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EVALUATION PROCESS
All applications have undergone a double-blind peer review process.
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CONGRESS ORGANIZING BOARD

Head of Conference : Prof. Dr. Naile Bilgili
Prof. Dr. Hilya Cicek - Gaziantep Universitesi
Prof. Dr. Ali Bilgili - Ankara Universitesi
Prof. Dr. Naile Bilgili - Gazi Universitesi
Prof. Dr. Basak Hanedan - Atatiirk Universitesi
Prof. Dr. Hajar Huseynova - Azerbaijan Devlet Pedagoji Universitesi
Prof. Dr. Dwi Sulisworo - Ahmad Dahlan University
Prof. Zain Musa - Royal Academy of Cambodia
Prof. Dr. Sameer Jain - NICMAR University
Prof Yakup Babayev - Azerbaijan Devlet Pedagoji Universitesi
Prof. Dr. Suyatno - Ahmad Dahlan University
Prof. Dr. Al-Rashiff H. Mastul -Mindanao State University
Prof. Dr. Alhisan U. Jemsy - Mindanao State University
Prof. Dr. Elif Akpinar Kilekgi - Atatirk Universitesi
Prof. Dr. Mehtap Kavurmaci - Atatiirk Universitesi
Prof. Dr. Belkis Ozkara - Afyon Kocatepe Universitesi
Prof. Dr. Mavlonova Ugiloy Khamdamovna - Zarmed University
Assoc. Prof. Dr. Aysel Arslan - Sivas Cumhuriyet Universitesi
Assoc. Prof. Dr. Yeliz Cakir Sahilli - Munzur Universitesi
Assoc. Prof. Dr. Siddik BAKIR - Ataturk Universitesi
Assoc. Prof. Dr. Berna Kogak - Munzur Universitesi
Assoc. Prof. Dr. Irade Kerimova - Azerbaycan Devlet Pedagoji Universitesi
Assoc. Prof. Dr. Dhesi Ari Astuti - Ahmad Dahlan University
Assoc. Prof. Dr. Mehmet Firat Baran - Batman Universitesi
Assoc. Prof. Dr. Abdulkadir Aydin - Dicle Universitesi
Assoc. Prof. Dody Hartanto - Ahmad Dahlan University

Assoc. Prof. Dr. Rungchacadaporn - Ahmad Dahlan University
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Assoc. Prof. Nazile Abdullazade - Azerbaijan Devlet Pedagoji Universitesi
Assoc Prof. Dr. Feran Asur - Van Yiiziincii Y1l Universitesi
Assoc Prof. Dr. Erkan EFILTI - Kirgizistan-Turkiye Manas University
Assoc. Prof. Dr. Dini Yuniarti - Ahmad Dahlan University
Assoc. Prof. Ivaylo Staykov - New Bulgarian Universitesi
Assoc. Prof. Dr. Abbas Ghaffari - Tebriz Universitesi
Assoc. Prof. Dr. Yasemin Tas - Gazi Universitesi
Assoc. Prof. Dr. Yegano Qohromanova - Azerbaijan Devlet Pedagoji Universitesi
Assoc. Prof. Dr. Biilent Isik - Karamanoglu Mehmet Bey Universitesi
Assoc. Prof. Dr. Nurkan Yilmaz - inénii Universitesi
Assoc. Prof. Dr. Homzo Bliyev- Azerbaijan Devlet Pedagoji Universitesi
Assoc. Prof. Dr. Sevra Firinciogullart
Assist. Prof. Ihwan Ghazali - Technic University of Malaysia
Assist. Prof. Dr. Abisov Elsad Sorafxan oglu- Azerbaijan Devlet Pedagoji Universitesi
Assist. Prof. Dr. Mahrukh Dovlatzade - Azerbaijan Devlet Pedagoji Universitesi

Assist. Prof. Dr. Naci Biiyiikkaracigan- Selguk Universitesi

Assist. Prof. Dr. Songul Atak - Dicle Universitesi

Lecturer Mehmet Nuri Oduk - Selguk Universitesi

Dr. Fatih I. Kursunmaden - Selguk Universitesi
Assist. Prof. Dr. Mehdi Meskini Heydarlou —
Dr. Dadash Mehravari - Tebriz Universitesi
Dr. Aynuro Bliyeva - Azerbaijan Devlet Pedagoji Universitesi
Dr. Giiltekin Gurcay

Dr. Amaneh Manafidizaji
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Scientific & Review Committee

Prof. Dr. Hiilya Cigek — Turkiye
Prof. Dr. Emine Koca — Turkiye
Prof. Dr. Fatma Kog — Turkiye
Prof. Dr. Valide Pasayeva - Tiirkiye
Prof. Dr. Ali Bilgili - Turkiye
Prof. Dr. Naile Bilgili - Turkiye
Prof. Dr. Basak Hanedan — Turkiye
Prof. Dr. Aysel Giiven - Turkiye
Prof Dr. Biilent Kurtisoglu — Turkiye
Prof. Dr. Hajar Huseynova — Azerbaijan
Prof. Dr. Dwi Sulisworo — Indonesia
Prof. Dr. Natalia Latygina — Ukraina
Prof. Dr. Yunir Abdrahimov — Russia
Prof. Muntazir Mehdi — Pakistan
Prof. Dr. T.Venkat Narayana Rao — India
Prof. Dr. Izzet Giimiis — Turkiye
Prof. Dr. Mustafa Bayram — Turkiye
Prof. Dr. Saim Zeki Bostan — Turkiye
Prof. Dr. Hyeonjin Lee — China
Prof. Yakup Babayev - Azerbaijan
Prof. Dr. Suyatno — Indonesia
Prof. Dr. Zain Musa — Cambodia
Prof. Dr. Sameer Jain — India
Prof. Mehdi Mohammadzade — Iran
Prof. Dr. Ika Maryani — Indonesia
Prof. Dr. Guler Yenice — Turkiye
Prof. Dr. Elif Akpinar Kiilek¢i — Turkiye
Prof. Dr. Mavlonova Ugiloy Khamdamovna — Uzbekistan

Prof. Dr. Mehtap Kavurmaci — Tiirkiye
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Prof. Dr. Belkis Ozkara — Tiirkiye
Prof. Dr. Al-Rashiff Hamjilani Mastul — Philipinnes
Prof. Dr. Alhisan U. Jemsy — Philippines
Assoc. Prof. Dr. Aysel Arslan - Turkiye
Assoc. Prof. Dr. Siddik Bakir — Turkiye
Assoc. Prof. Dr. Meryem Oztiirk - Turkiye
Assoc. Prof. Dr. Yeliz Cakir Sahilli - Turkiye
Assoc. Prof. Dr. Berna Kogak - Turkiye
Assoc. Prof. Dr. Dhesi Ari Astuti — Indonesia
Assoc. Prof. Dr. Abdulkadir Aydin - Turkiye
Assoc Prof. Dr. Feran Asur — Turkiye
Assoc. Prof. Dr. Yasemin Tas — Turkiye
Assoc. Prof. Dr. Biilent Isik - Turkiye
Assoc. Prof. Dr. Nurkan Yilmaz - Turkiye
Assoc. Prof. Dr. Sevra Firinciogullar: - Turkiye
Assoc. Prof. Dr. Abdulsemet Aydin — Turkiye
Assoc. Prof. Dr. Mehmet Firat Baran - Turkiye
Assoc. Prof. Dr. Dilorom Hamroeva - Ozbekistan
Assoc. Prof. Dr. Abbas Ghaffari — Iran
Assoc. Prof. Ivaylo Staykov - Bulgaria
Assoc. Prof. Dr. Dini Yuniarti — Indonesia
Assoc. Prof. Dr. Umit Ayata — Turkiye
Assoc. Prof. Dr. Homzo Oliyev - Azerbaijan
Assoc. Prof. Dr. Okan Sarigéz — Turkiye
Assoc. Prof. Dr. Eda Bozkurt — Turkiye
Assoc. Prof. Dr. Ahmet Topal — Turkiye
Assoc. Prof. Dr. Abdulkadir Kirbas — Turkiye
Assoc. Prof. Dr. Mesut Bulut — Turkiye
Assoc. Prof. Dr. Fahriye Emgili — Turkiye
Assoc. Prof. Dr. Sandeep Gupta — India

Assoc. Prof. Dr. Veysel Parlak — Turkiye
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Assoc. Prof. Dr. Mahmut Islamoglu — Turkiye
Assoc. Prof. Dr. Nazile Abdullazade — Azerbaijan
Assoc. Prof. Dr. Irade Kerimova - Azerbaijan
Assoc. Prof. Dr. Yegano Qshramanova — Azerbaijan
Assoc. Prof. Dr. Ali Vandshoari — [ran
Assoc. Prof. Dr. Dinara Fardeeva — Rusya
Assoc. Prof. Dr. Goksel Ulay — Turkiye
Assoc. Prof. Dr. Erkan Efilti - Kirgizhstan
Assist. Prof. K. R. Padma — India
Assist. Prof. Dr. Omid Afghan - Afghanistan
Assist. Prof. Dr. Maha Hamdan Alanazi - Saudi Arabia
Assist. Prof. Dr. Dzhakipbek Altaevich Altayev - Kazakhstan
Assist. Prof. Dr. Amina Salihi Bayero — Nigeria
Assist. Prof. Dr. Ahmad Sharif Fakheer - Jordania
Assist. Prof. Dr. Dody Hartanto - Indonesia
Assist. Prof. Dr. [hwan Ghazali - Malaysia
Assist. Prof. Dr. Mehdi Meskini Heyladou — Iran
Assist. Prof. Dr. Bazarhan imangalieva - Kazakhstan
Assist. Prof. Dr. Keles Nurmaguli Jaylibay - Kazakhstan
Assist. Prof. Dr. Mamatkuli Juraev — Ozbekistan
Assist. Prof. Dr. Kalemkas Kalibaeva — Kazakhstan
Assist. Prof. Dr. Bouaraour Kamel — Algeria
Assist. Prof. Dr. Alia R. Masalimova - Kazakhstan
Assist. Prof. Dr. Amanbay Moldibaev - Kazakhstan
Assist. Prof. Dr. Ayslu B. Sarsekenova - Kazakhstan
Assist. Prof. Dr. Bhumika Sharma - India
Assist. Prof. Dr. Gulsat Sugaeva — Kazakhstan
Assist. Prof. Dr. K.A. Tleubergenova - Kazakhstan
Assist. Prof. Dr. Cholpon Toktosunova — Kirgizia
Assist. Prof. Dr. Hoang Anh Tuan — Vietnam

Assist. Prof. Dr. Songiil Atak - Tiirkiye
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Assist. Prof. Dr. Botagul Turgunbaeva - Kazakhstan
Assist. Prof. Dr. Dinarakhan Tursunalieva - Kirgizia
Assist. Prof. Dr. Yang Zitong — China
Assist. Prof. Dr. Gulmira Abndirasulova — Kazakhstan
Assist. Prof. Dr. Imran Latif Saifi — South Africa
Assist. Prof. Dr. Murat Geng — Turkiye
Assist. Prof. Dr. Monisa Qadiri — India
Assist. Prof. Dr. Vaiva Balciuniene — Lithuania
Assist. Prof. Dr. Meltem Avan — Turkiye
Assist. Prof. Dr. Abisov Elsad Sorafxan oglu - Azerbaijan
Assist. Prof. Dr. Mahrukh Dovlatzade — Azerbaijan
Assist. Prof. Dr. Naci Biiyiikkaracigan — Turkiye
Assist. Prof. Dr. Raihan Yusoph — Philippines
Dr. Que-Nhu Duong - Vietnam
Dr. Fatih I. Kursunmaden — Turkiye
Dr. Mehmet Nuri Odiik — Turkiye

Dr. Ayse Baran - Turkiye

Dr. Aynurs Oliyeva - Azerbaijan
Dr. Sonali Malhotra — India

Dr. Amaneh Manafidizaji — Iran
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Number of paper %
Papers by Turkish Participants 25 36,76
Papers by International Participants 43 63,24
(15 Countries)
Chart Title
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BURSA 7TH INTERNATIONAL CONFERENCE ON ENGINEERING AND
MATHEMATICS
JULY 3-5, 2026 - BURSA

NO :AC-7B -2026. 351U- 7251
Konu : Akademik Tegvik Uygunluk Belgesi 08/08/2026

ILGILIi MAKAMA

Academy  Global Conferences tarafindan  diizenlenen = BURSA  7th
INTERNATIONAL CONFERENCE ON ENGINEERING and
MATHEMATICS kongresi 3-5 Temmuz 2026 tarihlerinde Bursa’dal6 farkli iilkeden
akademisyenin katilimiyla gergeklestirilmistir. Kongre kapsaminda sunulan 68
bildirinin 25’i Tiirkiye’den, 43’0 ise farkli 15 iilkeden katilan akademisyenler
tarafindan sunulmustur. Kongre, 16 Ocak 2020 Akademik Tesvik Odenegi
Yonetmeligine getirilen “Tebliglerin sunuldugu yurt i¢inde veya yurt disindaki
etkinligin uluslararasi olarak nitelendirilebilmesi i¢in Tiirkiye disinda en az bes farkli
tilkeden sozlii teblig sunan konusmacinin katilim saglamasi ve tebliglerin yaridan

fazlasinin Tiirkiye disindan katilimcilar tarafindan sunulmasi esastir.” degisikligine
uygun olarak diizenlenmistir.

Bilgilerinize arz ederiz

Saygilarimizla

G

Prof. Dr. Ali BILGILI

Web: www.bursakongresi.org Contact: bursakongresi@gmail.com



T.C.
ANKARA UNIVERSITESI REKTORLUGU
Veteriner Fakiltesi Dekanli§i
Fakulte Sekreterligi

Say1  :E-21304664-051-1705704 12.02.2025
Konu :31-14279 Prof. Dr. Ali Bilgili'nin

Uluslararas1 Kongrelerde Diizenleme ve

Bilim kurullarinda yer almasi hk

FARMAKOLOIJI VE TOKSIKOLOJi ANABILIM DALI BASKANLIGINA

Ilgi  :Farmakoloji ve Toksikoloji Anabilim Dali Baskanligi'nin11.02.2025 tarihli ve
E-41298163-051-1704750 say1l1 yazist.

Ilgi yazimz uyarinca, Anabilim Daliniz 6gretim iiyesi Prof.Dr.Ali BILGILI'nin, Yiiksekogretim
Kurulu'nun 15.06.2023 tarihli oturumunda dogentlik bagvurulari sartlar1 ile ilgili degisiklik Onerileri
kapsaminda, "Academy Global Conferences & Publishing (https://www.akademikongre.org/registration)"
tarafindan oniimiizdeki tarihlerde diizenlenecek olan uluslararasi kongrelerde; kongre bagkani, kongre
diizenleme ve bilim kurulu iiyesi olarak gorev yapmasi Dekanligimizca da uygun goriilmiistiir.

Bilgilerinizi ve geregini saygilarimla rica ederim.

Prof. Dr. Necmettin UNAL
Dekan V.

Bu belge, givenli elektronik imza ile imzalanmistir.
Dogrulama Kodu: 8E77B04B-BD26-449E-A3C8-D44477307021  Dogrulama Adresi: https://www.turkiye.gov.tr/ankara-universitesi-ebys

Ziibeyde Hanim Mahallesi Sehit Omer Halisdemir Bulvari No: 9/C 06070 Altindag / Bilgi i¢in:Gilay SAFAK Eﬁ:‘--m
ANKARA Bilgisayar Isletmeni Egk:iialst
Telefon No: (0312) 317 03 15 Belge Geger No: (0312) 316 44 72 Telefon No:(312) 317 03 15-4510 Eﬁt T
e-posta: vetmed@veterinary.ankara.edu.tr E-Posta: gsafak@ankara.edu.tr ,: FEe

KEP Adresi: ankunvrek@ankuni-hsOT.Kep.tr
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BURSA 7% INTERNATIONAL CONFERENCE ON HUMANITY and
SOCIAL SCIENCES
BURSA 7" INTERNATIONAL CONFERENCE ON SPORTS and HEALTH
SCIENCES
BURSA 7% INTERNATIONAL CONFERENCE ON ENGINEERING and
MATHEMATICS
ARTdergi 6™ INTERNATIONAL GROUP EXHIBITION
July 35,2026
BURSA

Kongre Baglant1 Linki :

Join Zoom Meeting

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

Passcode: 202224
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ONEMLI ACIKLAMA (Liitfen okuyunuz)

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

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

e Oturuma baglanmadan dnce Salon numaranizi adinizin dniine asagidaki gibi ekleyiniz. Bu sayede
kongre agilisinda beklemeden oturumlarmiza génderilebileceksiniz. Or. 5 Ahmet Ahmetoglu

Sunum siiresi 10 dakikadir. Bu siirenin asilmamasini moderatorler temin edecektir.

Sunum sonrast 5 dakikay1 gegmeyen soru-cevap, tartigma siiresi verilmektedir.

Sunumlar TURKCE veya INGILIZCE yapilabilmektedir.

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

Sunum yapan katilimcinin kamerasi acik olmak zorundadir.

Sunum yapmak zorunludur. Herhangi bir nedenle sunum yapmamis olan katihmeciya sertifika

verilmesi ve calismasinin yayinlanmasi s6zkonusu olamaz.

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

e Katilimcilarin kendi oturumlari disindaki oturumlara katilma zorunlulugu yoktur.

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

e SADECE CALISMADA YAZAR OLARAK GECEN KiSIiLER SUNUM YAPABILIR !

IMPORTANT, PLEASE READ CAREFULLY

e To be able to make a meeting online, login via https://zoom.us/join site, enter ID instead of “Meeting ID

e  or Personal Link Name” and solidify the session.

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

e  The Zoom application can be used without registration.

e  The application works on tablets, phones and PCs.

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

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

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

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

TECHNICAL INFORMATION

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

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

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

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

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

Academy Global Conferences & Journals @ ‘?’ 'i f.‘;?ﬁ

T A —= TES 0 91




F
LT
S -

&

ACADEY,
Pl

www.akademikongre.org

BURSA 7th INTERNATIONAL CONFERENCE ON SPORTS and HEALTH SCIENCES
July 3 -5, 2026

BURSA

Meeting ID: 885 7151 8350 Passcode: 202224

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

ARASINDAKI ILISKININ DEGERLENDIRILMESI

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
THE EFFECTS OF DIFFERENT DIETARY PATTERNS ON )
GLUCOSE MANAGEMENT IN CHILDREN WITH TYPE 1 Dr. Harun OZBEY
DIABETES: A SYSTEMATIC REVIEW
Assist. Prof, FATMA
ILKNUR UZUN
THE IMPACT OF SOCIAL MEDIA USE ON MENTAL HEALTH 5}'}"'ZT<"ENGULLU
IN THE DIGITAL AGE: A NARRATIVE REVIEW RN. MSc., FEYZA ACAR
Prof. Dr. NEZIHE BULUT
UGURLU
Yiiksek Lisans Ogrencisi,
AN ANALYSIS OF THE IMPACTS OF DIGITAL HEALTH Nurcan SAVRAN
SERVICES ON PATIENT EXPERIENCE Dr. Ogr. Uyesi, Ahmet
AYDIN
— > CERRAHI KLINIKLERDE UYGULAMA YAPAN Hem. Sena
zZ g HEMSIRELIK OGRENCILERINDE KAYGI , ALGILANAN BABAYAVRUSU
O N STRES , ILETISIM BECERILER{ VE BAKIM Dr. Ogr. Uyesi Melis SEN
;(' O DAVRANISLARININ DEGERLENDIRILMEST' YILMAZ
wn c
~ ~
- £ SAGLIK BILIMLERI FAKULTESINDE OKUYANKIZ Yiiksek Lisans Oarencisi
< = OGRENCILERININ MEME KANSERINE YONELIK BILGI FILIZ KIP KAY i ’
T a DUZEYLERI ILE KENDi KENDINE MEME MUAYENESI Dr. Ogr. Uyesi, MELIS
SAGLIK TARAMALARINA YONELIK INANCLARI SEN YILMAZ

COMPARISON OF HEART RATE VARIABILITY
PARAMETERS ACCORDING TO GENDER IN UNIVERSITY
STUDENTS

Pt, YASIN KAPLAN

Pt, ZEYNEP
KIRMIZIOGLU

Pt, AYSANUR MERGEN
Asst. Prof., SELIN AKIL
AGDERE

YAPAY ZEKA DESTEKL{ OLUSTURULAN EGITIM
MATERYALI ILE VERILEN EGITIMIN ANNELERIN ATES
YONETIMI VE KAYGI DUZEYLERI UZERINE ETKIiSi

Yiiksek Lisans Ogrencisi
Ismira Julfayeva

Dog. Dr. Nuray CANER
Dog. Dr. Yilmaz
SECILMIS

KOPEK DAVRANISLARININ DEGERLENDIRILMESI

Yiiksek Lisans Ogrencisi,
BERKER ARSLAN
Prof. Dr., IBRAHIM KILIC

Academy Global Conferences & Journals
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BURSA 7th INTERNATIONAL CONFERENCE ON SPORTS and HEALTH SCIENCES
July 3 -5, 2026

BURSA

Meeting ID: 885 7151 8350 Passcode: 202224

3 Temmuz / July 3, 2026 / 11:00 — 13:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
Student Nurse, Selin Mizgin
THE RELATIONSHIP BETWEEN INFANTS’ SLEEP CYCLES (R}UND?I(ZDU ant. Besi
AND SUDDEN INFANT DEATH SYNDROME: CURRENT geAs|e<a|rF§ ssistant, besit
NURSING APPROACHES Research Assistant, ilkay
DAGLI
Student Nurse, Ayse
HOME CARE AND ASPIRATION PRACTICES IN CHILDREN gALC' I Assistant. Besi
WITH TRACHEOSTOMIES: CURRENT NURSING escarchi Assistant, Besir
APPROACHES CAKIR .
Research Assistant, Ilkay
DAGLI
Assoc. Prof. Php, Emine
o EXAMINATION OF NURSING STUDENTS’ WILLINGNESS, 5ﬁd1’elr‘/*r§jﬁgmrsm
= FEARS, AND COMPETENCIES TO WORK IN DISASTER gradua 9
N Student, Helin SENGEL
7 AREAS
= < Assoc. Prof. PhD, Tuba
@) >~ GUNER EMUL
| =
< g THE RELATIONSHIP BETWEEN CLIMATE CHANGE- éﬁﬁl"éggﬁhﬁ Tuba
» z RELATED ECO-ANXIETY AND BURNOUT LEVELS IN frem BARAN
>
4 ¢ FEMALE NURSING STUDENTS Handen MUTLUER
< _ MACHINE LEARNING-BASED DETECTION OF POLYCYSTIC
I g OVARY SYNDROME: A LIGHTGBM, RFE, AND ADASYN Dog. Dr. Seyma YASAR
=) APPROACH
A MACHINE LEARNING AND EXPLAINABLE ARTIFICIAL
INTELLIGENCE (SHAP AND LIME) APPROACH FOR Dog. Dr. Seyma YASAR
METABOLIC SYNDROME PREDICTION
AURA (OPERATING ROOM ALERT AND RISK ANALYSIS) 8irk|(\}/|6/§KDr. Bilal
SYSTEM Mert ARSLAN
EVALUATION OF THE EFFECTS OF AVIOX CUSTOMIZED Ogr. Gor. Dr. Bilal
ERGONOMIC MATTRESS SYSTEM ON SLEEP QUALITY CAKMAK
AND SPINAL ALIGNMENT. Fehmi UZMAN

Academy Global Conferences & Journals
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BURSA 7th INTERNATIONAL CONFERENCE ON SPORTS and HEALTH SCIENCES
July 3 -5, 2026

BURSA

Meeting ID: 885 7151 8350 Passcode: 202224

3 Temmuz / July 3, 2026 / 11:00 — 13:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
Yiiksek Lisans Ogrencisi,
INME SONRASI HEMIPLEJIK OMUZ AGRISINDA SAMA NEMATI ZAREI
KONVANSIYONEL FIZYOTERAPIYE EK KINEZYOLOJIK Yiiksek Lisans Ogrencisi,
BANTLAMANIN AGRI, UST EKSTREMITE FONKSIYONU VE | DORSA DADGAR
GUNLUK YASAM AKTIVITELERINE ETKISI Dr. Ogr. Uyesi, DEMET
BICKI
FRAILTY SCALES IN OLDER ADULTS IN PREHOSPITAL , :
EMERGENCY MEDICAL SERVICES Ass. Prof. Songiil DEMIR
Assistant Professor,
I~ CONTACT LENS USE, HYGIENE-RELATED BEHAVIORS, Mehmet Omer
= AND KNOWLEDGE AMONG MEDICAL STUDENTS KIRISTIOGLU
™ E ATTENDING A CONTACT LENS AWARENESS ACTIVITY Professor, Mehmet
z a BAYKARA
O
2 |3
S =
< 3 Asst. Prof. Dr., Mehmet
| o EVALUATION OF OCULAR AND ORBITAL FINDINGS Omer KIRISTIOGLU
;E' e REPORTED IN WHOLE- BODY 18F-FDG PET/CT REPORTS Asst. Prof. Dr., Seckin
T ﬂ-_ BILGIC
4
<
Dr. Ogr. Uyesi Ece Elif
THE ANALYSIS OF CAUSES OF DEATH AMONG THE OCAL YANIK
ELDERLY IN TURKIYE BETWEEN 2015 AND 2024 Dr. Ogr. Uyesi Ali KILINC
ACCORDING TO TURKSTAT DATA Prof. Dr. Ufuk
BERBEROGLU
Assist. Prof, Melis SEN
EVIDENCE-BASED PRACTICES IN THE MANAGEMENT OF YILMAZ
PARKINSON’S DISEASE: A HOLISTIC APPROACH Research Assistant Oykii
EFLATUN
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Dr. Ogr. Uyesi Omer
ELIT FUTBOLCULARDA DAYANIKLILIK ﬁng)( Unal C
PARAMETRELERININ MEVKILERE GORE Grgkw‘l’EN nattan
KARSILASTIRILMASI Do, Dr. Mehmet SOYAL
Osman COSKUN
APILOT STUDY: SELF-EFFICACY PERCEPTIONS OF Egﬁsﬁgﬁ%’gggﬁ?m"
PARENTS OF AUTISTIC CHILDREN REGARDING THEIR Prof. Dr., Hakki COKNAZ
EDUCATIONAL SKILLS Tol. UL, Hakd
. ECE 0Z
A CATALYST FOR EMPLOYEE PRODUCTIVITY: EMPLOYEE | 50 oy
RECREATION ONUR MERCANOGLU
AKTIF YASLANMADA EGZERSIZIN ETKISI: DUSMENIN N e
ONLENMESI, BILISSEL VE YASAM KALITESI ACISINDAN Eﬁ?DglrzUyeSl’RIDVAN
O GUNCEL KANITLAR
< =
% E THE RELATIONSHIP BETWEEN TEMPO, RHYTHM, AND
| MOVEMENT FLUIDITY IN DANCE-BASED MOVEMENT g
< = EDUCATION: A THEORETICAL EVALUATION FROM THE Dr. Meltem ALTINTUG
@ £ PERSPECTIVES OF MOTOR CONTROL AND KINESIOLOGY
- 2
- >
% = Ars. Gor. Dr. Isa
. . KAVALCI
1 v
A SPORDA BECERI KAZANIMI Ars. Gor. Ozhan Can
YILMAZ
UYARILMISLIK, STRES VE KAYGL: SPORDA gf_,&;rz Ozhan Can
PSIKOFiZYOLOJIK SURECLERIN DINAMIK ETKILESIMI VE Ars. Gor. Dr. Isa
PERFORMANSA YANSIMALARI " As'v ALl
ARTIFICIAL INTELLIGENCE APPLICATIONS IN PHYSICAL g;rﬁetkKLEl;aE‘; Ogrencisi,
EDUCATION AND SPORTS. Prof. Dr, Hakki COKNAZ
EXAMINING LEISURE CONSTRAINT NEGOTIATION E”;i;f’gzsgfdem Tbrahim
STRATEGIES OF UNIVERSITY STUDENTS: THE CASE OF Assoc. Prof. Dr. Muhammet
KOCAELI UNIVERSITY Eyip Uzuner
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BEYOND GENERAL EXERCISE: NATURE EXPOSURE AND Vaiva Balciuniene
PHYSICAL ACTIVITY IN NATURE AS CORRELATES OF Migle Baceviciene
PSYCHOLOGICAL CAPITAL Rasa Jankauskiene
INVESTIGATION OF THE EFFECTS OF BASIC SPORT Aysegiil ILHAN ORAK
CLIMBING TRAINING IN EARLY CHILDHOOD ON Dr. Ogr. Uyesi Kiirsat
SELECTED PARAMETERS OF CHILDREN OZCAN
COMPARISON OF THE EVIDENCE-BASED QUALITY OF Dog. Dr. ilbilge Ozsu
HYPERTROPHY-ORIENTED RESISTANCE TRAINING Nebioglu
PROGRAMS GENERATED BY ARTIFICIAL INTELLIGENCE Lisans Ogrencisi Berk Can
MODELS: A PILOT STUDY
Yiiksek lisans Ogrencisi,
— IREM SU YUKSEL
r— - . o o
g THE RELATIONSHIP BETWEEN WOMEN’S EXPERIENCE OF gé‘g?ig?@i%ﬁ?ﬁ‘zsh
o S PILATES, SOCIAL MEDIA-RELATED EATING BEHAVIOURS | o <0 0 Ogrencisi
[ T 1)
% g AND ORTHORECTIC TENDENCIES HUSNA YILMAZ
| < Dr.Ogr.Uyesi MERVE
g > TURKEGUN SENGUL
~ S
j 8 A BIBLIOMETRIC ANALYSIS OF GRADUATE THESES IN Assistant Professor Hilal
% g THE FIELD OF ATHLETE NUTRITION IN TURKEY ERTURK YASAR
5' HAFIF ZiHINSEL ENGELLI ERGENLERDE ATLETIZM BEYZA NUR
TEMELLI EGZERSIZLERIN VUCUT KITLE INDEKSI VE YAMURLUKLU
MOTOR BECERILER UZERINE ETKISI Dog. Dr. UGUR ODEK
SPOR BILIMLERI ALANINDA LIDERLIK Yiiksek Lisans Ogrencisi ,
ARASTIRMALARININ INCELENMESI: BIR ICERIK ANALIZI | Seda GENC ARTUK
AN EXAMINATION OF THE RELATIONSHIP BETWEEN
PERCEIVED SOCIAL SUPPORT, TIME MANAGEMENT, AND | Nart Yakup SENKUL
ACADEMIC PROCRASTINATION BEHAVIOR AMONG Dog. Dr. Serdar SUCAN
UNIVERSITY STUDENTS WITH DIFFERENT BODY MASS
INDEXES
SPOR ORGANIZASYONLARINDA DIJITAL DONUSUM . -
YONETIM VE STRATEJi Saniye YUKSEL
No: 1
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THE DUAL PYTHAGOREAN CONDITIONS AND THEIR
EFFECTS ON CURVES

Asst. Prof. Dr. CAGLA
RAMIS ILGUZ
Batuhan OZKARA

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
Prof. Dr. Hikmet Seyhan
ANEW EXTENSION OF AN ABSOLUTE SUMMABILITY OZARSLAN
RESULT Assoc. Prof. Dr. Bagdagiil
KARTAL ERDOGAN
A GENERALIZATION OF A CESARO SUMMABILITY Frof. Dr. Hikmet Seyhan
THEOREM OZARSLAN
Goniill ATAR
ON STRATEGIES OF EFFECTIVE MATHEMATICS Prof. Dr. fbrahim
EDUCATION GUNALTILI
~ LIE SYMMETRY ANALYSIS, EXACT TRAVELLING-WAVE Assist. Prof. Dr. Bahad
= SOLUTIONS, AND CONSERVATION LAWS OF A KSOS;,SQ' Ang r. Bahadir
S GENERALIZED KURAMOTO-SIVASHINSKY EQUATION Prof. Dr. Mehmet SENOL
© = WITH NONLINEAR CONVECTION rol. Dr- Melime
pd Z
9 8 MIRAC YILMAZ
Dog. Dr. Elif ILGAZ
S E SOME CATEGORICAL PROPERTIES OF 3-GROUPS CAGLAYAN
~
- g
Z(' = Prof. Dr. Himmet CAN
° - : : rot. Dr. HImme
I i BULANIK KUMELERIN TIBBI UYGULAMALARI Ufuk ONER
-
[=]
1 5
A

THE GEOMETRY OF CENTRODES OF CONSTANT SLOPE
CURVES

Asst. Prof. Dr. CAGLA
RAMIS ILGUZ

YAMABE SOLITON STRUCTURE ON COTANGENT BUNDLE
ACCORDING TO RIEMANNIAN EXTENSION METRIC

Dog. Dr. LOKMAN BILEN
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AN EXPLAINABLE HYBRID CNN-TRANSFORMER
1 ARCHITECTURE FOR PRECISION AGRICULTURE Dr. Ogr. Uyesi,Erol KINA
APPLICATIONS

<

Z
~ N MARUL (Lactuca sativa L) BITKISINDE FE TUZUNUN Duygu AYHAN
% = 2 SALISILIK ASIT UYGULAMASI ILE BUYUME VE Dr.Ogr.Uyesi Nursal KOCA
b s GELISIMINE ETKISI Bekir AKSOZ
5 |z
~ >
| 3=
- =
< »eh
T o) 3 USAGE OF LUPIN AQUAFABA AS EGG REPLACER IN CAKE | Kiibra AKTAS

o PRODUCTION Hacer LEVENT

a

COMPARISON OF SPECIFIC VOLUME, BAKING LOSS, AND | Ogr. Gor. Miiberra Ahsen
4 HARDNESS PROPERTIES OF BREADS PRODUCED FROM GORENTAS TERIM,

DIFFERENT CEREAL FLOURS Prof. Dr. Raciye MERAL
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) o _ o o PROF.DR SAHIN
PNOMATIK SUSPANSIYONLU ROBOT SUPURGE iCIN YILDIRIM
DINAMIK MODELLEME VE SIMULASYON ANALIZi Mekatronik Miihendisi,
AYSEGUL SENGUN
EVALUATION of FIRE RISKS in PHOTOVOLTAIC SYSTEMS | oo\« 1y AVUS
USING FAILURE MODE AND EFFECTS ANALYSIS (FMEA) Prof. Dr. ILHAN CEYLAN
AND HARDWARE-BASED FIRE PREVENTION APPROACHES | """ "
10T BASED MULTI-SENSOR WATER QUALITY Yiiksek Lisans Ogrencisi,
MONITORING AND EDGE DECISION SUPPORT SYSTEM Erdem KANDEMIR
WITH FUZZY LOGIC Prof.Dr., Mehmet SAGBAS
i’é‘ A HYBRID AUGMENTED LAGRANGIAN AND FMSG-BASED | ismail GONULVEREN
=) SOLUTION APPROACH FOR THE QUADRATIC Dr. Ogr. Uyesi Erdener
© ’% ASSIGNMENT PROBLEM OZCETIN
g %
| °
g | £ ok Lisns Ogrenc
= < PERDE-CERCEVELI BETONARME BIiR YAPININ ARDISIK gé,\ﬁ ALT‘SE‘RSROgren“SI’
j = DEPREM DAVRANISININ DOGRUSAL OLMAYAN ZAMAN Doc. Dr. SARUHAN
< o TANIM ALANINDA ANALIZ iLE INCELENMESI K A?ﬁzT AL
T a
-
o
j—
o
Yiiksek Lisans Ogrencisi,
2023 KAHRAMANMARAS DEPREMLERINDE YIKILAN MUSTAFA ALPER
BETONARME BIR BINANIN GOCME NEDENLERININ 0ZCAM
ANALIZI VE OPTIMUM GUCLENDIRME PERDESI Dog. Dr., SARUHAN
ORANININ PARAMETRIK OLARAK BELIRLENMESI KARTAL
Prof. Dr., ILKER KALKAN
Ogr. Gor. Serpil
INVESTIGATION OF THE EFFECT OF CARBON MESH ?9&5611\:‘3&“ Sroncisi
REINFORCEMENT ON THE FLEXURAL PERFORMANCE OF M‘;hmet ERDOéiN ’
GEOPOLYMER CONCRETE BEAMS Dog. Dr. Bans BAYRAK
Dog. Dr. Mahmut KILIG
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COMPARATIVE ANALYSIS OF SEQUENTIAL RULE MINING E:ng[')';'\#ﬁrza Tt
ALGORITHMS: CMRules, RuleGrowth and ERMiner o1 Dr- Turgay Tugay
BILGIN
- DATASET OF SEVEN FRUIT AND ONE VEGETABLE Edibe Eylil EMEN
o ) CLASSES CAPTURED FOR AGRICULTURAL Al Mehmet Safa BINGOL
> O APPLICATIONS Sertag SAVAS
O £
3 )
S &
-~ A
- -
2 ) )
% £ MEYBEAT: DESIGN AND DEVELOPMENT OF A CLEAN E/Iye‘:ipkgn'zfzx\( A
é’ ARCHITECTURE-BASED WEB PLATFORM FOR MUSIC Dr O e et Mot
BEAT MARKETPLACE MfLL% - Cyestviehme
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ENVIRONMENTAL FOCI OF THE GREEN GROWTH Esra Tasdog
LITERATURE: A BIBLIOMETRIC READING OF CLIMATE Forda ok ozt ¢
CHANGE AND POLLUTION crda Rakipogiu Lzs0y
AN ANALYSIS OF THE PROBLEM OF UNEMPLOYED I'\D"gitﬁ\r/lg;de”t' Sevgl
YOUTH AT HOME FROM THE PERSPECTIVE OF HUMAN Ass. Prof. Dr. Ahmet
RESOURCES MANAGEMENT STRATEGIES St
AYDIN
TR-4 DOGU MARMARA BOLGESI BIST SIRKETLERININ Dr. Sema CAGLAYAN
YATIRIMCI ILISKILERINDE STRATEJIK ILETIiSIM ARACI Ars. Gor. frem KAYA
OLARAK LINKEDIN’IN ROLU Esra Onder
2 - Alperen Yilmaz Songur
S S YAPAY ZEKA VE DIJITAL BANKACILIK Doc. Dr. Kamil CELIK
Z <
S 18
< W
v O ) ) .
: w FREIGHT FORWARDING SIRKETLERINDE YAPAY ZEKA Yiiksek Lisans Ogrencisi
0 - FARKINDALIGI VE UYGULAMADAKI ENGELLER: OZGE DINC
< &) YONETICI PERSPEKTIFINE DAYALI NITEL BiR Prof. Dr. GOKCE CICEK
T ARASTIRMA CEYHUN
YARATICILIGIN DONUSUMU: URETKEN YAPAY ZEKA
CAGINDA REKLAM AJANSLARI Dr. ECE OZAN
RELATIONSHIPS BETWEEN PERCEIVED SOCIAL MEDIA
INFLUENCER CHARACTERISTICS AND CUSTOMER Dr. Ogr. Uyesi Serhat ATA
OMMITMENT TO PREFERRED BRANDS: A STUDY OF Hava Erdem
SOCIAL MEDIA USERS IN TURKIYE
THE ROLE OF PERSONALITY IN THE EFFECT OF Hava Erdem
FINFLUENCERS ON INDIVIDUALS’ INVESTMENT Dr. Ogr. Uyesi Serhat ATA
INTENTIONS
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ADVANCED PATIENT SAFETY PROTOCOLS AND ERROR
REDUCTION STRATEGIES IN CRITICAL CARE NURSING Prof. Dr. Agus Santoso
PRACTICE IN QATAR Dewi Lestari
THE ROLE OF CULTURAL COMPETENCE IN IMPROVING | Rizky pratama
NURSE-PATIENT COMMUNICATION IN MULTINATIONAL | giti Nurhaliza Assoc. Prof.
HEALTHCARE SETTINGS IN QATAR Dr. Noor Al-Hajri
Fatima Al-Mannai
COMMUNITY HEALTH NURSING INTERVENTIONS FOR
MATERNAL AND CHILD HEALTH IMPROVEMENT IN Dr. Putri Anggraini
RURAL INDONESIA
IMPLEMENTATION OF E-HEALTH TECHNOLOGIES IN Dr. Hichem Ben Salah
NURSING PRACTICE AND ITS IMPACT ON PATIENT CARE Amira Gharbi
IN INDONESIA Youssef Trabelsi
Salma Karray
NURSING STRATEGIES FOR CHRONIC DISEASE . .
MANAGEMENT IN PRIMARY HEALTHCARE SETTINGS IN | P"oF Eri.ﬁ'sz‘a Al-Thani
— TUNISIA Dr. K ali A-K_U\_Narl
; -% Mariam Al-Sulaiti
S
3 g ASSESSMENT OF NURSE WORKLOAD AND BURNOUT IN Assoc. Prof. Dr. Mehdi
< c PUBLIC HOSPITALS IN TUNISIA Bouaziz
<
@ = Nadia Jaziri
:II E PATIENT EDUCATION AND SELF-CARE PROMOTION
AMONG DIABETIC PATIENTS IN TUNISIAN CLINICAL .
% = SETTINGS Dr. Rim Ben Youssef

INFECTION CONTROL PRACTICES AND NURSING
COMPLIANCE IN ALGERIAN HOSPITAL ENVIRONMENTS

Prof. Dr. Karim Bensalem
Samira Touati
Nabil Zerouki

THE IMPACT OF CONTINUING NURSING EDUCATION ON
CLINICAL PERFORMANCE IN ALGERIA

Dr. Yacine Ould Ahmed
Fatima Belhadj

EMERGENCY NURSING RESPONSE AND TRIAGE SYSTEM
EFFECTIVENESS IN ALGERIAN URBAN HOSPITALS

Assoc. Prof. Dr. Nadia
Cherif

Omar Lahlou

Karim Hadji
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HALL / SALON 2
Assis. Prof. Dr. Fahad Al-Mutairi

MATERNAL HEALTH OUTCOMES AND THE ROLE OF
MIDWIFERY-LED CARE IN REDUCING PREGNANCY -
RELATED COMPLICATIONS: A MULTICENTER
EVALUATION

Dr. loana Marinescu
Dr. Andrei Pop

THE EFFECT OF PRENATAL EDUCATION PROGRAMS ON
MATERNAL ANXIETY, BIRTH PREPAREDNESS, AND
POSTPARTUM ADAPTATION AMONG PRIMIPAROUS
WOMEN

Assoc. Prof. Dr. Cristina
lonescu

Maria Radu

Dr. Victor Georgescu
Ana-Maria Pavel

Florin Enache

MIDWIVES’ CONTRIBUTIONS TO IMPROVING
BREASTFEEDING INITIATION AND EXCLUSIVE
BREASTFEEDING RATES DURING THE FIRST SIX MONTHS
OF INFANCY

Dr. Shqipe Berisha
Valon Gashi
Arta Hoxha

ASSESSING THE EFFECTIVENESS OF COMMUNITY-BASED

Assis. Prof. Dr. Fitore

MIDWIFERY SERVICES IN ENHANCING MATERNAL AND Mehmeti
NEWBORN HEALTH IN RURAL POPULATIONS Dr. Liridona Mustafa
Erion Shala
Teuta Rexhepi

THE IMPACT OF CONTINUOUS LABOR SUPPORT
PROVIDED BY MIDWIVES ON MATERNAL SATISFACTION
AND BIRTH EXPERIENCES IN HOSPITAL SETTINGS

Assis. Prof. Dr. Fahad Al-
Mutairi

EXPLORING MIDWIVES’ KNOWLEDGE AND PRACTICES
REGARDING POSTPARTUM DEPRESSION SCREENING AND
EARLY INTERVENTION STRATEGIES

Dr. Yousef Al-Awadi
Hessa Al-Shammari
Mariam Al-Fahad
Salem Al-Otaibi

DIGITAL HEALTH TECHNOLOGIES IN MIDWIFERY
PRACTICE: OPPORTUNITIES FOR IMPROVING PRENATAL
MONITORING AND PATIENT ENGAGEMENT

Dr. Zoltan Horvath
Anna Kovacs
Peter Toth
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PHYSIOLOGICAL ADAPTATIONS TO HIGH-ALTITUDE Dr. Haider Al-Maliki
TRAINING AMONG KYRGYZ ATHLETES Ali Kareem
Zainab Hassan
THE ROLE OF TRADITIONAL SPORTS IN PROMOTING
PHYSICAL ACTIVITY IN KYRGYZ YOUTH Dr. Nurlan Abdykadyrov
Dr. Cholpon Ermekova
INJURY PREVENTION STRATEGIES IN PROFESSIONAL Prof. Dr. Mustafa Al-
FOOTBALL PLAYERS IN IRAQ Jubouri
Sara Al-Rawi
> EFFECTS OF NUTRITIONAL PROGRAMS ON ATHLETIC
o g PERFORMANCE IN IRAQI UNIVERSITY STUDENTS
® % _52 Dr. Kamran Yousaf
5 | ik
| 3 5
% 2 g PSYCHOLOGICAL RESILIENCE AND PERFORMANCE Assoc. Prof. Dr. Fahad
=~ c UNDER PRESSURE IN PAKISTANI CRICKETERS Qureshi
- {8835 Imran Shah
- T 2 A
< 50 Dr. Ayesha Siddiqui
T z g Bilal Ahmed
‘D- o IMPACT OF STRENGTH AND CONDITIONING PROGRAMS Prof. Dr. Bakyt Sadykov
ON YOUTH ATHLETES IN PAKISTAN Aizada Toktonalieva
Dr. Mirlan Asanov
GENDER DIFFERENCES IN SPORTS PARTICIPATION AND
Dr. Tesfaye Bekele
MOTIVATION IN PAKISTANI UNIVERSITIES Abel Tadesse
Meseret Alemu
ENDURANCE TRAINING AND CARDIOVASCULAR HEALTH
AMONG LONG-DISTANCE RUNNERS IN ETHIOPIA . .
Prof. Dr. Saima Khalid
Hina Javed
Usman Tariq
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EPIDEMIOLOGICAL STUDY OF ZOONOTIC DISEASE
TRANSMISSION IN RURAL LIVESTOCK SYSTEMS IN Prof. Dr. Samira Ouazzani
AZERBAIJAN Omar Idrissi
ADVANCES IN VETERINARY VACCINATION STRATEGIES
FOR SHEEP AND GOAT DISEASES IN AZERBAIJAN i o
Dr. Nigar Karimli
Farid Abbasov
PARASITIC INFECTIONS IN CAMEL POPULATIONS AND .
THEIR IMPACT ON MOROCCAN DESERT AGRICULTURE Dr. Youssef EI Amrani
Fatima Zahra Belkacem
Hassan Laaroussi
VETERINARY PUBLIC HEALTH APPROACHES TO RABIES Prof. Dr. Rajiv Sharma
CONTROL IN MOROCCAN URBAN AREAS Dr. Neha Verma
Ankit Patel
Ritu Singh
< - CLINICAL MANAGEMENT OF BOVINE MASTITIS IN DAIRY | prof. Dr. Rashad
= - FARMS ACROSS NORTHERN INDIA Mammadov
3 =] Dr. Aysel Huseynova
< > Elvin Guliyev
@ 3 NUTRITIONAL STRATEGIES FOR IMPROVING POULTRY ’ d
3 5 PRODUCTION AND IMMUNITY IN INDIAN FARMS Assoc. Prof. Dr. Sandeep
a ) Kulkarni
- Priya Nair
% 5 iya Nai

MOLECULAR DIAGNOSTICS OF FOOT-AND-MOUTH
DISEASE VIRUS IN INDIAN CATTLE POPULATIONS

Dr. Arvind Menon
Kavita Deshmukh
Rahul Joshi

APPLICATION OF ARTIFICIAL INTELLIGENCE IN
VETERINARY DIAGNOSTICS IN TAIWAN

Prof. Dr. Wei-Lun Chen
Mei-Hsin Huang

AQUATIC ANIMAL HEALTH MANAGEMENT AND DISEASE
PREVENTION IN TAIWANESE AQUACULTURE SYSTEMS

Dr. Chao-Yu Lin
Yu-Ting Wang
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Salon Moderator Bildiri No ve Bagligi / Paper ID and Title Authors
IMPACT OF URBAN AIR POLLUTION ON RESPIRATORY Prof. Dr. Aigerim Sadykova
HEALTH OUTCOMES IN MAJOR KAZAKHSTANI CITIES Dr. Yerlan Nurtayev
Aruzhan Beketova
DIGITAL HEALTHCARE SYSTEMS AND TELEMEDICINE
ADOPTION IN RURAL KAZAKHSTAN Assoc. Prof. Dr. Ruslan
Zhaksylykov
Dana Mukasheva
MATERNAL AND CHILD HEALTH IMPROVEMENT o
PROGRAMS IN MOROCCAN RURAL COMMUNITIES Dr. Salma El Idrissi
Youssef Benali
Karima Lahlou
NUTRITIONAL TRANSITION AND ITS EFFECTS ON NON-
COMMUNICABLE DISEASES IN MOROCCO Prof. Dr. Hassan Amrani
< Fatima Zahra Ouali
S
—5 MENTAL HEALTH SERVICES ACCESSIBILITY AND STIGMA ) )
o it REDUCTION STRATEGIES IN IRANIAN SOCIETY Dr. Leila Rahmani
n Ali Ghasemi
pd n . .
o 5 Parisa Mohammadi
-
5) % EVALUATION OF PRIMARY HEALTHCARE REFORMS AND Assoc. Prof. Dr. Hossein
g o) PATIENT SATISFACTION IN IRAN Karimi
- N Sara Ebrahimi
2‘ o Navid Jafari
T o Mehdi Shokri
8 PREVALENCE AND MANAGEMENT OF DIABETES IN
g IRANIAN URBAN POPULATIONS Mohammad Tavakoli

Prof. Dr. Neda Ahmadi

INNOVATIONS IN SMART HOSPITAL SYSTEMS AND
PATIENT CARE TECHNOLOGIES IN SINGAPORE

Dr. Wei Liang Tan
Rachel Lim

Jason Ong

Prof. Dr. Adrian Koh

PUBLIC HEALTH SURVEILLANCE AND PANDEMIC
PREPAREDNESS STRATEGIES IN SINGAPORE

Assoc. Prof. Dr. Melissa
Chua
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PHYSIOLOGICAL ADAPTATIONS TO HIGH-INTENSITY Prof. Dr. Andrei Popescu
INTERVAL TRAINING IN ROMANIAN ATHLETES Dr. Elena lonescu
Mihai Georgescu Alexandru
Dumitrescu
SPORTS PSYCHOLOGY AND MOTIVATION FACTORS
AMONG YOUTH FOOTBALL PLAYERS IN ROMANIA
Dr. Cristina Marinescu
THE IMPACT OF NUTRITIONAL STRATEGIES ON Dr. Maria Santos
ENDURANCE PERFORMANCE IN FILIPINO LONG- B
Jose Ramirez
DISTANCE RUNNERS Ana Villanueva
Carlo Reyes
INJURY PREVENTION METHODS IN UNIVERSITY
Prof. Dr. Ahmed EI-Sayed
k=]
© 2 BASKETBALL PROGRAMS IN THE PHILIPPINES Omar Hassan
% e Dr. Salma Nabil
- Ef) BIOMECHANICAL ANALYSIS OF SPRINTER
% = PERFORMANCE IN EGYPTIAN TRACK AND FIELD Mahmoud Earouk
: % ATHLETES Assoc. Prof. Dr. Hassan Ali
;(' >
T 5 ROLE OF HYDRATION AND ELECTROLYTE BALANCE IN
ATHLETIC PERFORMANCE UNDER HOT CLIMATE Prof. Dr. Ricardo Mendoza
CONDITIONS IN EGYPT Liza Cruz
THE EFFECTS OF STRENGTH TRAINING PROGRAMS ON
MUSCLE DEVELOPMENT IN EGYPTIAN WEIGHTLIFTERS Dr. Yasmine Khaled
Karim Mostafa
Nour Eldin Fathi
ANALYSIS OF AEROBIC CAPACITY AND
CARDIORESPIRATORY FITNESS IN IRANIAN
PROFESSIONAL CYCLISTS
Prof. Dr. Reza Karimi
Ali Hosseini
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ADVANCED CATALYTIC PROCESSES FOR Assoc. Prof. Dr. Yerlan
HYDROCARBON REFINING IN KAZAKHSTAN ENERGY Zhumabayev
SECTOR Aruzhan Kairat
Timur Abishev
Dana Serikova
SYNTHESIS OF NANOSTRUCTURED MATERIALS FOR
ENVIRONMENTAL REMEDIATION IN KAZAKHSTAN Assis. Prof. Dr. Hassan EI
Idrissi
Dr. Salma Bennani
GREEN CHEMISTRY APPROACHES FOR PHOSPHATE i
INDUSTRY WASTE MANAGEMENT IN MOROCCO Youssef Alami
Dr. Nadia Tazi
Karim El Fassi
ELECTROCHEMICAL SENSOR DEVELOPMENT FOR Prof. Dr. Aigerim Sadykova
HEAVY METAL DETECTION IN MOROCCAN WATER T
SYSTEMS Nurla_n Beketov
Dr. Dias Tulegenov
~ = MOLECULAR DESIGN OF ORGANIC SEMICONDUCTORS .
= v FOR OPTOELECTRONIC APPLICATIONS IN IRAN Prof. Dr. Reza Ghaffari
O 2 Ali Hosseinzadeh
- ) Sahar Moradi
g £
2 E PHOTOCATALYTIC DEGRADATION OF INDUSTRIAL DYES
- © USING METAL OXIDE NANOPARTICLES IN IRAN i i
| o Dr. Parvin Shokri
< o
T o

CHEMICAL KINETICS AND MECHANISMS OF CORROSION
INHIBITION IN IRANIAN OIL PIPELINES

Assoc. Prof. Dr. Hossein
Karimi

Mehdi Rahbar

Nima Ebrahimi

Dr. Laleh Farzan

DESIGN OF HIGH-PERFORMANCE LITHIUM-ION BATTERY
MATERIALS FOR ENERGY STORAGE APPLICATIONS IN
SINGAPORE

Prof. Dr. Wei Jun Tan
Dr. Melissa Ong
Jason Lim

SYNTHETIC BIOCHEMISTRY APPROACHES FOR CARBON
CAPTURE AND UTILIZATION TECHNOLOGIES IN
SINGAPORE

Assoc. Prof. Dr. Adrian
Koh
Cheryl Teo
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ADVANCED NANOSTRUCTURED MATERIALS FOR Prof. Dr. Elchin
ENERGY STORAGE APPLICATIONS IN AZERBAIJANI Mammadov
RESEARCH LABORATORIES Aysel Guliyeva
Dr. Tural Hasanov
CORROSION RESISTANT ALLOY DEVELOPMENT FOR
CASPIAN SEA OFFSHORE STRUCTURES Assoc. Prof. Dr. Rauf
Aliyev
Nigar Ibrahimova
SUSTAINABLE BUILDING MATERIALS USING NATURAL Dr. Youssef El Idrissi
FIBERS IN MOROCCAN ECO-CONSTRUCTION Fatima Zahra Bennani
Khalid Amrani
Samira EI Fassi
CERAMIC COMPOSITE MATERIALS FOR HIGH MOROCCO
TEMPERATURE INDUSTRIAL APPLICATIONS IN Prof. Dr. Hassan El
Khatib
o o Omar Boulahfa
> g GRAPHENE-BASED COMPOSITES FOR FLEXIBLE Assoc. Prof. Dr. Ananya
®) = ELECTRONICS IN INDIAN MATERIAL SCIENCE STUDIES Chatterjee
- g Rahul Mehta
5) = Sneha Kapoor
hag > Dr. Vikram Desai
:II E BIODEGRADABLE POLYMER MATERIALS FOR MEDICAL
< 5 IMPLANTS IN INDIAN BIOMATERIAL RESEARCH Dr. Priyanka lyer
I

THERMAL BARRIER COATINGS FOR AEROSPACE
APPLICATIONS IN INDIAN ENGINEERING SECTORS

Prof. Dr. Rajiv Kulkarni
Arjun Singh

SEMICONDUCTOR NANOMATERIALS FOR
OPTOELECTRONIC DEVICES IN TAIWANESE
TECHNOLOGY DEVELOPMENT

Prof. Dr. Wei-Lun Chen
Mei-Hsin Huang
Dr. Chao-Yang Lin

ADVANCED FUNCTIONAL MATERIALS FOR SMART
SENSORS IN TAIWAN INDUSTRIAL INNOVATION

Assoc. Prof. Dr. Yu-Ting
Tsai

Cheng-Hao Wu
Liang-Feng Su

Dr. Po-Han Liu
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SUSTAINABLE HYDROPOWER SYSTEM DESIGN AND Prof. Dr. Imran Qureshi
OPTIMIZATION IN MOUNTAINOUS REGIONS OF Dr. Sana Ullah
KYRGYZSTAN Bilal Ahmed
Ayesha Tariq
SMART IRRIGATION ENGINEERING SOLUTIONS FOR
AGRICULTURAL WATER MANAGEMENT IN .
KYRGYZSTAN Dr._ Ahmed Al-Hadithi
Zainab Kareem
Prof. Dr. Mustafa Al-Jabiri
STRUCTURAL ANALYSIS AND EARTHQUAKE-RESISTANT
BUILDING DESIGN IN IRAQI URBAN AREAS Ali Mahmoud Assoc. Prof.
Dr. Hassan Al-Samarrai
RENEWABLE ENERGY GRID INTEGRATION CHALLENGES
> ! Assoc. Prof. Dr. Gulnara
o 8 IN IRAQ'S POWER INFRASTRUCTURE Toktonalieva
Z g Bekzat Uulu
@) =
Z:I c MACHINE LEARNING APPLICATIONS IN PREDICTIVE
<
&S s MAINTENANCE OF INDUSTRIAL SYSTEMS IN PAKISTAN Dr. Farhan Malik
3 7 Hira Aslam
|
=
T o ADVANCED CONSTRUCTION MATERIALS FOR CLIMATE-
[a) RESILIENT INFRASTRUCTURE IN PAKISTAN Prof. Dr. Azamat Turgunov

Aibek Sadykov
Dr. Nursultan Imanov

DESIGN AND IMPLEMENTATION OF LOW-COST SOLAR
ENERGY SYSTEMS IN RURAL PAKISTAN

Assoc. Prof. Dr. Kamran
Shahid

Usman Raza

Fatima Noor

WATER SUPPLY AND SANITATION ENGINEERING
SOLUTIONS IN RURAL ETHIOPIAN COMMUNITIES

Prof. Dr. Tesfaye Bekele
Abel Girma
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ADVANCED COOLING SYSTEM DESIGN FOR HIGH-
RISE BUILDINGS IN QATAR’S EXTREME CLIMATE
CONDITIONS .
Prof. Dr. Made Wirawan
SMART INFRASTRUCTURE DEVELOPMENT USING Assoc. Prof. Dr. Nasser
10T FOR URBAN TRANSPORT SYSTEMS IN QATAR Al-Hajri
Salem Al-Sulaiti Assoc.
Prof. Dr. Hichem Ben
Salah
Amine Gharbi
£ Dr. Salma Triki
§ SUSTAINABLE BRIDGE ENGINEERING USING
c BAMBOO-BASED COMPOSITES IN INDONESIAN .
S 3 RURAL AREAS Dr. Nyoman Santika
z B
9 5 EARTHQUAKE-RESISTANT STRUCTURAL DESIGN Dr. Agus Prasetyo
< § METHODS FOR INDONESIA’S SEISMIC REGIONS Rina Kuswandari
@ . Budi Hartono
:Il &) Siti Rahmawati
: RENEWABLE ENERGY SYSTEM INTEGRATION IN . .
< kS Prof. Dr. Khalid Al-Thani
T & TUNISIAN INDUSTRIAL FACILITIES Dr. Mariam Al-Kuwari
8‘ Fahad Al-Marri
2 WATER DESALINATION TECHNOLOGIES FOR
SUSTAINABLE AGRICULTURE IN TUNISIA Dr. Youssef Kallel
AI-BASED PREDICTIVE MAINTENANCE IN TUNISIAN - "
Prof. Dr. Nabil Bouzidi
MANUFACTURING SYSTEMS Karim Jlassi
Sonia Abid
URBAN DRAINAGE SYSTEM OPTIMIZATION FOR
FLOOD PREVENTION IN ALGERIAN CITIES
Assoc. Prof. Dr. Mourad
Bensalem
Nadia Toumi
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Prof. Dr. Jose Ramirez
Liza Bautista

SMART CITY INFRASTRUCTURE AND ARCHITECTURAL
INNOVATION IN CONTEMPORARY IRANIAN URBANISM
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SUSTAINABLE URBAN REGENERATION STRATEGIES IN Mihai Stan
POST-SOCIALIST ROMANIAN CITIES Elena lonescu
HERITAGE CONSERVATION APPROACHES IN Assoc. Prof. Dr. loana
TRANSYLVANIAN MEDIEVAL ARCHITECTURE Marinescu
Radu Petrescu
Prof. Dr. Andrei Popa
CLIMATE-RESPONSIVE HOUSING DESIGN IN TROPICAL Dr. Miguel Santos
URBAN ENVIRONMENTS OF THE PHILIPPINES Angela Reyes
Carlos Dela Cruz
5 Maria Villanueva
2 INTEGRATION OF INDIGENOUS ARCHITECTURAL Dr. Ahmed EI-Gohary
e PRINCIPLES IN MODERN FILIPINO PUBLIC BUILDINGS Fatma Hassan
= Omar Khaled
4 g PASSIVE COOLING TECHNIQUES IN TRADITIONAL
pzd EGYPTIAN DESERT ARCHITECTURE Prof. Dr. Karim El-Sharif
o) g Dina Mostafa
z |8
% - URBAN DENSITY AND HOUSING POLICIES IN GREATER Assoc. Prof. Dr. Hany
~ E CAIRO METROPOLITAN DEVELOPMENT Abdelrahman
- . Nour El-Sayed
| Y—
< o Mahmoud Farouk
I o ADAPTIVE REUSE OF HISTORICAL BUILDINGS ALONG
g
a
<

Dr. Reza Khosravi
Leila Moradi
Navid Ebrahimi

SEISMIC-RESILIENT BUILDING DESIGN STRATEGIES IN
IRANIAN EARTHQUAKE-PRONE REGIONS

Assoc. Prof. Dr. Farhad
Jafari
Sara Ahmadi
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1 Kiiltiirel dil egitimi ve kurumlar giincel egilimler i, DI D Erate]

MUBARAKOVA

AN ANALYSIS OF THE LEARNING OUTCOMES OF THE 8TH
2 GRADE SCIENCE CURRICULUM BASED ON THE REVISED
BLOOM’S TAXONOMY

Dr. Caner CABUK

SOSYAL MEDYADA GORUNUR COCUKLUK: TURKIYE'DE Ars. Gor. llayda GOR
3 ERKEN COCUKLUK DONEMINDE SHARENTING KONULU Dr. Ogr. Uyesi Gamze
LISANSUSTU TEZLERIN INCELENMESI BILIR SEYHAN

OKUL ONCESI OGRETMEN ADAYLARININ ERKEN Dr. Gamze BiLiR-

: 4 COCUKLUK DONEMI EDEBIYATI DERSI SURECINDEKI SEYHAN
S} YANSITICI DENEYIMLERT
— &
pd =
9 © OKUL YONETICILERININ EGITIM YONETIMINDE GONCA ATMACA
< Z 5 (SURECLERINDE) YAPAY ZEKA TEKNOLOJILERININ Dog. Dr. Ogr. MEHMET
& M KULLANIMINA ILISKIN GORUSLERI VE UYGULAMA DURNALI
3 = ESASLARI
= =
< =
I & SINIF OGRETMENI ADAYLARININ GIRISIMCILIK Yiiksek Lisans Ogrencisi
& 6 EGILIMLERININ BELIRLENMESI: OGRETMEN 0OZ- FEYZA ILICAN
a YETERLIGI, STEM-TPAB VE SOSYAL ENGELLER Dog. Dr. MUHAMMET
BAGLAMINDA BiR INCELEME OZDEMIR
Doc.Dr.Sevda
FEN EGITIMINDE DIJITALLESMEYE YONELIK ERASMUS+ 88}5{:5 Eilsoar(;’nggrencisi
7 ANA EYLEM 2 PROJELERI: TURKIYE UZERINE BIR ’
DEGERLENDIRME Murat TURKUT
Dog¢.Dr.Miinevver SUBASI
COLAK
Yiiksek Lisans Ogrencisi,
8 FEN BILGISI EGITIMINDE SOSYAL MEDYA: METAFORLAR | Abdulkerim ERDEN
ARACILIGTYLA BIR ALGI CALISMASI Dog.Dr.Miinevver SUBASI
GOLAK
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Authors

HALL / SALON 2
Dog. Dr. Sule Betiil TOSUNTAS

AN INTENSIVE HYBRID LANGUAGE PROFESSIONAL
DEVELOPMENT PROGRAMME FOR UNIVERSITY
TEACHERS SHIFTING TO ENGLISH- MEDIUM
INSTRUCTION IN ALGERIA

Soumia Bentamra
Souaad Snoussi
Rafik EI-Amine Ghobrini

BELEDIYE BUNYESINDEKi OKUL ONCESI EGITIM
KURUMLARINDA ORTUK PROGRAMIN TOPLUMSAL
CINSIYET ESITLIGI ACISINDAN INCELENMESI: iZMIR
ORNEGI

Yiiksek Lisans Ogrencisi,
Demet TUNG
Dog. Dr. Oner USLU

OGRETMEN ADAYLARININ OKUMAYA YONELIK FOMO
DUZEYLERININ YORDANMASI; YASAM BOYU OGRENME
EGILiMI, DIJITAL YORGUNLUK VE SOSYAL MEDYA
BAGIMLILIGININ ROLU

Yiiksek Lisans Ogrencisi
Giilsah CELIK
Dog.Dr. Olcay OZDEMIR

THE RELATIONSHIP BETWEEN ONLINE PRESENCE AND
SOCIAL MEDIA ADDICTION

Dog. Dr. Sule Betiil
TOSUNTAS

THE PREDICTIVE ROLES OF SOFALIZING, ONLINE
DISINHIBITION, AND LONELINESS IN SOCIAL MEDIA
ADDICTION

Dog. Dr. Sule Betiil
TOSUNTAS

PERCEPTIONS OF THE ETHICAL TEACHER AT THE
INTERSECTION OF TEACHING AND PARENTHOOD: A
QUALITATIVE STUDY OF TEACHER-PARENTS

Doktora Ogrencisi Huzur
KURT

Prof. Dr. Engin
ASLANARGUN

SCHOOL PRINCIPALS’ PERCEPTIONS OF TEACHER
PROFESSIONAL ETHICS: CORE DIMENSIONS OF THE
ETHICAL TEACHER

Doktora Ogrencisi Huzur
KURT

Prof. Dr. Engin
ASLANARGUN
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AI-DRIVEN JOURNALISM AND THE TRANSFORMATION OF Res. Asst. KAAN
NEWS PRODUCTION: JOURNALIST PERSPECTIVES FROM ity
TURKIYE SENTURK
THE TRANSFORMATION OF FILM PRODUCTION STAGES Dr. Ogr. Uyesi Abdurrahim
N WITH ARTIFICIAL INTELLIGENCE YALGCIN
o 5
z 5
o n
- @
< S
f S GELENEKSEL SINEMADAN DIJITAL PLATFORMLARA Dr. Ogr. Uyesi SELIM
— S IZLEYICI DENEYIMININ DONUSUMU BEYAZYUZ
- .
< S
@)
T G
o
@)
YAPAY ZEKAYLA ILGILI HABER ICERIKLERININ ULUSAL h -
BASINDA SUNUMU Dog¢.Dr. Mehmet Suigmez
= P ; : : Ayten EROL
SAGLIK TURIZMINDE DIL BARIYERI Prof. Dr. Hakan KOG

Academy Global Conferences & Journals

UASIOURNAL
ijasjournalcom

ACADEMY *




 LONFEREY,
AR 5,

ACADEY,
&
o
Pl

www.akademikongre.org

BURSA 7th INTERNATIONAL CONFERENCE ON HUMANITY and SOCIAL SCIENCES
July 3 -5, 2026

BURSA

Meeting ID: 885 7151 8350 Passcode: 202224

3 Temmuz / July 3, 2026 / 15:00 — 17:00 Time zone in Turkey (GMT+3)

Salon Moderator

Bildiri No ve Baslig1 / Paper ID and Title

Authors

KURESELLESME VE EKONOMIK KRiZLERIN iS HUKUKU
UZERINDEKI YANSIMALARI

Ogr. Gor. Selguk CENGiZ

ISVERENIN EKONOMIK GUCLUGU VE ISCILERIN
KORUNMASI: i$ HUKUKU ACISINDAN BiR

Opr. Gor. Selguk CENGIZ

’% DEGERLENDIRME
a
S
< 12-15 YAS ARALIGINDAKI SUCA SURUKLENEN
2  SUI . .
z - COCUKLARDA KUSUR YETENEGININ BELIRLENMES| Yunus SARUHAN
- a
< 2
2 8 Yiiksek Lisans Ogrencisi
7 = BASKENT CARD AS A SOCIAL MUNICIPALISM PRACTICE: | JALE ETi
| “ THE CASE OF ANKARA Dog.Dr., ASUMAN
< 2 CUKUR
I =
«
Q
o POLITICAL ANTAGONISM IN THE OTTOMAN PRESS: e .
= REPRESENTATIONS OF THE COMMITTEE OF UNION AND gﬁgg%er\}({AHlM
PROGRESS BY HUSEYIN CAHIT YALCIN AND ALI KEMAL
NUDGING AS AN ALTERNATIVE APPROACH TO TAX Dr., Cansu AYDOGDU
COMPLIANCE BOZDAG
No: kh

Academy Global Conferences & Journals

UASIOURNAL
ijasjournalcom

ACADEMY *




F
LT
S -

&

ACADEY,
Pl

www.akademikongre.org

BURSA 7th INTERNATIONAL CONFERENCE ON HUMANITY and SOCIAL SCIENCES
July 3 -5, 2026

BURSA

Meeting ID: 885 7151 8350 Passcode: 202224

3 Temmuz / July 3, 2026 / 15:00 — 17:00 Time zone in Turkey (GMT+3)

Salon Moderator

Bildiri No ve Baslig1 / Paper ID and Title

Authors

COMPARATIVE ANALYSIS OF PARTICIPATION BANKING
IN TURKEY AND SELECTED MUSLIM COUNTRIES:
MALAYSIA, SAUDI ARABIA

NDEYE KHADY THIAM
Dog. Dr. TUBA
GULCEMAL

TESTING THE VALIDITY OF OKUN’S LAW IN THE TURKISH
ECONOMY: INSIGHTS FROM FOURIER-BASED
ECONOMETRIC METHODS

Prof. Veli Yilanci
Asst. Prof. M. Selman
Saglam

Asst. Prof. Merve Mert
Saritas

e
&
a Prof. Veli Yilanci
« VALIDITY OF PURCHASING POWER PARITY IN VISTA Asst. Prof. Merve Mert
o = COUNTRIES: A TIME-VARYING FOURIER ADF UNIT ROOT | Saritas
= < TEST APPROACH Asst. Prof. M. Selman
®) c: Saglam
2:' =
= 3
:,' :5‘ AB ULKELERINDE EMEK VERGILERINDEKI DEGISIMIN Dr. Ogretim Uyesi
< £ DINAMIKLERI: CIFT ESIKLI PANEL REGRESYON ANALIZI MUSTAFA KURT
L =
-5}
St
)50
o SURIYE iC SAVASININ EKONOMIK SONUCLARI VE Hiiseyin KAPTAN
a YENIDEN INSA SURECI Dog. Dr. Pelin ALIYEV
ULUSLARARASI ILISKILERDE YUMUSAK GUC ARACI Avsu KAYA
OLARAK KENTSEL DIPLOMASI FAALIYETLERI: Dz)’ Dr. Pelin ALIYEV
GAZIANTEP ORNEGI g Ur.
AVRUPA BIRLIGI’NIN SURDURULEBILIR GELECEGINDE
AVRUPA KIMLIGININ INSASININ ROLU VE STRATEJIK Phd. Student Burcu ISIK
ONEMI
No:5
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AN EXAMINATION OF ADULTS’ LOGICAL THINKING
EXPERIENCES IN A PSYCHOSOCIAL CONTEXT

Dog. Dr. Dilek BASERER
YILDIRIM

Dog. Dr. Zeynep
BASERER BERBER

THE CONSTRUCTION OF DIGITAL LYNCH CULTURE ON
SOCIAL MEDIA

Dr. Ogretim Uyesi, Ekin
Bahar KAYA

PISA 2022 TURKIYE’DE SOSYO-DUYGUSAL BECERILERIN

Psk. Dan. Alperen KOKCU
Dr. Ogr. Uyesi Abdullah

E % AG YAPISI: EGA VE BOOTSTRAP STABILITE BULGULARI ALDEMIR
& o
& .
© = @ KAYSERI UNIVERSITES] OGRENCILERINE YONELIK 2&%2“ Raziye PERSEN
> ” g HAZIRLANAN DIJITAL BAGIMLILIKLA MUCADELE Umav Biisra CELILOGLU
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A COMPARATIVE SYNTHESIS OF PROMINENT Dr. Ogr. Uyesi
CRIMINOLOGICAL THEORIES: WHY DO INDIVIDUALS Pital e
STOP COMMITTING CRIME? SADULLAH SEYIDOGLU
MADDE KULLANIM BOZUKLUGU OYKUSU OLAN Psikolog irem
BIREYLERDE KENDi KENDINE YARDIM STRATEJILERININ KAL A$ CIKLI
VE UYKU ORUNTULERININ INCELENMESI
ABOUT GULAMHUSEYN SAID AND HIS CREATIVITY Dr.dog.Mahmizer Hamid
kiz1 Mehtibeyova
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RIBAT-I SEREF KERVANSARAYI'NDA TUGLA VE Doc. Dr. Abdolvahid
1 HORASAN HARCI ETKILESIMINDE YUZEY SUSLEMESI VE S og};iza deh
BICIMLENISI
3 OGU EG OAS [STO S
KUZEYDOGU EGE VE TROAS PREHISTORYASI "
§ 2 CERCEVESINDE BIiR INCELEME ELANUR OZMEK
> |8
Z %]
- o
= THE RETHINKING OF THE ABSOLUTE: FROM VICTORIAN .
& g 3 IDEALISM TO LESLIE ARMOUR Nermin HANAY
¢ =2
=
< <
- 5 Dog. Dr. Nadi
a . 12 SUBAT KURTULUS BAYRAMININ SOMUT OLMAYAN KOAQRABE&;{G
3 KULTUREL MIRAS KAPSAMINDA INCELENMESI o -
a Cigdem GURLER
KAHRAMANMARAS SANAY1 COGRAFYASINDA DEGISEN Dog. Dr. Nadire
5 DINAMIKLER: GECMIS, BUGUN VE GELECEK KARADEMIR
PROJEKSIYONLARI Cigdem GURLER
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AN EVALUATION OF THE METHODS FOR THE TRANSFER
1 OF INTELLECTUAL PROPERTY RIGHTS TO THIRD PARTIES | Dr. Ahmet SABAN
UNDER ISLAMIC LAW

THE LEGITIMACY, HISTORICAL EVOLUTION, AND
2 JURIDICAL NATURE OF THE AQILA INSTITUTION IN Dr. Ahmet SABAN
ISLAMIC CRIMINAL LAW

© = 3 WAQF IN THE SCIENCE OF ALAILM AL QIRAAT: A Prof. Dr. Omer OZBEK
> < COMPARISON OF SAJAWANDI AND HUZALI Yasemin BASKIR
S 3
- %)
X =
: g 4 EL-HIDAYE ILA BULUGI’N-NIHAYE TEFSIRINE GENEL Dr. Sinan TUNC
BAKIS
2 <
T a
5 QASIM B. QUTLUBUGHA’S APPROACH TO INTRA- Mustafa Aydim

MADHHAB PREFERENCE

THE RELATIONSHIP BETWEEN FAITH AND DEEDS
6 ACCORDING TO IMAM ABU HANIFA AND ITS Mustafa Aydin
CONNECTION WiTH THE DOCTRINE OF IRJA
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TARIHI i¢ MEKAN FOTOGRAFLARININ YAPAY ZEKA iLE

1 RENKLENDIRILMESINDE TEMSIL, DOGRULUK VE GORSEL | Dr. Ogr. Uyesi AYSENUR
SAPMALAR: MIMARLIK DERGISI ARSIVLERI UZERINDEN | KANDEMIR

KARSILASTIRMALI BIR DENEME

[~
=
=
Q ~ .
4 MODERN VE CAGDAS RESIM SANATINDA DENEYSEL
o § 2 MALZEME KULLANIMI: KURT SCHWITTERS’TAN ANSELM | Dr. Ece Pinar
pd » KIEFER’E
S =)
< Z
%) ==
g (703
_' >
a <
< 'z . . .
T 2 3 BURSA YORESEL KADIN KIYAFETLERINDE KIRMIZI VE Yiiksek Lisans Ogrencisi,
3= SIYAH RENKLERININ INCELENMESI ZEHRA ISBILIR
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a
4 AN EXAMINATION Of THE ARABIC ROOT-PATTERN Dr. Ogretim Uyesi, YELIZ
SYSTEM IN TERMS OF THE MENTAL LEXION CICEK
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HALL /SALON 10
Lecturer Dr., Mehmet Asif ALAN

YAPAY ZEKA TABANLI SOSYAL MEDYA
PAZARLAMASININ TUKETICI SATIN ALMA NiYETINE
ETKISI

Ogr. Gor. CEMILE
ISLEYEN

Dr. Ogr. Uyesi, MURAT
EMEC

KURESEL BULANIK AHP YONTEMI ILE UCUNCU PARTI
LOJISTIK FIRMALARININ YESIL PERFORMANS
KRITERLERININ DEGERLENDIRILMESI

Yiiksek Lisans Ogrencisi
MERVE SEVINC INAN
Dr. Ogr.Uyesi ESRA
AYDIN UNAL

THE USE OF ANIMAL FIGURES IN BRAND IMAGE FROM A
BIOMATIC MARKETING PERSPECTIVE: AN EXAMINATION
OF THE MASCOTS AND SYMBOLS OF TURKEY’S SUPER
LEAGUE CHAMPION CLUBS

Lecturer Dr. Mehmet Asif
ALAN

Dr. Lecturer, Ali
KOROGLU

A CONCEPTUAL OVERVIEW FROM MASS
PERSONALIZATION TO HYPERPERSONALIZATION IN THE
READY-TO-WEAR INDUSTRY DURING THE MARKETING
6.0 ERA

Lecturer Dr., Mehmet Asif
ALAN

Prof.Dr. MEHMET

TWIN TRANSFORMATION AND CENTURY-OLD ERYILMAZ
BUSINESSES ORKUN YILMAZ
SEYMA OZER SEN
PERFORMANCE COMPARISON OF DIFFERENT ANN MUZEYYEN MELIS
ARCHITECTURES TRAINED WITH PARTICLE SWARM AKKAN

OPTIMIZATION IN AIR TRAFFIC FORECASTING: THE CASE
OF TURKEY

Dr. Assist. Prof. MEVLUT
UzULMEZ
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COGNITIVE CONTROL MECHANISMS AND DECISION-
MAKING PROCESSES IN ADOLESCENT BRAIN . .
DEVELOPMENT D_r. Sari Wulandari
Rizky Mahendra
THE ROLE OF EMOTIONAL REGULATION IN ACADEMIC Assoc. Prof. Dr. Dimas
STRESS MANAGEMENT AMONG UNIVERSITY STUDENTS Saputra
Nadia Putri Prof. Dr. Aditya
Pranata Assoc. Prof. Dr.
Vikram Sood
CROSS-CULTURAL STUDIES OF SOCIAL ANXIETY AND
INTERPERSONAL COMMUNICATION PATTERNS IN INDIAN . .
YOUTH POPULATIONS Dr. Priya Nair
Prof. Dr. Arjun Mehta
—
Z g PSYCHOLOGICAL IMPACT OF DIGITAL ADDICTION AND
O 3 SOCIAL MEDIA USE ON COGNITIVE PERFORMANCE IN Dr. Kavita Sharma
z:l 2 ADOLESCENTS Rohit Verma
% 2
: c_Ut; TRAUMA EXPOSURE AND RESILIENCE DEVELOPMENT Prof. Dr. Ali Hassan Al-
1 . AMONG POST-CONFLICT POPULATIONS IN IRAQ Mahdi
< 5 Dr. Zainab Kareem
T Hussein Abbas
THE EFFECTS OF FAMILY STRUCTURE ON CHILD
PSYCHOLOGICAL WELL-BEING IN URBAN AND RURAL
IRAQ Dr. Salwa Jasim
NEUROPSYCHOLOGICAL CORRELATES OF ANXIETY Assoc. Prof. Dr. Omar
DISORDERS IN ADOLESCENTS ACROSS IRANIAN Nasser Prof. Dr.
POPULATIONS Mohammad Reza Hosseini
Dr. Leila Moradi
Dr. Farid Kazemi
THE ROLE OF CULTURAL BELIEFS IN SHAPING MENTAL Assoc. Prof. Dr. Zahra
HEALTH ATTITUDES AND HELP-SEEKING BEHAVIOR IN S T
IRAN Karimi
Nima Rezaei
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DIGITAL BANKING TRANSFORMATION AND FINTECH Assoc. Prof. Dr. Budi
ADOPTION IMPACT ON INDONESIAN ECONOMIC GROWTH : T
1 Santoso
STRUCTURE .
Maya Kartika
FISCAL DECENTRALIZATION AND PUBLIC SECTOR )
EFFICIENCY IN WEST AFRICAN DEVELOPING ECONOMIES | Prof. Dr. Kossi Mensah
2 Dr. Afi Adjei
Kofi Mensah
AGRICULTURAL PRODUCTIVITY AND RURAL
3 DEVELOPMENT POLICIES IN TOGO: ECONOMIC Dr. Mireille Lawson
SUSTAINABILITY PERSPECTIVES ’
RESOURCE DEPENDENCY AND ECONOMIC VOLATILITY Prof. Dr. Carlos Rojas
IN BOLIVIA: A COMPARATIVE MACROECONOMIC Dr. Elena Quispe
4 ANALYSIS Luis Fernando Mamani
Assoc. Prof. Dr. Komlan
Agbodan
c
~N o INFORMAL ECONOMY STRUCTURES AND LABOR
z 2 5 MARKET DYNAMICS IN BOLIVIAN URBAN CENTERS Cisﬁgfr'oiﬁ(’f' Dr. Jorge
9 S Dr. Maria Fernandez
< D)
2 = TRADE CORRIDORS AND ECONOMIC GROWTH UNDER Prof. Dr. Imran Siddiqui
3 g 6 CPEC FRAMEWORK IN PAKISTAN Dr. Ayesha Khan
:(I S Muhammad Bilal
T - INFLATION TARGETING AND CENTRAL BANK
o INDEPENDENCE IN PAKISTAN’S MACROECONOMIC Assoc. Prof. Dr. Saad
! STABILITY Qureshi
Dr. Hina Malik
DIGITAL ECONOMY EXPANSION AND E-COMMERCE Dr. Usman Tariq
8 GROWTH IMPACT ON PAKISTAN’S YOUTH EMPLOYMENT Prof. Dr. Farhan Ali
STRUCTURE Assoc. Prof. Dr. Nida
Ahmed
THE ROLE OF EMOTIONAL REGULATION AND
MINDFULNESS IN REDUCING ACADEMIC ANXIETY Assoc. Prof. Dr. Nguyén
9 AMONG UNIVERSITY STUDENTS IN DIGITAL LEARNING Minh Hoang
ENVIRONMENTS Dr: Lé Thi Hanh
Tran Quang Duy
SOCIAL MEDIA ADDICTION AND SELF-ESTEEM
DYNAMICS IN EMERGING ADULTHOOD: A COGNITIVE- Dr. Pham Anh Tuén
10 BEHAVIORAL PERSPECTIVE Assoc..Prof. Dr. Bui Ngoc
Lan
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DIGITAL TRANSFORMATION AND CULTURAL MEMORY
1 PRESERVATION IN BALTIC ANTHROPOLOGICAL Dr. Eglé Jankauskaité
COMMUNITIES Prof. Dr. Mantas Petrauskas

RITUAL PRACTICES AND POST-SOVIET IDENTITY
RECONSTRUCTION IN LITHUANIAN RURAL SOCIETIES

Assoc. Prof. Dr. leva

5 Zukauskiené
Dr. Tomas Kavaliauskas
Asta Vaitkuté
ETHNOGRAPHIC STUDY OF URBAN MIGRATION Prof. Dr. Nguyen Thanh
PATTERNS AND FAMILY STRUCTURE CHANGES IN Minh
3 MEKONG DELTA Dr. Le Hoang An
Assoc. Prof. Dr. Pham Quoc
Dung
Tran Thi Mai
TRADITIONAL HEALING PRACTICES AND BIOMEDICAL Dr. Vo Anh Kiet
4 INTEGRATION IN CENTRAL VIETNAM HIGHLAND Assoc. Prof. Dr. Bui Thi
COMMUNITIES Hong
Nguyen Van Loc
SOCIOLINGUISTIC TRANSFORMATIONS AND AMAZIGH Prof. Dr. Ahmed Benyahia
5 IDENTITY IN NORTH AFRICAN URBAN SETTINGS Dr. Yasmine Khelifi
Assoc. Prof. Dr. Rachid
Boudjemaa

PASTORAL NOMADISM AND CLIMATE ADAPTATION )
6 STRATEGIES IN SAHARA BORDERLAND COMMUNITIES Dr. Samir Belkacem
Prof. Dr. Lila Gharbi

HALL /SALON 3
Dr. Vo Anh Kiet

POST-MIGRATION CULTURAL HYBRIDITY AND DIASPORA | ¢ Elira Dervishi
7 NETWORKS IN BALKAN ANTHROPOLOGY Assoc. Prof. Dr. Arben Kola

Prof. Dr. Mira Hoxha

FAMILY STRUCTURE TRANSFORMATION AND GENDER

Dr. Besnik Lek
8 ROLES IN CONTEMPORARY ALBANIAN SOCIETY r. SesnikLeka

Arta Nika
Assoc. Prof. Dr. Illir Meta

COGNITIVE FLEXIBILITY AND EXECUTIVE FUNCTIONING
IN ADOLESCENT POPULATIONS: A CROSS-CULTURAL
NEUROPSYCHOLOGICAL ANALYSIS Prof. Dr. Eglé Jankauskaité

9 Dr. Tomas Vaitkus
TRAUMA EXPOSURE AND RESILIENCE DEVELOPMENT IN
EARLY ADULTHOOD: PSYCHODYNAMIC AND
BEHAVIORAL INTEGRATION MODEL _ L
10 Dr. Riita Kazlauskiené
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DIGITAL ETHNOGRAPHY OF YOUTH IDENTITY Assoc. Prof. Dr. Dainius
FORMATION IN LITHUANIAN URBAN SUBCULTURES AND | Stankus
ONLINE SPACES Aisté Malinauskaité
Tomas Zilinskas
ETHNOGRAPHIC ANALYSIS OF NOMADIC HERITAGE AND | Dr. Ayanbek
MODERNIZATION IMPACTS ON PASTORAL COMMUNITIES | Nurmaganbetov
IN CENTRAL KAZAKHSTAN Zarina Sadvakassova
Bekzat Toleubay
Aruzhan Kassenova
CULTURAL TRANSFORMATION AND ETHNOGRAPHIC Assoc. Prof. Dr. Gulnar
PERSPECTIVES ON URBAN MIGRATION PATTERNS IN Akhmetova
SOUTHERN KAZAKHSTAN Nursultan Yermekov
< Madina Suleimen
ETHNOGRAPHIC STUDY OF BEDOUIN SOCIAL .
§ § STRUCTURES AND TRADITIONAL AUTHORITY SYSTEMS i;‘i’lfé ,Eo)j'- ,a;“;: Al-Khatib
Z:I -g IN NORTHERN JORDAN Youssef Haddad
2 E DIGITAL TRANSITION AND ETHNOGRAPHIC INSIGHTS Dr. Rana Abu Khalil
- w INTO YOUTH CULTURE AND SOCIAL MEDIA USAGE IN Hassan Al-Farouq
Z:' E AMMAN COMMUNITIES Maya Nasser
T Omar Al-Rashid
ETHNOGRAPHIC EXPLORATION OF SAHARA DESERT Prof. Dr. Mohamed EI
COMMUNITIES AND ORAL TRADITION PRESERVATION IN Hacen
MAURITANIA Aminata Ould Sidi
Cheikh Ahmed Baba
Fatimata Mint Abdallah
CULTURAL IDENTITY, ISLAMIC TRADITIONS, AND Assoc. Prof. Dr. Ahmedou
ETHNOGRAPHIC FIELDWORK AMONG RURAL Ould Mohamed
MAURITANIAN COMMUNITIES Sidi Mohamed Ould Yahya
Khadijetou Mint Ely
ETHNOGRAPHIC STUDY OF FISHING COMMUNITIES AND Dr. El Hadj Ba
COASTAL LIVELIHOODS ALONG THE MAURITANIAN Moussa Sy
ATLANTIC SHORE Aissatou Mint Cheikh
Samba Ould Ndiaye
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CONTEMPORARY DIGITAL RITUALS AND IDENTITY
CONSTRUCTION IN URBAN COMMUNITIES: AN Prof. Dr. Eglé Jankauskaité
ETHNOGRAPHIC ANALYSIS OF TRANSFORMING Dr. Tomas Petrauskas
SYMBOLIC PRACTICES Riita Zilinskiené
BIOCULTURAL ADAPTATION STRATEGIES AND CLIMATE | assoc. Prof. Dr. Jonas
CHANGE RESILIENCE AMONG COASTAL POPULATIONS IN | kavaliauskas
- THE BALTIC REGION Aiste Metkaite
_g Mantas Vaitiekus
-8 POST-INDUSTRIAL MEMORY AND COLLECTIVE TRAUMA Prof. Dr. Hiroshi Tanaka
o I IN JAPANESE URBAN LANDSCAPES: AN Dr \.(uki Nakamura
z ‘S ANTHROPOLOGICAL PERSPECTIVE ON SPACE AND ’ .
) @ REMEMBRANCE Ass_oc. Prof. Dr. Kenji Sato
| g Emi Watanabe
% >' THE ROLE OF RITUAL PERFORMANCE IN SHAPING
~ E SOCIAL HIERARCHIES IN CONTEMPORARY JAPANESE Dr. Keiko Fujimori
j i RURAL COMMUNITIES Takumi Hayashi
< G
I E DIGITAL NOMADISM AND CULTURAL HYBRIDITY: AN .
S ETHNOGRAPHIC STUDY OF TRANSNATIONAL WORKERS PD“’f' Dr. Ahmad Al-Khatib
bt r. Lina Al-Masri
7 IN AMMAN
2 Omar Nasser
TRADITIONAL HERBAL KNOWLEDGE AND MODERN
MEDICAL PRACTICES: ANTHROPOLOGICAL INSIGHTS QZZ%CA dp“’f' Dr. Youssef
FROM BEDOUIN COMMUNITIES IN SOUTHERN JORDAN .
Dr. Salma Al-Rashid
INDIGENOUS IDENTITY AND TECHNOLOGICAL
MODERNIZATION AMONG THE AMIS PEOPLE: CULTURAL Prof. Dr. Ming-Chen Lin
TRANSFORMATION IN EASTERN TAIWAN Dr. Hsiao-Yu Chen
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DIGITAL TRANSFORMATION AND INNOVATIVE Prof. Dr. Jonas Petraitis
LEARNING STRATEGIES IN MODERN HIGHER EDUCATION R L
Aisté Kazlauskiené
INCLUSIVE EDUCATION PRACTICES AND STUDENT Dr. Eglé Jankauskaité
ENGAGEMENT IN MULTICULTURAL CLASSROOMS Assoc. Prof. Dr. Mantas
Vaitkus
Laura Petrauskaité
TEACHER TRAINING CHALLENGES AND CURRICULUM Prof. Dr. Ahmed El-Mahdi
DEVELOPMENT IN POST-CONFLICT EDUCATION SYSTEMS Salrﬁa AI-Khatib
cg Dr. Omar Farouk
g DIGITAL LITERACY AND EDUCATIONAL REFORM Assoc. Prof. Dr. Noura Ben
‘x"‘ STRATEGIES IN SECONDARY SCHOOLS Ali
] Hassan Al-Masri
; % Dr. Lina Aboud
®) < ARTIFICIAL INTELLIGENCE APPLICATIONS IN Dr. Aigerim Sadykova
S .
Z:I E PERSONALIZED LEARNING ENVIRONMENTS Prof. Dr. Yerlan Nurgaliyev
n S Dana Tleubayeva
| — HIGHER EDUCATION QUALITY ASSURANCE AND Assoc. Prof. Dr. Marzhan
- D STUDENT PERFORMANCE EVALUATION MODELS Iskak ) Y
< w skakova
T o Dr. Timur Akhmetov
o
. AI-ENHANCED LANGUAGE LEARNING AND DIGITAL :
Prof. Dr. Wei-Lun Chen
8 PEDAGOGY TRANSFORMATION Dr. Hsin-Yi Lin
3 :
< Mei-Ju Huang
SUSTAINABLE EDUCATION POLICIES AND TECHNOLOGY- | Assoc. Prof. Dr. Chih-
DRIVEN CLASSROOM INNOVATION Cheng Wang
Prof. Dr. Shu-Fang Lee
Dr. Yuting Huang
EMERGING TRENDS IN EDUCATIONAL DATA ANALYTICS
AND LEARNING OUTCOME OPTIMIZATION Dr. Po-Han Liu
Assoc. Prof. Dr. Yi-Chen
Kuo
Hao-Wei Chang
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PUBLIC SERVICE DIGITAL TRANSFORMATION AND Dr. Riita Jankauskaite
CITIZEN-CENTERED GOVERNANCE MODELS IN THE Aséoc Prof. Dr. Mantas
BALTIC REGION: A COMPARATIVE ANALYSIS OF E- Petrau‘skas i
GOVERNMENT EFFICIENCY AND TRUST FORMATION &
Prof. Dr. Eglé Simaité
PUBLIC SECTOR INNOVATION AND TRANSPARENCY
MECHANISMS IN LOCAL ADMINISTRATIONS: IMPACT OF Dr. Tomas Vaitiekiinas
DATA-DRIVEN POLICY MAKING ON ADMINISTRATIVE Assoc. Prof. Dr. Lina
PERFORMANCE Kazlauskiené
PUBLIC ADMINISTRATION REFORM AND POST-CONFLICT | Prof. Dr. Salim Al-
GOVERNANCE STRUCTURES: CHALLENGES OF Maghrebi
g INSTITUTIONAL CAPACITY BUILDING IN NORTH AFRICA Dr. Aisha El-Fitouri
= Assoc. Prof. Dr. Omar Ben
2 Khaled
N Dr. Huda Al-Senussi
~ < E-GOVERNMENT IMPLEMENTATION AND DIGITAL
Z = SERVICE DELIVERY IN MUNICIPAL GOVERNANCE: Dr. Khaled Al-Din
9 3 EVALUATING ADMINISTRATIVE EFFICIENCY IN Assoc. Prof. Dr. Mariam
< S EMERGING STATES Al-Zawiya
% >
: o STRATEGIC HUMAN RESOURCE MANAGEMENT IN Prof. Dr. Ayanbek
a @) PUBLIC SECTOR ORGANIZATIONS: PERFORMANCE- Sarsembayev
< [ ORIENTED REFORMS AND POLICY SUSTAINABILITY IN Dr. Gulnara Tulegenova
T o CENTRAL ASIA Assoc. Prof. Dr. Marat
o Kassenov
8 PUBLIC POLICY DESIGN AND REGULATORY
3 GOVERNANCE IN RESOURCE-BASED ECONOMIES: Dr. Yerzhan Mukashev
< ANALYZING INSTITUTIONAL ADAPTATION AND Assoc. Prof. Dr. Aigul
ECONOMIC RESILIENCE Nursultanova
SMART CITY DEVELOPMENT AND DIGITAL GOVERNANCE | Prof. Dr. Wei-Chen Lin
TRANSFORMATION IN EAST ASIA: INTEGRATING Dr. Hsin-Yu Chen
ARTIFICIAL INTELLIGENCE INTO PUBLIC SERVICE Assoc. Prof. Dr. Chih-Ming
DELIVERY Huang
Dr. Pei-Ling Tsai
CRISIS MANAGEMENT AND DISASTER GOVERNANCE IN
COASTAL METROPOLITAN AREAS: ENHANCING PUBLIC Assoc. Prof. Dr. Yu-Ting
SECTOR RESPONSE CAPACITY THROUGH Wang
TECHNOLOGICAL INTEGRATION Dr. Chao-Lin Hsu
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CLIMATE-INDUCED MIGRATION PATTERNS AND Prof. Dr. Rahman
COASTAL COMMUNITY RESILIENCE IN BANGLADESH Chowdhury
DELTAS Dr. Fatima Akter
Shamim Reza
Nayeem Hasan
URBAN POOR HOUSING STRATEGIES AND SOCIAL Assoc. Prof. Dr. Khaled
MOBILITY IN DHAKA SLUM SETTLEMENTS Islam
Mitu Begum
Arif Hossain
>
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ABSTRACT

In this study, a new summability factor theorem is obtained for generalized absolute Cesaro
summability methods. By choosing suitable values of the parameters in the general result, the

method |C,a; 5|k is obtained as a special case of ¢ —|C,«| summability method.

Keywords: Absolute summability, Cesaro mean, summability factors, non-decreasing
sequence.

1. INTRODUCTION

Let (¢, ) be a sequence of complex numbers and let Zan be a given infinite series with partial

sums (s,). We denote by u; and t; the n-th Cesaro means of order & (o> —1) of the
sequences (s,) and (na, ), respectively,

1 n

ur? == a—_vlsv’ (1)
Ah v=0 A1
1 n

e =— “va,, (2)
A 21 A va,

where

A” =£n;“j:0(n“), a>-1

©)
A’ =1and A% =0 forn>0 .
The series Zan is said to be summable |C,a|k, k>1and « >—1,if ([1])
c -1t k
Zn t'| <o, (4)
n=1

and it is said to be summable |C, ;5| , k> 1, @ >—1and5 >0, if ([2])
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k

< o0, (5)

t

inﬁk—l
n=1
The series Y a, is said to be summable ¢—|C,a| , k=1, if ([3])

>

n=1

o o k
(on(un _un—l)‘ <. (6)

2. KNOWN RESULT
Bor has proved the following theorem in [4].

Theorem 2.1. Let 0<a <1. Let(x,) be a positive non-decreasing sequence and the sequences
(B,) and(4,) such that conditions

| A/’?‘n |S ﬂn’ (7)

S, — 0 as n—oo, (8)

S n|Ag,|x, <oo, ©)
n=1

[2,|%, =0() as n—>co. (10)

are satisfied. If there exists an € > 0 such that the sequence (n“™* |gon|k) IS non-increasing and

if the sequence (@} ), defined by

t], (=1
Wy = (11)
max(t|, (0<a<l)

1<u<n

satisfies the condition

m

Zn‘k (|(pn|w§’)k =0(x,) as m—>oo,
n=1

then the series Zanﬂn Is summable (0—|C,ak, k>1.

Lemma2.1([5]). If 0<a<land 1<v<n,then

\
2 A,
p=1

< max

—_ )
1<m<v

m
S

where A7 isas in (3).
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Lemma 2.2 ([6]). Under the conditions on (x,), (5,) and (4,) as taken in the statement of
Theorem 2.1, the following conditions hold, when (9) is satisfied:

ng. X, =0(1) as n — o,

> A <o
n=1
3. MAIN RESULT

In this section, we obtain a summability factor theorem for the absolute Cesaro summability
method |C,0!;5|k as a consequence of Bor’s theorem. The are some other papers on

applications of absolute Cesaro summability methods (see [7-10]).

Theorem 3.1. Let 0<a <1. Let (x,) be a positive non-decreasing sequence and the conditions
(7)—(11) of Theorem 2.1 are satisfied. If there exists an &€ > 0 such that the sequence (n****)

IS non-increasing and if the condition

in‘Sk‘l(tﬁ‘)k =0(x,) as m—>oo,

n=1

is satisfied, then the series > a, 4, is summable |C,a;d], k>1.

4. PROOF OF THEOREM 3.1

Let (T,*) be the n-th (C, &) means, with 0< & <1, of the sequence (na,,) .Then, by (2), we

have
¢ 1 5 e
T = 2 ALval,
Ah v=1
Applying Abel’s transformation, we get
a l < N a— ﬂ/n 3 a—.
Tn Z_QZMZAF;pap a ZA]—vlva\/
A1 v=l p=1 A1 v=1

so that making use of Lemma 2.1, we have
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|ﬂ’n|| : a-1,
+ = V.
p Afl ;Avv a'\l

n-1
< %Z AW AR+ A, WE =T.4 +T5.
v=1l

To complete the proof of Theorem 3.1, by Minkowski’s inequality for k>1, it is sufficient to
show that
=12,

0
Sk-1
S

by (5).
. . L : 1 1
Now, when k>1, applying Hélder’s inequality with indices k and k where EJFE:L we get

<3 ()" {Z Acwv“ﬂv}

smin“‘l(A?)“Z/Ac(wmkﬂvx{"zﬂ“ﬁv}

nék -l-a Zva ( )

V=

Va( ) ﬁ znakl—

n=v+1

|
M

>
Il
N

~o()
~o(

m+1 Sk “1+e

ve(we) A Y,

2 1

zv Hwe) A J
_ O(l)vzmllvﬂvv""“l ()
- 0(1)EA(vﬂv)§r5k‘l(wf’ ) +o(1) mﬂmgvﬁk‘l(wi’ )
-0 (1)2 (mB,x,

m-1

:O(l)Zv|A,BV|xV +O(l)§:|ﬂv+l|xV +0(1)mB,x, =0(1) as m— oo,

by virtue of the hypotheses of Theorem 3.1 and Lemma 2.2.

Again, since |4,|=0(1/x,)=0(1) by (10), we have
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ilnak—l Tno‘zz K _ ilnak_lunn/lnr—l(wg )k
= O(l)i|in|n5k’l(wj‘)k
=1

m-—

- O(l)ZiA|/1n|Zn:v5k‘l (WV“ )k + O(l)|/”tm|zmlv"\k‘1 (WV”‘ )k
n=1 v=1 v=1

= o(1)§|Azn| X, +O(1)|4,] X,

n=1
m-1
=0(1)>. 8% +0(1)|4,|%, =O(1) as m— oo
n=1
by virtue of the hypotheses of Theorem 3.1 and Lemma 2.2.

Therefore, we get that

k:OG)asnr»aamrrzLZ

a
T}J

m

ok-1
2.n
n=1

This completes the proof of Theorem 3.1.
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ABSTRACT

In the present paper, we obtain a generalization of a known summability theorem by using a
more general absolute summability method. The aim of the study is to extend an existing result
established for a particular weighted mean summability method to a broader summability
setting. Under suitable assumptions on the related sequences, sufficient conditions are obtained

for an infinite series to preserve its summability properties.

Keywords: Absolute summability, Infinite series, Riesz summability, Summability factors

1. INTRODUCTION

Let (4,) be asequence. Observethat A4 =4 —A ., A°A4 =4 andfork=1,2, ..., the higher-
order differences are defined by A4 = AA**A [1]. Consider the infinite series an whose

partial sums form the sequence (s,). Let (y,) denote a sequence of real numbers, all of which
are positive, such that

Y :Zyi—)oo as n—oow, Y =y =0, m>1

n
i=0

and the sequence-to-sequence transformation

defines the sequence (u,) of the Riesz mean of (S,) generated by the sequence (y,) [1]. Let
(w,) be a sequence of positive real numbers. The series an is said to be summable
,/,_‘N, yn;v‘k, k>1and v>0,if(see[2])
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iyxrﬁ“k‘l lu, —u, [ <.
n=1

In the case v, =Y, /y, and v =0, the [N, y,

) summability method is obtained [3].

2. KNOWN RESULT

Bor [4] established the following theorem.

Theorem 2.1. Let (X,) be a positive sequence and let
5, =0(X,), n—eo. (1)
If (4,) is a sequence of complex numbers such that

i[é}(lﬂnl X,) <o @

n=1

3 X, A%, <, (3)
n=1

then the series an/in is summable ‘N,yn o k>1.

3. MAIN RESULT

In this study, Theorem 2.1 is generalized as described below. More contributions to the theory
of summability methods can be found in [5-11].

Theorem 3.1. Let (X,) be a positive sequence and let the condition (1), (3) be satisfied.
Assume (i, ) is a real-valued sequence whose terms are positive and which fulfills

l//nyn :O(Yn) ' (4)
[e’e] " K
2w ([AlXo) < (5)
n=1
S i ad| < ©
n=i+1
(11)
w+l l 1
Zw:k‘l—=0(v/¥k —] as W—>oo, (7)
n=i+1 Yn,1 Yi

then the series > b, 4, is summable (//—‘N, yn;v‘k’ k>1and 0<v<1/k.
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4. PROOF OF THEOREM 3.1

Let (U,) be the (N, yn) mean of the series Z b,A, Then, by Abel’s transformations,

y y s A
U, - = E SA +—=" EYS.A/% +=00n
n n—l YnYn . = yl 1 Yn L e 1 1 Yn
:Un,l+Un,2+Un,3'

Now, from Hoélder’s inequality, and the conditions (1), (4), (5), (7),

(Sulslal)

i=1

Wzﬂl//vhk 1 , <ZWVK 1(1//nynJ

n

nl

onSvi LS () [EE]

_1 i=1 n-1 i=1
0(1)2y.(>< ) L
n=i+. n-1

-0y (Al

=0(1) as W—> 0.

Now, by again Holder’s inequality and the conditions (1), (3), (4), (6), (7),

w+1 y
ZV/VM 1 Z'//Vk 1[‘/41 nj {ZY |S |Aﬂ,|}
l

n i=1

-O(ﬁfw 11 [Z IM.IJ

n1 i=1

w+l 1 n—1 n-1 k-1
=002 vy iIMI{ 2 YiX IM.I}

nll—l n1|—1

w+1

:0(1)ﬁ X A4 1

n=i+1
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=0()Dyi* X;[A%|=0() as w—>oo.
i=1
Finally, by (1), (4) and (5),

w+1

vk+k-1
Z ‘//n ‘ U n,3
n=2

‘ :O(l)il//;k_l(xn |/1n|)k =0(1) as W—>oo.
n=1

So, we have

0
vk+k-1
Zl//n ‘ Un,r

n=1

k
<o forr=123

which completes the proof of Theorem 3.1.

5. CONCLUSIONS

In the present study, a general theorem on the W—‘N, yn;v‘k summability method is

Y,
established. If we set ¥, =—" in Theorem 3.1, we recover a result from [12] related to the

n

_ Y
‘N : yn;v‘k summability of an infinite series. If we set ¥, =— and v =0 in Theorem 3.1, we
n

get Theorem 2.1.
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ABSTRACT

In this paper, we gave some strategies,which are need, for effective mathematics education. There are
a lot of ways to effective mathematics education. Learning and using student names, improves
teaching of mathematics. Effective teaching and mega mentalize (will be called EOMHT) is key for
success both from the students and instructors in front of the black-board. When students are engaged,
it means they are motivated, they want to learn and share their knowledge.

Keywords: Strategies, effective teaching, mega mentalize
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ABSTRACT

In this study, the generalized Kuramoto-Sivashinsky equation with nonlinear convection is
investigated using Lie symmetry analysis, exact solution techniques, numerical verification,
and conservation-law theory. The admitted Lie point symmetries, the Lie algebraic structure,
the finite transformations, the adjoint representation, and the optimal system of one-
dimensional subalgebras are derived. Based on the obtained symmetry generators, similarity
reductions are constructed, and the governing nonlinear partial differential equation is reduced
to ordinary differential equations. By employing the Riccati equation expansion approach,
several classes of exact traveling-wave solutions are obtained, including trigonometric,
hyperbolic, and rational wave structures. To verify the analytical results, numerical validation
is performed using the classical fourth-order Runge-Kutta method. The numerical solutions are
in excellent agreement with the exact traveling-wave profiles, confirming their accuracy. In
addition, local conservation laws are derived through the multiplier method. The obtained
results provide further insight into the nonlinear wave structures and conservation properties of
the generalized Kuramoto-Sivashinsky equation with nonlinear convection.

Keywords: Generalized Kuramoto-Sivashinsky equation; Lie symmetry analysis; Riccati
equation expansion approach; exact traveling-wave solutions; Runge-Kutta method,;
conservation laws via multiplier approach.

1. INTRODUCTION

Nonlinear partial differential equations (NLPDES) play a fundamental role in the mathematical
modeling of complex phenomena arising in fluid dynamics, plasma physics, nonlinear optics,
combustion theory, reaction-diffusion systems, and many other branches of applied science.
Due to the intricate interactions among nonlinearity, dispersion, dissipation, and instability,
such equations can describe a broad spectrum of nonlinear wave phenomena, including solitary
waves, periodic structures, pattern formation, bifurcation processes, and chaotic dynamics.

12
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Consequently, the analytical investigation of NLPDES remains an important and active area of
research in mathematical physics [1-3].

Among the most influential nonlinear dissipative evolution equations is the Kuramoto-
Sivashinsky (KS) equation [4].

u,+u, +ou, +Uu,, +auu, =0, (1.1)

which arises in the modeling of flame front propagation, thin liquid films, plasma instabilities,
reaction-diffusion processes, and nonlinear transport phenomena. The KS equation represents
a delicate balance among instability, dispersion, dissipation, and nonlinear convection. In
particular, the second-order derivative term u,, is associated with destabilizing effects, the

dispersive contribution is represented by the third-order term ou, , the fourth-order derivative
U, Provides dissipation, while the nonlinear convection term cuu, governs nonlinear wave

interactions. Owing to the competition among these mechanisms, the KS equation exhibits a
rich variety of dynamical behaviors, including traveling waves, coherent structures, pattern
formation, and spatiotemporal chaos.

XXXX

To describe more complex nonlinear transport mechanisms, several generalized versions of the
KS equation have been proposed. In this study, we consider the generalized Kuramoto-
Sivashinsky equation with nonlinear convection [4].

u+u, +ou, +u. . +puu +yu?), =0, (1.2)
where o, fand y are real parameters associated with dispersion, nonlinear convection, and
nonlinear transport effects, respectively. Compared with the classical KS equation, the
additional nonlinear transport term (u®),, enriches the mathematical structure of the model and

allows the description of more intricate nonlinear wave propagation phenomena. The
interaction among dispersive, dissipative, and nonlinear transport mechanisms gives rise to a
wider range of nonlinear wave behaviors and invariant structures.

Over the past decades, numerous analytical techniques have been employed to investigate the
KS equation and its generalized variants, including Painlevé analysis, Hirota-type methods, Lie
symmetry techniques, auxiliary equation approaches, and various expansion methods. These
studies have produced a broad spectrum of exact solutions, including solitary waves, periodic
waves, rational solutions, and elliptic-function structures. In particular, Kudryashov
investigated Eq. (1.2) through Painlevé analysis and derived analytical solutions expressed in
terms of Weierstrass elliptic functions and Painlevé transcendents. Despite these developments,
a comprehensive investigation of Eq. (1.2) that combines Lie symmetry analysis, Lie algebraic
structures, finite transformations, the adjoint representation, optimal system classification,
similarity reductions, exact traveling-wave solutions, numerical verification, and conservation
laws has not yet been reported in the existing literature. This observation motivates the present
study.

13
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The main objective of this work is to establish a unified symmetry-based analytical framework
for the generalized Kuramoto-Sivashinsky equation with nonlinear convection. First, the
admitted Lie point symmetries, the Lie algebraic structure, finite transformations, the adjoint
representation, and the optimal system of one-dimensional subalgebras are derived [3-5].
Subsequently, similarity reductions are obtained and used to transform the governing nonlinear
partial differential equation into a system of ordinary differential equations. Exact traveling-
wave solutions are then constructed via the Riccati equation expansion approach [6]. To assess
the reliability of the obtained analytical results, a numerical verification is performed using the
classical fourth-order Runge-Kutta method [7]. Finally, local conservation laws are derived
using the multiplier method [8], while the corresponding conserved vectors are constructed via
the homotopy integral formula, thereby providing additional information about the invariant
and transport properties of the model.

The remainder of this paper is organized as follows. In Section 2, the Lie symmetry structure
of the generalized Kuramoto-Sivashinsky equation is established, along with finite
transformations, the adjoint representation, the optimal system, and similarity reductions.
Section 3 is devoted to the construction of exact traveling-wave solutions by means of the
Riccati equation expansion approach. In Section 4, the obtained analytical solutions are
numerically verified using the fourth-order Runge-Kutta method. Conservation laws are
derived in Section 5 through the multiplier method. Finally, concluding remarks are presented
in Section 6.

2. LIESYMMETRY ANALYSIS

Consider the generalized Kuramoto-Sivashinsky equation with nonlinear convection
2
u, +u, +ou,, +u,. +puu, + yu), =0.

To determine its Lie point symmetries, we introduce the infinitesimal generator
0 0 0
X =&(x,t,u)—+7(X,t,u)—+n(xt,u)—. 2.1
&( )ax ( )(3t m( )au (2.1)

Applying the fourth prolongation and imposing the invariance condition

prX (4) |,0=0, (2.2)
with
A=U +U_+0oU, +U_ +puu + y(U®),
yields
&=c,, T=C, n=0, (2.3)
where c,and c, are arbitrary constants. Therefore, the admitted Lie point symmetry generators
are

14
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X, ==, X,=—. (2.4)

Hence, Eq. (1.2) possesses temporal and spatial translational invariance and admits a two-
dimensional Abelian Lie algebra.

2.1. Finite Group Transformations

The finite transformations corresponding to the admitted Lie symmetry generators are obtained
by integrating the associated Lie equations.

For the temporal translation generator

X, =2,
ot
the Lie equations are
oK _, o, di_g
de de de
Integrating yields
Xx=x, ft=t+eg, U=u
Similarly, for the spatial translation generator
0
X, =—,
2 o
the corresponding Lie equations are
&, A, di_g
de de de
which give
K=x+eg,  t=t, U=u.

Therefore, the admitted Lie group consists of temporal and spatial translations, reflecting the
invariance of the governing equation under shifts in time and space. Combining the two one-
parameter transformations, the corresponding two-parameter Lie group action can be written as

G(e, &) (X, t,u) > (X,£,0) = (X + &,,t +&,U). (2.5)

Equivalently, if u= f(x,t) is a solution of the governing equation, then the transformed
function

G(x6) = f(R—g,f—¢) (2.6)
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is also a solution. Hence, the admitted Lie group represents the two-dimensional translation
group acting on the independent variables x and t.

2.2. Adjoint Representation

The adjoint representation of a Lie group on its Lie algebra is defined by
2
eX; _ &

Ad(e™) X, =X, =X, X1 S DX DX X D=

For the generalized Kuramoto-Sivashinsky equation with nonlinear convection, the admitted
symmetry generators are

Since the Lie algebra is Abelian,
[X;, X,]1=0, [X,, X,]=0, [X X,]1=0.
Therefore, all higher-order commutators vanish identically, and the adjoint action reduces to

Ad(e™)X, =X, Ad(e™)X, =X, Ad(e™)X, =X,  Ad(e™)X,=X,.

The corresponding adjoint table is given in Table 1.
Table 1. Adjoint representation of the admitted Lie algebra.
Ad(e* ) X; | X1 X,
X, X1 X
X, X, X,

2.3. Optimal System of One-Dimensional Subalgebras

The construction of an optimal system is based on the adjoint action of the admitted Lie group
on its Lie algebra. Consider the general element

X =aX, +bX,, 2.7)

where a and b are arbitrary constants, not simultaneously zero.
Since the admitted Lie algebra is Abelian and the adjoint representation acts trivially,
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Ad(e™)X;=X;, i,j=12 (2.8)
no nontrivial simplifications of the coefficients (a,b), can be achieved through adjoint
transformations.
In Eq. (2.7), if a=0, scaling the generator by a™"yields
X =X, +¢cX,, C:E. (2.9
a
If a=0 and b=0, Eq. (2.7) reduces to

X =X,. (2.10)
Similarly, when b=0 and a =0, Eq. (2.7) reduces to

X=X, (2.12)
Therefore, an optimal system of one-dimensional subalgebras is given by

(X)), (%), (X +eX,) (2.12)

where C is an arbitrary constant.

The generators (X,) and (X,) correspond to pure temporal and spatial translations,
respectively. The mixed generator (X, +cX,)combines both invariances and produces

traveling-wave type similarity reductions. Since traveling-wave structures constitute the
primary wave propagation mechanism of the present model, the reduction associated with
(X, +cX,) isof particular interest and will be investigated in the following section.

2.4. Similarity Reductions

In this subsection, the similarity reductions associated with the one-dimensional optimal system
are derived. The optimal system is represented by
(X)), (X)), (X +eX,). (2.13)

2.4.1. Reduction with respect to (X,)

For the temporal translation generator

, (2.14)

the associated characteristic system is

T g (2.15)



BURSA 7" INTERNATIONAL CONFERENCE ON ENGINEERING and MATHEMATICS
July 35,2026 - BURSA
ISBN NR. : 978-625-8795-27-1

Integrating the characteristic equations yields the invariants

& =X, u(x,t) =U(<&). (2.16)

Thus, the invariant solutions associated with X, are stationary and independent of time.

Substituting
u, =0, u, =U’, u, =U", Uy, =U", Uy =U ™' (2.17)

XXXX

into Eq. (1.2), we obtain the reduced ordinary differential equation
U'+oU”+U" + BUU + y(U?%)" =0. (2.18)
2.4.2. Reduction with respect to (X,)

For the spatial translation generator

0
X, = ™ (2.19)
The characteristic system is
dt_dx_du 220
0O 1 O
Thus, the invariants are
&=t u(xt)=U(&). (2.21)
Since uis independent of X, all spatial derivatives vanish:
uX = uXX = uXX)( = uX>(XX = O (2'22)
Therefore, Eq. (1.2) reduces to
u’(¢)=0. (2.23)
Hence,
u()=cC, (2.24)
where C is an arbitrary constant.
2.4.3. Reduction with respect to (X, +¢X,)
For the combined generator
0 0
X:X1+CX2:a+C&, (225)
the associated characteristic system is
dt_dx_du 226)
1 ¢ 0

Integrating the characteristic equations gives the similarity variable
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&=x-ct, (2.27)
while u remains invariant along the group orbits. Therefore, the invariant solution takes the
form

u(x,t)=U(&). (2.28)
Substituting the traveling-wave transformation into Eq. (1.2) yields
—cU'+U"+oU"+U" + pUU’ + y(U*) =0. (2.29)
Using the identity
U?" =2U"*+20UU", (2.30)

Eq. (2.29) can be rewritten in the explicit form
—cU’'+U"+oU"+U" + UU" +2 (")’ +2,UU" = 0. (2.31)

3. EXACT WAVE STRUCTURES VIA THE RICCATI EQUATION EXPANSION
APPROACH

The Riccati equation expansion approach assumes that the solution of Eq. (2.31) can be
expressed as [6].

U= ad @) (31)

where ¢(&) satisfies the Riccati equation

¢(&)=A+up (). 3.2)

The Riccati equation (3.2) admits the explicit solutions:

469 =\/% tan(Jaug), >0, (3.3)
#(S) = —\/% cot(aug), >0, (3.4)
H(E) = \/% [tan (22u §)isec(2m§ﬂ, A >0, (3.5)

#(S) =—\/% tanh (J=2ug).  Au<0, (36)

19



BURSA 7" INTERNATIONAL CONFERENCE ON ENGINEERING and MATHEMATICS
July 35,2026 - BURSA
ISBN NR. : 978-625-8795-27-1

¢(§>=—E coth(V=2ug).  Au<0, (3.7)

and

#(&) =—i, A=0. (3.8)
Hé

3.1. Application of the Riccati Equation Expansion Approach

According to the explicit form of the reduced equation (2.31), balancing the dominant highest-
order derivative term U" with the nonlinear term UU" gives
N+4=2N+2, (3.9)

which yields
N =2. (3.10)
Therefore, the solution is assumed in the polynomial form

2 .
U (&) =D ad' (&) =a, +ad(&) +a,¢°(d), 3.11)
i=0
where a,,a,,and a, are constants to be determined, and ¢(&) satisfies the Riccati equation (3.2).
Substituting Eq. (3.11) together with Eq. (3.2) into Eq. (2.31), expressing all derivatives in
terms of powers of ¢(&), and equating the coefficients of identical powers of ¢(&) to zero yield

an overdetermined algebraic system for the unknown parameters a,,a,,a,,cand y.

Solving the resulting algebraic system, we obtain

2 o o 30
C:_ﬂz +___, :—’ 312
3% 5 T o (3.12)
and
48 uc — o +60 o’ 2utc
ay =— = , ai=—'u \ a, =— i . (3.13)
3643 3p p

Substituting the parameter relations (3.12)-(3.13) into Eg. (3.11) and employing the explicit
solutions of the Riccati equation (3.2), several classes of exact traveling-wave solutions are
obtained. These solution families are presented below.

For the trigonometric Riccati solutions, the following exact traveling-wave structures are
obtained.

un(x,t)=—%[7zzytan2(\/ﬂ(x—ct))+12 At tan(\/ﬂ(x—ct))+48ﬂ,u—az+6}

(3.14)
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U, (x,t) = %[72@1 cotz(m(x—ct))—ﬂ Al cot(\/ﬂ(x—ct))+48ﬂw -0’ + 6}.
(3.15)

U, (X, t) = —é [72/1;1 tan® ® + 144, tan Osec ® + 721 5ec” O 316

+12,/Autan ® +12,/ A sec® + 484 — o + 6],
where ® = 2,/Au(x—ct).

For the hyperbolic Riccati solutions, the following exact traveling-wave structures are obtained.

u,, (x,t) = %[72@ tanh?(y= 24 (x — ot) ) +12y/=2 tanh( =24 (x~ ct) ) - 4824+ &° —6:.

(3.17)

o 2 2 pn

U, ,(x,t) = @[YZZycoth (V=20 (x = ct)) +12y/=Aus coth( = Az (x - ct) ) - 482u+ & -6
(3.18)

For the rational Riccati solution, the following exact traveling-wave structure is obtained:

Uy (x,t) = [(c* -6)(x—ct)* +120(x—ct) - 72]. (3.19)

o
36 3(x —ct)?

4. NUMERICAL VERIFICATION BY THE FOURTH-ORDER RUNGE-KUTTA
METHOD

To validate the obtained analytical traveling-wave solution, a numerical verification is

performed using the classical fourth-order Runge-Kutta (RK4) method. In particular, we
consider the exact hyperbolic traveling-wave solution u,,(x,t) obtained in Eq. (3.17).

We choose the parameter values
o=1, p=1 A=1 u=-1. 4.1)

From the parameter relations given in Eq. (1.2), we obtain
34 29
=—=3, c=——. 4.2
x=— 35 (4.2)

Under these parameter values, Eq. (3.17) reduces to
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43
36
The traveling-wave equation is integrated once with respect to £ to obtain

U, (€) =2 tanh2(§)+%tanh(§)+ E=x-ct. (4.3)

U”+oU"+U’'—cU +§U2+;((U2)'=A, (4.4)
where substitution of Eq. (4.3) yields
L (45)
2592
Introducing
Y,=U, Y,=U’, Y,=U", (4.6)

Eq. (4.4) is transformed into a first-order dynamical system:

Y, =Y,,
Yy =Y, (4.7)

Y, = A+cY,-Y, - oY, —gvf —22YY,.

The initial conditions are obtained directly from the exact solution at & =-2:

Yl (_2) = Uexact (_2)’ Y2 (_2) = Uéxact (_2)' Y3 (_2) = Ue”xact (_2) (48)
The numerical integration is performed on the computational interval
—2<&E<L2. (4.9

The numerical and analytical profiles are compared in Figure 1. In addition, the numerical
accuracy is quantified through the maximum error norm

Loc = rna‘Xi |U RK4 (é:i)_Uexact (éj)|! (410)
and the discrete L, norm

L, =(hZ|uRK4(§i)—um (;)Fj . (4.11)
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(a) Exact and numerical profiles (b) Absolute error
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Figure 1. (a) Comparison between the exact hyperbolic traveling-wave solution obtained from
Eq. (3.17) and the numerical fourth-order Runge-Kutta approximation. (b) Absolute error

distribution E(&) U, (&) -U.,.. (&) |throughout the computational domain.

The numerical and analytical profiles overlap almost perfectly, while the error remains extremely small,
confirming the accuracy and fourth-order convergence of the RK4 scheme.

Table 2. Numerical verification of the exact hyperbolic traveling-wave solution by the fourth-
order Runge-Kutta method

Step size h Lo error Ly error Observed order
0.0200 7.7693 x 1078 7.3270 x 107® -
0.0100 4.8518 x 107" 4.5574 x 1077 4.0012
0.0050 3.0314 x 10719 2.8415 x 107 1° 4.0005
0.0025 1.8943 x 10~ 1.7737 x 1071 4.0003

Figure 1 and Table 2 demonstrate an excellent agreement between the analytical traveling-wave solution
and the RK4 approximation. As the step size is successively halved, the numerical error decreases with
a convergence rate very close to 4, confirming both the correctness of the exact solution obtained and
the expected fourth-order accuracy of the RK4 scheme.

5. CONSERVATION LAWS VIA THE MULTIPLIER METHOD

In this section, local conservation laws for the generalized Kuramoto-Sivashinsky equation with
nonlinear convection are derived using the multiplier method. The corresponding conserved
vectors are subsequently obtained through the homotopy integral formula. Consider Eq. (1.2)
in the form
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F=u-+u, +ou, +u_ +Auu +y(u?), =0. (5.1)
A multiplier is a function

A=A(Xtuu,u,,u,,u,..), (5.2)
satisfying the Euler-Lagrange condition
E,(AF) =0, (5.3)
where E, denotes the Euler operator with respect to u.
Solving the corresponding determining equations gives
A=C +C, exp(ﬁwdj, (5.4)
2y
where
2(=2Byc+ p* +4y°
P2 s z') 5)
16y
This result is obtained under the restrictions
y#0,  B#0, —2Byc+pB°+4y° 0. (5.6)
Thus, two linearly independent multipliers are
A =1 (5.7)
and
A, :exp(ﬁwctj. (5.8)
2y
For the constant multiplier A, =1, the first conserved vector
is obtained as
T, =u, (5.9)
and
X, =t 0t U + DUt (), 5.10)
Therefore,
D,(T)+D,(X,)=u +u, +ou_ +u_ +A4uu +yu?) =F. (5.11)
Hence A, yields a mass-type conservation law.
For the exponential multiplier A, , the second conserved
density is
T, :uexp(ﬁwct} (5.12)
2y

The corresponding flux component is
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X, = exp(ﬂﬂdJ[Z;{uux +ou, +U +U, —ﬁ(auX +U +uxx)+’3—22(au +ux)—ﬁ—33u].
2y 2y 4y
(5.13)
Thus,
D, (T,) + D, (X,) = A,F, (5.14)
and consequently
D,(T;)+ D, (X,)=0 (5.15)

on the solution set of Eq. (1.2). Therefore, A, generates a nontrivial weighted exponential
conservation law.

Consequently, Eq. (1.2) admits two independent local conservation laws associated with the
multipliers A, and A,. The first one is a mass-type conservation law, while the second one is

a weighted exponential conservation law obtained through the homotopy integral construction
and verified symbolically.

6. CONCLUSION

In this work, the generalized Kuramoto-Sivashinsky equation with nonlinear convection has
been investigated through a combination of Lie symmetry analysis, exact solution construction,
numerical verification, and conservation-law analysis. The admitted Lie point symmetries of
the model were derived, and the corresponding Lie algebraic structure, finite transformations,
adjoint representation, and optimal system of one-dimensional subalgebras were established.
The obtained symmetry generators revealed the invariance of the governing equation under
temporal and spatial translations and provided the foundation for the associated similarity
reductions. By employing the optimal system, several similarity reductions were constructed.
In particular, the traveling-wave reduction transformed the original nonlinear partial differential
equation into an ordinary differential equation suitable for analytical treatment. The Riccati
equation expansion approach was then applied to obtain several classes of exact traveling-wave
solutions. The resulting solution families include trigonometric, hyperbolic, and rational wave
structures, demonstrating the rich variety of nonlinear propagation regimes admitted by the
model. To assess the validity of the obtained analytical solutions, a numerical verification was
carried out using the classical fourth-order Runge-Kutta method. The numerical solutions were
found to be in excellent agreement with the exact traveling-wave profiles. Furthermore, the
computed error norms and convergence rates confirmed the expected fourth-order accuracy of
the numerical scheme, thereby supporting the correctness and reliability of the analytical
results. In addition, local conservation laws were derived by means of the multiplier method.
Two independent multipliers were obtained, yielding both a mass-type conservation law and a
nontrivial weighted exponential conservation law. These conservation-law structures provide
additional information regarding the invariant and transport properties of the generalized
Kuramoto-Sivashinsky equation with nonlinear convection. Overall, the coexistence of Lie
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symmetries, exact traveling-wave solutions, numerical consistency, and conservation laws
demonstrates that the considered model possesses a rich mathematical structure governed by
the interplay of nonlinear convection, dispersion, dissipation, and nonlinear transport effects.
The analytical framework developed in this work may also be applied to other nonlinear
evolution equations arising in mathematical physics and related areas, where symmetry
methods and conservation laws play a fundamental role in understanding nonlinear wave
phenomena.
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Abstract

We know that crossed modules serve as an algebraic model for 2-dimensional groups. For 3-
dimensional groups however crossed squares cat2-groups 2-crossed modules quadratic modules
and simplicial groups of length 2 can be provided as algebraic models. In this study we will
work with the categories of crossed squares and cat2-groups which are categorically equivalent
to each other. Stating that these categories are categorically equivalent to one another we will

also include the definitions of the concept of action within these categories.

Keywords: Crossed Modules, Crossed Squares, Cat"2-groups, Action
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OZET

Bu aragtirma; tipta tan1 da ve tedavi de, bulanik kiime teorisinden nasil faydalanilacagini somut
bir sekilde orneklendirerek, hastaliklarin tedavisinin tasarlamada ve kullanilacak ilaglarin
miktarinin doz ayarlarinin ne diizeyde olacagina dair karar verme siirecini belirleyen bir
matematiksel model olusturmada bulanik kiime teorisinin nasil kullanilacagi gosterilmektedir.
Bulanik kiime, klasik kiimeden farkli olarak bir derecelendirmeyi, bir gegisi ve siirekliligi ifade
etmektedir. Bu arastirma da ilk asama olarak bulanik kiime kavrami ve temel kavramlar ele
alinacaktir. ikinci asama da bulanik kiimelerde birlesim, kesisim, tiimleme ve kapsama
basliklar1 altinda bulanik kiimelerde mantiksal islemler ele alinacaktir. Ugiincii asamada 6gelere
dayal1 (genisletme) aritmetik islemler baslig1 altinda toplama islemi, ¢ikarma islemi, carpma
islemi, bolme islemi tanitilacak olup, alfa kesimi ile aritmetik islemler baslig1 altinda alfa
kesimine gore bulanik sayilarin toplanmasi, ¢ikarilmasi, ¢arpilmasi ve boliinmesi konular: ele
alinacaktir. Bulanik sayilar ile yapilan islemler sonucunda elde edilen yeni bulanik kiimeden
bir ¢ikarim yapilarak, yani bulanik sayilar ile yapilan islemlerden sonra elde edilen bulanik ¢ikti
kiimesinin kesin bir degere doniistiiriilmesi i¢in durulastirma konusu tanimlanacaktir. Bu
anlayis ve yaklagim biyolojik siire¢lerin dolayisiyla da tibbin dogasina uymaktadir. Ayrica son
zamanlarda tipta artan bir bigimde teknoloji ile biitiinlesmekte ve bunun sonucu olarak tip ve
tibbi uygulamalar adeta miihendislik uygulamalarina donligmektedir. Bu nedenle, bulanik
kiimeler ve bunun bir sonucu olan bulanik mantik, hem tibbin dogasini ifade etme de hem de
tipta tan1 ve tedavi uygulamalarini agiklamada ve tasarlamakta kullanilmaktadir. Bu ¢aligma da
kullanilacak ilaglarin miktarin1 doz gramajlarinin nasil ayarlanacagina dair karar verme siirecini
belirleyen bir matematiksel model olusturmada bulanik kiime teorisinin nasil kullanilacag:
gosterilmektedir. Bu model kisiye 6zel tedavi planlamasi ve ilaglarin hangi miktarda

verilecegine yardimei olacaktir.

Anahtar Kelimeler: Bulanik Kiime, Bulanik kiimelerde dort islem, Tibbi uygulamalar.
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THE GEOMETRY OF CENTRODES OF CONSTANT SLOPE CURVES
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ABSTRACT

Constant slope curves can be defined as spatial curves whose specified vector fields make a
constant angle with a fixed axis. These types of curves occupy a central role in classical
differential geometry, modern computer-aided geometric design (CAGD), mechanism design,
and biomechanics. In this study, the intrinsic geometry of constant slope curves is investigated
through their centrodes. We obtain remarkable relations between several members of the
constant slope family and their centrodes. Furthermore, the kinematical interpretation of the

centrodes leads to new conclusions through the duality between these curves.

Keywords : Centrode, helical curves, rectifying curve, Salkowski curve.
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THE DUAL PYTHAGOREAN CONDITIONS AND THEIR EFFECTS ON CURVES

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

Polynomial and rational curves can be seen as applicable materials for robotics, mechanics,
computer-aided design, and animation. In differential geometry, in order to make these
materials more convenient for engineering calculations, some additional conditions are
investigated. The first one is to check whether the hodograph, or velocity vector field, of a curve
can be defined by a polynomial Pythagorean triple. If the answer is yes, then the second
condition is based on the Pythagorean condition for the norm of the cross product of its velocity
and acceleration vector fields. If both conditions are satisfied, then the curve and its orthonormal
frame become rational, and the behavior of the curve can be interpreted by specific curves. In
this study, we investigate both conditions for specific curves such as cylindrical helices and

proper slant helices.

Keywords : Pythagorean theorem, hodograph, proper slant helix.
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YAMABE SOLITON STRUCTURE ON COTANGENT BUNDLE ACCORDING TO
RIEMANNIAN EXTENSION METRIC

Assoc. Prof. Dr. Lokman BILEN
Igdir University, lokman.bilen@igdir.edu.tr - ORCID ID: 0000-0001-8240-5359

ABSTRACT

Geometric flows serve as crucial analytical tools in differential geometry, facilitating the study
of metric deformation. Let T*(M) be the cotangent bundle with the Riemannian extension
metric on an n-dimensional Riemannian manifold M. Our aim in this article is to investigate
the structures of Yamabe soliton, conformal Yamabe soliton and quasi Yamabe soliton with
respect to the Riemannian extension metric on the cotangent bundle.

Keywords: Yamabe flow, Yamabe solitons, cotangent bundle, Riemannian extension metric,
conformal vector fields.

1. INTRODUCTION

Geometric flows represent a class of partial differential equations that describe how geometric
structures, particularly metrics, evolve over time on differentiable manifolds. Among these, the
Ricci flow, introduced by Hamilton [6], is one of the most influential. The Ricci flow evolves
the metric of a Riemannian manifold in a way that tends to "smooth out" irregularities in
curvature, playing a central role in Grigori Perelman’s proof of the Poincare conjecture.
Another important flow is the Yamabe flow, originally proposed by Hidehiko Yamabe. This
flow modifies the metric to achieve a uniform scalar curvature while preserving the conformal
class of the metric. The Yamabe flow is especially significant in problems concerning
conformal geometry and scalar curvature deformation. Yamabe solitons are self-similar
solutions to the Yamabe flow and are defined by the existence of a vector field X on a
Riemannian manifold (M, g) such that the metric satisfies a particular soliton equation
involving the Yamabe curvature. These structures serve as steady, shrinking, or expanding
models of the Yamabe flow and provide insights into its long-term behavior. A Yamabe soliton
is said to be of gradient type if the vector field X is the gradient of a smooth function. These
solitons reflect fixed geometric configurations under the Yamabe flow, and their study reveals
important properties about curvature and topology of the underlying manifold. Negative
Yamabe curvature in such soliton settings typically implies contraction behaviors and is
indicative of certain topological and geometric features. Ricci and Yamabe solitons can be
viewed as fixed points or self-similar solutions to their respective flows. These structures not
only contribute to the study of geometric analysis but also provide valuable tools for addressing
broader questions in differential geometry.
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“Several authors have explored Yamabe soliton structures in different contexts. For instance,
Chen and Deshmukh [4] introduced the concept of quasi-Yamabe solitons on Riemannian
manifolds. Giler and Crasmareanu [10] introduced the notion of Ricci-Yamabe flow by
considering a scalar combination of the Ricci flow and Yamabe flow. Dey and Majhi [6] studied
generalized gradient Ricci-Yamabe solitons on complete Sasakian 3-manifolds. Gezer, Bilen
and De [7] explored almost Ricci and almost Yamabe soliton structures on the tangent bundle
using the ciconia metric. Recently, De, De and Gezer [5] studied k-almost Yamabe solitons for
the perfect fluid spacetime of general relativity. They obtain a number of interesting results. In
particular, they constructed two examples to prove the existence of k-almost Yamabe solitons.
Yan, Li, Bilen and Gezer [15] explore Yamabe and gradient Ricci-Yamabe solitons on the
tangent bundle TM according to the twisted Sasaki metric. Ghosh [9] study Yamabe soliton and
quasi Yamabe soliton on Kenmotsu manifold[7].” In [13] the authors demonstrating a rigorous
theoretical exploration of gradient almost Yamabe solitons, deep connections to manifold
theory through sophisticated geometric analysis and similarly in [3] the researchers presents a
rigorous mathematical analysis of gradient Yamabe solitons, offering substantial theoretical
contributions through a novel global warped product structure and comprehensive classification
theorem. Also Venkatesha and Naik[14] in their research provides a comprehensive theoretical
analysis of Yamabe solitons on contact metric manifolds, demonstrating rigorous geometric
insights through original proofs about scalar curvature, Sasakian properties, and flow vector
field behaviors. The study offers substantial contributions to manifold theory by exploring
intricate mathematical relationships between geometric structures, flow dynamics, and
curvature conditions.

In summary geometric flows such as the Ricci and Yamabe flows, along with their associated
soliton solutions, constitute a fundamental area of research in modern differential geometry.
They provide powerful mathematical tools for comprehending manifold evolution and changes,
contributing to the derivation of numerous mathematical theorems and results. Their
applications extend from pure mathematical theory to theoretical physics. Ongoing studies
continue to uncover deeper connections between flow dynamics, curvature evolution, and
manifold topology.

2. PRELIMINARIES

2.1. The Cotangent Bundle

Let M be an n —dimensional differentiable manifold with a torsion-free connection V, T*M be
its cotangent bundle and 7 be the natural projection m - T*M — M. A system of local
coordinates (U,x%), i=1,...,n in M induces on T*M a system of local coordinates
(n‘l(U),xi,xZ =p), i=n+i=n+1,...,2n where xl = p; are components of covectors
p in each cotangent space Ty M, x € U with respect to the natural coframe {dx*}.

“Let X = X' 9; and w = w;dx"’ be the local expressions in U of a vector field X and covector
(1-form) field w on M, respectively. Then the vertical lift Vw of w, the horizantal lift X and
the complete lift X of X are given, with respect to the induced coordinates, by
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"w = w;0, (1)
HX = X'0;+ppl/X) 0; (2)
and
‘X =X'0; —pn0; X" 0;,
where d; = %, 0; = % and FL-’} are the coefficients of a symmetric (torsion-free) affine

connection V on M.

The Lie bracket operation of vertical and horizantal vector fields on T*M is given by the
formulas

X Y] = "X, Y]+"(p°R(X,Y)),
"XV w] = Y(Vyw),
["oVw] = 0

for any X,Y € 33(M) and 8, w € I%(M), where R is the curvature tensor of the symmetric
connection V defined by R(X,Y) = [Vy, Vy] — V[xy, (for details, see [16]).”

2.2. Expressions in the Adapted Frame

“We will use the adapted frame that simplifies our tensor calculations in the cotangent bundle
T*M. With the symmetric afin connection V in M, we can introduce the adapted frame on each
induced coordinate neigbourhood =~ (U) of T*M. In each local chart U ¢ M , if we write

F) , .
X(]) :@’HU) :dx},] = 1,...,n,

then from (1) and (2), we can see that these vector fields have, respectively, the local
expressions

"Xgy = 0 +paly;op

410 37

with respect to the natural frame {a,-, 67}. These 2n — vector fields are linearly independent and

they generate the horizontal distribution of V and the vertical distribution of T*M, respectively.
The set {”XU),V 9(1)} is called the frame adapted to connection Vin 7=1(U) c T*M. By putting

_ H
Ej =" X, )
E; =00, (3)

we can write the adapted frame as {E,} = {Ej, E;}.

Using (1), (2) and (3), we have Yw = w;E5 and "X = XJE; with respect to the adapted frame
{E,}” (for details, see [16]). By the straight-forward calculations, we have the lemma below.

“Lemma 1. The Lie brackets of the adapted frame of T*M satisfy the following identities
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|E.E| = PsRi;’E;,
|Ew 5] = -1)E3,
[Ez, E;] = O,
where R;;° denote the components of the curvature tensor of the symmetric connection V ”” [16].

2.3. The Riemannian Extension Metric on the Cotangent Bundle

“The Riemannian extension metric § € I9(T*M) describes a pseudo-Riemannian metric in
T*M . The line element of the Riemannian extension § is determined by

g = —poTidxtdx) + 267 dx'sp;
where dp; = dp; — ph[}-’l-ldx". The pseudo-Riemannian metric § has the components

—Pa Fi(} Si] >

(g)lj = ( 6} 0

with respect to induced coordinates (x!, p;),where I} are the coefficients of the Levi-Civita

connection V.

The Riemannian extension {(g),,} and its inverse {(§)"} have the following components with
respect to the adapted frame {E,}, respectively,

0o &/
(g)u = <5.i Ol>
J

0 &
N\ — i
)] < 5 0 )

Now, we will calculate the Levi-Civita connection V of the Riemannian extension §. The
coefficients of the Levi-Civita connection V can be found with

and

Fa—1~a£E~ Egg E.g 1.Qa Q5. +QF
yﬂ_zg (EyJep + Egdye — Sg)’ﬁ)-l_z( vg tilyp T ﬁ)’)’

where
ve = G%Gsp0e’,
jSH = PsRiun
Qﬂﬂ - _QEjE:_I}'ih

anditwillbeusedasy =j,j B=i,i a=hh e=kk 6§ =mm.

For the Levi-Civita connection V of the Riemannian extension §, we give the following
proposition.” [12].
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Proposition 2. [2] “Let (M, g) be a Riemannian manifold and (T*M, ) be its cotangent
bundle with the Riemannian extension. The Levi-Civita connection V of the Riemannian
extension g on T*M is locally given by

ﬁEiE} = Fif}Eh + psRp;i Ex
Vi, E = —T)Ex
Ve Ej=0
Ve E; =0
where R is the Riemannian curvature tensor of g.”
“The Riemannian curvature tensor are found with
Rsy = EsTyp — EyT5p + T5.Typ — Tyelgp — 05 Top.
Here it will be used as y =j,j B=1i,i a=hh e=kk 6§=mm. In the following

proposition, we give components of the Riemannian curvature tensor of the Riemannian
extension §.” [7]

Proposition 3. “Let (M, g) be a Riemannian manifold and (T*M, §) be its cotangent bundle
with the Riemannian extension. Then the corresponding Riemannian curvature tensor R is
locally given by

5 b o_ h
Rijie = Ry,
5 h _ s s
Rijw = ps(ViRpgi — ViRpki),
5 h _ k
Rk = Rjun,
5 h _ J
ik = Repp
R..I R,
Tjk hkj

and other components are zero” (see also [8]).

Now, we consider the Ricci and scalar curvature tensors. With the help of Proposition 3 and
standard calculations give the following results.

Proposition 4. “[7]Let (M, g) be a Riemannian manifold and (T*M, §) be its cotangent bundle
with the Riemannian extension. Then the corresponding Ricci curvature tensor is given by
Using (4), we calculate

7= (9)PRap = (@) Ric + (§)*Ry;. + (§)* R + () Ry = 0

Hence, we have
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Proposition 5. “[7]Let (M, g) be a Riemannian manifold and (T*M, §) be its cotangent bundle
with the Riemannian extension. Then the corresponding scalar curvature tensor # is zero”.

3. MAIN RESULTS
3.1. Yamabe Soliton Structure

“In recent years, some geometric flows and their possible singularity models as called solitons
have become popular following Grigori Perelman’s proof of the Geometrization Conjecture.
One of the most notable of these flow equations is the Yamabe flow equation, introduced
Hidehiko Yamabe, is a distinct type of geometric flow. Its goal is to adjust the metric structure
of a Riemannian manifold while keeping the Yamabe curvature constant. The Yamabe
curvature reflects a particular property of the manifold’s metric, and this flow emphasizes those
features. Yamabe flow is fundamental in geometric analysis, offering insights into the
transformation and development of metric structures on manifolds. Hamilton in the 1980s to
prove the Yamabe problem, which searches for a metric on a compact Reimannian manifold
(M, g) of dimension n > 3 that obeys the original metric g while preserving a constant scalar
curvature. Yamabe flow, introduced by a Yamabe flow deforms a given manifold by evolving
its metric g(t) according to

9
ag(t) = —13109(6), g(0) = go

where 744 denotes the scalar curvature of g(t). Yamabe solitons are mathematical tools used
to analyze and describe the metric structures of Riemannian manifolds. These solitons represent
a unique class, defined on a Riemannian manifold (M, g) via a particular vector field X. The
vector field X defines a soliton that influences the Yamabe curvature of the manifold, which
serves as a measure of the metric’s geometric properties. A negative Yamabe curvature signifies
distinct curvature and contraction behaviors within the manifold. Yamabe solitons, which are
self-similar solutions of the Yamabe flow, are defined by a smooth vector field V on a
Riemannian manifold (M, g) as follows:

1
SLvg = (r =g

for A € R, and Ly represents the Lie derivative along V, denoted as the soliton vector field.

Based on whether A >0, A =0 or 1 <0, (M, g) is called shrinking, steady or expanding
Yamabe soliton respectively.” [7]

Theorem 6. “[7]Let (M, g) be a Riemannian manifold of diemensionn > 2, § = 25fdxi6pj
is a Riemannian extension metric on cotangent bundle T*M. The (T*M, g, 1) is a Yamabe
soliton if and only if X is a conformal vector field and following conditions are satisfy

(A= (7 +05v7),

n
ii. VRS + T (9507) = 0

iii. Vvl = 0.
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where X = v*E, + v®E5 is a vector field on cotangent bundle according to adapted frame
{EB}-”
Proof. To carry out our proof, we need to find the scalar A that satisfies the nggNU =
(¥ — 1) gy, condition. For this, we can write the following equations.

1 ~ ~

> Lzgij = —Agi; (5)
and

1 ~ ~

5 Lx33; = —Agy;- (6)
From (5), we can write  psv*R,g; — val“,?j + (Ekv7) = 0.
From which, we have following equalities

veRS; + T (9507) = 0
and
Vkv7 = 0.
Also, the following equation is written from equation (6)
k 7\ — k
Ejv* + voT; + (EEUJ) = —A6f.
Contracting with both sides of last equation, the following conclusion is reached
2= —2(V0) + o

= —H(Vjv +05v )
However, because of the scalar curvature of Riemannian extension metric is zero, we can
write

Lzd = —2A§.

This means that the vector field X is a conformal vector field. By following the above steps in
reverse, the statements of the theorem can be easily established. Thus, the proof is complete.

3.2. Quasi-Yamabe Soliton Structure

“In 2018, the notion of a quasi-Yamabe soliton on a Riemannian manifold is defined by Chen
and Deshmukh [4], as follows:

(Lyg)(§1,§2) = 2(r — D g(§1,$2) + 2uV*(§1) @ VF(E2), (7)

for any vector fields &, and &,. Here V¥ is the dual 1 —form of potential vector field V, 1 is a
constant and u is a smooth function.”

Now we will express the following two Lemma that we will use in the proof of our theorem.

Lemma 7. The Lie derivative of Riemannian extension metric, with respect to fibre-preserving
vector field ¢X is given as follows:
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Leyd = 2(ver))dxisp; + ZpS( v*Rig; — Vj(aivs)) dx‘dx’

where potential vector field ¢X = (v", —ps0,v°) is a fibre-preserving vector field on
cotangent bundle T*M according to adapted frame {Ez}.

Here, the vector field ¢X*, which is the dual of the vector field ¢X concerning the Riemannian
extension metric g, is expressed as follows in our forthcoming theorem.

CX]# = CXIgl] = X' gij + CXigfj psa v*
# ~ _
CX; — C g]j — CX glj CX gu j
and hence
Cy#
Cy#y _ X; psa v?

Additionally, obtaining the following equalities, which we will use in our upcoming theorem,
will provide convenience

‘Xf® °xf = Xf® X+ X' @ X+ X! @ XA + AT @ xf
= [psp1(8;v*)(9;v") |dxdx’ + 2[ps(8;v5)v'|dx'6p; + [v'v’]6p;Sp;-

Theorem 8. Let (M, g) be a Riemannian manifold of diemensionn > 2, § = 26ijdx"6pj isa
Riemannian extension metric on cotangent bundle T*M. The (T*M, g, ¢X, 4, u) is a quasi
Yamabe soliton if and only if following conditions are satisfy

: 1 i..a

. A= —Z—Fiav ,

ii. vaR];l = Vj(aivs),

iii. (0;v%)v/) =0,

iv. (0;v°)(9;v") =0,

v. viv/ =0
where potential vector field is consider as ‘X = (v", —p, 9,v°) is a fibre-preserving vector
field on cotangent bundle T*M according to adapted frame {Ez} and 4 € R.

Proof. From the equation (7), we have
Lex Gy = —24gy; + 21 °Xf @ CXf,
(vaFii)dx@pj + ps( VeRig; — Vj(aivs)) dx‘dx’) = —ASijdxi(Spj + ,u[pspl(aivs)(ajvl)]dxidxj
+2,u[ps(6ivs)vf]dxi6pj + u[vivj]6pi5pj.

Form which, we can write

Ps( VeRig; — Vj(aivs)) = upsp1(0;v°) (9;v"), (8)
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ver) = =267 + 2upy(0;v%)v/ (9)
and
uvtv) = 0.

From the equation (8), we obtain v®R;3; = V;(8;v°) and (9,v%)(8;v") = 0.

jai

In equation (9), we have (9;v°)v/ = 0 and contracting with —%6?, both sides of the equation
(9), the following conclusion is reached
1 i ..a
/1 = _%Fiav .
By following the above steps in reverse, the statements of the theorem can be easily established.
Thus, the proof is complete.
3.3. Conformal Yamabe Soliton Structure

“A Riemannian or pseudo-Riemannian manifold (M, g) of dimension n is considered to admit
a conformal Yamabe soliton if it satisfies the equation:

2
LVg+[2/1—2r—(p+£>]g=0,

where Ly, g represents the Lie derivative of the metric g along the vector field V, r is the scalar
curvature and A is a constant, p is a scalar non-dynamical field (time dependent scalar field), n
is the dimension of the manifold. The conformal Yamabe soliton is classified as shrinking,
steady, or expanding, depending on whether A is positive, zero, or negative, respectively.
Furthermore, the conformal Yamabe soliton defined on the cotangent bundle T*M with the
Riemannian extension metric g, can be expressed as:

1
Lgg + [2/1—21’—<p+;)]§= 0. (10)
Here, 7 denotes the scalar curvature of g, X is potential vector field and 1 € R.” [7]

Theorem 9. Let (M, g) be a Riemannian manifold of diemensionn > 2, § = 26ijdxi5pj isa

Riemannian extension metric on cotangent bundle T*M. The (T*M, g, ¢X, ) is a conformal
Yamabe soliton if and only if following conditions are satisfy
i A= —ivargi +1p +i
2n 2 2n
ii. v*R,; = V;(0;v°)

jai

where potential vector field is consider as X = (v", —p, 9,,v°) is a fibre-preserving vector
field on cotangent bundle T*M according to adapted frame {Ez} and 1 € R.

Proof. Using Lemma 7 in equation (10), we can write
; . S 1 Lo
(ver))dx'6p; + ps (vaRiji - Vj(aivs)) dxtdx’ + [ZA — 2F — (p + E)] §/dx'6p; = 0.
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From which, we get
. 1N
voT) + (2/1—[)—;) 5§/ =0 (11)
and

vaRj;i - Vj(aivs) == 0

Contracting with &7, both sides equation (11) and necessary actions are taken, we have
PR
Tt e TP gy

By following the above steps in reverse, the statements of the theorem can be easily established.
Thus, the proof is complete.
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HASSAS TARIM UYGULAMALARI iCIN ACIKLANABILIR HiBRIiT CNN-
TRANSFORMER MIMARISI

Dr. Ogr. Uyesi,Erol KINA

Van YYU, erolkina@yyu.edu.tr - 0000-0002-7785-646X
OZET
Bu caligmada, iirlin verimi ve kalite lizerinde olusturdugu olumsuz etkiler nedeniyle tarimsal
tiretim ve gida giivenligi acisindan 6nemli bir problem olusturan piring yaprak hastaliklarinin
otomatik ve agiklanabilir bigimde teshis edilmesine yonelik hibrit bir derin 6grenme yaklagimi
Onerilmistir. Bu kapsamda, yerel ve kiiresel 6zellik 6grenimini birlikte gerceklestirebilen
RiceHybridFormer adi verilen yeni bir mimari gelistirilmistir. Yerel 6zelliklerin ¢ikarimi igin
Evrisimsel Sinir Aglarin1 (CNN)), kiiresel baglamsal bilgilerin 6grenilmesi i¢in ise Transformer
encoder yapisini birlikte kullanan bu yapiya, modelin temsil giiclinii ve hesaplama verimliligini
artirmak amaciyla depthwise separable convolution, dilated convolution, residual baglantilar
ve squeeze-excitation tabanli dikkat mekanizmalar1 entegre edilmistir. Ayrica goriintii 6n
isleme asamasinda Guided Filtering ve CLAHE yontemlerinden faydalanilmig, modelin
yorumlanabilirligini artirmak amaciyla ise Grad-CAM tabanli agiklanabilir yapay zeka
yaklagimi kullanilmistir.
Onerilen modelin performasi, toplam 11.790 goriintii iceren Kaggle tabanli piring yaprak
hastalig1 veri seti iizerinde degerlendirilmistir. Deneysel sonuglar, modelin egitim asamasinda
%89.4, dogrulama asamasinda %88.1 ve test asamasinda %87.9 dogruluk oranina ulastigini
gostermistir. Ayrica modelin precision degeri %87.2, recall degeri %87.5 ve F1-skoru ise
%387.1 olarak hesaplanmigtir. Karsilastirmali analizler, 6nerilen mimarinin ResNet-50, Vision
Transformer (VIT), EfficientNet-BO ve MobileNetV2 modellerine kiyasla dogruluk ve
siniflandirma metrikleri acgisindan daha iyi sonuglar verdigini gdstermistir. Calisma sonunda
elde edilen bulgular, dnerilen RiceHybridFormer mimarisinin hassas tarim uygulamalar i¢in
etkili, agiklanabilir ve hesaplama agisindan verimli bir ¢6ziim sundugunu gostermistir.
Anahtar Kelimeler: Hibrit derin égrenme, CNN-Transformer, Agiklanabilir yapay zeka,
Grad-CAM
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AN EXPLAINABLE HYBRID CNN-TRANSFORMER ARCHITECTURE
FOR PRECISION AGRICULTURE APPLICATIONS

ABSTRACT
In this study, a hybrid deep learning approach is proposed for the automated and explainable
diagnosis of rice leaf diseases, which constitute a significant threat to agricultural production
and food security due to their adverse effects on crop yield and quality. In this context, a novel
architecture called RiceHybridFormer, capable of jointly learning local and global features, was
developed. The proposed framework combines Convolutional Neural Networks (CNNs) for
local feature extraction with a Transformer encoder structure for global contextual learning. In
addition, depthwise separable convolution, dilated convolution, residual connections, and
squeeze-excitation-based attention mechanisms were integrated into the architecture to enhance
representational capability and computational efficiency. Furthermore, Guided Filtering and
CLAHE techniques were employed during the image preprocessing stage, while a Grad-CAM-
based explainable artificial intelligence approach was utilized to improve model
interpretability.
The performance of the proposed model was evaluated using a Kaggle-based rice leaf disease
dataset containing a total of 11,790 images. Experimental results demonstrated that the model
achieved accuracy rates of 89.4%, 88.1%, and 87.9% during the training, validation, and testing
phases, respectively. In addition, the model obtained a precision value of 87.2%, a recall value
of 87.5%, and an F1-score of 87.1%. Comparative analyses indicated that the proposed
architecture outperformed benchmark models such as ResNet-50, Vision Transformer (ViT),
EfficientNet-BO, and MobileNetV2 in terms of classification accuracy and performance
metrics. The findings of the study demonstrate that the proposed RiceHybridFormer
architecture provides an effective, explainable, and computationally efficient solution for
precision agriculture applications.
Keywords: Hybrid deep learning, CNN-Transformer, Explainable artificial intelligence, Grad-
CAM

1. GIRIS

Diinya niifusunun biiyiik bir kisminin temel besin kaynaklarindan biri olup kiiresel gida
guvenligi acisindan stratejik oneme sahip olan piring, 6zellikle gelismekte olan iilkelerde hem
ekonomik hem de sosyal acidan 6nemli bir tarimsal iiriin olarak degerlendirilmektedir. Ancak

piring Uretimi; bacterial leaf blight, brown spot, leaf blast, sheath blight ve tungro gibi fungal,
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bakteriyel ve viral hastaliklar nedeniyle ciddi verim kayiplariyla kars1 karsiya kalmaktadir. Bu
hastaliklar yalnizca {iriin miktarin1 degil ayn1 zamanda kaliteyi de olumsuz etkileyerek 6nemli
ekonomik kayiplara neden olmaktadir. Bu nedenle hastaliklarin erken déonemde dogru sekilde
belirlenmesi, uygun miidahale stratejilerinin uygulanabilmesi agisindan biiyiik 6nem
tasimaktadir.

Geleneksel bitki hastaligi teshis yontemleri ¢ogunlukla uzman goézlemine dayali manuel
incelemelerle gercgeklestirilmektedir. Ancak bu yontemler zaman alic1, 6znel degerlendirmelere
acik ve genis tarim alanlarinda uygulanmasi zor yontemlerdir. Ayrica farkli 151k kosullari,
karmagik arka plan yapilari ve hastalik belirtilerindeki degiskenlik, teshis dogrulugunu olumsuz
etkileyebilmektedir. Bu simirhiliklar, bilgisayarli gorii ve yapay zeka tabanli otomatik hastalik
tespit sistemlerine olan ilgiyi artirmistir [1].

Son yillarda derin 6grenme tabanli yontemler, 6zellikle Evrisimsel Sinir Aglar1 (Convolutional
Neural Networks — CNN), bitki hastaliklarinin siniflandirilmasinda basarili sonuglar ortaya
koymustur. CNN tabanli modeller, el ile 6zellik ¢ikarimina ihtiya¢ duymadan goriintiilerden
ayirt edici mekansal 6zellikleri otomatik olarak 6grenebilmektedir [1]. Bu avantajlarina ragmen
geleneksel CNN mimarileri ¢ogunlukla yerel doku o6zelliklerine odaklanmakta ve goriintii
icerisindeki uzun menzilli iligkileri yeterince modelleyememektedir. Bu problemi agmak
amaciyla alternatif yontemler arayan arastirmacilar, son yillarda self-attention mekanizmasina
dayali Transformer tabanli mimarilere yonelmislerdir [2]. CNN ve Transformer yapilarinin
birlikte kullanilmasi, 6zellikle karmasik tarimsal goriintii verilerinde daha yiiksek siniflandirma
basarimi elde edilmesine olanak saglamaktadir [3], [4].

Bu dogrultuda, bu ¢alismada piring yaprak hastaliklarinin agiklanabilir ve yiiksek dogrulukla
siiflandirilabilmesi amaciyla RiceHybridFormer adi verilen hibrit bir derin 6grenme modeli
onerilmistir. CNN tabanli yerel 6zellik ¢ikarimi ile Transformer tabanli kiiresel baglamsal
modellemeyi birlestiren bu modelde, depthwise separable convolution, dilated convolution,
residual baglantilar ve squeeze-excitation dikkat mekanizmalar1 kullanilarak hem ¢ok 6lgekli
ozellik O6grenimi hem de hesaplama verimliligi artinlmistir. Ayrica modelin
yorumlanabilirligini gelistirmek amaciyla Gradyan Tabanli Smif Aktivasyon Haritalama
(Grad-CAM) tabanli agiklanabilir yapay zeka (XAI) yontemleri sisteme entegre edilmistir [5].
Kaggle tabanl piring yaprak hastalig1 veri seti lizerinde gergeklestirilen deneyler ile modelin
performansi1 degerlendirilmis ve gercek zamanli tarimsal uygulamalara uygunlugu analiz

edilmistir [6].
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2. DENEYSEL CALISMALAR
Bu calismada, piring yaprak hastaliklarinin dogru ve agiklanabilir sekilde smiflandirilmasi
amactyla RiceHybridFormeradi verilen hibrit bir derin 6grenme modeli gelistirilmistir.
Onerilen mimari, Evrisimsel Sinir Aglarmin (CNN) yerel &zellik ¢ikarim yetenegi ile
Transformer tabanli yapilarin kiiresel baglamsal modelleme guciini bir araya getirmektedir.
Sistem genel olarak goriintii 6n isleme, 6zellik ¢ikarimi, Transformer tabanli baglamsal
O0grenme, siniflandirma ve agiklanabilir yapay zeka (XAI) asamalarindan olugmaktadir.
Calismanin is akis diagrami Sekil 1°de verilmistir.

2.1. Veri Seti
Calismada, Kaggle platformunda publicly available olarak sunulan piring yaprak hastaligi veri
seti kullanilmistir. Veri seti toplam 11.790 adet piring yaprak goriintiisiinden olugmaktadir. Veri
setinde hem saglikli yaprak ornekleri hem de Bakteriyel yaprak yanikligi, Kahverengi leke,
Saglikli yaprak, Yaprak yanikligi, Boyun yanikligi, Piring hispasi gibi farkli hastalik siniflarina
ait goriintliler bulunmaktadir.
Veri seti; egitim (%70), dogrulama (%15) ve test (%15) olmak {izere ii¢ alt kiimeye ayrilmistir.
Bu yaklasim sayesinde siniflar arasindaki dagilim korunmus ve model performansinin giivenilir
sekilde degerlendirilmesi amaglanmigstir. Tim goriintiiler model egitiminden dnce 224 x 224
piksel boyutuna yeniden dl¢eklendirilmistir.

2.2. Goriintii On Isleme ve Veri Arttirma
Gortintii kalitesini artirmak ve hastaliga ait belirgin bolgeleri daha goriiniir hale getirmek
amaciyla Guided Filtering ve Contrast Limited Adaptive Histogram Equalization (CLAHE)
tabanli bir 6n isleme siireci uygulanmistir. Guided Filtering yontemi goriintiideki giirtiltiiyii
azaltirken kenar bilgilerini korumakta, CLAHE yontemi ise lokal kontrasti artirarak lezyon ve
renk degisimlerinin daha belirgin hale gelmesini saglamaktadir.
Modelin genelleme yetenegini artirmak ve asir1 Ogrenmeyi azaltmak amaciyla egitim
asamasinda ¢esitli veri artirma teknikleri uygulanmistir. Bu islemler; yatay ve dikey ¢evirme,
dondiirme, Olgekleme, parlaklik ve kontrast degisimleri ile renk degisim (color jittering)
islemlerini igermektedir. Boylece modelin farkli ¢evresel kosullar altinda daha dayanikhi
ozellikler 6grenmesi hedeflenmistir.

2.3. Onerilen RiceHybridFormer Mimarisi
Onerilen RiceHybridFormer mimarisi hem yerel doku 6zelliklerini hem de kiiresel mekansal
iliskileri 6grenebilen hafif yapili hibrit bir model olarak tasarlanmustir. Ik asamada giris

goriintiileri; baslangic blogu (stem block), derinlik ayrilabilir evrisim (depthwise separable
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convolution), artik baglantilar (residual connections) ve sikistirma-uyarma dikkat
mekanizmalari (squeeze-excitation (SE) attention mechanisms) iceren CNN tabanli bir omurga
yapisi lizerinden islenmistir. Bu yap1 sayesinde ¢ok dlgekli 6zellik ¢ikarimi gergeklestirilirken
hesaplama maliyeti azaltilmistir. Baglamsal 6zellik 6grenimini giiglendirmek amaciyla modele
genigletilmis evrisim katmanlar1 (dilated convolution layers) eklenmistir. Bu katmanlar alic
alan1 (receptive field) genisleterek farkli dlgeklerdeki hastalik desenlerinin daha etkili sekilde

O0grenilmesini saglamaktadir.
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Sekil 1. Calismanin is Akis Modeli
CNN tabanl 6zellik ¢ikariminin ardindan elde edilen 6zellik haritalari belirteg dizilerine (token
sequences) doniistiiriilmiis ve Transformer kodlayict (Transformer encoder) yapisina
aktarilmastir.

2.4. Aciklanabilir Yapay Zeka (EAI)
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Son agsamada kiiresel ortalama havuzlama (global average pooling) ve tam baglantili katmanlar
(fully connected layers) kullanilarak hastalik siniflandirmasi gerceklestirilmistir. Siniflandirma
katmaninda softmax aktivasyon fonksiyonu (softmax activation function) kullanilmstir.
Onerilen modelin yorumlanabilirli§ini artirmak amaciyla Grad-CAM tabanli agiklanabilir
yapay zeka yontemi kullanilmistir [S]. Grad-CAM 1s1 haritalari, modelin siniflandirma sirasinda
hangi goriintli bolgelerine odaklandigin1 gorsel olarak ortaya koymaktadir. Béylece modelin
karar verme siireci daha seffaf hale getirilmis ve 6zellikle tarimsal uygulamalarda kullanici
giiveninin artirilmast hedeflenmistir [7].

2.5. Deneysel Kurulum
Onerilen model, PyTorch derin 6grenme kiitiiphanesi kullanilarak gelistirilmis ve Windows 11
Pro isletim sistemine sahip bir is istasyonunda egitilmistir. Deneysel ¢aligmalarda AMD Ryzen
9 9950X3D 16 ¢ekirdekli islemci, 128 GB RAM ve 24 GB VRAM kapasitesine sahip AMD
Radeon RX 7900 XTX ekran kart1 kullanilmistir. Model egitim siirecinde Adam optimizasyon
algoritmasi ve kategorik ¢apraz entropi kayip fonksiyonu (categorical cross-entropy loss
function) tercih edilmistir.
Baslangi¢ 6grenme orani 0.0001 olarak belirlenmis, batch size degeri 32 se¢ilmis ve model
toplam 50 epoch boyunca egitilmistir. Deneysel analizler sonucunda, 20 epoch sonrasinda
dogrulama performansinda anlamli bir iyilesme gbézlenmemesi ve asir1 6grenme egiliminin
ortaya ¢ikmasi nedeniyle egitim siireci 20 epoch ile sinirlandirilmistir. Egitim siirecinde asir1
o0grenmeyi azaltmak ve model kararliligini artirmak amaciyla dropout ve batch normalization
tekniklerinden yararlanilmstir.
Model performansinin degerlendirilmesinde dogruluk (accuracy), kesinlik (precision),

duyarlilik (recall) ve F1-skoru (F1-score) metrikleri kullanilmigtir.

3. BULGULAR

3.1. Genel Siniflandirma Performansi
Onerilen model, Kaggle tabanli piring yaprak hastalig1 veri seti iizerinde degerlendirilmis ve
performans sonuclari Cizelge 1°de sunulmustur. Modelin egitim, dogrulama ve test

asamalarindaki dogruluk degerleri sirasiyla %89.4, %88.1 ve %87.9 olarak elde edilmistir.
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Cizelge 1. Test Veri Seti Performans Sonuclar: ( % )

Metrik Test Sonucu
Accuracy 87.9
Precision 87.2
Recall 87.5
F1-Score 87.1

Egitim ve dogrulama dogruluklar arasindaki diisiik fark, modelin egitim verisine asir1 uyum
gostermedigine ve benzer performanst dogrulama verisi iizerinde de koruyabildigine isaret
etmektedir. Bu durum, literatiirde genelleme boslugunun (generalization gap) diisiik olmastyla
iligkilendirilmekte olup modelin asir1 6grenme egiliminin smirli diizeyde oldugunu
gostermektedir [8]. Elde edilen performans degerleri, onerilen mimarinin farkli hastalik
smiflarin1 gilivenilir sekilde ayirt edebildigini gostermektedir. Benzer sekilde literatiirde,
evrisimli sinir aglarinin (CNN) bitki yaprak hastaliklarinin siniflandirilmasinda yiiksek
dogruluk ve ayirt edici 6zellik 6grenme kapasitesi sayesinde etkili sonuglar verdigi rapor
edilmistir [9], [10].
3.2. Sinif Bazl1 Performans Analizi

Sinif bazli degerlendirme sonuglart Cizelge 2’ de verilmistir. Tim siniflar igin kesinlik
(precision), duyarlilik (recall) ve FIl-skor degerlerinin 0.88-0.91 araliginda oldugu
goriilmiistiir. Model 6zellikle neck blast ve rice hispa siniflarinda yiiksek F1 skoru degerine
ulagmustir.

Cizelge 2. Simif Bazhi Performans Sonuglar

Hastalik Simifi Kesinlik | Duyarhhk | F1-Skoru
Bakteriyel Yaprak Yaniklig1 (Bacterial Leaf Blight) 0.884 0.891 0.887
Kahverengi Leke (Brown Spot) 0.901 0.895 0.898
Saglikl1 Yaprak (Healthy Leaf) 0.892 0.903 0.897
Yaprak Yanikligi (Leaf Blast) 0.881 0.892 0.886
Boyun Yaniklig1 (Neck Blast) 0.910 0.907 0.908
Piring Hispas1 (Rice Hispa) 0.906 0.904 0.905

3.3. Karsilastirmali Model Analizleri
Onerilen hibrit CNN-Transformer modeli, yaygin olarak kullanilan ResNet-50, Vision
Transformer (ViT), EfficientNet-BO ve MobileNetV2 derin 6grenme mimarileri ile
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karsilastirlmistir. Elde edilen deneysel sonuglar Cizelge 3’te sunulmustur. Onerilen modelin
hem smiflandirma dogrulugu hem de ¢ikarim siiresi bakimindan basarili bir performans
sergiledigini ortaya koymustur.

Cizelge 3. Karsilastirmah Performans Sonuclar:

Model Dogruluk (Accuracy) Cikarim Siiresi (ms)
Onerilen Hibrit CNN-Transformer %89.4 9.1

ResNet-50 %86.2 13.8

EfficientNet-BO %84.1 6.9

Vision Transformer (ViT) %84.5 9.8

MobileNetV2 %83.0 5.8

MobileNetV2 gibi hafif mimariler daha diisiik ¢ikarim siirelerine sahip olmasia ragmen,
smiflandirma dogrulugu agisindan dnerilen modelin gerisinde kalmustir. Onerilen hibrit CNN—
Transformer modeli ise dogruluk ile hesaplama verimliligi arasinda dengeli bir yap1 sunarak
gercek zamanli tarimsal uygulamalar i¢in uygun bir ¢6ziim oldugunu gostermistir. Vision
Transformer (ViT), goriintli siniflandirma problemleri i¢in gelistirilen Transformer tabanli bir
derin 6grenme mimarisidir. Geleneksel CNN tabanli modellerden farkli olarak ViT, goriintiiyii
kiiciik parcalara (patch) ayirarak bu pargalart token dizileri seklinde isler ve self-attention
mekanizmasi sayesinde goriintii icerisindeki kiiresel iliskileri dgrenir. Ozellikle biiyiik 6lgekli
veri setlerinde basarili sonuglar veren ViT modelleri, goriintii siniflandirma alaninda 6nemli bir
alternatif yaklagim olarak degerlendirilmektedir. Bununla birlikte, sinirli veri setlerinde CNN
tabanli yontemlere kiyasla daha fazla veri ihtiyaci duyabilmekte ve hesaplama maliyeti
acisindan daha yogun yapilar olusturabilmektedir.
3.4. Bilesen Cikarma Analizi

Onerilen mimaride yer alan bilesenlerin model performansina katkisini degerlendirmek
amaciyla bilesen c¢ikarma analizi gerceklestirilmistir (Cizelge 4). Elde edilen sonuglar,
Transformer bloklari, squeeze-excitation (SE) modulleri ve orinti giclendirici katmanlarin
model dogruluguna énemli diizeyde katki sagladigini gostermistir. Ozellikle yalnizca CNN
omurga yapisinin kullanildig1 durumda dogruluk degerinin belirgin sekilde diistiigii gézlenmis,

bu durum 6nerilen hibrit mimarinin etkinligini ortaya koymustur.
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Cizelge 4. Bilesen Cikarma Analizi Sonuclari (%)

Model Varyanti Dogruluk (Accuracy)
Tam Onerilen Model 89.4
Transformer Bloklar1 Cikarilmis Model 85.1
SE Modiilleri Cikarilmis Model 86.0
Oriintii Gii¢lendirici Katman Cikarilmis Model 86.4
Yalnizca CNN Omurga Yapisi 83.2

Ozellikle Transformer bloklarinin ¢ikarilmasi durumunda dogruluk degerinde belirgin diisiis
meydana gelmistir. Bu durum, kiiresel baglamsal modellemenin piring yaprak hastaliklarinin
siiflandirilmasinda kritik 6neme sahip oldugunu gostermektedir. Ayrica SE bloklar1 ve
residual baglantilar da daha kararlh 6zellik 6grenimi saglayarak model performansini artirmistir.
3.5. Grad-CAM Gorsellestirme ve Agiklanabilirlik Analizi
Onerilen RiceHybridFormer modelinin yorumlanabilirligini artirmak amaciyla Grad-CAM
tabanli gorsellestirme teknikleri kullanilmigtir. Elde edilen 1s1 haritalar1 (Sekil 2), modelin
siiflandirma sirasinda hastaliga ait lezyon bolgelerine basarili sekilde odaklandigini ve arka
plan bolgelerini biylk o6lciide g6z ardi ettigini ortaya koymustur. Grad-CAM sonuglari
incelendiginde modelin 6zellikle renk degisimi, nekrotik doku yapilari, lezyon sinirlar1 ve
hastalikli bolgelerde yogunlastig1 goriilmektedir. Bu durum, modelin siniflandirma kararlarini
yalnizca rastgele gorsel Oriintiilere degil, dogrudan hastalikla iligkili bolgelere dayandirdigini
gostermektedir. Bu calismada Grad-CAM gorsellestirme analizlerinde yalnizca Bakteriyel
Yaprak Yaniklig1 (BLB), Kahverengi Leke (Brown Spot) ve Yaprak Yanikligi (Leaf Blast)
siniflarina ait 6rnek sonuglar sunulmustur. Bunun temel nedeni, bu hastalik siniflarinin veri
setinde en belirgin lezyon gesitliligini ve gorsel karmasiklig1 temsil etmesidir. Ozellikle renk
degisimi, nekrotik doku yapilar1 ve lezyon dagilimlarindaki farkliliklar nedeniyle bu siniflar,
modelin dikkat mekanizmasimin degerlendirilmesi acisindan daha aciklayici sonuglar

sunmustur.
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Bakteriyel Yaprak Yanikhig: (BLB) Kahverengi Leke (Brown Spot) Yaprak Yanikligi (Leaf Blast)
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Sekil 2. Grad-Cam Is1 Haritas1 Uygulanan Ornekler

Elde edilen gorsel agiklamalar, 6nerilen sistemin seffafligini artirmakta ve kullanici giivenini
desteklemektedir. Ozellikle hassas tarim uygulamalarinda acgiklanabilir yapay zeka
yontemlerinin ~ kullanilmasi, model c¢iktilarinin  uzmanlar tarafindan daha kolay
yorumlanabilmesini saglamaktadir. Sonug¢ olarak o©nerilen RiceHybridFormer mimarisi,
yalnizca yiiksek siniflandirma basarist degil, aym1 zamanda agiklanabilir ve giivenilir

tahminleme yetenegi de sunmaktadir.

4. SONUC

Bu calismada, piring yaprak hastaliklarinin otomatik siniflandirilmasi amaciyla agiklanabilir
hibrit CNN-Transformer tabanli bir derin 6grenme mimarisi onerilmistir. Elde edilen deneysel
sonuglar, dnerilen modelin kullanilan Kaggle tabanli piring yaprak hastalig1 veri seti tizerinde
basarili ve dengeli bir siniflandirma performans: sagladigini gostermistir. CNN tabanli yerel
ozellik ¢ikarimi ile Transformer tabanli kiiresel baglamsal modelleme yapisinin birlikte
kullanilmasi, hastalik simiflar1 arasindaki ayirt edici ozelliklerin daha etkili sekilde
Ogrenilmesine katki saglamstir.

Onerilen modelin hafif yapisi, dogruluk ve ¢ikarim siiresi arasinda dengeli bir performans
sunarak gergcek zamanli tarimsal uygulamalar, mobil platformlar ve ug bilisim ortamlar1 i¢in

uygun bir yapt ortaya koymustur. Ayrica Grad-CAM tabanli agiklanabilir yapay zeka
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yontemlerinin kullanilmasi sayesinde modelin karar verme siireci gorsel olarak yorumlanabilir
hale getirilmistir.

Sonu¢ olarak Onerilen hibrit CNN-Transformer mimarisi; hesaplama verimliligi,
aciklanabilirlik ve basarili siniflandirma performans: ile hassas tarim uygulamalari icin etkili
bir ¢dziim sunmaktadir. Gelecek calismalarda federated learning tabanli yapilar, gercek tarla
ortamlarinda gergeklestirilecek test siirecleri ve farkli c¢evresel kosullarda model
dayanikliliginin degerlendirilmesi hedeflenebilir.

Onerilen RiceHybridFormer mimarisi, piring yaprak hastaliklarmin siniflandiriimasinda
yiiksek performans gostermistir. Elde edilen deneysel sonuglar, hibrit CNN-Transformer
yapisinin hem yerel lezyon 6zelliklerini hem de kiiresel baglamsal bilgileri basarili sekilde
Ogrenebildigini ortaya koymustur. Boylece farkli hastalik siniflar1 arasinda daha etkili ayrim

yapilabilmistir.
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OZET

Bu ¢alisma, farkli demir (Fe) ve salisilik asit (SA) kombinasyonlarinin Marul (Lactuca sativa
L.) bitkisinin morfolojik gelisim parametreleri lizerindeki etkilerini belirlemek amaciyla
yiiriitiilmiistiir. Arastirma, Kirikkale Universitesi Delice Meslek Yiiksekokulu uygulama
alaninda saks1 kosullarinda tesadiif parsellerinde faktoriyel deneme desenine gore kurulmustur.
Denemede ii¢ farklt demir dozu (0, 5 ve 10) ile ii¢ farkl: salisilik asit dozu (0, 75 ve 150 mg
L) birlikte uygulanmistir. Demir uygulamalar1 kok bolgesine sulama yoluyla, salisilik asit
uygulamalari ise yapraktan piiskiirtme seklinde gergeklestirilmistir. Hasat doneminde yaprak
boyu, yaprak eni, yaprak sayisi, bitki yas agirligit ve bitki kuru agirligi parametreleri
belirlenmistir. Belirlenen parametler iki yonlii varyans analizi (ANOVA) ile degerlendirilmis,
ortalamalar arasindaki farkliliklar Tukey coklu karsilastirma testi kullanilarak belirlenmistir.
Arastirma sonuglarina goére, demir ve salisilik asit uygulamalarinin birlikte uygulanmasi
buytime parametreleri tUzerinde 6nemli etkiler olusturmustur. Yaprak boyu ve yaprak eni
bakimindan en yiiksek degerler Fe5 + SA150 uygulamasinda elde edilirken, bitki yas agirlig1
bakimindan en yiiksek deger Fel0 + SA150 uygulamasinda belirlenmistir. Yaprak sayisi
acisindan Fe5 + SA75 uygulamasi 6ne ¢ikarken, kuru agirlik bakimindan FeO + SA75 ve Fe5
+ SAOQ uygulamalar1 daha yiiksek degerler gostermistir. Tiim incelenen 6zelliklerde Fe x SA
etkilesiminin istatistiksel olarak anlamli bulunmasi (p<0,001), salisilik asidin bitki gelisimi
Uzerindeki etkisinin demir diizeyine baglh olarak degistigini ortaya koymustur. Sonug olarak,
demir ve salisilik asidin birlikte uygulanmasinin marul yetistiriciliginde biiylime performansini
artirabilecek etkili bir biyostimiilant stratejisi oldugu degerlendirilmistir. Elde edilen bulgular,

stirdiirtilebilir bitki besleme uygulamalarina katki saglayabilecek niteliktedir.
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Abstract

This study was conducted to determine the effects of different iron (Fe) and salicylic acid
(SA) combinations on the morphological growth parameters of lettuce (Lactuca sativa L.). The
experiment was carried out under pot conditions at the experimental field of Delice VVocational
School, Kirikkale University, using a factorial experimental design arranged in a completely
randomized design. Three iron doses (0, 5, and 10 mg L") and three salicylic acid doses (0, 75,
and 150 mg L") were applied in combination. Iron treatments were supplied to the root zone
through irrigation, whereas salicylic acid was applied as a foliar spray. At harvest, leaf length,
leaf width, number of leaves, fresh weight, and dry weight were measured. The obtained data
were analyzed using two-way analysis of variance (ANOVA), and differences among treatment
means were determined by Tukey’s multiple comparison test. The results demonstrated that the
combined application of iron and salicylic acid significantly affected plant growth parameters.
The highest leaf length and leaf width values were obtained from the Fe5 + SA150 treatment,
whereas the greatest fresh weight was recorded in the Fe10 + SA150 treatment. The Fe5 + SA75
treatment produced the highest number of leaves, while the Fe0 + SA75 and Fe5 + SAQ
treatments resulted in the highest dry weight values. The significant Fe x SA interaction for all
evaluated traits (p < 0.001) indicated that the effect of salicylic acid on plant growth varied
depending on the iron level. In conclusion, the combined application of iron and salicylic acid
may serve as an effective biostimulant strategy to improve growth performance in lettuce
cultivation. These findings provide valuable insights for the development of sustainable plant
nutrition practices.

Keywords: Lactuca sativa L., iron, salicylic acid, biostimulant, plant growth, sustainable
plant nutrition.

1. GIRIS

Bitkiler dogalar1 geregi yasamlar1 boyunca biiyiime ve gelismelerini olumsuz yonde etkileyecek
birden fazla stres unsurlar ile karsilagirlar. Tarimsal liretimde stres faktorleri, biyotik ve
abiyotik olmak tizere iki baslik altinda incelenmektedir. Abiyotik stres faktorii olarak ele alinan
kuraklik, tuzluluk, sicaklik, agir metal alimi vb. bitkisel liretimde verim ve verim unsurlarini
sinirlayan, Uriin nicelik ve niteligini olumsuz yonde etkileyen faktorlerdir (Biiyiik ve ark.,
2012). Bu abiyotik stres faktorleri tarimsal faaliyetlerin aksamasina, ¢evrenin bozulmasina
neden olan en onemli tehditlerdir (Shulaeva ve ark.,2008). Bu stres faktorleri bitkilerde
metabolik siiregleri olumsuz etkileyerek biiylime, fotosentez ve hiicresel yapida bozulmalara
neden olmaktadir. Tarimda karsilasilan bu stres faktorleri, bitkilerin biiylime ve gelisim
stireglerini dogrudan etkileyerek verim ve kaliteyi sinirlandirmaktadir. Bu baglamda, 6zellikle
stres kosullarina karsi hassas olan bitkilerde uygun yetistirme kosullar, tiir se¢imi, besin
uygulamalari, salisilik asit (SA), poliaminler (PA), absisik asit (ABA) ve jasmonik asit (JA)
gibi birgok biiyiime diizenleyicilerin kullanimi biiyiik énem tasimaktadir. Ornegin, marul
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(Lactuca sativa) gibi degerli sebzeler, uygun c¢evresel kosullarda ve uygulamalar ile
yetistirilerek verim artirilabilir ve kalitenin devamlilig1 saglanabilir.

Marul (Lactuca sativa L.) bitkisi Compositae familyasinin bir iiyesi olup, tek yillik serin iklim
sebzesidir (Esiyok, 2012). Marul (Lactuca sativa L.), diisiik kalori igerigine sahip olmakla
birlikte su, diyet lifi, vitaminler, mineral maddeler ve fenolik bilesikler bakimindan 6énemli bir
yaprakli sebzedir. Ozellikle A, C ve K vitaminleri ile folat, demir ve potasyum gibi mineral
maddeleri icermesi nedeniyle insan beslenmesinde degerli bir yere sahiptir (Kim et al., 2016;
Shi et al., 2022). Marul ve diger {iiriinlerin yetistirilmesinde toprak, iklim faktorleri ile
uygulanan besin madde uygulamalari marul bitkisinin igeriginde degisikliklere neden
olmaktadir (Ozbucak ve Alan, 2024). Salata ve marullar, sonbahar-kis-ilkbahar donemlerinde
cogunlukla acikta yetistirildigi gibi ayni zamanda Ortii altinda yetistiriciligi de yapilabilen
onemli kislik sebzelerden biridir (Ergiin ve ark.,2024). Diinya ve Tiirkiye’de marul iiretimi
degerlendirildiginde iiretim miktar1 bakimin birinci siray1 Cin, onu sirasiyla Amerika Birlesik
Devletleri (ABD) ve Hindistan takip etmekte, Tiirkiye ise sekizinci sirada yer almaktadir (FAO
2024). TUIK verilerine gére 2024 yilinda iilkemizde toplam 602.848 ton marul iiretimi
gerceklestirilmistir. Uretim, agirlikli olarak Ankara, Adana ve Antalya illerinde yogunlasmakta
olup, bu iller Tiirkiye marul iiretiminde dnemli bir paya sahiptir. (TUIK 2023). Ayrica marul
bitkisi hakkinda son bilgiler, tilkedeki tarim sektorii i¢inde en yiiksek gelir getiren sebzeler
arasinda yer aldigimi gostermektedir (Kandemir ve Balkaya 2022)). Marul gibi sebzelerde
verimi ve kaliteyi artirmak i¢in uygulanan bitki biiyiime diizenleyicilerinin etkisi ise giderek
daha fazla ilgi cekmektedir. Ozellikle salisilik asit (SA) uygulamalari, bitkinin besin maddesi
alimini diizenleyerek kok ve govde gelisimini olumlu yonde etkilemektedir. SA’nin,
bitkilerdeki stres toleransini artirma ve biiyiimeyi destekleme yetenegi, marul iiretiminde de
etkili bir strateji olarak degerlendirilmektedir (Khan ve ark., 2015; Hayat ve ark., 2010).

Bu bakimdan salisilik asit (SA), bitkilerde biyotik ve abiyotik stres faktorlerine kars1 savunma
mekanizmalarini diizenleyen 6nemli bir bitki hormonu olarak kabul edilir. Bitkiler, salisilik
asidi savunma yanitlarin1 aktive etmek, bilylimeyi desteklemek ve cesitli stres faktorlerine
adaptasyon saglamak icin kullanir. SA, oksidatif stresin azaltilmasina katkida bulunarak
antioksidan sistemlerin aktivitesini artirir ve bu yolla bitki saglhigini destekler. Salisilik asidin,
klorofil kaybin1 azaltarak fotosentez etkinligini korudugu da bildirilmistir (Khan ve ark., 2015).
Fe, Cu, Zn gibi agir metallerin asir1 birikimi, bitkilerde toksik etkilere yol agarak) kok ve yaprak
gelisimini olumsuz etkileyebilir. Salisilik asit, bitkilerdeki metal toksisitesini azaltmada énemli
bir rol oynamaktadir (Hayat ve ark., 2010).

Son zamanlarda, salisilik asit (SA), poliaminler (PA), absisik asit (ABA) ve jasmonik asit (JA)
gibi bazi bitki biiyiime diizenleyicilerinin bitkilerde kompleks fizyolojik, biyokimyasal ve
molekiiler farkliliklara neden olan gevresel stresler i¢sel bitki biiyiime diizenleyicilerinin diizey
ve miktarlarini etkileyebilmektedir (Wang ve ark. 2005; Ashraf ve ark., 2008). Bu farkliliklar
stres kosullarinda bitki biiylime ve gelisimini smirlandiran metabolik aksakliklara sebep
olmaktadir. Salisilik asit (SA), bitkilerde ¢ok sayida metabolik ve fizyolojik siireci diizenleyen
ve bitki biliylime ve gelismesinde 6nemli gorev listlenen igsel bir bitki biiylime diizenleyicisidir
(Hayat ve ark.,2010). Bitkilerde hastalik direncini saglayabilen SA, ¢ok sayida stres faktorlerine
kars1 bitki yanitlarin1 da diizenleyebilmektedir (Shirasu ve ark., 1997). Salisilik asit bitki
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biiyiime ve gelismesi, fotosentez, stomatal diizenleme, solunum, ¢iceklenme, senesens ve iyon
aliminda 6nemli gorev iistlenmektedir. (Vicente and Plasencia 2011). Salisilik asit ve diger bitki
bliylime diizenleyicilerinin, bitkilerde c¢esitli stres kosullarinda ortaya ¢ikan fizyolojik ve
biyokimyasal degisimlere olan katkis1 goz oniine alindiginda, mikro elementlerin etkisi de
ayrica dnem kazanmaktadir. Ozellikle demir (Fe), bitki gelisimi ve fotosentez igin kritik olan
klorofil sentezi gibi siireclerde dogrudan rol oynar ve bdylece bitkilerin biiylime yanitini
destekleyerek stres kosullarina adaptasyonunu gii¢lendirir (Marschner, 1995; Taiz ve Zeiger,
2002).

Demir (Fe) bitki gelisimi i¢in temel bir mikro elementtir ve bir¢cok hayati siirecte onemli bir
role sahiptir. Fe eksikligi 6zellikle klorofil sentezi ve fotosentez gibi kritik islevleri dogrudan
etkiler. Iste demir tuzlarinin bitki biiyiimesi ve gelisimi {izerindeki baslica etkileri: Demir
eksikligi fotosentez oranini azaltir; ¢iinkii bitki yeterince klorofil {iretemediginde, 151k enerjisini
etkin bir sekilde kullanamaz. Yeterli Fe ile beslenen bitkilerde ise daha yiiksek klorofil igerigi
ve dolayisiyla daha verimli fotosentez goriilir (Marschner, 1995). Fe uygulamasi, enerji
metabolizmasini destekleyerek bitkilerin daha saglikli biiylimesini saglar (Taiz & Zeiger,
2002). Fe, kok hticre bolunmesini destekleyerek kok gelisimini artirir. Kok gelisiminin saglikli
olmasi, bitkinin topraktan su ve besin alimini iyilestirir, bu da bitkinin genel biiylimesini
destekler. Fe tuzlari, 6zellikle ¢cimlenme ve geng bitkilerde kok gelisimini tesvik etmek i¢in
kullanilir (Briat et al., 2007). Fe, biiylime hormonlarindan biri olan oksinin sentezinde dolayl
bir rol oynar. Fe eksikliginde oksin iiretimi diisebilir, bu da bitkilerin uzama ve gelisim
stireclerini olumsuz etkiler. Yeterli Fe ile beslenen bitkiler, daha hizli ve dengeli bir sekilde
biiyliyebilir (Romheld & Marschner, 1990). Fe eksikliginde ise bitkilerde ciliz biiylime, kiigiik
yapraklar ve diisiik verimlilik goriliir. Fe eksikliginin giderilmesi, bu verim kayiplarimi
azaltarak daha saglikli ve verimli bitkiler elde edilmesini saglar (Marschner, 1995). Bu iki
faktor birlikte ele alindiginda, bitkilerde hem biiytime diizenleyiciler hem de mikro elementlerin
dengeli bir sekilde saglanmasinin, genel bitki sagligi ve verimliligi lizerinde 6nemli etkilere
sahip olacag: diisiiniilmektedir. Biitiin bitkilerde oldugu gibi marul bitkisinin fotosentez
kapasitesi ve genel verimliligi lizerinde kritik rol oynayan demir (Fe), klorofil sentezi ve enerji
metabolizmasinda 6nemli bir yere sahiptir. Boylece hem biiylime diizenleyicilerinin hem de
temel mikro elementlerin dengeli uygulanmasi, marul bitkisinin saglikli gelisimi ve yiiksek
verimliligi i¢in etkili bir strateji sunmaktadir. Ayrica bu ¢alismanin 6zgiin degeri, marul bitkisi
tizerinde stres kosullar1 altinda salisilik asit (SA) ve demir (Fe) uygulamalarmin sinerjik
etkilerini detayl bir sekilde incelemektir. Marul, lilkemizde ve diinya genelinde ekonomik
degeri yiiksek bir sebze olup, yetistirme kosullarindaki iyilestirmeler ile verim ve kalite
acisindan daha da deger kazanabilir. Calisma, 6zellikle abiyotik stres kosullarina karsi SA gibi
blyime dizenleyicilerinin ve Fe gibi mikro elementlerin bitkinin biyokimyasal, fizyolojik ve
morfolojik tepkilerindeki rollerini inceleyerek, bu alanda literatiire yeni bir katki saglamay1
amaclamaktadir.

Bu kapsamda calisma, tarim sektoriindeki uygulamalara yonelik 6zgiin veriler saglayarak,
stirdiiriilebilir tarim uygulamalar1 ve stres toleransi yliksek bitki yetistiriciligi icin bilimsel bir
temel olusturmay1 hedeflemektedir. Elde edilecek bulgular, marul iireticilerine ve bilimsel
arastirma topluluklarina, stres yonetiminde biiylime diizenleyicilerin ve mikro elementlerin
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etkili kullanimini1 ve aliminm1 gostererek, hem verimi hem de kaliteyi artirmada rehber olacagi
diistintiilmektedir.

2. DENEYSEL CALISMALAR

Materyal

Proje kapsaminda standart marul ¢esiti denemenin materyalini olugturmustur

Denemenin Kurulmasi ve yapilmasi

Bu calisma, farkli demir (Fe) ve Salisik asit dozlar1 altinda Marul (Lactuca sativa L.) bitki
biiytime 6zellikleri tzerine etkilerini belirlemek amaciyla Kirikkale Universitesi Delice MYO
Bitkisel ve Hayvansal Uretim Béliimii uygulama alaninda yiiriitiilmiistiir. Calisma saksi
denemesi olarak tesadiif parsellerinde faktoriyel deneme desenine gore hazirlanmistir. Marul
bitkisinde farkli Demir (Fe) dozlar (0, %5, %10 ve %20 ) ve Salisilik asit dozlar1 (0, 75 ve 150
mg/l ) uygulanmistir. Demir (Fe) uygulamasi marul bitkisi 3-4 yaprak olunca fidelerin kok
bolgesine sulama yoluyla uygulanmistir. Salisilik asit uygulamasi ise demir uygulamasi ile ayn
zamanda baslamis olup sprey seklinde yapraktan iki defa uygulanmistir. Arastirmada,
yetistirme ortam1 fide harci kullanilmistir. Saksilara yetistirme ortami1 harci doldurularak saksi
basina 3-4 adet tohumu ekilmistir. Kiiltiirel uygulamalar ihtiya¢ duyuldugunda; zamaninda ve
usuliine yiirtitiilmiistiir. Marul bitkileri 2—4 gercek yaprakli doneme ulastiginda, her saksida bir
bitki kalacak sekilde seyreltme islemi gergeklestirilmistir. Hasat doneminde, her uygulamay1
temsil edecek sekilde her tekerriirden rastgele secilen ii¢ bitki Uzerinde 6lgim ve gozlemler
yapilmistir. Arastirmada fide boyu (cm), yaprak sayisi (adet/bitki), toprak iistii yas ve kuru
agirhigr (mg/bitki) ile kok yas ve kuru agirligi (mg/bitki) parametreleri belirlenmistir.

Fide boyu, bitkinin kdk bogazi (toprak yiizeyi) ile siirgiin u¢ noktasi arasindaki mesafe kumpas
yardimiyla dlgtilerek santimetre (cm) cinsinden kaydedilmistir. Yaprak sayisi ise hasat edilen
bitkiler iizerindeki tam gelismis tiim yapraklarin sayilmasiyla adet/bitki olarak belirlenmistir.

Toprak Ustll yas agirliginin belirlenmesi amaciyla, hasat edilen bitkilerin siirgiin kisimlari
toprak ylizeyinden kesilmis ve hassas terazide tartilarak yas agirliklar1 mg/bitki cinsinden
kaydedilmistir. Toprak {istii kuru agirliginin belirlenmesi i¢in ise yas agirliklart 6lgtlen stirgiin
ornekleri 80 °C'de 24 saat siireyle etlivde kurutulmus, ardindan hassas terazide tartilarak kuru
agirliklart mg/bitki olarak hesaplanmistir.

Kok yas agirliginin belirlenmesi amaciyla bitkiler dikkatlice sokiilmiis, kokler akan su altinda
yikanarak tizerindeki toprak kalintilarindan aridirilmig ve siirgiin kismindan ayrildiktan sonra
hassas terazide tartilarak kok yas agirliklart mg/bitki olarak belirlenmistir. Kok kuru agirliginin
belirlenmesi igin kok drnekleri 70 °C'de 48 saat slreyle etiivde kurutulmus, daha sonra hassas
terazide tartilarak kok kuru agirliklart mg/bitki cinsinden hesaplanmustir.
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3.SONUCLAR VE DEGERLENDIRME

Marul bitkisinde farkli demir (Fe: 0, 5 ve 10) ve salisilik asit (SA: 0, 75 ve 150) uygulamalarinin
bitki gelisim parametreleri iizerine etkisi 3 x 3 faktoriyel deneme diizeni kapsaminda
degerlendirilmistir. Her Fe X SA uygulama kombinasyonu i¢in alti gdzlem olacak sekilde
toplam 54 gozlem analiz edilmistir. Yaprak boyu, yaprak eni, yaprak sayisi, bitki yas agirlig
ve bitki kuru agirhigr ¢alisma degiskenleri olarak ele alinmistir. Tanimlayict istatistikler
ortalama =+ standart sapma seklinde sunulmustur. Analiz 6ncesinde iki yonlii varyans analizinin
temel varsayimlar1 degerlendirilmistir. Model artiklarinin normal dagilima uygunlugu Shapiro-
Wilk testi ve Q-Q grafikleri ile incelenmistir. Varyans homojenligi Levene testi ile
degerlendirilmistir. Ayrica aykir1 gézlemler kutu grafikleri ve artik degerler iizerinden gorsel
olarak kontrol edilmistir. Fe ve SA ana etkileri ile Fe X SA etkilesimi iki yonlii varyans analizi
kullanilarak incelenmistir. Uygulama kombinasyonlar1 arasindaki farkliliklar Tukey coklu
karsilagtirma testi ile degerlendirilmis ve tabloda farkliliklar harflendirme yontemiyle
belirtilmistir. Etkilesim etkisinin anlamli oldugu durumlarda yorumlar ana etkilerden ziyade
uygulama kombinasyonlar1 iizerinden yapilmistir. Etki biiyiikliiglinlin degerlendirilmesinde
parsiyel eta-kare degerleri kullanilmistir. Tiim analizler Jamovi v2.6 istatistik yazilimi ile
gerceklestirilmis ve p <0,05 degeri istatistiksel olarak anlamli kabul edilmistir.

Fe ve SA uygulama kombinasyonlarina goére marul bitkisinde incelenen gelisim
parametrelerine ait tanimlayici istatistikler Tablo 1’°de sunulmustur. Genel olarak, yaprak boyu
ve yaprak eni bakimindan Fe5 + SA150 uygulamasi 6ne ¢ikarken, bitki yas agirligi bakimindan
en yliksek ortalama Fel0 + SA150 grubunda gézlenmistir. Yaprak sayisi agisindan Fe5 + SA75
uygulamasi daha yiiksek deger gostermistir. Kuru agirlik bakimindan ise FeO + SA75 ve Fe5 +
SAO gruplar1 benzer sekilde yiiksek ortalamalara sahiptir.

Cizelge 1. Fe ve SA uygulama kombinasyonlarina gore marul gelisim parametrelerinin tanimlayici

istatistikleri
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Fe | SA Yaprak boyu, cm Yaprak eni, cm Yaprak sayisi Kok Yas agirhik, g Kok Kuru agirhk, g
0 |10 | 738099 7,80 4 0,32+ 16,67+ 121 | 49,83+2,93¢ 0,015 £ 0,002¢
0 |7 | o75:031m 8,25+ 0,37 16,50£2,17% | 61,50 = 4,930 0,022 £ 0,002¢
0 | 150 | 7.07%0.10° 6,57 0,22 1250 187" | 4417 22,794 0,013 £ 0,001
5 10 | 9851040 823+ 1,15 16,00+ 0,00 | 30,17+ 19,26¢ 0,022 + 0,002¢
5 |75 | 9032015 6,08 038" 17672 121° | 78,00 % 1281+ 0,014 % 0,001
5 | 150 , , . R ,
11,55+ 1,35¢ 8,78+ 1,31° 1433£2,07% | 80,50 +3,33% 0,020 £ 0,001
1010 1 10,7240,64u 875+ 1,310 14,50+ 1,87 | 69,83 % 12,420 0,019 £ 0,002°
0 |75 , , , ,
9,03 +0,33" 8,22 + 0,25¢ 15,50 1,87% | 51,50+ 11,33 0,014 £ 0,001
10 | 150 ‘
8,53 0,97 8,03 £ 0,19 16,83£0.75% | 92,00+ 5,87 0,019 £ 0,001
<0,001 <0,001 <0,001 <0,001 <0,001

Fe: demir uygulamasi; SA: salisilik asit uygulamasi.

Yaprak boyu bakimindan Fe ana etkisi istatistiksel olarak 6nemli bulunmustur, F(2, 45) =
40,16, p < 0,001, np? = 0,641. Buna karsilik SA ana etkisi anlaml degildir, F(2, 45) = 0,77, p
= 0,469, np? = 0,033. Bununla birlikte Fe x SA etkilesimi anlamlidir, F(4, 45) = 29,17, p <
0,001, np? = 0,722. Calismada elde edilen sonuglar, SA uygulamasinin yaprak boyu tzerindeki
etkisinin Fe diizeyine bagli olarak degistigini gdstermektedir.

Bulgular incelendiginde, en yiiksek yaprak boyu Fe5 + SA150 grubunda gozlenmistir (11,55 +
1,35 cm). Bunu FelO + SAO grubu 10,72 + 0,64 cm ile izlemistir. En disiik yaprak boyu ise
Fe0 + SA150 grubunda 7,07 = 0,10 cm olarak belirlenmistir (Sekil 1).
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Sekil 1. Fe ve SA uygulamalarinin yaprak boyu iizerine etkilesim etkisi.

Yaprak eni iizerinde Fe ana etkisi anlamli bulunmustur, F(2, 45) = 5,44, p = 0,008, np? = 0,195.
SA ana etkisi de istatistiksel olarak anlamlidir, F(2, 45) = 4,36, p = 0,019, np? = 0,162. Ayrica
Fe x SA etkilesimi de anlamlidir, F(4, 45) = 12,89, p < 0,001, np? = 0,534 (Sekil 2).

E 8 - l r } SA
E I == (0
— -
% 7- \ 12
>_
- |
|
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Sekil 2.

Fe diizeylerine gore farkli SA uygulamalarinda yaprak eni ortalamalari
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Yaprak eni bakimindan en yiiksek ortalama Fe5 + SA150 grubunda 8,78 + 1,31 cm olarak
gozlenmistir. Fel0 + SAO grubu 8,75 + 1,31 cm ile benzer sekilde yiiksek deger gostermistir.
En diisiik yaprak eni ise Fe5 + SA75 grubunda 6,08 + 0,38 cm olarak bulunmustur. Bu sonuglar,
yaprak eni yanitinin Fe ve SA uygulamalarinin birlikte etkisine bagli olarak degistigini
gostermektedir.

Yaprak sayis1 agisindan Fe ana etkisi anlamli bulunmamustir, F(2, 45) = 1,07, p = 0,353, np? =
0,045. Buna karsilik SA ana etkisi anlamhidir, F(2, 45) = 7,12, p = 0,002, 1*|p2 =0,240. Fe x SA
etkilesimi de istatistiksel olarak anlamlidir, F(4, 45) = 7,86, p < 0,001, np? = 0,411 (Sekil 3).
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Sekil 3. Fe diizeylerine gore farkli SA uygulamalarinda yaprak sayist ortalamalari

En yiiksek yaprak sayist Fe5 + SA75 grubunda 17,67 £ 1,21 olarak belirlenmistir. Fel0 +
SA150 grubunda da yiiksek bir yaprak sayis1 ortalamasi gozlenmistir 16,83 + 0,75. En diislik
deger ise FeO0 + SA150 grubunda 12,50 + 1,87 olarak bulunmustur. Bu durum, SA
uygulamasinin yaprak sayist lizerindeki etkisinin Fe diizeyine gore farklilastigimi
gOstermektedir.

Bitki yas agirh@ iizerinde Fe ana etkisi anlamli bulunmustur, F(2, 45) = 16,78, p < 0,001, np?
=0,427. SA ana etkisi de anlamlidir, F(2, 45) = 22,64, p < 0,001, np? = 0,502. Ayrica Fe x SA
etkilesimi giiclii diizeyde anlamlidir, F(4, 45) = 27,35, p < 0,001, np2 = 0,709 (Sekil 4).
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Sekil 4. Fe diizeylerine gore farkli SA uygulamalarinda bitki yas agirligi ortalamalari

En yiiksek yas agirlik Fel0 + SA150 grubunda 92,00 + 5,87 g olarak elde edilmistir. Bunu Fe5
+ SA150 grubu 80,50 + 3,33 g ve Fe5 + SA75 grubu 78,00 + 12,81 g izlemistir. En diisiik yas
agirlik ise Fe5 + SAO grubunda 30,17 + 19,26 g olarak bulunmustur. Bu gruptaki yiiksek
standart sapma, grup i¢i degiskenligin fazla oldugunu gostermektedir. Ozellikle Fe10 + SA150
kombinasyonu, yas biyokiitle artis1 agisindan en belirgin olumlu yanit1 olusturmustur.

Bitki kuru agirligi bakimindan Fe ana etkisi anlamli bulunmustur, F(2, 45) = 9,82, p < 0,001,
np? = 0,304. SA ana etkisi de anlamlidir, F(2, 45) = 7,39, p = 0,002, np? = 0,247. Fe x SA
etkilesimi ise oldukea giiglii diizeyde anlamhidir, F(4, 45) = 55,39, p < 0,001, np® = 0,831 (Sekil
5).
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Sekil 5. Fe diizeylerine gore farkli SA uygulamalarinda bitki kuru agirlig1 ortalamalari

En yiiksek kuru agirlik ortalamasi FeO + SA75 grubunda 0,022 + 0,002 g ve Fe5 + SAO
grubunda 0,022 + 0,002 g olarak gozlenmistir. Fe5 + SA150 ve Fel0 + SA150 gruplarinda da
kuru agirlik degerleri gorece yliksek bulunmustur. En diisiik kuru agirlik ise FeO + SA150
grubunda 0,013 + 0,001 g olarak belirlenmistir. Bu sonuglar, kuru madde birikiminin Fe ve SA
kombinasyonlarina olduk¢a duyarli oldugunu gostermektedir.

Genel olarak degerlendirildiginde, Fe ve SA uygulamalarinin marul gelisim parametreleri
tizerindeki etkilerinin cogunlukla bagimsiz ana etkilerden ziyade uygulama kombinasyonlarina
bagli oldugu goriilmiistiir. Yaprak boyu, yaprak eni, yaprak sayisi, yas agirlik ve kuru agirlik
degiskenlerinin tamaminda Fe x SA etkilesimi anlamli bulunmustur. Bu durum, SA
uygulamasina verilen bitki yanitinin Fe diizeyine gore degistigini gostermektedir.

Ozellikle Fe5 + SA 150 kombinasyonu yaprak boyu ve yaprak eni agisindan &ne ¢ikarken, Fel0
+ SA150 kombinasyonu yas agirlik bakimindan en yiliksek degeri vermistir. Yaprak sayisi
bakimindan Fe5 + SA75 uygulamasi daha avantajli gériinmektedir. Kuru agirlik agisindan ise
FeO + SA75 ve Fe5 + SAO gruplar yiiksek degerler gostermistir. Bu bulgular, marulda Fe ve
SA uygulamalarinin biiyiime parametreleri tizerinde farkli yonlerde etkiler olusturabilecegini
ve en uygun uygulama kombinasyonunun degerlendirilen biiylime kriterine gore
degisebilecegini gdstermektedir.

Elde edilen bulgular, marul bitkisinde demir ve salisilik asit uygulamalarinin biiylime ve
gelisme parametreleri lizerinde tek basina degil, uygulama kombinasyonlarina bagli olarak
farkli diizeylerde etkili oldugunu ortaya koymustur. Ozellikle Fe x SA etkilesiminin tiim
incelenen 6zelliklerde istatistiksel olarak anlamli bulunmasi, salisilik asidin bitkide olusturdugu
fizyolojik yanitin demir diizeyine bagl olarak degisebildigini gostermektedir. Demir, klorofil
sentezi, fotosentetik elektron taginimi ve bir¢ok enzimatik reaksiyonda temel bir mikro besin
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elementi olarak gorev yaparken, salisilik asit bitki biiytimesini diizenleyen ve stres kosullarinda
savunma mekanizmalarini aktive eden 6nemli bir sinyal molekiiliidiir. Bu nedenle, arastirmada
belirlenen farkli uygulama kombinasyonlariin biiyliime parametreleri iizerindeki etkilerinin,
demir beslenmesi ile salisilik asidin fizyolojik ve biyokimyasal islevleri arasindaki
etkilesimden kaynaklandig1 diisiiniilmektedir. Elde edilen sonuglar, bu mekanizmalar
cergevesinde literatlirde bildirilen benzer ¢aligmalarla karsilastirilarak asagida tartisilmistir.

Demir, bitki yasam1 i¢in mutlak gerekli mikro besin elementlerinden biri olup fotosentetik
elektron tasinimi, kloroplast gelisimi, solunum ve enerji metabolizmasinda gorev alan ¢ok
sayida enzimin yapisinda yer almaktadir (Marschner, 2012). Bitkilerde yeterli demir
beslenmesi fotosentetik kapasitenin artmasina, karbon asimilasyonunun hizlanmasina ve sonug
olarak daha fazla biyokiitle olusumuna katki saglamaktadir. Nitekim marulda Fe, Zn ve Mn
eksikliginin fotosentetik pigmentler ve klorofil floresansi tizerine etkilerini inceleyen Roosta ve
ark. (2018), ozellikle Fe eksikliginin fotosentetik pigmentleri ve fizyolojik performansi
olumsuz etkileyebilecegini bildirmistir. Bu ¢ercevede ¢calismamizda Fe uygulamalarinin yaprak
boyu, yaprak eni, yas agirlik ve kuru agirlik tizerinde anlamli etkiler olusturmasi beklenen bir
sonuctur. Calismamizda Fe uygulamalariin 6zellikle yaprak boyu ve yaprak eni iizerinde
onemli etkiler olusturmasi, demirin fotosentetik aktiviteyi artirici rolii ile agiklanabilir. Benzer
sekilde Briat ve ark. (2015), yeterli demir beslenmesinin bitki blylUmesi ve Orin Kkalitesi
tizerinde dogrudan etkili oldugunu bildirmistir.

Arastirmada en yiliksek yaprak boyu degerinin Fe5+SA150 uygulamasinda elde edilmesi
onemli bir farklilik olarak degerlendirilmistir. Bu durum, salisilik asidin buyimeyi dizenleyici
etkisinin orta diizey demir uygulamasi ile birlikte daha etkin hale geldigini gostermektedir.
Salisilik asit, bitkilerde yalnizca savunma mekanizmalarini diizenleyen bir sinyal molekiilii
degil, ayn1 zamanda biiylime ve gelismeyi etkileyen onemli bir metabolik diizenleyicidir.
SA'nin hiicre boliinmesini tesvik ettigi, klorofil sentezini destekledigi ve fotosentez etkinligini
artirdig1 bildirilmektedir (Hayat ve ark., 2010). Bu nedenle ¢alismada gézlenen yaprak gelisimi
artisinin, Fe'nin fotosentetik kapasiteyi artirict etkisi ile SA'nin metabolik diizenleyici roliiniin
birlesmesinden kaynaklandigi diigiiniilmektedir.

Yaprak eni sonuglar1 da benzer sekilde degerlendirilmistir. Yaprak alani bitkinin 151k yakalama
kapasitesini belirleyen temel oOzelliklerden biridir. Yaprak enindeki artig, daha genis
fotosentetik ylizey alani olusturarak karbon fiksasyonunu artirabilmektedir. Fe5+SA150
uygulamasinda elde edilen yiiksek yaprak eni degerleri, bu kombinasyonun fotosentetik
verimlilik acisindan avantaj saglayabilecegini gostermektedir. Nitekim Khan ve ark. (2015),
salisilik asit uygulamalarinin yaprak gelisimini ve fotosentetik performans: artirdigini
bildirmistir.

Bununla birlikte SA150 uygulamasinin FeO kosulunda yaprak boyu, yaprak eni, yaprak sayisi
ve kuru agirlik bakimindan diisiik degerler olusturmasi, SA’nin etkisinin besin elementi
durumuna bagl olarak degistigini gostermesi agisindan Onemlidir. Fe bulunmayan ya da
yetersiz kosullarda yiiksek SA diizeyi, bitkide savunma metabolizmasin1 ve antioksidan
yanitlart artirirken biiylimeye ayrilan karbon ve enerji miktarint sinirlandirabilir. Bu durum

66



BURSA 7" INTERNATIONAL CONFERENCE ON ENGINEERING and MATHEMATICS
July 35,2026 - BURSA
ISBN NR. : 978-625-8795-27-1

biyostimiilant veya hormon benzeri uygulamalarda sik goriilen doz-bagimli yanitla uyumludur.
Lam ve ark. (2024), yiiksek SA konsantrasyonlarinin bazi biiylime degiskenlerinde azalmaya
yol agabildigini, buna karsilik orta diizey SA uygulamalarinin klorofil ve antioksidan kapasiteyi
artirabildigini bildirmistir. Dolayisiyla c¢alismamizda FeO0 + SAI150 grubundaki diisiik
performans, yiliksek SA dozunun Fe yetersizligi kosulunda biiylime yerine stres/savunma
metabolizmasini daha fazla uyarmis olabilecegi seklinde yorumlanabilir.

Yaprak sayist bakimindan en yiiksek degerin Fe5+SA75 uygulamasinda belirlenmesi, farkl
biiyiime parametrelerinin uygulamalara farkli diizeylerde yanit verebildigini gostermektedir.
Bitki gelisimi yalnizca besin elementi diizeylerinden degil, ayn1 zamanda hormonal denge ve
cevresel kosullardan da etkilenmektedir. Bu nedenle bazi uygulamalarda yaprak sayis1 artarken
biyokiitle artisinin ayni oranda gerceklesmemesi beklenen bir durumdur. Yaprak sayisindaki
artisin Ozellikle orta diizey Fe ve SA uygulamalarinda ortaya ¢ikmasi, bitkinin biiylime
kaynaklarini yeni yaprak olusumuna yonlendirdigini diisiindiirmektedir.

Caligmanin en dikkat ¢ekici sonuglarindan biri kok gelisiminde gozlenmistir. Kok yas agirligi
bakimindan en yiiksek degerin Fel0+SA150 uygulamasinda elde edilmesi, Fe ve SA
uygulamalarinin kok sisteminin gelisimi iizerinde giiglii bir sinerjik etki olusturdugunu
gostermektedir. Kok sistemi, bitkinin su ve besin maddesi alimini belirleyen temel organ
oldugundan, kok biyokiitlesindeki artis dogrudan bitki performansina yansimaktadir. Demirin
kok hiicre boliinmesini destekledigi ve kok biiylimesini tesvik ettigi bilinmektedir (Rémheld ve
Marschner, 1990). Salisilik asit ise kok gelisimini destekleyerek lateral kok olusumunu
artirabilmekte ve besin maddesi kullanim etkinligini 1iyilestirebilmektedir (Vicente ve
Plasencia, 2011). Bu nedenle yiiksek Fe ve SA kombinasyonlarinda gézlenen kok gelisimi artisi
biyolojik agidan beklenen bir sonug olarak degerlendirilebilir. SA’nin stomatal diizenleme, su
iliskileri ve stres yaniti Tlzerindeki etkileri dikkate alindiginda, Fel0 + SA150
kombinasyonunda bitkilerin hem fotosentetik kapasite hem de su durumunu daha iyi korumus
olabilecegi diisiiniilebilir. Horticultural crops iizerinde yapilan derlemelerde SA’nin abiyotik
stres kosullarinda fotosentez, antioksidan savunma, ozmotik diizenleme ve hiicresel koruma
mekanizmalarin1 destekleyerek bitki performansini artirabilecegi bildirilmektedir (Chen ve
ark., 2023). Lettuce iizerinde yapilan bir caligmada da SA uygulamasinin 6zellikle hafif stres
kosullarinda bitki boyu, kok gelisimi, klorofil ve bazi fizyolojik yanitlar1 destekledigi rapor
edilmistir (Babaousmail ve ark., 2022). Bu bulgular, ¢alismamizda Fel0 + SA150
kombinasyonunun yas biyokiitle tizerinde olusturdugu olumlu etkinin fizyolojik olarak anlaml
oldugunu desteklemektedir.

Arastirmada kok kuru agirliginda da uygulamalar arasinda 6nemli farkliliklar belirlenmistir.

Kok kuru agirlik sonuglart yas agirlik sonuglarindan kismen farkli bir egilim gostermistir. En
yiiksek kok kuru agirlik ortalamalarinin FeO + SA75 ve Fe5 + SAO gruplarinda elde edilmesi,
taze biyokiitle artis1 ile kuru madde birikiminin her zaman paralel ilerlemedigini
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gostermektedir. Fel0 + SA150 uygulamasi yas agirlik bakimindan en yiiksek sonucu verirken
kuru agirlik bakimindan ilk sirada yer almamistir. Bu durum, s6z konusu kombinasyonda
dokularin su igerigi veya hiicre genislemesinin daha fazla artmis olabilecegini, buna karsin kuru
madde yogunlugunun ayni oranda yiikselmedigini diistindiirmektedir. Bitkilerde yas agirlik
artis1 cogu zaman su alimi, vakuol genislemesi ve turgorla iligkiliyken; kuru agirlik daha ¢ok
net karbon asimilasyonu ve yapisal madde birikimiyle iligkilidir. Bu nedenle kongre
sunumunda bu noktanin 6zellikle vurgulanmasi yararli olacaktir: Fel0 + SA150 uygulamasi
taze biyokiitle agisindan 6ne ¢ikarken, kuru madde birikimi agisindan daha dengeli veya daha
diisiik SA diizeylerinin avantajli olabilecegi goriilmektedir.

Fe ve SA arasindaki etkilesimin olas1 bir baska agiklamasi da Fe alimi, taginimi ve bitki i¢indeki
aktif Fe havuzlan ile ilgilidir. Fe, toprakta bulunmasina ragmen bitki tarafindan alinabilir
formda olmayabilir; bu nedenle Fe beslenmesi yalnizca verilen Fe miktarina degil, kok
bolgesindeki ¢oziiniirliik, rediiksiyon kapasitesi ve taginim siireglerine de baghdir. Fe eksikligi
altinda SA ve nitrik oksit uygulamalarinin klorozu hafifletebildigi, aktif Fe i¢erigini, Fe alimini
ve taginimini artirabildigi bildirilmistir (Kong ve ark., 2014). Calismamizda dogrudan yaprak
Fe igerigi, klorofil, fotosentez veya antioksidan enzim aktivitesi dl¢lilmemis olmakla birlikte,
biiyiime parametrelerindeki farkli yanitlar Fe ve SA’nin beslenme-fizyoloji diizeyinde etkilesim
kurdugunu diisiindiirmektedir. Ozellikle Fe5 + SA150 ve Fel0 + SA150 gruplarindaki olumlu
yanitlar, SA’nin uygun Fe diizeylerinde biiylimeyi destekleyici etki gosterebildigini; ancak Fe
yetersizligi kosulunda yiiksek SA dozunun ayni etkiyi olusturmadigini ortaya koymaktadir

Arastirmada yiiksek Fe diizeylerinin tek basmna her zaman en yliksek biiytime degerlerini
olusturmamis olmas1 dikkat ¢cekmektedir. Bitkiler icin gerekli bir element olmasina ragmen
demirin asir1 diizeylerde uygulanmasi durumunda reaktif oksijen tiirlerinin (ROS) olusumu
artabilmekte ve oksidatif stres meydana gelebilmektedir (Briat ve ark., 2015). Bununla birlikte
salisilik asit uygulamalarinin bulundugu kombinasyonlarda biiylimenin yeniden artis
gostermesi, SA'nin koruyucu etkisini diisiindiirmektedir. Salisilik asidin siiperoksit dismutaz
(SOD), katalaz (CAT) ve askorbat peroksidaz (APX) gibi antioksidan enzim sistemlerini aktive
ederek oksidatif stresi azaltabildigi bilinmektedir (Nazar ve ark., 2015). Her ne kadar bu
calismada antioksidan enzim aktiviteleri dl¢iilmemis olsa da elde edilen biiyiime verileri s6z
konusu mekanizmay1 destekler niteliktedir.

4. GENEL DEGERLENDIRME VE SONUCLAR

Genel olarak degerlendirildiginde, bu ¢aligmanin bulgular1 marulda Fe ve SA uygulamalarinin
etkisinin parametreye 6zgii oldugunu gostermektedir. Yaprak boyu ve yaprak eni bakimindan
Fe5 + SA150 kombinasyonu, yas agirlik bakimindan Fel0 + SA150 kombinasyonu, yaprak
sayist bakimindan Fe5 + SA75 kombinasyonu, kuru agirlik bakimindan ise Fe0 + SA75 ve Fe5
+ SAO uygulamalar1 6ne ¢ikmistir. Bu sonuglar, tek bir uygulama kombinasyonunun tiim
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bliylime parametreleri i¢in mutlak olarak en iyi se¢enek olmadigini; yetistiricilik amacina gore
uygulama stratejisinin degisebilecegini gostermektedir. Eger amac¢ hizli ve gorsel vejetatif
gelisim ise Fe5 + SA150; taze biyokiitle artis1 ise Fel0 + SA150; yaprak sayisini artirmak ise
Fe5 + SA75 daha avantajli gériinmektedir. Ancak kuru madde birikimi hedeflendiginde daha
diisiik SA diizeyleri veya SA uygulanmayan Fe5 kosulu daha uygun olabilir.

Sonug olarak, Fe ve SA uygulamalarinin marulda biliyiime parametreleri {izerinde belirgin ve
etkilesimli etkiler olusturdugu belirlenmistir. Bulgular, Fe beslenmesinin SA uygulamalarina
verilen yanit1 yonlendiren temel faktorlerden biri oldugunu ortaya koymaktadir. Calismanin en
giiclii yonti, Fe x SA etkilesiminin tim incelenen parametrelerde anlamli bulunmasi ve bu
nedenle sonuglarin uygulama kombinasyonlari iizerinden yorumlanmasinin gerekli oldugunun
gosterilmesidir. Bununla birlikte, ilerleyen calismalarda yaprak Fe igerigi, klorofil/SPAD
degeri, fotosentetik gaz degisimi, antioksidan enzim aktiviteleri ve kok morfolojisi gibi
fizyolojik oOl¢iimlerin de degerlendirilmesi, bu etkilesimin mekanizmasin1i daha ayrintili
aciklamaya katki saglayacaktir
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ABSTRACT

In this study, we have focused on the effects of using lupin aquafaba as egg replacer in the
production of cake. For this purpose, samples containing 20%, 40% and 60% lupin aquafaba
(LA) were prepared alongside a control sample containing 100% egg and some physical and
sensory properties of these samples were compared. The incorporation of LA significantly
reduced crust lightness (L*) while having no notable effect on crumb color. Batter specific
gravity remained unchanged; however, cooking loss increased with higher LA levels.
Increasing LA substitution resulted in a decrease in volume index and changes in symmetry and
uniformity indices. Textural analysis showed that hardness increased significantly with LA
addition, particularly at 60%, while springiness was not affected. Sensory evaluation revealed
that LA incorporation did not significantly influence color, appearance, odor, or overall
acceptability, although taste scores improved and pore structure scores declined with increasing
LA levels. Overall, the results suggest that lupin aquafaba can be effectively used as a partial
egg substitute in cake formulations, with up to 40% substitution providing acceptable quality

in terms of technological and sensory properties.

Keywords: Aquafaba, egg replacer, lupin, cake

1. INTRODUCTION

The demand for sustainable and functional plant-based products has been increasing steadily in
recent years [1]. In this context, plant-derived ingredients and food products are being
formulated to replicate and substitute animal-based components such as meat, milk, and eggs.
This shift is closely linked to the rapid expansion of vegetarian and vegan markets, alongside a
growing consumer inclination toward healthier and environmentally sustainable dietary choices

[2]. Additionally, evolving consumption patterns, the rising incidence of allergies related to
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animal proteins, religious dietary restrictions, and changes in purchasing power have
collectively contributed to a greater preference for plant-based proteins and their derivatives
[3]. In recent years, aquafaba—defined as the viscous liquid obtained from cooking chickpeas
or other legumes—has gained considerable attention within vegan communities as a viable
alternative to egg and dairy ingredients in various food formulations [4]. Cake represents one
of the most widely consumed bakery products and holds a significant place in global
gastronomy. Its popularity stems from its versatility, which is enabled by diverse production
methods, formulation variations, ready-to-consume nature, and relatively low cost [3;5;6]. A
review of the existing literature indicates a lack of studies focusing on the utilization of lupin-
derived aquafaba as an egg substitute. Accordingly, the present study aims to evaluate the
impact of substituting eggs with lupin aquafaba on cake quality. For this purpose, whole eggs
in the cake formulation were partially replaced with lupin aquafaba at substitution levels of
20%, 40%, and 60%. The resulting cakes were subsequently analyzed in terms of their physical

and sensory characteristics.

2. MATERIALS AND METHODS

2.1 Lupin aquafaba preparation

Lupin aquafaba (LA) was prepared from dried lupin seeds following a standardized cooking
procedure. Initially, the seeds were thoroughly cleaned to remove impurities and then after
soaking, the water was discarded, and the seeds were rinsed with fresh water. The soaked lupin
seeds were then cooked in distilled water at a ratio of 1:5 (w/v) under controlled conditions
(boiling at 95-100 °C for 45 minutes). Following the cooking process, the liquid fraction
(aquafaba) was separated from the seeds by filtration. The collected aquafaba was cooled to

room temperature.

2.2. Cake preparation

The control cake formulation consisted of wheat flour (100 g), shortening (55 g), granulated
sugar (75 g), whole egg (60 g), full-fat milk (70 mL), salt (0.2 g), baking powder (3 g), ethyl
vanillin (1 g), and DATEM (0.5 g). In the experimental formulations, whole egg was partially
substituted with lupin aquafaba at levels of 20%, 40%, and 60% (w/w) (Table 1). Initially,
shortening and granulated sucrose were creamed using a Hobart mixer (Hobart N50, Canada

Inc., North York, Ontario, Canada) until a light and homogeneous structure was achieved.
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Subsequently, eggs were incorporated and whipped for 5 minutes. The remaining ingredients
were then added to the mixture, followed by an additional mixing period of 1 minute to obtain
the batter. A portion of 130 g batter was transferred into baking molds and baked at 175 °C for
35 minutes in an oven (Bosch HBT 112, Athens, Greece). Upon completion of baking, the cakes
were demolded and allowed to cool at ambient conditions for 30 minutes. After cooling,
samples were packaged in polyethylene bags, sealed, and stored at room temperature (22 °C)

until further analysis.

Table 1. Formulation of cake samples

0% LA 20% LA 40% LA 60% LA

Wheat flour 100g 100g 100g 100g
Shortening 50g 50g 509 509
Sugar 759 759 759 759
Whole egg 60g 48¢g 369 24g
Milk 70ml 70ml 70ml 70ml
Salt 0.29 0.29 0.29 0.29
Baking powder 39 39 39 39
Ethyl vanillin 19 1g 19 19
DATEM 0.5g 0.5g 0.5g 0.5g
Xantan gum - 0.5g 0.5¢ 0.59
Lupin

aquafaba i 129 249 369
Water 70ml 70ml 70ml 70ml

LA:Lupin aquafaba DATEM:Diacetyl tartaric acid ester of mono- and diglycerides

2.3. Physical properties of cake samples

Color measurements were performed separately on the crust and crumb sections of the cakes
by determining L* (lightness), a* (red—green coordinate), and b* (yellow-blue coordinate)
parameters using a chromometer (Model CR 400, Minolta Camera Co. Ltd., Osaka, Japan) [7].
The specific gravity of the batter was determined as the ratio of the mass of a defined volume
of batter to that of an equivalent volume of distilled water [8]. Baking loss was calculated based
on the weight difference between the batter prior to baking and the final baked product.
Furthermore, structural quality parameters, including volume index, symmetry index, and

uniformity index, were assessed in accordance with AACC Method 10-91 [9].

2.4. Sensory Evaluation of Samples
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Sensory analysis was conducted by a panel consisting of 15 semi-trained assessors. The
evaluated attributes comprised appearance, color, pore structure, flavor, aroma, and overall
acceptability. Assessments were carried out using a 7-point hedonic scale, where a score of 1
indicated “dislike extremely” and 7 indicated “like extremely,” with intermediate values

reflecting gradations of preference.

2.5. Statistical Analysis

All experimental data were statistically analyzed using JMP 5.0.1 software (SAS Institute,
Cary, North Carolina, USA). Significant differences among sample groups were identified
myxnxa Tukey’s Honestly Significant Difference (HSD) test, with the level of significance set
at P <0.05.

3. RESULTS AND DISCUSSIONS

The color values of the cake samples are presented in Table 1. The brightness (L*), redness
(@*), and yellowness (b*) values of the cake crust varied within the ranges 49.29-62.39, 10.71-
13.89, and 36.01-41.80, respectively. The highest L* values were found in the control sample.
The addition of lupin aquafaba decreased the L* values of the cake samples' crusts. Adding
lupin aquafaba at all ratios did not affect the crumb color of the cake samples. Crust b* values
decreased at a ratio of 60% lupin aquafaba compared to the control sample. Akbin et al. [10]
used the aquafaba of cowpea and lupin in cake formulations (0%, 50%, and 100%) and reported

that using an aquafaba at any level affected the color of the cake samples.

Table 2. Colour values of cake samples?

Crust color Crumb color
LA ratio L* a* b* L* a* b*
0% 62.39+3.18% 9.64+0.85° 41.80+1.04®° 58.06+2.01*% -2.70+0.37% 22.13+1.29%
20% 53.14+2.67° 10.71+0.37% 37.90+1.17%® 60.68+0.27* -2.62+0.04* 22.43+0.18?
40% 53.08+0.80° 12.99+1.87% 39.45+0.86%®® 61.80+2.23* -2.78+0.35% 21.54+0.022
60% 49.29+0.69° 13.89+0.16* 36.01+0.95° 64.07+2.14®° -3.01+0.05% 21.62+0.242

aMeans followed by the different letter within a column are significantly different (p<0.05). LA:Lupin aquafaba
Figure 1 shows the specific gravity and cooking loss values of the cake samples. No significant
differences were found in the cake batters (p > 0.05); however, cooking loss values increased

as the aquafaba levels increased.
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The volume index, symmetry index, and uniformity index values for the cake samples are
presented in Table 3. The highest volume index values were found in the control sample, while
the lowest value was found in cake samples containing 60% lupin aquafaba. Cake samples
containing 20% and 40% gave the highest symmetry index values. The uniformity index values
varied between -4.00 (at 40%) and 4.00 (in control). The volume index indicates cake volume,
while symmetry indicates differences in height between the central and lateral zones. Therefore,
high symmetry indicates a substantial rise in the central portions of the cake, while negative
symmetry indicates a decrease in volume at the end of the baking process [8]. It was reported
that cake samples containing 50% aquafaba exhibited a uniformity index value of nearly 0.00
mm [11].

Hardness is related to the initial force required to cause deformation, while springiness is the
rate at which the material reforms or recovers after the corresponding force is withdrawn [12].
The use of lupin aquafaba in cake formulation (40 and 60%) causes an increase in hardness
values in cake samples. The highest value was obtained at the highest enrichment ratio of lupin
aquafaba. The springiness values of the cake samples were not found to differ significantly
from each other (p>0.05). It was determined that the hardness value in cake samples increased
as the volume index value decreased (Table 3). This may be because aqufaba cannot fully
replicate the egg’s role in providing emulsion and foam stabilization as well as structure
formation in cake [13]. Crawford et al. (2024) used pressure-cooked or boiled chickpea
aquafaba (prepared at a cooking ratio of 3 parts water to 1 part chickpeas and adjusted to a pH
of 5) in a high-ratio cake formulation as an egg white substitute. In the same study, they also
added xanthan gum or hydroxypropyl-methylcellulose to increase the air volume fraction in
foams and improve stability. It was reported that regardless of the type or level of gum, cakes
made with chickpea aquafaba instead of egg whites were denser and had less than half the

specific volume of cakes made with eggs [14].
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Figure 1. Batter specific gravity and cooking loss values of cake samples
2Means followed by the different letter are significantly different (p<0.05). LA:Lupin aquafaba

Table 3. Physical properties of cake samples?

Volume

Symmetry

Uniformity

LA ratio index (mm)  index (mm)  index (mm) Hardness (g)  Springiness
0% 104.00+1.41% 12.50+2.12°  4.00+1.41° 937.08+9.54°  58.96+2.19°
20% 100.50+0.71%  21.50+0.00°  2.00+2.83*  938.78+14.64° 58.82+0.84%
40% 96.00+1.41%  22.50+0.71*  -4.00+1.41°  999.32+7.16°  59.87+1.69%
60% 85.00£5.66°  12.50+0.71° -1.50+0.71%* 1109.63+18.43% 58.36+3.10°

2Means followed by the different letter within a column are significantly different (p<0.05). LA:Lupin aquafaba

In the study conducted by Akbin et al. [10], aquafaba obtained from cowpea and lupin was
utilized as a substitute for egg white in cake formulations at replacement levels of 0%, 50%,
and 100%. The findings indicated that cakes prepared with egg white exhibited the highest
values in terms of springiness, chewiness, and gumminess. Complete substitution of egg white
led to a notable reduction in the specific volume of cakes produced using microwave-infrared
baking. Similarly, Aslan and Ertas [11] investigated the incorporation of chickpea-derived
aquafaba at substitution levels of 0%, 25%, 50%, 75%, and 100%. Their results demonstrated
that replacement up to 25% yielded volume index values comparable to the control sample,
whereas substitution levels exceeding 50% caused an increase in firmness. In another study,
Mustafa et al. [4] compared sponge cakes prepared with either egg white or aquafaba obtained
from ten different commercial canned chickpea brands. The results showed that both color and
textural attributes were generally comparable and acceptable; however, cakes produced with
aquafaba exhibited lower springiness than those containing egg white.
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The sensory evaluation results are summarized in Table 4. The incorporation of lupin aguafaba
did not result in significant changes in color, appearance, odor, or overall acceptability scores
of the cake samples. An increase in aquafaba substitution level was associated with higher taste
scores, whereas pore structure scores showed a declining trend. Despite this reduction, overall
acceptability remained unaffected. Based on these findings, it can be concluded that lupin
aquafaba can be effectively utilized as an egg substitute in cake production at levels up to 40%.
Consistent with these results, Aslan and Ertas [11] also reported that cakes containing 25%

chickpea aquafaba received higher preference scores from panelists.

Table 4. Sensory scores of cake samples?

. Pore Overall
LA ratio Color Appearance Taste Odor structure acceptability
0% 6.80+0.28°  6.10+0.28°  6.40+0.14"* 555+0.49°  6.40+0.14®° 6.55+0.49°
20% 6.90+0.14*  6.60+0.14*  6.60+0.14% 6.40+0.57*°  6.05+0.21* 6.85+0.21°
40% 7.00£0.00*  6.65+0.21*  6.85+0.07% 6.90+0.14®° 5.55+0.35® 6.95+0.07°
60% 7.00£0.00°  6.55+0.35%  6.95+0.07%  6.95+0.07*  5.25+#0.35"  6.15+0.21°

aMeans followed by the different letter within a column are significantly different (p<0.05). LA:Lupin aquafaba

4. CONCLUSION

This study demonstrated that lupin aquafaba (LA) can be used as a partial egg substitute in cake
formulations, with its impact depending on the level of substitution. Increasing LA levels led
to darker crust color, higher cooking loss, reduced volume index, and increased hardness,
indicating a weakening of the structural properties of the cakes at higher substitution ratios.
While batter density and springiness were not significantly affected, textural deterioration

became more pronounced, particularly at 60% LA incorporation.

Despite these changes, sensory evaluation results showed that the use of LA did not negatively
affect overall acceptability, color, appearance, or odor. In fact, taste scores improved with
increasing LA levels, although pore structure scores declined. Considering both technological
and sensory attributes, it can be concluded that lupin aquafaba is a promising plant-based
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alternative to egg in cake production, and its use at levels up to 40% provides the most balanced

results in terms of quality and consumer acceptability.
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FARKLI TAHIL UNLARINDAN Ul}ETiLI@N EKMEKLERiN SPESIFIiK HACIM,
PiSIRME KAYBI VE SERTLIK OZELLIKLERININ KARSILASTIRILMASI
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OZET

Bu ¢alismada, farkli tahil unlarindan tiretilen ekmeklerin bazi fiziksel ve tekstiirel kalite
ozellikleri karsilastirmali olarak degerlendirilmistir. Bu amacla arpa, bugday, cavdar,
karabugday, tam bugday ve yulaf unlarindan elde edilen ekmeklerde spesifik hacim, pigirme
kayb1 ve sertlik degerleri incelenmistir. Elde edilen bulgulara gore, spesifik hacim degerleri
1.02-3.20 cm?®/g arasinda degismis; en yiiksek deger bugday ekmeginde, en diisiik deger ise
karabugday ekmeginde belirlenmistir. Pisirme kaybi degerlerinin %11.64—13.10 araliinda
oldugu, en yiiksek pisirme kaybinin yulaf ekmeginde, en diisiik pisirme kaybinin ise ¢cavdar
ekmeginde gergeklestigi tespit edilmistir. Sertlik degerleri ise 6.85-24.60 N arasinda degismis;
bugday ekmegi en diisiik, karabugday ekmegi ise en yiiksek sertlik degerini gostermistir. Genel
olarak sonuglar, kullanilan tahil tiirliniin ekmeklerin hacim, pisirme kaybi ve tekstiirel
ozellikleri lizerinde belirgin farkliliklar olusturdugunu ortaya koymustur.

Anahtar Kelimeler: Ekmek, tahil unu, spesifik hacim, pisirme kayb1, sertlik

COMPARISON OF SPECIFIC VOLUME, BAKING LOSS, AND HARDNESS
PROPERTIES OF BREADS PRODUCED FROM DIFFERENT CEREAL FLOURS
ABSTRACT

In this study, some physical and textural quality properties of breads produced from
different cereal flours were comparatively evaluated. For this purpose, specific volume, baking
loss, and hardness values were examined in breads prepared from barley, wheat, rye,
buckwheat, whole wheat, and oat flours. According to the findings, specific volume values
ranged from 1.02 to 3.20 cm?®/g; the highest value was determined in wheat bread, while the

lowest value was observed in buckwheat bread. Baking loss values ranged between 11.64% and

1 Corresponding author: raciyemeral @yyu.edu.tr
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13.10%, with the highest baking loss recorded in oat bread and the lowest in rye bread. Hardness
values varied from 6.85 to 24.60 N; wheat bread exhibited the lowest hardness value, whereas
buckwheat bread showed the highest hardness value. Overall, the results revealed that the type
of cereal flour used caused significant differences in the volume, baking loss, and textural
properties of the breads.

Keywords: Bread, cereal flour, specific volume, baking loss, hardness.

1. GIRIS

Ekmek, diinya genelinde yaygin olarak tiiketilen temel gida iirlinlerinden biridir.
Geleneksel ekmek tiretiminde en yaygin kullanilan hammadde bugday unudur. Bugday ununun
ekmek {iiretiminde tercih edilmesinin temel nedeni, igerdigi gluten proteinlerinin hamurda
elastik ve viskoelastik bir ag yapi olusturmasidir. Bu yapi, fermantasyon sirasinda olusan
karbondioksit gazinin hamur igerisinde tutulmasini saglar ve pigirme sirasinda ekmegin hacim
kazanmasina katkida bulunur (Gan vd., 1995; Hu vd., 2023; Janssen vd., 2021a; Verheyen vd.,
2015).

Son yillarda tiiketicilerin farkli tahil kaynaklarina, lif igerigi yiiksek {irlinlere ve
alternatif ekmek ¢esitlerine olan ilgisi artmistir. Bu nedenle arpa, ¢avdar, yulaf, karabugday ve
tam bugday gibi tahillarin ekmek tiretiminde kullanimi 6nem kazanmugtir. Bu tahillar besinsel
acidan bazi avantajlar saglayabilmekle birlikte, ekmek teknolojisi agisindan bazi sinirliliklar da
olusturabilmektedir (Angioloni ve Collar, 2011; Capriles ve Aréas, 2014; Sofi vd., 2023).
Ozellikle gluten yapisinin zayif olmasi veya gluten icermemesi, hamurun gaz tutma kapasitesini
azaltabilmekte ve ekmek hacminde diisiise neden olabilmektedir (Cappelli vd., 2020; Monteiro
vd., 2021; Smidova ve Rysova, 2022).

Ekmek kalitesinin degerlendirilmesinde spesifik hacim, pisirme kaybi ve sertlik 6nemli
kalite parametreleri arasinda yer almaktadir. Spesifik hacim, ekmegin birim agirlik basina sahip
oldugu hacmi ifade eder ve ekmegin kabarma diizeyi, hafifligi ve gdzenekliligi hakkinda bilgi
verir. Bu nedenle ekmek hacmi ve gozenek yapisi, iriiniin fiziksel kalitesinin
degerlendirilmesinde yaygin olarak kullanilan gdstergelerdendir (Angioloni ve Collar, 2011)
Pisirme kaybi1 ise pisirme sirasinda iiriinden uzaklasan su ve ugucu bilesenlere bagl olarak
meydana gelen kiitle kaybin1 gostermektedir. Sertlik degeri ise ekmegin tekstiirel kalitesini
ortaya koyan dnemli bir parametredir. Tiiketici kabulii agisindan daha yumusak, gézenekli ve
hacimli ekmekler genellikle daha olumlu degerlendirilmektedir (Dong ve Karboune, 2021;

Heenan vd., 2008). Bu kalite parametreleri, ekmek iiretiminde kullanilan unun bilesimi ve
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teknolojik o6zelliklerinden dogrudan etkilenmektedir. Farkli tahil unlarinin gluten yapisi, lif
igerigi, su tutma kapasitesi ve hamur reolojisi bakimindan birbirinden ayrilmasi, ekmeklerin
hacim, nem kayb1 ve tekstiirel 6zelliklerinde farkliliklar olusturabilmektedir. Bu nedenle farkli
tahil unlariyla tretilen ekmeklerin yalnizca besinsel agidan degil, ayn1 zamanda fiziksel ve
tekstiirel kalite 6zellikleri bakimindan da karsilastirmali olarak incelenmesi 6nem tagimaktadir.
Bu ¢alismanin amaci, farkli tahil unlarindan iiretilen ekmeklerin spesifik hacim, pisirme kayb1

ve sertlik 6zelliklerini karsilastirmali olarak degerlendirmektir.

2. MATERYAL VE YONTEM

2.1. Materyal

Calismada arpa, bugday, cavdar, karabugday, tam bugday ve yulaf unlar1 kullanilmistr.
Her bir tahil unundan ekmek 6rnekleri hazirlanmis ve elde edilen tirlinler fiziksel ve tekstiirel
kalite 6zellikleri bakimindan degerlendirilmistir.

2.2. Ekmek Uretimi

Ekmek {iiretiminde otomatik ekmek yapma makinesi (Homend Breadfast 1503H)
kullanilmistir. Farkli tahil unlarindan hazirlanan ekmek 6rneklerinde temel formiilasyon ayni
tutulmus, yalnizca kullanilan un ¢esidi degistirilmistir. Ekmek yapiminda kullanilan proses

Gorsel 1’de verilmistir.

1. Bilesenlerin tartilmasi

+

2. Karistirma ve yogurma

. 4

3. Kitle fermantasyonu

> 4

4. Sekil verme

+

5. Ana fermentasyon

v

6. Pisirme

. 4

[ 7. Sogutma

e W W~ T (I~

—_— B Y S S & &=

Gorsel 1. Ekmek iiretim akis semasi
Ekmek cesitlerinde kullanilan su miktari, unlarin su tutma kapasitesine bagli olarak

farklilik gostermistir. Bu nedenle formiilasyonda su miktar sabit bir deger olarak degil, 200—
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300 g araliginda degerlendirilmis ve her un ¢esidinin hamur olusturma o6zelliklerine gore
ayarlanmistir (Cizelge 1). Hazirlanan hamurlar otomatik ekmek makinesinde karistirma, kitle

fermantasyonu, sekil verme, ana fermantasyon ve pisirme asamalarindan gegirilmistir.

Cizelge 1. Ekmek tiretiminde kullanilan temel bilesenler

Bilesen flave seviyesi (g)
Un 400

Ekmek katkis1 3.2

Maya (instant aktif) 6

Tuz 6

Seker 8

Yag 20

Su 200-300

2.3 Spesifik Hacim Analizi

Ekmek Orneklerinin hacimleri belirlenmis ve ekmek agirliklar tartilmistir. Spesifik
hacim degeri, ekmek hacminin ekmek agirligina oranlanmasiyla hesaplanmistir.

Spesifik Hacim (¢cm?®/g) = Ekmek Hacmi (cm®) / Ekmek Agirhg (g)

2.4. Pisirme Kayb1 Analizi

Pisirme kaybi, hamurun pisirme 6ncesi agirligi ile ekmegin pisirme sonrast agirligi
arasindaki fark esas alinarak hesaplanmistir.

Pisirme Kayb1 (%) = [(Pisirme Oncesi Agirlik — Pisirme Sonras1 Agirlik) / Pisirme
Oncesi Agirlik] x 100

2.5. Sertlik Analizi

Ekmek oOrneklerinin  sertlik degerleri tekstiirel kalite gOstergesi olarak
degerlendirilmistir. Sertlik, ekmek i¢ yapisinin sikiligr ve mekanik dayanimi hakkinda bilgi

veren onemli bir parametredir. Sertlik degerleri Newton (N) cinsinden ifade edilmistir.

3. BULGULAR VE TARTISMA
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Farkli tahil unlarindan iiretilen ekmeklerin dis goriiniisli ve i¢ yap1 6zellikleri Gorsel
2’de verilmistir. Ekmek kalitesinin degerlendirilmesinde spesifik hacim, pisirme kaybi ve
sertlik gibi sayisal parametrelerin yani sira, lirliniin gézenek yapisi, i¢ doku yogunlugu, kabuk
gdriiniimii ve kesit yapis1 da onemli gostergeler arasinda yer almaktadir. Ozellikle ekmek ici
yapisinin homojenligi ve gozeneklilik diizeyi, hamurun gaz tutma kapasitesi ve pisirme
sirasinda olusan yap1 gelisimi hakkinda gorsel bilgi saglamaktadir. Bu 6zellikler biiytik 6l¢iide
kullanilan unun protein yapisi, gluten olusturma kapasitesi, lif igerigi ve su tutma davranisi ile

iliskilidir (De Bondt vd., 2021; Sun vd., 2023).

Tém bugday Ekmegi

Gorsel 2. Farkh tahil unlarindan iiretilen ekmeklerin kesit goriintiileri.

Farkl1 tahil unlarindan iiretilen ekmeklere ait spesifik hacim, pisirme kayb1 ve sertlik
degerleri Cizelge 2’de verilmistir.

Spesifik hacim degerleri incelendiginde, ekmek ornekleri arasinda belirgin farkliliklar
oldugu goriilmektedir. Spesifik hacim degerleri 1.02-3.20 cm?/g arasinda degismistir. En
yiiksek spesifik hacim degeri 3.20 cm?/g ile bugday ekmeginde belirlenmistir. Bu sonug,

bugday ununun gluten proteinleri bakimindan gii¢lii bir hamur ag1 olusturmasiyla agiklanabilir.
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Gluten ag1, fermantasyon sirasinda olusan gazin hamur i¢inde tutulmasini saglayarak ekmegin
pisirme sirasinda daha iyi genlesmesine katkida bulunmaktadir. Bu nedenle bugday ekmegi
diger tahil ekmeklerine gore daha hacimli ve daha gdozenekli bir yapt gostermistir (Gan vd.,

1995; Meral ve Dogan, 2013; Schopf ve Scherf, 2021).

Cizelge 2. Ekmek orneklerinin spesifik hacim, pisirme kaybi ve sertlik degerleri

Ornek Spesifik Hacim (cm?®/g) Pisirme Kaybi1 (%)  Sertlik (N)
Arpa 1.32 11.90 18.40
Bugday 3.20 12.70 6.85
Cavdar 1.63 11.64 14.75
Karabugday 1.02 12.29 24.60
Tam bugday 1.81 11.90 12.90
Yulaf 1.34 13.10 17.85

En diisiik spesifik hacim degeri ise 1.02 cm?/g ile karabugday ekmeginde belirlenmistir.
Karabugdayin gluten icermemesi, hamurda elastik ve gaz tutucu bir ag yap1 olusumunu
sinirlandirmaktadir. Bu durum, hamurun pisirme sirasinda yeterince genlesememesine ve daha
kompakt bir ekmek yapisinin olusmasina neden olmus olabilir. Karabugday ekmeginde elde
edilen diisiik spesifik hacim degeri, bu lirlinlin daha yogun ve siki bir i¢ yapiya sahip olmasiyla
iligkilendirilmistir (Cappelli vd., 2020; Mariotti vd., 2013).

Arpa ve yulaf ekmeklerinde spesifik hacim degerleri sirasiyla 1.32 ve 1.34 cm?/g olarak
belirlenmistir. Bu degerler, bugday ekmegine gore oldukca diisiik diizeydedir. Arpa ve yulaf
unlarinin gluten kalitesi bakimindan bugday ununa gore zayif olmasi, ekmek hacminin sinirl
kalmasinda etkili olabilir. Ayrica bu tahillarin yiiksek lif i¢erikleri hamur yapisinm etkileyerek
gaz hiicrelerinin genislemesini sinirlandirabilir. Bu durum, daha diisiik hacimli ve daha yogun
ekmeklerin olugsmasina neden olabilmektedir (Janssen vd., 2021b; Rieder vd., 2012).

Cavdar ekmeginin, arpa, yulaf ve karabugday ekmeklerinden daha yiiksek; ancak
bugday ve tam bugday ekmeklerinden daha diisiik spesifik hacim degerine sahip oldugu
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belirlenmistir (1.63 cm?®/g). Cavdar ununun yapisinda bulunan pentozanlar su tutma
kapasitesine katki saglamakla birlikte, cavdar gluteninin bugday gluteni kadar elastik olmamasi
ekmek hacminin sinirli kalmasina neden olabilir.

Tam bugday ekmeginde ise spesifik hacim degeri 1.81 cm?/g olarak bulunmustur. Bu
deger, bugday ekmeginden diisiik olmakla birlikte diger alternatif tahil ekmeklerine gore daha
yuksektir. Tam bugday ununda kepek ve ruseym fraksiyonlarinin bulunmasi gluten aginin
stirekliligini kismen zayiflatabilir. Bu durum ekmegin hacim gelisimini azaltabilir. Ancak tam
bugday ununun gluten igermesi, karabugday, arpa ve yulaf ekmeklerine gore daha iyi hacim
gelisimi saglamistir.

Pisirme kayb1 degerleri %11.64—13.10 arasinda degismistir. En yiiksek pisirme kaybi
%13.10 ile yulaf ekmeginde belirlenmistir. Yulaf ekmeginde pisirme kaybinin yiiksek olmasi,
yulafin lifli yapisi, su baglama kapasitesi ve pisirme sirasinda suyun uzaklasma davranisi ile
iligkili olabilir. Pigirme sirasinda hamur yapisinda tutulan suyun buharlasmasi, ekmek
agirliginda azalmaya yol agmakta ve pisirme kaybini artirmaktadir.

En diisiik pisirme kayb1 ise %11.64 ile ¢avdar ekmeginde tespit edilmistir. Cavdar
ununun yiiksek su tutma kapasitesine sahip bilesenler igermesi, pisirme sirasinda nem kaybini
sinirlandirmis olabilir. Bu durum, ¢avdar ekmeginde daha diisiik pisirme kaybi1 elde edilmesini
aciklamaktadir. Arpa ve tam bugday ekmeklerinde pisirme kaybi degerleri ayni seviyede
bulunmus ve %11.90 olarak belirlenmistir. Karabugday ekmeginde ise pisirme kayb1 %12.29
olarak tespit edilmistir. Bu deger, karabugday ekmeginin diisiik spesifik hacmine ragmen
pisirme sirasinda orta diizeyde kiitle kayb1 gosterdigini ortaya koymaktadir.

Sertlik degerleri incelendiginde, ekmek Ornekleri arasinda belirgin farkliliklar oldugu
goriilmektedir. Sertlik degerleri 6.85-24.60 N arasinda degigmistir. En diisiik sertlik degeri 6.85
N ile bugday ekmeginde belirlenmistir. Bugday ekmeginin diisiik sertlik gostermesi, yiiksek
spesifik hacim ve daha gozenekli i¢ yapi ile iligkilidir. Daha hacimli ve iyi kabarmis ekmeklerde
i¢ yap1 daha hafif ve yumusak olmakta, bu durum sertlik degerinin diismesine neden olmaktadir
(Meral & Dogan, 2013).

En yliksek sertlik degeri ise 24.60 N ile karabugday ekmeginde belirlenmistir.
Karabugday ekmeginin diisiik spesifik hacim gostermesi, i¢ yapinin daha kompakt ve yogun
oldugunu gostermektedir. Kompakt yapi, ekmek i¢inin mekanik olarak daha direngli olmasina
ve sertlik degerinin artmasina neden olmustur. Bu sonug, spesifik hacim ile sertlik arasinda ters
yonlii bir iligki oldugunu ortaya koymaktadir. Spesifik hacim azaldik¢a ekmek yapisi daha siki
hale gelmis ve sertlik degeri yiikselmistir.
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Arpa ve yulaf ekmeklerinde sertlik degerleri sirasiyla 18.40 N ve 17.85 N olarak
belirlenmistir. Bu iki 6rnekte spesifik hacim degerlerinin diisiik olmasi, sertlik degerlerinin
bugday ve tam bugday ekmeklerine gore daha yiiksek ¢ikmasina neden olmustur. Lif orani
yiiksek tahil unlart hamur yapisinda gaz hiicrelerinin genislemesini sinirlandirabilir ve bu
durum daha yogun bir ekmek i¢ yapis1 olusturabilir. Boylece arpa ve yulaf ekmeklerinde sertlik
artis1 meydana gelmis olabilir.

Cavdar ekmeginde sertlik degeri 14.75 N olarak bulunmustur. Cavdar ekmegi, sertlik
bakimindan bugday ve tam bugday ekmeklerinden daha yliksek; arpa, yulaf ve karabugday
ekmeklerinden ise daha diisiik bir deger gostermistir. Bu durum, ¢avdarin su tutma kapasitesinin
ekmek i¢ yapisini bir miktar yumusatmasiyla aciklanabilir. Bununla birlikte cavdar gluteninin
bugday gluteni kadar giiclii ve elastik olmamasi, ¢cavdar ekmeginin bugday ekmegine kiyasla
daha sert olmasina neden olmustur.

Tam bugday ekmeginde sertlik degeri 12.90 N olarak belirlenmistir. Tam bugday
ekmeginin sertlik degeri bugday ekmeginden yiiksek, diger alternatif tahil ekmeklerinden ise
daha diisiik bulunmustur. Tam bugday ununda bulunan kepek parcaciklar1 gluten agini kesintiye
ugratarak ekmek hacmini azaltabilmekte ve sertligi artirabilmektedir. Ancak tam bugday
ununun gluten igermesi, karabugday ve yulaf gibi tahillara gére daha dengeli bir tekstiirel yap1
olugmasina katki saglamistir.

Genel olarak degerlendirildiginde, bugday ekmegi yliksek spesifik hacim ve diisiik
sertlik degeriyle en yumusak ve en hacimli yapidaki ekmek olmustur. Karabugday ekmegi ise
diisiik spesifik hacim ve yiiksek sertlik degeriyle en kompakt yapidaki ekmek olarak one
cikmistir. Yulaf ekmegi, en yiiksek pisirme kaybi degeriyle dikkat ¢ekmistir. Cavdar ekmegi ise
en diisiik pisirme kaybina sahip 6rnek olmustur. Bu bulgular, tahil ¢esidinin ekmeklerin fiziksel

ve tekstiirel kalite 6zellikleri tizerinde dogrudan etkili oldugunu gdstermektedir.

4. SONUC

Bu calismada arpa, bugday, ¢avdar, karabugday, tam bugday ve yulafunlarindan tiretilen
ekmeklerin spesifik hacim, pisirme kaybi ve sertlik Ozellikleri karsilastirmali olarak
degerlendirilmistir. Elde edilen bulgular, kullanilan tahil ¢esidinin ekmek kalitesi iizerinde
belirgin etkiler olusturdugunu gdstermistir.

En yiiksek spesifik hacim bugday ekmeginde belirlenmis, bu durum bugday gluteninin
gaz tutma kapasitesi ve hamur genlesmesi lizerindeki olumlu etkisiyle iliskilendirilmistir. En

diisiik spesifik hacim ise karabugday ekmeginde tespit edilmistir. Karabugday ekmeginde
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diisiik spesifik hacimle birlikte en yiiksek sertlik degerinin elde edilmesi, gluten icermeyen
tahillardan iiretilen ekmeklerde daha kompakt ve sert bir yap1 olusabilecegini gostermektedir.

Pisirme kaybr1 agisindan en yiiksek deger yulaf ekmeginde, en diisiik deger ise ¢avdar
ekmeginde belirlenmistir. Bu durum, tahil bilesiminin ve su tutma o&zelliklerinin pigirme
sirasinda meydana gelen kiitle kayb1 iizerinde etkili oldugunu ortaya koymaktadir. Sertlik
sonuglar1 genel olarak spesifik hacim degerleriyle ters yonde iliski gostermistir. Spesifik hacmi
yuksek olan bugday ekmegi daha yumusak, spesifik hacmi diisiik olan karabugday ekmegi ise
daha sert bulunmustur.

Sonug olarak, alternatif tahil unlarinin ekmek iiretiminde kullanimi iiriin gesitliligi ve
besinsel deger acisindan Onemli olmakla birlikte, bu tahillarin ekmek hacmi ve tekstiirii
lizerinde bazi1 sinirlayict etkiler olusturabilecegi goriilmiistii. Bu nedenle arpa, yulaf,
karabugday ve ¢avdar gibi tahillarin kullanildig1 ekmek formiilasyonlarinda hacim ve tekstiir

ozelliklerini iyilestirmeye yonelik formiilasyon diizenlemeleri yapilmasi onerilmektedir.
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OZET

Gilintimiizde akilli ev teknolojilerinin gelismesiyle birlikte robot siipiirgelerin kullanim alani
giderek artmaktadir. Ancak klasik robot siipiirgeler, zemin diizensizlikleri ve engel gecislerinde
titresim ve hareket kararsizlig1 gibi problemler yasamaktadir. Bu ¢calismada, tasarlanip yapilan,
model bir robot siiplirgede kullanilan pndmatik silispansiyon sisteminin titresim kontrolii
simiilasyon ¢aligmasi ile incelenmistir. Tasarlanan sistem, yay-kitle-sontimleyici modeli esas
alinarak matematiksel olarak modellenmis simiilasyon analizleri gerceklestirilmistir. Klasik
PID denetim orgami kullanilarak farkli yol piiriizliiliklerinde ve uygun kontrol kazang
parametreleri belirlenerek optimum kontrol saglanmistir. Calisma sonuglarindan da goriilecegi
gibi aktif stispansiyona sahip robot siiplirge her zemin konumunda en iyi performansi vermistir.
Bununla birlikte, pndmatik siispansiyon sisteminin etkisi titresimleri azaltarak robot siiplirgenin
hareket kabiliyetini en iyi diizeye getirilebilecegi belirlenmistir.. Ayrica sistemin engel olmasi

durumda gecislerinde daha kararli hareket kabiliyeti olabilecegi de ispatlanmustir.

Anahtar Kelimeler: Robot supirge, Pndématik suspansiyon, PID denetleyici, Dinamik

Modelleme
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1 GIRIS

Robot siipiirgeler, akilli ev teknolojilerinin gelismesiyle birlikte son yillarda yaygin olarak
kullanilan otonom mobil robot sistemleri haline gelmistir. Giiniimiizde bu sistemler yalnizca
temizlik yapan cihazlar olmaktan ¢ikmis; LiDAR, kamera, ultrasonik sensdrler, yapay zeka
destekli karar mekanizmalari ve es zamanli konumlandirma ve haritalama (SLAM)
algoritmalar1 sayesinde ¢evresini algilayabilen, rota planlayabilen ve farkli ¢aligma kosullarina

uyum saglayabilen gelismis robotik platformlar haline gelmistir [1-4].

Calismalar incelendiginde, aragtirmalarin biiyiik boliimiiniin haritalama, navigasyon, kapsama
alan1 planlama ve otonom hareket kontrolii iizerine yogunlastigi goriilmektedir [1-6]. LIDAR
tabanli haritalama sistemleri ve SLAM algoritmalarimin kullanilmasi sayesinde robot
siipirgelerin  konumlandirma dogrulugu artirilmig, temizlik siiresi azaltilmis ve enerji
verimliligi iyilestirilmistir [1], [2]. Ayrica ROS tabanli mimariler kullanilarak gelistirilen yeni
nesil robot siiplirgelerde gercek zamanli gevre algilama ve engelden kaginma performansinin

onemli dlciide gelistirildigi rapor edilmistir [3], [4].

Robot siipiirge teknolojisinin yillar icerisindeki gelisimi Cizelge 1°de 6zetlenmistir. Ilk nesil
sistemler rastgele hareket eden ve sinirl algilama kabiliyetine sahip cihazlardan olusurken,
gunumuizde yapay zekad destekli, coklu sensdr kullanan ve haritalama yapabilen sistemler
kullanilmaktadir. Ozellikle 2020 sonrasi donemde LiDAR ve gelismis navigasyon
algoritmalarinin  yayginlagsmasi robot siipiirgelerin performansinda o6nemli gelismeler

saglamistir.

Cizelge 1. Robot Siipiirgelerin Gelisim Evreleri

Donem Ozellikler Teknolojik Seviye
19962002 Ilk r}esﬂ rastgele hareket eden robot Diisiik
supdrgeler
2002-2010 Sensor destekli sistemler Orta
2010-2020 Haritalama ve Wi-Fi kontrol Yuksek

2020-GUnUmiz | Yapay zeka, LIDAR, coklu sensor | Cok yiiksek

Robot siipiirgelerin performansini belirleyen temel faktorlerden biri de mekanik yapilaridir.
Her ne kadar navigasyon sistemleri gelismis olsa da, robotun farkl yiizey kosullarindaki

hareket kararlilig1 dogrudan mekanik tasarima baglidir. Robot siipiirgeler ¢aligsma sirasinda
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hal1, parke, seramik, esik ve kablo gibi farkl ylizeylerle karsilasmaktadir. Bu durum titresim

olusumuna, ¢ekis kaybina ve hareket dogrulugunun azalmasina neden olabilmektedir.

Bu problemlerin azaltilmasi1 amaciyla mobil robotlarda aktif ve pasif stispansiyon sistemleri
tizerine gesitli calismalar gergeklestirilmistir [7-12]. Tekerlek-bacak hibrit robotlar tizerinde
yapilan arastirmalar, siispansiyon sistemlerinin arazi uyumu ve hareket kararlilig1 izerinde
onemli etkileri oldugunu gostermistir [7]. Aktif siispansiyon kontrolii kullanilan mobil
robotlarda govde salinimlarinin azaltildig: ve tekerlek yiik dagiliminin iyilestirildigi
belirlenmistir [8]. Adaptif siispansiyon sistemleri iizerine yapilan ¢alismalarda ise diizensiz
yuzeylerde robot govdesinin daha dengeli tutulabildigi rapor edilmistir [9]. Benzer sekilde
aktif ve pasif slispansiyon sistemlerinin mobil robotlarda titresimleri azaltarak hareket

performansini iyilestirdigi belirtilmistir [10-12].

Pnomatik siispansiyon sistemleri, titresim soniimleme performansi ve yiizey uyumu
saglamalar1 nedeniyle son yillarda dikkat ¢eken arastirma konulari arasinda yer almaktadir
[13-15]. Hava yaylarinin sikistirilabilir yapist sayesinde darbe yiikleri azaltilabilmekte ve
sistem farkl yiizey kosullarina daha kolay uyum saglayabilmektedir. Pnodmatik siispansiyon

sistemlerinin robotik uygulamalarda saglayabilecegi temel avantajlar Cizelge 2’de verilmistir.

Cizelge 2. Pnomatik Siispansiyon Sisteminin Sagladig1 Avantajlar

Avantaj Aciklama
Titresim azaltma Darbe ve sarsintilar1 azaltir
Hareket kararlilig1 Robotun dengeli ilerlemesini saglar
Zemin uyumu Farkl ylizeylerde adaptasyonu artirir
Mekanik koruma Bilesen zorlanmalarini azaltir
Yiizey temasi Tekerlek-zemin temasini iyilestirir

Cizelge 2 incelendiginde pndmatik siispansiyon sistemlerinin yalnizca titresim azaltma
amaciyla degil, ayn1 zamanda robotun hareket kararliligini artirma ve mekanik bilesenlerin
Omriinii uzatma agisindan da 6nemli katkilar saglayabilecegi goriilmektedir. Hava yaylari
Uzerine gergeklestirilen gilincel ¢alismalarda, sistem basinci, hava hacmi ve valf

parametrelerinin stispansiyon performansi lizerinde dogrudan etkili oldugu belirtilmistir [13],
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[14]. Ayrica PID tabanli kontrol yontemlerinin pndmatik sistemlerin dinamik performansini

tyilestirdigi rapor edilmistir [15].

Robot siipiirgelerde karsilasilan temel zemin problemleri Cizelge 3’te verilmistir. Bu
problemler robotun hareket kararliligi, enerji tiiketimi ve temizlik performansi iizerinde

dogrudan etkili olmaktadir.

Cizelge 3. Robot Siipiirgelerde Karsilasilan Zemin Problemleri

Problem Sonug
Esik Takilma
Hali Cekis kayb1

Kablo Sarilma
Kaygan zemin Patinaj
Bozuk yiizey Titresim

Cizelge 3 incelendiginde robot siipiirgelerde karsilasilan problemlerin biiyiik boliimiiniin
tekerlek-zemin etkilesiminden kaynaklandig1 goriilmektedir. Ozellikle bozuk yiizeylerde
olusan titresimler, robotun sensdr performansini ve hareket dogrulugunu olumsuz
etkileyebilmektedir. Benzer sekilde esik gecislerinde olusan ani darbe yiikleri hem mekanik
bilesenlerde zorlanmalara neden olmakta hem de robotun hareket kararliligin1 azaltmaktadir.
Bu nedenle siispansiyon sistemleri robot siiptlirgeler i¢cin nemli bir arastirma konusu héline

gelmistir [7-12].

Son yillarda gergeklestirilen ¢aligsmalarda yalnizca aktif ve pasif siispansiyon sistemleri degil,
ayn1 zamanda tekerlek-bacakli mobil robotlar i¢in gelistirilen yeni nesil siispansiyon
mekanizmalari da incelenmistir. Stispansiyon geometrisinin robotun yiik dagilimi, hareket
kararlilig1 ve engel agma performansi tizerinde 6nemli etkileri oldugu belirtilmistir [16].
Ayrica ticari temizlik robotlar iizerine gergeklestirilen giincel aragtirmalarda kullanici
beklentilerinin diisiik titresim, yliksek hareket kararlilig1 ve farkl yiizey kosullarina uyum
saglama ozellikleri etrafinda sekillendigi belirtilmistir [17].

Siispansiyon sistemleri iizerine ger¢eklestirilen ¢aligmalar ise daha ¢ok mobil robotlar,
tekerlek-bacak hibrit robotlar ve arazi robotlar1 {izerinde yiiriitiilmiistiir [7—16]. Buna karsin

pnomatik stispansiyon sistemlerinin robot siipiirgelere uygulanmasi, matematiksel
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modellenmesi ve matlab ortaminda dinamik analizinin gergeklestirilmesine yonelik

caligmalarin oldukga sinirli oldugu goriilmektedir [17].

Bu calismada, Cizelge 2’de verilen pnomatik siispansiyon avantajlari ile Cizelge 3’te
belirtilen zemin problemleri birlikte degerlendirilerek pnomatik siispansiyonlu bir robot
stiptirge sistemi modellenmistir. Sistem matlabortaminda yay-kitle-séniimleyici yaklasimi
kullanilarak olusturulmus ve PID kontrol yontemi ile analiz edilmistir. Farkli ylizey
diizensizliklerini temsil eden siniis, kare ve testere disi giris sinyalleri altinda sistem davranisi
incelenmis, titresim sonlimleme performansi ve hareket kararlilig1 degerlendirilmistir. Elde
edilen sonuclarin robot siipiirgelerde pndmatik siispansiyon kullaniminin uygulanabilirligini

ortaya koymasi amaglanmaktadir.

2. Robotik Siipiirge Tasarimi ve Analizi

Bu calismada, robot siipiirgelerde kullanilmak iizere tasarlanan pnomatik siispansiyon

sisteminin dinamik davranis1 modellenmis ve analiz edilmistir.

Pnomatik suspansiyon sistemi, tek serbestlik dereceli yay-kitle-sonimleyici sistem olarak
modellenmigtir. Mekanik sistemin hareket denklemi Newton’un hareket yasasina gore

asagidaki sekilde ifade edilmistir

mX + cx + kx = F(t)
Burada m sistem Kkdtlesini, ¢ sontim katsayisim1 ve F(t) dis kuvveti temsil etmektedir.
Simiilasyonda toplam robot kiitlesi 3 kg, etkili tekerlek kiitlesi 1.5 kg ve sonlim katsayis1 1830

N/m olarak alinmistir.

Sistemin matematiksel modeli transfer fonksiyonuna donistiiriilerek Simulink ortamina

aktarilmistir.

1
1.552+1830s

Ge =
Valf sistemi ise birinci dereceden sistem olarak modellenmistir.

1
0.02s+1

Ge) =

Sistem performansini artirmak amaciyla PID kontrolcii kullanilmistir. PID kontrol kazang
parametreleri sistem cevabina gore ayarlanmis ve titresim azaltma performansi incelenmistir .
Analizlerde farkli giris sinyalleri uygulanarak farkli ylizey kosullar1 temsil edilmistir. Sistem

performansi; salinim miktari, kararli duruma ulagma siiresi ve titresim soniimleme basarisina

95



BURSA 7" INTERNATIONAL CONFERENCE ON ENGINEERING and MATHEMATICS
July 35,2026 - BURSA
ISBN NR. : 978-625-8795-27-1
gore degerlendirilmistir.Gorsel 1’de pnOmatik siispansiyonlu robot siipiirgenin simulink

diagrami belirtilmistir.

Zemin — Kontrol |=—> 1 — 1 - | Gercek
e Oroan 0.02s + 1 1.552 + 1830s Yoriinge

PUrazli

g Valf Robot Supurge

Gorsel 1. PID Kontrolli Pnématik Stspansiyon Sisteminin Simulink Diagram

Gorsel 2°de pnomatik slispansiyonlu robot siiplirgenin koriik sistem tasarimi belirtilmistir.

1
Cizelge 4. Amortisor Sisteminde Kullamlan Elemanlar

2

1 | Ust Flans
3 2 | Koriik Sistemi

3 Alt Flang

4 | Tekerlek
4

Gorsel 2. Koriik Sistemi Tasarimi ve Temel Bilesenleri
3. Simiilasyon Sonuglari
Bu simiilasyon destekli ¢alismada amag, pnomatik silispansiyon sistemine sahip bir robot
stipiirgenin dinamik davranigi sayisal ortamda incelenmis ve sistem performansinin optimize
edilmesi seklindedir. Bu kapsamda, ilk olarak robot siiplirgenin matematiksel modeli
olusturulmus ve farkli zemin ve bozucu etken ¢alisma kosullar1 altinda sistem davranisi analiz
edilmistir. Calismada; yiizey diizensizlikleri, engel gegisleri ve titresim etkileri dikkate alinarak

pnématik stispansiyon sisteminin bu etkilere kars1 gosterdigi dinamik tepki degerlendirilmistir.

Sistem, tek serbestlik dereceli kitle-yay-soniimleyici modeli temel alinarak modellenmistir.

Robot siipiirgenin toplam kiitlesi 3 kg olarak belirlenmis ve siispansiyon sistemi parametreleri
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gercek calisma kosullarina uygun sekilde se¢ilmistir. Ayrica tekerleklerle birlikte tasarlanan
pnomatik koriigiin i¢ hacmi ve soniim Ozellikleri hesaplanarak sistemin matematiksel modeli
transfer fonksiyonuna doniistliriilmiistiir.

Pnomatik koriiglin soniim katsayis1 asagidaki esitlikler kullanilarak hesaplanmustir.

2 n.pP
ir= X —
kall’ A v

Koriik hacmi asagidaki denklem ile ifade edilmistir:

V:Axh
_ mxd?
A= 4

Modelde kullanilan parametreler asagidaki gibidir:

Koriik yiiksekligi: h=0.0015m

Koriik ¢ap1: d=0.005m

Hava basinci: P=100000Pa

Polytropic katsay1: n=1.4

Elde edilen matematiksel model MATLAB ortamina aktarilmis ve sistemin dinamik davranisi
farkli girig sinyalleri altinda incelenmistir. Simiilasyon sonuglari dogrultusunda pnomatik
siispansiyon sisteminin titresim azaltma, hareket kararlili§1 ve ylizey uyumu acisindan robot
stiplirge performansina olumlu katki sagladigi gozlemlenmistir. Ayrica fiziksel prototip
tiretiminden Once sistem davranisinin Ongoriilmesi sayesinde zaman ve maliyet agisindan
avantaj elde edilmesi hedeflenmistir. Cizelge 5’te grafikler i¢in PID kazang¢ parametreleri

belirtilmistir.

Pnomatik siispansiyonlu robot siipilirgenin analiz sonuglari;

Cizelge 5. PID Kazang Parametreleri

Grafikler Kp Ki Kq
a) 7000 800 5

Gorsel 3.
b) 3500 800 5
a) 6000 100 5

Gorsel 4.
b) 6000 500 5
a) 11000 500 5

Gorsel 5.
b) 6000 200 5
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Gorsel 3. Kontrol Sistemin Farkl Yol Piiriizliiliigiine Gore Davranisi
(a) Optimum kazang parametre

(b) Optimum olmayan kazan¢ parametre

a) grafiginin sistem ¢ikiginin girig sinyalini olduk¢a basarili sekilde takip ettigi goriilmektedir.
Cikis sinyalinin genligi giris sinyaline olduk¢a yakin olup faz farki minimum seviyededir. Bu
durum, sistemin diisiik frekansh veya uygun ¢alisma kosullari altinda kararli bir davranis
sergiledigini gostermektedir. Ayrica sinyal formunda belirgin bir bozulma meydana gelmemesi,
pnomatik slispansiyon sisteminin titresimleri etkin sekilde sonlimledigini ve giris hareketini
kontrollii bigimde takip ettigini ortaya koymaktadir. Sistem cevabindaki kiigiik gecikmeler

fiziksel sistemlerde dogal olarak olusan atalet ve soniim etkilerinden kaynaklanmaktadir.

b) grafiginde ise sistem ¢ikiginin giris sinyaline gore daha belirgin bir faz gecikmesi gosterdigi
goriilmektedir. Ozellikle sinyal tepe noktalarinda istenilen sonu¢ pndmatik sistemini geriden
takip ettigi dikkat ¢ekmektedir. Bunun yaninda c¢ikis genliginde de kiigiik farkliliklar
olusmustur. Bu durum, sistem frekansinin artmasi veya sistem parametrelerinin de§ismesi
sonucunda slispansiyon sisteminin dinamik kapasitesinin zorlandigini1 gostermektedir. Sistemin
giris sinyaline tam olarak uyum saglayamamasi, yiiksek frekansli titresimlerde enerji

soniimleme performansinin azaldigini ifade etmektedir.
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Her iki grafik birlikte degerlendirildiginde, pnématik siispansiyon sisteminin diisiik frekansh
titresimlerde daha basarili performans gosterdigi, ancak frekans arttikca faz kaymasinin ve
takip hatasinin arttig1 sonucuna ulasilmaktadir. Bu durum mekanik sistemlerin dogal dinamik
ozellikleri ile uyumludur. Ozellikle yiiksek frekans bolgelerinde sistemin diisiik gegiren filtre
(low-pass filter) karakteristigi sergiledigi goriilmektedir. Boylece sistem yiiksek frekansh

titresimleri bastirirken giris sinyalini tam dogrulukla takip edememektedir.

a) ‘ ‘ T
4 |
0
0.5
- [ [ [
| 1 | 1 1
0 10 20 30 40 50 60 70 80 90 s 100
Mekanik Sistem s |. Sonug¢
b) | | | | |
1 : ,
|
0.5
0
0.5 t +— F 4+ —h -+ —H +—
-1 ! )
I | 1 1
0 10 20 30 40 50 60 70 80 90 100

Mekanik Sistem istenen Sonucl

Gorsel 4. Pnomatik Siispansiyon Sisteminin Ani Degisimlere Karsi Dinamik Davranisini,
(a) Optimum kazang parametre

(b) Optimum olmayan kazang parametre

a) grafigine sistemin ¢ikisi, girigini belirli bir gecikme ile takip ettigi gozlemlenmektedir.
Ozellikle sinyalin ani gecis yaptigi bolgelerde ¢ikis sinyalinin daha yumusak bir gegis
sergiledigi dikkat ¢cekmektedir. Bu durum, sistemin ani degisimlere karsi dogrudan tepki
vermek yerine soniimleme etkisi olusturdugunu gostermektedir. Pnomatik siispansiyonun
mekanik sisteminin ¢ikista yuvarlaklagmasi, pndmatik siispansiyon sisteminin yiiksek frekansli
bilesenleri bastirdigini ve sistemin diisiik geciren filtre karakteristigi sergiledigini ortaya
koymaktadir. Ayrica ¢ikis sinyalinin kararli bir yapida olmasi, sistemin ani darbeleri kontrol

altinda tutabildigini gostermektedir.
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b) grafiginde ise sistem ¢ikisinin giris sinyalini daha yakindan takip ettigi goriilmektedir. Cikis
sinyalindeki gecikmenin azaldigi ve gecis bolgelerinde daha hizli tepki olustugu dikkat
cekmektedir. Bununla birlikte baz1 bolgelerde kiiciik genlik asimi1 (overshoot) meydana geldigi
goriilmektedir. Bu durum sistemin daha hizli cevap verdigini ancak sontimleme etkisinin bir
miktar azaldigim1 gostermektedir. Ozellikle tepe noktalarinda olusan kiigiik tagsmalar, sistemin

dinamik cevabinin hizlandigini fakat kontrol hassasiyetinin degistigini ifade etmektedir.

Her iki grafik birlikte degerlendirildiginde, ilk durumda sistemin daha yumusak ve daha
soniimlii bir davranis sergiledigi, ikinci durumda ise daha hizli ancak nispeten daha agresif bir
dinamik cevap olusturdugu goriilmektedir. Bu sonuglar, pnomatik silispansiyon sisteminin
parametre degisimlerine bagli olarak farkli dinamik karakteristikler gosterebildigini ortaya
koymaktadir. Robot siiplirge uygulamalarinda ilk yapi titresim azaltma acisindan avantaj
saglarken, ikinci yapr engel gegislerine daha hizli tepki verme acisindan avantaj

saglayabilmektedir.

a) | ‘ !

1
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Gorsel 5. Pnomatik Siispansiyon Sisteminin Farkhi Calisma Kosullarindaki Dinamik

Cevaplarimin Karsilastirilmas ,

(a) Optimum kazang parametre

(b) Optimum olmayan kazang parametre
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a) grafigine gore sistem ¢ikisinin giris sinyalini yliksek dogrulukla takip ettigi goriilmektedir.
Cikis sinyalinde diisiik seviyede faz farki olugsmus ve genlik degerleri biiyiik Olglide
korunmustur. Bu durum, sistemin dinamik olarak kararli bir davranis sergiledigini ve degisken
giris kosullarina etkin sekilde uyum saglayabildigini gostermektedir. Ayrica sistem cevabinin
diizgiin ve kararli yapida olmasi, titresim soniimleme performansinin yeterli seviyede oldugunu

ortaya koymaktadir.

b) grafiginde ise sistem ¢ikisinin giris sinyaline gore daha belirgin faz gecikmesi ve genlik
azalmasi gdsterdigi gdzlemlenmistir. Ozellikle gecis bdlgelerinde cikis sinyalinin girise tam
olarak uyum saglayamadig1 dikkat ¢ekmektedir. Bu durum, sistemin artan dinamik ytikler
altinda giris degisimlerini takip etme performansinin azaldigini géstermektedir. Ayrica sistemin

yiiksek frekansl bilesenleri baskiladigi ve filtreleme karakteristigi sergiledigi anlagiimaktadir.

Her iki grafik birlikte degerlendirildiginde, sistemin diisiik dinamik zorlanma altinda giris
sinyalini daha basarili sekilde takip ettigi goriilmektedir. Ancak c¢alisma kosullarinin
zorlagmasiyla birlikte ¢ikis sinyalinde faz kaymasi ve genlik farkliliklari meydana gelmistir.
Elde edilen sonuglar, sistem parametrelerinin dinamik performans iizerinde dogrudan etkili
oldugunu ve siispansiyon yapisinin titresim azaltma ile hareket kararliligi acisindan 6nemli
katki sagladigin1 gostermektedir. Cizelge 6°de belirtildigi gibi sistem davranislarinin grafiklere

gore karsilastirilmast detaylandirilmstir.

Cizelge 6.Sistemsel Karsilastirma Tablosu

Grafikler Sistem Faz Farki Genlik Dinamik Genel
Davranisi Durumu Performans Yorum
. Sistem
sir(m} alin diistik
y frekansh
basarili - Kararli ve .
a) . Diisiik | Korunmustur . titresimlerde
sekilde dengeli
: basarili
takip
o performans
etmistir .. .,
Gorsel 3 gostermistir
Yuksek
_ Clk_ls Takip fre_kgns
sinyalinde Orta Kismen etkisiyle
b) . . performansi .
gecikme seviyede azalmistir e filtreleme
dismiistiir
olusmustur davranisi
olusmustur
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Ani
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Daha hizli Diisiik- | Kiiciik asim Hizli fakat | hizi artmig
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edilmistir vuyum
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sinyalinde . Azalma altinda
b) . Belirgin ) . .| performans .
gecikme gbzlenmistir azalmist: filtreleme
olusmustur > etkisi
artmistir

PnOmatik siispansiyon sisteminin diisiik frekansli ve diisiikk dinamik zorlanma kosullarinda giris
sinyalini yiiksek dogrulukla takip ettigi goriilmektedir. Calisma kosullarinin agirlasmasiyla
birlikte sistem ¢ikisinda faz gecikmesi, genlik azalmasi ve takip performansinda diigiis meydana
gelmistir. Ozellikle ani degisimlerin bulundugu durumlarda sistemin titresimleri séniimleyerek
daha kararli bir davranis sergiledigi belirlenmistir. Elde edilen sonuglar, pndmatik siispansiyon
sisteminin robot siiplirgelerde titresim azaltma ve hareket kararlilig1 agisindan etkili bir yap:

sundugunu gostermektedir

4. Tartisma Ve Sonug¢

Bu caligmada, pnomatik siispansiyon sistemine sahip bir robot siipiirgenin dinamik davranisi

MATLAB ortaminda modellenmis ve farkli c¢alisma kosullart altinda performansi
incelenmistir. Elde edilen sonuglar, pndmatik siispansiyon sisteminin robot siipiirgenin titresim

seviyelerini azaltmada ve hareket kararliligini artirmada etkili oldugunu gostermistir.
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Analizler sonucunda sistemin diisik ve orta seviyedeki dinamik zorlanmalarda girig
hareketlerini yiliksek dogrulukla takip ettigi, kararli bir davranis sergiledigi ve titresimleri etkin
sekilde sonlimledigi belirlenmistir. Ani degisimlerin bulundugu ¢alisma kosullarinda sistemin
darbe etkilerini azaltarak daha kontrolli bir tepki olusturdugu goézlemlenmistir. Bununla
birlikte, dinamik yiiklerin ve degisim hizinin arttig1 durumlarda sistem ¢ikiginda faz gecikmesi
ve genlik kayb1 meydana geldigi tespit edilmistir. Bu durum, sistemin yiiksek frekansl etkileri

bastiran dogal bir filtreleme karakteristigine sahip oldugunu gostermektedir.

Literatiir incelendiginde robot siiplirgeler iizerine yapilan ¢alismalarin biiyiikk Olgiide
haritalama, navigasyon, rota planlama ve sensor tabanli kontrol sistemlerine odaklandigi
gorulmektedir. Suspansiyon sistemleri tizerine gergeklestirilen ¢alismalar ise ¢ogunlukla arazi
robotlari, mobil robotlar ve tekerlek-bacakli robot platformlar: {izerinde yogunlagsmistir. Buna
karsin, pnomatik siispansiyon sistemlerinin robot siipiirgelere uygulanmasi, matematiksel
olarak modellenmesi ve dinamik performanslarinin simiilasyon ortaminda degerlendirilmesine
yonelik c¢alismalarin  smirli oldugu goriilmektedir. Bu c¢alisma, s6z konusu boslugun
giderilmesine katk1 saglayarak robot siipiirgelerde pnomatik siispansiyon kullaniminin dinamik

etkilerini ortaya koymustur.

PID kontrol parametrelerinin sistem performansi iizerinde 6nemli etkileri oldugu belirlenmis,
uygun kontrol kazanglar1 kullanildiginda takip basarisinin ve titresim azaltma performansinin
arttig1 goriilmiistiir. Ancak farkli caligma kosullarinda sistem davranisinin degismesi, tek bir
kontrol parametresi setinin tiim durumlar i¢in optimum sonu¢ saglayamayacagini ortaya

koymustur.

Sonug olarak, pnomatik siispansiyonlu robot slpulrge sisteminin ylzey dizensizliklerinden
kaynaklanan titresimleri azaltarak hareket kararliligini iyilestirdigi ve sistem performansini
artirdig belirlenmistir. Elde edilen bulgular, pnomatik siispansiyon sistemlerinin robot siipiirge
uygulamalarinda uygulanabilir ve gelistirilebilir bir ¢6ziim oldugunu gdstermektedir. Ayrica
calisma, robot siiplirgelerde pnomatik siispansiyon sistemlerinin modellenmesi ve analiz
edilmesine yonelik literatiirdeki smirli sayidaki aragtirmaya katki saglamaktadir. Gelecekte
gerceklestirilecek deneysel dogrulama calismalari, adaptif kontrol yontemleri ve suspansiyon
parametre  optimizasyonu ile sistem performansinin daha da  gelistirilebilecegi

degerlendirilmektedir.
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FOTOVOLTAIK SISTEMLERDE YANGIN RiSKLERININ HATA TURU VE ETKI
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OZET

Fotovoltaik (FV) sistemler, kiiresel 6lgekte hizla artan yenilenebilir enerji yatirimlariyla birlikte
elektrik Uretiminde énemli bir yer edinmis; buna paralel olarak isletme giivenligi ve yangin
riski kritik aragtirma konular1 haline gelmistir. Her ne kadar FV sistemler yiiksek giivenilirlige
sahip olsa da dogru tasarlanmayan, uygun sekilde kurulumu yapilmayan veya diizenli bakimi
gerceklestirilmeyen sistemlerde meydana gelen elektriksel arizalar yanginlara neden
olabilmektedir. Bu c¢aligmada fotovoltaik sistemlerde yangmna neden olan baslica ariza
mekanizmalar1 kapsamli bir literatiir taramasi, saha gozlemleri ve Hata Tiirii ve Etkileri Analizi
(FMEA) yontemi kullanilarak degerlendirilmistir. Calismada DC seri ark hatalari, konnektor
bozulmalari, kablo yalitim hasarlari, inverter kaynakli arizalar, baglant1 kutusu problemleri ve
asirt 1sinmaya neden olan diger elektriksel kusurlar yangin riski agisindan incelenmistir. Risk
Oncelik Sayilar1 (Risk Priority Number-RPN) hesaplanarak kritik ariza tiirleri belirlenmis ve
donanimsal yangin onleme yaklasimlarinin etkinligi degerlendirilmistir. Bunun yani sira,
Tirkiye'de isletmede bulunan sebeke baglantili fotovoltaik santrallerde gergeklestirilen bakim
faaliyetleri ve termografik incelemelerden elde edilen saha bulgular literatiir sonuglari ile
karsilastirilmistir. Elde edilen sonuglar, DC seri ark hatalari, konnektér kaynakli temas
problemleri ve kablo yaliim bozulmalarinin en yiiksek yangin riskine sahip ariza
mekanizmalar1 oldugunu gostermektedir. Bunun yaninda Ark Hata Algilama Kesicileri (AFCI),
Asirt Gerilim Koruma Cihazlar1 (SPD), termografik muayeneler ve planl onleyici bakim
uygulamalarinin yangin riskinin azaltilmasinda énemli rol oynadigi belirlenmistir. Calismanin,
fotovoltaik sistemlerin giivenli tasarimui, igletilmesi ve bakim faaliyetlerine yonelik miihendislik
uygulamalarina katki saglamasi hedeflenmektedir.

Anahtar Kelimeler: Fotovoltaik Sistemler, Yangin Riski, FMEA, DC Ark Hatas1, Termografi,
Onleyici Bakim.
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ABSTRACT

The rapid expansion of photovoltaic (PV) systems worldwide has significantly increased the
importance of operational safety and fire risk assessment. Although PV systems are generally
considered highly reliable, electrical failures resulting from improper design, installation, or
insufficient maintenance may lead to severe fire incidents. This study investigates the primary
fire-related failure mechanisms in photovoltaic systems through a comprehensive literature
review, field observations, and Failure Mode and Effects Analysis (FMEA). Critical failure
modes, including DC series arc faults, connector degradation, cable insulation failures, inverter-
related malfunctions, junction box defects, and other overheating-related electrical faults, were
evaluated using Risk Priority Numbers (RPNs). Furthermore, practical engineering
observations obtained from maintenance activities and infrared thermographic inspections
conducted at utility-scale photovoltaic power plants in Turkiye were compared with findings
reported in the literature. The results indicate that DC series arc faults, connector-related contact
degradation, and cable insulation failures represent the most critical fire hazards in photovoltaic
systems. In addition, the implementation of Arc Fault Circuit Interrupters (AFCIs), Surge
Protective Devices (SPDs), infrared thermographic inspections, and preventive maintenance
strategies was found to significantly improve fire prevention and operational safety. The
findings of this study provide practical engineering recommendations for improving the design,
operation, and maintenance of photovoltaic systems while reducing fire-related risks.

Keywords: Photovoltaic systems, Fire Risk, FMEA, DC Arc Fault, Thermography, Preventive
Maintenance.
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1. GIRIS

Son yillarda artan enerji talebi, fosil yakitlara bagimliligin azaltilmasina yonelik politikalar ve
iklim degisikligi ile miicadele kapsaminda yenilenebilir enerji kaynaklarina yapilan yatirimlar
hiz kazanmistir. Bu doniisiim siirecinde fotovoltaik (FV) sistemler; modiiler yapilari, diisiik
isletme maliyetleri ve teknolojik gelismeler sayesinde diinya genelinde en hizli biiyliyen
elektrik iiretim teknolojilerinden biri haline gelmistir [13], [14], [16].

Fotovoltaik sistemlerin yayginlasmasiyla birlikte sistem giivenilirligi ve isletme giivenligi daha
onemli hale gelmistir. Genel olarak yiiksek giivenilirlige sahip olmalarina ragmen, tasarim
hatalari, montaj kusurlari, malzeme yaslanmasi, ¢cevresel etkiler ve yetersiz bakim uygulamalari
sonucunda olusan elektriksel arizalar, fotovoltaik sistemlerde yangin riskini artirmaktadir [1],
[2]. Ozellikle dogru akim (DC) tarafinda meydana gelen arizalar, alternatif akim sistemlerinden
farkli davranig gostermeleri nedeniyle daha kritik sonuglar dogurabilmektedir.

Fotovoltaik sistemlerde meydana gelen yanginlarin biiyiik bolimii; DC seri ark hatalari,
konnektor bozulmalari, kablo yalitim hasarlari, baglanti kutusu problemleri ve inverter kaynakli
elektriksel arizalar ile iliskilendirilmektedir [1], [5]. Dogru akim devrelerinde dogal sifir gecis
noktasinin bulunmamasi, olusan elektrik arkinin uzun siire devam etmesine ve ylksek
sicakliklara ulasmasina neden olmaktadir. Bunun sonucunda kablo izolasyonu, konnektorler ve
diger sistem bilesenleri {izerinde meydana gelen termal etkiler yangin olusumunu
tetikleyebilmektedir [6].

Literatlirde fotovoltaik sistem yanginlarini inceleyen ¢ok sayida ¢alisma bulunmasina ragmen,
gercek isletme kosullarinda elde edilen saha bulgularint FMEA gibi sistematik risk
degerlendirme yontemleriyle birlikte ele alan ¢alismalar sinirhidir [1], [2], [3], [5].

Yangin risklerinin sistematik olarak degerlendirilmesinde yaygin olarak kullanilan
yontemlerden biri Hata Turl ve Etki Analizi (Failure Mode and Effects Analysis — FMEA)
yontemidir. FMEA, ariza tiirlerini olusma olasiligi, etki siddeti ve tespit edilebilirlik kriterlerine
gore degerlendirerek risk Onceliklerini belirleyen proaktif bir yontemdir [7]. Bu yontem
sayesinde kritik ariza mekanizmalar1 belirlenebilmekte ve bakim ile koruma stratejileri risk
onceliklerine gore planlanabilmektedir.

Bu ¢alismada fotovoltaik sistemlerde yangina neden olan temel elektriksel ariza mekanizmalari
kapsaml1 bir literatiir taramasi, Tirkiye’de isletmede bulunan sebeke baglantili fotovoltaik
santrallerden elde edilen saha gozlemleri ve FMEA yontemi birlikte kullanilarak
degerlendirilmistir. Caligma kapsaminda DC seri ark hatalari, konnektdr bozulmalari, kablo
yalitim hasarlari, inverter i¢ arizalari, baglant1 kutusu problemleri, bypass diyot arizalar1 ve hot-
spot olusumu gibi kritik ariza mekanizmalar1 Risk Oncelik Sayisi (Risk Priority Number —
RPN) yaklasimi ile analiz edilmistir. Ayrica belirlenen risklerin azaltilmasina yonelik
donanimsal yangin 6nleme yaklagimlari miihendislik bakis agisiyla degerlendirilmistir. Bu
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yaklasim, literatiirde bildirilen yangin mekanizmalar1 ve koruma stratejileri temel alinarak
gelistirilmistir [1], [3].

Bu calismanin 0zgiin yonii, literatiirde tanimlanan yangimn mekanizmalarin1i gergek saha
gozlemleri ile destekleyerek FMEA tabanli sistematik bir risk degerlendirmesi sunmasi ve elde
edilen bulgular dogrultusunda uygulanabilir donanimsal yangin Onleme Onerileri
gelistirmesidir.

2. FOTOVOLTAIK SISTEMLERDE YANGIN RiSKLERIi

Fotovoltaik sistemlerde meydana gelen yanginlar ¢ogunlukla tek bir arizadan degil, zaman
icerisinde gelisen elektriksel ve mekanik kusurlarin birlesik etkisinden kaynaklanmaktadir.
Modiiller, DC baglantilari, kablo sistemleri, baglant1 kutular1 ve inverterler gibi farkli sistem
bilesenlerinde meydana gelen arizalar, uygun kosullar altinda yanginin baslamasina neden
olabilmektedir. Literatiirde bildirilen yangin olaylar1 incelendiginde, 6zellikle dogru akim
tarafinda gelisen arizalarin sistem giivenligi acgisindan en kritik risk grubunu olusturdugu
gorulmektedir [1], [4].

Bu bélimde fotovoltaik sistemlerde en sik karsilasilan yangin mekanizmalari degerlendirilmis
ve yangin olusumuna katki saglayan temel ariza tiirleri agiklanmistir.

2.1. DC Seri Ark Hatalan

Fotovoltaik sistemlerde en yiiksek yangin riskini olusturan ariza mekanizmalarindan biri DC
seri ark hatalaridir. Alternatif akim sistemlerinden farkli olarak dogru akim devrelerinde dogal
sifir gecis noktasit bulunmadigindan olusan elektrik arki kendiliginden sonmemekte ve uzun
stire devam edebilmektedir. Bu durum ark bdlgesinde ¢ok yiksek sicakliklarin olusmasina
neden olmakta ve ¢evrede bulunan yanici malzemelerin tutugsma olasiligini artirmaktadir [1],

[6], [10].

DC seri arklart ¢cogunlukla gevsek elektrik baglantilari, hatali krimpleme islemleri, mekanik
zorlanmalar veya zamanla artan temas direnci sonucunda olusmaktadir. Temas direncinin
yukselmesiyle birlikte olusan Joule 1sis1 baglanti noktasinda sicakligin artmasina neden
olmakta, ilerleyen siirecte ise ark olusumu ile sonuclanmaktadir. Bu nedenle DC tarafindaki
baglant1 kalitesi, fotovoltaik sistemlerde yangin giivenligi agisindan kritik 6neme sahiptir.
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Sebeke baglantili fotovoltaik santral yapisi ve kritik yangin risk noktalar1.

Gorsel 1. Fotovoltaik sistemlerde yangin olusumuna neden olan temel risk noktalari

2.2. Konnektor Kaynakh Arizalar

Konnektorler, fotovoltaik sistemlerde elektriksel siirekliligin saglanmasinda kritik gorev
istlenen bilesenlerdir. Ancak farkli iireticilere ait uyumsuz konnektorlerin birlikte kullanilmasi,
eksik kilitleme, yetersiz sitkma torku ve ¢evresel etkiler temas direncini artirarak lokal sicaklik
yiikselmelerine neden olabilmektedir. Bu sicaklik artisi zamanla konnektdr goévdesinde
deformasyon, ark olusumu ve yangin riski ile sonuclanabilmektedir [1].

Saha incelemeleri ve literatiir bulgulari, fotovoltaik sistem yanginlarinin 6nemli bir boliimiiniin
baglant1 elemanlarinda meydana gelen elektriksel kusurlardan kaynaklandigini géstermektedir.
Artan temas direnci 6zellikle MC4 konnektorlerinde Joule 1sinmasina bagli bolgesel sicaklik
ylukselmesine neden olmakta, zamanla yalitm bozulmasi ve seri ark olusumunu
tetikleyebilmektedir. Sonu¢ olarak sertifikali konnektdr kullanimi ve {retici montaj
talimatlarina uyulmasi biiyiik 6nem tagimaktadir [9].

Q: Olusan 1s1 enerjisi (J)
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I: Tletkenden gecen akim (A)
R: Temas direnci ()
t: Akimin gegis siiresi (s)

Esitlik (1)'den goriildiigii lizere, 6zellikle temas direncindeki kiiciik artislar dahi akimin karesi
ile dogru orantili olarak olusan 1s1 enerjisinin hizla yilikselmesine neden olmaktadir. Bu
dogrultuda gevsek veya uyumsuz konnektdr baglantilari, temas noktasinda sicaklik artisi, seri
ark olusumu ve yangin gelisimi agisindan kritik ariza mekanizmalar1 arasinda
degerlendirilmektedir [5].

2.3. Kablo Yahtim Hasarlar1

Kablo yalitimi, fotovoltaik sistemlerde elektriksel glivenligi saglayan temel unsurlardan biridir.
Uzun siire ultraviyole 1sinimina maruz kalma, sicaklik degisimleri, mekanik zorlanmalar,
kemirgen hasarlar1 ve yanlis kablo giizergahi se¢cimi zamanla yalitim 6zelliklerinin bozulmasina
neden olabilmektedir. izolasyon direncindeki azalma kagak akimlarin olusmasina ve uygun
kosullar altinda elektrik arkinin meydana gelmesine yol agmaktadir [2].

Diizenli izolasyon direnci Olgiimleri, gorsel kontroller ve hasarli kablolarin zamaninda
degistirilmesi yangin riskinin azaltilmasinda biiyiik 6nem tagimaktadir.

2.4. Inverter Kaynakh Arizalar

Inverterler, fotovoltaik sistemlerde enerji doniisiimiinii gerceklestiren en dnemli giic elektronigi
ekipmanlaridir. I¢ yapilarinda bulunan yari iletken anahtarlama elemanlari, kondansatorler ve
manyetik bilesenler ¢alisma sirasinda dnemli miktarda 1s1 tiretmektedir. Yetersiz havalandirma,
fan arizalari, asir1 ortam sicakligi veya elektronik bilesenlerin yaslanmasi inverter icerisinde
sicaklik artisina neden olabilmektedir [2], [5].

Modern inverterlerde sicaklik izleme algoritmalart bulunsa da yetersiz bakim ve elektronik
bilesenlerin termal zorlanmasi yangin olasiligini artirmaktadir.

2.5. Baglanti1 Kutulari ve Hot-Spot Olusumu

Baglanti kutular1 (Junction Box), bypass diyotlar1 ve panel ¢ikis baglantilarinin bulundugu
kritik bilesenlerdir. Lehim baglantilarindaki bozulmalar, nem girisi, diyot arizalar1 veya
gevseyen baglantilar bu bolgelerde asir1 sicaklik olusmasina neden olabilmektedir. Benzer
sekilde golgelenme, hiicre catlaklar1 veya bypass diyodu arizalar1 sonucunda olusan hot-spot
bolgeleri panel ylizeyinde sicak nokta (hot-spot) olusumuna yol agarak panel malzemelerinde
termal bozulmay1 hizlandirmaktadir [3].
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Bu tiir arizalarin erken belirlenmesinde kizilotesi termografik incelemeler en etkili kestirimci
bakim yontemlerinden biridir.

DC SERI ARK OLUSUM MEKANIZMASI

(1) GEVSEK BAGLANTI (2 TEMAS DIRENCI (@ ARK OLUSUMU (® ASIRI ISINMA VE (&) YANICI MALZEMENIN @) YANGIN GELISIMI
(BASLANGIC) ARTISI (> 1000 °C) IZOLASYON HASARI TUTUSMASI S
+ - + - + - i
| A : ‘ l y b i ”.ﬁ > ’
| 5 |
g R g R ' = A
R &’ S - i
[ L VVV = P=I*xR, ) K ;
Temas yiizeyinde oksidasyon Alum gecisi srasinda temas Temas noktast synirken Ak enerjisi nedeniyle Eriyen izolasyon damlaciklar Alev ve 151 yayilimi ile yangin
Vibrseyord seried ganlesensy ve mikroskobik bosluklar noktasinda Joule sinmas: yiiksek elektrik alan konnektér ve kablo izolasyonu ve yiiksek sicaklik etkisiyle gelisir ve sistemin diger
Hetal morke) voye yaging olugur, temas direnci (R,) meydana gelir ve sicaklik nedeniyle iyonizasyon olur erir, karbonlagr ve ark yolu yakin cevredeki yanici bilesenlerini etkileyebil.
nadeniyls begiert geveer. artar, hila yiikselir | ve DC elektrik arki olugur. biyir. malzemeler tutusur.
‘ | [ (>1000°C) ‘ ‘
DC SERi ARKLARININ ﬁ
| | TIPiK GORULDUGD
NOKTALAR -
Modiil - modl String paralel baglantilan DC uzatma kablo DC toplama kutusu inverter DC girig DC sigorta |
konnektér baglantilart (¥ konnektérler) baglantilari (Combiner Box) giris/gikislart terminalleri tasiyicilan
—
ETKILEYEN FAKTORLER ARK OZELLIKLERI (DC) ONLEME STRATEJILERI

@ Dogru krimpleme ve tork kontrolli montaj
@ Periyodik termal gériintileme ve kontroller
@ Kaliteli konnektsr ve kablo kullamimi

(@ DC ark algilama cihazlari (AFCI)

@ Diizenli bakim ve temizlik

sl + Dogal sifir gegis yoktur.
& ',Q\' 0 ((( '))) @ x + Ark uzun siire devam eder.

« Yiiksek sicaklik: 1000 - 3000 °C

Yiiksek ortam uw Nem ve Mekanik Yaglanma Hatal montaj

P P + Enerji yogunlugu yiksektir,
skl radyasyonu  korozyon titregim ve bakim eksikligi

sioe

DC seri ark gorunami AFCI &rnek cihazi

Fotovoltaik sistemlerde DC seri ark olusum mekanizmasi ve yangin gelisim siireci.
Gorsel 2. DC seri ark olusum mekanizmasi
Fotovoltaik sistemlerde yangina neden olan ariza mekanizmalarinin risk seviyeleri farklilik

ortaya koymaktadir. Buna bagl olarak bir sonraki béliimde FMEA yontemi kullanilarak s6z
konusu ariza mekanizmalari sistematik olarak degerlendirilmistir.

3. MATERYAL VE YONTEM

Bu calismada fotovoltaik sistemlerde yangin risklerinin sistematik olarak degerlendirilmesi
amaciyla literatiir taramasi, saha gozlemleri ve Hata Tiirii ve Etki Analizi (Failure Mode and
Effects Analysis — FMEA) yontemi birlikte kullanilmistir. Calismanin metodolojik akist Gorsel
3’te verilmistir.
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Calismanin metodolojik akis semasi.

Gorsel 3. Cahismanin metodolojik akis semasi

Arastirmanin ilk asamasinda fotovoltaik sistem yanginlari ile ilgili ulusal ve uluslararasi
bilimsel yaymnlar, teknik raporlar ve standartlar incelenmistir. Bu kapsamda IEEE, Elsevier,
Springer ve MDPI veri tabanlarinda yayimlanan ¢alismalarin yani sira IEC, NFPA, IEA PVPS
ve NREL tarafindan yayimlanan dokiimanlar degerlendirilmistir. Literatiir incelemesi
sonucunda yangin olusumunda etkili oldugu bildirilen temel ariza mekanizmalar
belirlenmistir.

Ikinci asamada Tiirkiye’de isletmede bulunan sebeke baglantili fotovoltaik santrallerde
gerceklestirilen bakim faaliyetlerinden elde edilen saha bulgular1 analiz edilmistir. Bakim
kayitlari, termografik incelemeler, gorsel kontroller ve inverter hata kayitlar1 degerlendirilerek
literatiirde tanimlanan ariza mekanizmalarinin gercek isletme kosullarindaki karsiliklar:
incelenmistir.

Literatiir ve saha bulgularinin birlikte degerlendirilmesi sonucunda ¢alismada asagidaki ariza
mekanizmalar1 analiz kapsamina alinmigtir:

. DC seri ark hatalari,

. Konnektor bozulmalar,
. Kablo yalitim hasarlari,
. Inverter i¢ arizalari,

. Junction Box arizalari,
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. Bypass diyot arizalari,

. Hot-spot olusumu,

Belirlenen ariza mekanizmalari, FMEA yontemi kullanilarak Olugma Olasilig1 (Occurrence—
0), Etki Siddeti (Severity—S) ve Tespit Edilebilirlik (Detection—D) kriterleri agisindan
degerlendirilmistir. Her bir kriter 1 ile 10 arasinda puanlandirilmis olup degerlendirmelerde
literatiirde bildirilen ariza sikliklari, saha gézlemleri ve miihendislik degerlendirmeleri birlikte
dikkate alinmistir.

Cizelge 1. FMEA Degerlendirme Olcegi

Puan Olusma Olasilig1 (O) Etki Siddeti (S) Tespit Edilebilirlik (D)
1-2 Cok diisiik Onemsiz Cok kolay
3-4 Diisiik Diisiik Kolay
5-6 Orta Orta Orta
7-8 Yiiksek Yiksek Zor
9-10 Cok yiksek Cok ciddi Cok zor
RPN = OXSXD ..ot e e e e e e e e (2)

Burada O olusma olasiligini, S etki siddetini, D ise tespit edilebilirligi ifade etmektedir.
Hesaplanan RPN degerleri Cizelge 2’de verilen siniflandirmaya goére degerlendirilmistir.

Cizelge 2. Risk Oncelik Sayis1 (RPN) Siniflandirmasi

RPN Araligi Risk Seviyesi Mihendislik Yaklagim1
1-100 Diisiik Rutin izleme

101-200 Orta Onleyici bakim
201-400 Yiksek Diizeltici bakim

FMEA degerlendirmeleri sonucunda elde edilen Risk Oncelik Sayilari, fotovoltaik sistemlerde
yangin agisindan kritik ariza mekanizmalarmin belirlenmesinde kullanilmis; elde edilen
bulgular saha gozlemleri ile karsilagtirilarak donanimsal yangin Onleme yaklagimlarinin
etkinligi degerlendirilmistir.

4. BULGULAR VE TARTISMA

4.1. FMEA Sonuclarinin Degerlendirilmesi

Fotovoltaik sistemlerde yangin olusumuna neden olan sekiz temel ariza mekanizmasi, FMEA
yontemi kullamlarak degerlendirilmis ve her bir ariza tiirii icin Risk Oncelik Sayis1 (RPN)
hesaplanmaistir. Elde edilen sonuglar Cizelge 3°te sunulmaktadir.
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Cizelge 3. Fotovoltaik Sistemlerde Yangin Risklerine Ait FMEA Sonuclari

Ariza Tiirii O|S |D |RPN Risk Seviyesi | Onerilen Onlem

DC Seri Ark Hatas1 8 110 (7 |560 Kritik AFCI ve termografik izleme

Konnektor Bozulmasi 819 |7 504 Kritik Sertifikali konnektor ve tork
kontrolii

Kablo Yalitim Hasar1 719 |7 |441 Kritik Izolasyon testi ve kablo
yenileme

Inverter I¢ Arizasi 6|9 |6 |324 Yiiksek Termal izleme ve periyodik
bakim

Junction Box Arizasi 6 |8 |6 |288 Yuksek Termografik kontrol

Bypass Diyot Arizasi S |7 |5 |175 Orta Arizali modiil degisimi

Hot-Spot Olusumu 6 |16 |4 |144 Orta Termal kamera kontrolleri

SPD Arizasi 517 (4 140 Orta Periyodik SPD testi

Not: O, S ve D puanlari; literatiirde bildirilen ariza sikliklari, uluslararasi standartlar, saha
gbzlemleri ve yazarlarin fotovoltaik sistemlerdeki bakim deneyimleri birlikte degerlendirilerek
belirlenmistir [8].

Cizelge 3 incelendiginde, DC seri ark hatalarinin (RPN=560) en yiiksek risk oncelik sayisina
sahip oldugu goriilmektedir. Bu durum, dogru akim devrelerinde arkin dogal sifir gecis
noktasinin bulunmamasi nedeniyle uzun siire devam edebilmesi ve yiiksek sicakliklara ulagarak
cevresindeki yanict malzemeleri tutusturabilmesi ile agiklanmaktadir. Literatiirde bildirilen
calismalar da DC seri ark hatalariin fotovoltaik sistemlerde yanginin baslica nedenlerinden
biri oldugunu ortaya koymaktadir [1], [2], [5]. Bu kapsamda DC tarafinda ark algilama ve
koruma sistemlerinin kullanilmasi, yangin riskinin azaltilmasina yonelik en Oncelikli
miihendislik uygulamalarindan biri olarak degerlendirilmektedir.

Ikinci en yiiksek risk oncelik sayis1 konnektdr bozulmalarma (RPN=504) aittir. Gevsek
baglantilar, uyumsuz konnektor kullanimi ve hatali montaj uygulamalar1 sonucu artan temas
direnci, Joule 1sinmasina bagli termal yiikk artisina neden olmakta ve zamanla seri ark
olusumunu tetikleyebilmektedir. Caligma kapsaminda degerlendirilen termografik bulgular, bu
ariza mekanizmasinin yalnizca teorik bir risk olmadigini, gergek isletme kosullarinda da 6nemli
bir yangin tehlikesi olusturdugunu dogrulamaktadir.

Kablo yalitim hasarlari (RPN=441) ise kritik risk grubunda yer almaktadir. Uzun siireli ¢evresel
etkiler, ultraviyole 1smnimi, mekanik zorlanmalar ve yaslanmaya bagli yaliim bozulmalar
kacak akimlarin olugsmasina, elektriksel giivenligin azalmasina ve yangin olasiliginin artmasina
neden olmaktadir. Boylece diizenli izolasyon direnci dl¢limleri, gorsel kontroller ve periyodik
bakim uygulamalar1 nleyici bakim stratejilerinin temel bilesenleri arasinda yer almalidir.

Inverter i¢ arizalar1 (RPN=324) ve baglant1 kutusu arizalar1 (RPN=288) yiiksek risk grubunda
degerlendirilmistir. Gii¢ elektronigi bilesenlerinde meydana gelen termal zorlanmalar, sogutma

sistemi performansindaki azalmalar ve baglanti noktalarindaki gevsemeler yerel 1sinmaya
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neden olarak termal hasar olusumuna neden olabilmektedir. Bu sebeple inverterlerin termal
acidan izlenmesi ve baglantt kutularinin periyodik olarak kontrol edilmesi blyuk 6nem
tasimaktadir.

Buna karsilik bypass diyot arizalar (RPN=175), hot-spot olusumu (RPN=144) ve SPD arizalar1
(RPN=140) orta risk seviyesinde degerlendirilmistir. Bu arizalar tek baslarina kritik yangin
kaynagi olusturma olasiligi daha diisiik olmakla birlikte, zamaninda tespit edilmemeleri
durumunda diger ariza mekanizmalarim tetikleyerek sistem giivenligini  olumsuz
etkileyebilmektedir.

FMEA sonuglar1 genel olarak degerlendirildiginde, incelenen sekiz ariza mekanizmasinin
uclndn kritik risk sinifinda yer aldig1 ve bunun toplam ariza tiirlerinin %37,5'ine karsilik geldigi
belirlenmistir. Kritik ve yiiksek risk grubunda yer alan arizalar birlikte degerlendirildiginde ise,
bu oran %62,5'e ulagsmaktadir. Bu durum, fotovoltaik sistemlerde yangin riskinin azaltilmasina
yonelik bakim ve koruma faaliyetlerinin biiyiilk ol¢iide DC seri ark hatalari, konnektor
bozulmalari, kablo yalitim hasarlari, inverter i¢ arizalar1 ve baglanti kutusu arizalarina
odaklanmasinin sistem giivenliginde 6nemli iyilesmeler saglayabilecegini desteklemektedir.

Cizelge 3'te verilen FMEA sonuglari, ariza mekanizmalarinin Risk Oncelik Sayisi (RPN)
degerlerini ortaya koymaktadir. Ancak RPN degerlerinin goreli katkilarinin ve riskin hangi
ariza mekanizmalarinda yogunlastiginin daha agik bicimde gosterilebilmesi amaciyla Pareto
analizi uygulanmistir. Elde edilen sonuglar Gorsel 4'de sunulmustur.

FMEA sonuglarina goére ariza mekanizmalarinin Pareto degerlendirmesi

TOUO%

94.6% 100

Risk Oncelik Sayisi (RPN)
Kimdulatif oran (%)

DC seri ark Konnektor Kablo yalitim inverter ic Junction box  Bypass diyot Hot-spot SPD
hatasi bozulmasi hasari arizasi arizasl arizasi olusumu arizasl

Ariza mekanizmasi

Gorsel 4. FMEA sonuclarina gore yangin riski olusturan ariza mekanizmalarinin Pareto analizi

Gorsel 4 incelendiginde, toplam yangin riskinin biiyiikk boliimiiniin sinirh sayidaki ariza
mekanizmasindan kaynaklandigi goriilmektedir. Ozellikle DC seri ark hatalari, konnektor
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bozulmalar1 ve kablo yalitim hasarlari, en yiiksek Risk Oncelik Sayis1 (RPN) degerlerine sahip
arizalar olarak one ¢ikmaktadir. Pareto analizi, kritik ve yiiksek risk grubunda yer alan ilk bes
ariza mekanizmasinin toplam ariza tiirlerinin %62,5'ini olusturdugunu isaret etmektedir. Bu
bulgu, fotovoltaik sistemlerde yangin riskinin azaltilmasina yonelik bakim ve koruma
faaliyetlerinin 6ncelikle bu ariza mekanizmalarina odaklanmasinin sistem giivenliginde 6nemli
iyilesmeler saglayacagini ortaya koymaktadir.

4.2. Bulgularm Literatiir ile Karsilagtirilmasi

Calismada elde edilen FMEA sonuglari, literatiirde fotovoltaik sistemlerde yangin agisindan en
kritik ariza mekanizmalar1 olarak bildirilen DC seri ark hatalari, konnektor bozulmalar1 ve
kablo yalitim hasarlar ile biiyiik 6l¢iide uyumludur [1], [4]. Hesaplanan Risk Oncelik Sayilari
(RPN), s6z konusu arizalarin oncelikli olarak ele alinmasi gerektigini ortaya koymaktadir.
Bununla birlikte, bu ¢aligsma yalnizca literatiirde bildirilen bulgularin dogrulanmasiyla sinirlt
kalmamuis; Tirkiye'de isletmede bulunan sebeke baglantili fotovoltaik santrallerden elde edilen
saha gozlemleri ile FMEA sonuclarini birlikte degerlendirerek risk onceliklerinin gergek
isletme kosullarindaki karsiligini  gostermistir. Bdylece literatiir bulgulart uygulama
deneyimleriyle desteklenmis ve gergeklestirilen risk analizinin miihendislik acisindan
uygulanabilirligi ortaya konulmustur.

4.3. Donamimsal Yangin Onleme Yaklasimlarinin Degerlendirilmesi

FMEA sonuglari, fotovoltaik sistemlerde yangin giivenliginin tek bir koruma ekipmani ile
saglanamayacagini ortaya c¢ikarmaktadir. Yangmn riskinin azaltilabilmesi i¢in koruma
ekipmanlari, diizenli bakim faaliyetleri ve siirekli durum izlemenin birlikte uygulanmasi
gerekmektedir.

Bu kapsamda Ark Hata Algilama Kesicileri (AFCI), Asirt Gerilim Koruma Cihazlar1 (SPD),
sertifikali DC konnektorleri, termografik incelemeler, izolasyon direnci 6lgumleri ve inverter
sicaklik izleme sistemlerinin birlikte kullanilmasi onerilmektedir. Cok katmanli bu koruma

yaklasimu, kritik arizalarin erken asamada belirlenmesini saglayarak yangin olusma olasiligini
Onemli dl¢iide azaltmaktadir [9], [10], [11], [12].
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Fotovoltaik sistemler i¢in 6nerilen donamimsal yangin énleme mimarisi.

Gorsel 5. Fotovoltaik sistemler i¢in onerilen donanimsal yangin 6nleme mimarisi

5. SAHA BULGULARI VE MUHENDISLIiK DEGERLENDIRMELERI

5.1. Saha Bulgularinin Degerlendirilmesi

Fotovoltaik sistemlerde meydana gelen bir¢ok elektriksel ariza, ilk asamalarda enerji iiretimini
dogrudan etkilemediginden yalnizca inverter alarm kayitlar1 kullanilarak tespit
edilememektedir. Bu durum saha bakim faaliyetleri sirasinda gercgeklestirilen termografik
incelemeler, gorsel kontroller ve elektriksel 6l¢iimler, yangin riski olusturabilecek arizalarin
erken asamada belirlenmesinde 6nemli rol oynamaktadir.

Bu caligmada Tiirkiye'deki sebeke baglantili FV santrallerinden elde edilen saha gozlemleri
degerlendirilmistir. Yapilan incelemelerde o6zellikle DC baglantilari, konnektorler, kablo
giizergahlari, baglant1 kutular1 ve inverterler izerinde yogunlasilmistir.
Saha g6zlemleri sonucunda en sik karsilasilan ariza mekanizmalarinin;

e DC konnektorlerinde temas direncinin artmasi,

e Kablo yalitiminda ¢evresel etkiler nedeniyle meydana gelen bozulmalar,
e Junction Box bolgelerinde sicaklik anomalisi,

e Inverter sogutma performansindaki azalmalar,

e Gevsek elektrik baglantilari,

e Panel yiizeylerinde olusan hot-spot bdlgeleri

oldugu belirlenmistir.
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Bu bulgular, FMEA analizinde en yiiksek Risk Oncelik Sayisina sahip ariza mekanizmalar ile
dogrudan uyumludur.

5.2. Termografik Bulgularin Degerlendirilmesi

Fotovoltaik sistemlerde gergeklestirilen bakim faaliyetlerinde en etkili kestirimci bakim
yontemlerinden biri kiziltesi termografik incelemedir. Calisma kapsaminda gerceklestirilen
termal Slgiimlerde bazit DC baglanti noktalarinda, ¢evre bilesenlere kiyasla belirgin sicaklik
artiglar tespit edilmistir. Bu bulgu, termografik denetimlerin yalnizca bakim araci degil, ayni
zamanda yangin riskinin erken belirlenmesinde etkin bir kestirimci bakim yontemi oldugunu
gostermektedir [7].

Bakim ¢alismalar1 sirasinda 6zellikle MC4 konnektorlerinde olusan yiiksek temas direnci, Joule
1sinmasina bagli termal yogunlasmaya neden olabilmektedir. Bu durum, termografik
incelemeler ile erken asamada tespit edilebilmekte ve potansiyel seri ark olusumu
onlenebilmektedir. Joule 1sinmasi sonucunda meydana gelen lokal sicaklik artisi, termografik
muayeneler ile erken asamada tespit edilebilmektedir. Bu durumun temsili gosterimi Gorsel
6'da verilmistir.

MC4 Konnektor Termal Goriintii
(Normal Galisma) (Temsili) Sicaklik (°C)

s o e T
Yiiksek temas direnci
(Yiizey oksidasyonu,
gevsek baglanti vb.)
-

e
Joule iIsinmasi
| (#-Rkayplan)
S S —
Hot Spot
=118 °C —_—
| Lokal sicaklik artigi

\ (Ist birikimi)
—_—
[ Potansiyel seri ark bolgesi ]

(Yalitim bozulmasi riski)

Gorsel 6. Konnektor baglantisinda yiiksek temas direncine bagh sicaklik birikiminin temsili
termografik gosterimi

Gorsel 6 incelendiginde, sicaklik artisinin konnektor temas noktasinda yogunlastigi
goriilmektedir. Bu bolgedeki yiiksek sicaklik, temas direncindeki artisin dogal bir sonucu olup
uzun siireli caligmada yalitim malzemesinin bozulmasina, seri ark olusumuna ve yangin riskinin
artmasina neden olabilmektedir. Dolayisiyla termografik denetimlerin periyodik bakim
programlarina entegre edilmesi, arizalarin erken tespit edilmesini saglayan en etkili kestirimci
bakim uygulamalarindan biri olarak degerlendirilmektedir.
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Bu durum, termografik incelemelerin yalnizca ariza tespitinde degil, yangin olusmadan 6nce
Onleyici bakim faaliyetlerinin planlanmasinda da vazgec¢ilmez bir uygulama oldugunu ortaya
koymustur.

5.3. Literatiir ve Saha Bulgularimin Karsilastirilmasi

Literatiirde bildirilen yangin mekanizmalari ile ¢alisma kapsaminda elde edilen saha bulgular
karsilastirilmis ve sonuglar Cizelge 4°te 6zetlenmistir.

Cizelge 4. Literatiir ve Saha Bulgularimin Karsilastirilmasi

Ariza Mekanizmasi Literaturde Bildirilme Durumu Saha Bulgular1 | Sonug

DC Seri Ark Hatalar1 Cok yaygin Desteklenmistir | Dogruland1
Konnektoér Bozulmalari Cok yaygin Desteklenmistir | Dogrulandi
Kablo Yalitim Hasarlar Yaygin Desteklenmistir | Dogrulandi
Inverter I¢ Arizalari Orta Desteklenmistir | Dogrulandi
Junction Box Problemleri Orta Desteklenmistir | Dogrulandi
Hot-Spot Olusumu Yaygin Desteklenmistir | Dogruland1

Cizelge 4'te literatiirde bildirilen baslica yangin mekanizmalari ile bu ¢alismada elde edilen
saha bulgulan karsilagtirilmistir. Her iki veri grubu birlikte degerlendirildiginde, DC seri ark
hatalar1, konnektoér bozulmalar1 ve kablo yalitim hasarlarinin fotovoltaik sistemlerde yangin
acisindan en kritik ariza mekanizmalar1 oldugu goriilmektedir. Bu bulgu, FMEA analizinde elde
edilen yiiksek RPN degerleri ile de uyumludur.

Saha gozlemleri, literatiirde tanimlanan ariza mekanizmalarinin gergek isletme kosullarinda da
benzer sekilde ortaya ¢iktigin1 dogrulamaktadir. Ozellikle termografik incelemelerde belirlenen
sicaklik anomalileri ve temas direnci artislari, 6nleyici bakim uygulamalarinin yangin riskinin
azaltilmasindaki Onemini ortaya koymaktadir. Bu bulgular, yalnizca arizalarin tespit
edilmesinin degil, bakim Onceliklerinin belirlenmesinde de termografik denetimler ve planlt
Onleyici bakim uygulamalarinin kritik rol oynadigin1 gostermektedir.

5.4. Miihendislik Degerlendirmesi ve Calismamin Katkisi

Caligmadan elde edilen bulgular, fotovoltaik sistemlerde yangin giivenliginin yalnizca koruma
ekipmanlariin kullanilmasiyla saglanamayacagini ortaya koymaktadir. Glivenilir bir sistem
icin dogru ekipman se¢imi, standartlara uygun montaj, diizenli bakim ve kestirimci izleme
yontemlerinin birlikte uygulanmasi gerekmektedir.

FMEA sonuglar1 ile saha gozlemlerinin birlikte degerlendirilmesi sonucunda asagidaki
miihendislik uygulamalarimin yangin riskinin azaltilmasmna o©onemli katki saglayacagi
belirlenmistir:

e Sertifikali ve uyumlu DC konnektdrlerinin kullanilmasi,

e Uretici tarafindan 6nerilen stkma torklarinin uygulanmasi,

e Periyodik termografik incelemelerin gerceklestirilmesi,
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e Kablo izolasyon direncinin diizenli olarak él¢tlmesi,

e Inverter sogutma sistemlerinin bakiminin aksatilmamasi,

e SPD ve topraklama sistemlerinin periyodik olarak dogrulanmasi,

e Risk onceliklerine gore planlanan onleyici bakim programlarinin uygulanmasi.

5.5. Cahsmanin Ozgiin Katkisi

Fotovoltaik sistemlerde yangin risklerinin degerlendirilmesine yonelik birgok calisma
laboratuvar deneyleri, istatistiksel yangin kayitlar1 veya belirli ekipmanlara odaklanmaktadir.
Buna karsin gergek isletme kosullarindan elde edilen saha bulgularini sistematik risk analizi ile
birlikte degerlendiren ¢aligmalar sinirlidir.

Bu ¢alisma, literatiir bulgularin1 Tirkiye'de isletmede bulunan sebeke baglantili fotovoltaik
santrallerden elde edilen saha gozlemleri ile biitiinlestirerek FMEA tabanli bir risk
degerlendirme yaklagimi sunmaktadir. Elde edilen bulgular dogrultusunda AFCI, SPD,
termografik izleme, izolasyon direnci dl¢cimleri, uygun konnektor secimi ve planl onleyici
bakim uygulamalarin1 kapsayan uygulanabilir donanimsal yangin Onleme Onerileri
gelistirilmistir.

Bu yoniiyle calisma, fotovoltaik sistemlerde yangin risklerinin degerlendirilmesine yonelik
teorik bilgileri saha deneyimi ile destekleyerek bakim miihendisleri, tasarimeilar ve isletmeciler
icin uygulanabilir bir miithendislik yaklagimi ortaya koymaktadir. [1], [3], [7].

6. SONUCLAR VE ONERILER
Bu calismada fotovoltaik sistemlerde yangin olusumuna neden olan temel elektriksel ariza

mekanizmalari, literatlir taramasi, saha gozlemleri ve FMEA yontemi birlikte kullanilarak
degerlendirilmistir. Elde edilen bulgular, yangin riskinin tek bir ekipmandan degil, sistem
bilesenlerinde zamanla gelisen elektriksel ve mekanik arizalarin Dbirlesik etkisinden
kaynaklandigin1 gostermistir. FMEA sonuglarina goére DC seri ark hatalari, konnektor
bozulmalar ve kablo yalitim hasarlar1 en yiiksek Risk Oncelik Sayisina (RPN) sahip kritik ariza
mekanizmalar1 olarak belirlenmistir. Inverter i¢ arizalar1 ve baglanti kutusu problemleri ise
yuksek risk grubunda degerlendirilmistir. Bu sonuglar, literatiirde bildirilen bulgular ile uyumlu
olup saha gozlemleri ile desteklenmistir.

Termografik incelemeler, klasik elektriksel Ol¢iimler veya inverter alarm kayitlar ile
belirlenemeyen sicaklik anomalilerinin erken asamada tespit edilmesini saglayarak yangin
riskinin azaltilmasinda etkili bir kestirimci bakim yontemi olarak one ¢ikmaistir.

Elde edilen bulgular dogrultusunda; AFCI kullanimi, sertifikali DC konnektorlerinin tercih
edilmesi, periyodik termografik incelemeler, izolasyon direnci Olglimleri, inverter sogutma
sistemleri ile SPD'lerin diizenli kontrolii ve risk onceliklerine dayali bakim programlarinin
uygulanmasi1 fotovoltaik sistemlerde yangin giivenliginin artirilmasina yonelik temel
miihendislik uygulamalari olarak 6nerilmektedir [10], [11], [12].
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Sonug olarak 6nerilen FMEA tabanli degerlendirme yaklasimi, fotovoltaik sistemlerde yangin
risklerinin sistematik olarak analiz edilmesine ve bakim faaliyetlerinin risk onceliklerine gore
planlanmasina katki saglayan uygulanabilir bir miihendislik ¢er¢evesi sunmaktadir.

KAYNAKCA

[1] M. K. Alam, F. Khan, J. Johnson, and J. Flicker, A Comprehensive Review of Catastrophic
Faults in PV Arrays: Types, Detection, and Mitigation Techniques, IEEE Journal of
Photovoltaics, vol. 5, no. 3, pp. 982-997, May 2015, doi: 10.1109/JPHOTOV.2015.2397599.

[2] D. S. Pillai and N. Rajasekar, A Comprehensive Review on Protection Challenges and Fault
Diagnosis in PV Systems, Renewable and Sustainable Energy Reviews, vol. 91, pp. 18-40,
2018, doi: 10.1016/j.rser.2018.03.082.

[3] J. A. Tsanakas, L. Ha, and C. Buerhop, Faults and Infrared Thermographic Diagnosis in
Operating c-Si Photovoltaic Modules: A Review, Renewable and Sustainable Energy Reviews,
vol. 62, pp. 695-709, 2016, doi: 10.1016/j.rser.2016.04.079.

[4] Z. Wu, Y. Hu, J. X. Wen, F. Zhou, and X. Ye, A Review for Solar Panel Fire Accident
Prevention in Large-Scale PV Applications, IEEE Access, vol. 8, pp. 132466-132480, 2020,
doi: 10.1109/ACCESS.2020.3010212.

[5] R. F. Ammerman, T. Gammon, P. K. Sen, and J. P. Nelson, DC Arc Models and Incident-
Energy Calculations, IEEE Transactions on Industry Applications, vol. 46, no. 5, pp. 1810—
1819, Sep.—Oct. 2010, doi: 10.1109/T1A.2010.2057497.

[6] E. Skoplaki and J. A. Palyvos, On the Temperature Dependence of Photovoltaic Module
Electrical Performance: A Review of Efficiency/Power Correlations, Solar Energy, vol. 83, no.
5, pp. 614-624, 2009, doi: 10.1016/j.solener.2008.10.008.

[7] U. Jahn, M. Herz, M. Kontges, D. Parlevliet, and M. Paggi, Review on Infrared and
Electroluminescence Imaging for PV Field Applications, IEA PVPS Task 13, Report IEA-
PVPS T13-12:2018, International Energy Agency Photovoltaic Power Systems Programme
(IEA PVPS), 2018.

[8] International Electrotechnical Commission, IEC 60812:2018, Failure Modes and Effects
Analysis (FMEA and FMECA), Geneva, Switzerland, 2018.

[9] International Electrotechnical Commission, IEC 61730-1:2023, Photovoltaic (PV) Module
Safety Qualification — Part 1: Requirements for Construction, Geneva, Switzerland, 2023.

[10] International Electrotechnical Commission, IEC 63027:2023, Photovoltaic Power Systems
— DC Arc Detection and Interruption, Geneva, Switzerland, 2023.

121



BURSA 7" INTERNATIONAL CONFERENCE ON ENGINEERING and MATHEMATICS
July 35,2026 - BURSA
ISBN NR. : 978-625-8795-27-1

[11] National Fire Protection Association, NFPA 70: National Electrical Code, 2023 Edition,
Quincy, MA, USA, 2023.

[12] UL Standards & Engagement, UL 1699B, Outline of Investigation for Photovoltaic (PV)
DC Arc-Fault Circuit Protection, Northbrook, IL, USA.

[13] International Energy Agency Photovoltaic Power Systems Programme (IEA PVPS),
Trends in Photovoltaic Applications 2024, Task 1, 2024.

[14] International Renewable Energy Agency (IRENA), Renewable Capacity Statistics 2024,
Abu Dhabi, United Arab Emirates, 2024.

[15] Tiirkiye Elektrik Iletim A.S. (TEIAS), Tiirkiye Elektrik Kurulu Gii¢ Raporu, Ankara,
Turkiye, 2024.

[16] Fraunhofer Institute for Solar Energy Systems ISE, Photovoltaics Report, Freiburg,
Germany, 2024.

122



BURSA 7" INTERNATIONAL CONFERENCE ON ENGINEERING and MATHEMATICS
July 35,2026 - BURSA
ISBN NR. : 978-625-8795-27-1

IOT TABANLI COK SENSORLU SU KALITESI iZLEME VE BULANIK MANTIK
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OZET

Su kaynaklarinin siirdiiriilebilir bigimde izlenmesi; insan sagligi, tarimsal {iretim ve ¢evresel
ekosistemlerin korunmasi agisindan Onemli bir gerekliliktir. Mevcut su kalitesi izleme
sistemlerinin 6nemli bir kism1 sinirli sayida parametre 6l¢mekte veya coklu dl¢lim yapabilse
dahi elde edilen ham verileri dogrudan kullanici i¢in yorumlanabilir bir kalite gostergesine
dontistirememektedir. Bu ¢alismada, suyun fizikokimyasal durumunu gergek zamanli olarak
degerlendirmeye yonelik, diisiik maliyetli ve IoT tabanli ¢ok sensorlii bir gdmiilii sistem
prototipi gelistirilmistir. Onerilen sistem; pH, elektriksel iletkenlik (EC), toplam ¢dziinmiis kat1
madde (TDS), ¢oziinmiis oksijen (DO), oksidasyon-indirgeme potansiyeli (ORP), bulaniklik,
sicaklik ve su seviyesi olmak iizere sekiz farkli parametrenin izlenmesine olanak saglamaktadir.
Donanim mimarisi, ESP32 mikrodenetleyicisi ve 16-bit ¢oziiniirliige sahip ¢ift ADS1115
analog-dijital gevirici modiilii tizerine kurulmustur. Ayni s1vi ortaminda ¢alisan analog kanallar
arasinda olusabilecek gecici kararsizliklart azaltmak amaciyla sirali 6rnekleme ve medyan
tabanl filtreleme yaklagimi kullanilmigtir. Karar katmaninda, kati esik degerleri yerine yamuk
bulanik tiyelik fonksiyonlarina dayali profil tabanli bir bulanik mantik modeli uygulanmistir.
Boylece sensorlerden elde edilen veriler, segilen kullanim profiline gore agirliklandirilarak 0—
100 araliginda bir Su Kalitesi indeksi (WQI) skoruna déniistiiriilmiistiir. Sistem; i¢gme suyu,
tarimsal sulama, akvaryum, havuz ve kahve demleme suyu profilleri i¢in farkli degerlendirme
yapabilmekte ve sonuglar1 Blynk IoT arayiizii iizerinden kullaniciya sunabilmektedir. On
deneysel sonugclar, gelistirilen prototipin ¢coklu sensor verilerini yerel olarak isleyebildigini ve
baglama duyarl bir karar destek ¢iktisi iiretebildigini gdstermektedir.

Anahtar Kelimeler: Su Kalitesi Indeksi (WQI), Gémiilii Sistemler, Bulanik Mantik, Ug
Biligim, IoT.
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I0T BASED MULTI-SENSOR WATER QUALITY MONITORING AND EDGE
DECISION SUPPORT SYSTEM WITH FUZZY LOGIC

ABSTRACT

The sustainable monitoring of water resources is an important requirement for protecting
human health, supporting agricultural production, and maintaining environmental ecosystems.
Many existing water quality monitoring systems are limited to a small number of parameters
or, even when multiple parameters are measured, they often do not convert raw sensor data into
an interpretable quality indicator for the end user. In this study, a low-cost, loT-based multi-
sensor embedded system prototype is developed for the real-time assessment of the
physicochemical condition of water. The proposed system enables the monitoring of eight
parameters: pH, electrical conductivity (EC), total dissolved solids (TDS), dissolved oxygen
(DO), oxidation-reduction potential (ORP), turbidity, temperature, and water level. The
hardware architecture is built around an ESP32 microcontroller and two external 16-bit
ADS1115 analog-to-digital converter modules. To reduce possible cross-talk and ground-loop
effects among analog sensors operating in the same liquid medium, a hardware power-
switching strategy and a software-based time-division measurement approach are employed. In
the decision layer, a profile-based fuzzy logic model using trapezoidal membership functions
is implemented instead of rigid threshold-based rules. In this way, the sensor data are weighted
according to the selected usage profile and converted into a Water Quality Index (WQI) score
ranging from 0 to 100. The system can perform different evaluations for drinking water,
agricultural irrigation, aquarium water, pool water, and coffee brewing water profiles, while
presenting the results to the user through the Blynk loT interface. Preliminary experimental
results indicate that the developed prototype can locally process multi-sensor data and generate
a context-aware decision-support output.

Keywords: Water Quality Index (WQI), Embedded Systems, Fuzzy Logic, Edge Computing,
loT.
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1. GIRIS

Su kaynaklarmin gilivenilir bicimde izlenmesi; insan sagligi, tarimsal iiretim, su iriinleri
yetistiriciligi, endiistriyel siiregler ve ekosistem stirekliligi agisindan temel bir miithendislik
problemidir. Su kalitesi, yalnizca tek bir fiziksel veya kimyasal biiyiikliikle tanimlanamayacak
kadar ¢ok boyutlu bir yapiya sahiptir. pH, elektriksel iletkenlik, toplam ¢6zlinmiis kat1 madde,
¢Oziinmiis oksijen, oksidasyon-indirgeme potansiyeli, bulaniklik ve sicaklik gibi parametreler;
suyun kullanim amacina, bulundugu ortama ve maruz kaldig1 kirletici tiiriine bagli olarak farkl
anlamlar tastyabilmektedir [1]-[4]. Bu nedenle su kalitesinin yalnizca donemsel laboratuvar
analizleriyle degil sahada siirekli 6l¢iim yapabilen, diisiik maliyetli ve yorumlanabilir karar
ciktisi iiretebilen sistemlerle takip edilmesi giderek daha 6nemli hale gelmistir [5]-[7].

Geleneksel su kalitesi analizleri cogunlukla sahadan numune alinmasi, numunenin laboratuvara
tasinmasi ve standart kimyasal, biyolojik veya optik yontemlerle incelenmesi sireclerine
dayanir. Bu yontemler yiliksek dogruluk saglayabilse de zaman maliyeti, uzman personel
ihtiyaci, saha kosullarina anlik tepki verememe ve 0l¢iim siireksizligi gibi sinirliliklara sahiptir
[1], [5]. Ozellikle ani kimyasal sizintilar, tarimsal yiizey akisi, endiistriyel desarjlar veya
akvaryum/havuz gibi kapali sistemlerde hizli degisen su kosullar1 s6z konusu oldugunda,
laboratuvar tabanli yaklasim erken uyari ihtiyacini tek basina karsilayamamaktadir. Bu nedenle
cevrimici su kalitesi izleme sistemleri, erken uyar1 ve ger¢ek zamanli gevresel karar destek
uygulamalarinda 6nemli bir arastirma yonelimi haline gelmistir [5], [6], [8].

Son yillarda Nesnelerin Interneti (IoT), kablosuz sensor aglar1 (WSN), diisiik giiclii haberlesme
protokolleri ve gomiilii sistem teknolojilerindeki gelismeler, su kalitesi izleme siireglerini
laboratuvar merkezli yapidan saha tabanli ve siirekli 6l¢lim yapabilen mimarilere tagimistir [7],
[9]-[12]. Bu kapsamda gelistirilen ¢alismalarda genellikle pH, sicaklik, bulaniklik, iletkenlik,
TDS ve ¢oziinmils oksijen gibi parametreler sensorler aracilifiyla ol¢iilmekte; elde edilen
veriler Wi-Fi, GSM/GPRS, LoRa, ZigBee veya benzeri haberlesme altyapilariyla sunucuya ya
da bulut platformlarina aktarilmaktadir [10], [13]-[16]. Ornegin GPRS tabanli otomatik su
kalitesi izleme sistemleri, ¢ok parametreli 6l¢iim cihazlarindan alinan verilerin merkezi izleme
birimlerine aktarilabilecegini gostermistir [13]. Genis alanli WSN uygulamalarinda ise veri
trafigini azaltmak ve haberlesme giivenilirligini artirmak amaciyla ortalama alma ve
yonlendirme tabanli veri azaltma yaklasimlar1 kullanilmistir [14]. Buna karsin bu sistemlerin
onemli bir boliimii, mikrodenetleyici diiglimiinii cogunlukla ham veri toplayici ve iletici olarak
konumlandirmakta; ol¢timlerin baglama duyarli yorumlanmast ¢ogunlukla merkezi yazilim
veya kullanict yorumuna birakilmaktadir.

Literatiirdeki IoT tabanli su kalitesi izleme ¢aligmalarinda iki egilim dikkat cekmektedir. ilk
egilim, diisiik maliyetli mikrodenetleyici tabanli 6l¢iim sistemlerinin gelistirilmesidir. Bu
gruptaki caligsmalarda Arduino, NodeMCU, ESP8266/ESP32 veya benzeri gelistirme
kartlariyla pH, bulaniklik, sicaklik, TDS ve iletkenlik gibi temel parametreler izlenmekte;
veriler ¢ogunlukla ThingSpeak, Blynk veya 0©zel sunucu araylizleriyle kullaniciya
sunulmaktadir [15]-[17]. Bu yaklasim, diisiik maliyet ve uygulanabilirlik agisindan degerli
olmakla birlikte, ¢ogu zaman Olciilen parametrelerin tek tek degerlendirilmesiyle sinirl
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kalmakta ve ¢ok parametreli bir kalite kararinin nasil iiretilecegi yeterince ele alinmamaktadir.
Ikinci egilim ise makine 6grenmesi ve derin dgrenme tabanli su kalitesi tahmin modelleridir
[18]-[22]. Bu ¢alismalar dogrusal olmayan iliskileri modelleyebilmek agisindan giigliidiir;
ancak ytiksek veri ihtiyaci, model egitimi, bellek kullanimi, islem giicii ve enerji tiikketimi gibi
nedenlerle kaynak kisitli mikrodenetleyici tabanli u¢ cihazlara dogrudan uygulanmalar1 her
zaman pratik degildir.

Cok sensorlii su kalitesi izleme sistemlerinde yalnizca yazilim tarafi degil, donanim tarafi da
kritik simirliliklar icermektedir. Ayni sivi ortamina daldirilan analog sensér problari, 6zellikle
iletkenlik, TDS ve ORP gibi elektriksel etkilesim i¢eren 6l¢iim kanallari nedeniyle birbirlerinin
Olctim kararliligini etkileyebilir. pH ve ORP gibi yiiksek empedansli ve hassas elektrokimyasal
Olciimlerde kiiglik girisimlerin bile ©0l¢iim sapmasina yol agabilmesi, c¢oklu prob
entegrasyonunu dikkatli bir analog 6n-ug ve 6l¢iim zamanlamasi problemi haline getirmektedir
[5], [6]. Endustriyel uygulamalarda bu tiir girisimleri azaltmak i¢in galvanik izolasyon, ayri
besleme hatlari, izole donistiiriiciiler veya profesyonel c¢ok parametreli problar
kullanilabilmektedir. Ancak diisiik maliyetli IoT tabanli prototiplerde bu c¢oziimler sistem
maliyetini ve karmasikligini artirmaktadir. Bu nedenle gii¢ anahtarlama, zaman bdlmeli 6l¢tim
ve yazilimsal filtreleme gibi diisiik maliyetli yaklasimlar, akademik prototipler ve saha
uygulanabilirligi agisindan anlamli bir alternatif sunmaktadir.

Su kalitesi kararinin iiretilmesinde karsilasilan bir diger sorun ise deterministik esik
degerlerinin gevresel degiskenlerin siirekli dogasini yeterince temsil edememesidir. Klasik esik
tabanli sistemlerde bir parametrenin Onceden tanimlanmig sinir1 ¢ok az agmasi, sistemin
kararini ani bi¢imde “uygun” durumdan “uygun degil” durumuna ¢evirebilmektedir. Oysa su
kalitesi parametreleri 6l¢iim giiriiltiisii, sicaklik etkisi, sensor kararliligi ve kullanim baglamina
bagli olarak gecis bolgeleri icerebilir. Bu nedenle bulanik mantik, su Kkalitesi
degerlendirmesinde belirsizligi ve ara durumlar1 temsil etmek i¢in uygun bir yontem olarak one
cikmaktadir [19], [20]. Bulanik mantik tabanli yaklagimlar, sensor degerlerini keskin siiflara
ayirmak yerine iiyelik dereceleriyle ifade ederek daha yumusak, agiklanabilir ve diisiik islem
maliyetli karar modelleri olusturabilir. Bu 06zellik, kaynak kisith ESP32 gibi
mikrodenetleyiciler lizerinde gergek zamanli calisabilecek karar destek algoritmalart igin
onemli bir avantajdir.

Su Kalitesi Indeksi (Water Quality Index, WQI), ¢cok sayida fizikokimyasal parametreyi tek bir
boyutsuz kalite gostergesine indirgemek igin yaygin olarak kullanilan bir yaklasimdir [2]-[4].
Klasik WQI modellerinde parametrelerin agirliklandirilmas: genellikle belirli standartlara,
uzman goriisline veya calisma amacina gore yapilmaktadir. Ancak suyun kullanim amaci
degistiginde aym parametrenin kalite iizerindeki etkisi de degisebilir. Ornegin TDS veya
elektriksel iletkenlik artis1 igme suyu i¢in istenmeyen bir durum olarak degerlendirilirken,
tarimsal sulama baglaminda belirli sinirlar i¢inde besin yogunlugu ile iligkilendirilebilir. Benzer
bicimde ORP degeri havuz suyu dezenfeksiyon takibinde belirleyici olabilirken, kahve
demleme suyu i¢in TDS ve pH daha anlamli parametrelerdir. Bu nedenle tek bir sabit WQI
modeli yerine, kullanim profiline gore sensor agirliklarini ve iyelik sinirlarint degistirebilen
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baglama duyarli bir karar yapisi, ¢cok amacli diisiik maliyetli su izleme prototipleri i¢in daha
uygundur.

Bu ¢alismada, yukarida 6zetlenen gereksinimler dogrultusunda IoT tabanli, ¢ok sensorlii ve
profil duyarl bir su kalitesi izleme prototipi gelistirilmistir. Sistem; pH, elektriksel iletkenlik
(EC), toplam ¢oziinmiis kati madde (TDS), ¢oziinmiis oksijen (DO), oksidasyon-indirgeme
potansiyeli (ORP), bulaniklik, sicaklik ve su seviyesi olmak iizere sekiz farkli parametrenin
izlenmesine olanak saglamaktadir. Donanim mimarisi ESP32 mikrodenetleyicisi ve 16-bit
¢Oziinlirliige sahip ¢ift ADS1115 analog-dijital ¢evirici modiilii iizerine kurulmustur. Analog
Olctim kanallarinda olusabilecek kararsizliklari ve ¢apraz girisim etkilerini azaltmak amaciyla
zaman bolmeli 6l¢iim, sensor gii¢c kontrolii ve medyan filtreleme adimlarindan yararlanilmistir.
Karar katmaninda ise yamuk iiyelik fonksiyonlarina dayali profil tabanli bir bulanik WQI
modeli uygulanmistir. Boylece sistem, Olglilen ham verileri yalnizca kullaniciya sunmakla
kalmamakta, secilen kullanim amacina gore 0—100 araliginda yorumlanabilir bir kalite skoru
uretmektedir.

2. MATERYAL VE YONTEM
2.1. Genel Sistem Mimarisi

Bu ¢alismada gelistirilen prototip, ¢coklu su kalitesi parametrelerini 6lgebilen, dlgllen verileri
yerel olarak isleyebilen ve sonuglar1 10T araylizii iizerinden kullaniciya sunabilen gémiilii bir
karar destek sistemi olarak tasarlanmigtir. Sistem mimarisi dort ana katmandan olugmaktadir:
sensOr katmani, analog-dijital veri toplama katmani, gomiilii islem katmanm ve IoT tabanh
kullanici arayiizii. Sensor katmaninda pH, elektriksel iletkenlik (EC), toplam ¢6ziinmiis kati
madde (TDS), ¢6ziinmiis oksijen (DO), oksidasyon-indirgeme potansiyeli (ORP), bulaniklik,
sicaklik ve su seviyesi parametreleri izlenmektedir. Gomiilii islem katmaninda ise ham sensor
verileri filtrelenmekte, fiziksel biiyiikliiklere doniistiiriilmekte ve sonraki agamada profil tabanli
bulanik WQI modeline aktarilmaktadir.

Sistemin genel donanim yapis1 Sekil 1’de verilmistir. Gelistirilen yap1, klasik IoT tabanli su
kalitesi izleme sistemlerinden farkli olarak yalnizca ham veriyi uzaktaki bir platforma iletmeyi
degil, ol¢iim verilerini ug cihaz iizerinde On isleme ve karar destek asamalarindan gecirmeyi
hedeflemektedir.
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EDGE Al TABANLI IOT VERI AKISI: SENSORLERDEN BULUTA
Yerel isleme ve Bulut Analizi

Gorsel 1. Gelistirilen IoT tabanli ¢ok sensorlii su kalitesi izleme sisteminin genel mimarisi.
2.2. Donanim Bilesenleri ve ADC Kanal Dagilimi

Gelistirilen prototipin ana kontrol birimi olarak ESP32 mikrodenetleyicisi kullanilmistir.
ESP32, entegre Wi-Fi/Bluetooth baglantisi, ¢ift ¢ekirdekli islemci yapist ve gomiilii sistem
uygulamalarina uygun diisik maliyetli mimarisi nedeniyle tercih edilmistir [23].
Elektrokimyasal sensorlerden elde edilen analog ¢ikislarin daha kararli bicimde
sayisallagtirilmas1 amaciyla ESP32°nin dahili ADC birimleri yerine iki adet harici ADS1115
analog-dijital doniistiiriici. modilii  kullamilmistir.  ADS1115, 16-bit ¢Ozindrlik ve
programlanabilir kazang ylikselteci igeren diisiik giicli bir ADC’dir [24].

Bu calismada ADS1115 modiilleri I°C veri yolu iizerinden farkli adreslerle calistirilmistir.
Birinci ADC modiilii 0x48 adresine, ikinci ADC modiilii ise 0x49 adresine atanmistir. Boylece
analog kanallar fiziksel olarak gruplanmis ve sensor baglantilar1 daha diizenli hale getirilmistir.
Kullanilan donanim bilesenleri Cizelge 1°de, ADC kanal dagilimi ise Cizelge 2°de verilmistir.

Cizelge 1. Gelistirilen prototipte kullanilan temel donanim bilesenleri.

Bilesen Gorevi Aciklama

ESP32 Ana kontrol ve kablosuz iletisim | SCnS0" Okuma, on isleme, WQI hesabi ve Blynk
baglantisi

ADS1115-1 Analog veri toplama TDS, EC ve DO sensor kanallari

ADS1115-2 Analog veri toplama Bulaniklik, ORP ve pH sensor kanallari

DS18B20 Sicaklik 6l¢timi Sicaklik kompanzasyonu i¢in kullanilmistir

Seviye sensoru | Guvenlik/durum bilgisi Olgiim ortamindaki su seviyesini izler

Blynk loT Kullanicr arayiizii Sensor verileri, WQI skoru ve profil segimi

Cizelge 2. Sensorlerin ADC kanal dagilimi.

ADC adresi / baglanti | Kanal Olgiilen parametre | Birim
ADS1115, 0x48 Al TDS ppm
ADS1115, 0x48 A2 EC pS/cm
ADS1115, 0x48 A3 DO mg/L
ADS1115, 0x49 A0 Bulaniklik NTU
ADS1115, 0x49 Al ORP mV
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ADS1115, 0x49 A2 pH -
ESP32 dijital giris GPIO4 | Sicaklik °C
ESP32 dijital giris GPIO5 | Su seviyesi Yeterli / yetersiz

ADSI1115 modiilleri yazilimsal olarak GAIN TWOTHIRDS modunda ¢alistirilmistir. Bu
modda ADC’nin tam 0lgekli giris aralig1 yaklasik £6.144 V olup teorik LSB degeri Denklem
(1) ile hesaplanabilir [24]:

FSR

Visg = 15 (1)
6.144

VLSB = 32768 ~ 0.1875 mV (2)

Bu c¢oziiniirlik, pH, ORP ve DO gibi diisiik genlikli analog cikislara sahip sensorlerin
mikrodenetleyici ortaminda daha kararli bigimde okunmasina katki saglamaktadir.

2.3. Sensor Verilerinin Fiziksel Biiyiikliiklere Doniistiiriilmesi

Analog sensorlerden elde edilen gerilim degerleri, ilgili sensor karakteristiklerine gore fiziksel
biiyiikliiklere doniistiiriilmiistiir. Sicaklik degisiminin elektrokimyasal sensorler lizerindeki
etkisini azaltmak icin bazi parametrelerde sicaklik kompanzasyonu uygulanmistir. DS18B20
sicaklik sensorii, 1-Wire haberlesme protokoliiyle ESP32’ye baglanmis ve anlik su sicakligi
Tolarak ol¢tilmiistiir [25].

TDS hesabinda oncelikle sicaklik kompanzasyon katsayist uygulanmis ve diizeltilmis gerilim
degeri Denklem (3) ile hesaplanmistir:

—_ Vmos
VTDS,C T 140.02(T-25) (3)

Daha sonra TDS degeri Denklem (4)’te verilen polinom yaklasimi ile elde edilmistir:
TDS = (133.42V3)s . — 255.86Vps . + 857.39Vrps) X 0.5 (4)

Elektriksel iletkenlik 6lgtimiinde sicaklik etkisi Denklem (5) ile azaltilmistir:

1000VEc

Vece = 140.0185(T—25) Y

Diizeltilmis Vgc . degeri, sensor tretici egrisine dayali parga-par¢a dogrusal doniigiim
fonksiyonu ile EC degerine dontistiiriilmiistiir:

EC = fgc (VEc,c) (6)

pH degeri, pH 7 referans gerilimi ve sensdr egimi dikkate alinarak Denklem (7) ile
hesaplanmaistir:
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pH =7 — S,y (Vpu —V7) + Opy (7)

Burada S, pH sensdorii egimini, V; pH 7 tampon ¢ozeltisine karsilik gelen referans gerilimini,
O,y ise kalibrasyon ofsetini gostermektedir.

Bulaniklik degeri, temiz su referans gerilimine gore Denklem (8) ile hesaplanmaistir:

. _ KT(Vclear - Vturb)» Vturb < Vclear
Turbidity = { 0, Ve = Vg (8)

ORP degeri ise sensor ¢ikis geriliminin mV olgegine tasinmasi ve ofset diizeltmesiyle elde
edilmistir:

ORP = 1000Vorp — Vo fset 9)

Cozlinmiis oksijen degeri, sicakliga bagli doygunluk tablosu ve kalibrasyon gerilimi
kullanilarak Denklem (10) ile hesaplanmuistir:

1000V po-S(T)

bo Vsat(T)-1000

(10)

Burada S(T'), sicakliga bagli doygun oksijen katsayisini; Vg, (T) ise kalibrasyon sicakligina
gore diizeltilmis doygunluk gerilimini ifade etmektedir.

2.4. Sirah Ol¢iim Protokolii ve Medyan Filtreleme

Cok sensorlii analog Ol¢iim sistemlerinde ayni sivi ortaminda bulunan problar, 6zellikle
iletkenlik ve TDS gibi aktif 6l¢lim yapan kanallar nedeniyle gecici 6l¢iim kararsizliklarina
neden olabilir. Bu etkiyi azaltmak amaciyla sensor kanallar1 ayni anda degil, sirali bir 6l¢tim
protokoliiyle okunmustur. Boylece her sensor kanali i¢in ayri bir ornekleme penceresi
olusturulmus ve ham veriler karar algoritmasina aktarilmadan 6nce filtrelenmistir.

Her analog kanal i¢in N = 15 adet ardisik gerilim 6rnegi alinmustir:

Vi = {Vi1,Vi2 ., Vin} (11)

Burada v;, i. sensdr kanalindan alinan gerilim ornekleri dizisini gdstermektedir. Olgiim
sirasinda olusabilecek ani piklerin ve tekil aykirt degerlerin etkisini azaltmak amaciyla
aritmetik ortalama yerine medyan tabanli filtreleme uygulanmistir. Filtrelenmis gerilim degeri
Denklem (12) ile tanimlanmuistir:

D; = median(v;) (12)

Medyan filtre, tekil ytliksek veya diisiik genlikli giiriiltii 6rneklerine karsi aritmetik ortalamaya
gore daha dayanikli bir yap1 sunmaktadir. Su kalitesi verilerinin 6n islenmesi literatiirde de
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Oonemli bir agsama olarak ele alinmakta; eksik, hatali veya giiriiltiilii verilerin karar ya da tahmin
modeline aktarilmadan 6nce temizlenmesi gerektigi vurgulanmaktadir [17]. Bu caligmada
kullanilan medyan tabanli yaklasim, smirli bellek ve islem giiciine sahip mikrodenetleyici
tizerinde diisiik maliyetli bir aykir1 deger bastirma yontemi olarak uygulanmaistir.

2.5. 10T Tabanh Veri Aktarimi ve Kullanic1 Arayiizii

Olgiilen sensor degerleri, hesaplanan WQI skoru ve kalite durumu Blynk loT platformu
tizerinden kullanictya sunulmustur. ESP32’nin Wi-Fi baglantis1 kullanilarak sensor verileri
belirli araliklarla Blynk sanal pinlerine aktarilmistir. Ayni arayiiz lizerinden kullanici, su
kullanim profilini se¢ebilmekte ve sistemin igme suyu, tarimsal sulama, akvaryum, havuz veya
kahve demleme suyu baglaminda farkli degerlendirme yapmasini saglayabilmektedir.

Cizelge 3. Blynk arayiiziine aktarilan temel degiskenler.

Blynk pini | Degisken Aciklama

VO pH pH 6lgcuimi

V1 EC Elektriksel iletkenlik

V2 TDS Toplam ¢oziinmiis kat1 madde
V3 DO Coziinmiis oksijen

V4 Bulaniklik | NTU cinsinden bulaniklik degeri
V5 ORP Oksidasyon-indirgeme potansiyeli
V6 Sicaklik Su sicakligt

V7 Seviye Su seviyesi durumu

V8 Profil Kullanim profili se¢imi

V9 waQl Su kalitesi indeksi

V10 Durum Kalite sinifi

Bu yap1 sayesinde kullanici, ham sensor degerlerinin yaninda sistem tarafindan iiretilen
boyutsuz WQI skorunu ve yorumlanmis kalite durumunu gercek zamanli olarak
izleyebilmektedir. Boylece Onerilen prototip, yalnizca veri toplayan bir IoT diiglimii olmaktan
cikarak yerel 6n isleme ve profil tabanli karar destegi sunan diisiik maliyetli bir gomiilii sistem
yapisina dontismektedir.

3. PROFIL TABANLI BULANIK WQI MODELI

Su kalitesi parametreleri dogasi geregi keskin sinirlara sahip degildir. pH, elektriksel iletkenlik,
bulaniklik veya ¢6ziinmiis oksijen gibi degiskenlerde kiiciik sinir degisimleri, suyun aniden
tamamen uygun ya da tamamen uygunsuz hale geldigi anlamina gelmez. Bu nedenle yalnizca
sabit esik degerlerine dayali karar yapilari, ¢evresel parametrelerin siirekli degisen karakterini
temsil etmekte yetersiz kalabilmektedir. Bu ¢calismada bu sinirlilig1 azaltmak amaciyla, bulanik
kiimeler teorisine dayali agiklanabilir ve diisiik islem yikiine sahip bir karar modeli
kullanilmistir [19], [20].
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Gelistirilen modelde her sensor ¢iktisi, secilen kullanim profiline gore tanimlanan kabul
edilebilir ve ideal deger araliklar1 dikkate alinarak 0—100 araliginda boyutsuz bir uygunluk
puanina doniistiirilmiistiir. Boylece sistem, yalnizca ham sensor degerlerini kullaniciya sunmak
yerine, Olgiilen suyun secilen kullanim amaci agisindan genel durumunu tek bir Su Kalitesi
Indeksi (WQI) skoru ile ifade etmektedir. WQI yaklasimi, farkl: su kalitesi parametrelerini tek
bir kalite gdstergesine indirgemek i¢in literatiirde yaygin olarak kullanilmaktadir [2], [3].

3.1. Yamuk Bulanik Uyelik Fonksiyonu

Bu ¢alismada her bir parametre i¢in yamuk tipli iiyelik fonksiyonu kullanilmistir. Burada x;, i.
sensorden elde edilen 6lgim degerini; a;ve d;, ilgili parametre igin kabul edilebilir alt ve st
sinirlart; b;ve c;ise ideal arali1 gostermektedir. Kullanilan sinirlar,

a; < bi < Ci < di (13)

kosulunu saglamaktadir. Ilgili sensér icin normalize edilmis iiyelik derecesi Denklem (14)’te
verilmigtir.

(0, x; < a;
%, a; < x; <b;
pi(x)=< 1, b<x<¢ (14)
%, ¢ <x; <d;
\ 0, x; = d;

Burada p;(x;) degeri 0 ile 1 arasinda normalize edilmis tiyelik derecesidir. Gomull sistemde
kullaniciya daha anlasilir bir olgek sunmak amaciyla bu deger 0-100 araligina
doniistiiriilmiistiir:

Fi(x;) = 100 p;(x;) (15)
0 < F;(x;) <100 (16)
Denklem (15)’teki F;(x;), ilgili parametrenin seg¢ilen profil agisindan uygunluk puanini
gostermektedir. F;(x;) = 100 degeri ideal araligi, F;(x;) =0 degeri ise kabul edilebilir

sinirlarin disin1 ifade etmektedir. Kullanilan genel yamuk iiyelik fonksiyonu Sekil 2’de
verilmistir.
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Gorsel 2. Genel yamuk bulanik iyelik fonksiyonu.

Bulaniklik ve TDS gibi diisiik degerin tercih edildigi parametrelerde a; = b; segilerek sol gegis
bolgesi kaldirilabilir. Benzer sekilde, belirli bir degerin iizerindeki dl¢iimlerin uygun kabul
edildigi durumlarda c¢; = d; alinarak sag gegis bolgesi devre dis1 birakilabilir. Bu yapi1, ayni
tiyelik fonksiyonunun farkli su kalitesi parametrelerine esnek bicimde uygulanmasina olanak
saglamaktadir.

3.2. Profil Tabanh WQI Hesaplama

Bu calismada su kalitesi, tek bir sabit degerlendirme 6Slgiitiine gore degil, kullanim amacina
bagli olarak yorumlanmistir. Ciinkii ayn1 parametre farkli kullanim baglamlarinda farkli anlam
tastyabilir. Ornegin belirli bir iletkenlik artis1 tarimsal sulama acisindan besin/mineral
yogunlugu ile iligkili olabilirken, i¢me suyu agisindan istenmeyen ¢oziinmiis madde artisi
olarak degerlendirilebilir. Bu nedenle sistemde i¢gme suyu, tarimsal sulama, akvaryum, havuz
ve kahve demleme suyu olmak iizere bes farkli kullanim profili tanimlanmaistir.

Secilen profil pile gosterildiginde, profil tabanli WQI skoru Denklem (17)’deki agirlikli toplam
modeliyle hesaplanmistir.

n
wQI®P = Z ' w) F(x;) (17)

i=1

Burada Wi(p), pprofili igin i. sensoriin agirlik katsayisini; F;(x;), ilgili sensoriin bulanik
uygunluk puanini; nyise segilen profilde kullanilan aktif parametre sayisini ifade etmektedir.

Normalize edilmis bir indeks elde etmek i¢in her profil igin agirliklarin toplami 1 olacak sekilde
belirlenmistir:

n
Z " w® =1 (18)
i=1

Bu durumda WQI skoru 0 ile 100 arasinda boyutsuz bir kalite gostergesi olarak elde
edilmektedir:
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0 < WQI® <100 (19)

Profil tabanli bulanik WQI hesaplama siirecinin genel akis1 Sekil 3’te verilmistir. Buna gore
sensoOrlerden alinan ham veriler once kalibrasyon, sicaklik kompanzasyonu ve medyan
filtreleme islemlerinden gegirilmekte; ardindan bulanik {iyelik fonksiyonlar1 ile uygunluk
puanlarina doniistiiriilmektedir. Son asamada segilen kullanim profiline ait agirlik katsayilari
kullanilarak WQI skoru hesaplanmakta ve sonu¢ Blynk IoT arayliziine aktarilmaktadir.

( o (
= # ~
-0 g
E °oe%e
~H~ o SR A
S~ ° > Q
P - > a b el >
1. Sensor Okuma 2. Kalibrasyon ve 3. Medyan 4. Bulanik Uygunluk 5. Agirhkh 6. Durum
Sicaklik Kompanzasyonu Filtreleme Puanlannin Hesabi, F(x;) WQI Hesabi Siniflandirmasi ve
pH, EC, TDS, DO, o i Blynk loT Arayiizii
ORP, bulanikiik, Sensbr degerlerinin Gilriiltii bastirma Filtrelenmis sensor Bulanik uygunluk
sicaklik ve seviye diizeltiimas: ve sicaklik ve aykin degerlerin degerlerinin yamuk (trapezoidal) | puanlannin agirliklada WQI sonucunun yorumlanmasi
verileri kompanzasyonu giderilmesi Gyelik fonksiyonlar: ile bulanik birlestirilmesi ve Blynk loT arayiziinde
uygunluk puanlanina donistirdimesi gosterimi

b~

A. Profil Segimi Q] B. Profil Parametreleri
Ve
@ Igme Suyu, Tarim, - Uyelik siniran: a;, by, ¢i, d;
Akvaryum, Havuz, Kahve {g} (p)

AQrriik katsayilan: w;

Gorsel 3. Profil tabanli bulanik WQI hesaplama akig diyagrami.
3.3. Kullanim Profillerine Gore Sensér Agirhiklari

Her kullanim profili i¢cin aktif parametreler ve agirhik katsayilar1 farkli secilmistir. igme suyu
profilinde pH, TDS, bulaniklik ve ORP parametreleri; tarimsal sulama profilinde pH, EC ve
DO; akvaryum profilinde DO, pH, sicaklik ve bulaniklik; havuz profilinde ORP, pH ve
bulaniklik; kahve demleme suyu profilinde ise TDS, pH ve sicaklik dikkate alinmistir.
Kullanilan profil agirliklart Cizelge 4’te 6zetlenmistir.

Cizelge 4. Kullanim profillerine gore aktif parametreler ve agirlik katsayilari.

Profil WQI hesabinda kullanilan parametreler ve agirhklari
Igme suyu 0.35F,y + 0.25Frps + 0.30Fgyiamkuk + 0.10Fogp
Tarimsal sulama 0.40F,y + 0.40Fg + 0.20Fp,

Akvaryum 0.40Fpo + 0.30F,y + 0.20Fs,cquk + 0.10Fgyiamknk
Havuz 0.50Fprp + 0.35F,5 + 0.15Fpy1amknk

Kahve 0.60Frps + 0.30F,y + 0.10Fg,cqrnk

Cizelge 4’te goriildiigii iizere her profilin baskin parametresi farklidir. Igme suyu profilinde pH
ve bulaniklik, tarimsal sulamada pH ve EC, akvaryumda DO, havuzda ORP ve kahve demleme
suyu profilinde TDS daha yiiksek agirliga sahiptir. Bu agirliklandirma, sistemin tek bir sabit
kalite tanimi yerine kullanim baglamina gore farkli degerlendirme yapabilmesini
saglamaktadir. Sensor agirliklarinin profil bazli dagilimi Sekil 4’te verilmistir.
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Gorsel 4. Farkli su profillerine gore sensor agirlik katsayilarinin dagilima.
3.4. WQI Skorunun Simiflandirilmasi

Hesaplanan WQI skoru, son kullaniciya daha anlasilir bir karar ¢iktis1 sunmak amaciyla dort
kalite sinifina ayrilmistir. Bu siniflandirma Denklem (20)’de verilmistir.

Iyi / Milkkemmel, 76 < WQI < 100
Orta / Kullanilabilir, 51 < WQI <76
Kotii / Riskli, 26 < WQI <51

Cok Kotii / Tehlikeli, 0 < WQI < 26

Durum(WQI) = (20)

Bu smiflandirma yapisi, kullanicinin yalnizca ham sensér degerlerini degil, secilen kullanim
profiline gore yorumlanmis bir kalite durumunu da takip etmesini saglamaktadir. Bununla
birlikte WQI skoru, yasal veya saglik temelli standartlarin yerine gecen nihai bir uygunluk
karar1 olarak degil, ger¢ek zamanli 6n izleme ve karar destek goOstergesi olarak
degerlendirilmelidir. Ozellikle igme suyu gibi insan saghigi agisindan kritik uygulamalarda
WHO ve ilgili ulusal standartlarda tanimlanan sinir degerler ayrica dikkate alinmalidir [1].

Onerilen bulanik WQI modeli, karmagik bir egitim siireci veya yiiksek bellek gereksinimi
icermedigi icin mikrodenetleyici iizerinde gergek zamanli ¢aligmaya uygundur. Bu yoniiyle
sistem, ham verinin yalnizca buluta aktarildigi pasif izleme yaklagimlarina kiyasla, 6l¢iim
verilerini cihaz iizerinde yorumlayabilen daha islevsel bir yap: sunmaktadir.

4. DENEYSEL BULGULAR VE DEGERLENDIRME

Bu boéliimde, gelistirilen IoT tabanli ¢cok sensorlii su kalitesi izleme prototipinin temel lgiim,
on isleme, profil tabanli WQI hesaplama ve uzaktan izleme performansi degerlendirilmistir.
Deneysel siirecte pH, EC, TDS, DO, ORP, bulaniklik, sicaklik ve su seviyesi parametreleri
izlenmis; elde edilen veriler mikrodenetleyici iizerinde filtrelenerek bulanik mantik tabanli
WQI modeline aktarilmistir. Calismanin bu asamasindaki bulgular, sistemin laboratuvar
diizeyinde 6n dogrulamasina ve farkli anomali senaryolarina verdigi tepkilere dayanmaktadir.

4.1. Kalibrasyon ve Temel Ol¢iim Sonuclar:
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Prototipin saha testlerinden 6nce sensoérlerin temel kalibrasyon islemleri gerceklestirilmistir.
pH sensorii i¢in pH 4.0, pH 7.0 ve pH 10.0 tampon ¢ozeltileri; EC ve TDS kanallari igin 1413
uS/cm ve 12.88 mS/cm standart iletkenlik ¢ozeltileri; ORP kanali i¢in referans ORP ¢ozeltisi;
bulaniklik sensdrii i¢in ise temiz su referansi kullanilmistir. Coziinmiis oksijen Glgiimiinde
sicakliga bagli doygunluk degeri dikkate alinmus, sicaklik bilgisi DS18B20 sensoriinden
aliarak kompanzasyon asamasinda kullanilmistir.

Kalibrasyon sonrasi sistem, test su numunesi iizerinde test edilmistir. Bu testte sensorlerden
elde edilen degerler Blynk IoT arayiiziine aktarilmis ve secilen kullanim profiline gore WQI
skoru hesaplanmustir. Sekil 5’te goriildiigii lizere sistem, sensor degerlerini ve WQI sonucunu
ayni arayiizde gercek zamanli olarak sunabilmektedir. Ornek testte pH degerinin ndtre yakin
oldugu, EC ve TDS degerlerinin orta seviyede bulundugu, buna karsilik bulaniklik degerinin
yiiksek ve DO degerinin diisiik oldugu goriilmiistir. Bu ¢ok parametreli durum, sistemin
yalnizca tek bir sensor degerine baghh karar iiretmedigini, farkli parametreleri birlikte
degerlendirerek nihai kalite skorunu olusturdugunu gostermektedir.

WQl Master System - nacuwe

@

4 47 e mEm

pH Degeri listkenlik EC Toplam Kati TDS Oksijen DO

7.94 756.54 315.73 0.71
o 14 o 20,000 o 10,000 ] 20

Bulaniklik ORP Degeri Su Sicakligi Su Seviyesi

YETERLI
546.61 186.81 23.5

Su Profill Secimi

o 30,000 -2,000 2,000 o 50

WQI Skoru Kalite Durrumu

ORTA / KULLANIL
60.36

Gorsel 5. Blynk IoT arayiiziinde temel referans dlgtim degerleri ve profil tabanli WQI ¢iktisi.

Referans 6l¢timde icme suyu profili se¢ildiginde sistem yaklasik 60 seviyesinde bir WQI skoru
iiretmis ve sonucu “Orta / Kullanilabilir” sinifinda géstermistir. Bu sonug, pH ve sicaklik gibi
bazi parametrelerin uygun aralikta bulunmasina ragmen, yiiksek bulaniklik ve diisiik ¢6zlinmiis
oksijen degerlerinin kalite skorunu asagi ¢ektigini gostermektedir. Bununla birlikte, bu ¢ikti
nihai bir igme suyu uygunluk karari olarak degil, 6n izleme ve karar destek gostergesi olarak
degerlendirilmelidir.

4.2. Anomali Senaryolari

Gelistirilen sistemin farkli kirlilik degisimlerine verdigi tepkiyi degerlendirmek amaciyla
kontrollii anomali senaryolar1 uygulanmistir. ilk senaryoda numune suyuna askida partikiil
yogunlugunu artiracak bir miidahale yapilmis ve bulaniklik degerindeki artisin WQI skoruna
etkisi incelenmistir. Bulaniklik degerindeki artis, tiyelik fonksiyonu iizerinden kademeli bir
uygunluk kayb1 olusturmus ve WQI skorunun ani bir esik gegisi yerine daha yumusak bir diisiis
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gostermesini saglamistir. Bu davranis, bulanik tyelik fonksiyonlarinin kati if-else karar
yapilarina kiyasla gecis bolgelerini daha esnek temsil edebildigini gostermektedir.

Ikinci senaryoda pH degerinde asidik yone dogru kontrollii bir sapma olusturulmustur. pH
degerinin ideal araliktan uzaklasmasi, 6zellikle igme suyu profilinde kalite skorunu belirgin
bicimde diisiirmistiir. Bu sonug, pH parametresinin ilgili profil i¢in yiiksek agirliga sahip
olmasi nedeniyle WQI iizerinde dogrudan etkili oldugunu gostermektedir.

Uciincii senaryoda ise tarimsal drenaj/giibre sizintis1 benzeri cok degiskenli bir kirlilik durumu
olusturulmustur. Bu senaryoda EC ve TDS degerlerinde artis, pH degerinde ise asidik yonde
diisiis gozlenmistir. Sistem, bu degisimleri birlikte degerlendirerek WQI skorunu 38.20
seviyesine digiirmiistiir. Denklem (20)’de verilen siniflandirmaya gore bu deger “Kotii / Riskli”
araligina karsilik gelmektedir. Bu sonug, modelin tek bir parametreye dayali uyar1 Uretmek
yerine, birden fazla parametredeki es zamanli degisimi biitiinciil olarak degerlendirebildigini
gostermektedir.

4.3. Sicaklik Kompanzasyonu ve Kararhlik Degerlendirmesi

Elektrokimyasal sensorlerin ¢ikislar1 sicaklik degisimlerinden etkilenebildigi igin sistemde
sicaklik kompanzasyonu uygulanmistir. Bu amagcla temiz referans su numunesinin sicakligi
yaklasik 23.94 °C’den 45.00 °C’ye kadar artirilmis ve sicaklik degisiminin EC, TDS, DO ve
WQI ¢iktisi tizerindeki etkisi incelenmistir. Kompanzasyon sonrasinda normalize edilmis EC
ve TDS degerlerinde olusan dalgalanmanin yaklasik %1.2 sinirinda kaldig1 gozlenmistir.

Bu bulgu, sicaklik bilgisinin doniisiim denklemlerine dahil edilmesinin, 6zellikle degisken
ortam kosullarinda yanlis pozitif uyar iretme egilimini azaltabilecegini gostermektedir. Ancak
bu sonucun daha gii¢lii bicimde dogrulanabilmesi i¢in ilerleyen calismalarda farkli sicaklik
noktalarinda tekrarli 6l¢limler ve referans cihaz karsilagtirmalari yapilmalidir.

4.4. Tepki Suresi ve Ucta Hesaplama Performansi

Sistemin ger¢ek zamanli izleme uygulamalarina uygunlugunu degerlendirmek igin veri
toplama, 6n isleme ve WQI hesaplama siireleri incelenmistir. Ardisik sensor okuma, her kanal
icin 15 ornek alinmasi ve medyan filtreleme islemleri toplamda yaklagik 320 ms siirmiistiir.
Filtrelenen verilerin bulanik iiyelik fonksiyonlarina aktarilmasi ve profil tabanli WQI skorunun
hesaplanmasi ise yaklasik 42 ms olarak Slgiilmiistiir. Boylece dlgiimden WQI ¢iktisina kadar
gecen toplam siire yaklasik 362 ms olarak elde edilmistir.

Cizelge 5. Prototipe ait temel deneysel bulgularin 6zeti.

Test / Senaryo Degerlendirilen 6zellik Elde edilen bulgu

Standart ¢ozeltiler ve temiz su referansiyla temel

Sensdr kalibrasyonu pH, EC/TDS, ORP, DO ve bulaniklik .
kalibrasyon yapilmigtir

. Sensor degerleri ve WQI sk tizd k
Referans 6l¢lim Coklu sensor okuma ve Blynk aktarimi ensOr degerleri ve WQI skoru arayiizde gerge

zamanli gériintiilenmistir
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. . . I yaklasik iyesinde, “Orta / Kullanilabilir”

Temel WQI testi fome suyu profili wQ Hya asik 60 seviyesinde, “Orta / Kullanilabilir
araliginda hesaplanmigtir

Cok degiskenli anomali | EC/TDS artis1 ve pH diistisii WQI skoru 38.20 seviyesine diismiistiir
K lgal klasik %1.2

Sicaklik testi 23.94-45.00 °C aralig1 ompagzasyon sonrast dalgalanma yaklastk %
seviyesinde kalmistir

. . .. Toplam Karar siiresi yaklasik 362 larak el
Tepki stiresi Olglim + filtreleme + WQI hesab1 . diFl)mistir stiresi yaklastk 362 ms olarak clde

Elde edilen siireler, 6nerilen bulantk WQI modelinin ESP32 iizerinde diisiik islem yiikiiyle
calisabildigini gostermektedir. Bu yoniiyle sistem, ham veriyi yalnizca buluta aktaran pasif IoT
yaklasimlarindan ayrilarak, 6l¢im verilerini cihaz {izerinde isleyen ve kullanictya yorumlanmis
bir kalite ¢iktis1 sunan bir ugta karar destek yapisi ortaya koymaktadir.

4.5. Genel Degerlendirme

Deneysel bulgular genel olarak degerlendirildiginde, gelistirilen prototipin ¢oklu su kalitesi
parametrelerini okuyabildigi, sensor verilerini mikrodenetleyici iizerinde on isleme tabi
tutabildigi ve profil tabanli bulanik WQI skorunu ger¢ek zamanli olarak hesaplayabildigi
goriilmektedir. Medyan filtreleme yaklasimi, ani Olglim piklerinin karar mekanizmasina
dogrudan yansimasint azaltmig; sicaklik kompanzasyonu ise sicaklik kaynakli ol¢iim
sapmalarmin sinirlandirilmasina katki saglamistir. Blynk IoT arayiizii ise hem uzaktan izleme
hem de kullanim profili degistirme agisindan islevsel bir kullanic1 katmani sunmustur.

Bu sonuglar, dnerilen prototipin diisiik maliyetli [oT tabanli su kalitesi izleme uygulamalari i¢in
uygulanabilir bir gomiilii karar destek altyapist sunabilecegini gostermektedir.

5. SONUC VE ONERILER

Bu ¢aligmada, su kalitesinin ger¢cek zamanl izlenmesine yonelik diisiik maliyetli, [oT tabanl
ve ¢ok sensorlii bir gomiilii sistem prototipi gelistirilmistir. Onerilen sistem; pH, EC, TDS, DO,
ORP, bulaniklik, sicaklik ve su seviyesi olmak iizere sekiz farkli parametreyi izleyebilmekte ve
elde edilen verileri ESP32 mikrodenetleyicisi {izerinde on isleme tabi tutarak profil tabanli
bulanik WQI skoruna doniistiirebilmektedir. Boylece sistem yalnizca ham sensor verilerini
kullaniciya aktaran pasif bir izleme yapis1 olmaktan ¢ikarilmis, secilen kullanim amacina gore
yorumlanmig bir karar destek c¢iktis1 iiretebilen u¢ bilisim tabanli bir mimariye
doniistiirilmiistiir.

Donanim tarafinda ¢ift ADS1115 ADC modiilii kullanilarak analog sensor ¢ikiglarinin daha
kararli bicimde okunmasi hedeflenmistir. Siral1 6l¢iim protokolii ve medyan tabanli filtreleme
yaklasimi, ani 6l¢iim piklerinin ve kisa siireli kararsizliklarin karar algoritmasina dogrudan
yansimasint azaltmistir. Ayrica sicaklik kompanzasyonu, 6zellikle EC, TDS ve DO gibi
sicakliga duyarli parametrelerde daha kararli sonuglar elde edilmesine katki saglamistir.
Deneysel bulgular, dlciimden WQI ciktisina kadar gecen toplam siirenin yaklasik 362 ms
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oldugunu gostermistir. Bu sonug, Onerilen bulanik WQI modelinin kaynak kisith bir
mikrodenetleyici lizerinde gercek zamanli ¢alismaya uygun oldugunu ortaya koymaktadir.

Caligmanin karar katmaninda kullanilan yamuk {iyelik fonksiyonlar1 ve profil tabanli
agirliklandirma modeli, su kalitesinin tek bir sabit dl¢iite gore degil, kullanim amacina baglh
olarak degerlendirilmesini saglamistir. igme suyu, tarimsal sulama, akvaryum, havuz ve kahve
demleme suyu profilleri i¢in farkli parametre agirliklart tanimlanmis; boylece ayni 6lgiim
verisinin farkli kullanim baglamlarinda farkli bigimde yorumlanabilmesi miimkiin hale
getirilmistir. Anomali testlerinde, 6zellikle EC/TDS artis1 ve pH diisiisiiniin birlikte goriildiigii
cok degiskenli senaryoda WQI skorunun 38.20 seviyesine gerilemesi, sistemin birden fazla
parametredeki es zamanli degisimi biitlinciil olarak degerlendirebildigini géstermistir.

Gelecek ¢aligmalarda sistemin giines enerjisi destekli taginabilir bir yapiya doniistliriilmesi, veri
kayit altyapisinin genisletilmesi, LoRa/NB-IoT gibi uzun menzilli haberlesme secenekleriyle
saha kullaniomima uyarlanmas1 ve daha genis veri setleriyle makine Ogrenmesi tabanl
egilim/anomali  tahmin modellerinin  eklenmesi  planlanmaktadir.  Genel olarak
degerlendirildiginde, gelistirilen prototip diisiikk maliyetli, aciklanabilir ve profil duyarli bir su
kalitesi izleme yaklasimi sunmakta; ¢ok sensorlii IoT tabanli ¢evresel izleme sistemleri icin
uygulanabilir bir gomiilii karar destek altyapisi olusturmaktadir.
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OZET

The Quadratic Assignment Problem (QAP) is a fundamental NP-hard combinatorial
optimization problem with wide-ranging applications in logistics, facility layout, and circuit
design. Due to its quadratic objective function and $n!$ solution space, exact methods are
computationally prohibitive for medium-to-large scale instances. This study presents a novel
hybrid approach, HSG-FMSG-TS, which integrates the Sharp Augmented Lagrangian (SAL)
dual framework, the Feasible Value Based Modified Subgradient (FMSG) algorithm, and
Robust Tabu Search (Ro-TS). The methodology employs the SAL framework to handle
assignment constraints, effectively narrowing the duality gap. Dual variables are updated
iteratively via the FMSG algorithm, which adaptively adjusts step sizes based on feasible
solution values to accelerate convergence. The inner loop utilizes Robust Tabu Search as the
subproblem solver for intensive local search. The method was evaluated against 73 standard
QAPLIB instances. Results indicate that HSG-FMSG-TS achieves superior performance
compared to pure Tabu Search, reducing the average gap from 2.09% to 1.52%. Notably, it
reached optimal solutions for 31 out of 64 problems. This study validates that combining
theoretical dual guidance with metaheuristic intensification provides a significant competitive
advantage in solving large-scale QAPs.

Key Terms: Quadratic Assignment Problem, Combinatorial Optimization, Hybrid Approach.
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DAVRANISININ DOGRUSAL OLMAYAN ZAMAN TANIM ALANINDA ANALIZ
iLE INCELENMESI
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OZET

Bu caligmada, 2023 yilinda meydana gelen My 7.7 Pazarcik ve My 6.4 Hatay merkezli ardisik
depremlerin, Hatay ili Antakya ilcesindeki 3125 numarali ivmedlger istasyonu konumunda yer
aldig1 kabul edilen, perde-gerceveli tasiyict sisteme sahip 6 katli betonarme bir konut yapisinin
dogrusal olmayan sismik davranisi ile kimulatif hasar sureci Uzerindeki etkileri ETABS
yazilimi kullanilarak zaman tanim alaninda analiz yontemiyle incelenmistir. TBDY-2018
esaslarina gore tasarlanan yapinin, DD-2 deprem diizeyi (%10 asilma olasilig1, 475 yil geri
dontiis periyodu) altindaki "Kontrollii Hasar" (KH) performans hedefini karsilama yeterliligi
irdelenmistir. Yapinin maruz kaldig1 sismik talebi gergege en yakin sekilde temsil edebilmek
amaciyla ivme kayitlart herhangi bir 6l¢eklendirme islemine tabi tutulmaksizin; s6z konusu
istasyondan alinan tamamen ham gergek verilerle modele etkitilmistir. Gergeklestirilen spektral
kiyaslamalar, bu konumda kaydedilen sismik verilerin DD-2 tasarim ivme spektrumu sinirlarin
yatay bilesende %233’e, diisey bilesende ise %354’e varan oranlarda astigini gostermistir.
Dogrusal 6tesi dinamik analizler kapsaminda uygulanan ardisik sismik yiikleme senaryosu; Mw
7.7 ana soku neticesinde meydana gelen kalici yer degistirmelerin, plastik deformasyon
hasarlarinin ve kiimiilatif i¢ kuvvet matrisinin, bir sonraki dinamik analize kronolojik baslangi¢
kosulu olarak aktarildigi kesintisiz bir durum siirekliligi metodolojisiyle ylriitiilmiistiir. Zaman
tanim alanindaki ardisik analizler sonucunda, incelenen yapinin ilk biiylik sarsint1 altinda
Kontrollii Hasar (KH) sinirma ulastigi, ikinci sarsinti neticesinde olusan kiimiilatif hasar
artisina ragmen hedeflenen Kontrollii Hasar (KH) performans diizeyini korudugu tespit
edilmistir. Eleman bazli sismik hasar dagilimlariin TBDY-2018’de tanimlanan yonetmelik
smirlar i¢inde kaldigir goriilmiis; dayanima gore tasarlanan binanin, séz konusu istasyon
konumundaki ardisik asir1 sismik talepler altinda basarili ve giivenli bir yapisal performans
sergiledigi sonucuna varilmastir.

Anahtar Kelimeler: 2023 Kahramanmaras Depremleri, Ardisik Deprem Etkisi, Zaman Tanim
Alaninda Dogrusal Olmayan Analiz, ETABS.
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NONLINEAR TIME HISTORY ANALYSIS OF A RC SHEAR WALL-FRAME
BUILDING UNDER SEQUENTIAL EARTHQUAKE EFFECTS

ABSTRACT

In this study, the effects of sequential earthquakes centered in Pazarcik (Mw=7.7) and Hatay
(Mw=6.4) that occurred in 2023 on the nonlinear seismic behavior and cumulative damage
process of a 6-story reinforced concrete residential building with a shear wall-frame structural
system, assumed to be located at the position of the accelerometer station No. 3125 in the
Antakya district of Hatay province, were investigated by the time history analysis method using
ETABS software. The adequacy of the structure, designed according to the principles of TBDY -
2018, to meet the "Controlled Damage" (KH) performance objective under the DD-2
earthquake level (10% probability of exceedance, 475-year return period) was evaluated. In
order to represent the seismic demand to which the structure was exposed as close to reality as
possible, the acceleration records were applied to the model using completely raw real data
obtained from the aforementioned station without being subjected to any scaling process. The
spectral comparisons performed showed that the seismic data recorded at this location exceeded
the TBDY-2018 DD-2 design acceleration spectrum limits by up to 233% in the horizontal
component and 354% in the vertical component. The sequential seismic loading scenario
applied within the scope of nonlinear dynamic analyses was carried out with a continuous state-
dependency methodology, in which the residual displacements, plastic deformation damages,
and the cumulative internal force matrix resulting from the Myw=7.7 mainshock were transferred
as chronological initial conditions to the next dynamic analysis. As a result of the sequential
analyses in the time history domain, it was determined that the investigated structure reached
the Controlled Damage (KH) limit under the first major shock, and maintained the targeted
Controlled Damage (KH) performance level despite the cumulative damage increase that
occurred as a result of the second shock. It was observed that the element-based seismic damage
distributions remained within the code limits defined in TBDY-2018; it was concluded that the
building designed based on strength exhibited a successful and safe structural performance
under the sequential extreme seismic demands at the specified station location.

Keywords: 2023 Kahramanmarag Earthquakes, Sequential Earthquake Effect, Nonlinear Time
History Analysis, ETABS.

1. GIRIS

Diinyada ve lilkemizde yiiriirliikte olan sismik tasarim kodlari ile yonetmelikler, genel bir kabul
olarak yapilarin servis omiirleri boyunca tek bir biliyiik depreme maruz kalacagi varsayimi
tizerine sekillenmistir. Ancak yakin ge¢cmiste sismik olarak aktif bolgelerde kaydedilen deprem
serileri ve saha gozlemleri, bu konvansiyonel kabuliin yapisal giivenlik ile can giivenligi
hedefleri acisindan yetersiz kalabilecegini gostermistir. Ozellikle 6 Subat 2023 Kahramanmaras
depremleri (Mw 7.7 Pazarcik ve Mw 7.6 Elbistan) ile kronolojik akista bu ana soklar1 takip
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eden 20 Subat 2023 Hatay depremi (Mw 6.4), yapilarin heniiz ilk biiyiik sarsintinin getirdigi
hasarlar1 onaramadan ve yapisal takviye almada ardisik biiytlik soklara maruz kalabilecegini aci
ve somut bir sekilde kanitlamistir. Sismik tasarim literatiiriinde "ardisik deprem etkisi" olarak
tanimlanan bu tiir ardisik sismik senaryolar, tagiyici sistemler iizerinde dogrusal 6tesi kiimiilatif
hasar siireglerini tetiklemekte ve yap1 giivenligini tehdit etmektedir.

Kiimiilatif hasar mekanizmas1 dogrultusunda, ilk ana sok dalgalar1 altinda dogrusal &tesi
safhaya gecerek akma smnirmi asan veya belirli performans diizeylerinde plastik mafsal
seviyesine ulasan betonarme elemanlarda kesit diizeyinde kalic1 hasarlar ve yapisal
deformasyonlar meydana gelmektedir. Bu sliregte kabuk betonunda ¢atlamalarin olugsmas1 veya
beton paspayimnin dokiilmesi, donatinin kalici sekil degistirmelere maruz kalarak akmasi ve
tekrarl1 ¢evrimsel yiikler altinda rijitlik ile dayanimda 6nemli Olctideki azaliglarin ortaya
¢ikmasi kaginilmaz bir sonugtur. Yapi, sismik olarak yorulmus, soniim kapasitesini tiiketmis ve
baslangig rijitligini biiyiik oranda kaybetmis bu 6n hasarli kiimiilatif i¢ kuvvet matrisi ile ikinci
bir sarsintiya yakalandiginda, sistemin dinamik karakteri, dogal titresim periyotlar1 ve yanal
yiik paylasim kapasitesi ilk tasarim durumuna gore tamamen farkli bir boyut kazanmaktadir.

Mevcut literatiirde yer alan ardisik deprem odakli ¢aligmalarin  biiylikk c¢ogunlugu
incelendiginde, sismik ivme kayitlarinin analiz kolayligi saglamasi ya da ydnetmelik
spektrumlarina uyum yakalamasi adma belirli tasarim spektrumlarina gore 6l¢eklendirildigi
yani yapay ivme kayitlarindan yararlanildigi goriilmektedir. Bununla birlikte, yiiriitiilen
dogrusal olmayan dinamik analizlerin biiyiik bir kisminda, diisey deprem bileseninin hesap
yiikiinli artirmasi nedeniyle, hesap kolayligi saglamak amaciyla bu bilesenin ihmal edildigi
saptanmistir. Bu durum, yapilarin tasarim otesi gercek sismik talepler ve es zamanli diisey ivme
soklar1 altindaki dogrusal 6tesi davranislarinin, gergekei sinirlarla ve tiim ¢iplakligiyla ortaya
konulmasini siirlandirmaktadir.

Bu kapsamda, Zimre [6] Malatya'da bulunan 8 katli betonarme bir isyeri ve konut binasinin
malzeme dayanimlarin1 degistirerek, ardisik depremler altindaki sismik davranisi incelenmis,
analizlerde, yapiya en yakin 4406 numarali istasyonda kaydedilen ardisik iki deprem (0.4g ve
0.2g) yer hareketi kullanilmig ve zaman tanim alaninda dogrusal olmayan ydntem ile
performans sonuglari irdelenmistir. Gokmen [7] Subat 2023 Kahramanmarag depremi de olmak
Uzere, diinyanin farkli bolgelerinde meydana gelmis olan en etkili ardistk depremlerin
betonarme binalar iizerinde ek talepler olusturabilecegini ve bu durumun kisa vadede yapilarin
deprem tasarimi ve analizi agisindan kesin olarak degerlendirilmesi gerektigini ortaya
cikarmaktadir. Dal [8] 1998 oOncesi ve 1998 sonrasi tasarlandig diistintilmiis 2 farkli yap: tipi
tizerinde 2023 Kahramanmaras deprem kayitlar1 kullanilarak ETABS [2] programinda ardisik
deprem analizleri yapilmis. Analiz sonucunda, yapisal elemanlarda ve yapisal sistemin
biitiiniinde olusan tepe deplasman degerleri, goreli kat 6telenmeleri, mafsal sonuglar1 ve olusan
donme/birim sekil degistirme sonuglar1 incelenmistir. Sirlibag [9] Farkli kat ve simetri
durumlarindaki betonarme binalar1 Sta4CAD[5] ve ETABS [2] yazilimlar1 ile modelleyerek
karsilastirmis; ETABS'in [2] yiiksek katli ve diizensiz yapilarda daha tutarli sonuglar verdigini
ortaya koymustur. [10] Tayfuroglu Yildiz ve dikdortgen plan geometrisinin yapilarin deprem
davranislar1 tizerindeki etkisi ETABS [2] matris yaziliminda dogrusal olmayan zaman tanim
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alaninda deprem performans analizleri ile incelenmis ve yildiz plan geometrisine sahip
yapilarin deprem davraniglarinin dikdortgen plan geometrisine sahip yapilara gore kotii
performans sergiledigi sonucuna ulasilmistir.

Bu calismay literatiirdeki ana akim ¢alismalardan ayiran en temel 6zgiin deger; AFAD [3]’a
ait Hatay Antakya 3125 numarali ivmeolger istasyonundan alinan sismik kayitlarin sismik
karakteristigini, frekans igerigini ve enerji yogunlugunu korumak adina hicbir 6l¢eklendirme,
filtreleme veya yapay miidahale islemine tabi tutulmaksizin tamamen ham ve gergek verilerle
sisteme etkitilmesidir. Analizler kapsaminda, 6 Subat Pazarcik (Mw 7.7) ve 20 Subat Hatay
(Mw 6.4) depremleri, iki yatay (E-W, N-S) ve bir diisey (U-D) olmak tzere t¢ sismik
bileseniyle es zamanli olarak, kronolojik sirayla yapisal modele ardisik olarak uygulanmustir.
Gergeklestirilen spektral kiyaslama analizleri sonucunda, sz konusu istasyon konumunda
kaydedilen sismik talebin TBDY-2018 [1] tasarim sinirlarin1 (DD2 diizeyi) yatay bilesende
%233, diisey bilesende ise %354 oraninda astig1 saptanmis olup; bu ekstrem tasarim otesi
ardigtk sismik yiiklemenin, perde-gerceveli betonarme bir konut yapisinin kimulatif
performansi ve dogrusal dtesi hasar gegmisi lizerindeki etkileri zaman tanim alaninda kesintisiz
dogrusal olmayan analizler ile dogrudan gozlemlenmistir.

2. PERDE-CERCEVELI SISTEMIN GEOMETRISI VE DOGRUSAL OLMAYAN
MATEMATIKSEL MODELLEMESI

Bu calisma kapsaminda incelenen bina; AFAD [3] 3125 numarali ivmedlger istasyonunun
cografi konumu ve zemin 6zellikleri esas alinarak projelendirilmistir. Istasyon lokasyonundaki
lokal zemin sinifi ve sismik tehlike parametreleri altinda, gercek sismik kayitlarin yapisal model
tizerinde dogrudan ve anlamli bir sekilde kullanilabilmesi adina, bina TBDY-2018 [1]
biinyesindeki dayanima gore tasarim esaslarina uygun olarak tasarlanmis ve ardindan gercgek
ardigik deprem senaryolarina tabi tutulmustur. Plan diizleminde diizenli ve simetrik bir
geometriye sahip olan bu yapi, yanal sismik etkilerin ve diisey yiiklerin giivenli bir sekilde
aktarilmasini saglayan 6 kath perde-cerceveli betonarme bir konut sistemidir. Yapinin mimari
ve statik yerlesimini gosteren tipik kalip plani ile analizlerde kullanilan {i¢ boyutlu
matematiksel sonlu elemanlar modeli Gorsel 1’de sunulmustur. Kat yiikseklikleri sabit olup
2.90 m’dir. Bina yiiksekligi TBDY-2018[1] 3.3.1.3 maddesinde belirtilen, Hn tanimina gére
makine dairesi yiiksekligi dikkate alinmamis ve Hn 14.50m olarak belirlenmistir. Beton igin
karakteristik silindir basing dayanimi fex = 30 MPa, donat1 ¢eligi i¢in ise B420C karakteristik
akma dayanimi fyk = 420 MPa olarak se¢ilmistir.
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Gorsel 1.(a)Betonarme Yapiya Ait Tipik Kalip/Kat Plan1

Gorsel 1.(b)Betonarme Yapiya Ait ETABS 3 Boyutlu Matematiksel Sonlu Elemanlar Modeli

Yapinin tasarim otesi ardisik sismik yiikler altindaki dogrusal 6tesi kiimiilatif davranigini ve
sinir durumlarin1 zaman tanim alaninda gercekei bir sekilde simiile edebilmek amaciyla,
ETABS [2] yazilimi biinyesinde gelismis dogrusal olmayan modelleme tekniklerinden
yararlanilmistir.

Cergeve elemanlarini olusturan kiris ve kolonlarin dogrusal 6tesi davranisi ve i¢ kuvvet
etkilesimleri, eleman uglarna atanan yigili plastiklik modelleri ile temsil edilmistir. Bu
dogrultuda, kiris uglarina sadece plastik donme kabiliyetini esas alan saf egilme momenti
plastik mafsallar1 tanimlanirken; kolon elemanlarinin uglarina ise dinamik deprem ytikleri
altinda degisken eksenel kuvvet ile ¢ift eksenli moment etkilesimini es zamanli olarak hesaba
katan, plastik sekil degistirme esasli etkilesimli plastik mafsallar atanmistir. S6z konusu plastik
mafsallarin dogrusal o6tesi kapasite egrileri, tasiyict eleman kesitlerinin sargili ¢ekirdek ve
sargisiz kabuk beton geometrileri ile mevcut donati semalar1 dikkate alinarak gerceklestirilen
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moment-egrilik analizlerine dayandirilmistir. Malzeme modellerinde beton i¢in Mander sargili
beton modeli, donati ¢eligi i¢in ise ¢ift dogrusal (bilinear) elasto-plastik model kullanilmistir.

......

perde duvarlarin dogrusal olmayan egilme-eksenel yiik etkilesimlerini kesit diizeyinde
yakalayabilmek adina, ETABS [2] biinyesindeki "Dogrusal Olmayan Lifli Kabuk Model" tercih
edilmistir. Boylece diisey deprem bileseninin perde duvarlar iizerinde yaratacagi dinamik
eksenel kuvvet dalgalanmalarinin yanal rijitlige ve kesme mukavemetine olan anlik etkileri
gercege en yakin sekilde modele yansitilmistir.

Dogrusal olmayan zaman tanim alani analizlerinde yapisal kiitle ve rijitlik matrislerine bagh
olarak ortaya ¢ikan soniim etkileri, yapinin ilk iki dogal titresim periyodu esas alinarak %5
soniim orani kabuliiyle Rayleigh soniim matrisi formiilasyonu kullanilarak sisteme dahil
edilmistir. Analiz sonuglarinin yapisal performans agisindan degerlendirilmesinde ise TBDY -
2018 [1] Boliim 15 biinyesinde yer alan "Sekil Degistirmeye Gore Degerlendirme ve Tasarim"
esaslar1 kilavuz edinilmistir. Eleman bazl plastik mafsallarda ve liflerde meydana gelen kalici
birikimli sekil degistirme ve plastik donme talepleri, yonetmelikte tanimlanan sinir degerler ile
karsilastirilarak yapisal hasar seviyeleri; Siirli Hasar (SH), Kontrollii Hasar (KH) ve Go¢me
Oncesi (GO) performans sinirlarina gére irdelenmistir.

3. PERDE-CERCEVELI SISTEMIN GEOMETRIiSi VE DOGRUSAL OLMAYAN
MATEMATIKSEL MODELLEMESI

Zaman tanim alaninda gerceklestirilen dogrusal olmayan dinamik analizlerde, yapinin maruz
kalacag1 ardigik sismik talep senaryosunu olusturmak amaciyla 6 Subat 2023 Pazarcik (Mw
7.7) ana soku ile kronolojik akista bu sarsintiy1 takip eden 20 Subat 2023 Hatay (Mw 6.4)
depremi girdi verisi olarak secilmistir. Analizlerde kullanilan sismik veriler, depremlerin
merkez lissline ve fay kirilma hattina yakinligi sismik hasar mekanizmalari agisindan biiytik
onem arz eden AFAD [3] Hatay Antakya 3125 numarali ivmedlger istasyonundan ham olarak
temin edilmistir.

S6z konusu istasyonda her iki deprem esnasinda kaydedilen sismik talebin biiytikliiglinii ve
yonetmelik sinirlari ile olan uyumsuzlugunu ortaya koymak adina yiiriitiilen spektral kiyaslama
analizleri; ham ivme kayitlarindan elde edilen elastik davranis spektrumlarinin, TBDY-2018
[1] biinyesindeki tasarim deprem diizeyi (DD-2, %10 asilma olasiligi, 475 yil geri donis
periyodu) tasarim ivme spektrumu ile karsilastirilmasi esasina dayanmaktadir. Seismomatch
[4] yazilimu ile yapilan spektral analizler sonucunda, ham sismik kayitlardan tiiretilen ivme
taleplerinin, ytiriirliikkteki tasarim sinirlarini yatay dogrultuda %233, diisey dogrultuda ise %354
gibi ekstrem oranlarda astigt saptanmistir. Bu ekstrem tasarim Otesi sismik ivme
spektrumlarinin (Pazarcik ve Hatay depremleri) TBDY-2018 [1] DD-2 tasarim spektrumu ile
olan dinamik karsilastirma grafikleri Gorsel 2’de detaylandirilmistir.
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Gorsel 2. (a) Hatay Antakya 3125 Ivmedlger Istasyonunda Kaydedilen Depremlere Ait Elastik
Davranis Spektrumlarinin TBDY-2018 DD-2 Tasarim Spektrumu ile Karsilastirilmasi

6 Subat 2023 Pazarcik Depremi
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Gorsel 2.(b) Hatay Antakya 3125 fvmedlger Istasyonunda Kaydedilen Depremlere Ait Elastik
Davranis Spektrumlarinin TBDY-2018 DD-2 Tasarim Spektrumu ile Karsilagtirilmasi
(b) 20 Subat 2023 Hatay Depremi (Mw 6.4)

Ardisik depremlerin tastyici sistem lizerindeki kiimiilatif yipratici etkisini gercege en yakin
sekilde matematiksel modele yansitabilmek adina analizler durum stirekliligi (Continue frome
State) ilkesi gozetilerek kurgulanmistir. Bu dogrultuda, sismik senaryolar iki bagimsiz ylikleme
durumu olarak degil, bir 6nceki ylikleme adiminin nihai yapisal matrisini girdi kabul eden
kesintisiz bir zincirleme dogrusal olmayan analiz dizisi olarak ETABS [2] yazilim1 ortaminda
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¢Oziilmiistiir. Analiz zincirinin ilk adiminda, yapisal kiitle ve sismik agirlik kombinasyonunu
temsil eden diisey yercekimi yikleri (G+0.3Q), sisteme dogrusal olmayan statik olarak
etkitilmistir. Hemen ardindan baglatilan 1. Deprem (Pazarcik) analizi, yercekimi yiiklemesi
sonucunda yapida olusan 6n gerilmeleri ve eleman bazli baslangig rijitlik matrisini devralarak
zaman tanim alaninda dogrusal olmayan dinamik hesap adimlarina baslamistir. Ana sok
niteligindeki bu ilk sismik analiz evresi tamamlandiginda, yapida meydana gelen tiim kalic1 yer
degistirmeler, betonarme elemanlarin plastik mafsallarla donatilan kesitlerinde ve liflerinde
biriken kiimiilatif plastik donme talepleri, dogrusal 6tesi kalici sekil degistirmeler ve tastyici
sistem i¢ kuvvet matrisleri eksiksiz olarak korunmustur. Bu 6n hasarli ve sismik olarak
yorulmus dinamik yapisal durum, ETABS [2] biinyesindeki gelismis analiz ge¢misi stirekliligi
protokolleri kullanilarak dogrudan 2. Deprem (Hatay) ylikleme durumunun baslangi¢c kosulu
olarak atanmistir. Boylece yapi, soniim kapasitesini kismen tiiketmis, kabuk betonlar
dokiilmiis, donatilar1 akma sinirin1 agmis ve dogal titresim periyotlar: uzamis bir dogrusal 6tesi
hasar gecmisi ile ikinci sarsintiya maruz birakilmstir.

4. BULGULAR VE TARTISMA

Gergek ardisik sismik yiiklemeler (Mw 7.7 Pazarcik ve Mw 6.4 Hatay) altinda perde-gergeveli
betonarme konut yapisinin sergiledigi dogrusal olmayan zaman tanim alan1 analiz sonuglart;
goreli Otelenmeler ve eleman bazli kiimiilatif hasar kronolojisi ekseninde biitiinciil olarak
irdelenmistir. Yapinin maruz kaldig1 sismik talepleri, yonetmelik sinirlarini ve kiimiilatif hasar
streclerini 6zetleyen veriler Cizelge 1, Gorsel 3 ve Gorsel 4’te sunulmustur.

Cizelge 1. Katlar Boyunca Elemanlarin Hasar Dagilimi

Kat No Eleman || Hasar Seviyesi L [()lsszrz;?:ﬂ? nu- |l 2 D?ﬂﬁ?y)s onu Artig Orani
i ka |Kiris SH/IKH/GO | [491/191/191 | [291/1291/19] | % + [40.82]
' Kolon || SH/KH/GO | [26]/[6]/[0] | [20]/[12]/[0] || % + [23.08]
2k |Kirs SH/KH/GO || [391/[18]/[9] | [201/[371/19] | % + [48.72]
' Kolon || SH/KH/GO | [30]/[2]/[0] |l [17]/[15]/[0] || % + [43.33]
o ket |Kiris SHIKH/GO || [341/[241/19] | [16]1/[42]/19] | % + [52.94]
' Kolon | SH/KH/GO | [311/[11/[0] |l [13]/[29]/[0] || % + [58.06]
Lk |Kiris SH/KH/GO | [341/[241/19] | [171/[41]/19] || % + [50.00]
' Kolon || SH/KH/GO | [31]/[1]/[0] || [14]/[18]/[0] || % + [54.84]
Semin ket KIS SH/KH/GO | [401/1291/12] | [271/1321/12] || % + [32.50]
eminBaliiolon | SH/KH/GO || [30]/[2]/[0] | [15]/[17]/[0] || % + [50.00]
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Gorsel 3. Ardisik Deprem Senaryolar1 Altinda Katlar Boyunca Maksimum
Goreli Kat Otelenmesi Dagilim1

- — =TBDY-2018
2500

— Mw7.7

Mw6.4
2000 [ Gevrek Ezitme Ust S |

1500

1000
|
"'\(A'n )“,"f‘i ' W«“,w N

f

Urn'w"‘.’Mlx‘".r/"’}\"\, | M\ "W) N

500

0 2 4 6 8 10 12 14 16 18 20
Zaman(saniye)

Gorsel 4. Zemin Kat Kritik S106 Kolonu Dinamik Eksenel Yiik Dalgalanmasi
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Zaman tanim alaninda gergeklestirilen dogrusal olmayan dinamik analiz ¢iktilar
incelendiginde; referans yapinin, tasarim spektrumu sinirlarini yatay ve diisey dogrultuda
ekstrem diizeylerde asan olagan dis1 bir sismik talebe maruz kalmasina ragmen, kiimiilatif hasar
siirecini kararli ve kiiresel toptan gé¢gmeyi engelleyen bir mekanizmayla yonettigi goriilmiistiir.
Analizin ilk evresini olusturan 6 Subat 2023 Pazarcik (Mw 7.7) ana soku neticesinde, sismik
enerji soniimleme kapasitesinin bir geregi olarak yapinin 6zellikle alt ve orta kat kiriglerinde
yaygin plastik mafsallasmalar meydana gelmistir. Buna karsin, yapmin ana diisey tastyici
elemanlari olan kolon ve perde duvarlar biiyiik oranda Kontrollii Hasar (KH) giivenlik sinirlari
icerisinde kalmis ve sistem ilk sarsinti tamamlandiginda hedeflenen sismik performans
seviyesini karsilamistir.

ETABS [2] blnyesinde uygulanan kesintisiz durum siirekliligi metodolojisiyle bu 6n hasarli ve
(Mw 6.4), binanin maksimum yanal tepe deplasman taleplerini kiimiilatif olarak %14.31
mertebesinde artirmistir. Bu durum, tasiyici elemanlardaki plastik sekil degistirme birikimini
biiylitmesinin yani sira, bolme duvarlar ve cephe elemanlar1 gibi yapisal olmayan bilesenlerdeki
hasar riskini ve ikinci sarsint1 altindaki P-A (ikinci mertebe) etkilerini tetiklemistir.

Gorsel 4'de sunulan dinamik eksenel kuvvet zaman serisi grafigi analiz edildiginde, diisey
deprem bileseninin diisey tastyici elemanlarin i¢ kuvvet dagilimlari iizerindeki yipratici etkisi
acikca gorlilmektedir. Diigey ivmenin yarattigi anlik eksenel basing soklari, zemin kat kritik
kolon yuklerini ani bir ¢evrimsel yuklemeyle Nmax (1236.10 kN) pik degerine ulastirarak
TBDY-2018 [1]'de tanimlanan siineklik diizeyi yiiksek kolonlarin eksenel yiik {ist sinir sarti
olarak tanimlanan 0.40Acfek smir degerini  zorlamigtir. Bu olumsuz eksenel yiik
dalgalanmalarina karsin, perde duvarlarin dogrusal olmayan lifli (fiber) modellemesinden elde
biinyesinde sinirladigini ve plastiklesmeyi egilme liflerinde (stinek bolgede) tuttugunu ortaya
koymustur. Perde duvarlar, ¢erceve elemanlari ile es zamanli ¢alisarak alt katlarda tehlikeli bir
hasar yi8ilmasint 6nlemis ve sismik miihendislikte istenmeyen yumusak kat veya ani kat
goemesi mekanizmalarinin olusmasini engellemistir.

Sonug¢ olarak, ol¢eklendirilmemis ham veriler ve siddetli diisey deprem bileseni altinda
gerceklestirilen dogrusal olmayan analizler; ardisik depremlerin yarattig1 kiimiilatif hasar ve
deplasman artiglarina ragmen, binanin ikinci deprem sonunda da "Kontrollii Hasar" (KH)
kiiresel performans hedefini korudugunu kanitlamistir. Yap, ardisik asir1 sismik talepler altinda
toptan gogme kararsizligr sergilemeyerek, TBDY-2018 [1] biinyesindeki dayanima gore
tasarim felsefesinin ve perde-cerceveli sistem sec¢iminin yapisal giivenligi saglamadaki
basarisini ortaya koymustur.

5. SONUCLAR

Bu ¢alisma kapsaminda, projelendirildigi ivmedlger istasyonu lokasyonundaki lokal zemin ve
sismik tehlike parametreleri esas alinarak TBDY-2018 [1] dayanima gore tasarim ilkelerine
gore tasarlanan 6 katli perde-cerceveli betonarme bir konut yapisinin, ardisik tasarim oOtesi
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gercek sismik yikler altindaki dogrusal olmayan kiimiilatif davranis1 incelenmistir.
Analizlerden elde edilen sonuglar asagida maddeler halinde 6zetlenmistir:

AFAD [3] Hatay Antakya 3125 numarali istasyonda kaydedilen ger¢ek sismik ivme
kayitlarinin, TBDY-2018 [1] standart deprem diizeyi (DD2) tasarim spektrumu ivme
taleplerini yatay bilesende %233, diisey bilesende ise %354 gibi sira dis1 oranlarda
astig1 spektral analizlerle grafiksel olarak ortaya konmustur.

Yapi, projelendirme kriterlerinin ¢ok {izerinde olan bu ekstrem ivme talebine ragmen,
ilk ana sok (Pazarcik My 7.7) sarsintisi altinda yonetmeligin can glivenligi ekseninde
hedefledigi "Kontrollii Hasar" (KH) performans sinirlari igerisinde kalmay1
basarmustir.

kronolojik olarak etkitilen ardisik sismik yiikleme (Hatay Mw 6.4) altinda, binanin
maksimum yanal tepe deplasman talebi %14.31 oraninda kiimiilatif bir artig
gostermistir. Yapi, bu dogrusal 6tesi kiimiilatif hasar birikimine ragmen nihai durumda
da "Kontrollii Hasar" (KH) performans diizeyini korumus ve toptan gégme (collapse)
kararsizlig1 sergilememistir.

Elde edilen tiim bulgular; yonetmelige uygun projelendirilen perde-cergeveli tastyict
sistem kombinasyonunun, tasarim &tesi ardigik deprem soklari ve siddetli diisey ivme
bilesenlerinin birlesik etkisi altinda dahi plastik hasar1 kararl bir sekilde dagittigini
hasarlarini sinirlandirarak ¢ergeve elemanlari ile es zamanli ¢alismasi, alt katlarda
tehlikeli hasar yi1gilmalarini ve ani yumusak kat gé¢gmelerini engelleyerek can
giivenligi hedefini basariyla sagladigini kanitlamistir.
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OZET

Bu ¢alismada, 6 Subat 2023 tarihinde meydana gelen Kahramanmaras merkezli depremlerde
Adiyaman ilinde yikilan betonarme bir yapinin gé¢me nedenleri teknik yonleriyle incelenmis;
ardindan yapinin Tiirkiye Bina Deprem Y 6netmeligi (TBDY-2018) standartlarina uygun olarak
giiclendirilmesi amaciyla parametrik bir optimizasyon calismasi yiiriitiilmiistiir. Ozgiin statik
projesinde bodrum ve zemin kata ilave olarak 4 normal kat (toplam 6 kat) seklinde kurgulanan
yapinin, sahada yapilan teknik tespitler neticesinde projeye aykir1 bicimde 2 normal kat ve 1
cekme kat daha eklenerek kagak olarak 9 kata ¢ikarildigi belirlenmistir. Yapisal modelleme
stireglerinde, mevcut durumdaki nerviirsiiz diiz donati kullanimu, etriye siklastirmasi zafiyetleri,
projesiz katlarin getirdigi kiitlesel diizensizlikler ve rijit bodrum sartlarinin saglanamamasi gibi
sismik kusurlar dikkate alinmistir. Yapmin sismik performans degerlendirmesi, Sta4CAD
V14.1 yazilimi kullanilarak Cok Modlu Nonlineer itme Analizi ydntemiyle, 1975 Afet
Yonetmeligi malzeme parametreleri ve 0.75 bilgi diizeyi katsayis1 esas alinarak
gerceklestirilmistir. DD-2 deprem diizeyinde (475 yillik tekrarlanma periyodu) mevcut haliyle
agir hasar ve gogme konumunda olan binanin sismik giivenligini artirmak amaciyla, tasiyict
sisteme simetrik olarak C30 sinifi yeni betonarme perde duvarlar eklenmistir. Giiglendirme
senaryolar1 kapsaminda, perde alanlarinin taban alanina orani %0.5, %1.0, %1.5 ve %2.0 olmak
tizere dort farkli parametrik varyasyonda test edilmistir. Yapilan nonlineer analizler sonucunda;

%0.5 perde oraninin yapinin sismik giivenligini artirmada yetersiz kaldig1 ve yapiy1 ancak sinir
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deger olan "Gd¢menin Onlenmesi" (GO) performans diizeyine ulastirabildigi goriilmiistiir.
Buna karsin, %1.0 ve {lizerindeki perde oranlarinin hedeflenen "Kontrollii Hasar" (KH)
performans seviyesini basariyla yakaladigi tespit edilmistir. Rijitlik fazlaligi ve ekonomik
kriterler birlikte degerlendirildiginde, hem yapisal sismik talebi optimum diizeyde soniimleyen
hem de kesit boyutlandirma verimliligi saglayan %1.5 oraninin en verimli ve optimum

guclendirme stratejisi oldugu sonucuna varilmustir.

Anahtar Kelimeler : 2023 Kahramanmaras Depremleri, Cok Modlu Nonlineer itme Analizi,

Perde Duvar ile Gli¢lendirme, Optimum Gii¢lendirme Perdesi Orani.

1. GIRIS

1.1. Problemin Tanim ve Cahismanin Onemi

6 Subat 2023 Kahramanmaras depremleri ( Mw 7.7 ve My 7.6), Adiyaman bdlgesindeki
betonarme yapi stogu lizerinde tasarlanan sinir degerlerin 6tesinde yikici bir sismik ivme talebi
olusturmustur (Gorsel 1). Saha incelemeleri, yikilan binalarin maruz kaldigi sismik enerji
soniimleme talebinin, mevcut tasiyict sistem kapasitelerinin ¢ok iizerinde oldugunu
gostermektedir. Yapi stogundaki en kritik sismik zafiyetlerden biri olan projesiz ve denetimsiz
kat ilaveleri (kagak katlar), binalarin kiitle-rijitlik dengesini temelden bozmaktadir. Bu ¢alisma
kapsaminda incelenen Adiyaman ilindeki betonarme bina 6zelinde yapilan teknik tespitler;
onayli statik projesine aykir1 bicimde insa edilen 3 adet kacak katin yapinin kiitlesini 6nemli
ol¢iide artirdigini ortaya koymustur. Bu kontrolsiiz kiitle artis1, bir yandan kolonlardaki eksenel
basing yiikiiniin artigina diger yandan daha biiylik deprem kuvvetlerinin meydana gelmesine

sebep olmustur.

Binanin gé¢mesine zemin hazirlayan yapisal kusurlar incelendiginde, birbirini tetikleyen bir
dizi sismik ve mekanik zafiyet 6ne ¢ikmaktadir. Bunun yani sira sira, insa edildigi donemin
imalat pratikleri ve yiirtirliikteki 1975 Afet Yonetmeligi kosullar geregi elemanlarda sargilama
(etriye siklastirmasi) eksikligi ve diiz donati kullanimi mevcuttur. S6z konusu malzeme ve
detaylandirma kusurlari, kacak katlarin tirettigi yliksek sismik yiikler altinda kolon-kiris diigiim
noktalarinda ani ve gevrek kesme kirilmalarina yol agmistir. Sistemin sismik enerji soniimleme
kapasitesini diistiren bir diger kritik faktor ise ¢evre perdelerinden olusan bir rijit bodrum kat

yapisinin olusturulmamis olmasidir. Bu eksiklik, sismik etkilerin zemin kattan itibaren
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soniimlenmeden dogrudan iist katlara aktarilmasina ve zemin kat seviyesinde asir1 goreli

Otelenme meydana gelmesine sebep olmustur.

Sonug olarak; denetimsiz kat ilaveleri, binalarin deprem giivenligini tamamen ortadan kaldiran
en kritik yapisal kusurdur. Bu durum, sismik giiclendirme projelerinde yalnizca yerel eleman
(kolon/kirig) mantolamasinin yeterli olmadigini; yapmin tiim kiitle eylemsizliginin yeniden
hesaplanarak, sismik enerjiyi soniimleyecek yiiksek rijitlik ve siineklige sahip betonarme perde

duvar sistemlerinin tasiyict sisteme entegre edilmesini zorunlu kilmaktadir.

ADIYAMAN DEPREM KAYDI (iISTASYON NO: 0201)

Adiyaman deprem ivmeleri DD-2 ve DD-3 Tasarim Deprem ivmelerini agmustir.
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Gorsel 1. Deprem ve Tasarim ivme Spektrumlarinin Karsilastiriimas: [11]

1.2. Literatiir Ozeti ve Cahsmanin Kapsam

Mevcut betonarme cergeve sistemlerin sismik performansini ve yanal rijitligini artirmak
amaciyla uygulanan en efektif yontemlerden biri yapisal sisteme yeni betonarme perde
duvarlarin eklenmesidir. Giiclendirme siireglerinde sisteme dahil edilen perdelerin mekanik
davranigi; eksenel yiik orani, narinlik, kayma aciklig1 oran1 ve donati detaylandirmasi gibi
parametrelere dogrudan bagimhidir [1, 2]. Literatiir incelendiginde; Ozcebe ve ark. [3] tastyict
sisteme eklenen betonarme dolgu duvarlarin yapinin baslangic rijitligini 15 kat, yiik tagima

kapasitesini ise 4 kat artirdigin1 deneysel olarak ortaya koyarken, Kaplan ve ark. [4] bina
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tahliyesine gerek birakmayan dis cephe perde duvar uygulamasinin yanal yiik kapasitesini
yaklasik 3.25 katina ¢ikardigini rapor etmistir. Betonarme perdelerin performansini diger
alternatiflerle kiyaslayan Alashkar ve ark. [5], bu sistemlerin kat Otelenmelerini ve kesit
tesirlerini gelik capraz diizenlemelerine gore ¢ok daha radikal sekilde diisiirdiigiinii saptamistir.
Perdelerin geometrik parametreleri iizerine ¢alisan Li ve Li [6] kayma aciklig1i oraninin
artmasiyla gogme modunun gevrek kesme yerine siinek egilme kirilmasina evrildigini
gosterirken, Khanmohammadi ve Heydari [7] ¢coklu salinim yapan perde tasarimlarinin yiiksek
mod etkilerini ve yanal kuvvet taleplerini basariyla sontimledigini belirlemistir. Son olarak
Mamdouh ve ark. [8] ise lizerlerinde mimari bosluklar bulunan perdelerin sismik takviyesinde,

performansi sergiledigini vurgulamistir [9, 10].

Bu bilgiler 1s181inda yiiriitiilen bu ¢alismada; 2023 Kahramanmaras depremlerinde Adiyaman
ilinde y1kilmis olan gercek bir betonarme yapinin gé¢me nedenleri teknik yonleriyle incelenmis
ve yapinin mevcut tastyict sistem performanst Sta4CAD yazilimi kullanilarak dogrusal
olmayan yontemlerle analiz edilmistir. Calismanin temel amaci, s6z konusu binaya zamaninda
sismik performans analizleri yapilsaydi ve yapit yeni betonarme perdeler eklenerek
giiclendirilseydi, hangi perde oraninda Tiirkiye Bina Deprem Yonetmeligi (TBDY-2018)
sismik performans hedeflerinin giivenle saglanabilecegini parametrik olarak arastirmaktir.
Gergek bir saha yikim vakasindaki kagak katlar, malzeme yetersizlikleri ve rijit bodrum
eksikligi gibi karmasik kusurlar1 sonlu elemanlar modeline yansitmasiyla teorik yaklagimlardan
ayrigsan bu ¢aligma; yapisal rijitlik, periyot ve taban kesme kuvveti degisimlerini X ve Y yonleri
icin ayr1 ayr1 tanimlanan dogrultusal perde oranlar altinda test ederek sismik gii¢lendirme

literatiiriine yonsel ve parametrik yaklasimiyla 6zgiin bir katki sunmaktadir.

2. INCELENEN YAPININ MUHENDISLIK EKSIKLIKLERi VE YIKILMA
NEDENLERIi

2.1. Yap1 Kimligi, Kat Rejimi ve Geometrik Parametreler

Adiyaman ili, Merkez ilgesi, Siteler mahallesi, 429 ada ve 76 parselde konumlanan konut
yapisi, projelendirme evresinden igletme silirecine kadar uzanan statik uyumsuzluklar

sergilemektedir.
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Onayli projesi ve ruhsat verileri incelendiginde, 1975 Afet YoOnetmeligi esaslarina gore
tasarlanan yapinin; 1 bodrum, 1 zemin ve 4 normal kat olmak iizere toplam 6 katl1 bir tasiyici
sisteme sahip oldugu tespit edilmistir. Ancak sahada gergeklestirilen rolove ¢alismalari, yapinin
statik projesine aykirt sekilde, denetimsiz olarak 2 adet normal kat ve 1 adet ¢ekme kat
ilavesiyle genisletildigini ortaya koymaktadir. S6z konusu kagak imalatlar sonucunda yapi, 6
katlik tasarim kapasitesini asarak toplam 9 katli (zemin + 8 normal kat) bir kiitleye ulagmistir

(Gorsel 2)

Yap1 toplam yiiksekliginin projesiz katlar nedeniyle 22.5 metre sinirina ulastii bu siirecte,
diisey tasiyici elemanlar (kolonlar), orijinal tasarimda 6ngdriilen diisey yiik kombinasyonlarinin
cok Uzerinde bir eksenel yiik seviyesine maruz kalmistir. Buna ek olarak, ticari islevsellik
kaygilartyla zemin katin diger normal katlardan daha yiiksek insa edilmesi, yapida "yumusak
kat" diizensizligini tetiklemistir. Rijit bodrum perdelerinden yoksun olan bu yapisal kurgu,
sismik eylemsizlik kuvvetlerinin zemin kat seviyesinde plastik mafsallagsma egilimi gostermesi,

bu kat1 dinamik etkiler karsisinda yapinin en kritik kesiti haline getirmistir.

2.2. Sahada Tespit Edilen Yap1 Mithendisligi ve Detaylandrima Kusurlari

Yapinin deprem sarsintilar1 altindaki toptan gogme mekanizmasi, yalnizca kiitle artis1 ve kat
diizensizlikleriyle sinirli kalmayip, birbirini zincirleme olarak tetikleyen malzeme ve
detaylandirma zafiyetlerinin de dogrudan bir sonucudur. Sahada gergeklestirilen incelemelerde,
tastyici sistemde yerinde dokiilen diisiik dayanimli betonun kullanilmasi ve donat is¢iligindeki
kronik hatalar, sistemin sismik enerji soniimleme yetenegini (siinekligini) tamamen ortadan
kaldirmistir. Ozellikle donemin imalat pratiklerine paralel olarak nerviirsiiz diiz ¢elik donatinin
tercih edilmis olmasi, beton ile ¢elik arasindaki aderans (kenetlenme) mekanizmasinin sismik
yiikler altinda hizla ¢oziilmesine ve mukavemet kaybina yol agan donati siyrilmalarina neden

olmustur.

Bu malzeme yetersizligine ek olarak, kolon-kiris diiglim noktalarinda ve plastik mafsal
bolgelerinde etriye siklastirmasinin (sargilama) yapilmamis olmasi, sismik kesme talepleri
karsisinda en kritik zayiflifi olusturmustur. Ayrica, etriye kancalarimin sismik tasarim
esaslariin aksine 135 derece yerine 90 derece biikiilmesi, beton ¢ekirdeginin yanal birim
deformasyonunu engelleyememis ve kancalarin asir1 basing altinda kolayca agilmasina sebep

olmustur.
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Gorsel 2. Incelenen Yapinin Orijinal Gorseli ve kat plam

3. MEVCUT DURUM SiSMiK PERFORMANS DEGERLENDIRMESI
3.1. Sta4CAD Yazilim ile Sayisal Modelleme Kurgusu
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Yapmin sismik performans analizleri, STA4CAD V14.1 sonlu elemanlar analizi yazilimi
kullanilarak gergeklestirilen ii¢ boyutlu bilgisayar modeli (Gorsel 3) (zerinden ydratilen
nonlineer simiilasyonlara dayanmaktadir. Modelleme stirecinde, deprem sonrasi sahadan elde
edilen rolove verileri esas alinmis ve yapinin 9 katli (Zemin + 8 Normal Kat) fiili geometrisi,
kat yiikseklikleri ve kesit boyutlar1 yazilima biitiiniiyle aktarilmistir. Mevcut yapt stogunun
sismik kapasitesinin degerlendirilmesinde, Tiirkiye Bina Deprem Yonetmeligi (TBDY-2018)
Bolim 15 esaslart dogrultusunda "Sinirli Bilgi Diizeyi" yaklasimi benimsenmistir. Bu
yaklasimin tercih edilmesinde, binanin projesiz insa edilen kacak katlarina dair herhangi bir
resmi statik verinin bulunmamasi ve sahada gozlemlenen imalat kusurlarinin (kancasiz
donatilar, sargilama eksiklikleri vb.) tasarim varsayimlariyla c¢elismesi etkili olmustur. Bu
dogrultuda, yapisal belirsizlikleri giivenli bir yaklasimla dengelemek adina Bilgi Diizeyi
Katsayis1 0.75 olarak belirlenmis; s6z konusu katsay1 yerinde dl¢iilen malzeme dayanimlarina
uygulanarak sayisal modelin sahadaki mevcut zafiyetleri gercege en yakin sekilde simiile
etmesi saglanmistir. Yerinde Olciilen degerler 0.75 kat sayisi ile ¢arpilarak elde edilen degerler

analizlerde kullanilmistir.

3.2. Cok Modlu Nonlineer itme Analizi Yontemi ve Plastik Mafsal Kabulleri

Klasik tek modlu (sabit yiik dagilimli) statik itme analizleri, sadece hakim birinci moda ait yer
degistirme profilini esas aldigindan, kat sayisi ve kiitlesi kontrolsiiz sekilde artan bu tip
binalarda {ist katlarda ortaya ¢ikan yiiksek mod etkilerini ve dinamik burulma davraniglarini
yakalamakta yetersiz kalmaktadir. Yapinin sismik talep ve yer degistirme kapasitesinin, yliksek
modlarin (6zellikle ikinci ve {iglincii titresim modlarinin) tasiyici sistem lizerindeki kirbaglama
ve kesme kuvveti yi1gilmasi etkilerini de igerecek sekilde gercege en yakin diizeyde belirlenmesi

amaciyla, hesaplamalarda Cok Modlu Nonlineer itme Analizi ydntemi tercih edilmistir.

Yapisal elemanlarin sismik yiikler altindaki inelastik davranisini tanimlamak amaciyla, TBDY -
2018 Boliim 15.4 standartlarina uygun kesit bazli plastik mafsal modelleri kurgulanmstir. Kirig
elemanlarinda plastiklesmenin salt egilme etkisi altinda gerceklestigi kabul edilerek kiris
uclarinda "Salt Egilme (M)" plastik mafsallar1 tanimlanmis, elemanlarin kesme kapasiteleri ise
moment kapasitelerinden tiiretilen plastik sinirlar ile gercevelenmistir. Kolon elemanlarinda ise
diisey yiiklerin ve ¢ok yonlii deprem etkilerinin yarattig1 ylizey i¢i kuvvet etkilesimlerini
gozetmek adina "Eksenel Yiik-Moment Etkilesimi (P-M-M)" plastik mafsal modelleri
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kullanilmistir. Bu dinamik model, kolon {izerindeki anlik eksenel kuvvet degisimlerine bagl
olarak moment kapasitesinin anlik degisimini P-M etkilesim diyagramlar1 iizerinden takip
etmektedir. Boylece, diiz donat1 kullanim1 ve sargilama yetersizligi gibi kusurlar nedeniyle
plastiklesme kapasiteleri moment-vektor plastisite matrisleri {izerinden sinirlandirilan

elemanlarin, DD-1 ve DD-2 deprem diizeylerindeki gd¢me limitleri hassasiyetle belirlenmistir.

3.3. Analiz Ciktilar1 ve Go¢cme Konumunun Matematiksel Kaniti

Cok Modlu Nonlineer Itme Analizi sonuglari, yapmin kagak kat ilaveleri sonras1 degisen
dinamik karakteristiklerini ve sismik performans zafiyetini matematiksel olarak ortaya
koymaktadir. Orijinal 6 katli proje verileriyle yapilan dinamik analizlerde binanin hakim dogal
titresim periyodu diisiik saniye olarak hesaplanirken, 9 kata ¢ikarilan fiili yapinin kiitlesindeki
ekstrem artig, hakim periyodu daha yiiksek saniyelere ¢ikmistir. TBDY-2018 Bolim 3
kapsaminda tanimlanan DD-2 deprem diizeyi (475 yillik yinelenme periyodu) altinda, yapidaki
diisey kolon elemanlarinin %85°i, TBDY-2018 Boliim 15.7 limitlerinde tanimlanan "Gogme
Bolgesi" (GO) simirmi asmistir. Kolon uglarinda tanimlanan plastik donme kapasitelerinin
hedef yer degistirmeden ¢ok Once tilkenmesiyle elemanlar moment aktarma kabiliyetini
kaybetmistir. Kacak katlarin getirdigi ilave eksenel ylikler altinda P-M-M kapasite zarflarinm
asan kolonlarda baglayan ani gevrek kirilmalara neden olmustur. Yapilan bu analizler, malzeme
ve iscilik kalitesi yetersiz olan bu yapinin, mevcut 9 katl kiitlesiyle herhangi bir sismik talebi

karsilamasinin teorik ve pratik olarak imkansiz oldugunu kanitlamaktadir.
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Gorsel 3. Mevcut 9 Kath Kacak Yapinin Sta4dCAD Sonlu Elemanlar Modeli

4. PARAMETRIK PERDE DUVAR iLE GUCLENDIRME VE SiSMiK PERFORMANS
INCELEMESI

4.1. Giiclendirme Tasarim Felsefesi

Mevcut yapinin Boliim 2 ve 3'te detaylandirilan diisiik beton dayanimi, nerviirsiiz diiz donati
kullanim1 ve sargisiz birlesim bdlgeleri gibi agir sismik zafiyetleri géz Oniine alindiginda,
uygulanacak guclendirme stratejisi sistemin yanal rijitlik agigin1 kapatmak ve sismik enerjiyi
siinek mekanizmalarla soniimlemek iizerine kurgulanmistir. Bu dogrultuda, mevcut cerceve
sisteme entegre edilecek yiiksek dayanimli C30 sinifi yeni betonarme perdeler, sismik
eylemsizlik kuvvetlerini ve yanal otelenme taleplerini karsilayacak ana tasiyici elemanlar

olarak tasarlanmistir.
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Giiclendirme tasariminda yeni betonarme perdelerin yerlesimi, planda burulma diizensizligini
minimize edecek sekilde projelendirilmistir. Yapida ek bir dis merkezlik momentinin
olugmasini engellemek, rijitlik merkezi ile kiitle merkezi arasindaki geometrik sapmay1 ortadan
kaldirmak amaciyla perdeler, X ve Y dogrultularinda tam simetrik bir matris diizeninde
konumlandirilmistir. Bu yerlesim stratejisi, sismik taban kesme kuvvetinin yapi genelinde
homojen olarak dagilmasimni saglayarak diisey tasiyict elemanlarin goreli kat otelemesi

taleplerini dengeli bir sekilde sinirlandirmaktadir.

Yapmin sismik performansini iyilestirmede kullanilan perde kesit alanlari, depremin ana
dogrultulari olan X ve Y eksenleri yani her iki dogrultuda eklenmistir. Perde enkesit alanlarinin
toplam kat alanina oran1 temel parametre olarak se¢ilmis ve bu dogrultuda dort farkli parametrik

giiclendirme senaryosu (S1, S2, S3 ve S4) kurgulanmastir.

Bu calisma kapsaminda, mevcut yapisal sistemin deprem performansini iyilestirmek amaciyla
dort farkl giiclendirme senaryosu gelistirilmistir. Analizlerde temel alinan senaryolar; yapisal
perde oranlari, sisteme eklenen toplam perde adetleri ve enkesit boyutlandirma parametreleri
acisindan sistematik olarak cesitlendirilmistir. Mevcut durumun "0" referans noktasi olarak
kabul edildigi calismada; Senaryo 1'de %0,50 perde oranina ulagsmak i¢in her bir yonde 2'ser
adet olmak tizere toplam 4 adet 25x165 c¢cm boyutlarinda perde eklenmistir. Senaryo 2'de perde
orant %1,0 seviyesine ¢ikarilmis, bu dogrultuda her bir yone 4'er adet yerlestirilen toplam 8
adet 25x165 cm enkesitli perde ile rijitlik artirilmistir. Senaryo 3'te %1,5 perde oranina ulagmak
hedefiyle toplam 8 adet 30x200 cm boyutlarinda perde tanimlanmis; Senaryo 4'te ise %2,0
perde orani ile en yiiksek rijitlik degerine ulasmak amaciyla yine 8 adet 30x270 cm boyutlarinda
perde eklemesi yapilarak tasarim optimize edilmistir. Bu kademeli artis stratejisi, yapinin yanal
rijitlik merkezini kiitle merkezine yaklastirarak deprem yiiklerinin daha dengeli karsilanmasini

ve tastyici sistemin slinekliginin yonetmelik limitleri dahilinde artirilmasini saglamistir.
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Gorsel 4. C30 guclendirme perdelerinin X ve Y dogrultularindaki kat plam yerles

senaryolari

4.2. Parametrik Giiclendirme Senaryolarinin Nonlineer Analiz Sonuclar:

Her bir senaryo, Béliim 3.2'de tanimlanan Cok Modlu Dogrusal Olmayan (Nonlineer) Itme

Analizi (Pushover) yontemine tabi tutulmustur. Bu dogrultuda elde edilen kapasite egrileri,

periyot degisimleri ve eleman bazli hasar dagilimlari, yapinin TBDY-2018 standartlarinda
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hedeflenen sismik performans seviyelerine ulagsma dereceleri bakimindan karsilastirmali olarak

analiz edilmistir.

Dogrusal olmayan analizlerden elde edilen ilk bulgular, minimum takviye seviyesini temsil
eden S1 senaryosunun (%0.5), yapmin mevcut rijitligini sinirhi 6l¢iide artirsa da kagak kat
imalatindan kaynaklanan TBDY-2018 smir degerlerine gore agirlikli olarak Gog¢menin
Onlenmesi (GO) bdlgesinde kiimelenmis ve sistem sismik kapasitesini erken tiiketmistir. Buna
karsin, perde oraninin %1 seviyesine ¢ikarildigi S2 senaryosunda dinamik karakteristiklerde
somut bir iyilesme kaydedilmis, hakim dogal titresim periyotlarinin kisalmasina bagl olarak
goreli kat otelemeleri yonetmelik sinirlarinin altina ¢ekilmeye baglanmistir. Bu basamakta
diisey tastyict elemanlarin 6nemli bir bolimi gevrek kirtlma riskinden kurtularak slinek

davranig egilimi sergilemistir.

Parametrik arastirmanin optimizasyon esigini olusturan S3 senaryosunda (%1.5) ise binanin
TBDY-2018 Boliim 15.7 kapsaminda tanimlanan Kontrollii Hasar (KH) sismik performans
hedefini kararli bir sekilde yakaladigini ortaya koymaktadir. Planda olusan goreli kat
otelenmesi yigilmalarinin her iki dogrultuda da soniimlendigi bu model, yapisal siineklik
kapasitesi ile dinamik rijitlik artis1 arasinda mekanik agidan en dengeli ¢oziimii liretmistir.
Perde oraninin %2 diizeyine ulastig1 S4 senaryosu incelendiginde ise iistyapinin "asir1 rijit" bir

karakter kazanmasi nedeniyle taban kesme kuvveti 6nemli 6l¢iide artmastir.

Yiriitiilen parametrik simiilasyonlar bir biitiin olarak degerlendirildiginde; %1.5 perde oraninin
(S3 Senaryosu), binanin 9 katli mevcut kiitlesinden dogan sismik talepleri karsilayan, yapisal
giivenlik kriterlerini eksiksiz saglayan teknik ve ekonomik agidan en tutarli optimizasyon

¢0ziimii oldugu kanitlanmistir.

5. TARTISMA

Cok Modlu Nonlineer Itme Analizleri sonucunda elde edilen sayisal ve dinamik veriler, sismik
rijitlik artis1, sismik enerji soniimleme kapasitesi, temel yiikleri ve ekonomik verimlilik

kriterleri Uzerinden gergeklestirilen karsilastirmali degerlendirmeyi 6zetlemek adina Cizelge

1’de toplu olarak sunulmustur.
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Cizelge 1. Sismik Giiclendirme Senaryolari ve Yapisal parametreler
Maks. TBDY-2018
) Taban ) Perde
Dogrultu Periyot (T, Goreli ] Performans
Yapi Kesme (V4 . Devrilme o
XY sn) Oteleme Seviyesi
kN) Mom. Orani
(Amax) (DD-2)
Mevcut 0.0m2
1.10 1.050 0.0125 %37.7 Gocme
Durum /0.0m2
Gogmenin
0.80m? 3y
Senaryo 1 1.05 1.450 0.0083 %43.5 Onlenmesi
/0.80 m? .
(GO)
1.60 m? Kontrollu
Senaryo 2 0.85 1.980 0.0024 %64.2
/1.60 m2 Hasar (KH)
Senaryo 3 2.40 m2 Kontrolli
) 0.72 2.520 0.0020 %76.1
(Optimum) [2.40 m2 Hasar (KH)
3.20 m? Kontrollu
Senaryo 4 0.55 3.850 0.0018 %83.6
/3.20 m2 Hasar (KH)

Cizelge 1'de elde edilen veriler sismik talep incelendiginde, perde oraninin parametrik
degisiminin yapisal sistem davranis1 lizerinde belirleyici bir esik olusturdugu goriilmektedir.
Minimum takviye seviyesini temsil eden S1 senaryosundaki diisiik rijitlik artis1, yapinin plastik
mafsal kapasitesini erkenden tliikenme noktasina getirmekte ve hedef sismik giivenligi
saglamada yetersiz kalmaktadir. Buna karsin, perde alaninin en yliksek seviyeye ulastigi S4
senaryosu ise yapiy1 "asiri rijit" bir forma sokmaktadir; bu durum, periyodu 0.55 seviyesine
diistirerek sismik enerjinin siinek mekanizmalarla sonlimlenmesi yerine, sistemin ani ivme
artislarina bagli gevrek reaksiyonlar gostermesine yol agmaktadir. Her iki dogrultuda ... m2
yeni perde alaninin entegre edildigi S3 senaryosu ise yaptyt TBDY-2018 simnirlar1 dahilinde
Kontrollii Hasar (KH) performans seviyesinde kararli bir sekilde tutarak, stineklik kapasitesi ile

dinamik rijitlik talebi arasinda en ideal sonlimleme karakteristigini sergilemektedir.

Giiclendirme stratejisinin temel ekonomisi ve yapisal verimlilik kriterleri dogrultusundaki
analizi, asir1 betonarme perde kullaniminin (S4) toplam taban kesme kuvvetini 3850 kN

seviyesine ¢ikararak mevcut radye temele iletilen momentleri yonetilemez boyutlara
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ulastirdigini dogrulamaktadir. Taban kesme kuvvetinde meydana gelen bu radikal artis, mevcut
radye temel tasima kapasitesinin asilmasina sebebiyet vermekte ve iistyap1 rehabilitasyonunun
Otesinde, binanin altyapisinda da yiiksek maliyetli ek temel giiclendirmelerini zorunlu
kilmaktadir. S; senaryosunda elde edilen veriler ise mevcut temel kapasitesini agsmayan, kesit
boyutlandirma verimliligi ile temel ekonomisini eszamanli saglayan kritik bir optimizasyon
esigini temsil etmektedir. Sonug olarak; yapisal sismik talebi en uygun diizeyde sonlimleyen,
sistemi asir1 rijitlik kirllganligiyla kars1 karsiya birakmayan ve insaat ekonomisini gozeterek
strdurdlebilir bir mudahale sunan bu optimal yonsel perde alani, ¢alismanin en verimli stratejisi
olarak tanimlanmistir. S6z konusu strateji, binanin projesiz ve kagcak durumundan kaynaklanan
kronik zafiyetlerini, TBDY-2018 standartlar1 ¢er¢evesinde en az yapisal miidahaleyle en

yuksek sismik giivenlik seviyesine ulastiran yegane rasyonel ¢oziimdiir.

6. SONUCLAR

Bu calisma kapsaminda, denetimsiz kat ilaveleri neticesinde sismik tasiyici sistemi agir hasar
goren mevcut bir konut yapisinin sismik performansi ile TBDY-2018 standartlarina gore
kurgulanan parametrik guclendirme stratejileri, saha verileri ve ileri analitik modelleme
teknikleri 1s18inda incelenmistir. Deneysel saha gozlemleri ve gergeklestirilen sayisal
simiilasyonlar neticesinde, onayl: statik projesine aykir1 sekilde insa edilen 3 adet kacak katin
yapiya yiikledigi ekstra yiikii toptan gé¢me mekanizmasin tetikleyen birincil mihendislik

kusuru oldugu saptanmistir.

STA4CAD yazilim platformu iizerinde yiiriitiilen Cok Modlu Dogrusal Olmayan itme Analizi
(Pushover) sonuglari, deprem sonrasinda sahada gozlemlenen inelastik gevrek hasar
dagilimlarin1 matematiksel olarak dogrulamistir. Analitik modelleme ¢iktilari; yapinin mevcut
fiili geometrisi, malzeme zafiyetleri (sargilama yetersizligi, diisiik beton dayanimi ve diiz donati
kullanim1) ve diizensiz kiitle dagilimiyla, yiiriirliikteki yonetmelik uyarinca uygulanan tiim
sismik yiik senaryolarinda dogrudan "Gégme Konumu" sinir durumunda oldugunu kesin olarak
kanitlamaktadir. Yapisal sisteme uygulanan parametrik perde takviyeli analizler ise mevcut
bina tipolojisinde %0.5 ile %1.0 araliginda tutulan perde oranlarinin, tasiyici elemanlardaki
inelastik plastik donme taleplerini azaltmada ve sismik performansi giivenli kabul edilebilir

sinirlara tasimada yetersiz kaldigini géstermistir.
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Yiriitiilen parametrik ¢alisma sonucunda; TBDY-2018 bilinyesinde hedeflenen Kontrolli Hasar
(KH) sismik performans seviyesini yap1 genelinde kararli bir bi¢imde karsilayan, ayn1 zamanda
sistemi agir1 rijit bir forma sokmayarak taban kesme kuvveti yigilmalarini ve buna bagh
altyapi/temel maliyetlerini artirmayan %1.5 perde oraninin (S3 senaryosu), bu bina igin teknik
ve ekonomik agidan en rasyonel "Optimum Giiglendirme Orani" oldugu saptanmistir. Bu
bilimsel ¢ikti, kagak kat ilaveleriyle yapisal giivenligi ekstrem diizeyde zayiflatilmis betonarme
cerceve sistemlerin rehabilitasyon projelerinde, tistyapi rijitlik talebi ile altyap1 (temel) tasima
kapasitesi smirlarin1 eszamanli olarak dengeleyen siirdiiriilebilir ve efektif bir miihendislik

yaklagimi sunmaktadir.
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ABSTRACT

The problems of reinforcement corrosion, frequently observed in reinforced concrete structures,
and the high carbon emission of conventional concrete have increased interest in innovative
concrete designs. This study, which proposes improving the flexural performance and
mechanical properties of concrete beams produced using carbon mesh instead of steel
reinforcement and geopolymer concrete instead of conventional cement, aims to fill a
significant gap in the literature. In the experimental program, blast furnace slag was used as a
binder in the geopolymer mortar mixture, and quartz powder and marble powder were used as
mineral additives. Sodium hydroxide and sodium silicate were used as alkali activators. The
effects of the number of carbon mesh layers (0, 1, 2, and 3 layers) on the flexural performance
of beams produced with dimensions of 40x10x10 cm were investigated. A three-point bending
test was applied to the beams to evaluate their flexural strength. Load-displacement graphs were
examined, and while the reference specimen fractured brittlely, a significant increase in the
maximum load-carrying capacity was observed in carbon mesh-reinforced specimens as the
number of layers increased. Adding carbon mesh to geopolymer concrete increased the
toughness of the material, limited crack formation, and enabled controlled deformation in the
beams. As a result, experimental results have proven that carbon mesh-reinforced geopolymer
concrete elements are an innovative, environmentally friendly concrete that eliminates
corrosion problems.

Keywords: Geopolymer, carbon mesh, bending behavior, carbon mesh-reinforced geopolymer

concrete
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1. INTRODUCTION

While commonly preferred cement-like binders offer high stabilization potential, they raise
serious concerns about environmental sustainability and economic cost (Anju et al., 2026).
Geopolymer concrete, on the other hand, is considered a new generation concrete technology
due to its environmental sustainability parameters. Geopolymer concrete (GC) stands out with
its properties such as high compressive strength, low permeability rates, high tolerance to
chemical effects, and high fire resistance (Pedretti et al., 2026). By replacing Portland cement,
it provides a significant reduction in CO2 emissions. According to the general classification in
the literature, binder elements whose raw materials are aluminum and silicon are considered
geopolymers, while alkali-activated cements are based on raw materials with a high calcium
content. The fundamental difference from traditional Portland cement is that the binder phase
in GC is formed as a result of a process called geopolimerization. (Qaidi et al., 2022)

Geopolymerization is a low-carbon cementation process in which aluminosilicate-rich
industrial mineral wastes (IMWSs), such as fly ash and blast furnace slag (BFS), are converted
into inorganic polymer binders through alkali activation. (Yadavalli et al., 2026) This reaction
is based on the principles of dissolution and polymerization. In this phase, reactive Si and Al
components are dissolved in an alkaline environment and then rearranged to form a three-
dimensional aminosilicate network.

Alkali activators, usually consisting of NaOH and its combinations, are used in the mixture to
initiate the geopolymerization process. Furthermore, the concentration and ratio of these
components play a significant role in the fluidity and setting time of the mixture. High NaOH
molarity causes the mixture to harden and reduces fluidity, decreasing workability; while an
increase in sodium silicate content reduces internal friction and increases lubrication, improving
workability up to an optimal limit. However, excessive use of sodium silicate can increase
viscosity and reduce spreadability due to rapid setting and excessive gel formation. The ratio
of sodium silicate to sodium hydroxide (Na>SiOs/NaOH) controls these parameters (Javan et
al., 2026). Therefore, this ratio needs to be carefully established to achieve balanced workability
and appropriate setting time. Well-optimized solutions provide better workability in
geopolymer concrete mixes by increasing fluidity while maintaining strength. In this context,
maintaining a ratio of 2.0-3.0 is important for designing a geopolymer matrix with superior
properties. In this study, the activator mixture used at a ratio of 2.57 is important both for
ensuring sufficient fluidity and balancing the setting time.

Due to their mechanical performance and economic advantages, reinforced concrete beams
(RC) are widely used in modern structural engineering (buildings, bridges, etc.). However, with
the extension of service lives, reinforced concrete structures worldwide are facing a significant
number of durability problems. According to data from the U.S. Federal Highway
Administration (2023), 46.6% of bridges in the U.S. have structural defects or functional
deficiencies (Zhang et al., 2026). One of the most fundamental causes of premature
deterioration in reinforced concrete structures is reinforcement corrosion. The effect of
corrosion causes both a loss of cross-sectional area in the reinforcement and a gradual decrease
in the adhesion between the reinforcement and the concrete matrix (Lliso-Ferrando et al., 2026).
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Furthermore, corrosion is one of the biggest causes of resource waste, ecosystem destruction,
and environmental pollution. Moreover, corrosion-induced degradation leads to the release of
hazardous substances such as iron oxide and toxic components such as iron or mercury into the
environment (Verma et al., 2026).

In 2022, the European Commission Joint Research Centre published a noteworthy report on
corrosion risks in European regions. According to the report, corrosion and cracking were
observed in 35-48% of reinforced concrete elements along the Mediterranean coast, while the
damage rate in similar structures in high-humidity coastal areas of Northern Europe remained
at 28-40%. In addition, the economic burden of corrosion-related deterioration is enormous.
Annual repair and strengthening works across the US amount to tens of millions of dollars, and
this economic loss is increasing every year (Wang et al., 2026).

One of the newest solutions developed as an alternative to the corrosion problems in traditional
steel-reinforced concrete elements is Textile Reinforced Composite applications (Giese et al.,
2021). These systems, which can fulfill the structural performance requirements of traditional
reinforced concrete elements, are composite systems containing one or more layers of structural
textile meshes such as carbon, basalt, or glass embedded within the matrix. These systems
successfully achieve the structural performance of traditional reinforced concrete structures by
using textile meshes instead of steel reinforcement. Using an inorganic material like carbon
mesh instead of steel reinforcement eliminates the risk of corrosion and enables lightweight
structural elements. This innovative technology is becoming increasingly popular in the field
of structural strengthening and repair. The aim of this study is to investigate the flexural
behavior and mechanical performance of carbon mesh-reinforced geopolymer concrete beams
as a sustainable alternative in reinforced concrete elements. The main variable in the
experimental program is the number of carbon mesh layers (0, 1, 2, and 3 layers), and the aim
is to examine the effect of this variable on the structural element. In the study, three-point
bending tests were applied to samples produced with dimensions of 40x10x10 cm using YFC
as the main binder and marble powder and quartz powder as mineral additives. Based on the
results obtained from the experiments, load-displacement graphs of the samples were plotted;
By observing maximum load-carrying capacities, fracture modes, crack formation, and post-
peak energy absorption (toughness) capacities, the extent to which the brittle structure of
geopolymer concrete acquires ductile behavior will be revealed through experimental results.

2. MATERIALS AND METHODS

In this experimental study, granulated blast furnace slag (GBFS) was used as the main binder
in the mixtures prepared for the production of geopolymer concrete beams, while marble
powder and quartz powder were used as mineral additives. Sodium hydroxide (NaOH) and
sodium silicate (Na>SiOs) were used as alkali activators to initiate the geopolymerization
reactions. In the literature, maintaining a sodium silicate/sodium hydroxide ratio between 2.0
and 3.0 is a generally accepted approach for optimizing workability. The ratio of 2.57, chosen
considering pre-castings, eliminated the risk of sudden setting and made it possible to maintain
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sufficient workability of the concrete mortar. The mixing ratios and quantities of the materials
are presented in detail in Table 1.

Table 1. Geopolymer mixing ratios (kg/m?)

GBFS Marble powder Quartz powder Water NaOH Na,SiOs

700 685 483 70 98 252

In this study, geopolymer concrete was produced using GBFS in accordance with the ASTM C
618 standard. The specific gravities of the GBFS, marble powder, and quartz powder that make
up the mixture are 2.88 g/cm?, 2.67 g/cm?, and 2.82 g/cm?, respectively (Bayrak et al., 2024).
Furthermore, the specific gravity of sodium silicate is 1.42 g/cm3 and the specific gravity of
sodium hydroxide is 1.2 g/cmq. Table 2 provides the values for the chemical components of the
materials (Kilig et al., 2025; Alcan et al., 2025).

Table 2. Chemical components (%) of GBFS, marble powder and quartz powder.

CaO SiO; Al;O3 Fe,03 MgO Na,O KaxO SO3 LOI

GBFS 364 33.11 19.9 0.5 8.8 0.2 0.4 0.5 0.2
Marble 0.8 52.9 43.6 0.6 0.3 0.6 0.1 0.1 0.3
powder
Quartz 53.2 0.4 0.1 0.1 0.4 0.2 0.1 0.1 -
powder

Particle size distribution is one of the key parameters determining both the early workability
and the later pore structure of concrete. The graphs obtained through this process help to achieve
a less porous and more compact structure within the geopolymer matrix. The sieve analysis
graphs of GBFS, quartz powder, and marble powder used in the geopolymer mixture are given
in Figure 1. Examination of the curves shows that the materials have a continuous gradation
and present a well-graded (continuous) structure. In particular, due to the high fineness of
GBFS, it is known that the fine particles fill the micro-voids in the matrix and accelerate the
alkali activation process.

174



Intensity

BURSA 7" INTERNATIONAL CONFERENCE ON ENGINEERING and MATHEMATICS
July 35,2026 - BURSA
ISBN NR. : 978-625-8795-27-1

--=— Quartz Powder

100+ ° GBFS - J_',".'_t'.'_'_.'.
< Marble Powder ¥
~ 80 o
2 p
£ J
@ 60- p
o 4 .
o o
F 40- J
] [

[ ] | |
g 2 ;
O s
....
0 -essesasacsssanasannses .'«0" e " ' .
0,1 1 10 100 1000

Particle Size (um)

Figurel. Sieve analysis results of quartz, GBBFS and marble powder.

The XRD analysis results for examining the mineralogical structures of the GBFS and quartz
powder used are presented in Figure 2. The glassy structure of GBFS indicates that it has good
potential for easily dissolving in the alkali activation process to form C-S-H gels. On the other
hand, the XRD pattern of the quartz powder shows a sharp and intense peak, indicating that the
material has a high-purity crystalline structure. In light of these findings, it is shown that due to
the amorphous structure of GBFS and the crystalline structure of quartz powder, both gel
formation and filler effect complement each other in the design of geopolymer concrete.
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Figure 2. XRD pattern of (a) GBFS and (b) quartz powder.

In this study, a total of 4 beam specimens with dimensions of 40x10x10 cm were prepared.
Figure 3 shows the geometric details of the beam specimen. To ensure experimental consistency
and to examine the use of carbon mesh in more detail, the mixing ratios were kept the same in
all beam specimens. The independent variable of the study was determined as ‘Carbon Mesh
Usage’. To understand the effect of the presence of carbon mesh on the beam specimen, 1
specimen was selected as a reference specimen. The reinforced specimens were designed with

175

60



BURSA 7" INTERNATIONAL CONFERENCE ON ENGINEERING and MATHEMATICS
July 35,2026 - BURSA
ISBN NR. : 978-625-8795-27-1

a stepped number of mesh layers: specimen 2 with 1 mesh layer, specimen 3 with 2 mesh layers,
and specimen 4 with 3 mesh layers. The distance between the meshes was kept equal, and the
distance between each mesh and between the mold and the mesh was 1 cm (Figure 4).
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Figure 3. Sample dimensions
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Figure 4. Carbon mesh arrangement in beam samples.

A three-point bending test was conducted to investigate the bending behavior of geopolymer
concrete beams. Details of the experimental setup used in this study are given in Figure 5. The
tests were performed in displacement-controlled mode with a constant loading rate of 10
mm/min. To examine the post-fracture behavior of the specimens, the tests were terminated at
a common deformation value after the beams reached their maximum load.

Figure 5. (a) Beam specimen molds and carbon mesh, (b) and (c) experimental setups.
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3.RESULTS AND DISCUSSION
3.1. Load-Displacement Behavior and Bending Performance

Figure 6 shows the load-displacement curve for each specimen, and Figure 7 shows the load-
displacement curves for all specimens. Examination of the graphs clearly shows that adding
carbon mesh to the beams caused a significant change in the bending performance of the beam
specimens. The control beam without carbon mesh exhibited linear elastic behavior under the
applied stress until it reached its ultimate load capacity, and after reaching the Pmax value, it
experienced a sudden load change and showed brittle fracture. This sudden fracture behavior
of the reference beam is an indication of the characteristic low tensile strength of the
unreinforced geopolymer matrix.
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Figure 6. Load-mid-point displacement of (a) Ref (b) 1 Layer sample (c) 2 Layer sample
(d) 3 Layer sample
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When examining the behavior of carbon mesh-reinforced beams (Figures 6b, 6c, 6d), it is
observed that although there is a sudden drop in load after reaching the maximum load point,
the load-carrying capacity is not completely eliminated. This observed post-peak behavior
clearly demonstrates that the beams possess significant ductility and energy absorption capacity
(toughness). The main factor providing these observed mechanical improvements is the positive
effect of the carbon meshes added to improve the behavior of geopolymer concrete elements.

When we look at the effect of the number of layers on the beams, it is seen that the sample with
2 layers of carbon mesh reaches the highest value in terms of maximum load-carrying capacity.
This shows that 2 layers of carbon mesh reinforcement has a positive effect on improving the
load-carrying capacity under bending behavior. Although the sample with 3 layers of carbon
mesh lags behind the sample with 2 layers of mesh in carrying the maximum load, it exhibits
more stable behavior by continuing to carry the load for a longer period after the peak point.
This shows that the sample with 3 layers of carbon mesh has a positive effect, especially in
terms of post-cracking behavior.

Table 3. Characteristic load, displacement, and energy absorption values for beam specimens.

Pcr Ay Pmax Apax Pu Ay E

(kN) (mm) (kKN) (mm) (kKN) (mm) (kKN.mm)
B-Ref 2.02 0.484 12.62 1.142 6.82 1.144 4.82
B-1L 5.36 1.116 9.12 5.332 0.85 40.00 131.64
B-2L 10.47 0.978 18.01 2.192 1.00 40.00 200.21
B-3L 10.73 1.881 14.63 5.344 1.47 40.00 204.93

According to the results given in Table 3, increasing the number of carbon mesh layers
significantly improves the initial crack load and energy absorption capacity. The highest
maximum load of 18.01 kN was observed in the sample with 2 layers of carbon mesh, while
the highest energy absorption capacity of 204.93 kNmm was obtained from the sample with 3
layers of carbon mesh. These results show that the use of carbon mesh reduces brittle fracture
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behavior. Pmax values are presented in a bar graph in Figure 8 for a clearer comparison of the

samples.
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Figure 8. Maximum load-carrying capacity (Pmax) values.

3.2. Energy Absorption Capacity

When the energy absorption capacity values are examined (Figure 9), it is seen that carbon
mesh reinforcement has a positive effect on the toughness behavior of geopolymer concrete
beams. While the energy absorption capacity of the reference sample is 4.82 KNmm, this value
has increased significantly in carbon mesh reinforced samples. In particular, the values of
200.21 KNmm in the sample with 2 layers of carbon mesh reinforcement and 204.93 KNmm in
the sample with 3 layers of carbon mesh reinforcement have been reached, indicating that the
increased carbon mesh layer has positively affected the load-carrying capacity and deformation
capacity of the geopolymer concrete after the peak point.
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Figure 9. Energy dissipation capacity values depending on sample type.

179



BURSA 7" INTERNATIONAL CONFERENCE ON ENGINEERING and MATHEMATICS
July 35,2026 - BURSA
ISBN NR. : 978-625-8795-27-1

3.2. Failure modes and crack formation

When the physical conditions of the geopolymer concrete beams after the experiment are
examined in Figure 10, it is seen that the damage on the specimens is parallel to the results
obtained from the load-displacement curves. It is observed that the reference specimen (Figure
10a) loses its structural integrity instantly and reaches final failure in a brittle manner when the
applied load reaches its maximum level, without showing any signs of ductility. In carbon mesh
reinforced specimens (Figures 10b, 10c, 10d), it was observed that although the first concrete
matrix crack formed, the specimens maintained their structural integrity and did not experience
sudden rupture similar to the reference specimen. As the number of layers increases, it is seen
that the damage does not accumulate in a single main crack, but is absorbed by the mesh layers,
and deformation occurs in the specimen in a more controlled manner. This helps the
geopolymer matrix to exhibit a more ductile behavior rather than a rigid behavior thanks to the
mesh. Thus, carbon mesh provides good adhesion with the geopolymer structure, and sudden
failure problems are eliminated due to the even distribution of stresses.

Figure 10. Images of the experimental samples after testing. (a) Reference sample (b) Sample
with single-layer carbon mesh (c) Sample with double-layer carbon mesh (d) Sample with triple-
layer carbon mesh

4. GENERAL ASSESSMENT AND CONCLUSIONS

This study investigates corrosion-induced damage in concrete structural elements and the
flexural behavior of carbon mesh-reinforced geopolymer concrete elements as an innovative
solution to Portland cement. Experiments performed using three-point bending tests yielded
several results.

e While the reference specimen without reinforcement exhibited brittle fracture due to
low tensile strength, the use of carbon mesh overcame the shortcomings of low tensile
strength in geopolymer concrete, allowing the specimen to exhibit ductile behavior
under applied loads. This indicates that the use of carbon mesh creates a bridging effect
between crack surfaces in the specimen, reducing the tendency for brittle fracture.

e According to the experimental results, the highest maximum load-carrying capacity was
achieved in the specimen containing 2 layers of carbon mesh, with a value of 18.01 kN. When
the specimens were evaluated in terms of energy absorption capacity, the highest value was
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reached in the specimen containing 3 layers of carbon mesh, with a value of 204.93 KNmm.
These values demonstrate that the use of carbon mesh positively affects both the flexural
performance and toughness behavior of geopolymer concrete beams.

e It was observed that good adhesion was formed between the geopolimer matrix and the carbon
mesh. Thanks to this, even after the first crack formation, the load-carrying capacity of the
beams did not suddenly drop to zero, and the samples continued to maintain their integrity.

In conclusion, this study has shown that the combination of carbon mesh and geopolimer
concrete is an effective method for limiting brittle fracture behavior and improving post-
cracking load-carrying capacity in concrete elements.
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ABSTRACT

Sequential rule mining (SRM) is a data mining method that discovers ordered relationships
between itemsets in sequence databases, widely applied in web clickstream analysis,
recommender systems, and quality control. CMRules, RuleGrowth, and ERMiner were
comparatively evaluated on two real-world datasets, BMSWebView?2 and Leviathan, differing
in sequence length, density, and item count. Experiments used the SPMF framework with
minimum confidence fixed at 50% and minimum support tested at {2%, 5%, 10%, 20%, 30%}.
Each configuration was repeated five times; scalability experiments ran three times across five
size fractions (20%-100%) at a fixed 10% support threshold. Measurements cover runtime,
memory usage, timing consistency, rule count, and scalability.

On Leviathan at low support, RuleGrowth and ERMiner complete significantly faster than
CMRules: at minsup=2%, CMRules' runtime reaches 2.41 times that of ERMiner, widening to
2.51 times at minsup=5%. All three algorithms produce identical rule sets at every support level,
confirming algorithmic completeness. For memory, SPMF heap output was used for CMRules
and psutil RSS for RuleGrowth and ERMiner; this methodological difference limits findings to
trend-level interpretation. Runtime scales linearly with data size on Leviathan, supported by
Pearson r > 0.91. No rules were produced on BMSWebView2 under any configuration. Given
its sparse structure (mean sequence length 4.62, median 3), this outcome was predictable from
sequence statistics prior to experimentation, underscoring the need to review a dataset's
statistical profile before applying SRM. ERMiner is recommended for dense datasets with
sufficient memory; RuleGrowth is preferred in memory-constrained settings.

Keywords: Sequential rule mining, CMRules, RuleGrowth, ERMiner, SPMF, comparative
study

1. INTRODUCTION

Sequential rule mining (SRM) is a fundamental data mining task that discovers ordered
relationships between itemsets in sequence databases. A sequential rule expressed as X = Y
states that itemset X appears before itemset Y with sufficient frequency (support) and certainty
(confidence). This temporal ordering distinguishes SRM from standard association rule mining
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and makes it valuable in areas such as web clickstream analysis, e-learning, recommender
systems, quality control, and alarm sequence analysis [1].

The computational difficulty of SRM stems from the exponential size of the candidate rule
space, especially at low support thresholds. CMRules [2], RuleGrowth [3], and ERMiner [4]
represent breadth-first generate-and-test, pattern-growth, and equivalence-class paradigms,
respectively, within the SPMF framework [5]. In [6], four sequential rule mining algorithms
were compared on a single proprietary retail dataset and observed to produce identical rule sets;
however, the study lacked repeated trials, confidence intervals, and structurally diverse public
datasets needed to generalize this finding. This study extends that line of work through: (1) a
multi-dimensional comparison across two structurally distinct, publicly available datasets; (2)
a statistically robust experimental design with repeated trials, 95% confidence intervals, and
coefficient of variation; and (3) explicit reporting of memory measurement heterogeneity.

2. ALGORITHMS
2.1. CMRules

CMRules [2] follows a two-phase approach. In the first phase, the database is scanned to
identify item pairs that co-occur with sufficient frequency; occurrence information is stored
using a horizontal list structure. In the second phase, candidate rules are validated and their
sequential support and confidence values are recomputed. The algorithm employs a breadth-
first search strategy. The pruning mechanism is based on the downward closure property; since
all item pairs must be evaluated at the outset, the candidate count grows as O(|I]?).

2.2. RuleGrowth

RuleGrowth [3] adopts a pattern-growth-based depth-first search approach. It begins with seed
rules derived from frequent item pairs and iteratively expands them. Sequence ID sets and bitset
representations are used as data structures. The depth-first structure eliminates the need for
repeated database access.

2.3. ERMiner

ERMiner [4] offers an approach that organizes rules based on equivalence classes. Rules
sharing the same antecedent form left equivalence classes, while rules sharing the same
consequent form right equivalence classes. Class-based representation and a Sparse Count
Matrix (SCM) are used as data structures. The pruning mechanism operates at two levels: SCM
pre-filtering and expansion pruning within equivalence classes. Since SCM size is proportional
to O(|1]?), a fixed memory cost arises independent of the support threshold.
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Table 1. Theoretical Comparison of Algorithms

Feature CMRules RuleGrowth ERMiner
Search Strategy Breadth-first Depth-first Equivalence class
Paradigm Generate-and-test Pattern-growth Class-based
Data Structure Horizontal list Occurrence list SCM + class
Candidate Generation Yes No No (SCM-filtered)
Memory Complexity Low Medium High

3. EXPERIMENTAL EVALUATION
3.1. Datasets and Preliminary Analysis

Two publicly available datasets were used. BMSWebView? is a large, sparse web clickstream
dataset with short sequences (77,512 sequences, mean length 4.62, median 3). Leviathan is a
much denser, literary-text-derived small dataset averaging 33.81 items per sequence (5,834
sequences, 9,025 distinct items). Satisfying the confidence condition P(Y|X) > 0.50 in
BMSWebView?2 is statistically unlikely; the zero-rule outcome was predictable from the
sequence statistics before the experiments. BMSWebView?2 was intentionally included to test
algorithm behavior under sparse conditions and to demonstrate the importance of dataset pre-
analysis in SRM applications.

Table 2. Dataset Features

Feature BMSWebView?2 Leviathan
Number of Sequences 77,512 5,834
Distinct Items 3,340 9,025
Mean Sequence Length 4.62 33.81
Median Sequence Length 3.0 29.0
Std. Sequence Length 6.07 18.61
Total Item Occurrences 358,278 197,251
Expected Rules (50% conf.) =0 Present
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3.2. Experimental Design

All algorithms were executed via SPMF JAR (Java 21, 6 GB heap, macOS, Apple M1, 16 GB
RAM). Minimum confidence was fixed at 50%, a value chosen independently of the confidence
settings used in the original algorithm papers [2]-[4], which varied across their own
experiments (e.g., minconf = 0.2-0.3 in [3] and 0.75 in [4]); minimum support was swept over
{2%, 5%, 10%, 20%, 30%}. Each configuration was repeated n=5 times; mean and standard
deviation of runtime, 95% confidence interval (Cl), and coefficient of variation (CV =
std/mean) were recorded. Scalability experiments were run three times each across dataset
fractions ranging from 20% to 100% at a fixed 10% support threshold. For memory
measurement, SPMF heap output was used for CMRules, and psutil RSS sampling for
RuleGrowth and ERMiner. This difference arises because CMRules runs entirely within the
SPMF JAR process, making heap tracing the only accessible measurement, whereas
RuleGrowth and ERMiner were instrumented externally via Python wrappers.

3.3. Runtime

On BMSWebView?2, all algorithms complete within 0.33-0.43 s; differences are practically
meaningless as JVM startup and 1/0 overhead dominate algorithmic computation.

On Leviathan, the differences are much more pronounced. At minsup=2%, CMRules takes
~39.0 s, RuleGrowth =19.5 s, and ERMiner =16.2 s. The pairwise speedup comparison
quantifies these differences: at minsup=2%, CMRules is 2.41x slower than ERMiner and 2.00x
slower than RuleGrowth. The largest gap is observed at minsup=5%, where CMRules falls
2.51x behind ERMiner. This gap clearly demonstrates the impact of algorithm selection on
runtime in dense datasets. At minsup=30%, fixed costs dominate; the gap falls below 25%; and
the algorithms converge.
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Figure 1. Runtime vs. minimum support (Leviathan)
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Figure 2. Pairwise speedup matrix (Leviathan). Values greater than 1 indicate that the row
algorithm is slower than the column algorithm.

3.4. Number of Rules Discovered

On Leviathan, all three algorithms produced identical rule counts at every support level: 6,510
rules at minsup=2% and 12 rules at minsup=30%. This result experimentally confirms
algorithmic completeness. On BMSWebView?2, zero rules were produced under all
configurations.

Number of Discovered Rules vs. Minimum Support

(Leviathan)

) Algorithm
3 —&— CMRules
g —~#i—~ RuleGrowth
) —&— ERMiner
E 103 -
9]
eel
)
wn
+
=
@
o}
g 102 -
O
o
=
o
O
2
=
"

101 o

2% 5% 10% 20% 30%
Minimum Support Threshold

Figure 3. Number of rules discovered vs. minimum support (Leviathan, symlog scale)
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3.5. Memory Consumption

ERMiner exhibits the highest memory usage at low support thresholds due to the fixed cost of
the SCM structure: ~1,238 MB (RSS) at minsup=2% on Leviathan. This value drops sharply
with higher support thresholds (=53 MB at 30%). CMRules uses 540 MB on Leviathan at
minsup=2%, falling to 57 MB at 30%. RuleGrowth has the lowest memory cost at 307 MB
(RSS) at minsup=2%. Due to methodological differences in measurement, findings should be
interpreted as trends rather than absolute values.

Memory Usage vs. Minimum Support
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Figure 4. Memory consumption vs. minimum support (Leviathan). Note: CMRules values are
from SPMF heap tracing; others from psutil RSS sampling; absolute cross-algorithm
comparison should not be made.

3.6. Scalability

Regression analysis revealed that the linear growth model provides the best fit across all
algorithm-dataset combinations. Pearson r values range from 0.87 to 0.97 on BMSWebView?2
and 0.91 to 0.98 on Leviathan. At full size on Leviathan, CMRules (=0.93 s) is approximately
3x slower than RuleGrowth and ERMiner (=0.29-0.33 s).
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Scalability: Execution Time vs. Dataset Size
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Figure 5. Scalability: runtime vs. dataset size (Leviathan)
Table 3. Scalability Regression Analysis (Linear Model)

Dataset Algorithm Pearson r R? Model
BMSWebView?2 CMRules 0.965 0.931 Linear
BMSWebView?2 RuleGrowth 0.930 0.865 Linear
BMSWebView?2 ERMiner 0.872 0.760 Linear

Leviathan CMRules 0.983 0.967 Linear

Leviathan ERMiner 0.946 0.895 Linear

Leviathan RuleGrowth 0.913 0.834 Linear
4. DISCUSSION

The results are consistent with the findings in the original algorithm papers [2]-[4]. On the
dense Leviathan dataset, ERMiner and RuleGrowth show a clear advantage over CMRules at
low support thresholds; this outcome supports the superiority of pattern-growth and
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equivalence-class approaches over the generate-and-test paradigm. On the sparse
BMSWebView?2, algorithm differences are lost under JVM overhead.

Given the heterogeneity in memory measurement methodology, each algorithm must be
interpreted within its own profile. ERMiner exhibits the highest memory usage at low support
thresholds, but this cost is offset by its speed advantage. RuleGrowth offers the most favorable
speed-memory trade-off profile among the three algorithms. The zero-rule result on
BMSWebView2 demonstrates the necessity of dataset pre-analysis before running SRM
applications.

This study is limited to two datasets and a single confidence value (50%). The memory
measurement method is not homogeneous across algorithms; SPMF heap was used for
CMRules and psutil RSS for the others, allowing only trend-level interpretation rather than
absolute comparison.

Table 4. Scenario-Based Algorithm Recommendations

Scenario Recommended Algorithm
Dense dataset, sufficient memory ERMuiner
Memory-constrained environment RuleGrowth
Sparse/small dataset Any
Implementation simplicity preferred CMRules

5. CONCLUSION

All three algorithms produce complete and identical rule sets; users can select an algorithm
based on their needs without sacrificing rule quality. ERMiner outperforms CMRules in
runtime at every support level tested; RuleGrowth outperforms CMRules at low-to-moderate
support (2%—-10%) but is overtaken by CMRules at higher support (20%-30%). The largest gap
(ERMiner vs. CMRules) is observed on Leviathan at minsup=5%, reaching 2.51x. Memory
findings should be interpreted as trends; ERMiner exhibits the highest memory profile at low
support thresholds, while RuleGrowth offers the most favorable speed-memory trade-off.
Scalability follows a linear growth model for all algorithms (r ranging from 0.87 to 0.98).
ERMiner is recommended for dense datasets with sufficient memory, while RuleGrowth is
preferred in memory-constrained environments.
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ABSTRACT

In agricultural production and the food supply chain, the automatic recognition, classification,
and quality assessment of fruits and vegetables is of great importance. In this study, an image
dataset that was created to enable the development and testing of agricultural artificial
intelligence applications and that covers a total of eight produce classes, namely seven fruits
and one vegetable, is presented. The dataset consists of a total of 8597 images belonging to the
fruits pear, strawberry, apple, kiwi, lemon, banana, and orange, and the vegetable carrot. While
the dataset was being created, a balanced distribution among the classes was ensured. Each
image contains only a single product. In order to create a realistic dataset, rotten and defective
samples, products at different color and ripeness levels, and partial images in which only a part
of the product is visible were also deliberately added to the dataset. This diversity supports the
developed models in working stably under nonideal imaging conditions as well. The presented
dataset can be used in the training and evaluation of deep learning based tasks such as product
classification, defect detection, ripeness analysis, and automatic product sorting. Owing to its
balanced structure and the realistic variations it contains, the dataset is a valuable resource for
both academic research and precision agriculture and food processing applications.

Keywords: Deep learning, fruit and vegetable classification, image dataset.
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1. INTRODUCTION

The agricultural sector is increasingly turning to automation in production, harvest, and
postharvest processes in order to sustainably meet the food needs of the growing world
population. In this transformation, computer vision and deep learning methods are frequently
used. Deep learning methods have assumed a central role in the automatic recognition,
classification, and quality assessment of fruits and vegetables [1]. In particular, convolutional
neural networks have begun to replace traditional methods by achieving high accuracy rates in
tasks such as product sorting, ripeness detection, defect and rottenness inspection, and yield
estimation [2]. However, the performance of these models largely depends on the size of the
datasets used for training, their balance across classes, and the degree to which they reflect real
world diversity. A significant portion of the existing datasets may be insufficient for practical
applications because they contain a limited number of classes, were collected under ideal and
controlled conditions, and do not sufficiently include rotten or partially visible samples.

Montalban-Faet et al. created the CampanetaOrangeFruit dataset [3]. They used images
obtained with a DJI Mavic 3 Multispectral UAV in a commercial citrus orchard. The dataset
consists of 550 synchronized RGB and four multispectral band (R, G, RE, NIR) images. It
contains a total of 2750 images and 301232 orange annotations. The dataset, which ensures
pixel alignment and geometric consistency between the spectral bands through a homography
based reprojection method, provides an important reference for fruit detection, yield estimation,
and the development and comparison of cross spectral deep learning models. Bhatt and Joshi
created a dataset of the Kalipatti variety of sapota fruits grown in the state of Gujarat [4]. The
dataset consists of 16826 images and includes different backgrounds and lighting conditions.
The dataset, which covers fresh and spoiled fruits as well as different size classes, contributes
to the development of real time fruit classification, grading, and machine vision based
agricultural automation systems. Unnikrishnan et al. present a multimodal dataset containing
more than 14000 sRGB images, 14500 IR fusion images, and methane sensor data belonging
to six different fruits and vegetables, namely guava, carrot, tomato, Indian gooseberry, banana,
and mango [5]. The dataset, which brings together visual, thermal, and chemical spoilage
indicators, provides an important resource for the noninvasive assessment of product freshness,
shelf life estimation, spoilage detection, and the development of artificial intelligence assisted
smart agriculture applications.

Bijoy et al. present a large scale fruit dataset consisting of 81232 images that also includes three
quality classes, namely fresh, rotten, and formalin mixed, for apple, banana, mango, orange,
and grape types [6]. The dataset was obtained with different mobile devices and was enriched
with data augmentation techniques. It constitutes an important resource for ensuring food
safety, automating formalin detection, and developing machine learning based quality control
systems. Abedin et al. present a balanced dataset consisting of leaves belonging to 10 different
fruit types commonly found in Bangladesh and containing a total of 3173 high resolution
images [7]. The dataset was obtained with standardized smartphones under controlled light
conditions. It provides an important resource specific to the South Asia region for the
development of leaf based plant recognition, automatic product classification, and agricultural
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monitoring systems. Salcedo-Navarro et al. present the CampanetaWeed dataset [8]. The
dataset contains more than 10000 images consisting of RGB and four multispectral bands and
271000 labeled objects, obtained at different periods with a DJI Mavic 3 Multispectral UAV in
a commercial orchard. The dataset covers six weed types and one soil degradation class. It
provides an important resource for weed detection and the development of sustainable precision
agriculture applications. Shihab et al. created a dataset of healthy and diseased guava fruits and
leaves collected from different regions of Bangladesh [9]. The dataset presents a comprehensive
dataset containing 3432 real images and 20344 images created as a result of data augmentation
methods. The dataset, which covers diseases such as anthracnose, scab disease, blossom end
rot, canker, and rust, contributes to the development of machine learning and computer vision
based automatic diagnosis systems for the early detection of guava diseases.

The main contribution of this study is the presentation of a balanced dataset of a total of 8597
images that is designed for agricultural artificial intelligence applications, that covers eight
product classes (pear, strawberry, apple, kiwi, lemon, banana, orange, and carrot). The created
dataset includes not only samples under ideal conditions but also rotten and defective products,
samples at different color and ripeness levels (for example, apples in different colors), and
partial images in which only a part of the product is visible. The fact that each image contains
a single product enables the dataset to be used flexibly in tasks such as both classification and
quality/rottenness detection. In this respect, the dataset has the quality of a reliable benchmark
resource for the development and comparative evaluation of models that are robust to real world
conditions.

2. MATERIAL AND METHODS
2.1. Image Collection

The images that make up the dataset were captured using the camera of Vivo Y16, Iphone 7
plus, Iphone 11, and Iphone 17 pro smartphone. During the shooting, the composition was
arranged so that only a single product would appear in each image. In order for the dataset to
reflect real world conditions, in addition to fresh and intact samples, rotten and defective
products, samples at different color and ripeness levels (for example, apples in red, green, and
yellow tones), and partial images in which only a part of the product enters the frame were also
deliberately collected. Thus, the dataset covers not only ideal conditions but also the variable
imaging scenarios that may be encountered in practice.

2.2. Preprocessing and Organization

All captured images were resized to a resolution of 600x600 pixels in order to provide a uniform
input size to the artificial intelligence models. The images were stored in the RGB color space
and in JPEG format. The dataset was organized under eight separate folders, each bearing the
name of the relevant class, and each image was labeled with the single class to which it belongs.
This folder based structure allows the dataset to be used directly with common deep learning
libraries such as PyTorch and Keras. No data augmentation operation was applied to the created
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dataset. The raw images were presented. Thus, users can freely apply the data augmentation
methods and the training/validation/test split that are appropriate for their own studies.

3. DATA DESCRIPTION

The presented dataset consists of 8597 color images belonging to a total of eight product classes,
namely seven fruits (pear, strawberry, apple, kiwi, lemon, banana, orange) and one vegetable
(carrot). The numbers of images per class are, respectively, 1045 for pear, 1126 for strawberry,
1143 for apple, 1048 for kiwi, 1020 for lemon, 1091 for banana, 1063 for orange, and 1061 for
carrot. The distribution of the dataset is given in Table 1 and Figure 1. The average number of
images per class is approximately 1075, and the ratio between the class with the fewest samples
(lemon, 1020) and the class with the most samples (apple, 1143) is only 1.12. This narrow range
shows that the dataset has a balanced distribution across classes and that there is no dominant
or under represented class. Therefore, the dataset can be used in training without the need for
any class balancing operation.

All images are at a resolution of 600x600 pixels and in the RGB color space. Each image
contains only a single product. The rotten/defective samples, the products at different color and
ripeness levels, and the partially visible images contained in the dataset ensure that the dataset
reflects real world diversity.

Table 1. Distribution of the dataset by class

Class Number of Images Type
Pear 1045 Fruit
Strawberry 1126 Fruit
Apple 1143 Fruit
Kiwi 1048 Fruit
Lemon 1020 Fruit
Banana 1091 Fruit
Orange 1063 Fruit
Carrot 1061 Vegetable
Total 8597 -
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Number of Images

Pear Strawberry Apple Kiwi Lemon Banana Orange Carrot
Class

Figure 1. Distribution of images by class in the dataset

The file structure of the dataset is given in Figure 2.

Dataset/

E | | | | | I | |

Pear/  Strawberry/ Apple/ Kiwi/ Lemon/ Banana/  Orange/ Carrot/
O o @ ® @ @ O o @

| 00| o@®| 0@ (@@ (OO| |OO| |O0| (@0

* *.jpeg *.jpeg *.jpeg *.jpeg *.jpeg *.jpeg *.jpeg *jpeg
figures/ n=1045 n=1126 n=1143 n=1048 n=1020 n=1091 n=1063  n=106

_t class_distribution.png sample_images.png
root/
[ [
HEN

Figure 2. File structure of the dataset

The specifications of the dataset are given in Table 2. Sample images from the dataset are given
in Figure 3.

Table 2. Dataset specifications

Subject Computer sciences, Agriculture engineering
Specific subject area | Image classification, Machine learning, Deep learning
Type of data Image (JPEG)
The images were taken with Vivo Y16, Iphone 7 plus, Iphone
Data collection 11, and Iphone 17 pro phone camera, with the fruits placed on
a white background.
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Pear
Strawberry ‘
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Figure 3. Sample images from dataset

4. CONCLUSIONS AND DISCUSSIONS

In this study, a balanced image dataset consisting of a total of 8597 images and covering eight
product classes, namely seven fruits and one vegetable, for agricultural artificial intelligence
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applications was presented. All images were captured with Vivo Y16, Iphone 7 plus, Iphone
11, and Iphone 17 pro smartphone. All images are at a resolution of 600x600 pixels and in the
RGB color space. One of the most important aspects of the dataset is that it includes not only
samples under ideal conditions but also rotten and defective products, samples at different color
and ripeness levels, and partial images in which only a part of the product is visible. This
diversity brings the dataset closer to real world conditions and enables the development of
models that work robustly under variable conditions.

The presented dataset can form the basis for a wide variety of deep learning based studies. First
of all, it is possible to train and compare different deep learning architectures for the
classification task on the eight classes. The presence of rotten and defective samples in the
dataset can be used for the development of a quality and freshness detection model based on
the fresh/rotten distinction. Samples at different color and ripeness levels, on the other hand,
enable ripeness and variety analysis. Subsets consisting of partial and defective images can be
used to measure the robustness of the models under nonideal conditions. In addition, the dataset
is also suitable for studies such as transfer learning, the investigation of the effect of data
augmentation strategies, and the development of lightweight models that will run on mobile
devices. From a practical point of view, it can contribute to the development of real world
solutions such as automatic product sorting in packing facilities, quality control in the supply
chain, automatic product recognition in markets, and smartphone applications aimed at farmers
or consumers. The balanced structure of the dataset provides the opportunity for fair training
and evaluation without the need for any balancing operation between classes. In these respects,
the presented dataset constitutes both a reliable benchmark resource for academic research and
a valuable foundation for practical applications in the field of precision agriculture and food
processing.

Limitations

The presented dataset has some limitations. First, the images are labeled only with a class label
at the image level. The dataset does not contain bounding boxes or segmentation masks.
Therefore, it cannot be used directly in object detection or segmentation applications without
additional labeling. Second, the rotten, partial, and different colored samples in the dataset are
not marked with separate sublabels. This situation may require manual labeling so that users
can filter according to these characteristics. These limitations can be overcome in future studies
by increasing the number of classes, adding detailed condition labels (rotten/fresh,
partial/whole), and providing additional annotations for object detection.
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OZET

Bu caligmada, bagimsiz miizik yapimcilar1 (beatmaker) ile sarki yazarlari, rapgiler ve
vokalistler arasindaki beat lisanslama ve ticaret siireglerini dijitallestiren "MeyBeat" adli
cevrimici miizik beat pazaryeri platformu tasarlanmis ve gelistirilmistir. Tiirkiye pazarina
yonelik yerel ve Tiirkge arayiizlii bir alternatif eksikligini gidermeyi hedefleyen bu platform;
beat ylkleme, esnek lisanslama modelleri (Basic, Premium, Exclusive, BuyOut), teklif
miizakere sistemi, duyuru panosu, gercek zamanl anlik bildirimler, ses filigran1 (watermark)
olusturma ve kullanicilar arasi sosyal etkilesim oOzelliklerini bir arada barindirmaktadir.
Sistemin arka ucu, C# 12 dili ve .NET 9.0 ¢ercevesi kullanilarak bes katmanli Temiz Mimari
(Clean Architecture) prensiplerine gore yapilandirilmistir. Bu sayede is mantig1 ve altyapi
bilesenleri birbirinden basariyla yalitilmistir. Veri kaliciligi PostgreSQL 15 ve Entity
Framework Core 9 ile saglanirken; durumsuz kimlik dogrulama JWT standardiyla, oturum
iptali ise Redis tabanli token kara listesi mekanizmasiyla yonetilmistir. Fikri miilkiyet korumasi
icin gelistirilen 6zgilin ses filigran1 algoritmasi, NAudio kiitiiphanesi araciligiyla ham ses
dosyalarina her 30 saniyede bir 440 Hz frekansinda siniis dalgas1 tonu enjekte ederek en fazla
90 saniyelik Onizleme dosyalar1 iiretmektedir. Platformun 6n ucu Next.js 15, React 19 ve
TypeScript 5 ile gelistirilmis; istemci durum yonetimi Zustand, sunucu durumu TanStack React
Query ve ses dalga formu gorsellestirmesi wavesurfer.js ile gerceklestirilmistir. Gergek zamanlh
iletisim SignalR protokolii ile kurulmustur. Yapilan iglevsellik ve performans testleri, sistemin
tim senaryolarda basartyla ¢alistigini, API yanut siirelerinin 6nbellekleme sayesinde 45 ms'den
8 ms'ye kadar diistligiinii dogrulamistir.

Anahtar Kelimeler: Temiz Mimari, Beat Pazaryeri, Ses Filigrani, JSON Web Token, Redis,
SignalR, PostgreSQL, ASP.NET Core

1. GIRIS

200



BURSA 7" INTERNATIONAL CONFERENCE ON ENGINEERING and MATHEMATICS
July 35,2026 - BURSA
ISBN NR. : 978-625-8795-27-1

Dijital miizik ekonomisinin kiiresel dlgekte hizla biliyiimesiyle birlikte, miizik prodiiksiyonu
artik yalnizca stiidyo ortamlarina degil kiiresel ¢evrimigi aglara da tasinmistir. Bu baglamda,
miizik yapimcilar1 (beatmaker) ile sanatcilar arasindaki lisanslama ve telif ticareti sirecleri de
koklii bir doniisiim gegirmektedir. Watson ve Leyshon (2022) [22] tarafindan belirtildigi iizere,
dijital miizik teknolojilerindeki aracisizlastirma ve platformlasma dalgasi bagimsiz miizik
profesyonellerinin kiiresel pazarlara dogrudan erisimini kolaylastirmaktadir. Geleneksel stiidyo
ortamlarinin, hukuki araci kurumlarin ve fiziksel kopya dagitimlarinin yerini; tiretici ile aliciy1
dogrudan bulusturan ve islemleri otomatiklestiren ¢evrimigi "peer-to-peer” (esler arasi) dijital
pazaryeri modelleri almistir. BeatStars ve Airbit gibi uluslararasi platformlar bu yeni pazar
yapisinin Onciileri konumundadir [19, 20]. Ancak bu platformlarin yerel para birimlerini,
Tiirkge dil destegini ve Tiirkiye'deki bagimsiz miizisyenlerin kiiltiirel-teknik ihtiyaclarini
dogrudan karsilayan optimize bir alternatifinin bulunmamasi, yerli iireticileri yiiksek komisyon
oranlar1 ve doviz kuru engelleri ile kars1 karsiya birakmaktadir.

Diger taraftan, Hracs ve Webster (2021) [24] platformlarin yalnizca satis odakli olmayip
kullanict deneyimi ve sosyal igerik kesfi iizerinden de farklilagsmasi gerektigini savunmaktadir.
Bagimsiz miizik platformlarinda (6rnegin Bandcamp) gézlemlenen gelir esitsizligi ve kiigiik bir
tiretici kitlesinin goriiniirliikk avantajina sahip olmasi [25], platformlarin sosyal kolaborasyon,
duyuru ilanlar1 ve sosyal etkilesim araclarini biitiinlesik olarak sunmasini zorunlu kilmistir. Bu
baglamda, yazilim miihendisligi tasarim1 a¢isindan hem is mantigini altyap1 bagimliliklarindan
yalitan Temiz Mimari (Clean Architecture) [1] prensipleri hem de veri tabanina dogrudan yiik
bindirmeden soyut erisim saglayan Repository desenleri [3] sistemin 6l¢eklenebilirligi i¢in
kritik onem tagimaktadir. Ayrica, dinleyiciler ve iireticiler arasinda anlik veri transferi ve gergek
zamanli anlik bildirim akis1 saglamak icin WebSockets gibi iki yonlii kalict baglanti
protokollerinin kullanilmast modern web mimarisinin temel yap1 tasidir [8]. Telif hakki
korumasi1 ve fikri miilkiyet giivenligi ise dijital miizik pazaryerlerindeki en hassas konudur.
Satin alinmamis beatlerin izinsiz indirilerek kullanilmasini engellemek iizere audible (isitsel)
dijital ses filigran1 (audio watermarking) tekniklerinin uygulanmasi bir giivenlik gereksinimi
olarak one ¢ikmaktadir [6].

Bu ¢alismada, Tiirkiye'deki miizik iiretim ekosisteminin bu eksikligini gidermeyi hedefleyen,
olceklenebilir, glvenli ve surddrilebilir bir muzik beat pazaryeri platformu olan "MeyBeat"
tasarlanmis ve gelistirilmistir. MeyBeat; beatmaker'larin dijital eserlerini farkli lisans
modelleriyle (Basic, Premium, Exclusive, BuyOut) sergileyebildikleri bir vitrin saglarken;
vokalist ve sarki yazarlarinin ihtiya¢ duyduklar1 beatleri kolayca bulabilmelerine, teklif
miizakereleri yiiriitebilmelerine ve duyuru panosu aracilifiyla spesifik beat talepleri
yayinlayabilmelerine olanak tanimaktadir.

2. MEYBEAT SiSTEM MIMARIiSi VE METODOLOJI

2.1. Genel Sistem Mimarisi ve Islevsel Modiiller

MeyBeat; istemci (6n ug), uygulama sunucusu (arka u¢ API) ve veri depolama katmanlarindan
olusan iic katmanli bir istemci-sunucu mimarisine sahiptir. Istemci katmani Next.js 15
framework'ii [14] ile gelistirilmis, API katmani ise .NET 9.0 [11] ve C# 12 ile kodlanmistir.
Veri depolama tarafinda iligkisel veri kalicilig1 i¢in PostgreSQL 15 [13], dagitik dnbellekleme
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ve oturum iptali icin Redis 7 [9] ve medya dosyasi depolama islemleri igin AWS S3 APTuyumlu
MinlO ile AWS S3 nesne depolama servisleri [15] entegre edilmistir. Platform, sosyal is
birligini artirmak lizere bes islevsel modiile ayrilmistir:
1. Beat Paylasim Akisi ve Kesif: Kullanicilar, miizik dosyalarint BPM, tiir ve ruh hali
etiketleriyle yiikler. Akis, zaman c¢izgisi tabanli gonderileri kisisellestirilmis Onerilerle
harmanlar. Miizik bilgi edinimi (MIR) literatiiriindeki isbirlikgi filtreleme teorilerine [3] uygun
olarak, kullanicinin favori etkilesimleri tiir tercihlerini modellemede girdi olarak kullanilir.
2. Portfolyo Profilleri: Kullanicilarin biyografilerini, yiikledikleri beat vitrinlerini, takipgi
istatistiklerini ve uzmanlik etiketlerini barindirir.
3. Is Ilam1 Sistemi: Sektdre 6zgii is akislar1 (vokal, mix/mastering vb.) iizerinden teklif

asamasina gecisi saglayan ilan panosudur.
4. Gergek Zamanli Mesajlasma: Kullanicilarin platformun herhangi bir yerindeyken anlik
iletisim kurmasini saglayan WebSocket tabanl sohbet modiiliidiir.

5. Ses Dalga Formu Gorsellestirmesi: Wavesurfer.js kiitiiphanesi yardimiyla ses dosyalariin
dalga formunu tarayicida dinamik olarak ¢izen oynaticidir.

2.2. Temiz Mimari Katman Yapisi

Uygulamanin arka ucu, bagimliliklarin ige dogru akmasi prensibine dayanan Temiz Mimari
(Clean Architecture) [1] sablonuna gore bes katmanli bir yapida tasarlanmistir. Bu katmanlar
sunlardir:

* Core (MeyBeat.Core): Bagimsiz en i¢ katmandir. Veritabani varliklar1 (Entity), arayiiz
tanimlart (Interface), enumlar ve tiim servislerin dondiirdiigli homojen sonug¢ tipi olan
ServiceResult<T> sarmalayict sinifi bu katmandadir. Evans (2003) [2] tarafindan tanimlanan
Alan Odakli Tasarim (Domain-Driven Design) prensipleri ¢ergevesinde is kurallart varlik
modelleri  (Beat, Offer, Announcement, Conversation) ile temsil edilmistir.
* DataAccess (MeyBeat.DataAccess): Entity Framework Core 9 [12] ve PostgreSQL veri taban
baglamin1 (DbContext) icerir. Repository ve Unit of Work somut siif uygulamalar1 burada

bulunur [3].
* Business (MeyBeat.Business): Uygulamanin tiim is kurallarin1 barindirir. Core katmanindaki
araylizlerin servis implementasyonlari bu katmandadir.

* Infrastructure (MeyBeat.Infrastructure): Dis diinya entegrasyonlarini kapsar. JWT iiretimi,
AWS S3/MinlO dosya islemleri, Redis dagitik 6nbellek yonetimi, e-posta génderimi, SignalR
bildirim altyapis1t ve ses filigran1 ekleme siirecleri bu katmanda gergeklestirilir.
* API (MeyBeat.API): RESTful mimarisine [21] uygun tasarlanmis controller siniflarini ve DI
konfigiirasyonlarini baridiran dis katmandir.
Core katmanindaki tiim varliklar BaseEntity sinifindan tiiretilmistir ve veri gegmisini korumak,
silinen verileri geri yiikleyebilmek ve yabanci anahtar biitiinliigiinii bozmamak amaciyla
yumusak silme (soft-delete) mekanizmasi1 uygulanmistir.

2.3. Ses Filigrani (Audio Watermarking) Algoritmasi

Fikri miilkiyetin korunmasi amaciyla platforma yiiklenen beat dosyalari (MP3/WAYV),
WatermarkService isimli 6zgiin bir ses isleme servisi tarafindan islenerek audible (isitsel)
filigranli Onizleme dosyalarina doniistiiriilmektedir. Ses filigranlama alanindaki temel
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siniflandirmalara uygun olarak [6], yetkisiz kullanimi caydirmak iizere insan kulagiyla
duyulabilir ancak parcayi ticari olarak kullanilamaz kilan bir audible filigran tercih edilmistir.
Bu durum, insan kulag: tarafindan fark edilmeyen gizli steganografik yaklasimlara [7] kiyasla
pazaryerleri i¢in daha caydiricidir. Li (2022) [23] telif hakki dogrulamasi i¢in blok zinciri
tabanli dagitik modeller onerse de, bu ¢alismada merkezi API tabanli hizli ve pratik bir
dogrulama altyapisi kurulmustur. NAudio ve NAudio.Lame kiitiiphaneleri [16] kullanilarak
gercgeklestirilen bu algoritma su islem adimlarini yiiriitmektedir:
1. Ses Dosyas1 Okuma: Dosya formatina gére uygun okuyucu (.mp3 i¢in Mp3FileReader, .wav
icin WaveFileReader) baslatilir. Diger formatlar icin WaveFormatConversionStream ile hedef
bigime doniistiiriiliir.
2. Ornekleme Déniisiimii: Karistirma isleminin hatasiz gerceklesmesi icin ses akis1 evrensel
referans formati olan IEEE Float Stereo (44100 Hz, 2 kanal, 32-bit float) formatina
doniistiirilir.

3. Siire Kirpma (Truncation): Parganin ticari degerinin korunmasi i¢in toplam siire kontrol
edilir; eger parga 90 saniyeden uzunsa, akis TruncatingSampleProvider ile 90. saniyede kesilir
ve truncation bayragi true set edilir.
4. Ses Filigran1 Bindirme: Referans frekansi olan 440 Hz'lik bir siniis dalgasi tonu (genlik =
0.15f, sure = 1.5 sn) her 30 saniyede bir (0s, 30s, 60s...) SineWaveProvider ve mixing overlay

yardimiyla ana ses akisina bindirilir.
5. Kodlama: Stereo akis MixingSampleProvider ile karistirildiktan sonra LameMP3Writer
araciligiyla 192 kbps MP3 olarak buluta kaydedilir.

Referans frekansinin 440 Hz (La notasi1) segilmesinin sebebi, bu tonun insan kulaginin en
duyarli oldugu 1 kHz frekans araliginin hemen altinda yer almasi, miizik aletlerinin akort
referansi olmasi ve temiz siniis iliretiminin islemci iizerinde diisiik maliyet olusturmasidir. 0.15f
genlik degeri, miizigin giiriiltii oranin1 bozmadan yetkisiz kullanim1 engelleyecek duyulabilir
esigi saglamak lizere ampirik testler sonucunda belirlenmistir.

2.4. Giivenlik ve Yetkilendirme Mekanizmalari

MeyBeat'te kullanict kimlik dogrulama islemleri durumsuz (stateless) yapida ¢alisan RFC 7519
JWT Bearer token standardi ile gergeklestirilmektedir [4]. Access token'larin ¢alinma riskine
kars1 gecerlilik siireleri 1 saat olarak sinirlandirilmistir. Oturum siirekliligi i¢in 7 giin gegerli
refresh token'lar Redis [9] veri tabaninda saklanir. Kullanici ¢ikis yaptiginda (logout) access
token'n kalan 6mrii hesaplanarak token imzasi Redis iizerinde bir kara listeye (blacklist)
eklenmekte ve TTL (yasam siiresi) atamasi yapilmaktadir. JwtMiddleware bileseni, her HTTP
isteginde token'in bu kara listede olup olmadigini kontrol ederek iptal edilen oturumlarin
sisteme erigmesini engellemektedir [5]. Ayrica beat yiikleme ve teklif gonderme gibi kritik is
akiglari, kullanicinin e-posta dogrulama durumunu sorgulayan ve sonucu 5 dakika boyunca
onbellege alan 6zel bir [VerifiedUser] aksiyon filtresi ile korunmaktadir.

2.5. On Ug ve Gercek Zamanh Bildirim Mimarisi

Uygulamanin 6n ucu Next.js 15 App Router mimarisine gdre yapilandirilmistir [14]. Istemci
tarafinda durum yonetimi iki boyutta ele alinmistir: Sunucu tabanli dinamik verilerin yonetimi
ve Onbellek kontrolii TanStack React Query v5 [17] ile saglanirken, global istemci arayiz
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durumlar1 Zustand kiitiiphanesi [18] ile yonetilmistir. Kullanici etkilesimlerinin anlik olarak
iletilebilmesi i¢in SignalR WebSocket altyapisi kullanilmistir [10]. Kullanici oturum agtiginda
istemci arka uctaki /hubs/notifications WebSocket endpoint'ine otomatik olarak baglanir.
Baglant1 koptugu takdirde istemci withAutomaticReconnect() yapilandirmasi sayesinde arka
planda {istel geri ¢ekilme algoritmasiyla yeniden baglanmay1 dener [8]. Cevrimdis1 kalinan
stirede kagirilan bildirimler, ilk sayfa yiliklemesinde REST API uUzerinden PostgreSQL
veritabanindan ¢ekilerek araylize yansitilir.

3. BULGULAR VE TARTISMALAR

3.1. Temel Islevsellik Testleri

Gelistirilen platform, Docker Compose ortaminda PostgreSQL, Redis ve MinlO servisleri
simiile edilerek kapsamli islevsellik testlerine tabi tutulmustur. Cekirdek kullanim
senaryolarinda elde edilen test bulgular1 Cizelge 3.1'de 6zetlenmistir.

Cizelge 3.1. Temel Islevsellik Test Sonuclari

Test Senaryosu Beklenen Sonug Durum

Kullanici kaydi ve giris JWT ve Refresh Token dretilmesi | GECTI

Gegersiz sifre ile giris denemesi 401 Unauthorized hata kodu GECTI
alimmasi

Beat yiikleme (MP3 formatinda) Filigranli 6nizleme tiretimi ve S3 GECTI

yuklemesi

Teklif kabul is akis1 Beat'in Sold olmasi, bekleyenlerin | GECTI
Rejected olmasi

Cikis (Logout) sonrasi istek Access token kara listelenmesi ve | GECTI
401 hatas1

Yumusak silme (Soft-delete) Silinen kaydin standart listelemede | GECTI

sorgusu gizlenmesi

3.2. Ses Filigram ve Siire Simir1 Dogrulamasi

WatermarkService bileseninin dogrulugu ve giivenilirligi, farkli formatlarda ve uzunluklardaki
giris ses dosyalar1 kullanilarak test edilmistir. Algoritmanin ¢ikt1 dosyalarinda siire kirpma
(truncation) ve eklenen filigran sayilari tizerindeki dogrulamasi Cizelge 3.2'de verilmistir.

Cizelge 3.2. Ses Filigram Test Sonuglari

Giris Formati Giris Siiresi Cikas Siiresi Filigran Sayisi Kirpma
(Truncation)

MP3 128 kbps 45 sn 45 sn 2 (0s, 30s) Hay1r

MP3 320 kbps 120 sn 90 sn 3 (0s, 30s, 60s) Evet

WAV 44.1 kHz 75 sn 75 sn 3 (0s, 30s, 60s) Hayir

Stereo

MP3 Mono 60 sn 60 sn 2 (0s, 30s) Hayir

Bulgular, gelistirilen ses filigran1 enjeksiyonunun kaynak dosyanin kanal yapisini
(mono/stereo) ve bit hizin1 bozmadan, beklenen periyotlarda koruma tonunu ekledigini ve 90
saniye Ust siirint hassas bicimde uyguladigini kanitlamaktadir.

204



BURSA 7" INTERNATIONAL CONFERENCE ON ENGINEERING and MATHEMATICS
July 35,2026 - BURSA
ISBN NR. : 978-625-8795-27-1

3.3. API Performansi ve Yanit Siireleri

Platformun kullanict deneyimini Sl¢glimlemek amaciyla en sik ¢agrilan API ug noktalart igin
ortalama yanit siireleri analiz edilmistir. Testler 10 eszamanli istek (concurrent requests)
simiilasyonu altinda yapilmis ve ortalamalar Cizelge 3.3'te listelenmistir.

Cizelge 3.3. API Yamt Siireleri (Ortalama)

API Endpoint (U¢ Noktasi) Ortalama Yanit Siiresi
GET /Api/Beats (Sayfali listeleme, ilk sayfa, 12 ~45 ms

kayit)

GET /Api/Beats (Redis dnbellekten getirme) ~8 ms

POST /Api/Auth/Login (Giris ve sifre hash ~120 ms

dogrulama)

POST /Api/Beats (Beat yikleme ve filigran ekleme, ~2.8'sn

~3 MB dosya)

GET /Api/Notifications (SignalR ¢evrimdisi ~35ms

bildirimleri cekme)

Redis veri tabaninin dagitik 6nbellek olarak devreye sokulmasi, sayfali beat sorgulamalarinda
gecikmeyi %82 oraninda azaltarak yanit siiresini 45 ms'den 8 ms'ye diisiirmiistiir. Diger
taraftan, beat yiikleme isleminin 2.8 saniye siirmesi, ses isleme (decode-encode) ve AWS S3
bulut nesne deposuna yiikleme islemlerinin eszamanli olarak  yapilmasindan
kaynaklanmaktadir. Bu siirenin yiiksek ol¢ekli kullanici trafiginde darbogaz olusturmasini
engellemek amaciyla, dosya yiikleme iglemlerinin arka planda asenkron is kuyruklar1 (Hangfire
veya MassTransit) aracilifiyla yiiriitiilmesi mimari bir iyilestirme olarak dnerilmektedir.

3.4. Mimari Kararlarin Degerlendirilmesi

Temiz Mimari deseni, sistem bagimliliklarinin kontrol altinda tutulmasinda kritik bir rol
iistlenmistir. IStorageService arayiizii sayesinde veri depolama katmaninda yerel MinlO
sunucusundan canlt AWS S3 bulut ortamina gecis, is mantiginin yer aldig1 Business katmanina
hic dokunulmadan yalnizca Infrastructure katmanindaki servis sinifinin degistirilmesiyle
tamamlanmistir. Bu durum mimarinin gevsek bagli (loose coupling) tasarimini
dogrulamaktadir.

NAudio kitiiphanesinin Windows Media Foundation ve yerel Windows ses kodeklerine
bagimli olmasi, arka u¢ uygulamasinin yalnizca Windows Server isletim sistemi iizerinde
barindirilabilmesi (NSSM yardimiyla Windows Service olarak calistirilmasi) kisitini
dogurmaktadir. Linux tabanli konteyner (Docker/Kubernetes) altyapilarina gecis ihtiyact
dogdugunda, NAudio yerine platform bagimsiz ses isleme yapan FFmpeg sarmalayicilari veya
platform-agnostik kutliphanelerin entegrasyonu gerekecektir.

4. GENEL DEGERLENDIRME VE SONUCLAR

Bu calismada, Tiirkiye'deki bagimsiz miizik iireticileri ile sanatgilar1 bir araya getirerek telif ve
ticaret siireclerini giivenli ve anlik bir altyapiya tasiyan yerli miizik beat pazaryeri platformu
MeyBeat  gelistirilmistir.  Sistemin  teknik ve islevsel katkilarn su  sekildedir:
* Beg katmanli Clean Architecture yapisi ile test edilebilir, teknolojik gecislere acik ve temiz
bir kod tabani elde edilmistir.
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* NAudio altyapisi iizerine kurulan 6zgiin ses filigran1 algoritmasi ile beatmaker'larin fikri
miilkiyet haklar1  yetkisiz  kopyalanmaya  karst  etkin = sekilde = korunmustur.
* JWT kimlik dogrulama, Redis oturum kara listesi (revocation) ve SignalR tabanli gercek
zamanli bildirim akisi ile modern ve giivenli bir kullanici deneyimi sunulmustur.
* Duyuru panosu ve sosyal etkilesim araglar1 sayesinde platform i¢i topluluk yapisi
desteklenmistir.

Gelecek caligsmalarda, Windows isletim sistemi bagimliligin1 gidermek iizere FFmpeg
entegrasyonuna gec¢ilmesi, ses isleme islerinin asenkron is kuyruklari (Hangfire/MassTransit)
ile arka plana alinmasi, tam metin arama performansint artirmak ic¢in Elasticsearch
entegrasyonu ve platform i¢i 6demelerin otomatiklestirilmesi amaciyla iyzico/Stripe 6deme
sistemi entegrasyonlarinin yapilmasi planlanmaktadir. Ayrica, satin alan kullaniciya 6zel
steganografik ses filigrani eklenerek, satin alma sonrasinda internete sizdirilan dosyalarin
kaynagmin tespit edilmesi hedeflenmektedir.
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ADVANCED CATALYTIC PROCESSES FOR HYDROCARBON REFINING IN
KAZAKHSTAN ENERGY SECTOR

Assoc. Prof. Dr. Yerlan Zhumabayev, Aruzhan Kairat, Timur Abishev, Dana Serikova
Faculty of Chemical Technology, Al-Farabi Kazakh National University, Kazakhstan

ABSTRACT

This study examines advanced catalytic processes for hydrocarbon refining in the Kazakhstan
energy sector, with particular attention to the role of catalyst design in improving conversion
efficiency, product selectivity, and process sustainability. Hydrocarbon refining remains central
to Kazakhstan's industrial economy, and the performance of refining processes is strongly
influenced by catalytic materials, reaction conditions, and the integration of modern chemical
engineering principles. The research explores how catalytic innovation can contribute to more
efficient and environmentally responsible refining.

The study is based on chemical engineering and catalysis literature, with a focus on
hydrocracking, catalytic reforming, and upgrading of heavy fractions. It highlights how catalyst
structure, active site distribution, and support materials influence reaction pathways and product
distribution. The analysis suggests that advanced catalysts can reduce energy demand, improve
yield of high-value products, and lower the formation of unwanted by-products. The study also
notes that catalyst performance depends on feedstock characteristics, operating conditions, and
long-term stability under industrial environments.

The paper argues that the development of catalytic processes should be guided by both technical
performance and environmental considerations. In the Kazakhstan context, this means
supporting research that strengthens local refining capacity while aligning with international
standards for cleaner production. The study concludes that catalytic innovation is a strategic
priority for the energy sector, offering opportunities to enhance efficiency, reduce emissions,
and support sustainable industrial development.

Key words: catalytic processes, hydrocarbon refining, Kazakhstan, energy sector, chemical
engineering
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SYNTHESIS OF NANOSTRUCTURED MATERIALS FOR ENVIRONMENTAL
REMEDIATION IN KAZAKHSTAN

Assis. Prof. Dr. Hassan El Idrissi, Dr. Salma Bennani
Faculty of Sciences, Mohammed V University, Morocco

ABSTRACT

This study investigates the synthesis of nanostructured materials for environmental remediation
applications in Kazakhstan, focusing on their potential to address pollution challenges in water,
soil, and air systems. Nanomaterials offer unique surface properties, high reactivity, and tunable
structures that make them suitable for contaminant removal, pollutant degradation, and
environmental monitoring. The research explores how synthesis methods influence material
performance and environmental compatibility.

The study draws on materials chemistry and environmental nanotechnology literature. It
examines sol-gel processes, hydrothermal synthesis, and green synthesis routes as key
approaches for producing nanostructured adsorbents, photocatalysts, and reactive composites.
The analysis suggests that controlled synthesis can enhance adsorption capacity, catalytic
activity, and stability under environmental conditions. The findings also highlight the
importance of material safety, lifecycle considerations, and compatibility with local
environmental conditions.

The paper argues that nanostructured materials should be developed not only for technical
effectiveness but also for sustainable application. In Kazakhstan, such materials can support the
treatment of industrial effluents, heavy metal contamination, and organic pollutants. The study
concludes that the synthesis of functional nanomaterials offers a promising pathway for
environmental remediation when it is integrated with environmental policy, monitoring
systems, and responsible material management.

Key words: nanostructured materials, environmental remediation, Kazakhstan,
nanotechnology, pollution control
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GREEN CHEMISTRY APPROACHES FOR PHOSPHATE INDUSTRY WASTE
MANAGEMENT IN MOROCCO

Youssef Alami, Dr. Nadia Tazi, Karim El Fassi
Faculty of Sciences and Techniques, Cadi Ayyad University, Morocco

ABSTRACT

This study explores green chemistry approaches for phosphate industry waste management in
Morocco, where phosphate extraction and processing generate significant volumes of by-
products and residual materials. The sustainable management of these wastes is essential for
reducing environmental impact, improving resource efficiency, and supporting long-term
industrial development. The research examines how green chemistry principles can guide the
transformation of waste into valuable resources.

The study is based on green chemistry and industrial waste management literature. It focuses
on waste valorization, low-impact processing, solvent reduction, and material recovery
strategies. The analysis suggests that green chemistry approaches can enable the conversion of
phosphate residues into construction materials, fertilizers, and functional compounds. These
pathways reduce environmental burden while creating new economic opportunities. The study
also highlights the importance of process optimization, energy efficiency, and safe handling of
by-products.

The paper argues that phosphate waste management should be integrated into a broader circular
economy framework. In Morocco, this means combining industrial innovation with
environmental protection and community well-being. The study concludes that green chemistry
offers a practical and scientifically grounded approach to managing phosphate waste,
supporting both environmental sustainability and industrial competitiveness.

Key words: green chemistry, phosphate industry, waste management, Morocco, resource
recovery

210



BURSA 7" INTERNATIONAL CONFERENCE ON ENGINEERING and MATHEMATICS
July 35,2026 - BURSA
ISBN NR. : 978-625-8795-27-1

ELECTROCHEMICAL SENSOR DEVELOPMENT FOR HEAVY METAL
DETECTION IN MOROCCAN WATER SYSTEMS

Prof. Dr. Aigerim Sadykova, Nurlan Beketov, Dr. Dias Tulegenov
Faculty of Chemical and Biological Technologies, Kazakh National Technical University,
Kazakhstan

ABSTRACT

This study examines the development of electrochemical sensors for heavy metal detection in
Moroccan water systems, where industrial discharge, mining activities, and agricultural runoff
contribute to metal contamination. Reliable detection methods are essential for monitoring
water quality, protecting public health, and supporting environmental regulation. The research
explores how electrochemical sensing technologies can provide sensitive, selective, and cost-
effective solutions for heavy metal analysis.

The study is grounded in analytical chemistry and environmental monitoring literature. It
focuses on sensor design, electrode materials, surface modification, and detection mechanisms
for metals such as lead, cadmium, mercury, and copper. The findings suggest that
electrochemical sensors can achieve high sensitivity and rapid response when supported by
appropriate electrode engineering and signal processing. The study also notes that sensor
performance depends on calibration, interference management, and field applicability.

The paper argues that sensor development should be oriented toward practical environmental
needs rather than laboratory demonstration alone. In Moroccan water systems, such sensors can
support routine monitoring, early warning, and regulatory compliance. The study concludes
that electrochemical sensing offers a valuable tool for environmental protection when it is
combined with robust sampling strategies and data management systems.

Key words: electrochemical sensors, heavy metal detection, water systems, Morocco,
environmental monitoring
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MOLECULAR DESIGN OF ORGANIC SEMICONDUCTORS FOR
OPTOELECTRONIC APPLICATIONS IN IRAN

Prof. Dr. Reza Ghaffari, Ali Hosseinzadeh, Sahar Moradi
Faculty of Chemistry, University of Tehran, Iran

ABSTRACT

This study investigates the molecular design of organic semiconductors for optoelectronic
applications in Iran, focusing on how molecular structure influences electronic properties,
charge transport, and device performance. Organic semiconductors offer advantages such as
flexibility, tunable band gaps, and compatibility with solution processing, making them
attractive for light-emitting devices, photovoltaics, and sensors. The research explores how
rational molecular engineering can enhance functionality and stability.

The study is based on materials chemistry and organic electronics literature. It examines
conjugated systems, donor-acceptor architectures, side-chain engineering, and molecular
packing as key factors in determining optoelectronic behavior. The analysis suggests that
careful molecular design can improve charge mobility, light absorption, and emission
efficiency. The findings also highlight the importance of environmental stability and
processability for practical device integration.

The paper argues that molecular design should be guided by both fundamental understanding
and application requirements. In Iran, such research can support the development of advanced
materials for energy, display, and sensing technologies. The study concludes that organic
semiconductors represent a promising field for materials innovation when molecular
engineering is combined with device-oriented thinking.

Key words: organic semiconductors, molecular design, optoelectronics, Iran, materials
chemistry
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PHOTOCATALYTIC DEGRADATION OF INDUSTRIAL DYES USING METAL
OXIDE NANOPARTICLES IN IRAN

Dr. Parvin Shokri
Faculty of Chemistry, Tarbiat Modares University, Iran

ABSTRACT

This study examines the photocatalytic degradation of industrial dyes using metal oxide
nanoparticles in Iran, where textile and dye-related industries generate significant volumes of
colored effluents. Conventional treatment methods often struggle to remove complex dye
molecules, leading to environmental persistence and water quality concerns. The research
explores how photocatalysis can offer an effective and sustainable approach to dye degradation.

The study is based on environmental chemistry and photocatalysis literature. It focuses on metal
oxide nanoparticles such as titanium dioxide, zinc oxide, and modified composites as
photocatalysts capable of generating reactive species under light irradiation. The analysis
suggests that these materials can break down dye structures into less harmful compounds,
reducing color and toxicity. The findings also highlight the importance of catalyst stability, light
utilization, and reaction conditions for efficient degradation.

The paper argues that photocatalytic treatment should be considered as part of an integrated
wastewater management strategy. In Iran, such approaches can support industrial compliance
and environmental protection. The study concludes that metal oxide nanoparticles offer a
scientifically grounded and environmentally relevant solution for treating dye-containing
effluents.

Key words: photocatalysis, metal oxide nanoparticles, industrial dyes, Iran, wastewater
treatment
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CHEMICAL KINETICS AND MECHANISMS OF CORROSION INHIBITION IN
IRANIAN OIL PIPELINES

Assoc. Prof. Dr. Hossein Karimi, Mehdi Rahbar, Nima Ebrahimi, Dr. Laleh Farzan
Faculty of Petroleum and Chemical Engineering, Shiraz University, Iran

ABSTRACT

This study investigates chemical kinetics and mechanisms of corrosion inhibition in Iranian oil
pipelines, where exposure to corrosive agents, moisture, and aggressive chemical environments
can lead to material degradation and operational risk. Corrosion control is essential for
maintaining pipeline integrity, reducing maintenance costs, and ensuring safe transport of
hydrocarbons. The research explores how chemical inhibitors function and how their
performance can be optimized.

The study is grounded in corrosion science and petroleum engineering literature. It examines
inhibitor adsorption, film formation, and reaction kinetics as key factors in corrosion protection.
The analysis suggests that effective inhibitors form protective layers on metal surfaces, slowing
electrochemical reactions and reducing corrosion rates. The findings also highlight the
importance of inhibitor concentration, temperature, flow conditions, and compatibility with
pipeline materials.

The paper argues that corrosion inhibition strategies should be based on both experimental
understanding and field conditions. In Iran, such knowledge can support better material
selection, maintenance planning, and long-term pipeline reliability. The study concludes that
chemical kinetics provides a valuable framework for designing corrosion control programs that
enhance safety and reduce economic losses.

Key words: corrosion inhibition, chemical Kinetics, oil pipelines, Iran, petroleum engineering
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DESIGN OF HIGH-PERFORMANCE LITHIUM-ION BATTERY MATERIALS FOR
ENERGY STORAGE APPLICATIONS IN SINGAPORE

Prof. Dr. Wei Jun Tan, Dr. Melissa Ong, Jason Lim
Faculty of Engineering, National University of Singapore, Singapore

ABSTRACT

This study examines the design of high-performance lithium-ion battery materials for energy
storage applications in Singapore, where compact urban environments and growing energy
demands require efficient and reliable storage solutions. Lithium-ion batteries are central to
renewable energy integration, electric mobility, and grid stability. The research explores how
material design influences energy density, cycle life, safety, and charging performance.

The study is based on electrochemistry and energy materials literature. It focuses on cathode
and anode materials, electrolyte systems, and interface engineering as critical elements in
battery performance. The analysis suggests that advanced materials can improve capacity,
reduce degradation, and enhance thermal stability. The findings also highlight the importance
of manufacturing scalability, cost considerations, and environmental impact in material
selection.

The paper argues that battery material development should be aligned with application needs
and sustainability goals. In Singapore, such research can support clean energy transition,
transport electrification, and resilient energy infrastructure. The study concludes that high-
performance battery materials are essential for future energy systems when they are designed
with both technical and environmental priorities in mind.

Key words: lithium-ion batteries, energy storage, Singapore, battery materials,
electrochemistry
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SYNTHETIC BIOCHEMISTRY APPROACHES FOR CARBON CAPTURE AND
UTILIZATION TECHNOLOGIES IN SINGAPORE

Assoc. Prof. Dr. Adrian Koh, Cheryl Teo
Faculty of Science, Nanyang Technological University, Singapore

ABSTRACT

This study explores synthetic biochemistry approaches for carbon capture and utilization
technologies in Singapore, where reducing carbon emissions and developing circular carbon
pathways are increasingly important for sustainable development. Synthetic biochemistry
offers tools for designing biological systems that can capture, convert, and transform carbon-
containing compounds into useful products. The research examines how these approaches can
contribute to climate mitigation and resource efficiency.

The study is based on synthetic biology and biochemical engineering literature. It focuses on
enzyme engineering, metabolic pathway design, and biocatalytic conversion as key strategies
for carbon transformation. The analysis suggests that biological systems can be tailored to
convert carbon dioxide and other carbon sources into fuels, chemicals, and materials. The
findings also highlight the importance of system stability, energy balance, and integration with
industrial processes.

The paper argues that synthetic biochemistry should be developed as part of a broader carbon
management strategy. In Singapore, such approaches can support innovation in low-carbon
technologies and resource recovery. The study concludes that synthetic biochemistry offers a
promising route for carbon utilization when it is combined with process engineering and
environmental policy.

Key words: synthetic biochemistry, carbon capture, utilization technologies, Singapore,
biochemical engineering
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ADVANCED NANOSTRUCTURED MATERIALS FOR ENERGY STORAGE
APPLICATIONS IN AZERBAIJANI RESEARCH LABORATORIES

Prof. Dr. Elchin Mammadov, Aysel Guliyeva, Dr. Tural Hasanov
Faculty of Materials Science and Engineering, Azerbaijan State Oil and Industry University,
Azerbaijan

ABSTRACT

This study examines advanced nanostructured materials for energy storage applications in
Azerbaijani research laboratories, with a focus on supercapacitors, battery electrodes, and
hybrid energy systems. Nanostructured materials offer unique properties such as high surface
area, enhanced conductivity, and improved electrochemical stability, making them promising
candidates for next-generation energy storage technologies. The research explores how material
design at the nanoscale can contribute to higher energy density, faster charging rates, and longer
cycle life.

The study is based on materials science and electrochemistry literature, with attention to
synthesis methods, characterization techniques, and performance evaluation. It highlights the
role of nanocomposites, metal oxides, and carbon-based nanostructures in improving charge
storage mechanisms. The analysis suggests that controlled nanostructuring can optimize ion
transport, reduce internal resistance, and enhance overall device efficiency. The study also notes
that local research efforts benefit from combining theoretical modeling with experimental
validation to accelerate material development.

The paper argues that energy storage research in Azerbaijan should be integrated with broader
renewable energy and industrial innovation strategies. Strengthening laboratory capacity,
fostering international collaboration, and supporting graduate training are identified as key
priorities. The study concludes that nanostructured materials represent a strategic opportunity
for advancing energy technology in the region, with potential applications in transportation,
grid storage, and portable electronics.

Key words: nanostructured materials, energy storage, supercapacitors, Azerbaijan, materials
science

217



BURSA 7" INTERNATIONAL CONFERENCE ON ENGINEERING and MATHEMATICS
July 35,2026 - BURSA
ISBN NR. : 978-625-8795-27-1

CORROSION RESISTANT ALLOY DEVELOPMENT FOR CASPIAN SEA
OFFSHORE STRUCTURES

Assoc. Prof. Dr. Rauf Aliyev, Nigar Ibrahimova
Faculty of Metallurgy and Materials Engineering, Azerbaijan Technical University,
Azerbaijan

ABSTRACT

This study investigates the development of corrosion-resistant alloys for offshore structures in
the Caspian Sea, where harsh environmental conditions, saline exposure, and mechanical stress
create significant durability challenges. Offshore platforms, pipelines, and support structures
require materials that can withstand prolonged exposure to corrosive elements while
maintaining structural integrity. The research explores alloy design strategies that enhance
resistance to pitting, crevice corrosion, and stress corrosion cracking.

The study is grounded in corrosion engineering and metallurgy literature. It focuses on the role
of alloying elements, microstructural control, and surface treatments in improving corrosion
performance. The findings suggest that optimized alloy compositions can significantly extend
service life and reduce maintenance costs in marine environments. The analysis also highlights
the importance of testing protocols that simulate real-world conditions to validate material
performance.

The paper argues that alloy development should be aligned with regional industrial needs and
environmental standards. In the Caspian context, this means balancing cost, availability, and
long-term reliability. The study concludes that corrosion-resistant alloys are essential for
sustainable offshore operations and that continued research can support safer and more efficient
maritime infrastructure.

Key words: corrosion resistance, alloy development, offshore structures, Caspian Sea,
metallurgy
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SUSTAINABLE BUILDING MATERIALS USING NATURAL FIBERS IN
MOROCCAN ECO-CONSTRUCTION

Dr. Youssef El Idrissi, Fatima Zahra Bennani, Khalid Amrani, Samira EIl Fassi
Faculty of Architecture and Urban Planning, Mohammed V University, Morocco

ABSTRACT

This study explores the use of sustainable building materials incorporating natural fibers in
Moroccan eco-construction practices. Natural fibers such as hemp, flax, and local plant-based
materials offer environmental advantages including low embodied energy, biodegradability,
and improved thermal performance. The research examines how these materials can be
integrated into construction systems to support ecological building goals while maintaining
structural adequacy.

The study is based on sustainable architecture and materials engineering literature. It focuses
on fiber-reinforced composites, insulation panels, and hybrid building elements that combine
traditional knowledge with modern engineering. The findings suggest that natural fiber
materials can contribute to energy efficiency, indoor comfort, and reduced carbon footprint in
residential and public buildings. The analysis also notes the importance of moisture
management, durability enhancement, and local sourcing to ensure long-term performance.

The paper argues that eco-construction in Morocco should be supported by policy frameworks,
technical training, and market development for sustainable materials. Strengthening
collaboration between researchers, builders, and policymakers can accelerate adoption. The
study concludes that natural fiber-based materials represent a viable pathway for greener
construction in North Africa, aligning environmental responsibility with cultural and economic
context.

Key words: sustainable materials, natural fibers, eco-construction, Morocco, green building

219



BURSA 7" INTERNATIONAL CONFERENCE ON ENGINEERING and MATHEMATICS
July 35,2026 - BURSA
ISBN NR. : 978-625-8795-27-1

CERAMIC COMPOSITE MATERIALS FOR HIGH TEMPERATURE INDUSTRIAL
APPLICATIONS IN MOROCCO

Prof. Dr. Hassan El Khatib, Omar Boulahfa
Faculty of Sciences and Technologies, Cadi Ayyad University, Morocco

ABSTRACT

This study examines ceramic composite materials for high-temperature industrial applications
in Morocco, with emphasis on thermal stability, mechanical strength, and resistance to chemical
degradation. Industries such as cement production, metallurgy, and energy generation require
materials that can perform reliably under extreme thermal conditions. The research explores
how advanced ceramics and composite systems can meet these demanding requirements.

The study is informed by ceramic engineering and high-temperature materials literature. It
focuses on matrix composition, reinforcement phases, and processing techniques that influence
performance. The findings suggest that ceramic composites offer superior heat resistance,
reduced thermal expansion, and enhanced durability compared to conventional materials. The
analysis also highlights the role of microstructural design in optimizing fracture toughness and
thermal shock resistance.

The paper argues that industrial adoption of ceramic composites depends on cost-effectiveness,
manufacturing scalability, and technical support. In Morocco, such materials can support
modernization efforts in heavy industry while improving energy efficiency. The study
concludes that ceramic composites are strategically important for high-temperature applications
and that continued research can strengthen industrial competitiveness.

Key words: ceramic composites, high-temperature materials, industrial applications, Morocco,
thermal stability
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GRAPHENE-BASED COMPOSITES FOR FLEXIBLE ELECTRONICS IN INDIAN
MATERIAL SCIENCE STUDIES

Assoc. Prof. Dr. Ananya Chatterjee, Rahul Mehta, Sneha Kapoor, Dr. Vikram Desai
Department of Materials Science, Indian Institute of Technology Bombay, India

ABSTRACT

This study investigates graphene-based composites for flexible electronics within Indian
material science research. Graphene’s exceptional electrical conductivity, mechanical
flexibility, and chemical stability make it an ideal candidate for next-generation wearable
devices, sensors, and flexible circuits. The research explores how graphene can be integrated
into polymer matrices to create functional composites suitable for electronic applications.

The study is based on nanomaterials and flexible electronics literature. It focuses on dispersion
techniques, interfacial bonding, and fabrication methods that influence composite performance.
The findings suggest that graphene-enhanced materials can achieve high conductivity at low
filler content while maintaining flexibility and durability. The analysis also notes the
importance of scalable production methods to support commercial viability.

The paper argues that flexible electronics research in India should be linked with industry
partnerships, device prototyping, and skill development. Strengthening the innovation
ecosystem can accelerate technology transfer. The study concludes that graphene-based
composites offer significant potential for advancing flexible electronics in India, with
applications ranging from health monitoring to smart packaging.

Key words: graphene composites, flexible electronics, nanomaterials, India, conductive
materials
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BIODEGRADABLE POLYMER MATERIALS FOR MEDICAL IMPLANTS IN
INDIAN BIOMATERIAL RESEARCH

Dr. Priyanka lyer
Department of Biomedical Engineering, Vellore Institute of Technology, India

ABSTRACT

This study examines biodegradable polymer materials for medical implants in Indian
biomaterial research, focusing on their potential to support tissue regeneration, reduce
secondary surgeries, and improve patient outcomes. Biodegradable polymers offer the
advantage of gradual resorption within the body, eliminating the need for implant removal while
providing temporary mechanical support during healing.

The study is grounded in biomaterials science and regenerative medicine literature. It explores
polymer types such as polylactic acid, polyglycolic acid, and their copolymers, which are
widely used in orthopedic and cardiovascular applications. The findings suggest that material
properties such as degradation rate, biocompatibility, and mechanical strength must be carefully
balanced to match clinical requirements. The analysis also highlights the importance of surface
modification and composite design to enhance biological integration.

The paper argues that biomaterial development in India should be supported by regulatory
frameworks, clinical testing capacity, and cross-disciplinary collaboration. Strengthening these
areas can accelerate the translation of research into practical medical solutions. The study
concludes that biodegradable polymers represent a promising direction for implant technology,
offering both clinical benefits and economic advantages.

Key words: biodegradable polymers, medical implants, biomaterials, India, regenerative
medicine
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THERMAL BARRIER COATINGS FOR AEROSPACE APPLICATIONS IN INDIAN
ENGINEERING SECTORS

Prof. Dr. Rajiv Kulkarni, Arjun Singh
Department of Mechanical Engineering, Indian Institute of Science, India

ABSTRACT

This study investigates thermal barrier coatings for aerospace applications in Indian engineering
sectors, with emphasis on high-temperature protection, durability, and performance
optimization. Thermal barrier coatings are essential for protecting turbine components, engine
parts, and structural elements from extreme heat and oxidative environments. The research
explores coating materials and deposition techniques that enhance thermal insulation and
component life.

The study is based on aerospace materials and surface engineering literature. It focuses on
ceramic-based coatings, bond coat systems, and advanced deposition methods such as plasma
spraying and electron beam evaporation. The findings suggest that optimized coatings can
significantly reduce heat transfer, improve fuel efficiency, and extend service intervals. The
analysis also notes the importance of adhesion strength, thermal cycling resistance, and
microstructural stability.

The paper argues that thermal barrier coating technology should be aligned with national
aerospace goals and manufacturing capabilities. In India, such coatings can support indigenous
engine development and reduce dependency on imported components. The study concludes that
continued innovation in coating systems is critical for advancing aerospace performance and
reliability.

Key words: thermal barrier coatings, aerospace engineering, surface coatings, India, high-
temperature materials
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SEMICONDUCTOR NANOMATERIALS FOR OPTOELECTRONIC DEVICES IN
TAIWANESE TECHNOLOGY DEVELOPMENT

Prof. Dr. Wei-Lun Chen, Mei-Hsin Huang, Dr. Chao-Yang Lin
Department of Materials Science and Engineering, National Taiwan University, Taiwan

ABSTRACT

This study explores semiconductor nanomaterials for optoelectronic devices in Taiwanese
technology development, focusing on their role in light-emitting diodes, photodetectors, and
solar cells. Nanomaterials offer tunable optical and electronic properties that enable high-
efficiency, compact, and versatile device architectures. The research examines how nanoscale
engineering can enhance performance and enable new functionalities.

The study is informed by semiconductor physics and nanotechnology literature. It highlights
guantum dots, nanowires, and thin-film structures as key material systems for optoelectronic
applications. The findings suggest that size control, surface passivation, and interface
engineering are critical for optimizing device efficiency and stability. The analysis also notes
the importance of integration with existing fabrication processes to support commercialization.

The paper argues that optoelectronic research in Taiwan should be linked with industry
collaboration, prototype development, and talent cultivation. Strengthening these connections
can accelerate technology deployment. The study concludes that semiconductor nanomaterials
are central to the future of optoelectronics, with broad implications for communications, energy,
and sensing technologies.

Key words: semiconductor nanomaterials, optoelectronics, nanotechnology, Taiwan, device
engineering
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ADVANCED FUNCTIONAL MATERIALS FOR SMART SENSORS IN TAIWAN
INDUSTRIAL INNOVATION

Assoc. Prof. Dr. Yu-Ting Tsai, Cheng-Hao Wu, Liang-Feng Su, Dr. Po-Han Liu
Department of Electrical Engineering, National Cheng Kung University, Taiwan

ABSTRACT

This study examines advanced functional materials for smart sensors in Taiwan’s industrial
innovation landscape. Smart sensors require materials that can respond to environmental
stimuli, convert physical signals into electrical outputs, and maintain reliability under diverse
operating conditions. The research explores how functional materials such as piezoelectrics,
conductive polymers, and nanocomposites enable sensitive and adaptable sensing systems.

The study is based on materials science and sensor technology literature. It focuses on material
properties such as sensitivity, selectivity, response time, and stability. The findings suggest that
tailored material design can enhance sensor performance in applications ranging from industrial
monitoring to healthcare diagnostics. The analysis also highlights the importance of integration
with signal processing and wireless communication for smart system development.

The paper argues that sensor innovation in Taiwan should be supported by cross-sector
collaboration, standards development, and workforce training. Strengthening these areas can
position Taiwan as a leader in smart sensing technologies. The study concludes that functional
materials are foundational to sensor advancement and that continued investment can drive
industrial competitiveness and societal benefit.

Key words: functional materials, smart sensors, industrial innovation, Taiwan, sensor
technology
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SUSTAINABLE HYDROPOWER SYSTEM DESIGN AND OPTIMIZATION IN
MOUNTAINOUS REGIONS OF KYRGYZSTAN

Prof. Dr. Imran Qureshi, Dr. Sana Ullah, Bilal Ahmed, Ayesha Tariq
Faculty of Civil and Environmental Engineering, National University of Sciences and
Technology, Pakistan

ABSTRACT

This study investigates the design and optimization of sustainable hydropower systems in the
mountainous regions of Kyrgyzstan, where abundant water resources and steep terrain offer
significant potential for renewable energy generation. Hydropower remains a cornerstone of
national energy strategy, yet its development must balance technical efficiency, environmental
protection, and long-term sustainability. The research examines how engineering design can
support resilient and ecologically responsible hydropower systems in high-altitude
environments.

The study is based on renewable energy engineering, hydropower planning, and environmental
impact literature. It focuses on turbine selection, flow regulation, sediment management, and
environmental flow considerations as key elements of sustainable design. The analysis suggests
that optimization depends not only on maximizing energy output but also on minimizing
ecological disturbance, ensuring downstream water security, and adapting to seasonal
hydrological variation. The findings indicate that small and medium-scale hydropower schemes
can provide reliable energy while reducing environmental footprint when properly integrated
into local watershed management.

The paper further argues that sustainable hydropower requires coordinated planning between
energy authorities, environmental agencies, and local communities. In Kyrgyzstan, such
coordination can support rural electrification, reduce dependence on imported energy, and
promote climate-resilient infrastructure. The study concludes that hydropower system design
should be guided by an integrated approach that combines engineering performance with
environmental stewardship and social benefit.

Key words: sustainable hydropower, system optimization, mountainous regions, Kyrgyzstan,
renewable energy engineering
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SMART IRRIGATION ENGINEERING SOLUTIONS FOR AGRICULTURAL
WATER MANAGEMENT IN KYRGYZSTAN

Dr. Ahmed Al-Hadithi, Zainab Kareem, Prof. Dr. Mustafa Al-Jabiri
Faculty of Water Resources Engineering, University of Baghdad, Iraq

ABSTRACT

This study explores smart irrigation engineering solutions for agricultural water management
in Kyrgyzstan, where water availability, seasonal variation, and irrigation efficiency are critical
for sustaining agricultural productivity. Traditional irrigation methods often lead to water loss,
uneven distribution, and reduced crop yields, making modernization an important priority for
rural development. The research examines how smart irrigation technologies can improve water
use efficiency and support sustainable farming.

The study is based on irrigation engineering, water management, and agricultural technology
literature. It focuses on sensor-based monitoring, automated distribution systems, soil moisture
measurement, and data-driven scheduling as key components of smart irrigation. The findings
suggest that such systems can reduce water waste, improve crop health, and optimize labor
requirements. They also indicate that smart irrigation is most effective when combined with
farmer training, maintenance support, and context-appropriate technology.

The paper argues that water management in Kyrgyz agriculture should move toward more
precise and adaptive systems. Smart irrigation can contribute to both resource conservation and
productivity enhancement, particularly in regions facing water stress. The study concludes that
engineering solutions for irrigation should be integrated with broader agricultural policy and
rural development planning to ensure long-term sustainability.

Key words: smart irrigation, water management, agricultural engineering, Kyrgyzstan,
sustainable agriculture
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STRUCTURAL ANALYSIS AND EARTHQUAKE-RESISTANT BUILDING DESIGN
IN IRAQI URBAN AREAS

Ali Mahmoud, Assoc. Prof. Dr. Hassan Al-Samarrai
Faculty of Civil Engineering, University of Technology, Baghdad, Iraq

ABSTRACT

This study examines structural analysis and earthquake-resistant building design in Iragi urban
areas, where seismic risk, rapid urbanization, and varied construction practices create
significant challenges for structural safety. Many urban buildings have been constructed
without adequate seismic consideration, increasing vulnerability to potential earthquake events.
The research explores how engineering design can improve structural resilience and reduce
disaster risk in densely populated environments.

The study is grounded in structural engineering, seismic design, and urban safety literature. It
focuses on load distribution, reinforcement detailing, material selection, and foundation
behavior as major factors influencing earthquake resistance. The findings suggest that buildings
designed with seismic principles in mind demonstrate better performance under lateral forces
and reduced risk of structural failure. The analysis also highlights the importance of code
compliance, quality control, and professional oversight in urban construction.

The paper argues that earthquake-resistant design should be treated as a public safety priority
rather than an optional technical feature. In Iraqgi cities, improved design standards and
enforcement can protect lives and reduce long-term economic losses. The study concludes that
structural resilience depends on coordinated action among engineers, regulators, and
construction stakeholders to ensure safer urban development.

Key words: structural analysis, earthquake-resistant design, urban buildings, Iraq, seismic
safety
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RENEWABLE ENERGY GRID INTEGRATION CHALLENGES IN IRAQ'S POWER
INFRASTRUCTURE

Assoc. Prof. Dr. Gulnara Toktonalieva, Bekzat Uulu
Faculty of Energy Engineering, Kyrgyz State Technical University, Kyrgyzstan

ABSTRACT

This paper investigates the challenges associated with integrating renewable energy sources
into Irag's power infrastructure, where aging grid systems, fluctuating demand, and reliance on
conventional generation complicate the transition to cleaner energy. Renewable integration
requires not only new generation capacity but also upgraded transmission networks, improved
grid stability, and enhanced system flexibility. The study examines the technical and
institutional barriers affecting this process.

The research is based on power systems engineering, renewable energy policy, and grid
integration literature. It focuses on issues such as intermittency, voltage regulation, frequency
control, and storage requirements. The findings suggest that successful integration depends on
modernizing grid infrastructure, implementing smart grid technologies, and developing
operational strategies that accommodate variable energy sources. The analysis also highlights
the need for regulatory frameworks that support investment and coordination.

The paper argues that renewable energy integration in Irag should be approached as a long-term
infrastructure transformation rather than a short-term technical adjustment. Strengthening grid
capacity and institutional coordination can enable higher shares of renewable energy while
maintaining system reliability. The study concludes that sustainable power development in Irag
requires integrated planning across generation, transmission, and policy domains.

Key words: renewable energy, grid integration, power infrastructure, Iraq, energy transition
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MACHINE LEARNING APPLICATIONS IN PREDICTIVE MAINTENANCE OF
INDUSTRIAL SYSTEMS IN PAKISTAN

Dr. Farhan Malik, Hira Aslam
Faculty of Mechanical and Manufacturing Engineering, University of Engineering and
Technology, Pakistan

ABSTRACT

This study examines machine learning applications in predictive maintenance of industrial
systems in Pakistan, where equipment reliability, downtime reduction, and operational
efficiency are critical for manufacturing competitiveness. Predictive maintenance uses data-
driven models to anticipate failures before they occur, enabling timely intervention and
optimized maintenance scheduling. The research explores how machine learning can improve
maintenance strategies in industrial settings.

The study is based on industrial engineering, predictive analytics, and maintenance
management literature. It focuses on sensor data analysis, fault detection, pattern recognition,
and algorithm-based decision support as key components of predictive maintenance. The
findings suggest that machine learning models can enhance equipment reliability, reduce
unplanned downtime, and extend asset life when integrated with existing maintenance
practices. The analysis also highlights the importance of data quality, staff training, and system
integration.

The paper argues that predictive maintenance should be understood as both a technical and
organizational capability. In Pakistan's industrial sector, machine learning applications can
support more efficient operations and reduce maintenance costs. The study concludes that
adoption of predictive maintenance technologies requires coordinated investment in data
infrastructure, workforce skills, and management commitment.

Key words: machine learning, predictive maintenance, industrial systems, Pakistan,
operational efficiency
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ADVANCED CONSTRUCTION MATERIALS FOR CLIMATE-RESILIENT
INFRASTRUCTURE IN PAKISTAN

Prof. Dr. Azamat Turgunov, Aibek Sadykov, Dr. Nursultan Imanov
Faculty of Civil Engineering, Kyrgyz State University of Construction, Transportation and
Architecture, Kyrgyzstan

ABSTRACT

This study investigates advanced construction materials for climate-resilient infrastructure in
Pakistan, where extreme weather events, temperature variation, and environmental stress place
increasing demands on building durability. Traditional construction materials often struggle to
cope with these conditions, leading to premature deterioration and higher maintenance costs.
The research explores how modern materials can improve infrastructure resilience and
longevity.

The study is based on materials science, construction engineering, and climate adaptation
literature. It focuses on high-performance concrete, fiber-reinforced composites, corrosion-
resistant reinforcement, and thermally efficient materials as key solutions for climate-resilient
construction. The findings suggest that advanced materials can enhance structural performance,
reduce maintenance needs, and improve energy efficiency in buildings and infrastructure. The
analysis also highlights the importance of local availability, cost-effectiveness, and
compatibility with existing construction practices.

The paper argues that climate-resilient infrastructure requires a shift toward materials that are
both durable and adaptive to environmental conditions. In Pakistan, such materials can support
safer and more sustainable development in the face of changing climate patterns. The study
concludes that material innovation should be integrated into national construction standards and
infrastructure planning to ensure long-term resilience.

Key words: advanced construction materials, climate-resilient infrastructure, Pakistan,
building durability, materials engineering
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DESIGN AND IMPLEMENTATION OF LOW-COST SOLAR ENERGY SYSTEMS
IN RURAL PAKISTAN

Assoc. Prof. Dr. Kamran Shahid, Usman Raza, Fatima Noor
Faculty of Electrical Engineering, University of Engineering and Technology, Pakistan

ABSTRACT

This study examines the design and implementation of low-cost solar energy systems in rural
Pakistan, where limited grid access and unreliable electricity supply hinder economic and social
development. Solar energy offers a practical solution for providing clean, affordable power to
remote communities. The research explores how engineering design, component selection, and
local adaptation can support effective solar system deployment.

The study is based on renewable energy engineering, rural electrification, and solar technology
literature. It focuses on photovoltaic system sizing, battery storage, inverter selection, and
maintenance considerations as key elements of low-cost solar design. The findings suggest that
properly designed solar systems can meet basic household and community energy needs while
remaining affordable and manageable for rural users. The analysis also highlights the
importance of community engagement, training, and after-sales support.

The paper argues that low-cost solar systems should be designed with local conditions in mind,
including climate, usage patterns, and economic capacity. In rural Pakistan, such systems can
improve lighting, education, health services, and small business activity. The study concludes
that solar energy deployment in rural areas requires a combination of technical suitability,
financial accessibility, and institutional support to achieve sustainable impact.

Key words: solar energy systems, rural electrification, low-cost design, Pakistan, renewable
energy
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WATER SUPPLY AND SANITATION ENGINEERING SOLUTIONS IN RURAL
ETHIOPIAN COMMUNITIES

Prof. Dr. Tesfaye Bekele, Abel Girma
Faculty of Water Resources and Environmental Engineering, Addis Ababa University,
Ethiopia

ABSTRACT

This study investigates water supply and sanitation engineering solutions for rural Ethiopian
communities, where limited access to clean water and adequate sanitation remains a major
public health and development challenge. Rural populations often rely on unprotected sources,
leading to waterborne diseases and reduced quality of life. The research explores how
engineering interventions can improve water security and hygiene conditions.

The study is based on water resources engineering, public health, and rural development
literature. It focuses on well construction, spring protection, small-scale piped systems,
rainwater harvesting, and sanitation facilities as key components of rural water supply. The
findings suggest that appropriate engineering solutions can significantly improve water access,
reduce disease risk, and support community well-being. The analysis also highlights the
importance of community participation, maintenance planning, and local capacity building.

The paper argues that water and sanitation improvements should be integrated with broader
rural development strategies. In Ethiopia, such integration can support health, education, and
economic progress in underserved areas. The study concludes that sustainable water supply and
sanitation require not only technical solutions but also long-term institutional support and
community ownership.

Key words: water supply, sanitation engineering, rural communities, Ethiopia, public health

233



BURSA 7" INTERNATIONAL CONFERENCE ON ENGINEERING and MATHEMATICS
July 35,2026 - BURSA
ISBN NR. : 978-625-8795-27-1

ADVANCED COOLING SYSTEM DESIGN FOR HIGH-RISE BUILDINGS IN
QATAR'S EXTREME CLIMATE CONDITIONS

Prof. Dr. Made Wirawan
Faculty of Engineering, Qatar University, Qatar

ABSTRACT

This study investigates advanced cooling system design for high-rise buildings in Qatar's
extreme climate conditions, where ambient temperatures frequently exceed conventional
HVAC system limits. The research examines the integration of variable refrigerant flow
systems, district cooling networks, and thermal energy storage solutions to address the unique
challenges posed by sustained high temperatures and humidity levels. In Qatar's rapid urban
development context, high-rise buildings require cooling strategies that balance energy
efficiency with occupant comfort while minimizing environmental impact.

The study is based on building engineering and thermal management literature. It focuses on
the relationship between building envelope design, cooling load distribution, and system
performance optimization. The findings suggest that conventional air conditioning approaches
are insufficient for Qatar's climate demands, requiring innovative solutions that incorporate
phase change materials, intelligent controls, and hybrid cooling configurations. These systems
can significantly reduce peak energy consumption while maintaining stable indoor
environments throughout extreme weather periods.

The paper also highlights the importance of integrating renewable energy sources with cooling
infrastructure to achieve long-term sustainability goals. Solar-assisted cooling and waste heat
recovery systems offer promising pathways for reducing dependence on conventional power
generation. The study concludes that advanced cooling system design must consider both
technical performance and broader urban energy planning. In Qatar's context, such approaches
can support sustainable urban growth while addressing the fundamental challenges of extreme
climate conditions in high-density developments.

Key words: cooling systems, high-rise buildings, Qatar, thermal management, sustainable
engineering
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SMART INFRASTRUCTURE DEVELOPMENT USING IOT FOR URBAN
TRANSPORT SYSTEMS IN QATAR

Assoc. Prof. Dr. Nasser Al-Hajri, Salem Al-Sulaiti
Department of Transportation Engineering, Qatar University, Qatar

ABSTRACT

This research examines smart infrastructure development using Internet of Things technology
for urban transport systems in Qatar. As cities become increasingly connected, 10T applications
offer significant opportunities for improving traffic management, public transportation
efficiency, and overall mobility experiences. The study explores how sensor networks, real-
time data collection, and intelligent traffic control systems can enhance urban transport
performance in rapidly developing urban environments.

The study is grounded in smart city and transportation technology literature. It focuses on the
integration of loT devices in traffic monitoring, vehicle tracking, passenger information
systems, and predictive maintenance of transport infrastructure. The findings suggest that IoT-
enabled systems can reduce congestion, improve response times to incidents, and optimize
route planning for both public and private transport. These technologies also support better
decision-making through comprehensive data analytics and pattern recognition.

The paper further argues that successful 10T implementation requires careful consideration of
data security, system interoperability, and user privacy concerns. In Qatar's urban development
context, smart transport infrastructure must be designed to accommodate future technological
advancements while maintaining operational reliability. The study concludes that loT-based
smart infrastructure can significantly improve urban transport systems by providing real-time
insights, enhancing operational efficiency, and supporting sustainable mobility solutions for
growing metropolitan areas.

Key words: smart infrastructure, 10T, urban transport, Qatar, traffic management
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SUSTAINABLE BRIDGE ENGINEERING USING BAMBOO-BASED COMPOSITES
IN INDONESIAN RURAL AREAS

Assoc. Prof. Dr. Hichem Ben Salah, Amine Gharbi, Dr. Salma Triki
Faculty of Civil Engineering, University of Tunis El Manar, Tunisia

ABSTRACT

This study explores sustainable bridge engineering using bamboo-based composites in
Indonesian rural areas, where traditional construction materials are often expensive and
environmentally impactful. Bamboo represents an abundant, renewable resource that can be
processed into high-performance structural elements through modern composite manufacturing
techniques. The research examines how bamboo composites can provide viable alternatives to
conventional steel and concrete bridge construction in remote and resource-limited settings.

The study is based on sustainable engineering and materials science literature. It focuses on the
mechanical properties, durability characteristics, and environmental benefits of bamboo-
reinforced composites for bridge applications. The findings suggest that bamboo-based
materials can achieve comparable structural performance to traditional materials while offering
significant advantages in terms of carbon footprint reduction and local resource utilization.
These composites also demonstrate good resistance to environmental degradation when
properly treated and maintained.

The paper further argues that bamboo bridge construction can support rural development by
utilizing locally available resources and creating employment opportunities in manufacturing
and maintenance. In Indonesia's context, such approaches can reduce construction costs while
promoting sustainable infrastructure development. The study concludes that bamboo-based
composites offer a promising pathway for sustainable bridge engineering in rural areas,
particularly when combined with appropriate design standards and quality control measures.

Key words: bamboo composites, sustainable bridge engineering, Indonesia, rural
infrastructure, renewable materials
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EARTHQUAKE-RESISTANT STRUCTURAL DESIGN METHODS FOR
INDONESIA'S SEISMIC REGIONS

Dr. Nyoman Santika
Faculty of Engineering, Udayana University, Indonesia

ABSTRACT

This study examines earthquake-resistant structural design methods for Indonesia's seismic
regions, where tectonic activity creates significant challenges for building safety and
infrastructure resilience. Indonesia's location along multiple tectonic plate boundaries requires
comprehensive seismic design approaches that can protect both human life and economic assets
during earthquake events. The research explores modern structural engineering techniques that
enhance building performance under seismic loading conditions.

The research is grounded in earthquake engineering and structural dynamics literature. It
focuses on base isolation systems, energy dissipation devices, and ductile design principles that
allow structures to absorb and dissipate seismic energy effectively. The findings suggest that
proper seismic design can significantly reduce structural damage and improve post-earthquake
recovery capabilities. These methods include flexible foundation systems, reinforced concrete
detailing, and steel frame configurations that accommodate ground movement without
catastrophic failure.

The paper also highlights the importance of local building code implementation and
construction quality control in achieving effective seismic resistance. In Indonesia's diverse
geological context, design methods must be adapted to local soil conditions and seismic hazard
levels. The study concludes that earthquake-resistant design requires integrated approaches
combining advanced engineering techniques with appropriate regulatory frameworks and
construction practices to ensure long-term structural safety in seismic regions.

Key words: earthquake-resistant design, seismic regions, Indonesia, structural engineering,
building safety
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RENEWABLE ENERGY SYSTEM INTEGRATION IN TUNISIAN INDUSTRIAL
FACILITIES

Dr. Agus Prasetyo, Rina Kuswandari, Budi Hartono, Siti Rahmawati
Faculty of Engineering, Bandung Institute of Technology, Indonesia

ABSTRACT

This study investigates renewable energy system integration in Tunisian industrial facilities,
examining how solar, wind, and biomass technologies can be incorporated into existing
industrial operations. As Tunisia seeks to reduce dependence on fossil fuels and meet climate
commitments, industrial energy consumption represents a significant opportunity for renewable
energy deployment. The research explores technical and economic factors influencing
successful integration of renewable energy sources in industrial settings.

The study is based on renewable energy and industrial engineering literature. It focuses on
hybrid energy systems, grid integration challenges, and energy storage solutions that can
support continuous industrial operations. The findings suggest that renewable energy
integration can reduce operational costs while improving energy security and environmental
performance. However, successful implementation requires careful consideration of load
profiles, backup systems, and regulatory frameworks that support distributed generation.

The paper further argues that industrial renewable energy adoption can stimulate local
economic development through technology transfer and job creation. In Tunisia's context, such
approaches can support national energy transition goals while maintaining industrial
competitiveness. The study concludes that renewable energy system integration in industrial
facilities requires comprehensive planning that addresses technical feasibility, economic
viability, and regulatory compliance to achieve sustainable energy transformation.

Key words: renewable energy, industrial facilities, Tunisia, energy integration, sustainable
manufacturing
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ABSTRACT

This study examines water desalination technologies for sustainable agriculture in Tunisia,
where water scarcity poses significant challenges to agricultural productivity and food security.
Desalination offers a reliable source of freshwater for irrigation, but energy requirements and
environmental impacts must be carefully managed to ensure long-term sustainability. The
research explores various desalination approaches and their applicability to agricultural
contexts in Tunisia's diverse climate zones.

The study is grounded in water resources and environmental engineering literature. It focuses
on reverse osmosis, solar desalination, and hybrid systems that can provide cost-effective water
treatment for agricultural use. The findings suggest that desalination technologies can
significantly improve water availability for irrigation while reducing pressure on freshwater
resources. However, successful implementation requires appropriate pretreatment systems and
energy optimization to minimize operational costs.

The paper further argues that desalination for agriculture must be integrated with water
management strategies that include efficient irrigation practices and crop selection. In Tunisia's
context, such approaches can support agricultural development while addressing water scarcity
challenges. The study concludes that water desalination technologies offer promising solutions
for sustainable agriculture when combined with appropriate water conservation measures and
energy-efficient design principles.

Key words: water desalination, sustainable agriculture, Tunisia, irrigation systems, water
management
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AI-BASED PREDICTIVE MAINTENANCE IN TUNISIAN MANUFACTURING
SYSTEMS

Dr. Youssef Kallel
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ABSTRACT

This study investigates Al-based predictive maintenance in Tunisian manufacturing systems,
examining how machine learning algorithms can improve equipment reliability and reduce
unplanned downtime. Predictive maintenance represents a significant advancement over
traditional reactive maintenance approaches by using data analytics to anticipate equipment
failures before they occur. The research explores the application of artificial intelligence
techniques in monitoring industrial equipment and optimizing maintenance schedules.

The study is based on industrial engineering and artificial intelligence literature. It focuses on
sensor data analysis, failure pattern recognition, and automated decision-making systems that
can predict maintenance needs. The findings suggest that Al-based predictive maintenance can
significantly reduce maintenance costs while improving equipment availability and operational
efficiency. These systems can also extend equipment lifespan by enabling timely interventions
that prevent catastrophic failures.

The paper further argues that successful implementation requires investment in sensor
infrastructure, data management systems, and workforce training. In Tunisia's manufacturing
context, such approaches can enhance competitiveness while supporting digital transformation
initiatives. The study concludes that Al-based predictive maintenance offers substantial benefits
for manufacturing systems when properly integrated with existing maintenance practices and
organizational processes.

Key words: predictive maintenance, artificial intelligence, Tunisia, manufacturing systems,
equipment reliability
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URBAN DRAINAGE SYSTEM OPTIMIZATION FOR FLOOD PREVENTION IN
ALGERIAN CITIES
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Faculty of Engineering, University of Tunis EI Manar, Tunisia

ABSTRACT

This study examines urban drainage system optimization for flood prevention in Algerian cities,
where rapid urbanization and climate change have increased the risk of urban flooding.
Effective drainage infrastructure is essential for protecting urban areas from water damage,
maintaining transportation networks, and ensuring public safety during heavy rainfall events.
The research explores engineering solutions that can improve drainage capacity and reduce
flood vulnerability in urban environments.

The study is grounded in urban hydrology and civil engineering literature. It focuses on
stormwater management systems, detention basins, and permeable surfaces that can enhance
urban drainage performance. The findings suggest that optimized drainage systems can
significantly reduce flood risk while improving urban water management. These approaches
include integrated planning that considers topography, land use patterns, and climate
projections to design appropriate drainage infrastructure.

The paper further argues that flood prevention requires coordinated efforts between urban
planning, environmental management, and infrastructure development. In Algeria's urban
context, such approaches can support sustainable city development while addressing climate-
related challenges. The study concludes that urban drainage system optimization offers
effective flood prevention solutions when combined with appropriate maintenance programs
and community awareness initiatives.

Key words: urban drainage, flood prevention, Algeria, stormwater management, urban
planning
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Assoc. Prof. Dr. Mourad Bensalem, Nadia Toumi
Faculty of Civil Engineering, University of Science and Technology Houari Boumediene,
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ABSTRACT

This study investigates urban drainage system optimization for flood prevention in Algerian
cities, where increasing urban development and extreme weather events create significant
challenges for water management. Urban flooding poses risks to infrastructure, public safety,
and economic activities, requiring comprehensive drainage solutions that can handle increased
runoff volumes. The research examines engineering approaches that can enhance drainage
system performance and reduce flood vulnerability in urban areas.

The study is based on urban water management and hydraulic engineering literature. It focuses
on drainage network design, flow capacity analysis, and flood modeling techniques that can
improve system efficiency. The findings suggest that optimized drainage systems can
effectively manage stormwater while reducing flood risk through proper sizing, regular
maintenance, and strategic placement of retention facilities. These approaches also support
urban resilience by protecting critical infrastructure during extreme weather events.

The paper further argues that effective flood prevention requires integration of drainage
planning with broader urban development strategies. In Algeria's urban context, such
approaches can support sustainable growth while addressing climate adaptation needs. The
study concludes that urban drainage optimization offers practical solutions for flood prevention
when combined with appropriate regulatory frameworks and community engagement in water
management practices.

Key words: urban drainage, flood prevention, Algeria, hydraulic engineering, urban resilience
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ADVANCED COOLING SYSTEM DESIGN FOR HIGH-RISE BUILDINGS IN
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ABSTRACT

This study investigates advanced cooling system design for high-rise buildings in Qatar's
extreme climate conditions, where ambient temperatures frequently exceed conventional
HVAC system limits. The research examines the integration of variable refrigerant flow
systems, district cooling networks, and thermal energy storage solutions to address the unique
challenges posed by sustained high temperatures and humidity levels. In Qatar's rapid urban
development context, high-rise buildings require cooling strategies that balance energy
efficiency with occupant comfort while minimizing environmental impact.

The study is based on building engineering and thermal management literature. It focuses on
the relationship between building envelope design, cooling load distribution, and system
performance optimization. The findings suggest that conventional air conditioning approaches
are insufficient for Qatar's climate demands, requiring innovative solutions that incorporate
phase change materials, intelligent controls, and hybrid cooling configurations. These systems
can significantly reduce peak energy consumption while maintaining stable indoor
environments throughout extreme weather periods.

The paper also highlights the importance of integrating renewable energy sources with cooling
infrastructure to achieve long-term sustainability goals. Solar-assisted cooling and waste heat
recovery systems offer promising pathways for reducing dependence on conventional power
generation. The study concludes that advanced cooling system design must consider both
technical performance and broader urban energy planning. In Qatar's context, such approaches
can support sustainable urban growth while addressing the fundamental challenges of extreme
climate conditions in high-density developments.

Key words: cooling systems, high-rise buildings, Qatar, thermal management, sustainable
engineering
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ABSTRACT

This research examines smart infrastructure development using Internet of Things technology
for urban transport systems in Qatar. As cities become increasingly connected, 10T applications
offer significant opportunities for improving traffic management, public transportation
efficiency, and overall mobility experiences. The study explores how sensor networks, real-
time data collection, and intelligent traffic control systems can enhance urban transport
performance in rapidly developing urban environments.

The study is grounded in smart city and transportation technology literature. It focuses on the
integration of loT devices in traffic monitoring, vehicle tracking, passenger information
systems, and predictive maintenance of transport infrastructure. The findings suggest that loT-
enabled systems can reduce congestion, improve response times to incidents, and optimize
route planning for both public and private transport. These technologies also support better
decision-making through comprehensive data analytics and pattern recognition.

The paper further argues that successful 10T implementation requires careful consideration of
data security, system interoperability, and user privacy concerns. In Qatar's urban development
context, smart transport infrastructure must be designed to accommodate future technological
advancements while maintaining operational reliability. The study concludes that loT-based
smart infrastructure can significantly improve urban transport systems by providing real-time
insights, enhancing operational efficiency, and supporting sustainable mobility solutions for
growing metropolitan areas.

Key words: smart infrastructure, 10T, urban transport, Qatar, traffic management
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ABSTRACT

This study explores sustainable bridge engineering using bamboo-based composites in
Indonesian rural areas, where traditional construction materials are often expensive and
environmentally impactful. Bamboo represents an abundant, renewable resource that can be
processed into high-performance structural elements through modern composite manufacturing
techniques. The research examines how bamboo composites can provide viable alternatives to
conventional steel and concrete bridge construction in remote and resource-limited settings.

The study is based on sustainable engineering and materials science literature. It focuses on the
mechanical properties, durability characteristics, and environmental benefits of bamboo-
reinforced composites for bridge applications. The findings suggest that bamboo-based
materials can achieve comparable structural performance to traditional materials while offering
significant advantages in terms of carbon footprint reduction and local resource utilization.
These composites also demonstrate good resistance to environmental degradation when
properly treated and maintained.

The paper further argues that bamboo bridge construction can support rural development by
utilizing locally available resources and creating employment opportunities in manufacturing
and maintenance. In Indonesia's context, such approaches can reduce construction costs while
promoting sustainable infrastructure development. The study concludes that bamboo-based
composites offer a promising pathway for sustainable bridge engineering in rural areas,
particularly when combined with appropriate design standards and quality control measures.

Key words: bamboo composites, sustainable bridge engineering, Indonesia, rural
infrastructure, renewable materials
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EARTHQUAKE-RESISTANT STRUCTURAL DESIGN METHODS FOR
INDONESIA'S SEISMIC REGIONS
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ABSTRACT

This study examines earthquake-resistant structural design methods for Indonesia's seismic
regions, where tectonic activity creates significant challenges for building safety and
infrastructure resilience. Indonesia's location along multiple tectonic plate boundaries requires
comprehensive seismic design approaches that can protect both human life and economic assets
during earthquake events. The research explores modern structural engineering techniques that
enhance building performance under seismic loading conditions.

The research is grounded in earthquake engineering and structural dynamics literature. It
focuses on base isolation systems, energy dissipation devices, and ductile design principles that
allow structures to absorb and dissipate seismic energy effectively. The findings suggest that
proper seismic design can significantly reduce structural damage and improve post-earthquake
recovery capabilities. These methods include flexible foundation systems, reinforced concrete
detailing, and steel frame configurations that accommodate ground movement without
catastrophic failure.

The paper also highlights the importance of local building code implementation and
construction quality control in achieving effective seismic resistance. In Indonesia's diverse
geological context, design methods must be adapted to local soil conditions and seismic hazard
levels. The study concludes that earthquake-resistant design requires integrated approaches
combining advanced engineering techniques with appropriate regulatory frameworks and
construction practices to ensure long-term structural safety in seismic regions.

Key words: earthquake-resistant design, seismic regions, Indonesia, structural engineering,
building safety
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RENEWABLE ENERGY SYSTEM INTEGRATION IN TUNISIAN INDUSTRIAL
FACILITIES
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ABSTRACT

This study investigates renewable energy system integration in Tunisian industrial facilities,
examining how solar, wind, and biomass technologies can be incorporated into existing
industrial operations. As Tunisia seeks to reduce dependence on fossil fuels and meet climate
commitments, industrial energy consumption represents a significant opportunity for renewable
energy deployment. The research explores technical and economic factors influencing
successful integration of renewable energy sources in industrial settings.

The study is based on renewable energy and industrial engineering literature. It focuses on
hybrid energy systems, grid integration challenges, and energy storage solutions that can
support continuous industrial operations. The findings suggest that renewable energy
integration can reduce operational costs while improving energy security and environmental
performance. However, successful implementation requires careful consideration of load
profiles, backup systems, and regulatory frameworks that support distributed generation.

The paper further argues that industrial renewable energy adoption can stimulate local
economic development through technology transfer and job creation. In Tunisia's context, such
approaches can support national energy transition goals while maintaining industrial
competitiveness. The study concludes that renewable energy system integration in industrial
facilities requires comprehensive planning that addresses technical feasibility, economic
viability, and regulatory compliance to achieve sustainable energy transformation.

Key words: renewable energy, industrial facilities, Tunisia, energy integration, sustainable
manufacturing
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ABSTRACT

This study examines water desalination technologies for sustainable agriculture in Tunisia,
where water scarcity poses significant challenges to agricultural productivity and food security.
Desalination offers a reliable source of freshwater for irrigation, but energy requirements and
environmental impacts must be carefully managed to ensure long-term sustainability. The
research explores various desalination approaches and their applicability to agricultural
contexts in Tunisia's diverse climate zones.

The study is grounded in water resources and environmental engineering literature. It focuses
on reverse osmosis, solar desalination, and hybrid systems that can provide cost-effective water
treatment for agricultural use. The findings suggest that desalination technologies can
significantly improve water availability for irrigation while reducing pressure on freshwater
resources. However, successful implementation requires appropriate pretreatment systems and
energy optimization to minimize operational costs.

The paper further argues that desalination for agriculture must be integrated with water
management strategies that include efficient irrigation practices and crop selection. In Tunisia's
context, such approaches can support agricultural development while addressing water scarcity
challenges. The study concludes that water desalination technologies offer promising solutions
for sustainable agriculture when combined with appropriate water conservation measures and
energy-efficient design principles.

Key words: water desalination, sustainable agriculture, Tunisia, irrigation systems, water
management
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AI-BASED PREDICTIVE MAINTENANCE IN TUNISIAN MANUFACTURING
SYSTEMS
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ABSTRACT

This study investigates Al-based predictive maintenance in Tunisian manufacturing systems,
examining how machine learning algorithms can improve equipment reliability and reduce
unplanned downtime. Predictive maintenance represents a significant advancement over
traditional reactive maintenance approaches by using data analytics to anticipate equipment
failures before they occur. The research explores the application of artificial intelligence
techniques in monitoring industrial equipment and optimizing maintenance schedules.

The study is based on industrial engineering and artificial intelligence literature. It focuses on
sensor data analysis, failure pattern recognition, and automated decision-making systems that
can predict maintenance needs. The findings suggest that Al-based predictive maintenance can
significantly reduce maintenance costs while improving equipment availability and operational
efficiency. These systems can also extend equipment lifespan by enabling timely interventions
that prevent catastrophic failures.

The paper further argues that successful implementation requires investment in sensor
infrastructure, data management systems, and workforce training. In Tunisia's manufacturing
context, such approaches can enhance competitiveness while supporting digital transformation
initiatives. The study concludes that Al-based predictive maintenance offers substantial benefits
for manufacturing systems when properly integrated with existing maintenance practices and
organizational processes.

Key words: predictive maintenance, artificial intelligence, Tunisia, manufacturing systems,
equipment reliability
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URBAN DRAINAGE SYSTEM OPTIMIZATION FOR FLOOD PREVENTION IN
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ABSTRACT

This study examines urban drainage system optimization for flood prevention in Algerian cities,
where rapid urbanization and climate change have increased the risk of urban flooding.
Effective drainage infrastructure is essential for protecting urban areas from water damage,
maintaining transportation networks, and ensuring public safety during heavy rainfall events.
The research explores engineering solutions that can improve drainage capacity and reduce
flood vulnerability in urban environments.

The study is grounded in urban hydrology and civil engineering literature. It focuses on
stormwater management systems, detention basins, and permeable surfaces that can enhance
urban drainage performance. The findings suggest that optimized drainage systems can
significantly reduce flood risk while improving urban water management. These approaches
include integrated planning that considers topography, land use patterns, and climate
projections to design appropriate drainage infrastructure.

The paper further argues that flood prevention requires coordinated efforts between urban
planning, environmental management, and infrastructure development. In Algeria's urban
context, such approaches can support sustainable city development while addressing climate-
related challenges. The study concludes that urban drainage system optimization offers
effective flood prevention solutions when combined with appropriate maintenance programs
and community awareness initiatives.

Key words: urban drainage, flood prevention, Algeria, stormwater management, urban
planning
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ABSTRACT

This study investigates urban drainage system optimization for flood prevention in Algerian
cities, where increasing urban development and extreme weather events create significant
challenges for water management. Urban flooding poses risks to infrastructure, public safety,
and economic activities, requiring comprehensive drainage solutions that can handle increased
runoff volumes. The research examines engineering approaches that can enhance drainage
system performance and reduce flood vulnerability in urban areas.

The study is based on urban water management and hydraulic engineering literature. It focuses
on drainage network design, flow capacity analysis, and flood modeling techniques that can
improve system efficiency. The findings suggest that optimized drainage systems can
effectively manage stormwater while reducing flood risk through proper sizing, regular
maintenance, and strategic placement of retention facilities. These approaches also support
urban resilience by protecting critical infrastructure during extreme weather events.

The paper further argues that effective flood prevention requires integration of drainage
planning with broader urban development strategies. In Algeria's urban context, such
approaches can support sustainable growth while addressing climate adaptation needs. The
study concludes that urban drainage optimization offers practical solutions for flood prevention
when combined with appropriate regulatory frameworks and community engagement in water
management practices.

Key words: urban drainage, flood prevention, Algeria, hydraulic engineering, urban resilience
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OZET

Yagis tahmini, su kaynaklarimin siirdiiriilebilir yonetimi, kuraklik ve taskin risklerinin
azaltilmasi ile hidroelektrik enerji iiretiminin planlanmasi agisindan biiyiik 6nem tagimaktadir.
Ozellikle yar1 kurak iklim 6zelliklerine sahip havzalarda yagis serilerinin yiiksek degiskenlik
gostermesi, tahmin modellerinin basarisini dogrudan etkilemektedir. Bu calismada, Yukari
Firat Havzasi igerisinde yer alan 16 meteoroloji istasyonuna ait uzun donem aylik toplam yagis
serileri  kullanilarak  Modified Holt-Winters (MOHW) yonteminin  performansi
degerlendirilmis ve klasik Holt—Winters modelleri ile karsilagtirilmistir.

Calismada oOncelikle yagis serilerinin  homojenlik yapilart Pettitt, Standard Normal
Homogeneity Test (SNHT) ve Buishand Range testleri yardimiyla incelenmistir. Ardindan
Additive Holt-Winters (AHW), Multiplicative Holt-Winters (MHW) ve Modified Holt—
Winters (MOHW) modelleri uygulanmigtir. Model parametreleri optimizasyon yaklagimiyla
belirlenmis; performans degerlendirmelerinde Kok Ortalama Kare Hata (RMSE), Ortalama
Mutlak Hata (MAE), Akaike Bilgi Kriteri (AIC) ve Bayesyen Bilgi Kriteri (BIC) dl¢utlerinden
yararlanilmigtir. Ayrica model sonuglari Diebold—Mariano (DM) testi ve Model Confidence Set
(MCS) yaklasimiyla istatistiksel olarak degerlendirilmistir.

Bulgular, MOHW yo6nteminin havza genelinde diger Holt-Winters modellerine gore daha
basarili ve daha kararli sonuglar iirettigini gostermistir. Egitim doneminde incelenen 16
istasyonun 14’tinde en diisiik AIC degerleri MOHW modeli tarafindan elde edilmistir. Test
donemi sonuglart da MOHW modelinin bir¢ok istasyonda diisiik hata degerleri verdigini ortaya
koymustur. MCS analizleri, MOHW modelinin ¢ok sayida istasyonda giiven kiimesi icerisinde
yer aldigini gostermistir. Bu durum, modelin farkli istasyon kosullarinda yalnizca diisiik hata
iretmekle kalmadigini, aym1 zamanda istatistiksel agidan da gii¢lii bir secenek oldugunu
gostermektedir. Sonug¢ olarak MOHW yonteminin, Yukar1 Firat Havzasi gibi mevsimsel
degiskenligin yiiksek oldugu bolgelerde aylik yagis tahmini i¢in glivenilir bir alternatif oldugu
belirlenmistir.

Anahtar Kelimeler: Modified Holt-Winters, Yagis Tahmini, Yukar1 Firat Havzasi, Model
Confidence Set, Diebold—Mariano Testi.
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EVALUATION OF THE PERFORMANCE OF THE MODIFIED HOLT-WINTERS
METHOD FOR MONTHLY RAINFALL FORECASTING IN THE UPPER
EUPHRATES BASIN

ABSTRACT

Accurate rainfall forecasting is crucial for the sustainable management of water resources,
mitigating drought and flood risks, and planning hydroelectric power generation. The high
variability of rainfall series in semi-arid basins, in particular, directly affects the performance
of forecasting models. This study evaluated the performance of the Modified Holt—Winters
(MOHW) method using long-term monthly total rainfall series obtained from 16 meteorological
stations within the Upper Euphrates Basin, comparing it with classical Holt-Winters models.

The study primarily examines the homogeneity of rainfall series using the Pettitt, Standard
Normal Homogeneity Test (SNHT) and Buishand Range tests. Additive Holt-Winters (AHW),
Multiplicative Holt-Winters (MHW) and Modified Holt-Winters (MOHW) models were then
applied. Model parameters were determined using an optimisation approach and model
performance was assessed using Root Mean Square Error (RMSE), Mean Absolute Error
(MAE), Akaike Information Criterion (AIC) and Bayesian Information Criterion (BIC).
Additionally, the forecasting results were statistically evaluated using the Diebold—Mariano
(DM) test and the Model Confidence Set (MCS) approach.

The findings show that the MOHW method produced more accurate and consistent results than
the other Holt-Winters models across the entire basin. During the training period, the MOHW
model obtained the lowest AIC values at 14 of the 16 examined stations. Test-period results
also revealed that the MOHW model yielded lower forecasting errors at many stations.
Furthermore, MCS analyses showed that the MOHW model was included in the confidence set
for many stations. These results suggest that the model generates low forecasting errors under
different station conditions.

Keywords: Modified Holt-Winters, Precipitation Forecasting, Upper Euphrates Basin, Model
Confidence Set, Diebold—Mariano Test.
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