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SUNUS

Fakiiltemiz biinyesinde bulunan 12 Béliimiimiizden Ogretim faaliyetleri siiren 11
Boliimiimiizde mezuniyet asamasina gelmis miihendis adayr &grencilerimizin
hazirladiklar1 bitirme projelerinin  poster sunumlarinin sergilenmesi Fakiiltemizde
geleneksel olarak her Bahar Donemi sonunda gergeklestirilmektedir.

Ogrencilerimizi, iilkemiz 12. Kalkinma Plani, Vizyon 2050 hedefleri gibi
ozellikle iilke oncelikli arastirma konularinda, 6grenim agsamasinda elde ettikleri bilgi ve
becerileri kullanarak sorgulayan, arastiran, veri toplayan ve sonuglart bir proje
cergevesinde sunabilen miihendisler olarak yetistirmenin gayreti ve mutlulugu
icerisindeyiz. Bitirme projeleri hazirlayan 6grencilerimizin yaraticiligina, yeteneklerinin
gelistirilmesine katkida bulunarak; iilkemizin gelecegini yonlendirecek, uluslararasi
bilimsel ¢aligmalarda 6zgiin diisiinceler ortaya koyabilecek, Ar-Ge ve inovasyonda etkin,
Ozgiiveni gelismis bireylerin yetistirilmesi Fakiiltemizin ana hedeflerinden biridir.

Bolimlerimizde gerceklestirilen bitirme projesi sergisi ile &grencilerimiz
projelerini 6grenci, dgretim iiyesi ve iiniversite digindaki kurum ve kurulus temsilcilerine
de tanitma firsati bulmakta ve kamu-iiniversite-sanayi is birligi siirecine de katkida
bulunmaktadir.

Bitirme Projesi sergisine katilan 6gretim iiyelerimize/elemanlarimiza,
Ogrencilerimize ve tim kurulus temsilcilerine katkilari igin tesekkiir eder, sevgi ve

saygilarimi sunarim.

Prof. Dr. Azize AYOL
Dekan
Bitirme Projesi Sergisi

Diizenleme Kurulu Adina
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ONSOZ

Boliimiimiiz, uluslararasi diizeyde rekabet edebilen, bilgi birikimini
ve deneyimlerini toplum yararina kullanabilen, mesleki ve evrensel etik
degerleri konusunda duyarli, Elektrik ve Elektronik Miihendisliginin biitlin
dallarinda donanimli ve bu alanda ulusal ve uluslararasi toplumun ihtiyag
duydugu bilgi ve teknolojilerin aragtirma ve gelistirme ¢alismalarini
yapabilen mihendisler yetistirmeyi amaclamaktadir. Bu amag
dogrultusunda, bitirme projeleri 6grencilerimizin ilgi duyduklar1 bilimsel
alanlarda sorgulayan, 6zgiin fikirler ortaya koyabilen, problemlere ¢éziim
iiretebilen bireyler haline gelmelerini desteklemektedir.

Proje sergisi etkinligi ile Ogrencilerimiz iki donem boyunca
aragtirdiklar, gelistirdikleri projelerini sunma firsati bulunmaktadir.
Etkinlik tiniversite-sanayi is birligine katki sunmakta ve Ggrencilerimiz
firmalarla tanigma firsati bulmaktadir.

Bitirme Projesi sergisine katilan herkese tesekkiir eder, saygi ve
sevgilerimi sunarim.

Prof. Dr. Yavuz SENOL
Elektrik-Elektronik Miihendisligi Boliim Bagkanligt

iii



DOKUZ EYI:UL UNIVERSITESI MUHEI}}DISHK F.AKI'.JI:1:ES1“ oL
ELEKTRIK-ELEKTRONIK MUHENDISLIGI BOLUMU
Bitirme Projeleri Sergisi, 2025

CONTENTS
F1) HAND MOTION ANALYSIS USING A SENSOR-EQUIPPED GLOVE FOR
ORTHOPEDIC HAND ISSUES ......ovvtreirsirssirsssissssssssssissssssssssssssssssssssssssssssssssssssssssssssssssssssasiss 1
F3) HUMAN VISUAL SENSE IMPROVEMENT BY USING VIBRATION PATCH...........cc...... 2
F4) INTERACTIVE TABLE FOR ENHANCED REALITY (ER) APPPLICATIONS........cccc. 3

F5) EVOLUTION OF THE EFFECTIVENESS OF ANATOMICAL LAYER-SPECIFIC
METHODS IN NOISE IN OPTICAL COHERENCE TOMOGRAPHY IMAGES............ccc.... 5

F6) CALCULATION OF VASCULAR METRICS IN HYPERTENSIVE RETINOPATHY
FUNDUS IMAGES AND COMPARISON WITH THE NORMAL POPULATION................. 7

F7) TEXTURE-BASED CALIBRATION FORINTEROPERABLE QUANTITATIVE CT............ 9
F8) DEEP LEARNING-BASED HAND GESTURE RECOGNITION FOR SMART

HOME CONTROL ON EDGE DEVICES......cooionsinsirissirsnssssirsssissssssissssisssssssssssissssssssasens 11
F9) INSPECTION OF WIND TURBINE BLADESUSING DRONES AND IMAGE

PROCESSING......oosirsirnsirsisississssssssissssissssssssisssssssssssssssssssssassssssssssssassssssssasssssssssssssssssssssssssssaniss 13
F10) SEARCHING FOR WISDOM OF SEGMENTATION ALGORITHM CROWDS.................. 14

F11) AN IMPROVED NON-ISOLATED QUADRATIC DC-DC BOOST CONVERTER
WITH ULTRA HIGH GAIN ABILITY c.ovtvsirssirsirissirssiissirisssissssississesissssissssssssassssssssassesisssens 16

F12) A QUADRATIC BUCK-BOOST CONVERTER WITH CONTINUOUS INPUT AND
OUTPUT CURRENT ouestrstrisirsssissisisssssssssissssisssssssssssssssssssssssssssssssssssssssasssssssssssssssssassssssssanss 17

F13) DESIGN OF SINGLE-PHASE BRIDGE INVERTER FED FROM 24 V DC INPUT
L B 1 N 18

F14) NOISE ELIMINATION OF 1D MEDICAL SIGNALS AS ECG SIGNAL VIA
WAVELET KALMAN FILTERING.....ccovirssirnscrsiriseetssssissirsesissesissessssissessssssssssissssssssassesasssens 19

F15) PERFORMANCE OF LUNG CANCER DETECTION METHODS ON CHEST
RADIOGRAMS AND CToevssirssrsssssirisssisssssssssisisssssssssssisssssssssssssssssssssssssssssssssssssasssssssss 20

F16) BRAIN HEMORRAGE DETECTION WITH DEEP LEARNING APPLICATIONS............ 22



DOKUZ EYI:UL UNIVERSITESI MUHEI}}DISHK F.AKI'.JI:1:ES1“ oL
ELEKTRIK-ELEKTRONIK MUHENDISLIGI BOLUMU
Bitirme Projeleri Sergisi, 2025

F18) HAND MOTION RECOGNITION FOR 4-AXIS ROBOT CONTROL USING

IMAGE PROCESSING INTEGRATION......covsirvsirnsirsirissirsnssssisisssisssssssisisssisssssssssssissssssssssss 24
F19) CONTROL OF BALL AND BEAM SYSTEM ....covsvivoviirssirsssirssscssssssissssssssisisssisisssisisssssasssssans 25
F20) PREDICTIVE MAINTENANCEOF COMPOSITE TUBES.......ccooivvnirvnsirisnsirisssirisssisisssirans 27
F21) REINFORCEMENT LEARNING POWEREDROBOTIC ARM USING

EMBEDDED AITECHNIQUES ....oooevirssirsirisirssirsisissivssssissisissssssssssssssssissssssssssssassssssssassss 28
F22) MULTIUSER COMMUNICATION SYSTEM BASED ON ORTHOGONAL

POLYNOMIALS....coovvvvsissirissivnssssirsssissssississssissssissssssisissssssssssisssssssssassssassssssssasssssssssssssnsssssess 29
F23) SECURE COMMUNICATION USING RANDOM FREQUENCY HOPPED

SPREAD SPECTRUM .oovviisirissrisssssissssisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssssssassssss 31
F24) M-ARY COMMUNICATION USING ORTHOGONAL POLYNOMIALS.........coovvcrcrvrcrrsieren. 33
F25) ANALYSIS OF LIDAR PERFORMANCE UNDER CHALLENGING

ATMOSPHERIC CONDITIONS ..o.osivnsirsirissirsnsissirsssissssssisssssisssssssssssisissssssssasssssssassssasssssess 35
F26) DEVELOPMENT OF AN EM-IMMUNE COMMUNICATION SYSTEM FOR

L0 A 37
F27) FUZZY CONTROLLERS DESIGN FOR INVERTED PENDULUM SYSTEM............cccuucv... 39
F28) DEVELOPMENT OF AN AUTOMATIC FEEDING ROBOT FOR PRODUCTION

D0 41
F29) SOFTWARE/HARDWARE IMPLEMENTATION FOR BIPED ROBOT ......c.occocnuevrnrirren. 43
F30) DEVELOPMENT OF AN IMAGE PROCESSING BASED CONTROLLER FOR

ROBOTIC ARM orvstrstrtsivssssivisssisssssissssssssssssssssssssssassssssssssssassssssssasssssssssssssassssssssassssaniss 14
F31) SPLINES IN SIGNAL AND IMAGE PROCESSING APPLICATIONS.......covcommrerinsiirnsirrens 45
F32) USE OF TIME-FREQUENCY IMAGES TOGETHER WITH MACHINE

LEARNING TO DETECT AND DIAGNOSE MOTOR FAULTS ...ooeevverrernserenerinsernirineens 47
F33) DETERMINATION OF HIGH-RESOLUTION TIME-FREQUENCY

REPRESENTATIONS FOR MOTOR FAULT DETECTION AND DIAGNOSIS.................. 49
F34) EMOTION RECOGNITION VIA SPEECH ......cooivvseiresiirsssirsssvvssisionsisisnsisisssisisssesisssssasssssans 51
F35) LORAWAN-BASED GPS TRACKER WITH BLUETOOTH SUPPORT .....ccoovvverinniirnnirren. 53



DOKUZ EYI:UL UNIVERSITESI MUHEI}}DISHK F.AKI'.JI:1:ES1“ oL
ELEKTRIK-ELEKTRONIK MUHENDISLIGI BOLUMU
Bitirme Projeleri Sergisi, 2025

F36) MODEL BASED DESING OF IIR DIGITAL FILTERS ON FPGA........cooccomieririerinssirnsirrans 55
F37) ESTIMATIONANGLE OF ARRIVAL SOUND WAVES WITH ULA ...c.ocervverrrirnssirnsirnans 57
F38) COUPLING CONDITION MONITORING BASED ON VIBRATION

MEASUREMENT coourovvstrsirissvssssssisisssssssssssssssssssssssssssssssssssssssssssssssssasssssssassssssssssssasssssssssssssaniss 58
F39) AC MOTOR ERROR CLASSIFICATION BASED ON VIBRATION AND SPEED

MASUREMENTS ooivsitstrissivsssissisisssissssssisisssissssssssssssisssssssssssssssssssssssssssssssssssssssssssssssssasssssssss 59
F40) TEMPERATURE DISTRIBUTIONESTIMATION IN A DEEP FREEZER........ccoosuvevnnirnen. 61
F41) LORA GATEWAY INTERNET INTERFACE DEVELOPMENT ....coveevveirrnsirrsscrinssirinsirnnns 63
F42) LORA GATEWAY INTERNET INTERFACE DEVELOPMENT ....cooceevnsirvnsirirnsirirssirisssinens 65
F43) CHICK DEVELOPMENT MONITORING SYSTEM IN POULTRY HOUSES..........ccccouuev.n. 67
F44) TRAFFIC LIGHTS CONTROL SYSTEM USING ARTIFICIAL INTELLIGENCE............... 69
F45) SMART MULTI-LEVEL PARKING SYSTEM WITH AUTOMATED ACCESS

CONTROL oevsirsirisirssirsirisssvssssissisissssssssississssissssssssssisasssassssassssassssssssassssssssssssssssassssasssssssanss 70
F46) OBJECT RECOGNITION IN VIDEO PROCESSINGFOR OCCUPATIONAL

HEALTH AND SAFETY ootevsissirssrissssssissssissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassssssiss 71
F47) OBJECT RECOGNITION IN VIDEO PROCESSINGFOR OCCUPATIONAL

HEALTH AND SAFETY ooteettissirsssissssssissssissssssssssssssssssssssssssssssssssssssssssssssssssssasssssssssssssssiss 72
F48) PREDICTIVE MAINTENANCE OF RAILWAY CATENARY ....cooevvoneirrneerrnsirnssernssrrnsirnans 73
F49) DESIGN AND REALIZATIONOFABOOST CONVERTER ......cooveeroneirsneirirnsirnsserinsssnnsirnons 75
F50) DESIGN OF A BUCK CONVERTER WITH MAXIMUM POWER POINT

TRACKING FOR PHOTOVOLTAIC PANEL .....eevirsirsrsssssirsssisssssssssssissssssssssssasssens 76
F51) SYNTHESISOF A WIDE BAND FRACTIONAL-ORDER ELEMENT ......cooovvcvcvnicrnsiirirsirnens 78
F52) SIMULATION OF FRACTIONAL ORDER MEMRISTOR .......coevroneirirneerirnserinsserinssrsnsesians 80
F53) CHAOTIC COMMUNICATION VIA CLUSTER SYNCHRONIZATION........ccovvvrrreirrreirnen. 81
F54) ARITHMETIC LOGIC UNIT DESIGN FOR INTERVAL ALGEBRA ..., 83
F55) BATTERY MANAGEMENT SYSTEM ...couoievsiirssiirssirissirsssivssssssssssossssisssisismsesisssssisssssassssins 85
F56) ARITHMETIC LOGIC UNIT DESIGN FOR INTERVAL ALGEBRA .......ccovvcrornrercnnsirrnirren. 86

vi



DOKUZ EYI:UL UNIVERSITESI MUHEI}}DISHK F.AKI'.JI:1:ES1“ oL
ELEKTRIK-ELEKTRONIK MUHENDISLIGI BOLUMU
Bitirme Projeleri Sergisi, 2025

F57) ANTENNA IMPEDANCE PHASE MEASUREMENT SYSTEM.....covcceoneirvnsirrnscrinsiirnsirnans 88
F58) CHAOTIC COMMUNICATION VIA CLUSTER SYNCHRONIZATION........ccoomvverrriirnsirnen. 89
F59) ANTENNA IMPEDANCE PHASE MEASUREMENT SYSTEM......covcevnsirvnsirvnsirisssirisssinans 91

F60) DESIGN AND SIMULATION OF PLL-BASED GRID SYNCHRONIZATION
TECHNIQUE FOR THREE-PHASE RECTIFIER ...uoovviivirsrrnsissirsssssssssssssssssssssssssissssens 92

F61) MONITORING AND IDENTIFICATION OF POSSIBLE ELECTRICAL AND
MECHANICAL FAILURES AND DIFFERENT LAUNDRY TYPES IN BLDC-
BASED WASHING MACHINES.......coionsirisirissircnsissisissssssssissisissssssssssissssissssssssssssissssssssssens 94

F62) DESIGN OF CONDITION MONITORING SYSTEM WITH USER-INTERFACE
FOR ELECTRICAL MACHINES.....ovvirisirssirsirisssssnsssssisssssssssssssssssssssssssssssssssssssssssssssssssssassssasiss 96

F63) DESIGN OF CONDITION MONITORING SYSTEM WITH USER-INTERFACE
FOR ELECTRICAL MACHINES.....coiissirnsirsirissironsisssisissssssssissisissssssssssssssssissssssssssssssssssssasess 97

F64) MONITORING AND IDENTIFICATION OF POSSIBLE ELECTRICAL AND
MECHANICAL FAILURES AND DIFFERENT LAUNDRY TYPES IN BLDC-

BASED WASHING MACHINES......ooiissirsirssirsssicsisisssvsssssssisssssssssssssssssssssssssssssssssssssassssssiss 98
F66) DESIGN OF CONDITION MONITORING SYSTEM WITH USER-INTERFACE

FOR ELECTRICAL MACHINES.....ooiissiissirsirississssssssisisssssssssssissssssssssssssssssssssssssssssssssssssssssssiss 99
F67) MODELLING THE TRAVELING-WAVE ANTENNA ON MICROSTRIP LINE.............. 100
F68) MODEL BASED DESIGN OF MEAN FILTER APPLICATIONS FOR FPGA

IMPLEMENTATION .ouootrirtirssirsirisssssssssisissssssssssissssssssssssssssssssssssssssssssssssssssssassssassssssssans 101
F69) FPGA BASED IMPLEMENTATION OF DIGITALUPCONVERTER......coonscvivnscrnsiirnnnes 102
F70) FPGA BASED IMPLEMENTATION OF DIGITAL DOWN CONVERTER.........cccuucvnnees 104

F71) MODEL BASED DESIGN OF IMAGE ENHANCEMENT TECHNIQUES FOR
FPGA IMPLEMENTATION ..oooeoevsiriseeensissirsesissesisscssesissesssessesissssssssssesisssssssansesssssasssans 106

vii



DOKUZ EYL_UL UNIVERSITESI MUHEI:IDiSLiK F'AKI"JI:]:ESI" oL
ELEKTRIK-ELEKTRONIK MUHENDISLIGI BOLUMU
Bitirme Projeleri Sergisi, 2025

F1) HAND MOTION ANALYSIS USING A SENSOR-EQUIPPED
GLOVE FOR ORTHOPEDIC HAND ISSUES

Hatice irem AKYUZ
Advisor: Assoc. Prof. Dr. Ahmet OZKURT

ABSTRACT
This study presents a wearable glove system designed to track finger movements and better

understand how the human hand works. The glove uses bend sensors placed on the fingers to detect
motion. An ESP32 microcontroller collects the sensor data and sends it to MATLAB for real-time
visualization and analysis. The system focuses on rehabilitation and provides a non-invasive, user-
friendly way to study hand biomechanics. To improve its functions, the sensor data was
converted into grayscale images and categorized into seven gesture classes. Pre-trained
convolutional neural networks (CNNs) and transfer learning were used for gesture recognition. The
model’s performance was measured using accuracy, precision, recall, and F1 score after dividing
the dataset into training, validation, and test sets. The system can also guess hand gestures live,
using a real-time prediction part. This shows that sensor gloves and deep learning can work
together in areas like human-computer interaction, rehabilitation, and assistive technology. The
research was approved by the Dokuz Eyliil University Non-Interventional Research Ethics
Committee and funded by TUBITAK 2209-A. By combining deep learning and sensor technology,
the glove system can provide accurate, real-time feedback for hand rehabilitation

OZET

Bu calisma, parmak hareketlerini izlemek ve insan elinin nasil ¢alistigin1 daha iyi anlamak igin
tasarlanmis giyilebilir bir eldiven sistemi sunmaktadir. Eldiven, hareketi algilamak igin parmaklara
yerlestirilen biikiilme (bend) sensorlerinden olusmaktadir. ESP32 mikrodenetleyici, sensor
verilerini toplar ve ger¢ek zamanli gorsellestirme ve analiz icin MATLAB’a gonderir. Sistem,
ozellikle el rehabilitasyonuna odaklanir ve el biyomekanigini incelemek igin zararsiz ve kullanict
dostu bir yontem sunar. Sistemin iglevselligini artirmak i¢in sensor verileri gri tonlamali goriintiilere
doniistiiriilmiis ve yedi el hareketi sinifina ayrilmistir. Bu hareketleri tanimak i¢in 6nceden egitilmis
evrisimli sinir aglari (CNN’ler) ve transfer 6grenme kullanilmustir. Modelin basarimi; dogruluk,
kesinlik (precision), duyarlilik (recall) ve F1 skoru gibi metriklerle, veri seti egitim, dogrulama ve
test olarak ayrildiktan sonra dlglilmiistiir. Sistem, gercek zamanli tahmin modiilii sayesinde el
hareketlerini canli olarak da tanryabilir. Bu, sensorlii eldivenler ile derin dgrenmenin birlikte
calisarak insan-bilgisayar etkilesimi, rehabilitasyon ve yardimei teknolojiler gibi alanlarda nasil
kullanilabilecegini gdstermektedir. Caligma, Dokuz Eyliil  UniversitesiGirisimsel ~Olmayan
Aragtirmalar  Etik Kurulu tarafindan onaylanmis ve TUBITAK 2209-Aprogramu tarafindan
desteklenmistir.  Derin 6grenme ve sensor teknolojisinin birlesimiyle, bu eldiven sistemi el
terapilerinde hastalar ve uzmanlar i¢in dogru ve anlik geri bildirim sunma potansiyeline sahiptir.



DOKUZ EYL_UL UNIVERSITESI MUHEI:IDiSLiK F'AKI"JI:TESI" o
ELEKTRIK-ELEKTRONIK MUHENDISLIGI BOLUMU

Bitirme Projeleri Sergisi, 2025

F3) HUMAN VISUAL SENSE IMPROVEMENT BY USING
VIBRATION PATCH

Huriye KARABACAK
Advisor: Assoc. Prof. Dr. Ahmet OZKURT
ABSTRACT

This project aims to design a wearable technology and device to improve the environmental
awareness of visually impaired individuals. Unlike existing technologies, guide dogs, guide canes,
auditory warning systems and some wearable devices developed to increase the environmental
awareness of visually impaired individuals, this system is based on realizing the sense of sight by
using the sense of touch. This is because when the human brain loses or isunable to use one sense, a
different sensory area develops to fill the gap. Based on this idea, a system that will activate 4x4
vibration motors horizontally and vertically in the upper arm region of a square individual by
processing the camera element image on an embedded microprocessor card with various image
processing algorithms to reveal the edges in accordance with the image will be revealed. In this way,
it is expected that the brain will gain the ability to process these signals after a certain trial period
and rough visual information will be obtained through the sense of touch. The portable and
ergonomic nature of this system will allow users to move independently and safely gain
environmental awareness without hindering their social interactions.

OZET

Bu proje, gorme engelli bireyleringevresel farkindaligini gelistirmek amaciyla, giyilebilir bir
teknoloji ve cihaz tasarlamayihedeflemektedir. Bu sistem gdérme engelli bireylerin cevresel
farkindaliklarin1  artirmak amaciyla gelistirilen mevcut teknolojiler, rehber kdpekler, rehber
bastonlar, isitsel uyar1 sistemleri ve bazi giyilebilir cihazlardan farkli olarak, gérme duyusunu
dokunma duyusunu kullanarak gergeklestirmeye dayanir. Ciinkii insan beyni bir duyusunu
kaybettiginde veya kullanamaz durumdayken farkli bir duyu alani bu eksigi tamamlamak igin
gelisir. Bu fikirden yola c¢ikilarak gomiilii bir mikroislemci kart1 iizerindeki kamera elemant
goriintiisiiniin ~ ¢esitli goriintli  isleme algoritmalart ile islenerek kare bir yapidaki bireyin iist
kolbodlgesindeki yatay ve dikeyde 4x4adet titresim motorunu goriintilye uygun olarak kenarlari
ortaya cikaracak sekilde aktive edecek bir sistem ortaya ¢ikarilacaktir. Bu sayede belli bir deneme
slireci sonunda beynin bu sinyalleri isleme kabiliyetini kazanmas1 ve dokunma duyusu yoluyla
kabaca gorme bilgisi elde edilmesi beklenmektedir. Bu sistemin taginabilir ve ergonomik yapisi,
kullanicilarin sosyal etkilesimlerini engellemeden, bagimsiz hareket etmelerine ve giivenli bir
sekilde cevreselfarkindalik kazanmalarina olanak tantyacaktir.
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F4) INTERACTIVE TABLE FOR ENHANCED REALITY (ER)
APPPLICATIONS

Erdem MURT
AdvisorAssoc. Prof. Dr. Ahmet OZKURT
ABSTRACT

This project presents the development of an interactive table system designed to support learning
through physical interaction and guided feedback. The system allows users to place and move real
objects on a tabletop surface, while providing immediate visual and auditory responses. A depth-
sensing camera is used to detect the position and movement of objects in real time, capturing not
only surface-level images but also spatial and shape-related information. By responding
dynamically to changes in object placement, the system facilitates tasks that involve physical
manipulation, such as assembly, sorting, or spatial reasoning. A key focus of the project is to
enhance accessibility for individuals who may face challenges with conventional learning tools,
particularly those with visual impairments. To address these needs, the system integrates
alternative feedback methods, including audio instructions and tactileinteraction zones,
allowing users to complete tasks with reduced reliance on visual input. The platform is designed
to support independent use and repetitive practice, making it suitable for early learners and
individuals with diverse learning needs. Beyond its use in basic shape recognition, the system also
holds potential for application in training scenarios that involve tool use or material handling.
Instructions are provided incrementally, in parallel with the user’s actions, reducing cognitive load
and supporting better coordination. Rather than focusing on technology for its own sake, the project
aims to create a practical and adaptable educational tool that brings together physical activity,
observation, and digital assistance in a unified learning environment.

OZET

Bu proje, fiziksel etkilesim ve yonlendirmeli geri bildirim yoluyla 6grenmeyi destekleyen
etkilesimli bir sistem gelistirmeyi amacglamaktadir. Sistem, kullanicilarin masa yiizeyine
yerlestirdigi gergek nesneleri algilayarak onlara eszamanli olarak sesli ve gorsel
yonlendirmeler sunar. Derinlik algilama 6zelligine sahip bir kamera sayesinde sistem yalnizca
nesnelerin konumunu degil, ayn1 zamanda sekil ve mesafe bilgilerini de algilayabilir. Boylece
kullanict bir nesneyi hareket ettirdiginde sistem bu degisikligi fark eder ve uygun sekilde tepki verir.
Bu yapi, ozellikle fiziksel diizenleme, pargalari birlestirme ve problem ¢ézme gibi etkilesim
gerektiren gorevleri kolaylagtirmak igin tasarlanmustir. Sistem, gérme engelli bireyler gibi
geleneksel 0grenme araglarma erisimde zorluk yasayan kullanicilar igin erisilebilirligi artirmay1
hedeflemektedir. Bu kapsamda, gorsel bilginin yan1 sira sesli geri bildirimler ve tekrar edilebilir
yonergelerle desteklenen bir 6grenme siireci sunar. Boylece kullanicilarin dis yardima daha az
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ihtiya¢ duyarak daha bagimsiz bir sekilde gorevleri tamamlamasi miimkiin olur. Sistem, erken yas
grubundaki bireyler ve farkli 6grenme stillerine sahip kullanicilar ig¢in de uyarlanabilir niteliktedir.
Proje, yalnizca gorsel tanima degil, ayni zamanda 6grenme siirecini adim adim ydnlendiren ve
fiziksel uygulama sirasinda destek saglayan bir sistem sunmaktadir. Ogrenme sirasinda yonergelerin
kademeli olarak verilmesi, kullanicilarin dikkatini toplamasimi kolaylastirmayive koordinasyon
becerilerini gelistirmeyi hedeflemektedir. Bu yaklasimla proje, teknolojiyi ger¢ek ihtiyaglara
yonelik bir egitim aracina doniistiirmeyi hedeflemekte; fiziksel hareket, gézlem ve dijital destegi bir
araya getirerek daha anlasilir, esnek ve erisilebilir bir 6grenme ortami sunmaktadir.
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F5) EVOLUTION OF THE EFFECTIVENESS OF ANATOMICAL
LAYER-SPECIFIC METHODS IN NOISE IN OPTICAL
COHERENCE TOMOGRAPHY IMAGES

Murat DUMAN
Advisor: Prof. Dr. M. Alper SELVER
ABSTRACT

Optical Coherence Tomography (OCT) is a non-invasive imaging technology that provides high-
resolution cross-sectional images of the eye's intricate anatomical structures, including the retina,
choroid, and vitreous. It plays a crucial role in diagnosing, monitoring, and planning the treatment
of various ophthalmic conditions, such as macular degeneration, diabetic retinopathy, and
glaucoma. However, the presence of speckle noise—a granular noise arising from the coherent
imaging process—poses a significant challenge, degrading image quality and obscuring critical
structural details necessary for accurate analysis and diagnosis. This study evaluates noise
reduction techniques specifically optimized for the retina, choroid, and vitreous layers of OCT
images. Unlike general-purpose denoising methods, the proposed approaches leverage the unique
anatomical and textural characteristics of each layer, employing advanced filtering algorithms to
effectively reduce noise while preserving critical structural details. The methods were tested on real
OCT images, with performance evaluated using metrics such as image contrast, structural similarity
index (SSIM), and signal-to-noise ratio (SNR). Experimental results demonstrate that layer-
specific filtering strategies significantly outperform general-purpose methods, effectively reducing
speckle noise while retaining the fine structural details of the retina, choroid, and vitreous. Enhanced
image quality facilitated the visualization and analysis of subtle features critical for clinical
diagnostics, supporting the detection and monitoring of conditions such as macular edema,
choroidal neovascularization, and vitreoretinal interface abnormalities. In conclusion, this study
highlights the importance of layer-specific noise reduction techniques in OCT imaging, offering
a significant advancement in noise suppression without compromising diagnostic value. Future
research could integrate these methods with deep learning-based approaches to further improve
robustness and efficiency, advancing automated OCT analysis and enhancing clinical workflows.

OZET

Optik Koherens Tomografi (OCT), retina, koroid ve vitreus gibi goziin karmasik anatomik
yapilarinin yiiksek ¢ozliniirliklii kesitsel goriintiilerini saglayan non-invaziv bir goriintiileme
teknolojisidir. Makula dejenerasyonu, diyabetik retinopati ve glokom gibi ¢esitli oftalmolojik
rahatsizliklarin  teshisi, izlenmesi ve tedavi planlamasinda kritik bir rol oynar. Ancak,
goriintiileme siirecinin koherent dogasindan kaynaklanan bir tiir graniiler giiriiltii olan spekle
giiriiltiisii, gorlintii kalitesini diisiirerek dogru analiz ve tan1 yapilmasini zorlastiran dnemli bir engel
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olusturur. Bu ¢alismada, OCT goriintiilerindeki retina, koroid ve vitreus katmanlarina 6zel olarak
optimize edilmis giirilti giderme teknikleri degerlendirilmistir. Genel amagli yontemlerin
aksine, Onerilen yaklagimlar, her katmanin kendine 6zgii anatomik ve dokusal 6zelliklerini dikkate
alarak,  kritik  yapisal  detaylar1  koruyacak  sekilde  giiriilti  azaltma islemleri
gergeklestirmektedir. Gelistirilen yontemler, gergek OCT goriintiileri {izerinde test edilmis ve
performansi, goriintii kontrasti, yapisal benzerlik indeksi (SSIM) ve sinyal-giiriiltii orani
(SNR) gibi metriklerle degerlendirilmistir. Deneysel sonuglar, katmanlara 0zgii filtreleme
stratejilerinin, spekle giiriiltiisiinii etkili bir sekilde azaltirken retina, koroid ve vitreus katmanlariin
ince yapisal detaylarini korudugunu ve genel amagl yontemlere kiyasla ¢cok daha iistiin performans
gosterdigini  ortaya koymustur. Artirilmug  gorlintii  kalitesi, makula 6demi, koroidal
neovaskiilarizasyon ve vitreoretinal arayiiz anormallikleri gibi klinik tan1 siirecleri icin kritik olan
ince detaylarin gorsellestirilmesi ve analizi agisindan 6nemli bir avantaj saglamistir. Sonug¢ olarak,
bu calisma, OCT goriintiilemede katmanlara 0zgli giiriilti azaltma tekniklerinin Onemini
vurgulamaktadir. Her anatomik yapinin benzersiz ozelliklerine uyarlanmis filtreleme stratejileri
ile, tamisal degerinden Odiin vermeden {stiin bir girilti azaltma saglanabilmektedir.
Gelecekteki arastirmalar, bu yontemlerin derin dgrenme tabanli yaklasimlarla entegre edilerek
dayaniklilik ve verimliligin artirilmasina odaklanabilir, bu da otomatik OCT analizi ve klinik is
akislarini daha da ileri tastyabilir.
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F6) CALCULATION OF VASCULAR METRICS IN HYPERTENSIVE
RETINOPATHY FUNDUS IMAGES AND COMPARISON WITH
THE NORMAL POPULATION

Efekan BILEN
Advisor: Prof. Dr. Mustafa Alper SELVER
ABSTRACT

Technological developments are continuously driving progress in the medical field, offering
humanity a healthier lifestyle. However, despite the growing global population, the number of
specialist physicians is not increasing at the same rate, which places a heavy workload on
existing clinicians. This project aims to develop a decision support system prototype,
particularly in the field of ophthalmology, to ease the workload of physicians and enhance their
efficiency in the diagnostic process. This study focuses on the detection of hypertensive retinopathy
(HR), a complication of systemic hypertension for which early diagnosis is of great
importance. Considering the challenges and subjective nature of traditional diagnostic methods,
this project adopted an 'end-to-end' deep learning approach to automatically classify the presence
and stage of HR from fundus images. For this purpose, modern deep learning architectures such as
ResNet18, Vision Transformer (ViT), and EfficientNetV2-S were trained using the transfer
learning technique and comparatively tested. The experiments conducted revealed promising
performance, with the EfficientNetV2-S architecture, in particular, standing out. This model
achieved an accuracy rate of over 87% in the binary classification task for detecting the presence of
the disease and over 84% in the more challenging multi-class classification task for staging its
severity. These results demonstrate the potential of the developed system to make a significant
contribution to the HR diagnosis process by providing clinicians with a second opinion and assisting
in the detection of cases, especially in the early stages. This thesis presents the rationale behind the
project's design, the technical background of the developed models, and a detailed analysis of the
obtained findings.

OZET

Teknolojik gelismeler, tip alaninda siirekli ilerlemeler saglayarak insanliga daha saglikli bir yagsam
sunmaktadir. Ancak artan diinya niifusuna karsin, uzman hekim sayist ayn1 oranda artmamakta ve
bu durum, mevcut hekimlerin is yiikiinii agirlastirmaktadir. Bu projede, 6zellikle oftalmoloji
alaninda, hekimlerin is yiikiinii hafifletmek ve teshis siireglerindeki verimliligi artirmak
amactyla bir karar destek sistemi prototipi gelistirilmesi hedeflenmistir. Bu c¢alisma, sistemik
hipertansiyonun bir komplikasyonu olan ve erken teshisi biiyilk 6nem tasiyan hipertansif
retinopatinin (HR) tespiti {izerine odaklanmistir. Geleneksel tani yontemlerinin zorluklari ve
stibjektif dogasi gdz Oniine alindiginda, bu projede, fundus goriintiilerinden HR'nin varligini ve

7
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evresini otomatik olarak siniflandiran bir 'ugtan uca' derin 6grenme yaklagimi benimsenmistir. Bu
amacla ResNetl8, Vision Transformer (ViT) ve EfficientNetV2-S gibi modern derin 6grenme
mimarileri, transfer Ogrenme teknigi ile egitilmis ve karsilastirmali olarak test edilmistir.
Gergeklestirilen deneyler sonucunda, 6zellikle EfficientNetV2-S mimarisi 6ne ¢ikmistir. Bu model,
hastaligin varligint saptamaya yonelik ikili siiflandirma gorevinde %87'nin iizerinde, hastaligin
evresini belirleyen daha zorlu ¢oklu siniflandirma gorevinde ise %84'in {izerinde bir dogruluk
oranmna ulagarak umut verici bir performans sergilemistir. Bu sonuglar, gelistirilen sistemin,
klinisyenlere ikinci bir goriis sunarak ve Ozellikle erken evrelerdeki vakalarin tespitine
yardimeci olarak HR teshis siirecine 6nemli bir katki saglama potansiyelini ortaya koymaktadir. Bu
tez, projenin tasarim gerekcelerini, gelistirilen modellerin teknik altyapisini ve elde edilen
bulgularin detayli bir analizini sunmaktadir.
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F7) TEXTURE-BASED CALIBRATION FORINTEROPERABLE
QUANTITATIVECT

Ece KAPLAN
Advisor: Prof. Dr. Mustafa Alper SELVER
ABSTRACT

Medical imaging technologies play a criticalrole not only in the diagnosis of diseases but also in
providing valuable input to artificial intelligence and big data-driven clinical decision support
systems. These technologies enable health data to be analyzed in a more systematic manner, making
clinical decision-making processes more objective and reproducible. In this context, radiomic
analysis has been developed to extract quantitative features from medical images, allowing for a
more detailed assessment of tissue structure and heterogeneity. In particular, texture analysis
techniques applied to computed tomography (CT) images can reveal subtle differences that are
imperceptible to the human eye. However, the reliability of radiomic features depends not only
on their mathematical definitions but also on their stability across different scanners, imaging
protocols, and acquisition dates. Since CT images are based on Hounsfield Unit (HU)
values, parameters such as slice thickness, field of view (FOV), and reconstruction algorithms can
influence these values. This variability complicates the comparability of radiomic features and
highlights the need for standardization. To address this challenge, initiatives such as the Image
Biomarker Standardisation Initiative (IBSI) aim to improve the reproducibility of radiomic
analyses by providing standardized definitions for feature extraction. Additionally,
phantom-based  validation approaches have become increasingly common, allowing the
experimental evaluation of feature sensitivity using both physical and digital phantom datasets. In
this undergraduate thesis, phantom models with different textural patterns were specifically
designed and produced using 3D printing technology in the Biolzmir laboratory environment. CT
images were acquired under varying imaging protocols and at different time points. Radiomic
features were extracted using IBSI-compliant methods and texture analysis techniques. By
evaluating temporal changes in these features, a comprehensive analysis was conducted to assess the
reliability and comparability of the systems.

OZET

Tibbi goriintiileme teknolojileri yalnizca hastaliklarin teshisinde degil, ayn1 zamanda yapay zeka ve
biiyiik veri destekli karar destek sistemlerine bilgi saglamada da 6nemli bir rol tistlenmektedir. Bu
teknolojiler sayesinde saglik verileri daha sistematik sekilde analiz edilerek, klinik karar
stireclerinin nesnel ve tekrarlanabilir hale gelmesi miimkiin olmaktadir. Bu kapsamda gelistirilen
radyomik analiz, tibbi goriintiilerden sayisal Oznitelikler ¢ikararak doku  yapisinn  ve
heterojenliginin daha ayrmtili bir sekilde degerlendirilmesini saglar. Ozellikle bilgisayarlt
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tomografi (BT) goriintiilerinde kullanilan dokusal analiz yontemleri, insan goziiniin fark
edemeyecegi diizeydeki farkliliklar1 ortaya ¢ikarabilir. Ancak radyomik dzniteliklerin giivenilirligi
yalnizca matematiksel tanimlarina degil, ayn1 zamanda farkli cihazlarla yapilan ¢ekimler, kullanilan
protokoller ve tarihsel degiskenler gibi faktorler altinda gosterdikleri kararliliga da baghidir. BT
gortintiileri HU (Hounsfield Birimi) degerlerine dayandig: icin, kesitkalinlig1, goriintiileme alani
(FOV) ve rekonstriiksiyon algoritmalari gibi degiskenler bu degerleri etkileyebilir. Bu durum,
radyomik Ozniteliklerin karsilastirilabilirligini zorlastirmakta, standardizasyon ihtiyacini giindeme
getirmektedir. Bu ¢ergevede gelistirilen IBSI (Image Biomarker Standardisation Initiative) gibi
olusumlar,  Ozniteliklerin  standart  tanmimlarin1  belirleyerek  hesaplama  siireclerinin
tekrarlanabilirligini artirmay1 hedeflemektedir. Buna ek olarak, fantomtabanli dogrulama ydntemleri
de yayginlagmaktahem fiziksel hem dijital fantomverileri iizerinden radyomik &zniteliklerin
duyarlilig1 deneysel olarak test edilebilmektedir. Bu bitirme g¢alismasinda, Biolzmir laboratuvar
ortamimnda 3B yazict ile 0zel olarak tasarlanip iretilmis farkli dokusal yapilara sahip
fantommodeller kullanilmustir. Farkli protokoller ve ¢ekim tarihleri ile elde edilen BT
goriintiileri lizerinde, IBSI uyumlu yontemlerle ve dokusal analiz teknikleriyle radyomik
Oznitelikler ¢ikarilmis; bdylece Ozniteliklerin zaman icindeki degisimleri degerlendirilerek,
sistemlerin giivenilirligi ve karsilastirilabilirligi agisindan kapsamli bir analiz gergeklestirilmistir.

10
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F8) DEEP LEARNING-BASED HAND GESTURE RECOGNITION
FOR SMART HOME CONTROL ON EDGE DEVICES

Ufuk Besenk
Advisor: Prof. Dr. M. Alper Selver
ABSTRACT

Hand gesture recognition (HGR) offers a natural, non-verbal interface for controlling smarthome
environments, yet existing solutions often rely on bulky hardware or cloud processing, limiting
accessibility and privacy. This thesis presents a fully edge-deployed HGR system thatcombines a
ceiling-mounted camera with a lightweight YOLOvV8 convolutional neural networkto enable real-
time, low-latency control of home appliances. By streaming video directly toan NVIDIA Jetson
Nano (and Raspberry Pi 5), all inference and decision-making occur on-device, preserving user
privacy and ensuring reliable operation even under limited networkconnectivity. To minimize
misclassifications, we introduce a two-second consistency check: once a ges-ture is detected, the
system waits and re-captures a frame, only issuing a command if the samegesture is recognized
twice. Auditory feedback further confirms each action to the user. Weevaluate five YOLOVS
variants—nano through extra-large—on the large-scale HaGRID dataset(554, 800 images, 18
gesture classes plus “no-gesture”) under identical training settings. Re-sults show that YOLOv8n
delivers an optimal balance of accuracy (mAP50-95 = 0. 897) andspeed (< 2 ms inference per
frame), while larger models marginally improve precision (up to0. 998 box P) at significantly higher
computational cost. A real-world demonstration (“morning mode, ” where a wheelchair user’s peace
sign opensblinds and turns on a television) validates the system’s practicality. This work
demonstrates thatedge-centric deep learning can achieve robust, inclusive, and privacy-preserving
gesture controlin smart homes, paving the way for more natural human-machine interaction—
especially forindividuals with mobility or speech impairments. 4

OZET

El hareketi tanima (Hand Gesture Recognition — HGR), akilli ev ortamlarinda dogal ve sozsiiz bir
kontrol imkan1 sunsa da, mevcut ¢oziimler genellikle hantal donanim veya bulut tabanl igleme
gerektirdiginden erisilebilirlik ve gizlilik agisindan sinirlamalar tagimaktadir. Bu tezde, tavana
monte edilmis bir kameradan alman gériintiileri hafif bir YOLOVS konvoliisyonel sinir agiyla
gercek zamanli olarak isleyen ve karar alma siireclerini u¢ cihazda (NVIDIA Jetson Nano ve
Raspberry Pi 5) gergeklestiren tamamen ugta calisan bir HGR sistemi onerilmektedir. Bu sayede
kullanict verileri yerel olarak kalir, sistem gilivenilir bicimde g¢alisir ve tepki siiresi minimuma
indirilir. Yanlis siniflandirmalari en aza indirmek amaciyla, hareket algilandiktan sonra iki saniyelik
bir tutarlilik kontrolii uygulanir: Sistem ilk tespitin ardindan bekler, yeni bir kare yakalar ve ancak
ayn1 hareket iki kez {ist iiste taninirsa komut {iretir. Ayrica her onaylanmis jest i¢in isitsel geri

11
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bildirim mekanizmasi kullaniciya islem basarili oldugu bilgisini iletir. Bes YOLOv8 varyanti (nano,
small, medium, large, extra-large) 554.800 goriintiiden olusan HaGRID veri kiimesinde (18 jest
smifi arti "jest yok") ayni egitim kosullartyla degerlendirilmistir. Deneysel sonuglar, en kiigiik
model olan YOLOv8n'nin mAP50-95 = 0,897 puan ve kare basina < 2 ms ¢ikarim siiresi ile
dogruluk-hiz dengesi agisindan en uygun segenek oldugunu; daha biiyiik modellerin ise hesaplama
maliyetindeki artiga karsilik hassasiyette yalnizca marjinal iyilesme sagladigini gostermektedir.
Tekerlekli sandalye kullanan bir kullanicinin "barig isareti" ile panjurlarin acilip televizyonun
acildign gercek diinya "sabah modu" demosu, sistemin pratik ve kapsayicit kontrol vaatlerini
basartyla sergilemektedir. Bu ¢alisma, ucta derin 6grenme yaklagimlarinin akilli evlerde yiiksek
performans, gizlilik ve erisilebilirlik gereksinimlerini ayni anda karsilayabilecegini ortaya
koymaktadir.

12
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F9) INSPECTION OF WIND TURBINE BLADESUSING DRONES
AND IMAGE PROCESSING

llkem ERDEM
Advisor: Prof. Dr. Mustafa Alper SELVER
ABSTRACT

In this work, we develop an integrated and user-friendly inspection tool to detectdamage to wind
turbine blades through the inspection of photos taken by unmannedaerial vehicles (UAVSs) using
advanced photo processing and deep learning methods. While wind energy is becoming
increasingly important due to the growing need forelectricity and environmental concerns, the
operational and protection fees of the millsrepresent a significant portion of the total value. Blade
protection procedures, in par-ticular, carry excessive value and occupational protection risks. In the
developed tool, the extreme stability images collected by the drone are subjected to segmentation
andpre-processing steps, accompanied by damage detection using YOLO and different
deeplearning-based models. The detected damages are visualized in an interactive and per-
sonalized interface, allowing the user to zoom in, adjust brightness/contrast, overlay, and perform
other operations without difficulty. Furthermore, all assessment resultsand detected damages are
documented in PDF reports generated in a standardizedand traceable layout. This method
increases the speed, accuracy, and protection ofpreservation processes while reducing value
and human error compared to standardmethods. Il

OZET

Bu calismada, ‘ustun goruntu igsleme ve derin inceleme y‘ontemleri kullanarak in-sansiz
hava araclart (drone) tarafindan cekilen goruntiularin incelenmesi yoluyla ruzgartiurbini
kanatlarindaki hasar1 tespit etmek igcin birlesik ve insan dostu bir incelemearaci
geli stiriyoruz.  R'uzgar enerjisi, artan elektrik ihtiyact ve cevresel kaygilar ne-deniyle
giderek daha ‘onemli hale gelirken, degirmenlerin igsletme ve koruma ‘Ucret-leri toplam
degerin b'uy'uk bir bol'umunu temsil etmektedir. Ozellikle kanat korumaprosed urleri a sir1
deger ve mesleki koruma riskleri ta simaktadir. Geli stirilen ara cta, drone ile toplanan a sir1
stabilite g'or'untiuleri, YOLO ve farkli derin cali sma tabanli tammodeller kullanilarak hasar
tespiti ile birlikte segmentasyon ve ©on igleme adimlarmatabi tutulmaktadir. Tespit edilen
hasarlar etkile simli  ve ki siselle stirilmi s bir aray'uzdegorselle stirilerek  kullanicinin
yakinla stirma, parlaklik/kontrast ayari, ‘Ust ‘Uste bindirmeve diger islemleri zorlanmadan
ger cekle stirmesi sagglanmaktadir.  Ayrica, tum degerlen-dirme sonu gclari ve tespit edilen
hasarlar, standartla stirilmu s ve izlenebilir bir d‘uzendeolu sturulan PDF raporlarinda belgelenir. Bu
yontem, koruma s‘ureclerinin hizini, dogru-lu'gunu ve korunmasmi artirirken, standart
yontemlere kiyasla degeri ve insan hatasimazaltir. 111

13
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F10) SEARCHING FOR WISDOM OF SEGMENTATION
ALGORITHM CROWDS

Hilal SAN
Advisor: Prof. Dr. Mustafa Alper SELVER
ABSTRACT

Accurate medical image segmentation plays a pivotal role in clinical diagnostics and treatment
planning. However, despite the emergence of a multitude of automated segmentation
algorithms, achieving consistent and highly reliable results remains a significant challenge.
This is particularly evident in liver segmentation tasks, where anatomical variability, image
noise, and algorithm-specific biases contribute to considerable performance variation across
methods. Motivated by the idea of the “wisdom of crowds, ” this study investigates whether
combining multiple segmentation outputs can lead to more accurate and robust results compared to
any single algorithm in isolation. In this study, liver segmentations generated by different
algorithms were quantitatively evaluated against the corresponding ground truth using different
built-in metrics: These metrics provided a comprehensive view of the performance of each
algorithm. A consensus estimate was then generated by computing the voxel-wise unweighted
average of all segmentation masks. Experimental results showed that this ensemble-based
estimate outperformed the average performance of individual algorithms and that ensemble outputs
could reduce individual errors. To further refine the fusion strategy, a calibration-based
weighted ensemble approach was introduced. In this method, the contribution of each algorithm to
the final consensus was weighted proportionally to its prior Dice score performance. This approach
led to measurable improvements in segmentation accuracy, particularly in reducing boundary
discrepancies and false positive regions. In conclusion, this research confirms the potential of
ensemble fusion strategies in medical image segmentation. The findings suggest that both
unweighted and performance-calibrated averaging can enhance the reliability of automated
segmentation without the need for retraining or tuning individual algorithms. Moreover, this work
lays a foundation for future investigations into adaptive weighting, uncertainty estimation, and
integration of deep learning ensembles. These advancements could support the development of
clinically viable segmentation tools that are both accurate and robust across diverse patient
populations.

OZET

Dogru tibbi goriintii segmentasyonu, klinik teshis ve tedavi planlamasinda 6nemli bir rol oynar.
Ancak, ¢ok sayida otomatik segmentasyon algoritmasinin ortaya ¢ikmasina ragmen, tutarli ve
oldukca giivenilir sonuglar elde etmek 6nemli bir zorluk olmaya devam etmektedir. Bu, 6zellikle
anatomik degiskenligin, goriintii giiriiltiisiinlin ve algoritmaya 6zgii 6nyargilarin yontemler arasinda

14
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onemli performans farkliliklarina katkida bulundugu karaciger segmentasyon gorevlerinde
belirgindir. "Kalabaliklarin bilgeligi" fikrinden ilham alan bu g¢aligma, birden fazla segmentasyon
ciktisinin  birlestirilmesinin, tek bagina herhangi bir algoritmaya kiyasla daha dogru ve saglam
sonuglara yol agip agmayacagini arastirmaktadir. Bu ¢aligmada, farkli algoritmalar tarafindan
olusturulan karaciger segmentasyonlari, farkli yerlesik metrikler kullanilarak karsilik gelen temel
gerceklige gore nicel olarak degerlendirildi: Bu metrikler, her algoritmanin performansina iligkin
kapsamli birgdriinim sagladi. Daha sonra, tiim segmentasyon maskelerinin voksel bazinda
agirliklandirilmamus ortalamasi hesaplanarak bir fikir birligi tahmini olusturuldu. Deneysel sonuglar,
bu topluluk tabanli tahminin, bireysel algoritmalarin ortalama performansindan daha iyi performans
gostererek bireysel hatalar1 azaltabilecegini gosterdi. Fiizyon stratejisini daha da gelistirmek igin
kalibrasyona dayali agirlikli bir topluluk yaklagimi tanitildi. Bu yontemde, her algoritmanin nihai
fikir birligine katkisi, dnceki Dice puani performansina orantili olarak agirliklandirildi. Bu yaklagim,
ozellikle siir tutarsizliklarini ve yanlis pozitif bolgeleri azaltmada segmentasyon dogrulugunda
Olglilebilir iyilestirmelere yol agti. Sonug olarak, bu aragtirma, tibbi goriintii segmentasyonunda
topluluk filizyon stratejilerinin potansiyelini dogrulamaktadir. Kalibre edilen bulgularortalama
almanin, bireysel algoritmalar1 yeniden egitme veya ayarlama ihtiyact olmadan otomatik
segmentasyonun giivenilirligini artirabilecegini gdstermektedir. Derin  6grenme topluluklarinin
entegrasyonuna yonelik gelecekteki arastirmalarla bu gelismeler, ¢esitli hasta popiilasyonlar
arasinda hem dogru hem de saglam olan klinik olarak uygulanabilir segmentasyon araglarinin
gelistirilmesini destekleyebilir.
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F11) AN IMPROVED NON-ISOLATED QUADRATIC DC-DC BOOST
CONVERTER WITH ULTRA HIGH GAIN ABILITY

Eren Ozgiir DOGAN
Advisor: Prof. Dr. Eyup AKPINAR
ABSTRACT

This report introduces a non-isolated, quadratic-structured DC-DC boost converter capable of
providing ultra-high voltage gain. The lack of isolation means there is a direct electrical
connection between the input and output. The absence of isolation components such as
transformers results in a simpler circuit design, lower cost, and higher efficiency, but it also brings
some disadvantages in terms of safety. The proposed converter can convert the input voltage to a
high output voltage using a single, integrated structure at low duty cycles. compared to other
topologies, the voltage stress on circuit components is lower. Additionally, it drawsthe continuous
current from the input voltage sourceand the common ground on both input and output sidesexists, it
is suitable for renewable energy applications. A prototype circuit was designed, necessary tests were
performed, gains obtained at different duty cycles were calculated, and the results were
compared with simulations conducted in MATLAB/Simulink.

OZET

Bu raporda, izolasyonsuzve kazang iliskisi ikinci derecedenformiilasyonasahip, ultra yiiksek gerilim
kazanci saglayabilen bir DC-DC vyiikseltici doniistiiriici tanitilmaktadir. Izolasyonun olmamasi,
giris ve ¢ikig arasinda dogrudan elektriksel baglanti bulundugunu ifade eder. Transformator gibi
izolasyon bilesenlerinin bulunmamasi; daha basit devre yapisi, diisiik maliyet ve yliksek verimlilik
saglarken, giivenlik agisindan bazi dezavantajlar olusturur. Onerilen doniistiiriicii, girisgerilimini
tek ve biitiinlesik bir yap1 ile, diisik gorev dongiisinde yiiksek — ¢ikis gerilimine
doniistiirebilmektedir. Diger topolojilere kiyasla, devre bilesenleri {izerindeki gerilim stresi daha
diisiiktlir. Ayrica siirekli kaynak akimi (CSC) ve giris-¢ikis tarafi ortak topraklama o&zellikleri
sayesinde, yenilenebilir enerji uygulamalar1 i¢in uygundur. Prototip devre tasarlanarak gerekli
testler gerceklestirilmis, farklt gorev dongiilerinde elde edilen kazanglar hesaplanmigve sonuglar
MATLAB/Simulink iizerinden yapilan simiilasyonlarla karsilastirilmistir.
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F12) A QUADRATIC BUCK-BOOST CONVERTER WITH
CONTINUOUS INPUT AND OUTPUT CURRENT

Ferhat GOKKAYA
Advisor: Prof. Dr. EYUP AKPINAR
ABSTRACT

This study proposed a new DC-DC converter with a quadratic buck-boost voltage gain ratio. This
study operates with a more effective voltage step-down and step-up capacity above or below 50%,
unlike traditional buck-boost converters. The design in thisstudy reduces current stress by ensuring
that the input and output currents are continuous. It also minimizes the need for energy storage.
These features make the converter ideal for applications where renewable energy sources and
compact designs are important. In this report, steady-state analysis is performed in continuous
current mode. While examining this experiment, duty cycle was performed considering input
voltage and output current. Frequency value was selected as 50Kz for both modes. For boost mode,
voltage input is 12 V, output voltage is 24 V and duty cycle is 60%. For step-down mode, voltage
input is 24 V, output voltage is 12V and duty cycle is 43%. In addition to these values, how the
design behaves at different duty cycle values was examined. Keyword: Quadratic Buck-Boost, DC-
DC Converter, Voltage Gain, Gate Driver, Renewable Energy

OZET

Bu calisma, ikinci dereceden bir algaltici-yiikselticivoltaj kazang oranmna sahip yeni bir DC-DC
doniistiirlicli 6nermistir. Bu ¢aligma, geleneksel algaltici-yiikselticidoniistiiriiciilerin aksine, %50min
iizerinde veya altinda daha etkili bir voltaj diigsiirme ve yiikseltme kapasitesiyle ¢aligmaktadir.
Bu ¢alismadaki tasarim, giris ve ¢ikis akimlarinin siirekli olmasini saglayarak akim stresini azaltir.
Ayrica enerji depolama ihtiyacin1 da en aza indirir. Bu dzellikler, doniistiiriiciiyili yenilenebilir
enerji kaynaklarmin ve kompakt tasarimlarin 6nemli oldugu uygulamalar igin ideal hale getirir. Bu
raporda, siirekli akim modunda kararli durum analizi gergeklestirilmektedir. Deneysel
caligmadagorev dongiisii giris voltaji ve ¢ikis akimi dikkate alinarak gergeklestirilmistir. Her iki
mod icin frekans degeri S0Kz olarak segcildi. Yiikselticimodu igin voltaj girisi 12 V, ¢ikis voltaji
24V ve gorev dongiisii %60’tir. Algalticimodu i¢in voltaj girisi 24 V, ¢ikis voltaji 12V ve gorev
dongiisii %43'tiir. Bu degerlere ek olarak, tasarimin farkli gorev dongiisii degerlerinde nasil
davrandig1 incelendi.
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F13) DESIGN OF SINGLE-PHASE BRIDGE INVERTER FED FROM
24V DC INPUT VOLTAGE

Tufan NARLITEPE
Advisor: Prof. Dr. Eyiip AKPINAR

ABSTRACT
This thesis presents the design, implementation, and verification of a single-phase full-bridge

inverter utilizing Sinusoidal Pulse Width Modulation (SPWM) for precise control signal
generation. Unlike traditional square-wave inverters, SPWM provides improved harmonic
characteristics, making it suitable for applications requiring better waveform quality at the
switching level. The study begins with a theoretical investigation into inverter topologies and
the principles of SPWM. The inverter system was designed in detail and validated through
MATLAB/Simulink simulations. A hardware prototype was developed using an STM32
microcontroller to generate SPWM signals in real-time. The system architecture was
implemented in C using STM32CubelDE, adopting an efficient interrupt-driven control
structure, with hardware schematics drawn in KiCad. Experimental results confirm the successful
generation of SPWM waveforms that align with theoretical expectations and simulation data.
While no output filtering was applied to produce a pure sinusoidal waveform, the inverter
demonstrated correct switching behavior and effective dead-time management, ensuring safe
operation of the power stage. This work lays a solid foundation for further development of
inverter systems with enhanced output filtering and closed-loop control.

OZET

Bu tez, tek fazli tam koprii (full-bridge) bir inverterin tasarimi, gergeklestirilmesi ve
dogrulanmasint konu almaktadir. Calismada, anahtarlama sinyallerinin hassas bir sekilde
iretilmesi amaciyla Siniizoidal Darbe Genislik Modiilasyonu (SPWM) teknigi kullanilmustir.
Geleneksel kare dalga inverterlerle karsilagtirildiginda, SPWM yontemi daha iyi harmonik 6zellikler
sunmakta ve Ozellikle anahtarlama seviyesinde daha kaliteli dalga sekillerine ihtiya¢ duyulan
uygulamalar i¢in uygun bir ¢6ziim olusturmaktadir. Calismanin ilk asamasinda inverter topolojileri
ve SPWM temellerine dair kuramsal bir inceleme yapilmistir. Ardindan inverter sisteminin donanim
ve kontrol yapist detayli bigimde tasarlanmis ve MATLAB/Simulink ortaminda gergeklestirilen
kapsamli benzetimlerle dogrulanmistir. Donanim prototipi, ger¢ek zamanli SPWM iiretimi igin
STM32 mikrodenetleyicisi kullanilarak gelistirilmis; devre semalar1 KiCad ile ¢izilmis ve gomiilii
yazilim STM32CubeIDE iizerinde C diliyle, kesme tabanli bir mimariyle programlanmistir.
Gergeklestirilen deneysel ¢aligmalar, SPWM dalga formlarinin kuramsal beklentiler ve simiilasyon
sonuglariyla uyumlu sekilde {retildigini ortaya koymustur. Cikista herhangi bir filtreleme
uygulanmamis olmakla birlikte, inverterin dogru anahtarlama davranisi sergiledigi ve dead-time
(6l zaman) yonetiminin gii¢ devresinin giivenli calismasint sagladigi gézlemlenmistir. Bu
caligma, kapali ¢evrim kontrol igeren daha gelismis inverter sistemlerinin gelistirilmesi i¢in
saglam bir temel sunmaktadir.
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F14) NOISE ELIMINATION OF 1D MEDICAL SIGNALS AS ECG
SIGNAL VIA WAVELET KALMAN FILTERING

Cem CELIK
Advisor: Prof. Dr. Giilay TOHUMOGLU

ABSTRACT

Electrocardiogram (ECG) signals are vital for the detection and diagnosis of heart diseases through
the analysis of the heart's electrical activity. However, during the recording process, these signals
are susceptible to various types of noise. Such noise typically arises from power line interference,
muscle movements, and environmental factors. The presence of noise complicates the analysis
of the signals and adversely affects diagnostic accuracy. In this study, the Wavelet-Kalman filter, an
effective method for denoising ECG signals, is examined. This filter is constructed by combining
wavelet transformation and the Kalman filter. Wavelet transformation is a nonlinear technique that
decomposes a signal into its time-frequency components and is widely used for noise reduction. The
Kalman filter is a linear prediction algorithm that is used as an important technique in the noise
reduction process by predicting the noise in signals. Another key advantage of the Kalman filter is
its ability to be used in real-time applications. When the Wavelet-Kalman filter is applied, noise is
effectively suppressed while preserving the informational content of the signal. The application of
this filtering technique aims to enhance the efficiency of diagnostic and analytical processes
while contributing to cardiological evaluations. Thestudy aims to develop a system that involves
decomposing the signal using wavelet transformation, followed by processing it with the Kalman
filter.

OZET

Elektrokardiyogram (ECG) sinyalleri, kalbin elektriksel aktivitesinin analizi yoluyla kalp
hastaliklarinin tespiti ve teshisinde hayati 6neme sahiptir. Ancak, kayit slirecinde bu sinyaller ¢esitli
giriiltillere maruz kalabilir. Bu tiir giiriiltiiler genellikle gilic hatti parazitleri, kas hareketleri
ve ¢evresel faktorlerden kaynaklanir. Giiriltilerin varligi, sinyallerin analizini zorlastirir ve
teshis dogrulugunu olumsuz etkiler. Bu ¢aligmada, ECG sinyallerinin giiriiltiisiinii azaltmada etkili
bir yontem olan Dalgacik-Kalman filtresi incelenmistir. Bu filtre, dalgacik doniisimii ile
Kalman filtresinin birlestirilmesiyle olusturulmustur. Dalgacik doniisiimii, sinyali zaman-frekans
bilesenlerine ayristiran dogrusal olmayan bir tekniktir ve genellikle giiriiltii azaltma igin kullanilir.
Kalman filtresi ise, sinyaldeki giiriiltiiyli tahmin eden ve giiriiltii azaltma siirecinde 6nemli bir teknik
olarak kullanilan dogrusal bir tahmin algoritmasidir. Kalman filtresinin bir diger O6nemli
avantaji, gercek zamanl uygulamalarda kullanilabilmesidir. Dalgacik-Kalman filtresi
uygulandiginda, giiriiltii etkili bir sekilde bastirilirken sinyalin bilgi igerigi korunur. Bu filtreleme
tekniginin uygulanmasi, teshis ve analiz siireglerinin verimliligini artirmayt ve kardiyolojik
degerlendirmelere katkida bulunmayi amaglamaktadir. Caligma, sinyalin dalgacik doniistimii
kullanilarak  ayristirlmasini - ve  ardindan Kalman filtresiyle islenmesini igeren bir sistem
geligtirmeyi hedeflemektedir.
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F15) PERFORMANCE OF LUNG CANCER DETECTION METHODS
ON CHEST RADIOGRAMS AND CT

Atakan AKVERDI
Advisor Prof. Dr. Giillay TOHUMOGLU
ABSTRACT

This paper describes a deep learning detection system designed for early detectionof lung
canceroncomputed tomography (CT) scan slices. Globally, lung cancer remains one of the top
causes of cancer-related mortality in humans, and early detection is crucial for increasing survival
rates. Deep learning-powered artificial intelligence (Al) systems offer intriguing solutions for
radiologists to help them analysemedical images and make clinical judgments. In this project, three
open-source datasets were used: LUNAL6, LungCT-Diagnosis, and QIN-LSC. Several
preprocessing procedures were applied to the pictures, including Hounsfield Unit (HU)
normalization and contrast enhancement with CLAHE. Data augmentation was also used to
alleviate class imbalances. The CT slices were transformed to 224x224x3 RGB format to meet
CNN input requirements. During the modellingphase, transfer learning was used to fine-tune
the VGG16 and ResNetl8 architecture. In addition, an ensemble model incorporating both
networks using soft voting was created. The trials were carried out using the PyTorch
framework, using a 70% training, 15% validation, and 15% test data split. At a threshold value of
0. 439, VGG16 had the most balanced performance of the algorithm models examined. On the test
set, it scored 81. 78% accuracy, 83. 73% recall, and a ROC-AUC of 0. 9232. Threshold tweaking
was critical in lowering false negatives, which is essential for early-stagecancer diagnosis. The
confusion matrix and ROC analysis provided additional support for the model's robustness. The
proposed system demonstrates the feasibility of deploying Al models as a clinical decision
support devicefor early-stage lung cancer diagnosis. It holds potential to assist radiologists by
reducing misdiagnoses, minimizing healthcare costs, and improving overall patient outcomes.

OZET

Bu caligmada, akciger kanserinin erken teshisine yonelik olarak gelistirilen bir derin 6grenme
tabanli tespit sistemi sunulmaktadir. Giiniimiizde diinya ¢apinda akciger kanseri, insanlik iginen
yaygin 6lim nedenlerinden biri olup, 6zellikle erken teshis biiyilk 6énem arz etmektedir. Derin
O0grenme ve makine Ogrenmesi tabanli yapay zeka sistemleri, tibbi goriintii analizinde giicli
alternatifler sunmakta, radyologlarin karar verme siireglerine destek olmaktadir. Bu projede
LUNAL6, LungCT-Diagnosis ve QIN-LSC olmak iizere {i¢ agik kaynakli veri seti kullanilmustir.
Goriintiilere gesitli 6n isleme adimlar1 uygulanmig; bu adimlar arasinda Hounsfield Unit (HU)
normalizasyonu ve CLAHE (Contrast Limited Adaptive Histogram Equalization) ile kontrast
iyilestirmesi yer almistir. Sinif dengesizliklerini azaltmak amaciyla veri artirimi (data augmentation)
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gergeklestirilmistir. BT (Bilgisayarli Tomografi) dilimleri, evrisimli sinir agi (CNN) giris
gereksinimlerini  karsilayacak sekilde 224x224x3 RGB formatina donistiiriilmiistiir. Modelleme
stirecinde transfer O6grenme yontemiyle VGG16 ve ResNetl8 mimarileri egitilmis, ardindan bu
modellerin “soft voting” yontemiyle olusturulmus Ensemble versiyonu da degerlendirilmisgtir.
Egitimler PyTorch ortaminda gergeklestirilmis, %70 egitim, %15 dogrulama ve %15 test olacak
sekilde veri ayrimi yapilmistir. Test sonuglarma gore, VGG16 modeli esik degeri 0. 439 olarak
ayarlandiginda en yiiksek genel performans: sergilemistir. Bu model test seti {izerinde %81. 78
dogruluk, %83. 73 duyarlilik (recall) ve 0. 9232 ROC-AUC degeriyle ¢alismistir. Confusion matrix
analizlerine gore Ozellikle yanlis negatif (False Negative) oranlarinin azaltilmasi igin esik
ayarlamas1 yapilmis ve erken teshis i¢in daha dengeli bir yapi elde edilmistir. Sonu¢ olarak,
geligtirilen sistemin erken evre akciger kanseri tespitinde karar destek sistemi olarak
kullanilabilirligi gosterilmistir. Radyologlara ikinci goriis olarak destek sunabilecek bu yapay zeka
sistemi, hem saglik maliyetlerini azaltma potansiyeli tasimakta hem de yanlis tam1 oranlarini
diisiirerek hasta yasam kalitesine katki saglayabilmektedir.
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F16) BRAIN HEMORRAGE DETECTION WITH DEEP LEARNING
APPLICATIONS

Ali Burak Tan
Advisor: Asst. Prof. GULTER GULDEN KOKTURK
ABSTRACT

Artificial intelligence applications are increasingly being used in the healthcare field and are
providing significant ease in the interpretation of imaging data. Especially deep learning-based
methods save time and reduce human error in processes such as the automatic diagnosis and
classification of diseases. In this study, the automatic detection and classification of stroke
lesionsfrom MR images have been targeted. The dataset used is divided into three classes:
ischemic stroke, hemorrhagic stroke, and healthy individuals. The nnU-Net v2 segmentation model
was used for lesion detection. The model automatically identified the lesion areas on the MR
images, and these areas were saved as masks. After segmentation, the density values (HU)
corresponding to each mask were calculated, and classification was performed using a specific
threshold value. If a certain number of pixels within the mask are above the threshold value, the
image is classified as "positive"; otherwise, it is labeled as "healthy. " With this method, the
segmentation output has been directly converted into classification. In the study, testing was
conducted not only with the training and test data but also with an independent external validation
dataset that had not been used before. In this dataset, the presence of certain lesion types that the
model had not seen during training initially reduced classification accuracy. To mitigate the impact
of this situation, the data labels were reviewed, and specific subtypes were excluded, followed by
retesting. After this step, a significant improvement was observed in the classification results.
Additionally, the model's sensitivity in distinguishing between sick and healthy individuals was
tested by trying different threshold values. As the threshold value increased, the model's accuracy
improved up to a certain point, and then it decreased. Therefore, the most suitable threshold range
for classification has also been determined. With the method applied in this thesis, segmentation
was first performed on MR images, and then classification was carried out directly using HU values.
The model was tested to see if it worked not only on the learned data but also on data from different
sources.

OZET

Yapay zekd uygulamalart saglik alaninda giderek daha fazla kullanilmakta ve goriintiileme
verilerinin yorumlanmasinda dnemli kolayliklar saglamaktadir. Ozellikle derin &grenme temelli
yontemler, hastaliklarin  otomatik  tanist  ve smiflandirilmast  gibi siireglerde  zaman
kazandirmakta ve insan hatasini azaltmaktadir. Bu c¢alismada, inme lezyonlarmin MR
goriintiileri izerinden otomatik olarak tespiti ve siniflandirilmasi hedeflenmistir. Kullanilan veri seti
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i¢ sinifa ayrilmaktadir: iskemik inme, hemorajik inme ve saglikli bireyler. Lezyon tespiti i¢in
nnU-Net v2 segmentasyon modeli kullanilmistir. Model, MR goriintiileri iizerinden lezyon
bolgelerini otomatik olarak belirlemis ve bu bdlgeler maske olarak kaydedilmistir. Segmentasyon
sonrasi, her bir maskeye karsilik gelen bolgedeki yogunluk degerleri (HU) hesaplanmis ve
belirli bir esik degeri (threshold) kullanilarak siniflandirma yapilmustir. Eger maske igerisindeki
belirli sayida piksel esik degeri iizerinde ise goriintii “hasta” olarak smiflandirilmig, degilse
“saglikli” olarak etiketlenmistir. Bu yontemle segmentasyon ¢iktis1 dogrudan siniflandirmaya
cevrilmistir. Caligmada sadece egitim ve test verileriyle degil, ayni zamanda daha Once
kullanilmamis bagimsiz bir external validation veri setiyle de test yapilmustir. Bu veri
setinde, modelin egitimde gérmedigi baz1 lezyon tiirlerinin bulunmas: baglangigta siniflandirma
dogrulugunu diistirmiistiir. Bu durumun etkisini azaltmak amaciyla veri etiketleri gozden gegirilmis,
belirli alt tipler diglanarak yeniden testler gerceklestirilmistir. Bu adim sonrasinda
smiflandirma sonuglarinda belirgin bir iyilesme goriilmiistiir. Ayrica, farkli esik degerleri denenerek
modelin hasta-saghkli ayrimindaki hassasiyeti test edilmistir. Esik degeri arttikga modelin
dogrulugu belirli bir noktaya kadar artmig, ardindan diisiis gostermistir. Bu nedenle smiflandirma
icin en uygun esik araligi da ayrica belirlenmistir. Bu tezde uygulanan yontem ile MR
goriintiilerinde once segmentasyon yapilip ardindan dogrudan HU degerleri ile siniflandirma
gerceklestirilmis ve modelin sadece Ogrenilen verilerde degil, farkli kaynaklardan gelen verilerde
de calisip caligmadig test edilmistir
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F18) HAND MOTION RECOGNITION FOR 4-AXIS ROBOT
CONTROL USING IMAGE PROCESSING INTEGRATION

Eray EFE
Advisor: Associate Professor HATICE DOGAN
ABSTRACT

This thesis presents the development of a 4-axis robotic arm with a gripper that is controlled by
sensing hand movements with a camera-based image processing system. The robot arm is
powered by four Dynamixel servo motors and can move in up, down, right, left, forward and
backward directions, and can open and close the gripper completely according to
the wuser's hand movements. In order to provide real-time and accurate hand gesture control, a
machine learning based model is used to represent hand positions and gestures. Image data are
processed with computer vision techniques, hand gesture classification, motor control and
integration of the whole system are realized in MATLAB environment. MATLAB provides all of
the communication between the robot system and the hand motions. The project's primary
objective is to do away with physical control devices in order to develop a contactless,
user-friendly human-machine interface that uses natural hand motions. The system
demonstrated a high degree of accuracy in detecting hand movements and controlling the
robot arm when tested under different lighting conditions and hand movement speeds

OZET

Bu tez, kamera tabanli bir gériintii isleme sistemi ile el hareketlerini algilayarak kontrol edilen bir
tutucuya sahip 4 eksenli bir robot kolunun gelistirilmesini sunmaktadir. Robot kol, dort Dynamixel
servo motor ile giiclendirilmis olup yukari, asagi, saga, sola, ileri ve geri yonlerde hareket
edebilmekte ve kullanicinin el hareketlerine gore tutucuyu tamamen agip kapatabilmektedir. Gergek
zamanli ve dogru el hareketi kontrolii saglamak i¢in, el pozisyonlarini ve hareketlerini temsil etmek
i¢cin makine 6grenimi tabanli bir model kullanilir. Goriintii verileri bilgisayarla gérme teknikleri ile
islenmekte, el hareketi siniflandirmasi, motorkontrolii ve tiim sistemin entegrasyonu MATLAB
ortaminda gerceklestirilmektedir. MATLAB, robot sistemi ile el hareketleri arasindaki tiim iletigimi
saglamaktadir. Projenin birincil amaci, dogal el hareketlerini kullanan temassiz, kullanici dostu
bir insan-makine arayiizii gelistirmek i¢in fiziksel kontrol cihazlarmi ortadan kaldirmaktir.
Sistem ¢esitli aydinlatma senaryolarinda ve el hareket hizlarinda test edildiginde, el hareketlerini
algilamada ve robot kolunu kontrol etmede son derece dogru oldugu goriilmistiir. Bilgisayarla
gorme ve makine Ogrenimini bir araya getiren bu g¢aligma, gercek zamanlt robot kontroliiniin
miimkiin oldugunu gostermekte ve jestsel arayiizler, otomasyon deneyleri ve egitici robotik gibi
uygulamalar i¢in diigiik maliyetli ve verimli bir ¢6ziim sunmaktadir.
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F19) CONTROL OF BALL AND BEAM SYSTEM
Ahmet Semih TEKE
Advisor: Assoc. Prof. Dr. HATICE DOGAN
ABSTRACT

The Ball and Beam system is an important experimental platform frequently used in control
engineering due to its high accuracy requirements and dynamic instability. It provides an ideal
environment for comparing both traditional control methods and modern artificial intelligence-based
techniques. This project aims to model the Ball and Beam system, derive transfer functions,
and improve performance with different control methods. In the first phase, considering the unstable
structure of the system in open loop, a PID (Proportional-Integral-Derivative) controller was
designed to keep the ball in the desired position. Simulations were performed in MATLAB,
followed by mechanical installation and testing. Suitable PID coefficients were sought through
observation. The system error graph was monitored live, and data was recorded. Using this data, the
system was modelledin MATLAB, and optimal PID coefficients were found via the PID tuner.
Thus, stability was improved by the PID controller, target tracking was enabled, and the
performance of the system was enhanced. Though advanced control strategies can still be used to
optimize the performance given the dynamic characteristics of the system. The second step in the
projectwas to implement a learning-based control method. Through neural network control, an
attempt was made to put higher expectations on control performance and adaptability. An
artificial neural network was trained and used in MATLAB to control the system. This controller
adapts to changes in the environment and handles uncertainties of the system better and thus
better than the classic PID controller. The Ball and Beam system enables comparison of
traditional and modern control techniques. This study analyses system stability, transfer
function derivation, controller design, simulations, and experimental results. Both control
methods were compared to evaluate efficiency. This project offers a foundation for future system
development and control strategy testing.

OZET

Ball and Beamsistemi, yiiksek hassasiyet gereksinimi ve dinamik olarak kararsiz yapisi nedeniyle
kontrol miihendisliginde sik¢a kullanilan 6nemli bir deneysel platformdur. Hem geleneksel kontrol
yontemleri hem de modern yapay zeka tabanli tekniklerin kargilastirilmasi icin ideal bir ortam
sunar. Bu proje, Ball and Beam sistemini modellemeyi, transfer fonksiyonlarini ¢ikarmayi ve
farkli  kontrol yontemleriyle sistem performansini artirmayr amaglamaktadir. Projenin ilk
asamasinda, sistemin agik c¢evrimdeki kararsiz yapisit dikkate alinarak topu istenen konumda
tutmak amaciyla bir PID (Proportional-Integral-Derivative) denetleyici tasarlanmistir. MATLAB
ortaminda simiilasyonlar gerceklestirilmig, ardindan sistemin mekanik kurulumu yapilmis ve
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testler uygulanmigtir. Uygun PID katsayilari gézleme dayali olarak belirlenmistir. Sistem hatasi
grafiksel olarak canli sekilde izlenmis ve veriler kaydedilmistir. Bu veriler kullanilarak sistem
MATLAB ortaminda modellenmis ve PID tuner araciyla en uygun katsayilar bulunmustur. Boylece
PID denetleyici sayesinde sistem kararliligi artirilmig, hedef takibi saglanmig ve genel
performans iyilestirilmistir. Ancak sistemin dinamik 6zellikleri géz Oniine alindiginda, daha
gelismis kontrol stratejileriyle performansin daha da optimize edilebilecegi degerlendirilmistir.
Projenin ikinci adiminda, 6grenmeye dayali kontrol yontemi uygulanmustir. Yapay sinir ag1 temelli
bir kontrol ile sistemin uyarlanabilirligi ve kontrol basarimi artirilmaya calisilmistir. MATLAB
ortaminda bir yapay sinir ag1 egitilmis ve sistemin kontroliinde kullanilmistir. Bu denetleyici,
cevresel degisimlere uyum saglama ve sistemdeki belirsizliklerle baga ¢ikma konusunda klasik
PID denetleyicisine kiyasla daha basarili olmustur. Ball and Beam sistemi, geleneksel ve
modern kontrol tekniklerinin karsilagtirilmasina olanak tanir. Bu g¢alisma; sistemin kararliligi,
transfer fonksiyonu c¢ikarimi, denetleyici tasarimi, simiilasyonlar ve deneysel sonuglar gibi
stiregleri analiz etmektedir. Her iki kontrol yontemi karsilastirilarak verimlilik degerlendirmesi
yapilmistir. Proje, gelecekteki sistem gelistirmeleri ve farkli kontrol stratejilerinin test edilmesi
icin temel bir platform sunmaktadir.
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F20) PREDICTIVE MAINTENANCEOF COMPOSITE TUBES

Mehmet Emre Yesilyurt
Advisor: Assoc. Prof. Hatice Dogan
ABSTRACT

Fiber-reinforced polymer composite structures find a wide range of applications in the aerospace,
automotive and energy industries thanks to their high strength-to-weight ratios and durability.
However, these structures generally tend to suffer from fatigue and damage under dynamic loading
conditions. Therefore, certain feasible maintenance strategies need to be carried out to assure
reliability, safety, and efficiency. In light of this, Predictive Maintenance(PDM)is surely one of
the state-of-the-art proactive approaches whereby data-based techniques are used to predict
equipment failure and optimize maintenance programs accordingly. The main purpose of PDM is
early estimation of a failure by using technologies like machine learning, sensors, 10T, and data
analytics so that downtime is reduced and operational efficiency is increased with an extension in
the lifespan of industrial assets. This study involves the combined application of data-driven
modeling and classification of experimental data to detect structural defects and optimize
maintenance processes.

OZET

Elyaf takviyeli polimer kompozit yapilar, yiiksek mukavemet / agirlik oranlart ve
dayanikliliklar1 sayesinde havacilik, otomotiv ve enerji endiistrilerinde genis bir uygulama alani
bulmaktadir. Bununla birlikte, bu yapilar genellikle dinamik yiikleme kosullarinda yorulma ve
hasar gérme egilimindedir. Bu nedenle, giivenilirligi, giivenligi ve verimliligi saglamak i¢in belirli
uygulanabilir bakim stratejilerinin uygulanmasi gerekir. Bunun 1s1ginda, Kestirimci Bakim
(PDM )kesinlikle ekipman arizasini tahmin etmek ve bakim programlarini buna gore optimize etmek
icin veriye dayali tekniklerin kullanildigi son teknoloji proaktif yaklasimlardan biridir. PDM'nin
temel amaci, makine dgrenimi, sensorler, IoT ve veri analitigi gibi teknolojiler kullanilarak bir
arizanin erken tahmin edilmesidir, bdylece endiistriyel varliklarin kullanim émriiniin uzamasiyla
kesinti siiresi azaltilir ve operasyonel verimlilik artirilir. Bu caligma, yapisal kusurlarin tespiti ve
bakim siire¢lerinin optimize edilmesi amaciyla, deneysel veriler {izerinde smiflandirma ve veri
odaklt modelleme yaklagimlarinin birlikte uygulanmasini kapsamaktadir.
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F21) REINFORCEMENT LEARNING POWEREDROBOTIC ARM
USING EMBEDDED AITECHNIQUES

Arman Hosseinpour
Advisor: Assoc. Prof. Dr. Hatice Dogan
ABSTRACT

This project aims to build an embedded Al framework for robotic tasks of picking andplacing in real
time, trying to solve problems such as the transfer of learned models fromsimulation to a real
physical system. a custom reinforcement learning (RL) environmentwas designed to train the model
to get to the target object coordinates with the helpof physics simulation tolls. The system includes
image processing part that detects and finds the coordinates ofthe object and feeds it into the RL
model as input. This capability provides a goodunderstanding of the environment and makes the
robot more adaptable. The trainedmodel is transformed into a way that could be deployed on
Raspberry Pi 3 and givereal-time performance. This transformation required optimizing the model
to meet thecomputational capability of the hardware. Integrating RL, image processing, and
embedded Al enhances the possibility of cre-ating effective and adaptable robotic systems that
could be useful in many tasks suchas automation and manufacturing.

OZET

Bu proje, gercek zamanli robotik tutma ve birakma gorevleri i¢in gémiilii bir yapay zeka cercevesi
gelistirmeyi amaclamakta olup, 6grenilen modellerin simiilasyondan gercek fiziksel sisteme
aktarilmasi gibi sorunlari ¢6zmeyi hedeflemektedir. Hedef nesnenin koordinatlarina ulagmak igin
fizik simiilasyon araglarindan yararlanarak modeli egitmek amaciyla 6zel bir pekistirmeli 6grenme
(RL) ortamu tasarlanmistir. Sistemde, nesnenin koordinatlarmi tespit eden ve bunlari RL modeline
girdi olarak veren bir gorintii isleme bileseni bulunmaktadir. Bu yetenek, ortamin daha iyi
anlasilmasini saglar ve robotun ¢evreye daha uyumlu olmasina katkida bulunur. Egitilen model,
Raspberry Pi 3 iizerinde ger¢ek zamanli performans gosterecek sekilde doniistiirilmiistiir. Bu
doniisiim, modelin donanimin hesaplama kapasitesine uygun hale getirilmesini gerektirmistir.
Pekistirmeli 6grenme, goriintii isleme ve gdmiilii yapay zekanin entegrasyonu, otomasyon ve imalat
gibi bir¢ok alanda kullanilabilecek etkili ve uyarlanabilir robotik sistemlerin olusturulma olasiligini
artirmaktadir.
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F22) MULTIUSER COMMUNICATION SYSTEM BASED ON
ORTHOGONAL POLYNOMIALS

Hanifenur CETIN
Advisor: Assoc. Prof. Dr. M. Emre CEK
ABSTRACT

In wireless communication systems, the ability of multiple users to simultaneously share the same
wireless channel is a critical parameter that directly impacts overall system performance. In this
context, Code Division Multiple Access (CDMA) is one of themost well-known techniques,
enabling users to share the same communication channel by providing orthogonality in both the
frequency and time domains. However, conventional CDMA techniques offer limited multi-user
performance due to constrained spectral efficiency and channel robustness. Reducingthe chip period
to increase the number of users leads to higher computational complexity and makes communication
more challenging under varying channel conditions. Moreover, when perfect synchronization
between the transmitter and receiver cannot be achieved, inter-symbol interference (1SI) may occur.
Toovercome these difficulties, this study proposes a novel modulation technique based on Legendre
polynomials. The orthogonal structure of Legendre polynomials provides strong orthogonality
among users within the same time interval and frequency band, thereby enhancing both multi-
usercapacity and noise suppression capability. Additionally, Gaussian windowing is applied to
control spectral spreading and to suppress side lobe effects. Since the Gaussian function naturally
attenuates side lobes, the signal’s bandwidth is defined by its 3 dB bandwidth. As a result, a
narrower and more controlled bandwidth is achieved even as the number of users increases. This
method, which can be integrated with conventional CDMA techniques, has the potential to enhance
the efficiency and reliability of wireless communication systems. In this study, a multi-user access
system based on Legendre polynomials is proposed to overcome the limitations of Walsh-
Hadamard-based CDMA systems. Compared to conventional CDMA techniques, the proposed
system offers higher user capacity and more effective noise reduction performance. Furthermore,
design improvements on both the transmitter and receiver sides have been implemented to enhance
the system’s adaptability to various channel conditions. This research aims to present a novel
approach to optimizing spectral efficiency and multi-user access capacity in wireless
communication systems.

OZET

Kablosuz iletisim sistemlerinde, birden ¢ok kullanicinin ayni kablosuz kanali eszamanli
olarak kullanabilmesi, sistem performansini dogrudan etkileyen kritik bir parametredir. Bu
baglamda, kod bolmeli ¢oklu erisim (CDMA) teknigi, kullanicilar arasindafrekansta ve zamanda
dikeylik saglayarak ayni iletisim kanalini paylagmalarina olanak taniyan en bilinen yontemlerden
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biridir. Ancak geleneksel CDMA teknikleri, sinirli spektral verimlilik ve kanal dayanikliligt
nedeniyle sonlu bir ¢oklu erisim performans1 sunmaktadir. Ozellikle, kullanic1 sayisini artirmak
amactyla ¢ip periyodunun kisaltilmasi, hesaplama karmasikligini artirmakta ve farkli kanal
kosullarinda iletisimi zorlastirmaktadir. Ayrica, verici ve alict arasinda senkronizasyonun tam
saglanamadigr durumlarda semboller arasi girisim olusabilmektedir. Bu zorluklarin iistesinden
gelmekamaciylabu ¢aligmada Legendre polinomlarina dayali yeni bir modiilasyon yontemi
onerilmektedir. Legendre polinomlarmin ortogonal yapisi, aym1 zaman aralifinda ve frekans
bandinda kullanicilar arasinda giiclii bir dikeylik saglayarak, ¢oklu erisim kapasitesini artirma ve
girtiltii bastirma yetenegi sunmaktadir. Ayricaspektral yayilmasini kontrol etmek ve yan
lobetkilerini azaltmak amaciyla Gaussian pencereleme uygulanmistir. Gauss fonksiyonu dogal
olarak yan loblar1 bastirdigindan, sinyalin bant genisligi 3 dB bant genisligi ile tanimlanir. Boylece,
artan kullanici sayisina ragmen daha dar ve kontrollii bir bant genisligi elde edilmistir. Geleneksel
CDMA teknigiyle birlestirilebilecek bu yontem, kablosuz iletisim sistemlerinin verimliligini ve
giivenilirligini artirma potansiyeline sahiptir. Bu calismada, Walsh-Hadamard tabanli CDMA
sistemlerinin sinirlamalarini agmak i¢in Legendre polinomlarina dayali bir c¢oklu erigsim sistemi
onerilmigtir. Onerilen sistem, geleneksel CDMA teknikleriyle karsilastirildiginda daha yiiksek
kullanict kapasitesi ve daha etkili bir giiriiltii azaltma performansi sunmaktadir. Ayrica hem verici
hem de alict tarafindaki tasarim unsurlari gelistirilerek sistemin kanal kosullarma uyumu
artirtlmistir. Bu aragtirma, kablosuz iletisimde spektral verimlilik ve ¢oklu kullanici erigim
kapasitesini optimize etmek i¢in yeni bir yaklagim sunmayi amaglamaktadir.
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F23) SECURE COMMUNICATION USING RANDOM FREQUENCY
HOPPED SPREAD SPECTRUM

Oykii OZCAN
Advisor: Assoc. Prof. Dr. Mehmet Emre CEK
ABSTRACT

In this thesis, a novel spectrum spreading techniquenamed as Random Frequency Hopping Spread
Spectrum (RFHSS)is proposed to enhance the security of wireless communication. Unlike
traditional Frequency-Hopping Spread Spectrum (FHSS) systems, where carrier frequency hops are
dictated by a deterministic pseudo-noise (PN) sequence, the RFHSS method employs a stochastic
approach in which carrier frequencies are randomly selected based on a predefined probability
density function (PDF) shared between the transmitter and receiver. This randomized selection
process results in what is termed arandom carrier. In particular, the raised cosine distribution is
utilized for frequency generation, as its oscillatory nature within the allocated bandwidth aids in
mitigating the effects of channel noise and narrowband sinusoidal interference at the receiver. The
covert communication capability of the proposed system is analyzed through correlation-based
techniques and benchmarked against other prominent methods in the literature, including
Frequency-Modulated Differential Chaos Shift Keying (FM-DCSK) and Differential Noise Shift
Keying. Results indicate that RFHSS significantly enhances transmission covertness by
rendering bit-duration information imperceptible to potential eavesdroppers. Additionally, bit
error rate (BER) analysis confirms that the proposed method outperforms existing alternatives
under comparable conditions, thereby demonstrating its effectiveness in secure and covert
communication scenarios.

OZET

Bu caligmada, kablosuz iletisim giivenligini artirmak amaciyla Rastgele Frekans Atlamali Yayili
Spektrum (Ing. RFHSS) ad1 verilen 6zgiin bir spektrum yayma teknigi 6nerilmistir. Geleneksel
Frekans Atlamali Yayili Spektrum (Ing. FHSS) sistemlerinde tasiyici frekans atlamalari,
deterministik bir sahte giiriiltii (Ing. PN) dizisi tarafindan belirlenirken, RFHSS yénteminde tastyic
frekanslar, verici ve alici tarafindan 6nceden bilinen belirli bir olasilik yogunluk fonksiyonuna
(ing. PDF) gobre rastgele segilmektedir. Bu rastlantisallik, kullanilan tastyici frekanslar “rastgele
tastyic1” olarak tanimlamayr miimkiin kilmakta ve yodnteme “rastgele frekans atlamali yayili
spektrum (ing. RFHSS)” adi verilmesine neden olmaktadir. Ozellikle, tastyict frekanslarmn
tretiminde yiikseltilmis kosiniis dagilimi tercih edilmistir. Bu dagilimimn iletim bandi igindeki
salmimli yapisi, alici tarafinda kanal giiriiltiisiinii ve dar bantli siniizoidal girisimleri bastirmay1
miimkiin kilmaktadir. Onerilensistemin gizli iletisim yetenegi, korelasyon temelli analiz
yontemleriyle degerlendirilmis ve literatiirde yer alan Frekans Modiilasyonlu Diferansiyel Kaotik
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Anahtarlamali (Ing. FM-DCSK) ve Diferansiyel Giiriiltii Anahtarlamali gibi yontemlerle
karsilastirilmigtir. Elde edilen sonuglar, RFHSS yonteminin bit siirelerine iliskin bilgileri
dinleyiciler agisindan algilanamaz hale getirdigini ve bu yoniiyle ortiili iletisim kabiliyetini
artirdigimi gostermektedir. Ayrica, bit hata oran1 (ing. BER) analizleri, énerilen ydntemin mevcut
yontemlere kiyasla {istiin performans sergiledigini ortaya koymus, bdylece giivenli ve Ortiilii
iletisim uygulamalari i¢in etkinligini kanitlamustir.
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F24) M-ARY COMMUNICATION USING ORTHOGONAL
POLYNOMIALS

Hayrettin Berkay Sahbaz
Advisor: Assoc. Prof. Dr. MEHMET EMRE CEK
ABSTRACT

This thesis proposes a novel covert communication system that leverages the orthogonality of
Legendre polynomials to enhance physical-layer security. The system employs a real-valued M-ary
modulation scheme, where each binary message is encoded into distinct Legendre polynomial
waveforms. Due to their orthogonal structure, multiple bits can be transmitted within a single
symbol duration without mutual interference. As the number of bits per symbol increases, the
resulting signal spectrum broadens, improving concealment in the frequency domain and making the
signal less detectable by unauthorized receivers. To address boundary-related amplitude growth
and spectral leakage, two pulse shaping techniques were examined. Although Gaussian filtering
improved spectral compactness, it degraded orthogonality. Therefore, a custom superposition-
based shaping method was developed to preserve orthogonality while bounding the signal’s
temporal behavior. The proposed system was evaluated through MATLAB-based simulations and
compared with a conventional OFDM system in terms of Peak-to-Average Power Ratio
(PAPR), autocorrelation characteristics, and Power Spectral Density (PSD). Results indicate that the
Legendre-based system offers competitive spectral efficiency and significantly improved
spectral hiding properties. These findings suggest the method’s potential in energy-aware and secure
wireless communication scenarios.

OZET

Bu arasgtirma projesi, Legendre polinomlarinin ortogonallik ozelliginden yararlanarak fiziksel
katman giivenligini artirmay1 amaglayan 6zgiin bir gizli haberlesme sistemi 6nerilmektedir. Sistem,
her bir ikili mesaji farkli Legendre polinom dalga formlarina kodlayan, gercek degerli bir M-ary
modiilasyon yapist kullanmaktadir. Polinomlarin ortogonal yapisi sayesinde, her sembol siiresi
icerisinde birden fazla bit birbiriyle girisim olmaksizin iletilebilmektedir. Sembol bagina iletilen
bit sayis1 arttikga olusan sinyal spektrumu genislemekte ve bu durum, iletimin frekans alaninda
tespit edilmesini zorlastirarak sistemin gizlilik seviyesini artirmaktadir. Zaman eksenindeki
genlik artist ve spektral sizinti gibi sorunlara yonelik olarak iki farkli pulse shaping teknigi
degerlendirilmistir. Gauss filtreleme spektral kompaktlik agisindan fayda saglasa  da
ortogonallik yapisini bozdugu gozlemlenmistir. Bu nedenle, sinyalin zamansal davranigin
smirlandirirken ortogonalligi koruyan 6zel bir siiperpozisyon tabanli sekillendirme yontemi
gelistirilmistir. Onerilen sistem MATLAB ortaminda benzetimlerle degerlendirilmis ve geleneksel
bir OFDM sistemiyle PAPR (Tepe-Gii¢ Ortalama Orani), otokorelasyon analizi ve Giig
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Spektral Yogunlugu (PSD) bakimindan karsilastirilmustir. Sonuglar, Legendre tabanli sistemin
rekabetci spektral verimlilik sundugunu ve spektral gizleme o&zelliklerinin belirgin sekilde
iyilestigini gostermektedir. Bu bulgular, yOntemin enerji verimli ve giivenli kablosuz
haberlesme uygulamalarinda kullanilabilirligine isaret etmektedir.
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F25) ANALYSIS OF LIDAR PERFORMANCE UNDER
CHALLENGING ATMOSPHERIC CONDITIONS

Dogukan DOVER
Advisor Prof. Dr. MetinHiiseyinSABUNCU
ABSTRACT

This study presents a comprehensive research on the performance of LIiDAR (Light Detection and
Distance Determination) systems operating in harsh atmospheric conditions such as fog, rain, snow
and airborne particles. By studying the basic principles of LIDAR, including laser physics,
beam propagation and time-of-flight measurement, the project provides a detailed assessment
of how environmental factors disrupt light transmission and reflection. Special emphasis is
placed on the role of atmospheric scattering phenomena (Rayleigh and Mie) and their effects on
signal attenuation and noise interference. This study identifies the main limitations in detection
accuracy and reliability under changing weather conditions through simulation models and
theoretical analyses based on Maxwell's equations and optical transport theory. In addition, the
study explores emerging mitigation strategies, including machine learning-based filtering
techniques, adaptive signal processing algorithms, and the selection of longer operational
wavelengths (e. g., 1550 nm) to improve performance in low Oct scenarios. Innovations such
as transparent conductive films for fogging and dual-wavelength LiDAR setups are also considered
promising hardware-based enhancements. The project aims to bridge the gap between academic
theory and engineering practice by providing practical design proposals and algorithmic
improvements for LiDAR systems. Dec. These insights support the advancement of
autonomous navigation, environmental monitoring and intelligent infrastructure systems by
enabling LIDAR to operate robustly and accurately in various and adverse environmental
conditions.

OZET

Optik Koherens Tomografi (OCT), retina, koroid ve vitreus gibi goziin karmasik anatomik
yapilarinin yiiksek ¢Ozliniirlikli kesitsel goriintiilerini saglayan non-invaziv bir goriintiileme
teknolojisidir. Makula dejenerasyonu, diyabetik retinopati ve glokom gibi ¢esitli oftalmolojik
rahatsizliklarin  teshisi, izlenmesi ve tedavi planlamasinda kritik bir rol oynar. Ancak,
goriintiileme siirecinin koherent dogasindan kaynaklanan bir tiir graniiler giiriiltii olan spekle
giiriiltiisii, gorlintii kalitesini diisiirerek dogru analiz ve tan1 yapilmasini zorlastiran dnemli bir engel
olusturur. Bu ¢alismada, OCT goriintiilerindeki retina, koroid ve vitreus katmanlarina 6zel olarak
optimize edilmis giiriiltii giderme teknikleri degerlendirilmistir. Genel amagli ydntemlerin
aksine, Onerilen yaklagimlar, her katmanin kendine 6zgii anatomik ve dokusal 6zelliklerini dikkate
alarak,  kritik  yapisal detaylar1  koruyacak  sekilde  giiriilti  azaltma islemleri
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gergeklestirmektedir. Gelistirilen yontemler, ger¢ek OCT goriintiileri iizerinde test edilmis ve
performansi, goriintii kontrasti, yapisal benzerlik indeksi (SSIM) ve sinyal-giiriiltii orani
(SNR) gibi metriklerle degerlendirilmistir. Deneysel sonuglar, katmanlara o6zgii filtreleme
stratejilerinin, spekle giiriiltiisiinii etkili bir sekilde azaltirken retina, koroid ve vitreus katmanlarinin
ince yapisal detaylarini korudugunu ve genel amagli yontemlere kiyasla ¢cok daha iistiin performans
gosterdigini  ortaya koymustur. Artirilnug  goriinti  kalitesi, makula 6demi, koroidal
neovaskiilarizasyon ve vitreoretinal arayiiz anormallikleri gibi klinik tan siiregleri i¢in kritik olan
ince detaylarin gorsellestirilmesi ve analizi agisindan 6nemli bir avantaj saglamustir. Sonug olarak,
bu calisma, OCT goriintilemede katmanlara 0zgii giiriilti azaltma tekniklerinin 6nemini
vurgulamaktadir. Her anatomik yapinin benzersiz Ozelliklerine uyarlanmig filtreleme stratejileri
ile, tamisal degerinden Odiin vermeden {istin bir girilti azaltma saglanabilmektedir.
Gelecekteki arastirmalar, bu yontemlerin derin 6grenme tabanli yaklasimlarla entegre edilerek
dayaniklilik ve verimliligin artirilmasina odaklanabilir, bu da otomatik OCT analizi ve klinik is
akiglarini daha da ileri tasiyabilir.
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F26) DEVELOPMENT OF AN EM-IMMUNE COMMUNICATION
SYSTEM FOR UAVS

Ahmet Metin Ozkuyumecu
Adpvisor: Prof. Dr. Metin Hiiseyin Sabuncu
ABSTRACT

Unmanned aerial vehicles (UAVs) are flying platforms controlled by remote control or
autonomous systems without a pilot. UAVs are produced in different sizes, shapes, and
features and are used in many fields. This project is inspired by the increasing use of UAVS in
variousfields and the need for secure, uninterrupted communication systems for these
vehicles. The vulnerability of conventional radio frequency (RF) based communication
systems to electromagnetic interference (EMI) and external interference puts the safe
operation of UAVs at risk. In this context, the project aimedto develop a communication
system that is resistant to electromagnetic interference and safe for operations. New
technologies and system-level solutions areinvestigated to enable UAVs to communicate
reliably, especially in critical missions such as military, logistics, and disaster management.
Building a communication system that is resistant to factors such as external interference
during communication with UAVs has several disadvantages. First of all, the high cost of
EMI-resistant technologies negatively affects the weight of UAVs and thus their power
consumption. Furthermore, the fact that alternative communication technologies are not yet widely
accepted creates limitations in terms of applicability. However, the unique aspect of this project is
its potential to provide an EMI-resistant communication framework with innovative solutions
such as optical-based communication systems and fiber optic cables, as opposed to traditional RF
communication methods. This EMI-resistant communication system has important applications
in various fields. Especially in military operations, enabling UAVs to operate safely by protecting
them from enemy interference increases the strategic importance of this project. Furthermore,
in emergency and disaster management, reliable communication systems can sustainably support
rescue operations in areas with high electromagnetic interference. In commercial applications,
uninterrupted and secure communication is increasingoperational efficiency and safety in long-
distance operations such as logistics and cargo transportation. The fact that the existing battery can
be connected to an external source enablesthe use of renewable energy during flight. The
project is planned to close the gap in the literature. It is thought that this study, carried out with the
existing facilities, will be a reference for future projects.

OZET

Insansiz hava araglar1 (IHA), icerisinde pilotunun yer almadigi, uzaktan kumanda veya otonom
sistemlerle kontrol edilen ugan platformlardir. Farkli boyutlarda, sekillerde ve 6zelliklerde
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iiretilen THA'lar, birgok alanda kullanilmaktadir [1]. Bu projenin ilham kaynagi, IHAnin farkh
alanlarda artan kullanimi ve bu araglarin giivenli, kesintisiz iletisim sistemlerine duydugu
ihtiyactir. Geleneksel radyo frekans (RF) tabanli iletisim sistemlerinin elektromanyetik girisimlere
(EMI) ve dis miidahale gibi etkilere karst savunmasiz olmasi, IHA'larin giivenli operasyonlarmi
riske atmaktadir [2]. Bu baglamda proje, elektromanyetik miidahalelere  dayanikli  ve
operasyonlarm giivenli bir iletisim sistemi gelistirmeyi amaclamaktadir. IHA'larmn 6zellikle
askeri, lojistik ve afet yonetimi gibi kritik gorevlerde giivenilir iletisim kurabilmesi igin yeni
teknolojiler ve sistem seviyesinde ¢oziim yontemleri arastirilacaktir. IHA'larla iletisim esnasinda dis
miidahale gibi etkenlere dayanikli iletisim sistemi kurmak, birtakim dezavantajlara sahiptir.
Oncelikle, EMI'ye karst dayaniklilik saglayan teknolojilerin maliyetinin yiiksek olmasi,
[HA'larm agirhgim, dolayisiyla gii¢ tiiketimini olumsuz etkilemektedir. Ayrica alternatif iletisim
teknolojilerinin heniiz genis gapta kabul gérmemis olmasi, uygulanabilirlik konusunda sinirlamalar
yaratmaktadir. Bununla birlikte, bu projenin 6zgiin yani, geleneksel RF iletisim yontemlerinden
farkli olarak, optik tabanli iletisim sistemleri ve fiber optik kablolar gibi yenilik¢i ¢oziimler ile
EMI'ye karst dayanikli bir iletisim ¢ergevesi sunma potansiyelidir. Gelistirilecek bu EMI’e karsi
dayanikli iletisim sisteminin gesitli alanlarda énemli kullamm imkanlar1 vardir. Ozellikle askeri
operasyonlarda, [HA'larin diisman miidahalelerinden korunarak giivenli bir sekilde gorev
yapmasini saglamak, bu projenin stratejik Onemini artirmaktadir [3], [4]. Ayrica bahsedilen
yontem, acil durum ve afet yonetiminde, elektromanyetik parazitlerin yogun oldugu
bolgelerde, giivenilir haberlesme sistemleri kurtarma operasyonlarini siirdiiriilebilir bir sekilde
destekleyebilir [5]. Ticari uygulamalarda ise lojistik ve kargo tagimaciligi gibi uzun mesafe
operasyonlarinda, kesintisiz ve giivenli iletisim, operasyonel verimliligi ve giivenligi artiracaktir.
Mevcut bataryanin dis bir kaynaga baglanabilir olmasi, ugus esnasinda yenilenebilir enerji
kullanima olanak saglayacaktir. Gelistirilmesi istenilen projenin, literatiirdeki acig1 kapatmasi
planlanmaktadir. Mevcut imkanlarla yapilan bu caligmanin gelecekte yapilacak olan projelere
referans olmasi diigiiniilmektedir.
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F27) FUZZY CONTROLLERS DESIGN FOR INVERTED
PENDULUM SYSTEM

Berkant KILINC
Advisor: Asst. Prof. Dr. Neslihan AVCU
ABSTRACT

This study explores the creation of a prototype that aims to assist individuals with disabilities by
implementing fuzzy logic in the control of an inverted pendulum system. The inverted
pendulum, often used as a benchmark in balance control research, is known for being
inherently unstable and difficult to control through conventional means. The main goal here
is to develop a fuzzy logiccontroller that can stabilize a pendulum mounted on a cart. This
concept could be extended to systems like self-balancing wheelchairs or two-legged robots. To
achieve this, a Simulink model of the system wasbuilt. Several fuzzy control approaches
weretested, each using different fuzzification techniques and inference strategies. Rather than
relying on just theoretical analysis, the project comparedthe results to traditional PID
controllers by focusing on system response, stability, and resistance todisturbances. These
comparisons help highlight where fuzzy logic offers clear benefits. The prototype did not just
remain a simulation—itisalso a stepping stone toward developing practical mobility aids. With
further refinement, the system may be suitable for use in assistive robotics or personal
transportation technologies. What sets this approach apart is its potential to respond more
quickly and flexibly in situations that involve unpredictable movements or rapid
environmental changes. From this perspective, the work offers a fresh and potentially impactful
contribution to the field of assistive tech.

OZET

Bu c¢aligmada, engelli bireylerin giinlik yasamlarimi kolaylastirmak amaciyla tasarlanan bir
prototip gelistirilmekte ve bu siirecte ters sarkag sistemi iizerinde bulanik mantik tabanl
kontrol yontemleri kullanilmaktadir. Ters sarkag, denge kontrolil lizerine yapilan ¢aligmalarda
sikca tercih edilen bir 6rnektir; ¢linkii dogas1 geregi dengesizdir ve kontrol edilmesi zordur. Bu
proje Ozelinde hedeflenen, bir arabaya bagli sarkag sistemini dengeleyebilen bir kontrol
mekanizmasi gelistirerek, bu fikrin iki tekerlekli dengeleme araglari veya yiirlime destekli
sistemlerde nasil uygulanabilecegini gostermektir. Projede oncelikle sistemin Simulink modeli
olusturulmustur. Ardindan, farkli bulaniklastirmave ¢ikarim yontemleri kullanilarak gesitli
bulanik kontroldrler tasarlanmustir. Bu kontroldrlerin performanslari; sistemin gegici rejime gegisi,
genel kararliligi ve ani degisimlere karsi gosterdigi tepki tizerinden degerlendirilmistir. Ayrica
bu yeni kontroldrler, geleneksel PID kontrolorlerle karsilastirilarak avantajlari somut olarak ortaya
konmustur. Gelistirilen bu sistem yalnizca bir deneysel model degil; ayni zamanda gelecekte
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kullanilabilecek dengeleme sistemlerine dair bir baslangi¢ noktasidir. Dogru bir sekilde
gelistirildiginde, bu kontrol yapisi kisisel mobilite araglarinda veya destekleyici robotik
sistemlerde yer bulabilir. Ozellikle ani ve beklenmedik hareketlerin s6z konusu oldugu
durumlarda, klasik kontrol yontemlerine gore daha esnek ve hizli tepki veren bir yap: sunmasi,
bu yaklasimi olduk¢a degerli kilmaktadir. Bu yoniiyle ¢alisma, engellilere yonelik gelistirilen
teknolojilere farkli bir bakis agis1 kazandirma potansiyeline sahiptir.
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F28) DEVELOPMENT OF AN AUTOMATIC FEEDING ROBOT FOR
PRODUCTION LINE

Yusuf Akkaya
Advisor: Assist. Prof. Dr. Neslihan AVCU
ABSTRACT

This project presents the development of an autonomous robotic system designed to automate the
material feeding process in production lines. The primary goal is to ensure timely, orderly, and
efficient transportation of materials within the production environment. The robot autonomously
navigates predefined routes between the warehouse and production line using a line-
following algorithm. Equipped with ultrasonic sensors and other detectors, it collects
materials from warehouse shelves and delivers them as needed, while simultaneously
gathering real-time inventory data. Sensor data are processed by an Arduino microcontroller
to determine the occupancy status of nine individual shelf slots and three distinct workstations.
Based on this data, the Arduino executes a decision-making algorithm and transmits single-character
commands via serial communication to direct the robot's transport tasks. A user-friendly
interface allows operators to monitor warehouse and production line status in real time,
enabling prompt interventions and prioritization. The robot’s four-directional movement
capability provides high maneuverability even in confined spaces, enabling flexible and
efficient operations within the warehouse. Movement accuracy is enhanced by a manual
Pcontrol system, and rechargeable Li-lon batteries are employed to ensure energy efficiency
and prolonged operation. The modular design facilitates easy integration of additional hardware
components in the future. The system reduces dependency on manual labor, guaranteeing
uninterrupted and reliable material flow throughout the production line. Furthermore, the remote
monitoring and control capabilities provided by the interface support rapid and effective decision-
making in production processes.  In conclusion, this project offers cost-effective solutions for
production automation while significantly enhancing workplace safety and operational
efficiency. The developed system is suitable for industrial applications and establishes a
solid foundation for future automation endeavors

OZET

Bu projede, iiretim hattindaki malzeme besleme siirecini otomatiklestiren otonom bir robot sistemi
geligtirilmistir. Projenin temel amaci, liretim hattinda malzemelerin zamaninda, diizenli ve verimli
bir sekilde taginmasini saglamaktir. Robot, 6nceden belirlenmis rotalari ¢izgi izleme algoritmasi ile
takip ederek depo ve iiretim hatt1 arasindaki giizergah iizerinde otomatik olarak hareket eder.
Uzerinde bulunan ultrasonik sensérler ve diger algilayicilar yardinuyla depo raflarindan
malzemeleri toplar, gerektiginde {iretim hattina ulagtirir ve stok durumu hakkinda bilgi toplar. Bu
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sensor verileri, Arduino mikrodenetleyici tarafindan islenerek raflardaki 9 ayri slotun doluluk
durumu ile 3 farkli ¢aligma istasyonunun anlik doluluk bilgisi elde edilir. Arduino, bu verilere gore
karar mekanizmasini igletmekte ve robot i¢in uygun tasima komutlarmi tek karakter olarak ireterek
seri iletisim yoluyla aktarmaktadir. Kullanicilar, bu verilere dayali olarak gelistirilen kullanici
dostu arayiiz araciligiyla depo ve iretim hattindaki anlik durumu takip edebilir, miidahale
edebilir ve onceliklendirme yapabilirler. Robotun dort yonlii hareket kabiliyeti, dar alanlarda bile
yiiksek manevra yetenegi sunar; boylece depo igerisinde esnek ve etkin bir gekilde
caligabilmektedir. Hareket dogrulugu, manuel P kontrol sistemi ile artirilmis olup, enerji verimliligi
saglamak amaciyla sarj edilebilir Li-Tyon piller kullanilmistir. Modiiler tasarim, ilerleyen siireclerde
ek donanimlarin kolaylikla entegre edilmesine olanak tanimaktadir. Sistem, insan giiciine
duyulanbagimliligi azaltirken {iretim hattinda kesintisiz ve giivenilir bir malzeme akisin1 garanti
eder. Ayrica, kullanicilarin sistemi uzaktan izleyip kontrol edebilmesini saglayan arayiiz sayesinde
iretim siireglerinde hizli ve etkin karar alinabilmektedir. Sonug¢ olarak, bu proje hem iiretim
otomasyonunda maliyet etkinligi saglamakta hem de is giivenligi ve operasyonel verimlilik
acisindan onemli katkilar sunmaktadir. Gelistirilen sistem, endiistriyel uygulamalarda kullanilmaya
uygun olup, gelecekteki otomasyon projeleri i¢in saglam bir temel teskil etmektedir.
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F29) SOFTWARE/HARDWARE IMPLEMENTATION FOR BIPED
ROBOT

Yunus KURTYEMEZ
Advisor: Asst. Prof. NESLIHAN AVCU
ABSTRACT

By carefully determining and gradually solving earlier simulation problems an accurate virtual
environment was created. The dynamic behavior of the biped robot originates from
mathematical modeling developed from simulation settings. The materials chosen for the actual
construction were chosen by the results of these calculations, which provided both solidity
and practical efficiency. The gait algorithm was developed and tested in the Webots simulation
environment. To imitate servo motor behavior, a PID control system and certain limitations were
introduced into the simulation. As a result, the virtual platform may accurately imitate hardware
reactions. In addition, an Arduino microcontroller was employed to develop the finished gait
algorithm and additional test functions, allowing to move from simulation to real-world application.
The actual biped robot was put assembled and demonstrated, and each part was described and
studied separately. To ensure the project's accuracy and transparency, every relevant source
codes, mathematical derivations, and simulation results have been preserved and shared

OZET

Daha onceki simiilasyon problemlerini dikkatlice belirleyip kademeli olarak ¢ozerek dogru bir sanal
ortam yaratildi. Iki ayakli robotun dinamik davranisi, simiilasyon ayarlarindan gelistirilen
matematiksel modellemeden kaynaklanmaktadir. Gergek yapt igin segilen malzemeler, hem
saglamlik hem de pratik verimlilik saglayan bu hesaplamalarin sonuglarma gore segildi. Yiiriiyls
algoritmasi, Webots simiilasyon ortaminda gelistirildi ve test edildi. Servo motor davranigini
taklit etmek i¢in simiilasyona bir PID kontrol sistemi ve belirli sinirlamalar getirildi. Sonug olarak,
sanal platform donanim tepkilerini dogru bir sekilde taklit edebilir. Ek olarak, tamamlanmus yiiriiytlis
algoritmasini ve ek test fonksiyonlarini gelistirmek i¢in bir Arduino mikrodenetleyicisi kullanildi ve
simiilasyondan gercek diinya uygulamasina gegildi. Gergek iki ayakli robot monte edildi ve
gosterildi ve her parca ayri ayritanimlandi ve incelendi. Projenin dogrulugunu ve seffafligini
saglamak igin, ilgili tiim kaynak kodlar1, matematiksel tiiretmeler ve simiilasyon sonuglart korundu
ve paylasildi
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F30) DEVELOPMENT OF AN IMAGE PROCESSING BASED
CONTROLLER FOR ROBOTIC ARM

Onurhan TUTKUN
Advisor: Asst. Prof. Dr. Neslihan AVCU
ABSTRACT

The project aims to develop a robotic arm capable of observing arm movements via a camera and
replicating them in real-time. The proposed system is designed not only to overcome physical
barriers but also to serve a wide range of applications, including tasks requiring remote intervention,
healthcare, industrial automation, educational simulations, and entertainment. The project seeks to
address the limitations of current robotic arm systems by offering a solution with enhanced
capability to accurately track and replicate user movements. In this research, computer vision
techniques and machine learning algorithms will be employed to detect user arm movements and
integrate them with the robotic arm. Real-time image analysis will be performed using computer
vision techniques, enabling the development of motion detection and tracking algorithms based on
camera inputs. The robotic arm will be programmed to respond instantaneously using data derived
from these analyses. This approach aims to enhance the accuracy and speed of user motion
replication, offering an interactive experience. Additionally, continuous data updates and algorithm
optimization will be targeted to improve system performance

OZET

Proje, kamerayla kol hareketlerini izleyip bu hareketleri gercek zamanli olarak kopyalayabilen
bir robot kol gelistirmeyi amaglamaktadir. Gelistirilecek sistem, fiziksel engelleri agmanin yani
sira, uzaktan miidahale gerektiren gorevlerde, saglik sektoriinde, sanayi otomasyonunda, egitim
simiilasyonlarinda ve eglence sektdriinde de uygulanabilirlik sunarak genis bir kullanici yelpazesine
hitap etmektedir. Projemde, mevcut robot kol sistemlerinin sinirlt algilama yeteneklerine karsilik,
yiiksek dogrulukla kullanici hareketlerini izleme ve kopyalama kapasitesine sahip bir ¢dziim
geligtirilmesi amaglanmigtir. Arastirmada, goriinti isleme teknikleri ve makine Ogrenimi
algoritmalart kullanilarak kullanici kol hareketlerinin algilanmasi ve robot kol ile entegre edilmesi
planlanmaktadir. Goriintii igleme teknikleri ile gergek zamanli goriintii analizi yapilarak, kameradan
alinan goriintiiler lizerinde hareket tanima ve izleme algoritmalar1 gelistirilecektir. Robot kol, bu
analizlerden elde edilen verileri kullanarak, anlik tepkiler verecek sekilde programlanacaktir. Bu
yontem, kullanict hareketlerinin dogrulugunu ve hizini artirarak etkilesimli bir deneyim sunacaktir.
Ayrica, sistemin performansini artirmak i¢in verilerin siirekli olarak giincellenmesi ve algoritmalarin
optimize edilmesi hedeflenmektedir
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F31) SPLINES IN SIGNAL AND IMAGE PROCESSING
APPLICATIONS

ECEM OZDEM
Advisor: Prof. Dr. OlcayAkay
ABSTRACT

In real-world signal measurements, noise often makes it difficult to interpret and analyze meaningful
signal features. Smoothing filters used to reduce noise aim to preserve essential low-frequency
trends and features while suppressing high-frequency fluctuations. In this context, the Savitzky-
Golay (SG) filter, introduced by Abraham Savitzky and Marcel J. E. Golay in 1964, is a widely
preferred method, especially in applications such as spectral analysis and biomedical signal
processing. The SG filterreduces noise by fitting low-degree polynomials to data points within a
moving window, and using least-squares regression, sharp features, such as peaks and slopes, are
better preserved than simple moving average filters. However, the classical polynomial-based SG
approach can lead to oscillations in complex or irregular data sets and has limitations in terms of
flexibility. To overcome these limitations, spline-based smoothing techniques based on B-spline
interpolation offer a powerful alternative. B-splines provide more local control, smoothness,
and adaptability by using piecewise polynomials between selected nodes. This allows for
more accurate signal reconstruction by minimizing data distortion, especially when the number of
nodes and the degree of the polynomial are appropriately chosen. This thesis study compares a B-
spline based filtering method with the classical Savitzky-Golay filter and evaluates the
performance of these methods in MATLAB. Performance metrics such as mean square error
(MSE), signal-to-noise ratio (SNR) improvement and edge preservation are used to quantitatively
evaluate the filtering effectiveness on synthetic noisy signals. The results supported by graphical
analysis show that spline-based filters exhibit superior performance in preserving essential signal
properties while providing noise reduction and offer a promising alternative or complement to the
traditional SG filter.

OZET

Gercek diinya sinyal Olglimlerinde, giriilti siklikla anlamli  sinyal  6zelliklerinin
yorumlanmasini ve analizini zorlastirir. Glriiltilyli azaltmak i¢in kullanilan diizlestirme
filtreleri, yliksek frekansli dalgalanmalari bastiritken temel diisiik frekansli egilimleri ve
ozellikleri korumay1 amaglar. Bu baglamda, 1964 yilinda Abraham Savitzky ve Marcel J. E. Golay
tarafindan tanitilan Savitzky-Golay (SG) filtresi, 6zellikle spektral analiz ve biyomedikal sinyal
isleme gibi uygulamalarda yaygin olarak tercih edilenbir yontemdir. SG filtresi, hareketli bir
pencere igindeki veri noktalarina diisiik dereceli polinomlar uydurarak giiriiltiiyli azaltir ve en kiigiik
kareler regresyonu kullanarak keskin 6zellikler, 6rnegin tepe noktalari ve egimler, basit hareketli
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ortalama filtrelerine kiyasla daha iyi korunur. Bununla birlikte, klasik polinom tabanli SG
yaklagimi, karmasik veya diizensiz veri setlerinde salinimlara yol acgabilir ve esneklik
acisindan smirlamalar gosterebilir. Bu kisitlamalar1 agmak igin, ‘B-spline’ enterpolasyonuna
dayali spline tabanli diizlestirme teknikleri giiglii bir alternatif sunar. ‘B-spline’lar, se¢ilen diigiim
noktalar1 arasinda pargali olarak tanimli polinomlar kullanarak daha fazla yerel kontrol, piiriizsiizliik
ve uyarlanabilirlik saglar. Bu, oOzellikle digiim sayist ve polinom derecesi uygun sekilde
secildiginde, veri bozulmasini en aza indirerek daha dogru sinyal rekonstriiksiyonuna olanak tanir.
Bu ¢aligma, klasik Savitzky-Golay filtresi ile gelistirilen B-spline tabanli bir filtreleme yontemini
karsilagtirmakta ve bu yontemlerin performansint MATLAB ortaminda degerlendirmektedir.
Ortalama kare hata (MSE), sinyal-giiriilti oram1 (SNR) iyilesmesi ve kenar koruma  gibi
performans metrikleri, sentetik giiriiltiilii sinyaller tizerinde filtreleme etkinligini niceliksel
olarak degerlendirmek i¢in kullanilmistir. Grafiksel analizlerle desteklenen sonuglar, spline
tabanli filtrelerin giiriiltii azaltiminda iyilesme saglarken temel sinyal 6zelliklerini  koruma
konusunda iistiin performans sergiledigini ve geleneksel SG filtresine umut verici bir alternatif
veya tamamlayici sundugunu gostermektedir.
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F32) USE OF TIME-FREQUENCY IMAGES TOGETHER WITH
MACHINE LEARNING TO DETECT AND DIAGNOSE MOTOR
FAULTS

Melih Kadir MAKARA
Advisor: Prof. Dr. Olcay AKAY
ABSTRACT

Industrial motors are of great importance in modern industry. They play an important role in various
areas by converting electrical energy into mechanical power. Failuresin motorscan cause great
economic losses and can also cause great damage that can endanger human life. For this reason,
diagnosing these faults can prevent these damages. These diagnoses could bemade with machine
learning and deep learning methods. In this project, convolutional neural network (CNN)-based
artificial intelligence algorithms were used to train deep learning models that recognize the fault
type of a motor. The data used in this project was provided by Korea University Electrical Energy
Conversion System Lab (EECSL) through Assoc. Prof. Dr. Taner Goktag. The dataset contains 4
different states of motor conditions: "motor one phase current in healthy condition”, "motor one

phase current in case of broken rotor bar (2bar) fault”, "motor onephase current in case of static
eccentricity”, "motor one phase current in case of load oscillation”. This dataset containscurrent
dataof each class of motor fault. Motor data in thedataset werefirstconverted into time-frequency
images using various time-frequency methods and deep learning models were trained viacreated
time-frequency imagedataset. Then, the performancesof these models werecompared, and the
best performing model was determined. For better classification performance, these time-
frequency images weresubjected to various pre-processing operations. After thatstep,
classification wasperformed. In this project, Python programming language was used due to its
useful libraries such as Pytorch, Tensorflow, Keras, and Scikit-Learn via Jupyter Notebook.
Also, Google Colab application was used to improve the performance for some large
models. Finally, after the classification was completed, the performancesof the algorithms
werecompared

OZET

Endiistriyel motorlar modern endiistride biiyilk dneme sahiptir. Elektrik enerjisini mekanik giice
doniistiirerek ¢esitli alanlarda Onemli rol oynarlar. Motorlardaki bir ariza biiyiik ekonomik
kayiplara neden olabilecegi gibi insan hayatini tehlikeye atabilecek biiyiik hasarlara da yol agabilir.
Bu nedenle bu arizalarin teshisi bu hasarlarin dniine gecebilir. Ariza teshisimakine 6grenimi ve derin
O0grenme yontemleriyle yapilabilir. Bu projede, bir motorun ariza tiirinii tantyan modelleri egitmek
icin evrigimli sinir ag1 (CNN) tabanli yapay zeka algoritmalari kullanilmistir. Bu projede kullanilan
veriler Dog. Dr. Taner Goktas aracihgiyla Kore Universitesi Elektrik Enerjisi Doniigiim
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Sistemleri Laboratuvari (EECSL) tarafindan saglanmugtir. Veri seti 4 farkli motor durumu igerir:
"sagliklt durumda motor bir faz akimi", "kopuk rotor ¢ubugu (2bar) arizas1 durumunda motor bir faz
akim1", "statik eksantriklik durumunda motor bir faz akim1", "yiik salinimi durumunda motor bir faz
akimi". Bu veri seti her smifa ait akim verilerinden olugsmaktadir. Bu veri kiimeleri ¢esitli zaman-
frekans yontemleri kullanilarak zaman-frekans goriintiilerine doniistiiriilmiisve bu goriintiilerden
bir veri kiimesi olusturularak derin 6grenme modelleriegitilmistir. Daha sonra, bu modellerin
performansi karsilastirilmisve bu sekilde en iyi performans gosteren model belirlenmistir. Daha iyi
smiflandirma performansi i¢in, zaman-frekans goriintiileri ¢esitli 6n isleme siireglerinetabi
tutulmug ve bu adimdan sonra smiflandirma gergeklestirilmistir. Bu projede, Pytorch,
Tensorflow, Keras ve Jupyter Notebook araciligiyla Scikit-Learn gibi yararli kiitiiphaneleri
nedeniyle Python programlama dili kullanildi. Ayrica, bazi biiyiik
modellerinperformansiniiyilestirmek i¢in Google Colab uygulamasi kullanildi. Son olarak,
smiflandirma tamamlandiktan sonra, algoritmalarin performansi karsilastirildi.
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F33) DETERMINATION OF HIGH-RESOLUTION TIME-
FREQUENCY REPRESENTATIONS FOR MOTOR FAULT
DETECTION AND DIAGNOSIS

Serdar Tiirkmen
Advisor: Prof. Dr. OlcayAKAY
ABSTRACT

Nowadays, with the increasing use of motors in various industrial applications, the
importance of their safe and effective operation has increased. For this reason, accurate
detection of motor faults has become an important research topic in order to ensure the
continuity of operation of motors. Detecting errors as soon as possible provides many
advantages such as saving energy and safety of operation. Motor faults usually create non-stationary
and non-linear signals. It has become difficult to analyze these signals only in the traditional time
domain or frequency domain. Motor faults add transient components and time-varying frequency
components to motor currentsignals. Detecting these components is critical fordeterminingthe fault.
Therefore, methods that show time and frequency together have become a good option for
identifying and interpreting non-stationary and complexmotor currentsignals. In this thesis,
wefocus on the use of high-resolution time-frequency(TF)analysis techniques in motor fault
detection. Traditional methods such as Spectrogram, Wavelet Transform (WT), Wigner-Ville
Distribution (WVD) and modern methods such as Synchrosqueezing Transform (ST),
Reassignment Method, Empirical Mode Decomposition (EMD) with Hilbert-Huang Transform
applied and examined. EMD and WVD aregiven less attention due to the problems they cause
during their application and their relatively low performance. In comparing TFanalysis
techniques, images obtained as a result of these methods areused in the joint machine learning
project by Melih Kadir Makara. Observations and results obtained from thatproject are also
mentioned in the relevantsections throughout thisthesis.

OZET

Giintimiizde g¢esitli endiistriyel uygulamalarda kullanimlarmm artmasiyla birlikte, motorlarin
giivenli ve etkili bir sekilde ¢aligmasinin 6nemideartmigtir. Bu nedenle motor arizalarinin dogru bir
sekilde tespiti, motorlarin ¢alismasinin siirekliligini saglamak ic¢in 6nemli bir arastirma konusu
haline gelmistir. Hatalari miimkiin olan en kisa siirede tespit etmek enerji tasarrufu ve ¢aligma
giivenligi gibi birgok avantaj saglar. Motor arizalari genellikle duragan olmayan ve dogrusal
olmayan sinyaller olusturur. Bu sinyalleri yalnizca geleneksel zaman alaninda veya frekans alaninda
analiz etmek zorlasmistir. Motor arizalart motor akim sinyallerine gegici bilesenler ve zamanla
degisen frekans bilesenleri ekler. Bu bilesenlerin tespiti arizayr bulmak igin kritik dneme sahiptir.
Bu nedenle, zaman ve frekanst birlikte gosteren yontemler duragan olmayan ve karmasik
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sinyalleri tanimlamak ve yorumlamak icin iyi bir secenek haline gelmistir. Bu tez, motor ariza
tespitinde  yiiksek  ¢Oziiniirlikliic  zaman  frekans  analiz  tekniklerinin kullanimima
odaklanmaktadir. Spektrogram, Dalgacik Doniigiimii (WT), Wigner-Ville Dagilimi (WVD) gibi
gelencksel yontemler ve Eszamanli Sikistirma Doniisiimii  (ST), Yeniden Atama Yontemi,
Hilbert-Huang Doniisiimii  ile Deneysel Mod Ayrnistirma (EMD)gibi modern yontemler
uygulanmaktave incelenmektedir. EMD ve WVD, uygulamalari sirasinda ortaya cikardiklar
sorunlar ve nispeten diisiikk performanslari nedeniyle daha az ¢alisilmaktadir. Zaman-frekans
analiz tekniklerini karsilastirirken, bu yontemler sonucunda elde edilen goriintiiler Melih Kadir
Makara'nin ortak makine 6grenimi projesinde kullanilmaktadir. Bu projeden elde edilen gozlemler
ve sonuglar tez boyunca ilgilibéliimlerde belirtilmistir.
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F34) EMOTION RECOGNITION VIA SPEECH
Umut OZTURK
Advisor: Prof. Dr. OlcayAKAY
ABSTRACT

Speech emotion recognition (SER) has been a topic of interest in recent years. Speech, as an easily
accessible and naturally produced signal, carries significant emotional information. This makes it
one of the most effective modalitiesfor capturing and analyzing human emotions. Recognizing
the emotionsof a person through his/her speech has several benefits in many areas, especially in
rapidly advancing technologies like Artificial Intelligence (Al) chatbots and virtual assistants. It
improves the accuracy of their decision-making and brings them one step closer to a real human
being. This project focuses on creating a robust and reasonablyaccurate emotion classification
system based on speech signals. This is achieved by training a deep learning model, using
Convolutional Neural Networks (CNNSs). Various publicly available datasets are used to build a
classification system with five emotionclasses. By representing speech signals in a
perceptually more meaningful representation, deep learning models have learned patterns and
correctly classified the real-world data. To improve test accuracy, various models with different
types of inputs are experimentally evaluated, using a one-dimensional (LD)CNN, a two-dimensional
(2D)CNN, and a hybrid approach that combines both. The 1D CNN model trained in the Fall
semester had an accuracy of 66% and suffered from the problem of overfitting. With the new
hybrid model, the overfitting problem is fixedto some extentand the accuracy is increased
significantly. Also, a new Turkish emotional speech dataset was collected in order tocreatea
Turkish-specific SER system for the purpose ofcontributing to future studies in our country in this
research area.

OZET

Konusma yoluyla duygu tanima son yillarda ilgi goren bir konu olmustur. Konusma, kolay
erisilebilir ve dogal olarak {iiretilen bir sinyal olmakla beraber, 6nemli duygusal bilgiler tagir. Bu,
onu insan duygularini kestirmekve analiz etmek i¢in en etkili araglardanbiri yapar. Bir kisinin
duygularini konusmasi araciligiyla tanimanin, Ozellikle yapay zeka sohbet robotlart ve sanal
asistanlar gibi hizla gelisen teknolojiler iizerinde, karar vermelerinin dogrulugunu artirmak ve
onlart gergek bir insana bir adim daha yaklastirmak gibi faydalart vardir. Bu proje, konugma
sinyallerine dayal1 yiiksek dogrulukta bir duygu siniflandirma sistemi olusturmaya odaklanmaktadir.
Bu hedefe, Evrisimli Sinir Aglar1 (CNN'ler) gibi derin grenme yontemleri ve mimariler
kullanilarak, ilgili modeller egitilerek ulasilmistir. Bes duygu sinifina sahip bir siniflandirma sistemi
olusturmak igin halka ag¢ik ¢esitli veri kiimeleri kullanilmustir. Derin 6grenme modellerimizin daha
anlamli gosterimlerle temsil edilen konusma sinyallerini 6grenmelerisaglanmisve bdylelikle gergek
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diinya konugma verilerinindaha dogru bir sekilde siniflandirildigi  gézlemlenmistir. Test
dogrulugunuartirmak i¢in, 1-boyutlu CNN, 2-boyutlu CNN ve ikisinin bir kombinasyonu
olan hibrit bir model, boyutuna uygun tiirdeki girdilerle deneysel olarak test edilmistir. Giiz
doneminde egitilen 1 boyutlu CNN %65 dogruluk vermis, ancakasir1 uyum problemiyle
karsilagilmigtir.  Gelistirilen yeni hibrit model ile agir1 uyumproblemi belirli derecede ortadan
kaldirilmis, dogruluk oraniyiikseltilmistir. Ayrica, Tiirk¢e 6zelinde bir konugmadan duygu tanima
sistemi gelistirmek ve bu alanda {ilkemizdeki gelecek arastirma calismalarina katkida bulunmak
icin yeni bir Tiirkge duygusal konugma veri Seti olusturulmustur.
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F35) LORAWAN-BASED GPS TRACKER WITH BLUETOOTH
SUPPORT

Ozgiir Ertenoglu
Advisor: Prof. Dr. OZGE CIHANBEGENDI
ABSTRACT

In this study, GPS tracker was developed with a focus on minimizing energy usage for extended
deployment in remote environments. The system brings together three core technologies: GPS
for position acquisition, LoRaWAN for long-range wireless data transmission, and Bluetooth
Low Energy (BLE) for short-range device access and configuration. The main goal is to offer
costeffective and energy-efficient alternative to traditional tracking systems. The core of the
system iSRAK11720 module, combining a low-power microcontroller with LoRa and BLE
capabilities. Gathering sensor datas gatheringby GPS module and a temperature-humidity sensor.
System operating on a rechargeable Li-ion battery. Key feature of the design is its power
management approach, which minimizes energy consumption by activating components only when
needed. Collected data is sent via LoORaWAN to a gateway, processed through a network serverand
stored in a central SQL database. Users can access location and sensor data through a web interface.
Web interface offers real-time mapping and historical trend visualization. Field tests confirm that
the device can reliably operate over extended periods with minimal power draw. With this approach
itissuitable for use in logistics, environmental monitoringand asset tracking. This work contributes
toa reusable and scalable platform for low-maintenance loT-based tracking applications, with
emphasis on long battery life, wide-area coverage, and ease of integration into existing monitoring
systems. Keywords: Internet of Things (10T), LoRaWAN, GPS Tracker, BLE, Embedded Systems,
Energy Efficiency, Remote Monitoring

OZET

Bu proje, altyapmnin sinirhi oldugu alanlarda uzun siireli saha kullanimi igin tasarlanmis diisiik
giclii bir GPS takip cihazina odaklanmaktadir. Sistem, ii¢ temel teknolojiyi bir araya
getirmektedir: konum tespiti i¢in GPS, uzun menzilli kablosuz veri iletimi icin LoORaWAN ve
kisa menzilli cihaz erisimi ve yapilandirmasi i¢in Bluetooth Low Energy (BLE). Projenin temel
amaci, geleneksel takip sistemlerine kiyasla daha diisiik maliyetli ve enerji verimli bir alternatif
sunmaktir. Sistemin merkezinde, diisiik giiclii bir mikrodenetleyiciyi LoRa ve BLE ozellikleriyle
birlestiren  RAK11720 modiilii yer almaktadir. Konum verileri GPS modiilii araciligiyla,
cevresel veriler ise sicaklik-nem sensoriiyle toplanmaktadir. Sistem, sarj edilebilir bir Li-ion batarya
ile ¢aligmaktadir. Tasarimin temel 6zelliklerinden biri, yalnizca ihtiya¢ duyuldugunda bilesenleri
etkinlestirerek enerji tiiketimini en aza indiren gii¢ yonetimi yaklagimidir. Toplanan veriler
LoRaWAN araciligiyla bir ag gecidine iletilmekte, ardindan bir ag sunucusu iizerinden islenerek
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merkezi bir SQL veritabanina kaydedilmektedir. Kullanicilar, konum ve sensor verilerine bir web
araylizli iizerinden erisebilmektedir. Bu arayiiz, ger¢ek zamanli harita iizerinde goriintiilleme ve
gecmise yonelik egilim analizleri sunmaktadir. Saha testleri, cihazin diisiik gii¢ tiiketimiyle uzun
stire giivenilir sekilde ¢alisabilecegini dogrulamigtir. Bu yoniiyle sistem; lojistik, ¢evresel izleme
ve varlik takibi gibi uygulamalarda kullanim i¢in uygundur. Bu c¢alisma, uzun pil omrii, genis
kapsama alan1 ve mevcut izleme sistemlerine kolay entegrasyon gibi 6zelliklere vurgu yaparak,
diisik bakim gerektiren IoT tabanli takip uygulamalar1 icin yeniden kullanilabilir ve
olgeklenebilir bir platforma katki saglamaktadir. Anahtar Kelimeler: Nesnelerin Interneti (IoT),
LoRaWAN, GPS Takip, BLE, Goémiilii Sistemler, Enerji Verimliligi, Uzaktan izleme
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F36) MODEL BASED DESING OF IIR DIGITAL FILTERS ON FPGA

Ahmed Furkan ILI
Advisor: Prof. Dr. 0zgeCITHANBEGEND
ABSTRACT

Field Programmable Gate Arrays (FPGAs) have found a wide application area in digital
system design in recent years, thanks to their reconfigurability and programmability features at the
hardware level. These devices offer designers significant flexibility and customization opportunities
compared to fixed hardware architectures. In this study, IIR (Infinite Impulse Response) type
low-pass, band-pass and high-pass digital filters were implemented on FPGAs using a model-
based design approach. The design process was carried out with the model-based design
methodology in the MATLAB Simulink environment and initially, MATLAB's FDATool tool
was used to create one-dimensional filters. The obtained filter structures were tested with
Simulink simulations. Verilog codes were generated using HDL Coder in order to implement the
designed filters in hardware. These Verilog definitions were integrated into the Xilinx Vivado
software, which is widely used in the FPGA development process. Then, these codes were
synthesized in the Vivado environment and successfully adapted to the hardware. Within the
scope of this thesis, each stage of the filter design is discussed in detail; Simulation results,
HDL code generation processes and hardware synthesis outputs performed in the Simulink
environment are presented in detail. The main purpose of the study is to demonstrate the
realizability of digital filters on FPGA with a model-based approach and to systematically
evaluate the technical details encountered in this process.

OZET

Alan  Programlanabilir =~ Kap1  Dizileri (FPGA), donanim  diizeyinde  yeniden
yapilandirilabilirlik ve programlanabilirlik 6zellikleri sayesinde, son yillarda dijital sistem
tasariminda genis bir uygulama alani bulmustur. Bu aygitlar, tasarimcilara sabit donanim
mimarilerine kiyasla énemli 6l¢iide esneklik ve ozellestirme olanagi sunar. Bu caligmada, IR
(Infinite Impulse Response —Sonsuz Tepkili) tirinde algak gegiren, bant geciren ve yiiksek
geciren dijital filtreler, model tabanli tasarim yaklasim kullanilarak FPGA {izerinde
gergeklestirilmistir. Tasarim siireci, MATLAB Simulink ortammda model tabanli tasarim
metodolojisiyle yiiriitiilmiis ve baslangigta tek boyutlu filtrelerin  olusturulmas: icin
MATLAB’in FDATool araci kullanmilmustir. Elde edilen filtre yapilari Simulink simiilasyonlari
ile test edilmistir. Tasarimi yapilan filtrelerin donanimda uygulanabilmesi icin HDL Coder
kullanilarak Verilog kodlar1 iiretilmistir. Bu Verilog tanimlamalari, FPGA gelistirme siirecinde
yaygin olarak kullanilan Xilinx Vivado yazilimma entegre edilmistir. Ardindan bu kodlar, Vivado
ortaminda sentezlenerek basarili bir sekilde donanima uygun hale getirilmistir. Bu tez kapsaminda,
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filtre tasarimimin her bir asamasi ayrintili bigimde ele alinmakta; Simulink  ortaminda
gerceklestirilen  simiilasyon sonuglari, HDL kod iiretimi siiregleri ve donanim sentezleme
ciktilar1 detayli olarak sunulmaktadir. Calismanin temel amaci, dijital filtrelerin model tabanl
bir yaklagimla FPGA iizerinde gergeklenebilirligini ortaya koymak ve bu siiregte karsilagilan
teknik ayrintilar1 sistematik sekilde degerlendirmektir.
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F37) ESTIMATIONANGLE OF ARRIVAL SOUND WAVES WITH
ULA

Ekin Ugur PINARBASI
Advisor: Assoc. Prof. OzgiirTamer

ABSTRACT

This project aims to designAngle of arrival (AoA) of sound waves using 2 SPH0645 MEMS
microphones and esp32 devkit vl board. The microphones are placed in a uniform linear
array separated10 cmfrom each others, and are synchronized through a shared 12S interface.
By configuring the SELECT(SEL)pins appropriately, both microphones transmit data to the ESP32
on the samel2S peripheraland connected as left and right, enabling simultaneous and
synchronized audio sampling. The key algorithm is GCC-PHAT (Generalized Cross-Correlation
with Phase Transform), which helps us to find phase differences at each microphone in
order to compute Time Difference of Arrival (TDoA) when signals occurs and detects by the
system. This delay is then mapped to an angle using trigonometric calculations. Unlike traditional
cross-correlation, GCC-PHAT provides robustness against noise by focusing on phase alignment
instead of amplitude. In this project, MEMS microphones, 12S protocol and gcc-phat were
searchedand the most appropriate methodwas chosen. After researching the system was tested
with real-time audio inputs, and was able to estimate the Angle as accurate as we can on the 2D
plane. Finally, Using MEMS microphones and the ESP32 made the system small, affordable,
and suitable for basic sound localization tasks.

OZET

Bu proje, 2 adet SPH0645 MEMS mikrofon veesp32 devkit vl kartin1 kullanarak ses
dalgalarinin gelis acisin1 (AoA) tasarlamayr amaglamaktadir. Mikrofonlar birbirlerinden 10 cm
uzaklikta diizgiin bir dogrusal dizilim halinde yerlestirilmis olup, paylasimli bir 12S arayiizii
iizerinden senkronize edilmektedir. SELECT (SEL) pinleri uygun sekilde yapilandirildiginda, her
iki mikrofon da ayni I2S ¢evre birimi {izerinden ve sol ve sag olarak baglanarak ESP32'ye veri
iletmekte, boylece es zamanli ve senkronize ses 6rneklemesi saglanabilmektedir. Anahtar algoritma,
sinyaller olustugunda ve sistem tarafindan algilandiginda Varis Zaman Farkini (TDoA)
hesaplamak i¢in her bir mikrofondaki faz farklarin1 bulmamiza yardimci olan GCC-PHAT'tir (Faz
Déniisiimlii  Genellestirilmis Capraz Korelasyon). Bu gecikme daha sonra trigonometrik
hesaplamalar kullanilarak bir ag1ya eslestirilir. Geleneksel ¢apraz korelasyonun aksine GCC-PHAT,
genlik yerine faz hizalamasma odaklanarak giiriiltiiye kargi saglamlik saglar. Bu projede MEMS
mikrofonlar, 12S protokolii ve gcc-phat arastirilmis ve en uygun yontem secilmistir. Sistem
arastirildiktan sonra gercek zamanli ses girisleri ile test edildi ve 2 boyutlu diizlemde Agi'yl
olabildigince dogru bir sekilde tahmin edebildik. Son olarak, MEMS mikrofonlarin ve
ESP32min kullanilmasi, sistemin kiiglik, uygun fiyatlh ve temel ses yerellestirme gorevleri icin
uygun olmasini sagladi.

57



DOKUZ EYL_UL UNIVERSITESI MUHEI:IDiSLiK F'AKI"JI:TESI" oL
ELEKTRIK-ELEKTRONIK MUHENDISLIGI BOLUMU

Bitirme Projeleri Sergisi, 2025

F38) COUPLING CONDITION MONITORING BASED ON
VIBRATION MEASUREMENT

Mustafa CAM
Advisor: Assoc. Prof. Dr. Ozgiir Tamer
ABSTRACT

This thesis investigates the useof vibration analysis to diagnose performance issues and predict
potential failures in rotating machinery equipped with couplings. Couplings, critical components in
power transmission systems are susceptible to various problems including blade fouling, over-
torqueing and misalignment, which can lead to significant equipment damage and downtime. This
research focuses on developing and implementing a vibration-based monitoring system for
couplings. The system will continuously measure vibration signals from the coupling and
employ advanced signal processing techniques to extract relevant features. These features will then
be analyzed using machine learning algorithms to identify and classify different fault conditions,
such as misalignment, imbalance and bearing defects, which can manifest as unique vibration
patterns. The results of this study will demonstrate the effectiveness of vibration analysis in
detecting and diagnosing coupling-related problems in real-time. This information can be used to
implement predictive maintenance strategies, minimizing downtime and optimizing equipment
performance. Ultimately, this research aims to contribute to the development of more reliable and
efficient rotating machinery systems.

OZET

Bu tez, kaplinlerle donatilmis doner makinelerdeki performans sorunlarmi teshis etmek ve olast
arizalar1 tahmin etmek i¢in titresim analizinin kullantmini arastirmaktadir. Glig iletim
sistemlerindeki kritik bilesenler olan kaplinler, dnemli ekipman hasarina ve durus siiresine yol
acabilen bigak kirlenmesi, asir1 torklama ve yanlis hizalama gibi ¢esitli sorunlara karsi
hassastir. Bu arastirma, kaplinler i¢in titresim tabanli bir izleme sistemi gelistirmeye ve uygulamaya
odaklanmaktadir. Sistem, kaplinden gelen titresim sinyallerini siirekli olarak 6lgecek ve ilgili
ozellikleri ¢ikarmak igin gelismis sinyal isleme tekniklerini kullanacaktir. Daha sonra bu &zellikler,
yanlig hizalama, dengesizlik ve yatak kusurlari gibi benzersiz titresim desenleri olarak ortaya
cikabilen farkli ariza kosullarini belirlemek ve siniflandirmak i¢in  makine 6grenimi
algoritmalar1 kullanilarak analiz edilecektir. Bu caligmanin sonuglari, titresim analizinin gergek
zamanli olarak kaplinle ilgili sorunlari tespit etme ve teshis etmedeki etkinligini gosterecektir. Bu
bilgiler, tahmini bakim stratejilerini uygulamak, durus siiresini en aza indirmek ve ekipman
performansini optimize etmek i¢in kullanilabilir. Sonug¢ olarak, bu arastirma daha giivenilir ve
verimli doner makine sistemlerinin gelistirilmesine katkida bulunmay1 amaglamaktadir.
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F39) AC MOTOR ERROR CLASSIFICATION BASED ON
VIBRATION AND SPEED MASUREMENTS

Abdullah CETINTAS
Advisor: Assoc. Prof. Dr. Ozgiir TAMER
ABSTRACT

This research project aims to detect and classify faults that may occur in three-phase asynchronous
motors, which are widely used in industrial applications. The studyfocuses on diagnosing these
faults by analyzing data based on the motors’ vibration andspeed measurements. Within the scope of
the project, vibration signals and speed datawere collected, meaningful features were extracted from
these data, and machine learningalgorithms, such as Support Vector Machines (SVM), were applied.
The literature review section provides a detailed examination of common fault types, including
bearing, rotor, stator, and eccentricity faults. Modern techniques such as vibra-tion analysis play a
critical role in the early detection of these faults. Furthermore, signalprocessing methods such as
Spectral Analysis, Short-Time Fourier Transform (STFT), Hilbert-Huang Transform (HHT), and
Fast Fourier Transform (FFT) have been utilized. In the subsequent stages of this study, a total of 25
measurements were conducted oneight different asynchronous motors, and vibration data were
collected and analyzed forboth healthy and various fault conditions. The measurement results were
transformedinto the frequency domain using Fast Fourier Transform (FFT), and characteristic am-
plitudes obtained along the X, Y, and Z axes were evaluated in detail for fault types suchas bearing,
rotor, stator, and phase faults. Through the test scenarios designed for eachmotor, a comprehensive
database was established for both reference (healthy) and faultyoperating conditions. The resulting
frequency spectrum data were utilized for feature extraction in machinelearning algorithms, and the
classification performance for fault detection was evaluated. In this way, a solid foundation was
established for a fault diagnosis system that can beapplied in real industrial environments. The
primary objective of the project is to ensure the uninterrupted continuationof production processes
by enabling the early detection of motor faults. The findingsobtained are of significant importance
for enhancing reliability and cost-effectiveness inindustrial production. |1

OZET

Bu aragtirma projesi, endiistriyel uygulamalarda yaygin olarak kullanilan ii¢ fazlhiasenkron
motorlarda meydana gelebilecek arizalarin tespit ve siniflandirilmasini hedefle-mektedir. Calisma,
motorlarin titresim ve hiz Ol¢limlerine dayali verileri analiz ederek buarizalari teshis etmeye
odaklanmaktadir. Proje kapsaminda titregsim sinyalleri ve hiz ver-ileri toplanarak, bu verilerden
anlamli  dzellikler ¢ikarilmig ve Makine Ogrenimi (SupportVector Machines - SVM gibi)
algoritmalart uygulanmistir. Projenin literatir taramasi kisminda, rulman, rotor, stator ve
eksantriklik gibi yayginhata tiirleri detayli olarak incelenmistir. Titresim analizi gibi modern
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teknikler, buhatalarin erken teshisinde 6nemli bir rol oynamaktadir. Ayrica, sinyal isleme yontem-
leri arasinda Spektral Analiz, Kisa Siireli Fourier Doniigiimii (STFT), Hilbert-HuangDoniigiimii
(HHT) ve Hizli Fourier Dontistimii (FFT) kullanilmustir. Bu ¢alismanin sonraki agamalarinda, sekiz
farkli asenkron motor iizerinde gergek-lestirilen toplam 25 adet dlglim ile hem saglikli hem de
cesitli ariza durumlarindakititresim verileri toplanmis ve analiz edilmistir. Olgiim sonuglari, hizl
Fourier doniisimii(FFT) kullanilarak frekans diizlemine aktarilmis ve X, Y, Z eksenlerinde elde
edilenkarakteristik genlikler lizerinden, rulman, rotor, stator ve faz hatasi gibi ariza tiirleriayrintilt
olarak degerlendirilmistir. Her motor i¢in olusturulan test senaryolari sayesinde, hem referans
(saglikli) hem de arizali kosullara ait bir veri tabani olusturulmustur. Elde edilen frekans spektrumu
verileri, makine Ogrenmesi algoritmalarma 0Ozellik c¢ikarimiamaciyla kullanilmis ve ariza
smiflandirma  bagsarimi  degerlendirilmistir.  BoOylece,  gercekendiistriyel — uygulamalarda
kullanilabilecek bir ariza teshis sistemi i¢in bir temel olustu-rulmustur. Projenin temel amaci, motor
arizalarini erken tespit ederek iiretim siireglerinin kesin-tisiz siirdiiriilmesini saglamaktir. Elde edilen
bulgular, endiistriyel tiretimde giivenilirlikve maliyet etkinligi agisindan biiylik 6nem tagimaktadir
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F40) TEMPERATURE DISTRIBUTIONESTIMATION IN A DEEP
FREEZER

Samet MERMUT
Advisor: Assoc. Prof. Ozgiir TAMER
ABSTRACT

Monitoring temperature distribution in household deep freezers with high spatialresolution is
essential to ensure both product quality and energy efficiency. Accordingto the IEC 62552 standard,
temperature testing is performed using a limited numberof sensors. [1] While this approach
complies with the standard, it poses challengesin capturing detailed internal temperature
variations and imposes constraints on thereliability of test evaluations. This study aims to generate
comprehensive thermal maps using only the availablesensor measurements, without increasing the
number of sensors. For this purpose, twowidely used spatial interpolation techniques—Kriging and
Inverse Distance Weighting(IDW)—uwere adapted to the context of closed-volume systems. These
methods wereevaluated under two distinct testing conditions: loaded and unloaded scenarios.
Allanalyses were carried out in the MATLAB environment using custom-developed functions. The
performances of the interpolation algorithms were assessed through standard errormetrics, namely
Root Mean Square Error (RMSE) and Mean Absolute Error (MAE), and the results were visualized
to enable comparative evaluation. The results indicate that both methods achieve high prediction
accuracy in unloadedconditions, with Kriging demonstrating superior performance overall.
However, in loadedscenarios, a noticeable decrease in accuracy was observed at centrally located
sensorpositions. This reduction is attributed to the limited thermal conduction within denselypacked
volumes and highlights the inadequacy of surface-based interpolation models inrepresenting inner
regions of the system. This thesis contributes a methodology that enables more detailed temperature
estima-tion using fewer sensors, thereby aiming to reduce testing duration and cost. Furthermore, it
offers a conceptual foundation for transitioning towards simulation-assisted testingprotocols,
especially for time-intensive and labor-intensive loaded test procedures. 11

OZET

Ev tipi derin dondurucularda sicaklik dagiliminin detayli sekilde izlenmesi, iiriin kalitesi ve enerji
verimliliginin giivence altina alinmasi agisindan kritik 6nem tagimaktadir. IEC 62552 standardina
uygun olarak yiiriitiilen testlerde, minimum sayida sicaklik sensorii kullanilmaktadir [1]. Bu durum,
sistem i¢i sicaklik degisimlerinin ayrintili olarak gozlemlenmesini zorlagtirmakta ve test
degerlendirme siirecinde sinirliliklara yol agmaktadir. Bu ¢aligma, sensor sayisini artirmadan mevcut
Olciim noktalarindan elde edilen sicaklik verileriyle daha kapsamli 1s1 haritalar1 olusturmay1
amaglamaktadir. Bu amag dogrultusunda, cografi sistemlerde yaygm kullanilan Kriging ve Ters
Mesafeye Dayali Agirliklandirma (IDW) interpolasyon algoritmalar1 kapali hacimli sistemlere
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uyarlannmug; her iki yontem yiikli ve yiksiiz olmak {izere iki farkli test senaryosunda
degerlendirilmistir. Téim analizler MATLAB ortaminda kullanici tanimli fonksiyonlar araciligryla
gergeklestirilmis; Kriging ve IDW algoritmalarinin performanslart RMSE ve MAE hata dlgiitleriyle
karsilastirilmugtir. Elde edilen ¢iktilar, karsilastirmali analizleri destekleyecek sekilde grafiksel
olarak gorsellestirilmistir. Elde edilen sonuglar, yiiksiiz testlerde her iki yontemin yiiksek dogruluk
sagladigini, Kriging’in 6zellikle iistiin performans sundugunu gostermistir. Ote yandan, yiiklii test
senaryosunda sistemin merkez bolgelerinde yer alan sensorlerde tahmin dogrulugunda diisiis
gozlemlenmis; bu durum, sicaklik gegislerinin fiziksel olarak sinirli oldugu yogun yiiklemeli
hacimlerde, interpolasyon modellerinin yiizey sensorleriyle smirli kalmasinin etkisini ortaya
koymusgtur. Bu tez g¢alismasi, az sayida sensorle daha ayrintili sicaklik tahmini yapilabilmesine
olanak tantyarak test siirelerini kisaltmay1 ve maliyetleri diisiirmeyi hedeflemektedir. Ayrica, ileride
zorlu yiiklii testlerin kismen veya tamamen sayisal modelleme destekli test protokollerine gegis i¢in
temel bir ¢ergeve sunmaktadir.
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F41) LORA GATEWAY INTERNET INTERFACE DEVELOPMENT

Ibrahim OZTURK
Advisor: Assoc. Prof. Dr. Ozgiir TAMER
ABSTRACT

The main focus of this project is LoRaWANtechnology. A comprehensive study of its technical
aspects, application areas and operating principles has yielded numerous results. It has been shown
that 10T projects are the most common application of LoRa technology. In this project, a customized
LoRagateway will be developed that allows sensor data to be sent to AWS (Amazon Web Service).
The purpose of using the LoRa device interface, which is important for the development of the
LoRa gateway, has been examined. It is known that this interface enables the data packets collected
by sensors to be sent to the gateway. The transceiver module of the LoRa device interface and
specially designed software can collect the data packets required to achieve this. The LoRa internet
interface is used to send these collected packets to the user after processing. It has a range of up to
15 kilometers in open space and provides reliable communication. Its extended range and low power
consumption make it a popular choice for embedded system projects where energy efficiency is very
important. This technology works on the basis of collecting data from devices through the device
interface of the LoRa gateway and sending it to the user through the internet interface of the
gateway. The primary goal of this project is to create a customized LoRa gateway that uses the
device interface to collect sensor data from transmitter devices and the internet interface to send this
data to AWS. The LoRa gateway is considered to consist of two main parts: the internet interface
and the device interface. Thegoal is to integrate the device interface with the internet interface to
create a working LoRa gateway that meets the requirements.

OZET

Bu projenin ana odagi LoRaWAN teknolojisidir. Teknik yonleri, uygulama alanlar1 ve ¢aligma
prensipleri hakkinda kapsamli bir aragtirmadan ¢ok sayida sonug¢ ¢ikarilmistir. IoT projelerinin
LoRa teknolojisinin en yaygin uygulamast oldugu gosterilmistir. Buprojede, sensor verilerinin
AWS'ye (Amazon Web Service) gonderilmesine olanak taniyan ozellestirilmis bir LoRa ag
gecidi gelistirilecektir. LoRa ag gecidinin gelistirilmesi i¢in 6nemli olan LoRa cihaz arayiiziiniin
kullanilmast amaci incelenmistir. Bu arayiiziin sensorler tarafindan toplanan veri paketlerinin ag
gecidine gonderilmesini miimkiin kildig1 bilinmektedir. LoRa cihaz arayiiziiniin alici-verici modiilii
ve Ozel olarak tasarlanmis yazilim, bunu basarmak igin gereken veri paketlerini toplayabilir.
LoRa internet arayiizii, toplanan bu paketleri islendikten sonra kullaniciya gondermek i¢in kullanilir.
Acik alanda 15 kilometreye kadarmesafe menzili vardir ve giivenilir iletisim saglar. Genisletilmis
menzili ve diisiik giic tiiketimi, enerji verimliliginin ¢ok 6nemli oldugu gémiilii sistem projeleri icin
popiiler bir se¢im olmasii saglar. Bu teknoloji, LoRa ag gegidinin cihaz arayiizii araciligiyla
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cihazlardan veri toplama ve ag gecidinin internet arayiizii araciligiyla kullaniciya goénderme
temelinde ¢alisir. Bu projenin birincil hedefi, verici cihazlardan sensor verilerini toplamak i¢in cihaz
araylizlinii ve bu verileri AWS'ye gondermek icin internet arayiiziinii kullanan ozellestirilmis bir
LoRa ag gecidi olusturmaktir. LoRa ag ge¢idi internet arayiizii ve cihaz arayiizii olarak iki ana
par¢adan ele alinmistir. Amag, gereksinimleri karsilayan ¢alisan bir LoRa ag ge¢idi olusturmak i¢in
cihaz arayiiziinii internet arayiiziiyle entegre etmektir.

64



DOKUZ EYL_UL UNIVERSITESI MUHEI}}DiSLH{ F'AKI"JI:TESI" oL
ELEKTRIK-ELEKTRONIK MUHENDISLIGI BOLUMU

Bitirme Projeleri Sergisi, 2025

F42) LORA GATEWAY INTERNET INTERFACE DEVELOPMENT
Hiiseyin SENKULE
Advisor: Assoc. Prof. Dr. Ozgiir TAMER
ABSTRACT

The main focusof thisprojectis LoRaWAN technology. It has been observed that themainapplication
area of LoRatechnology is in 10T projects. The primary objective of this project is to construct a
LoRagateway specifically designedfor transmit sensors data collected to AWS(Amazon Web
Service). 10T technology is a rapidly growing and evolving field. Its fundamental premise is to
enable objects to communicate with each other. While there are various methods to facilitate
communication between objects in 10T technologies, LoRatechnology is generally the most
preferred. The key factor contributing to the increasing popularity of this technology is its ability to
facilitate communication over long distances with low power consumption. Furthermore, its
operation on unlicensed frequencies further makes LoRa a preferred technology. LoRa
technology essentially operates by collecting the desired data from devices via a device interface in
the LoRa gateway and then transmitting these collected data to the user through an Internet interface
within the gateway. The main goal of this project is to construct a customized LoRa gateway for
collecting sensors data from transmitter device via device interface of LoRa gateway and transmit
this data to AWS via internet interface of LoRa gateway. This study focuses on the LoRa gateway
internet interface, one of the two fundamental components of the LoRa gateway. The other
component, the device interface, is also handled in this project. The objective is to integrate the
device interface and the internet interface to construct a functional LoRa gateway that meets
the required conditions.

OZET

Bu projenin ana odagi LoRaWAN teknolojisidir. LoRa teknolojisinin ana uygulama alaninin IoT
projeleri oldugu gdzlemlenmistir. Bu projenin birincil amaci, toplanan sensor verilerini AWS'ye
(Amazon Web Service) iletmek i¢in 6zel olarak tasarlanmis bir LoRa ag gecidi olusturmaktir. IoT
teknolojisi hizla biiyliyen ve gelisen bir alandir. Temel Onciilii nesnelerin birbirleriyle iletisim
kurmasint saglamaktir. IoT teknolojilerinde nesneler arasindaki iletisimi kolaylastirmak igin
cesitli yontemler olsa da, LoRa teknolojisi genellikle en g¢ok tercih edilenidir. Bu
teknolojinin artan popiilaritesine katkida bulunan temel faktor, diisiik giic tilketimiyle uzun
mesafelerde iletisimi kolaylastirma yetenegidir. Ayrica, lisanssiz frekanslarda ¢aligmasi LoRa'y1
daha da tercih edilen bir teknoloji halinegetirir. LoRa teknolojisi esasen LoRa ag gegidindeki bir
cihaz arayiizii araciligiyla cihazlardan istenen verileri toplayarak ve ardindan toplanan bu
verileri ag gecidindeki bir Internet arayiizii araciligiyla kullaniciya ileterek galigir. Bu projenin
temel amaci, LORa ag gecidinin cihaz arayiizii araciliiyla verici cihazdan sensor verilerini toplamak
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ve bu verileri LoRa ag ge¢idinin internet arayiizii araciligiyla AWS'ye iletmek i¢in 6zellestirilmis bir
LoRa ag gecidi olugturmaktir. Bu ¢alisma, LORa ag gecidinin iki temel bileseninden biri olan
LoRa ag gecidi internet arayiiziine odaklanmaktadir. Diger bilesen olan cihaz arayiizii de bu
projede ele alinmaktadir. Amag, gerekli kosullar: karsilayan islevsel bir LoRa ag gecidi olusturmak
icin cihaz arayliziinii ve internet arayiiziinii entegre etmektir.
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F43) CHICK DEVELOPMENT MONITORING SYSTEM in
POULTRY HOUSES

Mustafa Yigit TASLIBUK
Advisor: Dog. Dr. Reyat YILMAZ
ABSTRACT

In this project, a chicken weighing system was developed to support chicken farmers. Thanks to this
project, farmers will be able to automatically receive weight data and access this data from
anywhere they want, without having to manually weigh the chickens. The system was built on a
weighing system integrated with the ESP32 module. In addition, the system includes a Carbon
Dioxide sensor, a Humidity sensor and an LED screen to display instant data. Poultry farming is one
of the most common types of livestock farming worldwide and is of great importance in terms of
meat and egg production, which provide high protein content for human nutrition. In chicken
farming, proper nutrition of animals and regular monitoring of their health play a critical role for an
efficient production process. The technologies used in modern chicken farms are an important factor
in ensuring that this process is both economical and sustainable. The main purpose of the project is
to reduce the workload of farmers and save time by automating the weight measurement process.
The developed system regularly records and analyzes the data required to monitor the health status
and growth processes of chickens. At the same time, environmental factors such as air quality and
humidity in the coop can be measured with sensors, and the living conditions of the chickens can be
improved. The final stage of the project will be the instant transmission of the collected data to the
farmers' phones. In this way, farmers will be able to easily access not only weight information, but
also environmental conditions and statistical data on productivity. This process will provide relief in
terms of costs and will also save labor. While the design aims to create a low-cost and energy-
efficient system, the components used, such as sensors and screens, offer a user-friendly structure.
This system will allow farmers to track not only the chicken weights, but also the general situation
in the coop, creating a more conscious and efficient production process.

OZET

Bu projede, tavuk yetistiricilerini desteklemek amaciyla bir tavuk tart1 sistemi gelistirildi. Bu proje
sayesinde yetistiriciler, tavuklart manuel olarak tartmakla ugrasmak zorunda kalmadan, agirlik
verilerini otomatik olarak alabilecek ve bu verilere istedikleri yerden erisebilecekler. Sistem, ESP32
modiiliiyle entegre edilmis bir tart1 sistemi iizerine kuruldu. Ayrica, sistemde bir Karbondioksit
sensOrli, Nem sensorii ve anlik verileri goriintiilemek igin bir LED ekran da bulunuyor.
Tavukeuluk, diinya capinda en yaygimn hayvancilik tiirlerinden biri olup, insan beslenmesi i¢in
yiiksek protein igerigi saglayan et ve yumurta tiretimi agisindan biiyiik bir 6neme sahiptir. Tavuk
yetistiriciliginde, hayvanlarin dogru beslenmesi ve sagliklarinin diizenli olarak takip edilmesi,
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verimli bir {iretim siireci i¢in kritik rol oynar. Modern tavuk ciftliklerinde kullanilan teknolojiler, bu
stirecin hem ekonomik hem de siirdiiriilebilir olmasini saglamada 6nemli bir etkendir. Projenin
temel amaci, agirlik Slglim siirecini otomatiklestirerek yetistiricilerin is yiikiini hafifletmek ve
zaman kazanmalarini saglamaktir. Gelistirilen sistem, tavuklarin saglik durumu ve biiyiime
stireglerini takip etmek icin gerekli verileri diizenli olarak kaydeder ve analiz edilmesini
miimkiin kilar. Ayni1 zamanda, sensorler sayesinde kiimesteki hava kalitesi ve nem orani gibi
cevresel faktorler de Olgiilerek tavuklarin yasam kosullart iyilestirilebilir. Projenin son asamasi,
toplanan verilerin anlik olarak ciftcilerin telefonlarina iletilmesi olacak. Bu sayede yetistiriciler
yalnizca agirlik bilgilerine degil, ayn1 zamanda cevresel kosullara ve verimlilikle ilgili istatistiksel
verilere de kolayca erigebilecekler. Bu siire¢, maliyet acisindan bir rahatlama saglarken, ayni
zamanda is giicii a¢isindan da tasarruf saglayacaktir. Tasarim, diisiik maliyetli ve enerji verimli bir
sistem olusturmay1 hedeflerken, kullanilan sensorler ve ekran gibi bilesenler kullanict dostu bir yap1
sunar. Bu sistem, yetistiricilere sadece tavuk agirliklarin1 degil, ayn1 zamanda kiimesteki genel
durumu takip etme imkan1 taniyarak daha bilingli ve verimli bir liretim siireci yaratacaktir.
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F44) TRAFFIC LIGHTS CONTROL SYSTEM USING ARTIFICIAL
INTELLIGENCE

GiizideTOGA
Advisor: Assoc. Prof. Dr. Reyat YILMAZ

ABSTRACT

This study presents an intelligent traffic light control system that aims to improve traffic flow and
especially reduce the waiting time of emergency vehicles by using real-time image processing and
artificial intelligence technologies. Unlike traditional fixed-time systems, the developed model
dynamically adjusts signal durations according to vehicle density and type in the simulation
environment. The simulation was prepared with the Pygame library and the intersection
environment was simulated artificially. Instead of using a physical camera, a simulation screenshot
was taken five seconds before the green light ended in order to mimic real-time image input. These
images were processed with the YOLO (You Only Look Once) model, which was trained with a
special dataset created and labeled from scratch on the Roboflow platform. The model can recognize
three emergency vehicles, such as ambulance, police vehicle and fire truck, separately, and
classifies all other vehicles as “other vehicles”. In this way, the system determines the green light
duration depending on the vehicle density by giving priority to directions with emergency
vehicles. The durations are set within defined minimum and maximum limits. The simulation results
show that the system operates more efficiently than the fixed-time traffic light control, reduces the
average waiting time and provides faster passage for emergency vehicles. This reveals that the
proposed approach is a promising solution for smart city applications.

OZET

Bu c¢alisma, ger¢ek zamanli goriintii isleme ve yapay zeka teknolojileri kullanilarak trafik
akigini iyilestirmeyi ve 6zellikle acil durum araglarinin bekleme siiresini azaltmayr amaglayan akilli
bir trafik 15181 kontrol sistemi sunmaktadir. Geleneksel sabit siireli sistemlerin aksine,
gelistirilen model simiilasyon ortaminda arag yogunluguna ve tiirline goére sinyal siirelerini
dinamik olarak ayarlamaktadir. Simiilasyon, Pygame kiitiiphanesi ile hazirlanmis ve kavsak
ortami yapay olarak canlandirilmistir. Fiziksel kamera kullanilmak yerine, ger¢cek zamanl goriintii
girigini taklit etmek amaciyla yesil 1518 bitimine bes saniye kala simiilasyon ekran goriintiisii
almmistir. Bu goriintiiler, Roboflow platformunda sifirdan olusturulan ve etiketlenen 6zel bir veri
seti ile egitilen YOLO (You Only Look Once) modeli ile islenmistir. Model; ambulans, polis araci
ve itfaiye araci gibi ii¢ acil durum aracini ayri ayri tantyabilmekte, diger tiim araglari ise “diger
araglar” olarak siniflandirmaktadir. Bu sayede sistem, acil durum arac1 bulunan yonlere Oncelik
vererek, ara¢ yogunluguna bagliolarak yesil 1s1k siiresini belirlemektedir. Siireler, tanimli
minimum ve maksimum sinirlar dahilinde ayarlanmaktadir. Elde edilen simiilasyon sonuglari,
sistemin sabit siireli trafik 15181 kontroliine gore daha verimli ¢alistigini, ortalama bekleme siiresini
azalttigini ve acil araglara daha hizli ge¢is imkéni sundugunu gostermektedir. Bu da onerilen
yaklasimin, akilli sehir uygulamalari i¢cin umut vadeden bir ¢6ziim oldugunu ortaya koymaktadir.
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F45) SMART MULTI-LEVEL PARKING SYSTEM WITH
AUTOMATED ACCESS CONTROL

Talha DINGIL
Advisor: Assoc. Prof. Dr. REYAT YILMAZ
ABSTRACT

Nowadays, the increasing number of vehicles in big cities and especially the inadequacy of parking
areas, cause drivers to search for a vacant space for a long time, thereby increasing traffic density.
This study aims to address the problem in question by allowing drivers to reach a suitable parking
area without wasting time in the parking lot. The developed system aims to reduce waiting time
and internal trafficdensity by detecting empty parking spaces and directing vehicles to the
nearest space in the parking lot. In addition, additional features, such as automatic lighting, have
been integrated according to the ambient light level. As a result of the tests conducted on the
prototype, it has been observed that the system works stably and the guidance function is
successfully fulfilled. The obtained results show that this approach offers a feasible and improvable
solution in terms of parking management in smart cities

OZET

Giiniimiizde biiyiik sehirlerde artan arag sayist ve dzellikle otopark alanlarinin yetersizligi nedeniyle
stirliciilerin uzun siire bos yer aramasina ve trafik yogunlugunun artmasina neden olmaktadir. Bu
calisma, s6z konusu soruna yonelik olarak siiriiciilerin otopark igerisinde zaman kaybetmeden
uygun park alanina ulagabilmesini hedeflemektedir. Gelistirilen sistem, yalnizca bos park alanlarini
tespit etmekle kalmayip, ayn1 zamanda araglar1 otoparktaki en yakin alana yonlendirerek bekleme
siiresini ve i¢ trafik yogunlugunu azaltmayi amaglamaktadir. Ayrica ortamdaki 151k seviyesine
gore otomatik aydinlatma gibi ek 6zellikler entegre edilmistir. Prototip {izerinde yapilan testler
sonucunda sistemin kararli bigimde calistig1 ve yonlendirme islevinin basariyla yerine getirildigi
gozlemlenmistir. Elde edilen sonuglar, bu yaklasgimin akilli sehirlerde otopark yoOnetimi
acisindan uygulanabilir ve gelistirilebilir bir ¢ozlim sundugunu gostermektedir.
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F46) OBJECT RECOGNITION IN VIDEO PROCESSINGFOR
OCCUPATIONAL HEALTH AND SAFETY

Bugra Bekir KOC
Advisor: Assoc. Prof. Dr. Reyat Yilmaz
ABSTRACT

Ensuring compliance with Personal Protective Equipment (PPE) requirements is a critical as-pect of
Occupational Health and Safety (OHS). This study proposes a real-time video processingsystem
using advanced object detection and pose estimation techniques to automatically monitorPPE usage
in industrial environments. The core of the system integrates YOLOv11 for objectdetection and
YOLOv8-Pose for keypoint-based localization of safety equipment, enabling fine-grained matching
between PPE items and corresponding body parts. The dataset comprises over 20, 000 annotated
images collected from real-world constructionsites. The training process was carried out using an
RTX 3060 GPU, and both edge computing(Raspberry Pi 4) and cloud computing (AWS EC2)
deployments were implemented to evaluatesystem performance under different resource constraints.
Standard evaluation metrics includingPrecision, Recall, F1 Score, and mean Average Precision
(mAP) were utilized to assess modelaccuracy. The results confirm that the proposed architecture can
significantly reduce manual workloadand improve the speed and reliability of workplace safety
monitoring. The solution is scalable, adaptable to various deployment environments, and presents a
promising direction for enhancingautomated OHS practices through computer vision.

OZET

Is Saghigi ve Giivenligi (ISG) kapsaminda Kisisel Koruyucu Ekipman (KKE) kullanimimin
izlenmesi bilyiikk 6nem tasimaktadir. Bu ¢alisma, endiistriyel ortamlarda KKE kullanimini otomatik
olarak izlemek amaciyla geligsmis nesne tespiti ve poz tahmini tekniklerini kullanan ger¢cek zamanl
bir video isleme sistemi Onermektedir. Sistem, nesne tespiti igin YOLOvV8 ve giivenlik
ekipmanlarinin ilgili viicut bolgeleriyle eslestirilmesini saglayan anahtar nokta tabanli
konumlandirma igin YOLOv8-Pose modellerini entegre etmektedir. Veri kiimesi, gergek ingaat
sahalarindan toplanmis 20.000'den fazla etiketlenmis goriintiiden olusmaktadir. Egitim siireci RTX
3060 GPU kullanilarak gergeklestirilmis; sistemin farkli donanim kaynaklari altinda performansini
degerlendirmek amaciyla hem ug bilisim (Raspberry Pi 4) hem de bulut bilisim (AWS EC2) tabanl
dagitimlar uygulanmistir. Model dogrulugu, Hassasiyet (Precision), Duyarlilik (Recall), F1-Skoru
ve Ortalama Dogruluk (mAP) gibi standart degerlendirme metrikleriyle dlciilmiistiir. Sonuglar,
Onerilen mimarinin manuel is yiikiinii 6nemli 6l¢lide azaltabilecegini ve is yeri glivenligini izleme
siirecini daha hizli ve giivenilir hale getirebilecegini ortaya koymaktadir. Gelistirilen ¢6ziim
6lgeklenebilir olup farkli uygulama ortamlarina uyarlanabilir niteliktedir. Bilgisayarl gorii destekli
ISG uygulamalarin1 gelistirmek adina umut vaat eden bir yaklagim sunmaktadr.
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F47) OBJECT RECOGNITION IN VIDEO PROCESSINGFOR
OCCUPATIONAL HEALTH AND SAFETY

Yusuf OZEN
Advisor: Assoc. Prof. Dr. Reyat Yilmaz
ABSTRACT

Ensuring compliance with Personal Protective Equipment (PPE) requirements is a critical as-pect of
Occupational Health and Safety (OHS). This study proposes a real-time video processingsystem
using advanced object detection and pose estimation techniques to automatically monitorPPE usage
in industrial environments. The core of the system integrates YOLOv11 for objectdetection and
YOLOv8-Pose for keypoint-based localization of safety equipment, enabling fine-grained matching
between PPE items and corresponding body parts. The dataset comprises over 20, 000 annotated
images collected from real-world constructionsites. The training process was carried out using an
RTX 3060 GPU, and both edge computing(Raspberry Pi 4) and cloud computing (AWS EC2)
deployments were implemented to evaluatesystem performance under different resource constraints.
Standard evaluation metrics includingPrecision, Recall, F1 Score, and mean Average Precision
(mAP) were utilized to assess modelaccuracy. The results confirm that the proposed architecture can
significantly reduce manual workloadand improve the speed and reliability of workplace safety
monitoring. The solution is scalable, adaptable to various deployment environments, and presents a
promising direction for enhancingautomated OHS practices through computer vision.

OZET

Is Saghigi ve Giivenligi (ISG) kapsaminda Kisisel Koruyucu Ekipman (KKE) kullanimimin
izlenmesi bilyiik 6nem tagimaktadir. Bu ¢alisma, endiistriyel ortamlarda KKE kullanimini otomatik
olarak izlemek amaciyla geligsmis nesne tespiti ve poz tahmini tekniklerini kullanan ger¢cek zamanl
bir video isleme sistemi Onermektedir. Sistem, nesne tespiti igin YOLOvV8 ve giivenlik
ekipmanlarinin  ilgili viicut bolgeleriyle eslestirilmesini saglayan anahtar nokta tabanl
konumlandirma i¢in YOLOv8-Pose modellerini entegre etmektedir. Veri kiimesi, ger¢ek ingaat
sahalarindan toplanmis 20.000'den fazla etiketlenmis goriintiiden olusmaktadir. Egitim siireci RTX
3060 GPU kullanilarak gergeklestirilmis; sistemin farkli donanim kaynaklar1 altinda performansini
degerlendirmek amaciyla hem ug bilisim (Raspberry Pi 4) hem de bulut bilisim (AWS EC2) tabanl
dagitimlar uygulanmistir. Model dogrulugu, Hassasiyet (Precision), Duyarlilik (Recall), F1-Skoru
ve Ortalama Dogruluk (mAP) gibi standart degerlendirme metrikleriyle ol¢iilmiistiir. Sonuglar,
Onerilen mimarinin manuel is yiikiinii 6nemli 6l¢lide azaltabilecegini ve is yeri glivenligini izleme
siirecini daha hizli ve giivenilir hale getirebilecegini ortaya koymaktadir. Gelistirilen ¢oziim
6lgeklenebilir olup farkli uygulama ortamlarina uyarlanabilir niteliktedir. Bilgisayarli gorii destekli
ISG uygulamalarin1 gelistirmek adina umut vaat eden bir yaklagim sunmaktadr.
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F48) PREDICTIVE MAINTENANCE OF RAILWAY CATENARY

Muhammed Emin TASCI
Advisor: Assoc. Prof. Dr. Reyat YILMAZ
ABSTRACT

In this project, a computer vision-based system is designed for the predictive maintenance of
catenary lines. Only images are used to detect visual defects instead of physical sensors. Several
problems are aimed to be detected: arcing between pantograph and wire, broken or damaged
cables, pantograph deformation, and heavy dirt or oxidation. Healthy cable and pantograph
conditions are also included in the dataset. To train the model, a dataset was created by splitting a
real railway video into frames. The video was used with permission from its owner. Since there
were not enough examples for some faults, artificial effects were added to create missing cases.
This dataset was used to train a YOLOv8 model, which is a deep learning-based object
detection algorithm. It is widely used in many fields because of its speed and accuracy. After several
training stages, the model showed strong performance. It was able to detect all defined fault types
clearly, even when multiple problems were present in the same image. In some earlier tests, a few
minor issues were missed, but in the final trained version, no faults were missed. These results
show that the model is suitable for real-world use. Additionally, the system includes an
automatic email notification module. When a fault is detected, an alert message with the image
is sent. This feature makes the system more useful for remote monitoring. It is expected that this
kind of system can reducemanual inspection, save time, lower costs, and improve railway safety. If
needed, the method can also be adapted for real-time usage in future applications.

OZET

Bu projede, katener hatlarmin kestirimci bakimima yonelik, goriintii isleme tabanli bir sistem
tasarlanmustir. Fiziksel sensorler yerine yalnizca goriintiiler kullanilarak gorsel arizalarin tespit
edilmesi hedeflenmistir. Tespit edilmesi amaglanan baslica problemler; pantograf ile iletken tel
arasindaki ark olusumu, kirik veya hasarli iletkenler, pantograf deformasyonu ve yogun kir ya
da oksitlenme durumlaridir. Ayrica, saglikli kablo ve pantograf goriintiileri de veri setine dahil
edilmistir. Modeli egitmek i¢in, gercek bir demiryolu videosu karelere bdliinerek bir veri seti
olusturulmustur. Bu video, sahibi tarafindan izin alinarak kullanilmigtir. Bazi ariza tiirlerinden
yeterli 6rnek bulunamadigi igin eksik vakalar yapay efektlerle olugturulmustur. Elde edilen bu
veri seti, bir nesne tanima algoritmasi olan YOLOvVS modeli ile egitilmistir. YOLOVS, derin
Ogrenme tabanli bir modeldir ve hiz ile dogruluk agisindan bircok alanda yaygin olarak
kullanilmaktadir. Birden fazla egitim asamasinin ardindan model, gii¢li bir performans
sergilemistir. Tanimli tim ariza tiirlerini, ayn1 goriintiide birden fazla arizabulunsa bile basarili
sekilde tespit edebilmistir. 1k testlerde bazi kiigiik arizalar gdzden kagmus olsa da, son versiyonda
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herhangi bir ariza atlanmamistir. Bu sonuglar, modelin gercek diinya uygulamalari i¢in uygun
oldugunu gostermektedir. Buna ek olarak, sistemde otomatik e-posta bildirim modiili de
bulunmaktadir. Bir ariza tespit edildiginde, ilgili goriinti ile birlikte uyart  mesajt
gonderilmektedir. Bu o0zellik, sistemi uzaktan izleme uygulamalari igin daha islevsel hale
getirmektedir. Bu tiir sistemlerin manuel denetimi azaltmasi, zaman ve maliyet tasarrufu
saglamast ve demiryolu giivenligini artirmast beklenmektedir. Gerekirse, gelistirilen yontem
gercek zamanli kullanim i¢in de uyarlanabilir
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F49) DESIGN AND REALIZATIONOFABOOST CONVERTER
Emced Abid Elhafiz
Advisor: Prof. Dr. SelgukKILING
ABSTRACT

This project focuses on designing and realizing a DC-to-DC boost converter that uses ESP32
forcontrollingand gettingdesired voltage output. The converter steps up a DC low input voltagein
range like (5-9) Vto a DC output voltage more than9Vwith maximum 3A. To achieve this, the
project usedan ESP32 microcontrollerto apply 50k HZ PWMsignal which drives N-channel
MOSFET for switching it at the samefrequency, for enabling voltage boosting through energy
storage in an inductor and transfer via a fast-recovery diode and output capacitor. One of the
maingoals was to minimizeand overcomethe impact of parasitic effectslikeinductor core losses,
diode reverse recovery, gate capacitance (Cgs, Cgd)and ESR of Capacitorthat become more
significant at higher switching frequencies like 50 kHz. This was achieved through careful
component selection, correct design for gate drivercircuitry, and the use of a fast-recovery Schottky
diode. The hardware designconsideredimportant factors like efficiency, stability, selecting the
proper inductor and capacitor, and managing heat. The final prototype successfully demonstrated
voltage boosting with acceptable efficiency and stable performance, making it suitable for some
applications.

OZET

Bu proje, istenen voltaj ¢ikisin1 kontrol etmek ve elde etmek i¢in ESP32 kullanan bir DC-DC
yiikseltici doniistiiriicliniin tasarlanmasina ve gerceklestirilmesine odaklanmaktadir. Doniistiiriici, 5-
9 V gibi bir aralikta DC diisiik giris voltajin1 maksimum 3 A'lik uygun bir DC ¢ikis voltajina
yiikseltir. Bunu basarmak i¢in, projede anahtarlama i¢in bir N kanalli MOSFET' siiren 50 kHz
PWM sinyalini uygulamak i¢in bir ESP32 mikrodenetleyici kullanilir. Ana hedeflerden biri, 50 kHz
gibi daha yiiksek anahtarlama frekanslarinda daha 6nemli hale gelen indiiktor ¢ekirdek kayiplari,
diyot ters kurtarma, kapi kapasitans1 (Cgs, Cgd) ve cikis kapasitoriiniin ESR'si gibi parazitik
etkilerin etkisini en aza indirmek veiistesinden gelmekti. Bu, dikkatli bilesen secimi, kap1 siiriicii
devresi igin dogru tasarim ve hizli kurtarma Schottky diyot kullanimiyla elde edildi. Donanim
tasarimi, verimlilik, kararlilik, uygun indiiktér ve kapasitoriin segilmesi ve 1smnim yonetilmesi gibi
onemli faktorleri gdz Oniinde bulundurdu. Son prototip, kabul edilebilir verimlilik ve istikrarl
performansla voltaj yiikseltmeyi basariyla kanitladi ve bu da onu bazi uygulamalar i¢in uygun hale
getirdi.
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F50) DESIGN OF A BUCK CONVERTER WITH MAXIMUM POWER
POINT TRACKING FOR PHOTOVOLTAIC PANEL

Omer Faruk ATAY
Advisor: Prof. Dr. SelgukKILINC
ABSTRACT

Solar energy has an importance in the world that cannot be ignored. This importance has increased
even more after the understanding of the harm of fossil fuels to the environment. This energy, which
we can use inalmost every season, can be converted into electrical energy through solar panels. A
significant part of this energy, which is converted into electricity through panels, is lost while
storing it. If the energy received from the panel is fed directly to the battery, it may cause the battery
to explode. Therefore, it is necessary to use a converter that will change the voltage in between. This
converter, which reduces the high voltage coming from the panel to a level that can charge the
battery, is a buck converter. However, using the buck converter alone was not sufficient and the
efficiency remained at a low level. This has caused people to look for a way to charge batteries with
the highest efficiency. Finally, a method called maximum power point tracking (MPPT) was
developed and the efficiency was increased to the highest point. Voltage current values coming from
the panel are transferred to a microprocessor through voltage and current sensors. The
microprocessor creates a PWM wave by increasing or decreasing the duty cycle according to these
values. This PWM wave is transmittedto the buck converter, and it adjusts the power transmitted to
the battery by turning the MOSFET on and off. The method that will be used in this project is the
MPPTmethod. The aim of the project is charging with the highest efficiency from a 20 W panel
using the highest power monitoring algorithms andbuckconverter.

OZET

Gilines enerjisi diinyada g6z ardi edilemeyecek bir 6neme sahiptir. Fosil yakitlarin g¢evreye
zararlarinin anlagilmasiyla bu 6nem daha da artmustir. Hemen hemen her mevsim az ¢ok
kullanabilecegimiz bu enerji, glines panelleri sayesinde elektrik enerjisine doniistiiriilebilmektedir.
Paneller araciligiyla elektrige doniistiiriilen bu enerjinin 6nemli bir kismi depolanirken
kayboluyor. Panelden alinan enerjinin dogrudan akiiye verilmesi halinde akiiniin patlamasina neden
olabilir. Bu nedenle aradaki voltaji degistirecek doniistiiriicii kullanilmas1 gerekmektedir. Panelden
gelen yiiksek voltaji akilyii sarj edebilecek diizeye indiren bu doniistiiriicli bir Buck doniistiiriictidiir.
Ancak Buck doniistiiriciiniin tek bagina kullanilmasi yeterli olmamis ve verim diisiik seviyede
kalmistir.  Bu durum insanlarin pilleri en yiiksek verimlilikle sarj etmenin bir yolunu aramasina
neden olmustur. Son olarak maksimum gii¢ noktas1 takibi (MPPT) adi verilen bir yontem
gelistirilerek verimlilik en yiiksek noktaya yiikseltilmistir. Panelden gelen gerilim akim degerleri
gerilim ve akim sensorleri vasitasiyla mikroislemciye aktarilir. Mikroiglemci bu degerlere gore
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gorev dongiistinii artirarak veya azaltarak bir PWM dalgasi olusturur. Bu PWM dalgas1 Buck
dontstiiriicliye iletilir ve MOSFET'i acip kapatarak bataryaya iletilen giicii ayarlar. Bu projede
kullanilacak yontem MPPT yontemidir. Projenin amaci, 20W panelden en yiiksek gii¢ izleme
algoritmalar1 ve Buck doniistiiriicii kullanarak en yiiksek verimlesarjelde etmektir.
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F51) SYNTHESISOF A WIDE BAND FRACTIONAL-ORDER
ELEMENT

Koray ERHAN
Advisor: Prof. Dr. SelgukKILINC
ABSTRACT

In this project, a fractional capacitor is approximated using fractional calculus. To do this, fractional
calculus, which is a more generalized form of calculus, is used. This situation, which cannot be
solved with the possibilities provided by ordinary calculus, is facilitated by fractional calculus. The
mathematical expressions obtained for the fractional capacitor are simplified with the integer
approximation method. The most important of these methods, the continued fraction expansion
method, is used in this project. An important part of the study was to convert the continued
fraction expansion to the desired expansion degree into MATLAB code. Fractional capacitors can
be approximately expressed using some analog circuits. In this project, the benefits and effects
of these circuit topologies are concluded with the support of simulations. With these results, the
working principles of fractional capacitors are clearly explained. Fractional capacitors have a very
important place in the market. The production of such elements is difficult because a
fractional capacitor requires multiple resistors and capacitors. However, it provides great
benefits to the user. The first of these is that it is a model closer to reality. It is frequently used
especially in areas such as control systems, defense industryand biomedical. In the last part of the
project, fractional capacitors were tested with filters to observe how fractional capacitors behave
in integrated circuits. Here, the active element in the filter is an operational transresistance
amplifier or OTRA for short, which is an innovative and widely used operational amplifier in wide-
band applications. Keywords: Fractional Calculus, Fractional Capacitor, Fractional Inductor,
Continuous Fraction Expansion, Foster | Network, Foster 1l Network, Cauer | Network, Cauer
Il Network, Operational Transresistance Amplifier, OTRA

OZET

Bu  caligmadakesirli ~ kalkiilis  kullanilarak  kesirli dereceden  bir  kapasitoriin
yakinlagtirilmastyapilmistir. Bunu yapmak igin kalkiiliisiin daha genellestirilmis hali olankesirli
kalkiiliisten yararlanilmigtir. Siradan kalkiiliisiin sagladigi imkanlar ile ¢oziilemeyen bu durum
kesirli kalkiiliis ile kolaylagtirilmustir. Kesirli dereceden kapasitor i¢in eldeedilen matematiksel
ifadeler tam say1 yaklagimi yontemi ile basitlestirilmigtir. Bu yontemlerden en Onemlisi olan
devamli kesir agilimi yontemi bu galigmadakullanilmistir. Calismanindnemli bir kismi, devamli
kesir ac¢ilimmi istenilen agilim derecesine kadar agmayr MATLAB kodu haline getirmek
olmugtur. Kesirli dereceden kapasitdrler analog bazi devreler kullanilarak yaklagik olarak ifade
edilebilir. Bu tezde bu devre topolojilerinin yararlari ve etkileri simiilasyonlar ile desteklenerek
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sonu¢landirilmigtir. Bu sonuglar ile kesirli dereceden kapasitorleringalisma prensipleri agik bir
sekilde anlatilmustir. Kesirli dereceden kapasitorler piyasada olduk¢a dnemli bir yere sahiptir. Bu tiir
elemanlarin iiretimi zordur ¢linkii bir kesirli dereceden kapasitor birden ¢ok dire¢ ve kapasitorler
gerektirir. Bununla birlikte kullaniciya ¢ok biiyiik faydalar saglamaktadir. Bunlardan ilki gercege
daha yakin modelli olmasidir. Ozellikle kontrol sistemleri, savunma sistemleri ve biyomedikalgibi
alanlardasik¢a kullanilmaktadir. Projenin  son kisminda, kesirli kapasitoriin entegredevrelerde
nasil davranacagini gozlemlemek i¢in kesirli kapasitorler filtrelerile birliktetest edildi. Burada,
filtredeki aktif eleman, genis bant uygulamalarinda operasyonel amplifikatorlerden daha fazla
kullanilan ve yenilik¢i olan bir operasyonel transrezistans amplifikatorii veya kisaca OTRA’dur.
Anahtar Kelimeler: Kesirli Hesaplama, Kesirli Dereceden Kapasitor, Kesirli Derecedenindiiktér,
Devamli Kesir A¢ilimi, Foster I Agi, Foster II Agi, Cauer I Agi, Cauer II Agi, Operasyonel
Transrezistans Amplifikatorii, OTRA
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F52) SIMULATION OF FRACTIONAL ORDER MEMRISTOR
Altan OZCAN
Advisor: Prof. Dr. Selguk KILING
ABSTRACT

Since memristor is not a commercially available component, it needs tobe emulated in a circuit. The
purpose ofthis project to investigate and implement the implementation of memristor emulator
circuits. Memristors exhibit remarkable non-volatile memory andresistance switching
characteristics. Theoretically all these types of emulators are analyzed and observed on simulations
inthis Project which are AD844, AD633, passive and active circuit elements enigmatized with the
circuits. We simulateusing LTspice. Fractional Order Memristor emulator circuits’ dynamical
behaviour observed when the fraction order changes. Also behaviourof Fractional Order
Memristorobserved when the frequency of the input signal change. Towards the end memristor
emulator circuits are established and outputs are measured, latter arecompared to the results gained
from LTspice simulations and differences are stated and discussed. This project aims to train the
technology of entire circuitry that precisely renders the function of memristors as well as simulates
memristors basedsystems for consideration. This project's successful completion of memristor
emulators has great potential to advance the field of neuromorphic computing by allowing
engineers and researchers to investigate memristor-based architectures. Additionally, the
emulators created can be useful teaching tools.

OZET

Memristor i¢in bir emiilator devresi tasarlamak zordur ¢iinkii maddiolarak elde etmesi zordur.
Degisken Dereceli Memristér emiilatordevrelerinin gelistirilmesi, aragtirmasi ve uygulamasi bu
projenin amaci olacaktir. Memristorler, kalict bellek ve direng degistirme 6zelliklerine sahiptir. Bu
projede pasif ve aktif devre elemanlari olan AD844 ve ADG633 emiilatorler teorik olarak
incelenmistir ve simiilasyonlar iizerinde test edilmistir. LTspice, simiilasyonlari ger¢eklestirmek
igin kullanilmigtir.  Degisken Dereceli Memristor emiilator devrelerinin  dereceleri
farkhilastinldiginda dinamik karakteristi§inin ve giris sinyalinin frekansi degistiginde nasil
hareket ettiklerine dair goézlemler yapilmistir. Son boliimde memristdr emiilatér devreleri
kurularak cikislar gozlemlendi. Ardindan, LTspice simiilasyonlarindan elde edilen sonuglar ile
karsilastirildiginda  farkliliklar not edildi ve tartisildi. Proje, memristdr tabanli sistemlerin
simiilasyonuna ve test edilmesine olanak taniyan devrelerin gelistirilmesini igerir. Bu proje,
néromorfik hesaplama alaninin gelismesine, arastirmacilarin ve miihendislerin memristér tabanlt
mimarileri kesfetmesine ve gelistirilen emiilatorlerin egitim icin degerli araglar olarak
kullanilmasina olanak saglayacak.
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F53) CHAOTIC COMMUNICATION VIA CLUSTER
SYNCHRONIZATION

Yildirrm A. YILDIRIM
Advisor: Assoc. Prof. Dr. Serkan GUNEL
ABSTRACT

Chaos theory deals with deterministic dynamic systems whose behavior is highly sensitive toinitial
conditions. A typical example of such systems are atmospheric systems addressed byEdward
Norton Lorenz [33]. In the literature, it is known that electronic circuits can exhibitchaotic behavior
if the appropriate conditions are met [30], [31], [32]. Chaotic systems candisplay unpredictable
behavior over sufficiently long periods. Despite this, they can synchro-nize perfectly, or in other
words, exhibit synchronization, as a result of suitable selections andcombinations [9], [14], [34].
[35]. When more than two systems are involved, the entire net-work can demonstrate full
synchronization, or synchronization can occur in clusters [1], [3], [11], [17]. Chaos theory, often
associated with concepts such as the “butterfly effect,” emphasizesthe idea that a small change
can lead to unexpectedly large consequences. Based on the factthat events can evolve depending on
many surrounding parameters, this theory highlights theidea that there is an underlying order
among events that appear to be “irregular” and even’random. ” In this project, the source of
inspiration for chaos is the fact that chaotic systems canbe synchronized simultaneously. There are
many papers and articles on this topic, and thesesources provide important information that
illuminates the project [38], [39]. Although there are many studies in the literature on secure chaotic
communication systemsand the synchronization of dynamic systems, no approach has been made
regarding the securecommunication of chaotic network systems based on the cluster synchronization
of systemswith electronic implementations. The method to be developed, especially when used in
con-junction with existing numerical encryption methods, does not solely depend on the reliabilityof
the algorithm that encrypts the signal, but also possesses the feature of preventing eaves-dropping
on the signal. This has the potential to increase communication security, leading tothe use of the
system in many applications and opening the door to new applications. The project aims to create
a secure communication channel by synchronizing a certainnumber of chaotic systems into
specific clusters. Although these systems are interconnected, the fact that some of them are
synchronized while others are not, stems from the underlyingconcept of cluster synchronization in
the project. After the systems (electronic circuits) that form the chaotic systems are established,
thecircuits will first be made to operate in a stable (steady) manner, and then the transmission
linework will begin. The system will be tested in different configurations using various
chaoticoscillator circuits. Examples of such configurations include the Chua circuit, R ossler circuit
Lorenz circuit, and many other chaotic circuit designs. The aim of this project is to design the
conceptual framework for a system that providessecure communication through cluster
synchronization of chaotic systems, test the theoreticalcapacity and reliability of such a system, and
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realize a prototype system as proof of concept. The conditions under which the desired clusters will
synchronize and how the receiver andtransmitter regions of the system will be determined will be
demonstrated in practice. iii

OZET

Kaos teorisi, davraniglart baslangi¢ kosullarina asir1 duyarli deterministik dinamik sistemleri ele alir.
Bu sistemlere tipik bir 6rnek, Edward Norton Lorenz tarafindan ele alinan atmosferik sistemlerdir
[33]. Literatiirde, elektronik devrelerde uygun sartlar saglandigi takdirde kaotik davranig
gosterebilecegi bilinmektedir [30], [31], [32]. Kaotik sistemler yeterince uzun siire sonunda
ongoriilemez davraniglar sergileyebilir. Bu davranislarina ragmen, uygun se¢im ve birlesimler
sonucunda miikemmel sekilde es zamanl (diger adiyla senkronize) olabilirler [9], [14], [34], [35].
Ikiden fazla sistem s6z konusu oldugunda, biitiin ag tam es zamanlilik sergileyebilecegi gibi 6bek
Obek de es zamanlilik gosterebilir [1], [3], [11], [17]. Genellikle "kelebek etkisi" gibi kavramlarla
iliskilendirilen kaos teorisi, kiigiik bir degisikligin beklenmedik biiyiik sonuglara yol agabilecegi
fikrini vurgular. Bu teori, olaylarmm gevredeki birgok parametreye bagli olarak gelisebilecegi
gerceginden hareketle, "diizensiz" ve hatta "rastlantisal" olarak gériilen olaylar arasinda bir diizen
oldugu fikrini vurgular. Bu projede, kaosun ilham kaynagi olmasinin nedeni, kaotik sistemlerin es
zamanli olarak modellenebilmesidir. Bu konuda birgok makale ve yazi bulunmakta olup bu
kaynaklar, projeye 151k tutan 6nemli bilgiler saglamaktadir [38], [39]. Literatiirde giivenli kaotik
iletisim sistemleri ve dinamik sistemlerin es zamanlilig ile ilgili pek ¢ok ¢alisma olmasina ragmen;
giivenli iletisime, kaotik davranigli ag sistemlerinin sistemlerin obek es zamanliligina baglh
elektronik implementasyonu ile bir yaklasim yapilmamustir. Gelistirilecek yontem, 6zellikle mevcut
sayisal sifreleme yontemleri ile birlikte kullanildiginda, yalnizca isareti sifreleyen algoritmanin
giivenilirligine bagli olmaylp ayni zamanda isaretin dinlenmesini engelleme 06zelligine sahip
oldugundan, iletisim giivenligini artirma, dolayisiyla pek cok uygulamada kullanilma ve yeni
uygulamalara yol agma potansiyeline sahiptir. Proje, belirli sayida kaotik sistemi bir araya getirerek
belirli 6bekler halinde es zamanli hale getirip giivenli bir iletim hatt1 olusturmay1 amaglamaktadir.
Bu sistemlerin birbiriyle baglantili olmasina ragmen bazilarinin es zamanli, bazilarinin ise es
zamanlt olmamasi, projenin temelinde Obek es zamanliliginin yatmasindan kaynaklanmaktadir.
Kaotik sistemleri olusturan sistemler (elektronik devreler) kurulduktan sonra, bu devrelerin
oncelikle stabil (kararli) bir sekilde c¢alismasi saglanacak ve ardindan iletim hatti galigmalarina
baslanacaktir. Cesitli kaotik osilator devreleri (Chua devresi, Rossler devresi, Lorenz devresi ve
diger kaotik yapili devreler) kullanilarak sistem farkli yapilarda test edilecektir. Bu projenin amact,
kaotik sistemlerin 6bek es zamanlilig1 ile giivenli iletisim saglayacak sistemin kavramsal tasariminin
yapilmasi, bdyle bir sistemin teorik kapasitesinin ve giivenilirliginin sinanmasi ve kavramin ispatina
yonelik bir prototip sistemin gerceklestirilmesidir. Hangi sartlarda istenilen 6beklerin es zamanli
olacag, sistemin alict ve verici bolgelerinin nasil belirlenecegi uygulamali olarak gosterilecektir.
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F54) ARITHMETIC LOGIC UNIT DESIGN FOR INTERVAL
ALGEBRA

Mehmet Onur Ozcan
Advisor: Assoc. Prof. Dr. Serkan GUNEL
ABSTRACT

Uncertainties exist in many different areas of engineering. Various methods and tools havebeen
developed to solve the systems with uncertainties. This project aims to design an arith-metic logic
unit capable of performing interval algebra calculations to solve all systems withuncertainties. Using
interval algebra in the design simplifies solving systems with uncertaintiesbecause defining the
systems parameters as intervals ensures that the results are also computedas intervals. This
eliminates the need for additional calculations to determine the deviation valuein the results. In
systems with uncertainties, the uncertain values of parameters can be defined as intervalsbased on
the boundary values provided by the manufacturer. However, traditional computerarithmetic logic
units are not specialized for interval arithmetic. The proposed project aims tocalculate the lower and
upper bounds of the result range by designing two customized arithmeticlogic units that operate
independently and in parallel using FPGA (Field Programmable GateArrays). Although this
deficiency is currently addressed through additional software, our projectproposes a hardware-based
solution using FPGA to eliminate the performance loss caused bysoftware. If implemented and
developed, the designed arithmetic logic unit could be used insimulation programs, mathematical
and system analysis software. The originality of this project lies in its use of floating-point
representation instead of fixed-point representation and its design, which can calculate interval
algebra functions such as mid-point, width, and radius specific to interval algebra. In addition, the
ability to convert betweeninterval algebra and affine algebra representation when desired is one of
the important originalvalues of the project. The proposed arithmetic logic unit design can be used
for analysis in any system involvinguncertainty. In case of implementation and development of the
project; the arithmetic logic unitwill eliminate the performance loss caused by the additional
software used in simulation andcalculation programs by using hardware. Consequently, the
arithmetic logic unit can enhancethe reliability and efficiency of solving systems with uncertainties,
making it applicable to various engineering applications. If the design is adapted to a processor
structure, it could also beused in a specialized workstation for tasks such as simulation, testing, and
production. This re-search project is supported by the 2209-B Sanayiye Y ‘onelik Lisans Aras tirma
Projeleri Deste giProgrami”

OZET

Miihendisligin birgok farkli alaninda belirsizlikler s6z konusudur. Belirsizliklerin bulundugu
sistemlerin ¢6ziimlenebilmesi igin gesitli yontemler ve araglar gelistirilmistir. Bu proje, belirsizlik
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bulunan tiim sistemlerin ¢6ziimlenmesi i¢in aralik aritmetigi hesaplamalar1 yapabilen bir aritmetik
mantik birimi tasarlamayi amaglar. Tasarimda aralik aritmetigi kullanilmasi, belirsizlik bulunan
sistemlerin ¢6ziimlenmesini kolaylastirir ¢iinkii ¢oziilecek sistemdeki parametreleri aralik olarak
tanimlamak, sonucun da aralik olarak hesaplanmasini saglar. Bu sayede sonuctaki sapma degerinin
bulunmas: igin ek hesaplama gereksinimi ortadan kalkar. Belirsizlik bulunan sistemlerde
parametrelerin belirsiz degerleri, {iretici tarafindan verilen sinir degerleri ile araliklar olarak
tanimlanabilir. Ancak klasik bilgisayar aritmetik mantik birimleri, aralik aritmetigini ¢6zebilmek
icin ozellestirilmemistir. Onerdigimiz proje, FPGA (Alanda Programlanabilen Kapi1 Dizileri)
kullanilarak paralel ve birbirinden bagimsiz ¢alisan iki Ozellestirilmig aritmetik mantik birimi
tasarimi ile sonug araliginin alt sinirin1 ve iist sinirini elde etmeyi amaglar. Halihazirda ek yazilimlar
sayesinde bu eksiklik giderilse de dnerdigimiz projede FPGA kullanilmasi ile bu soruna donanimsal
bir ¢6ziim sunularak yazilimm sebep oldugu performans kaybinin engellenmesi hedeflenmektedir.
Projenin gergeklenmesi ve gelistirilmesi durumunda tasarlanacak aritmetik mantik birimi; benzetim
programlarinda, matematiksel ve sistemsel ¢oziimleme programlarinda kullanilabilir. Projenin
Ozgilin yoni, sabit noktali gosterime kiyasla kayan noktali gosterim ile c¢aligilmasidir ve aralik
aritmetigine 6zel orta deger, genislik ve yaricap gibi aralik aritmetigi fonksiyonlarini hesaplayabilen
bir tasarima sahip olmasidir. Kayan noktali gosterim kullanilmasinin sebebi, daha az bit
kullanimiyla daha genis bir sayr araliinin temsil edilebilmesidir. Ayrica istenildiginde aralik
aritmetigi ve afin aritmetigi gosterimi arasinda doniisiim yapilabilmesi projenin 6nemli 6zgiin
degerlerinden birisidir. Yapilacak aritmetik mantik birimi tasarimi, belirsizlik bulunan her yerde
¢oziimleme i¢in kullanilabilir. Projenin gergeklenmesi ve gelistirilmesi durumunda; aritmetik
mantik birimi, benzetim ve hesaplama programlarinda kullanilan ek yazilimin beraberinde getirdigi
performans kaybini donanim kullanarak giderecektir. Boylelikle aritmetik mantik birimi, belirsizlik
iceren sistemlerin daha giivenilir ve etkili bir sekilde ¢dziimlenmesini saglayarak miihendislik
uygulamalarinda kullanilabilecektir. Tasarimin bir iglemci yapisina getirilmesi durumunda
benzetim, test ve iretim gibi islevleri gergeklestiren Ozellestirilmis bir is istasyonunda
kullanilmasmin 6nii agilacaktir. Bu aragtirma projesi ”2209-B Sanayiye Yonelik Lisans Aragtirma
Projeleri Destegi Programi” tarafindan desteklenmektedir.
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F55) BATTERY MANAGEMENT SYSTEM

Mehmet Baris OZKARA
Advisor: Assoc. Prof. Dr. Serkan GUNEL
ABSTRACT

The aim of the thesis is to monitor the battery status of systems that use
multiplebatteries(especially unmanned aerial vehicles) to balance the batteries by discharging, to
ensure that all of the stored energy can be used by the aircraft, and to prevent damageto the batteries
and the aircraft by operating them in safe region. In the system, theState of Charge (SOC) of the
batteries is computed based on the voltage and voltage measurements, and the loads will be
dynamically assigned to balance the State ofCharge of the batteries, and the parameters in the
battery model will be measured. Inthis research project, 2209-A — Universite Orencileri Arastirma
Projeleri Destekleme Programi” was applied. The application documents can be found in
appendices section. |

OZET

Bu tezin amaci, birden fazla batarya kullanan sistemlerin, 6zellikle insansiz hava araglarinin, batarya
durumlarinin anlik gozlemlenmesi, bataryalarin dengeli bir bicimde desarj edilmesi, depolanan
enerjinin tamaminin hava araci tarafindan kullanilabilmesini saglamak ve bataryalar1 giivenli sinirlar
icinde c¢aligtirarak bataryalarin ve hava aracimin zarar gormesini engellemektir. Sistemde
bataryalarin gerilim ve akim 6l¢iimlerinden yola ¢ikilarak Sarj Durumunun (SOC) hesaplanmasi,
bataryalarin Sarj Durumunun dengelenmesi i¢in dinamik olarak yiiklerin atanmasi ve batarya
modelindeki parametrelerinin 6l¢iimii yapilacaktir. Bu arastirma projesinde "2209-A - Universite
Ogrencileri Arastirma Projeleri Destekleme Programi™a basvurulmustur. Basvuru belgesi ekler
boliimiinde yer almaktadir.
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F56) ARITHMETIC LOGIC UNIT DESIGN FOR INTERVAL
ALGEBRA

Onur Ozmen
Advisor: Assoc. Prof. Dr. Serkan GUNEL
ABSTRACT

Uncertainties exist in many different areas of engineering. Various methods and tools havebeen
developed to solve the systems with uncertainties. This project aims to design an arith-metic logic
unit capable of performing interval algebra calculations to solve all systems withuncertainties. Using
interval algebra in the design simplifies solving systems with uncertaintiesbecause defining the
systems parameters as intervals ensures that the results are also computedas intervals. This
eliminates the need for additional calculations to determine the deviation valuein the results. In
systems with uncertainties, the uncertain values of parameters can be defined as intervalsbased on
the boundary values provided by the manufacturer. However, traditional computerarithmetic logic
units are not specialized for interval arithmetic. The proposed project aims tocalculate the lower and
upper bounds of the result range by designing two customized arithmeticlogic units that operate
independently and in parallel using FPGA (Field Programmable GateArrays). Although this
deficiency is currently addressed through additional software, our projectproposes a hardware-based
solution using FPGA to eliminate the performance loss caused bysoftware. If implemented and
developed, the designed arithmetic logic unit could be used insimulation programs, mathematical
and system analysis software. The originality of this project lies in its use of floating-point
representation instead of fixed-point representation and its design, which can calculate interval
algebra functions such as mid-point, width, and radius specific to interval algebra. In addition, the
ability to convert betweeninterval algebra and affine algebra representation when desired is one of
the important originalvalues of the project. The proposed arithmetic logic unit design can be used
for analysis in any system involvinguncertainty. In case of implementation and development of the
project; the arithmetic logic unitwill eliminate the performance loss caused by the additional
software used in simulation andcalculation programs by using hardware. Consequently, the
arithmetic logic unit can enhancethe reliability and efficiency of solving systems with uncertainties,
making it applicable to various engineering applications. If the design is adapted to a processor
structure, it could also beused in a specialized workstation for tasks such as simulation, testing, and
production. This re-search project is supported by the 2209-B Sanayiye Y ‘onelik Lisans Aras tirma
Projeleri Deste giProgrami”

OZET

Miihendisligin birgok farkli alaninda belirsizlikler s6z konusudur. Belirsizliklerin bulundugu
sistemlerin ¢dzlimlenebilmesi igin ¢esitli yontemler ve araglar gelistirilmistir. Bu proje, belirsizlik
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bulunan tim sistemlerin ¢6ziimlenmesi igin aralik cebri hesaplamalari yapabilen bir aritmetik
mantik birimi tasarlamayr amaclar. Tasarimda aralik cebri kullanilmasi, belirsizlik bulunan
sistemlerin ¢6ziimlenmesini kolaylastirir ¢linkii ¢oziilecek sistemdeki parametreleri aralik olarak
tanimlamak, sonucun da aralik olarak hesaplanmasini saglar. Bu sayede, sonugtaki sapma degerinin
bulunmas: igin ek hesaplama gereksinimi ortadan kalkar. Belirsizlik bulunan sistemlerde
parametrelerin belirsiz degerleri, iiretici tarafindan verilen smir degerleri ile araliklar olarak
tanimlanabilir. Ancak klasik bilgisayar aritmetik mantik birimleri, aralik aritmetigini ¢6zebilmek
icin ozellestirilmemistir. Onerdigimiz proje, FPGA (Alanda Programlanabilen Kapi Dizileri)
kullanilarak, paralel ve birbirinden bagimsiz ¢alisan iki Ozellestirilmis aritmetik mantik birimi
tasarimi ile sonug araliginin alt sinirin1 ve iist sinirini elde etmeyi amaglar. Halihazirda ek yazilimlar
sayesinde bu eksiklik giderilse de, 6nerdigimiz projede FPGA kullanilmasi ile bu soruna donanimsal
bir ¢6ziim sunularak yazilimin sebep oldugu performans kaybinin engellenmesi hedeflenmektedir.
Projenin gergeklesmesi ve gelistirilmesi durumunda tasarlanacak aritmetik mantik birimi; benzetim
programlarinda, matematiksel ve sistemsel ¢dziimleme programlarinda kullanilabilir. Projenin
Ozgilin yoni, sabit noktali gosterime kiyasla kayan noktali gosterim ile c¢aligilmasidir ve aralik
cebrine Ozel, orta deger, genislik ve yarigap gibi aralik cebri fonksiyonlarini hesaplayabilen bir
tasarima sahip olmasidir. Kayan noktali gosterim kullanilmasinin sebebi, daha az bit kullanimiyla
daha genis bir say1 araligiin temsil edilebilmesidir. Ayrica istenildiginde aralik cebri ve afin cebri
gosterimi arasinda doniisiim yapilabilmesi projenin énemli 6zgiin degerlerinden birisidir. Yapilacak
aritmetik mantik birimi tasarimi, belirsizlik bulunan her yerde ¢oziimleme igin kullanilabilir.
Projenin gerceklesmesi ve gelistirilmesi durumunda; aritmetik mantik birimi, benzetim ve
hesaplama programlarinda kullanilan ek yazilimmn beraberinde getirdigi performans kaybini
donanim kullanarak giderecektir. Boylelikle aritmetik mantik birimi, belirsizlik igeren sistemlerin
daha giivenilir ve etkili bir sekilde ¢dziimlenmesini saglayarak miihendislik uygulamalarinda
kullanilabilecektir. Tasarimin bir islemci yapisina getirilmesi durumunda benzetim, test ve {iretim
gibi islevleri gergeklestiren 6zellestirilmis bir i istasyonunda kullanilmasinin 6nii agilacaktir. Bu
aragtirma projesi, “2209-B Sanayiye Yonelik Lisans Arastirma Projeleri Destegi Programi™
tarafindan desteklenmektedir.
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F57) ANTENNA IMPEDANCE PHASE MEASUREMENT SYSTEM

lyadAL. DAHER AL-KHATIB
Advisor: Assoc. Prof. Dr. Serkan GUNEL
ABSTRACT

A wideband antenna measurement system will be implemented using RF integrated circuit (RFIC)
technology and RF printed circuit board (PCB) design. The objective of the project is to develop an
antenna measurement system suitable for use in an undergraduate antenna laboratory.
Impedance consists of both real and imaginary components, magnitude and phase. In 2021, half of
the system was designed and implemented by Efe KIRAZ and Faruk ASLAN HATIK as their final
project, enabling antenna characterization through a turntable approach. However, the system lacks
the ability to measure the phase of the antenna's impedance, which is essential for maximum power
transfer, the design of matching networks, the determinationof the antenna's operational
frequency, and other critical characteristics. The system components will berealized within a
budget of $1000 using “off-the-shelf” components and specially designed RF circuits.

OZET

Genis bantli bir anten 6l¢lim sistemi, RF entegre devre (RFIC) teknolojisi ve RF baskili devre karti
(PCB) tasarimu kullanilarak gergeklestirilecektir. Projenin amaci, bir lisans diizeyindeki anten
laboratuvarinda kullanilabilecek bir anten Ol¢iim sistemi gelistirmektir. Empedans, gercek ve
hayali bilesenlerinin yani sira biiyiikliik ve fazdan olusur. 2021 yilinda, bu sistemin yarisi, anten
karakterizasyonunu déner masa yaklasimiyla saglamak amaciyla Efe KIRAZ ve Faruk ASLAN
HATIK tarafindan final projeleri olarak tasarlanip uygulanmistir. Ancak, sistemin antenin empedans
fazin1 6lgme yetenegi eksiktir; oysa bu, maksimum gii¢ transferi, esleme aglarmin tasarimi, antenin
caligma frekansinin tanimlanmasi ve diger kritik ozellikler i¢in olduk¢a Onemlidir. Sistem
bilesenleri, 1000 dolarlik bir biitge ile "hazir" bilesenler ve 6zel olarak tasarlanmis RF devreleri
kullanilarak gerceklestirilecektir
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F58) CHAOTIC COMMUNICATION VIA CLUSTER
SYNCHRONIZATION

Altan KARALAR
Advisor: Assoc. Prof. Dr. Serkan GUNEL
ABSTRACT

Chaos theory deals with deterministic dynamic systems whose behavior is highly sensitive toinitial
conditions. A typical example of such systems are atmospheric systems addressed byEdward
Norton Lorenz [33]. In the literature, it is known that electronic circuits can exhibitchaotic behavior
if the appropriate conditions are met [30], [31], [32]. Chaotic systems candisplay unpredictable
behavior over sufficiently long periods. Despite this, they can synchro-nize perfectly, or in other
words, exhibit synchronization, as a result of suitable selections andcombinations [9], [14], [34],
[35]. When more than two systems are involved, the entire net-work can demonstrate full
synchronization, or synchronization can occur in clusters [1], [3], [11], [17]. Chaos theory, often
associated with concepts such as the “butterfly effect,” emphasizesthe idea that a small change
can lead to unexpectedly large consequences. Based on the factthat events can evolve depending on
many surrounding parameters, this theory highlights theidea that there is an underlying order
among events that appear to be “irregular” and even’random. ” In this project, the source of
inspiration for chaos is the fact that chaotic systems canbe synchronized simultaneously. There are
many papers and articles on this topic, and thesesources provide important information that
illuminates the project [38], [39]. Although there are many studies in the literature on secure chaotic
communication systemsand the synchronization of dynamic systems, no approach has been made
regarding the securecommunication of chaotic network systems based on the cluster synchronization
of systemswith electronic implementations. The method to be developed, especially when used in
con-junction with existing numerical encryption methods, does not solely depend on the reliabilityof
the algorithm that encrypts the signal, but also possesses the feature of preventing eaves-dropping
on the signal. This has the potential to increase communication security, leading tothe use of the
system in many applications and opening the door to new applications. The project aims to create
a secure communication channel by synchronizing a certainnumber of chaotic systems into
specific clusters. Although these systems are interconnected, the fact that some of them are
synchronized while others are not, stems from the underlyingconcept of cluster synchronization in
the project. After the systems (electronic circuits) that form the chaotic systems are established,
thecircuits will first be made to operate in a stable (steady) manner, and then the transmission
linework will begin. The system will be tested in different configurations using various
chaoticoscillator circuits. Examples of such configurations include the Chua circuit, R ‘ossler circuit,
Lorenz circuit, and many other chaotic circuit designs. The aim of this project is to design the
conceptual framework for a system that providessecure communication through cluster
synchronization of chaotic systems, test the theoreticalcapacity and reliability of such a system, and
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realize a prototype system as proof of concept. The conditions under which the desired clusters will
synchronize and how the receiver andtransmitter regions of the system will be determined will be
demonstrated in practice

OZET

Kaos teorisi, davraniglar1 baslangi¢ kosullarna asir1 duyarli deterministik dinamik sistemlerle ele
alinir. Bu sistemlere tipik bir 6rnek Edward Norton Lorenz tarafindan ele alinan atmosferik
sistemlerdir [33]. Literatiirde, elektronik devrelerde uygun sartlar saglandigi takdirde kaotik
davranis gosterebilecegi bilinmektedir [30], [31], [32]. Kaotik sistemler, yeterince uzun siireler
sonucunda Ongoriillemez davraniglar sergileyebilir. Bu davraniglarina ragmen uygun segim ve
birlesimler sonucunda mitkemmel sekilde es zamanli — diger adiyla senkronize — olabilirler [9],
[14], [34], [35]. Ikiden daha fazla sistem sz konusu oldugunda biitin ag tam es zamanlihik
sergileyebilecegi gibi, obek Obek de es zamanlilik gosterebilir [1], [3], [11], [17]. Genellikle
"kelebek etkisi" gibi kavramlarla iliskilendirilen kaos teorisi, kiiciik bir degisikligin beklenmedik
biiyiik sonuglara yol agabilecegi fikrini vurgular. Bu teori, olaylarin ¢evredeki bircok parametreye
bagl olarak gelisebilecegi gerceginden hareketle, "diizensiz" ve hatta "rastlantisal" olarak goriilen
olaylar arasinda bir diizen oldugu fikrini savunur. Bu projede, kaosun ilham kaynagi olmasimin
nedeni, kaotik sistemlerin es zamanli olarak modellenebilmesidir. Bu konuda bir¢ok makale ve yazi
bulunmakta ve bu kaynaklar, projeye 151k tutan 6nemli bilgiler saglamaktadir [38], [39]. Literatiirde
giivenli kaotik iletigim sistemleri ve dinamik sistemlerin es zamanlilig: ile ilgili pek ¢ok caligma
olmasina ragmen; giivenli iletigime, kaotik davranisli ag sistemlerinin, sistemlerin 6bek es
zamanliligina bagl elektronik implementasyonu ile bir yaklasim yapilmamustir. Gelistirilecek
yontem, 6zellikle mevcut sayisal sifreleme yontemleri ile birlikte kullanildiginda, yalnizca isareti
sifreleyen algoritmanin giivenilirligine bagli olmayip, ayn1 zamanda igaretin dinlenmesini engelleme
ozelligine sahip oldugundan, iletisim giivenligini artirma; dolayisiyla pek ¢ok uygulamada
kullanilma ve yeni uygulamalara yol agma potansiyeline sahiptir. Proje, belirli sayida kaotik sistemi
bir araya getirerek belirli 6bekler halinde es zamanli hale getirip giivenli bir iletim hatt1 olugturmay
amaglamaktadir. Bu sistemlerin birbiriyle baglantili olmasmna ragmen bazilarinin es zamanli,
bazilarinin ise es zamanli olmamasi, projenin temelinde Obek es zamanlilii yatmasindan
kaynaklanmaktadir. Kaotik sistemleri olusturan sistemler (elektronik devreler) kurulduktan sonra,
bu devrelerin 6ncelikle stabil (kararli) bir sekilde calismasi saglanacak ve ardindan iletim hatti
caligmalaria baglanacaktir. Cesitli kaotik osilatdr devreleri kullanarak sistem, farkli yapilarda test
edilecektir. Bu yapilara Chua devresi, Rossler devresi, Lorenz devresi ve birgok kaotik yapili devre
ornek verilebilir. Bu projenin amaci, kaotik sistemlerin dbek es zamanliligi ile giivenli iletisim
saglayacak sistemin kavramsal tasarimmin yapilmasi, boyle bir sistemin teorik kapasitesinin ve
giivenilirliginin - sinanmas1 ve kavramin ispatina yonelik bir &rnek (prototip) sistemin
gerceklestirilmesidir. Hangi sartlarda istenilen dbeklerin es zamanli olacagi, sistemin alic1 ve verici
bolgelerinin nasil belirlenecegi uygulamali olarak gosterilecektir.
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F59) ANTENNA IMPEDANCE PHASE MEASUREMENT SYSTEM

Rusen Kayra MUTNE
Advisor: Assoc. Prof. Dr. Serkan GUNEL
ABSTRACT

A wideband antenna measurement system will be implemented using RF integrated circuit (RFIC)
technology and RF printed circuit board (PCB) design. The objective of the project is to develop an
antenna measurement system suitable for use in an undergraduate antenna laboratory.
Impedance consists of both real and imaginary components, magnitude and phase. In 2021, half of
the system was designed and implemented by Efe KIRAZ and Faruk ASLAN HATIK as their final
project, enabling antenna characterization through a turntable approach. However, the system lacks
the ability to measure the phase of the antenna's impedance, which is essential for maximum power
transfer, the design of matching networks, the determinationof the antenna's operational
frequency, and other critical characteristics. The system components will be realized within a
budget of $1000 using “off-the-shelf” components and specially designed RF circuits.

OZET

Genis bantli bir anten dl¢lim sistemi, RF entegre devre (RFIC) teknolojisi ve RF baskili devre karti
(PCB) tasarimu kullanilarak — gergeklestirilecektir. Projenin amaci, bir lisans diizeyindeki anten
laboratuvarinda kullanilabilecek bir anten Ol¢im sistemi gelistirmektir. Empedans, gercek ve
hayali bilesenlerinin yani sira biiyiikliik ve fazdan olusur. 2021 yilinda, bu sistemin yarisi, anten
karakterizasyonunu déner masa yaklasimiyla saglamak amaciyla Efe KIRAZ ve Faruk ASLAN
HATIK tarafindan final projeleri olarak tasarlanip uygulanmistir. Ancak, sistemin antenin empedans
fazin1 6lgme yetenegi eksiktir; oysa bu, maksimum gii¢ transferi, esleme aglarmin tasarimi, antenin
caligma frekansinin tanimlanmasi ve diger kritik Ozellikler i¢in olduk¢a Onemlidir. Sistem
bilesenleri, 1000 dolarlik bir biitge ile "hazir" bilesenler ve 6zel olarak tasarlanmis RF devreleri
kullanilarak gergeklestirilecektir.
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F60) DESIGN AND SIMULATION OF PLL-BASED GRID
SYNCHRONIZATION TECHNIQUE FOR THREE-PHASE
RECTIFIER

Umit Sakir SIMSEK
Advisor: Dog. Dr. Taner Goktas
ABSTRACT

This project report investigates the critical role of Phase-Locked Loops (PLLs) in grid
synchronization, particularly within the context of Pulse Width Modulation (PWM) rectifiers. The
work begins by mathematically describing the fundamental properties of power line signals and the
challenges posed by their non-ideal characteristics, such as harmonics and noise. It then explores the
necessity of Clarke and Park transforms in facilitating PLL design by simplifying three-phase AC
signals into DC quantities within a rotating reference frame. The study then delves into the
architecture of a typical three-phase PWM rectifier, examining the function of each component. The
paper demonstrates the importance of PLLs, specifically considering the application of both
synchronous reference frame (SRF) PLLs and Dual Second-Order Generalized Integrator (DSOGI)
PLLs, in enabling stable, accurate, and efficient operation of PWM rectifiers by providing the
necessary phase and frequency information for Space Vector Modulation and overall control.
Stationary reference frame PLLs offer a simpler implementation for balanced grid conditions, while
DSOGI PLLs provide enhanced robustness against grid disturbances, such as harmonics and voltage
sags, thus providing a more reliable phase angle estimation. Moreover, it highlights the advantages
of PWM rectifiers over traditional diode-based rectifiers, specifically their capacity for bidirectional
power flow, near unity power factor operation, and reduced harmonic distortion. The overall goal of
this paper is to showcase the technology and applications of PLL algorithms for PWM rectifiers and
the fundamental importance of robust PLL designs for effective grid integration and control under
varied grid conditions. Cost analysis of the system and work plan have been remarked at the end of
the report.

OZET

Bu proje, 6zellikle Darbe Genislik Modiilasyonlu (PWM) dogrultucular baglaminda, faz-kilitli
dongiilerin (PLL) sebeke senkronizasyonundaki kritik roliinii incelemektedir. Caligma, gii¢ hatti
sinyallerinin temel 6zelliklerini ve harmonikler ile giiriiltii gibi ideal olmayan 6zelliklerinin yaratti1
zorluklart matematiksel olarak tanimlayarak baslamaktadir. Ardindan, ti¢ fazli AC sinyallerini
donen bir referans gercevesi iginde DC degerlere doniistiirerek PLL tasarimini kolaylastirmada
Clarke ve Park doniisiimlerinin gerekliligini arastirmaktadir. Makale, hem Senkron Referans
Cergevesi (SRF) PLL'lerinin hem de Cift Ikinci Derece Genellestirilmis integratér (DSOGI)
PLL'lerinin uygulanmasin1 goéz 6niinde bulundurarak, PWM ve genel kontrol i¢in gerekli faz ve
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frekans bilgilerini saglayarak PWM dogrultucularin kararli, dogru ve verimli bir sekilde ¢alismasini
saglamada PLL'lerin 6nemini gostermektedir. Sabit referans ¢ercevesi PLL'leri dengeli sebeke
kosullar1 i¢in daha basit bir uygulama sunarken, DSOGI PLL'leri harmonikler ve voltaj diisiisleri
gibi sebeke bozulmalarina karsi gelismis dayaniklilik saglayarak daha giivenilir bir faz agist tahmini
sunmaktadir. Ayrica, PWM dogrultucularin geleneksel diyot tabanli dogrultuculara gore ¢ift yonli
giic akisi, birlikte (birime) yakin gii¢ faktoriiyle galisma ve azaltilmig harmonik bozulma gibi
avantajlarin1  vurgulamaktadir. Bu makalenin genel amaci, PWM dogrultucu teknolojisi
uygulamalarinda, gesitli sebeke kogullar1 altinda etkili sebeke entegrasyonu ve kontrolii i¢in saglam
PLL tasarimlarinin temel onemini sergilemektir. Raporun sonunda, sistemin maliyet analizi ve
¢alisma plan1 belirtilmistir.
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F61) MONITORING AND IDENTIFICATION OF POSSIBLE
ELECTRICAL AND MECHANICAL FAILURES AND DIFFERENT
LAUNDRY TYPES IN BLDC-BASED WASHING MACHINES

Elif Yagmur DAG
Advisor: Assoc. Prof. Dr. TANER GOKTAS
ABSTRACT

This project focuses on the detection of potential faults in Brushless Direct Current (BLDC)
motors used to drive the drum in Argelik washing machines, as well as the identification of
laundry load types based on drum oscillations. To achieve high-accuracy fault detection, the
project analyzes leakage flux and stator current signals from the motor. Given that different fault
types can have similar effects on the system's dynamic behavior, multiple fault scenarios are
examined under identical operating conditions to improve detection accuracy. Specifically, five
fault types are addressed: inter-turn short circuit, demagnetization, static eccentricity, dynamic
eccentricity, and load unbalance. Among these, load unbalance is also evaluated for its
potential to contribute to laundry load identification, particularly during the motor’s start-up
phase, where drum oscillation behavior is most indicative. The report presents the fundamental
background of the project and includes simulation-based analyses conducted using a nonlinear
BLDC motor model to detect and differentiate between the specified fault types. Frequency
domain analyses using Fast Fourier Transform (FFT) are employed to extract fault signatures from
current and flux data. Additionally, a cost analysis is provided, along with a discussion of the
project's environmental, economic, and academic impacts.

OZET

Bu proje, Argelik c¢amasir makinelerinde tamburu dondiiren Firgasiz Dogru Akim
(BLDC)motorlarinda meydana gelebilecek olasi arizalarin tespiti ile tambur salinimina baglh olarak
camagir yik tiirlerinin belirlenmesine odaklanmaktadir. Yiiksek dogrulukta ariza tespiti saglamak
amactyla, motorun kagak aki ve stator akimi sinyalleri analiz edilmistir. Farkli ariza tiirlerinin
sistemin dinamik davranigi {izerindeki benzer etkileri g6z Oniinde bulundurularak, cesitli ariza
senaryolar1 ayni ¢alisma kosullar1 altinda incelenmis ve tespit dogrulugunun artirilmasi
hedeflenmistir. Bu kapsamda bes farkli ariza tiiri ele alinmistir: sargi arast kisa devre,
demanyetizasyon, statik eksantriklik, dinamik eksantriklik ve yiik dengesizligi. Bu arizalar
arasinda yer alan yik dengesizligi, Ozellikle motorun ilk kalkis aninda tambur salinim
davranisinin  belirgin  oldugu durumlarda ¢amasir yiik tiiriiniin tespiti agisindan da
degerlendirilmistir. Bu rapor, projeye iligskin temel arka plan bilgilerini sunmakta ve belirlenen ariza
tiirlerinin yalnizca dogrusal olmayan bir BLDC motor modeli kullanilarak yapilan simiilasyonlar ile
nasil tespit edilip ayristirildigini ortayakoymaktadir. Akim ve kagak aki verileri iizerinden ariza
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isaretlerini c¢ikarmak amaciyla Hizli Fourier Doniisiimii (FFT) temelli frekans alani analizleri
gergeklestirilmistir. Ayrica, projenin maliyet analizi yapilmis ve cevresel, ekonomik ve akademik
etkilerine de yer verilmistir.
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F62) DESIGN OF CONDITION MONITORING SYSTEM WITH
USER-INTERFACE FOR ELECTRICAL MACHINES

Mustafa Meri¢ UZUN
Advisor: Assoc. Prof. Dr. Taner GOKTAS

ABSTRACT

In this project, an innovative sensor system has been developed that will provide early,
reliable and cost-effective detection of faults in electrical machines widely used in the industry. This
system, which can simultaneously measure critical parameters such as magnetic flux,
vibration and temperature, quickly detects electrical faults with the DRV425 sensor; while it also
monitors mechanical faults and temperature changes with components such as three-axis
accelerometers and NTC thermistors. Real-time data transfer to a central user interfaceis
provided using wireless communication technology, and thus the cause and severity of
possible faults can be analysed and detected in advance. Thus, the life of the machines is
extended, maintenance costs are reduced and production processes are optimized. Methods
such as Fast Fourier Transform (FFT) and Wavelet Transform are used for detailed analysis of the
data and the results are visualized with a user-friendly interface. The sensor system
developed in this project will make a significant contribution to the solution of an industrial problem
with academic methods by focusing on a specific subject such as early fault detection and condition
monitoring of electrical machines. It is aimed to reduce maintenance costs, optimize
production processes and increase industrial efficiency in general thanks to early fault detection.

OZET
Bu projede, endiistride yaygin olarak kullanilan elektrik makinelerinde arizalarin erken, gilivenilir
ve maliyet etkin bir sekilde tespitini saglayacak yenilik¢i bir sensor sistemi gelistirilmigtir.
Manyetik aki, titresim ve sicaklik gibi kritik parametreleri ayn1 anda dlgebilenbu sistem, DRV425
sensorii araciligiyla elektriksel arizalart hizlica tespit ederken; li¢ eksenli ivmedlgerler ve NTC
termistorler gibi bilesenlerle mekanik arizalar1 ve sicaklik degisimlerini de izlemektedir. Kablosuz
iletisim teknolojisikullanilarak verilerin merkezi bir sisteme gergek zamanli aktarimi saglanmakta ve
bu sayede olasi arizalarin nedeni ve siddeti analiz edilerek 6nceden tespit edilebilmektedir. Boylece
makinelerin  dmrii uzatilmakta, bakim maliyetleri diisiiriilmekte ve iretim siiregleri
optimizeedilmektedir. Verilerin detayli analizi i¢in Hizli Fourier Doniisimii (FFT) ve Wavelet
Dontigimii  gibi  yontemler kullanilmakta ve analiz sonuglar1 kullanict dostu bir arayiizle
gorsellestirilmistir. Bu projede gelistirilen sensor sistemi, elektrik makinelerinin erken ariza
tespiti ve durum izleme gibi spesifik bir konuya odaklanarak, endiistriyel bir problemin
akademik yontemlerle ¢Oziimiine Onemli bir katki saglanacaktir. Erken ariza tespiti
sayesindebakim maliyetlerinin azalmasi, {iretim siire¢lerinin optimize edilmesi ve genel olarak
endiistriyel verimliligin artirilmasi hedeflenmektedir.
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F63) DESIGN OF CONDITION MONITORING SYSTEM WITH
USER-INTERFACE FOR ELECTRICAL MACHINES

Ahmet YUCE
Advisor: Assoc. Prof. Dr. Taner GOKTAS

ABSTRACT

In this project, an innovative sensor system has been developed that will provide early,
reliable and cost-effective detection of faults in electrical machines widely used in the industry. This
system, which can simultaneously measure critical parameters such as magnetic flux,
vibration and temperature, quickly detects electrical faults with the DRV425 sensor; while it also
monitors mechanical faults and temperature changes with components such as three-axis
accelerometers and NTC thermistors. Real-time data transfer to a central user interfaceis
provided using wireless communication technology, and thus the cause and severity of
possible faults can be analysed and detected in advance. Thus, the life of the machines is
extended, maintenance costs are reduced and production processes are optimized. Methods
such as Fast Fourier Transform (FFT) and Wavelet Transform are used for detailed analysis of the
data and the results are visualized with a user-friendly interface. The sensor system
developed in this project will make a significant contribution to the solution of an industrial problem
with academic methods by focusing on a specific subject such as early fault detection and condition
monitoring of electrical machines. It is aimed to reduce maintenance costs, optimize
production processes and increase industrial efficiency in general thanks to early fault detection.

OZET
Bu projede, endiistride yaygin olarak kullanilan elektrik makinelerinde arizalarin erken, giivenilir
ve maliyet etkin bir sekilde tespitini saglayacak yenilik¢i bir sensor sistemi gelistirilmigtir.
Manyetik aki, titresim ve sicaklik gibi kritik parametreleri ayn1 anda dlgebilenbu sistem, DRV425
sensorii araciligiyla elektriksel arizalart hizlica tespit ederken; ii¢ eksenli ivmedlgerler ve NTC
termistorler gibi bilesenlerle mekanik arizalar ve sicaklik degisimlerini de izlemektedir. Kablosuz
iletisim teknolojisikullanilarak verilerin merkezi bir sisteme gergek zamanli aktarimi saglanmakta ve
bu sayede olasi arizalarin nedeni ve siddeti analiz edilerek 6nceden tespit edilebilmektedir. Boylece
makinelerin  dmrii uzatilmakta, bakim maliyetleri diisiiriilmekte ve iretim siiregleri
optimizeedilmektedir. Verilerin detayli analizi i¢cin Hizli Fourier Déniisiimii (FFT) ve Wavelet
Dontigimii  gibi  yontemler kullanilmakta ve analiz sonuglar1 kullanict dostu bir arayiizle
gorsellestirilmistir. Bu projede gelistirilen sensor sistemi, elektrik makinelerinin erken ariza
tespiti ve durum izleme gibi spesifik bir konuya odaklanarak, endiistriyel bir problemin
akademik yontemlerle ¢Oziimiine Onemli bir katki saglanacaktir. Erken ariza tespiti
sayesindebakim maliyetlerinin azalmasi, liretim siireclerinin optimize edilmesi ve genel olarak
endiistriyel verimliligin artirilmasi hedeflenmektedir.
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F64) MONITORING AND IDENTIFICATION OF POSSIBLE
ELECTRICAL AND MECHANICAL FAILURES AND DIFFERENT
LAUNDRY TYPES IN BLDC-BASED WASHING MACHINES

Nisanur CETIN
Advisor: Assoc. Prof. Dr. TANER GOKTAS

ABSTRACT

This project focuses on the detection of potential faults in Brushless Direct Current (BLDC)
motors used to drive the drum in Argelik washing machines, as well as the identification of
laundry load types based on drum oscillations. To achieve high-accuracy fault detection, the
project analyzes leakage flux and stator current signals from the motor. Given that different fault
types can have similar effects on the system's dynamic behavior, multiple fault scenarios are
examined under identical operating conditions to improve detection accuracy. Specifically, five
fault types are addressed: inter-turn short circuit, demagnetization, static eccentricity, dynamic
eccentricity, and load unbalance. Among these, load unbalance is also evaluated for its
potential to contribute to laundry load identification, particularly during the motor’s start-up
phase, where drum oscillation behavior is most indicative. The report presents the fundamental
background of the project and includes simulation-based analyses conducted using a nonlinear
BLDC motor model to detect and differentiate between the specified fault types. Frequency
domain analyses using Fast Fourier Transform (FFT) are employed to extract fault signatures from
current and flux data. Additionally, a cost analysis is provided, along with a discussion of the
project's environmental, economic, and academic impacts.

OZET

Bu proje, Argelik c¢amasir makinelerinde tamburu dondiiren Firgasiz Dogru Akim
(BLDC)motorlarinda meydana gelebilecek olas1 arizalarm tespiti ile tambur salinimina bagli olarak
¢amagir yik tiirlerinin belirlenmesine odaklanmaktadir. Yiiksek dogrulukta ariza tespiti saglamak
amaciyla, motorun kagak aki ve stator akimi sinyalleri analiz edilmistir. Farkli ariza tiirlerinin
sistemin dinamik davranigi {izerindeki benzer etkileri g6z Oniinde bulundurularak, cesitli ariza
senaryolar1 ayni ¢alisma kosullar1 altinda incelenmis ve tespit dogrulugunun artirilmasi
hedeflenmistir. Bu kapsamda bes farkli ariza tiirii ele alimmustir: sargt arast kisa devre,
demanyetizasyon, statik eksantriklik, dinamik eksantriklik ve yiik dengesizligi. Bu arizalar
arasinda yer alan yiik dengesizligi, Ozellikle motorun ilk kalkis aninda tambur salinim
davranisinin  belirgin  oldugu durumlarda ¢amasir yiik tiiriiniin tespiti agisindan da
degerlendirilmistir. Bu rapor, projeye iliskin temel arka plan bilgilerini sunmakta ve belirlenen ariza
tiirlerinin yalnizca dogrusal olmayan bir BLDC motor modeli kullanilarak yapilan simiilasyonlar ile
nasil tespit edilip ayristirildigini ortayakoymaktadir. Akim ve kagak aki verileri iizerinden ariza
isaretlerini ¢ikarmak amaciyla Hizli Fourier Doniisiimii (FFT) temelli frekans alani analizleri
gergeklestirilmistir. Ayrica, projenin maliyet analizi yapilmis ve cevresel, ekonomik ve akademik
etkilerine de yer verilmistir.
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F66) DESIGN OF CONDITION MONITORING SYSTEM WITH
USER-INTERFACE FOR ELECTRICAL MACHINES

Durukan ERDURU
Advisor: Assoc. Prof. Dr. Taner GOKTAS

ABSTRACT

In this project, an innovative sensor system has been developed that will provide early,
reliable and cost-effective detection of faults in electrical machines widely used in the industry. This
system, which can simultaneously measure critical parameters such as magnetic flux,
vibration and temperature, quickly detects electrical faults with the DRV425 sensor; while it also
monitors mechanical faults and temperature changes with components such as three-axis
accelerometers and NTC thermistors. Real-time data transfer to a central user interfaceis
provided using wireless communication technology, and thus the cause and severity of
possible faults can be analysed and detected in advance. Thus, the life of the machines is
extended, maintenance costs are reduced and production processes are optimized. Methods
such as Fast Fourier Transform (FFT) and Wavelet Transform are used for detailed analysis of the
data and the results are visualized with a user-friendly interface. The sensor system
developed in this project will make a significant contribution to the solution of an industrial problem
with academic methods by focusing on a specific subject such as early fault detection and condition
monitoring of electrical machines. It is aimed to reduce maintenance costs, optimize
production processes and increase industrial efficiency in general thanks to early fault detection.

OZET
Bu projede, endiistride yaygin olarak kullanilan elektrik makinelerinde arizalarin erken, giivenilir
ve maliyet etkin bir gsekilde tespitini saglayacak yenilik¢i bir sensor sistemi gelistirilmigtir.
Manyetik aki, titresim ve sicaklik gibi kritik parametreleri ayn1 anda 6lgebilenbu sistem, DRV425
sensorii araciligiyla elektriksel arizalari hizlica tespit ederken; ii¢ eksenli ivmedlgerler ve NTC
termistorler gibi bilesenlerle mekanik arizalari ve sicaklik degisimlerini de izlemektedir. Kablosuz
iletisim teknolojisikullanilarak verilerin merkezi bir sisteme ger¢cek zamanli aktarimi saglanmakta ve
bu sayede olasi arizalarin nedeni ve siddeti analiz edilerek dnceden tespit edilebilmektedir. Bdylece
makinelerin  Oomrii uzatilmakta, bakim maliyetleri distriilmekte ve tretim siirecleri
optimizeedilmektedir. Verilerin detayli analizi i¢in Hizli Fourier Doniisimii (FFT) ve Wavelet
Doniisiimii  gibi  yontemler kullanilmakta ve analiz sonuglart kullanict dostu bir arayiizle
gorsellestirilmistir. Bu projede gelistirilen sensor sistemi, elektrik makinelerinin erken ariza
tespiti ve durum izleme gibi spesifik bir konuya odaklanarak, endiistriyel bir problemin
akademik  yontemlerle ¢Oziimiine Onemli bir katki saglanacaktir. Erken ariza tespiti
sayesindebakim maliyetlerinin azalmasi, iiretim siireclerinin optimize edilmesi ve genel olarak
endiistriyel verimliligin artirilmasi hedeflenmektedir.
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F67) MODELLING THE TRAVELING-WAVE ANTENNA ON
MICROSTRIP LINE

Saadet CAVDAR
Advisor: Prof. Dr. Taner Abdullah OGUZER
ABSTRACT

A Traveling Wave Antenna (TWA) is a type of antenna characterized by the propagation of
a wave along its length, and its performance is significantly influenced by the antenna length and
load terminations at its ends. This study focuses on the microstrip modeling of TWA under
different load conditions and with increasing antenna length, examining the effects of various
terminations on the antenna's input impedance, radiation patterns, and directivity. The research
aims to provide insights into determining the optimal load termination for better performance by
analyzing the relationship between these parameters and antenna length. The use of
simulation software allows for detailed simulations of TWA's radiation patterns and directivity,
contributing to the design of more efficient traveling wave antennas.

OZET

Yiriiyen Dalga Anteni (Traveling-Wave Antenna —TWA)uzunlugu boyunca bir dalganin
yayilmasiyla karakterize edilen ve performansi, anteninuzunlugu veuglarindaki yiik
sonlandirmalartyla 6nemli 6lglide etkilenen bir anten tiiriidiir. Bu g¢alisma, farkli yiik kosullari
altindave anten uzunlugunun artirtlmasiylaTWA'nin mikroserit modellemesine odaklanarak, farkli
sonlandirmalarin antenin giris empedansi, radyasyon desenleri vedirektivitesi {izerindeki etkilerini
incelemektedir. Arastirma, bu parametreler ile anteninuzunlugu arasindaki iliskiyi analiz ederek,
daha iyi performans igin optimal yiik sonlandirmasini belirlemeye yonelik bilgiler sunmayi
amaclamaktadir. Simulasyon yazilim programlart kullanimi, TWA'nin radyasyon desenleri ve
direktivitesinin ayrintili simiilasyonlarina olanak tanimakta, bu da daha verimli traveling wave
antenlerinin tasarimina katki saglamaktadir.

100



DOKUZ EYL_UL UNIVERSITESI MUHEI}}DiSLH{ F'AKI"JI:TESI" oL
ELEKTRIK-ELEKTRONIK MUHENDISLIGI BOLUMU
Bitirme Projeleri Sergisi, 2025

F68) MODEL BASED DESIGN OF MEAN FILTER APPLICATIONS
FOR FPGA IMPLEMENTATION

Rifat Emre AKSU
Advisor: Prof. Dr. Ugur CAM
ABSTRACT

Image processing is widely used in various fields today. Some notable applications include military,
agriculture, robotics, medical imaging, and facial recognition, all of which have a direct impact on
improving or simplifying human life. In these areas, image enhancement techniques are frequently
employed to extract information and improve visual quality. One of the fundamental tools in image
processing is the mean filter, which is used to reduce noise and make images clearer. The mean
filter assigns a new value to each pixel in an image by averaging the values of its neighboring
pixels. This smooths out abrupt changes or noise in the image, thereby improving visual quality.
Model-based design has emerged as a new trend in recent years due to its significant advantages
over traditional code-based design methods. This approach allows designers to visually represent
complex circuit structures and mathematical equations using basic building blocks, enabling them to
create more comprehensible designs. One of the most prominent features of model-based
programming is its ability to automatically generate code and tests. Additionally, continuous
analysis during the design processprovides considerable time and cost savings compared to
traditional methods. In this project, MATLAB Simulink was chosen for implementing model-based
design applications. In this study, the mean filter algorithm was modeled and evaluated on
the MATLABSiIimulink platform. MATLAB-Simulink enables the representation of complex
mathematical operations through basic building blocks and facilitates testing designs through
simulations. Initially, the mean filter algorithm was developed in MATLAB, followed by the
creation of a model in the Simulink environment. This model was tested on different types of
images to analyze its noise reduction capability. This work, In the MATLAB Simulink environment,
a 3x3 pixel-flow diagram was created using block diagrams that mirror the structure of a mean
filter. It was observed that the nine pixel values are summed and then divided by nine to produce
each new pixel. To realize this design in hardware, an FPGA (Field-Programmable Gate Array) was
chosen. After comparing fully custom hardware (such as ASICs) with semi-custom options (DSPs
and FPGASs), the FPGA proved most suitable for this project—primarily because the designer can
reconfigure its internal circuitry at any time. This reconfigurability was especially valuable
when implementing the parallelism and pipelining techniques used in the filter’s construction.
Another reason for using MATLAB Simulink was the HDL Coder toolbox, which can
automatically generate hardware-description-language code. In this study, a model-based design
approach was used to develop a mean filter, and its performance was evaluated using a variety of
software tools
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F69) FPGA BASED IMPLEMENTATION OF
DIGITALUPCONVERTER

Siileyman ERGIN
Advisor: Prof. Dr. Ugur CAM
ABSTRACT

This senior project focuses on the design, simulation, and hardware-level implementation ofa
Digital Up-Converter (DUC) aimed at meeting the demands of modern digital communica-
tion systems. The project begins with comprehensive simulation studies conducted in MATLABto
understand the fundamental principles and performance characteristics of the DUC architec-ture.
Within this scope, critical components such as interpolation filters, numerically controlledoscillators
(NCOs), and complex multipliers are modeled, and the frequency responses of eachcomponent are
evaluated through detailed graphical analyses. In particular, the effectiveness ofCascaded
Integrator-Comb (CIC) filters and compensating Finite Impulse Response (FIR) filtersin
maintaining a balance between frequency accuracy and computational efficiency is demonstrated. In
the second phase of the project, a system-level DUC model is developed and tested usingMATLAB
Simulink. Simulink enables a more detailed analysis of the system’s dynamic behaviorin both time
and frequency domains. This modeling allows the system to be designed in a way thatis compatible
with modern communication protocols such as LTE (Long-Term Evolution). In the advanced phase
of the project, under the title “Implementation of a Digital Up-Converterfor LTE in HDL, ” the
DUC architecture is defined in hardware using HDL (Hardware DescriptionLanguage) code. HDL
code is automatically generated using MATLAB HDL Coder. During thisprocess, the design is
optimized for FPGA-based systems and made suitable for hardware deploy-ment. After the HDL
generation process, RTL (Register Transfer Level) simulation is performedusing Xilinx Vivado,
and the design is verified with a testbench. The RTL simulation outputsconfirm that the design
correctly performs the intended frequency conversion and interpolationfunctions. Through extensive
simulation and analysis, this project demonstrates the efficiency and ver-satility of DUC solutions
for modern digital communication systems, meets performance andsustainability goals, and
provides a solid foundation for future hardware applications.

OZET

Bu bitirme projesi, modern dijital iletisim sistemlerinin ihtiyaglarin1 karsilamaya yonelik olarak bir
Dijital Yukar1 Cevirici (Digital Up-Converter, DUC) tasarimi, simiilasyonu ve donanim diizeyinde
uygulanmasini kapsamaktadir. Proje, baslangicta DUC mimarisinin temel prensiplerini ve
performans karakteristiklerini anlamak amaciyla MATLAB ortaminda yiiriitiilen kapsamli
simiilasyon calismalartyla baslamistir. Bu kapsamda interpolasyon filtreleri, sayisal kontrolli
osilatorler (NCO'lar) ve karmasik ¢arpanlar gibi kritik bilesenlerin modellenmesi gergeklestirilmis
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ve her bir bilesenin frekans yamit1 detayli grafik analizleri ile degerlendirilmistir. Ozellikle kademeli
tiimlestirici-kombinleyici (CIC) filtreler ile dengeleyici sonlu darbe yanitt (FIR) filtrelerin, frekans
dogrulugu ve hesaplama verimliligi arasindaki dengeyi saglamadaki basarist ortaya konmustur.
Projenin ikinci asamasinda, MATLAB Simulink ortami kullanilarak sistem diizeyinde bir DUC
modeli gelistirilmis ve test edilmistir. Simulink sayesinde, sistemin zaman ve frekans diizeyindeki
dinamik davraniglar1 daha detayli sekilde analiz edilmistir. Bu modelleme, sistemin LTE (Long-
Term Evolution) gibi modern haberlesme protokolleri ile uyumlu olacak sekilde tasarlanmasina
olanak saglamistir. Projenin ileri asamasinda, "HDL’de LTE i¢in Dijital Yukar1 Doniistiiriiciiniin
Uygulanmas1" bagligr altinda, HDL (Hardware Description Language) kodlartyla DUC mimarisi
donanimsal olarak tanimlanmis ve HDL kodlar1t MATLAB HDL Coder araci kullanilarak otomatik
olarak tiretilmistir. Bu siiregte tasarim, FPGA tabanli sistemler i¢in optimize edilerek donanimda
¢alistirilmaya uygun hale getirilmistir. HDL nesil siirecinin ardindan, Xilinx Vivado ortaminda RTL
(Register Transfer Level) simiilasyonu gerceklestirilmis ve olusturulan testbench ile tasarim
dogrulamast yapilmistir. RTL simiilasyon c¢iktilari, tasarimin beklenen frekans cevirimi ve
interpolasyon islevlerini dogru sekilde yerine getirdigini gostermistir. Kapsamli simiilasyon ve
analiz yoluyla bu proje, DUC ¢dziimlerinin modern dijital iletisim sistemleri i¢in etkinlik ve ¢ok
yonliliigiinii géstermekte, performans ve siirdiiriilebilirlik hedeflerini karsilamakta ve gelecekteki
donanim uygulamalari i¢in saglam bir temel sunmaktadir.
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F70) FPGA BASED IMPLEMENTATION OF DIGITAL DOWN
CONVERTER

Kaan CETiN
Advisor: Prof. Dr. Ugur Cam
ABSTRACT

This final year project encompasses the design, simulation, and hardware-level implementationready
version of a Digital Down-Converter (DDC) aimed at meeting the demands of modern
digitalcommunication systems. The project initially began with extensive simulation studies
conductedin the MATLAB environment to understand the fundamental principles and performance
charac-teristics of the DDC architecture. ~ Within this scope, critical components such as
interpolationfilters, numerically controlled oscillators (NCOs), and complex multipliers were
modeled, andthe frequency response of each component was evaluated through detailed graphical
analyses.  Inparticular, the effectiveness of Cascaded Integrator-Comb (CIC) filters and
compensating Finitelmpulse Response (FIR) filters in balancing frequency accuracy and
computational efficiency wasdemonstrated. In the second phase of the project, a system-level DDC
model was developed and tested usingthe MATLAB Simulink environment.  Simulink enabled a
more comprehensive analysis of thesystem’s dynamic behavior in both the time and frequency
domains.  This modeling facilitated thedesign of a DDC system compatible with modern
communication protocols such as LTE (Long-Term Evolution). In the advanced stage of the project,
under the title “Implementation of a Digital Down-Converterfor LTE in HDL, ” the DDC
architecture was described at the hardware level using Hardware De-scription Language (HDL)
code, which was automatically generated using the MATLAB HDLCoder tool. During this
process, the design was optimized for FPGA-based systems and preparedfor hardware
implementation. Following the HDL generation, an RTL (Register Transfer Level)simulation was
carried out in the Xilinx Vivado environment, and design verification was performedusing a
dedicated testbench. The RTL simulation results confirmed that the design accurately ful-filled the
expected frequency conversion and interpolation functions. Through comprehensive simulation and
analysis, this project demonstrates the efficiency andversatility of DDC solutions for modern digital
communication systems, meets key performanceand sustainability objectives, and provides a robust
foundation for future hardware implementations

OZET

Bu bitirme projesi, modern dijital iletisim sistemlerinin ihtiyaglarini karsilamaya yonelik olarak bir
Dijital Asag1 Cevirici (Digital Down-Converter, DDC) tasarimi, simiilasyonu ve donanim diizeyinde
uygulanmasini kapsamaktadir. Proje, baslangicta DDC mimarisinin temel prensiplerini ve
performans karakteristiklerini anlamak amaciyla MATLAB ortaminda yiiriitiilen kapsamli
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simiilasyon calismalariyla baslamistir. Bu kapsamda interpolasyon filtreleri, sayisal kontrolli
osilatorler (NCO'lar) ve karmasik ¢arpanlar gibi kritik bilesenlerin modellenmesi gergeklestirilmis
ve her bir bilesenin frekans yamit1 detayli grafik analizleri ile degerlendirilmistir. Ozellikle kademeli
timlestirici-kombinleyici (CIC) filtreler ile dengeleyici sonlu darbe yanit1 (FIR) filtrelerin, frekans
dogrulugu ve hesaplama verimliligi arasindaki dengeyi saglamadaki basarisi ortaya konmustur.
Projenin ikinci asamasinda, MATLAB Simulink ortanmui kullanilarak sistem diizeyinde bir DDC
modeli gelistirilmis ve test edilmistir. Simulink sayesinde sistemin zaman ve frekans diizeyindeki
dinamik davraniglar1 daha detayli sekilde analiz edilmistir. Bu modelleme, sistemin LTE (Long-
Term Evolution) gibi modern haberlesme protokolleri ile uyumlu olacak sekilde tasarlanmasina
olanak saglamistir. Projenin ileri asamasinda, "HDL'de LTE igin Dijital Asagi Doniistiiriiciiniin
Uygulanmas1" bashigi altinda HDL (Hardware Description Language) kodlartyla DDC mimarisi
donanimsal olarak tanimlanmis ve HDL kodlart MATLAB HDL Coder araci kullanilarak otomatik
olarak tiretilmistir. Bu siiregte tasarim, FPGA tabanli sistemler i¢in optimize edilerek donanimda
¢alistirilmaya uygun hale getirilmistir. HDL nesil siirecinin ardindan Xilinx Vivado ortaminda RTL
(Register Transfer Level) simiilasyonu gerceklestirilmis ve olusturulan testbench ile tasarim
dogrulamast yapilmistir. RTL simiilasyon ¢iktilari, tasarimin beklenen frekans ¢evirimi ve
interpolasyon islevlerini dogru sekilde yerine getirdigini gostermistir. Kapsamli simiilasyon ve
analiz yoluyla bu proje, DDC ¢6ziimlerinin modern dijital iletisim sistemleri igin etkinlik ve ¢ok
yonliliigiinii géstermekte, performans ve siirdiiriilebilirlik hedeflerini karsilamakta ve gelecekteki
donanim uygulamalari i¢in saglam bir temel sunmaktadir.
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F71) MODEL BASED DESIGN OF IMAGE ENHANCEMENT
TECHNIQUES FOR FPGA IMPLEMENTATION

Abdullah SONMEZ
Advisor: Prof. Dr. Ugur CAM
ABSTRACT

Image processing plays an important role in many application areas and is a key component of
image enhancement. In this study, the application of the histogram equalization technique on
the MATLAB-Simulink platform for image enhancement was examined. Histogram equalization
increases the contrast of images, making them more distinct and improving visual quality.
The MATLAB-Simulink environment allows effective modelling, simulation and analysis of this
technique. In this study, firstly, the histogram equalization algorithm was developed in
MATLAB and then a model was created in the Simulink environment. MATLAB and
Simulink provide an ideal platform to quickly and effectively prototype and test image
processing algorithms. The histogram equalization model was tested on different types of images
and its performance was evaluated. Next, the design was made for real-time application on
Field Programmable Gate Arrays(FPGA). FPGA-based applications are ideal for real-time image
processing due to their high speed and parallel processing capabilities. The histogram
equalization model was implemented on the FPGA using Hardware Description Language
(HDL) and its performance was evaluated on the FPGA platform. This work concludes by
outlining a methodology for real-time implementation of the histogram equalization technique
for picture enhancement on an FPGA and modeling it in the MATLAB-Simulink
environment. A model-based design technique was used to perform histogram equalization;
Vivado software was then used to synthesize and simulate the SystemVerilog hardware
description code that was created from this model. This approach is a useful tool for enhancing
image quality and can be applied to image processing applications.

OZET

Goriintii  igleme, bircok uygulama alaninda o6nemli bir rol oynamaktadir ve goriintii
iyilestirmenin temel bir bilesenidir. Bu calismada, goriintii iyilestirme igin histogram esitleme
tekniginin  MATLAB-Simulink platformu {izerindeki uygulamasi incelenmistir. Histogram
esitleme, goriintiilerin  kontrastint artirarak daha belirgin  hale getirir ve gorsel kaliteyi
iyilestirir. MATLAB-Simulink ortami, bu teknigin etkili bir sekilde modellemesi, simiilasyonu ve
analizine olanak tanir. Bu calismada, oncelikle MATLAB' de histogram esitleme algoritmasi
geligtirilmis ve ardindan Simulink ortaminda bir model olusturulmustur. MATLAB ve Simulink,
goriintii isleme algoritmalarini hizli ve etkili bir sekilde prototiplemek ve test etmek i¢in ideal bir
platform saglar. Histogram esitleme modeli, farkli goriintii tlirleri {izerinde test edilmis ve
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performansi degerlendirilmistir. Devaminda, FPGA iizerinde gergek zamanli uygulama igin tasarim
yapilmustir. FPGA tabanli uygulamalar, yiiksek hiz ve paralel islem yetenekleri nedeniyle gergek
zamanli goriintii isleme icin idealdir. Histogram esitleme modeli, FPGA {izerinde donanim
tanimlama  dili (HDL)  kullanilarak uygulanmis ve performanst FPGA platformunda
degerlendirilmistir. Bu ¢alisma, bir FPGA iizerinde resim iyilestirme i¢in histogram esitleme
tekniginin gercek zamanli uygulanmasi i¢in bir metodolojinin ana hatlarint ¢izerek ve bunu
MATLAB-Simulink  ortaminda modelleyerek sona ermektedir. Histogram esitlemeyi
gerceklestirmek igin model tabanli bir tasarim teknigi kullanildi; daha sonra bu modelden
olusturulan SystemVerilog donanim tanimlama kodunu sentezlemek ve simiile etmek i¢in Vivado
yazilimi kullanildi. Bu yaklagim, goriintii kalitesini iyilestirmek i¢in kullanigh bir aragtir ve goriintii
isleme uygulamalarina uygulanabilir.
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