[54], yenilenebilir enerji kaynaklarina yapilan yatirimlar i¢in 6nemli destekler saglamaktadir.
Miidahalenin amaci, yenilenebilir kaynaklardan enerji kullanimi, tarimsal atik ve yan
iiriinlerinin uygun yonetimi ve enerji verimliliginin iyilestirilmesiyle tarimsal faaliyetin ¢evre
tizerindeki baskisini azaltmaktir (Przygodzka ve Ark., 2024).

Ciftgilerin kamu fonlarindan destek basvurusunda bulunurken karsilamalar1 gereken kosullarin
analizi, oncelikle ciftliklerin kendi enerji ihtiyaglarin1 karsilamaya yarayan RES tesisleri ve
biyokiitle ve tarimsal atik potansiyelinin ¢ok daha fazla kullanilmasina olanak saglayan tesisler
olmak iizere mevcut finansal perspektifi tercih ettigini gostermektedir.

Enerji doniisiimiine yonelik hiikiimet politikasinin etkinligi ve bu amacla finansal tesviklerin
kullanimi agisindan, bunlarin yenilenebilir enerji teknolojilerine yatirim yapmak i¢in gercekten
bir tesvik olusturup olusturmadigini ayirt etmek 6nemlidir. Genellikle ¢iftlikler iizerinde bu tiir
birka¢ calisma vardir. Genel olarak, giftciler ciftlikte yenilenebilir enerji kaynaklarinin
adaptasyonunu kolaylastiran hiikiimet tesvikleri konusunda olumludur (Morris ve
Bowen,2020). Giines ve riizgar enerjisi i¢in hiikliimet siibvansiyonlar1 veya tarife garantileri
alaninda daha yiiksek diizeyde destek, ¢iftcilerin temiz enerjiye olan ilgisini artiracaktir (Li ve
Dong, 2020). Bunun nedeni, ¢iftcilerin genellikle uygun degisiklikleri uygulamaya koyma
konusunda pasif egilimler gostermeleridir. Bu nedenle, yenilenebilir enerjiden kaynaklanan
firsatlardan yararlanmalarina yardimci olmak igin destek gereklidir (Morris ve Bowen,2020).
Ciftliklerde PV kurulumlarinin ekonomik ve sosyal yonleri konusunda, Kata ve Ark. (2021)
tarafindan Polonya’da yapilan arastirmada, ankete katilan 226 ciftlikten %66,4’tiniin RES
kurulumlarina sahip oldugu belirtilmektedir. Ciftgiler bunlari ¢ogunlukla kendi fonlar1 ve
siibvansiyonlariyla finanse etmistir. Finansman yapilarinda, kendi fonlar1 ortalama %59’unu
olusturmaktadir. Ancak, ankete katilan c¢iftliklerin %73,4’tinde, kendi fonlar1 yatirim
harcamalarinin en az dortte Gglinii karsilamistir. Ancak, siibvansiyonlar ve vergi indirimleri
yatirim harcamalarimin yapisinda ortalama %34,4’liik bir paya sahiptir. Planlanan yatirimlarin
finansman yapis1 biraz farkhidir. Ciftgiler, yatinm maliyetlerinin yaklasik yarisinin
siibvansiyonlar ve vergi indirimleri tarafindan karsilanmasini beklemisler ve katilimcilarin
%88,1’1 bunlar1 kullanmay1 planlamistir. Bu nedenle, ciftgiler PV tesislere yatirinm yapmay1
kamu fonlarindan gelen finansal destege erisime bagli hale getirmislerdir. Aynm1 zamanda,
yatirimi tesvik eden motivasyonlarin degerlendirilmesi dikkate alindiginda, en Onemlisinin
enerji satin alma maliyetlerindeki azalma oldugu ortaya c¢ikmistir. Hibe ve diger destek
bigimleri yiiksek puan almisi, ancak daha diisiik bir sirada yer almistir. Bu durum, ciftcilerin
stirdiiriilebilir uygulamalar1 benimsemeleri i¢in en dnemli motivasyonlarin, yatirirmdan elde
edebilecekleri vergi avantajlar1 da dahil olmak iizere, verimlilik ve tiretkenlik gibi ekonomik
faktorler oldugunu gosteren Trujillo-Barrera ve Ark., (2016) tarafindan yapilan arastirmayla da
dogrulanmaktadir. Ayrica, Pehlken ve Ark.(2020) tarafindan yapilan bir arastirma, ¢ift¢ilerin
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yatirim kararlar1 alirken, esas olarak sermaye maliyetleri ve yatirimdan kaynaklanan riskin
Oznel algisi tarafindan yonlendirildigini belirtmektedir. Siirdiirtilebilirlik ve ekonomik olmayan
hedefler gibi diger karar alma degiskenleri sadece ikincil bir rol oynar. Ancak, yatirim
siibvansiyonunun etkisini degerlendiren bu arastirmada, beklendigi gibi normatif tahmin
modellerinden kaynaklanan siibvansiyon miktarinin sadece yaklagik yarisinin yatirim yapma
isteginde artig sagladig: bildirilmektedir. Ayrica, daha once biyoenerji tesislerine yatirim
yapmis olan c¢iftgilerin yatirim esikleri daha diisiiktiir ve slibvansiyona daha giiglii yanit
vermislerdir. Genel olarak, sunulan sonuglar ankete katilan tiim ¢iftgileri belirtir. Ancak, onemli
olan, yenilenebilir enerji teknolojilerine yatirimlar1 finanse etmek i¢in bu destegi zaten
kullanmis olan ¢iftciler ve bunlar1 kendi fonlarindan finanse edenler tarafindan kamu
fonlarindan gelen destegin algilanmasi ve degerlendirilmesidir.

Tarimda yenilenebilir enerji kullaniminin kamu finansman kaynaklar1 ile tesvik edilmesi
konusunda; ciftcilerin yenilenebilir enerji tesisi kurma motivasyonlari, enerji donilisiimii igin
devlet desteginin yonlerine iligkin alg1 ve yenilenebilir enerji kaynaklarmin gelistirilmesi i¢in
devlet destegi araglarina iligskin beklentiler Cizelge 1°de verilmektedir.

Cizelge 1. Tarimda Yenilenebilir Enerji Kullamminin Kamu Finansman Kaynaklari ile
Tesvik Etmek (Przygodzka ve Ark., (2024)
Ciftcilerin yenilenebilir enerji tesisi kurma motivasyonlari

e Dogal cevreye 6zen gosterme ve sera gazlarini azaltma olasiligi

e Yan irlinleri yonetme olasiligi

e Sinirlt enerji kaynaklari durumunda enerji bagimsizligi
e Yiiksek elektrik fiyatlari

e Geleneksel enerji tagtyicilarini satin almada yasanan zorluklar

e Yenilenebilir enerji kaynaklarindan enerji tretmek icin sunulan ¢oziimlerin
arkadaslar/aile arasinda popiilerligi

e Yiiksek finansman diizeyi

e Enerji tretiminde yenilenebilir enerjinin paymnimn artirilmasiyla ilgili  sosyal
beklentiler/egilimler

e Yenilenebilir enerji tesislerinin teknik ¢coziimlerinden kaynaklanan saglik giivenligi
Enerji doniisiimiine yonelik devlet desteginin yonlerinin algilanmasi

e Devlet, yenilenebilir enerji kaynaklarina dayali olarak enerji payini artirmaya yonelik
faaliyetleri desteklemelidir.

e Devlet, en yliksek enerji verimliligi standartlarina sahip elektrikli cihazlarin satigini
desteklemelidir.

e Devlet, elektrikli/hibrit otomobillerin satisin1 desteklemelidir.
e Devlet, enerji verimli binalarin ingasin1 desteklemelidir.

e Devlet, binalarin termal modernizasyonunu desteklemelidir.

e Devlet, enerji tasarrufu saglamaya calisan cgiftlikleri desteklemelidir.

e Devlet, yenilenebilir enerji kullanan giftlikleri desteklemelidir.

Yenilenebilir enerji kaynaklariin gelistirilmesi icin devlet destegi araclarina iliskin
beklentiler
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e Devlet, yenilenebilir enerji iireticilerine vergi indirimleri saglamalidir.

e Devlet, yenilenebilir enerji tesislerinin satin alinmasi igin stibvansiyon saglamalidir.

e Devlet, ev yalitimi i¢in siibvansiyon saglamalidir.

e Devlet, yenilenebilir enerji tesislerinin satin alinmasi i¢in imtiyazl krediler
saglamalidir.

e Devlet, yenilenebilir enerji iireticileri i¢in daha diisiik enerji fiyatlar1 saglamalidir.

e Devlet, yenilenebilir enerji kaynaklarindan enerji iiretimi i¢in tesislerin satin alinmast
ve kurulumuyla ilgili diizenlemeleri basitlestirmelidir.

e Devlet, yenilenebilir enerji kaynaklarinin satig ve satin alinmasinin diizenlenmesiyle
ilgili diizenlemeleri basitlestirmelidir.

e Devlet, yenilenebilir enerji kaynaklarinin karlilig1 hakkinda bilgi yaymalidir.

e Devlet, yenilenebilir enerji kaynaklarinin {iretimi ve kullaniminda iyi uygulamalari
yaymalidir.

e Devlet, elektrik iletim sebekelerinin modernizasyonunu ve genisletilmesini
saglamalidir.

e Devlet, enerji depolama tesislerinin ingasini saglamalidir.

3. GENEL DEGERLENDIRME VE SONUCLAR

Tarim, dagitilmis yenilenebilir enerjinin gelistirilmesine 6zellikle uygun bir ekonomik
sektordiir. Bunun birka¢ nedeni vardir. Birincisi, yenilenebilir enerji kaynaklari agisindan
muazzam bir potansiyele sahiptir ve bu yalnizca giines, riizgar ve su i¢in degil, ayn1 zamanda
biyokiitle i¢in de gegerlidir. Ikincisi, tarimda gergeklesen teknolojik ilerleme, siirekli enerji
kaynaklarina olan talebin artmasina ve ¢iftliklerin 6nemli 6l¢iide dagilmasina neden olur. Enerji
iretim yerlerinden uzak olmalari, bu ¢iftliklerin enerji yoksullugu sorunundan giderek daha
fazla etkilenmesi anlamina gelir. Ugiinciisii, olumsuz gevresel etkiler yaratan bir sektdr olarak,
giivenli gida {iretimi i¢in daha siirdiiriilebilir kosullar saglamak amaciyla temiz enerjiye, enerji
tasarrufu saglayan teknolojilere ve iyilestirilmis enerji verimliligine dayanmalidir. Dordiinciisii
ve son olarak, yenilenebilir kaynaklardan dagitilmis enerji tiretimi, ¢iftliklerin piyasanin isleyisi
ve jeopolitik mekanizmalarla ilgili soklara (enerji krizi, enerji fiyatlarindaki artis, temel enerji
tagiyicilarinin satin alinmasiyla ilgili sorunlar) kars1 direncini artirir. Birgok arastirmada, tarim
da dahil olmak lizere yenilenebilir enerjinin gelistirilmesinin Oniindeki 6nemli engellerden
birinin, son yillarda azalmalarmma ragmen, yenilenebilir enerji iretimi i¢in kurulum
maliyetlerinin hala yiiksek olmasi oldugu belirtilmektedir. Bu nedenle, hiikiimetlerin iklim
doniistimii hedeflerinin ve buna eslik eden enerji doniisiimiiniin, enerji karisiminda yenilenebilir
enerjinin payin artirma da dahil olmak iizere, uygulanmasini1 hizlandirmaya odaklanmastyla,
haneler, isletmeler ve giftlikler tarafindan yapilan yatirimlar i¢in devlet mali destegine ihtiyag
duyulmaktadir. Giinlimiizde, yiiksek enerji fiyatlari, jeopolitik istikrarsizlik ve enerji adaleti
konusundaki endiseler onemli duruma gelmistir. Enerji doniisiimiiniin basaris1 katilimin daha
fazla artmasmma baghdir. Bu baglamda, tarimda yenilenebilir enerjinin gelistirilmesinin
finansmaninda kamu fonlarinin roliiniin degerlendirilmesi 6zellikle 6nemli hale gelmektedir.
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Ciftcileri yenilenebilir kaynaklardan enerji elde etmeye tesvik eden en 6nemli motivasyonlar,
ozellikle yiiksek enerji fiyatlar1 ve geleneksel enerji tagiyicilariyla (komiir, gaz) ilgili sorunlar
olmak iizere piyasa tesvikleridir. Iklim ve enerji doniisiimii sorunlarin1 ¢dzmede devlet biiyiik
bir rol oynamalidir. Tarimin mekansal ve yapisal ¢esitliligi, ¢iftgilerin yenilenebilir enerji
hakkindaki goriislerini etkilemektedir. Yenilenebilir enerji kaynaklarinin gelistirilmesini
destekleme agisindan uygun diizenlemeler olarak, dogrudan araclar (siibvansiyonlar) seklinde
mali destek, dolayli etki destegi (vergi indirimleri, imtiyazli krediler), teknolojik destek
(6rnegin enerji depolama tesislerinin ingasi, iletim sebekelerinin modernizasyonu) ve egitim
destegi (yenilenebilir enerji alaninda iyi uygulamalarin tesviki) beklenmektedir.
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Ozet

Bu caligma armutta tiiketici agisindan meyve kalitesini ifade eden parametreler arasindaki
iligkileri ortaya koymak amaciyla yiiritiilmiistiir. Arastirmada ¢ogunlugu yazlik olmak {izere,
yazlik, giizliik ve kislik toplam 244 adet yerel armut aksesyonu degerlendirilmistir. Meyvelerde
fiziksel 6zelliklerden meyve agirligi, meyve ¢api, meyve uzunlugu, meyve kabugunda “L”, “a”
ve “b” renk degerleri ile duyusal ve gorsel 6zelliklerden tat, aroma, sululuk, dis kalite, et yapist
ve yeme kalitesi incelenmistir. Incelenen parametrelerde varyasyon katsayis1 %12.85 (meyve
capi1 ile %67.14 (kabuk “a” renk degeri) arasinda degismistir. Parametreler arasinda yapilan
Pairwise korelasyon analizi meyveye herhangi bir zarar vermeden kalite hakkinda tahmin
yapabilecek onemli pozitif iliskiler ortaya koymustur. Meyvenin dis kalitesi, sululuk durumu,
yeme kalitesi, aromast ve tadi hakkinda bazi ipuglar1 verebilir diizeyde onemli iliskiler
bulunmustur. En yiiksek poztif iligkiler, sirastyla dis kalite-yeme kalitesi (0.748***), dis kalite-
aroma (0.680***), dis kalite-sululuk (0.587***), dis kalite-tat (0.557**%*), dis kalite-et yapis1
(0.541***), b-dis kalite (0.281***), meyve uzunlugu-yeme kalitesi (0.250***) ve L-dis kalite
(0.248**%*) arasinda belirlenmistir. Temel bilesen analizinde 6z degeri 1’in iizerinde olan ilk ti¢
bilesen toplam varyasyonun %70.52°sini agiklamistir. Toplam degiskenligin %37.14’{inii
aciklayan ilk temel bilesene en yiiksek pozitif katkiyr duyusal ve gorsel ozellikler (yeme
kalitesi, aroma, dis kalite, sululuk, tat, et yapis1) saglamistir. Bu sonuglara gore, ozellikle
meyvenin dis kalitesinin yeme kalitesi, sululugu, tadi1 ve aromasi1 hakkinda yiiksek diizeyde fikir
verdigi soylenebilir. Diger taraftan, meyvelerin kabuk renklerinin daha agik ve sar1 renkli
olmasi da tiiketicilerde meyve dis kalitesi ve yeme kalitesi olgusunu artirmaktadir. Meyve
iriliginin artmas1 da kalite ile ilgili diger parametrelerin algisina pozitif katki yapmaktadir.

Anahtar Kelimeler: Pyrus communis, Duyusal, Gorsel, Fiziksel, Korelasyon

PERCEPTION OF FRUIT QUALITY IN PEAR
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This study was carried out to reveal the relationships between the parameters that express fruit
quality in pears from the consumer point of view. A total of 244 local pear accessions, mostly
summer, summer, fall and winter, were evaluated in the study. Fruit weight, fruit diameter, fruit
length, “L”, “a” and “b” color values on the peel, taste, aroma, juiciness, external quality, flesh
structure and eating quality were examined. The coefficient of variation ranged from 12.85%
(fruit diameter) to 67.14% (peel “a” color value). Pairwise correlation analysis between the
parameters revealed significant positive relationships that can predict quality without any
damage to the fruit. Significant correlations were found for external quality, juiciness, eating
quality, aroma and taste. The highest positive correlations were found between external quality-
eating quality (0.748***), external quality-flavor (0.680***), external quality-juiciness
(0.587***), external quality-taste (0.557***), external quality-flesh structure (0.541***), b-
external quality (0.281***), fruit length-eating quality (0.250***) and L-external quality
(0.248***), In principal component analysis, the first three components with eigenvalues above
1 explained 70.52% of the total variation. Sensory and visual attributes (eating quality, aroma,
external quality, juiciness, flavor, taste, flesh structure) made the highest positive contribution
to the first principal component, which explained 37.114% of the total variability. According
to these results, it can be said that especially the external quality of the fruit gives a high level
of insight into the eating quality, juiciness, taste and aroma. On the other hand, the lighter and
yellow colored skin color of the fruits also increases the perception of fruit external quality and
eating quality among consumers. Increasing fruit size also contributes positively to the
perception of other parameters related to quality.

Keywords: Pyrus communis, Sensory, Visual, Physical, Correlation

Giris

Armut, 1liman bolgelerde yetistirilen 6nemli bir meyve tiiriidiir. Kiiltiirii yapilan armut tiirleri
arasinda en yaygin olarak Avrupa armudu, Pyrus communis L., yetistirilmektedir. Avrupa
armudu birg¢ok kisi tarafindan tiim meyveler arasinda en lezzetli olarak kabul edilir. Tereyagli,
sulu bir dokusu hassas bir lezzet ve aroma sunar. Armut lezzet, doku ve goriiniim agisindan
onemli dlgtlide cesitlilik gosterir. Islah yoluyla bu ¢esitliligi artirma olasiligr biiytiktiir. Ancak
giicli tiiketici tercihleri, gercekte yetistirilen ve pazarlanan gesitlerin sayisint sinirlamaktadir.
Kalitenin farkli bilesenleri ve bunlarin kalitimi iizerine yapilan arastirmalar, 1slahgiya, tiiketici
tercihlerini karsilayan, hastalik direnci ve bahgecilik ozellikleri gelistirilmis yeni ¢esitler
gelistirmek i¢in bilgi saglamalidir (Quamme ve Gray, 1985). Tiiketicilerin armut yemeye olan

ilgisini yeniden canlandirmak ve gorsel olarak ¢ekici, tadi giizel ve arzu edilen bir dokuya sahip
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bir iirlin sunarak yeni armut tiiketicilerini ¢ekmek i¢in yeni ¢esitlere ihtiya¢ bulunmaktadir
(Turpin ve ark., 2016). Meyve 1slah programlarinin abiyotik ve biyotik strese karsi direng, agag
mimarisi, erkencilik ve verimlilik gibi bircok farkli hedefi olsa da, hepsinin ortak noktasi
yiiksek kaliteli meyve gelistirme ihtiyacidir. Meyve kabul edilebilir kalitede degilse, agacin
hastaliklara dayanikli veya verimli olmasi ticari bir basar1 olmayacaktir (Callahan, 2003).
Meyve kalitesi karmasik bir konudur. Insanlar farkli oldugu icin, arzular ve kalite fikirleri de
farklidir ve yetistiricilerin bu pazar ihtiyaclarini karsilamak i¢in alternatifler sunmasi gerekir
(Callahan, 2003). Kalitenin tanimlanmasinda iiriin odakliliktan tiiketici odakliliga dogru bir
gecis kabul edilmektedir. Taze meyve ve sebze pazarlamacilart ve dagitimcilari, 6zellikle
duyusal kalite ve kolaylik agisindan tiiketici isteklerini 6nceden tahmin etmek zorunda
kalabileceklerdir (Shewfelt, 2000). Kaliteyi tanimlamaya yonelik girisimler genellikle
genotipik, tarimsal-gevresel ve hasat sonrasi faktorler tarafindan belirlenen, {iriinlerin
dogasinda var olan igsel ozellikler ile tiiketicinin {iriin algisin1 kosullandiran ve kalite
standartlarin1 formiile eden sosyoekonomik ve pazarlama faktdrlerinden etkilenen digsal
ozellikler arasinda ayrim yapmaktadir (Kyriacou ve Rouphael, 2018).

Giivenilir bir yiiksek yeme kalitesi, tiiketici memnuniyeti ve bir armut c¢esidine ve mense
markasina baglilig1 motive etmek i¢in bir 6n kosuldur. Meyve kalitesi yetistirme kosullari, hasat
islemi, depolama ve raf dmrii gibi bir dizi faktor tarafindan belirlenir. Duyusal testlerin mantikl
bir plani, iiretimin izlenmesi ve armut kalitesinin arttirilmasi i¢in harcanacak yararh bilgiler
saglayabilir (Predieri ve Gatti, 2008).

Avrupa armut meyvesinin tiiketim anindaki kalite kavrami, depolama sirasindaki veya
sonrasindaki meyve kalitesinden farklidir. ikinci durumda, kusurlarin, bozukluklarin ve
hastaliklarin olmamasi iy1 kalitede bir meyveyi tanimlamak i¢in yeterliyken, yeme kalitesi i¢in
dengeli tath ve eksi tat ve tipik armut aromasinin tam gelisimi ile uygun bir doku gereklidir
(Eccher Zerbini, 2002). Tiiketici, triniin kullanima uygun olduguna ya da beklentilerini
karsiladigina karar verir; dolayistyla iirliniin kalitesinin {iriinde degil, kullanicinin tirtinle ilgili
zihninde oldugu sdylenebilir. Bu da iirtinlerin ve dolayisiyla armutlarin kalitesinin kullaniciya,
onun ihtiyaglarina ve iriinle ilgili beklentilerine bagli oldugu anlamina gelir (Eccher Zerbini,
2002).

Gerek armut gerekse diger bir ¢ok meyve tiriiniin 6nemli gen kaynaklarina sahip olan
Tiirkiye’de her yoreye 6zgii cok sayida yerel cesitlerin bir kismi giiniimiize kadar gelmis, bir
kismi da farkli nedenlerle gen erozyonu sonucunda kaybolmuslardir. Giintimiize kadar varligini

korumus olanlarin ¢ogunlugu yerel tiikketicilerin begenisini kazanmis olduklarini sdyleyebiliriz.
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Bu calisma da yerel ¢esitlerde satin alma sirasinda yapilabilecek kalite degerlendirmeleri ile

bunu etkileyen diger parametreler arasindaki iliskiler arastirilmistir.

Materyal ve Yontem

Bu calismada Trabzon ili ve ¢evresinde yiizyillar boyunca yetistirilen ve genel olarak aile
ithtiyacinin giderilmesinde ya da yoresel pazarlarda satilarak degerlendirilen ya da kaderine
terkedilen 244 adet yerel ¢esit ve genotip materyal olarak kullanilmistir.

Bu aksesyonlarin agaclari tamamen dogal ortamda ve kiiltiirel uygulamalardan yoksun halde
bulunmaktadir.

Hasat olumu doéneminde alinan meyve orneklerinde fiziksel 6zelliklerden meyve agirligi,
meyve ¢apl, meyve uzunlugu, meyve kabugunda “L”, “a” ve “b” renk degerleri ile duyusal ve
gorsel ozelliklerden tat, aroma, sululuk, dis kalite, et yapisi ve yeme kalitesi incelenmistir.
Meyve analizlerinde IBPGR (1983), UPOV (2010) ve Oztiitk (2010)’iin izledigi
yontemlerden yararlanilmistir. Duyusal ve gorsel analizler panelistler araciligiyla
degiistasyon yontemine ve puanlama esasina gore yapilmistir.

Incelenen parametreler arasindaki iliskileri ortaya koyabilmek amaciyla tanimlayici
istatistik, korelasyon ve temel bilesen analizleri JMP 13.2.0 istatistik programi kullanilarak

yapilmistir.

Bulgular ve Tartisma

244 armut aksesyonunda incelenen parametrelerde varyasyon katsayisi %12.85 (meyve capi ile
%67.14 (kabuk “a” renk degeri) arasinda degismistir. Populasyonda meyve iriligi ile Kabuk
“L” renk degeri en az varyasyon gosterirken, kabuk “a” renk degeri ile beraber meyve agirlig

ve tat 0zelliklerinin de degisimi yiiksek diizeyde bulunmustur (Cizelge 1).

Cizelge 1. Tanimlayici istatistikler

Degisken Ortalama Standart sapma Minimum Maximum VK
Meyve agirlig (g) 94.14 35.06 25.65 225.77 37.24
Meyve ¢ap1 (mm) 52.80 6.79 28.08 70.51 12.85
Meyve uzunlugu (mm) 59.40 10.75 26.93 97.65 18.09
Sululuk 3.34 0.75 1.00 5.00 22.31
Tat 2.99 1.03 1.00 5.00 34.44
Aroma 3.19 0.84 1.00 4.80 26.35
Et yapis1 2.46 0.74 1.00 5.00 26.64
Yeme kalitesi 3.32 0.72 1.00 5.00 21.69
Dis kalite 3.20 0.67 1.00 4.80 20.99
Kabuk “L” renk degeri 64.13 8.32 33.69 87.95 12.98
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Degisken Ortalama Standart sapma Minimum Maximum VK
Kabuk “a” renk degeri -9.77 6.56 -23.05 12.56 67.14
Kabuk “b” renk degeri 40.85 9.04 11.98 61.21 22.12

Parametreler arasinda yapilan Pairwise korelasyon analizi meyveye herhangi bir zarar
vermeden kalite hakkinda tahmin yapabilecek diizeyde oOnemli pozitif iliskiler ortaya
koymustur. Meyveye zarar vermeden algilanan kalite 6zellikleri arasindaki toplam 37 karsilikli
iligkiden 22 (9%59.46) tanesi 6nemli, bunlardan 21 (%95.45) tanesi pozitif ve 1 (%4.55) tanesi
de negatif iligkili bulunmustur (Cizelge 2).

Meyvenin dis kalitesinin, sululuk durumu, yeme kalitesi, aromasi ve tadi hakkinda bazi1 ipuglari
verebilir diizeyde 6nemli iligkiler gosterdigi goriilmiistiir. En yiiksek poztif iliskiler, sirastyla
dis kalite-yeme kalitesi (0.748**%*), dis kalite-aroma (0.680***), dis kalite-sululuk (0.587**%*),
dis kalite-tat (0.557**%*), dis kalite-et yapis1 (0.541%**), “b”-dis kalite (0.281***), meyve
uzunlugu-yeme kalitesi (0.250***) ve “L”-d1s kalite (0.248***) arasinda belirlenmistir.

Diger taraftan, meyve uzunlugu ve ¢apmin yeme kalitesi, aroma, sululuk, dis kalite; meyve
agirligiin yeme kalitesi, aroma ve sululuk; “Lnin dig kalite ve yeme kalitesi ve “b”’nin de dig
kalite, et yapis1 ve yeme kalitesi ile gostermis oldugu 6nemli diizeydeki pozitif iliskiler kalite
tahmininde bu 6zelliklerin de etkili olabilecegini ortaya koymustur.

Tek 6nemli negatif iliski “a” ile dis kalite arasinda (-0.151%*) belirlenmistir.

Cizelge 2. Armut aksesyonlarinin kalite 6zellikleri arasindaki 6nemli Pairwise korelasyonlar

1. Degisken 2. Degisken Korelasyon Onem diizeyi
Meyve uzunlugu Yeme kalitesi 0.250 <.0001*
Meyve uzunlugu Das kalite 0.205 0.0013*
Meyve uzunlugu  Sululuk 0.198 0.0019*
Meyve uzunlugu Aroma 0.198 0.0019*
Meyve ¢ap1 Yeme Kalitesi 0.213 0.0008*
Meyve capi Aroma 0.167 0.0089*
Meyve cap1 Sululuk 0.157 0.0141*
Meyve ¢ap1 Dis kalite 0.152 0.0176*
Meyve agirligi Yeme kalitesi 0.183 0.0042*
Meyve agirhigi Sululuk 0.146 0.0228*
Meyve agirligi Aroma 0.145 0.0235*
Dis kalite Yeme kalitesi 0.748 <.0001*
Dis kalite Aroma 0.680 <.0001*
Dis kalite Sululuk 0.587 <.0001*
Dis kalite Tat 0.557 <.0001*
Dis kalite Et yapisi 0.541 <.0001*
L Dis kalite 0.248 <.0001*
L Yeme Kalitesi 0.171 0.0076*
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a Dis kalite -0.151 0.0182*
b Dis kalite 0.281 <.0001*
b Et yapisi 0.185 0.0038*
b Yeme kalitesi 0.141 0.0277*
*.

%35, **: %1, ***: %ol diizeyinde 6nemli

Temel bilesen analizinde 6z degeri 1’in iizerinde olan ilk ii¢ bilesen toplam varyasyonun
%70.52’sini agiklamistir. Toplam degiskenligin %37.14’{inii agiklayan ilk temel bilesene en
yuksek pozitif katkiyr duyusal ve gorsel ozellikler (sirasiyla, yeme kalitesi, aroma, dis kalite,
sululuk, tat, et yapisi) saglamistir. 2. temel bilesen meyve agirligi, meyve capt ve meyve
uzunlugu ile %19.10’unu, 3. temel bilesen de meyve kabugu renk degerleri ile %14.28’ini
aciklamistir (Cizelge 3, Sekil 1). Buradan, kalite degerlendirmelerinde duyusal ve gorsel
Ozelliklerinin en belirleyici oldugu, sonra fiziksel Ozelliklerin geldigi sonucu ortaya

cikmaktadir.

Cizelge 3. Incelenen &zellikler igin {i¢ temel bilesenin dzdegerleri ve toplam degiskenlik orani

Degiskenler 1.TB 2.TB 3.TB
Yeme Kalitesi 0.910 -0.138 -0.099
Aroma 0.885 -0.193 -0.186
Dis kalite 0.824 -0.152 0.109
Sululuk 0.806 -0.155 -0.165
Tat 0.776 -0.291 -0.196
Et yapisi 0.595 -0.257 0.071
Meyve agirlhig 0.326 0.897 -0.143
Meyve cap1 0.356 0.842 -0.115
Meyve uzunlugu 0.391 0.700 -0.069
Kabuk “L” renk degeri 0.265 0.099 0.787
Kabuk “b” renk degeri 0.245 0.000 0.730
Kabuk “a” renk degeri -0.215 -0.155 -0.629
Ozdeger 4.46 2.29 1.71
Varyans (%) 37.14 19.10 14.28
Toplam varyans (%) 37.14 56.24 70.52
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Component 2 (19,1 %)

-1,0 7
-1,0 -0,5 0,0 0,5 1,0
Component 1 (37,1 %)

Sekil 1. 1. ve 2. temel bilesene gore incelenen parametrelerin biplot dagilimi

Temel bilsen analizinin bir ¢ok arastirmada kullanildigi bilinmektedir. Armutlarda soyulmus
ve soyulmamig armutlarin besinsel algisini aragtirmak i¢in (Michailidis ve ark., 2021), farkli
hasat olgunlugunun yeme kalitesine etkisi baglaminda, fizikokimyasal 6l¢iimlerin duyusal
ozelliklerle iligkilendirilmesinde yeme kalitesi parametrelerini aragtirmak igin (Blanckenberg
ve ark., 2016) de temel bilesen analizi (PCA) yapilmustir.

Tiiketicilerin armutlarin yeme kalitesi ve gorlinimii konusundaki tercihlerini belirlemede
aroma, tat, kabul edilebilir asitlik, tereyagi kivaminda yumusaklik, sulu, tipik armut sekilli, sar1
veya soluk yesil kabuk rengi tercih edilmektedir (Blanckenberg, 2015). Calismamizda da bu
ozelliklerin gogununun kalite algisin1 belirledigi ortaya ¢ikmustir.

Meyvenin rengi ve boyutlart goriiniimii etkileyen o6zelliklerdir (Callahan, 2003). Zira,
tilkketicilerin muzu tercih etmelerinde ileri olgunluktan ziyade rengin dahaetkili oldugu
(Shewfelt, 2000), melez bir armut g¢esidinde yesilden sariya belirgin bir renk degisiminin
tiiketicilere meyve yumusamasi igin gorsel bir ipucu sagladig: (Turpin ve ark., 2016), ideal bir
armudu tanimlamada renk degisimi ile olgunlagmanin, tatli ve taze tiilketime uygun olmanin
belirleyici oldugu ifade edilmistir (Colonna ve ark., 2024). Calismamizda da meyvenin renginin
koyuluktan acikliga, yesilden sariya donmesi, tatli olmasi ve iriliginin artmasi kalite algisin

artirmigtir.

Sonuc¢
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Sonug olarak, armutta Ozellikle meyvenin dig kalitesinin yeme kalitesi, sululugu, tadi ve
aromas1 hakkinda ytiksek diizeyde fikir verdigi sdylenebilir. Diger taraftan, meyvelerin kabuk
renklerinin daha agik ve sari renkli olmasi da tiiketicilerde meyve dis kalitesi ve yeme kalitesi
olgusunu artirmaktadir. Meyve iriliginin artmasi da kalite ile ilgili diger parametrelerin algisina

pozitif katki yapmaktadir.
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Ozet

Bu calisma Ordu ekolojisinde yetistirilen ‘Akcakoca 77 ve ‘Istanbul’ standart musmula
cesitlerinin aga¢ ve meyve Ozellikleri ile meyvelerin biyokimyasal 6zelliklerini belirlemek
amactyla 2023 yilinda yiiriitiilmiistiir. Calismada materyal olarak Ordu Universitesi Ziraat
Fakiiltesi Bahge Bitkileri Boliimii Arastirma ve Uygulama arazisinde bulunan 8 yasindaki
agaclar kullanilmistir. Arastirma tesadiif parselleri deneme deseninde 3 tekerriirlii olarak
diizenlenmistir. Hasat olumunda her tekerriirdeki agaclardan alinan meyve drneklerinde fiziksel
analizler (meyve agirligi, meyve eni, meyve boyu, meyve hacmi, ostiol genisligi, ostiol
derinligi, meyve eti sertligi, meyve eti orani, tohum sayist ve tohum agirlig); tiiketim olumu
asamasinda kimyasal analizler (pH, SCKM, toplam kuru madde orani, titreedilebilir asitlik, C
vitamini, toplam fenolik bilesikler, toplam flavonoid, DPPH antioksidan aktivitesi, FRAP
analizi) yapilmistir. Agag¢ Ozellikleri olarak da tag yiiksekligi, tas genisligi, ta¢ capi, govde
yuksekligi, govde capi, govde ¢evresi, gdvde kesit alani, yaprak eni, yaprak boyu, yaprak sap1
uzunlugu ve yaprak sap1 kalinlig1 belirlenmistir. Sonug olarak, meyve agirligi, meyve eti oran,
tohum sayisi, tohum agirligi, nem, toplam kuru madde orani, SCKM, titreedilebilir asitlik, C
vitamini, toplam fenolikler, toplam flavonoidler, DPPH antioksidan kapasite ve FRAP
antioksidan kapasite ‘Akcgakoca 77®” ve ‘Istanbul’ gesitlerinde, sirasiyla, 38.29 g ve 24.23 g,
%92.88 ve %87.55, 4.08 ve 4.70, 0.62 g ve 0.63 g, %69.97 ve %71.23, %30.03 ve %28.77,
%14.00 ve %17.40, %0.68 ve %0.83, 24.93 mg 100 g* ve 22.00 mg 100 g, 1.50 g GAE kg
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ve 1.20 g GAE kg, 0.88 g QE kg ve 0.73 g QE kg, 268.30 mmol TE kg ve 220.35 mmol
TE kg ve 507.00 mmol TE kg ve 363.72 mmol TE kg™ olarak belirlenmistir.

Anahtar Kelimeler: Mespilus germanica, Meyve ozellikleri, Agag 6zellikleri, Antioksidan
aktivite, Fenolikler

POMOLOGICAL CHARACTERISTICS OF STANDARD MEDLAR CULTIVARS
‘AKCAKOCA 77®° AND ‘ISTANBUL’ GROWN IN ORDU (TURKIYE) ECOLOGY

Abstract

This study was carried out in 2023 to determine the tree and fruit characteristics and
biochemical properties of the fruits of 'Akc¢akoca 77*" and 'Istanbul' standard medlar cultivars
grown in Ordu (Tirkiye) ecology. In the study, 8-year-old trees in Ordu University Faculty of
Agriculture, Department of Horticulture Research and Practice land were used as material. The
study was planned in a random plots experimental design with 3 replications. Physical analyses
(fruit weight, fruit width, fruit length, fruit volume, ostiol width, ostiol depth, fruit flesh
firmness, fruit flesh ratio, seed number and seed weight) and chemical analyses (pH, SCC, total
dry matter, titratable acidity, vitamin C, total phenolic compounds, total flavonoids, DPPH and
FRAP antioxidant activity) were performed on fruit samples taken from trees in each replicate
at harvesting stage. Crown height, crown width, crown diameter, stem height, stem diameter,
stem circumference, stem cross-sectional area, leaf width, leaf length, petiole length and petiole
thickness were determined as tree characteristics. As a result, fruit weight, fruit flesh ratio,
number of seeds, seed weight, moisture content, total dry matter content, SCC, titratable acidity,
vitamin C, total phenolics, total flavonoids, DPPH antioxidant capacity and FRAP antioxidant
capacity of 'Akcakoca 77®" and 'Istanbul' cultivars were 38.29 g and 24. 23 g, 92.88% and
87.55%, 4.08 and 4.70%, 0.62 g and 0.63 g, 69.97% and 71.23%, 30.03% and 28.77%, 14.00%
and 17.40%, 0.68% and 0.83%, 24.93 mg 100 g* and 22.00 mg 100 g, 1. 50 g GAE kg and
1.20 g GAE kg, 0.88 g QE kg and 0.73 g QE kg, 268.30 mmol TE kg and 220.35 mmol
TE kg'! and 507.00 mmol TE kg* and 363.72 mmol TE kg, respectively.

Keywords: Mespilus germanica, Fruit traits, Tree traits, Antioxidant activity, Phenolics

Giris
Dogada kendiliginden yetisen ve yabani olarak bilinen meyveler, dogal ve saglikli iiriinlere olan

artan talep nedeniyle 1slah¢ilarin da ilgisini ¢gekmis ve iilkemizde de son yillarda boyle tiirlerde
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yapilan ¢alismalar artig yoniinde bir ivme kazanmistir. Bu yoniiyle dikkat ¢eken bir meyve tiirii
de musmuladir (Bostan, 2022).

Rosaceae familyasinin Mespilus cinsine ait olan musmulanin (Mespilus germanica L.) anavatan
bolgesi giineybati Asya'ya ve muhtemelen giineydogu Avrupa ile Tiirkiye'nin kuzeyinden
Kafkasya ve Transkafkasya'ya ve Iran'in kuzeydogu kismma kadar uzanan bélgedir. 8 m
yukseklige kadar biiyiiyebilen, kisin yapraklarin1 doken biiyiik bir ¢ali veya kiigiik bir agagtir.
Yapraklar koyu yesil, iri, basit, eliptik-dikdortgen seklinde, 8-15 cm uzunlugunda ve 3-4 cm
genigligindedir. Cigekleri tekli, 5 canak ve 5 tag yapraklidir. Meyveleri kirmizimsi-kahverengi,
kiiresel ile yari-kiiresel seklinde, genellikle 5 adet ¢ekirdegi olan yumusak cekirdekli bir tiirdiir
(Lim, 2012). Ci¢eklenmesi mayis sonu ile haziran baglarina denk gelen musmulanin meyveleri
ekim-kasim aylarinda hasat olumuna gelir.

Musmula tilkemizde nemli ormanlarin bulundugu Dogu, Orta ve Bat1 Karadeniz ile Marmara
bolgesinin dogusunda agaccik katinda ve ormanaltinda yayilis gosteren baglica tiirlerden
birisidir (Durmus ve Yigit, 2003; Donmez ve Aydinozii, 2012). Musmula ¢ogunlukla ormanlik
alanlarda diger orman bitkisi tiirleriyle beraber dagmik halde, yol kenarlarinda, bahce
siirlarinda, hobi bahgelerinde ya da diger meyve agaclarina ait bahgelerde miinferit olarak
bulunmakta olup toplu meyveliklerin oran1 ¢ok diistiktiir (Bostan, 2022).

Tiirkiye’de sirasiyla, Bursa, Sinop, Samsun, Canakkale ve Trabzon illeri aga¢ yogunlugu en
fazla olan ilk 5 il olup bunlarin diginda 38 ilde daha agac varlig1 bulunmaktadir. Aga¢ varliginin
bulundugu 38 ilden sadece 16’sinda toplu meyveliklerin 2339 dekar oldugu ve bunun da
%57.03’liik boliimiiniin tek basina Bursa iline ait oldugu, bu ili Canakkale, Kiitahya, Manisa
ve Erzurum’un takip ettigi, diger illerin toplam oraninin ise %10.22 oldugu goriilmektedir
(TUIK, 2023).

Ulkemiz musmula dogal genetik kaynaklar1 bakimindan zengin bir iilke olmasina ragmen,
standart gesit olarak sadece 1993 yilinda tescil edilen ‘Istanbul’ ve ‘Italyan’ isimli yerel ¢esitler
ile 2014 yilinda Atatiirk Bahge Kiiltiirleri Merkez Arastirma Enstitiisii tarafindan tescil edilen
‘Akgakoca 77 musmula ¢esidi bulunmaktadir (Akgay ve ark., 2016). Toplam iiretimin
nerdeyse tamamina yakinini ise dogadaki genetik kaynaklar olusturmaktadir.

Musmula gibi tiirlerin her ne kadar daha ziyade anag 6zellikleri ve meyvelerinin sos, pelte ya
da sarap yapimi i¢in degerli olduklari belirtilmis olsa da (Westwood, 1978), son yillarda yapilan
arastirmalarla musmula insan saglig1 ve beslenmesinde kendine 6zel bir yer bulmustur.
Meyvelerinin beslenmedeki 6zel yeri nedeniyle giderek daha ilging ve cekici hale gelen

unutulmus ve terk edilmis bir meyve tiirii olan musmula geleneksel tipta (meyveler, yapraklar,
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agac kabugu ve cigekleri) cesitli hastaliklarda veya tibbi durumlarda, ayrica gastronomik
alanlarda ve ¢ok cesitli tariflerde (geleneksel/yerel tarifler) kullanilmakta; 6zellikle meyve,
yaprak, kabuk veya ¢igeklerinin kimyasal bilesimi, antioksidan bilesikler (polifenoller ve
flavonoidler), karotenoidler, vitaminler, mineraller vb. yoniinden zengindir (Voaides ve ark.,
2021).

Ordu ilinde daha once dogadaki musmula genetik kaynaklari iizerinde 1slah caligmalari
yiriitiilmiigse de standart cesitlerin performanslart ile ilgili herhangi bir c¢alismaya
rastlanilmamistir. Bu ¢aligma da musmula tiretimi bakimindan 6nemli bir bolge igerisinde yer
alan Ordu ekolojisinde yetistirilen ‘Akcakoca 77% ve ‘Istanbul’ standart musmula gesitlerinin
aga¢c ve meyve Ozellikleri ile meyvelerin biyokimyasal 6zelliklerini belirlemek amaciyla

ylirlitilmustir.

Materyal ve Yontem

Materyal

Calisma Ordu Universitesi Ziraat Fakiiltesi Bahce Bitkileri Boliimii Arastirma ve Uygulama
arazisinde 2023 yilinda yiriitiilmustiir.

Calisma da materyal olarak belirtilen arazideki ‘Ak¢akoca 77®” ve ‘Istanbul’ standart musmula
cesitlerinin 8 yasindaki agaclari kullanilmistir. Musmula agaglari1 3.0 m x 3.5 m sira iizeri ve
sira aras1 mesafede olacak sekilde bahge tesis edilmistir. Dikimden sonra agaclara goble sekli
budama uygulanmistir. Agaclarda diizenli olarak sulama, giibreleme, miicadele ve toprak
isleme uygulamalar1 yapilmaktadir.

Yontem

Calisma rastlant1 parselleri deneme deseninde 3 yinelemeli olarak diizenlenmistir. Hasat
olumunda (ekim ay1 igerisinde) agaglardan alinan 30’ar adet meyve ve yaprak 6rnekleri 6l¢iim,

tartim, degerlendirme ve analizler i¢in boliim laboratuvarina gotiiriilmiistiir (Sekil 1 ve 2).
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‘Akcakoca 77% ‘Istanbul’

Sekil 2. ‘Akcakoca 77®” ve ‘Istanbul’ ¢esidine ait hasat edilmis meyveler

Meyvelerde fiziksel analizler olarak meyve agirligi, meyve eni, meyve boyu, meyve hacmi,
ostiol genisligi, ostiol derinligi, meyve eti sertligi (dijital sertlik 6lgerle), meyve eti orani, tohum
sayist ve tohum agirligit meyve eti renginin beyaz oldugu hasat olumu déneminde (Yilmaz,
2015) yapilmstir.

Meyvelerde kimyasal analizler olarak pH, SCKM, titreedilebilir asitlik, C vitamini, toplam
fenolik bilesikler, toplam flavonoid, DPPH antioksidan aktivitesi ve FRAP analizi de tiiketim
olumu asamasinda (buruk tadin azaldigi ve meyve etinin yaklasik % 50’sinin kahverengiye
doniistiigli donem) yapilmistir (Yilmaz, 2015). Ayrica meyvelerde toplam kuru madde orani

sabit agirlik esasina gore belirlenmistir (Maral Giirbiiz ve Bostan, 2020).
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Biyokimyasal analizler i¢in Oncelikle hasat edilen meyveler yabanci maddelerinden
arindirildiktan sonra c¢ekirdeksiz haldeki meyve parcalar1 blendirdan gecirilmis ve tiilbentte
sikilarak meyve sulari siiziilmiistiir. Oda sicakligindaki meyve suyunda pH dijital pH-metreyle,
SCKM dijital refraktometreyle, titreedilebilir asitlik dijital biirette titrasyon yontemiyle ve
malik asit cinsinden formiille hesaplanarak (Cemeroglu, 1992), C vitamini igerigi askorbik asit
testi kitleri (Merck 116981) kullanilarak reflectoquant cihaziyla (Maral Gilirbliz ve Bostan,
2020), toplam fenolik bilesikler Folin-Ciocalteu’s kimyasali kullanilarak (Ozturk ve ark.,
2019), toplam flavonoid kolorimetrik yonteme gore (Chang ve ark., 2002), DPPH antioksidan
aktivitesi Blois (1958) ve Ozturk ve ark. (2019)’nin kullandiklar1 yontem ve prosediire gore ve
FRAP analizi de “Demir iyonlar1 (Fe+3) indirgeme antioksidan giicii testi” esasina gore (Benzie
ve Strain, 1996) yapilmistir.

Agac ozellikleri olarak da tag yiiksekligi, tas genisligi, tag capi, govde yiiksekligi, gévde capi,
govde cevresi, govde kesit alani, yaprak eni, yaprak boyu, yaprak sap1 uzunlugu ve yaprak sap1
kalinlig1 belirlenmistir.

Incelenen pomolojik 6zellikler igin elde edilen verilere SAS-JMP 13.2.0 istatistik programinda
varyans analizi uygulanmistir. Sonuglarin degerlendirilmesinde 6nemlilik diizeyi 0=%5 olarak

dikkate alinmistir.

Bulgular ve Tartisma
Musmula meyvelerinin fiziksel 6zelliklerinin cesitlere gore degisimi i¢in yapilan varyans
analizi, meyve agirligi, meyve eni, meyve hacmi, ostiol genisligi ve meyve eti oraninin ¢esitlere

gore onemli diizeyde degistigini ortaya koymustur (Cizelge 1).

Cizelge 1. Meyve fiziksel 6zelliklerinin ¢esitlere gore degisimi

Ozellikler ‘Ak¢akoca 77® “Istanbul’ LSDo.os
Meyve Agirlig (gt 2% 38.29+7.23 a 24.23+3.20 b 12.67
Meyve Eni (mm) 47.71+4.81 a 37.02+1.86 b 8.26
Meyve Boyu (mm) 32.02+2.32 36.74+1.86 -
Meyve Hacmi (ml) 38.25+8.76 a 21.33+£2.89 b 14.78
Ostiol Genisligi (mm) 29.72+4.05 a 21.32+1.70 b 7.04
Ostiol Derinligi (mm) 8.45+2.80 9.68+0.40 -
Meyve Eti Sertligi (N) 8.20+1.37 7.51+0.58 -
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Meyve Eti Oran1 (%) 92.88+3.04 a 87.55+1.26 b 5.27
Tohum Sayis1 4.08+1.27 4.70+0.46 -
Toplam Tohum Agirlig (g 29%) 0.62+0.19 0.63+0.07 -
Nem (%) 69.97+2.86 71.23+1.72 -

Aymi stitunda aymi kiigiik harfle gosterilen ortalamalar arasindaki fark istatistiksel olarak

onemsizdir (LSD, p<0.05).

Onemli ¢ikan biitiin 6zelliklerin en yiiksek degerleri ‘Akgakoca 77 ¢esidinde belirlenirken,
meyve boyu, ostiol derinligi, meyve eti sertligi, tohum sayisi, toplam tohum agirligi, nem ve
toplam kuru madde oraninin ¢esitlere gore degisimi 6nemsiz ¢ikmustir.

Yalova’da yapilan bir ¢calismada, ‘Akgakoca 77®° ve ‘Istanbul’ cesitlerinde, sirastyla meyve
agirliginin 59.60 g ve 30.25 g, meyve eninin 56.78 mm ve 41.94 mm, meyve boyunun 35.43
mm ve 36.89 mm, ostiol genisliginin 31.27 mm ve 24.33 mm, ostiol derinliginin 6.89 mm ve
10.41 mm, tohum sayisinin 4.3 ve 5.00 ve tohum agirliginin 0.57 g ve 0.35 g oldugu
bildirilmistir (Akg¢ay ve ark., 2016). Calismamizda da dnceki ¢alisma sonucuna benzer sekilde,
incelenen fiziksel 6zelliklere ait degerler ‘Akcakoca 77® ¢esidinde ‘Istanbul’ gesidine gore
daha yiiksek bulunmus fakat her iki ¢esitte de ¢alismamizdaki degerler daha diisiik olmustur.
Bunun ekolojik kosullarin farkliligindan ya da yilin etkisinden kaynaklandig: diistintilmektedir.
Kimyasal 6zelliklerden SCKM ve antioksidan kapasitesi (FRAP) disindaki 6zellikler ¢esitlere
gore dnemsiz ¢ikmis olup ‘Istanbul’ ¢esidi en yiiksek SCKM’ye, ‘Akgakoca 77 ¢esidi de en
yiksek antioksidan kapasiteye (FRAP) sahip olmustur (Cizelge 2).

Cizelge 2. Meyve kimyasal 6zelliklerinin ¢esitlere gore degisimi

Ozellikler ‘Akcakoca 77®  “Istanbul’ LSDo.os
pH 8.23+0.36 8.23+0.03 -
SCKM (%) 14.00+0.62 b 17.40+1.20 a 2.17
Toplam Kuru Madde Orani (%) 30.03+£2.86 28.77+1.72 -
Titreedilebilir Asitlik (%) 0.68+0.24 0.83+0.16 -
C Vitamini Igerigi (mg 100 g?) 24.93+3.48 22.00+2.55 -
Toplam Fenolikler (g GAE kg™?) 1.50+0.11 1.20+0.26 -
Toplam Flavonoidler (g QE kg™?) 0.88+0.06 0.73+0.25 -

Antioksidan kapasite DPPH (mmol TE kg™?) 268.304+9.02 220.35+42 .47 -
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Antioksidan kapasite FRAP (mmol TE kg™) 507.00+8.74 a 363.72+27.52 b 46.29

Aym siitunda aymi kiigiik harfle gosterilen ortalamalar arasindaki fark istatistiksel olarak

onemsizdir (LSD, p<0.05).

Yalova ekolojisindeki ‘Akgakoca 77 ve ‘Istanbul’ ¢esitlerinde, sirastyla SCKM %24.8 ve
%17.4, toplam kuru madde %29.6 ve %25.8, titreedilebilir asitlik 0.44 g™ ve 0.41 g'* arasinda
belirlenirken (Akgay ve ark., 2016), ¢alismamizda ‘Akcakoca 77% cesidinin SCKM degeri
onceki calismadan onemli diizeyde diisiik iken, ‘Istanbul’ ¢esidi ile benzer bulunmustur.
Toplam kuru madde miktar1 degerleri hemen hemen oOnceki calisma sonuglarina benzer
cikmistir. Calismamizdaki asitlik degerleri ise onceki calismadan yiiksek olmustur. Ekolojik
kosullardaki degisim meyvelerin kimyasal iceriginde 6nemli farkliliklar olusturabilmektedir.
Bolgede yapilan seleksiyon islahi ¢aligmalarinda (Bostan, 2020; Maral Giirbiiz ve Bostan,
2020; Cevahir ve Bostan, 2021) iimitvar genotiplerde C vitamini igerigi bakimindan
caligmamizda benzer sonuclar elde edilmisken, toplam fenolikler ile antioksidan kapasite
bakimindan genis bir degisim yelpazesi olusmustur. Bunun da 6zellikle genotipik 6zelliklerden
kaynaklandig1 sdylenebilir.

Bitki 6zelliklerinden sadece tag yiiksekligi, yaprak eni ve yaprak boyunun ¢esitlere gore dnemli
bulundugu ve ‘Istanbul’ ¢esidine ait agaclarin daha yiiksek boylu, ‘Akcakoca 77®” ¢esidine ait
agaglarin da yapraklarinin daha biiyiik oldugu belirlenmistir (Cizelge 3).

Cizelge 3. Bitki 6zelliklerinin gesitlere gore degisimi

Ozellikler ‘Akcakoca 77®  ‘Istanbul’ LSDo.os
Agac boyu (m) 2.98+0.20 3.76+0.45 -
Tag yiiksekligi (m) 1.984+0.14 b 2.84+0.47 a 0.78
Tas genisligi (m) 3.90+0.13 3.14+0.86 -
Tag cap1 (m) 3.68+0.24 3.00+0.75 -
Govde yiiksekligi (m) 1.00+0.10 1.00+0.03 -
Govde ¢ap1 (cm) 10.33+0.58 11.00+2.65 -
Govde gevresi (cm) 29.67+6.43 30.00+8.19 -
Govde kesit alan1 (cm?) 83.99+9.51 98.65+8.39 -
Yaprak eni (cm) 6.89+0.75 a 4.93+0.59 b 1.54
Yaprak boyu (cm) 14.70+0.52 a 11.94+1.33 b 2.28
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Yaprak sap1 uzunlugu (mm) 8.04+1.11 8.92+0.44 -
Yaprak sap1 kalinlig1 (mm) 2.54+0.28 2.21+0.21 -

Aymi satirda ayni harfle gosterilen ortalamalar arasindaki fark istatistiksel olarak onemsizdir

(LSD, p<0.05).

Sonug¢

Ordu ekolojisindeki ‘Akgakoca 77®’ ve ‘Istanbul’ standart musmula gesitleri arasindaki
pomolojik 6zelliklere ait farkliliklar Yalova ekolojisindekine benzer olarak belirlenmistir.

Her iki ¢esidin meyveleri Yalova ekolojisindekinden daha hafif ve kii¢iik bulunmustur.

Diger taraftan, SCKM degerinin ‘Istanbul’ gesidinde her iki ekolojide ayni, ‘Akgakoca 77®’
cesidinde ise Yalova’da daha fazla oldugu, toplam kuru madde oranlart bakimindan énemli
farkliliklar bulunmadig: sdylenebilir.

Sonug olarak, Ordu ekolojisinde ilk kez yapilan bu ¢aligmanin, verim degerlerinin de elde
edilmesi sonucunda adaptasyonu hakkinda daha kesin sonuclar elde edilebilecegi diisiiniilerek,

birkag yil daha devam ettirilmesi tavsiye edilebilir.

Tesekkiir
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Programi kapsaminda desteklenmistir (Proje No: 1919B012316996, 2023 Yili 2. Donem
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SUMMARY

Today, the need for energy is increasing in parallel with the increasing world population. Most
of the energy resources are obtained from fossil fuels. However, the significant decrease in the
reserves of fossil fuels and environmental damages have become an important problem.
Biomass is a type of fuel that is biologically based and has very low pollution compared to coal,
which can be converted into energy form with the support of solar energy, and most
importantly, it is renewable. Tiirkiye is a country with a great potential of biomass. In this study,
pyrolysis experiments of palm kernel and olive kernel, which are very common biomass
samples in our country, were carried out at four different heating rates (10 °C, 15 °C, 20 °C, 30
°C) with non-isothermal thermogravimetric analysis (TGA) at a maximum temperature of 1000
°C in an inert nitrogen gas atmosphere and solid state reaction kinetics parameters were
determined. These parameters are determined with model free equations methods Kissinger
Akashiro Sunose(KAS) and Flyinn Wann Ozawa (FWO). Characterization studies of the
biomass samples before and after pyrolysis were completed by XRD and FTIR analyses.
Arrhenius profiles and activation energy of the samples were determined and their usability as
fuel and energy potentials were compared with conventional fuels. According to the results

obtained, it was seen that palm kernel and olive kernel have the potential to be used as fuel.

Key words: Pyrolysis, biomass, olive kernel, palm kernel, kinetic analysis, renewable energy.
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1. INTRODUCTION

With the increase in globalisation in the world, factors such as technological progress,
development of industry and population growth bring along the increase in energy needs.
Although fossil fuels meet a large percentage of the energy need today, it is seen as a result of
the studies that their reserves are beginning to run out. In recent years, research on alternative
energy sources that can be used instead of fossil fuels has gained momentum[1]. Among these
fuels, biomass stands out with many features such as being environmentally friendly, being
obtained from waste materials, and being constantly renewable. The abundance of biomass
resources in our country, which is rich in agriculture and animal husbandry, makes it very

attractive to use [2].

Biomass is a very diverse, easily accessible and utilisable energy source. Unlike fossil
fuels, it is renewable in less than a hundred years. It can be converted into solid, liquid or biogas
as fuel and can be used for electricity generation, heating, industrial and domestic needs. It is a
very good option to meet the energy needs in today's conditions where energy resources are
becoming increasingly limited. Renewable energy sources used as an alternative to traditional
fossil fuels will reduce greenhouse gas emissions and energy costs while ensuring energy

security in the long term [3] [4].

There are many studies on biomass pyrolysis in the literature. Researchers have

successfully applied biomass and kinetic analysis together.

Kanca (2019) determined the energy values of biomass types (hazelnut shell, walnut
shell, cotton waste) that can be energy sources by pyrolysis and oxidation processes. According
to the results, it was observed that shelled biomasses showed similar thermal behaviours among
themselves, while cotton waste showed different thermal behaviours and differences in gas
emissions from shelled biomasses. Utilizing all the outputs obtained, it was confirmed that the
three proposed biomasses can be used as energy sources by pyrolysis and combustion processes.
It was concluded that these biomasses with proven energy potential are also effective materials

for reducing the emission of sulphur-containing gases [5].

In this thesis study, Altunbas (2015) investigated the possibilities of converting Pelemir
plant into a liquid product (bio-oil) that can be an alternative to the fuels used today with the
conversion method (pyrolysis). The optimum operating conditions (pyrolysis temperature,

particle size, heating rate, nitrogen gas flow rate, retention time and condensation temperature)
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were determined to obtain liquid product and the possibility of alternative energy source of
liquid (bio-oil) product was investigated. Pyrolysis experiments were carried out in a fixed bed
reactor and the structure of the bio-oil obtained was analysed by various spectroscopic and
chromatographic methods. As a result, it was determined that bio-oil can be an alternative,
renewable, environmentally friendly energy source to the liquid fuels used today and can be a

chemical raw material input in many chemical industries [6].

Gozke and Agikalin (2020) investigated the thermal degradation behaviour and kinetics
of cherry pits. Therefore, cherry pits of two different particle sizes (75-150 and 150-250 pm)
were subjected to non-isothermal thermogravimetric analysis from room temperature to 800 °C
in the presence of nitrogen gas at five different heating rates (5, 10, 20, 30 and 40 °C/min). The
studies revealed the presence of four different steps in the pyrolysis zone, corresponding mainly
to the removal of moisture and low molecular weight volatiles (step 1), thermal degradation of
hemicellulose (step 2), cellulose (step 3) and lignin (step 4). The Kkinetic parameters of active
pyrolysis steps (2nd and 3rd steps) were calculated by Coats-Redfern and Kissinger-Akahira-
Sunose methods. Although the Coats-Redfern method gives higher values, all activation energy
values calculated by both methods are compatible with each other and activation energy values

increase with increasing particle size [7].

In this study, pyrolysis experiments of olive pits and palm pits, which are abundant in
our country, were carried out with TGA at four different heating rates and the solid state kinetic

parameters of the samples were determined using the data obtained.

2. EXPERIMENTAL STUDY

Palm kernel and olive kernel provided from Tiirkiye Taris A.S. and grinded to powder
size before pyrolysis experiments. TGA experiments of biomass samples carried out four
different heating rates and 50 ml/min inert nitrogen gase atmhospere with maximum
temperature of 1100 °C by Hitachi STA 7300 TGA analyzer.

Table 1. Proximate analysis of olive kernel and palm kernel [8].

Analysis Olive kernel Palm kernel Standard
) TSE 690, ASTM
Moisture (%) 4,3 4,76
D3173
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Volatile matter
75,7 79,22 ASTM D 3175
(%)
Ash (%) 2,4 1,10 ASTM D 3174
Fixed carbon (%) 17,4 16,36 Hesap
Calorific value
415,90 400,64 ASTM D 5865
(Kcal/kg)
Cellulose (%) 25 26,60 TSE 6812
Lignin (%) 34 24,06 ASTM D 1106-96
Hemmicellulose
34,5 42,30
(%)

2.1. Kinetic Analysis

For modelling biomass thermal degradation process there are some approaches used.
General empirical model employs kinetics, and Arrhenius expression is used to correlate the
solid state data of reaction [9]. On this work model-free integral methods of KAS and OFW are
used to calculate kinetic parameters of active pyrolysis region of coal samples. Equation 1 and

2 can be considered for KAS and OFW method respectively:

() = (@) - 7 () @
In(g) = In (:g—fa)) ~ 5,331 1,052%2(2) @)

Here, o is the amount of sample, B denotes heating rate, A is pre-exponential factor (min2),
Ea is activation energy of reaction (kJmol™), Zis the universal gas constant (JK *mol™), and T
is the absolute temperature (K). Where, activation energy of samples was derived with different
f(a) values between 0.1 and 0.9 are applied to slope of In (B/T?) vs (1/T) KAS method and In(p)
vs(1/T) graphics for OFW method for each heating rates .
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3. RESULTS AND DISCUSSION

3.1. TGA Pyrolsis Results
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Figure 1. TGA graph of palm kernel.
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Figure 2. TGA graph of olive kernel.
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When the TGA graphs were analysed detailed, it was observed that the graph curves for
the two biomass samples were similar. The first large mass losses of the materials occurred
between 250 °C and 275 °C on average at four different heating rates. At a heating rate of 10
°C/min, 8% mass loss for the olive kernel sample occurred at a temperature of 255 °C, while
the temperature at which 8% mass loss occurred for the palm kernel was read as 267 °C. The
second and largest mass loss, which is clearly seen in the curves, was 44% at 385 °C for the
olive kernel sample and 44% at 369 °C for the palm kernel sample at a heating rate of 15 °C/min.
All samples lost approximately 80% of their weight at 1000 °C and completely degraded.
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Figure 3. DTG graph of palm kernel.
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Figure 4. DTG graph of olive oil.

When the DTG curves are analysed, it is seen that the pyrolysis process takes place in
three steps at all heating rates of the graphs of palm and olive kernel. When the peaks are
evaluated, especially the 2nd step (hemicellulose and cellulose degradation) and 3rd step (lignin
degradation) stages are observed as very distinct peaks between 220 °C and 410 °C
temperatures. This region is defined as the active pyrolysis region where the mass loss and mass
loss rate are the highest. As can be clearly seen on the curves, two separate active pyrolysis
zone peaks are read. The first of these peaks represents hemicellulose degradation with lower
molecular weight. The other peak represents the degradation of high molecular weight lignin.
According to the graphs, the maximum mass loss rates were calculated as 5.26 %/min at 278
°C for palm kernel sample and 3.65 %/min at 359 °C for olive pith. With the increase in heating
rate, mass loss rates increase in the same way. Since the amount of energy loaded to the system
per unit time increases in order to increase the heating rate, the increase in mass loss per unit

time is interpreted as an expected development.
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Table 2. Active pyrolsis step temperature and mass loss values of waste biomass samples.

10 °C/min 15 °C/min 20 °C/min 30 °C/min

Palm Olive Palm Olive Palm Olive Palm Olive
Kernel | Kernel | Kernel | Kernel | Kernel | Kernel | Kernel | Kernel
Tb(°C) | 261 267 267 277 268 279 275 282
Ts
(°C)
Wmax
(%)

360 369 369 385 371 388 375 392

45 45 44 44 41,5 41,5 45 45

The temperature and mass loss values of waste biomass samples at different heating
rates in the 2nd step, active pyrolysis step, are shown in Table 2. According to the table, all
samples lost approximately 45% of their residual weight (Wmax) after moisture removal during
oxidation. The start and end temperatures of active pyrolysis were similar for palm kernel and
olive kernel, while the oxidation temperatures of the samples increased with the increase in
heating rate. The lowest oxidation start temperature (Th) was calculated as 261 °C in the palm
kernel sample with a heating rate of 10 °C/min, while the highest oxidation end temperature
(Ts) was 392 °C in the olive kernel sample with a heating rate of 30 °C/min. The increase in the
temperature values of the samples with the increase in the heating rate is an expected situation
due to the faster heating of the material at high step heating rates. Likewise, at low heating rates,
the particles will heat up much more slowly and heat transfer will be more efficient than at high
heating rates. With the increase in the heating rate, heat transfer is realised at lower efficiency

and the start and end temperatures of active pyrolysis are shifted to high degrees.
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Figure 5. Biomass conversion time for %100 with different heating rates.

Figure 5. shows the conversion times of coal and biomass samples at four different
heating rates. According to the graph, the conversion times of the samples decreased
significantly as the heating rates increased. The conversion times of the samples within
themselves at different heating rates decreased with the increase in heating rate. As the heating

rate increases, the material temperature rises faster and structural degradation starts earlier.
3.2. Kinetic Analysis

The activation energies of palm kernel and olive kernel samples were determined by
kinetic analysis with model-free methods Flynn-Wall-Ozawa (FWO) and Kissinger-Akahira-
Sunose (KAS).

For different conversion fractions (a:0.1-0.9) in KAS and FWO model-free approaches,
activation energy values were calculated for each conversion value using the formulas in
Equation (1) and Equation (2). The average value of the activation energies determined for each
transformation value was found. Activation energy values were calculated from the slope of
the graphs plotted with Inp versus 1/T values for FWO method and InB/T? versus 1/T values for
KAS method. The graphs of the samples obtained for each transformation are given in Figure

6, Figure 7, Figure 8, and Figure 9.
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Figure 6. FWO method Inf3 — 1/T graph of palm kernel.
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Figure 7. FWO method Inf3 — 1/T graph of olive oil.
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Figure 9. KAS method In (B/T2) — 1/T graph of olive kernel.

137 |Page



BURSA 4th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
January 24 - 26, 2025- BURSA
ISBN: 978-625-5962-21-8

The slopes were obtained according to different heating rates for each of the 0,1-0,9

conversion ranges on the graphs obtained from KAS and FWO methods and activation energy

values were calculated according to Arrhenius equation with the help of R2 values.

Table 3. Activation energy values of biomass samples calculated at 0,1-0,9 conversion

rates.
KAS Method FWO Method
ivati Activation
Conversion Oxidation R? Agr']\é?tlon Conversion Oxidation R? Energy
rates equations (i /m%BI/) rates equations (kj/mol)
y=- y=-
0,1 8796x+5,4967 0,9564 | 73,129944 0,1 8748x+5,6158 0,9567 | 74,131326
p—r y:_
0,2 9486x+6,9872 0,9677 | 78,8666 0,2 9414x+6,9791 0,9624 | 79,8799
0,3 13464x+9 4563 0,9733 | 111,939696 0,3 13378x+9.4550 0,9789 | 113,824657
y:- y:_
- 0,4 17554x+15,1236 0,9898 | 145,9439 0,4 17468x+15,1241 0,9864 | 147,78562
o
g 0,5 18136x+16,1263 0,9658 | 150,782704 0,5 18253x+16,1271 0,9671 | 151,97412
S 0,6 10365x+17 8796 0,9245 | 161,0006 0,6 10426x+17 8789 0,9312 | 162,2016
y:- y:_
0,7 20626x+18,9406 0,9736 | 171,484564 0,7 20597x+18,9503 0,9759 | 172,481555
0,8 21230+20,453 0,9770 | 176,5062 0,8 21287+20.429 0,9896 | 178,62647
y=- y=-
0,9 22006x+21.6327 0,9675 | 182,957884 0,9 22114x+21,6327 0,9589 | 181,24657
y=- y=-
0,1 8756x+5,4521 0,9681 72,79738 01 8721x+5,4536 0,9741 | 73,165478
y =-9175x + y = -9166x +
0,2 56547 0,9845 | 76,2809 0,2 56558 0,9766 | 77,6846
y=- _
102,2289 y=-
0,3 12296x+13,5746 | 0,9954 0,3 12206x+13,5761 0,9901 | 103,3364
_ y=-16193x + y=-16171x +
g 0,4 15.9996 0,9756 | 134,6286 0,4 15.9987 0,9699 | 135,6784
v = 146,6756 =-
x 1
o | 05 |17642x+16,0126 | 2948 05 | 17619x+16,0106 | 29078 | 1472165
= =-19162x + y =-19189 +
e} y
0,6 16,7895 0,9566 | 159,3129 0,6 16,7931 0,9643 | 160,1236
0,7 20316x+18,7453 | 0,9358 168,9072 0,7 20371x+18,7523 | 0,9512 | 169,4578
y =-22120x + y =-22361x +
0,8 21507 0,9682 | 183,9057 0,8 21,609 0,9725 | 184,9741
y:- y:-
0,9 23630%+22.9674 0,9574 | 196,5346 0,9 23604x+22,9701 0,9689 | 197,1236
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Table 3. shows the values calculated by KAS and FWO method for the active pyrolysis
step of palm kernel and olive kernel. Here, it is seen that the activation energy values calculated
from the conversion range of 0.1-0.9 for biomass samples increase with the conversion rate. It
is thought that this is due to the breakdown of cellulose in the structure of palm kernel and olive
kernel at low conversion rates. When the conversion rates are reached with higher temperatures,
it is expected that the activation energy required for the continuation of the reaction will be high
since it is difficult to break down hemicellulose and lignin after the cellulose removed from the
structure. When the table is analysed in detail, the activation energy value of palm kernel at 0.2
conversion rate was 78.866 kj/mol, while this value was calculated as 176.8062 kj/mol at 0.8
conversion rate. During the pyrolysis process, high activation energy values are required during
pyrolysis as hemicellulose, cellulose and lignin of biomass samples with lignocellulosic

structure have high thermal stability.

The cellulose component, which is a linear polysaccharide in the content of biomasses,
degrades rapidly due to the cleavage of glucose bonds during the main weight loss of pyrolysis.
The reason for obtaining low activation energy values at low conversion rates of palm kernel
and olive kernel powders is that both samples are cellulosic based. A large part of the lignin
structure consists of aromatic polymer rings with cross-links. Degradation of these rings can
only occur at high conversion rates.

The high R2 values obtained on the graphs while determining the activation energy values by
FWO and KAS model-free kinetic methods confirm the accuracy of the calculated results.

4. CONCLUSIONS

In this study, pyrolysis experiments of palm kernel and olive kernel were carried out by
thermogravimetric analysis and kinetic parameters were determined by KAS and FWO model-

free approaches. The following results were obtained.

According to the results of chemical analyses of palm kernel and olive kernel, high

calorific values and low moisture content suggest that they can be used as fuel.
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According to the TGA pyrolysis results, the thermal degradation processes of the
biomass samples were completed in three main steps and the samples lost approximately 80%

of their weight at the end of pyrolysis.

During pyrolysis, the effect of heating rates on the start and end temperatures of the
oxidation step was observed and it was observed that these temperature values increased with
the increase in the heating rate.

According to the kinetic analysis results, activation energy values were calculated by
model-free methods. According to the results, the calculated activation energy values increased
with the increase in the conversion rate. Since the decomposition of lignocellulosic biomass
samples continues until high temperatures, it is expected that the activation energy values will

increase.

As aresult, according to the analyses and calculated kinetic parameters, palm kernel and
olive kernel have the potential to be used as fuel. It is thought that the results of this study will

contribute to the literature and shed light on the researchers who will work on this subject.
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OZET

Enerji glinlimiiz diinyasinin en temel bilesenlerinden biri haline gelmistir. Sanayi devriminden
bu yana teknolojinin hizli gelisimiyle beraber insanlik giderek daha c¢ok enerjiye ihtiyag
duymakta ve bununla beraber enerji liretim, iletim ve dagitiminda negatif etkisi bulunan
faktorleri azaltmaya ve yok etmeye ¢aligmaktadir. Glinlimiizde enerji iletiminde kullanilan en
onemli elemanlardan biri de siiphesiz kablolardir. Ozellikle sehirlesmenin ve sanayilesmenin
artmasi, yenilebilir enerji sistemlerinin yayginlasmasi ve sebekeye entegre olmasi ve giic
sistemleri elemanlarinin giderek daha zor isletme sartlarina maruz kalmasiyla kablolarin
giivenilir ve saglikli bir sekilde vazifesini yerine getirmesi daha da biiyiik 6nem arz etmeye

baglamistir.

Bu baglamda yapilan ¢aligmada, orta gerilim kablolarinda en ¢ok kullanilan yalitkan olan
capraz bagli polietilenle (XLPE) beraber diisiik yogunluklu polietilen (LDPE) ve alev
geciktiricili termoplastik (HFFR) yalitkanlar 2 gruba ayirilarak 1. grup termal yaslandirmaya
tabi tutulmus, 2. grup ise %85 nem oranli kabinde yiiksek neme maruz birakilmistir.
Numunelere 7 giinliik dongiilerle dielektrik gii¢ kaybi, tan delta, delinme gerilimi ve ¢ekme
kopma testleri yapilmistir. Bu baglamda numunelerdeki dielektrik bozulma gozlemlenmistir.
Ozellikle nem kabininde %85 nem ve 60 °C’de bulunan numunelerde 1.haftadan itibaren %20-
%25 oraninda tan delta artis1 goriilmiistiir. Sonuglar OG kablolarda dielektrik 6zelliklerin
cevresel faktorlere gore incelenmesi gerektigini, nem ve sicaklik etkilerinin OG kablolarda
ciddi bozunmalara ve arizaya neden olabilecegini gostermistir. Bu ¢aligmadaki veriler 6miir

tahmini acisindan tiretilecek metodlar i¢in de bir veri kaynagi olarak kullanilabilecektir.

Anahtar Kelimeler: izolasyon Performansi, termal yaslandirma, tan delta, nem etkisi, dielektrik

kayip
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ABSTRACT

Our energy needs and reliance on energy are expanding daily due to population growth and
evolving technology. In addition, power systems are developing, and alternative energy systems
are being integrated into the grid and are trying to meet the energy demand. Therefore, these
systems are becoming more and more complex, and it is of great importance that the energy
reaches the end user in a quality and healthy manner without any failure or interruption. In this
context, the insulation materials used in cables must be well designed and sized.

In this study, the most commonly used insulation in medium voltage cables, cross-linked
polyethylene (XLPE), low density polyethylene (LDPE) and flame retardant thermoplastic
(HFFR) insulations were divided into 2 groups, the first group was subjected to thermal aging,
and the second group was exposed to high humidity in a cabin with 85% humidity. Dielectric
strength loss, tan delta, breakdown voltage and tensile rupture tests were performed on the
samples with 7-day cycles. In this study, dielectric degradation in the samples was observed.
Especially in the samples at 85% humidity and 60 °C in the humidity cabin, a tan delta increase
of 20-25% was observed starting from the first week. The results showed that dielectric
properties in MV cables should be examined according to environmental factors, and that
humidity and temperature effects can cause serious degradation and failure in MV cables. The
data in this study can also be used as a data source for methods to be produced in terms of life
estimation.

Keywords: Insulation performance, thermal aging, tan delta, humidity effect, dielectric loss
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OZET

Kuraklik, yagislarin kaydedilen normallerinin 6nemli 6lgiide altina diigmesi sonucu
gerceklesen dogal bir olaydir. Suyun yoklugundan veya kitligindan kaynaklanan kuraklik,
bir¢ok alanda farkli zaman dilimlerinde ve ¢esitli siddetlerde tiim canlilarin yasamini olumsuz
etkilemektedir. Dogal bir afet olan kuraklik, giiniimiizde iklim degisikligi, cevresel ve beseri
faktorler, hizli niifus artis1, su kaynaklariin bilingsiz kullanimi gibi sebeplerle etkilerini daha
cok ve daha hizli bir sekilde hissettirmektedir. Gelecekte iklim degisikliginin neden olacagi
yagis eksikligine bagl kurakliklarin potansiyel etkilerinin degerlendirilmesi; su kaynaklarinin
yonetimi, tarimsal faaliyetler, enerji liretimi ve iklim degisikligine adaptasyon stratejilerinin
gelistirilmesi agisindan kritik bir dneme sahiptir. Bu sebeple, kuraklik olaylarinin siire, siddet,
yogunluk ve frekans gibi farkl karakteristik 6zelliklerinin ayn1 anda degerlendirilerek kapsamli
kuraklik risk analizlerinin yapilmasi gerekmektedir. Bu ¢aligma kapsaminda, yar1 kurak iklim
ozelliklerine sahip Kizilirmak havzasinda yer alan Yamula baraj havzasinda meteorolojik
kuraklik olaylarinin zamansal gelisimini ve kuraklik 6zelliklerini (siklik, siddet, yogunluk ve
stire) incelemek amaciyla havza igerisinden ve ¢evresinden segilen 6 adet meteoroloji gbzlem
istasyonuna ait 1980-2005 yillar1 arasindaki gézlem verileri kullanilarak CNRM-CM5/RCA4
bolgesel iklim modelinin en kotii durum senaryosuna (RCP 8.5) gore iiretilen 2023-2100 zaman
periyodundaki yagis verilerine Standartlastirilmis Yagis indisi (SPI) yéntemi uygulanmis ve
farkli zaman 6lgeklerinde (1, 3, 6, 9 ve 12 aylik) kuraklik analizi gergeklestirilmistir. Elde edilen
SPI degerlerine gore, kurak donemlerin sikliginin kisa zaman 6lgeklerinde nispeten yiiksek
oldugu ve zaman 06lgegi arttikca kurak donemlerin sikliginin azaldig: tespit edilmistir. Ayrica
uygulanan Run teorisi araciligtyla kurak periyotlar belirlenmis ve kuraklik siire, yogunluk ve
siddet degerleri hesaplanmistir. Analizler sonucunda havzada, yakin gelecek (2025-2050) ve
orta vade (2051-2075) periyotlarinda dngoriilen kurak donemlerin kuraklik siire ve yogunluk
degerlerinde artis gozlenirken, uzak gelecek (2076-2100) periyodunda ise ongdriilen kurak
donemlerin kuraklik siire ve siddet degerlerinde azalma yasanacagi tespit edilmistir. Bu ¢calisma
dogrultusunda elde edilen kuraklik tahmini sonuglarinin, karar verici mekanizmalarin havza
bazli yaptig1 planlamalarda su fazlalig1 ve su sikintis1 yasanabilecek bolgeler igin alinmasi
gereken dnlemlere yonelik 6nemli katkilar saglayacagi diisiiniilmektedir.

Anahtar Kelimeler: Iklim Degisikligi, Yagis, Yamula Baraj Havzasi, Kuraklik, Kuraklik
Karakteristikleri, SPI, RCP 8.5.
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1. GIRIS

Kuraklik, bir bolgede yagis miktarinin mevcut iklim sartlarinin normaline gore
azalmasiyla ortaya ¢ikan ve arazi kaynaklar iiretim sistemlerini olumsuz sekilde etkileyerek
ciddi hidrolojik dengesizliklere yol acan dogal bir olaydir [1,2]. Yavasca baslayip aylar hatta
yillar i¢inde gelisen, genis alanlar etkileyen bir dogal afet olan kuraklik, bu 6zellikleriyle diger
dogal felaketlerden ayrilmaktadir. Kiiresel iklim degisikliginin etkisiyle, diinyanin pek ¢ok
bolgesinde sicakliklarin artmasi ve yagislarin azalmasi, kuraklik olaylarmin daha sik
yaganmasina ve daha onemli hale gelmesine yol agmaktadir. Su kithgindan kaynaklanan
kuraklik olaylari, bir¢ok alanda, farkli zaman dilimlerinde ve ¢esitli siddetlerde tiim canlilarin
yasamint olumsuz etkilemektedir. Tiim iklim kusaklarinda gdézlemlenen kurakligin etkileri,
meydana geldigi bolgenin duyarliligina bagli olarak énemli farkliliklar gosterebilir [3]. Yakin
gelecekte ozellikle kurak ve yar1 kurak iklim kusaginda yer alan bolgelerde gerekli 6nlemler
alinmadig1 takdirde su kaynaklarina erisimde biiyiik sorunlar yasanacagi gibi, su kitliginin
olumsuz etkilerinin sosyal hayata, ekonomik ve politik alanlara olumsuz yansimalar1 olacaktir.

Kuraklik, meteorolojik, hidrolojik, tarimsal ve sosyo-ekonomik kuraklik olmak tizere dort
ana grupta siniflandirilir [4,5]. Her bir kategori, kendine 6zgii parametreler veya degiskenlere
ihtiya¢ duyar [6]. Meteorolojik kuraklik, belirli bir donemdeki ortalama yagis miktarmin
azalmasi ya da s6z konusu zaman dilimine ait normallerde yasanan sapmalar olarak
tanimlanabilir. Siiregeldigi takdirde, meteorolojik kuraklik hizla siddetlenebilir ya da aniden
sonlanabilir [7]. Meteorolojik veriler, meteorolojik kurakligin tespitinde temel basvuru
parametreleri olup, meteorolojik kurakligin izlenebilmesi i¢in meteorolojik parametrelere
dayali ¢esitli indisler kullanilabilir. Bunlardan en yaygin olani sadece yagis verisi kullanilarak
hesaplanabilen, kuraklik siddetinin bir 6lgiisii olan SPI’dir [8].

Iklim degisikliginin yerel iklim iizerindeki etkisi, kuraklik gibi asir1 hava olaylarmnin
sikligim1 ve siddetini degistirebilir [9]. Bu sebeple kurakligin gelecekteki etkilerinin
degerlendirilebilmesi i¢in, giivenilir iklim tahminlerine ihtiyag duyulmaktadir. Kiiresel iklim
Modelleri (GCM’ler), farkli senaryolar kapsaminda giivenilir iklim projeksiyonlar tiretebilmek
icin en ¢ok kullanilan modellerdir [10,11]. Ancak, GCM’lerin diislik ¢oziiniirlikklii olmas1 yani
ayrintili bilgi icermemesi nedeniyle ihtiya¢ duyulan bilgi tiretilemeyebilir. Havza dlgeginde
gerekli bilgiyi elde etmekte yetersiz kalan GCM’ler yerine daha yliksek ¢oziintirliiklii Bolgesel
Iklim Modelleri (RCM’ler) gelistirilmistir [12].

Iklim degisikliginin etkileri gdz oOniinde bulundurularak yapilan kuraklik analiz
caligmalari, son yillarda daha da 6nem kazanmistir. Topcu vd. (2010) tarafindan, Tiirkiye’de
gelecekteki kuraklik ozelliklerinin olas1 degisiklikleri aragtirllmistir. Caligmada, Tiirkiye
genelindeki 52 istasyondan 1960-1990 donemi yagis verileri kullanilarak elde edilen 2070-
2100 yillar1 arasindaki gelecekteki yagis serileri, bolgesel bir iklim modeli (RegCM3)
kullanilarak simiile edilmis ve kuraklik indislerinin hesaplanmasinda kullanilmistir. Sonuglar,
ilkede kuraklik kosullarinin ¢esitlilik gosterdigini ve siddet, frekans ve siire acisindan artan
egilimlerin tespit edildigini géstermistir [13]. Kim vd. (2014) taratindan, Kore’deki kuraklik
tehlikesinin alansal dagilimindaki degisiklikler, SPI ile frekans analizi yapilarak incelenmistir.
Calismada 54 meteorolojik gbzlem istasyonundan alinan gegmis gézlem verileri (1976-2010)
ile 4 kiiresel iklim modelinin 6ngoriilen yagis verileri (2011-2099) kullanilmis ve haritalama
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yontemi uygulanarak secilen istasyonlar i¢in siddet-siire-frekans (SDF) egrileri elde edilmistir.
Analizlerin sonuglari, gegmiste sik kuraklik yasanan Nakdong Nehri havzasindaki kurakligin
daha da siddetlenecegini ve Han Nehri havzasinda ise gelecekte daha ciddi kurakliklarin
olacagini gostermistir [14]. Dongwoo Jang (2018) tarafindan, HadGEM3-RA iklim modelinin
RCP8.5 senaryosu ¢ercevesinde iilkedeki 73 meteoroloji istasyonuna ait ongdriilen 2011-2100
donemi i¢in yagis ve sicaklik verileri ile SPI ve RDI yontemlerine dayali meteorolojik kuraklik
analizi yapilmistir. Calismada, SPI yontemine gore gelecekte iklimin nemli olmasi beklenirken,
potansiyel evapotranspirasyon (PET) degerlerini de dikkate alan RDI yOntemine gore ise
kuraklik siddeti degerlerinin kademeli olarak diismesiyle kurak bir iklim 6ngoriilmiistiir. Ayrica,
meteorolojik kuraklik analizinde sicaklik ve buharlasmanin 6nemi vurgulanmustir [15].
Danandeh Mehr vd. (2020) tarafindan, 6 adet meteoroloji istasyonundan goézlemlenen ve
tahmin edilen veriler kullanilarak Ankara’daki, mevcut (1970-2000) ve yakin gelecekteki
(2016-2040) meteorolojik kuraklik olaylarmmin 6zelliklerini arastirmak icin SPI ve SPEI
(Standartlastirilmis Yagis Evapotranspirasyon Indisi) yontemleri bir analiz araci olarak tercih
edilmistir. Calismada, HadGEM2-ES, MPI-ESMMR ve GFDL-ESM2M kiiresel iklim
modellerinin bdlgesel olarak kiiciiltiilmesinden elde edilen RCP4.5 ve RCP8.5 senaryolariin
iklim projeksiyonlart kullanilmistir. Arastirmacilar, 1971-2000 yillarin1 kapsayan referans
doneminde 6 siddetli ve 2 asir1 kurak durum yasadigini géstermis ve yakin gelecekteki 2016-
2040 donemi i¢in daha az kuraklik olayinin meydana gelecegini dngérmiislerdir [6]. Seddige
vd. (2023) tarafindan, Marmara Bolgesi’ndeki Ayazma Nehir havzasinda 2022-2100 dénemi
icin meteorolojik kurakliklarin zamansal 6zellikleri, 1, 3, 6, 9 ve 12 aylik zaman 6lgeklerinde
SPEI yontemi ile aragtirilmistir. Bu amagla ¢alismada, en yiiksek Z istatistik degerlerine sahip
aylik CNRM-CM5/RCA4 (RCP8.5) yagis ve sicaklik projeksiyonlar: se¢ilmistir. Havzada, elde
edilen SPEI degerlerine gore kuraklik siddetinde ve siiresinde ylizyilin ortasindan sonra 6 aydan
uzun siirelerde anlamli bir artis oldugu belirlenmistir [16]. Seker (2024) tarafindan, Tiirkiye'de
Akdeniz bolgesi icin gelecekteki kuraklik durumu incelenmistir. Bu amagla, CMIP6
kapsaminda yayimlanan 22 farkli kiiresel dolasim modelinin SSP2-4.5 ve SSP5-8.5
senaryolaria gore 2021-2100 yillart i¢in aylik ortalama sicaklik ve aylik toplam yagislarin
gelecek projeksiyonlarinin ¢iktilart elde edilmistir. Projeksiyon verileri kullanilarak, yagis ve
sicaklik degisimleri sonucunda kuraklik olusumu, SPI ve SPEI yontemleri araciligi ile
incelenmistir. Sonuglarda, her iki senaryoda da bolge yagislarinda azalmalari, sicakliklarda ise
artiglar1 gostermistir [17].

Calisma kapsaminda, Tiirkiye'nin yar1 kurak iklim ozelliklerine sahip Yamula Baraj
havzasinda yer alan Oglakpinar Akim Gozlem Istasyonu’na (AGI) ait drenaj alaninda
meteorolojik kuraklik olaylarin zamansal gelisimi ve kuraklik 6zellikleri (siklik, siddet, siire
ve yogunlugu) incelenmistir. Oncelikle, havza igerisinden ve cevresinden segilen 6 adet
meteoroloji gdzlem istasyonunun (MGI), 1980-2005 veri araligina sahip giinliik toplam yag1s
verileri Meteoroloji Genel Miidiirliigii'nden (MGM) temin edilmistir. Elde edilen gozlem yagis
verileri (1980-2005) kullanilarak CNRM-CM5/RCA4 bolgesel iklim modelinin en kétii durum
senaryosuna (RCP 8.5) gore tiretilmis 2023-2100 gelecek zaman periyodundaki yagis verilerine
SPI yontemi uygulanmis ve farkli zaman oOlgeklerinde (1, 3, 6, 9 ve 12 aylik) meteorolojik
kuraklik analizi gergeklestirilmistir. Bu ¢alismanin temel amaci, temsili konsantrasyon
yollarina (RCP8.5) dayanarak, Oglakpmar AGI havzasinda 6ngoriilen meteorolojik kuraklik
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kosullarin1 degerlendirmek ve elde edilen bulgularin ¢alisma bolgesinde siirdiiriilebilir su
kaynaklar1 yonetimine katki saglamasidir.

2. MATERYAL VE METOT
2.1. Calisma Alam

Yamula Baraj havzasi, Tiirkiye'nin en énemli su kaynaklarindan biri olan Kizilirmak
Nehri'nin membasinda yer almaktadir. Havza, Kizilirmak Havzasi'min bir alt havzasidir ve
toplam drenaj alam1 15,581 km?’dir. Yiikseltinin 989 m ile 2,985 m arasinda degistigi havza
yiiksek bir topografyaya sahiptir (Gorsel 1). Yar1 kurak iklim kusaginda yer almakta olan
havzanin biiylik bir boliimiinde soguk kislar ve sicak yazlar ile tipik kurak iklim hakimdir.
Calisma alan1 olarak, Yamula Baraj havzasi smirlar iginde yer alan D15A180-Oglakpinar
AGl’sine ait drenaj alam segilmistir. Secilen ¢alisma alan1 yaklasik 11,186 km? olup, bu
biiyiikliik Yamula Baraj havza alaninin %72’sine karsilik gelmektedir (Gorsel 1). Yiikseltinin
dogudan batiya dogru arttig1 bolgede, ¢alisma alaninin ortalama yiikseltisi 2,080 m olup,
yikselti degerleri 1,192 m ile 2,986 m araliginda degismektedir. Calisma alaninda yillik
ortalama sicaklik yaklasik 9,08°C ve yillik yagis yiiksekligi 452,78 mm’dir. Calisma alaninin
yaklagik %44 {inii tarim alanlar1 olusturmaktadir.
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Gorsel 1. Secilen calisma alani ve meteoroloji istasyonlarimin dagilimi
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2.2. Meteorolojik Veriler

Gelecekteki sera gazi emisyonlariin nasil degisecegine dair varsayimlar kullanan GCM
ve RCM'ler iklim kosullarim1 tahmin edebilmek i¢in en sik basvurulan yontemlerdir [10].
GCM’lerin diisiik yatay ¢oziniirliigii nedeniyle genelde daha kiigiik Olgeklerde uygulanan
modellerde bu verilerin dogrudan kullanilmasi yeterli olamamaktadir [18]. Bu nedenle
GCM’lerin diisiik yatay ¢cozliniirliigline alternatif bir iyilestirme olarak RCM kullanilabilir [19].
RCM’ler, GCM’lerden bazi uyumsuzluklarin giderilmesi ile tiretilir ve en yaygin kullanilan
arag ise Olecek kiiciiltme (downscaling) yontemidir [18]. Bu calisma kapsaminda EURO-
CORDEX verileri kullanilmistir [20]. EURO-CORDEX, CORDEX yapisinin Avrupa kismidir
ve ¢oklu dlgeklendirme yontemlerine dayanan iklim modelleri tiretmektedir [21]. Bu ¢alisma,
EURO-CORDEX simiilasyonlarinin uzun siireli deneylerden elde edilen ve 2100 yilina kadarki
senaryolar1 igeren CMIPS verilerini igermektedir. Bahsedilen senaryolar ise sera gazi
konsantrasyonlarinin nasil degisecegini ifade etmektedir.

Calisma kapsaminda, 2023-2100 yillart arasinda CNRM-CMS5/RCA4 bolgesel iklim
modelinden alinan ¢iktilar ile RCP8.5 emisyon senaryosu kullamlmistir (Cizelge 1). Iklim
verilerindeki yanliligin giderilmesi i¢in Sapma (Bias) diizeltmesi yapilmasi amaciyla CMHyd
(Climate Model data for hydrologic modeling) aracina bagvurulmus ve 1980-2005 yillart
arasindaki ge¢mis veriler kullanilmistir. Oglakpmar AGI’sine ait drenaj alan1 ve gevresinden
secilen 6 adet meteoroloji gézlem istasyonunun 1980-2005 yillar1 arasindaki giinliik toplam
yagis verileri ise MGM’den temin edilmistir. CMHyd aracinin ¢alisma semasi asagidaki
gorselde ifade edilmistir (Gorsel 2).

Cizelge 1. Yamula Baraji1 Havzasi kullanilan meteoroloji gozlem istasyonlariin 6zellikleri

.. . .. RCP8.5

Istasyon No | istasyon Adi Yulz::)k fik Enlem Boylam P(; :,)iz;gglu Senaryo
Periyodu
17086 Tokat 611 40.33 36.56 1980-2005 2023-2100
17090 Sivas 1294 39.74 37.00 1980-2005 2023-2100
17162 Gemerek 1182 39.19 36.08 1980-2005 2023-2100
17684 Susehri 1164 40.16 38.08 1980-2005 2023-2100
17716 Zara 1338 39.89 37.75 1980-2005 2023-2100
17762 Kangal 1521 39.24 37.39 1980-2005 2023-2100
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Gézlemlenen ' Simile Edilmis Simble Baikats
ol e z 7 Gelecek Iklim
Iklim Verileri ’ Geg¢mis Veriler Verileri

Sapmalarin (Bias’lerin)
{ Tanimlanmasi / Sapma
Diizeltmesi

Sapma (Bias) Tanimlanmasy
\ Diizeltme Algoritmasmm
Uygulanmasi

|

|

Diizeltilmis Diizeltilmis
Tarihsel Iklim Gelecek Iklim
Verileri Verileri

Gorsel 2. Sapma (Bias) Diizeltmesi calisma semasi [22]

2.3. Standart Yagis Indisi (SPI)

Bu calismada, secilen bolgede kuraklik degerlendirmesi SPI yontemi kullanilarak
yapilmistir. SPI, farkli bolge iklimlerinde kuraklik olaylarini izlemek ve tanimlamak sebebiyle
Mckee ve arkadaslari tarafindan tasarlanmstir [8]. Indisin uygulanma adimlarinda tek gerekli
girdi degiskeni yagistir ve bu da indisin hesaplama kolayligini ortaya koymaktadir [23]. Diinya
genelinde kullanilmast WMO (Diinya Meteoroloji Orgiitii) tarafindan énerilen bu indeks yagis
azhigini tespit ve takip etme olanagi sunmaktadir. Indeksin hesaplama adimlar1 Esitlik 1°deki
gibidir.

SPI = % (Esitlik 1)

Esitlikteki formiilde x; Olglilen yagis verisini, Xorr yagls ortalamasini, ¢ ise standart
sapmay1 ifade etmektedir. SPI indeksi icin asir1 nemlilikten asir1 kurakliga kadar uzanan
nemlilik ve kuraklik siniflandirmasi asagidaki tabloda sunulmustur [24-26].
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Cizelge 2. SPI metoduna gore indis degerleri ve siniflandirilmasi

Smiflandirma SPI
Asirt Nemli >2
Cok Nemli 1.5~1.99
Orta Nemli 1~1.49

Normale Yakin -0.99 ~ 0.99
Orta Kurak -1~1.49

Siddetli Kurak -1.5~-1.99
Agsirt Kurak <-2

2.4. Run Analizi (Gidisler Analizi)

Run Analizi, 1967 yilinda Yevjevich tarafindan gelistirilmis, kurakliklarin siiresini,

siddetini ve yogunlugunu belirlemek i¢in kullanilan bir yontemdir. Bu yontemde, Kuraklik
stiresi (D), negatif indis degerlerinin oldugu donemleri gosterirken, kuraklik siddeti (M), bu
stire icerisinde hesaplanan indis degerlerinin toplami olarak ifade edilir. Kuraklik yogunlugu (1)
ise siddetin siireye oran1 (M/D) seklinde aciklanmistir [27-29].

Gorsel 3’te de gorildiigii gibi, bir kuraklik durumu negatif esik degerinin altinda tek bir
ay boyunca Do ve My siddetinde devamliligini stirdiirebilecegi gibi, birkag ay siiresince D1 ve
M; siddetinde gerceklesirse de tek bir kuraklik olay1 olarak tanimlanir. Iki kuraklik olaymim
arasindaki zaman 6 ay veya daha az ise bu durum da tek bir kuraklik olayir olarak
degerlendirilebilir. Bu baglamda, D; siiresi do, di ve da siirelerinin toplamu ile tespit edilirken,
M: siddeti mo ve m; siddetlerinin toplamu ile hesaplanir. M siddeti ise mo ve m1 siddetlerinin

toplamu tizerinden belirlenir [27-29].
3

2

M=+

Gorsel 3. Run analizi [30]
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3. SONUCLAR VE DEGERLENDIRME

Calismanin bu boéliimiinde, secilen ¢alisma bolgesinde 2023-2100 yillar1 arasinda 6n
goriilen meteorolojik kuraklik olaylari, 1, 3, 6, 9 ve 12 aylik zaman 6lceklerinde elde edilen SPI
degerleri kullanilarak analiz edilmistir. Calismanin amaci, bu meteorolojik kuraklik olaylarinin
cesitli zaman Olceklerindeki gelisimini izlemek ve karakteristik (kuraklik siklig, siiresi, siddeti
ve yogunlugu) 6zelliklerini tanimlamaktir. Gorsel 4’te kurak ve yagisli donemlerin farkli zaman
Olgeklerinde hesaplanan zamansal degisimleri gosterilmektedir. SPI degerlerine gore, zaman
Olgeginin artmasiyla birlikte genel olarak kuraklik egilimi daha belirgin hale gelmis, kurak
donemlerin sikliginda azalma ve kuraklik siirelerinde ise nispeten artis gdzlenmistir.
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Gorsel 4. Secilen calisma alaninda SPI'nin farkh zaman 6l¢eklerinde zamansal degisimleri

Calisma alaninda 2023-2100 yillart arasindaki ongoriilen kurak dénemlere ait kuraklik

siiresi, kuraklik siddeti ve kuraklik yogunlugunu iceren meteorolojik kuraklik 6zellikleri 12

aylik zaman 6l¢eginde Run teorisi kullanilarak belirlenmis ve analiz sonuglarina gore 20 farkli
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kurak periyot elde edilmistir. Bolgede ongoriilen meteorolojik kurakliklara ait periyotlarin
ozelliklerine iligskin 6zet sonuclar Cizelge 3’te sunulmaktadir. 12 aylik zaman 6lgeginde SPI
analizinden elde edilen sonuglar, 6ngoriilen en uzun kuraklik siiresinin Nisan 2067’ den Ekim
2071’e kadar 55 ay oldugunu gostermistir. Bu kurak periyod 42.38 siddetinde ve 0.77
yogunlugunda tespit edilmistir. Calismada, ongoriilen diger en uzun kuraklik siiresinin Nisan
2032’den Aralik 2035’e kadar toplam 45 ay oldugu dikkat cekmektedir. Bu kurak donem, siire
bakimindan ikincil olsa da 53.92 siddeti ve 1.20 yogunlugu ile en siddetli ve diger doneme
kiyasla daha yogun bir kurak periyottur. Ongoriilen en yogun kurak dénem, Aralik 2057 den
baslayarak Nisan 2059’a kadar siiren 17 aylik donemde 1,83 olarak hesaplanmis olup, en
siddetli kuraklik periyodu Nisan 2032 ile Aralik 2035 arasinda siiren 45 aylik siiregte
gbzlemlenmigtir. Elde edilen bulgulara gére, en yogun ve en uzun siiren kurak periyotlar orta
vade (2051-2075) doneminde, en siddetli kurak periyod ise yakin gelecek (2025-2050)
doneminde tespit edilmistir. Ayrica Cizelge 3’ten de goriildiigli gibi uzak gelecek (2076-2100)
periyodunda ise kurak periyodlarin siirelerinde ve siddetlerinde zaman igerisinde bir azalma s6z

konudur.
Cizelge 3. SPI-12 icin Yapilan Run analizi sonuclar:
SPI-12

No Baslangic Bitis M D (Ay) I

1 2024/9 2025/2 6.40 6 1.07
2 2027/12 2028/12 14.79 13 1.14
3 2030/5 2031/3 9.25 11 0.84
4 2032/4 2035/12 53.92 45 1.20
5 2038/5 2040/3 16.00 23 0.70
6 2042/10 2043/9 7.49 12 0.62
7 2044/11 2045/11 10.54 13 0.81
8 2048/11 2051/3 31.78 29 1.10
9 2053/10 2054/5 6.17 8 0.77
10 2056/4 2057/3 11.89 12 0.99
11 2057/12 2059/4 31.06 17 1.83
12 2060/4 2061/10 10.30 19 0.54
13 2066/4 2066/11 9.72 8 1.22
14 2067/4 2071/10 42.38 55 0.77
15 2075/3 2076/11 18.51 21 0.88
16 2077/11 2078/10 17.88 12 1.49
17 2084/10 2085/11 11.63 14 0.83
18 2087/12 2088/9 6.24 10 0.62
19 2096/12 2097/2 1.76 3 0.59
20 2099/3 2100/3 3.1 3 1.03

Not: D: Kuraklik Siiresi; M: Kuraklik Siddeti; I4: Kuraklik Yogunlugu.
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4. GENEL DEGERLENDIRME VE SONUCLAR

Bu ¢alisma kapsaminda, Tirkiye'nin yar1 kurak iklim 6zelliklerine sahip Yamula Baraj
havzasinda yer alan Oglakpiar AGl’sine ait drenaj alaninda, ongoriilen meteorolojik kuraklik
olaylarinin zamansal gelisimini ve kuraklik 6zelliklerini (siklik, siddet, yogunluk ve siire)
incelemek amaciyla, havza igerisinden ve g¢evresinden secgilen 6 adet meteoroloji gézlem
istasyonuna ait 1980-2005 yillar1 arasindaki gézlem verileri kullanilarak CNRM-CM5/RCA4
bolgesel iklim modelinin en kotii durum senaryosuna (RCP 8.5) gore iiretilen 2023-2100 zaman
periyodundaki yagis verilerine SPI yontemi uygulanmis ve farkli zaman 6l¢eklerinde (1, 3, 6,
9 ve 12 aylik) kuraklik analizi gerceklestirilmistir. Farkli zaman o6lgeklerinde elde edilen SPI
degerlerine gore, kurak donemlerin sikliginin kisa zaman 6l¢eklerinde nispeten yiiksek oldugu
ve zaman 0lcegi arttik¢a kurak donemlerin sikliginin azaldig tespit edilmistir. Calismada, Run
teorisi aracilifiyla 20 adet kurak periyot belirlenmis ve kurak periyotlarin siddetleri,
yogunluklar1 ve siireleri ile ilgili bulunan sonuglar sunulmustur. Elde edilen bulgulara gore, en
yogun ve en uzun siiren kurak periyotlar orta vade (2051-2075) doneminde, en siddetli kurak
periyod ise yakin gelecek (2025-2050) doneminde tespit edilmistir.

Gelecekteki kuraklik olaylarmin dogru bir sekilde 6ngdriilmesi, siirdiiriilebilir kalkinma
stratejilerinin  gelistirilmesinde, afet risklerinin azaltilmasinda ve iklim degisikligine
adaptasyon politikalarinin sekillendirilmesinde temel bir rol oynamaktadir. Bu c¢alismanin,
diger havzalar ve bolgeler icin ornek teskil edebilecegi ve iklim degisikligi arastirmalarina
metodolojik katki saglayacag: diistintilmektedir.
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USAGE OF LUCUMA POWDER AS SUGAR REPLACER IN REGULAR AND
GLUTEN-FREE CAKES

Kiibra AKTAS
Karamanoglu Mehmetbey University, kubraaktas@kmu.edu.tr, 0000-0002-0197-0768

ABSTRACT

This study looked at the effect on product quality of using lucuma powder, which has recently
been added to the category of natural sweeteners, as a sugar substitute in both regular and
gluten-free cakes. For this purpose, some physical, chemical and sensorial properties were
determined in cake samples with 0, 30 and 60% lucuma substitution. When the crust color
values of the cake samples were examined, it was observed that the L™ and b“values decreased
with the addition of lucuma. However, there was no statistically significant difference between
crust a* values. For the crumb colour values, similar to the crust colour values, the L* and b*
values decreased with the addition of lucuma, but unlike the crust colour values, the a* values
increased. As regards firmness, the samples without added lucuma showed the lowest values in
both cakes. There was no statistically significant difference between the values for baking loss
and cake yield in regular cakes. In gluten-free cakes, the baking loss was lowest in the sample
with 60% lucuma, while the cake yield results were similar. The ash content of the samples
increased regularly with the addition of lucuma and the protein content reached the highest
value in the samples with 60% lucuma addition. Moisture and fat values of regular cakes were
not significantly affected by the addition of lucuma. In gluten-free cakes, moisture and fat
values were similar in the samples with 0% and 30% lucuma addition and the samples with
60% lucuma addition displayed higher values. When the overall acceptability scores are
analysed, it was concluded that the use of lucuma as a sugar replacer in both types of cake was
not suitable at a level of 60% and this level should not be higher than 30%.

Keywords: Firmness, gluten-free cake, lucuma, sugar replacer, sensory test

1. INTRODUCTION

Lucuma fruit belongs to the Sapotaceae family and grows mainly in Peru, but also in Chile,
Ecuador, California (United States), Mexico, Bolivia and Costa Rica. This fruit is also known as ‘Gold
of Incas’ because it was valued by the Incas. [1, 2]. It has ovoid shape, greenish yellow color (Figure
1), nice smell and intense sweet taste [3]. Due to its beneficial nutrients, lucuma is a good choice in
healthy diets. It contains high amount of phenolic components and dietary fibre and because of the
sweet taste of lucuma, it can be a natural alternative to sweeteners. It is conceivable that the low
glycaemic index of lucuma may help stabilise blood sugar levels [4]. This caramel, butterscotch or
maple-like distinctive flavour potential may render possible its use to flavour beverages, preserves,
pudding, yoghurt, ice cream, cake and cookie fillings and other desserts [2, 5]. As lucuma fruit is
physically perishable, it is usually commercially available as pulp and/or powder [1, 6]. Garcia-Rios
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etal. [7] researched the chemical properties of two commercial Peruvian Pouteria lucuma varieties and
reported that protein, ash, lipid, total dietary fiber and starch contents were 4.3/5.2 %, 2.10/2.51 %,
1.29/1.23 %, 24.2/24.2 % and 15.6/11.7 % respectively. On the other hand, Durakova et al. [4]
determined that protein, ash and fat contents of lucuma flour were 3.83, 2.22 and 2.55% respectively.
It is also a good source for betacarotene, niacin, and iron and it includes significant amounts of calcium
and phosphorus.

Figure 1. Lucuma fruit and powder [2]

Lucuma is known to have anti-inflammatory, anti-aging, and skin-repair effects on human skin
[8]. In the world, there is an increasing demand from consumers for food products based on natural,
plant-based and healthy ingredients. Among the reasons for this situation; high nutritional value, low
calorie ingredients, natural sweetness and the seeking for new flavours can be shown [9]. Cereal-based
foods continue to be consumed worldwide as an important source of energy and nutrients in various
forms such as baked goods, noodles and pasta, snack foods, cakes, breakfast cereals, etc. [10, 11]. In
addition, for consumers who prefer gluten-free diet, the availability and variety of these mentioned
products in the market in a gluten-free way increases the optionality in food choice.

Cakes are products that are usually consumed at every meal of the day, especially as breakfast
or afternoon snacks [12]. The cake mix can be defined as an oil-water emulsion with a continuous
agueous phase in which dissolved or suspended dry components may be present [13]. The quality of
the cake is related to the volume formed by the gas bubbles incorporated into the batter during mixing
and crumb texture. In addition to this, cake batter viscosity and air-holding ability or gas bubble stability
are very important in product formation.The gelatinisation temperature of starch is also another
important factor influencing the volume. It has been reported in the literature that better dough
expansion can be achieved with higher gelatinisation temperature [14, 11]. On the other hand, when
gluten-free cake production was examined, it was seen that the factors affecting the quantity and quality
of the product could be the grinding method of the grain, flour type, flour particle size, other ingredients
in the cake batter and additives (e.g. fibre, gum, emulsifier) [11].

Cakes usually have a sweet flavour. This sweetness is usually provided by sugar in recipes.
Many synthetic sweeteners have now been developed that can substitute for the sugar used in the
formulation, but demand is undoubtedly concentrated on low-calorie natural sweeteners. This trend is
caused by the harmful effects of heavy sugar consumption as well as the problems posed by artificial
food additives. Furthermore, although many types of low calorie sweeteners are readily available, the
food industry can only use a few of them due to safety concerns and technological issues. It should be
pointed out that, in addition to sweetening, these sweeteners can affect properties such as colour,
flavour, texture and shelf life of a product [15].
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The present study aimed to investigate the effects of using lucuma, recently attributed as a
natural sweetener, as a sugar replacer in both regular cakes and gluten-free cakes.

2. MATERIALS AND METHODS

2.1. Materials

Wheat flour, rice flour, corn flour, corn starch, whole egg, granulated sugar, shortening, milk,
skimmed milk powder, salt, vanillin and baking powder were purchased from commercial companies
in Karaman, Tiirkiye. Guar gum was supplied from Kimbiotek Chemical Substances Inc., Istanbul,
Tiirkiye. Lucuma powder was procured from Ingro Food Marketing, Tiirkiye.

2.2. Cake production

The modified method of Satouf and Kéten [16] was implemented for gluten-free cake
production. The control gluten-free cake included 50g rice flour, 50g corn flour, 65g whole egg, 70g
granulated sugar, 50g milk, 30g shortening, 6g baking powder, 3g vanillin and 1g guar gum (Table 1).
Whole egg and sugar were whipped in a mixer (Kitchen-aid, Artisan Series, Greenville, USA) and the
shortening and milk were added. Then the other components were integrated into the mix until a
homogenous mixture. The fat-coated baking pans with 7.5 x 6.5 x 12 cm dimensions were used for
baking (Bosch HBT 112, Athens, Greece) for 30 min at 180 °C.

The regular cakes which composed of 100g wheat flour, 75g shortening, 75g granulated sugar,
759 whole egg, 59 skimmed milk powder, 0.5g salt, 4.5g baking powder and 10g corn starch (Table
1) were produced according to method of Cakir et al. [17]. Cake samples containing 0%, 30% and
60% lucuma powder as sugar replacement were referred as R0, R30, R60 for regular cakes and GO,
G30, G60 for gluten-free cakes respectively.

Table 1. Formulations of control cake samples

Gluten-free cake

Regular cake

Rice flour 509 -
Corn starch - 10g
White flour - 100¢g
Corn flour 509 -
Whole egg 659 759
Granulated sugar 709 7549
Shortening 30¢g 759
Milk 509 -
Skimmed milk powder - 5¢
Salt - 05¢
Vanillin 39 -
Baking powder 69 459
Guar gum 1lg -
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2.3. Color measurement

The color parameters; L*, a*, and b* values determined with a Minolta CR300 (Minolta Inc.,
Tokyo, Japan). The measurements applied to both the crumb and crust of cake samples.

2.4. Physical analysis

Crumb firmness values of cake samples sized 2 x 2 x 2 cm were obtained using a texture
analyzer (TA-XT.Plus, Stable Micro Systems, Godalming, UK) with an aluminum P36/R cylinder
probe. The tests were conducted under the following conditions: strain deformation 25%; pre-test speed
1.0 mm/s; test speed 1.0 mm/s; and post-test speed 10.0 mm/s.

The baking loss value was calculated using the weight of the cake mixture (dough) and the
weight of the cake after baking, and the results were expressed as a percentage.

The weights of the cakes were weighed 1 hour after they were removed from the oven. Cake
yield was calculated by dividing the measured cake weight by the initial dough weight and multiplying
by 100.

2.5. Proximate composition

The moisture, ash, protein and fat contents were determined according to the methods
explained by American Association of Cereal Chemists, with method numbers 44-19, 08-01, 46-12
and 30-25 respectively [18].

2.6. Sensory properties

The sensory evaluation of cake samples with lucuma powder was carried out by a trained panel
of seven members. Samples encoded with three-digit numbers were presented in random order to each
panellist individually on the same day. The samples were scored in terms of taste, odour, crumb color,
crust color, texture, pore structure and overall acceptability by using a 7-point hedonic scale (1:
extremely bad, 2: very bad, 3: poor, 4: average, 5: good, 6: very good and 7: extremely good). Ethical
committee approval was received from the Karamanoglu Mehmetbey University, Science and
Engineering Scientific Research and Publication Ethics Committee in accordance with the decision
dated 12.06.2024 and numbered 5/14.

2.7. Statistical analysis
All data deducted from the experiments were statistically evaluated with one-way analysis of
variance (ANOVA) using SPSS 20 statistical program (Version 22.0. Armonk, NY: IBM Corp).

Duncan's multiple comparison test was used to compare the means. The significance level was taken
as 5% in all mean comparisons. The experiments were carried out with two replications.
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3. RESULTS AND DISCUSSIONS
3.1. Color properties

The color properties of cake samples were shown in Table 2. Lucuma powder usage in
different cake formulations didn’t significantly affect crust a* values. However, it is seen that L* and
b* values were statistically affected. The highest L* and b* values in both regular and gluten-free cakes
belonged to samples without lucuma powder. On the other hand, the crust L* and b* color values of
the samples containing 30 and 60% lucuma were close to each other. The crust L*, a*, and b* values
of regular and gluten-free cakes varied between 36.97-46.38/40.15-48.05, 15.07-16.58/14.80-16.87
and 23.04-33.30/25.29-35.02, respectively.

Unlike the crust color, the crumb a* values were affected by the addition of lucuma. The lowest
crumb a* values were obtained as 0.15 and -2.57 in RO and GO samples respectively. Besides, similar
to the crust color values, it was seen that the highest crumb L* and b* values were obtained in the
control samples and the crumb L* and b* values of the samples with lucuma were close to each other.
To summarise, the substitution of lucuma powder resulted in cakes with less bright and yellow color.
The less bright and darker color of lucuma compared to sugar may be reflected in the product (L*, a*
and b* values of lucuma powder; 75.61, 4.64 and 19.42 respectively).

Table 2. Color properties of regular and gluten-free cake samples

L* a* b*

Crust color
RO 46.38+1.07a 15.10+£0.95a 33.30+£1.92a
R30 39.25+1.61b 15.07+0.35a 24.89+1.48b
R60 36.97+1.74b 16.58+0.06a 23.04+1.86b
GO 48.05+0.75a 14.80+1.11a 35.02+1.25a
G30 43.93+2.66ab 15.96+2.74a 27.24+0.57b
G60 40.15+0.75b 16.87+0.03a 25.29+0.49b

Crumb color
RO 60.38+0.89a 0.15+0.64b 26.71+0.08a
R30 45.86+2.14b 9.98+0.50a 20.37+0.47b
R60 41.68+1.76b 11.80+0.01a 19.37+0.28b
GO 57.51+0.81a -2.57+£0.26¢ 24.544+1.70a
G30 43.59+1.04b 10.134+0.33b 16.96+0.66b
G60 42.34+1.69b 11.42+0.03a 14.38+1.34b

(R:Regular cake sample G:Gluten-free cake sample) Different letters in the same column indicate that
there is a statistical difference between the values (p<0.05).

3.2. Physical properties
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The values for the firmness analysis conducted on fresh samples were given in Figure 2. The
control of regular cakes had lower firmness values (1344.44 g) than others and firmnness values of the
regular cake samples with lucuma powder were found to be statistically similar to each other (1903.53
g and 2092.39 g for R30 and R60) (p>0.05). Lucuma powder addition increased the firmness values
at both usage rates in gluten-free cakes and the results were determined as 1573.59 g, 2066.43 g,
2867.62 g for GO, G30 and G60 respectively. This result may be associated with the high fiber content
of lucuma powder. Thanks to the high water binding capacity of the fibers, more density, less volume
and a firmer structure are formed in products such as cakes etc. and some studies have revealed results
confirming this thought [19].

Firmness (g)

3000 a
a
2000 3
b
1500
1000 .I
500
RO R30 R60 GO G30 G60

Figure 2. Firmness values of cake samples (R:Regular cake sample G:Gluten-free cake sample)
Averages defined with the same letter are not statistically different from each other (p<0.05).

The baking loss and cake yield results were displayed in Figure 3. There was no statistically
significant difference between the baking loss results in regular cakes and the results were as follows;
9.96%), 9.32%, and 8.78%, respectively. On the other hand, the lowest baking loss value of gluten-free
cakes was determined in samples with 60% lucuma added (8.10%). No statistically significant
difference was determined between the baking loss values in gluten-free cakes with 0% and 30%
lucuma addition (8.72%-8.67%).

If we consider the cake yield results, it can be said that the results are very close to each other
in both regular cakes and gluten-free cakes and there is no statistically significant difference between
them.

Baking loss occurs when water is removed during cooking. It causes structural changes in the
cake and shortens shelf life. In the present study, since the fibres contained in the structure of lucuma
powder increase the water binding capacity, the water evaporation in the lucuma added samples
decreased and this situation became more visible in gluten-free cakes which are more starchy. But the
differences in the water binding capacity of these samples did not cause a significant difference in cake
yield. Some studies supported these considerations regarding the behaviour of dietary fibres included
in the cake formulation [20, 21].
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Figure 3. Baking loss and cake yield of cake samples (R:Regular cake sample G:Gluten-free cake sample)
Averages defined with the same letter are not statistically different from each other (p<0.05).

3.3 Proximate composition

The chemical composition of cake samples were given in Table 3. Increasing doses of lucuma
powder increased the moisture content in both cake types, but this increase was not statistically
significant in regular cakes. In gluten-free cakes, the moisture content of 30% lucuma added cake and
control cake were not statistically different and the highest moisture content was obtained with 60%
lucuma. When the ash samples were investigated, it was found that lucuma powder significantly
increased the ash content in all samples. While the ash contents for RO, R30 and R60 were 1.71%,
1.84% and 1.93% respectively, these values were 1.92%, 2.19% and 2.52% for gluten-free cakes. The
protein contents of samples were affected with lucuma addition. Especially 60% lucuma added
samples had the highest protein content. These highest values were 6.83% and 5.00% for regular and
gluten-free cake samples respectively. But there was no statistical differeence between protein values
of control and 30% lucuma added samples. The fat content increased slightly with the addition of
lucuma. However, there was no statistical difference between the results obtained with regular cakes
(21.67-22.52%). On the other hand, the lowest fat value in gluten-free cakes was found in the sample
without the addition of lucuma (13.64%).
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Table 3. Proximate composition of regular and gluten-free cake samples

Moisture(%) Ash(%) Protein(%) Fat(%)
RO 17.91+0.26a 1.71£0.02¢ 5.19+0.23b 21.67+1.15a
R30 18.71+0.57a 1.84+0.02b 5.84+0.12b 22.5240.64a
R60 19.64+0.58a 1.93+0.01a 6.83+0.16a 23.40+0.69a
GO 23.77+0.98b 1.92+0.01c 3.69+0.32b 13.64+0.32b
G30 25.09+0.44b 2.19+£0.01b 4.14+0.24b 14.454+0.39ab
G60 28.05+0.16a 2.5240.04a 5.00+0.16a 15.25+0.42a

(R:Regular cake sample G:Gluten-free cake sample) Different letters in the same column indicate that
there is a statistical difference between the values (p<0.05).

3.4 Sensory properties

The sensory properties of regular and gluten-free cakes were presented in Figure 4. Samples
with 60% lucuma powder were the least liked in terms of taste and odour in both cake types. In terms
of crust and crumb color scoring, control samples were found to have the highest scores. Addition of
lucuma powder caused a decrease in texture scores in different cake samples. While no statistically
significant difference was observed between gluten-free cakes in the scoring for pore structure, samples
with 60% lucuma received the lowest scores in regular cakes. When we examined the overall
acceptability scores, it was concluded that the addition of lucuma powder at a rate of 60% decreased
the liking and that it should not be used at a rate of more than 30%.
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Figure 4. Sensory properties of cake samples
Averages defined with the same letter are not statistically different from each other (p<0.05).

4. CONCLUSION

The results indicated that lucuma powder can be a good alternative source for replacing
sugar in both regular and gluten-free cakes formulations. However the used addition levels
should be taken into consideration. The usage at 60% level of lucuma powder increased the
moisture, ash, protein and fat contents, a” crumb color and decreased baking loss in the gluten-
free cakes. Besides a firmer structure was obtained with 60% lucuma powder. On the other
hand in regular cake samples, the results at 30% and 60% substitution levels for color and
firmness were close to each other. When we examined the sensory scores, lucuma powder at 60%
level did not generally enhance the sensory attributes of cakes. The control samples were found
to be more preferable. As a conclusion, it can be said that the addition of lucuma powder at a
rate of 60% decreased the liking and that it should not be used at a rate of more than 30%.
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OZET

Son yillarda e-ticaretin hizli gelismesi nedeniyle insanlarin online platformlardan siparis verme
orani gittikge artig gostermektedir. Bu taleplerin teslimatlarinin karsilanmasi ve miisteri
memnuniyetinin yiiksek tutulmasi icin teslimatin en hizli ve verimli sekilde yapilmasi
gerekmektedir. Bunu saglamak icin kurye sayisin arttirmak bir ¢éziimdiir. Ancak bu yapilirsa

kurye sabit giderleri artacagindan isletme karliligimin korunmasi zorlasacaktir.

Optimal bir ¢oziimiin bulunabilmesi, farkli senaryolarla toplam teslimat siiresi, kurye
verimliligi ve isletme kazanglar tizerindeki etkilerini gdsterecek bir simiilasyon ile miimkiin

olabilir.
Bu ¢aligmada amaca uygun bir simiilatr tasarimi ve yazilimi gergeklestirilmistir.

Simiilator; sistem parametrelerine sezgisel yahut istatistiksel olarak bilinen araliklarda tiretilmis
degerler vererek sonuglar1 degerlendirebilmemizi saglar. Bu deger girisleri bir kullanici ara
yiiziinden saglanmaktadir. Sonugta simiilasyon farkli igletme tipleri i¢in siparigin hazirlanmasi
ve kurye tarafindan iletilmesi i¢in gerekli siireleri i¢in kuyruk simiilasyonu yaparak teslimat

durumunu, miisteri memnuniyetini ve net kazang gibi bilgileri elde etmis olacaktir.

Anahtar Kelimeler: Kurye Simiilasyonu, Stokastik Sistemler, Kuyruk Simiilasyonu
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1. GIRIS

Giiniimiizde zamanin kiymeti oldukca fazladir. is yerlerinde, okullarda, evlerde ve bir¢ok farkli
yerde zamandan tasarruf i¢in tiiketiciler isletmelerden siparisler vermektedir. Tiiketicilerin bu
denli artan siparis talebine istinaden isletmelerin de teslimat siireglerini ¢ok iyi yonetmesi
gerekmektedir. Bu kapsamda daha hizli, verimli ve maliyet etkin ¢oztiimler gelistirmelidir. Bu
baglamda, kurye verimliligi ve teslimat siireglerinin optimizasyonu, lojistik maliyetleri
diisiirmek ve miisteri memnuniyetini artirmak i¢in kritik bir faktér haline gelmistir.

Siparis teslimat1 siireglerinde karsilasilan en biiyiik zorluklardan biri, sipariglerin zamaninda
teslim edilememesidir. Teslimat siirelerinin uzamasi, miisteri memnuniyetsizligine ve yiiksek
iade oranlarina yol agarken, dnlem olarak kurye sayisinin artirilmasi isletmenin maliyetlerini
yiikseltecektir. Ayrica teslimatta sorun yasayan tiiketici bir sonraki siparisi i¢in sorun yasadigi
isletmeyi tercih etmeyebilir. Bu durumda da isletme miisteri kayb1 yasayarak gelirinin daha da
diismesi riski ile kars1 karsiya kalacaktir.

Isletmelerin aktif hizmette oldugu dénemde en optimal kurye sayisin1 belirlemesi ¢ok olanakli
olmayabilir. Bu simiilasyon ¢alismasinda farkli parametrelerin etkilerini simiile ederek, kurye
verimliligi ve siparis teslimat siirelerinin optimizasyonuna dair bilgi sunmaktir. Bu bilgiler
isletme sahipleri icin yol gosterici ve yonlendiricidir.

2. ILGILI CALISMALAR

Literatiir incelendiginde, kurye hizmetleri ve lojistik sistemlerindeki stokastik modelleme ve
simiilasyon konularinda ¢esitli 6nemli calismalarla karsilasilmaktadir.

Yan, Lin ve Lai (2013) ¢alismalarinda stokastik sistem modellemesi kullanarak, kurye rotalama
ve zamanlama problemlerine yaklagsmaktadirlar. Seyahat siireleri ve taleplerin belirsiz oldugu
durumlar1 géz oniinde bulundurarak, bu belirsizliklerin lojistik siirecler lizerindeki etkilerini
analiz etmislerdir. Yazarlar, stokastik faktorlerin entegrasyonu ile kurye sistemlerinde rotalama
ve zamanlamay1 optimize etmeyi amaglamakta, gercek zamanli ayarlamalar ile operasyonel
verimliligi artirmay1 hedeflemektedirler. Bu modelleme yaklasimi, daha esnek ve dinamik bir
rotalama siireci sunarken, ayn1 zamanda maliyetleri azaltarak miisteri memnuniyetini artirmaya
yonelik ¢oziimler 6nermektedirler [1].

Pereira ve Rodrigues (2011), kurye hizmetlerinde teslimat zaman dilimlerinin atanmasini ele
alan stokastik programlama modeli 6nermektedirler. Caligma, teslimat siirelerinin belirsizlik
icerdigi ve bu belirsizligin karar alma siireglerini etkiledigi senaryolar iizerinde
yogunlagmaktadir. Yazarlar, teslimat siireglerinin optimizasyonunu saglarken hem miisteri
memnuniyetini artirmay1 hem de lojistik maliyetleri minimize etmeyi amaglamaktadir. Model,
teslimat zaman dilimlerinin uygun bir sekilde atanmasini saglayarak, lojistik operasyonlarin
verimliligini artirmak icin stokastik yontemleri kullanir [2].
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Georgiadis ve Vlachos (2014), kurye hizmetlerinde stokastik modelleme ve simiilasyon
kullannomina dair derinlemesine bir analiz sunmaktadir. Calisma, belirsiz taleplerin ve yol
kosullarinin kurye sistemleri {izerindeki etkilerini dikkate alarak, bu belirsizliklerin
yonetilmesinin Onemine vurgu yapmaktadir. Yazarlar, stokastik modeller ve simiilasyon
teknikleri kullanarak, kurye rotalama problemlerine yonelik yenilik¢i ¢oziim yaklasimlari
gelistirmekte ve operasyonel verimliligi artirmaya yonelik pratik ¢oziimler dnermektedirler. Bu
caligma, kurye hizmetlerinde esneklik ve verimlilik saglamak icin stokastik faktorlerin nasil
etkili bir sekilde modelleme ve simiilasyon yoluyla ele alinabilecegini gostermektedir [3].

Law, A. M., & Kelton, W. D. (2000), tarafindan kaleme aliman Simulation Modeling and
Analysis kitab1, simiilasyon modellemesinin temel prensiplerini ve ¢esitli uygulama
tekniklerini kapsamli bir sekilde incelemektedir. Kitap, simiilasyonun teorik temellerinden
baglayarak pratikteki kullanimlarmma kadar genis bir yelpazede bilgi sunar ve ozellikle
miihendislik, lojistik, iiretim sistemleri ile hizmet sektoriindeki uygulamalara dair
derinlemesine bir anlayis kazandirir [4].

Bu alandaki literatiir ¢alismalari, belirsiz seyahat siireleri, degisken talepler ve yol kosullar1 gibi
stokastik faktorlerin etkilerini géz Oniinde bulundurarak, kurye rotalama ve zamanlama
problemlerine yonelik yenilik¢i ¢oziim yaklasimlart gelistirmektedir. Stokastik programlama,
simiilasyon teknikleri gibi farkli analitik yaklagimlar, kurye hizmetlerinin operasyonel
verimliligini artirmak ve maliyetleri minimize etmek amaciyla kullanilmaktadir. Ayrica, bu
caligmalar, gercek zamanli ayarlamalar ve dinamik karar alma siire¢lerinin uygulanabilirligini
tartigarak, kurye hizmetlerinde daha esnek ve etkin bir yapi olusturulmasina katki
saglamaktadir.

3. YONTEM

Bu caligmanin amaci, bir isletmenin belirli ¢aligma saatleri i¢inde alinan siparislerin alim,
hazirlik ve teslimat siireclerini modellemek ve simiile etmektir. Calismada, farkli kurye
sayilarinin sistem tizerindeki etkisi ¢esitli senaryolar araciligiyla analiz edilecektir. Bu analiz,
isletmenin kurye sayisin1 optimal bir sekilde belirlemeyi ve kaynak kullanimini daha verimli
hale getirmeyi hedeflemektedir. Yapilacak simiilasyon, isletmenin operasyonel verimliligini
artirmay1 ve finansal performansini iyilestirmeyi amaclayan bir yaklasim sunmaktadir.

Simiilasyona ait parametre ve genel bilgileri agagidaki gibidir:

Isletmenin giinliik ¢alisma saatleri: 09:00-18:00 (540 dakika)’dur.

Siparislerin gelis zamani, ortalama 10+5 dakika araliginda rastgele dagilacaktir.
Sipariglerin hazirlanma siiresi ortalama 1545 dakika olacak sekilde modellenmistir
Teslimat stiresi ortalama 15+10 dakika x2 (geri doniis siiresi ile) belirlenmistir.

Siparis tutarlar1 300 TL £100 TL arasinda rastgele degerler alacaktir.

Simiilasyonda, farkli kurye sayilarimin etkilerini gézlemlemek i¢in kurye sayisi,
kullanic tarafindan belirlenecektir.

Her bir siparis i¢in kurye maliyeti, siparis tutarinin %20’si olarak kabul edilecektir.

8. Bekleme siiresi 10 dakikay1 agan miisterilerin 6dedikleri ticret iade edilecektir.

ogakrwdE
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Bu simiilatoriin gergeklestirilmesi i¢in HTML kullanilarak sistem parametrelerin kullanicidan
alinmasini saglayan bir form tasarlanmistir. Simiilasyonun algoritmasi ve rastgele say1 iiretimi
islemleri i¢in program JavaScript ortaminda yazilmastir.

Simiilasyonu baslatmak i¢in, Gorsel 1'de sunulan sistem parametrelerinin kullanici tarafindan
girilmesi ve Simiilasyonu Baslat butonuna tiklamasi gerekmektedir. "Simiilasyonu Baglat"
butonuna tiklandiginda, sistem tarafindan belirtilen parametreler ile simiilasyon islemleri
gerceklestirilmekte ve sonuclar hesaplanarak kullaniciya gosterilmektedir. Burada kullanicinin
belirledigi kurye sayist i¢in n-1, n ve ntl olacak seklinde 3 kurye sayisi icin hesaplama
saglanmaktadir.

Simulasyon Parametreleri

Kurye Sayis :|2 |

Siparig Gelis Siiresi (dk) :[10 | =[5 |
Hazirhik Siresi (dk) :[15 | =[5 |
Teslimat Siresi (dk) :[15 | =10 ]
Siparis Tutan (TL):(300 | %=|[=200 |

Simidlasyonu Baslat

Gorsel 1. Simiilasyonun Parametre Deger Giris Ekrani

Simiilasyon sonuclarinin 6zet gosterimi igin, Gorsel 2'deki gibi bir sonug ekrani tasarlanmastir.
Bu ekran, farkli kurye sayilari ile simiile edilerek olusturulan verileri 6zet sekilde kullaniciya
listelemektedir.

Sonucglar

1 Kurye igin Sonuglar
Toplam Teslim Edilen Kuyrukta Toplam Kurye Bekleme Kaynakh Net
Siparis Siparis Gegirilen Sire Kazang Gideri lade Tutan Kazang
4576 dk 9947.00 TL 1989.40 TL 9538.00 TL 1580 a0

2 Kurye lgin Sonuglar

Toplam Teslim Edilen Kuyrukta Toplam Kurye Bekleme Kaynakh Net
Siparis Siparis Gegirilen Siire Kazang Gideri iade Tutan Kazang
54 51

64 dk 13548.00 TL 2709.60 TL 0.00 TL iR Ie

3 Kurye Igin Sonuglar

Toplam Teslim Edilen Kuyrukta Toplam Kurye Bekleme Kaynakh Net
Siparis Siparis Gecgirilen Sire Kazang Gideri iade Tutan Kazanc

1 0938 40

54 52 13673.00 TL 273460 TL 0.00TL

Gorsel 2. Simiilasyon Sonu¢ Ekram

Simiilasyon sonuclariin 6zeti disinda yapilan tiim islemlerin detayli bilgisi Gorsel 3'deki gibi
bir alanda verilmistir. Her bir isenaryonun sonuglarini buradan ayr1 ayri inceleyebilmektedir.
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Tum Siparigler

1 Kurye Siparis Detaylarn

m Siparig Tutan (TL) Hazirhk Siiresi Teslimat Siiresi Bekleme Siiresi m

09:12 190 12 dk 6 dk 0 dk Teslim Edildi
09:24 219 18 dk 23 dk 0 dk Teslim Edildi
09:34 406 11 dk 17 dk 20 dk Teslim Edildi
09:42 166 11 dk 12 dk 29 dk Teslim Edildi
09:56 332 16 dk 24 dk 22 dk Teslim Edildi

2 Kurye Siparig Detaylan

09:12 190 12 dk 6 dk 0 dk Teslim Edildi
09:24 219 18 dk 23 dk 0 dk Teslim Edildi
09:34 406 11 dk 17 dk 0 dk Teslim Edildi
09:42 166 11 dk 12 dk 9 dk Teslim Edildi
09:56 332 16 dk 24 dk 0 dk Teslim Edildi

3 Kurye Siparig Detaylan

Siparig Tutan (TL) Hazirhk Siresi Teslimat Siiresi Bekleme Siiresi Durum

09:12 12 dk 6 dk 0 dk Teslim Edildi
09:24 219 18 dk 23 dk 0 dk Teslim Edildi
09:34 406 11 dk 17 dk 0 dk Teslim Edildi
09:42 166 11 dk 12 dk 0 dk Teslim Edildi
09:56 332 16 dk 24 dk 0 dk Teslim Edildi

Gorsel 3. Simiilasyon Detayl Sonu¢ Ekrani

3. SONUCLAR VE TARTISMA

Bu c¢alismada gelistirilen simiilasyon sistemi, farkli kurye sayilariyla siparis yonetimini ve
finansal performanst analiz ederek isletme verimliligini degerlendirmistir. Yapilan
simiilasyonlar sonucunda, igletmenin kurye sayisinin siparislerin alim, hazirlik ve teslimat
siirecleri iizerindeki etkileri ayrintili bir sekilde incelenmistir. Ozellikle, diisiik kurye sayismin
yogun siparis zamanlarinda teslimat siirelerinde belirgin bir artisa ve kuyruk olusumuna yol
actig1 gozlemlenmistir. Bu durum, miisteri memnuniyeti ve operasyonel verimlilik a¢isindan
olumsuz sonuglar dogurmustur.

Simiilasyon senaryolari, kurye sayisinin artisiyla birlikte teslimat siirelerinin azaldigini ve
kuyruklarin minimize oldugunu ortaya koymustur. Ancak, kurye sayisinin daha da arttig1
senaryolarda, kurye masraflarinin isletmenin finansal performansi iizerinde olumsuz etkiler
olusturdugu gozlemlenmistir. Bu nedenle, isletmenin en optimal kurye sayisini
belirleyebilmesi, maliyet ve verimlilik arasindaki dengeyi saglamak ic¢in kritik bir faktor
olmustur.

Sonug olarak, simiilasyonlarin sundugu veriler, isletmelerin kurye sayis1 konusunda yapacaklari
stratejik tercihlerde, finansal performanslarini optimize etmelerini ve miisteri memnuniyetini
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artirmalarin1  saglamaktadir. Bu tiir analizler, kaynak yonetimi ve operasyonel karar
stireglerinde etkin bir rol oynamaktadir.
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OZET

ATM (Automatic Transaction Machine) sistemleri, bankacilik hizmetlerinde temel
sistemlerden birisi olarak miisterilerine hizli, giivenli ve kesintisiz hizmet sunmalarina olanak
saglar. Ancak, Ozellikle yogun saatlerde asir1 talepler ATM’lerin igslem kapasitesini asarak

hizmet performansini olumsuz yonde etkiler.

Bu calismada ATM’lere rastgele zamanlarda gelen miimkiin islem talepleri modellenmis ve
gelistirilen bir simiilatér kullanilarak daha verimli kullanim i¢in degisik planlama modelleri

karsilagtirilmistir.

Simiilasyon modelinde, ATM'nin esas parametrelerinin miisteri gelis araliklari, yapilan islemin
siiresi ve islem tiirii oldugu belirlenmistir. Islem tiirii ayrica; islemin nakit para giris ¢ikis
gerektirip gerektirmedigi, eger gerekiyorsa islemde kullanilan miktar, para ¢cekme veya yatirma
kasalarindaki bakiye parametrelerine baglidir. Diger yandan aym1 ATM i¢in degisik fakat

ongoriilebilir zaman dilimlerinde farkli talep yogunluklarinin olacag: agiktir.

Bu simiilasyonun sonucunda ATM’lerde ortaya ¢ikan kuyruklar veya kapasite yetersizliginden
kaynaklanacak miisteri sikayetlerinin maliyeti ile yeni bir ATM eklemenin maliyetini optimal
bir ¢6zlim i¢in degerlendirmesi miimkiin olabilecektir.

Boylece ATM’ler icin daha gergekci yer ve kapasite se¢cimi yapilabilecegi ongoriilmektedir.

Simiilasyonun isletilebilmesi i¢in HTML ve JavaScript teknolojileri kullanilarak bir simiilator

gelistirilmistir. Kullanish bir ara yiliz gerceklestirilebildiginden kullanicilarin  degisik
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parametreler kullanarak farkli senaryolarin sonuglarimi  kolayca degerlendirebilmesi
saglanmustir.

Sonug olarak bu ¢alisma, ATM sistemlerinin performansini analiz etmek ve iyilestirmek icin
bir yaklagim Onerirken, bankalarin hizmet kalitesini artirmalarina yonelik 6nemli katkilar

saglayacagi degerlendirilmektedir.

Anahtar Kelimeler: ATM Simiilasyonu, Stokastik Sistemler, Kuyruk Simiilasyonu

1. GIRIS

Banka ATM sistemleri, finansal iglemlerin kesintisiz ve hizli bir sekilde gergeklestirilmesini
saglayan onemli teknolojik altyapilardir. 7/24 hizmet sunabilme kapasitesi ile kullanicilar igin
yiiksek erisilebilirlik saglayan ATM'ler, bankacilik sektoriinde yaygin olarak tercih edilen
hizmet noktalar1 arasinda yer almaktadir. Ek olarak bazi bankalar, ATM aglarin1 genisleterek
miisterilerine daha kapsamli bir hizmet sunmay1 hedeflemektedir. Bu kapsamda, bankalar
arasinda yapilan is birlikleri ile ortak ATM kullanimi gibi uygulamalar bulunmaktadir.
Bankalar arasi yapilan bu tiir ortakliklar, bankalarin ATM aglarini1 daha verimli kullanmalarina
altyap1 saglamaktadir.

Ancak banka ATM’lerine yogun talebin oldugu durumlarda, kullanicilarin islemlerini
gergeklestirmek i¢in uzun siire beklemek zorunda kalmasi hem hizmet kalitesini diisiirmekte
hem de miisteri memnuniyetsizlifine yol agmaktadir. Bu tiir problemler, banka ATM
sistemlerinin performansini analiz etmeye ve hizmet siireclerini daha etkin hale getirmeye
yonelik yontemlerin gelistirilmesi ve yayginlagtirilmasini gerektirmektedir.

Sistem simiilasyonu, karmasik sistemlerin davraniglarini analiz etmek ve gelecekteki
performanslarini 6ngérmek i¢in onemli bir aragtir. Gergek diinyadaki c¢esitli durumlarin
modellemesi, her bir durumun farkli senaryolar altinda nasil sonuglar verecegini
degerlendirmek agisindan biiyilik 6nem tasimaktadir. Simiilasyon, sistemdeki olas1 degiskenleri
ve parametreleri kontrol etme ve izleme imkani1 sunarak, farkli kosullar altinda alinmasi gereken
aksiyonlar1 belirlemeye yardimci olmaktadir. Bu sayede, sistemin verimliligi i¢in kaynaklarin
en verimli sekilde kullanilmas1 saglanabilir. Ozellikle bankacilik gibi sektdrlerde, simiilasyon
tekniklerinin kullanilmasi, hizmet siireclerinin iyilestirilmesi ve miisteri memnuniyetinin
artirilmasi agisindan kritik bir rol oynamaktadir.

2.ILGILI CALISMALAR

Kuyruk teorisi ve miisteri memnuniyeti tiizerine literatirde ATM ve benzeri hizmet
noktalarindaki miisteri bekleme siirelerinin ve hizmet verimliliginin iyilestirilmesine yonelik
onemli ¢alismalar bulunmaktadir.
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Bakari, Chamalwa ve Baba'min (2014) calismasinda, Fidelity Bank Plc'nin Maiduguri
subesindeki ATM'ler iizerinden yapilan bir vaka analizi, kuyruk teorisinin bankacilik
hizmetlerinde nasil etkin bir sekilde kullanilabilecegini ve sistemdeki trafik yogunlugunun
yliksek olmasinin sistem verimliligini nasil etkiledigini gostermektedir. Bu arastirma, kuyruk
teorisi kullanilarak ATM'lerin optimize edilmesinin miisteri memnuniyetini artiracagi ve
sistemin daha verimli ¢alisacagina isaret etmektedir. Bunun yani sira, ek ATM kurulumu gibi
stratejilerin maliyetlerinin degerlendirildigi bu ¢alisma, ATM hizmetlerinin daha verimli hale
getirilmesi adina Onemli bir kaynak olusturmustur. Bu tiir ¢alismalar, kuyruk yonetimi
stratejilerinin bankacilik sektoriinde nasil uygulanmasi gerektigini anlamak i¢in énemli bir
temel sunmaktadir [1].

Burodo, Suleiman ve Shaba (2019) tarafindan gergeklestirilen bir ¢alisma, First Bank Plc'nin
Kaura Namoda Subesi'ndeki ATM hizmetlerinin optimizasyonunu inceleyerek, kuyruk teorisi
ve sunucu sayisinin hizmet verimliligi tizerindeki etkilerini analiz etmistir. Caligma bir, iki ve
ii¢ sunucu modellerinin karsilagtirilmasiyla, birden fazla sunucunun, 6zellikle daha verimli bir
hizmet saglamak ve miisteri bekleme siirelerini kisaltmak agisindan Onemli avantajlar
sunmustur. Elde edilen sonuglar, birden fazla sunucunun, hizmet verimliligini artirarak,
miisterilerin kuyrukta gecirdigi siireyi onemli dl¢lide azalttigini1 ve bu modelin, 6zellikle artan
miisteri talebi karsisinda daha etkili bir ¢6ziim sundugunu gostermektedir. Bu ¢alisma, ATM
sayisinin arttirtlmasinin, daha verimli bir hizmet sunumu saglamak i¢in gerekli oldugunu ve
enerji kaynaklarinin siirdiirtilebilirligi ile teknolojik yeniliklerin entegrasyonunun, miisteri
memnuniyetini artirmada kritik rol oynayacagini vurgulamaktadir [2].

Vasumathi ve Dhanavanthan (2010) tarafindan gerceklestirilen ¢alismada, VIT (Vellore
Teknoloji Enstitiisii) kampiisiindeki ii¢ farkli bankanin ATM hizmetlerinin verimliligi
degerlendirilmistir. Arastirma, ATM kuyrugundaki miisteri davranislari, bekleme siireleri ve
hizmet siireleri gibi parametreler iizerinde yogunlasarak, bu verilerin simiilasyon ve kuyruk
teorisi kullanilarak analiz edilmesini saglamistir. Elde edilen bulgulara gore, SBI ATM
hizmetlerinin diger iki bankaya kiyasla daha verimli oldugu ve miisterilerin bu hizmeti tercih
ettigi sonucuna varilmistir. Ayrica, ATM hizmetlerinin iyilestirilmesi adina, SBI'nin erkek
yurduna yeni bir ATM kurmasinin, miisteri bekleme siirelerini azaltacagi ve hizmet kalitesini
artiracagi Onerilmistir. Bu c¢alisma, banka ATM hizmetlerinin optimize edilmesi igin
simiilasyon tekniklerinin kullaniminin 6nemini vurgulamaktadir ve bankalarin rekabet avantaji
elde etmeleri i¢in degerli ¢ikarimlar sunmaktadir [3].

Manaye ve Worku (2023) tarafindan gerceklestirilen ¢alismada, Ticaret Bankasi Sabyan
subesindeki ATM hizmetlerinin verimliligini incelemistir. Arastirma, ATM miisteri giris
stireleri ve hizmet siireleri gibi parametreler iizerinde yogunlasarak, bu verileri Arena
simiilasyonu kullanarak analiz etmistir. Elde edilen bulgulara gore, Sabyan subesindeki ATM
hizmeti verimsiz olup, fazla bekleme siiresi (71.3 saniye) ve uzun kuyruga (4 miisteri) yol
acmaktadir. Bu veriler 15181inda, ATM sayisinin artirilmast ve hizmet hizinin iyilestirilmesi
onerilmistir. Calisma, ATM hizmetlerinin verimliligini artirmak i¢in simiilasyon tekniklerinin
etkin bir sekilde kullanilmasinin Onemini vurgulamaktadir ve bankalarin misteri
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memnuniyetini artirmak adina bu tiir yontemleri uygulanmasi gerektigini ortaya koymaktadir

[4].

Wathsala ve arkadaslari (2019) tarafindan yapilan aragtirmada, Sri Lanka'da bir devlet
bankasina ait ATM sisteminin performansit analiz edilmistir. Caligsma, {liniversite dniinde yer
alan tek bir ATM makinesi iizerinden yapilmis ve bu ATM'deki uzun kuyruklar
gozlemlenmistir. Caligmanin amaci, ATM sisteminde miisteri bekleme siiresi, kuyruga giren
miisteri sayis1 ve hizmet alim verilerini hesaplamakti. Veriler, haftanin iki is giinlinde bir artig
saat olan 16.30-17.30 arasinda 100 gozlemle toplanmustir. Toplanan veriler, Rockwell ARENA
14.5 simiilasyon yazilimi kullanilarak analiz edilmistir. Sistemin mevcut performansi, kuyrukta
bekleyen miisteri sayisinin 4.31 ve bekleme siiresinin 4.50 dakika oldugunu gostermistir.
Calisma, tek ATM'nin diisiik performansint ve yiiksek bekleme siirelerini goz Oniinde
bulundurarak, ek bir ATM makinesi yerlestirilmesinin faydali olacagi sonucuna varmistir.
Onerilen yeni sistemde bekleme siiresi 2.20 dakikaya ve bekleyen miisteri sayisi ise 1.09'a
diisiirilmustlir. Bu oOneri ile sistemin performansi %86.67 olarak belirtilmistir. Sonuglar,
miisteri memnuniyetini artirmak ve hizmet kalitesini iyilestirmek i¢in ek ATM makinesi
kurulumunun énemini vurgulamaktadir [5].

Literatiirdeki bu ¢aligmalar, ATM yogunlugunun miisteri memnuniyeti iizerindeki etkilerini ve
bu sorunlarin ¢dziilmesi igin ¢esitli yontemlerin kullanilmasini incelemektedir. Bu ¢alismalar,
miisteri bekleme siirelerini azaltmak ve ATM kullanimin1 optimize etmek i¢in ¢esitli stratejiler
sunarak bankalarin hizmet kalitesini artirmalarina yardime1 olmaktadir.

3. YONTEM

Bir sistem, belirli bir hedefi gergeklestirmek amaciyla bir araya gelen ve birbirleriyle
etkilesimde bulunan 6geler biitiiniidiir. Bu 6geler, genellikle girdiler, islem siiregleri ve ¢iktilar
olarak smiflandirilabilir. Sistemlerin parametreleri, kontrol parametreleri ve sistem
parametreleri olmak {lizere iki ana gruba ayrilmaktadir. Kontrol parametreleri, sistemin digindan
gelen ve sistemin davraniglarini etkileyen degiskenler olarak tanimlanabilirken, sistem
parametreleri ise sistemin i¢ isleyisini belirleyen ve sistemin dogrudan ydnetimini saglayan
degiskenlerdir.

Sistemler, siireglerinde rastgelelik icermesi durumuna gore de iki ana kategoriye ayrilmaktadir.
Deterministik sistemler, icerdikleri siireglerde herhangi bir rastgelelik icermezler; yani belirli
bir girigin her zaman ayni1 ¢ikis1 verecegi onceden kestirilebilir ve tahmin edilebilir. Stokastik
sistemlerde, baz1 degiskenlerin rastgele degerler almasi s6z konusudur. Bu tiir sistemlerde,
belirli girdiler ayn1 ¢iktiyr her zaman iiretmeyebilir ve bu da sistemi Ongodriilemez hale
getirebilir. Stokastik sistemler, rastgelelik ve belirsizligin 6nemli bir rol oynadigi, daha
karmasik ve esnek yapilar sunan sistemlerdir.

Sistemlerde veri kullanimu, {i¢ ana kategoride siniflandirilabilir: gercek veriler, sentetik veriler
ve benzer sistemlerden elde edilen veriler. Gergek veriler, dogrudan mevcut bir sistemden veya
ortamdan toplanan verilerdir ve genellikle en yiiksek dogruluk ve gegerliligi saglar. Sentetik
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veriler, belirli bir sistemin O6zelliklerine dayali olarak modelleme ve simiilasyonlar yoluyla
iiretilen veriler olup, gergek verilerin bulunmadig1 veya toplamanin zor oldugu durumlarda
kullanilir. Benzer sistemlerden elde edilen veriler ise, mevcut sistemlerin 6zellikleri dikkate
almarak benzer yapidaki sistemlerden elde edilen verilerdir ve bir sistemin performansini
degerlendirmek i¢in kullanilabilir.

Rastgele sistemlerde, simiilasyonlarin dogrulugu ve giivenilirligi agisindan 6nemli bir arag olan
rastgele sayi tiretegleri kullanilir. Sistemlerin karsilagtirilmasi ve analiz edilmesinde tutarlilik
saglamak icin, farkli sistemler arasinda aymi rastgele sayi iireteglerinin kullanilmasi kritik
oneme sahiptir. Boylece, karsilastirmalarin gegerliligi artirilir ve sistemler arasindaki farklar
yalnizca gercek yapisal ve parametresel farkliliklardan kaynaklanmis olur.

3.1. Banka ATM Sistemlerinin Simiilasyonu

Bu calismada, bir banka ATM’sinin yogunluk ve performans analizi yapilabilmesi i¢in bir
simiillasyon modeli gelistirilmistir. Model, ATM’deki iki temel islem olan para ¢ekme ve
yatirma islemlerini kullanmaktadir. Bu islemler, birbirinden bagimsiz iki farkli para kasasinda
gerceklestirilmektedir. Para ¢ekme islemleri, ATM kasasinda bulunan bakiye miktarina gore
yapilir; yani, yeterli bakiye varsa islem basariyla gerceklestirilirken, bakiye yetersizse islem
iptal edilir. Simiilasyonun temel amaci, ATM’nin etkinligini, miisteri bekleme siirelerini ve
kasa durumunu analiz etmek ve sistemin genel performansin1 lgmektir. Sistem parametreleri
Cizelge 1°de verilmistir.

Cizelge 1. Sistem Parametreleri

Parametre Deger

Miisteri Gelis Siiresi 5 + 3 dakika

Islem Tiirii %350 Para Cekme / %50 Para Yatirma
Islem Tutar1 (Para Cekme) 400 £ 100 TL (200 TL nin katlar1)
Islem Tutar1 (Para Yatirma) 50 TL nin katlar

ATM Para Cekme Kasas1 Bakiyesi 20.000 TL

ATM Para Yatirma Kasas1 Bakiyesi 0TL

Islem Siiresi 3 = 1 dakika

Simiilasyon Siiresi 12 saat (08:00 - 20:00)

Bu ¢alismada, rastgele say1 iiretimi yapilmasi gereken durumlarda 6zel olarak gelistirilmis bir
rastgele say1 ireteci kullanilmistir. Bu sayede, sistemlerin karsilastirilmasinda gereken
giivenilirlik ve dogruluk saglanmustir.
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Banka ATM simiilasyonunun gergeklestirilmesi icin HTML ve JavaScript dilleri kullanilmastir.
Kullanicilar, gelistirilen arayiiz {lizerinden sistem parametrelerini girerek simiilasyonun
baslatarak sonuglara ulasabilmektedir. HTML ile, kullanici etkilesimi saglanarak
parametrelerin kullanicidan alinmasi i¢in form elemanlar1 kullanilmistir. JavaScript ile
simiilasyonun isleyisini ve rastgele say1 liretimi islemleri yapilarak sonuglarin hesaplanmasi
saglanmistir. Bu sayede, kullanicilar girdigi verilere gore simiilasyon sonuglarina aninda
ulasabilmektedir.

Simiilasyonu baslatmak i¢in, Cizelge 1'de sunulan sistem parametrelerinin kullanici tarafindan
girilebilmesi amaciyla Gorsel 1°deki gibi bir kullanici arayiizii gelistirilmistir. Bu arayiizde,
kullanicinin deger girisi yapabildigi alanlar ve "Simiilasyonu Baglat" butonu bulunmaktadir.
Kullanicilarin ~ gerekli parametreler icin deger girisi yaptiktan sonra simiilasyon
hesaplamalarinin baslatilmasini saglamaktadir. "Simiilasyonu Baglat" butonuna tiklandiginda,
sistem tarafindan  belirtilen = parametreler  dogrultusunda  simiilasyon islemleri
gerceklestirilmekte ve sonuglar hesaplanarak kullanictya sunulmaktadir.

Banka ATM Similasyonu

Cekme Kasa Bakiyesi (TL):

20000

Yatirma Kasa Bakiyesi (TL):
0

Misteri Gelis Suresi (Dakika):

5

H

Islem Siiresi (Dakika):

3

Para Cekme Tutar (TL):

400 100

H

Simiilasyonu Baglat

Gorsel 1. Simiilasyon Hesaplamasi Parametre Deger Giris Ekrani

Simiilasyon sonuglarinin gorsel bir sekilde sunulabilmesi amaciyla, Gorsel 2'deki gibi bir sonug
ekran1 gelistirilmistir. Bu ekran, simiilasyon siireci sonunda elde edilen verileri detayli bir
sekilde kullaniciya sunmaktadir. Bu sayede, simiilasyonun etkinligi ve islem siireclerinin
performansi hakkinda kapsamli bir analiz yapilabilmektedir.
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Simiilasyon Parametreleri ve Sonuglan
Toplam Gergeklesen Islem Sayisi: 121

Toplam Gergeklesemeyen lslem Sayisi: 19
Toplam Kuyrukta Bekleme Siiresi: 25 dakika

En Fazla Kuyrukta Bekleyen Siire: 2 dakika

Simiilasyon Sonuglan

No Muster] Gells Zamani Iglem Tara Islem Tutan (TL) Isleme Baglama Zamanm Iglem Bitig Zamani Gekma Kasa Durumu ‘Yatirma Kasa Durumu Kuyrukta Gegen Silre (Dakika) Iglem Durumu
08:04 Yatrma 500 08:04 08:06 20000 500 [} Gergeklesti

08:07 Yatirma 1000 08:07 08:11 20000 1500 Gergeklesti
08:14 Yaurma 950 0814 08:16 20000 2450 Gergeklagti
08:16 Yatirma 850 08:16 08:19 20000 3100 Gergeklesti
08:18 Gekme 400 08:19 08:20 18600 3100 Gergeklasti
08:23 Cekme 600 0823 0827 19000 3100 Gergeklesti
08:29 Gekme 400 08:29 08:33 18600 3100 Gergeklesti

08:33 Yatirma 500 08:33 08:35 18600 3600 Gargeklasti

I . T I

08:41 Yatrma 550 08:41 08:45 18600 4150 Gergeklesti

10 08:48 Gekme 400 0848 08:52 18200 4150 Gergeklesti

-~ o © mm © & = @ ©° o

" 08:52 Yatrma 550 08:52 08:54 18200 4700 Gergeklesti

Gorsel 2. Sistem Parametreleri ve Simiilasyon Sonuclar1 Ekrani

Yapilan analizler sonucunda, ATM kullanimina iligkin belirli parametre degerlerinde zaman
zaman kuyruk olusumu gézlemlenmistir. Bununla birlikte, s6z konusu parametrelerin belirli
seviyelerinin altinda kuyruk olusumu meydana gelmedigi tespit edilmistir. Ancak, kuyruk
olusumunu tetikleyebilecek parametre degisikliklerinin yapilmasi durumunda, ATM sayisinin
artirtlmas1 gerektigi onerilmektedir. ATM sayisinda yapilacak diizenleme, hizmet kalitesinin
lyilestirilmesi ve miisteri memnuniyetinin saglanmasi agisindan 6nemli bir ¢6ziim olarak
degerlendirilmektedir.

3. SONUCLAR VE TARTISMA

Bu calismada gelistirilen simiilasyon modeli, banka ATM sistemlerinin performansini analiz
ederek, yogunluk, kaynak kullanimi ve miisteri bekleme siireleri gibi kritik parametreler
tizerinde kapsamli bir degerlendirme sunmustur. Sonuglar, yogun saatlerde miisteri bekleme
stirelerinin arttigin1 ve bunun miisteri memnuniyetini olumsuz etkiledigini géstermistir.

ATM sisteminin islem siiresinin optimize edilmesi, bekleme siirelerini azaltarak miisteri
memnuniyetini artirabilir. Ayrica, kaynak kullanimi ve kuyruk yonetiminin etkinligi de
verimliligi artirmak i¢in Onemlidir. Simiilasyon, farkli senaryolarin test edilmesine imkan
saglayarak ATM kapasitesinin daha verimli kullanilabilecegini ortaya koymaktadir. Ozellikle
yogun saatlerde ek ATM kurulumlar1 veya ATM yer degisiklikleri ile miisteri memnuniyeti
artirllabilir. Banka ATM sistemlerinin optimize edilmesi ve miisteri hizmet siireclerinin
tyilestirilmesi i¢in Oneriler sunulmaktadir. Kullanici dostu arayiizler ile simiilasyon
sonuglariin analiz edilmesi, bankalarin verimlilik artirici kararlar almasina destek olacaktir.

Sonu¢ olarak bu arastirma, banka ATM sistemlerinin verimliligini artirmak ve miisteri
memnuniyetini saglamak icin analizler icermektedir. Gelecekte, daha bliyiik veri setleri ve
yapay zeka ile yapilan simiilasyonlarin dogrulugu artirabilir ve daha kapsamli analizler
yapilabilir.
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TRANSFERRING THE HODGKIN-HUXLEY NEURON MODEL TO FPGA AND
INVESTIGATION OF ITS RESPONSE TO DIFFERENT EXCITING CURRENTS
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Dr. Ogr. Uyesi Ahmet TURAN
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ABSTRACT

In recent years, very important biological and simulation studies have been carried out to
understand the behavior of the brain. In order to understand the behavior of the complex nerve
cell network that constitutes an important part of the brain, it is necessary to first understand
the behavior of nerve cells. In particular, the structure, behavior, connections and network
structures of nerve cells are studied. Mathematical models that can imitate the behavior of nerve
cells that form the basis of the studies have been put forward. FitzHugh-Nagumo Neuron
Model, Izhikevich Neuron Model, Adaptive Exponential Integrate and Fire (AEIF) Model,
Hodgkin-Huxley Neuron Model are a few of them. Nerve cell models for simulation are created
with software codes (Matlab etc.). In biological experiments, signal inputs made to the cell are
also made on the models via software. Model parameters are improved so that the results
obtained from the models approximate the biological results. Can the model replace the cell? A
similarity of this size has not been fully established. Having the software in a portable chip
instead of a computer will allow working close to the living body when necessary. In some
studies, nerve cell models have been created on different microcontrollers and embedded
system microcontrollers.

In our study; Hodgkin-Huxley Nerve Cell Model was first created in Matlab environment.
Current application experiments performed on the model are very similar to biological records.
The same model was created in FPGA Vivado software and the same experiments were
repeated in simulation environment. Then, the model was run on Xilix's Genesy-2 Kintex FPGA
Board. Since FPGA environment is a hardware definition environment, it works in parallel and
is fast, unlike microcontroller-based embedded systems. This results in very fast response to
the stimuli. Synaptic communication model between two cells will also be run on FPGA.

Keywords: Hodgkin-Huxley Nerve Cell Model, Vivado, Xilix's Genesy-2 Kintex FPGA,
Synaptic Communication.
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HODGKIN-HUXLEY SiNiR HUCRESIi MODELININ FPGA'YA AKTARILMASI ve
FARKLI UYARTI AKIMLARINA CEVABININ iINCELENMESI

Gamze Sena KARAMERT
Samsun Universitesi, 230709005@samsun.edu.tr - ORCID ID: 0009-0001-3535-711X

Dr. Ogr. Uyesi Ahmet TURAN
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OZET

Son yillarda beynin davranisini anlamak i¢in ¢ok dnemli biyolojik ve simiilasyon ¢alismalari
yapilmaktadir. Beynin 6nemli bir béliimiinii olusturan karmasik sinir hiicresi aginin davranigini
anlamak icin Oncelikle sinir hiicrelerinin davramisimi anlamak gerekir. Ozellikle sinir
hiicrelerinin yapisi, davraniglari, baglantilar1 ve olusturduklart ag yapilart {izerinde
calisiilmaktadir. Calismalarin temelini olusturan sinir hiicrelerinin davranisini taklit edebilen
matematiksel modeller ortaya konulmustur. FitzZHugh-Nagumo Noéron Modeli, Izhikevich
Noron Model, Adaptive Exponential Integrate ve Fire (AEIF) Modeli, Hodgkin-Huxley Noéron
Modeli bunlardan birkacidir. Simiilasyon icin sinir hiicresi modelleri yazilim kodlariyla
(Matlab vb.) olusturulmaktadir. Biyolojik deneylerde hiicreye yapilan sinyal girisleri, modeller
iizerinde de yazilim yoluyla denenmektedir. Modellerden elde edilen sonuclar, biyolojik
sonuglara yakinsayacak sekilde model parametreleri iyilestirilmektedir. Model hiicrenin yerini
alabilir mi? Bu boyutta bir benzerlik tam olarak olusturulmus degildir. Yazilimin bir bilgisayar
yerine taginabilir bir ¢ip i¢inde olmasi, gerektiginde canli viicuduna yakin ¢aligmaya imkan
verecektir. Yapilan bazi ¢aligmalarda sinir hiicresi modelleri farkli mikrodenetleyici ve gdmiilii
sistem mikrodenetleyicilerinde olusturulmustur.

Yaptigimiz ¢alismada Hodgkin-Huxley Sinir hiicresi modeli, Matlab ortaminda
olusturulmustur. Model iizerinde yapilan akim uygulama deneyleri biyolojik kayitlarla ¢ok
benzerdir. Ayn1 model FPGA Vivado yaziliminda olusturularak ayni deneyler simiilasyon
ortaminda tekrarlanmistir. Ardindan model Xilix’in Genesy-2 Kintex FPGA Bord’u iizerinde
calistirtlmistir. FPGA ortami donanim tanimlama ortami oldugundan mikrodenetleyici tabanl
gomiilii sistemlerden farkli olarak paralel ¢alisir ve hizlidir. Bu da yapilan uyartilara ¢cok hizl
cevap verme sonucunu olusturur. iki hiicre arasindaki sinaptik haberlesme modeli de FPGA
tizerinde calistirilacaktir.

Anahtar Kelimeler: Hodgkin-Huxley Sinir hiicresi modeli, Vivado, Xilix’in Genesy-2 Kintex
FPGA, Sinaptik Haberlesme.
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1. GIRIS

Biyoloji bilimi; sezme, hareket etme, 0grenme ve hatirlama’yr kapsayan zeka ve zihin
islemlerinin biyolojik temelini a¢iklamaya calismaktadir [1]. Hesapsal ndroloji, biyolojik sinir
hiicrelerini modellemek i¢in hesapsal teknikleri kullanmaktadir [2]. Siradan bir néron ii¢
boliimden olusur: Dendritler, Soma ve Akson. Her parcanin bilgiyi aktarmada bir rolii vardir.
Noronlar arasindaki baglant1 Dendrit-Akson veya Dendrit-Dendrit veya Akson-Akson olabilir.
Dendritler, diger néronlardan gelen sinyalleri toplama ve bunlar1 somaya iletmede temel bir
role sahiptir, bu da dendritlerin néron i¢in bir giris aygit1 gérevi gordiigii anlamina gelir. Soma,
dogrusal olmayan bir islem gergeklestirir, yani giris esigi asarsa ¢ikis sinyali tiretilir. Akson,
islenmis sinyali somadan alip diger néronlara ileten bir ¢ikis aygiti roliinii tistlenir. Bu, biyolojik
bir néronun temel islevidir [3]. Hesaplamali sinirbilimciler ve bilgisayar arastirmacilari, insan
zekasinin matematiksel modellemesi ilizerine iki tamamlayici goriise sahiptir. Sinirbilimciler,
deneysel sonuglarin matematiksel modellerini bulmaya ¢alisirken, bilgisayar bilimcileri, sinirlt
islem giicii nedeniyle, sinirbilim teorilerinden esinlenilen akilli algoritmalar gelistirmeye
caligirlar [4]. Sinir dokusunun elektriksel uyarimi ve sinirsel elektriksel aktivitenin kaydi,
bir¢ok norolojik bozukluk i¢in ortaya ¢ikan protezlerin ve tedavilerin temelini olusturur [5].

Noronlar aksiyon potansiyellerini kullanarak haberlesirler [6]. Alan Hodgkin ve Andrew
Huxley tarafindan aksiyon potansiyelleri miirekkep balig1 dev aksonundan biyolojik deneylerle
Olglilmistiir [7]. Hodgkin-Huxley modeliyle gerilim ve zaman bagimli sodyum ve potasyum
iletkenlikleri ile baglantili 6zelliklerini ortaya koymustur [8].

Spiking Neuron Model olarak da bilinen biyolojik bir néron modeli, biyolojik siiregleri
tanimlamak ve tahmin etmek icin dogru bir sekilde tasarlanacak noéron Ozelliklerinin
matematiksel bir agiklamasidir. Boylece noronlarin modellenmesi ve analizi kavrami ortaya
cikar [3]. Norolojik bozukluklar iizerine yapilan arastirmalar, ndéroprotez olarak biyomimetik
ve gergek zamanli donanim kullanan alternatif bir tedaviye yol acti. Bu cihazlar, hiicreler ve
makine arasindaki baglanti veya noron aktiviteleri, biyo-hibrit deneyleri gibi gesitli
gereksinimleri karsilamalidir. Ayrica, aksiyon potansiyelinin (AP) zamanlamasi ve sekli,
gercek bir sinir uyarisinin ayni dinamiklerini yeniden liretmelidir. Sistem ger¢ek zamanli,
biyomimetik ve ayarlanabilir olmalidir. Bu nedenle, kortikal ndronlarin uygulanmasini
gerceklestirmek icin bir FPGA se¢ilmistir [9].

Glinlimiizde néron modellerini taklit etmek i¢in bir¢ok yazilim ¢éziimii mevcuttur. Yazilim
tabanli sistemlerden daha az geleneksel olan donanim tabanli ¢oziimler genellikle dijital ve
analog hesaplama bigimlerini birlestirir. Bu silikon néronlar Hodgkin-Huxley formalizmine
dayanmaktadir ve ayarlanabilir parametreler sayesinde ¢ok ¢esitli néron davranislarini yeniden
iretmek icin optimize edilmistir [10]. Gelistirilen yazilimlar alan programlanabilir kapi
dizilerinde (FPGA) lizerinde ¢alistirilmaktadir [4]. FPGA tizerindeki uygulama sonuglari,
onerilen tekniklerin ve modellerin kaynak maliyetini 6nemli Olclide azaltabilecegini ve
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biyolojik dinamikleri dogru bir sekilde yeniden iiretebilecegini gostermektedir [11].
FPGA ’lerin kullanim alanlar1 giderek artmaktadir. Yeniden yapilandirilabilir donanim birimleri
olan FPGA’ler kullanicinin yeni tasarimlar yapmasina imkan verip, tasarimin sonuglarinin
gorebilme imkan saglarlar. Simiilasayon ve ger¢ek zamanli uygulamalar1 ayn1 anda yapabilen
ozelliklere sahiptir [12]. Gomiilii akilli uygulamalar, ger¢ek zamanli davranis sergilemek i¢in
hem yiiksek performans hem de uyarlanabilirlik gereksinimleriyle basa ¢ikmak i¢in esneklik
gerektirir. Donanim ¢6ziimleri performans sunarken, yazilim ¢oziimleri esneklik sunar. Bu iki
¢Oziim tiirii arasinda yeniden yapilandirilabilir bilgi islem ortaya c¢ikar ve esneklik ile
performans arasinda bir denge saglar [13]. FPGA {izerinde ii¢ tip aktivasyon fonksiyonuna
sahip tek noéron modellerinin donanim uygulamasi yapmak miimkiindiir [ 14].

FPGA iizerinde olusturulan Noron modellerinin dijital uygulamalari, Parkinson hastalig1 i¢in
gelistirilir. Boylece bir ¢ip ilizerinde Parkinson durumunun gergek zamanli geri bildirim
kontroliinii amaglayan modeller olusturulmaktadir [15]. Akupunktur, geleneksel Cin tibbinda
cesitli hastaliklar i¢in etkili bir tedavidir. Ancak, akupunktur bilgisinin sinir sisteminde nasil
iletildigiyle ilgili ayrintili mekanizmalar hala net degildir. Bu nedenle, elektroakupunktur
dinamiklerinin yiiksek performansli simiilasyonu, yiiksek hesaplama kapasitesine sahip bir
donanim platformu gerektiren hesaplamali sinir bilimi alaninda hayati 6neme sahiptir. Bu
makalede, elektroakupunktur i¢in ileri beslemeli bir sinir a1, yiiksek bir hesaplama hiz1 ve
hassasiyeti saglayabilen bir FPGA platformunda uygulanmaktadir [16] Norolojik bozukluklar
milyonlarca insani etkiler ve bu da bilissel ve/veya motor yeteneklerini etkiler. Bir protezin
gerceklestirilmesi hiicrelerin biyolojik aktivitesini ve makine ile biyolojik hiicreler arasindaki
baglantiy1 dikkate almalidir. Biyomimetik sinir agi, norolojik hastaliklarin 6niindeki bir
coztimdiir. Elektrikli cihazlar ile canli hiicreler arasindaki baglanti, ayarlanabilir gergek zamanl
bir sistem gerektirir. FPGA, esneklik, hiz ve kararlilik i¢eren giizel bir bilesendir [17].

Biyofiziksel olarak anlamli néron modelleri, insan beyni davranisini simiile etmek ig¢in
kullanilabilir. Noron davraniglarinin anlasilmasinin zeka, hasarl beyin tedavileri vb. alanlarda
onemli bir rol oynamasi bekleniyor. Sonu¢ olarak, karmasik ve biyolojik olarak néron agi
olusturmadaki temel zorluk biiyiik 6l¢lide yiiksek hesaplama ve veri aktarim talepleri tarafindan
belirlenir. Gergek zamanli veri akisi, 6grenme ag1 mimarisi icin FPGA cihazinda ¢6ziimler
sunulmaktadir [18]. Beyindeki aglarin davranisini taklit eden matematiksel modellerin
kullanim1 sayesinde tek bir ¢ipte, sinir aglarmin davranigini taklit edebilen bir dijital sistemin
tasarimi, simiilasyonu ve deneysel testini yapmak miimkiindiir [19] Biyofiziksel Hodgkin
Huxley modelinin, frekans alanindaki spike oranlari lizerinde hesaplamalar yapmak i¢in ve
simiilasyonda dogrulamak icin spike modellerine dayali FPGA uygulamalar1 yapilmaktadir
[20]. Noromorfik hesaplama islemcileri, evrimsel sistemleri kapsayan geleneksel olmayan bir
mimari tiirlinli temsil eder ve bir¢ok 6nemli miithendislik ve bilimsel uygulama i¢in biiytik bir
vaat tagir. Herhangi bir yazilim igbirligi olmadan FPGA'da egitilebilir ve uygulanabilir [21].

Biyolojik néronal ag tasarimlart FPGA iizerinde uygulanmaktadir [22] Norobilim toplulugunun

biiyliyen noron/sinir ag1 modelleri FPGA donanim uygulamalarini ger¢eklestirmesi i¢in bir yol
saglamaktadir [23]. Cok sayida Izhikevich ndronu ve sinaps iceren bir ndral agin dijital

186 | Page



BURSA 4th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
January 24 - 26, 2025- BURSA
ISBN: 978-625-5962-21-8

donanim uygulamasini kullanarak agin biyolojik 6zelliklerini tek bir alan programlanabilir kap1
dizisi (FPGA) iizerinde olusturulmustur [24]. Membran potansiyellerinin giincellenmesinin
paralel hale getirilmesi, sinaptik agirliklarin ¢ip lizerinde depolanmasi ve yaklasik aritmetik
birimlerin entegrasyonu bir iistlinliiktlir. Yaklasik hesaplama ve paralel isleme, FPGA tabanli
sinir aglarina uygulanmasini avantajli kilmaktadir [25]. FPGA'da Hodgkin-Huxley tabanli bir
sinir ag1 modelinin verimli bir sekilde uygulanmasi icin bir dizi teknik sunulmaktadir.
Uygulama teknikleri, voltaj kapili kanallar ve sinaptik aktiviteler gibi farkli ndrofizyolojik
mekanizmalarin uygun bir yiiriitme zamaninda bir sinir aginin davranisi lizerindeki etkisini
arastirmak icin biiyiik FPGA tabanli ag§ modelleri olusturma firsati sunar. FPGA'nin paralellik
ve yeniden yapilandirilabilirlik gibi i¢sel 6zelliklerine ek olarak, yaklasimimiz FPGA tabanl
sistemi biligsel robotlarin ve sistemlerin sinirsel kontrolii iizerine ¢alisma i¢in de uygun bir aday
haline getirir [26]. Noronlar, bir agdaki etkilesim sirasinda yiiksek diizeyde davranislar
sergileyen basit birimlerdir. FPGA'nin Paralel isleme o6zelligi, bu platformu bu aglar
modellemek i¢in ideal bir aday haline getirir [27]. Sinirsel bilgi, belirli salinim dinamiklerine
sahip bir dizi tiim veya hig sinirsel kod tarafindan néronlar arasinda temsil edilir ve iletilir. Agin
gercek zamanli uygulanmasi, uzaysal-zamansal bilgi kodlamasinin altinda yatan karmasikligi
ve ¢ok sayida ndronun uygun sekilde birlestirilmesiyle ortaya ¢ikan tutarliligi arastirmak igin
umut verici bir yoldur [28]. Karmasik aglardaki motifler beyin islevlerini belirlemede énemli
bir rol oynar. Bazi c¢alismalarda, ag oOzellikleri ile motif o6zellikleri arasindaki iligkileri
arastirmak icin FPGA kullanilmaktadir. Hindmarsh-Rose (HR) néron modeline dayali bir
kiiciik diinya ag1 olusturulmustur. Motifin senkronizasyon 6zelliklerinin motif tabanl kiiciik
diinya aginin senkronizasyon oOzelliklerini belirler. FPGA tabanli yapay néronal aglar,
Parkinson hastalig1 ve epilepsi tedavisinde beyin islevini tamamlamak i¢in hasarli néronlarin
yerini alma potansiyeline sahiptir [29]. Daha biiylik biyolojik sinir agi, daha ¢esitli iyon
kanallar1 ve daha ayrmtili morfolojilerin arastirilmasiyla sinir modellerinin karmasiklig:
artmaktadir ve biyolojik sinir aginin uygulanmas: biiylik hesaplama karmasikligi ve gii¢
tiiketimi olan bir gorevdir. Daha karmasik modellerin temel 6zelliklerini koruyan indirgenmis
iki bolmeli modeli 6zIii bir sekilde uygulamak i¢in FPGA {izerinde bir dijital tasarim
sunulmaktadir [30].

Spiking ndéron modeli simiilasyonlart MATLAB'da yapilir ve Verilog Donanim Tanimlama
Dili'nde (HDL) dijital mantik devreleri kullanilarak modellenir ve ModelSIM RTL
simiilatoriinde simiile edilir. Bu modeller daha sonra Xilinx FPGA'da uygulanir ve islevsellik
acisindan kontrol edilir [3]. Noron modelinin hesaplamalar1 aritmetik boru hatlarinda
gerceklestirilir. VHDL dilinde tasarlanmis ve FPGA'da eslemeden 6nce simiile edilmistir.
Deneysel sonugclar, gelistirilen stokastik FPGA uygulamasinin gegerliligini dogrulamistir; bu
da silikon néronun uygulanmasini gelecekteki hibrit deneyler i¢in biyolojik olarak daha makul
hale getirir [31]. Sistemin tanimu, yiiksek seviyeli donanim tanimlama dili VHDL kullanilarak
gergeklestirilmistir [19]. Bazi g¢alismalarda Hodgkin-Huxley tek ndronunun modelinde;
Aritmetik Mantiklar Hesaplama teknikleriyle (yani CORDIC) uygulanir ve arama tablolari
(LUT'ler) yalnizca birkag modiilde kullanilir. Bu yaklasim biiyiik bir néron aginin islevselligini
simille etmek icin daha saglam ve esneklik saglamaktadir [32]. Ustel ve diferansiyel
denklemleri ¢c6zmek igin CORDIC algoritmasi veya Euler yontemi gibi bazi dijital yontemler
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kullanildi. Burada 150 noron igeren bir kortikal sinir agmin boru hatti uygulamasi
sunulmaktadir. Bu, hiicreler ve noronlarin degistirilmesi {izerindeki noérolojik etkinin
gelecekteki caligmalarina olanak saglamalidir [9]. Calismalarda tek bélmeli bir HH modeli
uygulanir ve noronlarin elektriksel davranist membran potansiyeli ile tanimlanir. Daha sonra,
enjekte edilen giris akimina karsilik ¢ikis membran potansiyeli degerlendirilir ve FPGA tabanl
simiilasyon platformlarinda uygulanir [33]

Karigik sinyal sistemleri i¢in gii¢lii bir modelleme dili olan VHDL-AMS'de kismi diferansiyel
denklemler (PDE'ler) ile modellenmesi miimkiindiir [34]. Hodgkin-Huxley modeli, néronlarin
aksonlarindaki aksiyon potansiyelinin baslatilmasini ve yayilmasini agiklar. Model, belirli bir
parametre se¢imi i¢in sayisal yontemler kullanilarak ¢dziilebilen bir dizi dogrusal olmayan
diferansiyel denklemden olusur. Denklemler fizyolojik siirecleri yansittigindan, bu
parametrelerin degeri biiyiik degiskenlige tabidir. Hodgkin-Huxley modelinin denklemlerinin
4 adimli Runge-Kutta entegrasyonunu ile ¢6ziimii de yapilmaktadir [35].

Xilinx tarafindan tiretilen FPGA'lerin bir¢ok avantaji vardir. FPGA'ler daha az gii¢ harcar, basit
bir sekilde programlanabilir, daha hizlidir, yliksek performansa sahiptir ve oldukga kiigiik
boyutlara sahiptir [36]. FPGA, 1980'lerin ortasinda prototipleme ortami olma amaciyla
gelistirildi. Programlanabilir mantik bloklar1 dizisi, gesitli hesaplama islevlerinden herhangi
birine yeniden yapilandirilmasini sagladi. Bu nedenle, tasarimlarin silikona aktarilmadan 6nce
prototiplenebilecegi ve hata ayiklanabilecegi "devre i¢i donanim emiilasyonu" i¢in ¢ekici bir
aracti. Temel silikon teknolojisi gelistikce ve islevsel potansiyeli daha iyi anlasildikca, FPGA
yavas yavas hesaplamanin bir¢cok yoniine niifuz etti. FPGA'nin esnekligi, tasarimcinin hayal
edilebilecek hemen hemen her bilgisayar yapilandirmasini gerceklestirmesini ve uygulamaya
uymast i¢in her tiirlii paralellik bigimini kullanmasini saglar [37]. Calismalarda Hodgkin-
Huxley néronunun modellenmesi i¢in Xilinx SPARTAN 3 FPGA kullanilmistir [32].

2. MATERYAL ve METOT

2.1 Kullanlan Hiicre Modeli ve Ozellikleri

Bu ¢alismada noronlar, Hodgkin-Huxley’in ¢alismalarindan elde edilen, deterministic bolmeli
model yapist tercih edilmistir [38,39]. Hiicreler, soma kismina ait tek bdlme seklinde
modellenmistir [40,41]. Hodgkin ve Huxley miirekkep baligi aksonu icinde, sinir hiicresi

iletkenliklerini belirlemek igin gerilim kenetleme metodunu kullanmis ve bir¢ok c¢alismada
siklikla kullanilan diferansiyel denklem ¢ozlimlerini ortaya koymustur [39]. Gorsel 1’deki
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elektrik devresiyle modellenen hiicreye ait tiim ¢6ziim detaylar1 ve parametreler (Denklem1-
Denklem 21)’de gosterilmistir [40].
Intracellular

Vo ?
J € NP
Ina Tk Iy
GNa GK G' 1
— (T b
Cm [
T E na Ex E.

Extracellular
Gorsel 1. Hodgkin-Huxley Hiicre Modeli

dVim

Cn— = —G1 (Vm — EL) — Gna (V). (VG — Eng) — Gk (V). (Vi — E) + Iuyg(t) )
2 = i V) (1 = m) + B (V) m 2
= (V) (1= h) + By (Vo) )
2 = 2y (V) (1= 1) + (V) (@)
Gng = Gygm3h ®)
Gy = Ggn* (6)

V,, 6lciilen zar gerilimi, V, dinlenme durumundaki zar gerilimidir. Gy, Gy, hiicre zarindaki n
Na™* ve K* kanallarinin maksimum iletkenlik degerleridir. G, sizint1 akimu iletkenligidir. Na*
kanali ii¢ dzdes aktivasyon (m3) ve bir inaktivasyon kapist (h) ve K* kanali dort 6zdes
aktivasyon (n*) kapisina sahiptir. Kanalin agik ve kapali durumlar arasindaki gegisleri a(V;,)
ve B(V,) gerilim bagimli oran sabitleri ile tanimlamir. Na® akiminin kararli-durum
aktivasyonu m.,, inaktivasyonu h,. K* kanal akiminin kararli-durum aktivasyonu n,, dur
[42].

dVim

C—F=—=6(Vn—E) - Gyam3h(V,, — Eng) — Gen*(V,, — Ex) + Iuyg(t) ©)
—0.1(Vyp—Vy—25) .
Am = oxpL= (Ve Vo —25)/10] 1 V. — Vi > 24.99 ise (8)
_1 .
Um = P (m—Vo—25)/10] V. — Vi < 24.99 ise (9)
Bm = 4(exp[—(V, — V;)/18]) (10)
ap = 0.07(exp[—(Vy, — ;) /20]) (11)
1
'Bh B 1+exp[-(Vip—V-—30)/10] (12)
_ 0.01(Vyy,—V;-—10) _ .
On = L expl= (Vi —V,—10)/10] V., =V, >9.99 ise (13)
0.1 i
I = P (Vim-Vr—10)/10] Ve =V =999 Ise (14)
Brn = 0.125(exp[—(V;, — V;)/80]) (15)
Moo (Vm) = am(Vm)/(am(Vm) + .Bm(Vm)) (16)
hOO (Vm) = ah(Vm)/(ah(Vm) + ,Bh (Vm)) (17)
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N (Vm) = an(Vm)/(an(Vm) + ,Bn(Vm)) (18)
2.2 Kullamlan Donanim ve Yazilhm Ozellikleri

FPGA, programlanabilir mantik bloklar1 ve bu bloklar arasindaki ara baglantilardan olusan ve
genis uygulama alanlarina sahip olan sayisal tiimlesik devrelerdir. Kullanicinin yapacagi
tasarimlar i¢in gerekli mantik fonksiyonlarini gerceklestirmek iizere tasarlanmistir. FPGA
donanimindaki her bir mantik blogunun fonksiyonu kullanici tarafindan belirlenir. Alanda
programlanabilir 6zelligi, mantik bloklarinin ve ara baglantilarin donanim tanimlama esnasinda
programlanabilmesidir. FPGA mimarisi; yapilandirilabilir lojik bloklar, blok dizisini
cevreleyen girig-¢ikis bloklar1 ve programlanabilir ara baglantilardan olusur. Ara baglantilar
ayarlanarak Lojik bloklar1 arasinda baglantilar kurulur. Ara baglantilar genellikle VHDL veya
Verilog donanim tanimlama dilleri kullanilarak programlanir. Yapilandirilabilir lojik bloklarin
agirlikl olarak; Arama tablosu (LUT) tabanli mimari veya Coklayict (MUX) tabanli mimari
gibi yapilardan ve saklama elemanlarindan olusur [43].

FPGA ile mikroislemci arasindaki temel islemcilerin sabit bir donanim yapisina sahipken
FPGA’lar tasarlanabilir ve kullanicinin istegine bagli olarak farki donanim yapilarinin
olusturulmasina izin vermesidir. Oyle ki bir FPGA igerisinde islemci de tasarlanabilir. FPGA
icerisindeki mantik hiicreleri sabittir fakat bunlarin baglantilar1 yapilandirilabilir 6zelliktedir.
Ayrica islemciler programlar sirayla islerken, FPGA’lar yazilan HDL koduna gore “paralel
olarak” ayni1 anda isletilebilir [44].

Giliniimiizde FPGA tasarlamak i¢in yaygin olarak HDL (Hardware Description Language-
Donanim tanimlama dili) kullanilir. Burada tercihe gére VHDL ( Very High Speed Integrated
Circuit Hardware Description) veya Verilog dili kullanilir. VHDL ile tanimlana “process”
blogu ile istenirse sirali (sequential) islemler de yapilir [45,46].

2.3. Kullanilan Bord ve Ozellikleri
Calismamizda Xilinx Kintex-7™ FPGA (XC7K325T-2FFG900C) bordu kullanilmistir. Bodda
ait baz1 6zellikler su sekildedir; Her biri dort adet 6 girisli LUT ve 8 adet flip-flop igeren 50.950

mantik dilimi (7 kata kadar), 450 MHz'i agsan dahili saat hizlari, Yonga lizerinde analogdan
dijitale doniistiiriicii (XADC), 32 bit veri genisligi, 1800 Mbps veri hiz1 DDR3 RAM [47].
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Gérsel 2. Xilinx Kintex-7™ FPGA (XC7K325T-2FFG900C) bordu [46]

3. BULGULAR ve TARTISMA

“Xilinx Genesy-2 Kintex-7 FPGA” board {iizerinde gergeklestirilmektedir. Bu bordun
programlanmasi i¢in “Vivado” yazilimi kurulmustur. Bu yazilim ayn1 zamanda FPGA bordlari
icin simiilator olarak kullanilabilmektedir. Bordu programlamak i¢in; VHDL yazilim teknigini
tercih ettik. Olusturulan temel yazilimlarla yazilim derleme hata ayiklama ve simiile etme
caligmalar1 Vivado yazilimi {izerinde gerceklestirilmistir. Ardindan bu yazilimlara, bagli FPGA
kartinin Vivado tarafindan algilanmasi ile iizerinde denemeler gercgeklestirilmistir. Burada
onemli bir adim olan yazilimda kullanilan portlarin FPGA donanim isimleri ile eslestirilmesi
adimmadir.

Bu ¢alismalarin ardindan daha 6nce Matlab iizerinde ¢alistirilmis olan Hodgkin-Huxlay sinir
hiicresi modeli yazilim1 Vivado ortaminda olusturularak simiilasyonu yapilmaktadir. Bunun
ardinda borda aktarilan yazilimla port ¢ikislarindan Matlab sonuglar ile karsilagtirmalar
yapilmaktadir. Yapilan modelleme ¢alismalarinda Matlab yazilim ortaminda modele ¢esitli
akim uygulamalar1 sonucu modelin aksiyon potansiyeli iiretim sonuglari yine yazilim
ortaminda degerlendirilmistir.

Calismanin sonunda hiicre modelleri FPGA ortamina yliklenerek bilgisayar bagimsiz
caligmalar1 saglanacaktir. Matlab simiilasyonlar1 ¢aligmalarinda modele uygulanan akimlar
yazilim seklinde gerceklesmistir. Bu tiir ¢alismalarda yapilan harici akim uygulamalari
biyolojik ortamdaki akimlara benzer sekilde elektrik sinyalleri seklinde olacaktir. Ayrica
bilgisayar ve yazilim bagimsiz ¢alisilabilecektir. Paralel ¢alisma yapisi sayesinde hizli ve esnek
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yapist sayesinde farkli bir¢ok c¢alismay1 destekleyecek sekilde olacaktir. Ayrica FPGA
haberlesmesi aksiyon potansiyeli akimiyla olacagindan bu etkinin yazilim uygulamalarindan
farki gozlenecektir. Cesitli seviyelerdeki DC akim uyartisina karsilik elde edilen hiicre zari
gerilimi veya aksiyon potansiyeli 6rnekleri Gorsel 3-5’de gosterilmistir.
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Gorsel 3. Uygulanan 10uA akima karsilik iiretilen Aksiyon potansiyeli dizisi
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Gorsel 4. Uygulanan 20uA akima karsilik iiretilen Aksiyon potansiyeli dizisi
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Gorsel 5. Uygulanan 30uA akima karsilik iiretilen Aksiyon potansiyeli dizisi

4. SONUC
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Calismamizda bir néron modeli VHDL yazilimi kullanilarak FPGA {izerinde donanimsal olarak
tanimlanmugtir. Paralel veri isleme kapasitesi sayesinde ¢ok hizli sonug¢ veren FPGA ile akim
uygulamasisonrasi kap1 gecikmeleri kadar siire sonunda hiicrenin tepkisi gdzlenmistir. Hiicreler
arast haberlesme model devreye eklenen bir kol ile olusturulmaktadir. Daha gergek¢i bu
yaklasimla kimyasal sinaps ile iletisim modellenmektedir.

Calismanin devaminda beyin hiicrelerinde bilgini uzun ve kisa siireli tutulmasiyla ilgili bu
caligmalarda elektronik ortamda veri tutma modellenecektir. Biyolojik bellek yapisinin
elektronik ortamlarda gergeklestirilmesi, hedeflenen bazi biyolojik bellek hastaliklarinin
¢Oziimiindeki ¢alismalara katkisini olacagini diistinmekteyiz. Boylece bilginin tutuldugu hiicre
modelleri lizerindeki ¢esitli parametreler degistirilerek, alzaimer, hafiza kayiplari, 6grenememe
gibi bellek hastaliklar1 elektronik ortamda modellenebilir. Ayrica bu tiir caligmalar bir sonraki
adim olan bilginin beyinde nasil kodlandigi, biyolojik ag yapisinda nasil bir etkiyle, ¢ok biiyiik
miktarda verilerin beyin hiicrelerinde saklanabildigi konusuna katkida bulunacaktir.
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ABSTRACT

Today, the increase in the number of diseases and patients increases the importance of early
diagnosis and preventive health services. The face mapping approach involves the use of facial
symptoms and changes for disease diagnosis and health status assessment. In traditional
medical approaches (such as Chinese Medicine, Persian Medicine, Islamic Medicine), it is
believed that certain points reflecting each organ and system of the body are located on the face
and are used in diagnosis and assessment processes by traditional medical practitioners
specialized in these fields. Face mapping is performed by observing these points and examining
physical features such as skin color, texture, wrinkles, acne, swelling, and spots.

In our study, modern artificial intelligence and image processing techniques were used to
evaluate the health status with the face mapping method. It is aimed to combine face mapping
techniques obtained from traditional medical practices with modern artificial intelligence
methods to make a more comprehensive health analysis. Using the face mapping system, the
points where different parts of the face (forehead, chin, cheeks, etc.) are related to organs will
be determined and analyzed. This system aims to contribute to the early diagnosis of diseases
and the taking of preventive measures. It will enable people to quickly get general information
about their health status at home regarding their complaints and help them determine the
relevant medical departments in cases where they need to go to the hospital. The system to be
developed in this way will support people to access health services more quickly and effectively,
prevent unnecessary loss of time in hospitals and increase the efficiency of health services.
During the data collection process, facial images were obtained from the participants. The
forehead, chin and cheek areas will be detected in the facial images and color, skin texture and
spot analyses will be performed in these areas. Health status will be evaluated as a result of the
color and texture analyses performed in the detected areas on the face. In line with this scope,
the study aims to integrate both traditional medicine into modern medical diagnostic processes
and to develop innovative methods in the field of health technologies. The study first studied
Anemia. Lip images were separated from the photographs taken using image processing
techniques. Anemia was detected in the color tone differences in the obtained images. In this
study, the difference between people with anemia and healthy people was evaluated.

Keywords: Image processing, Traditional medicine, Disease diagnosis from face mapping
analysis, Anemia diagnosis.
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OZET

Giinlimiizde hastaliklarin ve hasta sayisinin artisi, erken teshis ve onleyici saglik hizmetlerinin
onemini artirmaktadir. Yiiz haritalama yaklasimi, yiizdeki belirtiler ve degisikliklerin hastalik
teshisi ve saglik durumunun degerlendirilmesi i¢in kullanilmasini igerir. Geleneksel tip
yaklasimlarinda (Cin Tibbi, Fars Tibbi, Islam Tibb: gibi), viicudun her bir organ ve sistemini
yansitan belirli noktalarin yiizde bulunduguna inanilir ve bu alanlarda uzmanlagmis geleneksel
tip pratisyenleri tarafindan teshis ve degerlendirme siireglerinde kullanilir. Yiiz haritalama, bu
noktalarin gozlemlenmesi ve cilt rengi, doku, kirisikliklar, sivilceler, sislikler, lekeler gibi
fiziksel 6zelliklerin incelenmesi yoluyla gerceklestirilir.

Calismamizda yliz haritalama yontemi ile saglik durumunun degerlendirilmesi amaciyla
modern yapay zekd ve gorinti isleme teknikleri kullanilmistir. Geleneksel tip
uygulamalarindan elde edilen yiiz haritalama tekniklerinin modern yapay zeka yontemleriyle
birlestirilerek daha kapsamli bir saglik analizi yapilmasi hedeflenmistir. Yiiz haritalama sistemi
kullanilarak yiiziin farkli bolgelerinin (alin, ¢ene, yanak vb.) organlarla iliskili oldugu noktalar
belirlenecek ve analiz edilecektir. Bu sistem, hastaliklarin erken teshis edilmesine ve dnleyici
tedbirlerin alinmasina katkida bulunmay1 hedeflemektedir. Kisilerin sikayetlerine yonelik hizli
bir sekilde evde saglik durumu hakkinda genel bilgi alabilmelerini saglamak ve hastaneye
gitmeleri gereken durumlarda ilgili tibbi boliimleri belirlemelerine yardimer olacaktir. Bu
sekilde gelistirilecek sistem, kisilerin saglik hizmetlerine daha hizli ve etkili bir sekilde
erismesini destekleyecek, hastanelerde gereksiz zaman kaybini onleyerek saglik hizmetlerinin
verimliligini artiracaktir. Veri toplama siirecinde katilimcilardan yiiz goriintiileri elde edilmistir.
Yiiz goriintiilerinde alin, ¢ene ve yanak bolgeleri tespit edilecek ve bu bolgelerde renk, cilt
dokusu ve leke analizleri yapilacaktir. Yiizde tespit edilen bolgelerde yapilan renk ve doku
analizleri sonucunda saglik durumu hakkinda degerlendirmeler yapilacaktir. Bu kapsam
dogrultusunda, ¢calisma hem geleneksel tibbin modern tibbi teshis siireclerine entegrasyonunu
hem de saglik teknolojileri alaninda yenilik¢i yontemlerin gelistirilmesini amaclamaktadir.
Calismada ilk olarak Anemi (kansizlik) konusunda calisiimistir. Alinan fotograflardan goriintii
isleme teknikleriyle dudak resimleri ayristirilmistir. Elde edilen resimlerde renk tonu
farkliliklarinda anemi tespiti yapilmistir. Bu ¢alismada anemi hastalig1 yasayanlarla saglikli
kisiler arasindaki fark degerlendirilmistir.
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Anahtar Kelimeler: Gorintii isleme, Geleneksel tip, Yiiz haritalama analizinden hastalik
teshisi, Anemi teshisi.
GIRIS

Giliniimlizde hastanelerde, hastalik teshislerinde kullanilan Manyetik Rezonans (MR),
Bilgisayarli Tomografi (BT) ve ultrasonografi gibi cihazlardan elde edilen veriler, goriintii
isleme ve yapay zeka algoritmalariyla daha detayli bilgiler sunmaktadir. Elde edilen bu verilerin
analizleri; 6zellikle kanser, ndrolojik bozukluklar ve kalp hastaliklar1 gibi ciddi rahatsizliklarin
teshisinde 6nemli rol oynamaktadir (Mahmud vd., 2023; Ramzan vd., 2024). Son yillarda,
goriintii isleme ve yapay zeka algoritmalarmin gelismesiyle saglik alaninda yapay zeka ve
goriintli isleme teknikleri ile hastalik teshisine yonelik yapilan calismalarin sayisi artis
gdstermistir (Zhang vd., 2022). Ornegin derin 6grenme tabanli modeller, U-Net gibi Evrisim
Sinir Ag1 yoOntemleri, piksel boyutlu segmentasyon yapmayr miimkiin kildigi igin tibbi
goriintlilerin  segmentasyonunda yaygin bir sekilde kullanilmaktadir. Ayrica, radyoloji
uygulamalarinda yapilan yapay zeka destekli sistemler, goriintiilerdeki anormalliklerin
tespitinde radyologlarin is yiikiinii azaltmaktadir (Ahmad & Alqurashi, 2024; Zhang vd., 2022).
Saglik alaninda yapay zeka algoritmas:t olarak, Google’in DeepMind ekibi tarafindan
gelistirilen Med-Gemini, hastalik teshisi dogrulugunda %91,1 gibi etkileyici bir basar1 oranina
ulagmistir (TBSA_RAPOR_KITAP_20.08.pdf, t.y.). Tirkiye’de ise yapay zeka kullanimi
ozellikle dijital patoloji projelerinde patolojik goriintiillerin hizli ve dogru analizinin
yapilmasina yardimer olmakta, bu durum ise erken teshis siireglerinin iyilestirilmesine katki
saglamaktadir (Grubu, 2022).

Saglik hizmetlerinde yasam kalitesini artiran ve 6liim oranlarini azaltan en 6nemli unsurlardan
biri erken teshistir. Bununla birlikte, erken teshis siireclerinde yagsanan zorluklar bulunmaktadir.
Saglik altyapisi yetersiz olan diisiik ve orta gelirli iilkelerde, teshis i¢in kullanilan cihazlarin
erisim sikintisi bu siireci etkilemektedir. Ayrica erken teshis siireci doktorun deneyimi ile dogru
orantilidir. Bu siirecte doktorlar arasindaki deneyim farkliliklarini minimalize etmek igin
gelistirilmis olan yapay zeka sistemlerinin, saglik profesyonelleri tarafindan anlasilabilirliginin
artmasi da 6nemli bir gereklilik olarak karsimiza ¢ikmaktadir (Advancing medical Al with Med-
Gemini, ty.; Al-in-Global-Health_webFinal_508, t.y.; Al Kuwaiti vd., 2023; Aziz vd., 2024).
Erken tam siirecindeki zorluklar1 asmak i¢in gelistirilen erken tan1 sistemlerine 6rnek olarak,
akciger kanserinin erken teshisi icin gelistirilen goriintli isleme ve yapay zekad sistemleri
verilebilir. Derin 6grenme tabanli bir model olan U-Net modeli, akciger nodiillerinin
segmentasyonu ve boyutlarinin 6l¢iimiinde basarili olarak kullanilmaktadir. Bu yontem ayrica,
kanserin evresini belirlemek ve tedavi planlarini optimize etmek i¢in de kullanilmaktadir (Li
vd., 2020). Bir diger 6rnek olarak, kardiyovaskiiler hastaliklarin teshisinde kullanilan yapay
zeka algoritmalarini verebiliriz. BT goriintiilerinden damar analizi, plak durumlarinin tespiti ve
damar daralmalarinin 6l¢limii i¢in etkili bir ara¢ olarak gelistirilmistir . Bu uygulamalar,
saglik hizmetlerinin dogruluguna katki saglarken, erken teshis ve tedavi siireclerini hizlandirip
iyilestirmektedir. Erken teshis siireglerinde geleneksel tip yaklagimlar: da kullanilmaktadir (Li
vd., 2020).
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Geleneksel tip yaklasimlari, binlerce yillik bir birikimi yansitarak saglik analizi i¢in basit ve
etkili yontemler sunmaktadir (Abdulghafor Khudhaer Abdullah vd., 2023; Farahi vd., 2023;
Hassoon vd., 2024). Yiiz, dil, goz ve el gibi organlarin durumlari incelenerek saglik bilgisi ile
ilgili bilgiler saglanmasi gelencksel tip yaklasimlarinda onemli bir yer tutar (Abdulghafor
Khudhaer Abdullah vd., 2023; Farahi vd., 2023; Hassoon vd., 2024; Li vd., 2020). Cin
Geleneksel Tibbi’nda (TCM), yaklasik olarak 2000 yildir uygulanmakta olan dil analizi; dilin
renginden, yiizeyinden ve nem seviyesi gibi durumlarindan kisinin i¢ organlarinin durumunu
degerlendirmekte kritik bir arag olarak kullanilmaktadir (Abdulghafor Khudhaer Abdullah vd.,
2023; Li vd., 2020). Ornegin, TCM’de kullanilan dil teshis sistemlerinin bilgisayarlastiriimis
versiyonlari, dil rengi ve yiizey 6zelliklerini analiz ederek diyabet, anemi ve sindirim sistemi
rahatsizliklar1 gibi ¢esitli hastaliklarin erken teshisinde kullanilmaktadir [1, 9]. Benzer sekilde,
Iran geleneksel tibbinda da (Persian Medicine), dil ile yiiz ve cilt dzellikleri gibi parametreler
de teshis siirecinde kullanilmaktadir (Farahi vd., 2023). Ornegin, Farahi vd. (2023) ¢alismast,
Iran tibbinda dil fotograflarmin standartlastirilmasi ve bu gorsellerin egitim modeli olarak
kullanilabilirligini vurgulamaktadir. Bu ¢alisma, geleneksel tip yaklagimlarinin modern goriintii
isleme teknikleriyle desteklenebilecegini ve egitim siireglerini iyilestirerek klinik
uygulamalarda daha giivenilir sonuglar elde edilebilecegini gostermistir (Farahi vd., 2023). Bu
orneklerden de anlasildig1 gibi geleneksel yontemlerin modern teknolojilerle birlesimi, saglik
analiz siirecinin geleneksel tip uzmaninin tecriibesine bagli olmaktan cikarak, geleneksel
analizlerin hizin1 ve dogrulugunu arttirmistir (Ding vd., 2019). Geleneksel tip ile goriintii isleme
ve yapay zeka tekniklerinin bir araya gelmesi hem erken teshis siireglerinde hem de diisiik
maliyetli ve kolay erisilebilir saglik hizmetlerinin gelistirilmesinde potansiyel tasimaktadir
(Abdulghafor Khudhaer Abdullah vd., 2023; Ding vd., 2019; Li vd., 2020). Bu duruma 6rnek
olarak Hassoon vd. (2024), diisiik maliyetli bir dil teshis sistemi gelistirerek saglik hizmetlerinin
erisimini artirmay1 ve ozellikle diistik gelirli bolgelerde erken teshisi tesvik etmeyi amaglamigtir
(Hassoon vd., 2024). Bu yontemlerin kullaniminin artmasi, saglik sektoriinde destekleyici
stireclere katki saglarken, ayni zamanda bireylerin saglik farkindaligimi da artirmaktadir
(Abdulghafor Khudhaer Abdullah vd., 2023; Hassoon vd., 2024).

Giliniimilizde anemi teshisi i¢in genellikle kan testleri kullanilmakta olup, oldukca etkili sonuglar
veren bu yontemler invaziv olmalar1 ve 6zel ekipman gerektirmeleri nedeniyle erisim zorluklar
olusturabilmektedir (Mahmud vd., 2023; Nousir vd., 2024). Bu durum, non-invaziv
yontemlerin ihtiyacini dogurmustur. Anemi teshisine yonelik non-invaziv yontem caligmalari
arasinda el renginden anemi analizi (Naskar vd., 2024), g6z konjunktivasindaki solgunluk
diizeyinin degerlendirilmesi (Nousir vd., 2024), dis etlerinde renk degisikliklerinin izlenmesi
gibi yontemler bulunmaktadir (Hassoon vd., 2024). Yiiz ve cilt renginden yapilan analizler,
kolay uygulanabilir olmalar1 ve vaskiiler yogunlugu yiiksek bolgeleri icermeleri nedeniyle daha
sik tercih edilmektedir (Yakimov vd., 2024; Zhang vd., 2022). Bu nedenle, ¢alismamizda anemi
durumunu hem cilt hem de dudaktan teshis etmeyi hedeflemekteyiz. Dudak analizi, dudak
mukozasinin rengi ve parlakligini incelemeyi igerirken, cilt analizi ise cilt solgunlugunun
degerlendirilmesi ile bize 6nemli ipuglar1 saglayacaktir (Mahmud vd., 2023; Yakimov vd.,
2024). Aneminin yayginhigi ve ciddi etkileri gz Oniine alindiginda, bu tiir non-invaziv
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yontemler, ozellikle diisiik maliyetli ve hizli teshis i¢cin dnemli bir potansiyel tasimaktadir
(Anaemia in women and children, t.y.; Zhang vd., 2022).

Bu konuyla ilgili yapilan benzer ¢calismalar su sekildedir:

Donmez ve Danismaz'in c¢alismasi, dudak mukozasi goriintiilerinin analiz edilerek anemi
teshisinde kullanilmasina odaklanmistir. Bu ¢alismada, 200 bireyden toplanan dudak
goriintiileri, 6nce Fuzzy C-Means algoritmasi ile segmentasyondan gegirilmis ve dudak bolgesi
cevredeki dokulardan ayristirilmistir. Segmentasyon islemi sonras1 dudak rengindeki kirmizi,
mavi ve yesil (RGB) degerlerinin analizi yapilmistir. Derin 6grenme algoritmalar1 olarak
Convolutional Neural Networks (CNN) kullanilmis ve hemoglobin diizeylerine bagli olarak
dudak renginin farklilik gosterdigi tespit edilmistir. Calismada %92,5 dogruluk orani ile basarili
bir siniflandirma elde edilmistir (Dénmez & Danismani, t.y.). Calismamiz, bu metodolojiyi
genisleterek cilt solgunlugu gibi ek biyobelirtecleri dahil etmeyi ve analizi ¢ok yonlii hale
getirmeyi amaglamaktadir.

Degisken Secenek Frekans Yiizde (%)
Cinsiyet Kadin 100 72.46
Erkek 38 27,54
18-30 53 38,4
Yag Aralig 30-50 36 26
50 ve iizeri 49 35,6

Gorsel 1. Veri seti Dagihm Tablosu, 2023

Mahmud vd.'nin ¢alismasi, dudak mukozasindan anemi teshisinde transfer 6grenimi yontemini
ve CNN modellerini kullanmistir. 500 bireyden alinan dudak goriintiileri {izerinde yapilan bu
caligmada, dudak rengindeki RGB yogunluklarinin analiz edilmesinin yani sira Histogram of
Oriented Gradients (HOG) o6zelligi kullanilarak goriintiilerin kenar 6zellikleri ¢ikarilmastir.
Segmentasyon asamasinda ise dudak bdlgesi, Otsu esikleme yontemiyle ayristirilmistir.
Transfer 6grenimi uygulanan model, %94,3 dogruluk orani ile yliksek bir basar1 sergilemistir
(Mahmud vd., 2023). Calismamiz, Mahmud vd.'nin ¢aligsmalari cilt analizi ile birlestirerek daha
kapsaml1 bir teshis yontemi gelistirmeyi hedeflemektedir.

Zhang vd.'nin ¢aligmasi, yliz goriintiileri lizerinden anemi teshisini gerceklestiren bir yontem
gelistirmistir. Acil servis hastalarindan alinan 1.200 yiiz goriintiisii tizerinde YOLO (You Only
Look Once) algoritmas1 kullanilmis ve yiiz bolgeleri segmentlere ayrilmistir. Bu segmentler,
goz alt1 bolgesi ve yanak gibi vaskiiler yogunlugun yiiksek oldugu alanlar1 igermektedir. Her
segment tizerinde renk analizi yapilarak anemi belirtecleriyle iliskilendirilen cilt solgunlugu
degerlendirildi. Calisma, %84 dogruluk orani ile umut verici sonuglar ortaya koymus ve yiiz
analizi ile anemi teshisinin etkili bir yontem olabilecegini gostermistir (Zhang vd., 2022).
Calismamiz, Zhang vd.'nin segmentasyon ve renk analizi yOntemlerini dudak analiziyle
birlestirerek biyobelirteclerin kapsamini genisletmeyi amaglamaktadir. Gorsel 2 ve Cizelge
1’de calismayla ilgili ilgili veriler verilmistir.
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Step2: Face Detection Step3: Anemia Prediction

FIGURE 1
Procedure of anemia prediction.

Gorsel 2. Anemi Tahmin Proseduiri, 2022

Cizelge 1. Gelistirilen Modelin Basari Orani Karsilastiriimasi, 2022

Prediction model Doctor 1 Doctor 2
Accuracy 82.37% 55.23% 51.46%
Sensitivity 92.59% 66.61% 63.20%
Specificity 69.23% 37.50% 32.51%

Ding vd.'nin ¢alismasi, yiiz ve dil goriintiilerini analiz eden bir mobil uygulama gelistirmistir.
150.000 yiiz ve dil goriintiilerinden olusan veriseti ile segmentasyon asamasinda, GrabCut
algoritmasi kullanilmis ve yiiz ile dil bolgeleri otomatik olarak ayrilmistir. Renk analizi, dilin
ve yiiziin parlaklik, doygunluk ve kirmizi degerlerini temel alarak yapilmis; bu degerlerin
metabolik rahatsizliklar ve anemi gibi saglik durumlaryla iliskili oldugu belirtilmistir. Bu
calisma, modern goriintii isleme algoritmalarini geleneksel saglik yontemleriyle birlestirerek
%86,89 dogruluk orani elde etmistir (Ding vd., 2019). Calismamiz, bu ¢alismadan esinlenerek
dudak ve yiiz bolgesi analizini bir araya getiren bir yontem gelistirmeyi hedeflemektedir. Gorsel

3 gelistirilen araytizii gostermektedir.

1.Do you feel tired easily?

Face

2
| /- Inspection

Ayes

B.no

Tongue
Inspection

Inquiry

Gorsel 3. Gelistirilen Mobil Arayliz, 2019
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Li vd.'nin ¢alismasi, Geleneksel Cin Tibb1 (GCT) yontemlerini bilgisayar destekli modellerle
birlestirerek yiiz boliitleme algoritmalarini gelistirmistir. Calismada TCMINet adli bir hibrit
sinir ag1 modeli kullanilmis ve yiiz bolgesindeki doku ve renk analizi detayli bir sekilde
gerceklestirilmistir. Model, yiiz bdlgelerinin semantik segmentasyonu i¢in U-Net tabanli bir
yaklagimi uygulamis ve cilt tonlarinin sagliktaki etkisini 6l¢gmek i¢in ¢ok kanalli renk analizi
yapmustir. Calismanin dogruluk orani1 %88 olarak rapor edilmistir. Bu yontem, yiiz bolgesi
analizinde hassasiyeti artirmak adina 6nemli bir katki sunmus olup, ¢alismamizda kullanilan
yiliz segmentasyonu yontemlerinin iyilestirilmesine zemin hazirlamaktadir (Li vd., 2020).

Type ID Description  Type D Description
Tongue DR Deep Red. Lips DER  Deep Red.
substance LR Light Red. Color LIR  Light Red.
Color P Purple. PU Purple.

R Red. RED Red.
Tongue w White. Eyes o Open.
Coating Y Yellow. state HO  Half Open.
Color G Gray. CL Closed.
Mouth op Open. Face YES  Yes.
state HOP  Half Open. Gloss L Little.

CLO Closed. N NO.
Non-target H Hair. Face WH  White.
Interference T Teeth. Color YE Yellow.

S Saliva. BL Black.

B Bread. RE Red.

I Inner Tissues C Cyan.

of the Mouth.

Rotation RO Roll

PI Pitch

YA Yaw

Gorsel 4. Goriintii niteliklerinin listesi ve ilgili agiklama

Gorsel 5. Her etiketin altta oldugu tipik cilt tonu (renk ve parlaklik) kareleri. (a) Bes tipik yiiz rengi.
(b) Ug yiiz parlaklik derecesi. (c) Bes tipik dudak rengi. (d) Bes tipik dil maddesi rengi. (e) Ug tipik dil
kaplama rengi.
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®

Gorsel 6. Yiiz Tibbi Segmentasyon Y dntemleri

Bu calismalar, geleneksel tip yontemleri ile goriintii isleme ve derin 6grenme algoritmani
birlestirerek nasil saglik durumlarimin  degerlendirilmesinde kullanilacagin1  ortaya
konulmaktadir.

YONTEM

Calismamizda, dudak ve yiiz segmentasyonu icin derin 6grenme ve geleneksel goriintii isleme
tekniklerinden faydalanilmistir. Siireg, goriintiilerin yeniden boyutlandirilmasi, veri artirma,
maske diizenleme, segmentasyon ve cilt tonu analizi gibi birden fazla adimdan olugsmaktadir.

Kullanilan Veri Setleri ve Etiketleme Siireci

Calismada etik kurul onay1 alinamadi8i i¢in 6zgiin bir veri seti olusturulamamistir. Bunun
yerine, literatiirde yaygin olarak kullanilan mevcut veri setleri se¢ilmis ve calisma
gereksinimlerine gore islenmistir. Toplamda 1000 fotograftan olusan bir veri seti
olusturulmustur.

Secilen Veri Setleri

Yiiz ve dudak analizi i¢in nétr ifadeler, makyajsiz yiizler ve asir1 1sik/parlama olmayan
goriintiiler secilmistir. Bu segimler, dudak ve cilt tonunun dogru bir sekilde analiz edilmesi i¢in
onemlidir.

Chicago Face Database; Notr ifadeye sahip, makyajsiz ve dogal 151k altinda ¢ekilmis yiiz
goriintlilerinden olusmaktadir [28].

London Database ve MR2 Face Dataset; Farkli etnik gruplara ve cilt tonlarina sahip yiiz
gorintiilerini igerir [29,30].

Faces Database; Isik ve gélge etkisinin minimum oldugu nétr yiiz goriintiileri saglamaktadir
[31].
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Gorsel 7. Ornek veri seti goriintiileri
Etiketleme Siireci

Yiiz ve dudak bolgelerinin tespiti i¢in ilk yontem olarak, MediaPipe ile gerceklestirilmis ve
segmentasyon maskeleri olusturulmustur. Sonrasinda MediaPipe ile tespit edilen dudak
bolgelerinin piksel bazli tespit dogrulugunu artirmak icin, U-Net modeli kullanilmigtir.

background background hair

background background background

Gorsel 8. Etiketli veri 6rnegi

Etiketleme islemi, dudak ve yiiz bdlgelerinin baskin renklerini belirlemek amaciyla
gerceklestirilmistir. Ozellikle dudak rengindeki kirmizi tonlar ve cilt solgunlugu iizerinde
durulmustur.

Goriintiilerin On Isleme Adimlar

Goriintlilerin  analiz 6ncesinde normalize edilmesi, yeniden boyutlandirilmasi ve maske
diizenlemeleri gerceklestirilmistir:

Boyutlandirma; Goriintiiler 128x128 piksel boyutuna getirilerek sabit bir giris boyutu
saglanmistir (OpenCV resize() veya TensorFlow image.resize() metodlar1 kullanilmaistir).
Normalizasyon; Piksel degerleri [0-1] araligina 6l¢eklendirilerek modelin daha etkili bir sekilde
O0grenmesi saglanmistir.

Maske Diizenleme; Segmentasyon maskeleri belirli siniflara ayrilmis (6r. yiiz, dudak, goz gibi)
ve gereksiz pikseller temizlenmistir.

Bu adimlar, veri tutarlilig1 ve model performansini artirmak i¢in kritik bir rol oynamaktadir.
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Veri Artirma

Goriintiilerin cesitliligini artirmak modelin farkli agilar, 1siklandirmalar ve renk degisimlerine
karsi daha dayanikli olmasini saglamak amaciyla veri artirma islemleri uygulanmigtir. Kullanilan
yontemler sunlardir:

Random Horizontal Flip: Goriintiiler %50 olasilikla yatay olarak ¢evrilmistir, boylece modelin
simetrik varyasyonlara kars1 dayanikliligi artirilmistir.

Random Rotation: Goriintiilere +15° arasi rastgele doniis uygulamasi yapilmistir.

Color Jitter: Renk kontrasti1 ve parlaklik ayarlari rastgele degistirilerek daha fazla veri gesitliligi
saglanmustir.

Bu yontemlerle, modelin farkli goriintiilleme kosullarina dayanikliligi artirilmagtir.

r'_

Gorsel 9. Veri artirma 6rnegi

Segmentasyon

Calismada, segmentasyon islemleri i¢cin U-Net mimarisi kullanilmistir. U-Net, 6zellikle
biyomedikal goriintii isleme alaninda yaygin olarak kullanilan, yiiksek dogruluk oranina sahip
bir derin 6grenme modelidir (Ahmad & Alqurashi, 2024; Ronneberger vd., 2015). Ozellikle
tibbi goriintii segmentasyonu, organ veya doku belirleme gibi alanlarda tercih edilmesinin
sebebi, az veriyle etkili 6grenme saglayabilmesi ve detay kaybinit minimize eden "skip
connection" mekanizmasina sahip olmasidir (Ronneberger vd., 2015). Bu modelin esnek yapist,
kiiclik boyutlu veri setleriyle calismaya olanak tanirken, 6zellikle tibbi goriintii analizinde kritik
olan hassas segmentasyon siireglerinde basarili sonuglar vermektedir (Ronneberger vd., 2015).
Bu caligmada, U-Net asagidaki 6zelliklerle uygulanmistir:

Encoder Asamasi: Konvoliisyonel katmanlar ile goriintiiden anlamli 6zellikler ¢ikarilmis ve
boyutlar kiigtiltiilmiistiir (Mahmud vd., 2023; Ronneberger vd., 2015).

Decoder Asamasi: Daha sonra, segmentasyon maskesi olusturulurken boyutlar tekrar
biiyiitiilmiis ve detay kayiplari 6nlenmistir (Mahmud vd., 2023; Ronneberger vd., 2015).

Skip Connections: Encoder ve decoder arasinda baglantilar saglanarak, detay kaybi dnlenmis
ve segmentasyon kalitesi artirilmistir (Mahmud vd., 2023; Ronneberger vd., 2015).

Bu siire¢ sonucunda, dudak, yiiz ve goz gibi bolgeler basarili bir sekilde ayristirilmastir.
Segmentasyon isleminin dogrulugunu artirmak i¢in 6n isleme ve veri artirma teknikleri de
kullanilmistir (Mahmud vd., 2023; Ronneberger vd., 2015). U-Net'in esnek yapisi, ¢alismada
kullanilan veri setinin smirli olmasi durumunda bile yiiksek dogruluk oranina ulagsmayi
miimkiin kilmistir. U-Net ile dudak, yiiz, g6z gibi bolgeler ayristirilmistir.
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Cilt Tonu ve Dudak Analizi

Segmentasyon sonrasi, yiiz ve dudak bolgeleri i¢in renk analizleri gergeklestirilmistir:
Cilt Tonu Analizi: Yiiz maskesinde yer alan piksellerin ortalama RGB (RedGreenBlue)
degerleri hesaplanmustir.

Dudak Analizi: Dudak maskesinde kirmizi, mavi ve yesil (RGB) renk yogunluklari
incelenmistir.

2.004 — Train Loss
Validation Loss
1754
1.501
1251
1.00 4
0.75 4
0.50 4
—

0.25

0.0 2.5 5.0 75 10.0 12.5 15.0 17.5

Gorsel 10. Gelistirilen u-net modelinin kayip fonksiyon grafigi

filename face id wkin_tone tone label sccurscy dominast colors doeninunt_colons percent wvy ip_color wvy_lip_color_hex dominent ip_colors hex dominant_ipcolor_ percentuges
378_wmage_on.peg 1 WBEAMTE C7 8078 #BDBDBD, ATSTSTS | 058, 0.42 1498912 54.2028, 7O 8862  #21364! ['WO10101 , ‘4484178, 'WIT7abs] (44 379099399060008, 33.98, 21,64
124 smage_onjpeg | 1 SBEM7E C7 8109  4BTB7E7, 8797079 050,050 |65.8956 46.365, 78.1432]  #2cZode ['4000000 . *461600¢", ¥3cABr|  (42.3, 20.3600000C0000003, 28.34]
€52 image_onipg | 1 WBEAOTE CT $134  WARAAAA ATSTSTS | 056,044 [76.7892. 72,5324, 91,1906 Mcadsb [#646351, ‘AD10101", #87819¢"] (38.18, 35.5, 26.32)

8 kmage_onjpeg | 1 4BEMTE C7 241 #BCBCEC, #C7CTCT  0.55,045 (733086, 74.0202, 108.6436] 4494050 ['#010102 ., ‘491920c", ‘WS3558] (394, 35.78. 24.82

758 knage_onlpg 1 WBEAOTE  ©7 B1S6  ACICICT, ABABABA | 054,046 160137, 0006, 1151841 M54c7Y ['#000001 , ‘NSTEI0w', ‘#8380 [36.94, 34,68, 29.38]
Pory— 1 eBENOTE CF wr #B5BSES, NBOBOBO 054,048 1611658 65,7002, 111.8196)  #3c410¢ ['W825081 , 'ACO010Y', ‘W74Tocd] [37.16, 36,64, 28.6)
929_image_onjpey | 1 AFIDADS €10 8365 WATAIAL NDTOTO7 | 069,031 1605394, 65,1348, 104.277]  #3c4108 ['#Bo760b', 'WODDOOY', 'ASE4DES"| (474, 41,42, 1118
430_imege_onipg | 1V oeBENOZE 7 8255 WI0R0P0, OADADA | 084,010 1517482, 55,7400, 96.77M] #3366 ['WO00D00 . “Ndebatic’, ‘WE7TTDB]  (42.76, 30,95, 26.88]

485 image_onjpg 1 mBENTE O MBS ADOBADS, ATATITY | 0.58,042 161.0438 63,7034, 100.8122) MIcd ['4000000 . ‘NGI06EY, ‘40001657 [46.02, 20,24, 24.740000000000002|

Gorsel 11. Ornek dudak rengi ve cilt rengi analiz sonuglart

Bu analizler hem cilt solgunlugu hem de dudak renginden anemi teshisi yapilmasi i¢in gerekli
verilere temel olusturmaktadir.

Cahsmanin Katkilar:

Bu yontemler, segmentasyon ve analiz siireclerinde dogrulugu artirmak i¢in optimize
edilmistir. Ozellikle U-Net mimarisi ve cilt analizi siirecleri, literatiirdeki ¢alismalara kiyasla
daha yiiksek dogruluk oranlar1 elde etmeyi hedeflemektedir. Ayrica, veri artirma ve maske
diizenleme adimlar1, modelin genel performansini giliglendirmektedir.

SONUC ve GELECEK CALISMALAR
Sonuc¢

Bu c¢alismada, anemi teshisine yonelik non-invaziv yontemler gelistirme amaciyla goriintii
isleme ve yapay zeka tabanli analizlere odaklanilmistir:
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Dudak Rengi Tespiti ve Saghk Durumu Analizi

MediaPipe Face Mapping ve U-Net mimarisi kullanilarak yiiz ve dudak bolgelerinin hassas bir
sekilde segmentasyonu gerceklestirilmistir. Bu siiregte, dudak renginin baskin tonlart ve cilt
solgunlugu gibi biyobelirtecler analiz edilmistir.

Anemi Teshisine Yonelik Algoritma Gelistirme Calismalar:

Anemi teshisine yonelik karar mekanizmasinin olusturulmasi i¢in planlamalar yapilmis,
mevcut veri setleri lizerinde renk analizi ve segmentasyon ¢aligmalari tamamlanmistir. Ancak,
klinik veriler ve hemoglobin degerleri ile modelin dogrulama stireci etik kurul onay1 sonrasinda
gerceklestirilecektir.

Gelecek Calismalar

Calismanin ilerleyen asamalarinda, mevcut yontemlerin gelistirilmesi ve yeni yaklasimlarin
entegrasyonu hedeflenmektedir:

Klinik Verilerle Model Egitimi ve Test Siireci: Hasta verilerinin ve hemoglobin dl¢timlerinin
dahil edilmesiyle, anemi teshis modeli klinik dogrulama siireclerinden gegirilecektir. Bu siireg,
algoritmanin gercek hasta verileri iizerinde performansini degerlendirmek i¢in kritik bir
adimdir.

Yiiz Haritalama ile Organ Sagligin1 Degerlendirme: Yiiz bolgelerindeki degisikliklerin organ
saglhigyla iligkilendirilmesine yonelik yapay zeka tabanli yaklagimlarin dogrulugu artirilacaktir.
Ozellikle cilt tonunun dolasim ve metabolizma ile iliskisi iizerine ¢alismalar genisletilecektir.

Diger Hastaliklarin Tespitine Yonelik Genisletme: Anemi teshis modeli, diyabet, kalp
hastaliklar1 ve vaskiiler rahatsizliklar gibi diger hastaliklarin teshisine yonelik genisletilecektir.
Bu, yontemin genel saglik analizi aract olarak kullanilmasini saglayabilir.

GENEL DEGERLENDIRME ve SONUCLAR

Bu calisma, saglik sektdriine yenilikei, hizli ve erisilebilir ¢oziimler sunmay1 amaglamaktadir:
Hizl1, Ekonomik ve Non-invaziv Teshis Yontemleri: Gelistirilen yontemlerin diisiik maliyetli,
hizli ve kolay uygulanabilir olmasi, Ozellikle saglik hizmetlerine erisimin sinirli oldugu
bolgelerde biiyiik bir katki saglayacaktir.

Klinik Uygulamalara Entegrasyon: Gelistirilen modelin klinik testlerden gegirilerek hastaneler
ve saglik merkezlerinde uygulanabilir hale getirilmesi hedeflenmektedir. Bu siirecte, modelin

genis Olgekli dogrulama testleri yapilacaktir.

Gelencksel ve Modern Yaklasimlarin Entegrasyonu: Geleneksel tip yontemlerinin modern
yapay zeka ¢oziimleriyle birlestirildigi bir sistemin yayginlastirilmasi hedeflenmektedir. Bu,
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sadece anemi teshisinde degil, bir¢ok hastaligin non-invaziv tespiti i¢in uygulanabilir bir altyap1
sunacaktir.
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OZET

Her yil diinyada 1.3 milyon insan trafik kazalarinda hayatim kaybetmektedir. Ote yandan
iilkelerin gelir seviyesi yiikseldikce, kisisel ara¢ kullanimi1 da artmaktadir. Bu da dogal bigimde
trafik yogunlugunun ve de trafik kaza riskinin artmasina neden olmaktadir. Dolayisiyla yol
giivenligi konusu siirekli caba gerektiren bir risk unsuru olarak karsimiza ¢ikmakta ve yol
giivenligi ulusal bir sorun haline gelmektedir. Bu baglamda 2024 temmuz ayinin 2.¢eyreginde
GSR II (Genel Giivenlik Regiilasyonu) regiilasyonunda araglarin standart donanimlarina g¢esitli
giivenlik paketlerini dahil ederek tiretim yapilmasint zorunlu kilan ve araglarin daha giivenli
hale gelmesinin amaglayan diizenleme getirilmektedir. Ulkemizde bu diizenlemeye temmuz
aymda gecilmektedir. Bu regiilasyon kapsaminda aragta bulunmasi zorunlulukta olan DDAW,
MOIS, BSIS, ISA, RVSR sistemlerdir. Bu ¢alismada DDAW siiriicii dalginlik ve dikkat uyar1
sisteminin araca uygulanmasini ve sistemin bize kazandirdiklari iizerinde durulmaktadir.
DDAW sisteminde bulunan kamera ile siirlicii davraniglar1 algilanarak gerekli gordiigii
seviyede uyar1 vermektedir. Kamera bloke edilmesi, kameranin hata vermesi, esneme ve
uyuklama halleri i¢in siiriicliyli uyarmaktadir. Her uyari i¢in taniml farkli ses kodlar1 bulunup
kamera lizerinde bulunan hoparlor alinan uyari tipine gore siiriiciiniin dikkatini farkli ses
bildirimleriyle ¢ekmektedir. Arag¢ iizerinde yapilan test uygulamasinda her kosulda calisir
oldugunu gozlemlemek i¢in giindiiz ve gece olarak test yapilmaktadir. Uyku durumu stiriicliniin
goz kapagimin kapali kalma stiresine bagli olarak, bas hareketi yola bakmama durumu bagin
egimil 5°C gegtiginde, esneme hali siirliciiniin agzinin agilma derecesi ve siiresine bagli olarak
stirticliyli ikaz etmektedir, ikaz i¢in aracin 70km/s hiza ulagsmas1 gerekmektedir.

Kazalarin en biiylik sebebi siirlicii kaynakli olmaktadir, toplu tagima araclarinda siiriiciilerin
uzun mesai ¢alisma saatleri, siirekli ayni1 glizergahi kullanmalar1 dalginliga ve dikkatsizlige
sebebiyet vermektedir, bu uygulama ile bu olusabilecek kazalarin ve maddi kayiplarin azalmasi
ongoriilmektedir.

Anahtar Kelimeler: DDAW, yol giivenligi, siiriicii kaynakli kazalar.
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1. GIRIS

Ulkemizde 2023 yilinda 6liimlii yaralanmali trafik kazasina neden olan toplam 281 bin 54
kusura bakildiginda kusurlarin %88,9'unun siiriicii, %9,0'min yaya, %1,1'inin tasit, %0,6'sinin
yolcu ve %0,3"linlin yol kaynakli oldugu goriilmektedir. [5] Siiriicii uyusuklugu, tiim yol
kazalarinin tahmini %20'sine katkida bulunmaktadir.

Avrupa Komisyonu, 2050 yilina kadar Avrupa yollarinda sifir 6liim ve ciddi yaralanma hedefi
olan vizyon sifira ulagma yolunda bir dizi trafik giivenligi yonetmeligi yayinladi [1]. 2022 y1lina
kadar yeni otomobiller, minibiisler, kamyonlar ve otobiisler i¢in zorunlu olacak gelismis
giivenlik 6zelliklerinden biri de siirticii uyusuklugu ve dikkat uyar1 (DDAW) sistemleridir.
DDAW sistemleri siiriicliniin uyusukluk seviyesini izler ve uyusukluk seviyesi belirli bir esigin
lizerine ¢ikarsa siirliciiyli uyarir. Motorlu tasitlar i¢in tip onayr gerekliliklerine iliskin AB
yonetmeligi 2019/2144'i tamamlayan C/2021/2639 sayili AB delege yonetmeligi, yeni tipler
icin 6 Temmuz 2022'den ve tiim yeni araglar i¢in 7 Temmuz 2024'ten itibaren araglarin DDAW
sistemleri ile donatilmasini zorunlu kilmaktadir. [2]

Bu bildiride toplu tagima araglarinda DDAW sisteminin uygulanmasi ve c¢evreye katkilari
incelenecektir. Toplu tagima siiriiciilerinde, 6zellikle uzun siire siiriis yapanlar, cesitli faktorler
nedeniyle yorgun siiriise maruz kalmaktadir. Bunlara zaman baskisi, ayn1 glizergahin tekrar
etmesi, uzun ¢alisma saatleri, doniistimlii vardiyalar ve yetersiz uyku dahildir. Bu durumlar
soforiin dalginliga ve uyuklama haline siiriiklemektedir. Diinyadaki tiim o6liimciil trafik
kazalarinin yaklasik %?20'si siiriiclilerin yorgun ara¢ kullanmasindan kaynaklanmaktadir.
Kurulan sistem ile bu durumlarda siirlicii uyarilarak kazalarin onlenmesi planlanmaktadir.
Avrupa Komisyonu, DDAW'n diger zorunlu giivenlik 6zellikleriyle birlikte 2038 yilina kadar
25.000'den fazla hayat kurtaracagini tahmin etmektedir. [1]

2. DDAW (Driver Drowsiness and Attention Warning)

DDAW Driver Drowsiness and Attention Warning Tiirkce a¢ilimu siiriicli yorgunluk ve dikkat
kaybidir. Siiriiciilerin yorgunluk ve dikkat kaybi gibi tehlikeli durumlart algilayarak onlar
uyarmaktadir. Yiz oOzellikleri, bir ortamda insanlar tarafindan gerceklestirilen aktiviteleri
tanimlamay1 amaglar. Bir DDAW ise yiiz 6zellikleri, siiriictiniin uykulu olup olmadigini tahmin
etmek i¢in kullanilabilen siiriiciiniin ifadesini igerir.

Siiriictilerin uyusukluk ve uyku hallerini erken asamada tespit etmek ic¢in ¢esitli bulgular
degerlendirilmektedir. Birinci olarak, siiriiciiniin yiiz ifadeleri ve bas hareketlerini analiz
edebilmek i¢in kullanilan goriintii tabanli kameral1 sistemler, ikincisi, siirlicliniin biyolojik
faaliyetlerinin (EKG, EMG) sensorlerle izlendigi biyolojik tabanli sistem, ligiinciisii ise ara¢
davraniglarinin takip edildigi ara¢ tabanli sistemler ve son olarak birden fazla uyusukluk
algilama sisteminin birlikte kullanilabilen hibrit tabanli sistemlerdir [6]. Bu bildiride kamera ile
stiriciiniin yorgunluk ve dikkat kayb1 uyarma sistemi iizerinde durulmustur.
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Gorsel 1. DDAW Sistem Tespit Tiirleri

Genel olarak uyusukluk, siiriiciiniin uykuya yakin bir durumda oldugu bir durumdur. Basin bir
tarafa egilmesi, arkaya egilmesi veya birka¢ saniye hareketsiz kalmasiyla tanimlanabilir.
Ayrica, uyku halinin derecesi goz hareketleriyle de belirlenebilir. Uyusukluktan 6nce, goz
bebegi hareketi, goz kirpma sikliginda azalma veya esneme durumu gézlemlenmeyebilir [3].
Siirticli asagidaki bazi belirtileri gostermeden aniden uykulu hale gelemez [8].

Gozleri acik tutmada zorluk,
Esneme,

Sik sik g6z kirma,
Konsantrasyon zorlugu,

Seritten ¢ikma ve trafige ge¢ yanit verme,

YV V.V V V V

Basin sallanmasi,

Yukaridaki maddelerdeki bulgularin analizleriyle siiriicii yorgunluk, uyusukluk ve dikkatleri
cesitli sistemlerle Olciilerek tespit edilmektedir. DDAW sistemlerinde goriintii tabanli sistemler
esneme, goz kirpma, bas hareketleri ve goz kapatma gibi uykulu hal ile iligkili 6zellikleri analiz
ettigi icin dogruluk pay1 yliksektir. Ayrica stiriicii lizerine giyilebilen ya da takilan herhangi bir
sensOr igermediginden daha basit ve pratik bir sistemdir. Sistem aracin 70km/s hizina
eristiginde devreye alinmaktadir.

DDAW sisteminin amact siiriicii yorgunlugunu algilamak, dikkat kaybini tespit etmek,
kameray1 bloke edilme durumunu algilamak ve kamera hata verdigini tespit etmektedir. Bu
dogrultuda getirilen kazanimlar kazalarin 6nlenmesini ve siirlis performansinin iyilestirilmesi
olmaktadir.
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DDAW sisteminde siiriicii inceleyen bir kamera ve kameradan gelen verileri isleyen bir ECU
bulunmaktadir. Kamera siirliciiniin g6z ve bas hareketlerini gorebilecek ve siiriicii degisikligi
oldugunda hala gz ve bas hizasinda inceleme yapilacak konumda olmalidir. Kameranin
giindiiz ve gece i¢in ayn1 duyarlilikta ¢alismas1 gerekmektedir.

DDAW sistemi siiriiciiniin durumunu kamera ve sensorlerle algilamaktadir. Kamera siiriicliniin
dalginlik ve uyku durumunu goz hareketleri ve géz kapama siiresi, durumlarina goére analiz
etmektedir. Kamera zaman serisi analizi ile goz hareketleri ve diger davranigsal 6zellikleri
zamana gore degisimini incelemektedir.

Dikkatsizlik durumunda goziin kirpma sayisin1 ve bas hareketini incelemektedir. Basin yola
yani kameraya doniik olmamasi1 ve goziin belirlenen sayidan fazla kirpma islemi yapmasi
sistemin uyar1 vermesine sebep olmaktadir.

HAYIR

AGZIN DURUMU GECEN SURENIN |
SAYIMI ]
KAMERADAN |
POZIYONUNU |
GORUNTU ALMA YOZON TespITH BA$IN DURUSU B”’s FLEVIN —, SINIFLANDIRMA

GOZLERIN DURUMU | GEGEN SRENIN _I
B SRV o]

Gorsel 2. DDAW Sisteminin Algoritma Blok Diyagram

Yiiz 6zelliklerini kullanarak goriintii/video tabanli yorgunluk tespiti, yiiz tanima, goz tespiti ve
ylz, goz, agiz vb. ‘den c¢ikarilan Ozelliklerin birlesimi gibi popiiler hale gelmistir. Bu
yaklagimlarin ¢cogunda, oncelikle ilgi alan1 disindaki gereksiz bilgileri kaldirmak i¢in giris
goriintlistinii 1yilestirmek tizere bir yiiz/gdz/ag1z bolgesi tespit tapilir. Bolge tespitini izleyen bir
sonraki adim, goz acgik/kapali/bakis, agiz acik/kapali, yiiziin biikiilmiis olup olmamasi gibi
yorgunlukla ilgili goriiniir 6zellikleri ¢ikarmaktir. Daha sonra, ¢ikarilan 6zelliklerin ortak
analizi gergeklestirilir. Ornegin, bir siiriiciiniin gz bebeginin iizerindeki géz kapag1 kapanma
yiizdesi (PERCLOS) %80'den biiyiikse, belirli esik/ylizde kisiden kisiye ve giin i¢cinde farkl
zamanlarda degisebilmesine ragmen, onun uykulu olduguna dair gii¢lii bir gostergedir. Bu
durumda, siirekli izleme ile sistem siiriicliniin normalden daha sik esnedigini tespit ederse, onun
uykulu olma olasilig1 yiiksektir ve bdylece bir uyari tetiklenebilir. [9]

Video tabanli sistemler, siirlicii yorgunlugunu tespit etmek i¢in en pratik ve kullanici dostu
yaklagimdir ve potansiyel dogruluk agisindan oldukca {imit vericidir. Ancak gelecekteki
otonom araglara uygulanmasinda, kamera yerlesimi, kamera sayis1 ve siiriicliniin pozisyonunun
disinda olmasi veya kameralarin siiriiciiniin yiiziinii gérmesini engelleyen gorevlerle mesgul
olmas1 nedeniyle uyku hali tespit algoritmalarinda uyarlamalara ihtiya¢ duyulabilir. [4] Ayrica
g6z ve agiz hareketlerinin analizini etkileyebilecek giines gozliigii sakal, biyik veya farkl cilt
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renkleri gibi etkenlerin varligi bu sistemin karsilastig1 zorluklardandir. Bu etkenler kameradan
alan goriintliniin islendikten sonra dogruluk payin1 azaltabilir.

3.DDAW Sisteminin Toplu Tasima Aracina Uygulanmasi

DDAW sistemi 12 metre dizel ¢ift katli bir otobiise uygulanmaktadir.

Gorsel 3. AKIA Cift Kath Otobiis

>
T
-

Gorsel 4. DAW Kaméras1 .

DDAW kamerasi kilo ve boy olarak 2 farkli sofor tizerinden referans alinarak aracin 6n kismina
konumlandirildi. Kullanilan sistemde kablo boyu standart oldugundan aracin ulasilabilirligi
mimkiin olan yere ECU sabitlendi. Kamera, siiriiciiniin goriisiinii engellemeyecek sekilde
siiriicliden belli bir mesafeye yerlestirilmistir.
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KAMERA

Gorsel 5. Sistemin Baglant1 Diyagram

Sekilde sistemin baglanti diyagrami goriilmektedir. Sistemin kontrolciisiine besleme ve arag
CAN hatt1 baglanmaktadir.

Sistemde kameradan alinan bilgiler ECU {izerinden anlamlandirilip uyar1 sinyali vermektedir.
Kamera siiriiciniin dalginlik ve uyku durumunu go6z hareketleri, géz kapama siiresi, bas
pozisyonu ve bas hareketleri durumlarina gore analiz etmektedir. Kamera zaman serisi analizi
ile goz hareketleri, bag pozisyonu ve diger davranissal 6zellikleri zamana gore degisimini
incelemektedir.

3.1 CAN Mimarisi

Toplu tasima aragta DDAW sistemi uygulanirken SAE J1939 standardina gore elektronik
haberlesme olmasi gerekmektedir. J1939 ECU’ler arasi iletisim i¢in standartlagtirilmis bir
yontemdir, boylece aracgta bulunan tiim cihazlarin ayni dilden konusup paylasim yapilmasi
saglanmaktadir. Araca eklenen DDAW sistemi aracin hizin1 bu veri yolu ile 6grenmektedir.
Ayni sekilde tespit ettigi uyarilar1 bu veri yolu ile paylagsmaktadir.

3.1.1 CAN Mesajlar

Sistem kapali bir devre iginde siirekli olarak verileri isleyip ve kaydetmektedir. Verileri
CANBus iizerinden yaymaktadir. Uyar1 sinyalleri kameradan ya da ara¢ ekranindan
yapilabilmektedir.

Uyari sinyalleri;

Uyuklama Uyarist (Drowsiness Warning)

Esneme Uyaris1 (Yawning Warning)

Kamera Bloke

e Kamera Error
Uyar1 Kosullari;

Seviye

Uyan Uyar1 Kosullar:

Uyuklama Siiriicti belirli bir siire gozlerini kapattiginda | 1.5sn | 2.5sn | 4sn | OFF
Esneme Siiriicti 1 dakika i¢inde iki kez esnediginde 1 2 3 OFF

Cizelge 1. Sistemin Verdigi Uyarilar ve Uyar1 Kosullari

217 |Page



BURSA 4th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
January 24 - 26, 2025- BURSA
ISBN: 978-625-5962-21-8

Uyuklama i¢in siiriiciiniin gozlerini kapatma siiresine gore yukarida verilen tabloya gore uyari
seviyeleri gosterilmektedir. Bu uyari seviyelerine gore sesli uyarinin ses seviyesi artmaktadir.
Esneme i¢in siiriiciiniin 1 dk esneme sayisina gore uyari seviyelerin ses seviyesi artmaktadir.
Her uyar1 durumunun farkli ses tonlar1 bulunmaktadir.

DDAW sistemi stiriicti tarafindan manuel olarak devre disi birakilmaz bu devre birakma
CANBus iizerinden yapilabilmektedir.

4. Test ve Analizi

Aragta ara¢ hiz1 70km/s ulastiginda sistem devreye girmektedir. Sistemin calismasi1 gece ve
giindiiz test edilmistir. Herhangi bir veri kayb1 yasanmamustir.

Stiriiciinlin g6z kapaklart minimum %80 oraninda kapaliysa 2 saniye gectikten sonra kamera
iizerinden bir uyar1 sesi gelmektedir. Siiriicii esniyorsa kameradan, goéziin kapali oldugu
durumdakinden farkli bir uyar1 sesi gelmektedir. Eger bir sekilde kameranin gorisi
engellenirse bir siire sonra yukaridaki esneme ve goz kapanikligi durumundan farkli bir ses
duyulmaktadir.

Sistemde kullanilan kameralar hoparlorlii tercih edilmistir. Kameralar hoparlorsiiz olmast
durumunda uyar1 sesleri podyum iizerinden de verilebilmektedir. Sekil-6 test esnasinda bilingli
yapilan kameranin elle kapatilmasi, kamera enerjisini kesme, sik sik géz kapama ve esneme
yapilarak CAN kayd1 alinmaktadir.

(] Camera_Blocked

s IO
[ Orowsiness
|| Yawnng

Gorsel 6.CAN Kaydi Grafigi

Siirticli kameray1 eliyle kapattiginda ya da herhangi bir sekilde goriisiine engel oldugunda
gelen hatada pembe grafik ¢izilmektedir. ‘Camera_Error’ hatasi grafikte gdziikmemektedir.
Test esnasinda kameranin baglantis1 kesilmedigi icin CAN kaydinda bu hatay1
gormemekteyiz. Drowsiness (uyusukluk) uyarisinda yesil bir grafik ¢izilmektedir, burada
stiriicii gozlerini kapali tutugu belirli araliklarda grafik ¢izilmeye devam etmistir. Siiriicii
esnediginde ise kirmiziyla grafik ¢izilmistir. Tiim bu ayr1 bulgular tek bir grafikte
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gosterilmistir. Sesli ikazin yani sira ara¢ ekraninda siiriicliniin mola yapmasini ifade edecek
bir indikator ¢ikmaktadir. Sekil de kutucuk igerisinde gosterilmistir.

Kamera bloke uyarisi sistemin devreye girdigi hiz sinirmin altinda olsa bile uyariy1
vermektedir. CAN hattindaki baglant1 hatasinda ise DDAW yazili indikatér goriilmektedir.

i Gl eS| |
- i o
@ am

@
@

[ W i o

e ————————————————————————————
(VARE! ARKA DOMENLING SISTINS ARIZASE, YETWIL! SEMVISE SI08NEDY

Gorsel 7.Dashboard Uzerinde Hata ve Uyan Indikatérleri

5. Siiriicii Dalginhk ve Dikkat Uyarisi (DDAW) Sistemleri i¢cin Teknik Gereklilikler

5.1 Gizlilik ve Verilerin Korunmasi

DDAW sistemi, aragta bulunan kisilerin yiliz tanima gibi biyometrik verilerini kullanmadan
normal ¢alisma modunda iglev gosterir. Sistem, yalnizca gerekli verileri siirekli olarak kaydeder
ve saklar, boylece kapali ¢cevrim sistemi i¢inde ¢alismasi saglanir. Kisisel verilerin herhangi bir
sekilde islenmesi, 6698 sayil1 Kisisel Verilerin Korunmasi Kanunu'na uygun olarak yapilir.

5.2 DDAW Sistem Kontrolii

Siiriictiniin, DDAW sistemini manuel olarak devre disi birakmasi miimkiin degildir. Sistem,
iiretici tarafindan 6nceden belirlenmis bazi durumlarda otomatik olarak devre dis1 birakilir. Bu
tiir durumlar, 6rnegin siiriiciiniin uyarilart devre dist birakmasi gibi durumlari igerebilir. DDAW
sistemi, otomatik olarak devre dis1 birakilmasina neden olan sartlar ortadan kalktiginda,
otomatik olarak yeniden etkinlestirilir. DDAW sistemi, genellikle 65 km/saat ile 130 km/saat
arasindaki hizlarda veya aracin izin verilen azami hizinda (hangisi daha diisiikse) calisir. 130
km/saatin iizerindeki hizlarda DDAW sistemi otomatik olarak devre disi kalmaz (ancak
sistemin davranisi, azaltilmis bir moda uyarlanabilir)
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5.3 Cevresel Kosullar

DDAW sistemi gece ve giindiiz etkin bir sekilde ¢alisir. DDAW sistemi, sistemin ¢aligmasini
siirlayan hava kosullarinin olmadig1 durumlarda calisir. Asgari olarak sistem, giindiiz ve gece
kosullarinda test edilmelidir [10].

a) Giindiiz: ortam 1s181yla yayilan kosullar (ISO 15008: 2017);

b) b) Gece: Siiriiciiniin adaptasyon seviyesinin esas olarak yolun 6niindeki aracin kendi
farlar1 ve ¢evredeki sokak lambalarinin aydinlattigi alandan ve ekran ve gdsterge
parlakligindan etkilendigi diisiik ortam aydinlatmasi durumu (ISO 15008: 2017).

5.4 Uyan Niteligi

DDAW sistemi, siiriicliyli uyarmak amactyla kullanilan gorsel, sesli veya baska bir uyariyi,
tetikleyici davranisin hemen ardindan miimkiin olan en kisa siirede iletmelidir. Uyari, siiriicii
tarafindan algilanana kadar kademeli olarak siddetlendirilip artirilabilir. Gorsel uyari, giindiiz
ve gece kosullarinda siiriiciiniin kolayca gorebilecegi ve tantyabilecegi sekilde yerlestirilmeli,
ayrica diger uyarilardan ayirt edilebilecek bir formatta olmalidir. Gorsel uyarilar, sabit ya da
yanip sonen sembollerle sunulabilir (6rnegin, sabit bir bilgi mesaji veya agilir bir ileti gibi).
DDAW gorsel uyarilarmin tasariminda, ISO 2575:2010+A7:2017 K.21 velveya ISO
2575:2010+A7:2017 K.24 standartlarina uygun semboller ve tutarlilik saglanarak yeni
semboller kullanilmalidir. Sesli uyarilar, siiriiciiniin kolayca taniyabilecegi sekilde olmalidir ve
genellikle 200-8000 Hz frekans araliginda ve 50-90 dB genlik seviyesinde yer almalidir [10].
Eger sozli uyarilar da kullaniliyorsa, bu ifadelerin igerigi gorsel uyarilarda kullanilan metinle
tutarli olmalidir. Sesli uyari, siiriicliniin rahatca anlayabilecegi bir siire boyunca devam
etmelidir.

6. Siiriicii Dalginhk ve Dikkat Uyaris1i (DDAW) Sistemleri I¢in Test Prosediirleri ve
Performans Olgiitleri

DDAW sistemlerinin siirticiilerin dalginlik durumlarini dogru, giivenilir ve bilimsel olarak
gecerli bir sekilde izleyebilmesi i¢in dogrulama testlerinin yapilmasi gereklidir. Bu dogrulama
testi, insan katilimcilarla gergeklestirilmelidir. Alternatif olarak, dogrulama amaciyla kullanilan
veriler, insan katilimcilardan elde edilen davramis verilerine dayandirilabilir. Gergek yol
kosullarinda yapilan dogrulama testlerinde, siiriiciiniin dalgin oldugu durumlarda giivenlik
destegi devreye girmelidir, ¢iinkii dalgin siiriiciiler araci giivenli bir sekilde kontrol edemezler.
Giivenlik destegi miidahale ettiginde, siiriicliniin araci siirmeye devam etmesine izin verilmez
ve yedek siiriicii gibi bir strateji uygulanir. Simiilator testlerinde ise, simiilasyon ile gercek
diinya verileri karsilastirilmali ve dogrulama sonuglarinin gecgerliligi degerlendirilmelidir.
Dalginlik, KSS (Karmasik Siiriis Sistemi) kullanilarak 6l¢iiliir ve katilimcilar, DDAW sistemi
dogrulama testi oncesinde KSS hakkinda egitilmelidir. Egitim siireci tim katilimcilar i¢in
tutarlt olmali1 ve KSS seviyeleri etiketlenerek belgelenmelidir. Test sirasinda ol¢timler her 5
dakikada bir alinmal1 ve her bir 6l¢iim, dnceki 5 dakikay1 kapsamalidir. DDAW sisteminden
gelen uyarilar, test sirasinda katilimcinin durumunu etkilememesi i¢in sessize alinmalidir. Eger
DDAW uyarisi, katilimcinin KSS puani 7 veya daha yiiksekse, bu uyar gergek pozitif bir olay
olarak kabul edilir ve sonraki veri noktalar1 gecersiz sayilir [10]. Katilimer dinlendikten sonra
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test yeniden baslatildiginda, bu yeni veri seti olarak kabul edilir. Eger katilimcimin KSS
derecelendirmesi dalginlik esiginin altindaysa ve bir sonraki Slgiimde bu esik gegilmisse
(6rnegin 6-8 veya 7-8 arasinda), DDAW sistemi uyar1 verirse, bu uyar1 ger¢ek pozitif kabul
edilir ve test sonlandirilir. Eger uyari verilmezse ve test ekstra bir siireyle devam etmedikce, bu
yanlis negatif olarak kabul edilir. Ekstra test siiresinde katilimc1 dalginlik esigini asarsa ya da
0z degerlendirme sonucu esik degeri gegerse, okuma yanlis negatif sayilir. KSS 7 seviyesinde
bir degerlendirme yapildiginda, veri noktasi gercek negatif olarak kabul edilir ve aykir1 deger
olarak isaretlenir. KSS seviyesi 7'nin altinda bir degerlendirme yapildiginda ise, bu veri
noktalar1 glivenilmez kabul edilip hari¢ tutulur. Bu durumda katilimciya ek egitim verilmesi
onerilmektedir.

Bir DDAW sistemi, asagidaki kosullari sagliyorsa teknik servisler tarafindan etkili kabul edilir
[10]:

(a) Ortalama duyarlilik %40'in tizerinde olmali.

(b) Duyarlilik sonuglarinin %90 giiven araliginin alt sinir1 %20'nin {izerinde olmali, yani
katilimcilarin %95'1 %20'den fazla ortalama duyarliliga sahip olmali.

(c) Eger test 15 dakikadan kisa araliklarla yapilmazsa, duyarlilik gereksinimi %S5 artirilir
ve gliven araligi %2,5 artirilir.

(¢) Eger test acik bir yol lizerinde yapilirsa, duyarlilik gereksinimi %5, giiven aralig1 ise
%2,5 azaltilir.

Ornek olarak, acik yol testi igin gereken ortalama duyarlilik %35, simiilasyon testi i¢in ise %45
olmalidir [10].

DDAW (Siiriicii Dalginlik ve Dikkat Uyari) testlerinde, sistemin etkinligini ve dogrulugunu
degerlendirebilmek amaciyla cesitli istatistiksel metrikler kullanilarak performans 6l¢iim
hesaplamasi yapilir. Bu 6l¢iimler, DDAW sistemlerinin dogru uyar1 verip vermedigini ve
striiciiniin dalgmlik durumlarimi dogru sekilde tespit edip etmedigini belirlemek agisindan
biiyiik 6neme sahiptir. Test siiresi boyunca elde edilen her bir 6l¢iim, sistemin dogrulugunu
analiz etmek i¢in kullanilir. Gergek Pozitif (TP), Yanhs Pozitif (FP), Ger¢ek Negatif (TN) ve
Yanlis Negatif (FN) sonuglar1 kaydedilir. Pozitif durumlar, siiriicliniin dalgin oldugu halleri
ifade ederken, negatif durumlar siiriiciiniin dalgin olmadig1 durumlar: temsil eder

Burada:

N(TP), hem sistemin hem de siiriiciiniin dogru sekilde dalgin olarak tanimladig1 olaylarin toplam
sayisidir;

n(FN), sistemin siiriiciiniin dalgin olmadigin1 tahmin ettigi, ancak siiriiciiniin ger¢ekten dalgin
oldugu olaylarin toplam sayisidir;

n(FP), sistemin siiriiciiniin dalgin oldugunu tahmin ettigi, ancak siiriicliniin dalgin olmadig1
olaylarin toplam sayisidir;

n(TN), sistemin ve siirliclinlin her ikisinin de dogru sekilde dalgin degil olarak tanimladigi
olaylarin toplam sayisidir.

¥ tiim katilimcilarin toplamidir.
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Duyarhhik (Sensitivity)

Sistemin gergek pozitif durumlari dogru bir sekilde tespit etme oranidir. Yani, siiriiciiniin dalgin
oldugu durumlarda, sistemin dogru bir sekilde uyar1 verip vermedigini 6lger. Eger 100 dalginlik
vakasindan 90'1m1 dogru bir sekilde tespit ediyorsa, duyarlilik %90'dir.

n(TP)
napyenm < 100%

Duyarlilik =
Ozgiilliik (Specificity)

Ozgiilliik, sistemin gergek negatif durumlar1 dogru bir sekilde tanima oranidir. Yani, siiriicii
dalgin degilse ve sistem dogru sekilde uyar1 yapmiyorsa, 6zgiilliikk hesaplanir. Eger 100 uyanik
stirtictiden 95'ini dogru bir sekilde tespit ediyorsa, 6zgiilliik %95'ir.

A w111 n(TN)
Ozgulluk——n TR < 100%

Dogruluk (Accuracy)
Dogruluk, sistemin genel basarisini dl¢en bir metriktir. Hem dogru pozitif hem de dogru negatif

sonuglarin oranini ifade eder. Eger 200 testin 180'inde dogru sonug alindiysa, dogruluk %90'dir

n(TP)+n(TN) % 100%

Dogruluk_Zn(TN)+n(FP)+n(TP)+n(FN)

Kesinlik (Precision)

Kesinlik, sistemin verdigi uyarilarin ne kadarinin dogru oldugunu 6lger. Yani, sistemin verdigi
uyarilarin ne kadarinin gergek pozitif oldugunu gosterir. Eger sistem 100 uyar1 verdiyse ve
bunlardan 90" dogruysa, kesinlik %90'd1r.

R TI n(TP) 0
KeS|nI|k——n(TP)+n(FP) x 100%

F1 Skoru

F1 skoru, duyarlilik ve 6zgiilligiin dengeli bir kombinasyonudur ve her iki metrigin birden
diistiik oldugu durumlart dengelemek i¢in kullanilir. Duyarlilik %90 ve 6zgiilliik %85 ise, F1
skoru yaklasik %87,5 olur.

_ Duyarlilik xOzgiillik
F1 Skoru=2 x - x 1009
Skoru Duyarlilik+ Ozgullik 00%

Testler tamamlandiginda, tiim veriler toplanarak sistemin performansi detayli bir sekilde analiz
edilir. Bu asama, performans Ol¢limlerinin genel sonuglarini igerir ve elde edilen veriler
lizerinde istatistiksel bir analiz gergeklestirilir. Analiz siirecinde, tiim test verileri bir araya
getirilir ve performans metrikleri hesaplanir.

Ortalama duyarlilik (Sensitivity), 6zgiilliik (Specificity), dogruluk (Accuracy) gibi metrikler
hesaplanarak sistemin basarist degerlendirilir. Duyarlilik (Sensitivity) ve dzgiilliik (Specificity)
oranlari, dogru uyar1 verme oranlarin1 gosterirken, F1 Skoru ve kesinlik (Precision), sistemin
toplam basarisin1 6lgmek i¢in hesaplanir. DDAW sisteminin, gergek pozitif ve yanlis negatif
durumlar dogru sekilde ayirt etme kapasitesi de degerlendirilir.

Eger sistemin duyarliligi, 6zgiilliigii ve dogrulugu belirlenen esik degerlerinin altindaysa,
sistemin tasariminda veya algoritmalarinda iyilestirmeler yapilmas: gerekebilir. Test sirasinda
veri noktalar1 aykiriysa (6rnegin, sistem yanlis uyar1 verdiginde), bu veriler analiz edilir ve
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sistemin genel dogruluguna olan etkisi incelenir. Bu asama, sistemin giivenilirligini artirmak
adina kritik 6neme sahiptir.

7.Sonuclar ve Degerlendirme

7.1 Giivenlik ve Siiriis Konforu

Siirticii uyusukluk uyar sistemleri, siiriiciilerin ara¢ kullanirken yorgunluk, uykusuzluk veya
dikkat eksikligi nedeniyle tehlikeli bir sekilde ara¢ kullanmalarini engellemeye yonelik bir
teknolojidir. Toplu tasima ve agir ticari araglarin siiriicii bazli kaza orani trafikte bulunan diger
araclara gore daha fazladir. Toplu tasima araglarinda siirticli ve ¢ok fazla yolcu tehlike altin ve
kazalar ciddi sayida insan1 etkilemektedir. Araca ve ¢evreye gelen zarar da oldukc¢a fazladir.
Sistem siiriiciilerin giivenligini 6nemsemektedir. Verdigi sesli ve gorsel uyarilarla siiriiciiyii
uyarir, bu da kaza risklerini 6nemli dl¢lide azaltir. Uyarilar sayesinde siiriiclilerin dinlenmeleri
gerektigini fark etmeleri saglanir, bu da siiriis sirasinda daha az stresli ve daha konforlu bir
deneyim sunar. Siiriiciilerin uykusuz veya yorgun ara¢ kullanmalar1 diger siiriiciileri hatta
yayalar1 da riske attigindan DDAW sistemlerinin kullanilmasi trafik giivenligini artirmaktadir.

7.2 Maliyet ve Performans

12 metre dizel otobiislerde uyguladigimiz bu sistem, herhangi giyilebilen ya da siiriiciiniin
konforunu etkileyen bilesenler icermediginden kurulumu basittir. Bu da sistemi daha cazip hale
getirmektedir. Sadece siiriiciiniin goz hareketlerini veya bas pozisyonunu izlemek i¢in
kullanilan sistemdeki bu tiir kameralar genellikle daha ucuzdur ve sistemin maliyeti daha
diisiiktiir. Kamerali stiriicii uyusukluk uyar1 sistemlerinin dogruluk performansi, kullanilan
teknolojiye, sensorlere, yazilimlara ve algoritmalara bagli olarak degiskenlik gosterebilir.
Sistemlerin dogruluk performansi, siiriiciiniin davraniglarini dogru bir sekilde taniyabilme
yetenegine dayalidir. Kameral: siirlicii uyusukluk uyar1 sistemlerinin dogruluk performansi,
genellikle %80 ile %95 arasinda degisebilir. Kamerali sistemler, teknoloji gelistikge ve daha
fazla veri ile egitildik¢e daha dogru hale gelmektedir. Yapay zeka ve derin 6grenme teknikleri
sayesinde bu sistemler zamanla daha hassas hale gelmekte, siiriiciiniin yorgunluk seviyelerini
daha dogru bir sekilde tespit etmektedir. Ayrica bu sistemin, kazalar1 azaltarak yalnizca insan
hayatim1 korumakla kalmayip, ayn1 zamanda ekonomik kayiplar1 da en aza indirgemesi
beklenmektedir. Kazalar, hastane giderleri, ara¢ tamir masraflar1 ve sigorta 6demeleri gibi
cesitli mali yiikler olusturmaktadir.
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ABSTRACT

Clustering of enzyme sequences is a process to group enzymes with similar biological
functions. This process aims to understand the structural and functional properties of enzymes,
unravel biological processes and develop biotechnological applications. Clustering is done
based on similarities between sequences and ensures that enzymes with similar properties are
included in the same group. Machine learning plays a crucial role in clustering enzyme
sequences. During analysis of large biological data sets, machine learning techniques are used
to understand complex relationships, process high-dimensional data and create accurate
clusters. This study aims to group biological data and obtain meaningful clusters by using the
spectral clustering method to cluster enzyme sequences. In the clustering process, enzymes with
similar sequences are grouped and each group is meaningfully separated based on their
biological properties. Clustering results are further clarified with the K-means algorithm, and
the accuracy between the obtained clusters is objectively evaluated with success indices such
as Adjusted Rand Index (ARI) and Davies-Bouldin Index (DBI). This method ensures accurate
clustering of enzyme sequences and provides researchers with the opportunity to make more
reliable biological classifications by measuring the quality of clustering results. In conclusion,
this study highlights the potential of machine learning-based clustering methods in biological
data analysis and protein research.

Keywords: Enzyme sequences, Spectral clustering, Adjusted Rand Index, Davies-Bouldin
Index.

1. INTRODUCTION

Enzymes are biological molecules that catalyze chemical reactions in living organisms. They usually
have a protein structure and accelerate a certain chemical reaction, while remaining unchanged at the
end of the reaction. Enzymes play a critical role in regulating metabolic processes occurring in the
body. If the structure of enzymes is known and their various biological functions also are known [1].
Enzymes are generally classified according to their functions and the types of reactions they catalyze.
For example, some enzymes have more than one polypeptide chain, while others consist of a single
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chain The classification system of enzymes determined by IUBMB (International Union of
Biochemistry and Molecular Biology) divides enzymes into 6 main categories [1]:

e Oxidoreductases: Catalyze redox reactions.

e Transferases: Catalyze the transfer of a group from one molecule to another.

e Hydrolases: Break bonds by adding a water molecule.

e Lyases: Break chemical bonds without adding hydrogen or water.

e Isomerases: Catalyze the structural isomerization of molecules.

e Ligases: Form bonds between two molecules, often using ATP

This classification is important for understanding the functions of enzymes and determining which
biological processes they contribute to. Clustering enzymes allows them to be grouped based on similar
functions or structures [2]. In this way, it becomes easier to distinguish different classes of enzymes, to
group together enzymes with similar properties, and to study the functional roles of specific enzymes.
Such classifications and clusters provide the following advantages:
¢ Functional Meaning: Classifying enzymes helps understand which biochemical processes they
participate in.
e New Enzyme Discovery: Clustering offers a better understanding of known enzymes and
provides a model for the discovery of new enzymes.
e Biotechnological Applications: Correct classification of enzymes guides in deciding which
enzymes are used in biotechnological applications.
e Drug Design: Classification and clustering of enzymes play an important role in the design of
enzyme inhibitors to target specific diseases.
It offers powerful tools to provide data-intensive, fast and accurate results in bioinformatics fields such
as machine learning, enzyme classification and clustering. Although it does not completely replace
traditional experimental methods, when combined with these techniques, it provides more
comprehensive, efficient and reliable results. Machine learning techniques provide great advantages,
especially in analyzing large data sets, modeling complex relationships, and obtaining robust, rapid
results.
Enzyme clustering aims to separate enzymes into groups with similar properties [3]. Clustering is done
based on functional and structural similarities of enzymes [4-8].
Accurate clustering of enzymes in both the fields of basic biological research and applied
biotechnology can lead to significant advances and innovations. Spectral clustering techniques can be
applied with similarity matrices, especially those containing the properties of enzymes to cluster them.
This approach often uses eigenvalues and eigenvectors to determine the number of clusters. The
detailed explanations are given in the following section.
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Enzymes sequences from each class are retrieved from ENZYME database [9]. One sample of
enzyme sequence is illustrated in Fig. 1.

»sp|P@@561|AKIH_ECOLI Bifunctional aspartokinase/homoserine dehydrogenase 1 0S=Escherichia coli (strain K12) 0X=83333 GN=thrA PE=1 SV=2
MRVLKFGGTSVANAERFLRVADILESNARQGQVATYLSAPAKITNHLVAMIEKTISGODA
LPNISDAERIFAELLTGLAAAQPGFPLAQLKTFVDQEFAQIKHVLHGISLLGQCPDSINA
ALICRGEKMSIAIMAGVLEARGHNVTVIDPVEKLLAVGHYLESTVDIAESTRRIAASRIP
ADHMVLMAGF TAGNEKGE LVVLGRNGSDYSAAVLAACLRADCCEIWTDVDGVYTCDPRQV
PDARLLKSMSYQEAMELSYFGAKVLHPRTITPIAQFQIPCLIKNTGNPQAPGTLIGASRD
EDELPVKGISNLNMNMAMF SVSGPGMKGMVGMAARVFAAMSRARISVVLITQSSSEYSISF
CVPQSDCVRAERAMQEEFYLELKEGLLEPLAVTERLAIISVVGDGMRTLRGISAKFFAAL
ARAMINIVATAQGSSERSISVVVNNDDATTGVRVTHOMLFNTDQVIEVFVIGYGGYGGAL
LEQLKRQQSWLKNKHIDLRVCGYANSKAL LTNVHGLNLENWQEE LAQAKEPFNLGRLIRL
VKEYHLLNPVIVDCTSSQAVADQYADFLREGFHVVTPNKKANTSSMOYYHQLRYAAEKSR
RKFLYDTNVGAGLPYIENLQNLLMAGDE LHKFSGILSGSLSYIFGKLDEGMSFSEATTLA
REMGYTEPDPRODLSGMDVARKLLILARETGRELELADIEIEPYVLPAEFNAEGDVAAFMA
NLSQLDDLFAARVAKARDEGKVLRYVGNIDEDGVCRVKIAEVDGNDP LFKVKNGENALAF
YSHYYQPLPLYLRGYGAGNDVTAAGVFADLLRTLSWKLGY

Fig.1. A sample of enzyme sequence

Enzyme sequence is composed from 20 different kind of amino acid [1]. The presentation of
enzymes is illustrated in Fig. 2.

One-letter Code

Three-letter Code

Amino Acid Name

1 A Ala Alanine

2 C Cys Cysteine

3 D Asp Aspartic Acid
4 E Glu Glutamic Acid
5 F Phe Phenylalanine
6 G Gly Glycine

F§ H His Histidine

8 | lle Isoleucine

9 K Lys Lysine

10 L Leu Leucine

11 M Met Methionine
12 N Asn Asparagine
13 P Pro Proline

14 Q Gin Glutamine

15 R Arg Arginine

16 S Ser Serine

17 g Thr Threonine

18 \" Val Valine

19 w Trp Tryptophan
20 X Tyr Tyrosine

Fig. 2. The presentation of 20 types of enzymes

In order to use enzyme sequences into the machine learning techniques, it is required to
represent as a numerical form. In this paper, for each protein sequence, the Amino Acid
Composition (AAC) is computed. It involves to compute the frequency of each amino acid in
a given sequence and normalize it to get the composition vector. This composition vector is
used as a feature for each protein.
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2.2. Spectral Clustering

Spectral clustering is a machine learning method that clusters data by making use of graph theory and
linear algebra. Unlike traditional clustering techniques (e.g., K-means), which divide data points into
clusters by directly grouping them based on their distance from each other, spectral clustering uses the
relationships between data to create a similarity graph and use that graph to identify clusters [10].

Spectral clustering is particularly effective on nonlinear data and data with complex structures. This
clustering using graph theory is widely used to better understand and cluster the geometric structures
of data.

2.2.1. Basic Steps of Spectral Clustering

Creating the Similarity Matrix: The first step is to determine the similarities or distances between each
pair of data. This similarity is usually calculated using a distance measure (e.g., Euclidean distance) as
in Eq. (1) and Eq. (2).

. o AB
Cosine Similarity = B 1)
Cosine Distance = 1 — Cosine Similarity (@)

Using Distance matrix, a similarity matrix is created. Similarity matrix is calculated with the
Gaussian kernel function as in Eq. (3).

@)

where K(x,y) is a kernel function, representing the similarity between data points x and y,
Distance is Cosine distance between x and y, ¢ is a parameter that controls the width of the
Gaussian function. The similarity matrix represents the relationship between data as a graph. Each
node of this graph represents a sample of the data, and edges show similarities between the data. The
higher the similarity between the data, the greater the edge weight.

Distancez)
202

K(xy) = exp (-

Creation of Laplacian Matrix: As a feature of the graph, the Laplacian matrix is created. This matrix is
used to better analyze the structure of the graph. The Laplace matrix is calculated as the difference of
the degree matrix and the similarity matrix.

L=W-D @)

Where W is similarity matrix derived from the Gaussian kernel, D is the degree matrix, defined as a
diagonal matrix where each entry Dy is the sum of the entries in row i of the similarity matrix /.

By calculating the Laplace matrix, the structural properties and clustering tendencies of the graph are
revealed. Eigenvalue and Eigenvector Calculation: Eigenvalues and eigenvectors of the Laplace matrix
are calculated. These eigenvectors provide a projection into a new low-dimensional space representing
the data. Eigenvectors with the smallest eigenvalues best represent the structure of the clusters [11].
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Clustering Step: From the obtained eigenvectors, the smallest k eigenvectors are generally selected and
the rows of these eigenvectors move the data to a new low-dimensional space. As a result of this
projection, data can often be grouped into clusters. Finally, traditional clustering algorithms such as K-
means are applied on these new low-dimensional data to create clusters.

Spectral clustering is a very powerful technique, especially in modeling complex relationships and
structures between data. Thanks to graphs and eigenvalue calculations, it can create more accurate and
meaningful clusters than traditional clustering methods. Therefore, it generally has a wide range of
applications in fields such as bioinformatics, image processing and social networks [12, 13].

2.2.2. Clustering Performance Indices

To evaluate the performance of the clustering process, clustering performance indices are computed as
follows.

Adjusted Rand Index (ARI) ARI measures how compatible clusters are with real classes and is
calculated as in Eq. (5).

ARI = (RI — E[RI])/(max(RI) — E[RI]) )

where RI is the Rand Index, which measures the agreement between the true and predicted labels
shown in Eq. (6), E[RI] is the expected Rand Index under random clustering, max(RI): maximum
possible Rand Index.

2ij6(cicj)
Rl = = —r—
(2)

where &(ci,cj )=1 if points ii and jj are in the same cluster in both true and predicted labels,

6(ci,cj )=0 otherwise, (121

(6)

) is the total number of pairs of points.

Davies-Bouldin Index (DBI) measures the average ratio of intra-cluster distance to inter-cluster
distance, indicating the clustering quality given as Eq. (7).

1 Si+S;
DBI = . Xi-; max——L
k j#i d(CiCj)

(7)

k is the number of clusters, Si: average distance between points in cluster i and the centroid of
cluster i, d(Ci, Cj): distance between the centroids of clusters i and j.

3. RESULTS AND DISCUSSION

This study performs clustering by applying the spectral clustering method on a data set
containing different protein sequences. The dataset consists of files in FASTA format, each
containing protein sequences from different classes (6 classes) [1]. The aim is to cluster these
protein sequences according to their similarities and evaluate the success of the clusters with
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various metrics. The study serves as an example for the analysis of proteomic data and clustering
applications in the field of bioinformatics.

In Fig. 3, the accuracy of the clustering results is compared with the actual labels (classification
information). This comparison is made using success indices such as Adjusted Rand Index (ARI) and
Davies-Bouldin Index (DBI).

5 ARl vs Sigma g 10 Davies-Bouldin Index vs Sigma

5t

x (ARI)

Bouldin Index
W A

Adjusted Rand Indg
=
In

] 5 10 15 20 1 L] 10 15 20
Sigma Value Sigrma Value

Fig. 3. ARl and DBI values versus Sigma value.

All algorithmic analysis is conducted using MATLAB. Optimal ¢ value is obtained as 0.1. A
small sigma value indicates that the kernel function is very sensitive to small differences
between sequences. Adjusted Rand Index (ARI) is obtained as 1. An ARI of 1 suggests that the
clustering results perfectly match the true class labels. Davies-Bouldin Index (DBI) is obtained
as 0.0005. A DBI close to 0 (in this case, a very small value of 0.0005) indicates excellent
clustering performance.

This study demonstrates the successful application of the spectral clustering method for clustering
protein sequences. When the clustering results were visualized, it was observed that each protein
sequence was placed in appropriate clusters and the classes were clearly separated. Clustering success
was evaluated objectively with ARI and DBI. The results reveal that spectral clustering is a powerful
method in bioinformatics data analysis and clustering processes of complex data such as protein
sequences. Such analyzes can be an important tool in classifying biological data and making new
discoveries.
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ABSTRACT

Quantitative Structure-Activity Relationship (QSAR) modeling plays a significant role in the
field of drug discovery and biotechnology by establishing predictive models that correlate the
chemical structure of compounds with their biological activity. One of the most powerful
machine learning techniques applied to QSAR modeling is the Support Vector Machine (SVM),
that can handle high-dimensional data and produce accurate predictions, especially in non-
linear and complex datasets. However, the performance of SVM models is significantly affected
by the selection of hyperparameters, particularly the C (Box Constraint) and Gamma (Kernel
Scale) parameters. Optimizing these hyperparameters is a basic step to achieve the best
predictive accuracy. Traditional hyperparameter optimization techniques, such as grid search
or random search, can be computationally expensive and often do not fully exploit the
complexity of the underlying data. In this paper, one proposes a hybrid approach combining
Fuzzy Logic with SVM for the optimization of these critical hyperparameters. The hybrid
model is evaluated using a set of QSAR datasets, with the performance validated by comparing
the predictions against known experimental values. The evaluation metrics, Root Mean Square
Error (RMSE) and correlation coefficient, demonstrate that the hybrid model, integrating Fuzzy
Logic with SVM, outperforms traditional methods in terms of prediction accuracy and
computational efficiency. The model successfully captures the complex relationships between
molecular descriptors and biological activities. Additionally, the hybrid approach offers
significant advantages in terms of generalization and the ability to optimize hyperparameters.
The integration of Fuzzy Logic with Support Vector Machines offers a robust, efficient, and
effective solution for QSAR modeling

Keywords: Support Vector Machine, Fuzzy Logic, QSAR Modelling, Hyperparameters.
1. INTRODUCTION

Quantitative Structure-Activity Relationship (QSAR) models are essential computational tools
in modern chemistry and drug design. These models establish a relationship between the
molecular structure of compounds and their biological activities by analyzing molecular
descriptors. QSAR models are used extensively in the pharmaceutical industry to predict the
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biological or pharmacological properties of novel compounds before they undergo costly and
time-consuming laboratory experiments [1].

L Output;
LpDEa Bl QSAR MODELLING |::> hemical Structur
Chemical

Properties

Fig. 1. Process in QSAR Modelling

QSAR Modelling Processes are composed of three parts: Input, QSAR Modelling and Output
as illustrated in Fig. 1. The input involves two main components: the biological activity and
chemical properties. The QSAR Modelling involves creating a mathematical model using
QSAR techniques. This model correlates the molecular properties with biological activity,
allowing researchers to predict how a new compound might behave biologically based on their
chemical characteristics [2]. The output of the process is typically a set of chemical structures
that are predicted to exhibit certain biological activities, such as potential drug candidates.

The power of QSAR models lies in their ability to predict the biological activity of compounds,
such as binding affinity, toxicity, or inhibitory concentration (e.g., IC50), from the properties
of their chemical structures. By using computational methods to analyze molecular data, QSAR
models significantly reduce the number of experimental trials needed, thus saving time and
resources [3].

In QSAR modeling, many traditional machine learning techniques are used to establish
predictive relationships between chemical descriptors and biological activities [4-7]. Some of
the most commonly used methods include:

Linear regression is used for QSAR modeling, where a linear relationship is assumed between
molecular descriptors and biological activity. While effective for certain types of data, linear
regression may struggle with non-linear patterns present in more complex biological data.

Decision trees partition the data based on the features and build a tree-like model to predict
outcomes. This method is interpretable and can handle non-linear relationships but can also
lead to overfitting.

Random Forests are a more robust version of decision trees, random forests combine multiple
decision trees to improve prediction accuracy and reduce overfitting. This ensemble method
has proven effective in many QSAR applications.

Support Vector Machines (SVM) are one of the machine learning techniques which can be used
for QSAR modelling. High-dimensional data is analyzed via SVM in both classification and
regression problems.
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2. METHODS AND MATERIALS

The SVM algorithm works by transforming input data into a higher-dimensional space using
kernel functions and finding the optimal hyperplane that best separates or fits the data as in Eq.

Q).
w'x+b=0 1)

where w is the weight vector (normal to the hyperplane), x is the input feature vector, b is the
bias term (the offset of the hyperplane from the origin).

During training, the support vectors are the data points that are closest to the decision boundary
(hyperplane). These points play a crucial role in determining the position and orientation of the
hyperplane. When making predictions, only the support vectors (not all data points) influence
the classification decision [8-11].

The decision function for SVM is typically expressed in terms of the support vectors X; as in
Eq. (2)

fX) =3L, aiyK(x,x) +b 2

where K(xi ,x) is the kernel function (such as the Radial Basis Function kernel), oi is the
Lagrange multipliers that indicate the importance of each support vector.

Gaussian (Radial Basis Function - RBF) kernel, the model allows SVM to perform nonlinear
classification by mapping the data into a higher-dimensional feature space is referred as in Eq.

3).

K(x;,x;) = exp (v I x; —x; 1) (3)

where xi and X; are two data points (feature vectors), y is a positive parameter that controls the
width of the Gaussian function (kernel scale), lIxi —X; Il is the Euclidean distance between the
two points x; and X;.

SVM is well-suited for QSAR modeling due to its ability to capture non-linear relationships
between molecular descriptors and biological activity.

2.1. The Role of Hyperparameters in SVM Performance
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Despite its effectiveness, the performance of SVM models is highly sensitive to the selection
of hyperparameters, particularly the C (Box Constraint) and Gamma (Kernel Scale) parameters.
These hyperparameters control the behavior of the SVM and have a significant impact on its
ability to generalize and predict new data [9]

The C parameter determines the trade-off between achieving a wide margin and minimizing
classification errors. A high value of C leads to a smaller margin but fewer misclassifications
of the training data, potentially resulting in overfitting. A low value of C allows more
misclassifications, and also causing underfitting.

The Gamma parameter defines how much influence each data point has on the decision
boundary. Small Gamma value means that the influence of each training point is spread out,
leading to a smoother decision boundary. Large Gamma value makes the SVM model more
sensitive to individual data points, which can result in an overly complex decision boundary
that might overfit the data.

Selection the optimal values for C and Gamma is very important step to achieve accurate
predictions in QSAR modeling. However, this selection process can be challenging due to the
high computational cost of hyperparameter tuning and the non-intuitive nature of these
parameters' effects on the SVM's performance.

Hyperparameter tuning is a critical step in developing SVM models for QSAR applications.
Traditional optimization techniques, such as grid search and random search, involve testing a
predefined set of values for C and Gamma, but these methods can be computationally expensive
and time-consuming, especially when dealing with large datasets or high-dimensional chemical
descriptor spaces.

In many cases, the relationship between the input parameters (C and Gamma) and the
performance of the model is non-linear and complex, making it difficult to determine the
optimal hyperparameter values. Additionally, the optimal settings for these parameters may
vary depending on the specific dataset or type of biological activity being predicted.

Given these challenges, there is a strong need for more efficient and adaptive optimization
techniques that can intelligently adjust the hyperparameters.

2.2. Optimization of Hyperparameters Using Fuzzy Logic

In order to choose best hyperparameters, this paper proposes the use of Fuzzy Logic as a method
to fine-tune the C and Gamma parameters. Fuzzy Logic is a computational approach designed
to handle uncertainty and imprecision. This method is particularly effective when the exact
relationship between inputs and outputs is difficult to define mathematically.
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Fuzzy Logic can model nonlinear relationships and effectively handle uncertain data [12]. In
this paper, instead of relying on precise numerical values for C and Gamma, the fuzzy system
uses fuzzy rules to model the relationship between the hyperparameters and the SVM model’s
performance. The system adapts the hyperparameters dynamically, considering the interactions
between them, to find optimal values that lead to better model performance.

The fuzzy system is created with membership functions for both inputs and outputs [13-15].

The outputs of the FIS are the optimized values of C and Gamma, which are used to train the
SVM model.

The fuzzy logic-based optimization of SVM hyperparameters, C and Gamma, provides a more
flexible and effective way to fine-tune the model, leading to enhanced prediction performance.
By combining the strengths of SVM in classification and regression with the ability of fuzzy
logic to handle uncertainty and imprecision, this hybrid approach offers a robust solution for
QSAR modeling and other machine learning tasks where parameter optimization is critical. The
ability of fuzzy logic to interpret linguistic terms like ‘Low’, ‘Medium’, and ‘High’ also
provides a more intuitive and interpretable way of adjusting these crucial hyperparameters.

Inputs values, C and Gamma, are identified with membership functions (‘Low’, ‘Medium’,
‘High’) as illustrated in Fig. 2.
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Fig. 2. Membership of the Hyperparameters C and Gamma

Outputs, Optimized values for C and Gamma, are also categorized into ‘Low’, ‘Medium’, and
‘High’ levels as shown in Fig. 3.
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Fig. 4. SVM Optimization

The model as in Fig. 4 is trained using the QSAR data, and the predicted IC50 values are
compared to the actual values to evaluate the performance.

2.3. Data Simulation

For demonstration purposes, QSAR data is simulated using four molecular descriptors, or

independent variables, which are molecular weight, logarithm of the partition coefficient LogP,
surface area and dipole moment.

The dependent variable, representing the biological activity of the compounds, is measured in

terms of 1C50 values, which indicate the concentration of a substance required to inhibit a
biological process by 50 percent.
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2.4 Model Evaluation

The performance of the SVM model is evaluated using Root Mean Square Error (RMSE),
which quantifies the difference between the predicted and actual values. The RMSE and the
correlation coefficient are calculated as in Eq. (4) and Eqg. (5):

1 2
RMSE = \/ZZ?=1(Ytrue,i - Ypred.i) @

r = Z?=1(Ytrue,i_}7true)(Ypred,i_ypred) (5)

\/Z;Ll(ytrue,i_?true)z Z?: 1(Ypred,i _Ypred)z

where Yy, ; represents the true 1C50 value, and Yy, represents the predicted 1C50 value.

3. RESULTS AND DISCUSSION
3.1 Fuzzy Logic Optimization Results

After training the Fuzzy Logic system with the QSAR data, the optimized values for C and
optimized Gamma are obtained 50 and 5, respectively

These values are then used to train the SVM model.

3.2 SVM Model Performance
The SVM model is trained using the optimized parameters, and the predicted IC50 values are

compared to the actual values. The RMSE value obtained is 1.5663 and the correlation
coefficient value obtained 0.9978, indicating a reasonable accuracy of the model.
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Fig. 5. Comparison of actual and predicted values.

Fig. 5 illustrates a linear relationship between the observed and predicted values obtained from
SVM model with fuzzy logic. The close alignment of the predicted values with the observed
values suggests that the model has accurately shown linear correlation. It can be referred that
the model has proved the effectiveness of the model. Fig. 6 supports the model efficiency by
showing a similar trend in residuals analysis
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Fig. 6. Residuals vs predicted values.

3.3 Comparison with Other Models

In comparison with traditional methods like Linear Regression, Nonlinear regression, the SVM
model with Fuzzy Logic optimization performs better in terms of prediction accuracy as shown
in Table 1.

Table 1. Results obtained with linear and nonlinear regression.

Model RMSE Correlation Coefficient
Linear Regression 5.7388 0.93464
Nonlinear Regression 7.0480 0.90365
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| SVM with fuzzy logic | 1.5663 | 0.99780 |

The comparative analysis of RMSE and correlation values of each model are shown in Fig. 7
and Fig. 8, respectively.

RMSE

8,0000
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SVM with Fuzzy Logic Linear Regression  Nonlinear Regression

Fig. 7. RMSE values of SVM with fuzzy logic, linear regression and nonlinear regression.

The higher RMSE indicates that Linear and Nonlinear Regression are leading to less accurate
predictions compared to the SVM with optimized parameters. Linear and Nonlinear Regression
are unable to effectively capture the complex relationship between molecular descriptors and
biological activity

Correlation Coefficient

SVM with Fuzzy Logic Linear Regression Nonlinear Regression

Fig. 8. Correlation Coefficient values SVM with fuzzy logic, linear regression and nonlinear regression.

The SVM model with Fuzzy Logic optimization demonstrates a clear advantage in terms of
prediction accuracy, as evidenced by the correlation coefficient value of 0.9978, which
indicates a strong relationship between the actual and predicted values when compared to other
methods

This paper demonstrates the effectiveness of combining Support Vector Machine (SVM) with
Fuzzy Logic for QSAR prediction. The Fuzzy Logic system optimizes the key hyperparameters
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(C and Gamma) of the SVM, leading to improved prediction performance. The results show
that the hybrid model is an effective tool for QSAR modeling, offering accurate predictions of
biological activity (IC50) based on molecular descriptors.

The improved SVM model with optimized hyperparameters is more robust and generalizes
better across different molecular data. It helps identify promising drug candidates more
efficiently by improving the precision of biological activity predictions.

The model can be applied effectively to other QSAR datasets, leading to faster identification of
potential drug candidates in real-world drug discovery applications.
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OZET

Radon, tatsiz, kokusuz ve renksiz bir gaz olup, radyoaktif 6zellik gosteren asal gazlardan biridir.
Soygazlar grubunun en agir iiyesi olan radon, radyumun bozunmasiyla olusur ; radyum ise
uranyum ve toryumun bozunma siiregleriyle meydana gelmektedir. Radonun radyoaktif
bozunma sonucunda olusan ii¢ adet radyoizotopu bulunmaktadir. Bu radyoizotoplar sirasiyla
222Rn (Radon), ?2°Rn (Toron) ve ?!°Rn (Aktinon)’ dur. Ancak Toron ve Aktinon izotoplarmin
yar1 Omiirleri yalnizca birka¢ saniye oldugundan dolay1 radon’ dan bahsedildiginde genellikle
222Rn (Radon), kastedilmektedir. Radon gazinin temel kaynaklar1 kayaclar, toprak, su ve yap1
malzemeleridir. Toprak yiizeyine dogru yiikselen radon gazi havadan daha agir oldugundan
dolay1 yap1 zemininde birikebilmektedir. Binalara, zemin catlaklari, yap1 birlesim yerleri, duvar
catlaklari, asma kat bosluklari, tesisat bosluklar1 ve duvarlar arasindaki bosluklardan
sizabilmektedir. Bu nedenle kapal1 ortamdaki radon konsantrasyonu artmaktadir.

Radon insan saglig1 agisindan tehlikelidir ve Uluslararas1 Kanser Arastirma Orgiitii tarafindan
1988 yilinda kanserojen olarak siniflandirilmistir. Birlesik Devletler Atomik Etkiler Bilimsel
Komitesi (UNSCEAR) ve Uluslararas1 Radyasyondan Korunma Komitesi (ICRP) raporlari da
bu simiflandirmay1 desteklemektedir. Bu nedenle kapali ortamda calisan kisilerin maruz
kaldiklar1 radon konsantrasyonlarinin incelenmesi ve herhangi bir saglik riski olusturup
olusturmadig: belirlenmelidir. Radon gazi Duyu organlariyla fark edilemedigi i¢in yalnizca
Olclim cihazlar aracilifiyla tespit edilebilmektedir.

Bu calismada Izmir ili Bornova ilge sinirlar1 igerisinde bulunan kapali ¢alisma ortamlarinda ki
radon gazi konsantrasyon seviyeleri Olc¢lilmistiir. Radon olglimleri dijital radon dedektorii
kullanilarak yapilmistir. Calisma ilk olarak Ege Universitesi’nde yer alan belirlenmis ¢aligma
ofislerinde gergeklestirilmis olup elde edilen veriler Ulusal ve Uluslararasi radon gazi
maruziyet smir degerleri ile karsilastirilmistir. Elde edilen sonuglara gore radon

konsantrasyonlarmin 15 Bq/m? ile 96 Bg/m® arasinda degistigi goriilmiistiir.

Anahtar Kelimeler : Radon Gaz, Is Saghgi, Kapali Ortam.
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OZET

Giliniimiizde gii¢ sistemlerinde siirekli yiik taleplerinin ve yiiklenme kapasitelerinin artmasi
nedeniyle ¢alisma kosullarinda iyilestirmelerin yapilmasi gerekmektedir. Sistemin belirli
siirlar igerisinde c¢alisabilmesi glivenirligi arttirmaktadir. Bu da sistemin kararli olarak
caligabilmesi i¢in ¢ok 6nemli bir unsurdur. Bu nedenle gii¢ sistemlerinde gii¢ elektronigi tabanl
kompanzasyon sistemleri tercih edilmektedir. Gegici kararlilik durumlarinda bara gerilimini
kontroliinii saglamada ve salinimlarin soniimlenmesinde Statik Var Kompanzator (SVC)-Glig
Salinim Soniimleyici (POD) yaygin bir sekilde kullanilmaktadir. Bu ¢aligmada 3 makinali 9
barali gii¢ sisteminde gegici kararlilik ¢alismalar1 icin SVC-POD’un optimal yerlesim yerinin
belirlenmesi amaglanmaktadir. Bunun i¢in SVC-POD’un sistemde bulunan tiim yiik baralarina
baglanmasi ile ayr1 ayr1 benzetim caligmasi sonuglar1 elde edilmistir. Sistemdeki salinim
durumlarinin az oldugu ve sistem kararliligin en hizli oldugu bara optimal yerlesim noktasi
olarak belirlenmistir. Bu ¢alisma i¢in Gii¢ Sistemleri Analizi Programi (PSAT) kullanilmustir.
Bu ¢alismada kullanilan SVC test sisteminde 4,5,6,7 ve 8 numarali baralara baglanmistir. POD
ise 6 ve 9 numarali baralar arasinda kullanilmistir. POD kullanim1 yiik akisindaki en diisiik bara
profiline sahip olan baralar olarak belirlenirken, SVC igin sistemdeki yiik baralar
kullanilmistir. SVC’nin giicti 100 MV A olarak se¢ilmistir. Sistem analizinde senkron generator
acisal hizlari, yiik bara gerilimleri, senkron generator aktif giicli ve senkron generatoriin reaktif
gii¢ parametreleri kullanilmistir. Elde edilen sonuclar neticesinde en etkili sonucun SVC’nin 8
numaral1 barada kullanilmasi ile elde edildigi goriilmiistiir.

Anahtar Kelimeler: SVC, POD, PSAT, Gegici Kararlilik, Optimal Yerlesim Yeri.
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1. GIRIS

Son yillarda tiiketici taleplerinin artmasi ve yeni yiiklerin sisteme dahil olmasi gibi nedenlerden
dolay1 gii¢ sistemlerinin hem kapasitesi artmakta hem de gii¢ sistemlerinin daha karmasik
yapiya doniismesi kagmilmaz bir durumdur. Ozellikle var olan sistem iizerinde yeni bir
yapilanma olmaksizin sistem iizerinde yapilacak iyilestirmeler ile belirli bir dlglide sistemin
calisma kosullar1 ayarlanabilmektedir. Bunun i¢in Esnek AC Iletim Sistemi (FACTS)
elemanlarindan SVC'nin kullanimi yaygindir. SVC ile ilgili literatiirde c¢aligmalar
bulunmaktadir. Sistemdeki farkli calisma kosullarinda iyilestirmeler yapilmasinda SVC
kullanilmaktadir. Sistemin yiiklenebilirligi ve yiik bara gerilimlerinin ¢aligma sinir bdlgelerinin
genisletilmesinde SVC yaygin bir sekilde kullanilmaktadir. Ozellikle gerilim kararliligmin
saglanmasinda SVC’nin etkin bir iyilestirme roliiniin oldugu ilgili ¢aligmalarda gosterilmistir
[1-3]. SVC gegici kararlilik durumlarinda iletim sistemlerinin dinamik performansini sistem
bozulmasi i¢in kontrol etmek ve sistem gerilimini etkili bir sekilde diizenlemek ig¢in
kullanilmaktadir. SVC yapisinda bulunan tristor kontrollii reaktor ve tristor anahtarlamali
kapasitor gruplar1 sayesinde sistemi genel olarak kontrol edebilmektedir [4,5]. Cesitli iletim
acilarinda tristor kontrollii kompansatorlerin ¢alismasinda sistemdeki dengesiz reaktif giic
taleplerini karsilamak icin avantajli bir sekilde kullanilabilmektedir. Ancak tristdr yapisindan
dolay1 sistemde harmonikler olusmaktadir. Harmonik olusumunu en aza indirmek i¢in SVC
filtreleme amagli olarak tercih edilmektedir [6,7]. Senkron generatdrlerde kullanilan gii¢
sistemi kararl kilicis1 modelinin gegici kararlilik durumlarinda daha etkili kullanilabilmesinde
SVC kullanilmaktadir. Gii¢ sisteminde gerilim diizenlemesinde tercih edilen SVC ile birlikte
sistemde olusan salinimlarin kisa zaman igerisinde soniimlendigi ve kararliligin kisa siire
icerisinde saglandigi ilgili calismalarda goriilmektedir [8,9]. SVC’nin diger bir kullanim alani
da kiigiik sinyal kararliligidir. Gii¢ sistemlerinde gegici kararlilik esnasinda meydana gelen
elektromekanik salinimlarin sontiimlenmesinde SVC 6nemli bir rol oynamaktadir. Sistemdeki
parametre salinimlarinin yani sira 6zdeger analiz, baskin deger, frekans, katilim faktor,
calisma modlarmin belirlenmesi SVC’nin kullaniminda 6nemli iyilestirmelerin oldugu ilgili
caligmalarda sunulmustur [10,11].

Yapilan bu calismada yukarida verilen literatiirden farkli olarak gecici kararlilik esnasinda
SVC-POD’un birlikte kullanimi ile sistemin kisa siire igerisinde kararli hale gelmesini
saglamaktadir. Bunun yani sira sistemde olusan salinimlar1 hizli bir gorselde soniimlenmesi
amaclanmaktadir. SVC-POD’un daha iyi sonuglar vermesi i¢in 3 makinali 9 barali test
sisteminde optimal yerlesim i¢in uygun olan baranin belirlenmesi gerceklestirilmistir. Farkli
yiik baralarina bagli olan SVC ile elde edilen sonuglar detayli gorselde yorumlanmustir.

2. STATIK VAR KOMPANZATOR

FACTS cihazlarindan paralel olarak kullanilan SVC genel yapisi itibariyle kapasitér grubu,
reaktdr grubu, kontrol iinitesi ve indirici transformatdrden olusmaktadir. SVC’nin genel yapisi
Gorsel 1°de verilmistir.
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Gorsel 1. SVC’nin Genel Yapist

Kapasitor grubu ve reaktor grubunda tristor valfleri bulunmaktadir. Sistemin hangi ag1
degerinde hangi grubun devreye girmesi bara gerilimine gore ayarlanmaktadir. Genel olarak
SVC tristor kontrollii reaktdr ve tristor anahtarlamali kapasitorden olusmaktadir. SVC
devresinin kontroliinde olgiilen bara gerilimi ve referans gerilimi farki denetleyici girerek
onceki tetikleme acis1 ile o an elde edilen tetikleme acist toplanarak kapasitor ve reaktor
gruplarinda bulunan tristor valflerinin yeni tetikleme agis1 degeri belirlenmis olmaktadir. SVC
kapasitif ve endiiktif caligmasini belirleyen esdeger reaktans esitligi Denklem 1°deki gibi ifade
edilmektedir.

X =X Xl X,

1
©Csin2a - 2a+7(2- X, 1 X,) (1)

Temel frekans degerine gére SVC’nin gecici durum calisma esdeger devresi olusturulmaktadir.
Olusturulan bu esdegere ait esitlikler Denklem 2 ile Denklem 4 arasinda verilmistir.

_sin2a-2a-7(2-X,/X,) _

B, X, 0 (2)
| -VB, =0 (3)
Q-V/B, =0 4)

Burada, X, esdeger reaktans, ( tetikleme agisi, X, endiiktif reaktans, X, kapasitif reaktans, |

gecen akim, V, kapasitor gerilimi ve Be esdeger siiseptansdir. Denklemlerden de anlasilacagi

gibi SVC’nin esdeger devre olusumunda siiseptans modeli kullanilmaktadir [12].
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3. GUC SALINIM SONUMLEMESI

Gii¢ Salinim Soniimlemesinin (POD) gii¢ sistemlerinde asil kullanim amaci gegici kararlilik
esnasinda olusan salinimlarin hizli bir sekilde soniimlenmesi saglanarak sistem kararliliginin
saglanmasidir. POD devre modeli Gorsel 2’de gosterilmistir.

UP()Dmax
st T, Tis+1 Tys + 1 1 YPob
— K, > > >  —
sTy, +1 Ths+1 Tys+1 T.s+1
UPODumin

Gorsel 1. POD Devre Modeli

POD yapis1 senkron generatorde kullanilan gli¢ sistemi kararli kilicis1 modeliyle esdegerdir.
POD devre modelinde de goriildiigii gibi dort boliimden olugsmaktadir. Bu boliimler sirasiyla
armdirma filtresi, dengeleyici kazanci ve faz kompanzator bloklaridir. istenen ¢ikis sinyali
Vpop kiiclik zaman sabiti Ty tarafindan alinmaktadir. Bu degerler minimum ve maksimum
aralikta belirlenmektedir. Bu deger sonlimleme miktar1 K, kazancini ayarlamaktadir. Giris
sinyalinde zaman geciktirmesi islemi i¢in faz kompanzator bloklar1 saglamaktadir. Gorsel 2°de
POD devre modelinde kullanilan faz kompanzator bloklarina ait parametre hesaplamalari
Denklem 5 ve Denklem 6’da gosterilmektedir.

T ©)
oo
_1-sin(e¢/n) (6)
~ 1+sin(e/n)

Burada, n gecikmeli sebekelerin sayisini, ¢ kompanse edilecek fazi, @, séniimleme frekansin
ifade etmektedir [13,14].

4, BENZETIM CALISMASI

Analizi yapilan test sistemi Gorsel 3’te gosterilmistir. 3 makineli 9 barali test sisteminde 1. bara
salim barasi, 2. ve 3. baralar generator barasi, 4., 5.,6., 7., 8. ve 9. baralar ylik baras1 olarak
kullanilmigtir. Bu sistemde 1 ile 4 numarali baralar arasinda, 2 ile 7 numaral1 baralar arasinda
ve 3 ile 9 numarali baralar arasinda transformatorler kullanilmistir. Senkron generatorlerde 3.
derece modeli kullanilmistir. Uc senkron generatdrde otomatik gerilim regiilatdrleri
kullanilmistir. Otomatik gerilim regiilatdrlerinde Model 3 tercih edilmigtir. POD’un test
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sistemine yerlesim yerinin belirlenmesinde yiik akisi analizinden yararlanilmistir. Bara gerilim
profilleri diisiik olan 6 ve 9 numarali baralarda POD’un yerlesimi yapilmistir. Sistemdeki gecici
durum 5 ile 7 numarali baralar arasindaki hatlarin 1 saniye ile 1,1 saniyeler arasinda devre dis1
kalmasi olarak ayarlanmistir. SVC’nin farkli analizlerinde POD’un yeri hep ayni olmustur.
SVC sirastyla 4, 5, 6, 7 ve 8 numarali baralara baglanmasi ile sonuglar elde edilmistir. Elde
edilen sonugclar detayli olarak irdelenmistir.

3 G3
2
5 6
Yik A Yiik B
4
1
L4
G1

Gorsel 3. 3 Makineli 9 Barali Test Sistemi

4.1. Benzetim Calismasi Sonuclar

Bu benzetim ¢alismasinda toplamda 5 analiz yapilmistir. Bu analizler sirasiyla SVC’nin 4, 5,
6, 7 ve 8 numarali baralara baglanmasi ile POD’un 6 ve 9 numarali baralarda kullanilmasi
durumlaridir. 100 MVA giiciinde kullanilan SVC’nin baglanacagi bara ile salinimlar ve kisa
stireli sistem kararlilig1 durumlari incelenmistir. Yapilan analizler sonucunda senkron generator
acisal hizlar, yiik bara gerilimleri, senkron generator aktif giicii, senkron generatoriin reaktif
giicline ait degisimler Gorsel 4 ile Gorsel 8 arasinda gosterilmistir.
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Gorsel 4. POD 6 ile 9 Arasinda SVC 4 Numaral1 Baraya Bagliyken Elde Edilen Sonuglar
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Gorsel 5. POD 6 ile 9 Arasinda SVC 5 Numarali1 Baraya Bagliyken Elde Edilen Sonuglar
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Gorsel 6. POD 6 ile 9 Arasinda SVC 6 Numarali1 Baraya Bagliyken Elde Edilen Sonuglar
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Gorsel 7. POD 6 ile 9 Arasinda SVC 7 Numarali1 Baraya Bagliyken Elde Edilen Sonuglar
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Gorsel 8. POD 6 ile 9 Arasinda SVC 8 Numarali1 Baraya Bagliyken Elde Edilen Sonuglar

Gorsel 4 ile Gorsel 8 arasindaki sonuglara gére senkron generator agisal hiz degisimlerinde
salinimlar agisindan SVC’nin 7 ve 8 numarali baraya bagli olmasinda daha iyi sonuglar verdigi
goriilmiistiir. Uc senkron generatdr igerisindeki salmimlar agisindan en c¢ok etkilenen 3
numarali generatordiir. Gorseller yiik barasi gerilim degisimleri agisindan incelenince
salinimlar acisindan SVC’nin tiim baralara baglanmasinda benzer sonuglar elde edilmistir.
Gegici kararlilik esnasinda SVC’nin 8 numarali baraya baglanmasi ile kompanzasyon agisindan
en iyi sonuclarin elde edildigi goriilmiistiir. Gegici durum esnasinda bara gerilimleri 0.984 p.u.
civarindadir. Yk bara gerilimleri igerisinde salinim agisindan en ¢ok etkilenen bara 9 numarali
baradir. Senkron generatorlerin aktif giic ve reaktif giic degerlerinin salinimlar agisindan
incelendiginde SVC’nin 7 ve 8 numarali baraya bagli olmasinda salinimlarin diger baralara
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baglanan SVC’lere kiyasla daha iyi sonug verdigi goriilmiistiir. Senkron generatdr aktif giic
degerlerinde salinim agisindan en ¢ok etkilenen 1. generator olurken, senkron generator reaktif
gii¢ degerleri agisindan en ¢ok etkilenen 3. generatér olmustur.

5. SONUC

Bu caligmada 3 makinali 9 barali gii¢ sisteminde SVC-POD’un gecici kararlilik anindaki
optimal yerlesim yerinin belirlenmesi amaclanmistir. Bunun i¢in senkron generator agisal
hizlar, ylk bara gerilimleri, senkron generator aktif giigleri ve senkron generatoriin reaktif
giicleri salinimlar ve kisa siire icerisindeki kararli hale gelmeleri detayli olarak ele alinmistir.
Genel olarak SVC’nin 7 ve 8 numarali baraya baglanmasi1 ve POD’un 6 ve 9 numaral1 baralar
arasinda kullanilmasinin salinim agisindan en 1iyi sonuglart verdigi gormiistir. Yiik
baralarindaki gegici kararlilik esnasindaki kompanzasyon durumlari goéz Oniinde
bulunduruldugunda SVC’nin 8 numarali baraya baglanmasi1 optimal yerlesim yerinin teshisinde
daha belirleyici olmustur. Sistemin kisa siirede kararli hale gelmesinde elde edilen tiim
sonuclarin birbirine yakin oldugu goriilmektedir. Bu calisma farkli test sistemlerinde diger
FACTS cihazlarimin POD ile birlikte kullanilmasi ve farkli senkron generatdr denetleyici
modelleri ile benzetim c¢alismalariin daha detayli olarak zenginlestirilmesine zemin
hazirlayabilmektedir.
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OZET

Sebekeye bagli olarak calisan Cift Beslemeli Asenkron Generator (CBAG) tabanli riizgar
tirbinlerinde uzun hatlarin kullanilmasinda seri kompanzasyonun gergeklestirilmesi gii¢
transferini ve sistem kararliligini iyilestirme problemlerine ¢6ziim olmaktadir. Ancak yapilacak
olan seri kompanzasyon degerinin tam ayarlanamama durumlari gegici kararlilik esnasinda Alt
Senkron Rezonans (SSR) sorunlarina sebebiyet verebilir. Bu yilizden SSR analizlerinde farkli
seri kompanzasyon oranlarina dikkat edilmesi gerekmektedir. Yapilan bu CBAG calismada
iletim hattindaki farkli kompanzasyon oranlarindaki sistem iizerinde olusturmus oldugu etkiler
incelenmistir. CBAG tabanli riizgar tiirbinlerinde sebekeye bagl calismasinda degisik riizgar
hizlarindaki degerler ele alinmistir. Bu ¢alisma igin farkli riizgar hizlar1 kullanilmistir. riizgar
hizlar1 9 m/s, 12 m/s ve 15 m/s olarak secilmistir. Farkli seri kompanzasyon oranlar1 olarak
%60, %70 ve % 80 degerleri bu ¢calismada tercih edilmistir. MATLAB/SIMULINK ortaminda
gerceklestirilen calisgmada SSR analizinde 3 faz arizasin kullanilmistir. CBAG’de yapilan SSR
analizinde parametreler olarak aktif gii¢, reaktif giic, DC bara gerilimi ve agisal hiz degeleri
detayli bir sekilde incelenmistir. Benzetim c¢alismasinda detayli olarak sonuglarin
karsilastirmalart yapilmis olup, elde edilen sonuglar detayli bir sekilde yorumlanmistir.
Gergeklestirilen SSR analizinde elde edilen sonuglar neticesinde CBAG tabanli riizgar
tiirbininde 12m/s riizgar hizinda oldugu durumda ve seri kompanzasyon oranin %60 oldugu
durumda sistemin diger degerlere nazaran salinimlarin daha az oldugu ve daha kisa siire
icerisinde kararli hale geldigi goriilmektedir.

Anahtar Kelimeler : CBAG Tabanli Riizgar Tiirbini, Alt Senkron Rezonans (SSR), Farkli
Riizgar Hizlari, Farkli Seri Kompanzasyon Oranlari.
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1.GIRIS

Fosil yakitlariin fiyatlarindaki artislar ve zaman igerisinde tliikenme asamasina
gelebileceginden dolay1 son yillarda yenilenebilir enerji kaynaklarina yonelmeler baslamistir.
Yenilenebilir enerji kaynaklarindan en 6nemli olanlarindan birisi riizgar enerjisidir. Riizgar
enerjisinden elektrik enerjisi elde edilmesinde bir cok avantajindan dolay1 CBAG tabanli riizgar
tirbinleri yaygin bir sekilde tercih edilmektedir. Biiyiikk giicli CBAG’in sebekeye
baglanmasinda karsilagilan en 6nemli problem kararlilik durumudur. Kararlilik durumlarinin
iyilestirilmesi ile CBAG tabanli riizgar tiirbinlerinde yapilan bir¢ok akademik c¢alisma
bulunmaktadir. CBAG’da gegici kararlilik i¢in gelistirilmis vektor kontrolii kullanilmaktadir.
Gelistirilmis vektor kontrolil ile hizli dinamik tepki, makine parametrelerindeki degisikliklere
kars1 saglamlik, daha az hesaplama ve basit uygulama gibi birgok avantajinin bulunmasindan
dolayr gegici kararlilik durumlan igin tercih edilmektedir [1,2]. Sebekeye bagli CBAG’de
uygun aktif ve reaktif gli¢ kontrol modellerin gelistirilmesi sebeke tarafindaki bozucu etkilere
kars1 cok onemlidir. Aktif-reaktif giic kontrolii ile gecici kararlilik durumlarinda CBAG’{in
dayanikli ve kontrol edilebilirligin daha kolay oldugu yapilan calismalarda detayl bir sekilde
gosterilmektedir [3,4]. CBAG’de kararliligin saglanmasinin yanisira sistemde olusan
salmimlarin soniimlemesi de popiiler konulardan birisidir. Ozellikle CBAG’de kullanilan rotor
tarafindaki evirici devresinde i¢ akim kontrol ve dis gii¢ kontrol devrelerinin gelistirilmesi ile
cok sebeke tarafinda olusabilecek gecici durumlara karsi salimimlarin hizli bir sekilde
soniimlenebildigi ilgili calismalarda detayli olarak verilmektedir [5,6]. Sebekeye bagh
CBAG’da gecici kararlilik durumlarinda belli bir sinir degere kadar sebekede kalmasi
onerilmektedir. Bu da gsebeke kod gereksinimine baghi bir durumdur. Sebeke kod
gereksiniminde olusabilecek gecici kararlilik durumlarinda diistik gerilim iyilestirme yetenegi
topolojileri kullanilmaktadir. CBAG’de bunun i¢in farkli kontrol modelleri ilgili caligmalarda
gelistirilmektedir [7,8]. Yiiksek riizgar giiciiniin entegre edildigi DFIG’iin sebeke baglantisinda
sebeke tarafinda olusan bozucu etkiler sistemin kararsiz hale gelmesine sebep olabilmektedir.
Bunun i¢in gegici durumlara karst parametrelerin belli siir igerisinde hizlica tahminleme
algoritmalarinin kullanilmasi1 6nemli olmaktadir. Bunun i¢in sistem dinamiginin ¢ok hizli ve
kalic1 olarak saglanmasinda durum kestirim modellemeleri gelistirilmektedir [9,10]. CBAG
tabanli riizgar tlirbinlerinde gegici kararlilik durumlarinda maksimum giigte ¢alisabilmeleri ve
chattering problemlerinin minimum olmasi i¢in ¢esitli ¢alismalar yapilmaktadir. Bunun i¢in
CBAG’de maksimum gii¢ nokta takibi ve kayan kip kontrol modelleri gelistirilmistir. Onerilen
bu modeller ile gecici durum esnasinda CBAG’dan piiriizsiiz bir sekilde daha yiiksek aktif gii¢
elde edilebilmektedir [11,12]. CBAG tabanl riizgar tiirbinlerinde karsilasilan diger 6nemli
gecici kararlilik durumlarindan birisi de SSR durumlaridir. Ozellikle iletim hatlarindaki
kompanzasyonlar kararlilik durumlarinin ortaya ¢ikmasina sebep olmaktadir. Bunun yanisira
elektromekanik salinimlarin artmasina neden olmaktadir. Bunun igin iletim hatlarinda
kompanzasyon oranlarmin iyi se¢ilmesi gerekmektedir.

Yapilan bu calismada sebekeye baglhi CBAG tabanli riizgar tiirbinlerinin farkli seri
kompanzasyon oranlarinda kullanilmasi ile SSR analizleri gerceklestirilmistir. Bunun yanisira
rlizgar hizlarindaki degisim durumlarinin da seri kompazasyon oranlari arasindaki iligkiler
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detayli olarak incelenmistir. Elde edilen benzetim ¢alismasi sonuglar1 Gorseller ile gosterilerek
detayli olarak yorumlanmistir.

2. CIFT BESLEMELI ASENKON GENERATOR (CBAG)

CBAG rotorlu sargili asenkron makine olarak isimlendirilmektedir. CBAG riizgar enerjisi
doniistim sistemleri kW mertebesinden MW mertebesine kadar gii¢ iiretimi yapabilmektedir.
CBAG tabanli riizgar tlirbini sebekeye baglanti modeli Gorsel 1'de verilmistir.

(\

Disli Is Vs
BAG - A
Kutusu ¢ ig

1
-+

RTE STE

d

Gorsel 1. CBAG tabanli riizgar tiirbini sebekeye baglanti modeli

CBAG genel olarak disli kutusu, generatdr, rotor tarafindaki evirici ve sebeke tarafindaki evirici
devresinden meydana gelmektedir. CBAG’tin stator devresi dogrudan sebekeye
baglanmaktadir. Rotor devresi gii¢ elektronigi eviricileri sayesinde sebekeye baglanmaktadir.
Arka arkaya bagli bu evirici devreleri ¢ift yonlii akim akisina sahip olan darbe genisligi
modiilasyon anahtarlamali iki gerilim kaynakli evirici devresinden meydana gelmektedir.
CBAG’daiiretilen giiciin kontrol edilmesinde rotor tarafindaki evirici devresi kullanilirken, DC
bara gerilimin sabit tutulmasi kisminda sebeke tarafindaki evirici devresi kullanilmaktadir [13].
CBAG’de devre modellemesinde park-clark doniisiimlere goére hesaplamalar p.u. olarak
yapilmaktadir. CBAG’da d-q eksen gerilim ve aki esitlikleri Denklem 1 ile Denklem 8 arasinda

verilmistir.
Vgs = Rl + W, A +%ﬂds (1)
Vs = Rl — WA +%qu (2)
Vg = Ry —SW, A, +%/1dr (3)
Vo = Ryl +SW A +%lqr (4)
A = (L +L,)ig + Ly, (5)
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ﬂ“qs = (Ls + Lm)iqs + Lmiqr (6)
/1dr = (Lr + Lm)idr + I-mids (7)
A = (L + L)l + L (8)

Bu denklemlerde; vas, Var, Vgs, Var ,d-q stator ve rotor gerilimleri, igs, idr, igs, igr, d-q Stator ve rotor
akimlar1, Ads, Adr, Ags, Aqr, d-q stator ve rotor kagak akilari, ws agisal hiz, s kayma, Rs ve Ry, d-q
stator ve rotor direngleri, Ls and L, d-q stator ve rotor endiiktanslari, Lm, manyetik endiiktansdir
[14].

3. SENKRON ALTI REZONANS (SSR)

SSR olay1 riizgar santralinin elektrik sebekesiyle bir veya daha fazla dogal frekansta degisim
yapmasi durumu olarak tanimlanmaktadir. Kapasitif seri kompanzasyonlu bir gii¢ sisteminde
dogal frekans hesapalamasi Denklem 9’daki gibi gosterilmektedir.

f=fx|2e 9)

Burada, fn dogal frekans, fs dogal frekans olarak, Xc hattin seri kapasitif degeri ve X_ hattin
seri endiiktif degeridir. Hat reaktansmnin yilizdesi kompanzasyon yiizdesi (K) olarak
tanimlanmaktadir. Dogal frekansa bagli olarak kayma ifadesi (sn) Denklem 10’daki gibi
hesaplanmaktadir.

5, =~ (10)

Burada, fr rotor elektriksel frekansidir. Dogal frekans rotor frekansindan kii¢iik oldugu kayma
negatif olmaktadir. Bundan dolay1 rotor esdeger direnci Rr,es= Rr/sn < 0 alt-senkron frekansta
negatiftir. Bu direncin genligi sebeke ve generator endiivi toplam direncini arttirmasi nedeniyle
sistemin toplam direnci alt-senkron frekansta negatif olacaktir. Diger bir ifade ile hat akimi
iistel bir fonksiyona sahip olacaktir. Hat akiminin iistel olarak artmasi sistemdeki kapasitif seri
kompanzasyon nedeniyle rezonans frekansina sahip bir bilesen stator akiminda ve bu bilesenin
tamamlayic1 frekansina sahip bir bilesen rotor akiminda goriilecektir [15-17]. Bunun SSR
aninda iyi belirlenebilmesi i¢in kapasitif seri kompanzasyon oranmin iyi belirlenmesi
gerekmektedir.
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4. BENZETIM CALISMASI

Benzetim ¢alismasinda kullanilan sistem Gorsel 2°de gdsterilmistir.
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c
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Gorsel 2. Benzetim ¢alismasinda kullanilan sistem

Bu calismada 100 MW’lik CBAG tabanli riizgar tiirbini kullanilmaktadir. CBAG c¢ikisindaki
gerilim 575 V’tur. Bu gerilim ytikseltici transformator ile 161 kV mertebesine ¢ikarilmaktadir.
Burda kullanilan transformatoriin giicii 100 MV A belirlenmistir. Ayrica transformator liggen-
yildiz bagl iken, transformatoriin doyma durumu ihmal edilmistir. Sebeke tarafinda hem seri
kondansator ve hem de buna bypass bagli seri kondansator kullanilmaktadir. Sistemde seri
kondansator bagli oldugu durumda ariza oldugu esnada bypass bagli olan seri kondansator
devreye kesici sayesinde girmektedir. Seri kondansator ile farkli analizlerde sisteme %60, %70
ve %80 oraninda seri kompanzasyon ilave edilmektedir. Bunun yanisira benzetim
caligmasindaki analizlerde farkli riizgar hizlar1 kullanilmaktadir. riizgar hizlart 9 m/s, 12 m/s
ve 15 m/s olarak bu calismada se¢ilmistir. Farkli seri kompanzasyon oranlarinin sisteme dahil
olmasinda 3 faz arizasi tercih edilmistir. Farkli riizgar hizlarindaki farkli seri kompanzasyon
oranlarinda CBAG’daki aktif giic, reaktif giic, DC bara gerilimi ve acisal hiz degerleri detayli
olarak incelenmistir.

4.1. Benzetim Calismasi Sonuclari

Bu ¢alismada 3 farkli analiz yontemi gerceklestirilmistir. CBAG’da riizgar hizinin 9 m/s oldugu
ve seri kompanzasyon oranlarmin %60, %70 ve %80 oldugu durum ilk analiz yontemini
olusturmaktadir. Ikinci analiz yénteminde CBAG’da riizgar hizinmn 12 m/s oldugu ve seri
kompanzasyon oranlarinin %60, %70 ve %80 oldugu durum olustururken, {i¢iincii analiz
yonteminde CBAG’da riizgar hizinin 15 m/s oldugu ve seri kompanzasyon oranlariin %60,
%70 ve %80 oldugu durum detayli olarak incelenmistir. Yapilan analizler sonucunda elde
edilen aktif giic, reaktif giic, DC bara gerilimi ve agisal hiz degerleri Gorsel 3 ve Gorsel 6
arasinda gosterilmistir.

262 |Page



BURSA 4th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
January 24 - 26, 2025- BURSA
ISBN: 978-625-5962-21-8

%60 %70 %80
150 150 300
250
100 100
; ~ . 20f
= = 2 i
2 % = =
= ;of 5. 100
oo 'DD 'ED
- 50
= o 4= 0 )
g g >
< = z°
< <
-50 50 -50
00
5‘! o5 1 15 2 25 3 a5 4 45 s -100 ' . ' . ' . ) \ ' -150 . . . - . - . - -
g . o o5 1 15 2 25 3 35 4 45 5 0 05 1 15 2 25 3 a5 4 a5
€ aman(sn) Zaman(sn) Zaman(sn)
[e)]
200 200 ——— 250
150 200
o ~ o~
150
; 100 = s
=2 E % 100
=3 > >3
= 50 = =
o ) S0 5
5 = 3
x 0 Z o =
< < < °
-50 -50 1 -50
&
< 100 A N AR S B | o | 00 | [ L
e 0 05 115 225 3 35 445 S 0 05 1 15 2 25 3 35 4 45 5 0 05 115 225 335 4 45
~ Zaman(sn) Zaman(sn) Zaman(sn)
i
200 250 —— 300
150 2001 20
~ S el ~ 200}
; 100 = =
150 -
= % 100 \EJ
=50 = =100 i ‘
o0 LI, &0
£ = =
g o £ < 50
< < ° < o
50
c -50 50
n
~ 100
100 S (N (O N S O B 100 A N Y SN AN SN S S
£ o 05 118 Zz 25 3 85 4 455 0 05 1 15 2 25 3 35 4 45 5 0 05 1 15 2 25 3 35 4 45
1 aman(sn) Zaman(sn) Zaman(sn)

Gorsel 3. Riizgar hizlar1 9 m/s, 12 m/s,15 m/s ve seri kompanzasyon oranlarinin %60, %70 % 80
oldugundaki aktif gii¢c degisimleri
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Gorsel 4. Riizgar hizlar1 9 m/s, 12 m/s,15 m/s ve seri kompanzasyon oranlariin %60, %70 % 80

oldugundaki reaktif gii¢ degisimleri
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Gorsel 5. Riizgar hizlar1 9 m/s, 12 m/s,15 m/s ve seri kompanzasyon oranlarimin %60, %70 % 80

oldugundaki DC bara gerilim degisimleri
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Gorsel 6. Riizgar hizlar1 9 m/s, 12 m/s,15 m/s ve seri kompanzasyon oranlariin %60, %70 % 80
oldugundaki agisal hiz degisimleri

CBAG’da riizgar hizinin 9 m/s oldugu durumda ve seri kompanzasyon oranlarinin % 60 ve
oldugu durumlarda aktif giic degisimlerinin kararli hale geldigi goriilmektedir. Bunun yanisira
riizgar hizinin 12 m/s ve 15 m/s oldugu durumda ve seri kompanzasyon oranin % 70 olmasi ile
sistem kararliliginin saglandigi goriilmektedir. Bunlarin disinda kalan diger riizgar hiz1 ve seri
kompanzasyon oranlarinda sistemin kararsiz oldugu goriilmektedir. CBAG aktif gii¢
degisiminde riizgar hizinin 12 m/s ve seri kompanzasyon oranimnin % 60 oldugu durumda
salimimlar ve kisa siirede sistemin kararliliga ulagsmasi en iyi grafikler olmustur.

CBAG’da riizgar hizinin 9 m/s oldugu durumda ve kompanzasyon oranlarinin %60 ve %70
oldugu durumlarda reaktif giic degisimlerinin kararli hale geldigi goriilmektedir. Bunun
yanisira riizgar hizinin 12 m/s ve 15 m/s oldugu durumda ve seri kompanzasyon oranin % 70
olmasi ile sistem kararliliginin saglandig1 goriilmektedir. Bunlarin disinda kalan diger riizgar

266 |Page




BURSA 4th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
January 24 - 26, 2025- BURSA
ISBN: 978-625-5962-21-8

hiz1 ve seri kompanzasyon oranlarinda sistemin kararsiz oldugu goriilmektedir. CBAG reaktif
giic degisiminde riizgar hizinin 12 m/s ve seri kompanzasyon oranimnin %60 oldugu durumda
salinimlar ve kisa siirede sistemin kararliliga ulagsmasi en iyi grafikler olmustur.

CBAG’da riizgar hizinin 9 m/s oldugu durumda ve seri kompanzasyon oranlarinin % 60 ve
%70 oldugu durumlarda DC bara gerilim degisimlerinin kararl hale geldigi goriilmektedir.
Bunun yanisira riizgar hizinin 12 m/s ve 15 m/s oldugu durumda ve seri kompanzasyon oranin
% 70 olmas1 ile sistem kararliliginin saglandigi goriilmektedir. Bunlarin disinda kalan diger
rlizgar hiz1 ve seri kompanzasyon oranlarinda sistemin kararsiz oldugu goriilmektedir. CBAG
DC bara gerilim degisiminde riizgar hizinin 12 m/s ve seri kompanzasyon oraninin % 60 oldugu
durumda salinimlar ve kisa siirede sistemin kararliliga ulagmasi en iyi grafikler olmustur.

CBAG’da riizgar hizinin 12 m/s oldugu durumda ve seri kompanzasyon oranlarmin % 60 ve
%70 oldugu durumlarda agisal hiz degisimlerinin kararli hale geldigi goriilmektedir. Bunlarin
disinda kalan diger riizgar hiz1 ve seri kompanzasyon oranlarinda sistemin kararsiz oldugu
goriilmektedir. CBAG acisal hiz degisiminde riizgar hizinin 12 m/s ve seri kompanzasyon
oraninin % 60 oldugu durumda salinimlar ve kisa siirede sistemin kararliliga ulagsmasi en iyi
grafikler olmustur.

5. SONUCLAR

Bu ¢alismada, sebekeye bagli olarak ¢alisan CBAG tabanli riizgar tiirbinlerindeki SSR analizi
detayl1 bir sekilde incelenmistir. Farkli riizgar hizlar1 ve farkli seri kompanzasyon oranlarinin
sistem iizerinde olusturdugu etkiler degerlendirilmistir. Ozellikle riizgar hizinin 9 m/s ve 12 m/s
olarak belirlendigi durumlar ile seri kompanzasyon oranlarmin % 60 ve % 70 olarak se¢ilmesi
ile sistemin gegici kararlilik esnasinda kararli oldugu goriiliirken, olusan salinimlarin zaman
icerisinde sonlimlendigi goriilmiistiir. Riizgar hizinin 15 m/s ve seri kompanzasyon oraninin %
80 secilmesi ile sistem kararsizliligiin daha da arttig1 goriilmektedir. CBAG parametreleri
olarak kullanilan edilen aktif gii¢, reaktif gii¢, DC bara gerilimi ve agisal hiz degerlerinde en
kararli sonug¢ riizgar hizinin 12 m/s ve seri kompanzasyon oraninin % 60 oldugu durum
belirlenirken, en kararsiz sonucun 9 m/s ve seri kompanzasyon oraninin % 80 oldugu durumda
belirlenmistir. Yapilan bu calisma sebekeye bagli CBAG tabanli riizgar tiirbinlerinde farkli seri
kompanzasyon oranlamasini ve empedans model gelistirilebilmesini daha da detayli olarak
incelenebilmesine firsat sunmaktadir. Bu analizlerin esnek AC iletim sistemi elemanlarindan
Tristor Kontrollii Seri Kompanzatér (TCSC) ve Statik Senkron Seri Kompanzator (SSSC) ile
yapilabilmesine zemin hazirlamaktadir.
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ABSTRACT

Environmental pollution is increasing due to many factors such as increasing population growth
and the resulting increased energy demand and industrialization. Heavy metals are the leading
factors causing this pollution. Heavy metals are metals with a density greater than 5 g cm™,
Nickel, which is in the heavy metal class such as iron, copper, chromium, zinc, cobalt arsenic,
molybdenum, is also used in many areas in the industry like others and is released into the
environment in various ways. These nickel compounds released into the environment cause
serious health problems as cardiovascular diseases, renal edema, asthma, birth defects, etc.
Removal of nickel, which has many negative effects on the environment and health and whose
limit value in drinking water has been determined as 0.01 mg L by WHO, has become a
necessity. For heavy metal removal photocatalytic oxidation, solvent extraction, membrane
filtration, bioremediation and adsorption techniques are applied. Among these techniques, the
adsorption technique is frequently preferred due to its advantages such as ease of application
and efficiency. Clay, zeolite, fungal and bacterial biomass, eggshell, fruit and vegerable peels,
fruit seeds, food waste materials, activated charcoal many materials can be used as adsorbent
in adsorption technique. Nanoparticles are used in many areas due to their many features such
as large surface area, stability, and high activity. Due to these advantages of nanoparticles, the
use of nanomaterials as adsorbents is attracting more attention. In this study ZnO nanoparticles
were obtained by green synthesis method by using ground coffee beans. The obtained ZnO
nanoparticles were functionalized with tannic acid and then characterized by using FTIR, TGA,
and XRD. RSM-CCD method was used for modeling the Ni?* removal efficiency of adsorbent.
As a result of the optimization study, the best nickel removal efficiency was found to be 99%.

Keywords: Nickel, nanoparticle, adsoption
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ABSTRACT

According to the Turkish Food Codex (TFC) Communiqué on Honey, honey is a natural
product that the nectars of plants, secretions of the living parts of plants or secretions of plant-
sucking insects living on the living parts of plants are collected by the honey bee and modified
by combining them with unique substances, reducing their water content and maturing them by
storing them in the comb. It is a natural food source containing sugars, amino acids, enzymes,
carotenoids, organic acids, vitamins, and minerals. It is also important for health thanks to the
antioxidants in its structure. All these properties of honey vary depending on the honey bee
species, climate, vegetation and geography.

In this study, proline, hydroxymethylfurfural (HMF), diastase number, C4 sugar were analyzed
in honey samples obtained from a local producer in Pulumur district of Tunceli province in
2020 and 2022 years. There are 20 amino acids in honey. The most important of these is proline
and according to TFC, the proline value in honey should be 300 mg kg™. The proline value was
640+28 mg kg in honey samples collected in 2020 and 464+17 mg kg in honey samples
collected in 2022, and all of these values were found to be above the value determined by TFC.
The amount of HMF, another important parameter, was determined in honey samples. HMF is
an intermediate product formed as a result of the Maillard reaction between reducing sugars
and amino acid group as a result of heat treatment and its formation in foods is undesirable and
the permitted limit value was determined by TFC as 40 mg kg*. HMF was determined 3.4+0.2
mg kg in honey samples taken in 2020 and was determined 1.3+0.1 mg kg™ in honey samples
taken in 2022 and it was determined that the amount of HMF was very low in honey samples
of both years. Diastase number is the amount in milliliters of 1% starch solution broken down
by amylase enzymes in 1 g of honey in 1 hour at 40 °C. The minimum number of diastases
allowed in TFC should be 8. In honey samples taken in 2020 and 2022, the diastase counts were
25+2 and 27+2, respectively, and these values were found to be appropriate according to the
TFC. In addition, commercial glucose was not detected in honey samples.

Key Words: Honey, sugar, proline
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OZET

Metanol, etanol ve propanol gibi alkoller bir¢cok endiistriyel iirlinde yaygin olarak kullanilan
ucucu organik bilesikler (VOC’ler) insan sagligina biiyiik 6l¢iide zarar vermektedir. Bu nedenle
hassas sensorler tarafindan miimkiin olan en kisa siirede algilanmalar1 gerekir. Bu ¢alismada
elektrokimyasal yontemle gozenekli silisyumlar iiretildi. Uretilen gozenekli silisyumlarin
yiizeyleri spin kaplama yontemi kullanilarak TiO- ile kaplandi ve 375C” de 1 saat boyunca bir
1s1tict iizerinde tavlandi. Tavlanma igleminden sonra iist yilizey e-Beem termal kaplama yontemi
kullanarak giimiis metali ile kaplandi. Kaplanan metal yiizeyinden giimiis pasta ile alt
ylizeyinden ise indinyum ile kontak alindi. Bu sekilde metal oksitler ile kapli schootky diyot
sensorler iiretildi. Uretilen bu Schootky diyot sensorler disaridan herhangi bir dis gii¢ kaynagi
kullanilmadan V=0 voltta 50, 100, 150, 200, 250, 300 ve 350 ppm’de metanol, etanol ve
propanol gibi alkol buhar1 davranislari incelendi. Sensoriin, alkol buharina maruz birakildiktan
sonra ¢cok hizli ve ¢ok diisiik tepki verdigi gozlendi. En yiiksek sinyali tiim konsantrasyonlarda
metanol verdi. Polarite etkisinden dolay1 en fazla elektriksel akim arttisinin metaolde oldugu
tespit edildi ve elektriksel akimin 19 kat arttig1 hesaplandi. En diisiik sinyali ise propanol verdi.
Gozenekli silisyum yapilarin yiizeyleri taramali elektron mikroskobu (SEM) ve kimyasal igerik
EDS ile tespit edilmistir.

Anahtar Kelimeler: Sensor, Metanol, Etanol, Propanol
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ABSTRACT

Alcohols such as methanol, ethanol and propanol are volatile organic compounds (VOCs) that
are widely used in many industrial products and cause great harm to human health. Therefore,
they must be detected by sensitive sensors as quickly as possible. In this study, porous silicon
was produced by electrochemical method. The surfaces of the produced porous silicon were
coated with TiOz using the spin coating method and annealed on a heater at 375C for 1 hour.
After annealing, the top surface was coated with silver metal using the e-Beem thermal coating
method. Contact was made with silver paste on the surface of the coated metal and with
indinium on the bottom surface. In this way, schootky diode sensors were produced coated with
metal oxides. The behaviour of these Schootky diode sensors was studied with alcohol vapours
such as methanol, ethanol and propanol at 50, 100, 150, 200, 250, 300 and 350 ppm at V=0
volts without using any external power supply. The sensor was observed to respond very quickly
and very low after exposure to alcohol vapour. Methanol gave the highest signal at all
concentrations. Due to the polarity effect, the highest increase in electrical current was found in
metaol and it was calculated that the electrical current increased 19 times. Propanol gave the
lowest signal. The surfaces of the porous silicon structures were determined by scanning
electron microscopy (SEM) and the chemical content was determined by EDS.

Keywords: Sensor, Methanol, Ethanol, Propanol
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OZET

Bu calismada, epoksi bazli reginelerin karbon fiber takviyeli polimer (CFRP)
kompozitlerle giiclendirilmis betonarme kirislerin davranigina etkileri arastirilmistir.
Arastirmada 3 farkli tipte, birbirinden farkli yogunluklarda epoksi re¢ine kullanilmistir.
Oncelikle 15x15x60 cm o&lgiilerinde betonarme kirisler iiretilmistir. Kompozit-beton
arayliziindeki davranisin net olarak incelenmesini saglamak icin kirislerin {iretiminde tek
tipte cimento bazli, yiiksek dayanimli hazir grout harci kullanilmustir. Uretilen kirisler 3
farkli epoksi regine ile tek tip CFRP kullanilarak giiglendirilmistir. Gii¢lendirilen kirisler
3 noktali egilme testine tabi tutulmustur. Deneyler sonucunda farkli yogunluklardaki
epoksi recinelerle giiclendirilmis kirislerin egilme davranislart ve gdgme mekanizmalari

incelenmistir.

Anahtar kelimeler: Karbon lifli kompozit, epoksi re¢ine, {i¢ noktali egilme, ¢imento
bazl1 grout.
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ABSTRACT

In this study, the effects of epoxy-based resins on the behavior of reinforced concrete
beams strengthened with carbon fiber reinforced polymer (CFRP) composites were
investigated. In the study, 2 different types of epoxy resins with different densities were
used. Firstly, reinforced concrete beams with dimensions of 15x15x60 cm were produced.
In order to ensure a clear examination of the behavior at the composite-concrete interface,
a single type of cement-based, high-strength ready-mixed grout mortar was used in the
production of the beams. The produced beams were strengthened using a single type of
CFRP with 2 different epoxy resins. The strengthened beams were subjected to 3-point
bending tests. As a result of the experiments, the bending behaviors and collapse
mechanisms of beams strengthened with epoxy resins of different densities were

investigated.

Keywords: Carbon fiber composite, epoxy resin, three-point bendig, cement-based grout.
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OZET

Celik malzemeler, iistiin mekanik 6zellikleri ve genis uygulama alanlariyla endiistrinin temel
yap1 taslarindan biri olarak one ¢ikmaktadir. Ozellikle otomotiv sektdriinde kullanilan gelik
tiirlerinde, yiizey Ozellikleri par¢a performansinit dogrudan etkileyen kritik unsurlar arasinda
yer alir. Bu nedenle, yiizey oOzelliklerini iyilestirmek amaciyla c¢esitli kaplamalar
uygulanmaktadir. Kaplama tiirleri arasinda ¢inko esasli kaplamalar, diisiik tiretim maliyetleri
ve performans iyilestirmeleri nedeniyle yaygin olarak kullanilmaktadir. Cinko-demir kaplama
(galvanil, GA), standart ¢inko (galvaniz) kaplamadan farkli olarak, yiizeydeki ¢inko tabakasinin
demirle reaksiyona girmesiyle bir ¢inko-demir alasimi olusturmaktadir. Bu alagim, asinma ve
sirtiinme sonucu olusan mekanik hasara kars1i ylizey Ozelliklerini 6nemli Olciide
tyilestirmektedir. Bu ¢alismada, otomotiv sektoriinde yaygin olarak kullanilan ¢ift fazli (DP-
590 ve DP-980) ¢eliklerin aginma ozelliklerine GA kaplamanin etkisi incelenmistir. Asinma
testleri, ASTM G99 standardina uygun olarak ball-on-disk tipi asinma cihazinda
gerceklestirilmistir. GA kapli ve kaplamasiz numuneler, 50 m kayma mesafesi, 5 N yiik ve 50
mm/s devir hizi parametreleriyle 6mm ¢aplil00Cr6 celik bilye kullanilarak test edilmistir.
Testler sonucunda numunelerin asinma orani ve siirtiinme katsayisi belirlenmistir. Asinma
sonrast malzeme ylizeyleri taramali elektron mikroskobu (SEM) ile incelenmistir. Sonuglar,
GA kapli numunelerin kaplamasiz numunelerine gére daha diisiik asinma oran1 ve siirtlinme
katsayisina sahip oldugunu gostermistir. GA kaplamanin aginma performansii gelistirdigi
yapilan mikroyapisal incelemeler ile desteklenmistir. Dolayisiyla ¢alismada, GA kaplama ile
DP celiklerinin aginma direnci arttirilmis ve dayamiklilik gerektiren yiizey uygulamalarinda
onemli bir potansiyele sahip oldugu sonucuna ulagilmistir.
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Anahtar Kelimeler: Dual fazli ¢elikler, galvanil kaplama, ¢inko, demir, aginma.
1. GIRIS

Giiniimiizde yliksek mukavemetli ¢eliklerin (AHSS) otomotiv endiistrisinde kullanimi giderek
artmaktadir [1]. Bu gelikler, mikroyapisal 6zellikleri sayesinde listiin mukavemet-siineklik
dengesi, iyi sekillendirilebilirlik, yliksek gerinim sertlesmesi, yiiksek c¢arpma direnci ve
miikemmel kaynaklanabilirlik gibi mekanik &zellikler sergilemektedir [2-4]. ilk nesil AHSS
arasinda yer alan ¢ift fazli (DP) ¢elikler, maliyet, iiretim siireci ve deformasyon boyunca stirekli
akma gibi 6zellikleri sayesinde otomobillerin yapisal ve carpismaya dayanikli parcalarinda
yaygin olarak kullanilmaktadir [5-7]. Ancak otomotiv endiistrisinde birbiriyle temas halindeki
hareketli parcalarda bu celiklerin kullanimi, asinma sonucu yiizey hasarlarina neden olarak
parcanin servis Omriinii kisaltmaktadir [8]. Bu sorunu ¢6zmek igin ¢elik saclarda yiizey kaplama
teknolojileri yaygin bir sekilde kullanilmaktadir.

Galvanneal kaplama (GA), uygun maliyeti ve iistiin ylizey korumasi nedeniyle diger kaplama
tiirlerine gore 6n plana ¢ikmaktadir [9-11]. Otomotiv endiistrisinde GA-kapl ¢elik saclar, {istiin
korozyon direnci, iyi kaynaklanabilirlik ve boyanabilirlik 6zellikleri sayesinde hem dis hem de
ic govde pargalarinda tercih edilmektedir [12, 13]. Bu kaplamalar 6zellikle kapi panelleri,
camurluklar, motor kaputu ve bagaj kapag gibi dis gévde bilesenlerinde kullanilmaktadir [14].
Bunun yani sira, GA kaplamali ¢elikler ytliksek yorulma dayanimi ve darbe direnci gerektiren
yapisal parcalarda da yaygin uygulama alani bulmaktadir. GA kaplamanin temel amaci,
kaplanmig mikroyapida uygun bir Fe-Zn intermetalik faz katmanlari dizisi iretmektir [15-17].
Bu islemde ¢elik sac 6nce ¢inko banyosuna daldirilir ve ardindan 500-750 °C sicaklik araliginda
5-20 saniye siireyle tavlanir. Isil islem sonucunda Fe atomlarinin gelik alt tabakadan kaplamaya
dogru kat1 hal diflizyonu gergeklesir ve bu durum kaplamada Fe-Zn intermetalik fazlarinin
olusumuna yol agar. Olusan bu fazlarin her biri farkl bir kristal kafes yapisina ve farkli mekanik
ozelliklere sahiptir. Intermetalik bilesikler zeta ({), delta (A) ve gama (y) fazlar1 olarak
siiflandirilir [18]. Zeta faz1 (FeZniaz: ag. %5-6 Fe) yumusak bir fazdir ve kaplamanin en dig
ylizeyinde meydana gelir. Gama faz1 (FesZnio: ag. %16-20 Fe), altlik-kaplama araytiziinde
olusur ve Fe bakimindan zengin kirilgan bir fazdir [19, 20]. Delta faz1 (FeZnaio: ag. %7-12 Fe)
ise gama ve zeta fazlar arasinda olusur. GA kaplama prosesinde optimum kaplama 6zellikleri
icin demir igeriginin ag. %8-12 araliginda olmasi tercih edilir [21-23].

Intermetalik bilesiklerin varlign sayesinde GA kaplama, sicak daldirma galvaniz (GI)
kaplamaya gore daha yiiksek sertlik degerine sahiptir. Bu durum GA kaplamanin daha diisiik
slirtinme katsayis1 ve daha yiiksek asinma direnci gostermesini saglamaktadir [24, 25]. Ayrica
GA kaplama, Gl'ya gore daha uniform bir ylizey kalitesi ve daha iyi yapisma mukavemeti
saglamaktadir. GA kaplamalarin korozyon direnci de kaplamadaki Fe-Zn intermetalik fazlarin
varlig1 nedeniyle 6nemli 6l¢iide iyilesmektedir. Bu 6zellikler, 6zellikle zorlu ¢evresel kosullara
maruz kalan otomotiv bilesenlerinin uzun vadeli performansi agisindan biiyiik 6nem
tasimaktadir. Literatiirde GA kapli celiklerin mekanik ve elektrokimyasal 6zelliklerini
inceleyen bir¢cok calisma bulunmasina ragmen, bu ¢eliklerin tribolojik davraniglar1 hakkinda
sinirli sayida calisma mevcuttur. Bu caligmanin amaci, GA kaplamali ve kaplamasiz DP
celiginin tribolojik davranigini incelemek ve aginma mekanizmalarini belirlemektir.
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2. DENEYSEL CALISMALAR

Calismada kullanilan kaplamasiz ve GA kapli DP-590 ve DP-980 celikleri ArcelorMittal
(Boulevard, Liiksemburg) firmasindan temin edilmistir. Numunelerin tribolojik 6zelliklerini
belirlemek i¢in ASTM G99 standardina uygun olarak disk iizerinde bilyali asinma testi
gerceklestirilmistir. Bu islemde TURKYUS marka POD/HT/WT model (Bursa, Tiirkiye)
asinma cihazi kullanilmistir. Aginma testi, 50 m kayma mesafesi, 5 N yiik ve 50 mm/s devir
hiz1 parametreleriyle gerceklestirilmistir. Asindirici olarak 100Cr6 celik bilye kullanilmistir.
Test sonrasi ylizeyde olusan aginma izi ve altlik-kaplama arakesit gortintiileri ZEISS marka
EVO-10 model (Oberkochen, Almanya) taramali elektron mikroskobuyla (SEM) ¢ekilmistir.

3. SONUCLAR VE DEGERLENDIRME

GA kaplamali DP590 ve DP980 celiklerinin arakesit SEM goriintiileri Gorsel 1°de verilmistir.
Her iki numunede de altlik malzeme iizerinde belirgin GA kaplama tabakasi goriilmektedir.
DP590 {izerine uygulanan GA kaplamanin (Gorsel 1(a)) morfolojisi incelendiginde, altlik-
kaplama arayiizeyi boyunca dalgali ve diizensiz bir yap1 sergiledigi gdzlemlenmistir. Benzer
kaplama tabakasi DP980 ¢eliginde de goriilmiistiir (Gorsel 1(b)). Bu dalgali yapi, kaplama
islemi sirasinda gerceklesen Fe-Zn intermetalik fazlarin olusumu ve biiylimesinden
kaynaklanmaktadir. Her iki celik i¢in de kaplama kalinlig1 yaklagik 7 pm olarak ol¢tilmiistiir.
Ayrica GA kaplamalarin kompakt ve siirekli bir yapida oldugu goriilmiis ve altlik-kaplama
araylizeyinde belirgin bosluk veya ayrilma gozlenmemistir. Bu durum, kaplama prosesi
parametrelerinin uygun segildigini ve iyi bir yapisma mukavemetinin elde edildigini
gostermektedir.

DP590 DP980 e
= EHT=15kV Mag=2.50 kX 0 EHT=15kV Mag=2.50 kX

Gorsel 1. GA kaph DP celiklerine ait arakesit SEM goriintiileri; (a) DP590-GA, (b) DP980-GA

DP590 ve DP980 ¢eliklerine uygulanan aginma testi sonucu elde edilen siirtiinme katsayist
(COF) grafikleri Gorsel 2’de verilmistir. Gorsel 2(a) incelendiginde kaplamasiz DP590
celiginin 0-10 m mesafe araliginda siirtinme katsayis1 degerin hizli bir artis gostermistir.
Stirtiinme katsayisinin artis hizi zamanla azalmis ancak test sonuna kadar COF degeri siirekli
olarak artmis ve kararli duruma ulasmamistir. Kaplamasiz DP590 celigi icin COF degeri 50 m
mesafede ~0,4 olarak Olciilmiistiir. GA kapli DP590 c¢eligi incelendiginde COF degerinin
kaplamasiza benzer sekilde testin basinda hizli sekilde arttig1 goriilmiistiir. Ancak bu artig daha
kisa siirmiis ve sonrasinda siirtiinme katsayis1 0,32-0,35 araliginda seyretmistir. DP980 ¢eligine
ait COF grafigi (Gorsel 2(b)) incelendiginde test baglangicinda kaplamasiz ve GA kaplamali
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numunelerin COF degerlerinde hizli bir artis goriilmiistiir. Kaplamasiz DP980, daha yiiksek
stirtinme katsayis1 degerlerine ulagsmis (~0,48) ve bu degeri test sonuna kadar korumustur.
Diger yandan GA kaplamali DP980'in COF degeri daha diisiik seviyelerde (~0,38) dengeye
ulasmistir. GA kaplamasi her iki gelik tiiriinde de siirtiinme katsayisini diisiiriicii bir etki
gostermistir. Kaplama uygulamasi, malzemede siirtinmeye karsi daha kararli bir yapi

saglamigtir.
0,6 0,6
(a) (b)
0.5 0,5 -
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Gorsel 2. Kaplamasiz ve GA kaph DP celiklerine ait siirtiinme katsayisi grafikleri; (a) DP590,
(b) DP980

Kaplamal1 ve kaplamasiz DP590 ve DP980 ¢eliklerin yiizeylerinin aginma testi sonrast SEM
goriintiileri Gorsel 3’te verilmistir. Gorsel 3(a) incelendiginde kaplamasiz DP590 celiginin
ylzeyinde belirgin piiriizliiliik, diizensiz asinma izleri ve malzeme birikintileri gézlenmistir.
Diger yandan GA kaplamali DP590 numunesinde (Gorsel 3(b)) daha diizenli ve piiriizsiiz bir
asinma yiizeyi elde edilmistir. GA kaplamali numunede goézlenen paralel ¢izgiler, abrasif
asinma mekanizmasinin baskin oldugunu gostermektedir. Benzer sekilde, kaplamasiz DP980
celiginde (Gorsel 3(c)) derin aginma izleri ve belirgin deformasyon boélgeleri goriilmiistiir,
Gorsel 3(d)’de yer alan GA kapli DP980 celiginde asinma sonucu yiizeyde daha az plastik
deformasyon ve malzeme birikintisi gézlenmistir. GA kaplamasi, her iki ¢elik tiiriinde de
asinma davranisint 6nemli Olgiide 1iyilestirmis ve daha kontrollii bir asinma yiizeyi
olusturmustur. Bu acidan degerlendirildiginde SEM gorselleri, siirtiinme katsayisi verilerini
desteklemis ve GA kaplamasinin tribolojik 6zellikleri iyilestirmedeki etkinligini mikroyapisal
olarak dogrulamistir. Sonug¢ olarak, siirtiinme katsayis1 6l¢iimleri ve SEM analizleri, GA
kaplamasinin her iki ¢elik tiirtinde de tribolojik performansi iyilestirdigini ortaya koymustur.
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DP590-GA

EHT=15kV Mag=250 X

DP980-GA

EHT=15kV Mag=250 X 100pm  EHT=15KV Mag=250 X =

Gorsel 3. Kaplamasiz ve GA kaph DP celiklerine ait asinma izi yiizey SEM goriintiileri; (a)
DP590, (b) DP590-GA, (c) DP980, (d) DP980-GA

4. GENEL DEGERLENDIRME VE SONUCLAR

Bu caligmada, DP590 ve DP980 c¢eliklerinin tribolojik 6zelliklerine GA kaplamanin etkisi
incelenmistir. Asinma testleri ve mikroyapisal karakterizasyon sonucunda asagida belirtilen
Oonemli sonuclar elde edilmistir:

e GA kaplama tabakast hem DP590 hem de DP980 celiklerinde yaklasik 7 um
kalinliginda, kompakt ve siirekli bir yapida olusmustur. Altlik-kaplama araylizeyinde
gozlenen dalgali morfoloji, Fe-Zn intermetalik fazlarin basarili bir sekilde olustugunu
gostermistir. Araylizeyde bosluk veya ayrilma goriilmemesi, kaplama i¢in optimum
prosesi parametrelerinin se¢ildigini ortaya koymustur.

¢ GA kaplamanin siirtiinme katsayisi tizerindeki etkisi her iki ¢elik tiirlinde de belirgin
sekilde gozlenmistir. GA kaplama, siirtinme katsayisinda DP590 i¢in yaklagik %15,
DP980 i¢in ise %20'lik bir azalma saglamistir.

e SEM goriintiileri, GA kaplamanin asinma sonucu olusan yiizey hasarin1 6nemli dlciide
diisiirdiigiinii géstermistir. GA kapli numunelerde daha diizenli aginma izleri ve azalan
plastik deformasyon gozlenmistir.

Bu sonuglar, GA kaplamanin otomotiv endiistrisinde kullanilan DP g¢eliklerinin tribolojik
performansini 6nemli dlgiide arttirdigini gostermektedir. Bu durum GA kaplamanin aginmaya

kars1 etkili bir ¢6ziim sundugunu ortaya koymaktadir.
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ABSTRACT

This study explores the effectiveness of traditional, metaheuristic, and hybrid hyperparameter
tuning methods in optimizing diverse machine learning models. Traditional approaches, such
as Grid Search and Random Search, are compared to metaheuristic algorithms (e.g., Genetic
Algorithm - GA and Particle Swarm Optimization - PSO) and novel hybrid techniques that
combine metaheuristics with Bayesian Optimization (BO). The evaluation spans machine
learning models, including Random Foresta and SVM, to investigate how tuning strategies

interact with model characteristics.

Simulations are conducted over 100 runs for each method-model combination, analyzing
performance metrics such as accuracy, precision, recall, F1-Score, CPU time, and information
gain. The results reveal that hybrid methods, which balance the global exploration capabilities
of metaheuristics with the localized refinement strength of BO, outperform isolated techniques

in both computational efficiency and optimization effectiveness.

Hybrid techniques that combine metaheuristics techniques (GA and PSO) with the BO
approach offer insights into the trade-offs between tuning efficiency and performance,
particularly in resource-constrained environments. The findings may advance the fields of

hyperparameter tuning and automated machine learning (AutoML) in real-world applications.

Keywords : Metaheuristic Algorithms, Bayesian Optimization, Model-Agnostic Frameworks,
Machine Learning Models, AutoML.
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1. INTRODUCTION

Hyperparameter tuning is an important process in optimizing machine learning (ML) models,
significantly affecting their performance and computational efficiency (Feurer & Hutter, 2019).
Selecting an appropriate tuning strategy is a challenging task, requiring a balance between
exploration—searching broadly within the parameter space for potential solutions—and
exploitation—refining known good solutions to enhance performance (Bergstra & Bengio,
2012). Without systematic optimization, ML models may underperform or become
computationally expensive, leading to inefficient resource utilization (Liu et al., 2022).
Several hyperparameter optimization techniques have been proposed in the literature.
Traditional approaches such as grid search (GS) and random search (RS) (Bergstra et al., 2011)
provide simple yet effective baselines, while more sophisticated techniques like Bayesian
optimization (BO) (Snoek et al., 2012) and evolutionary algorithms (Goldberg, 1989) offer
improved efficiency. Particle swarm optimization (PSO) (Kennedy & Eberhart, 1995) has also
been explored as a bio-inspired approach to parameter tuning. More recently, automated
machine learning (AutoML) systems, including Auto-WEKA (Thornton et al., 2013) and
Optuna (Akiba et al., 2019), have streamlined the hyperparameter selection process, reducing
the need for manual tuning and improving performance across various domains.
Hyperparameter tuning is particularly critical in deep learning (Hutter et al., 2019),
reinforcement learning (Jaderberg et al., 2017), and natural language processing (Howard &
Gugger, 2020). As models continue to grow in complexity, researchers are focusing on adaptive
optimization methods that dynamically adjust the trade-off between exploration and
exploitation based on the characteristics of the problem being solved (Elsken et al., 2019).

In this study, we investigate various hyperparameter tuning strategies, specifically focusing on
traditional methods, metaheuristic algorithms, and hybrid approaches that combine the
strengths of different techniques, particularly the integration of BO with metaheuristics. These
hybrid methods aim to combine the benefits of global exploration and local refinement, offering
improved performance over single-method approaches.

2. METHODOLOGY

To better understand the various strategies employed in hyperparameter tuning, we categorize them

into three major approaches: traditional methods, metaheuristic optimization, and hybrid optimization.
2.1. Traditional Methods

Traditional methods such as GS and Random Search RS are commonly used techniques in

hyperparameter optimization:

GS: This exhaustive search technique systematically explores all combinations of predefined

hyperparameter values. While it guarantees finding the best solution within the specified grid, it can

become computationally expensive, especially when dealing with large search spaces (Bergstra &

Bengio, 2012).

RS: In contrast to GS, RS selects random combinations of hyperparameters from the search space for

a fixed number of iterations. RS is less computationally expensive and often provides better results

than GS when dealing with large search spaces (Bergstra et al., 2011).
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These methods are simple to implement and effective for smaller search spaces. However, GS can be
prohibitive in terms of time and computational resources, especially as the number of hyperparameters
increases. RS is faster but suffers from inconsistency across different runs.

2.2. Metaheuristic Optimization
Metaheuristic algorithms, inspired by nature or human problem-solving strategies, are widely
used to optimize hyperparameters, especially in complex and high-dimensional search spaces.
The two most prominent metaheuristic optimization techniques used for hyperparameter tuning
are:
GA: Based on the principles of natural selection, GA uses a population of candidate solutions,
which evolve over several generations through mechanisms like selection, crossover, and
mutation. This technique is highly effective at exploring large, complex search spaces
(Goldberg, 1989).
PSO: PSO is a swarm intelligence technique that mimics the flocking behavior of birds or the
schooling behavior of fish. Each particle represents a potential solution, and the particles adjust
their positions based on their own experiences and the experiences of their neighbors (Kennedy
& Eberhart, 1995).
These techniques are well-suited for large, high-dimensional search spaces. They are flexible
and adaptable to different problem domains. However, they are often susceptible to getting
trapped in local optima and may require careful tuning of algorithm parameters (e.g., population
size, mutation rates).

2.3. Hybrid Optimization: Metaheuristics + Bayesian Optimization
Hybrid optimization approaches combine the global search ability of metaheuristic algorithms
with the powerful probabilistic model of BO. BO builds a surrogate model of the objective
function and uses this model to predict and explore the most promising regions of the search
space. This allows it to perform an efficient search by balancing exploration and exploitation
(Snoek et al., 2012).
GA + BO: This hybrid approach combines the global search capability of GA with the
refinement abilities of BO. GA is used for the initial global search, and once promising regions
are identified, BO takes over to fine-tune the hyperparameters.
PSO + BO: Similarly, PSO explores the search space and is later refined by BO, benefiting
from both the exploration power of PSO and the exploitation strengths of BO.
Hybrid approaches offer the best of both worlds. They provide global exploration using
metaheuristics while refining solutions using BO’s probabilistic model, achieving better overall
performance. However, these methods are more complex to implement and require additional
computational resources.

3. ANALYSIS

Traditional methods such as GS and RS focus primarily on exploration, systematically or
randomly searching through the hyperparameter space. However, they may lack the ability to
efficiently converge toward the optimal region, especially in high-dimensional spaces.
Metaheuristic methods such as GA and PSO aim to balance exploration and exploitation by
simulating natural selection or swarm intelligence. GA introduces randomness through
mutation and crossover, maintaining exploration, while selection mechanisms drive
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exploitation by favouring high-performing candidates. PSO dynamically adjusts search
behaviour using velocity updates, allowing particles to converge toward optimal solutions while
maintaining diversity in the search space. Hybrid optimization approaches, GA + BO and PSO
+ BO, further enhance this balance by leveraging BO to refine promising regions of the search
space. BO models the objective function and prioritizes promising hyperparameter
configurations, shifting the tuning process toward exploitation while maintaining sufficient
exploration. This hybrid strategy allows models to efficiently navigate complex search spaces,
leading to improved performance with reduced computational cost.

In the analysis setup of this study, we compare the performance of traditional, metaheuristic,
and hybrid optimization methods when applied to the three selected ML models (RF, SVM).
Each method is evaluated based on Accuracy, Precision, Recall, F1-Score, CPU time, and
Information Gain. Every tuning strategy is executed 100 times to assess both its effectiveness
and stability. The goal of this experiment is to establish a baseline performance profile for each
optimization method.

Moreover, in this study, the composite score is calculated by standardizing six key performance
metrics (Accuracy, Precision, Recall, F1-Score, Information Gain, and CPU Time) using z-
score normalization. CPU Time is weighted negatively (multiplied by -1) since lower values
are preferable. The final composite score is obtained by averaging the standardized values
across all six metrics, providing a single, balanced measure to compare the effectiveness of
different tuning methods.

4. RESULTS

The results contain six key metrics: Accuracy, Precision, Recall, F1-score, Information gain,
and CPU time. Accuracy measures the proportion of correctly classified instances over the total
number of instances. Precision indicates how many of the predicted positive instances are
actually positive. Recall reflects how well the model captures all the actual positive instances.
F1-Score is the harmonic mean of precision and recall, which balances false positives and false
negatives. This metric is given as a percentage (%). Information gain (Inf. Gain) represents the
amount of information gained by splitting the dataset based on specific features during tree
construction. Higher values indicate better feature selection effectiveness. CPU time is the
computational time taken (in seconds) to train and tune the model under the respective tuning
method. Performance metrics are presented in Table 1 for RF model.

Table 1. Performance Metrics of Tuning Methods for RF Model

Tuning Accuracy | Precision | Recall F1-Score Inf. CPU Time

Method (%) Gain (s)
GS 0.83200 | 0.83515 | 0.86545 0.84999 1374.39 441
RS 0.83733 | 0.83871 | 0.87212 0.85503 1377.15 9.89
GA 0.81467 | 0.82333 | 0.84424 0.83361 1366.01 255.44
PSO 0.82067 | 0.82787 | 0.85091 0.83918 1368.80 169.25
GA +BO 0.83333 | 0.83626 | 0.86667 0.85119 1374.93 231.00
PSO + BO 0.83000 | 0.83929 | 0.85455 0.84685 1372.65 169.60
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According to the Table 1, the highest accuracy is achieved using RS at 0.83733, followed
closely by GA + BO (0.83333) and GS (0.83200). The lowest accuracy is observed with GA
(0.81467), indicating that standalone GA may not be optimal for tuning RF. PSO + BO
(0.83929) achieves the highest precision, implying that it has the lowest false positive rate. The
lowest precision is observed with GA (0.82333). The best recall is obtained using RS (0.87212),
indicating strong ability to capture true positive cases. The lowest recall is from GA (0.84424).
RS (85.503%) achieves the highest F1-Score, meaning it has a well-balanced trade-off between
precision and recall. The lowest F1-Score is with GA (83.361%). Differences in information
gain are minimal, suggesting that feature importance is not significantly impacted by tuning
methods. The highest information gain is GA + BO (1374.93). GS (4.41s) is the fastest method,
making it computationally efficient. GA (255.44s) and GA + BO (231.00s) require the highest
computation time, making them less efficient. Performance metrics are presented in Table 2 for
SVM model.

Table 2. Performance Metrics of Tuning Methods for SVM Model

Tuning Accuracy | Precision | Recall F1-Score Inf. CPU Time

Method (%) Gain (s)
GS 0.91333 | 0.88827 | 0.96364 0.92442 1426.18 71.50
RS 0.90133 | 0.88955 | 0.93697 0.91259 1414.84 3.22
GA 0.58433 | 0.58301 | 0.98606 0.72690 1488.30 92.85
PSO 0.91667 | 0.89460 | 0.96182 0.92699 1427.55 37.03
GA +BO 0.59667 | 0.57801 | 0.98788 0.72931 1448.51 90.61
PSO + BO 0.91667 | 0.89326 | 0.96364 0.92711 1427.95 38.68

According to the Table 2, the highest accuracy is achieved by PSO and PSO + BO (0.91667),
making them the most effective tuning methods for SVM. GS (0.91333) also delivers
competitive accuracy. The lowest accuracy is from GA (0.58433) and GA + BO (0.59667),
indicating poor model generalization. PSO (0.89460) achieves the highest precision, meaning
it has the lowest false positive rate. GA + BO (0.57801) and GA (0.58301) have the lowest
precision, highlighting their weakness in handling false positives. GA + BO (0.98788) and GA
(0.98606) achieve the highest recall, meaning they capture almost all positive instances but may
suffer from more false positives. RS (0.93697) has a relatively lower recall compared to other
methods. PSO + BO (92.711%) achieves the best F1-score, making it the most balanced method
between precision and recall. GA (72.690%) and GA + BO (72.931%) have the worst F1-scores,
showing an imbalance between precision and recall. GA (1488.30) achieves the highest
information gain, but this does not necessarily translate to the best model performance. PSO +
BO (1427.95) and PSO (1427.55) perform well in terms of information gain while maintaining
strong accuracy and efficiency. RS (3.22s) is the fastest method, making it extremely efficient.
GS (71.50s) takes significantly more time. GA (92.85s) and GA + BO (90.61s) are the slowest
methods, showing their inefficiency in tuning SVM. PSO (37.03s) and PSO + BO (38.68s)
balance computational cost and accuracy effectively.

Figure 1 clearly illustrates the comparative performance of different hyperparameter tuning
methods for RF and SVM models based on a composite score derived from standardized
performance metrics. GS and RS demonstrate relatively balanced and strong results, indicating
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their reliability. GA and PSO exhibit more variability, with GA showing lower composite
scores in some cases. Hybrid approaches (GA + BO and PSO + BO) tend to improve
performance over their standalone counterparts, suggesting that combining BO with
evolutionary or swarm-based techniques enhances tuning effectiveness.

5. CONCLUSION

For the RF model, RS emerges as the best overall tuning method, achieving the highest
Accuracy (83.73%), Recall (87.21%), and F1-Score (85.50%), while maintaining a moderate
computational time (9.89s). GS is the most computationally efficient method, completing in
just 4.41s, while still delivering competitive performance (Accuracy: 83.20%, F1-Score:
84.99%). Among hybrid methods, GA + BO provides strong results (Accuracy: 83.33%, F1-
Score: 85.12%), but it is computationally expensive (231.00s). PSO + BO performs slightly
worse than GA + BO in accuracy (83.00%) and F1-score (84.68%), while still being
computationally demanding (169.60s).
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Figure 1. Comparison of Tuning Methods for RF and SVM Model with Composite Scores

For SVM model, PSO and PSO + BO emerge as the best overall tuning methods for SVM. They
achieve the highest Accuracy (0.91667), F1-Score (~92.7%), and strong recall (~96.3%) while
maintaining reasonable computational efficiency (~37-38 seconds). GS also performs well in
terms of accuracy (91.3%) and F1-score (92.44%) but is slower (71.50s). RS is the most
computationally efficient method (3.22s) while maintaining competitive performance, making
it a good choice when speed is a priority. On the other hand, GA and GA + BO underperform
significantly in terms of accuracy (below 60%) despite having high recall, making them
unreliable for tuning SVM. Thus, for optimal performance with SVM: PSO or PSO + BO
should be preferred for the best balance of accuracy and efficiency. RS is the best option when
computational time is a major constraint.

288 | Page



BURSA 4th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
January 24 - 26, 2025- BURSA
ISBN: 978-625-5962-21-8

Hybrid methods such as PSO + BO and GA + BO provide competitive performance but require
more computational resources. Notably, GA-based tuning methods perform poorly for SVM,
despite achieving high recall. Ultimately, the choice of the best tuning method depends on the
trade-off between performance and efficiency, where RS is ideal for RF, and PSO/PSO + BO
are optimal for SVM. If computational efficiency is a priority, GS for RF and RS for SVM
should be considered.

Future research can explore more advanced hybrid optimization techniques, such as
reinforcement learning-based hyperparameter tuning or meta-learning approaches, to further
improve model performance and efficiency. Additionally, investigating the impact of different
feature selection methods on tuning results could provide deeper insights.
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ABSTRACT

The Least Absolute Shrinkage and Selection Operator (LASSO) is a method for parameter
estimation and model selection. However, it lacks the Oracle property. To address this
limitation, the Adaptive LASSO (ALASSO) has been proposed. Additionally, robust estimation
methods are recommended to mitigate the influence of outliers. M-estimators, which minimize
a function of residuals rather than the sum of squared errors, are particularly effective. While
least absolute deviation LASSO (LAD-LASSO) and similar robust LASSO variants are
resistant to y-direction outliers, their efficiency diminishes in the presence of outliers among

explanatory variables.

Redescending 1y functions enhance robustness against both x and y-direction outliers. Tukey
and Talwar functions are strictly redescending, while Smooth Tukey and Welsch functions are
moderately redescending. ALASSO, addressing the limitations of uniform penalization in
LASSO, achieves consistency in variable selection and asymptotic normality.

Simulation studies confirm the superior performance of robust ALASSO (R-ALASSO)
compared to LASSO, offering improved MSE and variable selection. This study employs the
Iteratively Reweighted Least Squares (IRLS) algorithm to solve R-ALASSO estimators and

applies a robust tuning parameter selection strategy.

The used methods combine the Oracle property with high resistance to outliers, providing a
reliable alternative for robust regression and model selection. Robust ALASSO estimators have

demonstrated superior performance in the presence of outliers in both the x and y-directions.
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1. INTRODUCTION

Regression analysis plays a crucial role in statistical modelling, where parameter estimation
and model selection are key objectives. One widely used method, the Least Absolute Shrinkage
and Selection Operator (LASSO), introduced by Tibshirani (1996), performs both parameter
estimation and variable selection by applying an L; penalty. Despite its advantages, LASSO
lacks the Oracle property, leading to inconsistent variable selection (Fan & Li, 2001;
Meinshausen & Biihlmann, 2004). To address this limitation, Zou (2006) proposed the
Adaptive LASSO (ALASSO), which assigns different penalty weights to coefficients and
achieves both consistency and asymptotic normality.

While ALASSO improves variable selection consistency, it remains sensitive to outliers.
Robust estimation techniques, such as M-estimators (Huber, 1964), have been introduced to
mitigate the influence of outliers in regression analysis. However, traditional M-estimators
provide robustness mainly against response-variable (y-direction) outliers and are not
inherently resistant to leverage points in the explanatory variables (x-direction) (Rousseeuw &
Yohai, 1984; Yohai, 1987). This limitation necessitates the use of redescending yr functions,
which can effectively reduce the influence of both types of outliers (Fox, 2002).

In response to these challenges, this study employs Robust Adaptive LASSO (R-ALASSO)
estimator that integrates robust estimation techniques into the ALASSO framework. We
employ Huber, Fair, Tukey, Talwar, Welsch, and Smooth Tukey s functions and leverage
Iteratively Reweighted Least Squares (IRLS) algorithm, a computationally efficient
optimization method (Holland and Welsch, 1977). The Accelerated Proximal Gradient (APG)
algorithm has been used (e.g., for optimizing the objective function) (Chang et al., 2018). The
employed estimators achieve the oracle property, robustness to both x- and y-direction outliers,
and improved performance in terms of (Mean Square Error) MSE in regression settings.

2. METHODOLOGY

2.1. LASSO, ALASSO, and R-ALASSO
LASSO and ALASSO are highly sensitive to outliers because they rely on least squares (LS)-based
loss functions, which are prone to large deviations from extreme observations (Maronna et al., 2006).
Robust alternatives such as Least Absolute Deviation (LAD)-LASSO (Wang et al., 2007) and Huber-
LASSO (Lambert-Lacroix & Zwald, 2011) have been proposed, but these methods only mitigate the
effects of response outliers and fail to address leverage points in the predictor space.
Robust regression methods often employ M-estimators, which minimize a function of
residuals rather than the sum of squared errors (Huber, 1964). The choice of the loss function
determines the estimator’s robustness. The general form of an M-estimator is:

oo

n
i=1
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Redescending i functions provide an advantage over traditional M-estimators by offering
simultaneous robustness against both y-direction and x-direction outliers, making them ideal
for robust LASSO estimation (Rousseeuw & Yohai, 1984).

2.2. Computational Methods for R-ALASSO Estimation
Traditional LASSO estimation relies on the Least Angle Regression and Shrinkage (LARS)
algorithm (Efron et al., 2004). However, for robust LASSO formulations, computationally
efficient algorithms are required. Iterative Soft Thresholding Algorithm (ISTA) and its
accelerated version, Fast ISTA (FISTA), provide efficient solutions for non-differentiable
penalty functions (Beck & Teboulle, 2009).
In this study, the IRLS algorithm is employed, leveraging Huber, Fair, Tukey, Talwar, Welsch,
and Smooth Tukey i functions. These y functions improve robustness by reducing the impact
of both response outliers and leverage points in predictor variables.
Description of 1 Functions Used
e Huber 1y function: A hybrid function that behaves quadratically for small residuals and
linearly for large residuals, preventing excessive influence from extreme values (Huber,
1964).
e Fair 1 function: Provides a smooth transition between linear and constant influence,
offering moderate robustness (Holland & Welsch, 1977).
o Tukey’s Biweight ¥ function: A redescending function that completely nullifies
extreme outliers, making it highly robust (Rousseeuw & Yohai, 1984).
o Talwar ¥ function: A hard threshold function that completely disregards extreme
residuals beyond a certain threshold (Maronna et al., 2006).
e Welsch ¥ function: An exponential weighting function that progressively reduces the
influence of large residuals (Holland & Welsch, 1977).
o Smooth Tukey ¥ function: A modified version of Tukey’s Biweight that ensures
numerical stability while preserving robustness (Beaton & Tukey, 1974).

These y functions, when integrated into the IRLS algorithm, enhance the robustness of
ALASSO by improving estimation accuracy under both y-direction and x-direction
contamination. The IRLS update rule is:

BE+D = (XTW(t)X)_leW(t)y
where W@ is the diagonal weight matrix, whose elements are updated at each iteration using:
_Y(r/c)
=
This weighting mechanism ensures that large residuals are down-weighted, reducing the
influence of outliers.

Wi

3. ANALYSIS

To employ the R-ALASSO estimators, we integrate:
1. Redescending y functions for enhanced robustness.
2. Adaptive penalty weights to improve variable selection consistency.
3. IRLS algorithm for efficient optimization.
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The general ALASSO objective function is given by:
n 14

mBinZ p(y; — XiB) + 7\2 w;|B;|
i=1 j=1
where p(-) is a robust loss function (e.g., Tukey’s Biweight), and w; are adaptive weights (Zou,
2006). The optimal tuning parameter A is determined using cross-validation (CV), a widely used
method for selecting penalty parameters in LASSO and robust regression models (Gareth et al.,
2013).

To assess the performance of R-ALASSO, we conduct Monte Carlo simulations under different
contamination scenarios:

S1: y-direction — Randomly inflated response values (15%).

S2: Both x - and y -direction outliers — Combined contamination (15%).

4. RESULTS

Tables 1 and 2 present the MSE and the Number of Selected Variables (NSVs) for different
methods under Scenario 1 and Scenario 2, respectively.

In Scenario 1 (Table 1), the R-ALASSOsmootHTukey Mmethod achieved the lowest MSE
(0.8832) with 7 selected variables, while LASSO had the highest MSE (66.8416) with 20
selected variables.

In Scenario 2 (Table 2), R-ALASSOsmootHTUKEY again yielded the lowest MSE (0.8982) with
10 selected variables, whereas LASSO performed the worst with an MSE of 75.9217 and 20
selected variables.

Overall, R-ALASSO variants significantly outperformed in terms of MSE reduction while
maintaining a lower or comparable number of selected variables.

Table 1. MSE and NSVs under Scenario 1

Method MSE NSVs
LASSO 66.8416233 20
R-ALASSOHuUBER 21.1048413 19
R-ALASSOFaIR 15.5089685 6
R-ALASSOTukey 13.4123879 11
R-ALASSOTALWAR 8.1188501 18
R-ALASSOweLscH 1.2665682 6
R-ALASSOSMOOTHTUKEY 0.8832145 7

Table 2. MSE and NSVs under Scenario 2

Method MSE NSVs
LASSO 75.9217309 20
R-ALASSOHuBER 38.2645681 7
R-ALASSOFaIrR 19.9569348 7
R-ALASSOTuKEY 13.661691 12
R-ALASSOTALWAR 12.9364019 17
R-ALASSOweLscH 1.3568213 10

294 | Page



BURSA 4th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
January 24 - 26, 2025- BURSA
ISBN: 978-625-5962-21-8

R-ALASSOsSMOOTHTUKEY 0.8982224 10

Figure 1 clearly illustrates the comparison of MSE values across different methods under
Scenario 1 and Scenario 2. This visualization allows for a straightforward assessment of the
performance differences, highlighting the superiority of robust adaptive LASSO variants over
the traditional LASSO method in terms of MSE. In Scenario 2, the presence of both-sided
outliers led to an increase in MSE across all methods.
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Figure 1. Comparison of MSE Values: Scenario 1 vs Scenario 2

5. CONCLUSION

The results indicate that R-ALASSO variants consistently outperform the traditional LASSO
method in terms of MSE while maintaining a lower or comparable number of selected variables.
Among them, R-ALASSOswmooTHTukey and R-ALASSOweLsch achieved low MSE in both
scenarios, demonstrating its effectiveness in handling outliers. Tukey and Talwar functions are
strictly redescending, offering robust performance by entirely nullifying extreme outliers, while
Smooth Tukey and Welsch functions are moderately redescending, providing a balanced trade-
off between robustness and sensitivity. These y functions, when integrated into the IRLS
algorithm, improve the robustness of the ALASSO approach by reducing the impact of both
response outliers. Additionally, the presence of both-sided outliers in Scenario 2 led to an
overall increase in MSE for all methods. In future studies, more comprehensive comparative
analyses for solver algorithms and further evaluations of R-ALASSO variants will be conducted
to further enhance robustness and performance across different setups, data distributions, and
outlier scenarios.
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INTEGRATING CONDITION MONITORING AND DEEP LEARNING FOR DIESEL
ENGINE FAULT DIAGNOSTICS

Asst. Prof. Dr. Erkan Caner OZKAT
Recep Tayyip Erdogan University, Rize, Tirkiye
erkancaner.ozkat@erdogan.edu.tr - 0000-0003-0530-5439

Abstract

Diesel engines are indispensable in industries such as transportation, energy production, and
heavy machinery but are prone to faults that can lead to operational downtime, reduced
productivity, and increased maintenance costs. Traditional diagnostic methods, such as manual
inspections, are often labor-intensive and struggle to identify complex fault patterns. This study
leverages the publicly available 3500-DEFault dataset, specifically designed for diesel engine
fault diagnosis, to develop a scalable and efficient framework integrating deep learning models
with a web-based platform. The dataset encompasses 3500 fault scenarios across four
operational conditions, including normal operation and various fault types such as pressure
reduction in the intake manifold, compression ratio reduction, and fuel injection reduction. A
deep learning-based framework was developed using Long Short-Term Memory (LSTM) and
AutoEncoder (AE) to learn the normal operating patterns of the diesel engine and identify
deviations from these patterns, indicating potential anomalies. The framework was evaluated
based on its ability to detect a wide range of anomalies in the dataset. The results demonstrate
the potential of autoencoders for anomaly detection in diesel engines, providing an efficient,
scalable solution for predictive maintenance and fault detection. This study showcases the
power of deep learning and autoencoders in enhancing the reliability and operational efficiency

of diesel engines.

Keywords: deep learning, fault diagnosis, predictive maintenance, diesel engines
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SERT KROM KAPLANMIS 416 KALITE PASLANMAZ CELIKTE KAPLAMA
PARAMETRELERININ ETKISi

Metaliirji ve Malzeme Miihendisi, MERVE CAL
Bursa Teknik Universitesi, calmerve@outlook.com - 0000-0002-6071-0966
Doc. Dr., YAKUP YUREKTURK

Bursa Teknik Universitesi, yakup.yurekturk@btu.edu.tr - 0000-0001-8199-4032

OZET

Bu c¢aligsmada, farkli kaplama parametreleri (akim yogunlugu ve kaplama siiresi) kullanilarak
416 kalite paslanmaz ¢elige sert krom kaplama uygulanmis ve bu parametrelerin kaplama
ozellikleri lizerindeki etkileri incelenmistir. Deneysel ¢aligmalarda dort farkli akim yogunlugu
ve li¢ farkli kaplama siiresi parametresi kullanilmis ve bu parametrelerin kaplama kalinlig1 ve
malzeme Ozellikleri lizerindeki etkileri degerlendirilmistir. Kaplama sonrasi, numunelerin
kaplama kalinliklar1 6l¢iilmiis ve kaplamalarin kesit incelemeleri optik mikroskop ile; kaplama
yiizeyleri taramali elektron mikroskobu (SEM) yardimiyla goriintiilenmistir. Yapilan SEM
analizinde, sert krom kaplamalarda karakteristik olarak goriillen mikrogatlakli yap1
gozlenmistir. Bu mikrogatlaklarin, kaplama performans: lizerinde belirli kosullarda etkili
olabilecegi degerlendirilmistir. EDS analizi ile kaplama yiizeylerinde tespit edilen yiiksek krom
elementi orani; sert krom kaplamanin 416 paslanmaz ¢elik {izerinde basariyla biriktirildigini
gostermistir. Akim yogunlugu ve kaplama siiresinin artmasi ile kaplama kalinliklarinin da
arttig1 tespit edilmistir.

Anahtar Kelimeler: Sert krom kaplama, akim yogunlugu, kaplama kalinligi, SEM
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RELIABILITY ASSESSMENT OF DATA CENTERS USING LRU ALGORITHM AT
EAST AFRICAN UNIVERSITY

Assoc. Prof. Dr. N. Kibet, Dr. R. Owusu, Prof. Dr. A. T. Mwangi-

Department of Computer Science, East African University, Kenya

Abstract

The rapid expansion of digital infrastructure in East Africa has necessitated the development of
reliable and efficient data centers to support academic, commercial, and governmental
operations. This study focuses on the reliability assessment of data centers at East African
University, utilizing the Least Recently Used (LRU) algorithm as a key component in
optimizing resource allocation and minimizing system failures. The LRU algorithm, widely
recognized for its effectiveness in cache management, was implemented to evaluate its impact
on data center performance, particularly in terms of fault tolerance, response time, and resource
utilization. Data was collected over a six-month period from the university’s primary data
center, which serves as a hub for academic research and administrative operations. The results
indicate that the integration of the LRU algorithm significantly enhances the reliability of the
data center by reducing cache misses by 23% and improving system uptime by 15%.
Furthermore, the study highlights the importance of adaptive algorithms in managing the
dynamic workloads typical of academic environments. The findings provide valuable insights
for institutions in developing regions aiming to enhance the reliability and efficiency of their
data centers. This research contributes to the growing body of knowledge on data center
optimization and underscores the potential of algorithmic solutions in addressing the unique
challenges faced by East African universities.

Keywords: Data center reliability, LRU algorithm, cache management, East African
University
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INTEGRATING PROGRAMMING WITH GEOMETRIC CONCEPTS FOR
IMPROVED LEARNING OUTCOMES

Dr. S. M. Shams, Assis. Prof. Dr. H. C. Okoro
School of Education, University of Lagos, Nigeria

Abstract:

The integration of programming with geometric concepts has emerged as a promising approach
to enhance learning outcomes in both computer science and mathematics education. This study
explores the effectiveness of combining computational thinking with geometric principles to
foster deeper understanding and problem-solving skills among students. By leveraging
programming languages such as Python and Scratch, students were engaged in activities that
required them to visualize, manipulate, and analyze geometric shapes and patterns. The research
involved a mixed-methods approach, incorporating pre- and post-assessments, student surveys,
and classroom observations to evaluate the impact of this interdisciplinary approach. Results
indicated significant improvements in students' ability to apply geometric concepts in real-
world scenarios, as well as increased motivation and engagement in learning. Furthermore, the
study highlighted the importance of scaffolding programming tasks to align with students'
cognitive development and prior knowledge. The findings suggest that integrating
programming with geometry not only enhances mathematical proficiency but also cultivates
critical computational skills essential for the 21st century. This research contributes to the
growing body of evidence supporting the use of technology-enhanced learning strategies in
STEM education. The study concludes with recommendations for educators and curriculum
designers to adopt similar integrative approaches to optimize learning outcomes.

Keywords: Programming, Geometry, Interdisciplinary Learning, STEM Education
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AN ADVANCED APPROACH FOR MODELING DEFORMABLE ELASTIC
MEMBRANES IN FLUID INTERACTIONS

Prof. Dr. M. Chirwa, Assoc. Prof. Dr. D. Ngugi, Dr. T. K. Mwaura
Department of Mathematics and Natural Sciences, BRAC University, Bangladesh

Abstract:

The interaction between deformable elastic membranes and surrounding fluids is a complex
phenomenon with significant applications in biomedical engineering, material science, and
environmental studies. This study presents an advanced computational framework for
accurately modeling the behavior of elastic membranes in fluid environments. The proposed
approach integrates a finite element method (FEM) for membrane deformation with a
computational fluid dynamics (CFD) solver for fluid flow, enabling a coupled analysis of fluid-
structure interactions (FSI). The model incorporates nonlinear elasticity to capture large
deformations of the membrane and employs an immersed boundary method (IBM) to handle
the moving interface between the fluid and the structure. Validation of the model is conducted
through comparisons with experimental data and existing numerical solutions, demonstrating
its robustness and accuracy. The results highlight the model's capability to predict complex
membrane dynamics, including wrinkling, folding, and rupture under varying fluid pressures
and flow conditions. Furthermore, the framework is applied to simulate real-world scenarios,
such as the behavior of biological membranes in blood flow and the deformation of flexible
structures in aquatic environments. The study concludes with a discussion on the potential
applications of the model in designing advanced medical devices, optimizing industrial
processes, and understanding natural phenomena. This work contributes to the growing body
of research on FSI by providing a versatile and efficient tool for analyzing deformable
membranes in fluid systems.

Keywords: Fluid-structure interaction, Elastic membranes, Finite element method, Immersed
boundary method.
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ANALYTICAL METHODS FOR COROTATIONAL MAXWELL FLUIDS IN
MANUFACTURING PROCESSES

Dr. F. G. Udo, Assis. Prof. Dr. A. T. Babbaj, Prof. Dr. J. M. Adebayo
Department of Chemical Engineering, University of Lagos, Lagos, Nigeria

Abstract

The study of corotational Maxwell fluids has gained significant attention due to their relevance
in various manufacturing processes, including polymer processing, extrusion, and injection
molding. This paper presents a comprehensive analysis of analytical methods tailored for
understanding the behavior of corotational Maxwell fluids under different manufacturing
conditions. The corotational Maxwell model, which combines viscoelasticity and rotational
effects, is particularly suited for capturing the complex flow dynamics observed in industrial
applications. The analytical framework developed in this work integrates advanced
mathematical techniques, including perturbation methods and spectral analysis, to solve the
governing equations of the corotational Maxwell fluid model. These methods provide insights
into the stress distribution, velocity profiles, and relaxation times, which are critical for
optimizing manufacturing processes. The results demonstrate the effectiveness of the proposed
analytical approaches in predicting fluid behavior under varying shear rates and temperature
conditions. Furthermore, the study highlights the importance of incorporating corotational
terms to accurately model the rotational dynamics of fluid elements, which are often neglected
in traditional analyses. The findings have practical implications for improving the efficiency
and quality of manufacturing processes involving viscoelastic fluids. This research contributes
to the growing body of knowledge in fluid dynamics and offers valuable tools for engineers and
researchers in the field.

Keywords: Corotational Maxwell fluids, viscoelasticity, manufacturing processes, analytical
methods.
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MODELLING STOCHASTIC PROCESSES IN POPULATION DYNAMICS WITH
CATASTROPHIC EVENTS

Dr. S. R. Dube, Assoc. Prof. Dr. J. X. Liu, Prof. Dr. Z. K. Kante

Affiliations:

School of Mathematical Sciences, Peking University, China.

Abstract

Population dynamics are inherently complex, often influenced by both deterministic and
stochastic factors. Catastrophic events, such as natural disasters, epidemics, or sudden
environmental changes, introduce significant uncertainties that can drastically alter population
trajectories. This study focuses on modeling stochastic processes in population dynamics, with
an emphasis on incorporating catastrophic events. We propose a novel mathematical framework
that integrates stochastic differential equations (SDEs) with jump processes to capture the
abrupt changes caused by such events. The model is designed to account for both the frequency
and magnitude of catastrophes, providing a more realistic representation of population behavior
under extreme conditions.

Using numerical simulations and analytical techniques, we explore the impact of catastrophic
events on population stability, extinction probabilities, and long-term growth rates. Our
findings reveal that the interplay between stochasticity and catastrophe intensity plays a critical
role in determining population resilience. Specifically, we identify threshold conditions under
which populations are more likely to recover or face extinction. The model is validated using
empirical data from case studies involving species affected by sudden environmental
disruptions.

This research contributes to the growing body of knowledge in ecological modeling by offering
a robust tool for predicting population responses to catastrophic events. The insights gained can
inform conservation strategies and risk management policies, particularly in the context of
climate change and biodiversity loss.

Keywords: Stochastic processes, Population dynamics, Catastrophic events, Ecological
modeling.
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NUMERICAL SOLUTIONS TO DIFFUSION AND CAHN-HILLIARD EQUATIONS
ON EVOLVING SPHERICAL GEOMETRIES

Prof. Dr. G. O. Acharya, Dr. N. F. Ali
Department of Statistics, University of Ghana, Ghana

Abstract

The study of partial differential equations (PDES) on evolving geometries has gained significant
attention due to its applications in various scientific and engineering fields, such as fluid
dynamics, materials science, and biological systems. This paper focuses on the numerical
solutions to the diffusion and Cahn-Hilliard equations on evolving spherical geometries, which
present unique challenges due to the dynamic nature of the domain and the complexity of the
equations. The diffusion equation models the spread of substances over time, while the Cahn-
Hilliard equation describes phase separation processes in multi-component systems. We
propose a robust numerical framework that combines adaptive mesh refinement and high-order
finite element methods to accurately solve these equations on time-dependent spherical
surfaces. The methodology is validated through a series of numerical experiments,
demonstrating its efficiency and accuracy in capturing the intricate dynamics of the solutions.
The results highlight the importance of geometric evolution in influencing the behavior of the
solutions, particularly in the context of pattern formation and phase transitions. This work
contributes to the growing body of research on PDEs on evolving surfaces and provides a
foundation for further exploration in more complex geometries and applications.

Keywords: Diffusion equation, Cahn-Hilliard equation, evolving geometries, numerical
solutions, spherical surfaces.
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OPTIMAL DESIGN FOR BLOCKED EXPERIMENTAL STUDIES: ASTATISTICAL
APPROACH

Dr. L. Q. Wang, Assoc. Prof. Dr. J. W. Lee

Department of Statistics, University of Beijing, Beijing, China

Abstract

Blocked experimental designs are widely used in scientific research to control for variability
and improve the precision of estimates. This study presents a statistical approach to optimize
the design of blocked experiments, ensuring efficient resource allocation and robust analysis.
The proposed methodology integrates principles of experimental design, linear models, and
optimization techniques to address challenges such as heterogeneity among blocks, unbalanced
designs, and the presence of confounding factors. By leveraging advanced algorithms, the
approach identifies optimal block sizes, treatment allocations, and replication strategies to
maximize statistical power while minimizing experimental costs. The effectiveness of the
proposed method is demonstrated through simulation studies and real-world applications in
agricultural and industrial experiments. Results indicate that the optimized designs significantly
enhance the accuracy of treatment effect estimates and improve the reliability of conclusions.
Furthermore, the approach is adaptable to various experimental settings, making it a versatile
tool for researchers across disciplines. The study concludes with practical recommendations for
implementing optimal blocked designs and highlights potential areas for future research,
including extensions to more complex experimental structures. This work contributes to the
growing body of literature on experimental design by providing a systematic framework for
optimizing blocked studies, ultimately advancing the efficiency and rigor of scientific
investigations.

Keywords: Blocked designs, experimental optimization, statistical power, treatment
allocation, linear models.

306 |Page



BURSA 4th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
January 24 - 26, 2025- BURSA
ISBN: 978-625-5962-21-8

STABILITY ANALYSIS IN AN EXTENDED ENDOCRINE FEEDBACK SYSTEM
MODEL

Dr. L. Q. Wang, Assoc. Prof. Dr. J. W. Lee
School of Biomedical Engineering, University of Singapore, Singapore

Abstract

The endocrine system plays a critical role in maintaining homeostasis through complex
feedback mechanisms. Understanding the stability of these feedback systems is essential for
modeling physiological processes and addressing dysregulations in endocrine disorders. This
study presents a stability analysis of an extended endocrine feedback system model,
incorporating multiple interacting hormones and time delays to better reflect biological realism.
The model is formulated as a system of nonlinear differential equations, capturing the dynamic
interactions between hormone secretion, feedback inhibition, and external stimuli. Using linear
stability analysis and numerical simulations, we investigate the conditions under which the
system exhibits stable equilibrium, oscillations, or chaotic behavior. Our results demonstrate
that the inclusion of time delays and nonlinear interactions significantly influences the stability
of the system, leading to complex dynamical behaviors that are consistent with clinical
observations in endocrine disorders such as hyperthyroidism and Cushing's syndrome.
Furthermore, we identify critical parameter ranges that dictate transitions between stable and
unstable states, providing insights into potential therapeutic targets for restoring homeostasis.
This work contributes to the growing body of research on mathematical modeling in
endocrinology, offering a robust framework for analyzing the stability of extended feedback
systems. The findings have implications for both theoretical biology and clinical applications,
particularly in the design of personalized treatment strategies for endocrine-related diseases.

Keywords: Endocrine feedback system, stability analysis, nonlinear dynamics, time delays, hormone
regulation.
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OPTIMIZING PERFORMANCE IN MARTIAL ARTS FOR ATHLETES WITH
VISUAL IMPAIRMENTS: AN AHP APPROACH

Assoc. Prof. Dr. Ahmed Z. Khan, Dr. Nadia Ibrahim
Department of Sports Science, University of Lahore, Pakistan

Martial arts training for athletes with visual impairments presents unique challenges that require
specialized methodologies to optimize performance. This study employs the Analytic Hierarchy
Process (AHP) to evaluate and rank key factors influencing the performance of visually
impaired martial artists. The research identifies critical elements such as technique adaptation,
proprioceptive training, auditory cues, and tactical awareness as primary contributors to skill
development.

Through expert consultations and data collection from professional coaches and athletes, a
hierarchical model was constructed to assess the relative importance of these factors. The results
indicate that proprioceptive training and auditory cue-based coaching hold the highest weights
in optimizing performance, followed by technique adaptation and tactical awareness.
Furthermore, the study reveals that individual training programs tailored to different levels of
visual impairment significantly enhance athletes’ spatial awareness and reaction times.

In addition to identifying the most effective training components, this research highlights the
role of psychological resilience and adaptive learning strategies. The findings suggest that
incorporating real-time feedback mechanisms and multi-sensory training methods can bridge
the gap between visually impaired and sighted athletes. The AHP approach offers a structured
framework for coaches and sports institutions to develop evidence-based training programs that
maximize the capabilities of visually impaired martial artists.

Overall, this study contributes to the growing body of research on adaptive sports science and
provides practical recommendations for enhancing training regimens. Future research should
explore the integration of emerging technologies, such as virtual reality and haptic feedback, to
further refine martial arts training for athletes with visual impairments.

Keywords: Visual impairment, martial arts, Analytic Hierarchy Process, adaptive training,
proprioception
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EFFECTS OF PHYSICAL ACTIVITY ON METABOLIC MARKERS IN HIGH-
PERFORMANCE ATHLETES

Dr. Camila Pereira
Department of Sports Science, University of Sdo Paulo, Brazil

Abstract:

Physical activity plays a crucial role in modulating metabolic markers, particularly in high-
performance athletes, whose physiological demands are significantly higher than those of the
general population. This study examines the impact of various physical activity regimens on
key metabolic markers, including glucose metabolism, lipid profiles, and inflammatory
responses. A cohort of 120 elite athletes from different disciplines, such as endurance sports,
strength training, and mixed-exertion sports, was analyzed over six months. Blood samples
were collected periodically to assess changes in glucose tolerance, insulin sensitivity,
cholesterol levels, and cytokine concentrations. The findings indicate that endurance athletes
exhibit superior insulin sensitivity and lower levels of inflammatory markers compared to
strength-based athletes. Additionally, lipid metabolism adaptations vary depending on the
nature and intensity of training, with high-intensity interval training (HIIT) demonstrating a
pronounced effect on HDL cholesterol elevation. The study also highlights the role of
individualized training programs in optimizing metabolic efficiency. These results underscore
the necessity of sport-specific metabolic assessments to enhance athletic performance and long-
term health. Future research should focus on integrating genetic markers with metabolic
profiling to personalize training strategies further.

Keywords: Metabolic markers, physical activity, elite athletes, glucose metabolism, lipid
profile
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ENHANCEMENTS IN PERFORMANCE MODELS OF TURBOCHARGERS UNDER
VARIABLE OPERATING CONDITIONS

Dr. Kenji Nakamura, Prof. Dr. Michael T. Lawson
Department of Mechanical Engineering, Tokyo Institute of Technology, Japan

Abstract:

Turbochargers play a crucial role in improving engine efficiency and reducing emissions,
particularly in modern internal combustion and hybrid powertrains. However, their
performance is highly dependent on operating conditions, including variable loads, ambient
temperature fluctuations, and transient acceleration demands. This study aims to enhance the
predictive accuracy of turbocharger performance models by incorporating real-time operational
data and advanced computational fluid dynamics (CFD) simulations. A novel adaptive
modeling approach was developed, integrating machine learning algorithms with
thermodynamic equations to optimize response times and efficiency predictions. Experimental
validation was conducted on a test rig equipped with high-precision sensors, capturing real-
time pressure, temperature, and rotational speed variations. The results demonstrate that the
new model achieves a 15% improvement in predictive accuracy compared to traditional steady-
state models, particularly under transient load conditions. Additionally, the study explores the
impact of variable geometry turbocharger (VGT) configurations and wastegate actuation
strategies on performance optimization. The findings suggest that dynamic adaptation of
control parameters can significantly enhance turbocharger responsiveness and overall engine
efficiency. Future research should focus on integrating artificial intelligence-driven control
systems to further refine turbocharger adaptability in real-world applications.

Keywords: Turbocharger performance, variable operating conditions, computational fluid
dynamics, machine learning, internal combustion engines
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ADVANCEMENTS IN NUMERICAL METHODS FOR STUDYING MANDIBULAR
DISORDERS: INNOVATIONS AND APPLICATIONS

Dr. Mariam Al-Fahim, Prof. Dr. Takashi Ueno

Department of Biomedical Engineering, Osaka University, Japan

Abstract

Mandibular disorders, particularly temporomandibular joint (TMJ) dysfunction, pose
significant challenges in diagnosis and treatment due to their complex biomechanical nature.
Recent advancements in numerical modeling techniques, such as finite element analysis (FEA)
and computational fluid dynamics (CFD), have enabled a more precise understanding of
mandibular kinematics and stress distribution in the joint region. These methods allow for
patient-specific simulations, aiding clinicians in diagnosing structural abnormalities and
optimizing therapeutic interventions.

This study explores the latest innovations in numerical approaches for mandibular disorder
analysis, focusing on the integration of machine learning algorithms with traditional
computational models. By leveraging artificial intelligence (Al)-driven data processing,
researchers have enhanced predictive modeling capabilities, leading to improved treatment
planning. The study also discusses the role of multi-scale modeling, which bridges the gap
between macroscopic biomechanical behaviors and microscopic tissue interactions, offering a
more comprehensive understanding of TMJ pathology.

Moreover, the research investigates the impact of material property variations in computational
models, highlighting the importance of patient-specific bone density and tissue elasticity
considerations. The application of real-time simulation techniques in virtual surgical planning
is also examined, demonstrating the potential for more accurate and minimally invasive
procedures.

By synthesizing current methodologies and emerging technologies, this review contributes to
the growing field of computational biomechanics in oral healthcare. Future research directions
include the integration of real-time imaging modalities with computational models for enhanced
diagnostic accuracy and personalized treatment strategies.

Keywords: Temporomandibular Joint, Finite Element Analysis, Computational Biomechanics,
Machine Learning, Virtual Surgery
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OPTIMIZING RISK PREDICTION USING NORMALIZED DATA IN LONG-TERM
FINANCIAL MODELS

Dr. Luis Santiago, Assoc. Prof. Dr. Zhao L1, Prof. Ibrahim K. Darboe
Department of Financial Engineering, University of Barcelona, Spain
Abstract

Risk prediction is a fundamental component of long-term financial modeling, influencing
investment strategies, economic policy formulation, and corporate decision-making. However,
traditional risk assessment methodologies often struggle with data inconsistencies, outlier
effects, and varying scales across financial indicators. This study presents a novel approach to
optimizing risk prediction by implementing advanced normalization techniques in financial
datasets.

The research examines the impact of data normalization methods, such as min-max scaling, z-
score standardization, and logarithmic transformation, on the accuracy and reliability of
predictive financial models. By standardizing financial variables across different asset classes,
the study aims to enhance the robustness of risk forecasting in diverse market conditions. The
findings demonstrate that normalized data significantly improves model stability, reduces
volatility distortions, and enhances predictive accuracy in long-term investment risk
evaluations.

Furthermore, the study integrates machine learning techniques, such as neural networks and
decision tree algorithms, to refine risk prediction models. The combination of normalized input
data with Al-driven analytics enables the detection of complex patterns and correlations that
traditional statistical methods may overlook. Case studies on stock market trends, credit default
risks, and macroeconomic forecasting highlight the practical applications of the proposed
methodology.

The results underscore the necessity of incorporating rigorous data preprocessing in financial
analytics to mitigate model bias and enhance forecasting precision. Future research directions
include exploring hybrid normalization strategies that dynamically adapt to market fluctuations,
further strengthening the reliability of long-term financial predictions.

Keywords: Financial Modeling, Risk Prediction, Data Normalization, Machine Learning,
Investment Strategies

312 |Page



BURSA 4th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
January 24 - 26, 2025- BURSA
ISBN: 978-625-5962-21-8

IMPROVING ACOUSTIC PERFORMANCE IN SPEAKER SYSTEMS THROUGH
OPTIMIZED AIR VISCOSITY

Dr. Elena V. Mikhailova, Ricardo J. Moreno, Sofia T. Oliveira
Acoustics Research Institute, University of Barcelona, Spain
Abstract

Understanding the role of air viscosity in speaker systems is essential for improving sound
quality and efficiency. This study explores how optimizing air viscosity can enhance acoustic
performance by reducing distortions and increasing sound clarity. Traditional speaker designs
often overlook the effects of air viscosity on wave propagation, leading to suboptimal frequency
response and unwanted resonance. Through computational fluid dynamics (CFD) simulations
and experimental testing, we analyze how different air viscosities influence sound transmission
in enclosed speaker systems. Our findings indicate that by adjusting internal air properties—
such as temperature and humidity—acoustic impedance can be modulated, thereby refining
sound wave propagation. Furthermore, we investigate novel materials and airflow control
techniques to fine-tune these properties dynamically. The research presents a framework for
designing next-generation speaker systems that maximize clarity, efficiency, and fidelity by
leveraging air viscosity optimization. This work has significant implications for audio
engineering, particularly in professional sound systems, consumer electronics, and architectural
acoustics.

Keywords: Acoustic optimization, air viscosity, sound wave propagation, speaker efficiency
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TOPOLOGICAL FEATURES OF LP-SASAKIAN MANIFOLDS WITH CONSTANT
CURVATURE

Dr. Hassan A. Madi, Prof. Erika R. Jensen
Department of Mathematics, Lund University, Sweden
Abstract

Lp-Sasakian manifolds represent a significant category in differential geometry, exhibiting
unique structural and curvature properties. This study focuses on the topological characteristics
of Lp-Sasakian manifolds with constant curvature, aiming to explore their geometric behavior
under various conditions. We begin by reviewing fundamental aspects of Sasakian and Lp-
Sasakian geometry, emphasizing their role in contact metric structures. By employing tensor
field analysis and Ricci curvature conditions, we derive new classifications for these manifolds
under constant curvature constraints. Our results highlight the interplay between curvature
homogeneity and topological stability, revealing conditions under which Lp-Sasakian
structures exhibit minimal distortion under transformations. Additionally, we establish new
theorems related to the Einstein condition in this manifold class, providing insights into their
compactness and stability. The findings contribute to the broader field of geometric analysis
and have potential applications in theoretical physics, particularly in contact and symplectic
geometry models.

Keywords: Lp-Sasakian manifold, constant curvature, contact metric geometry, Ricci tensor
analysis
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NOVEL APPROACHES TO SIMULATING REACTION-DIFFUSION DYNAMICS
ON CURVED GEOMETRIES

Dr. Idris Amara, Assis. Prof. Dr. Zhang Wei, Prof. David L. Johnson

Institute of Applied Mathematics, University of Toronto, Canada

Reaction-diffusion systems play a crucial role in modeling various physical, chemical, and
biological processes. However, simulating these dynamics on curved geometries presents
significant computational challenges. This study introduces innovative numerical techniques
for accurately modeling reaction-diffusion behavior on non-Euclidean surfaces. We develop a
hybrid finite-element and level-set method that efficiently handles complex geometries while
preserving the intrinsic properties of the diffusion process. By incorporating curvature-
dependent diffusion coefficients, our model better captures the behavior of reaction-diffusion
systems in biological membranes, fluid interfaces, and surface chemistry applications. The
accuracy of our approach is validated through comparisons with analytical solutions and
experimental data. Our findings demonstrate that curvature influences reaction rates and pattern
formation, leading to new insights into morphogenesis, materials science, and soft-matter
physics. This research advances computational methods for non-Euclidean diffusion and opens
pathways for improved predictive modeling in various scientific domains.

Keywords: Reaction-diffusion systems, curved geometries, numerical simulation, finite-
element method
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TREATMENT OF VACTERL ASSOCIATION WITH LYMPHOCYTE THERAPY IN
PREGNANT WOMEN

Ali Akbar, Assis. Prof. Dr. Khaled Al-Farsi
Department of Obstetrics and Gynecology, Sultan Qaboos University, Oman

Abstract

VACTERL association is a rare congenital condition characterized by vertebral anomalies, anal
atresia, cardiac defects, tracheoesophageal fistula, renal anomalies, and limb abnormalities.
While its etiology remains uncertain, immune dysregulation has been suggested as a potential
contributing factor. Recent advancements in immunotherapy have proposed lymphocyte
therapy as a possible intervention to modulate maternal immune responses and improve fetal
development in affected pregnancies. This study explores the potential benefits of lymphocyte
therapy in pregnant women diagnosed with VACTERL association through a systematic review
of clinical cases and experimental studies. Data were collected from published medical reports
and analyzed to assess fetal outcomes, maternal immune response, and neonatal survival rates.
Preliminary findings indicate that controlled lymphocyte therapy may reduce inflammatory
markers and enhance fetal organogenesis by regulating maternal immune tolerance. However,
further large-scale clinical trials are required to establish its safety, efficacy, and long-term
effects on both mother and child. This study contributes to the ongoing discussion on alternative
therapeutic approaches for congenital anomalies and highlights the need for interdisciplinary
research integrating immunology and obstetrics.

Keywords: VACTERL association, lymphocyte therapy, maternal immunity, congenital
anomalies, pregnancy outcomes.
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INTEGRATING HEALTHCARE WITH SMART IDENTITY CARDS: A
FRAMEWORK FOR ADOPTION AND PRIVACY

Dr. Samar Al-Mansoori
Department of Health Informatics, King Saud University, Saudi Arabia

Abstract

The integration of healthcare systems with smart identity cards has gained significant attention
as a means to enhance patient identification, streamline medical record access, and improve
healthcare service efficiency. However, concerns regarding data security, patient privacy, and
ethical considerations remain major barriers to widespread adoption. This paper proposes a
comprehensive framework that balances the benefits of smart identity card integration with
stringent privacy safeguards. The framework encompasses legal compliance, encryption
mechanisms, user authentication protocols, and access control policies tailored for healthcare
settings. Through an analysis of case studies from countries that have successfully implemented
smart healthcare identification systems, this study evaluates the impact on patient experience,
healthcare provider efficiency, and cybersecurity threats. The results suggest that while smart
identity cards offer substantial advantages in reducing medical errors and administrative
burdens, robust governance and public trust are essential for their long-term viability. The paper
concludes by recommending policy measures and technological enhancements that ensure
secure, ethical, and efficient integration of smart identity cards in healthcare infrastructure.

Keywords: smart identity cards, healthcare integration, data privacy, digital health security,
patient identification.
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GENE SELECTION OPTIMIZATION IN LUNG AND OVARIAN CANCER USING
STATISTICAL METHODS AND ALGORITHMS

Dr. Rania Mustafa, Prof. Dr. Hassan Al-Jabari, Dr. Omar Basyuni
Department of Computational Biology, King Hussein University, Amman, Jordan

Abstract:

Lung and ovarian cancer remain among the most lethal malignancies worldwide, necessitating
the development of advanced computational approaches to enhance early detection and
treatment strategies. In this study, we investigate the optimization of gene selection in lung and
ovarian cancer datasets by employing statistical methods and machine learning algorithms. Our
methodology integrates feature selection techniques, including Principal Component Analysis
(PCA), Recursive Feature Elimination (RFE), and Least Absolute Shrinkage and Selection
Operator (LASSO) regression, to identify the most relevant genes contributing to cancer
progression. We applied these methods to publicly available genomic datasets from The Cancer
Genome Atlas (TCGA) and validated our findings using independent datasets. Performance
evaluation was conducted using classification models such as Support Vector Machines (SVM)
and Random Forest to assess the predictive capability of the selected genes. The results
demonstrate that an optimized gene set significantly enhances classification accuracy, reducing
computational complexity while preserving biological interpretability. Additionally, pathway
enrichment analysis revealed key biological processes associated with the selected genes,
offering insights into potential therapeutic targets. This study underscores the importance of
data-driven gene selection strategies in precision oncology and highlights the effectiveness of
statistical methods in refining biomarker discovery. Future research should focus on integrating
multi-omics data to improve predictive power further and personalize treatment approaches for
lung and ovarian cancer patients.

Keywords: Gene selection, Lung cancer, Ovarian cancer, Machine learning, Biomarkers
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EFFECTS OF BLEEDING DURING EARLY PREGNANCY ON PERINATAL
OUTCOMES: A COMPARATIVE STUDY

Dr. Zainab Farah, Assoc. Prof. Dr. Noor Al-Sayed, Dr. Hafiza Rahman
Department of Obstetrics and Gynecology, University of Cairo, Cairo, Egypt

Abstract:

Early pregnancy bleeding (EPB) is a common clinical concern, affecting approximately 20%
of pregnancies, and has been associated with an increased risk of adverse perinatal outcomes.
This study aims to assess the impact of EPB on pregnancy progression and neonatal health by
analyzing perinatal complications among affected and non-affected pregnancies. We conducted
a retrospective cohort study involving 850 pregnant women, categorized into an EPB group and
a control group. Clinical parameters such as gestational age at delivery, incidence of preterm
birth, low birth weight, intrauterine growth restriction (IUGR), and neonatal intensive care unit
(NICU) admissions were compared between the groups. Statistical analyses included logistic
regression models to identify risk factors contributing to adverse perinatal outcomes. The
results indicated that women with EPB had a significantly higher risk of preterm birth (OR =
2.3, 95% CI: 1.8-3.1) and low birth weight infants (OR = 1.9, 95% CI: 1.4-2.5) compared to
the control group. Furthermore, the rate of NICU admissions was notably increased in the EPB
group, suggesting potential long-term neonatal health implications. While the exact
mechanisms underlying these associations remain unclear, potential factors such as placental
dysfunction and inflammatory responses may contribute to poor perinatal outcomes. This study
highlights the need for closer monitoring of pregnancies complicated by early bleeding and
underscores the importance of early interventions to mitigate associated risks. Future research
should focus on the development of predictive models and targeted therapies to improve
perinatal outcomes in high-risk pregnancies.

Keywords: Early pregnancy bleeding, Preterm birth, Neonatal outcomes, Pregnancy
complications
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ELECTROCHEMICAL PERFORMANCE OF CARBON-COATED LiFePO4 AS
CATHODE MATERIAL FOR LITHIUM-ION BATTERIES

Prof. Dr. Ming Liu, Dr. Yifan Wang, Assis. Prof. Dr. Xiang Zhang
Department of Materials Science and Engineering, Tsinghua University, Beijing, China

Abstract:

Lithium iron phosphate (LiFePOs) is a widely studied cathode material for lithium-ion batteries
(LIBs) due to its high thermal stability, long cycle life, and environmental friendliness.
However, its intrinsic low electronic conductivity and sluggish lithium-ion diffusion limit its
electrochemical performance. In this study, we investigate the electrochemical behavior of
carbon-coated LiFePOa4 (C-LiFePO.) as a cathode material for LIBs. The carbon coating is
achieved through a hydrothermal synthesis method followed by thermal annealing in an inert
atmosphere. The structure, morphology, and composition of the synthesized materials are
characterized using X-ray diffraction (XRD), scanning electron microscopy (SEM), and Raman
spectroscopy. Electrochemical performance is evaluated through cyclic voltammetry (CV),
galvanostatic charge-discharge cycling, and electrochemical impedance spectroscopy (EIS).
The results show that the carbon coating significantly enhances the electronic conductivity of
LiFePOsa, leading to improved rate capability and cycling stability. The optimized C-LiFePOs
cathode exhibits a specific capacity of 165 mAh/g at 0.1C and retains 92% of its capacity after
500 cycles at 1C. Furthermore, impedance analysis confirms a reduced charge-transfer
resistance, demonstrating enhanced lithium-ion transport kinetics. These findings suggest that
carbon-coated LiFePO. is a promising cathode material for next-generation lithium-ion
batteries.

Keywords: Lithium iron phosphate, Carbon coating, Electrochemical performance, Lithium-
ion batteries
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IMPROVEMENTS IN ELECTROCHEMICAL PERFORMANCE OF AL-DOPED
LiNii/3Co01/3Mni/30: CATHODES FOR HIGH-VOLTAGE LITHIUM-ION
BATTERIES

Dr. David Kim, Assoc. Prof. Dr. Mei Lin, Dr. Jun Hwang
Department of Chemical and Biomolecular Engineering, Korea Advanced Institute of
Science and Technology (KAIST), Daejeon, South Korea

Abstract:

High-voltage lithium-ion batteries require advanced cathode materials with excellent stability
and electrochemical performance. LiNii/3C01/3Mni/302 (NCM) has been a leading candidate
due to its balanced electrochemical properties. However, its performance is hindered by
capacity fading and structural instability under high-voltage cycling. In this study, we explore
the effects of aluminum (Al) doping on the electrochemical properties of NCM cathodes. The
Al-doped NCM (AI-NCM) materials are synthesized via a solid-state reaction method and
characterized using X-ray diffraction (XRD), field-emission scanning electron microscopy (FE-
SEM), and X-ray photoelectron spectroscopy (XPS). Electrochemical performance is assessed
through charge-discharge cycling, cyclic voltammetry (CV), and electrochemical impedance
spectroscopy (EIS). The results indicate that Al incorporation stabilizes the layered structure of
NCM, reduces cation mixing, and suppresses voltage degradation. The AI-NCM cathode
demonstrates an initial specific capacity of 178 mAh/g at 0.1C and retains 85% of its capacity
after 600 cycles at 4.5V. Additionally, impedance measurements reveal a lower charge-transfer
resistance, indicating improved lithium-ion diffusion kinetics. These findings highlight the
potential of Al-doped NCM as a promising cathode material for high-voltage lithium-ion
batteries.

Keywords: Lithium-ion batteries, NCM cathode, Aluminum doping, High-voltage stability
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COMPARATIVE ANALYSIS OF VMAT AND IMRT FOR OPTIMIZED CANCER
TREATMENT

Dr. H. Ahmed,
Assoc. Prof. A. Murad

Department of Radiation Oncology, University of Karachi, Pakistan
Abstarct

Volumetric Modulated Arc Therapy (VMAT) and Intensity-Modulated Radiation Therapy
(IMRT) are two advanced radiation therapy techniques used in cancer treatment. This study
aims to compare these two methodologies in terms of dose distribution, treatment time, and
overall efficiency in managing various cancer types. While both VMAT and IMRT provide
highly conformal dose delivery, VMAT has been noted for its faster treatment times due to
continuous arc-based radiation delivery. In contrast, IMRT, which relies on multiple fixed
radiation beams, allows for a more precise modulation of dose intensity. Our comparative
analysis focuses on key parameters, including tumor coverage, radiation exposure to
surrounding healthy tissues, and patient outcomes. We conducted a retrospective study
involving 100 patients who received either VMAT or IMRT for different malignancies, such as
head and neck, prostate, and breast cancers. The findings indicate that VMAT significantly
reduces treatment duration without compromising the quality of radiation dose conformity.
Additionally, VMAT demonstrated superior efficiency in reducing radiation exposure to
adjacent organs, particularly in complex anatomical regions. However, IMRT exhibited
advantages in certain cases requiring highly precise dose escalation. This study underscores the
importance of patient-specific treatment planning and highlights the necessity for continued
research to refine these radiation therapy techniques for optimal patient outcomes.

Keywords: VMAT, IMRT, radiation therapy, cancer treatment, dose modulation

322 |Page



BURSA 4th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
January 24 - 26, 2025- BURSA
ISBN: 978-625-5962-21-8

UNDERSTANDING AUTISM IN THE MIDDLE EAST: CHALLENGES AND
INTERVENTIONS

Prof. Dr. R. Abdullah,
Dr. Z. Al-Farsi,
Assis. Prof. S. Al-Qarawi

Department of Psychology, King Saud University, Saudi Arabia

Abstarct

Autism Spectrum Disorder (ASD) presents unique challenges in the Middle East due to cultural
perceptions, diagnostic limitations, and accessibility to specialized interventions. This study
explores the current understanding of autism in Middle Eastern societies and the barriers faced
by individuals with ASD and their families. One of the primary concerns in the region is the
late diagnosis of autism, which often stems from social stigma and limited awareness among
both the public and healthcare professionals. Additionally, a shortage of trained specialists and
limited access to evidence-based therapies further hinder effective intervention. Through
qualitative and quantitative analyses of data collected from autism centers and families across
Saudi Arabia, Oman, and Kuwait, this research examines the effectiveness of existing
intervention programs and highlights areas requiring improvement. The findings indicate that
while behavioral therapy and speech-language interventions are gaining traction, there remains
a gap in inclusive education and social integration. The study advocates for enhanced
governmental policies, increased public awareness campaigns, and the development of region-
specific intervention models tailored to cultural and linguistic contexts. By addressing these
challenges, the Middle East can move towards a more inclusive approach to autism care,
ensuring better support for individuals on the spectrum and their families.

Keywords: Autism, Middle East, intervention strategies, cultural perception, special education
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FABRICATION AND CHARACTERIZATION OF 3D SNO LEAFY
NANOSTRUCTURES FOR LI-ION BATTERIES
Prof. Dr. Ahmed Zayed, Dr. Layla Al-Hashmi, Assoc. Rania Ibrahim

Department of Materials Science and Nanotechnology, Cairo University, Egypt
Abstract

Lithium-ion batteries (LIBs) have become a crucial energy storage solution due to their high
energy density, long cycle life, and wide application in portable electronics and electric
vehicles. However, the search for efficient and high-performance anode materials remains a
significant challenge. In this study, we report the fabrication and characterization of three-
dimensional (3D) tin monoxide (SnO) leafy nanostructures as a potential anode material for
LIBs. The SnO nanostructures were synthesized via a hydrothermal method followed by a
controlled annealing process to optimize their morphology and electrochemical properties.

Scanning electron microscopy (SEM) and transmission electron microscopy (TEM) revealed
that the synthesized SnO formed a unique leafy morphology, which enhances the
electrochemical performance by providing a high surface area and efficient lithium-ion
diffusion pathways. X-ray diffraction (XRD) confirmed the crystalline structure of the SnO,
while X-ray photoelectron spectroscopy (XPS) was used to analyze its oxidation states.
Electrochemical measurements, including cyclic voltammetry (CV) and galvanostatic charge-
discharge tests, demonstrated that the 3D SnO nanostructures exhibited improved capacity
retention and higher specific capacity compared to conventional SnO-based anodes.

The results suggest that the unique morphology of SnO leafy nanostructures significantly
improves the electrode performance by mitigating volume expansion during lithiation and
delithiation cycles. These findings indicate that SnO-based nanostructures hold great potential
for next-generation LIB applications.

Keywords: Lithium-ion batteries, Tin monoxide, Nanostructures, Anode materials,
Electrochemical performance
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PROPANE DEHYDROGENATION OVER PLATINUM-TIN CATALYSTS
SUPPORTED ON MAGNESIUM ALUMINATE WITH VARYING MG/AL RATIOS
Dr. Emmanuel Nkurunziza, Dr. Lydia Mwangi

Department of Chemical Engineering, University of Nairobi, Kenya

Propane dehydrogenation (PDH) is a key industrial process for the on-demand production of
propylene, a vital precursor in polymer and petrochemical industries. The catalytic efficiency
of PDH largely depends on the choice of catalyst and its support material. In this study, we
investigate the performance of platinum-tin (Pt-Sn) catalysts supported on magnesium
aluminate (MgAIl204) with varying Mg/Al ratios to determine their effect on catalytic activity,
stability, and coke resistance.

The catalysts were synthesized using an impregnation method and characterized using X-ray
diffraction (XRD), scanning electron microscopy (SEM), and Brunauer—Emmett—Teller (BET)
surface area analysis. Temperature-programmed reduction (TPR) and temperature-
programmed desorption (TPD) techniques were employed to evaluate the catalyst’s reducibility
and acid-base properties, respectively. The catalytic performance of Pt-Sn/MgAI204 was tested
in a fixed-bed reactor under optimized reaction conditions.

Our findings indicate that catalysts with a higher Mg/Al ratio exhibited enhanced stability and
reduced coke formation, which is attributed to the stronger basicity of the support material.
Furthermore, the Pt-Sn interactions were found to play a crucial role in the selectivity and
conversion efficiency of propane to propylene. The study provides valuable insights into the
development of highly stable and efficient catalysts for industrial PDH processes.

Keywords: Propane dehydrogenation, Platinum-tin catalysts, Magnesium aluminate, Coke
resistance, Catalytic performance
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VALIDATING IGG ELISA FOR DIET-RELATED ALLERGIES IN DOGS

Dr. L. Gonzalez
Tshwane University of Technology — South Africa

Abstract:

Canine food allergies and intolerances are common but challenging to diagnose and manage.
This study evaluates the efficacy of the Medisynx IgG Dog Screening Test ELISA, adapted
from human testing methodologies, for diagnosing alimentary-induced conditions in dogs. A
randomized, double-blind study involving 47 dogs with Canine Atopic Dermatitis (CAD) tested
the diagnostic accuracy of 1gG ELISA over a 12-month period. Results showed 93.6% of dogs
achieved complete recovery within 70 days on individualized elimination diets. Sensitivity and
specificity rates of 95.7% and 100%, respectively, were achieved. The study also observed
correlations between 1gG reactions to Candida albicans and recovery duration. These findings
affirm IgG ELISA as a reliable, cost-effective diagnostic tool for managing food-induced
conditions in dogs.
Keywords: Canine allergy, 1gG ELISA, atopic dermatitis, food intolerance

326 |Page



BURSA 4th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
January 24 - 26, 2025- BURSA
ISBN: 978-625-5962-21-8

GENETIC DIVERSITY OF OCT1 IN ZULU POPULATIONS: IMPLICATIONS FOR
DRUG RESPONSE

Dr. P. Zuma, Assoc. Prof. K. Khumalo, D. Ngubane
University of Nairobi — Kenya

Abstract:

The genetic variability of Organic Cation Transporter 1 (OCT1) significantly impacts drug
efficacy and susceptibility to diseases. This study investigates 19 non-synonymous and one
intronic SNP in 101 Zulu participants using SNaPshot® multiplex assays. Allelic frequencies
were compared to African, Asian, and European populations. Notably, MAFs for S14F, V519F,
and P341L were 2.0%, 6.0%, and 1.0%, respectively, while 16 SNPs were monomorphic. The
CGTCGCCGCGCAAGAGGTGA haplotype was predominant at 81.23%. These findings
suggest unique OCT1 genetic patterns in the Zulu population, warranting further research to
explore their implications for therapeutic strategies and disease susceptibility.
Keywords: OCT1, genetic variability, Zulu population, SNPs, drug response
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EFFECTIVENESS OF ANTIGRAVITY TRAINING IN REDUCING OBESITY IN
CHILDREN

Dr. W. El-Khatib, Prof. Dr. F. EI-Amine
Kigali Institute of Health Sciences — Rwanda

Abstract:

Obesity in children poses significant health and socioeconomic challenges globally. This study
evaluates the impact of lower body positive pressure treadmill training combined with a
hypocaloric diet on body composition in obese children. Thirty participants aged 8-14 years
were divided into intervention and control groups. The intervention group engaged in treadmill
training thrice weekly for two months, alongside dietary modifications. Both groups exhibited
reductions in body mass and BMI; however, the intervention group achieved significant
improvements in body fat percentage (p = 0.043), muscle mass (p = 0.049), and basal metabolic
rate (BMR) (p = 0.042). These findings highlight the superior effectiveness of antigravity
treadmill training in improving obesity-related parameters, emphasizing its potential as a non-
invasive intervention for childhood obesity.
Keywords: Obesity, children, antigravity treadmill, body composition, hypocaloric diet
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ENHANCEMENT OF PHOTOVOLTAIC OUTPUT PREDICTION USING
ADVANCED SOLAR DATA DECOMPOSITION METHODS

Dr. N. Yadav, Prof. Dr. A. Rathore, Assoc. Prof. S. Chaturvedi
Indian Institute of Technology Patna, India

Abstract:

Accurately predicting photovoltaic (PV) energy output is essential for optimizing solar energy
systems. This study introduces a comparative analysis of solar data decomposition techniques
to enhance the reliability of PV output predictions. Two methodologies were explored: the use
of PVsyst software and a MATLAB algorithm built on the PVIib package. The study utilized
measured and database-derived solar radiation data to decompose global irradiance into direct
and diffuse components. Detailed modeling of PV components, including panels and inverters,
facilitated precise simulation of energy outputs. Validation was conducted against experimental
data, revealing that the MATLAB approach demonstrated estimation errors below 25%,
whereas PVsyst exhibited errors under 15%. This research underscores the importance of robust
data analysis techniques in  maximizing the efficiency of PV  systems.
Keywords: Solar radiation, photovoltaic modeling, energy estimation, PV systems.
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OPTIMIZATION OF ENERGY STORAGE IN SOLAR-INTEGRATED
DISTRIBUTION NETWORKS

Prof. Dr. J. Okoro, Assis. Prof. T. Adebayo, Dr. L. ikenna
University of Lagos, Nigeria

Abstract:

The incorporation of renewable energy sources into power distribution networks demands
innovative energy storage solutions to mitigate their intermittent nature. This study investigates
the synergistic integration of photovoltaic (PV) generators and battery storage systems within
an urban power distribution framework. Employing a consumption profile reflective of typical
residential patterns, alongside solar generation data, the research applies IEEE-standard power
summation methods to analyze voltage behavior across critical busbars. Results indicate that
the integration of battery storage enhances voltage stability during peak load times, reducing
fluctuations and ensuring compliance with power quality standards. The findings advocate for
optimized energy storage deployment to align renewable generation with consumption
demands effectively.
Keywords: Renewable energy, battery storage, voltage stability, power quality.
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TRANSFORMING LEBANON'S ENERGY LANDSCAPE THROUGH HYBRID
MICROGRIDS

Dr. R. Basha, Assoc. Prof. Z. Taha
Beirut Arab University, Lebanon

Abstract:

Lebanon's power crisis necessitates a transition toward sustainable energy solutions. This study
explores the feasibility of hybrid microgrids (MGs) that integrate diesel generators with
renewable energy sources such as solar photovoltaics (PV). By enhancing existing
decentralized MGs, this approach aims to alleviate energy shortages and reduce reliance on
non-renewable energy. A rural case study employing HOMER software highlights the benefits
of hybrid systems, demonstrating cost-efficiency and environmental advantages. Policy
recommendations are provided to guide the transformation of Lebanon's fragmented MGs into
reliable, renewable-based energy networks.
Keywords: Hybrid microgrids, energy crisis, renewable integration, Lebanon.
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SECURE ADS-B SYSTEMS USING HYBRID MODULATION TECHNIQUES

Jia L. Wong, Mei C. Huang, Thuy T. Nguyen
School of Engineering, Ho Chi Minh City University of Technology, Vietham

Abstract:

To address the security vulnerabilities of Automatic Dependent Surveillance-Broadcast (ADS-
B) systems, this study proposes a hybrid modulation approach combining Pulse Amplitude
Modulation (PAM) and Phase Shift Keying (PSK). Termed Secure ADS-B (SADS-B), this
technique enhances security while maintaining compatibility with existing infrastructure.
Hardware-in-the-loop simulations reveal a fivefold increase in data payload, improved
authentication through digital signatures, and robust system efficiency. This method represents
a significant step forward in aviation safety and data security within the NextGen framework.

Keywords: ADS-B Security, Hybrid Modulation, PAM-PSK, Aviation Safety, Data
Authentication
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PERFORMANCE ANALYSIS OF AIR COOLING SYSTEMS WITH VARIABLE
GENERATOR PRESSURE

Lamia M. Hussein, Kenji T. Yamada
Department of Mechanical Engineering, Cairo University, Egypt

Abstract:

This research investigates the performance of air cooling systems incorporating thermal ejectors
activated by variable generator pressures. A comprehensive theoretical model, developed using
conservation laws and gas dynamics principles, evaluates the system's efficiency under varying
conditions. The model, integrated with refrigerant R134a properties, highlights the impact of
generator pressure on cooling performance. Higher pressures induce shock waves within the
ejector, enhancing overall cooling capacity. The findings underscore the potential of thermal
ejectors as energy-efficient alternatives in sustainable cooling technologies.
Keywords: Air Cooling, Thermal Ejectors, Generator Pressure, Energy Efficiency, Sustainable
Technologies
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IMPACT OF VARIABLE PRIMARY STREAM CONDITIONS ON THE
PERFORMANCE OF EJECTOR COOLING SYSTEMS

Rafael Moreira, Jie Zhang, Ahmed Saleh, Samuel Okoro
* Rafael Moreira, Department of Mechanical Engineering, Federal University of Rio Grande
do Sul, Brazil
* Jie Zhang, Department of Thermal Sciences, Zhejiang Sci-Tech University, China
» Ahmed Saleh, Faculty of Engineering, Alexandria University, Egypt
» Samuel Okoro, Institute of Mechanical Systems, University of Ibadan, Nigeria

Abstract:

This study investigates the influence of varying primary stream pressures on the operational
efficiency of ejector cooling systems (ECS) through detailed numerical analysis. Employing
advanced computational models validated against experimental data, the research analyzes heat
exchanger behaviors using the moving boundary method. The primary focus is to understand
how pressure fluctuations in the primary stream impact the system's coefficient of performance
(COP) and exergy efficiency, with the working fluid being R245fa. The findings reveal that an
increase in primary stream pressure causes a slight reduction in COP but initially enhances
exergy efficiency, which peaks before declining at higher pressures. These insights provide
valuable guidelines for optimizing ECS designs for enhanced energy performance.
Keywords: Coefficient of Performance, Ejector Cooling Systems, Exergy Efficiency,
Numerical Modeling
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TIME-DOMAIN ANALYSIS OF FLOATING WAVE ENERGY CONVERTER
PERFORMANCE

Yuki Nakamura, Mei Lin, Peter Mensah
* Yuki Nakamura, Department of Marine Engineering, Kyoto Institute of Technology, Japan
* Mei Lin, Faculty of Ocean Science, Xiamen University, China
* Peter Mensah, Department of Renewable Energy, University of Cape Coast, Ghana

Abstract:

The dynamic performance of a floating wave energy converter (WEC) is analyzed using time-
domain simulations to evaluate its suitability for harnessing wave energy. The study emphasizes
structural stability and energy capture efficiency under variable sea conditions. A novel design
involving surface-floating mechanics enhances the WEC's adaptability to wave movements
while maintaining energy generation even in low-energy wave scenarios. Simulation results,
corroborated with experimental testing, show substantial potential for optimization in structural
integrity and energy output. This work underscores the role of advanced numerical tools in
advancing renewable energy technology.
Keywords: Time-Domain Simulation, Floating Wave Energy Converter, Renewable Energy,
Numerical Analysis
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EVALUATION OF A HIGH-VOLTAGE GAIN DC/DC CONVERTER FOR SOLAR
ENERGY APPLICATIONS

Chen Wei, Fatima Haddad, Marco dos Santos
* Chen Wei, School of Electrical Engineering, Sichuan University of Technology, China
» Fatima Haddad, Department of Electrical Systems, University of Tlemcen, Algeria
» Marco dos Santos, Faculty of Renewable Energy, Federal University of Minas Gerais, Brazil

Abstract:

This study introduces a novel high step-up DC/DC converter tailored for solar energy systems,
focusing on efficiency improvements through innovative design. The converter employs
coupled inductors to achieve significant voltage gain while minimizing energy loss via zero-
current switching (ZCS). Theoretical and experimental validation of a 100W prototype
demonstrates its capability to convert 20V input to a 220V output with high efficiency. By
leveraging the inherent leakage inductance of coupled inductors, the system operates under
ZCS, enhancing its performance and reducing heat dissipation. This work contributes to the
advancement of sustainable energy technologies by providing an efficient power conversion
solution.

Keywords: DC/DC Converter, High Voltage Gain, Solar Energy, Zero Current Switching
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ANALYSIS OF CHILDHOOD POISONING ADMISSIONS IN LIBYA: THREE-
YEAR RETROSPECTIVE STUDY

Fatima Al-Bakri, Mohamed Hassan, Elena Petrov
» Fatima Al-Bakri, Faculty of Public Health, Benghazi University, Libya
* Mohamed Hassan, Department of Pediatrics, University of Khartoum, Sudan
* Elena Petrov, Institute of Medical Sciences, Plovdiv Medical University, Bulgaria

Abstract:

This retrospective study reviews childhood poisoning cases admitted to Benghazi Children’s
Hospital, Libya, from 2008 to 2010, encompassing 244 cases. The analysis highlights that most
admissions were accidental, with a significant prevalence among boys aged 1-3 years (50.8%).
The study identifies ingestion of medications as the leading cause (53.69%), followed by
household product exposure (26.64%) and food poisoning (19.67%). Seasonal trends show a
peak in poisoning incidents during summer. Despite mild symptoms in most cases, the findings
emphasize the need for preventive measures, including improved storage of toxic agents, to
mitigate pediatric poisoning risks.
Keywords: Pediatric Poisoning, Retrospective Study, Libya, Public Health
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EFFECTS OF PROLACTIN ALTERATIONS ON MALE REPRODUCTIVE
FUNCTION IN WHITE RATS

Hassan Ali, Luka Novak, Samuel Kofi
* Hassan Ali, Department of Biomedical Sciences, Cairo University, Egypt
* Luka Novak, Faculty of Biological Sciences, University of Ljubljana, Slovenia
 Samuel Kofi, Department of Veterinary Medicine, University of Ghana, Ghana

Abstract:

This research examines the impact of prolactin variations on male reproductive function using
200 white rats in a controlled study. Rats were categorized into a control group and groups with
induced hypo- and hyperprolactinemia via pharmacological methods. Serum prolactin levels
and seminal fluid parameters were analyzed after 100 days. Findings show significant
differences in prolactin concentrations and seminal fluid characteristics between the
experimental and control groups, with more pronounced effects correlating with higher
prolactin levels. This study underscores the role of prolactin in male fertility, providing a
foundation for exploring therapeutic approaches for endocrine-related infertility.
Keywords: Prolactin, Male Fertility, Seminal Fluid Analysis, Endocrine Studies
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IMPACT OF DEXAMETHASONE ON REPRODUCTIVE HEALTH IN JUVENILE
RATS

A. Rahimi, M. Amara
Institute of Biological Sciences, Universitas Lampung — Indonesia

Abstract:

Dexamethasone (Dex), a widely used synthetic glucocorticoid, is known for its therapeutic
benefits but poses significant risks to endocrine health, particularly when administered in high
doses over extended periods. This study investigates the impact of Dex on the testicular function
of prepubertal Wistar rats. Newborn rats received intraperitoneal injections of Dex (1 pg per 5
g body weight) for 20 days, followed by assessment at 40 days of age. The control group was
administered saline (NaCl 0.9%). Key metrics, including body weight, testis weight, and plasma
levels of testosterone, LH, and FSH, were analyzed alongside histological examinations of
testicular tissue. Dex-treated rats exhibited significant reductions in body weight, testicular
mass, and hormone levels, with notable disruptions in seminiferous tubule structure and
spermatogenesis. These findings underscore the long-term adverse effects of neonatal Dex
exposure on male reproductive health, raising concerns about its clinical use in pediatric
populations.

Keywords: Dexamethasone, testosterone, LH, FSH, testis, Wistar rats
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INTEGRATED APPROACHES TO SMART MANUFACTURING AND
MECHATRONICS DESIGN

Dr. Taro Nakamura, Department of Mechanical Engineering, Kyushu Institute of Technology,
Japan
Dr. Sophia Akintola, Department of Mechatronics, Federal University of Technology, Nigeria

Abstract:

This paper investigates the interplay between smart manufacturing technologies and innovative
mechatronic  systems, highlighting advanced methodologies and applications. It
comprehensively examines the role of intelligent control algorithms, sustainable materials, and
the integration of Al-driven systems into traditional engineering frameworks. The study
provides insights into the transformation of industries such as robotics, precision agriculture,
and renewable energy by adopting cutting-edge technologies. Detailed case studies and
experimental evaluations underscore the practical implications of these developments, offering
a roadmap for future innovations in the field. The findings emphasize the pivotal role of smart
systems in enhancing efficiency, reducing costs, and driving industrial sustainability.

Keywords : Smart manufacturing, mechatronics, Al-driven systems, industrial automation.
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ADVANCED SIMULATION TECHNIQUES FOR ELECTRIC SKID-STEERING
VEHICLES

Dr. Amara Diouf, Department of Mechanical Engineering, University of Dakar, Senegal
Dr. Pieter van der Meer, Department of Robotics, Eindhoven University of Technology,
Netherlands

Abstract:

This research presents a dynamic simulation framework for analyzing the behavior of 6x6
electric skid-steering vehicles using a synergy of Trucksim and Simulink platforms. By
replacing traditional steering mechanisms with advanced electric skid-steering systems, the
study validates control algorithms for vehicle speed and yaw rate through closed-loop
modeling. Comparative analyses reveal strong alignment between theoretical predictions and
simulation outcomes, verifying the model's robustness. Additionally, a novel feedforward
control strategy is implemented, significantly improving maneuverability by achieving precise
yaw rate targets. The findings provide valuable tools for optimizing control algorithms and
expanding applications in autonomous vehicle technology.

Keywords : Skid-steering, dynamic simulation, control algorithms, autonomous vehicles.
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ANALYSIS OF EXPANSION-INDUCED IRONING IN ADVANCED WELL CASING
TECHNOLOGIES

Dr. Rodrigo Souza, Department of Petroleum Engineering, Federal University of Bahia,
Brazil
Dr. Aisha El-Sayed, Department of Mechanical Engineering, Ain Shams University, Egypt

Abstract:

This study delves into the mechanics of ironing in mono-diameter well casing expansions,
offering a detailed exploration of the pressures and forces involved. The mono-diameter well
design, with its consistent inner diameter, addresses critical industry needs for increased
production capacity and environmental sustainability. Employing a physical model, the study
calculates stresses, strains, and expansion dimensions under varying conditions, focusing on
free casing and overlap expansion scenarios. Key parameters, including cement layer properties
and casing material characteristics, are analyzed to predict axial strain and ironing onset.
Validated by Finite Element simulations and experimental data, the model sheds light on the
challenges and solutions in casing expansion technologies, paving the way for future
advancements.

Keywords: Well casing, mono-diameter expansion, finite element analysis, petroleum engineering.
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DEVELOPMENT OF INDOOR DRONE SYSTEMS FOR CREATIVE INDUSTRY
INNOVATIONS

Dr. Musa Khan, Department of Robotics, National University of Technology, Pakistan
Dr. Laura Ricci, Department of Computer Vision, University of Florence, Italy

Abstract:

This paper explores the application of innovative drone technologies tailored to indoor use
within the creative industries. Focusing on the AIRT system, the study addresses challenges
such as stable flight and accurate positioning in confined spaces. A novel integration of ultra-
wide band (UWB) positioning systems and RGB-D cameras enables advanced 3D
environmental mapping and pre-programmed automated flights. User-friendly designs ensure
accessibility for non-expert operators. Initial findings demonstrate the potential of these drones
to revolutionize creative workflows, from cinematography to virtual production, highlighting
their role in unlocking new economic opportunities within the sector.

Keyword: Indoor drones, UWB positioning, 3D mapping, automation in creative industries.
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EMOTIONALLY INTELLIGENT ROBOTS FOR SOCIAL INTERACTION

Dr. Sarah Kim, Department of Robotics, Seoul National University of Science and
Technology, South Korea
Dr. Jodo Silva, Department of Cognitive Science, University of Porto, Portugal

Abstract:

This study focuses on enhancing the emotional intelligence of humanoid robots to enable more
intuitive human-robot interactions. By leveraging Affective Computing, the research integrates
techniques from psychology and artificial intelligence to improve emotion recognition
capabilities. The humanoid robot Pepper was evaluated for its ability to interpret basic
emotional expressions through facial analysis, comparing its performance with state-of-the-art
methods. Experiments using both controlled databases and real-world interactions reveal
critical insights into detection accuracy and system limitations. These findings lay the
groundwork for developing emotionally aware robots capable of adapting to human behaviors
and fostering meaningful social engagement.

Key words: Humanoid robots, affective computing, emotion recognition, human-robot
interaction.
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ADVANCING EMOTION-SENSITIVE Al IN ROBOTIC SYSTEMS: A STUDY OF
MULTIMODAL EMOTION RECOGNITION APPROACHES
Adebayo Okoro, Li Wei, Maria Nunes
University: Federal University of Technology Akure, Nigeria

Abstract:

The integration of emotional intelligence in humanoid robots has become a cornerstone in
enhancing human-robot interaction. This study focuses on developing and evaluating
multimodal emotion recognition techniques to improve the adaptability of robots in social
contexts. By analyzing emotional cues from facial expressions, vocal tones, gestures, and
textual content, the research bridges the interdisciplinary fields of affective computing,
cognitive science, and robotics. The experiments involve assessing the humanoid robot Nao’s
ability to recognize basic emotions and comparing its performance with advanced emotion
recognition algorithms across diverse datasets and real-world interactions. The findings reveal
that techniques leveraging real emotional responses outperform those relying solely on
theoretical datasets. The research further emphasizes the importance of incorporating genuine
emotional data in model training to achieve accurate and empathetic robot responses.

Keywords: Emotional Intelligence, Multimodal Emotion Recognition, Affective Computing,
Humanoid Robots, Human-Robot Interaction
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IMPACT ASSESSMENT OF LEAN MANUFACTURING ON ORGANIZATIONAL
SUCCESS: A STRUCTURAL ANALYSIS FRAMEWORK
Tariro Chikafu,
University: Midlands State University, Zimbabwe

Abstract:

This study presents a novel structural framework for evaluating the impacts of Lean
manufacturing on organizational efficiency and performance. By reviewing existing literature
and utilizing Pareto analysis, the research identifies critical Lean constructs integral to effective
performance measurement. Employing Structural Equation Modeling (SEM), the framework
elucidates latent variables associated with Lean practices, offering an adaptable tool for diverse
industries. The proposed model facilitates the quantification of Lean benefits, addressing
common challenges faced by organizations in adopting and evaluating Lean methodologies.
The findings underscore the significance of tailored measurement systems aligned with specific
industrial requirements, ensuring sustainable improvement in organizational practices.

Keywords: Lean Manufacturing, Structural Equation Modeling, Performance Measurement,
Organizational Efficiency
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DESIGN AND ANALYSIS OF A DUAL-ACTUATED MICROGRIPPER FOR
BIOMEDICAL APPLICATIONS
Mariam Sow, Javier Rodriguez, Wei Zhang
University: Kwame Nkrumah University of Science and Technology, Ghana

Abstract:

This research details the design, simulation, and evaluation of a dual-actuated electro-thermal
microgripper optimized for micro-assembly and biomedical cell manipulation. The design
integrates advanced geometrical configurations and material properties to enhance precision
and reliability. Using Finite Element Methods via COMSOL Multiphysics, the study analyzes
temperature distribution, displacement control, and operational efficiency under various
conditions. The results highlight the microgripper's suitability for industrial and biomedical
applications, showcasing superior performance in handling delicate tasks with high precision.
The incorporation of optical measurement tools further refines the microgripper’s operational
accuracy, ensuring its adaptability in diverse fields.

Keywords: Microgripper, Electro-Thermal Actuation, Finite Element Analysis, Biomedical
Engineerin
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ROBUST CONTROL STRATEGIES FOR 3-DOF HELICOPTER DYNAMICS USING
LQR-PID TECHNIQUES

Manuel Silva,
Sophia Kim

Department of Aerospace Engineering, National University of Portugal, Lisbon, Portugal
Absttarct

Helicopter control presents significant challenges due to its inherently unstable dynamics and
strong coupling between degrees of freedom. This study explores the application of a hybrid
Linear Quadratic Regulator (LQR) and Proportional-Integral-Derivative (PID) control
strategy for a three-degree-of-freedom (3-DOF) helicopter system. The LQR approach
ensures optimal state feedback control by minimizing a predefined quadratic cost function,
while the PID component provides robust disturbance rejection and adaptability in uncertain
environments. The integration of these methods is tested through both simulation and
experimental setups to evaluate their effectiveness in maintaining stability and improving
trajectory tracking under external perturbations. Results indicate that the combined LQR-PID
controller significantly enhances dynamic performance compared to conventional PID and
LQR-only strategies. The proposed approach demonstrates improved transient response,
reduced steady-state error, and greater robustness against model uncertainties. These findings
suggest that hybrid control methodologies can be effectively applied to advanced aerospace
control systems, providing a foundation for future research in autonomous flight and aerial
vehicle stabilization.

Keywords: Helicopter dynamics, LQR-PID control, robust control, trajectory tracking,
aerospace systems
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IMPROVING POWER QUALITY WITH ADAPTIVE FUZZY LOGIC-BASED PID
CONTROL IN ACTIVE FILTERS

Fatou Ndiaye,
Dr. Elias Moreno

Department of Electrical Engineering, Dakar Institute of Technology, Dakar, Senegal
Abstarct

Power quality is a critical concern in modern electrical networks, particularly with the
increasing integration of renewable energy sources and nonlinear loads. This research
presents an adaptive fuzzy logic-based PID control approach for enhancing power quality
through active filtering. Traditional PID controllers, while widely used, often struggle with
system parameter variations and dynamic disturbances. By integrating fuzzy logic, the
proposed controller dynamically adjusts PID gains in real-time, improving response
adaptability and robustness. Simulations and experimental validation confirm that the
adaptive fuzzy PID controller outperforms conventional fixed-gain PID controllers in
mitigating harmonic distortions, compensating reactive power, and stabilizing voltage
fluctuations. The study also examines the impact of different membership functions and rule
sets on control performance, ensuring optimal parameter tuning for various grid conditions.
The results demonstrate that adaptive fuzzy logic-PID control significantly improves total
harmonic distortion (THD) levels and enhances overall power system reliability. The findings
provide a promising solution for smart grid applications and power quality management in
industrial and commercial sectors.

Keywords: Power quality, adaptive fuzzy logic, PID control, active filters, harmonic
mitigation
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ADVANCED EYE-TRACKING SYSTEM FOR WHEELCHAIR NAVIGATION
USING EOG SIGNALS

Diana Oliveira,
Ahmed Khan

Affiliation: Department of Biomedical Engineering, University of Porto, Portugal

Abstract:

The ability to navigate independently is a fundamental aspect of mobility, particularly for
individuals with severe motor disabilities. Traditional wheelchair control systems often rely
on hand movements, which are not feasible for users with limited or no limb function. In this
study, we propose an advanced eye-tracking system based on electrooculography (EOG)
signals to enable hands-free wheelchair navigation. The system consists of non-invasive
electrodes placed around the eyes to capture EOG signals, which are processed using a
machine learning algorithm to classify different eye movement patterns corresponding to
directional commands. The proposed system was tested on a group of participants with
varying levels of motor impairments, and the results demonstrated high accuracy in detecting
eye movements and translating them into navigation commands. Compared to existing eye-
tracking technologies, the EOG-based system offers a low-cost and reliable alternative,
reducing dependency on complex camera-based systems. Additionally, the system was
integrated with a real-time control interface for smooth and responsive wheelchair movement.
The findings suggest that EOG-based eye-tracking technology can significantly improve the
independence and quality of life of individuals with severe disabilities by providing an
intuitive and efficient method of wheelchair control. Future research will focus on enhancing
the adaptability of the system by incorporating artificial intelligence techniques to refine
movement classification.

Keywords: Eye-tracking, Electrooculography, Assistive Technology, Wheelchair Navigation
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DESIGN OF LOW-COST EMG SIGNAL AMPLIFIERS FOR WEARABLE
TECHNOLOGIES

Ahmed O. Ibrahim,
Chike N. Okeke,
Sophia Mensah

Affiliation: Department of Electrical and Electronic Engineering, University of Lagos,
Nigeria

Abstract:

Electromyography (EMG) has emerged as a crucial tool in biomedical and wearable
technologies, particularly in prosthetic control, rehabilitation, and human-computer
interaction. However, the high cost of EMG acquisition and signal amplification systems
remains a significant barrier to accessibility and widespread adoption. This study presents the
design and development of a low-cost EMG signal amplifier optimized for wearable
applications. The amplifier is based on a high-gain, low-noise instrumentation amplifier
integrated with active filtering circuits to enhance signal quality while minimizing power
consumption. The device was fabricated using affordable components and tested with various
muscle activation scenarios to evaluate its performance in real-world conditions. Results
showed that the proposed amplifier could reliably detect and amplify EMG signals with a
high signal-to-noise ratio, making it suitable for applications such as prosthetics and gesture
recognition. The cost analysis indicated that the developed system is significantly more
affordable than commercially available alternatives, making it a viable option for use in
resource-limited settings. Further improvements, including wireless data transmission and
machine learning-based signal processing, will be explored to enhance the usability and
effectiveness of the amplifier in real-world applications.

Keywords: Electromyography, Wearable Technology, Biomedical Signal Processing, Low-
Cost Amplifier
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PERFORMANCE ENHANCEMENT OF SINGLE-PHASE INVERTERS USING PWM
CONTROL METHODS
Dr. Joao P. Silva, Maria C. Costa

University of Lisbon, Portugal

Single-phase inverters play a crucial role in various power electronic applications, including
renewable energy systems and uninterruptible power supplies. The performance of these
inverters significantly depends on the applied control techniques. Pulse Width Modulation
(PWM) control methods have emerged as an effective approach to improve the efficiency and
output quality of single-phase inverters. This study investigates the impact of different PWM
control strategies, including sinusoidal PWM (SPWM), space vector PWM (SVPWM), and
hysteresis current control, on the overall performance of single-phase inverters. A comparative
analysis is conducted to evaluate key parameters such as total harmonic distortion (THD),
voltage regulation, and dynamic response under various load conditions. The research findings
indicate that advanced PWM techniques, particularly SVPWM, can substantially reduce
harmonic distortion and enhance the power conversion efficiency. Moreover, the
implementation of adaptive PWM schemes is explored to optimize inverter performance under
varying load conditions. The experimental setup includes a hardware prototype developed to
validate the theoretical analysis. The results confirm that employing optimized PWM control
methods leads to improved inverter operation, making them more suitable for integration into
modern power systems. This study contributes to the ongoing advancements in inverter
technology by providing insights into the optimal selection and implementation of PWM
control methods for enhanced performance and reliability.

Keywords: Single-phase inverter, PWM control, total harmonic distortion, space vector
modulation, power electronics.
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LOAD FREQUENCY CONTROL OPTIMIZATION VIA GENETIC ALGORITHM
APPROACHES

Dr. Wanjiku N. Mwangi, Dr. Joseph A. Otieno
University of Nairobi, Kenya

Load Frequency Control (LFC) is a critical aspect of power system stability, ensuring that
frequency deviations are minimized to maintain a reliable electrical grid. Traditional control
strategies, such as proportional-integral-derivative (PID) controllers, have been widely
employed; however, their performance is often limited under dynamic operating conditions.
This study explores the application of Genetic Algorithm (GA)-based optimization techniques
to enhance LFC performance in multi-area power systems. The proposed approach involves
tuning the controller parameters using GA to minimize frequency deviations and improve
transient response characteristics. A comparative analysis is conducted between conventional
PID controllers and GA-optimized controllers under different load disturbance scenarios.
Simulation results demonstrate that the GA-optimized controller exhibits superior performance
in terms of settling time, overshoot reduction, and robustness against system uncertainties.
Additionally, the study investigates the feasibility of integrating GA with other intelligent
optimization techniques, such as particle swarm optimization (PSO) and fuzzy logic control, to
further enhance system reliability. The findings indicate that Al-driven optimization techniques
can significantly improve LFC performance, making them viable for real-world power system
applications. The research provides valuable insights into the development of advanced control
strategies for modern power networks, particularly in regions experiencing rapid grid expansion
and renewable energy integration.

Keywords: Load frequency control, genetic algorithm, power system stability, intelligent
optimization, PID controller.
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AERODYNAMIC ANALYSIS OF MORPHING STABILIZERS FOR EXECUTIVE
AIRCRAFT

Hassan M. Yusuf, Yoon S. Park, Fatima B. Sadiq
Department of Aerospace Engineering, Seoul National University, South Korea

Abstract

Morphing stabilizers have emerged as a promising technology for improving the aerodynamic
efficiency of executive aircraft. These stabilizers adapt dynamically to varying flight
conditions, optimizing lift, drag, and overall flight stability. This study presents a
comprehensive aerodynamic analysis of morphing stabilizers using computational fluid
dynamics (CFD) simulations and wind tunnel testing. The research focuses on shape
optimization, structural integrity, and control mechanisms necessary for effective deployment
in high-speed executive jets. The study employs a hybrid approach combining Reynolds-
Averaged Navier-Stokes (RANS) simulations with experimental validations to assess
performance under different flight regimes. The results indicate that morphing stabilizers can
reduce drag by up to 12% and enhance lift-to-drag ratios significantly, leading to improved fuel
efficiency and maneuverability. Additionally, the integration of adaptive control strategies
ensures seamless operation across varying atmospheric conditions. The findings contribute to
the growing field of smart aerodynamic structures, paving the way for their implementation in
next-generation aircraft design.

Keywords: Morphing stabilizers, aerodynamic efficiency, computational fluid dynamics,
executive aircraft
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ROBUST CONTROL STRATEGIES FOR 3-DOF HELICOPTER
DYNAMICS USING LQR-PID TECHNIQUES

Manuel Silva, Aisha Ahmed, Sophia Kim
Department of Mechanical and Aerospace Engineering, Technical University of Lisbon,
Portugal

Three-degree-of-freedom (3-DOF) helicopters are widely used in control systems research to
test advanced flight control strategies. This study investigates the implementation of Linear
Quadratic Regulator (LQR) and Proportional-Integral-Derivative (P1D) control techniques for
stabilizing and maneuvering a 3-DOF helicopter system. The research involves mathematical
modeling of the helicopter dynamics, state-space representation, and control optimization using
MATLAB/Simulink simulations. By employing a hybrid LQR-PID approach, the study
demonstrates improved stability, reduced overshoot, and faster settling times compared to
conventional PID controllers alone. Experimental validation is conducted using a physical 3-
DOF helicopter test rig, confirming the effectiveness of the proposed control scheme. The
findings highlight the potential of LQR-PID control for enhancing the precision and robustness
of autonomous flight systems in both civilian and military applications.

Keywords: 3-DOF helicopter, LQR-PID control, flight dynamics, autonomous systems
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IMPROVING POWER QUALITY WITH ADAPTIVE FUZZY LOGIC-BASED PID
CONTROL IN ACTIVE FILTERS

Fatou Ndiaye, Dr. Elias Moreno
Department of Electrical and Computer Engineering, University of Dakar, Senegal

Absttact: Power quality is a crucial factor in modern electrical networks, directly impacting
efficiency and reliability. This study explores the application of an adaptive fuzzy logic-based
Proportional-Integral-Derivative (PID) controller for active power filters (APFs) to mitigate
harmonic distortions and improve voltage stability. The proposed control scheme dynamically
adjusts PID parameters using fuzzy logic inference, ensuring optimal performance under
varying load conditions. MATLAB/Simulink simulations and real-time hardware
implementation are carried out to evaluate the system’s effectiveness in reducing Total
Harmonic Distortion (THD). The results indicate a significant reduction in THD, improved
power factor correction, and enhanced voltage regulation. Compared to traditional fixed-
parameter PID controllers, the adaptive fuzzy logic approach demonstrates superior adaptability
and robustness in fluctuating power demand environments. This research contributes to the
development of intelligent power quality solutions for industrial and commercial electrical
systems.

Keywords: Power quality, adaptive fuzzy logic, PID control, active filters
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