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TAKDIM
PREFACE

I. Uluslararasi Akill Sistemler, Tasarim ve Enerji Konferansi (ISCED 2025), Bitlis Eren
Universitesi Mihendislik ve Mimarlik Fakiiltesi ev sahipliginde 28-29 Kasim 2025 tarihlerinde
gerceklestirilmistir. Konferans; akili sistemler, tasarim ve enerji alanlarinda calisan
arastirmacilari, kamu ve 6zel sektor temsilcilerini ayni ¢ati altinda bulusturarak giincel bilimselve
teknolojik gelismelerin paylasilmasini, disiplinlerarasi is birliklerinin glig¢lenmesini ve yeni
arastirma aglarinin olusmasini hedeflemistir.

Bu Ozet Kitapcig’nda, konferans bilim kurulu ve hakem degerlendirmeleri sonucunda kabul
edilen calismalarin ozetleri yer almaktadir. Bildirilerin, ilgili alanlarda yurutllen arastirmalara
katki sunmasini ve yeni calismalar i¢in ilham vermesini temenni ederiz.

Konferansin gerceklestirilmesinde emegi gecen Bilim Kurulu, Duzenleme Kurulu ve
Sekreterya uyelerine; davetli konusmacilarimiza, degerli yazarlara ve katilimcilara tesekkur
ederiz. Ayrica, konferansin hazirlik ve yuritme sureclerine sagladiklar katki ve destek icin Bitlis
Eren Universitesi Bilimsel Arastirma Projeleri Koordinasyon Birimi’ne (BEBAP) siikranlarimizi
sunariz (Proje No: BEBAP 2025.34).

The 1st International Conference on Smart Systems, Design and Energy (ISCED 2025) was
hosted by the Faculty of Engineering and Architecture, Bitlis Eren University, on November 28-29,
2025. The conference aimed to bring together researchers and practitioners working on smart
systems, design, and energy to share recent scientific and technological advances, strengthen
interdisciplinary collaboration, and foster new research networks.

This Book of Abstracts includes the abstracts of studies accepted after the evaluations of
the scientific committee and reviewers. We hope that these contributions will support ongoing
research and inspire future work.

We would like to thank the members of the Scientific Committee, the Organizing
Committee, and the Secretariat; our keynote speakers; all authors and participants who
contributed to the success of ISCED 2025. Also, we extend our sincere gratitude to the Bitlis Eren
University Scientific Research Projects Coordination Unit (BEBAP) for their contributions and
support throughout the preparation and implementation of the conference (Project No.: BEBAP
2025.34).

Prof. Dr. Hakan COBAN
Kongre Baskani / Conference Chair
Bitlis Eren Universitesi / Bitlis Eren University
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Moderator is responsible for the presentation and scientific discussion (question-answer)
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Meetings ID: 309 258 4587
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“A Comparative Assessment of RC Structures Prior to and Following the 2023 Kahramanmaras
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TRADITIONAL APPROACH:

=7 Rew Data - Feature Extraction -» Manual Selection - Classification
- Human bottleneck & bias

= CFIRE SOLUTION:

Rew Date - Mult-Domain Extraction - Optimized Selection > Optimal Classification

AUTOMATED SELECTION

AKILLI SISTEMLER, TASARIM
- VE ENER]I KONFERANSI

I ULUSLARARASI

EFFECT ON DECISION MAKING
PROCESSES OF PYTHAGOREAN
FUZZY SET

Enerji Verimli Akilli Sistemler
icin Hibrit Optimizas

ISDEC 2025

GIRI§

Sosyal medya artamlannda kullameilar arasmda yasanan tartismalar zaman

aman hakaret, kifir ve tehdit ieeren iceriklere d

srmalann ise o

Kapsamls calismalann swmarli oldugu, meveut a

wk bir platformla (ozellikle X) ksl kaldigi gorilmektedir,

platformlar arasy dil farkhlklan ve veri dengesizligi, gelistiilen modellerin
dogruluk ve gencllenchilirligini olamsuz etkilemektedir. Bu curm, etili ve
girvenilir hakaret tespit sistemlering olan ihiiyac: arimakiadir.[1-5].

+BT o & ansyp

et voya s b Q

Aragtirmanin Amacl

g Ol Nooek

1. ULUSLARARAST AKILLI SISTEMLER, TASARTM VE ENERIT KONFERANSIT

« isaret dilini metne ve metni igaret diline déniigtiirebil B

Hiverorser
e = yonlii bir terciime sistemi gelistinmek
* Derin  Ofrenme ve gininti isleme tekniklef

yarorlmarak el hareketlerinin - dogru g
+ BFP (Body Fat Percentage) is more accurate than amflandintm Slamak
BMI (Body Mass Index) NGO RNASL R Sl
& Mo Gional methods require euip + Doktorlann ~ sizliiyanih  ifadelerini igaret  diz,
+ Need for simple, low-cost, noninvasive tools déniigtiirecck NILP tabanh bir altyap: olugturmak
+ Facial images contain health-related cues + « Gergek zamanl: ve kullanict dostu bir saglik iletisim r
. —— e tasarlamak
e + Sagiik hizmetlerinde erigilebililigi atmak
dilE = w06 e w8 C
7/
ULUSLARARASI
AKILLI SISTEMLER, TASARIM
-/

SELCUK Tc.

o PO SELCUK UNIVERSITES
UNIVERSITESIL SOSYAL BILIMLER ENSTITUSU

YONETIM BILISIM SISTEMLERI ANA BILIM DALI

Galisan ginin Yapay Zeka ile Iz, i ve Analizi: YOLO Algoritmasi

Kullanilarak Bir Uygulama

Hasan ONDER

Danigman
Dog.Dr. ilknur CEVIK TEKIN

(1st International Conference on Intelligent Systems, Design and Energy ISD|

(RESNET-50 BASED CNN MODEL FOR GRAPE LEAF IMAGE CLASSIFICATION IN MA
-/

VE ENERJi KONFERANSI

B cConference on Intelligent Systems, Design and Energy

2025)
RESNET-50 TABANLI CNN MODELi

Dr. Ogr. Uyesi Seda YETKIN YESIL
Opr. Gor. Dr. Olcay PALTA \
~

~

MATLAB'DA UZUM YAPRAGI GORUNTU SINIFLANDIRMASI iCi
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ENERGY

ty, Engineering Facy

TIONAL CONFERY
MS, DESIGN AN

Enhancing Situational Awareness Against Ransomware Attacks:

b

Analysis, Detection, and Prevention Approaches
Fidye Yazilimi Saldirilarina Karst Durumsal Farkindaligin Artirilmasi:

Analiz, Tespit ve Onleme Yaklagimlari

Dr. M. Zekeriys U7 (Bingdl Universitesi)

Dr. Sahin KARA (Sakarya Uygulamali Rilimler Universitesi)

Dr. Fatih ILKBAHAR (Diizce Universitesi)

Automated Post-Earthquake
Wall Damage Detection
and Classification Using
YOLOvVS8

Erkan DEVECI Osmaniye Korkut Ata University

Burhan ERGEN Firat University

1. Uluslararasi Akilli Sistemier, Tasarim va Enerji Konferansi

Mobil Bankacilikta Yiiz

st .Tamma;'l"at.)anh- g

Giivc-enifk Dogrulamasi:
; _Yapay- Zeka Destekli
'Yenilikc;:i Bir Y-aklaslm.

Dr.Ogr. Uyesi iRFAN OKTEN
Prof. Dr. Ugur YUZGEC

FLORESANS FARKLILIGI

MICP Yontemi ile Iyilestirilen Farkli Kum Zeminlerde
Akis Hiz1 Degisiminin Kalsiyum Karbonat Cokelimine
Etkisi

ARS. GOR. DR. ZEHRA ERTOSUN KARABULUT
PROF. DR. SABRIYE BANU iKiZLER
MUS ALPARSLAN UNIVERSITESI

Thank you for listening.

aseenn
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Yuzlesme: Babelscape (Evrenselci) vs. SavasyBERT (Uzman)

Babelscape (Evrenselci)

@

« Babelscape (Evrenselci):

 "Cok dilli (multilingual), genis  "Sadece Tiirkge verilerle egitilmis
kapsaml bir bilgi grafigi tabanl (monolingual), Transformer tabanh bir
model." BERT modelidir."

 "Farkh dillerde genel amach bir + "Tiirkge metinlerin morfolojik ve
performans sunmay: hedefler." sentaktik yapisi lizerine

« "Dile 6zgii morfolojik ve sentaktik uzmanlagmistir."
derinligi stirhdir." * "Yerel dil yapisina duyarhiligi ve

anlama kapasitesi yiiksektir."

SavasyBERT (Uzman)

LA

* SavasyBERT (Uzman):

An ESP32-Based Integrated
Multi-Peripheral Platform for Micro
Aerial Vehicles

Bugra Berk SARIOGLU, Dr. Tolga OZASLAN

RObust Autonomous Mobility Laboratory

I. ULUSLARARASI AKILLI SISTEMLER, TASARIM VE |
KONFERANSI i

z Tanima Destekli Akilli Kapi
Sistemni: DUguk Maliyetli loT Tal
Yaklagim

Smart Door Security System wit***
Recognition: A Low-Cost loT-F
Approach

Wl 2 - Tolgn rn,

Elif ERCEL
Dr. Ogr. Uyesi IRFAN OKTEN

Magaza i¢i Miisteri Memnuniyetinin iki
Katmanh Duygu Zinciri Temelli Analizi igin
Onerilen Bir Model

I. Uluslararas: Akilli Sistemler, Tasarim ve
Enerji Konferansi
2025
Mehmet MOLU

ENHANCED TRANSIENT
PERFORMANCE OF MiCR
ROBOTIK SYSTEMS VIA SFOA
BASED PID TUNING

Muhammet Ismail GU
Davut iZCi
Serdar EKINCL
Ehab GHITH

Analiz: Neden Derinlik
Genisligi Yendi?

Gok Dilli

Dile-Ozgii

« Derinlik > Genislik: Bu gorevde, dile 6zgii morfolojik ve sentaktik yapiy: derinlemesine anlamak, ¢ok
dilli devasa bir veri kiimesine yiizeysel olarak maruz kalmaktan daha etkili oldu.
 Negatif Bilgi (Negative Knowledge): SavasyBERT, sadece neyin 'Kisi' olduunu degil, ayn: zamanda
Tiirkge baglaminda neyin 'Kisi' olmadigini da (6rn: 'dedi' fiili) 6grenmistir.
« Baglamin Giicii: Yerel model, kelimeleri sadece izole birimler olarak degil, ciimle icindeki
bag a birlikte degerlendirmede ¢ok daha b: lidir.
Dile 6zgii loji in, tespit dogrulugu icin kritik 5neme sahip

* Hipotez

Deneysel Kurulum: Veri Seti ve Analiz Yontemi

« Veri Seti: Cesitli donemlere ait, diyalog yogunlugu
yiiksek Tiirkce edebi eserlerden olusan bir derlem
(corpus) kullanilmagtir.

 Degerlendirme Yontemi: Standart niceliksel
metrikler (Precision, Recall) yerine, modellerin
tirettigi ‘Kisi’ varlik listelerinin niteliksel analizine
odaklanilmugtir.

« Ana Odak: Tespitlerin sayisi (nicelik) degil,
dogrulugu ve temizligi (nitelik).

¢ Kritik Metrik: ‘Giiriilti’ orani, yani yanhs pozitif

Diyalog Yogun Edebi Korpus

Niteliksel Analiz

(false positive) tespitlerin sikligi. Amacimiz en ‘temiz’
listeyi lireten modeli bulmaktir.

FOTOVOLTAIK PANELLERIN KARE
KANATCIKLARLA
SOGUTULMASININ SAYISAL
OLARAK INCELENMESI

XV
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Girig

<Tekstil ve hazir giyim sektorl kurese!
ekonomiye biiyiik kalki saglarken Gpemii
Gevresel riskler tagir

<Enerji, su tiketimi, kimyasal kullanimi ve.
Karbon salimi sekidrd gevresel agidan kritik
hale getirir.

+Bu sunu, 21 yilik veri kullanilarak seklorin
gevresel etkilerini makine ogrenmesi
modelleriyle analiz etmeyi amaglar.

+AQI (Air Quality Index) tahmini ve gevresel
dénemlerin kimeleme analizieri yapiimigtr.

Diyalog Odakli Metinlerde Konusmaci Tespiti:
Babelscape ve SavasyBERT NER Modellerinin
Karsilagtirmali Analizi

Speaker Attribution in Dialogue-Heavy Texts: A Comparative
Analysis of Babelscape and SavasyBERT NER Models

Barnig Aslan, Pinar Unver, Beytullah Tiitiincii, Tugge Deniz
Diizce Universitesi, Bilgisayar Miihendisligi Boliimii

Literature ResnewTR pptx

1 Eikinlegtinlemed)

ELEKTRIKLI ARACLAR ICIN SARJ
ALTYAPISININ PLANLANMASI,
OPTIMIZASYONU VE SEBEKE

ENTEGRASYONU:

SISTEMATIK BIR LITERATUR INCELEMESI

Dr.Ogr. Oyesl. Fatih ILKBAHAR
Diizce University

s - P P Ui i

GomdenCegr  Garmam Q) Neyopmak

AKILLI SISTEMLER, TASARIM
VE ENERJ| KONFERANSI

(/I R @
INVESTIGATION OF THE THERMAL
PERFORMANCE OF AIR-COOLED LITHIUM-ION
BATTERY SYSTEMS IN ELECTRIC VEHICLES

ELEKTRIKLI ARACLARDA HAVA SOGUTMALI
LITYUM-IYON PIL SISTEMLERININ TERMAL

PERFORMANSININ INCELENMESI @

Otomotiv O Tatih ORTAY
Dz. Ogr. Uyesi Emin EL

Evaluating Meteorologi
on Wind Turbine Perfort.
Anomaly Detection and
Loss Quantification

Asst. Prof. Gokhan Yiiksek

Single-Ended Fault Detection

and Fault Location in

Transmission Lines Using the

Approximate Derivative

Mustafa AKDAG and M. Salih MAMIS

ULUSLARARA
AKILL SISTEMLER, TASARIM,
\J VE ENER)] KONFERANS!

CONDUCTIVE ASPHALT PAVEMENTS FOR SNOW AND ICE
MANAGEMENT ON ROADS
YOLLARDA KAR VE BUZ KONTROLU iCIN ILETKEN ASFALT
KAPLAMALAR

MerAKILLIEL
i Mk Yook
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Aykut TUNTAS

Doc. Dr. Namik YALTAY

Enerji ve SUrdUrUlebilirlik Agisindan Geopolimer
Tugla Teknolojisi

AKILLI SISTEMLER, TASARIM
VE ENERJI KONFERANSI

Conference on Intelligent Systems, Design and Energy, ISDECHlll

GiP GOMULU BIR MiNi KANALDA KANAL YUKSEKLIGININ IS| TRANSFER| UZERINDEKI ETKISININ INCELENMESI__
(AN EXAMINATION OF THE EFFECT OF CHANNEL HEIGHT ON HEAT TRANSFER WITHIN A CHIP-EMBEDDED MINICHANNEL)

Fatih TASDELEN

-/

—ULUSLARARASI
AKILLI SISTEMLER, TASARIM
VE ENERJi KONFERANSI

Conference on Intelligent Systems, Design and Energy, ISDECHllll

FARKLI AKISKANLAR KULLANILARAK ELEKTRONIK GIPLERE SAHIP BiR MiNi KANALDAKi -~
1SI TRANSFER DAVRANISININ DEGERLENDIRILMESI
(EVALUATION OF HEAT TRANSFER BEHAVIOUR IN A MINICHANNEL WITH ELECTRONIC CHIPS USING DIFFERENT FLUIDS)

Fatih TASDELEN

-/

ATIK MALZEMELERIN ZEMIN
IYILESTIRME YONTEMLERINDE
KULLANIMININ ARASTIRILMASI

Ozge Nur CETKIN

XVii
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ABSTRACT

Multi-level buck converters are an emerging technology for the power management systems
since conventional buck converters does not operate at high frequencies (e.g., 200 MHz) and are
not compatible with high technologies (e.g., 28nm CMOS). This work focuses on a 5-level buck
converter that has extra three flying capacitors and extra six power FETs over conventional buck.
A comprehensive theoretical analysis of the converter operating in continuous conduction mode
(CCM) is covered in this study. The analysis is based on the inductor volt-second balance and
the capacitor charge balance laws that allow to derive fundamental circuits for the converter.
This study presents the steady-state of the 5-level converter with an equivalent circuit.
Furthermore, the work addresses the conduction loss parameters of the 5-level converter which
are mapped into an equivalent circuit. The RMS currents for the inductor and the filter capacitor
are derived, and the overall conduction loss of the 5-level converter are formalized in the work.

Keywords : Multi-level converter, Steady-state analysis, Conduction loss, RMS current
calculation.
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AN INTEGRATED ENERGY-ROUTING-TASK OPTIMIZATION MODEL FOR
FUEL CELL POWERED AGV SYSTEMS
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ABSTRACT

This study proposes an integrated optimization framework for automated guided vehicles
(AGVs) powered by hydrogen fuel cells in modern warehouse environments. The model
simultaneously incorporates task assignment, routing, and scheduling decisions—typical
components of industrial engineering—with the physical characteristics of proton exchange
membrane (PEM) fuel cells, including hydrogen consumption, power-energy relationships,
efficiency, and refueling times, which are central to mechanical engineering considerations. The
energy demand of each AGV is calculated using a physics-based fuel cell power model that
accounts for vehicle speed, payload, and rolling resistance. This energy model is embedded into
a mixed-integer linear programming (MILP) formulation, enabling the simultaneous optimization
of operational performance and energy utilization. The objective function minimizes total task
completion time, hydrogen consumption, and refueling-induced delays. Computational results
demonstrate that the proposed approach achieves 12-28% lower energy consumption and more
balanced workload distribution compared to classical AGV planning models. The findings
highlight the potential of fuel-cell-powered AGVs to improve sustainability, efficiency, and
reliability in next-generation warehouse automation systems

Keywords : Fuel cell, Automated guided vehicle, Optimization, Mixed-Integer
Programming, Hydrogen Consumption, Routing.
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A SYSTEM-LEVEL REVIEW OF PHOTOVOLTAIC-HYDROGEN-PROTON
EXCHANGE MEMBRANE FUEL CELL CHAINS FOR CLEAN POWER AND
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ABSTRACT

In principle, a combined system of photovoltaic panels, water electrolysis, and polymer
electrolyte membrane fuel cells has the potential to produce renewable electricity and hydrogen
with water as the only byproduct. Hybrid photovoltaic—electrolyzer—fuel cell systems have been
studied for over two decades and have been demonstrated in off-grid buildings, microgrids, and
pilot hydrogen communities. Nevertheless, each additional energy conversion stage results in
losses, thus a key design issue is why one should initially generate hydrogen from photovoltaic
electricity and subsequently reconvert it to electricity in a polymer electrolyte membrane fuel
cell, rather than utilizing the photovoltaic electricity directly, storing it in batteries, or sending it
to the grid.

This review compares four primary photovoltaic-based clean power pathways: direct
photovoltaic use, photovoltaic with batteries, photovoltaic with the grid as a virtual battery, and
photovoltaic—electrolyzer—hydrogen—proton exchange membrane fuel cell systems. Using recent
reviews and techno-economic studies, it provides a summary of their typical round-trip
efficiencies, storage durations, and roles. Lithium-ion battery systems typically achieve 80-95%
round-trip efficiency on the AC side for short-term storage. In contrast, power-to-hydrogen-to-
power (P2H2P) chains generally operate at 30-50% efficiency, meaning roughly two to three
times more photovoltaic electricity is required per kilowatt-hour (kWh) delivered. Even with this
disadvantage, hydrogen offers unique advantages for long-duration and seasonal storage. It can
also connect photovoltaic electricity to sectors where batteries or direct electrification are
difficult to implement, such as heavy-duty transportation, specific industrial processes, and
long-duration backup power.

The study concludes that electricity obtained from photovoltaic-derived hydrogen and
polymer electrolyte membrane fuel cells should not be evaluated as a competitor to grid-
connected or battery-coupled photovoltaic systems, but rather as a complementary option
within a hierarchical energy system design. The design prioritizes direct use and grid integration,
followed by batteries for hours to days, hydrogen for weeks to months, and multi-sector coupling.
Despite its lower round-trip efficiency, this study provides practical rules of thumb for when the
photovoltaic-Hydrogen—-Polymer electrolyte membrane fuel cell route is justified.

Keywords : Photovoltaic, Proton exchange membrane fuel cell, Water electrolysis,
Seasonal storage, Power-to-hydrogen, Round-trip efficiency.
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ABSTRACT

The primary objective of this study is to observe the performance of missing data imputation
methods in real traffic data obtained from Bluetooth sensors at different levels of data loss and
to evaluate them comparatively using statistical methods and regression-based machine
learning methods. In intelligent transportation systems, traffic data may be incomplete due to
data transmission problems originating from sensors, interruptions, measurement errors, or
environmental factors such as weather conditions. Completing missing data is critical for data
quality and subsequent analyses in areas such as travel time estimation, traffic density analysis,
and traffic management. Therefore, understanding how data completion methods perform as
the rate of missing data increases is an important requirement for both researchers and
practitioners. The study used one week of data obtained from Bluetooth sensors in the Uskiidar
Coastal Road-Beylerbeyi area of Istanbul. The dataset was divided into weekdays and weekends,
and different missing data simulations were created to test the sensitivity of the methods for
different missing data rates (10-20-30-40-50-60-70-80-90%), and different data completion
methods were applied for each missing data level. Within the scope of statistical methods,
forward/backward, median, and mean imputation approaches were evaluated; within the scope
of machine learning methods, regression-based K-Nearest Neighbour, Linear Regression,
Decision Trees, and Support Vector Regression methods were used. Missingness simulations
were performed based on the principle of randomness and tested for each method and each
missingness rate used. Data completion performance was measured using the Mean Absolute
Error (MAE) and Root Mean Square Error (RMSE) metrics. The findings revealed that as the
missingness rate increased, the performance of the methods diverged significantly. Among the
statistical methods, the Mean and Median imputation methods achieved high error values even
at low missingness rates and rapidly lost accuracy as the missingness rate increased. Forward
and backward filling methods achieved successful results at low missing rate percentages (10-
30%), but their performance declined rapidly as the missing rate increased, disrupting the
continuity of the time series. In particular, at missing rate percentages above 70%, the error
values of all statistical methods were quite high. Machine learning methods demonstrated more
stable performance for each missing data rate compared to statistical methods. At low missing
data rates (10-30%), KNN and SVR stood out with the lowest error values, while Decision Trees
showed stable performance at medium missing data levels (40-60%). Furthermore, it was
observed that the Decision Trees algorithm kept the error increase more limited as the missing
rate increased. The Linear Regression algorithm showed low performance with a high error value
due to the weak linear relationships in this data structure. Based on the results obtained, a
decision matrix was created to facilitate method selection according to the missing rate.
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Accordingly, K-Nearest Neighbour, Forward Filling, Backward Filling, and Support Vector
Regression are recommended for low missing levels (10-30%); K-Nearest Neighbour and
Decision Trees for medium missing levels (40-60%); and Decision Trees for high missing levels.

Keywords : Data imputation, Bluetooth data, Time series, Traffic data.
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ABSTRACT

Wind energy power plants are generally divided into two main categories: onshore and
offshore. Offshore wind farms consist of large-scale wind turbines installed in seas or oceans at
a certain distance from the coast. These systems generate high amounts of electricity by
harnessing the strong and steady wind currents found in open sea areas. Compared to onshore
turbines, offshore wind turbines have larger rotor diameters and taller tower heights. The
installation of offshore wind farms is typically carried out on fixed foundations in water depths
ranging from 20 to 50 meters. In deeper waters, floating offshore wind technologies come into
play. These systems are positioned on the sea surface without being fixed to the seabed,
stabilized with anchors and mooring lines. This allows wind energy generation even at depths
exceeding 100 meters. From an economic perspective, the investment cost of a wind turbine
installed offshore is 25-34% higher than that of a wind turbine installed onshore. However,
thanks to technological advancements, mass production, modular design, and digital twin
applications, these costs are steadily decreasing. As of 2024, global wind energy installations
have reached a total capacity of 1,135 GW. Approximately 93% of this capacity (1,052 GW)
comes from onshore wind farms, while 7% (83 GW) is generated from offshore wind farms.
Although Turkiye has not yet established a commercial-scale offshore wind farm, potential
analyses indicate that the country’s total offshore wind energy capacity is around 76 GW. Of this
potential, 19 GW is suitable for fixed-bottom turbines in shallow waters of less than 50 meters,
while 57 GW can be technically utilized with floating turbine technologies in areas with depths
between 50 and 1000 meters. In this study, offshore wind farms—which have increasingly been
used in energy production worldwide in recent years—have been examined. The main objective
is to highlight the importance of utilizing Tlirkiye’s existing offshore wind potential for electricity
generation.

Keywords : Wind energy, Offshore wind turbines, The situation in Turkiye.
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ABSTRACT

Pumice is avolcanic-origin, silica-rich, and highly porous material that stands out as a natural
lightweight aggregate in the construction sector. This distinctive porous structure imparts low
bulk density and superior insulating capability to pumice-based concrete and cementitious
materials. This review focuses on the structural lightness, thermal performance, and insulation
characteristics of pumice and its derivatives, assessing this natural resource’s contribution to
modern design and energy efficiency goals. Turkiye, with its vast pumice deposits, holds a
strategic position in the global market. Lightweight concretes incorporating pumice aggregates
substantially reduce the building’s dead load compared to normal concrete. This lightening
effect decreases foundation loads and allows for the scaling down of structural element
dimensions, generating savings in material and labor costs. Furthermore, the glassy texture and
mostly non-connected pore system of pumice provide a low thermal conductivity coefficient (k-
value). Experimental studies confirm that pumice concrete offers 4 to 6 times better thermal
insulation than conventional concrete, significantly lowering the energy consumption for heating
and coolingin buildings. Beyond thermal performance, pumice’s high sound absorption capacity
and intrinsic fire resistance elevate structures' comfort and safety standards. Current research
efforts concentrate on innovative solutions, such as modification with polymer coatings or
chemical admixtures, to mitigate pumice aggregates’ high water absorption while
simultaneously improving mechanical strength. The high pozzolanic activity of finely ground
pumice plays a critical role in developing sustainable and high-performance construction
materials. Consequently, pumice-based materials are positioned as an indispensable
component for future lightweight and insulated structural designs due to their low environmental
impact and substantial energy savings potential. This material ensures that the resulting
structure contributes significantly to global energy conservation efforts and sustainable
construction practices.

Keywords: Pumice stone, Energy efficiency, Thermal insulation, Structural lightness
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ABSTRACT

Given Turkiye's position within a high-seismicity belt, the continuous and reliable monitoring
of critical engineering infrastructure, such as large bridges and high-rise structures, is a necessity
for both safety and economic considerations. Structural Health Monitoring (SHM) systems serve
as afundamental tool for the rapid, remote, and objective assessment of structural performance
and damage progression by analyzing dynamic responses, including modal periods and damping
ratios, under seismic and environmental loading. The mandatory implementation of these
systems in high-rise buildings has been legally supported by the Turkish Earthquake Building
Code (TBDY 2018).

The progression of SHM applications in Turkiye has evolved chronologically, aligning with
global technological advancements. Initial applications prioritized highly accurate geodetic
monitoring techniques; early studies using Global Navigation Satellite Systems (GNSS)
demonstrated the potential to provide displacement measurements superior in accuracy to
those derived from accelerometers With the operational status of national GNSS reference
networks (such as CORS-TR and iSKi-UKBS), the Network RTK GNSS method has become widely
utilized for high-precision displacement detection (approaching #2-3 cm horizontal accuracy) in
large structures. SHM systems installed in high-rises in Istanbul continuously collect high-
frequency vibration data (e.g., 200 Hz), facilitating the real-time analysis of dynamic properties;
developed software provides automated alerts when predefined threshold levels are exceeded

Furthermore, complex infrastructure like the Halig Metro Crossing Bridge (2014) is equipped
with a permanent SHM system encompassing 61 diverse sensors, including GPS and
accelerometers For these large structures, the objective extends beyond current condition
assessment to integrating prognosis systems, which rely on non-linear analysis and fragility
assessments to rapidly determine post-earthquake usability. To effectively manage the
epistemic uncertainties (e.g., modeling and measurement errors) inherent in structural
identification, advanced smart computation techniques like Genetic Algorithms and Fuzzy Logic
are employed to optimize model parameters. These findings are crucial for establishing a robust,
reliability-based Life-Cycle Management (LCM) framework. This review details the chronological
and technical advancement of SHM and prognosis systems within Turkiye.

Keywords: Building Health Systems (SHS), Global Positioning Systems (GNSS), Life
Cycle Management (LCM).
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ABSTRACT

The accelerating global climate crisis and the rapid depletion of finite natural resources
necessitate a fundamental transition in the construction sector towards sustainable practices.
Buildings are responsible for approximately 40% of the world's total energy consumption and a
substantial share of resource use, making designs that minimize environmentalimpact critically
important. In this context, green buildings are defined as structures prioritizing environmental
sustainability, efficient resource management, and high levels of occupant health and comfort.
Given Turkiye’s rapidly increasing energy demand—driven by population growth, urbanization,
and industrialization—and its high external energy dependency, adopting energy efficiency
measures in buildings has become a strategic national imperative.

The development of green building technologies in Turkiye has been primarily spurred by legal
processes that gained momentum after 2007. These regulations aimed to standardize building
energy performance, mandate the Energy Identity Document, and incentivize the use of
renewable energy sources. Energy efficiency approaches have emphasized the implementation
of thermalinsulation standards and the integration of passive design principles into architectural
planning. Internationally recognized certification systems, such as LEED and BREEAM, serve as
crucial benchmarks in Turkiye for measuring environmental performance and promoting
sustainable construction. This study chronologically reviews the evolution of green building
technologies and related policies within the Turkish framework, starting from foundational legal
regulations through to institutional efforts and the practical integration of technology. This
analysis aims to contribute to defining the necessary roadmap for future sustainable
construction policies in the frame of civil engineering.

Keywords: Green building technologies, Energy efficiency, Sustainability.
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ABSTRACT

Concrete isthe most widely utilized man-made material globally, with annual production surpassing
30 billion tons, forming the backbone of modern infrastructure. Yet, conventional concrete inherently
suffers from low tensile strength and brittleness, making cracking due to shrinkage or excessive loads
inevitable. These cracks compromise structural integrity, accelerating the ingress of deleterious
substances, leading to reinforcement corrosion, shortened service life, and substantial maintenance
expenditures. To overcome these pervasive limitations, concrete technology has rapidly advanced
towards developing specialized concretes that offer performance beyond mere load-bearing capacity.
The development of smart concretes represents the pinnacle of this technological evolution.

The chronological progression of smart concrete commenced with the introduction of fiber
reinforcements (such as steel, glass, or polymer fibers) aimed at improving ductility and controlling
crack propagation, a concept dating back to early applications like straw in adobe, formalized in
modern contexts since the early 1900s. The subsequent key phase involved developing the material's
ability for self-sensing through the piezoresistive effect. This is achieved by incorporating electrically
conductive fillers like carbon microfibers, graphene nanoplatelets, or brass fibers into the cementitious
matrix. By monitoring changes in electrical resistance, this smart material can provide real-time,
distributed data on strain, stress, and damage accumulation, offering a robust and economical
alternative to localized, fragile traditional sensors used in Structural Health Monitoring (SHM). Studies
have confirmed that materials like brass fiber concrete exhibit high sensitivity, with resistance
decreasing under compression and increasing under tension, both showing a strong linear correlation
(R2=0.99).

Further advancing its multi-functionality, smart concrete technology now encompasses self-healing
capabilities, enabling autonomous repair of induced damage. Self-healing mechanisms range from
autogenous healing (effective for cracks less than 50um), to engineered autonomous methods utilizing
encapsulated polymers or mineral admixtures, and bio-based techniques such as Microbially Induced
Calcium Carbonate Precipitation (MICP). Most recently, the integration of Artificial Intelligence (Al) and
the Internet of Things (loT) has revolutionized concrete management. Machine learning models (e.g.,
Fuzzy Logic, ANN) are used for highly accurate prediction and optimization of material properties,
curing processes, and mix designs, yielding results 99% similar to experimental data. This integrated
approach establishes smart concrete as a cornerstone for safe, resilient, and sustainable infrastructure
development.

Keywords: Smart Concrete, Self-Sensing, Self-Healing, Piezoresistivity, Structural Health
Monitoring (SHM), Artificial Intelligence (Al), Special Concrete, Fiber Reinforcement.
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ABSTRACT

In traditional approaches, it is common to randomly shuffle the dataset at the beginning of
each epoch. However, in this study, the impact of data ordering on the performance of deep
learning models was examined. In this context, nine different data ordering strategies were
experimentally evaluated using the CIFAR-10 dataset with SimpleCNN, ResNet20, and VGG11
architectures. The ordering strategies include: original ordering, class-based block ordering,
random ordering, 1-item mix, 10-item mix, 50-item mix, 100-item mix, and image complexity-
based approaches (K2Z: easy-to-difficult, Z2K: difficult-to-easy).

To quantitatively measure image complexity, a multi-component difficulty metric was used,
combining entropy, edge density, color diversity, and features based on HOG and LBP.
Experimental results show that the 1-item mix strategy, which maximizes class diversity within a
batch, achieved the highest average test accuracy. In contrast, class-based block ordering led to
a significant performance drop across all architectures, consistent with catastrophic forgetting-
like behavior. Furthermore, it was observed that curriculum learning approaches (K2Z and Z2K)
did not provide the expected performance improvement compared to random and
homogeneous mixing strategies.

The findings suggest that data ordering is an important hyperparameter in deep learning
training and that batch-level diversity plays a decisive role in generalization performance.

Keywords: Deep learning, Model performance, Data ordering, CIFAR-10.
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ABSTRACT

Efficient utilization of public resources holds strategic importance for national economic
stability and the reduction of current account deficits. In public institutions, the ineffective
management of assets such as durable equipment, spare parts, and consumables—along with
the suboptimal use of technical human resources—further exacerbates productivity losses.
Inadequate utilization of surplus materials, unnecessary procurement activities, and the failure
to systematically recover functional components from decommissioned devices result in
additional financial burdens. This study proposes an integrated structural and software-based
management system architecture designed to address these challenges, aiming to improve
institutional efficiency in both material management and the effective deployment of technical
expertise.

The proposed system is built on the integrated operation of two primary components: the
Material Announcement System (MiS) and the Regional Technical Service and Warehouse
Management System (BDYS). MiS is designed to facilitate the exchange of surplus materials
among public institutions. When necessary, the system can share data with existing institutional
procurement platforms via APl connections, enabling procurement personnel to view available
surplus items before initiating purchasing processes. This capability prevents unnecessary
acquisitions, increases inter-institutional material circulation, and significantly enhances
budget efficiency.

BDYS aims to digitalize storage operations and centralize technical service processes. Within
warehouse management, racks are identified and associated with material categories, each
itemis uniquely registered, and malfunction statuses are systematically recorded. Device-spare
part relationships are managed through rule-based structures, while subcomponents of devices
are modeled using tree-based hierarchies to track complex dependencies. With cross-
warehouse stock visibility, the system can recommend appropriate parts for repairs, ensure the
systematic recovery of reusable components, and propose optimization strategies such as
maximizing the number of functional devices using parts from multiple faulty units.

In the technical service module, unresolved malfunctions in institutions are directed to
specialized units, where standardized fault categories are linked with predefined solution
methods. Technical specifications, error codes, and all related documents are stored within a
digital institutional memory. This module enables more efficient task allocation based on
personnel expertise and allows complete traceability of repair histories, part replacements, and
overall device lifecycle information.
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The extensible structure of the proposed system allows further enhancement through the
integration of artificial intelligence and data analytics. Functions such as material demand
forecasting, fault probability modeling, predictive maintenance recommendations, and
resource optimization can increase device lifespan, improve stock rationalization, and automate
maintenance processes.

Overall, this study introduces an innovative system architecture aimed at restructuring
material and technical human resource management in public institutions through a holistic
approach, contributing significantly to institutional efficiency, sustainability, and cost
optimization. The extensible structure of the proposed system allows further enhancement
through the integration of machine learning models, such as Random Forest and Gradient
Boosting, along with data analytics components.

Keywords: Machine learning, Material management, Technical human resources,
enterprise Software integration, Centralized management systems,
Resource optimization.
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A CONCEPTUAL TWO-LAYER EMOTION CHAIN MODEL FOR IN-STORE
CUSTOMER SATISFACTION ANALYSIS
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ABSTRACT

Customer experience in retail environments is critical for improving service quality and
optimizing sales performance. Existing methods often measure customer satisfaction indirectly
through surveys or sales data; however, these approaches fail to sufficiently capture the
customer’s real-time emotional experience inside the store. This study proposes a two-layer
emotion chain system designed to analyze customers’ in-store emotional journeys.

The proposed framework consists of two core components: the Regional Emotion Chain
(REC) and the Master Emotion Chain (MEC). Within this system, the store management defines
specific regions where customer experience will be monitored, including but not limited to store
entrance and exit areas. The Regional Emotion Chain records emotion scores as a time series
while the customer remains within a specific store region, enabling detailed analysis of
emotional changes at each location. Importantly, when a customer revisits the same region, a
new and independent regional chain is initiated. For example, if a customer’s movement within
the store follows the sequence Section1 > Section2 > Section1 > Section3 > Section1, five
distinct regional emotion chains will be generated.

The Master Emotion Chain aggregates the single representative scores derived from each
regional chain in sequential order. This structure makes it possible to observe the overall
emotional flow throughout the customer’s journey and to interpret these findings in conjunction
with regional emotional variations. Together, the two-layer design enables both spatial and
temporal analysis, offering a holistic evaluation of the customer experience.

The system is currently at the conceptual stage, and no prototype or data collection has yet
been conducted. The originality of the proposed model lies in its ability to monitor customer
satisfaction in real time, at both regional and journey-based levels. Potential contributions
include supporting data-driven decision-making processes in areas such as store layout design,
product placement, and personnel management, and providing a new analytical framework for
customer experience studies. Future work will detail the emotion detection algorithms, regional
chain analysis methods, regional score extraction models, and master chain interpretation
approaches.

Keywords: Emotion analysis, Time-series analysis, Emotion chain, Retail analytics.
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INTEGRATING GEOSPATIAL ANALYSIS, TEMPORAL MODELING, AND
MACHINE LEARNING FOR SEISMIC HAZARD ASSESSMENT: A 24-YEAR
EARTHQUAKE STUDY IN CHILE (2000-2024)

Cansu AKYUREK ANACUR ™ "2/, Ozlem SEKER '

! Bitlis Eren University, Computer Engineering Department, Bitlis, Tirkiye
* Corresponding Author: caanacur@beu.edu.tr

ABSTRACT

A comprehensive analysis of the region's seismic behaviour was conducted using 133,590
earthquake events that took place in Chile between 2000 and 2024. The spatial distribution,
temporal trends, and magnitude-depth relationships of the earthquakes were analysed in detail.
Random Forest, XGBoost, LightGBM, and SVM models were also applied to predict events with
a magnitude of 25.0 Mw. The study compared the models' discriminatory power using ROC-AUC,
F1, sensitivity, and specificity metrics after integrating spatial and temporal features from the raw
data into machine learning models. Furthermore, the newly engineered spatial indicators
derived from raw catalogue texts contributed significantly to model performance, highlighting
the value of enriched feature sets in seismic classification tasks. The findings show that seismic
activity in Chile exhibits high spatial clustering along the Nazca-South America plate boundary,
and particularly the spatial components (latitude, longitude and epicentre distance) play a
decisive role in large earthquake prediction. The study reveals that integrated analytics of long-
term seismic data will make a significant contribution to seismic hazard assessments.

Keywords: Seismic hazard assessment; Machine learning; Spatiotemporal analysis;
Earthquake prediction; Feature engineering; Seismic catalog analysis
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MULTIMODAL DEEP LEARNING-BASED CLASSIFICATION OF
HANDWRITING DATA: THE CASE OF ALZHEIMER’S DISEASE

Cansu AKYUREK ANACUR ™ "/, Asuman GUNAY YILMAZ 2"*' Bekir DiZDAROGLU 3
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* Corresponding Author: caanacur @beu.edu.tr

ABSTRACT

Handwriting analysis is becoming more significant for neurodegenerative disease
assessment. This work calculated 18 literature-defined features (temporal, kinematic,
geometric, etc.) from the DARWIN handwriting database's raw data to build a feature set. First,
a 1D Convolutional Neural Network (1D-CNN) was used to assess handwriting patterns'
Alzheimer's disease detection potential. The second stage transformed this feature set to a 2D
picture format and evaluated the visual representations using 2D-CNN models. By translating
the numerical feature setinto alternative representational formats, the study could examine how
different modelling approaches respond to the same handwriting information. The findings show
that deep learning models can usefully process handwriting dynamics' discriminative
information for neurodegenerative disease categorization.

Keywords: Handwriting analysis; Feature extraction; Deep learning; Alzheimer
detection
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ANALYSIS OF SOCIETAL EMOTIONAL RESPONSES TO MPOX DISEASE
BASED ON X (TWITTER) DATA
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ABSTRACT

This study examines societal sentiment and perception changes regarding mpox
(monkeypox) disease through social media data on the X (Twitter) platform. The ability of digital
communication platforms to allow individuals to express their emotions, anxieties, and risk
perceptions quickly and openly has made such data sources more dynamic compared to
traditional epidemiological tools. In this context, English user content from X between January
and June 2025 was categorized into seven emotions: fear, surprise, joy, sadness, anger, disgust,
and neutral, and classified using the DistilBERT model. The dataset was pre-processed, noise
was reduced, and the model was optimized for sentiment classification. The pre-processing
involved spam filtering, language verification, lemmatization, and symbol cleaning.

The model's performance was evaluated by training it on 17,483 tweets pulled from X using
3-fold cross-validation in Python 3.11.1, resulting in an average accuracy of 76.36% and a
weighted F1 score of 75.06%. The findings suggest that online discussions about mpox are
largely shaped by fear and neutral emotions. The predominance of fear and neutral emotions
indicates that the public experiences uncertainty and anxiety regarding mpox.

Keywords: Mpox, Sentiment analysis, Natural language processing, DistilBERT, X.
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LAND COVER SEGMANTATION AND FOREST LOSS ANALYSIS FROM
SATELLITE IMAGES USING VISION TRANSFORMERS
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ABSTRACT

Today, rapid urbanization, agricultural activities, and industrialization are causing a
significant decline in forest areas. This decline not only threatens the sustainability of the
ecosystem but also negatively affects the oxygen balance in the atmosphere, increasing the risk
of climate change. In this study, a deep learning-based semantic segmentation approach is
proposed for the detection and classification of forested areas from satellite images.

The study uses the “Augmented Forest Segmentation” dataset available on the Kaggle
platform, which is based on high-resolution satellite images containing various soil and land use
types. The Transformer-based SegFormer (b0) model was chosen for the segmentation process.
The model was adapted by retraining it for the forest class on specific pre-training weights and
optimized the training process with an increased number of epochs.

As aresult of model training, we achieved a pixel accuracy of 87% and a weighted F1 score of
86%. Tests conducted on sample satellite images after training showed that the model
successfully distinguished forest areas. This study aims to contribute to Al-supported decision-
making systems for the protection of natural areas and the analysis of environmental risks.

Keywords: Semantic segmentation, Forest area detection, Satellite images, Deep
learning, Environmental monitoring, Vision transformer.
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ADAPTIVE MULTI-COEFFICIENT QUANTIZATION INDEX MODULATION IN
DCT-BASED STEGANOGRAPHY
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ABSTRACT

In digital image steganography, the primary objective is to transmit embedded information
imperceptibly while ensuring that the hidden data can still be reliably recovered despite
degradations encountered during storage, processing, or transmission. However, conventional
DCT-based approaches commonly used in the literature exhibit structural fragility, as they
embed each information bit into a single transform coefficient. Consequently, these single-
coefficient modulation strategies are highly susceptible to random and transform-domain
distortions such as Gaussian noise, JPEG compression, blurring, and resampling. Even a slight
perturbation in the selected coefficient may directly invert the extracted bit decision, resulting in
low robustness, high error rates, and unstable decision behavior. To address this fundamental
weakness and enhance statistical reliability under degradation, this study proposes a multi-
component hybrid embedding method. The proposed approach is built upon a multi-coefficient
embedding structure in which each information bit is distributed across multiple mid-frequency
DCT coefficients within the same 8x8 block. This design statistically reduces the impact of
coefficient-level distortions and significantly lowers decision variance during extraction by
employing majority-vote fusion. The embedding strength is controlled via a content-adaptive
quantization mechanism (adaptive QIM), where the quantization step is determined based on
second-order block statistics—particularly variance. Accordingly, larger modulation intervals
are used in highly textured blocks to improve robustness, whereas smaller intervals are
employed in smooth regions to preserve perceptual fidelity. In addition, the embedded bitstream
is pre-processed using a key-derived XOR-based lightweight scrambling operation and encoded
with a Hamming error correction code to mitigate random single-bit errors during extraction. The
robustness of the method was evaluated under a challenging scenario in which strong Gaussian
noise (o = 5) was intentionally applied to the stego images to emulate real-world distortions.
Experimental results demonstrate that the proposed system maintains high perceptual quality,
achieving PSNR values in the range of 46-59 dB, while still enabling meaningful data recovery
with bit error rates between 9% and 15% even under severe degradation. The combined effect of
multi-coefficient modulation, adaptive QIM dynamics, and forward error correction yields
substantially higher stability, flexibility, and distortion resistance compared with traditional
single-coefficient DCT-based embedding schemes. In conclusion, this study introduces a
content-aware, multi-coefficient, and error-corrected embedding architecture that offers a
robust alternative to conventional transform-based steganography methods, which are typically
vulnerable to various forms of degradation. The performance results indicate that the proposed
framework provides a technically viable and reliable solution for robust steganography and
transform-domain digital watermarking applications that require high tolerance to noise and
distortion.

19


mailto:%20m.ulker@beu.edu.tr
https://www.beu.edu.tr/
https://orcid.org/0000-0001-8680-8518

Keywords: Adaptive QIM, DCT, Steganography, Multi-Coefficient modulation, Gauss
noise.

ULUSLARARASI
AKILLI SISTEMLER, TASARIM
VE ENER]JI KONFERANSI

= International Conference on Intelligent Systems, Design and Energy

INVESTIGATION OF THE APPLICABILITY OF FUZZY LOGIC METHOD IN
ESTIMATING LOAD-DISPLACEMENT DATA OF LIGHTWEIGHT CONCRETE
BEAMS
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ABSTRACT

In the context of this study, a fuzzy logic model was developed using flexural tensile strength
data obtained from lightweight concrete beams reinforced with carbon fiber polymer (CFRP)
material. The beams produced in the experimental study measured 10x10x50 cm and exhibited
three distinct crack depths. The beams were reinforced by bonding CFRP material with four
different surface areas to the bottom surfaces of the beams. The load-displacement data
obtained during the three-point bending tensile strength test applied to the beams were used to
create the fuzzy logic model. The fuzzy output results obtained from the model and the
experimental results were compared with the load-displacement values at the moment of beam
failure to determine the correlation relationships. The correlation values obtained for load and
displacement demonstrated an accuracy rate of 99%. This will enable the final load-
displacement values provided by CFRP surface areas that could not be examined within the
scope of the experimental study to be predicted with a high degree of accuracy in the
reinforcement of beams.

Keywords: Fuzzy logic, Concrete beam, CFRP, Load-displacement.
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BLE BASED IOT APPLICATION FOR LIFE DETECTION UNDER DEBRIS

Ozlem SEKER ** '/, Cennet AKGAKAYA 2"/ Nurullah AKARSLAN 2

' Bitlis Eren University, Department of Computer Engineering, Bitlis, Tirkiye
2Bijtlis Eren University, Institute of Graduate Education Department of Computer Engineering, Bitlis, Ttrkiye
*Corresponding Author: oyerlikaya@beu.edu.tr

ABSTRACT

Earthquakes represent a major global hazard due to their unpredictable nature and
destructive consequences. The rapid and reliable detection of individuals trapped under
collapsed structures is a decisive factor that directly influences the effectiveness of search and
rescue operations. However, conventional manual search techniques often fall short,
particularly in time-critical situations. This study presents a multi-sensor network based on
ESP32 microcontrollers that communicates via the Bluetooth Low Energy (BLE) protocol and
operates entirely without internet infrastructure, together with an integrated mobile application.
The proposed system aggregates data from an infrared (IR) thermal camera, accelerometer,
vibration sensor, and passive infrared (PIR) motion detectors through multi-hop BLE Mesh
routing, forwards these data to a Raspberry Pi gateway using the Message Queuing Telemetry
Transport (MQTT) protocol, and displays them to search and rescue teams in real time via the
mobile interface. When a living subject is detected, the mobile application highlights the
corresponding area, assisting team navigation and providing real-time vital-signal analyses
through its user interface. The developed prototype was evaluated under three representative
scenarios, that are unobstructed, partially obstructed, and node-failure conditions. Results
showed that sensor fusion produced clear increases in temperature, vibration, and acceleration
magnitudes during live tests, while non-live scenarios exhibited a completely static profile.
Centroid-based analysis of nhormalized sensor features demonstrated that the feature-space
energy in live cases was approximately 35-50% higher compared to non-live conditions.
Regarding communication performance, the BLE Mesh topology remained stable; time-to-live
(TTL) values consistently ranged between 6 and 7 hops, and the sustained data transmission rate
of 1.5-2.1 kB/s in live scenarios confirmed the robustness of the MQTT communication chain.
The findings indicate that the proposed Internet of Things (loT) based framework can accurately
detect living individuals in confined and complex environments following an earthquake, while
reliably delivering critical information to search and rescue teams through the mobile
application. Furthermore, its infrastructure-independent operation suggests that the system can
be readily adapted to other disaster contexts, including floods, landslides, mining accidents, and
confined-space emergencies following explosions.

Keywords: Bluetooth Low Energy (BLE), Disaster, Earthquake, Internet of Things (10T),
Message Queuing Telemetry Transport (MQTT), Mesh network.
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EFFECT ON DECISION MAKING PROCESSES OF PYTHAGOREAN FUZzZY
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ABSTRACT

The Pythagorean Fuzzy Set conceptis a more flexible approach that encompasses fuzzy sets
and intuitionistic fuzzy sets in the uncertainty modeling process. The concept was first
introduced by Yager (2013) and offers a new approach for jointly evaluating membership and
non-membership degrees. While Atanassov's intuitionistic fuzzy set, this relationship was
defined as the sum of the squares of membership and non-membership degrees to be less than
or equal to 1 in Pythagorean fuzzy sets. This approach allows decision makers to express
uncertainty over a wider range. Therefore, Pythagorean fuzzy sets offer higher representational
power than intuitionistic fuzzy sets and are particularly effective in solving complex problems
such as multi-criteria decision making, risk analysis, expert systems, and information
processing. Decision making is an approach that aims to systematically analyze decision
problems that consider multiple criteria. This method allows the decision maker to evaluate both
qualitative and quantitative factors to make the most appropriate choice among alternatives.
Among the most commonly used methods, AHP, TOPSIS, VIKOR, and PROMETHEE are
prominent, aiming to determine the relative advantages of alternatives under different
assumptions. Today, fuzzy logic and its extended forms, intuitionistic and Pythagorean fuzzy
approaches, are frequently integrated into decision making processes to reduce the influence of
uncertainty, expert judgment, and subjective assessments. This allows decision models to more
effectively represent the complex and uncertain situations encountered in real life problems.
This study presents a numerical example of the impact of Pythagorean fuzzy sets on decision-
making processes.

Keywords: Fuzzy set, Pythagorean fuzzy set, Decision making.
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ABSTRACT

Short-term load forecasting is a key input for the secure and economical operation of modern
power systems. In this study we investigate the performance of a classical statistical model, a
machine learning model, and an extended hybrid approach for one-hour-ahead forecasting of
hourly electricity demand. The case study uses the AEP_hourly dataset, which contains
American Electric Power’s hourly load measurements from 2004 to 2018. After aggregating
duplicated timestamps and resampling to a regular hourly frequency, the data are split into a
training period (2004-2016) and an out-of-sample test period (2017-2018). As a statistical
baseline, we estimate an additive Holt-Winters exponential smoothing model with a 24-hour
seasonal component. The machine learning model is an XGBoost regressor trained on lagged
load values (1, 24 and 168 hours) and calendar features (hour of day, day of week, month and
weekend indicator). The proposed extended hybrid model first fits the Holt-Winters specification
and then trains XGBoost on the resulting residuals using both residual and load lags together
with the same calendar variables; final forecasts are obtained by adding the residual predictions
to the Holt-Winters forecasts. Results on the test set show that the hybrid model clearly
improves upon pure Holt-Winters (reducing MAE from about 1741 MW to 1216 MW and MAPE
from 11.0% to 7.5%), but remains dominated by the pure XGBoost model, which achieves an
MAE of roughly 160 MW and a MAPE close to 1.1%. The visual analysis confirms that XGBoost
captures both the daily pattern and short-term fluctuations more accurately, while Holt-Winters
tends to underestimate peaks. These findings suggest that, for high-frequency load data with
strong nonlinearities, feature-rich gradient boosting models provide substantial accuracy gains
over traditional exponential smoothing, and that residual-based hybrids may require additional
extensions (e.g., multi-step training or exogenous variables) to fully exploit their potential.

Keywords: Short-term load forecasting, Holt-Winters; XGBoost, Hybrid forecasting
model, Time series analysis, Electricity demand.
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ADAPTIVE REPRESENTATION-FEATURE SELECTION FOR EFFICIENT AND
INTERPRETABLE TIME SERIES CLASSIFICATION
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ABSTRACT

The CFIRE (Cross-domain Feature Integration for Robust Extraction) framework has
demonstrated the efficacy of fusing features from multiple mathematical representations—
including temporal, spectral, and time-frequency domains—for time series classification.
However, its original feature selection strategy employed a global, one-size-fits-all approach,
which may not adapt optimally to the unique characteristics of individual datasets. This work
introduces a significant enhancement to CFIRE by implementing a dataset-specific feature
selection mechanism that dynamically tailors the feature set for each unique classification
problem.

Our improved framework automates the selection of the most discriminative representation-
feature pairs by evaluating multiple selection criteria—including top-k percentage and mutual
information thresholds—directly on the training data of each dataset. This allows the model to
adapt its feature space to the specific temporal patterns, noise characteristics, and
discriminative needs of a given problem, moving beyond a fixed configuration. The selected
feature subsets are then used to transform both training and test data, ensuring consistency
while maximizing relevance.

We present a preliminary evaluation of CFIRE on a curated suite of five diverse datasets from
the UCR Time Series Archive. The results demonstrate that our method successfully reduces
feature space dimensionality while maintaining, and in some cases improving, classification
accuracy compared to using the full feature set. The selected features consistently originate
from multiple domains, validating the hypothesis that complementary representations
contribute unique discriminatory information. These findings underscore the potential of CFIRE
as a scalable and effective solution for multi-domain TSC, providing a solid foundation for future
large-scale benchmarking.

Keywords: Time series classification, Feature selection, Multi-Domain features,
Mutual information, UCR Archive.
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ABSTRACT

The design and optimization of energy-efficient deep learning models represent a critical
challenge in developing sustainable intelligent systems, particularly for edge computing and
resource-constrained environments. This paper introduces a novel hybrid optimization
framework that systematically integrates evolutionary algorithms with gradient-based
optimization techniques to automate both neural architecture search and hyperparameter
tuning while explicitly optimizing energy consumption. The proposed two-stage approach
leverages the global exploration capabilities of evolutionary algorithms and the local refinement
strengths of gradient-based methods, addressing fundamental limitations in existing automated
machine learning (AutoML) frameworks by incorporating energy efficiency as a primary
optimization objective alongside model accuracy.

Our methodology employs a genetic algorithm for global architecture exploration, followed
by gradient-based fine-tuning using adaptive optimizers. The framework simultaneously
optimizes network architecture (layer count, neuron count, activation functions, dropout rates)
and hyperparameters (learning rate, batch size, regularization parameters) through an integrated
search process. A multi-objective fithess function explicitly balances model accuracy,
computational efficiency, and energy consumption, enabling the discovery of architectures that
achieve superior performance while maintaining strict energy constraints suitable for edge
devices and sustainable computing applications.

Extensive experimental validation was conducted on multiple benchmark datasets (MNIST,
CIFAR-10, CIFAR-100, Fashion-MNIST) using convolutional and fully connected neural networks.
The proposed hybrid method was rigorously compared against baseline approaches including
random search, grid search, Bayesian optimization, and standard gradient descent. Statistical
analysis using t-tests confirmed significant improvements (p < 0.001) across all evaluated
metrics.

The experimental results demonstrate that our hybrid optimization approach consistently
outperforms traditional methods, achieving 15-20% higher accuracy rates while reducing energy
consumption by 25-35% compared to baseline methods. Specifically, on CIFAR-10, the method
achieved 82% accuracy with 2.1W average power consumption, compared to 75% accuracy with
3.8W for Bayesian optimization and 72% accuracy with 4.5W for grid search, representing
improvements of 9.3% in accuracy and 45% in energy efficiency. The automated design process
reduced manual development effort by approximately 80% while producing architectures that
are 18% more accurate and 30% more energy-efficient than manually designed baselines. These
findings establish the effectiveness of hybrid optimization strategies in automated energy-
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efficient deep learning model design and provide a foundation for sustainable intelligent system
development.

Keywords: Deep learning, Neural architecture search, Hybrid optimization, Energy-
efficient computing, Automated machine learning, Edge computing.
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ABSTRACT

This study investigates the feasibility of estimating body fat percentage (BFP) using only facial
images through deep learning techniques and mathematical modeling. A multi-stage prediction
model was developed, which first extracts gender, age, and body mass index (BMI) from facial
images using pre-trained deep learning models, and subsequently applies a gender- and age-
adjusted BFP estimation formula. The results indicate that the facial image quality, expression,
and lighting significantly affect the performance of deep learning models, thereby influencing the
overall prediction accuracy. Despite the limitations in dataset balance and model
generalizability, this study demonstrated that facial features can provide meaningful indicators
of body composition. These findings suggest that facial image analysis combined with Artificial
Intelligence (Al) and mathematical models can serve as a noninvasive and accessible tool for
preliminary health assessments.

Keywords: Body fat percentage, Deep learning, Facial image analysis, Artificial
intelligence, Obesity, BMI estimation.
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ABSTRACT

The rapid growth of social media has amplified the spread of harmful content, such as hate
speech, which undermines individual dignity and societal cohesion. Automated detection is
crucial for creating safer digital spaces; however, Turkish hate speech detection remains
underexplored, with prior work limited to platform-specific datasets that restrict scalability and
generalizability. This study investigates whether models trained on aggregated multi-platform
data can match or exceed the performance of models trained separately for each platform.

We introduce a novel dataset spanning four social media platforms: Reddit, Instagram,
Facebook, and X (formerly Twitter), containing 8,186 samples with approximately balanced
representation of around 2,000 entries per platform. The dataset is annotated for multi-class
classification into five hate speech categories and binary classification (hate versus non-hate).
Three machine learning algorithms were evaluated: Support Vector Machine (SVM), Random
Forest (RF), and K-Nearest Neighbors (KNN). In platform-specific experiments, models were
trained and tested independently on each platform. For binary classification, RF achieved an
average F1-score of 72% across platforms (85% on Reddit, 76% on X, 70% on Facebook, 58% on
Instagram). In multi-class classification, the best platform-specific model (SVM) averaged 33%
F1. We then trained unified models on the combined corpus. The unified RF model improved
binary classification to 74% F1 and multi-class classification to 40% F1, matching or exceeding
the platform-specific results.

These findings confirm that a single model trained on diverse data generalizes effectively
across platforms. The study makes three contributions: (1) the first Turkish hate speech dataset
spanning four platforms; (2) empirical evidence that unified training reduces the need for
redundant platform-specific solutions; and (3) benchmark results for future research. Future
work may extend the corpus and evaluate transformer-based architectures for cross-platform
Turkish hate speech detection.

Keywords: Hate speech detection, Turkish natural language processing, Cross-
platform classification, Social media, Machine learning.
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ABSTRACT

WebAssembly (Wasm) is a low-level execution environment that delivers near-native
performance in modern web browsers. Although it was originally developed to support web
applications requiring high performance, it has increasingly been adopted by malicious actors
for cryptomining (cryptojacking) applications. This study examines WebAssembly’s architectural
characteristics, performance advantages, security limitations, and suitability for mining
algorithms, and investigates the technical structure, detection methods, and impacts of
WebAssembly-based coin-mining applications.

With the expansion of the cryptocurrency ecosystem, interest in mining algorithms used to
generate these currencies has grown. Mining typically requires substantial computational power
and is often performed on specialized hardware. However, recent developments have enabled
mining to be conducted via web browsers using WebAssembly.

Due to its near-CPU performance and flexible memory management, WebAssembly provides
a significant performance advantage over JavaScript. This advantage has given rise to both
legitimate and malicious mining applications. WebAssembly’s high performance and portability
make it an attractive environment for cryptocurrency mining, but it also introduces security
concerns. Alongside legitimate use cases, malicious cryptojacking attacks have become
widespread.

In this paper, the technical aspects, benefits, risks, and detection methods of WebAssembly-
based mining applications are analyzed.

An experimental methodology was employed to evaluate in-browser, WebAssembly-based
coin-mining performance. Sample hashing functions written in C and Rust were compiled to
WebAssembly (WASM) and integrated into the browser via JavaScript. Equivalent pure JavaScript
implementations and native C implementations of the same algorithms were also prepared to
enable a three-way comparison. The results indicate that WebAssembly is both performance-
capable and security-sensitive for browser-based crypto mining. WASM provides substantial
advantages for computation-intensive tasks but can cause noticeable resource consumption on
user devices when misused.

During WebAssembly’s ongoing development, more effective and secure solutions for
mining-related use cases are expected to emerge.

Keywords: WebAssembly, Cryptocurrency mining, Cryptojacking, WASI, Browser
security.
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DETECTING SPECULAR SURFACES WITH LIDAR-SONAR SENSOR
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ABSTRACT

Autonomous flight of mobile robotic platforms, such as micro unmanned aerial vehicles
(UAV), relies on lightweight onboard sensors that enable mapping, localization, and obstacle
avoidance. Among these sensors, 2D time-of-flight (ToF) laser scanners are widely used for
operating in indoor 2.5D environments such as office buildings, warehouses, and shopping
centers. These environments often contain glass doors, panels, and windows, as well as shiny
or metallic surfaces. Due to the highly specular or transparent nature of these surfaces,
performance of laser scanner perception pipelines degrades dramatically. A 2D LiDAR operates
by emitting laser beams across the sensor plane and relies on diffuse surface reflections for
point measurements which are then aggregated into a point cloud of the surroundings.
Transparent and specular surfaces, however, either produce no return (such as glass), reflect the
beam away from the receiver (such as mirrors), or allow the beam to pass through and be
reflected by objects behind them which effectively renders the laser scanner blind to such
surfaces. This fails the downstream perception pipeline causing it to model occupied space as
free or free space as occupied. This poses a criticalissue for tasks that depend onreliable spatial
awareness, including exploration, obstacle avoidance, and mapping.

In this work, we study the characteristics of a 2D ToF laser scanner by collecting and analyzing
measurements from various objects with different surface qualities at different viewing angles.
These objectsinclude highly specular objects such as mirrors, glossy floor tiles and whiteboards;
clean and slightly dirty glass windows; and diffuse surfaces such as drywall. Our observations
show that, independent of the viewing angle, all diffuse surfaces are detected accurately with
low intensity values. Specular surfaces, on the other hand, fail the scanner in most cases, except
when the beams hit the surface close to the right angle. Spatially isolated lines or clusters of
detections with individual measurements rapidly appearing and disappearing caused by speckle
reflections on glass are distinctive features that can be utilized to detect glass. However, this
behavior alone is not sufficient to ensure consistent detection, especially when the UAV tilts
even slightly and the laser strikes the glass at non-right angles. To enhance robustness, we utilize
a sonar sensor to obtain point-range measurements within the scanners field of view. Due to its
operating principle the sonar consistently detects the presence of obstacles even when the laser
provides weak, ambiguous, or zero returns. By considering intensity peaks with sonar readings,
we obtain a reliable cue of glass regions. These seed points are then used to grow a linear region
alongthe corresponding portion of the scan, enabling the system to mark the transparent surface
within the scan.

Keywords: Laser scanner, Glass detection, Sonar sensor, Mapping, Mobile robots.
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ABSTRACT

Ensuring access to safe drinking water requires accurate assessment methods that go
beyond binary decisions of potability. Traditional Water Quality Index (WQI) formulations provide
continuous scores but are often reduced to categorical labels, leading to a loss of nuanced
information. In this study, we introduce a data-driven approach to reconstruct a continuous WQI
using physicochemical parameters from the publicly available Kaggle dataset. Unlike the original
dataset, which provides only a binary potable/non-potable label, our method generates a
continuous score by mapping normalized sub-indices into a weighted aggregation framework
and training nonlinear machine learning models. Three algorithms, Decision Tree, Random
Forest, and Gradient Boosting are evaluated for predicting the reconstructed score.
Experimental results show that ensemble-based methods significantly outperform a single
decision tree, achieving lower error rates and higher coefficients of determination. Feature
importance analysis further indicates that pH, Sulphate, and Solids are the most influential
parameters, consistent with domain knowledge. By extending binary classification into a
continuous scoring scheme, the proposed framework improves the interpretability of model
outputs and provides decision-makers with finer resolution information for water quality
assessment and monitoring.

Keywords: Water quality index, Water quality score, Potability prediction, Decision
tree, Random Forest, Gradient boosting, Machine learning, KNN
Imputation.
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RECOVERING DELETED DATA ON THERMAL PAPER USING UV LIGHT
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ABSTRACT

Thermal printer outputs such as receipts, labels, and barcodes contain legally and
commercially valuable data; however, over time—or due to heat, light, and other environmental
factors—the text on these materials often fades or disappears completely. This creates a
significant risk of permanent loss of critical evidence and information. This study presents a
forensic imaging and digital processing—oriented methodology developed to non-destructively
reveal erased text on thermal paper. In the first stage of the study, erased thermal paper samples
were illuminated under UV-A light at a wavelength of 365 nm—commonly used in forensic
document examinations—using various light intensities, and captured in high-resolution digital
format. Several image processing techniques were then applied to the digitized images to
enhance the readability of the degraded documents and to distinguish the text from the
background. The proposed methodology combines UV-based imaging with the analytical power
of digital image processing, successfully making faded or erased text residues on thermal paper
visible. This approach provides a reliable and digitally reproducible solution that enables the
non-destructive recovery of valuable information, particularly in cases where traditional
examination methods fall short. Furthermore, the similarity of the techniques employed to
advanced methods used in the digital restoration of historical or heavily damaged documents
demonstrates their adaptability to modern evidence materials.

Keywords: Forensic document examination, Evidence, Thermal paper, Ultraviolet,
Image processing, Non-Destructive method.
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ABSTRACT

Technological advances that enable the manipulation of images transferred to digital media
are contributing to the rapid advancement of image processing methods. The combination of
artificialintelligence techniques with high computational power has, particularly in recent years,
enabled more efficient and reliable large-scale data analysis. Image processing technologies are
widely used in many critical fields such as medicine, security, automotive, and agriculture, and
deep learning-based methods are increasingly preferred due to their multiple input processing
capacity and minimal human intervention requirement.

This research proposal presents an innovative security architecture that aims to increase the
security of mobile banking transactions and improve the user experience. The proposed system
aims to protect user accounts against unauthorized access through a facial recognition
verification module integrated into mobile banking applications. Even if user passwords are
compromised, transactions can only be processed with the account owner's approval, thanks to
the requirement for biometric verification. This approach significantly enhances the reliability of
banking services by providing an additional layer of protection, particularly for financial
transactions requiring high security, such as money transfers, EFTs, wire transfers, deposits, and
withdrawals. The integration of the facial recognition-based security module into mobile banking
applications aims to provide banks with a modern, user-friendly, and high-security service
infrastructure. This will enable users to manage financial transactions more securely and
contribute to banks' competitive advantage in the field of digital security.

Keywords: Facial recognition, Mobile banking security, Artificial intelligence,
Biometric verification, Image processing.
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CLASSIFICATION USING YOLOVS
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ABSTRACT

This study presents a novel approach for the automatic detection and classification of post-
earthquake structural damage on building walls using the YOLOv8 deep learning algorithm. Post-
disaster damage assessment is critical for timely intervention and rehabilitation planning;
however, current manual inspection methods are time-consuming and subjective. To overcome
these challenges, we developed a comprehensive real-time detection system that can classify
wall conditions into three categories: normal, cracked, and perforated. A specialized dataset
consisting of 2000 high-resolution images from buildings affected by the February 6 earthquakes
in Turkiye was compiled. The dataset was meticulously preprocessed and split into 80% for
training and 20% for testing. The YOLOv8 model architecture was optimized with hyperparameter
tuning and trained for 100 steps with a batch size of 16 and a learning rate of 0.001. Experimental
results show outstanding performance with class-specific accuracy values of 0.999 for normal,
0.777 for crack, and 0.849 for hole. The model achieved 0.875 overall accuracy, 0.852 recall,
0.903 precision (MAP@0.5), and 0.707 mAP@0.5:0.95. The model's F1-score based on
confidence threshold analysis reached 0.86 at the optimal threshold. The system maintains real-
time processing capabilities at 31 frames per second on mid-range GPU hardware (NVIDIA
Quadro M2000), making it suitable for field use. The proposed methodology offers significant
progress in post-disaster structural assessment by providing fast, objective, and scalable
damage assessment. This technology can greatly improve emergency response efficiency,
resource allocation, and safety assessment procedures following seismic events. Future work
will focus on expanding the model to detect additional types of damage and on its use as a
mobile application for on-site assessment by emergency response teams.

Keywords: Post-Earthquake building inspection, YOLOv8, Wall damage
classification, Deep learning, Crack and hole classification.
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ABSTRACT

Electric vehicles are spreading fast. This increase in electric vehicle use has led to problems
such as infrastructure issues, planning of charging stations, and efficient use of charging
stations. In sustainable transportation, charging stations and electric vehicles are connected. In
sustainable transportation, charging stations and electric vehicles are connected. Therefore,
scientific studies on electric vehicle charging station networks have increased significantly. A
systematic literature review on electric vehicle charging stations examined peer-reviewed
studies published in major academic databases, including IEEE Xplore, ScienceDirect, Scopus,
and DergiPark, aimed at improving electric vehicle charging infrastructure. Three main topics
were identified for the review: (a) Planning and Location Determination of Charging Stations, (b)
Grid Integration and Smart Charging Strategies, and (c) Optimization-Based Routing. When
spatial studies are examined in detail, Geographic Information Systems (GIS) are integrated with
multi-criteria decision-making features and optimization models to determine the most suitable
station location in densely populated areas with high traffic flow, considering the adequacy of
energy infrastructure. Optimization-based studies present research that combines artificial
intelligence methods in demand forecasting, resource management, pricing determination, and
charging planning processes. The literature shows that there are significant problems related to
grid infrastructure such as voltage drops, load imbalances, and demand increases in regions
where electric vehicles are heavily used. Smart charging software, regional dynamic pricing,
bidirectional charging technologies, and simulation-based studies are highlighted as solutions
to these problems. In addition, the increasing use of renewable energy sources and the increase
in efficiency in energy storage systems, as well as the durability of charging stations and the
reduction of carbon intensity, are among the areas of research. The studies emphasize
scalability, safety, and sustainability in low-carbon transportation.

Keywords: Smart charging, EV charging infrastructure, Spatial optimization,
Distribution grid impact.
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EVALUATING METEOROLOGICAL EFFECTS ON WIND TURBINE
PERFORMANCE: ANOMALY DETECTION AND ENERGY LOSS
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ABSTRACT

This study evaluates the influence of key meteorological parameters on wind turbine
performance with a specific focus on power curve anomalies and the quantification of energy
losses. Using operational data containing wind speed, wind direction, air temperature, air
density, cloud cover, solar irradiation, and actual turbine output, the analysis explores how
atmospheric variability alters the expected behavior defined by the theoretical power curve.
Deviations between theoretical and measured power values are used to detect performance
anomalies linked to meteorological conditions, revealing the circumstances under which
turbines operate below their expected efficiency. Energy loss metrics are then derived by
aggregating the gap between theoretical and actual power across the dataset, allowing a detailed
examination of how temperature fluctuations, density variations, and wind regime
inconsistencies contribute to short-term and cumulative production losses. The findings
underscore the importance of integrating meteorological information into both performance
assessment and predictive maintenance strategies, demonstrating that comprehensive
atmospheric monitoring significantly enhances the accuracy of energy yield estimations and
supports more reliable operational planning.

Keywords: Wind turbine performance, Power curve anomaly detection, Energy loss
quantification, Atmospheric effects, Wind energy assessment,
Operational data analysis.
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ABSTRACT

Accurate parameter identification of photovoltaic (PV) modules plays a critical role in
performance prediction, system design, and maximum power extraction, particularly as
renewable energy systems continue to grow in scale and complexity. However, the nonlinear
characteristics of PV modules often make parameter estimation a challenging task that requires
powerful and reliable optimization techniques. In this study, the recently developed stellar
oscillation optimizer (SOO) is employed to estimate the unknown electrical parameters of two
widely used commercial PV modules, namely Photowatt-PWP201 and STM6-40/36. The
optimization process aims to improve model fidelity by minimizing the mismatch between
experimentally measured and simulated current-voltage characteristics under standard test
conditions. To thoroughly evaluate its performance, SOO is benchmarked against several well-
established metaheuristic algorithms reported in the literature. Comparative analyses
demonstrate that SOO achieves superior accuracy, faster convergence, and enhanced
numerical stability for both test modules. These results confirm that the Stellar Oscillation
Optimizer provides a competitive and robust solution for PV parameter identification, offering
significant potential for integration into advanced modeling, real-time monitoring, and
performance forecasting applications in solar energy systems.

Keywords: Photowatt PWP201, STM6-40/36, PV parameter estimation, Stellar
oscillation optimizer, Parameter identification.
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ABSTRACT

In this study, the parameters of a proportional-integral-derivative (PID) controller are
automatically tuned using the starfish optimization algorithm (SFOA) to improve the transient
performance of a micro-robotic position control system. The optimization is carried out by
minimizing the integral of squared time multiplied by the squared error (ISTES), which
emphasizes both rapid response and disturbance attenuation over time. To validate the
effectiveness of the proposed approach, SFOA is benchmarked against several reported
methods, including JSO, HHO, AOA, and HAOARSO, under identical simulation conditions. The
comparative results reveal that SFOA attains the smallest ISTES value, accompanied by the
shortest rise time (6.8838 s) and settling time (12.0729 s), while fully eliminating overshoot.
These outcomes highlight that SFOA offers rapid convergence, high solution accuracy, and a
robust global search capability for PID parameter tuning. Owing to its simplicity and
computational efficiency, the proposed method shows strong potential for real-time
implementation and future extensions to multi-objective control optimization.

Keywords: Micro-robotic position control. Starfish optimization algorithm, Transient
response enhancement, PID controller.
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ABSTRACT

The increase in operating temperature of photovoltaic (PV) panels is a critical problem that
significantly reduces energy conversion efficiency. The main objective of this study is to
numerically investigate the thermal performance of different passive cooling systems integrated
onto the bottom surface of PV panels and compare their effects on panel efficiency. In this
context, a flat panel without fins (control model) and a panel geometry with square-section fins
were analyzed. Aluminum was selected as the fin material. Computational Fluid Dynamics (CFD)
analyses were performed using ANSYS Fluent software under different air speeds (0.5 m/s and
2.5 m/s) and solar radiation conditions at different times of the day (09:00, 14:00, 18:00). The
findings showed that the finless panel was insufficient, especially under high solar irradiance,
and that increasing air velocity alone was not effective in reducing the temperature. The square-
fin geometry panel significantly reduced the panel temperature compared to the case without
fins by changing the flow structure and creating local turbulence. Analysis revealed that the
pressure differences and swirling flow created by the fins are the primary mechanisms that
enhance convective heat transfer. At the highest irradiance and temperature conditions studied
(14:00), the square-finned design was found to reduce surface temperature by approximately
7°C compared to the panel without fins, resulting in a 1% increase in panel efficiency. In
conclusion, passive cooling strategies with square-finned geometry in photovoltaic panels play
a critical role in improving the efficiency and stability of PV systems.

Keywords: Photovoltaic panel, Passive cooling, Fin, Computational Fluid Dynamics
(CFD), Heat transfer, Panel efficiency.
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ABSTRACT

Fault-location estimation methods for power transmission lines (PTL) are generally classified
as impedance-based methods and travelling-wave (TW)-based methods. TW-based approaches
exhibit significantly lower sensitivity to factors such as fault resistance and therefore typically
provide higher accuracy. Consequently, most recent studies in literature focus on TW-based
fault-location algorithms. When a fault occurs, current and voltage travelling waves propagate
toward both ends of the line. Two-ended methods determine the fault location from the arrival-
time difference of these waves but require precise time synchronization between the line
terminals. In contrast, single-ended methods use only the current or voltage signal measured at
one terminal, extracting the arrival times of the initial TW launched by the fault and the TWs
reflected from the fault point and the remote terminal. Although they do not require any
synchronization hardware, they must correctly distinguish between the incident and reflected
waves.

A wide range of sighal-processing techniques has been proposed to extract TW arrival times
and amplitudes from fault transients. In this study, the Approximate Derivative (AD) method is
employed to detect TW arrivals and their magnitudes. The AD operator simply computes the
difference between consecutive samples of the measured transient signal. This operator, which
has previously been investigated for two-ended applications, is computationally simple and has
proven effectiveness. In the present work, itis adapted for single-ended fault detection and fault-
location estimation using current or voltage measurements from one terminal.

Because TWs generated during a fault propagate not only in the faulted phase but also in the
healthy phases, modal transformation is applied to obtain a single modal component with a
dominant TW signature. The Karrenbauer modal transformation is used in this study. Under
normal operating conditions, applying the AD operator to modal signals yields values near zero,
whereas during faults it produces clear and abrupt transitions. By comparing each AD sample
with a predefined threshold, fault detection is achieved. After detecting the fault, the samples
required for fault location are selected based on the line geometry, conductor parameters,
propagation velocity, sampling frequency, and line length. Modal transformation and the AD
operator are then applied, and the arrival index of the initial TW is determined. Using TW theory,
the indices of the waves reflected from the fault point and the remote terminal are separated
based on their polarity. The distance to the fault is computed from the index difference between
the initial TW and the fault-reflected TW, considering the propagation velocity and sampling
frequency.
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The effectiveness of the proposed method is verified through ATP/EMTP simulations of a 400-
kV, 50-Hz, 300-km double-ended transmission line. A total of 35 fault scenarios, covering various
fault types and locations, are simulated. Despite using a sampling frequency (250 kHz)
significantly lower than that required by many methods in the literature, the proposed approach
achieves highly accurate fault-location results. Furthermore, the impact of noise is analyzed, and
the minimum signal-to-noise ratio required for reliable performance is identified.

Keywords: Transmission line faults, Fault detection, Fault location, Travelling waves
(TW), Approximate derivative (AD).
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ABSTRACT

Today, electric vehicles (EVs) are considered the most suitable solution to replace internal
combustion engine vehicles. The development of EV technologies is progressing rapidly, and
battery technology plays a critical role in the performance of electric vehicles.

Lithium-ion batteries offer significant advantages over other battery technologies, including
high specific energy, high energy density, long durability, low self-discharge rate, and long shelf
life. However, battery temperature has become one of the most critical parameters that must be
carefully addressed in the development and widespread adoption of Lithium-ion battery-
powered electric vehicles. Both high and low temperature conditions can significantly affect
battery capacity and service life. In high-temperature environments, Lithium-ion batteries may
pose a thermal runaway risk, which can lead to short circuits, fires, explosions, and other safety
issues. In low-temperature conditions, lithium dendrites may form, which can cause short
circuits, startup failures, and other operational malfunctions.

To maximize the efficiency of a Lithium-ion battery pack, the temperature must be kept
constant between 15°C and 35°C. Therefore, a reliable and robust battery thermal management
system is required to effectively distribute heat and keep the battery pack temperature under
control. In electric vehicles (EV), the Battery Thermal Management System (BTMS) plays a critical
role in extending the life of the Lithium-ion battery pack by optimizing the operating temperature
of the batteries and reducing the risk of thermal runaway. A good Battery Thermal Management
System (BTMS) should keep the Lithium-ion battery pack's temperature between 15°C and 35°C,
be light and small, use energy efficiently, be affordable, evenly distribute temperature across all
battery cells, and allow enough airflow to release toxic gases if there is a Lithium-ion battery fire.

This study compared and evaluated the performances of various air-cooled Lithium-ion
battery systems used in electric vehicles. The results indicate that air-cooled battery systems
provide both a feasible and cost-effective thermal management solution for electric and hybrid
electric vehicles, serving as a guide for future battery designs.

Keywords: Electric vehicles, Lithium-ion battery, Battery temperature, Air cooling,
Battery thermal management system, Battery performance.
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ABSTRACT

This study presents a bidirectional sign language translation system developed using
VideoMAE-based deep learning techniques to mitigate communication barriers experienced by
hearing-impaired individuals in healthcare settings. Communication challenges in clinical
environments can negatively affect diagnostic accuracy, treatment quality, and patient
involvement in the care process. Existing sign language translation solutions often lack
robustness in recognizing dynamic gestures, supporting extensive vocabularies, and operating
with real-time performance. In this research, a large-scale dataset comprising 20,000 videos and
over 7,000 distinct Turkish Sign Language (TSL) medical terms was utilized to train a high-
performance sign language recognition model based on the Video Masked Autoencoder
(VideoMAE) architecture. The masked video modeling strategy of VideoMAE enables effective
learning of both spatial and temporal dependencies, offering significant advantages in
recognizing complex and dynamic gestures. Due to the computational demands of the model,
training was optimized using distributed parallel programming techniques, including Distributed
Data Parallel (DDP), multi-threaded data processing, and GPU-accelerated pipelines. The
proposed system supports both sign > text/speech translation and text > sign conversion,
forming a comprehensive bidirectional communication framework. Generated signs are
visualized through a motion-driven avatar interface, facilitating natural and intuitive user
interaction. The originality of this study lies in integrating advanced video representation
learning, large-scale data processing, and bidirectional translation to offer a real-time, accurate,
and user-centered communication solution for healthcare environments. Performance
evaluation will focus on translation accuracy, processing speed, usability, and applicability in
real-world clinical scenarios. The findings are expected to significantly improve accessibility in
emergency units, outpatient clinics, and consultation areas.

Keywords: Sign language translation, VideoMAE, Deep learning, Masked
autoencoder, Parallel programming, Turkish sign language.
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ABSTRACT

The primary aim of this study is to investigate the effectiveness of a Convolutional Neural
Network (CNN) architecture, specifically ResNet-50, in accurately classifying grapevine leaves
belonging to five different species (Ak, Ala Idris, Buzgulu, Dimnit, and Nazli). Thanks to its
capacity to extract rich and detailed features from images, the ResNet-50 architecture enables
the high-accuracy differentiation of leaf species that are morphologically very similar. To this
end, a comprehensive dataset comprising a total of 500 grapevine leaf images, representing the
five species, was created. Each species is represented by 100 images, all of which were captured
under similar lighting and environmental conditions to enhance data consistency and minimize
noise. Prior to model training, various preprocessing steps were applied to the dataset. The
ResNet-50-based CNN model was implemented in MATLAB, and both training and validation
were conducted through custom MATLAB scripts. In the experimental setup, the dataset was
divided into training (70%) and test (30%) subsets. Additionally, due to the limited amount of
data, a 5-fold cross-validation technique was employed. The average results from this cross-
validation process indicated that the model achieved an accuracy of 75.40%.

Keywords: Convolutional neural network, Grape leaf, Resnet-50, Image,
classification.
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ABSTRACT

Recently, epidemics have disrupted people's lives. Following the COVID-19 pandemic, cases
of monkeypox, a rare disease, began to appear worldwide. These incidents raised societal
tension and anxiety. Understanding public attitudes, sentiments, and perceptions regarding the
epidemic is essential for developing effective policies and implementing effective
countermeasures. Online social media platforms are essential venues for expressing feelings
and views. In particular, Twitter provides valuable information for measuring societal sentiment.
Machine learning and deep learning methods have recently been widely used in social network
analysis. Deep learning models, which deliver strong performance, particularly on complex and
nonlinear problems, are used in natural language processing and text mining. In this study, a
CNN-BiGRU hybrid deep learning model was developed by combining a CNN and a BiGRU and
applied for the first time to monkeypox sentiment analysis. The dataset was labeled as positive,
negative, or neutral with VADER. In addition, FastText, and TF-IDF word embedding methods were
used for feature extraction, and the performance of the machine and deep learning methods was
tested separately. As a result of the experimental studies, the FastText-CNN-BiGRU model
obtained the highest results with 0.9400 accuracy, 0.9404 precision, 0.9400 recall, and 0.9401
F-score. The FastText-BiGRU model was the second most successful, achieving 0.9351
accuracy, 0.9372 precision, 0.9351 recall, and 0.9356 F-score. The third most successful model
was the TF-IDF-CNN-BiGRU model, achieving 0.9138 accuracy, 0.9088 precision, 0.9100, recall,
and 0.9093 F-score.

Keywords: Deep learning, Machine learning, Monkeypox, Sentiment analysis, Social
network.
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ABSTRACT

Rapid and remarkable developments in the field of artificial intelligence are directly impacting
today’s business world. It is predicted that in the future, artificial intelligence will become a
critical competitive factor for businesses, significantly transforming business lines, content,
management styles, organizational structures, and corporate cultures. One of the most
fundamental elements in a business’s success is employee performance. Therefore, managers
are inclined to develop new methods to motivate employees and evaluate their performance
more efficiently. In institutions with a large number of employees, how personnel use their time,
the extent to which they contribute to work processes, and the activities they focus on play a
decisive role in performance evaluation. Studying and analyzing employee behaviors is of great
importance in human resource management. This research aims to monitor and analyze
employees’ workplace activities using Al-supported image processing methods. The developed
system enables decision-makers in businesses to make more objective and data-driven
evaluations, facilitating the measurement of employee productivity. In this context, the deep
learning-based YOLOvV8 object detection model was used to classify different employee
activities. During the training process, the gradual decrease in Box Loss, Class Loss, and DFL
Lossvaluesindicates thatthe learning process is progressing steadily. According to experimental
results, the obtained 95.6% MmAP®@O0.5 average accuracy rate demonstrates the model’s high
classification performance. While high accuracy rates were observed in some classes in the
precision-recall and precision-confidence curves, the error rate increased in other classes.
Confusion matrix analysis revealed that most of these errors were caused by similar behavior
patterns between classes.

Keywords: Artificial Intelligence, YOLO, Employee productivity, Image processing,
Object detection, Deep learning.

46


mailto:mail@beu.edu.tr
https://www.beu.edu.tr/
https://orcid.org/0000-0002-0802-1733

ULUSLARARASI
AKILLI SISTEMLER, TASARIM
VE ENERJi KONFERANSI

= International Conference on Intelligent Systems, Design and Energy

A MACHINE LEARNING AND CLUSTERING-BASED FRAMEWORK FOR
ASSESSING ENVIRONMENTAL EFFECTS IN THE TEXTILE INDUSTRY

ismail CALIKUSU "* "), Kadir HALTAS 2

" Nevsehir Haci Bektas Veli University, Department of Electronics and Automation, Nevsehir, Tiirkiye
2 Nevsehir Haci Bektas Veli University, Department of Computer Technologies, Nevsehir, Tirkiye
* Corresponding Author: ismailcalikusu@nevsehir.edu.tr

ABSTRACT

The objective of this study is to comprehensively assess the environmental impacts of the
textile and ready-to-wear clothing industry and to establish a machine learning-based
multivariate framework for predicting the Air Quality Index (AQI). In this context, 21 years of
monthly data obtained from the city of Surat in India were utilized. Eight different machine
learning models were evaluated to predict the AQI using the aforementioned data: Long Short-
Term Memory (LSTM), Linear Regression, Ridge, Lasso, Support Vector Regression—-Radial Basis
Function (SVR-RBF), K-Nearest Neighbor (KNN), Decision Tree, and Gradient Boosting.The
analysis results showed that LSTM achieved the best performance (R® = 0.2932, MAE = 22.87)
due to its sensitivity to patterns that change over time, while the Gradient Boosting model was
the second most successful model. In contrast, the SVR-RBF, KNN, and Decision Tree models
showed lower accuracy. Principal Component Analysis (PCA) was applied for dimension
reduction to examine seasonal pollution trends, followed by the Density-Based Clustering in
Noise-Affected Applications (DBSCAN) method. The clustering resulted in five clusters and one
noise segment. Cluster 3, in particular, stood out with consistently high pollution levels (AQI =
241) despite low variance.This study demonstrates that there is a non-linear relationship
between production volume and pollution, and that industrial modernization has the potential
to reduce environmental damage. Overall, the findings reveal that machine learning models are
effective tools for environmental monitring, risk classification, and developing data-driven
sustainability strategies.

Keywords: Machine learning, Air Quality Prediction (AQl), Environmental Impacts,
Principal Component Analysis (PCA), Clustering (DBSCAN).
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ABSTRACT

There has been an exponentialincrease in the frequency of cyberattacks. Among these attack
types, ransomware constitutes one of the most common and impactful threats, as it prevents
users from accessing their systems by locking device screens or encrypting files. In ransomware
attacks, the victim’s data remains encrypted until the demanded ransom is paid, and the
consequences of such attacks are often permanent. Therefore, recovering data without the
intervention of the attackers is extremely difficult. To establish an effective defense against these
attacks, it is critically important to enhance end-users’ situational awareness within the context
of cybersecurity. Indeed, cybersecurity awareness activities directed toward end-users will make
the early detection of ransomware threats more comprehensible, faster, and more feasible.
Furthermore, the severe negative impacts of ransomware attacks on user data highlight the
necessity of proactive security measures. In this review study, the structure of ransomware
attacks, as well as existing detection and prevention mechanisms, are examined; additionally,
several improvement suggestions regarding current approaches are presented.

Keywords: Ransomware attacks, Cybersecurity, Situational awareness, User
awareness.

48


mailto:mzgunduz@bingol.edu.tr
https://www.beu.edu.tr/
https://orcid.org/0000-0003-4278-7123
https://orcid.org/0000-0001-8736-2730
https://orcid.org/0000-0002-7964-3433

ULUSLARARASI
AKILLI SISTEMLER, TASARIM
VE ENERJi KONFERANSI

= International Conference on Intelligent Systems, Design and Energy

SMART DOOR SECURITY SYSTEM WHIT FACE RECOGNITION: A LOW-
COST IOT-BASED APPROACH

Elif ERCEL ™" "/, irfan OKTEN 2

1 Bitlis Eren University, Graduate Education Institute, Department of Computer Engineering, Bitlis, Tirkiye
2 Bitlis Eren University, Department of Computer Engineering, Bitlis, Ttirkiye
* Corresponding Author: elifercelakademik@gmail.com

ABSTRACT

This study aims to develop an Internet of Things (loT)-based smart door security system with
facial recognition capabilities using image processing technologies. Today's rapidly developing
smart systems have the potential to revolutionize home security by replacing traditional physical
security methods. This research aims to contribute to this change by offering an advanced,
secure solution that minimizes the risk of unauthorized access.The method involves settingup a
system that detects and processes the face of a person approaching the door. This process
involves capturing the image with a camera, detecting the face using image processing
techniques, and finally comparing it with the registered authorized faces. If the identity
verification is successful, the door opens automatically; if unsuccessful, access is denied and
an instant notification is sent. Integration has been achieved with the mobile application
developed for the system's remote control and notification capabilities.

Compared to existing security systems, this study offers faster and more accurate identity
verification, which is its primary original aspect. Furthermore, the use of low-cost hardware
components such as the ESP32-CAM, rather than microcontrollers like the Raspberry Pi which
are costly, enables the system to be widely adopted, creating a significant difference. This
system not only performs the door opening function but also provides a comprehensive security
solution by sending instant notifications to the user, enabling remote live monitoring, and
recording entry attempts. This developed prototype will enable widespread use by offering a
cost-effective, modern, and high-tech solution for home and office security, especially in today's
world where smart home technologies are rapidly spreading.

Keywords: Security, Embedded systems, ESP32 CAM, Face recognition, Mobile
application.
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ABSTRACT

This study addresses the problem of assigning dialogues to the correct speaker in literary
texts for multi-speaker text-to-speech (TTS) systems and proposes a hybrid method combining
machine learning and rule-based approaches. The method consists of two layers: identification
of ‘Person’ entities using SavasyBERT and the multilingual Babelscape models, and rule-based
dialogue detection based on dashes and quotation marks. The concept of "Speaker" is defined
as the intersection of these two layers. The findings indicate that the Turkish-specific
SavasyBERT model identifies fictional characters more consistently and produces lower noise.
In contrast, the Babelscape model exhibited a tendency to generate more false positives due to
its limited alignment with Turkish language characteristics. Consequently, it is evaluated that the
proposed hybrid approach, when used with SavasyBERT, offers a reliable character detection
infrastructure for Turkish multi-speaker TTS applications.

Keywords: Named Entity Recognition (NER), Speaker detection, Hybrid approach,
SavasyBERT, Babelscape, Multi-Speaker Text-to-Speech.
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ABSTRACT

In cold climate regions, snow and ice accumulation on road surfaces significantly reduces
skid resistance, posing a serious threat to traffic safety. Traditional de-icing and snow removal
methods, such as mechanical clearing, manual intervention, and the use of chemical de-icing
salts, often lead to operational delays, pavement deterioration, and environmental pollution. In
recent years, conductive pavement technologies have emerged as an environmentally friendly
alternative that effectively melts snow and ice while enhancing road safety. This study
investigates the potential application of conductive pavements on roads that experience heavy
ice formation and snow accumulation. The fundamental principles of conductive asphalt
concrete, types of conductive materials (e.g., graphite, carbon fiber, steel powder), heating
mechanisms, and energy efficiency aspects are examined. Moreover, recent studies from the
literature are reviewed to compare the performance of various conductive fillers in terms of
electrical conductivity, heating efficiency, mechanical strength, and environmental
sustainability. The findings indicate that conductive asphalt pavements provide an effective
solution for preventing icing and reducing snow accumulation, while ensuring long-term road
safety without causing environmental harm. Therefore, conductive pavement technologies hold
significant potential for developing safe and sustainable transportation systems under winter
conditions.

Keywords: Conductive asphalt concrete, Snow melting, Road safety, Sustainable
pavement technologies.
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ABSTRACT

Today, the construction industry is recognized as one of the major contributors to global
carbon emissions and energy consumption; particularly due to the production processes of
construction materials, which require high temperatures and intensive fossil fuel usage, posing
significant environmental risks. The production of fired clay bricks is also considered
unsustainable because of its high energy demand. Since the manufacturing of traditional fired
bricks requires elevated temperatures, the process results in substantial energy consumption
and considerable CO, emissions. This situation has increased global interest in sustainable
geopolymer brick production, positioning these materials as a promising alternative solution.
Geopolymer bricks can be produced at considerably lower temperatures compared to fired
bricks, making them a more sustainable and energy-efficient option. Moreover, geopolymer brick
production provides significant advantages in terms of environmental waste management.
These bricks are formed through the alkali activation of industrial by-products and wastesrichin
silica and alumina, resulting in chemical bonding. Utilizing industrial by-products in construction
materials reduces natural clay consumption, decreases the need for landfill space, and lowers
the carbon footprint by eliminating the use of cement. Due to these advantages, numerous
studies have been conducted in this field. This research focuses on reviewing and compiling
various experimental studies in the literature related to geopolymer brick production. Many
researchers have demonstrated that curing temperature, activator molarity, molding pressure,
and the Si/Al ratio play critical roles in the mechanical and physical performance of geopolymer
bricks. However, acceptable mechanical properties have also been achieved even with low
molarity and ambient-temperature curing processes. Based on the findings of all reviewed
studies, geopolymer bricks have emerged as a promising construction material both
environmentally and economically, owing to their potential for waste utilization, lower curing
temperatures compared to fired bricks, reduced carbon emissions, and improved thermal
performance.

Keywords: Geopolymer brick, CO, emission, Waste utilization.
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ABSTRACT

This study investigates the cooling performance of two heat-generating chips located within
a mini-channel measuring 2 mm in height and 20 mm in length, across different Reynolds
numbers (Re = 1x10%-5x10%). A constant heat flux of 100 kW/m?was applied to the chip surfaces,
and all other surfaces were modelled as adiabatic. Air, water, and a 5% Al,O,—water nanofluid
served as coolant fluids. Numerical models were developed using the ANSYS FLUENT
programme in 2D dimensions. At Re =1 x10°, the surface temperatures for chip 1 and chip 2 were
830.53 K and 884.35 K for air, 309.50 K and 308.84 K for water, and 307.42 K and 306.15 K for the
5% Al,O,-water nanofluid, respectively. At Re = 5x10°, the average surface temperatures of chip
1 and chip 2 were measured as 518.62 Kand 503.75 K, respectively, under air cooling conditions.
In contrast, when water and a 5% Al,O,-water nanofluid were used as the cooling medium, the
temperatures of chip 1 and chip 2 became much closer, reaching approximately 302 K and 301
K, respectively. A decrease in chip surface temperatures was noted for all fluids as the Reynolds
number increased, with the lowest temperatures recorded for water and a 5% Al,O,~water
nanofluid. The 5% Al,O,-water nanofluid was the most effective of the coolant fluids, and air was
the least effective.

Keywords: Chip surface temperature, Reynolds number, 5% Al,O,~water nanofluid.
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TRANSFER WITHIN A CHIP-EMBEDDED MINICHANNEL
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ABSTRACT

This study aims to examine how channel height influences the heat transfer efficacy of a chip
within minichannels. A two-dimensional computational fluid dynamics (CFD) analysis was
performed to investigate the effect of channel height on heat transfer in a chip situated within
rectangular minichannels of varying heights. Air at an inlet temperature of 300 K was used as the
cooling fluid, with a continuous heat flux of 50 KW/m? applied to the chip surface. For a more
precise assessment of convective heat transfer, the channel walls were considered adiabatic.
Numerical calculations were conducted for different Reynolds numbers (Re = 100, 200, and 300)
and for different channel heights (H =1, 1.5, and 2 mm). The evaluation of thermal performance
involved analysing differences between the local and average Nusselt numbers, as well as
temperature distributions across the chip surface. The results show that increasing the Reynolds
number lowers the chip surface temperature and raises the average Nusselt number, while
increasing the channel height leads to higher chip surface temperatures. When the Reynolds
number increased from 100 to 300, at a channel height of 1 mm, the chip surface temperature
dropped from 499.15 K to 456.88 K, while the average Nusselt number increased from 11.08 to
13.15. Similarly, at a channel height of 2 mm, the chip surface temperature decreased from
607.72 K to 528.12 K, and the average Nusselt number rose from 9.89 to 13.32. The results
indicate that channel height and flow conditions are essential in influencing the cooling efficacy
of a chip's minichannel design.

Keywords: Mini-channel cooling, Heat transfer, CFD, Nusselt number, Reynolds
number.
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INVESTIGATION OF THE USE OF WASTE MATERIALS IN SOIL
IMPROVEMENT METHODS

Ozge Nur GETKIN
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ABSTRACT

With the growing population, the needs in the construction industry are rapidly increasing. As
aresult of this increase and the resulting needs, the goal is to create safer and more comfortable
structures. The creation of these structures depends on the engineering properties of the soil on
which they will be built. Therefore, the soil used as the foundation or material for a building is of
great importance. Because soils have different properties, they do not always meet the desired
engineering specifications. Soils are improved to eliminate soil-related problems and to
complete the structure more safely and economically. A review of literature and field studies
reveals that one of the most frequently preferred methods recently is to improve the soil by
adding various industrial waste materials such as fly ash, silica fume, and blast furnace slag.
Industrial waste, in particular, is increasing with the development of technology and industry.
Landfilling this waste is becoming an ever-increasing problem. Therefore, as in other fields, the
use of industrial waste has gained significant importance in various applications in the
construction industry. This use of waste products alleviates landfill problems to some extent.
Furthermore, the use of these products is considered an environmentally and economically
sound endeavor.

Keywords: Soil, Soil improvement, Industrial waste.
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ABSTRACT

MICP is a technique based on the principle that bacteria improve the mechanical properties
of a soil or porous material by precipitating calcium carbonate (CaCO;) through their
biochemical activity. MICP is mainly used in geotechnical and civil engineering for increasing soil
strength, reducing liquefaction risk, reducing permeability, slope and foundation improvement,
and environmentally friendly alternative soil stabilization. MICP has been developed as an
environmentally friendly alternative to traditional soil improvement methods. In contrast to the
high energy consumption and carbon emissions of methods such as cement and lime, MICP
provides calcium carbonate precipitation through biological processes, creating a natural bond
between soil particles. Soil strength and stiffness are increased, permeability is reduced and soil
behavior is homogeneously improved at the micro-scale. Low environmental impact, controlled
applicability and the potential to improve dynamic soil performance make MICP an important
alternative for sustainable geotechnical applications. In this study, three different sand
specimens are considered and improved by MICP method. In order to see the effect of flow rate
on the cured sand samples, 0.2, 0.6 and 1.8 ml/min rates of the curing solution were applied.
Sporosarcina pasteurii bacteria is used in the treatment with MICP. After the treated sand
samples are dried in an oven for 14 days, unconfined compression tests are performed. In the
experiments, itis seen that all three different sand types gained strength. When the effect of flow
rate was analyzed, the highest strength was obtained at high flow rate in fine-grained AFS 65/70
sand and at low flow rate in coarse-grained CEN sand. In addition, it was determined that the
calcite bonds formed at high flow rate were weaker than the calcite bonds formed at low flow
rate in the experimental setup where coarse and fine grained soils were considered. As the flow
rate increased, calcite precipitation decreased for all three different sand types.

Keywords: Flow rate, MICP, Unconfined compressive strength.
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OZET

Short-term load forecasting is a key input for the secure and economical operation of modern power
systems. In this study we investigate the performance of a classical statistical model, a machine
learning model, and an extended hybrid approach for one-hour-ahead forecasting of hourly electricity
demand. The case study uses the AEP_hourly dataset, which contains American Electric Power’s hourly
load measurements from 2004 to 2018. After aggregating duplicated timestamps and resampling to a
regular hourly frequency, the data are splitinto a training period (2004-2016) and an out-of-sample test
period (2017-2018). As a statistical baseline, we estimate an additive Holt-Winters exponential
smoothing model with a 24-hour seasonal component. The machine learning model is an XGBoost
regressor trained on lagged load values (1, 24 and 168 hours) and calendar features (hour of day, day of
week, month and weekend indicator). The proposed extended hybrid model first fits the Holt-Winters
specification and then trains XGBoost on the resulting residuals using both residual and load lags
together with the same calendar variables; final forecasts are obtained by adding the residual
predictions to the Holt-Winters forecasts. Results on the test set show that the hybrid model clearly
improves upon pure Holt-Winters (reducing MAE from about 1741 MW to 1216 MW and MAPE from
11.0% to 7.5%), but remains dominated by the pure XGBoost model, which achieves an MAE of roughly
160 MW and a MAPE close to 1.1%. The visual analysis confirms that XGBoost captures both the daily
pattern and short-term fluctuations more accurately, while Holt-Winters tends to underestimate peaks.
These findings suggest that, for high-frequency load data with strong nonlinearities, feature-rich
gradient boosting models provide substantial accuracy gains over traditional exponential smoothing,
and that residual-based hybrids may require additional extensions (e.g., multi-step training or
exogenous variables) to fully exploit their potential.

Anahtar Kelimeler: Short-term Load Forecasting; Holt-Winters; XGBoost; Hybrid Forecasting
Model; Time Series Analysis; Electricity Demand

1 INTRODUCTION

Electricity load forecasting plays a crucial role in the balanced and reliable operation of
power systems. Energy utilities may experience difficulties in meeting electricity demand during
certain periods. Anticipating such adverse situations in advance and managing them strategically
makes load forecasting an essential tool. Through accurate forecasts, utilities can optimize their
operational and managerial decision-making processes [1]. Load forecasting can be conducted
over different time horizons, namely short-term, medium-term, and long-term forecasting. Short-
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term load forecasting typically covers periods ranging from one hour to one week, whereas
medium-term load forecasting spans from one week to one year. Long-term load forecasting, on
the other hand, is performed for time horizons exceeding one year [2].

Short-term load forecasting plays a critical role in the efficient operation of energy systems.
Such forecasts are typically performed at minute-level, hourly, or daily intervals. This study
focuses on one-hour-ahead forecasting, with the objective of accurately predicting the electricity
load for the subsequent hour. Hourly forecasts are particularly important for optimizing the daily
operations of generation and distribution systems, as short-term forecasts enable the effective
management of processes such as reserve planning, energy trading, and hydrothermal unit
commitment. Consequently, short-term forecasting horizons emerge as a key factor for ensuring
system reliability and economic operation in the energy sector [2].

Areview of the literature on electricity demand and consumption forecasting indicates that
classical statistical time series methods, machine learning techniques, and deep learning
approaches have been widely employed. In a study focusing on short-term load forecasting, day-
ahead hourly load predictions were performed. The study utilized hourly load data from the ISO
New England and PJM electricity markets covering the period from 2007 to 2011, and an Artificial
Neural Network (ANN) was applied for forecasting purposes. The trained ANN model was tested
using data from 2012. Model accuracy was evaluated using the Mean Absolute Percentage Error
(MAPE) metric, yielding MAPE values of 3.14% and 1.59% for the PJM and ISO New England
datasets, respectively [3].

In another study proposing a statistical SARIMAX-based framework for hourly electricity
load forecasting, weather variables, calendar variables, and the interactions among these factors
were explicitly considered. The study utilized hourly electricity consumption data from Japan
covering the period from 2012 to 2015, with the data from 2015 designated as the test dataset. A
conventional SARIMAX model including only main effects was compared with an extended
SARIMAX model incorporating interaction terms, and the inclusion of interaction effects was
shown to yield improvements exceedingly approximately 20% in the MAPE, MAE, and RMSE error
metrics [4].

In a study using hourly electricity consumption data from Australia, Portugal, and Spain for
the years 2010 and 2011, the Iterative Neural Network (INN) method was employed for
forecasting, and model performance was evaluated using the Mean Absolute Error (MAE) and
MAPE metrics. The data from 2010 were used for training (70%) and validation (30%), while the
data from 2011 served as the test set. Forecasts were also generated using the Weighted Nearest
Neighbor (WNN), Pattern Sequence-Based Forecasting (PSF), and Iterative Linear Regression
(ILR) methods, and the results were compared with those obtained from the INN model. A 24-hour
forecasting horizon was adopted, and it was reported that the INN-based forecasts achieved over
90% agreement across all three datasets, outperforming the other forecasting methods [5].

In an ultra-short-term electricity consumption forecasting study, 15-minute interval data
from the Paris region covering the period from December 2006 to November 2010 were utilized.
The study applied a hybrid Holt-Winters (HW) and Extreme Learning Machine (ELM) approach.
Initially, the dataset was decomposed into stationary linear and fluctuating nonlinear residual
components. The HW method was used to model the linear component, while the ELM method
was applied to the nonlinear component. Model accuracy and comparative performance were
evaluated using the Root Mean Square Error (RMSE), MAE, and R® metrics. For comparison
purposes, HW, ELM, and Long Short-Term Memory (LSTM) models were also implemented, and
the proposed hybrid approach was reported to yield superior forecasting performance [6].

In a study proposing a Dynamic Multi-Domain (DMD)-based forecasting framework for
short-term load forecasting (STLF) in the European energy market, multiple datasets covering the
period from 2019 to 2024 were utilized. Using real-world hourly load datasets, comparative
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analyses were conducted against tree-based ensemble methods and deep learning models. To
enhance model speed and energy efficiency, a SHAP-based forward feature selection (SFFS)
algorithm was employed. The results demonstrated that the DMD-XGBoost model achieved
improvements in MAPE ranging from 69% to 79% compared to other DMD-based models, while
also accelerating training time by a factor of 3.7 to 15 [7].

In [8], hybrid forecasting models based on the CatBoost and XGBoost algorithms, enhanced
through different optimization techniques, were evaluated using hourly electricity load and
temperature data. Model performance was compared on training and test datasets using
statistical error metrics. The results indicated that the CatBoost-Arithmetic Optimization
Algorithm (AOA) hybrid model performed better on the training dataset, whereas the XGBoost-
AOA hybrid model exhibited superior performance on the test dataset. Furthermore, importance
and sensitivity analyses revealed that temperature was the most influential variable in load
forecasting, while the month variable also had a statistically significant impact on forecasting
performance.

In a study proposing a hybrid machine learning model for electricity demand forecasting
based on Bayesian Clustering by Dynamics (BCD) and Support Vector Regression (SVR), hourly
electricity load and temperature data from New York City were used to train and test the model.
First, the load series were partitioned into subclusters using the BCD method, which accounts for
piecewise stationary dynamics. Subsequently, SVR models were developed for each cluster to
forecast the day-ahead 24-hour load profile. Model performance was evaluated using the MAE
and MAPE metrics, and the proposed hybrid approach was compared with the standalone SVR
model and the forecasts published by the New York ISO. The results demonstrated that,
particularly on abnormal days such as weekends and holidays, the hybrid model produced lower
error values than all comparison methods and achieved superior performance in hourly short-
term load forecasting [9].

In another study, a hybrid approach combining the Haar wavelet transform (WT), Holt-
Winters triple exponential smoothing (TES), and the Weighted Nearest Neighbor (WNN) method
was proposed for short-term hourly electricity load forecasting. The study employed hourly load
data fromthe California (2000) and Spain (2002) electricity markets to perform day-ahead 24-hour
load forecasting. Using the wavelet transform, the load series was decomposed into deterministic
and fluctuation components; the deterministic component was modeled using the Holt-Winters
method, while the rapidly varying fluctuation component was forecast using the WNN model.
Model performance was evaluated using MAPE, weekly MAPE, and error variance metrics, and the
proposed hybrid approach was compared with the standalone Holt-Winters model, the
standalone WNN model, and the WT+WNN model. The results demonstrated that the proposed
WT + Holt-Winters + WNN model achieved lower error values across both markets and all
seasons, thereby exhibiting superior forecasting performance compared to the benchmark
methods [10].

Although classical time series approaches, machine learning methods, and deep learning—
based models have been widely applied in electricity demand forecasting, studies that
simultaneously consider a classical statistical model, a powerful tree-based machine learning
model, and a residual-based hybrid approach under the same dataset and evaluation framework
remain relatively limited, particularly for high-frequency hourly data. Hourly load series typically
exhibit pronounced daily and weekly cycles, sudden peaks, and nonlinear variations; therefore,
methods relying solely on trend and seasonality may fail to adequately capture level changes and
peak demands during certain periods. In contrast, gradient-boosted tree models supported by
appropriate feature engineering are capable of representing short-term fluctuations more
effectively. Consequently, there is a clear need to compare different model families under
identical conditions using long-term hourly load data such as the AEP_hourly dataset[11], and to
assess the practical contribution of residual-based hybridization approaches.
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The primary objective of this study is to develop and comparatively evaluate, for one-hour-
ahead load forecasting using the AEP_hourly dataset, (i) a Holt-Winters model with additive trend
and additive seasonality components, (ii) an XGBoost regression model constructed using lagged
load values (1, 24, and 168 hours) and calendar-based variables, and (iii) an extended hybrid Holt-
Winters + XGBoost approach in which the residuals obtained from the Holt-Winters forecasts are
modeled using both residual and load lags. In this context, the dataset was divided into a training
period (2004-2016) and a test period (2017-2018). Model performance on the test period was
evaluated using the MAE, RMSE, and MAPE metrics, and the improvement achieved by the hybrid
approach over the classical model, as well as its relative position with respect to the pure
machine learning approach, was examined both quantitatively and visually.

The remainder of this paper is organized as follows. The second section introduces the
dataset used in the study and describes the applied preprocessing steps. The third section
presents the methodological framework of the Holt-Winters (HW), XGBoost, and residual-based
hybrid HW-XGBoost models. The fourth section describes the implementation of the models and
discusses the obtained findings. The fifth section provides a discussion of the results. Finally, the
last section summarizes the main conclusions and outlines recommendations for future
research.

2 DATASET AND PREPROCESSING

The data used in this study were obtained from the AEP_hourly subset of the Hourly Energy
Consumption dataset published on the Kaggle platform [11]. The AEP_hourly dataset contains
hourly electricity load/consumption values for a specific region and has a univariate time series
structure consisting of a timestamp (Datetime) and load values measured in megawatts (MW).
Due to its high-frequency (hourly) nature, the dataset provides a suitable test environment for
short-term load forecasting applications.

During the preprocessing stage, the timestamps were first converted into a datetime
format, and the observations were ordered chronologically. Subsequently, duplicate timestamps
were identified at certain time points. Since this issue poses challenges when constructing a
regular hourly frequency, cases with multiple observations for the same hour were handled by
averaging the corresponding load values and aggregating them into a single observation. As a
result, a unique load value was obtained for each hour.

Inthe subsequent step, the data were resampled to a regular hourly time index, and missing
hours along the series were examined. When missing time points were detected, the missing
values were filled using a time-based interpolation approach in order to preserve the continuity of
the series. As a result of these procedures, a regular hourly time series suitable for use in the
training and test stages was obtained.

Due to temporal dependence in the time series, random shuffling was not applied during
model evaluation; instead, a chronological split was adopted. Accordingly, the dataset was
divided into a training period covering 2004-2016 and a test period covering 2017-2018. This
partitioning was intended to realistically assess the models’ forward-looking forecasting
capability and to prevent time leakage. After the models were developed using the training period,
their one-hour-ahead forecasting performance was comparatively examined on the test period.

3 PREDICTION MODELS

In this study, a classical time series model (Holt-Winters), a tree-based machine learning
model (XGBoost), and a residual-based extended hybrid Holt-Winters + XGBoost approach were
compared under the same evaluation framework for hourly electricity load forecasting.
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3.1 Holt-Winters

The Holt-Winters method is one of the fundamental techniques of the exponential
smoothing (ETS) family, which models a time series through three components: level, trend, and
seasonality [12]. In this study, additive trend and additive seasonality assumptions were adopted.
To represent the daily cycle in hourly load data, the seasonal period was set to m = 24.

For the additive Holt-Winters model, the component update equations are givenin Egs. (1)-
(3)[12].

te=a: —St-m) + (1 —a)(fp—q + be_q) (1)
by =B —li—1) + (1 = B)bs—4 (2)
S =y — )+ (A= V)Stem (3)

Here, y; denotes the observed load value, ¥, represents the level component, b, denotes
the trend component, and s; represents the seasonal component. The parameters a, 8, y, with
values in the interval [0,1], are the smoothing parameters. The h -step-ahead forecast is given in
Eq. (4).

Vernje = le + hbe + Se_myn,, (4)
3.2 XGBoost Regression

XGBoost is a powerful ensemble method belonging to the family of gradient-boosted
decision trees (GBDT), designed to reduce overfitting through regularization terms and to achieve
scalability on large-scale datasets [13].

In XGBoost, the prediction can be expressed as the sum of K decision trees, as shown in
Eqg. (5). The objective function is minimized using the formulation given in Eq. (6), where L denotes
the loss function and {2 represents the regularization term that penalizes model complexity.

Pr = Yke1 fu(xe), fr€F (5)

min Y L(ye, ) + =1 Q (fi) (6)

In this study, XGBoost was formulated as a supervised learning problem for one-hour-ahead
load forecasting. The model inputs were constructed using lagged load values and calendar-
based variables. Specifically, lag terms y;_; and y;_,4 (the daily cycle) and y;_14g (the weekly
cycle) were included, along with calendar features such as hour of the day, day of the week, month
and a weekend indicator. The use of a 168-hour window to capture weekly patterns has also been
emphasized in the literature as an effective representation for load time series [14].

3.3 Extended Residual-Based Hybrid Holt-Winters + XGBoost Model

Hybrid forecasting approaches generally aim to reduce prediction error by combining
structural components that are well captured by one method (e.g., trend and seasonality) with
nonlinear patterns in which another method performs strongly. The extended hybrid structure
proposed in this study is based on a residual modeling framework. In this approach, a baseline
forecast is first generated using the Holt-Winters method, after which the residuals, representing
the components not explained by Holt-Winters, are learned using XGBoost to refine the final
forecast. The proposed hybrid framework consists of five steps.

Step 1 - Baseline forecasting with Holt-Winters: During the training period, the Holt-Winters
model is fitted and the baseline forecast !V is obtained.
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Step 2 - Residual computation: The residual series associated with the Holt-Winters model
is computed using Eq. (7).
Tt =Yt — }A’tHW (7)
Step 3 - Feature set expansion for residual modeling: The “extended” aspect of this study
lies in incorporating not only residual lags but also load lags and calendar-based variables into

the residual forecasting process. Accordingly, the input vector for the XGBoost residual model is
defined as in Eq. (8).

Zt = [Ve—1,Yt—24,Ve—168, Tt—-1, Tt—24» Tt—168 » hour, dayofweek, month, is_weekend] (8)

Step 4 - Residual forecasting with XGBoost: The XGBoost model learns the residual series
1 as the target variable and generates the predicted residuals f*@‘GB for the test period.

Step 5 - Final hybrid forecast: The final forecast is obtained by Eq. (9), which combines the
Holt-Winters forecast with the residual correction of XGBoost.
yHvE = 9V — 9P (9)
This structure preserves the “regular” components captured by the Holt-Winters model

through trend and seasonality, while simultaneously aiming to capture nonlinear short-term
fluctuations via the residual channel using XGBoost.

4 IMPLEMENTATION AND FINDINGS

In this section, the Holt-Winters (HW), XGBoost, and residual-based hybrid HW-XGBoost
approaches were implemented, and their one-hour-ahead forecasting performances were
compared. Due to the dependence among observations in time series data, the dataset was
divided chronologically, with the period from 2004 to 2016 used for training and the period from
2017 to 2018 used for testing. This design allowed the models’ forward-looking forecasting
capability to be evaluated under a realistic scenario. All three models were implemented using
the Python programming language in the Google Colab environment, where all analyses and
evaluations were also conducted.

Table 1. Performance metrics of Holt-Winters, XGBoost ve hybrid HW + XGBoost models

Model MAE (MW) RMSE (MW) MAPE (%)
Holt-Winters 1741.0616 2351.9936 11.04 %
XGBoost 159.7382 210.1693 1.08 %
Hybrid HW + XGBoost 1216.1578 1836.4475 7.54 %
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Figure 1. Comparison of real load and model predictions (HW, XGBoost, Hibrit).

During the implementation stage, the Holt-Winters model was fitted to the training data,
with the seasonal period set to 24 in order to capture the daily cycle. The XGBoost model was
formulated as a supervised learning problem and trained using lagged load values (1, 24, and 168
hours) together with calendar-based variables, including hour of the day, day of the week, month,
and a weekend indicator. In the hybrid model, Holt-Winters forecasts were first obtained, after
which the residual series was constructed and modeled using XGBoost. The final forecast was
then calculated as the sum of the Holt-Winters forecast and the residual correction.

Model accuracy was evaluated on the test period using the MAE, RMSE, and MAPE metrics
(Table 1). The results indicate that the Holt-Winters model was generally able to capture daily
patterns; however, its errors increased particularly during peak demand periods, as it tended to
underestimate load levels and peak values. The XGBoost model, supported by lagged
observations and calendar-based variables, represented short-term fluctuations as well as daily
and weekly patterns more effectively, yielding the lowest error values among the compared
models. The hybrid approach partially corrected the systematic errors of the Holt-Winters model
and achieved a notable improvement relative to Holt-Winters; however, it remained inferior to the
pure XGBoost model for one-hour-ahead forecasting. Visual comparisons (Figure 1) further show
that XGBoost follows the actual load values more closely, while the hybrid model produces results
closer to Holt-Winters but is unable to fully compensate for sudden level changes during certain
periods.

5 DISCUSSION

The findings of this study indicate that, even in hourly electricity load series with strong daily
and weekly cycles, nonlinear short-term fluctuations and level shifts can pose significant
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challenges for classical exponential smoothing-based methods. Although the Holt-Winters
model generally captures daily seasonality, it produces systematic deviations, particularly during
sudden level changes and high peak demand periods. In contrast, the XGBoost model,
constructed using lagged load values (1-24-168) and calendar-based variables, more effectively
represents both periodic structures and short-term irregularities, thereby achieving the highest
forecasting accuracy.

The residual-based hybrid approach achieved a notable improvement over the classical
Holt-Winters model by learning the remaining errors after Holt-Winters; however, it was unable
to match the performance of the pure XGBoost model at a very short forecasting horizon such as
one hour ahead. One possible explanation is that the residuals extracted by the Holt-Winters
model are relatively small and noisy, limiting the amount of additional information available for
residual learning. Another explanation is that when XGBoost directly targets the load series, it can
already learn a substantial portion of the underlying structure through lagged values and
calendar-based features. Consequently, the “additional information” provided by hybridization
may be limited at this forecasting horizon.

6 CONCLUSIONS AND RECOMMENDATIONS

In this study, Holt-Winters, XGBoost, and a residual-based extended hybrid Holt-Winters +
XGBoost approach were compared for one-hour-ahead short-term load forecasting using the
AEP_hourly dataset. The findings indicate that the Holt-Winters model is able to capture daily
seasonality in general, but its errors increase particularly during periods of level shifts and peak
demand. In contrast, the XGBoost model, leveraging lagged load values (1, 24, and 168 hours)
together with calendar-based variables, more effectively represents short-term fluctuations and
achieves the lowest error values. Although the residual-based hybrid approach provides a
meaningful improvement over Holt-Winters, it remains inferior to the pure XGBoost model for
one-hour-ahead forecasting.

For future research, itis recommended to evaluate multi-step forecasting strategies (direct
and recursive) for 24-hour and longer horizons, to incorporate exogenous variables such as
temperature, humidity, and public holidays into the models, to test generalizability across
different PJM regions or alternative datasets, and to conduct further comparisons with deep
learning—based methods such as LSTM and TCN.
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OZET

Geleneksel yaklagimlarda veri setinin her epoch basinda rastgele karistinlmasi yayginken; bu
calismada, veri siralamalarinin derin 6grenme modellerinin performansinda ne gibi etkilere sahip
oldugu incelenmistir. Bu kapsamda, CIFAR-10 veri seti Uzerinde SimpleCNN, ResNet20 ve VGG11
mimarileri kullanilarak dokuz farkli veri siralama stratejisi deneysel olarak degerlendirilmigtir. Siralama
stratejileri; orijinal siralama, sinif bazli blok siralama, karisik siralama, 1°li karisim, 10’lu karigim, 50°li
karisim, 100°l0 karisim ve goruntu karmasikligina dayali gore kolaydan zora(K2Z) ve zordan kolaya(Z2K)
yaklagsimlaridir. Goruntu karmasiklgini nicel olarak dlgmek amaciyla entropi, kenar yogunlugu, renk
cesitliligi, HOG ve LBP tabanli 6zellikleri birlestiren gok bilesenli bir zorluk metrigi kullanilmistir.
Deneysel sonuglar, Batch igindeki sinif gesitliligini en yuksek oranda saglayan 1°li karisim stratejisinin
en ylUksek ortalama test dogrulugunu elde ettigini gostermektedir. Buna karsilik, sinif bazli blok
siralamanin catastrophic forgetting benzeri bir davranisla uyumlu sekilde tim mimarilerde ciddi
performans ¢okusline yol actigl gozlemlenmistir. Curriculum learning (K2Z ve Z2K) yaklasimlarinin ise
rastgele ve homojen karisim stratejilerine kiyasla beklenen performans artigini saglayamadigi tespit
edilmistir. Elde edilen bulgular, veri siralamasinin derin 6grenme egitiminde 6nemli bir hiperparametre
oldugunu ve batch i¢i gesitliligin genelleme performansi agisindan belirleyici rol oynadigini ortaya
koymaktadir.

Anahtar Kelimeler: Derin 6grenme, model performansi, veri siralamasi, CIFAR-10

1 GIRIS

Birgok alanda derin 6grenme modelleri gun gegtikge daha ¢ok kullanilmaktadir. Derin
0grenme modellerinin egitim maliyetleri (donanim giderleri, egitim suresi vb.) ve performansi
(dogruluk orani) kullanim orani Uzerinde olumsuz etki edebilmekte ya da istenen verimin
azalmasina sebep olabilmektedir. Derin 6grenme modellerinin egitim maliyetlerinin azaltilmasi
ve performansinin artirilmasi alanlarindaki calismalar degerlidir. Bu alanda yapilabilecek her bir
olumlu degisim, sadece tekil bir fayda saglamayacak, ilgili modeli, yapiyi veya stratejiyi kullanan
her bir islem kadar fayda saglamis olacaktir. Model egitiminde veri seti siralamasi da 6nemlidir.
Geleneksel yaklasim, her epoch basinda veri kimesinin rastgele karigtirilmasi Uzerinedir. Bu
yontem, ardigik ornekler arasindaki korelasyonu azaltarak stochastic gradient descent(SGD)’nin
istatistiksel ve vyakinsama davranisini iyilestirebilir [1]. Verilerin zorluk duzeyine gore
siralanmasinin 6grenmeyi kolaylastirabilecegi Bengio ve arkadaslarinin Curriculum learning
calismasinda gosterilmistir [2].
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Bu calismada, model egitiminde kullanilan verilerin modele girdi siralamasinin, egitim
maliyeti ve model performansi tzerindeki etkisi deneysel olarak incelenmistir.

2 iLGILi CALISMALAR

2.1 Curriculum Learning

Curriculum learning ilk defa Bengio ve ark. [1] tarafindan ortaya atilmis ve “kolaydan zora
dogru duzenlenmis verilerin model egitimini kolaylastirdigi” gosterilmistir. Sonraki calismalar
Curriculum learning’nin 0Ozellikle disuk kapasiteli modellerde avantaj sagladigini [3], ayni
zamanda yanlis kurgulandiginda 6grenmeyi yavaslattigini [4] gostermistir.

2.2 Veri Sirasinin Optimizasyona Etkisi

Gurbuzbalaban ve ark. [1], karisik veri siralamasinin geleneksel SGD'ye kiyasla
matematiksel olarak neden daha hizli yakinsadigini ve daha iyi genelleme sagladigini agiklamistir.

3 YONTEM

Bu calismada, veri siralamasinin etkisini izole edebilmek amaciyla, optimizer tird, 6grenme
orani, batch boyutu ve epoch sayisi dahil olmak Uzere tum egitim hiperparametreleri sabit
tutulmus ve yalnizca veri siralamasi degistirilmistir. Tum karsilastirmalar, ayni optimizer ve ayni
hiperparametreler altinda, yalnizca veri siralamasinin degistirilmesi yoluyla gerceklestirilmistir.

3.1 VeriSetive Onisleme

Bu calismada, CIFAR-10 [5] veri seti kullanilmistir. Veri seti, 32x32 piksel RGB
goruntulerden olugsmaktadir. Veri seti, 10 siniftan olusmakta olup her bir siniftan 5000 egitim ve
1000 test gorintist bulunmaktadir. Goértuntuler [-1, 1] araligina normalize edilmistir ve herhangi
bir veri artirma uygulanmamisgtir.

3.2 Model Mimarileri

Tum modeller Adam optimizer ile 0,001 learning rate'de, batch size 32 olacak sekilde 5
epoch boyunca egitilmistir.

3.3 SimpleCNN Mimarisi

Bu model, yaklasik 2,1 milyon parametreye sahip, iki konvoliisyon katmani, iki tam bagl
katman ve dropout i¢geren basit bir CNN mimarisidir.

3.4 ResNet20 Mimarisi

Bu model, CIFAR-10 veri seti i¢cin optimize edilmis, yaklasik 272 bin parametreye sahip, 20
katmanl bir mimaridir.

3.5 VGG11 Mimarisi

Bu model de, CIFAR-10 veri seti i¢in optimize edilmis, yaklasik 9,75 milyon parametreye
sahip, 11 katmanli bir mimaridir.

3.6 Veri Siralama Stratejileri
Dokuz farkli siralama stratejisi kullanilmistir:
e Orijinal Sira: CIFAR-10 veri setinin orijinal siralamasi

e Blok Sinif Siralama: Orijinal siradaki goruntulerin sinif igi siralamalari degistirilmeden, her
sinifin 5000 6rneginin ardisik bloklar halinde siralanmasi (0-9)

e Karisik Siralama: Orijinal siralamanin seed 825 ile karistirilmis hali
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¢ 1'li Karisim: Blok sinif siralamasinda, her siniftan sirasiyla birer érnek alinarak, ardisik
olarak yapilmis siralama.

¢ 10'lu Karisim: Blok sinif siralamasinda, her siniftan sirasiyla onar 6rnek alinarak, ardisik
olarak yapilmis siralama.

e 50'li Karisim: Blok sinif siralamasinda, her siniftan sirasiyla elliser ornek alinarak, ardisik
olarak yapilmis siralama.

e 100'li Kanisim: Blok sinif siralamasinda, her siniftan sirasiyla ylzer érnek alinarak, ardigik
olarak yapilmis siralama.

e K2Z 1'li: 1’li Karisim sonucunda olusan siralamanin, her siniftaki gortuntulerin kendi iginde
kolaydan zora siralanmis halinin, 1’li karisim bigimi.

e Z2K 1'li: 1’li Karisim sonucunda olusan siralamanin, her siniftaki goruntulerin kendi iginde
zordan kolaya siralanmis halinin, 1°li karigim bigimi.

Bu ¢calismada, bir gérintinun zorluk seviyesini nicel olarak 6lgmek amaciyla, piksel tabanli
metrikler ile doku tanimlayicilarini birlestiren gok bilesenli zorluk 6lgiti gelistirilmistir. Onerilen
yontem, u¢ temel bilesenin kademeli olarak birlestirilmesine dayanmaktadir.

ilk asamada; (1) numarali denklemde gosterildigi gibi, dort adet piksel tabanli metrik
hesaplanmaktadir. Gri-seviye gorintunin bilgi icerigini temsil eden Shannon entropisi (SE), kenar
karmasikligini yansitan Sobel filtresi ¢iktisinin varyansi (SF), doku puruazliligind 6lgen Laplacian
filtresi ciktisinin varyansi (LF) ve renk cesitliligini gosteren kanallar arasi piksel varyansinin
ortalamasi (PV) elde edilmektedir. Bu metrikler, ampirik olarak belirlenmis referans degerler
(sirasiyla 8,0, 0,1, 0,05 ve 0,1) ile normalize edilmekte ve 6nceden tanimlanan agirliklarla
birlestirilerek piksel tabanli bir skor (pixel_score) tretilmektedir.

) SE SF LF PV 1)
pixel_score = 0.35 (8.0) +0.25 (O.l) +0.20 (O.l) +0.20 (0.05)
ikinci bilesen, goérintiiniin yapisal karmasikliginin degerlendirilmesine yéneliktir. Bu
amagla, yonelim ve kenar duzenlerini temsil eden Histogram of Oriented Gradients (HOG)
Oznitelik vektorl gikarilmakta ve bu vektortin varyansi (hog_score), yapisal 6rinti gesitliliginin bir
gostergesi olarak kullanilmaktadir. Elde edilen deger, 0,05’e boliinerek normalize edilmektedir.

Uclincii bilesen ise yerel doku degiskenliginin 6lglilmesine dayanmaktadir. Uniform Local
Binary Patterns (LBP) operatoru ile Uretilen doku haritasinin varyansi (lbp_score), gortuinttideki
yerel doku heterojenligini nicel olarak ifade etmektedir ve bu deger 0,5 referansina bolunerek
normalize edilmektedir.

Son asamada; (2) numarali denklemde gosterildigi gibi, gorintinin nihai karmasiklik
(zorluk) skoru, uc ana bilesenin agirlikli dogrusal birlesimi yoluyla elde edilmektedir.

Karmasiklik Skoru = 0.4pixel_score + 0.3hog_score + 0.3lbp_score (2)

Bu c¢ok bilesenli yaklagim, entropi, kenar yogunlugu, renk cesitliligi, yapisal oruntiler ve
yerel doku ozelliklerini tek bir sayisal degerde birlestirerek kapsamli, agiklanabilir ve yeniden
uretilebilir bir gorsel karmasiklik 6l¢imu sunmaktadir. Bu metrik en uygun oldugunu iddia etmez;
karsilastirmali analiz amaciyla kullanitmigtir.
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3.7 Egitim Protokolii

Tekrarlanabilirlik igcin tum deneylerde random seed 42 kullanilmistir. TUm model ve siralama
kombinasyonlariicin hiperparametreler sabittir.

e Optimizer: Adam

e Learning Rate: 0,001

e Batch Boyutu: 32

e Epoch Sayisi: 5

e Kayip Fonksiyonu: Capraz Entropi (Cross-Entropy)

e Donanim: NVIDIA T4 GPU

e Weight Decay: 0 (SimpleCNN, ResNet20), 0,0001 (VGG11)

Egitim suresi, hesaplama maliyetlerini sinirlamak amaciyla 5 epoch ile sinirlandiritmistir.
Bu nedenle elde edilen sonugclar, uzun vadeli yakinsama davranigindan ziyade, belirlenen deney
kosullar altindaki performans karsilastirmasini yansitmaktadir.

4 DENEYSEL BULGULAR VE ANALIZ

Tablo 1.Modellere gore Siralama Stratejilerinin Test Dogruluklari(%).

Siralama SimpleCNN ResNet20 VGG11 Ortalama
Stratejisi

Orijinal Sira 71,06 74,23 74,10 73,13
Blok Sinif 10,00 10,11 10,00 10,04
Siralama

Karigik 72,63 74,89 73,81 73,78
Siralama

1'li Karigim 73,25 73,64 74,54 73,81
10'lu Karisim 72,35 55,55 64,98 64,29
50'li Karigsim 63,81 28,95 15,79 36,18
100'lt Karisim 58,72 12,72 13,85 28,43
K2Z 1'li Karigim 56,72 54,11 53,93 54,92
Z2K 1'li Karisim 50,00 43,63 47,55 47,06
Ortalama 58,72 47,53 47,61

4.1 Genel Performans Analizi

Tablo 1’de sunulan sonuglar, maksimum batch i¢i sinif gesitliligi saglayan 1’li Karisim
stratejisinin, SimpleCNN, ResNet20 ve VGG11 mimarilerinin tamaminda yuksek ve tutarli test
dogruluklar urettigini gostermektedir. Bu strateji, hem orijinal hem de rastgele karistirilmis
siralamaya kiyasla daha kararli bir performans sergileyerek %73,81 ortalama dogruluga
ulagmistir.

4.2 Homojen Dagilimin Ustiinliigi

1'li karisim en yuksek ortalama performansi saglamistir. Her batch'te tum siniflardan
ornekler bulunmasi, gradient guncellemelerinin daha dengeli olmasini saglamistir [1].
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4.3 Blok Sinif Siralamasinin Basarisizligi

Blok sinif siralamasi, tim modellerde yaklasik %10 test dogrulugu ile ciddi bir basarisizlik
gostermistir. Budurum, derin 6grenme literatlrinde catastrophic forgetting [6] olarak tanimlanan
mekanizmalarla benzer bir davranis sergilemektedir. Model, bir sinifi tamamen goérdukten sonra
diger sinifa gectiginde, dnceki sinifa ait bilgileri hizla unutmaktadir.

4.4 Ardisik Sinif Elemani Sayisinin Etkisi

Ardisik olarak sunulan ayni sinifa ait 6rnek sayisi arttikga (1>10>50->100), veri
siralamasi giderek mini-blok sinif yapisina yaklasmakta ve buna paralel olarak tim
modellerde test dogrulugunda belirgin bir dlisus goézlemlenmektedir.

e SimpleCNN: %73,25 > %72,35 > %63,81 > %58,72.
e ResNet20: %73,64 > %55,55 > %28,95 > %12,72.
o VGG11: %74,54 > %64,98 > %15,79 > %13,85.

4.5 Zorluk Bazli Siralamanin Analizi

K2Z ve Z2K stratejileri, siniflar arasi homojen dagilima sahip olmalarina ragmen, 1’li karisim
stratejisinin gerisinde kalmistir. SimpleCNN modelinde 100’ll karigim stratejisinin dahi gerisinde
kalmistir (100°Wa Karisim: %58,72, K2Z 1°li Kanisim: %56,72, Z2K 1°li Karisim: %50,00).

o K2Z: %56,72 (SimpleCNN), %54,11 (ResNet20), %53,93 (VGG11).
e Z2K: %50,00 (SimpleCNN), %43,63 (ResNet20), %47,55 (VGG11).

Genel olarak, "Kolaydan Zora" (K2Z) yaklasimi, "Zordan Kolaya" (Z2K) yaklasimina gére daha
kararli ve yuksek bir dogruluk orani sergilemistir.

4.6 Model Duyarliigi

e SimpleCNN: incelenen siralama stratejileri altinda goreli olarak daha kararli sonuglar
Uretmistir.
e ResNet20: Orijinal siralama (%74,23) ve karisik siralamada (%74,89) en yiiksek dogruluk

oranina sahipken, karisim seviyesinin artmasindan olumsuz etkilenmistir.

e VGG11: Siralama stratejilerinden ResNet20’e benzer sekilde etkilenmistir.

5 TARTISMA
5.1 Batch Cesitliliginin Onemi

Calisma sonuglari, en iyi performansin “Karisik Siralama” ve "1li Karisim" senaryolarinda
alinmasi, mini-batch igerisindeki sinif gesitliliginin, stabil bir gradyan inisi igin 6nemli oldugunu
dogrulamaktadir. Blok sinif siralama ve ytksek bloklu (50°li Karigim/100’lu Karisim) siralamalarda,
model her batch'te sadece tek bir sinifin dzelliklerini gérebilmekte ve optimizasyon vektori surekli
o sinifin yonune sapmaktadir. Bu durum, édnceki siniflarin tamamen unutulmasina yol agmaktadir.

5.2 Karmasiklik Siralamasinin Verimsizligi

Curriculum learning literatirinde bildirilen sonuglarin aksine, bu ¢alismada kullanilan
zorluk metrigi ve deney kosullari altinda K2Z ve Z2K yontemlerinin tam rastgele yontemden daha
kotl sonug vermesi ilgingtir.

Bu calismada kullanilan zorluk metrigi ve kisa egitim suresi altinda curriculum learning [2]
beklenen iyilesmeyi saglayamamigstir. Gelistirilen zorluk metrigi siralama icgin verimli olmamis
olabilir.
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6 SINIRLILIKLAR VE GELECEK CALISMALAR

6.1 Calismanin Sinirliliklari
e Bulgular sadece CIFAR-10 ile sinirlidir.
e 5 epoch'luk kisa egitim, baslangic dinamigini yakalamak igin uygundur ancak uzun vadeli
yakinsama ve genelleme acig81 Uzerindeki etkiyi tam olarak yansitamayabilir.
e Model ¢esitliligi sinirlidir (SimpleCNN, ResNet20 ve VGG11).
e Zorluk metrigi 6nceden hesaplanmistir, dinamik degildir.
e Optimizer turu bu calismada sabit tutulmustur.
6.2 Gelecek Calisalar
Asagidaki calismalarla daha aydinlatici sonuglar elde edilebilir.
e Buyuk olgekli veri setlerinin kullanilmasi.
e Karmasiklik siralamasi dahil, farkli veri siralama stratejilerinin kullanilmasi.
e Model sayisi ve gesitliligi artirilmasi.
e Egitim suresinin artirilmasi.
7 SONUC

Bu calisma, veri siralama stratejilerinin derin 6grenme modellerinin performansi Uzerindeki

etkisini gostermeye calismistir. Yapilan deneyler, maksimum batch i¢i sinif cesitliliginin (1'li
Karisim) daha yuksek test dogrulugu sagladigini, sinif bazli blok siralamanin ise unutma benzeri
etkilerle iligkili ciddi bir performans ¢okusu sergiledigi gozlemlenmistir. Curriculum learning
literatlrunun aksine, zorluk bazli siralama stratejileri beklenen performans iyilestirmesini
saglayamamistir. Elde edilen sonuclar, derin 68renme modellerinin egitimi sirasinda veri
siralamasinin dikkate alinmasi gereken énemli bir parametre oldugunu ortaya koymaktadir. Bu
sonuglar, belirtilen egitim suresi ve deney kosullari altinda gecerlidir.
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ABSTRACT

This study investigates the feasibility of estimating body fat percentage (BFP) using only facial
images through deep learning techniques and mathematical modeling. A multi-stage prediction model
was developed, which first extracts gender, age, and body mass index (BMI) from facial images using
pre-trained deep learning models, and subsequently applies a gender- and age-adjusted BFP
estimation formula. The results indicate that the facial image quality, expression, and lighting
significantly affect the performance of deep learning models, thereby influencing the overall prediction
accuracy. Despite the limitations in dataset balance and model generalizability, this study
demonstrated that facial features can provide meaningful indicators of body composition. These
findings suggest that facial image analysis combined with Artificial Intelligence (Al) and mathematical
models can serve as a noninvasive and accessible tool for preliminary health assessments.

Keywords: Body Fat Percentage, Deep Learning, Facial Image Analysis, Artificial
Intelligence, Obesity, BMI Estimation.

1 INTRODUCTION

Obesity has become a global health crisis that significantly affects millions of people
worldwide and contributes to a wide range of chronic diseases such as cardiovascular disorders,
diabetes, and hypertension. According to recent statistics, one in eight people globally lives with
obesity, and it is projected that by 2035, half of the world’s population will face obesity or
overweight-related health issues [1], [2], [3]. In adult males, 15-18% of body fat is considered
normal, whereas in females, the healthy range is 20-25%. Obesity occurs when these values
exceed 25% in men and 30% in women. As illustrated in Figure 1, obesity rates have been rising
rapidly, with adult obesity more than doubling, and adolescent obesity nearly quadrupling since
1990.

Accurate assessment of obesity is critical for effective health management, and Body Fat
Percentage (BFP) is a more reliable indicator of body composition than traditional metrics such
as Body Mass Index (BMI). While BMI is widely used due to its simplicity, it fails to distinguish
between fat mass and lean body mass, often leading to misleading interpretations, particularly
for individuals with high muscle mass [4]. Therefore, developing accessible, noninvasive, and
cost-effective methods for estimating BFP is essential for both individual health monitoring and
large-scale public health interventions.
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Obesity has significant negative impacts on both the quality and duration of life, while also
increasing the risk of various serious health complications. Extensive research has demonstrated
a strong causal relationship between obesity and chronic diseases such as cardiovascular
disorders [5], type 2 diabetes [6], and hypertension [7]. These findings underscore the critical role
of obesity in improving overall public health outcomes.

Severalrecent studies have explored the use of artificial intelligence, machine learning, and
image analysis techniques to estimate body fat percentage (BFP) in a more accessible and
noninvasive manner.
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Figure 1. Global obesity trends by country (1970-2030) [8]

These studies demonstrate the growing interest in leveraging computational models to
provide cost-effective and user-friendly alternatives to the traditional BFP measurement
methods.

A survey by Ucar et al. [9] utilized electrocardiography (ECG) signals as input features for
gender-based BFP prediction models. The researchers applied various filters to extract the QRS
components within different frequency ranges, generating a total of nine ECG signals per subject.
A set of 25 time-domain features, including age, weight, height, and BMI, was extracted and
combined with additional demographic and anthropometric data. Spearman’s feature selection
method was applied to enhance the performance of the model. The resulting models
demonstrated high correlation coefficients of 0.94 for males, 0.93 for females, and 0.91 overall,
indicating the potential of ECG-based BFP estimation when combined with gender-specific
modeling approaches.

In another study by Ugar et al. [10], a hybrid machine learning approach was proposed for
estimating BFP using anthropometric measurements. The system was trained on a real-world
dataset and evaluated using a correlation analysis. The results showed that the BFP could be
predicted with a correlation coefficient of 0.788 using only a single anthropometric measurement.
This finding suggests that simplified models can yield meaningful results, making this method
suitable for practical applications without the need for complex measurement devices.

Kupusinac et al. focused on predicting BFP using artificial neural networks (ANNSs), with
inputs including gender, age, and BMI [11]. The dataset consisted of 2,755 individuals, with ages
ranging from 18 to 88 years and BMI values between 16.60 and 64.60 kg/m>. The BFP values were
obtained using bioelectrical impedance measurements. The ANN-based model achieved a
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prediction accuracy of 80.43%, demonstrating the effectiveness of neural networks in capturing
the complex relationships between basic demographic and physical parameters and body fat
levels.

Finally, in a study by Alves et al., a sex-based deep learning and computer vision approach
was introduced to estimate BFP from 2D images captured using smartphones [12]. The method
leverages anatomical knowledge to identify key body landmarks and estimate body segment
dimensions, such as arm, waist, thigh, and hip circumferences. These measurements were then
used to infer the body fat percentage, offering a low-cost and scalable solution for body
composition analysis.

These studies collectively highlight the potential of Al and image-based modeling in
estimating body fat percentage, with most approaches relying on body measurements or
specialized sensors. A more recent trend involves leveraging facial images for health-related
predictions, including age, sex, BMI, and even cardiovascular risk factors, suggesting that facial
features contain subtle but meaningful information about an individual’s overall health and body
composition. However, to the best of our knowledge, there are currently no studies that directly
estimate the BFP solely from facial images using deep learning models. This represents a
significant research gap, particularly in the context of developing user-friendly and mobile-
accessible tools for preliminary health assessments.

In this study, we aimed to address this gap by proposing a novel deep learning-based
framework, Selfie2BFP, which estimates body fat percentage using only a single facial image. Our
approach combines pre-trained deep learning models for gender, age, and BMI prediction with a
validated BFP estimation formula. Unlike previous studies that relied on specialized hardware or
extensive body measurements, our method offers a non-invasive, accessible, and efficient way to
assess body fat percentage.

2 METHODOLOGY

This study proposes Selfie2BFP, a deep-learning-based framework for estimating body fat
percentage (BFP) from a single facial image. The methodology consists of a sequential pipeline
that first extracts demographic and anthropometric features (gender, age, and BMI) from the input
image using pre-trained deep learning models and then applies a validated BFP estimation
formula. The overall architecture is illustrated in Figure 2.

2.1 Overview of the Proposed Framework
The proposed framework operates in a cascaded manner as follows:
1. Input: Single facial image (e.g., a selfie).

2. Feature Extraction: The image is processed using three separate deep learning models
to predict an individual’s gender, age, and BMI.

3. BFP Estimation: The predicted values are used as inputs to the formula of Deurenberg
et al. [13] to compute the estimated BFP.

4. Output: The estimated BFP is presented to the user, along with categorical
interpretation (e.g., "Normal", "High") based on age- and gender-specific thresholds
[14].

This approach eliminates the need for specialized equipment or manual measurements
and offers a scalable and mobile-accessible solution for preliminary body composition
assessment.
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Figure 2. Proposed Selfie2BFP model

2.2 Deep Learning Models for Facial Feature Prediction

Three state-of-the-art deep learning models were selected and integrated into the pipeline
because of their high performance on large-scale datasets and availability as pre-trained models.

Gender Prediction: The SmallerVGGNet architecture implemented in Keras was used
for binary gender classification. The model was trained on 2,200 facial images (80%
training and 20% validation) and achieved 96% and 90% training and validation
accuracies, respectively. The input size was 96x96x3, and the final layer used a sigmoid
activation function for binary output [15].

Age Prediction: An SE-ResNeXt50-32x4d model pre-trained on the APPA-REAL dataset
(7,591 images) was employed. This architecture combines the ResNeXt structure with
Squeeze-and-Excitation (SE) blocks to enhance feature representation. The model
outputs a 101-class distribution (ages 0-100) and achieves a Mean Absolute Error
(MAE) of 4.800 on the validation set [16].

BMI Prediction: A Vision Transformer (ViT-H_14) model, pre-trained on ImageNet1K and
fine-tuned on a private dataset of 4,207 facial images, was used. The model processed
the image in 14x14 patches and used a 32-layer transformer encoder. A custom
BMIHead module (five fully connected layers with GELU activation and dropout) is
added to the final feature vector to regress the BMI value. The base ViT weights were
frozen during training to preserve the learned visual representations [17].
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2.3 Gender Prediction using SmallerVGGNet

For gender classification from facialimages, this study employs a lightweight Convolutional
Neural Network (CNN) architecture known as SmallerVGGNet, implemented using the Keras
deep-learning framework. The model is specifically designed for binary classification tasks and is
optimized for real-time performance and deployment in resource-constrained systems. It
consists of 11 convolutional layers, three max-pooling layers, two fully connected (dense) layers,
a flattened layer, and additional regularization components including Batch Normalization and
Dropout layers.

The input layer accepts facial images resized to 96x96 pixels with three-color channels
(RGB). The initial convolutional layer applies 32 filters, followed by layers with 64 and 128 filters in
subsequent blocks. Each convolutional operation is followed by a ReLU activation function and
Batch Normalization, which stabilize the learning process and accelerate convergence by
reducing the internal covariate shift. MaxPooling2D layers are strategically placed to downsample
feature maps, reducing the spatial dimensions and computational load without significant loss of
critical information.

After the convolutional base, the feature maps were flattened into a one-dimensionalvector
and passed through a dense layer with 1,024 neurons. This was followed by a final 2-neuron Dense
layer with a Sigmoid activation function, enabling binary classification (male/female). To prevent
overfitting during training, dropout layers with an appropriate dropout rate were incorporated at
key stages of the network, randomly setting a fraction of the input units to zero during training.

The model was trained on a dataset of 2,200 facial images, with 80% training and 20%
validation splits. It achieved a training accuracy of 96% and a validation accuracy of 90%,
demonstrating a strong generalization capability for gender prediction. Due to its compact
architecture and high efficiency, SmallerVGGNet is well-suited for integration into real-time
applications and web-based systems. The model was used in its pre-trained form within the
Selfie2BFP pipeline to provide reliable gender estimates as inputs for subsequent body fat
percentage calculations.

2.4 Age Prediction with SE-ResNeXt50-32x4d

For age estimation from facial images, this study employed the SE-ResNeXt50-32x4d
architecture, a deep convolutional neural network that combines the strengths of ResNeXt and
Squeeze-and-Excitation (SE) blocks. This model is based on the ResNeXt framework, which
utilizes a “split-transform-merge” strategy through grouped convolutions to increase cardinality,
thereby enabling the network to learn more diverse and discriminative features via multiple
parallel pathways. The “50” in the name refers to the total number of layers, while “32x4d”
indicates 32 groups, each processing 4-dimensional filter channels.

A key enhancement in this architecture is the integration of Squeeze-and-Excitation (SE)
blocks, which adaptively recalibrate channel-wise feature responses by explicitly modeling inter-
channel dependencies. These blocks use global average pooling to generate channel-wise
statistics, followed by a bottleneck mechanism that learns the channel-specific importance
weights. This allows the model to emphasize informative facial features related to aging, such as
wrinkles, skin texture, and facial sagging, while suppressing less-relevant regions.

The model was pre-trained on the ImageNet dataset and further fine-tuned on the APPA-
REAL dataset, which contained 7,591 facial images annotated with both chronological and
perceived age labels, covering a broad age spectrum. This dataset enables robust training for real-
world age distributions. The final classification layer was restructured to produce a 101-class
output, corresponding to ages ranging from 0 to 100. Additionally, an adaptive average pooling
layer was incorporated to ensure compatibility with the variable input dimensions, thereby
enhancing model flexibility.
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Model performance was evaluated using the Mean Absolute Error (MAE) metric, which
measures the average deviation between predicted and actual ages. SE-ResNeXt50-32x4d
achieved an MAE of 4.800 on the training dataset and 4.51 on the evaluation dataset used in this
study, demonstrating its effectiveness in capturing age-related facial patterns. The model was
implemented in PyTorch and integrated into a pipeline to provide reliable age estimates as inputs
for subsequent BFP calculations.

2.5 BMI Prediction Using Vision Transformer (ViT-H_14)

Body Mass Index (BMI) prediction was performed using a Vision Transformer (ViT-H_14)
architecture, representing a modern attention-based alternative to convolutional networks.
Unlike CNNs, which process images through local receptive fields, ViT treats an image as a
sequence of patches and applies self-attention mechanisms to model the global dependencies
across the entire face.

The model is based on the ViT-H_14 variant, pre-trained on ImageNet1K_SWAG_E2E_V1
weights, ensuring strong generalization capabilities. The input facial images were divided into
14x14 patches, each linearly embedded into a fixed-dimensional vector. These patch
embeddings, along with a learnable class token, are fed into a deep transformer encoder
consisting of approximately 32 layers, each containing multihead self-attention and feed-forward
neural network modules. This structure enabled the model to capture both fine-grained local
features (e.g., facial fullness and jawline definition) and holistic facial proportions associated with
BMI.

To adapt ViT for regression-based BMI prediction, a custom BMIHead module was attached
to the output of the class token. This module consists of five fully connected layers: the first
reduces the 1280-dimensional feature vector to 640 dimensions, followed by progressive
downsampling to 320, 160, 80, and finally to one dimension (the predicted BMI value). Each layer
(except the last) applies the GELU activation function and includes a 50% dropout rate to prevent
overfitting and enhance the generalization.

Crucially, the weights of the base ViT model were frozen during training, ensuring that the
rich visual representations learned from large-scale datasets were preserved. Only the BMIHead
module was trained on a private dataset of 4,207 facial images with the corresponding BMl labels.
This transfer learning strategy allows efficient and effective fine-tuning with limited domain-
specific data.

The model achieved a Mean Absolute Error (MAE) of 6.10 on the Face-to-BMI dataset, with
a lower error for male subjects (5.84) compared to females (7.13), indicating potential gender-
related biases in facial-BMI correlations. Despite this, the ViT-based approach demonstrates
strong potential for noninvasive BMI estimation from facial cues.

2.6 Body Fat Percentage (BFP) Estimation

The predicted gender, age, and BMl values were used as inputs to the Deurenberg et al. [13]
formula for estimating the BFP. This formula has been widely validated in diverse populations and
demonstrates a high coefficient of determination (R2 = 0.79), indicating that 79% of the variance
in body fat percentage is explained by BMI, age, and gender. A standard error of estimate (SEE) of
4.0% suggests clinically acceptable prediction accuracy, comparable to other indirect methods
such as skinfold thickness and bioelectrical impedance analysis. Given that the dataset consists
of adult individuals, the adult-specific formula (Equation 1) was applied:

BFP = (1.20 X BMI) + (0.23 X A) — (10.8 X G) — 5.4 )
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where G is coded as 1 for males and 0 for females, A represents age. This formula has been
validated in diverse populations and provides a reliable estimate of body fat percentage when
direct measurement methods are unavailable. The estimated BFP is then categorized into "Low",
"Ideal", "Normal", or "High" ranges based on age- and gender-specific thresholds from the U.S.

Army Standards [17] (see Tables 1 and 2).

Table 1. Age-based categorized body fat percentage table for men [17].

Age Range Low (%) Ideal (%) Normal (%)
18-20 2.0-3.9 6.2-125 14.3-18.9
21-25 2.5-4.9 7.3-13.6 15.4-21.2
26-30 3.5-8.4 10.6-16.4 18.1-22.3
31-35 45-9.4 11.7-17.5 19.2-23.4
36-40 5.6-10.5 12.7-18.6 20.2-24.4
41-45 6.7-13.8 15.9-21.3 22.8-25.6
46 - 50 7.7-14.8 16.9-22.4 23.9-27.7
51-55 8.8-15.9 18.0-23.4 25.0-28.7

56 + 9.9-17.0 19.1-24.5 26.0-30.8

Table 2. Age-based categorized body fat percentage table for women [17].

Age Range Low (%) Ideal (%) Normal (%)
18-20 11.3-15.7 17.7-21.5 23.2-29.0
21-25 11.9-18.4 20.3-23.8 25.5-29.6
26 - 30 12.5-19.0 20.9-24.6 26.1-31.5
31-35 13.2-19.6 21.5-25.1 26.7 - 32.1
36 -40 13.8-22.2 24.0-27.3 28.8-32.7
41 - 45 14.4-22.8 24.6 - 27.9 29.4-34.4
46 - 50 15.0-23.4 25.2-28.6 30.1-35.0

2.7 Dataset for Model Evaluation

The performance of the deep learning models was evaluated on the Face-to-BMI dataset
[18], which contains 1,544 facial images labeled with gender, age, and BMI values. The dataset
was imbalanced, with approximately 80% male and 20% female participants. This imbalance is
acknowledged as a limitation and may contribute to performance disparities between genders in
the results. Figure 3 shows some facial images from this dataset.
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Figure 3. Some face images from Face-to-BMI Dataset [18]

3 RESULTS AND DISCUSSION

The proposed Selfie2BFP framework was evaluated on a dataset of 1,544 facial images
(Face-to-BMI dataset) to assess the performance of its sequential deep learning models and the
overall feasibility of estimating body fat percentage (BFP) from facial cues. The results highlight
both the potential and limitations of this approach, particularly with respect to gender-based
performance disparities and error propagation in the prediction pipeline.

3.1 Performance of Facial Attribute Prediction Models

The first stage of the evaluation focused on the individual deep learning models used to
predict gender, age, and BMI from facial images. The SmallerVGGNet model achieved an overall
accuracy of 83.14% (Table 3). However, a significant performance gap was observed between
genders; while the model correctly classified 94.97% of male subjects, its accuracy for female
subjects was only 37.00%. This substantial disparity is primarily attributed to the class imbalance
in the evaluation dataset, which consists of approximately 80% male and 20% female
participants. Such an imbalance can lead to a model bias, where the classifier becomes overly
optimized for the majority class (male), resulting in poor generalization for underrepresented
groups. This finding underscores the criticalimportance of balanced and diverse training datasets
for facial analysis.

Table 3. Gender prediction model (SmallerVGGNet) performance results for Face-to-BMI dataset.

Gender Total Number Correct Incorrect Gender
of People Predictions Predictions Accuracy (%)
Male 1233 1171 62 94.97
Female 300 111 189 37.00
Overall 1533 1282 251 83.14
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The SE-ResNeXt50-32x4d model demonstrated a Mean Absolute Error (MAE) of 4.51 across
the entire dataset (Table 4). The error was lower for the male subjects (MAE=4.33) than for the
female subjects (MAE=5.27). This suggests that the ability of the model to extract age-related
facial features (e.g., wrinkles, skin texture) may be less effective for female faces, potentially due
to differences in facial morphology, makeup usage, or lighting sensitivity. The MAE value of 4.51 is
comparable to state-of-the-art age estimation models, indicates robust performance, although
further refinement for female subjects is required.

Table 4. Age prediction model (SE-ResNeXt50-32x4d) performance results for Face-to-BMI dataset.

Gender Total Number of People MAE

Male 1233 4.33
Female 300 5.27
Overall 1533 4.51

The Vision Transformer (ViT-H_14) model achieved an overall MAE of 6.10 (Table 5). Similar
to the other models, a gender-based performance gap was evident, with a lower error for males
(MAE=5.84) and a higher error for females (MAE=7.13). This discrepancy may arise from the fact
that facial adiposity correlates differently with BMI across genders, and the model may not have
fully captured the subtler facial cues associated with BMI in women. The relatively high MAE,
particularly for female subjects, indicates that BMI estimation from facial images remains a
challenging task.

Table 5.BMIl prediction model (ViT-H_14) performance results for Face-to-BMI dataset.

Gender Total Number of People MAE

Male 1233 5.84
Female 300 7.13
Overall 1533 6.10

3.2 Body Fat Percentage Estimation and Error Analysis

The final BFP estimates were derived by applying the predicted gender, age, and BMI values
to Deurenberg’s formula. Because the ground truth BFP values were not available for the dataset,
direct calculation of the BFP MAE was not possible. However, by analyzing the error propagation
through the pipeline, an estimated overall MAE of approximately 8% for the BFP prediction can be
inferred. This estimation is based on the cumulative errors from the individual models and the
standard error of estimate (SEE = 4.0%) of Deurenberg’s formula.

Qualitative analysis of the predictions was conducted using the sample results (Tables 6
and 7). Table 6 presents cases where the predicted BFP values are close to expected ranges based
on the real BMI and age. For instance, in a male subject with a real BMI of 39.5, the predicted BFP
was 42.6%, which was reasonably close to the expected value of 43.6%. These results
demonstrate the potential of the framework when underlying models perform accurately.
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Table 6. Examples of BFP predictions with high agreement to expected values.

Real Prediction Real Prediction Real Prediction Real Prediction

Image
Gender Gender Age Age BMI BMI BFP BFP
Male Male 54 52 39.5 39.1 %43.6 %42.6
Female Female 27 24 24.8 30.2 %30.5 %36.5
Male Male 25 30 22.1 25.0 %16.1 %20.1
Male Male 31 28 32.8 37.0 %30.3 %34.6
Female Female 33 29 27.3 34.9 %36 %43.1

In contrast, Table 7 shows cases with significant deviations from the expected values. For
example, a male subject with a real BMI of 16.0 (indicating underweight) was predicted to have a
BMI of 29.6 (obese), leading to a BFP prediction of 23.4% instead of 8.1%. Such large errors
typically result from cascading failures. For instance, a minor error in age or significant error in
BMI prediction can be amplified by the BFP formula, leading to clinically misleading results.
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Table 7. Examples of BFP Predictions with Significant Deviation from Expected Values.

Image Real  Prediction Real Prediction Real Prediction Real Prediction
Gender Gender Age Age BMI BMI BFP BFP

Male Male 22 17 16.0 29.6 %8.1 %23.4
Female Female 37 32 17.7 31.2 %24.3 %39.3
Male Male 20 18 32.6 41.1 %27.5 %37.2
Male Male 48 40 29.9 30.2 %30.7 %36.2
Female Male 25 22 19.7 25.1 %24.0 %19.1

4 CONCLUSIONS

This study presents Selfie2BFP, a novel deep-learning-based framework for estimating body
fat percentage (BFP) using only a single facial image. By integrating pre-trained models for gender,
age, and BMI prediction with the Deurenberg et al. formula, the proposed system offers a
noninvasive, accessible, and user-friendly approach to preliminary body composition
assessment. The results demonstrated the feasibility of deriving meaningful health indicators
from facial images, positioning Selfie2BFP as a promising tool for large-scale health screening
and personal wellness monitoring.

Despite its potential, its current implementation has several limitations. First, the
performance of the Al models, particularly for gender and BMI prediction, was significantly
affected by the class imbalance in the evaluation dataset, which consisted of approximately 80%
male and 20% female subjects. This imbalance leads to lower accuracy for female users, raising
concerns about model fairness and generalizability across demographic groups. Second, errors
in the intermediate predictions (gender, age, and BMI) were propagated through the pipeline and
amplified by the BFP estimation formula, resulting in an estimated overall MAE of approximately
8% for the BFP. Third, the accuracy of the system is sensitive to the image quality, facial
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expression, and lighting conditions, which can lead to unreliable predictions in suboptimal
capture scenarios.

To address these limitations and enhance the robustness of the system, several directions
for future research were proposed. First, the model should be retrained and evaluated on a larger,
balanced, and diverse dataset that includes equal representation across gender, age, and ethnic
groups, to ensure equitable performance. Second, end-to-end training of a unified deep learning
model, trained directly on facial images and BFP labels (if available), could reduce error
propagation and improve the overall accuracy. Third, the integration of additional input
modalities, such as multiple facial views or metadata (e.g., height and activity level), can refine
the predictions. Fourth, real-time feedback mechanisms and personalized health
recommendations (e.g., diet or exercise suggestions) can be added to increase user engagement.
Finally, the system can be extended to mobile platforms and evaluated in real-world settings to
assess its long-term impact on health behavior.
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OZET

Gunlmuzde insaat sektorl, kuresel karbon salimlarinin ve enerji tiketiminin en buyuk
kaynaklarindan biri olarak bilinmekte; 6zellikle yapr malzemelerinin tretim suregleri, yuksek sicaklik
gereksinimleri ve yogun fosil yakit kullanimi nedeniyle gevresel agidan ciddi riskler olusturmaktadir.
Pismis tugla tUretimi de yogun enerji harcamasindan dolayi strdurulebilir gozikmemektedir. Geleneksel
pismis tuglalarin tretimi yuksek sicakliklari gerektirdigi icin bu siire¢ hem yiksek enerji tiketimine hem
de onemli miktarda CO, emisyonuna yol agmaktadir. Bu durum, kuresel olgekte surdurulebilir
geopolimer tugla Uretimine olan ilgiyi artirmis ve bu yapi malzemeleri 6ne ¢ikan yeni bir ¢6zim olarak
dikkat cekmistir. Geopolimer tuglalarin pismis tuglalara kiyasla daha duisuk sicakliklarda Uretilmesi
enerji verimliligi agisindan daha surdurulebilir bir ydontemdir. Geopolimer tugla Gretimi ayni zamanda
cevresel atik yonetimi acisindan da 6énemli bir kazanim sunmaktadir. Bu tuglalar ytksek silika ve
alumina igerikli endustriyel yan drUnlerin ve atiklarin alkali aktivasyon yoluyla kimyasal olarak
baglanmasiyla elde edilmektedir. Endustriyel yan trtnlerin yapi malzemesine donusturtilmesi dogal kil
tuketimini azaltmakta, depolama alani ihtiyacini disurmekte ve g¢imento kullaniminin ortadan
kalkmasiyla karbon ayak izini disurmektedir. Tum bu artilarindan dolayi bu alanda ¢ok sayida galisma
yapilmistir. Bu arastirma, geopolimer tugla Uretimine ait literatiirdeki cgesitli deneysel galismalari
inceleyip derlenmesine odaklanmaktadir. Birgok arastirmaci, kur sicaklgl, aktivatér molaritesi,
kaliplama basinci ve Si/Al oraninin geopolimer tuglalarin mekanik ve fiziksel performansi tizerinde kritik
rol oynadigini ortaya koymustur. Ancak disuk molarite ve oda sicakliginda kirleme islemiyle dahi
tuglalar kabul edilebilir mekanik 0Ozellikler gostermistir. Tum c¢alismalarin sonucu olarak; atik
malzemelerin degerlendirilmesi, pismis tuglaya kiyasla daha dusuk sicaklikli kiir islemleri, azaltilmis
karbon salinimi ve daha iyi termal performans gibi olumlu yonleriyle geopolimer tuglalar hem gevresel
hem de ekonomik agidan gelecek vaat eden bir yapi malzemesi olmustur.

Anahtar Kelimeler:  Surdurulebilirlik, Geopolimer, Tugla, Karbon Emisyonu, Enerji Verimliligi

1 GIRIS

Gunumuzde insaat sektorl, enerji tuketimi ve cgevresel etkiler bakimindan dinyadaki
karbon saliniminin bas aktérlerinden biridir. Ozellikle yapi malzemelerinin (retimi sirasinda
yuksek miktarda enerji harcanmakta ve sera gazi emisyonlari agiga ¢ikmaktadir [1]. Pismis tugla
ve Geleneksel kiremit Uretimi de yuksek sicakliklarda firinlama gerektirdigi icin yogun enerji

tuketmekte ve 6nemli 6lgude karbon salimiile gevresel zararlara yol agmaktadir [2]. Bu baglamda
geopolimer tugla Uretimi, atik malzemeleri degerlendirerek daha dusuk enerjiyle tugla tUretme
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potansiyeliyle dikkat c¢cekmektedir. Bu c¢alismada, literaturdeki guncel bulgular 1siginda
geopolimer tuglalarin enerji verimliligi ve ¢evresel surdurulebilirlik avantajlari ele alinacak; Farkl
kaynaklardan elde edilen geopolimer tugla Uretim ¢alismalari derlenerek sunulacaktir.

1.1 Geopolimer Tugla Teknolojisinin Eneriji ve Surdiiriilebilirlik Acisindan Onemi

Geopolimer tuglalar, alkali aktivasyon yontemiyle, genellikle ugucu kul, curuf, seramik atigi,
kirmizi gamur, bor atig| gibi ylksek silika ve alimina iceren endustriyel yan Urlnlerin kimyasal
baglanmasi sonucu olugan yeni nesil yapi malzemeleridir. Bu tuglalarin en 6nemli avantajlarindan
biri, Gretimleri sirasinda yiiksek sicakliklarda firnlamaya ihtiyag duymamalaridir [3]. Ornegin,
Zeybek (2009) tarafindan yapilan bir calismada, Class F tipi ugucu kulden Uretilen geopolimer
tuglalarin 60°C sicaklikta 24 saatlik kiirleme ile optimum 45 MPa basing dayanimina ulastigi rapor
edilmistir [4]. Bu derece dusuk sicaklkl islem, geleneksel tugla uretimindeki 900-1000°C
finnlama ile kiyaslandiginda ciddi bir enerji tasarrufu anlamina gelmektedir.

Geopolimer tuglalarin gevresel surdurilebilirlik agisindan bir diger kritik avantaji, atik
malzemelerin yeniden kullanimidir. Ugucu kual, yuksek firin crufu, metalurji curuflar gibi atiklar
normalde depolama alanlarinda birikerek gevreye zarar verebilirken, geopolimer teknolojisi bu
atiklari degerlendirip katma degerli Urlinlere donusturebilmektedir. Literatlirdeki bir derleme, son
yillarda yayinlanmis calismalar isiginda endustriyel atiklarin geopolimer tugla Uretiminde yaygin
ve basarili bicimde kullanildigini, atik kullaniminin tugla dayanimini olumsuz etkilemeden dogal
kil tuketimini azalttigini gostermistir [5]. Boylece geopolimer tugla uretimi, donglusel ekonomi
prensiplerine uygun olarak atik yonetimine katki sunar. Ayrica Portland ¢cimentosu kullanimina
gerek kalmamasi sayesinde karbon ayak izinin azaltilmasina yardimci olur [6]. Singh ve Sengupta
(2022) tarafindan yapilan kapsaml bir derleme, geopolimer tuglalarin hem atik degerlendirme
yoluyla cevresel fayda sagladigini hem de uretim sureclerinde geleneksel malzemelere kiyasla
daha dusuk sera gazi emisyonu biraktigini vurgulamistir. Bu nedenle geopolimer tuglalar, enerji
verimliligi yiksek ve cevre dostu bir yapi malzemesi alternatifi olarak guin gectikge 6nem
kazanmaktadir [7].

Geopolimer tuglalar konusunda son yillarda yapilan akademik calismalar, farkli atik
malzemelerin kullanimi, Gretim kosullari ve elde edilen performanslar hakkinda zengin bir birikim
olusturmustur.

Horel (2012), termik santral taban kulunu alkali ¢dzelti ile alkali aktivasyona tabi tutmustur.
Basing dayanimi ve mikro yapi analizleriyle, taban killiinden imal edilen geopolimer tuglalarin
mekanik agidan yeterli performansi saglayabildigi gosterilmistir. Bu galisma, taban kiliiniin hem
¢cimento harglarina aktif bir katki malzemesi olabilecegini hem de geopolimer tugla lretiminde
kullanilabilecegini gbstermistir[8].

Ibrahim ve ark. (2015), Ucucu kul bazli hafif geopolimer tuglalar tizerine yaptigi derlemede,
literatlrde bildirilen farkli kirleme kosullari, karisim oranlari ve gozeneklilik azaltma yontemlerini
incelemistir. Derlemede, kur sartlarinin tugla ozelliklerinde kritik 6nemde oldugu o6zellikle
vurgulanmaktadir. Ornegin, 80°C’de 6 saat kiirlenen numunelerin yaklasik 27 MPa basing
dayanimi ve 0.34 W/mK isi iletkenligi ile optimum sonuglari verdigi rapor edilmistir. Bu da kur
slresi ve sicakliginin optimize edilmesiyle geopolimer tugla performansinin geleneksel tuglalara
yaklasabildigini ortaya koymaktadir[9].

Amin ve ark. (2017) yaptiklari galismada, seramik karo uretim tesislerinden gikan ince toz
atigi (spreydryer siklon tozu) geopolimer tugla Uretiminde baglayici malzeme olarak
degerlendirmigtir. 1M NaOH ¢ozeltisi ve %6-10 sonmus kire¢ (Ca(OH),) ilavesiyle hazirlanan
karisim, oda sicakliginda 90 gln kurlenmistir. Elde edilen tuglalarin yaklagik 10 MPa basing
dayanimina ulastigi ve Uretim maliyetinin ciddi miktarda dustigu belirtilmistir. Bu galisma,
seramik endustrisi atiklarinin da geopolimer tugla i¢in uygun bir hammadde olabilecegini
gostermistir[10].
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Sekil 1. Polimerizasyon siirecinin reaksiyon mekanizmasi [10]

Madani ve ark. (2020) yaptiklari calismada agrega yikama atiklarini ana malzeme olarak
kullanmigtir. NaOH konsantrasyonu (4, 8, 12 M), Ca(OH), katki orani (%5—15) ve kur sicakligi
(70°C vs 105°C) gibi parametreler Uzerinde durulmustur. Sonuglar, daha yuksek molariteli
gozeltilerin daha yogun bir yapi olusturup dayanimi arttirdigini; %15 Ca(OH), katkisiyla kuru kir
kosulunda yaklasik 75 MPa gibi ¢cok ylksek basing dayanimlarina ulasildigl gdérulmustur. Ancak
Ca(OH), oranl %20’yi astiginda dayanim ve yogunlukta dislis gézlenmistir. Yine kiir sicakliginin
70°°den 105°C’ye c¢ikarilmasinin dayanimi belirgin bigcimde artirdigl saptanmistir. Bu ¢alisma,
uygun aktivator ve kir kosullariyla atik malzemeleri degerlendirerek ylksek performansl
geopolimer tuglalar Uretilebilecegini gostermistir[11].

dry @ 70°C dry@105°C  Bwet@70°C  Wwet (@ 105°C
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Sekil 2. Sicaklik ve kiirleme kosullarinin basing dayanimina etkisi [11]
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Sekil 3. Kalsiyum hidroksit ve sodyum hidroksitin (a) su emilimi ve (b) hacim yogunlugu tzerindeki
etkisi [11]

Ahmed ve ark. (2021) yuksek Si, dusuk Aligeren ferrosilikon atig1 ile alumina fabrikasi atigini
birlikte degerlendirdigi bir calismada, 6 ila 12 M arasinda sodyum hidroksit ve sodyum silikat
aktivatoru kullanilarak oda sicakliginda 28 giine kadar kur yapilmigtir. Farkl Si/Al oranlari elde
etmek icin alumina atigi ilavesi %0.5-4 araliginda degistirilmistir. En iyi sonu¢ 8 M NaOH ve Si/Al
= 1 oraniyla elde edilmis (28.gun 10.9 MPa basing dayanimi ve yaklasik %13 su emme). Bu
sonuglartugla Uretimi igin kabul edilebilir degerlerdir. Ayrica, alumina atigi ilavesinin tuglalarin
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termal iletkenligini dusurdugu ve yalitim ozelliklerini iyilestirdigi belirlenmistir (daha dusuk isi
iletim katsayisi). Bu sonug, metalurjik ctruf ve mineral atiklarin birlikte kullanilmasinin hem
mekanik hem de termal agcidan avantaj saglayabilecegini gostermektedir[12].

10

Compressive strtength (MPa)

@3 -days 6.35
B 7-days 64 3
B 4-days 689 16 6.62 6.3
B28-days 619 7.9 7.33 6.6

Sekil 4. Farkli NaOH konsantrasyonu ve Si/Al = 3,4'te geopolimer tuglanin basing dayanimi [12]

Kang ve ark. (2021) yaptiklari calismada, maden sisti artiklarini ugucu kil ve metakaolin ile
yaklasik %50’lere varan oranlarda karistirarak firrnlanmamis (pres) tugla Uretimini incelemistir.
Alkali aktivator miktari ve kir stresi degiskenleri incelenmistir. En iyi sonuglar %50 sist artigi, %50
diger baglayicilar ve 28 giin kur kosullari altinda yaklasik 20.5 MPa basing dayanimi ve %13.4 su
emme ile elde edilmistir. Uretilen tuglanin, kriterleri karsiladig bildirilmistir[13].

a 12 b 25
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Sekil 5. (a) 7 glinliik, 14 glinliik ve 28 giinliik kiirleme kosullarinda farkli ST icerigine sahip
numunelerin basing dayanimi ve (b) 7 giinliik, 14 giinliik ve 28 giinlik kiirleme kosullarinda farkli
alkali igerigine sahip numunelerin basing dayanimi [13]

Ranjitham ve ark. (2021) yaptiklan bildiride, ugucu kul esasli geopolimer harg ile Uretilen
pres tuglalarn incelemistir. Calisma sonucunda, 10 MPa’dan buyuk basing dayanimi ile uygun
kanisim tasarimi ve kirleme yontemi sayesinde geopolimer tuglalarin gereksinimleri
karsilayabildigini kanitlamistir[14].

Al Amara (2022) yaptig arastirmada, F sinift ugucu kil bazli geopolimer harca farkl
oranlarda (%10-60) bor atig ekleyerek tugla drnekleri uretmistir. Numunelerin basing dayanimi,
egilme dayanimi, yogunluk, su emme ve isi iletim 6zellikleri degerlendirilmistir. Bulgular, bor atigi
ikamesi %50’ye kadar arttikga tuglalarin basing dayaniminin yukseldigini ve optimum %50
ikamesinde maksimum dayanima ulasildigini gostermistir. Daha yluksek bor atigi oranlarinda ise
dayanimda dusus goérulmustur. Ayrica %50 bor atigl iceren numunede 1si iletim katsayisinin
belirgin sekilde azaldigl, yani yalitim performansinin iyilestigi saptanmistir. Bu tez, bor madeni
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atiklarinin  geopolimer tugla Uretiminde degerlendirilebilecegine dair o6nemli bir kanit
sunmaktadir[15].

Al Amara & Caglar (2022): yaptiklari derlemede, literatirde ugucu kul, yuksek firin curufu,
seramik ve bor atigl gibi malzemelerin kullanimini kapsaml bigcimde 6zetlemistir. Derleme,
endustriyel atiklarin geopolimer tugla Gretiminde yaygin ve basarili sekilde kullanilabildigini, atik
katkisinin uygun oranlarda olmasi kosuluyla tuglanin fiziksel-mekanik 6zelliklerini gelistirebildigini
ortaya koymaktadir. Ayrica atik kullaniminin dogal kaynak tiketimini azalttigl ve gevresel agidan
onemli yararlar sagladigl vurgulanmistir. Bu makale, son yillarda arastirmalarin odaginin atiklarin
verimli kullanimi ve tugla performansina etkileri Uzerinde yogunlastigini géstermesi bakimindan
degerlidir[16].

Ahmad & Rashid (2022) yaptiklari galismada, Killi bir topragi dogrudan baglayici malzeme
olarak kullanmigtir. 4 M veya daha dusik molaritelerde NaOH kullanilarak oda kosulunda kur
uygulanan tuglalarda, kaliplama (presleme) basincinin dayanim lGzerinde dramatik etkisi oldugu
bulunmustur. Ornegin, 20 MPa pres uygulanmasi dayanimi yaklasik 5.9 kat, 40 MPa pres ise
yaklasik 7.4 kat artirmistir. Optimum tasarim ile yalnizca kil toprak ve alkali aktivator ile yaklasik
10 MPa mukavemet ve dusuk su emme degerlerine ulasilabilecegi gosterilmistir. Bu sonug, yerel
killi topraklarin bile uygun islem ve presleme ile geopolimer tuglaya donustirulerek pismis tugla
kalitesine erigebilecegine isaret etmektedir[17].

Singh & Sengupta (2022), Ucucu kuilu geopolimer tugla Uretiminde kullanmistir. Farkl
kosullarda Uretilen tuglalarin performanslarini  karsilastirmistir. Arastirma sonucunda,
geopolimer tuglalarin ucucu kul basta olmak uzere bircok atigi degerlendirebildigi ve standart
tugla dayanimlarina ulasabildigi belirtilmistir. Dayanimi etkileyen baslica faktorlerin; alkali
aktivator konsantrasyonu, kaliplama basinci, kir sicakligl ve kir siresi oldugu 6zetlenmistir.
Ayrica bu tuglalarin Uretiminin, karbon ayak izini azaltmada ve atik yonetiminde onemli rol
oynayabilecegi vurgulanarak geopolimer teknolojisinin surddrulebilirlik boyutuna dikkat
cekilmistir[18].

Sher B. Singh ve ark. (2024), ugucu kul ve dusuk molaritede alkali aktivatorler (1-4 M)
kullanarak geopolimer tugla Uretmistir. Numuneler oda sicakliginda kurlenmis ve tuglalarin
hedeflenen sinif-10 mukavemetine (=10 MPa) ulastig gériilmistir. Ozellikle 2 M NaOH +Na,SiO5
iceren karigimla yaklagik 18 MPa basing dayanimi ve %16.5 su emme elde edilerek standart
pismis kil tuglasina denk performans saglanmistir. Bu calisma, cok dustk alkali icerigi ve
tamamen oda kosulu kur ile dahi geopolimer tugla tGretiminin mumkin ve ekonomik olabilecegini
gostermistir[19].
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Sekil 6. Aktiflestirici cozeltide %5, %6 ve %7 ilave su kullanilarak uiretilen geopolimer tuglalarin 28
gunliik basing dayanimlari [19]
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2 SONUCLAR

e Geleneksel pismis tugla uretimi, yuksek sicakliklarda firinlama gerektirdigi icin yogun
enerji tuketir ve onemli 6lgude karbon salimi ile ¢cevresel zararlara yol agmaktadir.

e Geopolimer tugla Uretimi daha dusuk sicakliklarda gergeklestirildigi icin daha az enerji
harcar ve karbon salinimi konusunda ¢evre dostudur.

e Yapilan calismalarda atik malzemelerin geopolimer tugla icin kullanimin uygun oldugu, bu
sayede dogal kaynak tuketiminin azaltilabilecegi gorulmustur.

e Geopolimer tuglalar her ne kadar dusuk aktivator molaritesi ve dusuk kur sicakliginda da
tatmin edici seviyelerde mekanik ozelliklere sahip olsa da, aktivator yogunlugu ve kur

sicakligi arttikga tuglalarin basing dayanimlari iyilesmektedir.
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ABSTRACT

The increase in operating temperature of photovoltaic (PV) panels is a critical problem that
significantly reduces energy conversion efficiency. The main objective of this study is to numerically
investigate the thermal performance of different passive cooling systems integrated onto the bottom
surface of PV panels and compare their effects on panel efficiency. In this context, a flat panel without
fins (control model) and a panel geometry with square-section fins were analyzed. Aluminum was
selected as the fin material. Computational Fluid Dynamics (CFD) analyses were performed using
ANSYS Fluent software under different air speeds (0.5 m/s and 2.5 m/s) and solar radiation conditions
at different times of the day (09:00, 14:00, 18:00). The findings showed that the finless panel was
insufficient, especially under high solar irradiance, and that increasing air velocity alone was not
effective in reducing the temperature. The square-fin geometry panel significantly reduced the panel
temperature compared to the case without fins by changing the flow structure and creating local
turbulence. Analysis revealed that the pressure differences and swirling flow created by the fins are the
primary mechanisms that enhance convective heat transfer. At the highestirradiance and temperature
conditions studied (14:00), the square-finned design was found to reduce surface temperature by
approximately 7°C compared to the panel without fins, resulting in a 1% increase in panel efficiency. In
conclusion, passive cooling strategies with square-finned geometry in photovoltaic panels play a
critical role in improving the efficiency and stability of PV systems.

Keywords: Photovoltaic panel, Passive cooling, Fin, Computational fluid dynamics (CFD),
Heat transfer, Panel efficiency.

1 INTRODUCTION

Photovoltaic (PV) systems, which enable the direct conversion of solar energy into
electricity, play a central role among renewable energy technologies. However, the energy
conversion efficiency of PV panels is adversely affected by the increase in surface temperature
during operation. Itis well known that each one-degree Celsiusrise in surface temperature results
in a reduction of approximately 0.25-0.5% in panel efficiency [1]. In regions with high solar
irradiance, panel temperatures may reach 60-70 °C, which not only reduces instantaneous power
generation but also shortens the long-term lifespan of the panel [2]. Therefore, the development
of effective thermal management strategies for PV panels is of critical importance to enhance
system performance and reliability.
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Various cooling methods, categorized as active and passive, have been investigated in the
literature to reduce PV panel temperatures [3-4]. Although active cooling techniques (such as
fans or pumps) are effective, they involve additional energy consumption and increased system
complexity. Passive cooling methods, on the other hand, offer a sustainable and economical
alternative since they require no external energy input [5]. Among these methods, integrating fins
that function as heat sinks on the rear surface of the panel has gained prominence. Heat sinks are
fundamental heat transfer elements whose effectiveness has been demonstrated across a wide
range of applications, from electronic cooling to industrial systems [6]. Relevant studies have
shown that various fin configurations can reduce panel temperature and increase efficiency [7,
8]. For instance, Gotmare et al. (2015) reported a 4.2% reduction in panel temperature and a
corresponding 5.5% increase in power output using perforated fins [9]. Moreover, recent CFD
studies highlight the importance of optimizing geometric parameters such as fin spacing, height,
and shape [10]. However, studies systematically comparing the combined effects of fin geometry
(e.g., square fins) and fin material (e.g., aluminum) on cooling performance remain limited.

In this context, the present study aims to address this gap in the literature. The primary
objective of this work is to systematically examine the combined effects of panel cooling
geometry (finless and square-fin configurations) and fin material (aluminum) on passive cooling
performance using Computational Fluid Dynamics (CFD). Beyond determining thermal
performance and efficiency enhancement, the study also aims to analyze the underlying fluid
dynamic mechanisms—including variations in velocity and pressure fields—that contribute to
these improvements.

2 MATERIALS AND METHODS

In this study, the effect of square fin geometry on the passive cooling performance of a
photovoltaic panel was investigated using the Computational Fluid Dynamics (CFD) method.
Numerical analyses were performed with ANSYS Fluent software, which is based on the finite
volume method. The analysis procedure consisted of geometric modeling, mesh generation, and
the configuration of solution settings.

2.1 Geometric Models

In the analyses, a standard PV panel geometry with dimensions of 1800 x 1000 mm was
used as the baseline. To enable a comparative assessment, both the finless configuration and the
square-fin configuration were modeled (Figure 1):

1. Finless Model (Control): A standard panel with a flat rear surface and no cooling
elements.

2. Square-Fin Model: A configuration in which 39 square-section fins, each measuring
100 x 100 mm, were uniformly distributed and mounted on the rear surface of the
panel.

All fins were modeled with a thickness of 4 mm and attached to the back of the panel. The
panel was positioned at a tilt angle of 40°, corresponding to the latitude of Ankara Province.
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(a) (b)
Figure 1. Geometric models used in the analyses: (a) Finless control model, (b) Square-fin model.

2.2 Numerical Method and Boundary Conditions

The airflow was assumed to be three-dimensional, incompressible, and steady-state. The
standard k—¢ turbulence model was employed for turbulence modeling [11]. The momentum and
energy equations were solved simultaneously until a stable convergence was achieved.

The primary materials and operating conditions used in the study are summarized in Table
1. Since thermal conductivity is the material property that most significantly affects heat transfer,
aluminum (237 W/mK) was selected as the fin material. To simulate atmospheric conditions, air
was used as the working fluid, and two inlet velocities—0.5 m/s and 2.5 m/s—were defined to
represent low and high wind speeds. To capture variations in thermal load throughout the day,
separate analyses were conducted for three characteristic time periods (09:00, 14:00, 18:00),
each corresponding to different solar irradiance and ambient temperature conditions.

The complex heat transfer occurring on the front surface of the panel exposed to solar
radiation was modeled using the Sol-Air Temperature approach, which incorporates both
radiative and convective effects, providing a more realistic boundary condition.

Table 1. Material Properties and Operating Conditions Used in the Analyses

Parameter Values

Fin Material Aluminium

Thermal Conductivity (k) (Al/Cu) 237 W/m-K

Fluid Air

Air Inlet Velocity 0.5m/s, 2.5 m/s

Time / Ambient Temperature 09:00 (20 °C), 14:00 (25 °C), 18:00 (22 °C)

Time / Solar Irradiance 09:00 (689 W/m?), 14:00 (775 W/m?2), 18:00 (453 W/m?)

The panel efficiency (n) was calculated using Equation (1) based on the average cell
temperature (Tccell)) obtained from each analysis, together with the nhominal efficiency under
standard test conditions (nSTC,) and the temperature coefficient (y) [12].

n=nsrc-[1 -y (Teew = 25)] (1)
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3 RESULTS AND DISCUSSION

In this section, the thermal performance of the finless and finned panels under varying
operating conditions, as well as their effects on panel efficiency, are presented and compared.

3.1 Performance of the Finless Model (Reference Case)

The analyses revealed that the finless reference model is insufficient for passive cooling.
Particularly at 14:00, when solar irradiance reaches its daily peak, the panel surface temperature
rose to approximately 330 K (~57 °C). Under these conditions, increasing the air velocity from 0.5
m/s to 2.5 m/s did not yield a meaningful improvement in panel temperature or efficiency. This
indicates that, on a flat surface exposed to high radiative loads, convective heat transfer alone is
unable to provide effective cooling. Therefore, geometric enhancements that increase the heat
transfer area become necessary.

3.2 Effect of Geometry on Flow Structure and Pressure Field

The primary reason fins enhance cooling performance is their influence on the flow
structure and pressure distribution behind the panel. Figure 2 compares the pressure contours
generated by the three different geometries at an air velocity of 2.5 m/s. In the finless model
(Figure 2a), the pressure field formed by the incoming airflow remains relatively uniform, whereas
in the square-fin model (Figure 2b), the fins disrupt the flow by acting as obstacles and generate
localized pressure differences.

These pressure differences cause flow separation and lead to the formation of small-scale
vortices. Such vortex-dominated and turbulent flow enhances mixing between the hot panel
surface and the cooler ambient air, thereby disrupting the stagnant and insulating boundary layer.
As a result, the convective heat transfer coefficient increases. The three-dimensional flow
structure generated by the square fins further intensifies this turbulence effect, which in turn
contributes significantly to improved cooling performance.

These variations in the pressure field directly influence the velocity distribution as well. As
shown in Figure 3, in the finless model (Figure 3a), the airflow progresses along the surface with
minimal obstruction, whereas in the finned model, the presence of fins significantly slows and
mixes the flow. In particular, the low-velocity and vortex-dominated regions that form between the
fins in the finned model allow the air to remain in contact with the surface for a longer duration,
thereby enhancing its ability to absorb heat. This slowed and mixed airflow is the primary
mechanism responsible for the increase in convective heat transfer.
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Figure 2. Effect of different geometries on surface pressure distribution (2.5 m/s): (a) Finless model,
(b) Square-fin model

98



10.000e+00
[m s”-1]

A

0 1.000 2.000 (m)
]
0.500 1.500

MAnsys

2025R1

-

[ 1.500 3000 (m)
]
0.750 2250

(b)

Figure 3. Effect of different geometries on velocity distribution (2.5 m/s, 14:00): (a) Finless model, (b)
Square-fin model.

3.3 Effects on Flow Structure and Pressure Distribution

CFD analyses demonstrated that the fins fundamentally alter the flow structure behind the
panel. While the flow remains largely laminar in the finless model, the square-fin geometry
introduces obstacles along the flow path, generating localized vortices and turbulence. This
behavior is confirmed by the complex pressure distribution formed around the fins. Particularly at
the higher air velocity of 2.5 m/s, positive pressure regions develop on the wind-facing surfaces of




the fins, whereas negative pressure zones appear on their leeward sides. These pressure
differences enhance fluid mixing, forming the primary mechanism that increases the convective
heat transfer coefficient between the hot panel surface and the ambient air.

3.4 Effect of Fin Geometry on Cooling Performance

The square-fin model provided a noticeable improvement in cooling performance under all
operating conditions compared to the finless configuration. By disturbing the airflow, the fins
generated localized turbulence and increased the effective heat transfer surface area, enabling
more efficient transfer of heat from the panel surface to the surrounding air.

In Figure 4, the temperature distributions of the finless and finned geometries using
aluminum material are compared for the highest irradiance and ambient temperature condition
of the day—14:00—at an air velocity of 2.5 m/s. The analyses clearly show that the finned
configuration provides a significant improvement over the finless case, with the finned model
exhibiting noticeably lower surface temperatures.
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Figure 4. Surface temperature distributions of the aluminum cooling plate geometry (14:00, 2.5 m/s):
(a) Finless model, (b) Square-fin model

It was observed that the square-fin model enhances cooling compared to the finless
configuration by directing the airflow through well-defined channels between the fins. Due to the
presence of the fins, the flow gains a three-dimensional character, which more effectively
disrupts the boundary layer and consequently improves the convective heat transfer coefficient.

3.5 Efficiency Analysis

It was determined that fin-enhanced panel cooling has a significant impact on overall
performance. The fins facilitate faster and more uniform heat dissipation across the panel
surface, preventing the formation of hot spots and reducing the overall panel temperature.

The efficiency results obtained for the finless panel are presented in Figure 5, while the
efficiency values for the finned model are summarized in Figure 6. The graphs illustrate the panel
efficiency at different times of the day (09:00, 14:00, and 18:00) and for varying air velocities. It is
clearly observed that the square-fin model exhibits superior performance compared to the finless
configuration, achieving higher efficiency levels. An improvement of approximately 1% in
efficiency was obtained relative to the finless model. This result quantitatively demonstrates that
passive cooling strategies can effectively enhance PV panel performance.
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Figure 5. Effect of air velocity on panel efficiency for the finless aluminum-based photovoltaic panel
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Figure 6. Effect of air velocity on panel efficiency for the square-fin aluminum-based photovoltaic
panel

4 CONCLUSION

In this study, the passive cooling performance of photovoltaic panels was numerically
investigated by comparing finless and square-fin geometries. The following key conclusions were
obtained:

. The finless (flat) panel geometry was found to be insufficient for effective cooling. Under the
most challenging condition (14:00), the panel surface temperature reached approximately
57 °C (330 K), and increasing the air velocity did not produce a meaningful reduction in
temperature.

. The addition of fins to the rear surface of the panel disrupted the flow path, creating
localized pressure differences and vortices. This increased both the effective heat transfer
surface area and the level of turbulence, resulting in a significant improvement in cooling
performance—and consequently efficiency—under all operating conditions compared to
the finless configuration.

. When compared to the finless model, the square-fin geometry was found to establish a
more effective mechanism for disrupting the boundary layer and enhancing fluid mixing by
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imparting a three-dimensional motion to the flow. Owing to this enhanced heat transfer
mechanism, the square-fin model demonstrated a superior cooling performance relative to
the finless configuration.

In conclusion, the square-fin design made of aluminum, which demonstrated strong

performance, effectively enhanced the flow dynamics and reduced the surface temperature by
approximately 7 °C compared to the finless panel. In this context, passive cooling emerges as a
promising strategy for improving PV panel efficiency by more than 1%. These findings highlight the
critical importance of geometric enhancements in thermal management for PV panel design.
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OZET

Bu calisma, saglik hizmetlerine erisim surecinde duyma engelli bireylerin yasadig iletisim
gugluklerini azaltmak amaciyla VideoMAE tabanli derin 6g8renme yontemleri kullanilarak
gelistirilen ¢ift yonlu bir isaret dili tercime sistemi sunmaktadir. Saglik ortamlarinda meydana
gelen iletisim kopukluklari, tanisal dogrulugun dlismesine, tedavi surecinin gecikmesine ve
hastalarin klinik karar streglerine etkin katiiminin sinirlanmasina neden olabilmektedir. Mevcut
isaret dili tercime sistemleri ise 6zellikle dinamik hareketlerin taninmasi, yliksek dogruluk,
gercek zamanli isleme ve genis kapsamli kelime dagarcigl destegi gibi acgilardan yetersiz
kalmaktadir. Bu arastirmada, Tiirk isaret Dili (TiD) saglik terminolojisini kapsayan 20.000 video ve
7.000°den fazla benzersiz isaretten olusan buyuk 6lgekli bir veri seti Gzerinde Video Masked
Autoencoder (VideoMAE) mimarisi kullanilarak yuksek performansli bir isaret dili tanima modeli
egitilmistir. VideoMAE’nin maskeli video modelleme stratejisi, hem uzamsal hem de zamansal
bagimluklarin gigli bir sekilde 6grenilmesini saglayarak dinamik isaretlerin taninmasinda
onemli bir avantaj sunmustur. Egitim sureci, veri yogunlugunun yuksekligi nedeniyle dagitik
paralel programlama yontemleri (Distributed Data Parallel, gok is parcacikli veri isleme ve GPU
tabanli hizlandirma) ile optimize edilmistir. Sistem, isaret » metin/ses dontisimunun yani sira
doktorlardan gelen yazili ifadeleri isaret dizilerine geviren metin - isaret moduluni de igermekte
olup bu yéniyle tam islevsel bir cift yonli iletisim altyapisi saglamaktadir. Uretilen isaretler
hareket dizisi temelli bir avatar aracilifiyla gorsellestirilmis ve kullanici etkilesimi
kolaylastirilmistir. Galismanin 6zgiin degeri, derin 6grenme tabanli video temsili, bluylk olgekli
veri isleme ve ¢ift yonli geviri bilesenlerini bir araya getirerek saglik alaninda gergek zamanli,
dogru ve kullanici dostu bir iletisim sistemi sunmasidir. Sistem performansi geviri dogrulugu,
islem suresi ve klinik uygulanabilirlik 6lgutleri kapsaminda degerlendirilecek olup elde edilen
ciktilar, 6zellikle acil servis ve poliklinik ortamlarinda erigilebilirligin artirllmasina 6nemli katki
saglayacaktir.

Anahtar Kelimeler: i§aret Dili Tercimesi, VideoMAE, Derin ("){grenme, Masked Autoencoder,
Paralel Programlama, Tiirk isaret Dili.
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1 GIRIS

isaret dili, yalnizca bir iletisim araci olmanin 6tesinde, isitme engelli bireylerin saglik
hizmetlerine erisimde bagimsizliklarini ve mahremiyetlerini koruyabilmeleri agisindan da buyuk
onem tasimaktadir. Saglik profesyonelleri ile hastalar arasindaki iletisimde yasanan kopukluklar,
tani ve tedavi sureclerinin etkinligini olumsuz yonde etkileyebilmekte; dzellikle acil midahale
gerektiren durumlarda ciddi riskler dogurabilmektedir. Bu nedenle, isaret dili terciime sistemleri
saglik alaninda sosyal kapsayiciligi artiran kritik teknolojik ¢ézimler arasinda yer almaktadir.

Mevcut uygulamalarda cogunlukla insan tercimanlara basvurulmakta; ancak terciman
erisiminin her zaman mumkdn olmamasi, maliyet, zaman ve gizlilik gibi faktérler bu yaklasimi
sinirflamaktadir. Ayrica, her saglk kurumunda Tirk isaret Dili’'ne hakim uzman personelin
bulunmamasi, duyma engelli bireylerin saglik hizmetlerinden esit kosullarda yararlanmasini
guclestirmektedir. Bu durum, otomatik isaret dili tanima ve geviri sistemlerine olan ihtiyaci daha
da belirgin hale getirmektedir [1].

LiteratUrde gelistirilen erken donem igaret dili tanima sistemleri genellikle el hareketlerine
odaklanan kural tabanli veya klasik makine 6grenmesi yontemlerine dayanmaktadir. Ancak bu
yaklasimlar, isaret dilinin dogasinda bulunan ¢oklu modaliteyi (el sekli, el hareketi, yuz ifadesi ve
beden durusu) yeterince temsil edememektedir. Derin 6grenme tabanli yontemlerin
yayginlasmasiyla birlikte, bu sinirliliklarin asilmasina yonelik 6nemli adimlar atitmistir [2].

Bununla birlikte, saglik alanina 6zgu isaret dili uygulamalari, genel amacl isaret dili
sistemlerine kiyasla daha karmasik gereksinimler icermektedir. Saglk terminolojisi; soyut
kavramlar, ardigik hareketler ve ince motor beceriler gerektiren isaretlerden olusmakta olup, bu
durum modelin hem uzamsal hem de zamansal bagimuliklari guclu bicimde 6grenmesini zorunlu
kilmaktadir. Bu noktada, Video tabanli Transformer mimarileri, uzun menzilli bagimuuklari
modelleme yetenekleri sayesinde dnemli bir avantaj sunmaktadir [3].

Video Masked Autoencoder (VideoMAE) mimarisi, videonun buyuk bir kismini maskeleyerek
yalnizca sinirli sayida gorunlur yama Uzerinden 6grenme gerceklestiren self-supervised bir
yaklasim sunmaktadir. Bu 6zellik, buyuk olcekli video veri setleri Uzerinde etiketleme maliyetini
azaltirken, modelin daha genellestirilebilir ve saglam temsiller 6grenmesini mimkun kilmaktadir.
VideoMAE’nin sundugu bu veri verimliligi, saglik alanina yonelik isaret dili uygulamalar igin
Ozellikle uygun bir yapi olusturmaktadir [4],[5].

Bu calismada, Tiirk isaret Dili saglik terminolojisini kapsayan genis 6lcekli bir video veri seti
kullanilarak VideoMAE tabanli bir isaret dili tanima modeli gelistirilmistir. Onerilen sistem,
yalnizca isaret > metin/ses donlsumunud degil, ayni zamanda metin - isaret donisumunud de
destekleyen c¢ift yonla bir iletisim altyapisi sunmayi hedeflemektedir. Boylece, saglik personeliile
duyma engelli bireyler arasinda daha dogal, hizli ve guivenilir bir iletisim ortaminin olusturulmasi
amaclanmaktadir.

2 MATERYAL VE METOTLAR

Bu boélumde, dnerilen VideoMAE tabanli ¢ift yonlu isaret dili tercime sisteminin gelistirilme
surecinde izlenen yontemsel yaklasim ayrintili olarak agiklanmaktadir. Calismanin metodolojisi;
veri setinin olugturulmasi ve 6n islenmesi, model mimarisinin tasarimi, egitim sureci ve basarim
degerlendirme adimlarindan olugsmaktadir. Sunulan ydntemsel gergeve, literaturde dnerilen
guncel derin 6grenme tabanli isaret dili tanima yaklasimlariyla uyumlu olacak sekilde
yapilandiriimigtir.
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Cift Yonlii isaret Dili
Tercume Sistemi

Veri ve Kaynak Model Tasarimi Model Egitimi Performans Sistem Ciktist
Degerlendirme

Planlama

Tark Igaret Dili saglik VideoMAE tabanh

terminolojisini iceren mimari, &n igleme Model, maskeli Egitim ve Cift yonla isaret dili
video veri seti adimian ve isaret video modelleme dogrulama tercame sistemi
hazirlanmig ve gerekli tanima yapist yaklagimi ile dogruluklan analiz elde edilmis ve
donanim/yazilim olusturulmustur. egitilmis ve edilerek model saglk alanindaki
kaynakiari egitim sareci baganmi uygulanabilirligi
planianmigtir. izlenmigtir. degerlendirilmigtir. degerlendirilmigtir.

Sekil 2. Cift Yonlii Isaret Dili Terciime Sisteminin Genel is Akisi.

Sekil 2’de, Tirk isaret Dili saglik terminolojisine yonelik gelistirilen cift yonli isaret dili
tercume sisteminin genel mimarisi ve islem adimlarn gosterilmektedir. Sunulan is akisi; veri
toplama ve 6n isleme, VideoMAE tabanli model egitimi, performans degerlendirme ve sistem
ciktilarinin uretilmesi asamalarini kapsamaktadir. Bu butlncul yapi, hem isaret > metin/ses hem
de metin > isaret donusumunu destekleyen ¢ift yonlu bir iletisim altyapisinin olusturulmasina
olanak tanimaktadir.

2.1 Veri Seti

Bu calismada kullanilan veri seti, Tirk isaret Dili’nin saglik alaninda kullanilan
terminolojisini kapsayacak sekilde 6zel olarak hazirlanmistir. Veri seti, farkli yas gruplarindan ve
fiziksel Ozelliklere sahip isaretleyiciler tarafindan kaydedilmis 20.000°’den fazla video igermekte
olup, 7.000’in Uzerinde benzersiz saglik terimini kapsamaktadir. Bu terimler; hastalik adlari,
semptom ifadeleri, tedavi slrecglerine yonelik kavramlar ve hasta—-doktor iletisiminde sik
kullanilan yonlendirici ifadelerden olusmaktadir.

Veritoplama surecinde, gercek klinik ortamlarda karsilasilabilecek varyasyonlari yansitmak
amaciyla kayitlar farkli hizlarda, kamera acgilarinda ve aydinlatma kosullarinda gerceklestirilmistir.
Ayrica igaretleyicilerin el baskinligl, yuz ifadeleri ve beden duruslarindaki bireysel farkliliklar
Ozellikle gozetilmistir. Bu gesitlilik, modelin farkli kullanici profillerine karsi genelleme yetenegini
artirmay! hedefleyen 6nemli bir tasarim tercihidir [2].

Veri setine uygulanan 6n isleme adimlari asagidaki asamalardan olusmaktadir:

Zamansal yeniden ornekleme: Video sekanslarn belirli kare uzunluklarina normalize
edilmistir.

Uzamsal yeniden boyutlandirma: Tum kareler VideoMAE giris formatina uygun olacak
sekilde 224x224 piksel ¢ozunurluge olgeklendirilmistir.

Normalizasyon: Piksel degerleri standartlastirilarak modelin 68renme sureci stabilize
edilmistir.

Patch bolutleme: VideoMAE mimarisine uygun olarak videolar uzamsal ve zamansal
yamalara ayrilmistir.

Bu 6n isleme slreci, modelin hem uzamsal hem de zamansal 6zellikleri daha etkili bir
bicimde 6grenmesine katki saglamaktadir.
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2.2 VideoMAE Mimarisi

VideoMAE mimarisi, Vision Transformer (ViT) tabanli bir encoder ve yalnizca 6n egitim
(pretraining) asamasinda kullanilan hafif bir decoder yapisindan olugsmaktadir. Encoder bileseni,
maskelenmemis video yamalari uzerinden 6grenme gerceklestirerek uzamsal ve zamansal
bagimuliklari yuksek boyutlu gizil temsiller halinde kodlamaktadir. Decoder ise maskelenmisg
bolgelerin  yeniden insasi amaciyla kullanilarak self-supervised 06grenme surecini
desteklemektedir [6], [7].

Bu calismada VideoMAE’nin tercih edilmesinin temel nedeni, yuksek maskeleme
oranlarina ragmen anlaml video temsilleri 68renebilme yetenegidir. Bu 6zellik, 6zellikle isaret dili
gibi uzun sdreli ve karmasik hareket dizilerini iceren uygulamalarda 6nemli avantajlar
sunmaktadir. Cok basli dikkat mekanizmalari sayesinde, el, kol ve ylz hareketleri arasindaki uzun
menzilli iligkiler etkili bir bicimde modellenebilmektedir.

Klasik CNN ve RNN tabanli ydontemlerle karsilastirildiginda, VideoMAE mimarisi uzun video
sekanslarinda bilgi kaybini azaltmakta ve daha kiresel bir baglam 6grenimi saglamaktadir. Bu
yonuyle mimari, saglik alanina 6zglu dinamik isaretlerin temsil edilmesi i¢cin uygun bir yapi
sunmaktadir [8],[9].

2.3 Model Egitimi ve Basarim Analizi

Model egitimi surecinde dogruluk (accuracy) ve kayip (loss) metrikleri temel performans
olcutleri olarak kullanilmistir. Egitim ve dogrulama asamalarinda elde edilen metrikler, modelin
08renme surecini izlemek ve genelleme yetenegini degerlendirmek amaciyla duzenli olarak analiz
edilmistir.

Sekil 2.3’te, modelin egitim sureci boyunca gosterdigi dogruluk ve kayip egrileri
sunulmaktadir. Egitim ve dogrulama dogruluk egrilerinin birbirine yakin seyretmesi, modelin asiri
0g8renme egilimi gostermedigini ve genelleme yetenegini korudugunu ortaya koymaktadir. Benzer
sekilde kayip degerlerindeki istikrarli azalig, 6n isleme adimlarinin ve secilen mimarinin model
performansina olumlu katki sagladigini gostermektedir.

Model basarimi yalnizca nicel metrikler Gizerinden degil, ayni zamanda dinamik isaretlerin
ayirt edilebilirligi agisindan yapilan nitel gézlemlerle de degerlendirilmistir. Ozellikle ardisik el
hareketleri ve ylz ifadeleri igeren karmasik saglik isaretlerinde modelin tutarli ve kararli tahminler
Uretebildigi gozlemlenmistir.

Model Basarimi
0.999 EQitim
Dogrulama

0.998

0.997 4
e
=
=
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S 0.996
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0.994 - /

o 2 a 6 8
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Sekil 2.3. Model Basarim Grafigi.
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Egitim ve dogrulama dogruluk egrileri, modelin epoklar ilerledikge artan bir performans
sergiledigini ve genelleme yetenegini korudugunu gostermektedir.

3 BULGULAR VE TARTISMA

Deneysel sonuglar, VideoMAE tabanli modelin saglik alanina 6zgu dinamik isaretleri temsil
etme konusunda ylUksek bir potansiyele sahip oldugunu gostermektedir. Maskeli video
modelleme yaklasimi, 6zellikle el, kol ve yuz hareketlerinin zamansal butunlugunud koruyarak
anlaml temsil 6grenimine katki saglamaktadir. Elde edilen bulgular, literatlirdeki benzer
calismalarla uyumlu olup VideoMAE’nin isaret dili tanima uygulamalari igin uygun bir mimari
oldugunu desteklemektedir [10], [11].

Modelin egitim slreci boyunca dogruluk ve kayip metriklerinde goézlemlenen istikrarli
iyilesme, kullanilan veri setinin kalitesini ve uygulanan 6n isleme adimlarinin etkinligini ortaya
koymaktadir. Egitim ve dogrulama dogruluk egrilerinin birbirine yakin seyretmesi, modelin asiri
o0grenme (overfitting) egilimi gostermedigini ve genelleme yetenegini korudugunu gostermektedir.
Bu durum, saglik alaninda farkli kullanici profilleri ve isaretleme stilleriyle karsilasilmasi beklenen
gercek dunya senaryolari agisindan 6nemli bir avantaj sunmaktadir[12].

Maskeli video modelleme stratejisinin sagladig en dnemli katkilardan biri, modelin sinirl
gorunur bilgi tzerinden baglamsaliliskileri 68renebilmesidir. Saglik terminolojisine ait isaretlerde
siklikla karsilasilan ardisik ve ince motor hareketler, VideoMAE mimarisinin sundugu uzun menzilli
bagimllk modelleme yetenegi sayesinde daha etkili bir bicimde temsil edilebilmektedir. Bu
durum, geleneksel CNN ve RNN tabanli ydntemlerde sikga karsilasilan Zamansal bilgi kaybinin
azaltilmasina katki saglamaktadir [13],[14].

Elde edilen bulgular, Transformer tabanli mimarilerin isaret dili tanima alaninda sundugu
avantajlar dogrular niteliktedir. Ozellikle cok basli dikkat mekanizmalari, el hareketleri ile yiiz
ifadeleri arasindaki iliskilerin buttincul olarak degerlendirilmesine olanak tanimaktadir. Bu 6zellik,
saglik alaninda anlam degisimine yol agabilecek kiiguk hareket farkliliklarinin daha dogru bicimde
ayirt edilmesini mumkun kilmaktadir.

Blyuk olcekli veri setleri tzerinde egitimin mumkun hale gelmesi igin paralel programlama
ve GPU hizlandirmali egitim altyapilarinin kullanilmasi, sistemin 6lgeklenebilirligini 5nemli 6l¢lide
artirmaktadir. Dagitik egitim yaklasimlar sayesinde, modelin egitim suresi makul seviyelerde
tutulurken, daha genis veri setleriyle calisma imkani elde edilmistir. Bu durum, ilerleyen
asamalarda veri setinin genigletilmesi ve model performansinin daha da iyilestirilmesi agisindan
onemli bir avantaj sunmaktadir.

Son olarak, elde edilen sonuglar yalnizca teknik performans agisindan degil, ayni zamanda
uygulama potansiyeli agisindan da degerlendirildiginde, 6nerilen sistemin saglik alaninda duyma
engelli bireylerin iletisim deneyimini iyilestirebilecek guglu bir altyapi sundugu gortulmektedir.
VideoMAE tabanli yaklagsimin sundugu temsil glici ve 6lgeklenebilirlik, sistemin gergek klinik
ortamlarda uygulanabilirligini destekleyen 6nemli bulgular arasinda yer almaktadir.

4 SONUG

Bu calismada, saglik alaninda duyma engelli bireylerin karsilastigi iletisim engellerini
azaltmaya yonelik olarak Video Masked Autoencoder (VideoMAE) tabanli ¢ift yonlii bir Tirk isaret
Dili tercime sistemi onerilmistir. Sunulan yaklasim, video tabanli derin 6grenme mimarilerinin
sundugu uzamsal ve zamansal temsil glcunden yararlanarak saglik terminolojisine 6zgu dinamik
isaretlerin etkili bir bicimde modellenmesini amaclamaktadir.

Elde edilen deneysel bulgular, VideoMAE tabanli modelin isaret dili tanima gdrevinde
anlaml ve ayirt edici temsiller 6g8renebildigini gostermektedir. Maskeli video modelleme
yaklasiminin sagladigi veri verimliligi, buyuk o6lgekli video veri setleri Uzerinde egitim yapilmasini
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mumkun kilarken, modelin genelleme yetenegini de olumlu yonde etkilemistir. Bu yonuyle
Onerilen sistem, saglik alanina yonelik isaret dili uygulamalarn icin glclu bir teknik temel
sunmaktadir.

Calismanin  6nemli katkilarindan biri, yalnizca isaret > metin/ses donusimuine
odaklanmakla kalmayip, ayni zamanda metin = isaret dontsimunu de destekleyen ¢ift yonlu bir
iletisim altyapisini hedeflemesidir. Bu yaklasim, saglik personeli ile duyma engelli bireyler
arasinda daha dogal, hizli ve glivenilir bir iletisim ortaminin olusturulmasina olanak tanimaktadir.
Ozellikle acil servis ve poliklinik gibi zamanin kritik oldugu saglik ortamlarinda, bu tiir sistemlerin
erigilebilirligi artirma potansiyeli bulunmaktadir.

Bununla birlikte, calisma bazi sinirliliklar icermektedir. Model performansi bu asamada
sinirli sayida metrik Gzerinden degerlendirilmis olup, gercek klinik ortamlarda elde edilecek
kullanici geri bildirimleri henuz dahil edilmemistir. Ayrica, sistemin gergek zamanl calisabilirligi
ve farkli donanim yapilandirmalari Gzerindeki performansi kapsamul bigimde test edilmemisgtir.

Gelecek calismalarda, onerilen sistemin gercek klinik senaryolarda uygulanmasi, kullanici
deneyimi odakli degerlendirmelerin yapilmasi ve gercek zamanli performansinin analiz edilmesi
planlanmaktadir. Bunun yani sira, veri setinin genisletilmesi, farkli isaretleyici profillerinin
eklenmesi ve avatar tabanli metin > isaret modulunun gelistirilmesiyle sistemin pratik kullanim
degerinin artirilmasi hedeflenmektedir. Sonug¢ olarak, bu calisma VideoMAE tabanli derin
08renme yaklasimlarinin saglik alanina 6zgu isaret dili tercume sistemleri icin umut vadeden bir
¢Ozum sundugunu ortaya koymaktadir.
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ABSTRACT

This study aims to examine how channel height influences the heat transfer efficacy of a chip within
minichannels. A two-dimensional computational fluid dynamics (CFD) analysis was performed to
investigate the effect of channel height on heat transfer in a chip situated within rectangular
minichannels of varying heights. Air at an inlet temperature of 300 K was used as the cooling fluid, with
a continuous heat flux of 50 kW/m? applied to the chip surface. For a more precise assessment of
convective heat transfer, the channel walls were considered adiabatic. Numerical calculations were
conducted for different Reynolds numbers (Re = 100, 200, and 300) and for different channel heights
(H=1,1.5, and 2 mm). The evaluation of thermal performance involved analysing differences between
the local and average Nusselt numbers, as well as temperature distributions across the chip surface.
The results show that increasing the Reynolds number lowers the chip surface temperature and raises
the average Nusselt number, while increasing the channel height leads to higher chip surface
temperatures. When the Reynolds humber increased from 100 to 300, at a channel height of 1 mm, the
chip surface temperature dropped from 499.15 K to 456.88 K, while the average Nusselt humber
increased from 11.08 to 13.15. Similarly, at a channel height of 2 mm, the chip surface temperature
decreased from 607.72 K to 528.12 K, and the average Nusselt number rose from 9.89 to 13.32. The
results indicate that channel height and flow conditions are essential in influencing the cooling efficacy
of a chip's minichannel design.

Keywords: Mini-channel cooling, Heat transfer, CFD, Nusselt number, Reynolds humber.

1 INTRODUCTION

The rising thermal output from diverse electronic devices and components has
necessitated the development of sophisticated cooling technologies that provide optimal
performance and improved dependability. To avert system problems caused by overheating, it is
crucial to implement effective and creative cooling techniques to keep chip temperatures within
safe parameters [1]. Consequently, researchers have created multiple thermal management
techniques and cooling mechanisms to regulate the rising temperature. Yu et al. [2] developed an
innovative approach for the construction of microchannel heat sinks to reduce hot spot
temperatures. Following the assessment of microchannel performance by the CFD, they
corroborated the findings with analytical results. They illustrated the method for decreasing the
hot spot temperature in arectangular flow channel. Koztowska et al. [3] conducted computational
modelling and an experimental investigation of a small microchannel cooler using micropipes for
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coolant transport. They built mathematical and three-dimensional numerical models of the
proposed cooler design and conducted a series of numerical simulations for different mass flow
rates of the cooling medium. Zehtabiyan-Rezaie et al. [4] undertook a numerical and analytical
investigation into the heat transfer and entropy generation during both the developing and fully
developed stages of stratified two-phase flow within a mini-channel. The researchers explored
the effects of various parameters, including the Reynolds number, heat flux ratio, and volumetric
flow rate ratio, on the flow field, heat transfer, and entropy generation. Mehta and Khandekar [5]
examined the effect of imposed vibrations on laminar, thermally developing, single-phase flow
and heat transfer in a square-section mini-channel. The frequency was regarded as the only
variable, while the amplitude and Reynolds number of the flow vibrations were held constant.
Spizzichino et al. [6] experimentally investigated the flow field in small-scale channels with
different geometries. By varying the Reynolds number and the wall temperature, they aimed to
analyse and improve thermal performance under different flow velocities, temperatures, and
geometric configurations. Mehta and Khandekar [7] conducted an experimental study on the
thermohydrodynamics of a thermally developed single-phase laminar flow of water in a square-
section mini-channel. They reported that the developing flows, by exhibiting high heat transfer
coefficients in the inlet regions, are suitable for mini/micro-scale applications that remove high
heat flux. Kaushik et al.[8] performed a comparative analysis utilising experimental and
simulation data to evaluate the Al,O, + CuO +ZnO + H,O nanofluid against water as the sole fluid.
The CuO+ZnO+H,0 nanofluid demonstrated superior performance relative to water regarding
fluid flow, thermal behaviour, and heat conduction parameters. Wu et al. [9] conducted
simulations of water flow utilising nano-encapsulated phase change material for the purpose of
cooling a CPU located within a mini-channel. The increase in Reynolds number and CPU heat flux
resulted in a decrease and an increase in the melting fraction, respectively. Abed et al. [10]
conducted an integrated experimental and numerical investigation into the characteristics of
laminar flow and forced convection heat transfer within a square cross-section wavy
microchannel. The study concluded that the serpentine microchannel improves heat transfer
performance relative to a straight microchannel across the full spectrum of Dean numbers.
Ghasemian et al. [11] conducted a numerical investigation of laminar forced convection heat
transfer in a water-based Fe;O, ferrofluid within a mini-channel featuring isothermal surfaces.
Vortices were found to disrupt the thermal boundary layer, resulting in enhanced heat transfer.
Sandler et al. [12] considered flow-boiling in mini- and microchannels as an effective method for
cooling mobile devices and electronic components and examined in detail the low-pressure
refrigerants R236fa and R245fa, with particular emphasis on the influence of saturation
temperature on flow-boiling behaviour. Sajith et al. [13] performed studies on convective heat
transfer in channels with hydraulic diameters of 3 mm and 4 mm. The experiments were
conducted with varying heat inputs and mass flow rates, while temperature profiles were
analysed across different Reynolds numbers and heating levels. Ho et al. [14] conducted an
experimental investigation into the cooling characteristics of mini-channel heat sinks using
water-based emulsions of nano-phase change materials. Increasing the Reynolds number within
the range of 960-1381 led to a reduction in average convective heat transfer efficiency. Mortean
and Mantelli [15] conducted a theoretical and experimental thermal analysis of laminar and
transition flows in a diffusion-bonded cross-flow compact heat exchanger, proposing a novel
Nusselt number correlation for the transition regime. Oyinlola et al. [16] conducted experimental
studies to investigate the effects of micro-channel geometry on the thermal and hydraulic
performance of absorber plates. As a result, they found that the heat transfer coefficient is
strongly dependent on fluid velocity, and the Nusselt number depends on the Reynolds number.

The primary objective of this study is to investigate the influence of different channel heights
on fluid flow and thermal transfer within the mini-channel. Consequently, flow and thermal
evaluations of a mini-channel housing a heated electronic chip were conducted for varying
channel heights (H =1, 1.5, and 2 mm) using varied Reynolds humber values (Re = 100, 200, and
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300). The mini-channel was developed as a two-dimensional model, and numerical studies were
performed using the ANSYS FLUENT software under CFD-based laminar flow conditions. The
present study thoroughly examined the critical influence of channel heights on the flow regime
and heat transfer. The results offer direction for engineering solutions by demonstrating the
impact of varying channel heights on cooling efficacy.

2 NUMERICAL METHODOLOGY

2.1 Geometric Framework and Boundary Condition Parameters

A two-dimensional mini-channel configuration was developed in the DesignModeler
module of the simulation software. The configuration of the two-dimensional constructed
channelisillustrated in Figure 1. After designing the channel geometry, it is essential to determine
the boundary conditions for the established geometry before commencing the numerical
analysis.

Adiabatic
Inlet ! | Outlet
1
1

—> ) —>
: ”——W~~\~ : — >
— N I
— ! i L >
— | -

1 q” =50 kW/m? ! H |
| / N
—): ,’ :—)
—_— N ~ >

1 S—— 1
> —

! Adiabatic ; : !
] Adiabatic —
— o
I 1 >

B C

Figure 1. A schematic depiction of the mini-channel containing the chip

Figure 1 displays that the mini-channel has a length of L = 10 mm, while the chip is designed
with a height of h = 0.5 mm and a surface width of w =1 mm. The mini-channel's top and bottom
walls, along with the chip side surfaces, are considered adiabatic, while the chip surface exhibits
a heat flux of g" =50 kW/m>. Silicon was selected as the channel and chip material due to its
mechanical durability and compatibility with microfabrication techniques. The numerical
analyses examined heat transfer on the chip surface across various channel heights (H=1, 1.5,
and 2 mm) for different Reynolds numbers (Re = 100, 200, and 300), using air with an inlet
temperature of T = 300 K. Table 1 presents the thermophysical properties of the silicon and air
used in the simulation.

Table 1. Thermophysical parameters of the silicon and air

Parameters Units Values
Density of silicon [kg/m3] 2330
Specific hggt capacity of [/keK] 710
silicon
Thermal c.o'nductlwty of [W/mK] 148
silicon
Density of air [kg/m3] 1.176
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Specific heat capacity of air [J/kgK] 1007
Thermal conductivity of air [W/mK] 0.02566

Dynamic viscosity of air [kg/(ms)] 1.858x10°®

The material properties outlined in Table 1 serve as the inlet boundary conditions for the
simulation model.

2.2 Grid Independence Study

Grid independence analysis thoroughly evaluated the independence of the numerical
solution from the grid structure. The results for various grid densities were compared to identify
the best grid structure, where the solution stabilised. Figure 2 illustrates the best grid
configuration for the two-dimensional planned channel. To enhance the precision of the heat
transfer resulting from the heat flux supplied to the chip's surface, a finer, optimised grid was
utilised in this area, as illustrated in Figure 2.

-

Figure 2. The grid structure of the mini-channel containing the chip

Table 2 displays the mean Nusselt number values on the chip surface for various node
numbers. It indicates that the mean Nusselt number is 11.08 for node numbers 2060 and 2330,
with convergence of the solution observed. As a result, a node humber of 2330 was chosen for
the flow and heat transfer solution within the channel.

Table 2. Mean Nusselt numbers on the chip surface for different node numbers

Node number Mean Nu Number
1066 10.56
1305 10.62
1639 10.61
1945 10.89
2060 11.08
2330 11.08
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2.3 Governing Equations

This study assumes that the flow within a mini-channel is two-dimensional, steady,
incompressible, Newtonian, and laminar. Fluid properties are considered constant. The governing
equations (Egs. 1-3) are presented below.

Continuity Equation

ou Ov
X
Navier-Stokes Equations
2 2
o) u@+va—u =—a—p+y a—Z+a—LZl (2a)
ox Oy Ox ox° oy
2 2
o) u@ﬁLv@ =—a—p+,u 6_\2/+8_12/ (2b)
ox Oy oy ox~ Oy
Energy Equation
2 2
pc ua—T+va—T =k 8]2"4_8_72’ (3)
P\ ox oy ox° oy

3 RESULTS AND DISCUSSION

3.1 Examination of the Velocity Distribution in Mini-Channels

This section assesses the velocity distributions within the channel at varying heights for
Reynolds numbers of 100, 200, and 300. Figures 3-5 depict the velocity distributions for these
Reynolds numbers, specifically at a channel height of 1 mm.

Figure 3. Velocity distributions within the channel (H=1 mm, Re = 100)

Figures 3-5indicate that flow velocity increases as the air fluid approaches the chip surface,
attaining its maximum at the top surfaces of the chip. The maximum air flow velocities recorded
at the top of the chip for 1 mm channel heights were 4.49 m/s, 8.49 m/s, and 12.54 m/s,
corresponding to Reynolds numbers of 100, 200, and 300, respectively. Figures 6-8 illustrate the
velocity distributions at Reynolds numbers of 100, 200, and 300 for channel heights of 1.5 mm.
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Figure 4. Velocity distributions within the channel (H= 1 mm, Re = 200)
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Figure 5. Velocity distributions within the channel (H=1 mm, Re = 300)

Analysis of Figures 6-8 indicates that, similar to a 1 mm channel height, the air velocity
increases as the chip nears the surface, achieving maximum air velocity above the chip. The
observed maximum velocities at the top of the chip were 2.71 m/s, 5.11 m/s, and 7.51 m/s for
Reynolds numbers of 100, 200, and 300, respectively.
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Figure 6. Velocity distributions within the channel (H= 1.5 mm, Re = 100)
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Figure 7. Velocity distributions within the channel (H=1.5 mm, Re =200)
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Figure 8. Velocity distributions within the channel (H=1.5 mm, Re = 300)

Figures 9-11 present the velocity distributions at Reynolds numbers of 100, 200, and 300,
respectively, for a channel height of 2 mm. The analysis of Figures 9-11 indicates that, similar to
other channel heights, air velocity increases as the chip approaches the surface, achieving its
peak directly above it. The highest recorded velocities at the top of the chip were 2.10 m/s, 3.99
m/s, and 5.89 m/s, corresponding to Reynolds numbers of 100, 200, and 300, respectively.
Moreover, velocity analyses conducted at Reynolds numbers of 100, 200, and 300 revealed that
velocity distributions within the channel diminished with increasing channel heights.
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Figure 9. Velocity distributions within the channel (H=2 mm, Re = 100)
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Figure 10. Velocity distributions within the channel (H=2 mm, Re = 200)
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Figure 11. Velocity distributions within the channel (H =2 mm, Re = 300)

118



3.2 Examination of Heat Transfer Behaviour in Mini-Channels

This section examines the temperature distributions within the channel and the heat
transfer characteristics at the chip surface in detail. Numerical analyses conducted using ANSYS
FLUENT assessed the temperature contours for Reynolds numbers of 100, 200, and 300, local
temperature variations on the chip surface, and Nusselt number distributions across various
channel heights (H =1 mm, 1.5 mm, and 2 mm) to illustrate the thermal performance of the
channels. Figures 12-14 present the temperature distributions for a channel height of H=1 mm.

Figure 12. Temperature distributions within the channel (H =1 mm, Re = 100)

ANSYS

2021 R1

Figure 13. Temperature distributions within the channel (H=1 mm, Re = 200)
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Figure 14. Temperature distributions within the channel (H=1 mm, Re = 300)

Figures 12-14 demonstrate that heat transfer at the chip top surfaces is positively correlated
with an increase in Reynolds number. At a channel height of H = 1 mm, maximum temperatures
of 548.87 K, 494.52 K, and 468.40 K were observed at the chip top surfaces for Reynolds numbers
of 100, 200, and 300, respectively. Figures 15-17 illustrate the temperature distributions for a
channel heightof H=1.5mm.

Figures 15-17 illustrate that heat transfer within the channel increased, resulting in
decreased temperatures on the chip surfaces as the Reynolds number increased. At a channel
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height of H = 1.5 mm, the maximum temperatures recorded at the chip surfaces were 648.04 K,
578.77 K, and 549.19 K for Reynolds numbers of 100, 200, and 300, respectively. Adjusting the
channel heightfromH=1mmto H=1.5 mm resulted in maximum temperature increases of 99.17
K, 84.25 K, and 80.79 K on the chip surface for Reynolds numbers of 100, 200, and 300,
respectively. The observed temperature increases decreased concurrently with the rise in the
Reynolds number. Figures 18-20 illustrate the temperature distributions for a channel height of H
=2mm.

Figure 15. Temperature distributions within the channel (H=1.5 mm, Re = 100)

Figure 16. Temperature distributions within the channel (H= 1.5 mm, Re = 200)

Figure 17. Temperature distributions within the channel (H=1.5 mm, Re =300)

As shown in Figures 18-20, similar to the channel heightsof H=1 mmand H=1.5mm, ata
channel height of H = 2 mm, the heat transfer within the channel increases with increasing
Reynolds number, and the temperatures on the chip surfaces decrease. For a channel height of H
=2 mm, the maximum temperatures observed on the chip surfaces at Reynolds numbers of 100,
200, and 300 were 701.90 K, 623.44 K, and 591.05 K, respectively. The results indicate that chip
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surface temperatures rise as channel height increases. When the channel height is increased
fromH =1 mm to H =2 mm, the maximum temperature rises observed on the chip surfaces are
153.03 K, 128.92 K, and 122.65 K for Reynolds numbers of 100, 200, and 300, respectively. Figures
21 and 22 illustrate the graphs of the local Nusselt numbers and the temperature variations on
the chip surface for a channel height of H =1 mm at the same Reynolds numbers.

Figure 18. Temperature distributions within the channel (H=2 mm, Re = 100)

Figure 19. Temperature distributions within the channel (H=2 mm, Re =200)

Figure 20. Temperature distributions within the channel (H=2 mm, Re = 300)

Figure 21 illustrates that across all Reynolds number values, the local Nusselt numbers are
elevated at the initial contact point between the air and the chip. Subsequently, these values
decrease along the chip surface before attaining a stable state. Figure 22 corroborates Figure 21,
demonstrating that elevated Nusselt numbers at the initial air-chip interface result in reduced
chip surface temperatures in the contact area. Figure 22 illustrates that an increase in Reynolds
number correlates with a decrease in temperatures on the chip surface of the air fluid.
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Figure 21. Local Nu number variations on the chip surface (H=1mm)
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Figure 22. Temperature changes on the chip surface (H=1mm)

Figures 23 and 24 illustrate the graphs of local Nusselt numbers and temperature variations
on the chip surface for a channel height of H=1.5 mm at Reynolds numbers of 100, 200, and 300.
Figure 23 illustrates that upon initial contact of the air with the chip, the local Nusselt numbers
are elevated across all three Reynolds numbers, subsequently decreasing along the chip surface
and demonstrating a more stable condition towards the end of the surface. Figure 24
demonstrates that areduction in Reynolds number results in elevated chip surface temperatures.
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Figure 23. Local Nu number variations on the chip surface (H=1.5 mm)
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Figure 24. Temperature changes on the chip surface (H=1.5 mm)

Figures 25 and 26 present the graphs of local Nusselt numbers and temperature variations
on the chip surface for a channel height of H = 2 mm at Reynolds numbers of 100, 200, and 300,
respectively. In Figure 25, similar to the channel heights of H=1 mm and 1.5 mm, the high Nusselt
numbers at the initial contact of the air fluid with the chip show a decreasing trend along the chip
surface, while exhibiting a more stable condition toward the end of the chip surface.
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Figure 25. Local Nu number variations on the chip surface (H=2 mm)
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Figure 26. Temperature changes on the chip surface (H=2 mm)

Figure 26 illustrates that the temperature values within the range of 300-350 K at the chip's
starting point achieve peak temperatures of 701.90 K, 623.44 K, and 591.05 K for Reynolds
numbers of 100, 200, and 300, respectively. The findings indicate that an increase in Reynolds
number leads to a decrease in chip surface temperature, while an increase in channel height
results in elevated chip surface temperatures.
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4 CONCLUSION

This study investigates the heat transfer performance of an electronic chip situated within

a mini-channel at different channel heights (H =1, 1.5, and 2 mm) for Reynolds numbers of 100,
200, and 300. This study examined the temperature distributions and Nusselt numbers on the
chip surface through CFD analyses of the 2D-designed mini-channels using ANSYS FLUENT. The
key findings from this study are summarised below.

e With anincrease in the Reynolds number, heat transfer within the channelis enhanced,
leading to a reduction in chip surface temperatures and an increase in the Nusselt
numbers on the chip surface.

e With an increase in channel height, the heat transfer within the channel diminishes,
resulting in elevated chip surface temperatures.

e At achannel height of H=1 mm, an increase in the Reynolds number from 100 to 300
resulted in a decrease in chip surface temperature from 499.15 K to 456.88 K,
accompanied by an increase in the average Nusselt number from 11.08 to 13.15.

e Asthe Reynolds number increased from 100 to 300 at a channel height of H=1.5 mm,
the chip surface temperature decreased from 569.61 K to 505.97 K, while the average
Nusselt number rose from 10.15to 12.89.

e Asthe Reynolds numberincreased from 100 to 300 at a channel height of H=2 mm, the
chip surface temperature decreased from 607.72 K to 528.12 K, while the average
Nusselt number rose from 9.89 to 13.32.

The findings indicate that channel height and flow conditions have a significant impact on

the cooling efficiency of a chip within a mini-channel. Optimising the design parameters of mini-
channels is essential for the efficient cooling of chip surfaces.
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ABSTRACT

This study presents a novel approach for the automatic detection and classification of post-
earthquake structural damage on building walls using the YOLOv8 deep learning algorithm. Post-
disaster damage assessment is critical for timely intervention and rehabilitation planning; however,
current manual inspection methods are time-consuming and subjective. To overcome these
challenges, we developed a comprehensive real-time detection system that can classify wall
conditions into three categories: normal, cracked, and perforated. A specialized dataset consisting of
2000 high-resolution images from buildings affected by the February 6 earthquakes in Turkey was
compiled. The dataset was meticulously preprocessed and split into 80% for training and 20% for
testing. The YOLOv8 model architecture was optimized with hyperparameter tuning and trained for 100
steps with a batch size of 16 and a learning rate of 0.001. Experimental results show outstanding
performance with class-specific accuracy values of 0.999 for normal, 0.777 for crack, and 0.849 for
hole. The model achieved 0.875 overall accuracy, 0.852 recall, 0.903 precision (MAP@0.5), and 0.707
mMAP@0.5:0.95. The model's F1-score based on confidence threshold analysis reached 0.86 at the
optimal threshold. The system maintains real-time processing capabilities at 31 frames per second on
mid-range GPU hardware (NVIDIA Quadro M2000), making it suitable for field use. The proposed
methodology offers significant progress in post-disaster structural assessment by providing fast,
objective, and scalable damage assessment. This technology can greatly improve emergency response
efficiency, resource allocation, and safety assessment procedures following seismic events. Future
work will focus on expanding the model to detect additional types of damage and on its use as a mobile
application for on-site assessment by emergency response teams.

Keywords: Post-Earthquake Building Inspection, YOLOv8, Wall Damage Classification,
Deep Learning, Crack and Hole Classification.

1 INTRODUCTION

Crack formation is a common structural defect observed in various man-made engineering
structures such as sidewalk systems, bridge structures, nuclear facility containment walls, and
tunnel ceilings found in metropolitan infrastructure. This condition is characterized by the process
of a structural element breaking into discrete pieces and represents a mechanism that provides
stress relief when concrete is subjected to stresses exceeding its tensile strength [1]. Crack
formation is a morphological indicator of degradation processes that negatively affect the
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integrity and structural performance of the concrete matrix, structurally weakening the concrete
or exposing it to stress conditions that exceed design limits [2]. When crack propagation occurs,
the stress tensors perpendicular to the crack plane approach zero [3]. Crack formation in
concrete structures can create multidisciplinary problems such as degradation of strength and
stiffness parameters in structural systems, deterioration of aesthetic integrity, reduction in long-
term durability performance, and compromise of hydraulic isolation properties [4]. The reduction
in stiffness resulting from crack formation causes additional deformation and displacement
vectors in structural elements. The development of an effective, reliable, and economical
algorithm for detecting surface anomalies is of primary importance for robust infrastructure
management mechanisms [5, 6, 7].

Highway pavement inspection [8], underground pipeline inspection [9], bridge crack
monitoring [10], and rail system assessment [11] have led to a recent surge in academic interest
in automated crack detection mechanisms. In subsequent years, deep learning techniques have
been widely implemented in various fields of expertise, particularly in engineering sciences,
industrial applications, health sciences, natural language processing technologies, and
autonomous vehicle systems [12, 13, 14, 15].
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Figure 1. YOLOv8-Based Concrete Surface Defect Detection and Quantitative Analysis Process

Figure 1 schematically presents the general workflow of a damage detection process based
on You Only Look Once version 8 (YOLOvVS8). In the first stage, the Data Set Preparation step
collects and organizes the labeled, manually annotated images required to train and test the
model. Then, in the Prediction Stage, the model detects normal, crack, and hole classes in the
incoming images. The final stage is Analysis and Reporting, where numerical analyses are
performed based on the model's findings, and comprehensive reports are generated according to
the type and size of the detected defects. This workflow demonstrates the multi-class detection
capability of the YOLOvVS8 architecture with a concrete application example and outlines the basic
steps of an automated solution for damage detection.

This study presents a deep learning-based approach for detecting cracks on building
surfaces. During the model training process, transfer learning was applied using the YOLOv8
architecture, which was pre-trained on the ImageNet dataset. An original dataset containing wall
cracks and surface abnormalities recorded after the February 6 earthquakes was created and the
model was trained on this dataset [16]. Based on the results obtained, the model's ability to
detect surface defects such as cracks and holes with high accuracy was analyzed. In this context,
the proposed method aims to provide an effective solution in structural health monitoring
systems by demonstrating higher accuracy and generalization ability compared to classicalimage
processing approaches.
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2 MATERIALS AND METODS
2.1 Dataset

In this study, a specialized dataset consisting of 2000 images depicting cracks and holes on
building surfaces, resulting from damage sustained by buildings following an earthquake, was
utilized for the automatic detection of such defects. The dataset contains three different classes:
normal, crack, and hole. Eighty percent of the images in the dataset (1,600 images) were randomly
allocated for training, and 20% (400 images) for testing. The sample number distributions of the
images in the dataset are shown in Figure 2. Accordingly, each image may contain more than one
sample [16]. The labels for all images in the training and test datasets were prepared in YOLO
format, and object annotations for the relevant class were provided for each image.
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Figure 2. Dataset Distribution

The dataset structure is prepared in the standard YOLOv8 format, with images stored in the
“images” folder and corresponding label files stored in the “labels” folder. Label files contain
normalized coordinates in the form of object class and location information (class_id, x_center,
y_center, width, height).

2.2 Model Architecture

The study utilized the YOLOv8 deep learning architecture, which offers state-of-the-art
performance in object detection. Specifically, the You Only Look Once version 8 nano (YOLOv8n)
model was chosen for this study as it provides a good balance between computational efficiency
and accuracy. Pre-trained COCO weights were used for YOLOv8n, and then this model was
retrained on the dataset specific to this study using transfer learning. In the first stage,
convolutional layers were configured to extract low-level features from the input images and
create representative features to be passed to subsequent layers. Subsequently, C2f (Cross-
Stage Partial Connections with Full Bottleneck) blocks were incorporated, favoring an
architectural design that minimizes information loss and improves gradient flow. These blocks
both enhance the computational efficiency of the model and strengthen its representational
power in the deep learning process.

The model has the ability to detect objects with a single pass over the image, making it an
ideal choice for real-time applications. During training, mixed precision training was applied to
increase memory efficiency and reduce training time.
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3 FINDING AND DISCUSSION

This section provides a detailed analysis of the quantitative performance of the developed
YOLOv8-based object detection model, offering a comprehensive evaluation in terms of both
accuracy and inference efficiency. The model's class-based success levels are interpreted
through general accuracy metrics, inference times, and learning trends; furthermore, its strengths
and weaknesses are discussed with visual support using a confusion matrix, F1 score, and various
curve analyses. The findings reveal that the model provides sufficient accuracy and speed for real-
time applications.

Table 1. Class-Based Performance Indicators of the Model.

Class Nlu:a'::':f Ns”a";:el;gf Pre‘:sm Recall mAP50 mAP50-95

Normal 682 682 0.999 0987  0.995 0.993
Crack 792 1285 0777 0707 0.799 0.498
Hole 403 596 0.849 0862 0916 0.631

Table 1 details the fundamental performance metrics achieved by the model for each class.
The model demonstrated exceptional success in the normal class, achieving a mAP@0.5 value of
99.3%. This indicates that the model is highly successful in distinguishing surfaces without
damage. The mAP@0.5 value obtained for the crack class was relatively lower at 79.9% compared
to other classes. This situation may be attributed to the structural diversity of cracks and the high
variation in the dataset. A high mAP@0.5 rate of 91.6% was recorded for the hole class; the model
demonstrated strong performance in identifying surface holes.
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= 200
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normal crack hole
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Figure 3. Confusion Matrix
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The matrix showing the classification performance of the YOLOv8 object detection model
in detecting surface defects is presented in Figure 3. When the data in the matrix is examined, the
model exhibits heterogeneous performance in the three-class classification task, which includes
the classes “normal,” “crack,” and “hole.”

The model for the normal class demonstrates nearly perfect classification capability with a
99.9% accuracy rate (673 correct classifications, only 1 misclassification). In the crack class,
although a significant success was achieved with 1013 correct identifications, the
misclassification of 258 examples as background is noteworthy and is likely due to the low-
contrast characteristics of the cracks. For the hole class, 532 correct identifications were
observed, while 14 examples were misclassified as cracks and 50 as background, indicating
moderate classification confusion.

1.0 ¢
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crack
—— hole
= all classes 0.86 at 0.329
0.8 A
0.6
-
(T
0.4
0.2 1
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Confidence

Figure 4. F1-Confidence Curve Graph

The F1 score, one of the most important metrics used to evaluate a model's classification
capability, is the harmonic mean of precision and sensitivity values. The F1-Confidence Curve
presented in Figure 4 shows the model's overall performance at different confidence scores and
the optimal decision threshold (confidence threshold). In general, this analysis reveals that
determining the model's optimal confidence threshold value to be around 0.329 is meaningfulin
terms of both all classes and overall F1 performance.
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Figure 5. Precision-Confidence Curve Evaluation of the Model

The Precision-Confidence curve presented in Figure 5 evaluates the classification reliability
of the trained YOLOv8n model across three different classes. When examining the model's overall
accuracy curve (dark blue) for all classes, it can be seen that the model achieves maximum 100%
accuracy at a confidence level of 84.8%. This clearly demonstrates the model's ability to make
predictions with high accuracy.

The average accuracy value for all classes reaches 100% at a confidence threshold of 0.848.
This finding indicates that the model is highly reliable in terms of accuracy at high confidence
thresholds, but that this high accuracy is likely achieved at the expense of sensitivity. The distinct
differentiation of accuracy curves at low confidence thresholds reflects the differences in the
morphological and visual characteristics of the classes.

Overall, it was observed that the model showed steadily increasing accuracy curves for all
classes and made highly successful predictions at high confidence thresholds. These results
support the model's applicability in real-world applications, particularly in industrial inspection
scenarios requiring high accuracy.
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Figure 6. Precision-Recall Curve Evaluation of the Model
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To quantitatively evaluate the class-based detection performance of the YOLOv8n model, a
Precision-Recall (P-R) curve was created in Figure 6. The graph shows the variation in accuracy
and sensitivity values of the model's predictions for the “normal,” “crack,” and “hole” classes. The
curves also indicate the overall class performance and the 90.5% mAP@0.5 performance. This
demonstrates that the model can classify with high accuracy and a low error rate.

1.0
\ —— normal
crack
—— hole
= 3|l classes 0.99 at 0.000
0.8 1
0.6 1
I
o
&
0.4 1
0.2 1
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Confidence
Figure 7. Recall-Confidence Curve Evaluation of the Model

Figure 7 shows the relationship between decision confidence and sensitivity regarding the
predictions of the YOLOv8n model, both on a class-by-class basis and as an average across all
classes. This analysis plays a critical role in determining the optimal threshold value and
understanding class-based confidence behaviors. When all these metrics are evaluated together,
it can be said that the YOLOv8n model offers fast learning capacity, a balanced training process
with low loss values, high accuracy and sensitivity rates, and strong generalization ability. The
limited number of sudden jumps in the training curves and the steady increase in metrics confirm
that the training protocol has been properly optimized and that the model has been trained in a
stable manner.

The images on the left side of Figure 8 show the original input fed into the system. The
images on the right contain the detection results of the YOLOv8n model, with areas classified by
the model as “hole,” “crack,” and “normal” marked. The model produced successful results by
correctly classifying high-contrast areas. However, the large plaster fall area on the ceiling in the
top image was not detected by the model. Possible reasons for this include insufficient
representation of large plaster falls in the training dataset, such damage exhibiting visual
characteristics different from the “hole” class, and the bounding box dimensions of large-area
damage being significantly different from the examples encountered during training. Furthermore,
in the bottom image, the large-scale concrete spillage area was detected as a single “hole,” and
the variety of structural damage in this area (combination of cracks, holes, and plaster loss)
caused the model to assign a single class label.
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Figure 8. (a)(c) Wall image after the earthquake; (b)(d) Post-earthquake wall image showing the
model's prediction result
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Figure 9. (a)(b) Estimates of Surface Defect Detection

Figure 9 (a) shows the image containing “crack” and ‘hole’ on the structure surface. Figure
9 (b) shows the “crack” defect detected by the YOLOv8n model with 0.69 accuracy. Despite the
irregular morphology of the crack, the model correctly classified the area and achieved high
accuracy in detection.

4 CONCLUSION

In this study, a customized object detection model was developed using the YOLOv8n
architecture for the detection and classification of damage on building surfaces following an
earthquake. The model was trained and evaluated to identify three different surface conditions:
“normal,” “crack,” and “hole.” The training process was conducted over 100 epochs using a
PyTorch and Ultralytics-based infrastructure on Quadro M2000 GPU hardware. Despite its
lightweight structure, the model was shown to be capable of high-accuracy and low-latency
predictions.

Performance evaluations were not limited to general accuracy levels; they were also
detailed using multidimensional methods such as class-based analyses, complexity matrices,
confidence threshold curves, and box plot analyses. Specifically, the model demonstrated
exceptional performance in the “normal” class with a mAP@0.5 accuracy exceeding 99%,
revealing the model's ability to recognize solid surfaces with high accuracy. On the other hand,
the “crack” class was identified as the model's weakest link, with both a low mMAP@0.5 (~79%)
and a high false negative rate. This can be attributed to the visual diversity of crack structures and
the high intra-class variance. The “hole” class showed strong accuracy with a mAP@0.5 success
rate of 91.6%, but confusion was observed within certain confidence threshold ranges.

Various development strategies are proposed to further improve model performance in
future studies. First, expanding the dataset and addressing imbalances between existing classes
will positively impact the model's generalization capacity. Specifically, applying class-specific
data augmentation techniques for the “crack” and “hole” classes can help the model learn these
complex structures more effectively. Furthermore, there is a need for work on optimizing
confidence threshold values to reduce false positive and negative classifications. However,
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beyond the YOLOv8n architecture, a comparative evaluation of the YOLOv8m/s versions, which
offer more complex and deep structures, and Transformer-based models would be useful in
clarifying the limits of the achieved performance.

In conclusion, the YOLOv8n-based model developed in this study has demonstrated high
accuracy and application potential in the automatic detection of damage on building wall
surfaces. In this context, it is considered that the model provides a valuable contribution to
academic research and establishes a solid foundation for use in engineering applications.
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ABSTRACT

Bu calisma, ¢ok konusmacili metin seslendirme (TTS) sistemleri i¢cin edebi metinlerdeki
diyaloglarin dogru konusmaciya atanmasi sorununu ele almakta ve makine 6grenmesi ile kural
tabanli yaklagimlar birlestiren hibrid bir yontem o6nermektedir. Yontem iki katmandan
olugmaktadir: SavasyBERT ve c¢ok dilli Babelscape modelleri kullanilarak ‘Kisi’ varliklarinin
belirlenmesi ve konusma cizgileri ile tirnak isaretlerine dayali kural tabanli diyalog tespiti.
“Konusmaci” kavrami, bu iki katmanin kesisimi olarak tanimlanmistir. Elde edilen bulgular,
Tlrkgeye 6zgl SavasyBERT modelinin kurgusal karakterleri daha tutarli bigcimde tespit ettigini ve
daha dusuk gurultu Urettigini gostermektedir. Buna karsilik Babelscape modeli, Turkge dil
ozellikleriyle sinirli uyumu nedeniyle daha fazla hatali pozitif Gretme egilimi sergilemistir. Sonug
olarak, 6nerilen hibrid yaklasimin SavasyBERT ile birlikte kullanildiginda Tiuirkge gok konusmacili
TTS uygulamalari igin guvenilir bir karakter tespit altyapisi sundugu degerlendirilmistir.

Keywords: Varlik ismi Tanima (NER), Konusmaci Tespiti, Hibrid Yaklasim, SavasyBERT,
Babelscape, Cok Konugmacili Metin Seslendirme

1 GIRIS

Metinden konusmaya (Text-to-Speech, TTS) donusum sistemleri, gunumuzde yuksek
dogrulukla anlasilabilir ve akici konusma Uretebilen ileri duzey yapilar haline gelmistir. Bu
ilerleme; dilbilimsel kuramlarin olgunlasmasi, ingilizce’nin akustik-fonetik 6zelliklerinin ayrintil
bicimde ortaya konmasi, insan konusmasinin algisal olarak nasil islendigine iliskin bulgular,
matematiksel konusma Uretim modelleri ile gugld donanim ve programlama tekniklerinin
birlesimi sayesinde mumkuin olmustur. Klatt’in klasiklesmis ¢alismasi [1] TTS alanindaki tarihsel
gelisimi erken donem mekanik ve elektronik sentezleyicilerden formant ve artiktlasyon temelli
yontemlere kadar sistematik bicimde incelemekte; fonemlerin allofonlara donusturilmesi, sire
ve temel frekans (FO) kurallariyla prosodinin modellenmesi, metnin sézdizimsel ve morfolojik
analizinin konusma Uretimine entegrasyonu gibi temel bilesenleri ayrintili olarak tartismaktadir.

Guncel konusma teknolojilerinde, metinden-konusmaya ve konusmadan-yaziya (STT)
sistemleri giderek daha fazla insan-makine etkilesiminin temel bileseni haline gelmistir. Ancak
STT mekanizmalarinin Urettigi transkriptler; duraksamalar, yanlis ¢ozumlemeler ve gurultu
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kaynakli hatalar nedeniyle ylksek oranda duzensizlik icerir. Bu durum, konusma temelli
uygulamalarda anlamli bilgi ¢ikarimini zorlastirmakta ve ozellikle serbest bigimli girdilerden
yapilandirilmis bilgi elde edilmesini kritik bir problem héline getirmektedir. Bu baglamda Varlik
ismi Tanima (Named Entity Recognition, NER), TTS/STT tabanli sistemlere entegre edilen en
onemli dogal dil isleme bilesenlerinden biri olarak 6ne ¢gikmaktadir.

Gergek dunya verilerinin kisitli ve yuksek gurultali olmasi, buyuk dil modellerinin gizlilik ve
gecikme sorunlar nedeniyle kullanilamamasi, uygulamaya 06zgu hafif NER modellerinin
gelistirilmesini zorunlu kilmaktadir. Calismada yalnizca 69 adet gergek, cogu hatali transkripsiyon
iceren ornegin bulunmasi, sentetik veri Gretimini tek uygulanabilir yaklasim haline getirmistir. Bu
dogrultuda SlovakBERT tabanli bir NER modeli gelistirilmis ve tamamen sentetik verilerle
egitilerek gercek test kimesinde %90’Iin Uzerinde dogruluk elde edilmistir. Sonuglar, sentetik
veriye dayali yaklagimin, TTS/STT tabanli adres dogrulama ve musteri etkilesim sistemleri gibi
gercek dunya senaryolarti igin etkili bir gozim sundugunu géstermektedir [2].

Tarkce gibi sondan eklemeli ve morfolojik acidan zengin dillerde bu problem daha da
belirgin hale gelmektedir. Cok dilli (multilingual) NER modelleri genis bir dil yelpazesinde
calisabilmek tzere tasarlanmis olsa da, tek bir dilin baglamsal ve morfolojik derinligine tam olarak
hakim olamayabilmektedir. Bu durum, 6zellikle uzun ve diyalog yogun metinlerde baglamdan
kopuk kisi etiketlerinin uretilmesine ve yuksek oranda hatali pozitiflerin birikmesine yol
acmaktadir. Cok modlu yaklasimlarin bu tir sorunlar hafifletebildigi, metin ve akustik bilgiyi
birlestiren calismalarda gosterilmistir [3].

Bu calisma, Turkce edebi metinlerde konusmaci tespiti gorevinde iki farkli NER yaklasimini
karsilastirmali olarak incelemektedir: ¢cok dilli bir yapi Uzerine kurulu Babelscape modeli ve
Turkceye 6zgl olarak egitilmis SavasyBERT modeli. Babelscape, BabelNet tabanli gok dilli bir bilgi
kaynagina dayanan evrensel bir yaklasim sunarken [4], SavasyBERT Turkge dil yapisina 6zgu
verilerle ince ayar yapilmis bir model olarak morfolojik uyum agisindan avantaj saglamaktadir [5].

Calismada, makine 6grenmesine dayali NER cgiktilari ile metin igindeki diyalog belirteglerini
kullanan kural tabanli bir yaklasim birlestirilerek hibrid bir ydntem 6nerilmektedir. Bu yaklagimda,
konugan karakterler yalnizca NER modelleri tarafindan tespit edilen kisi varliklari arasindan,
diyalog baglaminda yer alan ifadelerle sinirlandirilmaktadir. Boylece, 6zellikle cok dilli modellerin
uzun metinlerde Urettigi baglamsiz ve glriltilu etiketlerin ¢ok konusmacili TTS sistemleri
uzerindeki olumsuz etkisinin azaltilmasi hedeflenmektedir.

Bu calismanin temel katkisi, Tlurk¢ge edebi metinler uzerinde yapilan kargilastirmali analiz
yoluyla, dile 6zgu NER modellerinin uzun ve diyalog yogun metinlerde sagladigi baglamsal
guvenilirligi ortaya koymasi ve ¢ok konusmacili TTS sistemleri icin pratikte kullanilabilir bir
konusmaci tespiti yaklasimi sunmasidir.

2 MATERYAL VE METOT

Bu calismada, Turkce edebi metinlerde konusmaci tespiti problemini incelemek amaciyla,
makine 6grenmesine dayali Varlik ismi Tanima modelleri ile kural tabanli bir diyalog tespit
yaklasimi  birlestirilmistir. Onerilen yéntem, konusan karakterlerin yiiksek kesinlikle
belirlenmesini hedefleyen iki asamali hibrid bir yapidan olugmaktadir.

Calismada veri kaynagl olarak, diyalog yogunlugu yiksek Turkgce edebi metinler
kullanilmistir. Bu metinler, ¢cok konusmacili TTS sistemlerinde karsilasilan gergek senaryolari
yansitacak sekilde secilmistir. Metinler UGzerinde herhangi bir 6n sadelestirme yapilmadan,
modellerin dogal dil yapisina karsi gosterdigi davranislarin gozlemlenmesi amaglanmistir.

Konusmaci tespiti surecinin ilk agsamasinda, metinler tzerinde iki farki NER modeli
calistinlmistir. Bunlardan ilki, ¢cok dilli bir yaklagima dayanan Babelscape modelidir. Bu model,
genis dil kapsamasi sayesinde farkl dillerde varlik tespiti yapabilmektedir. ikinci model ise
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Tarkceye 6zgu verilerle egitilmis SavasyBERT modelidir. SavasyBERT, Turkcenin sondan eklemeli
yapisi ve morfolojik ozellikleri dikkate alinarak gelistirilmis olup, ozellikle kisi varliklarinin
tespitinde baglamsal uyum saglamayi hedeflemektedir. Her iki model de metinler Uzerinde
calistinilarak “Kisi” varligina ait tum tespitler elde edilmistir.

ikinci asamada, metin igerisindeki diyalog ciimlelerini belirlemek amaciyla kural tabanli bir
filtreleme uygulanmistir. Bu filtreleme slrecinde, konusma cizgileri, tirnak isaretleri ve diyalog
yapisini isaret eden bigimsel gostergeler kullanilmisti. Amag, anlatici metni ile dogrudan
konusma igeren cumlelerin ayristinlmasidir. Bu asama, konusmaci tespitinde baglamin
sinirlandiritmasini saglayarak, NER modellerinin Urettigi baglamsiz kisi etiketlerinin etkisini
azaltmayi hedeflemektedir.

Onerilen hibrid yaklasimda, “konusan karakter” kavrami, NER modelleri tarafindan tespit
edilen kisi varliklan ile kural tabanli yontemle belirlenen diyalog cimlelerinin kesisimi olarak
tanimlanmistir. Buna gore, yalnizca diyalog baglaminda yer alan ve NER tarafindan kisi olarak
etiketlenen varliklar, potansiyel konusmaci olarak kabul edilmistir. Bu yaklasim sayesinde,
ozellikle uzun ve diyalog yogun metinlerde biriken hatali pozitiflerin sistem Uzerindeki olumsuz
etkisinin azaltilmasi amaclanmistir.

Elde edilen ciktilar, modellerin uzun metinlerdeki davraniglarini incelemek ve c¢ok
konusmacili TTS sistemleri acisindan pratik kullanilabilirliklerini degerlendirmek amaciyla
karsilastirmali olarak analiz edilmistir. Degerlendirme surecinde, modellerin urettigi kisgi
varliklarinin niceliksel dagilimlari ve baglamsal tutarliliklari temel alinmistir.

3 BULGULAR VE TARTISMA

Onerilen hibrid yaklasim kapsaminda Babelscape ve SavasyBERT NER modellerinin
ciktilari, diyalog yogunlugu yuksek Turkce edebi metinler Uzerinde karsilastirmali olarak
incelenmistir. Bulgular, iki modelin kisi varligi tespitinde niceliksel olarak benzer sonuglar
uretmesine karsin, baglamsal tutarlilik ve pratik kullanilabilirlik acisindan belirgin farklliklar
gosterdigini ortaya koymaktadir.

Kisa metinler lzerinde yapilan 6n degerlendirmelerde, Babelscape modelinin daha ylksek
geri cagirma degerlerine ulastigl gozlemlenmistir. Bu durum, modelin kisi varliklarini daha agresif
bicimde etiketledigini ve daha az varlik kagirdigini géstermektedir. Ancak ayni egilim, uzun ve
diyalog yogun edebi metinlerde belirgin bir dezavantaja dontismektedir. Metin uzunlugu arttikca,
baglamdan kopuk kisi etiketleri birikmekte ve hatali pozitif orani anlaml ol¢lide yukselmektedir.

Uzun metinler Uzerinde yapilan analizlerde, Babelscape modelinin Urettigi kisi varlklari
arasinda baglamsal olarak karakter olmayan kelimelerin siklikla yer aldigi gorilmdustir. Diyalog
fiilleri, unvanlar ve metnin dogal akisinda yer alan bazi sabit ifadeler, model tarafindan kisi varlig
olarak etiketlenmistir. Bu durum, ¢ok dilli bir modelin Turk¢e’nin morfolojik ve baglamsal
Ozelliklerine sinirli dizeyde uyum saglayabildigini gostermektedir. Niceliksel olarak daha fazla kisi
varligi tespit edilmis olsa da, bu artig pratik agidan anlamli bir kazanim sunmamaktadir.

SavasyBERT modeli ise uzun metinlerde daha dengeli ve baglama duyarli bir davranis
sergilemistir. Turkgeye 6zgu olarak egitilmis olmasi sayesinde, ¢ekim eki almis kisi adlarini ve
baglam icinde karakter olarak kullanilan isimleri daha tutarli bicimde tespit edebilmistir. Uretilen
kisi listelerinde hatali pozitiflerin sinirli dizeyde kaldigi ve karakter olmayan ifadelerin buyuk
olcude elendigi gozlemlenmistir. Bu durum, SavasyBERT’in uzun edebi metinlerde gurilti
birikimini engelleyen daha muhafazakar bir etiketleme yaklasimi benimsedigini gostermektedir.

Hibrid yaklasimin ikinci asamasinda uygulanan kural tabanli diyalog filtresi, her iki model
icin de baglam sinirlandirmasi saglamistir. Ancak bu filtrenin etkisi, SavasyBERT ciktilari Uzerinde
daha belirgin olmustur. Babelscape modelinin urettigi yuksek sayida baglamsiz kisi etiketi, kural
tabanli filtreleme sonrasinda dahi sistem Uzerinde ek yuk olusturmaktadir. Buna karsin
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SavasyBERT, diyalog baglaminda yer alan ve gergcekten konusmaci olabilecek varliklari daha sinirli
ve temiz bir kime hélinde sunmustur.

Elde edilen bulgular, cok konusmacili TTS sistemleri agisindan model seciminde yalnizca
niceliksel performans metriklerine odaklanmanin yeterli olmadigini gostermektedir. Uzun ve
diyalog yogun metinlerde, ylksek geri cagirma degerleri yerine baglamsal kesinlik ve dugik
guralta orani daha kritik bir gereksinim héaline gelmektedir. Bu baglamda SavasyBERT modeli,
Onerilen hibrid yaklagim ile birlikte kullanildiginda pratikte daha guvenilir bir konusmaci tespiti
altyapisi sunmaktadir.

Modellerin temel performans 6zelliklerini karsilagstirmali olarak incelemek amaciyla, kisa
metinlerden olusan bir veri seti Gzerinde standart adlandirilmis varlik tanima degerlendirme
metrikleri hesaplanmistir. Bu veri seti, kisi varliklarinin agik ve baglamdan bagimsiz bigimde ayirt
edilebildigi metinlerden olugsmaktadir. Elde edilen sonuglar, uzun ve diyalog yogun edebi
metinlerde gobzlemlenen model davraniglarini anlamlandirmak igin bir referans olarak
degerlendirilmistir. Etiketleme sureci, metin baglamina hakim arastirmacilar tarafindan manuel
olarak gerceklestirilmistir.

Bu degerlendirme sonucunda elde edilen kesinlik (precision), geri cagirma (recall) ve F1
puanlari Tablo 1°’de sunulmaktadir.

Tablo 1. Kisa Metin Veri Seti Uzerinde Model Performansi

Model Adi F1 Puani Precision Recall
SavasyBERT 0.0784 0.08 0.0769
Babelscape 0.0941 0.065 0.1702

Tabloda goruldugu Uzere, Babelscape modeli kisa metinlerde ylksek geri cagirma degerine
sahipken, bu durum kesinlik degerindeki dusus ile dengelenmektedir. SavasyBERT modeli ise
daha dengeli bir precision-recall profili sunmaktadir. Kisa metinlerde gézlemlenen bu davranig,
Babelscape’in daha kapsayici bir varlik tespit stratejisi izledigini gostermekte; bu stratejinin uzun
ve baglamsal metinlerde gurGlti Uretimine yol agmasinin temel nedenlerinden biri olarak
degerlendirilmektedir.

Elde edilen bulgular, model segiminde metin uzunlugunun ve uygulama baglaminin 6nemli
bir rol oynadigini gostermektedir. Tablo 1°’de sunulan kisa metin sonuglari incelendiginde,
Babelscape modelinin ylksek geri cagirma degerlerinin, disik kesinlikten kaynaklanan hatalari
belirli 6lgcuide dengeleyebildigi gortilmektedir. Ancak uzun ve diyalog yogun edebi metinlerde,
Babelscape’in ¢ok sayida yanlis pozitif Uretme egilimi, veri kimesindeki gurultl oranini artirarak
pratik kullanimi sinirlandirmaktadir. Buna karsilik SavasyBERT, daha yuksek kesinlik ile uzun
metinlerde daha kontrollt ve guvenilir ¢ciktilar sunmaktadir.

Uzun edebi metin lGzerinde elde edilen model ciktilari, kisa metin veri seti igcin hesaplanan
sayisal degerlendirme sonuglarindan farkli olarak, nicel performans olcutleriyle analiz
edilmemistir. Bunun yerine, modellerin Urettigi kisi, organizasyon ve lokasyon varliklar hakim
arastirmacilar tarafindan manuel olarak incelenerek yorumlanmistir. Bu yaklagim, kisa metinler
Uzerinde yapilan ve Tablo 1°’de sunulan degerlendirmelerde ortaya ¢ikan model egilimlerinin, uzun
ve diyalog yogun bir metin baglaminda nasil yansidigini gozlemlemeyi amaclamaktadir. Bu
kapsamda Tablo 2’de, Babelscape ve SavasyBERT modellerinin Felatun Bey ile Rakim Efendi
metni [6] Uzerindeki adlandirilmis varlik tespit giktilarinin genel bir 6zeti sunulmaktadir. Tablo,
modellerin farkli varlik turlerinde uUrettikleri toplam gecis sayilari ve benzersiz kisi sayilar
uzerinden gozlemlenen egilimleri karsilastirmali olarak ortaya koymak amaciyla hazirlanmistir.
Sunulan degerler, mutlak dogruluk iddiasI tagsimamakta olup, kisa metin degerlendirmelerinde
gozlemlenen model davraniglarinin uzun edebi metinlerdeki yansimalarini niteliksel olarak
degerlendirmek icin bir referans niteligi tagsimaktadir.
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Tablo 2. Felatun Bey ile Rakim Efendi Metni Uzerinde Modellerin Manuel incelemeye Dayali Varlik

Cikt1 Ozeti
. . e . Toplam Toplam
Model Adi Torél:rril Ii(l§l Ben;:rsllszl Kisi Organizasyon Lokasyon
s 4 Gegisi Gegisi
Babelscape 1435 114 3 284
SavasyBERT 1346 61 432 254

SavasyBERT’in disuk gurultu orani ve yuksek kesinligi, uzun edebi metinlerin karmasik ve
sureklilik gosteren yapisinda hatalarin birikmesini engelleyerek, 6nerilen hibrit yaklagim
cercevesinde ¢ok konusmacili metinden konusmaya sistemleri i¢in daha saglam bir altyapi
olusturmaktadir. Bu durum, ¢cok dilli modellerin genis veri kapsamina ragmen dile 6zgu morfolojik
ve baglamsal derinligin bu tur gorevlerde belirleyici olabildigini ortaya koymaktadir.

Tablo 3. Kisa ve Uzun Metinlerde Model Davranislarinin Karsilastirmasi

Kriter Babelscape (Kisa Metinler) SavasyBERT (Uzun Metinler)
Oncelik Daha fazla kisi tespiti Yanlis kisi tretmeme
Etiketleme Sekli Daha kapsayici etiketleme Secici etiketleme
Hatali Etiket Orani Tolere edilebilir Duasuk
Uzun Metin Uyumu Hata birikir Yuksek uyum

TTS Acisindan Durum  Basit senaryolaricinyeterli Cok konusmacili TTS icin uygun
4. SONUC

Bu calismada, Turkce edebi metinlerde ¢ok konusmacili metinden konusmaya sistemleri
icin kritik bir problem olan konusmaci tespiti gorevi ele alinmig ve iki farkli NER yaklasimi
karsilastirmali olarak incelenmistir. Cok dilli bir model olan Babelscape ile Turkgeye 6zgu olarak
egitilmis SavasyBERT modeli, diyalog yogunlugu yliksek uzun metinler U(zerinde
degerlendirilmigtir.

Elde edilen bulgular, kisa metinlerde ylksek geri gagirma degerleri sunabilen ¢ok dilli
modellerin, uzun ve baglama duyarli edebi metinlerde 6nemli 6lglide gurilta Uretebildigini
gostermektedir. Babelscape modeli, kisi varligl tespitinde niceliksel olarak daha genis bir
kapsama sahip olsa da, baglamdan kopuk etiketlerin birikmesi nedeniyle pratik kullanim
agisindan sinirli bir performans sergilemistir. Bu durum, ¢ok konusmacili TTS sistemleri igin
gerekli olan tutarli ve glvenilir konugsmaci atamasini zorlagtirmaktadir.

Turkgeye 6zgl SavasyBERT modeli ise uzun metinlerde daha dengeli ve baglamsal olarak
tutarli sonugclar tretmistir. Ozellikle kisi varliklarinin tespitinde diistk guriiltli orani ve daha temiz
cikti kimeleri sunmasi, SavasyBERT’i konusmaci tespiti gorevinde daha uygun bir secenek héline
getirmistir. Kural tabanli diyalog filtresi ile birlikte kullanildiginda, SavasyBERT ciktilarinin ¢ok
konusmacili TTS sistemleri igin pratikte daha glivenilir bir altyapi sundugu gozlemlenmistir.

Sonug olarak, bu galisma, Turkge gibi morfolojik agidan zengin dillerde konusmaci tespiti
gorevinde model se¢ciminde yalnizca niceliksel performans metriklerine odaklanmanin yeterli
olmadigini ortaya koymaktadir. Dile 6zgli NER modellerinin, uzun ve diyalog yogun metinlerde
sagladigi baglamsal kesinlik, ¢cok konusmacili TTS sistemlerinin basarisi igin belirleyici bir
faktordir. Onerilen hibrid yaklasim, Tiirkge edebi metinlerde konusmaci tespiti icin uygulanabilir
ve guvenilir bir ¢6zum sunmaktadir.
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Yapay Zeka Katki Beyani

Bu makale, herhangi bir yapay zeka (Al) araci kullanilmadan tamamen yazarlar tarafindan
yazilmig, dizenlenmis, analiz edilmis ve hazirlanmistir.

Bu calisma, c¢ok konusmacili metin seslendirme (TTS) sistemleri icin edebi metinlerdeki
diyaloglarin dogru konusmaciya atanmasi sorununu ele almakta ve Makine Ogrenmesi ile kural
tabanli mantig birlestiren bir hibrid yaklasim dnermektedir. Yontem iki katmandan olusur:
SavasyBERT ve c¢ok dilli Babelscape modelleriyle ‘Kisi’ varliklarinin belirlenmesi, konusma
cizgileri ve tirnak gibi gostergelere dayali kural tabanli diyalog tespiti. “Konusmaci”, bu iki
katmanin kesisimi olarak tanimlanmistir. Bulgular, Turkgeye 6zgl SavasyBERT modelinin
kurgusal karakterleri yuksek dogrulukla tanidigini ve dusuk guraltu Urettigini gostermistir. Buna
karsin Babelscape, Tirkge dil yapisina uyumsuzlugu nedeniyle yiksek oranda hatall pozitif
uretmistir. Sonuglar, onerilen hibrid yaklagsimin SavasyBERT ile birlikte kullanildiginda Turkce
gok konusmacili TTS uygulamalari igin guvenilir bir karakter tespit altyapisi sagladigini ortaya
koymaktadir.
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OZET

Soguk iklim bolgelerinde kar ve buz birikimi, yol ylzeylerinde kayma direncini azaltarak trafik
guvenligini ciddi sekilde tehdit eden en dnemli gevresel etkenlerden biridir. Geleneksel kar ve buz
giderme yontemleri; mekanik temizleme, manuel mudahale ve kimyasal buz ¢6zlcl tuz kullanimi gibi
uygulamalar igcermektedir. Ancak bu yontemler hem operasyonel gecikmelere hem de kaplama
malzemesinin bozulmasina, ayrica gevresel kirlilige yol agmaktadir. Son yillarda, bu olumsuzluklari
ortadan kaldirmak amaciyla gelistirilen iletken kaplama teknolojileri, kar ve buzun etkin bir sekilde
eritilmesini saglayarak yol guvenligini artiran ¢evre dostu bir alternatif olarak 6ne gikmaktadir. Bu
calismada, buzlanma ve kar birikiminin yogun oldugu karayollarinda iletken kaplamalarin kullanim
potansiyeli arastirilmistir. iletken asfalt betonlarinin temel galisma prensipleri, iletken malzeme tiirleri
(grafit, karbon fiber, gelik tozu vb.), Isitma mekanizmalar ve enerji verimlilikleri incelenmistir. Ayrica
literatirdeki guncel arastirmalar degerlendirilerek, farkli iletken dolgu malzemelerinin elektriksel
iletkenlik, 1sitma verimi, mekanik dayanim ve cevresel surdurulebilirlik agisindan performanslari
karsilastinlmistir. Elde edilen bulgular, iletken asfalt kaplamalarin buzlanmayl 6nlemede ve kar
birikimini azaltmada etkili bir ¢6zim sundugunu, ayni zamanda ¢evreye zarar vermeden uzun dénemli
yol glvenligi saglayabildigini gostermektedir. Bu kapsamda, iletken kaplama teknolojilerinin kig
sartlarinda guivenli ve surdurulebilir ulasim sistemlerinin gelistirilmesinde 6nemli bir potansiyele sahip
oldugu sonucuna varilmistir.

Anahtar Kelimeler: iletken asfalt kaplama, Buzlanma onleme, Kar eritme, Yol glvenligi,
Sardurulebilir kaplama teknolojileri.

1 GIRIS

Ulagsim sistemleri zaman igerisinde 6nemli bir evrim sureci gegirmis ve bu durum
kentlesmenin hizla artmasina katki saglamistir. Ulagim guvenliginin temini, ginimuzde toplumun
temel onceliklerinden biri olarak 6nemini strdurmektedir. Bu kapsamda, yol guvenligi; yolcular,
suruculer, arag ozellikleri, karayolu altyapisi ve ¢cevresel kosullar gibi cok sayida etmenle yakindan
iliskilidir. Ozellikle yagmur, buz ve kar gibi dogal iklim kosullari, ciddi yol tehlikeleri olusturarak
frenleme performansinin azalmasina, ekonomik kayiplara, yaralanmalara, yol guvenliginin

zayiflamasina ve yol kapasitesinin dugmesine neden olan kazalarin baglica sebepleri arasinda yer
almaktadir [1].

Yol yuzeyinde biriken kar ve buz tabakalari, kaplamanin kayma direncini dnemli dl¢ude
azaltarak karayolu trafik guvenligini ciddi bicimde olumsuz etkilemektedir. Bu durum, ozellikle
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dusuk sicakliklarin uzun sure devam ettigi kis donemlerinde, surucu kontrolinun zayiflamasina,
frenleme mesafesinin artmasina ve dolayisiyla trafik kazasi riskinin yukselmesine neden
olmaktadir. Kis aylarinda trafik guvenligi ve yol kapasitesinin korunabilmesi icin, kaplama
ylzeyinde olusan kar ve buzun zamaninda ve etkili bicimde uzaklastirilmasi blayuk 6nem
tasimaktadir.

Bu amacgla ginimuzde manuel kar kireme, mekanik temizleme ve buz ¢oézicu tuz
puskutrtme gibi geleneksel ydontemler yaygin olarak kullanilmaktadir. Ancak bu ydntemler, hem
operasyonel gecikmelere (histerezis etkisi) hem de kaplama yuzeyinin fiziksel butunligunin
bozulmasina yol acabilmektedir. Ayrica, kimyasal tuzlarin kullanimi nedeniyle kaplama
malzemesinin erken yaslanmasi, metal korozyonu, bitki drtistune zarar verilmesi ve yeralti suyu
kirliligi gibi ciddi gcevresel etkiler ortaya gikmaktadir [2],[3]. Son yillarda buz ¢6zlicu kimyasallarin
kullanimindaki artig, gevresel surdurulebilirlik acisindan daha buyuk zorluklar yaratmakta ve
alternatif, gevre dostu ¢6zimlere duyulan ihtiyaci artirmaktadir [4-6].

Bu baglamda, geleneksel kar ve buz temizleme yontemlerinin kisitlarini ortadan kaldirmak
amaciyla gelistirilen aktif elektrikli buz ve kar eritme teknolojileri, arastirma dunyasinda 6nemli bir
ilgi odagi haline gelmistir. Gomull 1sitma kablolari, karbon fiber tabanli iletken aglar veya metalik
1zgaralarla temsil edilen bu sistemler, enerji verimliligi yuksek, ¢cevreyle uyumlu ve surdurulebilir
coziimler sunmaktadir. Ozellikle iletken asfalt beton (ECA) teknolojisi, bu kapsamda 6éne ¢ikan
yenilikgi bir yaklasim olarak degerlendirilmektedir. ECA, elektrik enerjisini dogrudan isi enerjisine
donusturerek kaplama yuzeyinde homojen 1sinma saglar ve buzlanmayi onleyici etkin bir
mekanizma sunar. Bu nedenle, son yillarda yapilan arastirmalar, iletken asfalt betonlarin
malzeme optimizasyonu, enerji tuketim performansi, uzun dénem dayanikliligi ve ekonomik
uygulanabilirligi gibi konular tzerinde yogunlasmistir [7-9].

iletken asfalt betonu (ECA), yalitkan 6zellikteki geleneksel asfalt karisimlarinin elektriksel
iletkenligini artirmak amaciyla grafit, iletken elyaf ve iletken agrega gibi malzemelerin karisima
eklenmesiyle elde edilmektedir. Bu yapi sayesinde, asfalt kaplama elektrik enerjisini dogrudan isi
enerjisine donuUsturerek ylizeydeki buz ve karin eritilmesini saglamaktadir. Ayrica, iletken asfalt
betonlari belirgin basinca duyarli (piezorezistif) ve induksiyonla 1sitma 6zelliklerine sahiptir. Bu
Ozellikler, kaplamanin kendi kendini izleme (self-sensing) ve kendi kendini onarma (self-healing)
yetenegini desteklemekte, boylece asfalt karisiminin yorulma direncini ve hizmet omrinu
artirmaktadir [10-14].

Arabzadeh ve calisma arkadaslari, yalnizca karbon fiber igeren tek fazli ve hem karbon fiber
hem de grafit iceren iki fazli iletken asfalt mastigi gelistirmislerdir. Bu calismada numunelerin
hacimsel 6zdirenci ve isitma verimliligi 6lctilmus; ayrica iletken asfalt betonunun sicaklik artisi,
enerji tuketimi ve kar eritme performansi degerlendirilmistir [15,16]. Notani ve diger
arastirmacilar, farkli karbon fiber tirleri ve uzunluklarinin kullanildigi iletken asfalt betonlarinin
fiziksel 6zelliklerini, hacimsel 6zdirencini ve termal verimliligini incelemislerdir [17]. Yuan ve ekibi,
iletken asfalt betonunun Isitma performansini etkileyen faktorleri ayrintili  bigimde
degerlendirmistir [18]. Rew ve calisma arkadaslari, kar ve buzun strucu guvenligi tUzerindeki
olumsuz etkilerini azaltmak amaciyla grafit iceren iletken asfalt betonlarinin kullanimini 6nermis;
ayrica iletken tabakanin yerlesim konumu ve kalinligini optimize etmislerdir [19]. El-Dieb ve
digerleri, celik talasi, karbon tozu ve grafit tozu gibi ¢esitli iletken dolgu maddelerinin ince agrega
yerine kullanilmasinin betonun yol performansi Uzerindeki etkilerini aragtirmiglardir [20]. Rizvi ve
ekibi, karbon nanofiber katkili iletken asfalt betonlar hazirlayarak farkl yuk, frekans ve sicaklik
kosullarinin piezorezistif tepki Uzerindeki etkilerini incelemistir [21]. Li ve arkadaslan,
induksiyonla onarilabilir asfalt betonlar gelistirmek amaciyla asfalt karisimina iletken dolgu
maddesi olarak celik fiber, ¢elik kumu ve ¢elik curufu eklemislerdir [22]. Benzer sekilde, Liu ve
ekibi tarafindan yapilan calismada, c¢elik lif katkili g6zenekli asfalt betonunun indiksiyon isitmasi
yoluyla kendi kendini onarma oraninin artirilabilecegi ve malzemenin yorulma dmrundn énemtli
Olcude uzatilabilecegi ortaya konmustur [23].

145



Son vyillarda, surdurulebilir ulasim sistemlerinin gelistirilmesine yonelik calismalar
kapsaminda enerji verimli, cevre dostu ve uzun d6murlu kaplama ¢ézumlerine olan ilgi artmistir.
Bu baglamda, elektrik enerjisini dogrudan isi enerjisine donusturebilen iletken asfalt kaplamalar,
kar ve buz birikimini 6nleyerek kis sartlarinda yol guvenligini artiran yenilikci bir teknoloji olarak
One c¢ikmaktadir. Ancak bu sistemlerin farkli iletken malzeme tirleri, enerji tuketimi, 1sitma
verimlilig§i ve mekanik performans agisindan kapsamli degerlendirmelere ihtiya¢ duydugu
gorulmektedir. Bu galisma, buzlanma ve kar birikiminin yogun oldugu karayollarinda iletken
kaplamalarin kullanim potansiyelini arastirmayi, iletken malzemelerin kaplama performansi
Uzerindeki etkilerini incelemeyi ve mevcut literaturdeki eksikliklere katki saglamayi
amaclamaktadir.

2 iLETKEN KAPLAMA TEKNOLOJILERININ GELiSiMi

Son yillarda teknoloji ve malzeme bilimi alaninda kaydedilen ilerlemeler, birgok sektordeki
yenilikgi ¢ozimlerin gelistirilmesine olanak saglamistir. Bu gelismeler arasinda iletken asfalt
beton (ECA, Electrically Conductive Asphalt), yalnizca geleneksel mekanik ve dayaniklilik
Ozellikleriyle sinirli kalmayip, ayni zamanda c¢ok islevli performans o0Ozellikleri sunabilmesi
nedeniyle insaat muhendisligi alaninda dikkat ¢ceken bir teknoloji olarak 6ne c¢ikmaktadir.
Geleneksel asfalt karigsimlari, genellikle iri ve ince agrega, dolgu maddesi ve bitimden olugsmakta
ve 107 ila 109 Q.m araliginda degisen 6zgul direng degerleriyle elektriksel olarak yalitkan bir yapi
sergilemektedir [24]. Bununla birlikte, bu karisimlara elektriksel iletkenligi artiran dolgu
malzemelerinin (6rnegin grafit, karbon fiber veya metalik partikuller) entegre edilmesiyle, asfaltin
yalitkan karakteri degismekte ve malzeme iletken asfalt betonu formuna donusturilebilmektedir
[25].

Elektriksel olarak iletken asfalt betonu, havaalanlari, kopru déosemeleri ve benzeri kritik
asfaltli alanlarda kis bakim sorunlarini azaltmak amaciyla, buzlanmayi 6nleme veya buz ¢ézme
uygulamalarinda umut verici bir malzeme olarak degerlendirilmektedir. iletken asfalt betonu
(ECA), asfalt betonuna iletken agregalar veya dolgu maddelerin eklenmesiyle Uretilebilmektedir.
Geleneksel asfalt betonu, bitim, agrega ve dolgu maddelerinden olusmakta olup, agregalar
kaplamaya gerekli iskeleti saglarken, dolgu maddesi bitiimle birleserek agregalar arasinda olusan
bosluklari dolduran bir mastik olusturur [26]. iletken asfalt betonunun Uretiminde yaygin bir
ydntem, asfalt betonuna elektriksel olarak iletken dolgu maddesinin eklenmesiyle, agrega sistemi
tarafindan olusturulan bosluklari dolduran iletken asfalt mastik Gretmektir [27]. Asfalt betonunda
direncli 1sitma yoluyla istenilen miktarda i1si Uretilmesinde kritik bir rol oynamaktadir; bu nedenle,
ECA’nun direnci ve 1sI Uretme kapasitesi, agrega varligindan bagimsiz olarak, yani performansini
etkileyebilecek diger katkilar olmadan ayri bir sekilde incelenmelidir [28].

Tipik olarak, elektriksel olarak iletken asfalt betonu dort ana bilesenden olugsmaktadir:
fonksiyonel katki maddesi, asfalt baglayici, agregalar ve dolgu maddesi (Sekil 1).

Asfalt Katki Maddesi iletken Asfalt
Betonu Kaplama

Sekil 1. iletken Asfalt Kaplama Yapisi
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iletken asfalt betonun hazirlanmasinda, uygun hammaddelerin secimi ve karisim
tasariminin dogru bicimde yapilmasi blyiik 6nem tasimaktadir [29]. iletken asfalt betonu
gelistirilirken karsilasilan temel zorluk, yol performansindan 6dun vermeden, malzemenin ¢ok
islevli kullanimina uygun bigimde elektriksel iletkenliginin etkin bir sekilde artirilmasidir [30].

Onceki galismalara gore [31,32], elektriksel olarak iletken asfalt betonu gelistirmek igin (ig
temel strateji bulunmaktadir:

e jletken asfalt bazli ECA: Fonksiyonel katki maddeleri dogrudan asfalt baglayici ile
kanstirilarak gelistirilir.

* iletken agrega bazli ECA: Dogal agregalarin yerine iletken agregalar kullanilr.
* jletken dolgu bazli ECA: Mineral dolgu maddelerinin yerine iletken tozlar eklenir.

Bu U¢ ECA turl icin hazirlama suregleri asagidaki gibidir:

iletken asfalt bazli ECAC, kuru ve islak karistirma yéntemleri kullanilarak hazirlanabilir. Lifler
ve karbon bazli nanomalzemeler gibi fonksiyonel katki maddeleri, i1slak karistirma yontemi ile
dogrudan asfalt baglayiciyla birlestirilir ve ardindan agrega ile mineral dolgu maddesi eklenir. Kuru
yontemde ise fonksiyonel katki maddeleri (or. ¢elik elyaf ve karbon elyaf), asfalt baglayici ile
baglanmadan o6nce agrega ile kanstinlr. Kuru karistirma yontemi, asfalt betonundaki liflerin
flokllasyonunu azaltarak karistirma surecini kolaylastirabilir. Gercekte, kuru karistirma yontemi
laboratuvar ve saha uygulamalarinda lif takviyeli asfalt beton uretiminde yaygin olarak
kullanilmistir [33]. Bu pratikligi sayesinde, kuru karistirma yontemi ECA Uretiminde fonksiyonel
katki maddelerinin karistirilmasi igcin umut verici bir yaklasim olarak 6ne gikmaktadir.

Homojen sekilde dagitilmis fonksiyonel katki maddeleri, ECA icerisinde surekli ve kararli bir
iletken kanal olusturarak, malzemenin ustun elektriksel iletkenlik ve 1sitma ile kendi kendini
iyilestirme kapasitesini ortaya koymasini saglar [34]. Ayrica, ECA’'ye uygulanan uygun voltaj
sayesinde kar ve buzun eritilmesi icin gerekli i1s1 Uretilebilir [35]. Asfalt beton yapilarin maruz
kaldigi gerilim (veya kuvvet), gerinim (veya deformasyon) ve ¢atlak (veya hasar) durumu, harici ytk
ile elektriksel sinyal (6zgul direng) arasindaki iliskiye dayanarak tespit edilebilmektedir [36,37].
Bunun yani sira, ECA piezorezistif bir sensdr olarak tasarlanabilir ve bdylece trafik algilama
uygulamalarinda, ornegin trafik hacmi izleme ve yol dinamik ylikleme degerlendirmeleri igin
kullanilabilir [38,39].

3 iLETKEN MALZEMELERIN PERFORMANS DEGERLENDIRMESI

iletken gcimento betonu gelistirme siirecine benzer sekilde, ECA’nin gelistirilmesinde temel
hedef, asfalt beton matrisi icerisinde etkin bir iletken ag olusturmaktir [40,41]. Sekil 2’de
Ozetlendigi Uzere, yaygin olarak kullanilan fonksiyonel katki maddeleri farkli tip, boyut ve sekillerde
mevcuttur ve bu cesitlilik, iletken agin olusumunu ve malzemenin elektriksel performansini
dogrudan etkilemektedir.
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PARCACIK —
Celik Talaz Karban Siyahi
Calik Clrufu Karbon Manotlp
Karbon Siyvahi Grafen Nanoplaka
Grafit Tozu
¢ ¢ MIKRO
L - Grafit Tozu
;ﬁT | ~—| Katki Sekli Katki Tipi Katki Boyutu |~ | Karbon Fiber
ik Talag
Karbon Fiber e -_"‘H._‘
Karbon Nanotl
P KARBOMNLL METAL ESASLI
Karbon Siyahi Celik Talas
Grafit Tozu Celik Tel
Karbon Nanotip Celik Clrufu MAKRO
TABAKA Grafen Nanoplaks Calik Talag
Grafen _— ~—  CelikTel

Manoplaka

Sekil 2. iletken asfalt kaplamanin gelistirilmesinde kullanilan fonksiyonel katki maddeleri

Celik elyaf, celik yinu ve ferrit gibi metalik esasli malzemeler, asfalt betonunu elektriksel
olarak iletken hale getirebilen dustik maliyetli katki maddeleri olarak 6ne gikmaktadir (Sekil 3).
Ornegin, Garcia ve arkadaslari, karistirilmis celik yininiin ECA’nin iletkenligini artirarak kendi
kendini onarma uygulamalarindaki performansini iyilestirme potansiyelini arastirmistir. Bununla
birlikte, celik yunu iceren ECA’nin toplu elektriksel direnci, sinirli boyutlari nedeniyle lif uzunlugu
veya capindan neredeyse etkilenmemekte ve en disiik deger yalnizca 1 x 10* Q-m olarak
gozlemlenmisgtir [42].

10kV X800.. ~20pm

Sekil 3. iletken asfalt betonu hazirlamak igin kullanilan metal bazli malzemeler;(a) gelik elyaf, (b)
celik yiind, (c) atik ferritin déntsimii

Karbon fiber, sifir boyutlu (0D) karbon nanomalzemeleri (6rnegin karbon siyahi ve grafit
tozu), bir boyutlu (1D) nanofiberler (6rnegin karbon nanotup) ve iki boyutlu (2D) nanotabakalar
(6rnegin grafen nanoplaka) gibi karbon bazli malzemeler, ECA gelistirmek icin ideal adaylar olarak
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degerlendirilmektedir. Bu malzemeler, neme karsi ¢ozunmezlikleri ve ¢evresel kosullarda dusuk
oksidasyon egilimleri nedeniyle, ECA’de Ustin kimyasal kararlilik saglamakta ve uzun sureli
performans igin uygun Ozellikler sunmaktadir.

Tam bu fonksiyonel katki maddeleri arasinda, karbon fiber (CF) 6ne ¢ikmaktadir; birkag
santimetre uzunluga, 107°-10~* Q.cm araliginda 6zdirence, 300 GPa Young modiiliine ve 200-
3500 MPa ¢cekme dayanimina sahiptir [43]. Karbon fiber, asfalt beton ile yuksek dizeyde uyum
gosterdiginden, CF bazli ECA’nin hem yapisal hem de elektriksel agidan istenen ozellikleri
sergilemesini saglar ve bu da malzemeyi hem yapisal hem islevsel olarak arzu edilen bir segenek
haline getirir. CF bazli ECA, asfalt betonun yorulma 6mrunu ve termal ¢atlamaya kargi direncini
artirmanin yani sira, yuksek elektriksel iletkenlik elde edebilir ve kendi kendini iyilestirme, kendi
kendini 1sitma ile kendi kendini algilama yeteneklerini gosterebilir [44-47]. ECA’da en yuksek
elektriksel iletkenligin saglanabilmesi icin, sizma esigi dikkate alinarak karbon fiber dozaj
optimize edilmelidir.

Tek boyutlu (1D) karbon nanofiber olarak karbon nanottp (CNT), tek katmanl grafenden
olusan tiip yapisina sahiptir ve yaklasik 1072 Q-cm’lik Ustiin elektriksel iletkenlik ile 200 GPa
cekme dayanimina sahiptir [48,49]. Bu Ozellikleri nedeniyle, ECA’nin elektriksel direncini
dusurmek icin son derece uygun bir aday olarak degerlendirilmektedir [50,51]. CNT, ¢ok iglevli
performans ve mukemmel takviye etkisi sunmasi nedeniyle ¢ekici bir fonksiyonel katki maddesi
olarak 6ne cikmaktadir. Bununla birlikte, CNT bazli asfalt ECA’'nin performansi buyuk délgude
matris icindeki dagiim kalitesine baglidir [52]. Bu nedenle, karistirilmis CNT’nin beton icinde
homojen sekilde dagilmasini saglamak Uzere daha fazla arastirma yapilmasi gerekmektedir.

GNP (Grafen Nanoplaka), grafen yiginlarindan olusan iki boyutlu (2D) bir nanotabakadir
[53,54] ve olaganustli mekanik dayanimi ile Ustuin elektriksel 6zellikleri ile bilinmektedir [55].
CNT’ye kiyasla daha yuksek elektriksel hareketlilige sahip olmasi, GNP’yi ECA gelistirmek igin
ideal bir aday haline getirmektedir [56]. Tipki CF ile baglantili sifir boyutlu iletken nanoparcgaciklar
kullanilarak ECA’nin 6zdirencinin 6nemli 6l¢gtde azaltilmasi gibi, CF baglantii GNP kullanimiyla
da ECA’nin dzdirenci belirgin sekilde dusirilebilir. Ornegin, Arabzadeh ve arkadaslari, kis
kosullarinda buz ¢6zme ve buzlanmayi 6nleme amacli ECA Uretmis ve bunu, %5 hacim GNP ile
birlestirilmis %0-2,5 hacim CF iceren modifiye asfalt mastik kullanarak bagsarmistir [57]. Karbon,
dogada en bol bulunan elementlerden biri olup, karbon bazli malzemeler endustriyel olgekte
yaygin olarak kullanilmaktadir; bu durum, ¢ok islevli ECA gelistirmek icin 6nemli bir firsat
sunmaktadir.

Genelolarak, ECA'niniletkenligini artirmada metalik malzemelerin potansiyeli, karbon bazli
malzemelere kiyasla daha sinirlidir [58]. Metalik malzemeler, ECA’nin elektriksel direncini yalnizca
yaklasik 100 Q-m seviyesine kadar dusurebilmekte, bu da bazi pratik uygulamalarin
gereksinimlerini kargilamak icin yetersiz kalmaktadir [59]. Ayrica, metalik malzemelerin uzun
sureli kullanim sirasinda paslanma ve asinma egilimi gostermesi, ECA’'nin performansini olumsuz
yonde etkileyebilmektedir [60]. Buna karsin, karbon bazli malzemeler neme karsi ¢d6zinmez
olmalan ve cevresel kosullarda dusik oksidasyon egilimi gostermeleri nedeniyle ECA
gelistirmede daha uygun adaylar olarak 6ne gikmaktadir [61]. Bu 6zellikleri, karbon bazli katkilarin
ECA icerisinde yuksek kimyasal kararlilik sergilemesini saglamaktadir. Ayrica, bu malzemeler,
betonun elektriksel ve termal iletkenligini iyilestirmede metalik katkilara kiyasla daha etkin bir
performans sunmaktadir. Ozellikle karbon fiber (CF), yiiksek en-boy orani sayesinde izole islevsel
katki partikulleri arasinda baglantilar kurarak, CF ve karbon bazli nanomalzemelerin birlikte
kullanilmasiyla ECA igerisinde hiyerarsik bir iletken agin olusumunu destekler. Bu sinerjik etki,
ECA’nin genel iletkenlik performansinda énemli bir artisa yol agmaktadir.
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3.1 Buzlanmayi Onleme ve Buz C6zme Uygulamalari igin iletken Asfalt Beton

Tipik olarak, fonksiyonel katki maddeleri asfalt ve mineral dolgu malzemesi ile
karistirilarak, agrega sistemindeki hava bosluklarini doldurabilen iletken bir asfalt mastigi elde
edilir; bu yapi, iletken asfalt esasli ECA olarak tanimlanmaktadir [61]. Bu yontem, kaplamanin
kendi kendini iyilestirme kapasitesine ulagmasi agisindan umut verici bir yaklagim olup, 6zellikle
asfalt kaplamalarin buzlanmayi 6nleme ve buz ¢6zme uygulamalarinda kullanilma potansiyeline
sahiptir [62,63]. Son yillarda yapilan galismalar, dogal agregalar yerine gelik curufu kullaniminin,
Isitma elemani islevi gorebilen iletken agrega bazli ECA uretimi igin alternatif ve verimli bir ydntem
olabilecegini ortaya koymustur.

Elektriksel olarak iletken asfalt betonundaki (ECA) elektron iletim mekanizmasi, karisima
eklenen fonksiyonel katki maddelerinin igsel iletkenligi, temas direnci ve elektron tinelleme
etkisine bagli olarak gergeklesmektedir [5], [60], [170]. istatistiksel sizma teorisine gore [171],
ECA’nin iletkenligi ile karisima katilan fonksiyonel katki maddesinin miktari arasinda bir iliski
kurulabilir ve bu iliski aracili§iyla optimum katki miktari belirlenebilir. Sekil 4a’da gosterildigi Uzere,
fonksiyonel katki maddesinin hacmi sizma esiginin altinda kaldiginda (Bolge A), surekli bir iletken
ag olusamaz ve bu durumda ECA’nin 6zdirenci, katki oraninin artmasiyla kademeli olarak azalma
egilimi gosterir. Katki miktarinin sizma esigine ulasmasiyla birlikte (Bolge B), bitisik katki
parcaciklan dogrudan temas ederek kararli iletken yollar olusturur; bu da ECA’nin 6zdirencinde
birkac buyuklik mertebesinde bir azalma meydana getirir. Katki dozaji sizma esigini astiginda ise
(Bolge C), ozdirencte yalnizca kucuk dalgalanmalar gozlenir. Sonug olarak, asfalt betonundaki
fonksiyonel katki maddelerinin sizma esigi degerinin dogru bicimde belirlenmesi, ECAnin
elektriksel ozelliklerinin optimize edilmesi acisindan kritik bir parametredir. Bu nedenle, ECA’'nn
gelistirilmesi surecinde uygun katki miktarinin belirlenmesinde s6z konusu teori temel alinmalidir.

Sekil 4. (a) Ozdirenc¢ ve dolgu konsantrasyonu arasindaki iliski;(Bélge A) Yalitilmis faz, (Bolge B) Gegis
fazi, (Bolge C) asiri iletken dolgu; iletken asfalt betonundaki elektron iletim mekanizmalari (b) temas
direnci, (c) elektron tiinelleme
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3.2 Buzlanmayi 6nleme ve kar eritme uygulamalari icin iletken asfalt betonunu ile
ilgili yapilan calismalar

Kis mevsiminde kar ve buz birikimi, asfalt kaplamalarda ciddi ekonomik kayiplara, gtivenlik
risklerine ve hatta 6lumcul kazalara yol acabilmektedir [64]. Geleneksel kar ve buz temizleme
yontemleri ile gesitli Isitma sistemleri uzun yillardir kullanilmakla birlikte, bu yontemlerin cevre
kirliligine yol acmasi ve yapisal donati Uzerinde erozyon etkisi yaratmasi gibi dezavantajlar,
kaplama muhendisligindeki uygulama alanlarini 6nemli 6lgtide sinirlamaktadir. Kis kosullarinda
yol bakimini otomatiklestirmek amaciyla yapilan ¢calismalar, direncli veya mikrodalga i1sitma
yontemleriyle kar ve buzun etkin bigimde eritilebilecegini gostermistir. Bu baglamda, elektriksel
olarak iletken asfalt beton (ECA), kar ve buz eritme amaciyla kaplamalarda, kopru tabliyelerinde,
otoyol yuzeylerinde ve havaalani pistlerinde potansiyel bir 1sitma elemani olarak
degerlendirilmektedir.

Ornegin, Arabzadeh ve arkadaslari, karbon fiber takviyeli ECA (CF-ECA) kaplamasi
gelistirmis ve %1 oraninda CF igeren ECA levhalarinin sicakliginin 25 dakika igerisinde 23 °C
arttigini, ancak geleneksel asfalt kaplamalara kiyasla yaklasik %50 daha yliksek birinsaat maliyeti
gerektirdigini bildirmistir [16]. Benzer sekilde, Gao ve arkadaslari, mikrodalga ile buz ¢ézme
amaciyla ECA karnisiminda hacimce %40-60 oraninda celik ctrufu kullanmis ve bu uygulamanin,
kaynak erisilebilirligi, maliyet ve cevresel etkiler agisindan degerlendirildiginde, kis kosullarinda
yol glivenligini artirmada etkili bir cozim sundugunu belirtmistir (Sekil 5a) [65]. Jiao ve arkadaslari
ise 1s1 transfer verimliligini artirmak amaciyla ECA’ye c¢elik curufu eklemis ve elektrik-termal
sistemlere kiyasla kar eritme verimliliginin %25-38 oraninda iyilestigini, ayrica elde edilen ECA’nin
yol performans parametrelerinin teknik sartname gereksinimlerini karsiladigini tespit etmistir
(Sekil 5b)[66]

- Jenarator Unitesi

Kirici
jikence

BuzsTabakasi

Donma ¢6ziilme araylizii w il /_ Asfalt

Betonu

Sekil 5. iletken asfalt beton ve asfalt kaplamanin buzlanmayi 6nlem ve kar eritmedeki uygulamasi (a)
mikrodalga yontemi ile buz ¢6zmek igin iletken asfalt betonunda ¢elik ctiruf kullanimi, (b) tiinel
cikisi ve -3°Cde isitma islemi sirasinda kar tabakasinin degisimi

151



Sonucg olarak, gelecekteki arastirmalarin, ECA karisimlarinda kullanilan fonksiyonel
agregalarin hacim oranini artirmaya odaklanmasi onerilmektedir. Bu yaklasim, buzlanmayi
onleme ve kar eritme uygulamalari icin ECA’nin 1s1 Uretim ve i1s1 transfer kapasitesinin dnemli
olcude gelistirilmesine katki saglayabilir.

4 SONUCLAR

Bu calismada, elektriksel olarak iletken asfalt beton (ECA) ile ilgili literaturdeki guncel
arastirmalar incelenmis ve farkli katki maddeleri, tasarim stratejileri ile ECA’'nin performans
potansiyeli degerlendirilmistir. Ozellikle iletken asfalt bazli, iletken agrega bazli ve iletken dolgu
bazli ECA tirlerinin termal, elektriksel ve yapisal 6zellikleri karsilastinlmis; kar ve buz eritme,
kendi kendini iyilestirme ve piezorezistif algilama gibi ¢ok islevli uygulama potansiyelleri
tartisitmistir. Bu sonuglar, ECA'nin kis kosullarinda yol guvenligi ve kaplama performansini
artirmadaki rolliinu daha iyi anlamak ve gelecekteki arastirmalar igin yol gosterici ilkeler sunmak
amaciyla 6zetlenmektedir.

Yaklasik yirmi yiluk arastirma ve gelistirme faaliyetlerine ragmen, elektriksel olarak iletken
asfalt betonun (ECA) kompozisyon tasarimi, performans optimizasyonu ve saha uygulamalari
halen arastirilmakta olup, bu alandaki gelistirme ve uygulanabilirligin artirilmasi igin ilave gabalar
gerekmektedir.

Geleneksel asfalt betonuna fonksiyonel katki maddelerinin ilavesi, malzemenin termal ve
elektriksel iletkenligini artirarak isil iyilestirme kapasitesini gelistirebilir. Cesitli katki maddeleri
arasinda, karbon fiber (CF), kdprileme etkisini gliclendirme ve ECA icerisinde iletken aglarin
olusumunu kolaylastirma acgisindan, karbon bazli nanomalzemelere kiyasla daha yuksek bir
etkililik sergilemektedir. Bununla birlikte, CF ile karbon bazli nanomalzemelerin birlikte
kullanilmasi, ECAicinde hiyerarsik iletken yollarin olusturulmasi agisindan ideal bir strateji olarak
degerlendirilebilir.

iletken dolgu bazli ECA’In 1sitma ve kendi kendini iyilestirme kapasitesi, dolgu maddesinin
sinirli hacim orani nedeniyle, iletken asfalt bazli veya iletken agrega bazli ECA’ya kiyasla gorece
daha dusuktir. ECA'nin yol muhendisliginde indiklenen isitma ve iyilestirme performansini
artirmak amaciyla, gelecekteki galismalarin ek deneysel degerlendirmeler, sayisal modelleme ve
saha uygulamalar Uzerine odaklanmasi gerekmektedir. Bu ¢alismalar, ECA’nin etkili 1sitma ve
iyilestirme uygulamalarindaki temel mekanizmalarinin daha iyi anlasilmasini saglayacak ve
malzemenin tasarim ile performansinin optimize edilmesine katki sunacaktir.

iletken agrega bazli ECA, yiiksek verimliligi ve 1s1 kaynaklarinin homojen dagilimi nedeniyle
asfalt kaplamalarda kar ve buz eritme uygulamalari igin 6zellikle 6nerilmektedir. Isitmali bir ECA
kaplama sisteminin performansi, voltaj veya mikrodalga radyasyon ayarlari kullanilarak
hedeflenen sicaklia optimize edilebilir; bu da verimli ve stabil bir 1si tretim performansi saglar.
Kar ve buz eritme sirasinda asfalt kaplamanin kendi kendini onarma kapasitesini artirmak
amaciyla, buz eridikten sonra ek bir iIsitma isleminin uygulanmasi tavsiye edilmektedir.

Sonug olarak, elektriksel olarak iletken asfalt beton (ECA), kis kosullarinda kar ve buz
yonetimi, yol guvenliginin artirllmasi ve asfalt kaplamalarin kendi kendini iyilestirme yeteneginin
gelistirilmesi acisindan énemli bir potansiyele sahiptir. Literatlirdeki ¢aligmalar, farkli katki
maddeleri ve tasarim stratejilerinin ECA’nin elektriksel, termal ve mekanik performansini 6nemli
olgiide etkiledigini géstermektedir. Ozellikle karbon fiber ve karbon bazli nanomalzemelerin
birlikte kullanimi, hiyerarsik iletken aglarin olusturulmasini saglayarak ¢ok islevli performansi
optimize etmektedir. Gelecekteki arastirmalar, ECA'nin saha uygulamalarini ve uzun dénemli
performansini degerlendirmeye, uygun katki maddesi oranlarini ve tasarim parametrelerini
optimize etmeye odaklanmalidir; bu da malzemenin pratik uygulamalarda glvenli, verimli ve
surdurulebilir bir gozum olarak kullanilmasini destekleyecektir.

152



Cikar Catismasi Beyani (Conflict of Interest Statement)

Yazar, bu makalenin yayinlanmasiyla ilgili herhangi bir ¢ikar catismasinin bulunmadigini

beyan eder.

Arastirma ve Yayin Etigi Beyani (Statement of Research and Publication Ethics)
Bu calisma, arastirma ve yayin etigi ilkelerine uygun olarak hazirlanmistir.
Yapay Zeka (Al) Katki Beyani (Artificial Intelligence (Al) Contribution Statement)

Bu makale, herhangi bir yapay zeka (Al) araci kullanilmadan tamamen yazarlar tarafindan

yazilmig, duzenlenmis, analiz edilmis ve hazirlanmistir. Tum igerik, metin, veri analizi ve sekiller
yalnizca yazarlar tarafindan uretilmistir.

Yazar Katkilari (Contributions of the Authors)

Yazar, ¢calismanin kavramsallastirilmasi, metodolojisi, veri toplanmasi, resmi analizi,

bulgularin yorumlanmasi ve makalenin hazirlanmasi dahil olmak Uzere tUm asamalarinda tek
basina gérev almistir.

KAYNAKLAR

(1]
(2]

(3]
(4]
(5]

(6]

(7]
(8]

(9]

(10]

(1]

(12]

(13]

(14]

Zhao HM, Wang SG, Wu ZM, Che GJ. Concrete slab installed with carbon fiber heating wire for bridge
deck deicing. J Transp Eng 2010;136. https://doi.org/10.1061/(ASCE)TE.1943-5436.0000117.

Chen Q, Wang C, Sun X, Cao Y, Guo T, Chen J. Evaluation and prediction for effect of conductive
gussasphalt mixture on corrosion of steel bridge deck. Constr Build Mater 2019;228.
https://doi.org/10.1016/j.conbuildmat.2019.116837.

Wang C, Yang X, Li Q, Guo T, Jiang T. Preparation and performance of conductive gussasphalt
concrete. Transp A Transp Sci 2019;15. https://doi.org/10.1080/23249935.2018.1449913.

Xu H, Wang D, Tan Y, Zhou J, Oeser M. Investigation of design alternatives for hydronic snow melting
pavement systems in China. J Clean Prod 2018;170. https://doi.org/10.1016/j.jclepro.2017.09.262.
Sassani A, Arabzadeh A, Ceylan H, Kim S, Sadati SMS, Gopalakrishnan K, et al. Carbon fiber-based
electrically conductive concrete for salt-free deicing of pavements. J Clean Prod 2018;2083.
https://doi.org/10.1016/j.jclepro.2018.08.315.

Aghazadeh N, Nojavan M, Mogaddam AA. Effects of road-deicing salt (NaCl) and saline water on
water quality in the Urmia area, northwest of Iran. Arab J Geosci 2012;5.
https://doi.org/10.1007/s12517-010-0210-6.

Cao Y, Sha A, Liu Z, Li J, Jiang W. Energy output of piezoelectric transducers and pavements under
simulated traffic load. J Clean Prod 2021;279. https://doi.org/10.1016/j.jclepro.2020.123508.

Wang S, Wang C, Gao Z, Cao H. Design and performance of a cantilever piezoelectric power
generation device for real-time road safety warnings. Appl Energy 2020;276.
https://doi.org/10.1016/j.apenergy.2020.115512.

Liu Q, Garcia A, Schlangen E, Ven M Van De. Induction healing of asphalt mastic and porous asphalt
concrete. Constr Build Mater 2011;25. https://doi.org/10.1016/j.conbuildmat.2011.04.016.
SunY,Wu S, LiuQ, HuJ, YuanY, Ye Q. Snow and ice melting properties of self-healing asphalt mixtures
with  induction heating and microwave heating. Appl Therm Eng 2018;129.
https://doi.org/10.1016/j.applthermaleng.2017.10.050.

Sun X, Qin X, Liu Z, Yin Y, Zou C, Jiang S. New preparation method of bitumen samples for UV aging
behavior investigation. Constr Build Mater 2020;233.
https://doi.org/10.1016/j.conbuildmat.2019.117278.

Wang C, Chen Q, Guo T, Li Q. Environmental effects and enhancement mechanism of
graphene/tourmaline composites. J Clean Prod 2020;262.
https://doi.org/10.1016/j.jclepro.2020.121313.

Chen Q, Wang C, Qiao Z, Guo T. Graphene/tourmaline composites as a filler of hot mix asphalt
mixture: Preparation and properties. Constr Build Mater 2020;239.
https://doi.org/10.1016/j.conbuildmat.2019.117859.

Wan J, Wu S, Xiao Y, Fang M, Song W, Pan P, et al. Enhanced ice and snow melting efficiency of steel
slag based ultra-thin friction courses with steel fiber. J Clean Prod 2019;236.
https://doi.org/10.1016/j.jclepro.2019.117613.

153



[15]

[16]

[17]

(18]

[19]

(20]

[21]

[22]

(23]

[24]

[25]

(26]
[27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

Arabzadeh A, Ceylan H, Kim S, Sassani A, Gopalakrishnan K, Mina M. Electrically-conductive asphalt
mastic: Temperature dependence and heating efficiency. Mater Des 2018;157.
https://doi.org/10.1016/j.matdes.2018.07.059.

Arabzadeh A, Notani MA, Kazemiyan Zadeh A, Nahvi A, Sassani A, Ceylan H. Electrically conductive
asphalt concrete: An alternative for automating the winter maintenance operations of transportation
infrastructure. Compos Part B Eng 2019;173. https://doi.org/10.1016/j.compositesb.2019.106985.
Notani MA, Arabzadeh A, Ceylan H, Kim S, Gopalakrishnan K. Effect of Carbon-Fiber Properties on
Volumetrics and Ohmic Heating of Electrically Conductive Asphalt Concrete. J Mater Civ Eng
2019;31. https://doi.org/10.1061/(asce)mt.1943-5533.0002868.

Yuan, Xu H, Zhang Y. Experimental study on warming performance of conductive asphalt concrete.
Huazhong Keji Daxue Xuebao (Ziran Kexue Ban)/Journal Huazhong Univ Sci Technol (Natural Sci Ed
2014;42. https://doi.org/10.13245/j.hust.141026.

Rew Y, Shi X, Choi K, Park P. Structural Design and Lifecycle Assessment of Heated Pavement Using
Conductive Asphalt. J Infrastruct Syst 2018;24. https://doi.org/10.1061/(asce)is.1943-
555x.0000440.

El-Dieb AS, El-Ghareeb MA, Abdel-Rahman MAH, Nasr ESA. Multifunctional electrically conductive
concrete using different fillers. J Build Eng 2018;15. https://doi.org/10.1016/j.jobe.2017.10.012.
Rizvi HR, Khattak MJ, Madani M, Khattab A. Piezoresistive response of conductive Hot Mix Asphalt
mixtures modified with carbon nanofibers. Constr Build Mater 2016;106.
https://doi.org/10.1016/j.conbuildmat.2015.12.187.

Li H, Yu J, Liu Q, Li Y, Wu Y, Xu H. Induction Heating and Healing Behaviors of Asphalt Concretes
Doped with Different Conductive Additives. Adv Mater Sci Eng 2019;2019.
https://doi.org/10.1155/2019/2190627.

Liu Z, Yang X, Wang Y, Luo S. Engineering properties and microwave heating induced ice-melting
performance of asphalt mixture with activated carbon powder filler. Constr Build Mater 2019;197.
https://doi.org/10.1016/j.conbuildmat.2018.11.094.

Wu S, Pan P, Chen M, Zhang Y. Analysis of Characteristics of Electrically Conductive Asphalt
Concrete Prepared by Multiplex Conductive Materials. J Mater Civ Eng 2013;25.
https://doi.org/10.1061/(asce)mt.1943-5533.0000565.

Chen F, Balieu R. A state-of-the-art review of intrinsic and enhanced electrical properties of asphalt
materials: Theories, analyses and applications. Mater Des 2020;195.
https://doi.org/10.1016/j.matdes.2020.109067.

Bressi S, Dumont AG, Partl MN. An advanced methodology for the mix design optimization of hot mix
asphalt. Mater Des 2016;98. https://doi.org/10.1016/j.matdes.2016.03.003.

Wu S, Mo L, Shui Z, Chen Z. Investigation of the conductivity of asphalt concrete containing
conductive fillers. Carbon N'Y 2005;43. https://doi.org/10.1016/j.carbon.2004.12.033.

Bozorgzad A, Kazemi SF, Moghadas Nejad F. Evaporation-induced moisture damage of asphalt
mixtures: Microscale model and laboratory validation. Constr Build Mater 2018;171.
https://doi.org/10.1016/j.conbuildmat.2018.03.171.

Gwon S, Kim H, Shin M. Self-heating characteristics of electrically conductive cement composites
with carbon black and carbon fiber. Cem Concr Compos 2023;137.
https://doi.org/10.1016/j.cemconcomp.2023.104942.

Wang YY, Tan YQ, Liu K, Xu HN. Preparation and electrical properties of conductive asphalt concretes
containing graphene and carbon fibers. Constr Build Mater 2022;318.
https://doi.org/10.1016/j.conbuildmat.2021.125875.

Lou B, Sha A, Barbieri DM, Liu Z, Zhang F, Jiang W. Improved microwave heating uniformity and self-
healing properties of steel slag asphalt containing ferrite filler. Mater Struct Constr 2021;54.
https://doi.org/10.1617/s11527-020-01577-7.

Zhu X, Ye F, Cai Y, Birgisson B, Lee K. Self-healing properties of ferrite-filled open-graded friction
course (OGFC) asphalt mixture after moisture damage. J Clean Prod 2019;232.
https://doi.org/10.1016/j.jclepro.2019.05.353.

Jiang Q, Liu W, Wu S. Analysis on factors affecting moisture stability of steel slag asphalt concrete
using grey correlation method. J Clean Prod 2023;397.
https://doi.org/10.1016/j.jclepro.2023.136490.

Li C, Wu S, Chen Z, Tao G, Xiao Y. Improved microwave heating and healing properties of bitumen by
using nanometer microwave-absorbers. Constr Build Mater 2018;189.
https://doi.org/10.1016/j.conbuildmat.2018.09.050.

154



[35]

(36]

[37]

(38]

(39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

(50]

(51]

(52]

(53]

Chen J, Ma X, Wang H, Xie P, Huang W. Experimental study on anti-icing and deicing performance of
polyurethane concrete as road surface layer. Constr Build Mater 2018;161.
https://doi.org/10.1016/j.conbuildmat.2017.11.170.

Birgin HB, Garcia-Macias E, D’Alessandro A, Ubertini F. Self-powered weigh-in-motion system
combining vibration energy harvesting and self-sensing composite pavements. Constr Build Mater
2023;369. https://doi.org/10.1016/j.conbuildmat.2023.130538.

Chung DDL. First review of capacitance-based self-sensing in structural materials. Sensors
Actuators A Phys 2023;354. https://doi.org/10.1016/j.sna.2023.114270.

Gulisano F, Buasiri T, Apaza FRA, Cwirzen A, Gallego J. Piezoresistive behavior of electric arc furnace
slag and graphene nanoplatelets asphalt mixtures for self-sensing pavements. Autom Constr
2022;142. https://doi.org/10.1016/j.autcon.2022.104534.

Liu L, Zhang X, Xu L, Zhang H, Liu Z. Investigation on the piezoresistive response of carbon fiber-
graphite modified asphalt mixtures. Constr Build Mater 2021;301.
https://doi.org/10.1016/j.conbuildmat.2021.124140.

Kim GM, Nam IW, Yang B, Yoon HN, Lee HK, Park S. Carbon nanotube (CNT) incorporated
cementitious composites for functional construction materials: The state of the art. Compos Struct
2019;227. https://doi.org/10.1016/j.compstruct.2019.111244.

Jahanbakhsh H, Karimi MM, Jahangiri B, Nejad FM. Induction heating and healing of carbon black
modified asphalt concrete under microwave radiation. Constr Build Mater 2018;174.
https://doi.org/10.1016/j.conbuildmat.2018.04.002.

Garcia A, Schlangen E, van de Ven M, Liu Q. Electrical conductivity of asphalt mortar containing
conductive fibers and fillers. Constr Build Mater 2009;23.
https://doi.org/10.1016/j.conbuildmat.2009.06.014.

Dharmasiri B, Randall JD, Stanfield MK, Ying Y, Andersson GG, Nepal D, et al. Using surface grafted
poly(acrylamide) to simultaneously enhance the tensile strength, tensile modulus, and interfacial
adhesion of carbon fibres in epoxy composites. Carbon N Y 2022;186.
https://doi.org/10.1016/j.carbon.2021.10.046.

Kim HK, Park IS, Lee HK. Improved piezoresistive sensitivity and stability of CNT/cement mortar
composites with low water-binder ratio. Compos Struct 2014;116.
https://doi.org/10.1016/j.compstruct.2014.06.007.

Konsta-Gdoutos MS, Aza CA. Self sensing carbon nanotube (CNT) and nanofiber (CNF) cementitious
composites for real time damage assessment in smart structures. Cem Concr Compos 2014;53.
https://doi.org/10.1016/j.cemconcomp.2014.07.003.

Lee SJ, You I, Kim S, Shin HO, Yoo DY. Self-sensing capacity of ultra-high-performance fiber-
reinforced concrete containing conductive powders in tension. Cem Concr Compos 2022;125.
https://doi.org/10.1016/j.cemconcomp.2021.104331.

ZhuY, Fan X, Suo L, Luo C, Gao T, Wang C. Electrospun feS2@Carbon fiber electrode as a high energy
density cathode for rechargeable lithium batteries. ACS Nano 2016;10.
https://doi.org/10.1021/acsnano.5b07081.

Ghahremani P, Mostafatabar AH, Bahlakeh G, Ramezanzadeh B. Rational design of a novel multi-
functional carbon-based nano-carrier based on multi-walled-CNT-oxide/polydopamine/chitosan for
epoxy composite with robust pH-sensitive active anti-corrosion properties. Carbon N Y 2022;189.
https://doi.org/10.1016/j.carbon.2021.11.067.

Ouyang Y, Qiu L, Zhang X, Feng Y. Modulating heat transport inside CNT assemblies: multi-level
optimization and structural synergy. Carbon N Y 2023;205.
https://doi.org/10.1016/j.carbon.2023.01.041.

Ruoff RS, Lee KH, Lee SH. Synthesis of diamond-like carbon nanofiber films. ACS Nano 2020;14.
https://doi.org/10.1021/acsnano.0c05810.

Zhu J, Zhang Q, Zhao Y, Zhang R, Liu L, Yu J. Robust N-doping porous carbon nanofiber membranes
with inter-fiber cross-linked structures for supercapacitors. Carbon N Y 2023;202.
https://doi.org/10.1016/j.carbon.2022.11.021.

Lu D, Shi X, Zhong J. Understanding the role of unzipped carbon nanotubes in cement pastes. Cem
Concr Compos 2022;126. https://doi.org/10.1016/j.cemconcomp.2021.104366.

Marchesini S, Turner P, Paton KR, Reed BP, Brennan B, Koziol K, et al. Gas physisorption
measurements as a quality control tool for the properties of graphene/graphite powders. Carbon N'Y
2020;167. https://doi.org/10.1016/j.carbon.2020.05.083.

155



[54]

(58]

[56]

(57]

(58]

[59]

(60]

(61]

(62]

(63]

(64]

(65]

(66]

Mypati S, Sellathurai A, Kontopoulou M, Docoslis A, Barz DPJ. High concentration graphene
nanoplatelet dispersions in water stabilized by graphene oxide. Carbon N Y 2021;174.
https://doi.org/10.1016/j.carbon.2020.12.068.

Young KT, Smith C, Krentz TM, Hitchcock DA, Vogel EM. Graphene synthesized by chemical vapor
deposition as a hydrogen isotope permeation barrier. Carbon N Y 2021;176.
https://doi.org/10.1016/j.carbon.2021.01.127.

Budde H, Coca-Ldpez N, Shi X, Ciesielski R, Lombardo A, Yoon D, et al. Raman Radiation Patterns of
Graphene. ACS Nano 2016;10. https://doi.org/10.1021/acsnano.5b06631.

Arabzadeh A, Sassani A, Ceylan H, Kim S, Gopalakrishnan K, Taylor PC. Comparison between
cement paste and asphalt mastic modified by carbonaceous materials: Electrical and thermal
properties. Constr Build Mater 2019;213. https://doi.org/10.1016/j.conbuildmat.2019.04.060.

Wu W, Jiang W, Yuan D, Lu R, Shan J, Xiao J, et al. A review of asphalt-filler interaction: Mechanisms,
evaluation methods, and influencing  factors. Constr Build Mater 2021;299.
https://doi.org/10.1016/j.conbuildmat.2021.124279.

Franesqui MA, Yepes J, Garcia-Gonzalez C. Top-down cracking self-healing of asphalt pavements
with steel filler from industrial waste applying microwaves. Constr Build Mater 2017;149.
https://doi.org/10.1016/j.conbuildmat.2017.05.161.

Baowen L, Aimin S, Yupeng L, Wentong W, Zhuangzhuang L, Wei J, et al. Effect of metallic-waste
aggregates on microwave self-healing performances of asphalt mixtures. Constr Build Mater
2020;246. https://doi.org/10.1016/j.conbuildmat.2020.118510.

Lu D, Shi X, Zhong J. Interfacial bonding between graphene oxide coated carbon nanotube fiber and
cement paste matrix. Cem Concr Compos 2022;134.
https://doi.org/10.1016/j.cemconcomp.2022.104802.

Liu J, Wang Z, Li M, Wang X, Wang Z, Zhang T. Microwave heating uniformity, road performance and
internal void characteristics of steel slag asphalt mixtures. Constr Build Mater 2022;3583.
https://doi.org/10.1016/j.conbuildmat.2022.129155.

Jiao W, Sha A, Liu Z, Li W, Jiang W, Qin W, et al. Study on thermal properties of steel slag asphalt
concrete for snow-melting pavement. J Clean Prod 2020;277.
https://doi.org/10.1016/j.jclepro.2020.123574.

Li H, Zhang Q, Xiao H. The Self-Heating Carbon Nanofiber Polymer Composite and its Applications
in Deicing and Snow Thawing of Pavement. Innov. Dev. Adv. Multifunct. Nanocomposites Civ. Struct.
Eng., 2016. https://doi.org/10.1016/B978-1-78242-326-3.00011-7.

Gao J, Sha A, Wang Z, Tong Z, Liu Z. Utilization of steel slag as aggregate in asphalt mixtures for
microwave deicing. J Clean Prod 2017;152. https://doi.org/10.1016/j.jclepro.2017.03.113.

Jiao W, Sha A, Liu Z, Jiang W, Hu L, Qin W. Analytic investigations of snow melting efficiency and
temperature field of thermal conductive asphalt concrete combined with electrical-thermal system.
J Clean Prod 2023;399. https://doi.org/10.1016/j.jclepro.2023.136622.

156



ULUSLARARASI
AKILLI SISTEMLER, TASARIM
VE ENERJi KONFERANSI

Conference on Intelligent Systems, Design and Energy

RESNET-50 BASED CNN MODEL FOR GRAPE LEAF IMAGE CLASSIFICATION IN
MATLAB

Seda YETKIN YESIL ™"/, Olcay PALTA’

™ Bitlis Eren University, Vocational School of Technical Sciences, Department of Electronics and Automation, Bitlis, Turkey
* Corresponding Author: syetkin@beu.edu.tr

ABSTRACT

The primary aim of this study is to investigate the effectiveness of a Convolutional Neural Network
(CNN) architecture, specifically ResNet-50, in accurately classifying grapevine leaves belonging to five
different species (Ak, Ala Idris, Buzgulu, Dimnit, and Nazli). Thanks to its capacity to extract rich and
detailed features from images, the ResNet-50 architecture enables the high-accuracy differentiation of
leaf species that are morphologically very similar. To this end, a comprehensive dataset comprising a
total of 500 grapevine leaf images, representing the five species, was created. Each species is
represented by 100 images, all of which were captured under similar lighting and environmental
conditions to enhance data consistency and minimize noise. Prior to model training, various
preprocessing steps were applied to the dataset. The ResNet-50-based CNN model was implemented
in MATLAB, and both training and validation were conducted through custom MATLAB scripts. In the
experimental setup, the dataset was divided into training (70%) and test (30%) subsets. Additionally,
due to the limited amount of data, a 5-fold cross-validation technique was employed. The average
results from this cross-validation process indicated that the model achieved an accuracy of 75.40%.

Keywords: Convolutional neural network, grape leaf, Resnet-50, image, classification

1 INTRODUCTION

Viticulture is one of the significant branches of agriculture in our country. Its importance is
reinforced by the fact that it serves as a source of livelihood for many farmers and that grapes can
be utilized in various forms. In Turkey, grapes harvested from vines are processed for multiple
purposes, including drying, winemaking, and fresh consumption. Similarly, grapevine leaves hold
an important place in traditional Turkish cuisine. One of the dishes symbolizing the classical
Ottoman cuisine, sarma, is prepared using vine leaves. Moreover, the economic value of the
leaves of certain grape varieties has been observed to exceed that of the grapes themselves. For
instance, in 2023, 1,500 tons of vine leaves were exported from the Manisa region, generating
approximately 500,000 USD in revenue, despite incurring no production costs.

Not all vine leaf varieties are suitable for culinary use. Leaves selected for consumption are
generally preferred to be as hairless, thin, and finely veined as possible. Additionally, varieties that
are seedless and impart a slightly tart taste on the palate tend to be favored.
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Today, the agricultural sector is increasingly benefiting from technologies incorporating
artificial intelligence. Numerous approaches have been proposed in the literature for the
identification of plant species. In systems where leaf features serve as distinguishing
characteristics, deep learning models known for their high accuracy are commonly preferred. For
example, Ghosh and colleagues employed the Swedish Leaf dataset [2], the FLAVIA dataset [3],
and the Leafsnap dataset [4], utilizing two approaches: CNN + Support Vector Machine (SVM) and
CNN + k-Nearest Neighbors (kNN).

Li et al. [5] conducted a study in which they desighed a series of processing procedures
combining U-Net and VGG-19 networks, developed using grape leaves as samples, to acquire
plant leaf images via agricultural drones and to enable regional segmentation and disease
detection in leaf clusters over large areas. Koklu et al. [6] conducted a classification of grapevine
leaf images using a state-of-the-art CNN model, specifically a fine-tuned MobileNetV2. Liu et al.
[7]1 proposed a novel recognition approach based on convolutional neural networks (CNN) for the
diagnosis of six common grape leaf diseases: anthracnose, brown spot, mites, black rot, downy
mildew, and leaf blight. First, a dataset of 107,366 grape leaf images was generated using 4,023
images collected in the field and 3,646 images obtained from public datasets, with the help of
image enhancement techniques. Subsequently, the Inception architecture was applied to
improve multidimensional feature extraction performance, and the model's performance was
compared with GooglLeNet and ResNet34.

In the study by Islam and colleagues, the aim was to diagnose diseases and identify
potential treatments using images of grape and strawberry leaves through deep learning
methods. Nowadays, researchers can develop highly accurate and efficient systems for object
detection and recognition using deep learning techniques. In this research, a dataset was trained
using a Convolutional Neural Network (CNN) model [8]. In the food industry, classifying vine
leaves based on quality is critically important because the leaves are visually difficult to
distinguish. Since the vine leaves used in canned products prepared for export exhibit significant
variety, accurately classifying the large number of leaf types presents a considerable challenge.
In this study, an original method is proposed to automatically identify the types of vine leaves,
addressing the problem and providing a practical solution for efficient classification.

2 MATERIAL AND METHOD

In this section, the methodology followed in conducting the research, the data collection
process, the techniques employed, and the criteria used for evaluating the results are
systematically explained.

2.1 Bibliometric Analysis

With the rapid advancement of artificial intelligence technologies, research on the visual
classification of plant leaves has experienced substantial growth in recent years. The increasing
adoption of deep learning architectures and advanced image processing techniques has
significantly enhanced the robustness, accuracy, and scalability of plant classification systems,
thereby expanding their range of practical applications. In this study, a comprehensive
bibliometric analysis was performed on publications indexed in the Web of Science and Scopus
databases between 2023 and 2024, with the objective of systematically identifying and evaluating
current research trends in the domain of plant classification. The results of the conducted
bibliometric analysis are illustrated in Figure 1.
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Figure 1.Yearly distribution of plant classification publications in Scopus and Web of Science

As presented in Figure 1, the humber of publications related to the keyword ‘plant image
classification’ indexed in the Web of Science database increased from approximately 3,100 in
2023 to 3,600 in 2024. Additionally, the number of publications related to the keyword ‘plant
image classification’indexed in the Scopus database increased from approximately 5,720 in 2023
to 8,800 in 2024. The obtained findings indicate that the number of publications has increased
over the years in both the Web of Science and Scopus databases.

2.2 Grape Leaf Dataset

Grapevine leaves are also harvested once a year as a by-product. The types of grapevine
leaves are important in terms of price and taste. In this study, as shown in Figure 2, a deep
learning-based classification was performed using images of grapevine leaves. For this purpose,
the effectiveness of a Convolutional Neural Network (CNN) based on the ResNet-50 architecture
was investigated for the accurate classification of grapevine leaves belonging to five different
varieties, namely Ak, Ala Idris, Buzgulu, Dimnit, and Nazli.

Ak Aladris

Buzgulu

Nazli

Figure 2. Five different grapevine leaf varieties

The image size of the dataset was set to 511 x 511 x 3 in order to satisfy the input layer
dimensional requirements of the pre-designed convolutional neural network. This resizing
ensures that all input images are compatible with the network architecture, allowing for proper
feature extraction and consistent performance during the training and classification processes.
The dataset, consisting of 100 images for each grapevine leaf species and a total of 500 images,
is accessible via the relevant https://www.muratkoklu.com/datasets/ link. Comprehensive
information regarding the specific types of image data used in this study is presented in Table 1.
The table includes five grape leaf species—Ak, Ala idris, Blizgiilii, Dimnit, and Nazli—and provides
details on the number of images per category, their respective resolutions, as well as the
distribution of training and test data.
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Table 1. Grapevine Leaf Imaging Dataset

Category Leaf Type Numbe image ResNet-50 Training Testing

r Size input size Number Number
Ak 250 511x511x3  224x224x3 175 75
. Ala Idris 250 511x511x3  224x224x3 175 75
Training:
Testing Buzgulu 250  511x511x3  224x224x3 175 75
(70 %: 30 %)
Dimnit 250 511x511x3  224x224x3 175 75
Nazli 250 511x511x3  224x224x3 175 75

2.3 Structure and Working Principles of CNN

Convolutional Neural Networks are one of the multilayer architectures developed for the
analysis and recognition of two-dimensional image data. A Convolutional Neural Network (CNN)
is adeep learning technique frequently applied in image analysis, accepting pictures as input [9].
It contains four layers: an input layer, a convolution layer, a pooling layer, and a flattening layer, as
shown in Figure 3.

¢ i i i
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(Convolutional) (pooling)

(Flattining)

Figure 3. Architecture of the CNN model for grapevine leaves

In this study, instead of developing a new deep learning architecture, ResNet-50, one of the
widely used pre-trained CNN models, was employed for the classification of grapevine leaves
according to their species. Numerous CNN models with different structural designs have been
proposed, each with its own advantages and limitations. The main advantage of ResNet-50 used
in this study is that it provides high accuracy in very deep networks while preventing the vanishing
gradient problem, and it offers flexible usage through transfer learning.

Not all layers within a CNN are suitable for image feature extraction; only certain layers can
be used for this purpose. The initial layers are not suitable for feature extraction as they capture
basic image features. Logically, it is preferred to extract features from one of the deeper layers of
the network using the activation method. We consider the activation values of the layer just before
the final classification layer to be more appropriate. For example, in Google-Net this layeris called
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‘loss3-classifier’ in ResNet-50 it is ‘fc1000, and in AlexNet it is “fc8’ [10]. In this study, feature
extraction was performed using the fc1000 layer of the ResNet-50 architecture.

2.3.1 Convolutional layer

The convolutional layer is a fundamental component of a CNN. Here, feature maps are
extracted by performing a convolution operation between the input tensor X and small learnable
filters (kernels). As shown in Figure 4, feature extraction from a 5x5 image is performed using a
3x3filter [11].
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-0 L-~" output

Figure 4. Convolutional layer of CNN
As shown in Figure 4, starting from the top-left corner to the bottom-right, each 3x3 matrix
is passed through the filter to extract a feature.

The filter weights of the first convolutional layer in the grape leaf CNN model are visualized
and presented in Figure 5.

Figure 5. first convolutional layer in CNN

2.3.2 Pooling layer and Flatting layer

This layer is used to reduce the size of the feature map, thereby decreasing both the number
of parameters and the computational cost. The most commonly used types of pooling layers are
max pooling and average pooling. Max pooling involves selecting the highest value within a given
region. An example of a pooling layer is shown in Figure 6.
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Figure 6. Max pooling layerin a CNN

This layer is the final layerin a CNN, where all neurons are fully connected. It transforms the
obtained feature map into a one-dimensional vector to produce outputs, such as category
classification (flattening).

2.3.3 Resnet 50

Residual Networks (ResNet) constitute a class of deep learning architectures engineered to
mitigate the vanishing gradient problem that often arises in very deep neural networks. ResNet-
50, a 50-layer variant renowned for its efficiency, is among the most widely adopted models. Its
design enables exceptional performance in image recognition tasks, establishing it as a
foundational framework in modern deep learning research. The ResNet-50 architecture is
illustrated in Figure 6.
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Figure 7. ResNet50 architecture diagram [12]

The CNN model was implemented in MATLAB. The computer used for building the model
was equipped with a 13th Gen Intel® Core™ i7-13700H (2.40 GHz) processor and 16 GB of RAM.

The K-Fold Cross-Validation method divides the dataset into “k” equal parts, using each part
as the validation setin turn. This ensures that every data point is used at least once for validation,
allowing for a more accurate assessment of the model’s overall performance.

The confusion matrix shown in Figure 8, obtained from the 5-fold cross-validation,
illustrates the model’s classification performance across all classes. The Nazli class achieved the
highest recognition rate at 87%, followed by the Ak class at 83%, indicating strong performance
for these categories. In contrast, the Dimnit class had the lowest accuracy at 56%, showing that
the model struggled most with this class. The Biizgiilii (68%) and Ala idris (74%) classes showed
moderate accuracy, with notable misclassifications occurring primarily between these classes
and the Dimnit class.
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Figure 8. Confusion matrix of 5-fold cross-validation

3 RESULTS AND DISCUSSIONS

» The ResNet-50-based Convolutional Neural Network (CNN) demonstrated a generally
strong capability in classifying five grapevine leaf varieties (Ak, Ala Idris, Buzgulu, Dimnit, and
Nazli) that exhibit very similar morphological characteristics. Owing to its deep architecture, the
model was able to extract discriminative features related to leaf shape, texture, and vein patterns,
enabling effective differentiation among visually similar classes.

» To ensure a reliable evaluation under limited data conditions, a 5-fold cross-validation
strategy was employed. The experimental results yielded an average classification accuracy of
75.40%, indicating that the proposed deep learning approach maintains a satisfactory level of
generalization performance despite the relatively small dataset size.

» Class-wise performance analysis revealed that the Nazli (87%) and Ak (83%) grape leaf
varieties achieved the highest recognition rates. This suggests that these leaf types possess more
distinctive visual features, allowing the CNN model to learn and identify their characteristics more
effectively compared to other classes.

» The Dimnit variety exhibited the lowest classification accuracy (56%), primarily due to its
strong visual similarity to the Buzgulu and Ala Idris varieties. The confusion matrix analysis
showed that most misclassifications occurred among these classes, highlighting the challenges
faced by the model in distinguishing subtle morphological differences between closely related
grapevine leaf types.

» Overall, the findings demonstrate that the ResNet-50 architecture implemented in the
MATLAB environment provides a practical and extendable solution for automatic grapevine leaf
classification. The study also indicates that incorporating larger and more diverse datasets,
applying data augmentation techniques, or comparing multiple deep learning architectures could
further improve classification accuracy, making the proposed approach highly promising for
applications in viticulture and the food processing industry.

In future studies, the classification performance can be further improved by expanding the
dataset with a larger number of grapevine leaf images captured under varying environmental
conditions and by applying advanced data augmentation techniques to increase data diversity.
Additionally, the effectiveness of different deep learning architectures such as EfficientNet,
DenseNet, or Vision Transformers can be comparatively evaluated alongside ResNet-50.
Integrating hybrid models that combine deep features with traditional machine learning
classifiers and exploring real-time implementation for field or industrial applications may also
contribute to the development of more robust and scalable grapevine leaf classification systems.
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ABSTRACT

The objective of this study is to comprehensively assess the environmental impacts of the textile and
ready-to-wear clothing industry and to establish a machine learning-based multivariate framework for
predicting the Air Quality Index (AQl). In this context, 21 years of monthly data obtained from the city of Surat
in India were utilized. Eight different machine learning models were evaluated to predict the AQl using the
aforementioned data: Long Short-Term Memory (LSTM), Linear Regression, Ridge, Lasso, Support Vector
Regression—Radial Basis Function (SVR-RBF), K-Nearest Neighbor (KNN), Decision Tree, and Gradient
Boosting.The analysis results showed that LSTM achieved the best performance (R? = 0.2932, MAE = 22.87)
due to its sensitivity to patterns that change over time, while the Gradient Boosting model was the second
most successful model. In contrast, the SVR-RBF, KNN, and Decision Tree models showed lower accuracy.
Principal Component Analysis (PCA) was applied for dimension reduction to examine seasonal pollution
trends, followed by the Density-Based Clustering in Noise-Affected Applications (DBSCAN) method. The
clustering resulted in five clusters and one noise segment. Cluster 3, in particular, stood out with consistently
high pollution levels (AQl = 241) despite low variance.This study demonstrates that there is a non-linear
relationship between production volume and pollution, and that industrial modernization has the potential
to reduce environmental damage. Overall, the findings reveal that machine learning models are effective
tools for environmental monitring, risk classification, and developing data-driven sustainability strategies.

Keywords: Machine Learning, Air Quality Prediction (AQl), Environmental Impacts, Principal
Component Analysis (PCA), Clustering (DBSCAN)

1 INTRODUCTION

The textile and apparel industry is a sector that makes significant contributions to global
economic development. At the same time, it stands out as one of the industries with serious
environmental impacts. The high consumption of energy and water during raw material
production, yarn and fabric manufacturing, dyeing, finishing processes, and throughout the
product lifecycle alongside the widespread use of toxic chemicals and high carbon emissions
makes this sector one of the most environmentally problematic industries in terms of
sustainability [1-3]. Moreover, wastewater discharge, particulate matter emissions, and the
intensive use of chemicals are key risk factors that increase environmental health problems,
especially in developing countries [4, 5].

In the literature, the primary methods used to evaluate the environmental impacts of the
textile sector include Life Cycle Assessment (LCA), Product Carbon Footprint (PCF), and
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Ecological Footprint (EF) [1, 2, 6]. While these approaches make it possible to systematically
assess the direct and indirect environmental impacts of production processes, they are limited in
modeling temporal environmental changes, dynamic relationships between production volume
and environmental effects, and regional disparities [7-9].

In recent years, the inclusion of artificial intelligence (Al) and machine learning (ML)
approaches in environmental monitoring and analysis has opened new research opportunities.
These technologies are increasingly being used for pattern discovery in large datasets, prediction
of environmentalindicators, and modeling the relationship between production and pollution [10-
13]. In particular, methods such as LSTM, Random Forest (RF), Support Vector Machines (SVM),
and Artificial Neural Networks (ANN) have been successfully applied in areas such as energy
consumption prediction, optimization of textile dyeing processes, texture analysis, and the
reduction of production losses [13-15].

However, a review of the existing literature reveals that studies utilizing machine learning
and clustering algorithms for the direct modeling of environmental impacts are quite limited. In
clustering-based research, the focus has largely been on topics such as quality control,
production classification, or typologies of corporate sustainability trends; however, issues such
as environmental monitoring, identification of high-risk periods, or classification of regional
environmental performance are often neglected [16, 17]. Despite the strong potential of
algorithms like DBSCAN and K-Means in identifying density-based anomalies in environmental
monitoring scenarios, their application in the textile sector remains relatively underexplored [10,
16].

Furthermore, many studies on environmental sustainability in the textile industry focus on
broader perspectives such as firm-based Environmental, Social, and Governance (ESG) practices
[18], digital transformation and circular economy [19, 20], waste management [14], water
footprint and toxic emission calculations [6, 8, 21], or green export strategies [22]. However, very
few of these studies offer an integrated approach that predicts concrete outcomes such as air
quality using long-term, multivariate environmental data while also clustering observations based
on temporal variability.

This study aims to assess the environmental impacts of textile production using a
comprehensive dataset comprising 21 years of monthly observations from the city of Surat in the
state of Gujarat, India. Eight different machine learning algorithms were employed to predict
environmental pollutants, particularly the AQI, and the accuracy and error rates of these models
were comparatively analyzed. Additionally, DBSCAN clustering was applied on the PCA-reduced
feature space to identify periods with similar environmental behavior patterns, and the
relationships between production and emissions across clusters were examined.

In this regard, the study provides not only predictive modeling but also offers original
contributions in terms of data segmentation, environmental risk classification, and the design of
data-driven sustainability strategies. By integrating advanced data analytics and artificial
intelligence techniques, this research proposes a novel environmental assessment framework
that can contribute to the transformation of the textile sector in the context of sustainability.

2 MATERIALS AND METHODS

This section outlines the methodological framework adopted in the study. It includes a
detailed description of the dataset, preprocessing techniques, applied machine learning models,
clustering analysis, evaluation metrics, and implementation environment. The aim is to ensure
reproducibility and transparency in experimental procedures.
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2.1 Dataset

In this study, a multivariate time series dataset was used to evaluate the environmental
impacts of the textile industry operating in Surat, a city in the state of Gujarat, India. The dataset
was obtained from the publicly available study titled “Surat Textile Pollution Dataset” on the
Kaggle platform (https://www.kaggle.com/datasets/riasingh11/surat-textile-pollution). The
data is licensed under the World Bank Dataset Terms of Use and is intended solely for research
and educational purposes.

The dataset comprises 252 monthly observations from January 2004 to December 2024.
During this period, systematic measurements were collected regarding both production activities
and environmental pollution indicators. The dataset includes industry-specific variables such as
textile output (MT/month), water usage (ML/day), electricity consumption (GWh), and the number
of active textile units. Environmental impact indicators include the AQI, particulate matter
(PM2.5), nitrogen oxides (NOy), sulfur dioxide (SO,), carbon monoxide (CO) levels, wastewater
discharge, biochemical oxygen demand (BOD) in water, and total industrial emissions.

2.2 DataPreprocessing

In this study, all data were scaled to the [0, 1] range using the Min—-Max normalization
method to ensure comparability. Since the dataset contained no missing values, no imputation
was required. For predictive time-series modeling with the LSTM algorithm, the data were
redesigned to include observations from the previous three months. For other regression-based
predictive models, the data were randomly split into 80% training and 20% test sets.

2.3 Machine Learning Models

To predict AQI values, this study employed and comparatively evaluated eight different
machine learning and deep learning-based regression algorithms. Each model captures the
relationship between AQI and input variables differently, reflecting unique advantages and
limitations based on the nature of the data.

Linear Regression is a classical approach that assumes a linear relationship between AQI
and independent variables. It is widely used in literature due to its simplicity and high
interpretability, especially when linear relationships are present. However, it is often inadequate
for modeling nonlinear relationships frequently observed in environmental data [23].

Ridge Regression is a generalized version of linear regression that incorporates an L2 norm
penalty to regularize model coefficients and prevent overfitting. It is especially effective in
datasets with multicollinearity, producing more stable and reliable predictions. By shrinking
coefficients, it reduces variance while still allowing all variables to contribute to the model [24].

Lasso Regression applies an L1 norm penalty, driving some coefficients to zero. This
enables automatic variable selection, enhancing interpretability and generalization capacity by
removing irrelevant or weakly correlated features in AQI prediction [25].

SVR, developed within the support vector machine framework, is effective in modeling
nonlinear relationships. In this study, the SVR model was configured with an RBF kernel, enabling
the modeling of complex, nonlinear patterns in high-dimensional feature space. However, the
need for careful hyperparameter tuning and high computational cost makes SVR challenging for
large datasets [26].

KNN is a non-parametric method that predicts new observations based on proximity to
neighboring points in the data space. It performs well in clustered data scenarios but is sensitive
to noise and outliers and suffers from performance loss in high-dimensional datasets [27].
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Decision Tree Regressor partitions the dataset based on decision rules and provides
constant predictions at each leaf node. While it offers high interpretability, the model tends to
overfit the training data unless the tree depth and splitting criteria are carefully controlled [28].

GB Regressor is a powerful ensemble learning method that combines weak learners
(typically decision trees) sequentially to minimize errors. Each iteration corrects the residuals of
the previous model [29]. It effectively models nonlinear and complex patterns, though training
time is longer and hyperparameter tuning is critical.

Finally, the LSTM network was used for time series processing. LSTM differs from traditional
recurrent neural networks in its ability to learn long-term dependencies. With its embedded
memory, it can retain past environmental information, allowing it to model AQI trends over time
effectively [30]. It is especially advantageous for predicting AQI based on time-dependent
relationships with meteorological variables such as temperature, humidity, and pressure.
However, training LSTM models requires high computational power and careful configuration to
avoid overfitting.

Each of these eight models relies on different theoretical foundations and analytical
strategies, and comparing their AQI prediction performance constitutes one of the primary goals
of this study.

2.4 Clustering and Segmentation Analysis

Beyond predictive modeling, a DBSCAN was applied to examine the seasonal variation of
environmental impacts and identify periods with similar environmental conditions. Prior to this
analysis, all numerical variables were scaled, and PCA was applied to reduce the dimensionality
to two features. DBSCAN forms clusters based on the density of data points within a specified
radius and marks low-density, anomalous observations as outliers. The clustering results
revealed meaningful environmental segments, such as periods with high production and low AQI
levels (indicating sustainable conditions), or periods with high emissions and pollutants
accompanied by lower productivity. Summary statistics across these clusters allowed for a
clearer understanding of the temporalintensity of environmental risks and the impact of industrial
activity.

2.5 Model Evaluation Metrics

Model performances were compared using three main evaluation metrics. The R? score
indicates the proportion of variance in the target variable explained by the model. MAE calculates
the average absolute differences between predicted and actual values. Root Mean Square Error
(RMSE), by taking the square root of the average squared errors, provides a more sensitive
assessment of larger errors. These metrics were used to evaluate and compare all models and
determine the most suitable one.

2.6 Implementation Environment

All analyses were conducted using Python 3.11 programming language. Open-source
libraries such as pandas, numpy, matplotlib, seaborn, and scikit-learn were used for data
processing and analysis. The LSTM model was trained using the TensorFlow (Keras) library.
DBSCAN clustering and PCA were performed using the scikit-learn framework. In addition to
statistical performance, factors such as computational time, resource usage, and practical
applicability were also considered in model evaluation.
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3 RESULTS

This section presents the results of the applied machine learning techniques and
clustering analysis. The aim is to evaluate how well different models predict AQI and to
identify patterns in environmental conditions over time. The findings are discussed in
detail through performance metrics, visualizations, and statistical comparisons.

3.1 Performance Comparison of Machine Learning Models in AQI Prediction

In this study, eight different machine learning models were compared to evaluate the
environmental impacts of textile production and to predict the AQI. These models include LSTM,
Linear Regression, Ridge Regression, Lasso Regression, SVR (RBF), KNN Regressor, Decision Tree,
and GB algorithms. The models were evaluated using accuracy and error metrics, and the findings
are presented through tables and visualizations (Table 1).

Table 1. Performance Comparison of Machine Learning Models

I Model R*Score MAE RMSE
LSTM 0.2932 22.8743 29.3120

Linear Regression 0.2859 22.8387 29.4637
Ridge Regression 0.2859 22.8387 29.4637
Lasso Regression 0.2859 22.8448 29.4639
SVR (RBF) 0.1054 25.6751 32.9770

KNN Regressor 0.1011 25.7770 33.0572
Decision Tree -0.0052 27.2720 34.9564
Gradient Boosting 0.2926 22.8752 29.3247

As shown in Figure 1, the highest R* score was achieved by the LSTM model, with a value of
0.2932. The GB model also demonstrated high accuracy with a similar R* score of 0.2926. Linear-
based models Linear Regression, Ridge Regression, and Lasso Regression performed
comparably, each achieving an R score around 0.2859. In contrast, models such as SVR (0.1054)
and KNN (0.1011) yielded significantly lower R? scores. The Decision Tree model produced a
negative R* score of 0.0052, indicating inadequate predictive accuracy.

Model Comparison: R? Score
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Figure 1. Comparison of R? scores of the models
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One of the error metrics, MAE, is presented in Figure 2. The lowest MAE was obtained from
the LSTM model with a value of 22.8743, followed closely by the GB model with 22.8752. The linear
models also produced values close to these two; the MAE values for the Linear, Ridge, and Lasso
Regression models were 22.8387 and 22.8448, respectively. In contrast, a noticeable increase in
error was observed in the SVR, KNN, and Decision Tree models.

Model Comparison: Mean Absolute Error (MAE)

25}

20

10

Figure 2. Mean Absolute Error (MAE) values of the models.

The RMSE comparison shown in Figure 3 reveals the models' tendencies toward large
errors. The LSTM (29.312) and Gradient Boosting (29.3247) models again demonstrated the lowest
values in this metric. In contrast, the linear models showed RMSE values around 29.46. However,
the prediction errors were significantly higher in the SVR (32.977), KNN (33.0572), and Decision
Tree (34.9564) models.

Model Comparison: Root Mean Squared Error (RMSE)

Figure 3. Root Mean Square Error (RMSE) values of the models
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The relationship between the predicted and actual AQI values was also visualized using line
graphs to provide a clearer assessment of each model’s performance. For example, the LSTM
model’s predicted and actual curves showed strong alignment in most instances, while the
Decision Tree model exhibited noticeable deviations. This visual pattern is consistent with the
RMSE and MAE results presented earlier.

Overall, the LSTM model, which is sensitive to time-dependent data structures, emerged as
the most successful approach in terms of both accuracy and error metrics for AQI prediction. The
Gradient Boosting model also demonstrated strong performance. While traditional linear models
yielded balanced results, models such as SVR, KNN, and Decision Tree were not suitable for this
specific dataset. Therefore, it is recommended to use more advanced models capable of
capturing complex and temporal relationships in environmental data.

Inthe process of predicting AQI through machine learning models, it is essential to consider
not only the performance of the models but also the seasonal and temporal patterns inherent in
the dataset. For this reason, the next step of the study focuses on the temporal segmentation of
environmental impacts. The DBSCAN clustering analysis presented below offers a holistic view of
the data by grouping time periods based on similar environmental conditions.

3.2 Environmental Segmentation: DBSCAN Clustering Findings

To group the environmental impacts of textile production on a temporal basis, the DBSCAN
clustering analysis revealed five distinct clusters and one “noise” group. The observations labeled
as Cluster -1, defined as noise, exhibit environmental characteristics that significantly deviate
from the other clusters. The resulting clusters provide clearer insights into how the textile sector
influences production volume, resource usage, and air and water quality.

The noise cluster (Cluster -1) is characterized by an average AQI of 181, industrial emissions
of 4,229 tons/month, and elevated levels of CO and BOD. These months likely represent periods
marked by unusual industrial activities or environmental crises. On the other hand, Cluster 2
stands out as the segment with the highest textile production volume (approximately 70,000
MT/month), while showing only a moderate increase in AQI levels (average 196). This indicates
that high production volume does not necessarily correspond to proportionally high pollution
levels, suggesting that modernization or effective treatment systems may be in place.

The most notable cluster is Cluster 3, representing the periods with the highest air pollution,
with an average AQI value of 241. This segment also shows elevated concentrations of other
pollutants such as SO,, CO, and BOD. The low variance within this cluster indicates that the
pollution is not temporary but rather reflects a persistent environmental condition. Table 2 below
summarizes the mean and standard deviation values for each segment identified through the
DBSCAN clustering analysis.
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Table 2. Descriptive Statistics of Clusters Identified via DBSCAN.
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4 DISCUSSION AND CONCLUSIONS

This study makes significant contributions to literature by analyzing the environmental
impacts of the textile and apparelindustry through both predictive modeling and clustering-based
segmentation using machine learning algorithms. The findings demonstrate how critical it is to
evaluate the effects of industrial activity on air quality using a multivariate approach, particularly
for informing environmental decision-making processes.

4.1 Evaluation of Prediction Performance

Regarding the performance of machine learning models in AQI prediction, the LSTM model,
with its ability to learn time-dependent patterns, achieved the highest R® score (0.2932) and the
lowest MAE (22.8743) among all tested algorithms. This result highlights that air quality data
contains temporal components that cannot be adequately represented by traditional linear
models. The effectiveness of time-series-based deep learning models like LSTM in environmental
monitoring and air quality forecasting has also been emphasized in recent literature [12, 13, 15].

The GB algorithm also demonstrated a high level of accuracy, offering a strong alternative
especially for modeling complex and nonlinear relationships. Its success in applications such as
pollution forecasting, energy consumption modeling, and production optimization has been well
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documented [14, 31]. On the other hand, the low R* scores and high error metrics of models like
SVR, KNN, and Decision Tree indicate that these models failed to capture the underlying patterns
in the dataset. This aligns with previous studies, which suggest that such algorithms tend to
underperform in high-dimensional and noisy datasets [10, 11]. In particular, the negative R%value
of the Decision Tree model illustrates its tendency to overfit and its limited generalization
capability. These findings underscore that in complex, time-varying systems like environmental
data analysis, model selection must consider not only theoretical framework but also the nature
of the data [9].

4.2 Persistent Pollution and Temporal Segmentation via DBSCAN Clustering

In the second stage of the study, DBSCAN clustering analysis allowed for the classification
of environmental parameters based on temporal patterns. The identified clusters showed
meaningful distinctions not only in AQI levels but also in the distribution of pollutants such as CO,
SO,, and BOD, as well as their relationship with production inputs. This is consistent with previous
findings supporting the applicability of DBSCAN to time-sensitive and anomaly-prone
environmental data [10, 16].

Cluster 3 represents the periods with the highest levels of pollution, with an average AQI of
241. The low variance within this cluster suggests that this is not a temporary but rather a
persistent environmental issue. The high levels of SO, and CO in this segment likely reflect the
impact of fossil fuel usage, inefficient energy systems, and inadequate flue gas treatment
infrastructure [5, 7]. In contrast, Cluster 2 despite its high production volume exhibited relatively
lower AQI values, indicating the potential influence of modernization investments, energy
efficiency practices, or advanced environmental control systems. This finding reveals that
increased production capacity does not necessarily result in higher pollution levels and that
technological advancements can weaken this correlation [8, 19, 20]

4.3 Comparison with Literature and Contributions

In existing literature, the environmental impacts of the textile sector are often assessed
using approaches such as LCA, PCF, or ESG-based sustainability frameworks [1, 2, 18, 20].
However, these methods are typically process-focused and cannot directly model temporal
variability or dynamic production—pollution relationships. By integrating predictive machine
learning algorithms with density-based clustering methods for temporal risk classification, this
study provides a novel contribution to overcome these limitations.

Additionally, DBSCAN's ability to detect noise-labeled observations offers an advantage in
identifying environmental anomalies compared to other clustering techniques. This enables the
classification of unusual production conditions, crisis periods, or atypical environmental
behaviors—areas often overlooked in the literature [10, 16]. Therefore, the framework proposed
in this study serves as a practical example for both sectoral decision support systems and data-
driven environmental management approaches.

4.4 Policy and Sustainability Implications

The findings of this study clearly highlight the potential of Al-based modeling approachesin
forecasting and monitoring environmental impacts in the textile sector. In particular, the strong
performance of advanced algorithms such as LSTM and GB in time-series datasets shows that
these models can play an active role in environmental forecasting processes. This suggests that
the dynamic nature of environmental indicators can be more effectively analyzed through
advanced machine learning techniques rather than traditional statistical methods [13-15].

Furthermore, the density-based clustering approach using DBSCAN has proven more
effective than traditional algorithms such as K-Means in identifying anomalies and forming
variance-sensitive temporal segments. Most environmental assessments in the textile sector still
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rely on frameworks like LCA, PCF, or sustainability reporting [1, 2], and data mining or machine
learning-based studies remain relatively limited [7, 19, 20].

By integrating both predictive and clustering methods, this study not only explains
environmental outcomes but also presents a framework for developing decision-support
strategies based on these results. Modeling the causal and time-dependent relationships
between production inputs and air quality outputs offers a crucial contribution to sectoral
policymaking. While most studies focus on corporate ESG practices [18], water footprints [8],
waste management [14], or circular economy strategies [20], this study uniquely contributes to
the literature through its application-driven analysis of production-volume-based environmental
monitoring and risk classification.

In conclusion, this machine learning—based approach provides an exemplary methodology
for developing data-driven sustainability management practices in environmentally intensive
sectors like textiles and significantly fills a gap in the current academic literature.

5 CONCLUSION

This study presents a comprehensive framework for evaluating the environmental
impacts of the textile and apparel industry using machine learning and clustering-based
segmentation. Among the eight models tested for AQI prediction, the Long Short-Term Memory
(LSTM) algorithm demonstrated superior performance due to its ability to capture temporal
dependencies, followed closely by Gradient Boosting. Simpler models such as SVR, KNN, and
Decision Tree failed to adequately model the nonlinear and time-sensitive nature of
environmental data.

Clustering analysis via DBSCAN effectively segmented production periods based on
environmental patterns, identifying high-risk clusters such as Cluster 3, which exhibited
persistently high pollution levels. Notably, the findings revealed that high production volume does
not always correlate with increased pollution, suggesting that modernization and environmental
control systems can mitigate adverse impacts.

The study highlights the potential of Al-based approaches for real-time environmental
monitoring, risk classification, and sustainability planning. Future research should incorporate
additional variables—such as meteorological data, regional policies, and production
technologies—and integrate clustering results with GIS to develop spatial risk maps.
Furthermore, multi-criteria decision-support systems that include water footprint, carbon
intensity, and energy efficiency could significantly advance sustainable textile production. These
insights offer valuable contributions to both academic literature and industry practices.

5.1 Artificial Intelligence (Al) Contribution Statement

This manuscript was written and revised entirely by the authors. No artificial intelligence
(Al) tools were used for data analysis, statistical processing, result interpretation, or the
development of the scientific content of the study. However, Al-based language tools were used
solely to assist in improving the academic writing style and to correct minor grammatical issues.
All scientific ideas, analyses, interpretations, results, and conclusions presented in this article
are exclusively the work of the authors.
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