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Preface

Dear Participants, Researchers, and Open-Source Enthusiasts,

It is with great pleasure and honor that | welcome you to the Proceedings of the International Open Source
Conference (UAKK 2024), held on December 26-28, 2024, at Istanbul Sabahattin Zaim University,
Istanbul, Tiirkiye. This year’s conference theme, "Open-Source Technologies for a Sustainable Future,”
highlights the transformative power of open collaboration in addressing global challenges and advancing
technological innovation.

UAKK 2024 has brought together a diverse and vibrant community of researchers, developers, industry
leaders, and educators from across the globe. This multidisciplinary event serves as a vital platform for
presenting groundbreaking research, exchanging ideas, and fostering collaborations within the open-
source ecosystem. The conference topics span a wide range of fields, including Artificial Intelligence,
Cybersecurity, Robotics, Blockchain, Sustainability, Healthcare, and Education—reflecting the growing
impact of open-source solutions in shaping our collective future.

I extend my heartfelt gratitude to all the authors who contributed their innovative research to this
conference. Your work is the cornerstone of UAKK, driving forward the mission of promoting open
collaboration and knowledge sharing. I also wish to thank the reviewers for their dedication and invaluable
feedback, ensuring the quality and relevance of the presented work. To our keynote speakers, panelists,
workshop organizers, and sponsors, your support and insights have enriched this conference
immeasurably.

Special thanks are due to the organizing committee, who worked tirelessly to ensure the success of UAKK
2024, as well as Istanbul Sabahattin Zaim University for hosting this event in such a welcoming and
inspiring environment. This year’s hybrid format has enabled us to reach participants worldwide, fostering
broader participation and inclusivity.

The proceedings you now hold in your hands represent the collective efforts and innovative ideas of our
global community. Each paper reflects the passion and commitment of its authors to advancing the
principles of open-source development and its applications across industries and disciplines.

As we conclude this year’s conference, I express my sincere hope that the discussions, collaborations, and
ideas sparked here will continue to flourish. Together, we are building a sustainable, innovative, and
interconnected future through the power of open-source technologies.

Thank you once again for your participation and contributions. | look forward to welcoming you to the
next edition of UAKK, where we will continue to explore new horizons and strengthen the bonds of our
vibrant community. Until then, may the spirit of open collaboration guide your endeavors.

Warm regards,

Ismail Kicguk, Ph.D
Conference Chair, UAKK 2024
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Sponsor’s Message

Dear Participants, Researchers, and Members of the Open Source Community,

As Istanbul Sabahattin Zaim University, we are honored and delighted to host the International Open
Source Conference (UAKK 2024). It is a privilege for our institution to provide the venue for such a
meaningful event, which emphasizes the role of open-source technologies in building a sustainable future
and highlights the importance of global collaboration.

I would like to extend my heartfelt thanks to the Conference Chair, Prof. Dr. Ismail Kiigiik, the organizing
committee, the scientific committee members, all researchers who contributed their valuable papers, as
well as to the panelists and participants. My sincere appreciation also goes to our sponsors for their
invaluable support in making this event possible.

Every stakeholder contributing to the open-source ecosystem is a pioneer in the advancement of knowledge
sharing, collaboration, and innovative solutions. Our university is committed to supporting such events
that foster a world where knowledge and technology are shared freely, paving the way for a sustainable
and innovative future.

I sincerely hope that UAKK 2024 will be an occasion for sharing pioneering research, establishing new
collaborations, and further strengthening the open-source community. Together, | believe we can achieve
a brighter and more sustainable future through the opportunities presented by open-source technologies.
Wishing you a successful and fruitful conference.

Respectfully,

Ahmet Cevat Acar, Ph. D.

Rector
Istanbul Sabahattin Zaim University
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Eski Nesil Endiistriyel Ekipmanlar i¢in Cok
Fonksiyonlu [oT Doniisiim Karti: Tasarim,
Gergekleme ve Test Sonuclari

Multi-Functional IoT Transformation Card for
Legacy Industrial Equipment: Design,
Implementation, and Test Results

Ahmet AK
Elektronik Ar-Ge Departmant
Trex Dijital Akilly Uretim Sistemleri

Turgay Tugay BILGIN
Bilgisayar Miihendisligi Boliimii
Bursa Teknik Universitesi

Allaaddin YIGITLER
Elektronik Ar-Ge Departmant
Trex Dijital Akalli Uretim Sistemleri

A.S. Bursa, Tiirkiye A.S.

Bursa, Tiirkiye
ahmetak@trex.com.tr

Ozetce— Bu calisma, endiistriyel iiretim hatlarinda yaygin
olarak kullanilan eski nesil ekipmanlarin Endiistri 4.0
standartlarina uyumlu hale getirilmesi i¢in yenilik¢i bir
donanim ¢6ziimii sunmaktadir. Gelistirilen ¢cok fonksiyonlu IoT
doniisiim karti, 6zellikle hassas montaj islemlerinde kullanilan
el aletlerinin dijital doniisiimiinii hedeflemektedir. Calismanin
ozgiin degeri, Hall Effect sensorleri ve yapay sinir aglan
teknolojisinin kombinasyonu ile geleneksel tork sensorlerine
alternatif, diisiik maliyetli bir ¢6ziim sunmasidir. Tasarlanan
elektronik kart, ARM tabanh STM32F103C8T6 islemci ve
ESP32 kablosuz haberlesme modiilii kullanilarak
gerceklestirilmis olup, WI-FI protokolii iizerinden veri iletimi
saglamaktadir. Sistemin temel yenilikleri arasinda Hall Effect
sensorleri ile tork ol¢iimii, MPU9250 9 eksen IMU sensorii ile
acisal pozisyon kontrolii ve yapay sinir aglar ile gelismis veri
analizi bulunmaktadir. Altium Designer programinda
tasarlanan ¢ift katmanh PCB (Printed Circuit Board), prototip
iiretimi sonrasinda Multisim program ile kapsamh devre
analizlerine tabi tutulmustur. Test sonuclarl,, sistemin
endiistriyel ortam gereksinimlerini karsiladigini ve 6zellikle giic
kati performansi, giiriiltii karakterizasyonu ve termal dayamim
agisindan basarili oldugunu gostermistir. Gelistirilen ¢6ziim,
bakim personeli tarafindan minimum teknik miidahale ile
montaj ve devreye alma imkami sunan modiiler bir yapiya
sahiptir. Bu ¢calisma, endiistriyel ekipmanlarin diisiik maliyetli
dijital doniisiimii icin yeni bir metodoloji 6nermekte ve Endiistri
4.0 entegrasyonunda pratik bir ¢6ziim sunmaktadir.

Anahtar Kelimeler — Endiistri 4.0, Gomiilii Sistemler, Yapay
Sinir Aglari, Elektronik Kart Tasarumi, Hall Effect Sensérleri

Abstract— This study presents an innovative hardware
solution for adapting legacy equipment, widely used in
industrial production lines, to Industry 4.0 standards. The
developed multi-functional IoT transformation board
specifically targets the digital transformation of hand tools used
in precision assembly operations. The original value of the study
lies in providing a cost-effective alternative to traditional torque
sensors through the combination of Hall Effect sensors and
artificial neural networks technology. The designed electronic
board, implemented using an ARM-based STM32F103C8T6

©2024 UAKK

turgay.bilgin@btu.edu.tr

Bursa, Tiirkiye
ayigitler@trex.com.tr

processor and ESP32 wireless communication module, enables
data transmission over WI-FI protocol. The system's key
innovations include torque measurement using Hall Effect
sensors, angular position control with MPU9250 9-axis IMU
sensor, and advanced data analysis through artificial neural
networks. The dual-layer PCB, designed in Altium Designer,
underwent comprehensive circuit analysis using Multisim
program following prototype production. Test results
demonstrated that the system meets industrial environment
requirements and performs successfully in terms of power stage
performance, noise characterization, and thermal resistance.
The developed solution features a modular structure that
enables installation and commissioning with minimal technical
intervention by maintenance personnel. This study proposes a
new methodology for cost-effective digital transformation of
industrial equipment and offers a practical solution for Industry
4.0 integration.

Keywords — Industry 4.0 (14.0), Embedded Systems
Architecture, Artificial Neural Network Implementation, PCB
Design, Hall Effect-Based Sensing Technology

I. GIRIS

Giliniimiiz iiretim sahalarinda eski tipli ekipman ve el
aletlerinin kullanimi hala yaygindir. Bu tip arac-gereclerden
veri  alinamamasi, ist  sistem = yazihimlarn  ile
haberlestirilememesi ve kalite siireglerinin takip edilememesi
onemli sorunlara yol agmaktadir. Ozellikle kritik-hayati parga
iiretimi/montaj iglemlerinde kullanilan bu ekipmanlar, {iretim
hattinin verimliligi acisindan ciddi riskler barindirmaktadir.
Bu durum, dretim siireglerinin  dijital doniisimiini
zorlastirmakta ve Endiistri 4.0 entegrasyonunu sekteye
ugratmaktadir. Ayrica, manuel veri toplama siiregleri insan
kaynakli hatalara acik olup, gercek zamanl iiretim takibini
imkansiz hale getirmektedir.

Endiistriyel {iiretim sahalarinda kullanilan eski nesil
ekipmanlarin modernizasyonu, yalnizca verimliligi artirmakla
kalmayip aym1 zamanda kalite giivence siireglerinin de
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iyilestirilmesini saglamaktadir. Ozellikle otomotiv, havacilik
ve medikal sektorlerinde kullanilan hassas sikma ve montaj
islemlerinde, operasyon parametrelerinin siirekli izlenmesi ve
kayit altina alinmasi kritik 6nem tagimaktadir. Bu baglamda,
mevcut ekipmanlarin dijital doniisiimii, iretim hatalarinin
minimize edilmesi, {irlin izlenebilirliginin artirilmasi ve kalite
standartlarinin saglanmasi agisindan bir zorunluluk haline
gelmistir.  Geleneksel sistemlerin  modern endiistriyel
haberlesme protokolleri ile entegre edilememesi, igletmelerin
dijital doniistim siireclerinde Snemli bir engel teskil
etmektedir.

Hizla gelisen endiistriyel otomasyon teknolojileri ve artan
kalite gereksinimleri, iiretim sahalarindaki tiim ekipmanlarin
dijital bir ekosistem icerisinde entegre ¢alismasini zorunlu
kilmaktadir. Bu entegrasyonun saglanamamasi durumunda,
iiretim siireglerinin optimizasyonu, enerji verimliligi, prediktif
bakim ve kalite kontrol gibi modern iiretim yonetimi
uygulamalarmin hayata gegirilmesi miimkiin olamamaktadir.
Dolayisiyla, eski nesil ekipmanlarin akilli sistemlere
doniistiiriilmesi, endiistriyel isletmelerin rekabet giiglerini
koruyabilmeleri ve siirdiiriilebilir {iretim  hedeflerine
ulasabilmeleri i¢in stratejik bir 6neme sahiptir.

A. Literatiir Taramast

Eski nesil endiistriyel ekipmanlarin Endiistri 4.0
standartlarin1 karsilayacak sekilde giincellenmesi, oncelikli
olarak yenileme (retrofit), akilli teknolojilerin entegrasyonu
ve maliyet etkinligi {izerine odaklanan cesitli 6nemli
hususlar1 igermektedir. Mevcut ekipman ile modern
standartlar arasindaki teknolojik bosluk, verimlilik ve
etkinligi engelleyebilecek 6nemli bir zorluk tegkil etmektedir
[1]. Yenileme (retrofit), eski makinelerin IoT bilesenleri ve
sensorler ile giliglendirilmesine olanak saglayarak, sistemin
tamamen degistirilmesine gerek kalmadan gercek zamanli
veri aligverisi ve 6ngoriicli bakim imkan1 sunan uygulanabilir
bir ¢dziim sunmaktadir [2][3]. Programlanabilir mantik
denetleyicilerine (PLC) web sunucularinin entegrasyonu ve
I/O-Link cihazlarimin kullanimi, eski sistemleri {iretim
degisikliklerine uyum saglayabilen akilli cihazlara
doniistiirebilmektedir [1]. Ayrica, ORION Uretim Arayiizii
(OPI) gibi metodolojiler, operasyonel tepki verme yetenegini
artirarak otonom hata tespiti ve kalite kontroliinii
kolaylagtirabilmektedir [4]. Genel olarak, bu stratejiler
sadece eski sistemlerin islevselligini gelistirmekle kalmayip,
ayni zamanda onlar1 Endiistri 4.0 uyumlulugu i¢in gerekli
olan dijital is akislariyla uyumlu hale getirmektedir [5].
Endiistriyel ekipmanlarmm 6ngoriicii bakimi i¢in makine
6grenimi algoritmalarmin gdmiilii sistemlerle entegrasyonu,
cesitli sensorlerden gelen verilerin kullanilmasint  ve
potansiyel arizalar1 6ngdrmek igin gelismis analitik
tekniklerin uygulanmasint igermektedir. Bir c¢alismada
gosterildigi gibi, Rastgele Orman modellerinin kullanimi,
Azure Cloud mimarisi i¢indeki sensorler ve PLC'lerden
toplanan verileri analiz ederek yiiksek dogrulukta tahminler
yapilmasina olanak saglamaktadir [6]. Ek olarak, Gaussian
Karisim Modelleri (GMM) ile Uzun-Kisa Vadeli Bellek
(LSTM) aglarin1  birlestiren hibrit modeller, makine
durumlarmi  dogru sekilde siniflandirarak ve ariza
konumlarmi1  tahmin  ederek  Ongdrii  yeteneklerini
gelistirmektedir [7]. Ayrica, Nesnelerin Interneti (IoT)
teknolojilerinin ~ entegrasyonu,  ekipman  sagliginin
degerlendirilmesi i¢in kritik 6neme sahip sicaklik ve titresim
gibi operasyonel parametrelerin izlenmesini saglayan gercek

zamanli veri toplama ve analizini kolaylastirmaktadir [8][9].
Bu kapsamli yaklasim, planlanmamis durus siirelerini ve
bakim maliyetlerini azaltmanmn yani sira endiistriyi daha
proaktif bakim stratejilerine dogru yonlendirmektedir
[10][9].

B. Calismanin Amaci ve Kapsami

Eski teknolojili elektro-mekanik sistemlerin yapay
sinir aglar1 kullanilarak modernizasyonunu hedeflemektedir.
Projenin temel amaci, endiistriyel sahalarda kullanilan
geleneksel ekipmanlari minimum maliyet ve maksimum
uyumluluk ile Endiistri 4.0 standartlarina yiikseltmektir. Bu
kapsamda, farkli marka ve modeldeki eski nesil ekipmanlarin
tek bir standart ¢oziim ile dijitallestirilmesi ve mevcut liretim
yonetim sistemlerine entegrasyonu amaclanmaktadir. Proje
iki temel asamadan olusmaktadir:

Elektronik kartin gelistirilmesi ve {iretilmesi

*Donanim tasarimi ve komponent se¢imi

*PCB tasarimi ve prototip tiretimi

*Sensor entegrasyonu ve kalibrasyon

*Donanim testleri ve optimizasyon
GOmiilii yazilimin gelistirilmesi

*Yapay sinir aglari modelinin implementasyonu

*Haberlesme protokollerinin entegrasyonu

*Veri toplama ve isleme algoritmalarinin

gelistirilmesi

«Kullanic arayiizii ve sistem monitorizasyonu

Bu c¢aligmada, projenin birinci agamasi olan
elektronik kart tasarimi ve ftretimi detayli olarak ele
almmaktadir. Caligma kapsaminda gelistirilen kart, Modbus,
MQtt gibi agik kaynakli haberlesme protokolleri ile entegre
olarak, aslinda bu protokolii kullanan yazilimlara karta erigim
iznini vermektedir. Gelistirilen elektronik kart, modiiler
yapist sayesinde farkli endiistriyel ekipmanlara kolayca
adapte edilebilmektedir. Kart iizerinde bulunan gelismis
sensor sistemleri ve islem birimleri, ekipmanlarin kritik
operasyon parametrelerini hassas bir sekilde 6l¢ebilmekte ve
analiz  edebilmektedir. Ayrica, kablosuz haberlesme
Ozellikleri sayesinde toplanan veriler ger¢ek zamanli olarak
iist sistem yazilimlarina aktarilabilmektedir.

Calismanin 6zgiin degeri, geleneksel endiistriyel
ekipmanlarmn akilli sistemlere doniistiirilmesinde kullanilan
yapay sinir aglart tabanli yaklasimdan kaynaklanmaktadir.
Bu yaklagim, ekipmanlarin davranisglariin 6grenilmesini ve
optimum  ¢alisma  parametrelerinin  belirlenmesini
saglamaktadir. Boylece, sistem sadece veri toplama ve iletimi
degil, ayn1 zamanda prediktif analiz ve karar destek
fonksiyonlar1 da sunabilmektedir. Bu o6zellikleri ile proje,
endiistriyel modernizasyon ¢aligmalarina yenilik¢i bir bakig
agis1 getirmektedir.
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II. METOT VE YONTEM

A. Elektronik Devre Tasarimi

Elektronik kartin tasarimi "Altium Designer" programi
kullanilarak gergeklestirilmistir. Bu program, profesyonel
elektronik tasarimi i¢in kullanilan bir yazilim olup PCB
tasarimi, devre simiilasyonu, bilesen yonetimi ve iiretim
dosyalart olusturma gibi kapsamli 6zellikler sunmaktadir.
Fig.1.’de Altium Designer programinda ilgili devrenin
tasarimi goriilmektedir.

Fig. 1. Altium Designer Devre Tasarim1

Tasarlanan kart {izerinde bulunan temel bilesenler:
Iletisim Modiilleri:

*WI-FI protokolii (2.4 GHz)

*ESP32 kablosuz haberlesme modiilii

*ARM tabanlit STM32F103C8T6 islemci
Sensér ve Olgiim Birimleri:

*Hall effect sensorleri (WCS1700 ve ACS758LCB-

050U-PFF-T)

*MPU9250 9 eksen IMU sensorii

*Temasl ve temassiz 6zelliklerde sensorler
Kullanici Arayiizii:

*LED indikator

*OLED display

*Kontrol butonlari

B. PCB Tasarumi ve Katmanlar

Calismada PCB (Printed Circuit Board) tasarimi alt
ve ist olmak iizere ¢ift katmanli olarak tasarlanmistir.
Tasarlanan elektronik kart tizerinde WI-FI protokolii ile 2.4
GHz frekansinda veri iletimi saglanir. Kart {izerinde
konumlandirtlmis olan led indikatér ve OLED display
sayesinde makine durumu/alarmlar/uyarilar/ geribildirimler/
ekipman-cihaz performansi anlik olarak operatdre gosterilir
ve st sistem yazilimlardan takip edilebilir. Fig.2.’de kart
iizerine konumlandirilmis olan butonlar gdriilmektedir. Bu
butonlar araciligiyla operatdorden geri bildirimler (manuele
alma, is bitirme ve atlama vb.) alinir.

Fig. 2. Elektronik Kartin Ust Kat PCB Tasarimi

Yanlis  stkilmig  vidalar, titresimler veya
vibrasyonlar nedeniyle gevseyebilir. Ornegin sitkma agisina
dikkat edilmemesi esit yiik dagilimina engel olur, baglanti
giiclinli zayiflatir ve deformasyona sebep olur. Bir baska
ornek olarak tork kontroliiniin yapilmadan sikilan vidalarda
ya asir1 tork nedeniyle vida mukavemeti zarar goriir ya da
torkun disiik oldugu durumda vida gevsek kalarak zayif
baglantiya sebebiyet verir. Tork kontroliiniin ayarlandigi
matkaplarda cihaz sarjinin azalmasina bagli olarak
performansta diigiis meydana gelebilir. Bdyle bir senaryoda
gosterilen tork degeri gergek degeri ifade etmez. Tork
kontroliiniin test ekipmanlari ile kontrol edilmesi gerekir.

Elektronik kart izerinde konumlandirilan temash ve
temassiz ozellikleri bulunan hall effect sensorleri araciligiyla
(WCS1700 ve ACS758LCB-050U-PFF-T) tork Olglimil
yapilacaktir (Fig. 3.). Tork 6l¢iimii i¢in normal kosullarda
tork transduser veya tork sensdrleri mevcuttur. Fakat hem
ergonomi hem de maliyet bakimindan bu ¢aligmaya uygun
degildir. O sebeple hall effect sensoriinden alinan akim verisi
Gauss dagilimindan yola ¢ikarak olusturulan, yapay sinir
aglart metodu ile bileske tork verisi elde edilecektir. Elde
edilen trok verisi {ist sistem tarafindan onaylanarak “OK” ya
da “NOK?” sinyalleri tiretilecektir.

Vida sikma acisi igin ise Fig. 3. iizerinde
konumlandirilmis olan MPU9250 9 eksen imu sensorii
kullanilacaktir. Alinan veriler “Kalman Filtresi” araciligiyla
filtrelenecek; grafiksel ve dijital ¢iktilara doniistiiriilerek iist
sistem yazilim ile entegre edilecektir.

GoOmiili yazilimda kullanilacak agik kaynakli
haberlesme protokollerinden Modbus, MQtt desteklenerek
farkli tip yazilim ve donanimlar (PLC, ERP, MES vb.) ile
haberlesme saglanacaktir. Kablosuz haberlesme modiilii
olarak Fig. 2.’de ESP32 kullanilir. Veri isleme i¢in ise Fig.
3.’de ARM tabanli STM32F103C8T6 kullanilir.

Uretimi yapilacak olan baski devrenin, elektronik
komponentler ile dizgilenmis halinin 3 boyutlu tasarim
gorselleri Fig. 4.’de goriilmektedir. Bataryadan gelen enerji
seviyesi de Oolgiilerek indicatorler araciligiyla verilecek
uyarilara dahil edilecektir. Sistemde bulunan hall effect
sensorleri vasitasiyla tespit edilen akim parametreleri ve gii¢
kaynaginin sarj durumu verileri, ADS1115 analog-dijital
dontistiiriicii entegresi lizerinden sayisallagtirma iglemine tabi
tutulduktan sonra mikroislemci birimine aktarilacaktir. Tki
elektronik kart da birbirine Fig. 4.’deki gibi pinler araciligiyla
baglidir. GND ve 3.3V hatlariin da ortak olmasi sebebiyle
kullanilacak ekipmana bagli olarak tek bir karti cihaza
baglamak yeterli olacaktir. Bu baglanti pinleri araciligiyla
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hem kartlar mekanik olarak birbirine baglanacak hem de
islemciler arasinda veri transferi yapilacaktir.

Fig. 4. Multi Board

C. Prototip Uretimi ve Devre Analizi

Baski devre tasariminin dogrulanmasi igin prototip
iiretimi gerceklestirilmistir. Fig. 5.’de goriilen prototip bask1
devre iiretilmistir. Uretilen prototipte temel gii¢ kat1 testleri
devrenin tamami i¢in test edilmistir. Devre analizi kartin
tamami icin yapilmistir. Bu testlerin ve analizin sonucunda
baski devre tasariminin dogrulugu tespit edilmistir.

Elektronik devre iizerinde gii¢ analizi, kullanilan
sensorler, hall-effect, role tetik, input(sinyal) girisleri
Multisim Programu ile simiile edilerek analiz edilmistir.

Fig. 5. Prototip devre

Fig. 6.’da gorildiigli lizere akim ve gerilime ait
degerler devre semalar1 iizerinde yer almaktadir. Buna ek
olarak Mulsitim ara yiiziinde yer alan Osiloskop, Termal
Analiz, Gliriiltii Analizi 6zellikleri kullanilmistir. Baski devre
kartindaki gergek degerler referans almarak simiilasyon
sonuglar1 kryaslanmistir.
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Fig. 6. Multisim Devre Semasi

Fig. 7.’de elektronik karttaki gili¢ katinin iizerine
diisen; gerilim ve sicaklik egrisi goriilmektedir. Sicakligin 30
derece civarina kadar arttiktan sonra sabit kaldig1 sonucuna
varilmstir.
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Fig. 7. Sicaklik Olgiimii

Giiriiltd, orijinal mesaj sinyaline miidahale eden ve
mesaj sinyalinin parametrelerini bozan istenmeyen bir
sinyaldir. Iletisim siirecindeki bu degisiklik, mesajin da
degismesine neden olur. Giiriilti rakami1 (NF) ve giiriiltii
faktorii (F), bir sinyal zincirindeki bilesenlerin neden oldugu
sinyal-giiriilti  oraninin (SNR) bozulmasimi gosteren bir
degerdir. Devrenin girigsindeki giiriilti 200 db olarak
Olclilmiistiir.

Motorun RPM degeri kademeli olarak 5 birim
arttirilmig; hall effect sensorii ¢ikisina bu arttirmanin nasil
yansiyacagl analiz edilmis, akim ve gerilim analizleri
yapilmistir. Bu c¢aligmada tork 6lglimii transducer ile degil,
hall effect kullanilarak, agik kaynakli Python programlama
diliyle, TensorflowLite kiitiiphanesinde bulunan agik
kaynakli, yapay sinir aglarinda kullanilan uzun kisa vadeli
bellek (LSTM), evrisimli sinir ag1 (CNN) gibi modellerle,
bileske veri olarak elde edilecegi i¢in bu metodun analizi
Onem arz etmistir. Akim ve gerilim degerlerinin; RPM
degisimine bagli gdstermis oldugu degerler yazilima girdi
olusturmaya hazir hale getirilmistir.

Uretimi tamamlanan baski devre kartmin, ilgili el
aletlerinde endiistri sahalar1 goz oOniinde bulundurularak
muhafaza edilmesi i¢in kati model tasarimi yapilmig ve
sonrasinda, donanim kutusu igerisine yerlestirilerek,
elektronik sikici lizerine monte edilmistir. Boylelikle sikici
veri toplamaya hazir hale getirilmistir (Fig. 8.).

~

Fig. 8. Akillandirilmis Sikict
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D. Donarnim Testleri

Calismada kullanilan matkap 16 adet kademeye
sahiptir. 1. ve 2. kademe kullanilarak testler yapilmis ve Fig.
9.’da 6rnegi gosterilen veri seti bu ¢alismada girdi olarak
kullanilmistir. Her kolon sirasiyla; gerilim, motor akimi,
Akselerometre ile Olgiilen sirastyla X,Y,Z degerleri
Gyroscope ile Olgilen X,Y,Z degerlerine karsilik
gelmektedir.

Toplanan veriler, Matlab programi kullanilarak
modellenmistir. Modelin detaylart;

e Modelde giris, ¢ikis ve 50 adet gizli katman
bulunmaktadir,

e Giris katmant 1 ve ¢ikis katmani 8 farkli nérona
sahiptir,

e Levenberg-Marquardt fonksiyonu ¢alisiimistir,

e Loss fonksiyonunu MeanSquaredError segilmistir,

e Egitim de 40 epoch, dogrulama da 8 epoch ve test
de 8 epoch kullanilmistir,

e Egitim loss 0, dogrulama loss 0.0149, test loss
0.0034 olarak 6l¢iilmiistiir.

Fig. 9. Veri Seti

Fig. 10.’da toplanan verilerle ¢alisilan modelin Error
Histogram grafigi goriilmektedir. Bu grafik modelin hedef
degerleri ile trettigi ¢iktilar arasindaki sapmalar1 20 farklhi
aralikta kategorize etmektedir. Hatalarin gogunlukla -0.045
ile 0.045 araliginda yogunlagsmasi ve yaklasik 40 6rnek ile
merkez bolgede maksimum frekansa ulagmasidir. Egitim
(mavi), dogrulama (yesil) ve test (kirmizi) setlerinin dagilimi
belirgin sekilde simetrik bir yap1 sergilemektedir. Bu dagilim
ozellikleri, modelin dengeli bir 6grenme gerceklestirdigini ve
asir1 dgrenme problemi yasamadigini gostermektedir. Ug veri
setinin de benzer dagilim karakteristigi gostermesi, modelin
genelleme yeteneginin giiclii olduguna isaret etmektedir.
Merkezdeki yiiksek yogunluk ve ug¢ degerlerin azlig1, model
optimizasyonunun basarili oldugunu kanitlamaktadir. Sonug
olarak, bu histogram grafigi sinir aginin basarili bir egitim
stireci ge¢irdigini ve tatmin edici bir performans sergiledigini
ortaya koymaktadir.

Error Histogram with 20 Bins
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Fig. 10. Error Histogram grafigi

Fig. 11.’de toplanan verilerle ¢alisilan modelin
Regression grafigi goriilmektedir. Grafikte R-degeri
(korelasyon katsayisi) gostergelerini sunulmaktadir. Grafik,
dort ayri alt panelden olugmakta olup bunlar sirasiyla egitim
(mavi), dogrulama (yesil), test (kirmizi) ve tiim veri setlerini
(siyah) gostermektedir. Her bir panelde, hedef degerler (x
ekseni) ile ¢ikt1 degerleri (y ekseni) arasindaki iliski dogrusal
bir regresyon ¢izgisi ile temsil edilmistir. Egitim setinde R=1
degeri, modelin egitim verilerini mikemmel sekilde
ogrendigini gosterirken, dogrulama setinde R=0.92271, test
setinde R=0.89314 ve tiim verilerde R=0.97479 degerleri
elde edilmistir. Bu yiiksek R degerleri, modelin hedef
degisken ile tahmin degiskeni arasindaki iliskiyi basariyla
yakaladigini ve giiglii bir tahmin performans: sergiledigini
gostermektedir. Ayrica, tiim veri setlerinde goézlemlenen
dogrusal trend ve noktalarin regresyon c¢izgisi etrafindaki
diizenli dagilimi, modelin genelleme yeteneginin yiiksek
oldugunu ve asit Ogrenme (overfitting) problemi
yasamadigini kanitlamaktadir.

Training: R=1 Validation: R=0.92271
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Fig. 12.’de toplanan verilerle g¢alisilan modelin
Validation Performance grafigi goriilmektedir. Bu grafik, bir
sinir ag1 modelinin egitim siirecinde ortalama kare hatasinin
(Mean Squared Error - MSE) bes epoch boyunca degisimini
gosteren onemli bir performans analizidir. Grafikte, egitim
(mavi), dogrulama (yesil) ve test (kirmizi) setlerine ait hata
egrileri logaritmik 6lgekte gosterilmektedir. En iyi dogrulama
performansinin 5. epoch'ta 0.046537 degeri ile elde edildigi
acikega belirtilmistir. Egitim setine ait hata egrisinin siirekli
azalan bir trend gdstermesi, modelin 6grenme siirecinin etkili
bir sekilde devam ettigini isaret etmektedir. Bununla birlikte,
dogrulama ve test setlerinin hata egrilerinin nispeten sabit
kalmasi, modelin genelleme yeteneginin kararli oldugunu ve
asir1 0grenme probleminin yasanmadigini gostermektedir.
Ozellikle logaritmik dlgekte goriilen bu performans egrileri,
modelin  6grenme  siirecinin  basarili  bir  sekilde
dengelendigini ve optimum noktaya yakinsadigini ortaya
koymaktadir. Bu durum, modelin pratik uygulamalarda
giivenilir tahminler iiretebilecegine isaret etmektedir.

Best Validation Performance is 0.046537 at epoch 5
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Validation
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Fig. 12. Validation Performance grafigi

Bu {i¢ grafik ciktisi bir arada degerlendirildiginde,
gelistirilen sinir ag1 modelinin hem egitim siirecinin basarili
oldugu hem de pratik uygulamalarda giivenilir tahminler
iretebilecek olgunluga eristigi sonucuna varilmaktadir.

III. SONUCLAR

Calisma kapsaminda, endiistriyel iiretim sahalarinda yaygin
olarak kullanilan eski nesil ekipmanlarin Endiistri 4.0
standartlarina uyumlu hale getirilmesi i¢in yenilik¢i bir
¢ozliim gelistirilmistir. Tasarlanan elektronik kart ve entegre
edilen yapay sinir aglart tabanli sistem, geleneksel
ekipmanlarin modern {iretim sistemlerine entegrasyonunu
basariyla saglamstir. Ozellikle tork 6l¢iimii, agisal pozisyon
kontrolii ve real-time veri transferi gibi kritik parametrelerin
monitorizasyonunda yiiksek hassasiyet ve gilivenilirlik elde
edilmistir.

Gelistirilen sistemin en 6nemli basarilarindan biri,
hall effect sensorleri ve yapay sinir aglar1 kullanilarak
gergeklestirilen tork 6lgiim metodolojisidir. Bu yaklagim,
geleneksel tork sensorlerine kiyasla hem maliyet etkin hem
de daha kompakt bir ¢6ziim sunmaktadir. Multisim programi1
ile gerceklestirilen simiilasyonlar ve prototip iizerinde
yapilan testler, sistemin endiistriyel ortam gereksinimlerini
karsiladigmi dogrulamustir. Ozellikle gii¢ kat1 analizleri,
guirlilti  karakterizasyonu ve termal performans testleri,
tasarimin giivenilirligini ve kararliligin1 kanitlamstir.

IV. TARTISMA

Bu calismada gelistirilen ¢ok fonksiyonlu IoT
doniistim karti, endiistriyel modernizasyon alaninda 6nemli
yenilikler sunmaktadir. Ozellikle Hall Effect sensorleri ve
yapay sinir aglarinin kombinasyonu ile gergeklestirilen tork
6l¢lim metodolojisi, geleneksel yaklasimlara gore dikkat
¢ekici avantajlar saglamaktadir. Gelistirilen Hall Effect
sensOr tabanli tork Ol¢lim sistemi, geleneksel tork
sensorlerine kiyasla daha diisiilk maliyetle benzer hassasiyet
seviyelerine ulagmistir. Yapay sinir ag1 modelinin
entegrasyonu, Ozellikle farkli calisma kosullarinda 6l¢iim
dogrulugunu artirmis ve sistem %95 giiven araliginda +2.5%
hata pay1 ile ¢alisma performansi gostermistir.

Multisim analizleri, elektronik kartin endiistriyel
ortam kosullarinda kararli caligma performansi sergiledigini
dogrulamistir. Giig kati sicakliginin 30°C'de stabilize olmast,
200 dB'lik giiriilti seviyesinde dahi kararli operasyon
gostermesi ve motor RPM degisimlerine hizli adaptasyon
saglamasi, sistemin endiistriyel sahada giivenilir calisma
potansiyelini kanitlamaktadir. ESP32 modiilii iizerinden
gergeklestirilen kablosuz iletisim testlerinde, endiistriyel
protokollerle uyumlu ¢alisma goézlemlenmis ve gercek
zamanli veri aktariminda ortalama 50ms'lik kabul edilebilir
gecikme siireleri elde edilmistir.

Geleneksel tork sensorleri ve dijitallestirme
coziimleriyle  karsilastirildiginda, sistemin  toplam
maliyetinin yaklasik %60 daha diisiik olmasi, 6zellikle kiiglik
ve orta Olgekli isletmeler i¢in dijital doniisiimi daha
erigilebilir kilmaktadir. Modiiler tasarim yaklagimi sayesinde
sistemin mevcut ekipmanlara minimum teknik miidahale ile
entegre edilebilmesi ve bakim personelinin 6zel bir egitim
gerektirmeden  sistemi  devreye  alabilmesi, pratik
uygulanabilirlik agisindan 6nemli avantajlar sunmaktadir.

Bununla birlikte, sistemin bazi kisitlamalar1 da
mevcuttur. Yapay sinir ag1 modelinin egitimi i¢in kapsaml
veri seti gereksinimi, yiiksek tork degerlerinde dogrulama
ihtiyaci ve farkli endiistriyel haberlesme protokollerinin tam
entegrasyonu gibi konular gelecek ¢alismalarda ele alinmasi
gereken onemli hususlardir. Gelecek aragtirmalarda adaptif
O6grenme algoritmalart ile sistemin kendini kalibre etme
yeteneginin gelistirilmesi, edge computing uygulamalart ile
veri isleme kapasitesinin artirilmasi ve prediktif bakim
fonksiyonlarmin implementasyonu hedeflenmektedir.

Gelistirilen sistemin enddistriyel iiretim stireclerine
potansiyel etkileri géz oniine alindiginda, kalite kontrol
stireclerinin dijitallestirilmesi ve otomatiklestirilmesi, iretim
hatalarinin erken tespiti ve Onlenmesi, veri tabanl karar
verme siireclerinin  giliglendirilmesi ve Endiistri 4.0
doniisimiiniin ~ hizlandirilmas: ~ gibi  dnemli  katkilar
saglayacagi oOngoriilmektedir. Bu bulgular, gelistirilen
sistemin endiistriyel modernizasyon ¢alismalarinda etkili bir
¢oziim olarak konumlandirilabilecegini gostermektedir.
Ozellikle maliyet etkinligi ve kolay uygulanabilirlik
ozellikleri, sistemin genis ¢apli endiistriyel adaptasyonu igin
potansiyel sunmaktadir.
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Systems with Open Source Machine Learning
Methods

Muhammed Emin Yerli
Department of Electrical Engineering
Istanbul Technical University
Istanbul, Tiirkiye
yerlim22@itu.edu.tr

Ozetce— Bu calisma, giines panelleri iizerinde olusan kir,
toz, kar ve hasar gibi dis etkenlerin, panel verimliligine olan
olumsuz etkilerinin nesne tammma algoritmalariyla tespit
edilmesine odaklanmaktadir. Giines panellerinde biriken bu
unsurlar, enerji liretimini 6nemli dl¢iide diisiirerek ciddi verim
kayiplarina yol agmaktadir. Bu baglamda, agik kaynaklardan
elde edilen 7485 goriintii kullanilarak, dort farkh simifa (temiz,
kirli, hasarl, karla kapl) ayrilan genis ve kapsaml bir veri seti
olusturulmustur. Veri seti iizerinde yapilan egitimler, derin
o0grenme tabanl SSD Mobilenet ve Faster R-CNN gibi modeller
kullanilarak gerceklestirilmistir. Bu modeller hem masaiistii
bilgisayar ortaminda hem de gomiilii sistem platformu olan
NVIDIA Jetson Nano’da egitilmis ve test edilmistir. Elde edilen
sonuclar, masaiistii bilgisayarda daha yiiksek islem hizlar
sunarken, gomiilii sistem platformunun yerinde tespitler i¢in
uygun bir alternatif oldugunu gostermektedir. Bu ¢alismanin
sonuclari, giines enerjisi santrallerindeki verimlilik kayiplarii
en aza indirerek bakim maliyetlerini diisiirme ve panellerin
uzun vadeli performansini artirma potansiyeline sahip yenilikg¢i
bir ¢6ziim sundugunu gostermektedir.

Anahtar Kelimeler — Giines paneli, nesne tanima, derin
ogrenme, Jetson Nano, verimlilik.

Abstract— This study focuses on detecting the adverse effects
of external factors such as dirt, dust, snow, and damage on solar
panel efficiency using object recognition algorithms. These
external elements that accumulate on solar panels significantly
hinder energy production, leading to major efficiency losses. A
comprehensive dataset of 7485 images, collected from open
sources, was created and categorized into four distinct classes
(clean, dirty, damaged, snow-covered). Training of deep learning-
based models, such as SSD Mobilenet and Faster R-CNN, was
conducted on both a desktop computer and the NVIDIA Jetson
Nano embedded system platform. The results indicate that while
the desktop computer provides higher processing speeds, the
embedded system platform is a suitable alternative for on-site
detection. The findings suggest that this innovative solution has
the potential to minimize efficiency losses in solar power plants,
reduce maintenance costs, and enhance the long-term
performance of solar panels.

Keywords — Solar panel, object detection, deep learning,
Jetson Nano, efficiency.
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I. GIRIS

Glines enerjisi, son yillarda diinyada en hizli biiyiliyen
yenilenebilir enerji kaynaklarindan biri haline gelmektedir.
2021 yilinda, kiiresel yenilenebilir iiretim kapasitesi 257 GW
artarak toplamda 3064 GW’a ulasmustir [1]. Giines enerjisi,
133 GW (%19) artisla kapasite genislemesine onciililk etmis
ve bu sayede kiiresel giines kapasitesi 2021°de 843 GW’a
yiikselmistir [1][2]. Omegin, Cin, 2020 yilinda y1llik 253 GW
kapasitesinden 307 GW ekleyerek en biiyiik katkiy1 yapmistir.
Ote yandan, ABD, giines enerjisi kapasitesini %27 oraninda
artirarak 94 GW seviyesinde gilines enerjisi {iretimine
ulagmugtir [1].

Glines enerjisi, karbon salmimint sifira indirerek iklim
degisikligiyle miicadelede dnemli bir rol oynamakta ve fosil
yakit bagimliligini azaltmaktadir. 2045 yilina kadar tamamen
yenilenebilir enerjiye gegis hedefleri, birgok iilkenin stratejik
enerji planlar1 arasinda yer almaktadir [3]. Giines enerjisi
yalnizca g¢evre dostu olmakla kalmamakta, ayni zamanda
genis arazilerde kurulan biiylik dlgekli santrallerde maliyet
avantaji da sunmaktadir. Ancak, giines panellerinin
verimliligi, ¢evresel etkenlerden dogrudan etkilenmektedir.
Panellerde biriken toz, kir ve kar gibi unsurlar, gilines 151g1nin
panellere ulasmasini engelleyerek enerji iiretim kapasitesini
diisiirmektedir [4][5].

Ozellikle ¢61 ve endiistriyel bolgelerde kurulu paneller, toz
birikimi nedeniyle biiyiik enerji kayiplarina ugrar. Orta Dogu
ve Kuzey Afrika gibi yiiksek tozlanma riskine sahip
bolgelerde kurulu panellerde, verimlilik %35 oraninda
azalabilmektedir [8]. Hindistan’da ise bir yil boyunca
temizlenmeyen panellerde %50°ye varan enerji kaybi
gozlemlenmistir [4][5]. En kotii senaryolarda, bazi sanayi
bolgelerinde %80’e kadar performans kayb1 rapor edilmistir
[5]. Bu kayiplar, biiyiik dlgekli giines enerjisi santrallerinde
ciddi ekonomik zararlara yol agmakta ve yenilenebilir enetji
iretim hedeflerini tehdit etmektedir. Ayrica, temizleme ve
bakim islemlerinin diizenli ve maliyet etkin bir sekilde
yapilmamasi hem isletme maliyetlerini artirmakta hem de
panellerin Omriinii olumsuz yonde etkilemektedir.
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Bu calismasmin temel amaci, giines panellerinde olusan
kirlilik ve fiziksel hasarlarin otomatik tespiti i¢in bir yazilim
modeli gelistirmektir. Amag, gevresel faktorlerin gilines
panelleri izerindeki olumsuz etkilerini en aza indirirken,
enerji iiretim kayiplarini tespit eden ve bakim siireglerini
optimize eden bir ¢Oziim sunmaktir. Bu dogrultuda,
gelistirilecek yazilimin hem Windows igletim sistemine sahip
masaiistii bir bilgisayarda hem de disiikk enerji tiiketimi
gerektiren NVIDIA Jetson Nano gibi gomiilii platformlarda
sorunsuz c¢alismasi hedeflenmektedir.

Bu c¢alisma kapsaminda, giines panelleri ve makine
O0grenimi alanlarinda yapilan literatiir taramasiyla, son 20
yilda toz ve kir sorununa odaklanan arastirmalar analiz
edilmistir. Caligmalar goriintii isleme ve gomiilii sistemler
basliklari altinda iki ana filtre ile siniflandirilmistir. Toplamda
50 adet makale belirlenmis ve bu makalelerin yillara gore
dagilmi analiz edilmistir. Ozellikle 2017 sonrasinda bu
alanda yapilan c¢aligmalarin sayisinda 6nemli bir artis oldugu
gbzlemlenmistir. Bu durum, giines panellerindeki verim
kaybmin diinya genelinde giderek biiyiikk bir sorun haline
gelmesiyle iligkilendirilebilir.

Goriintli isleme teknikleri, giines panellerinde toz tespiti
calismalarinda yaygin olarak kullanilmaktadir. 50 makale
arasindan secilen 22’sinde, derin 6grenme ve makine
o0grenmesi modelleri 6ne ¢ikmaktadir. Bu ¢calismalarda CNN
(Convolutional Neural Networks), ResNet (Residual
Networks) ve Yolo (You Only Look Once) gibi modellerin
yani sira, ¢esitli CNN mimarileri (6rnegin LeNet, ResNet,
MobileNet) kullanilmistir. Bu modellerin ¢evresel faktorlerin
goriintii iizerinden tespitinde yiiksek performans sergiledigi
gozlenmistir. Ayrica, ANN (Artificial Neural Network), RNN
(Residual Neural Network) ve LSTM (Long Short-Term
Memory) gibi diger yontemler de farkli problem tiirlerinde
etkili ¢oziim Onerileri sunmustur. Bu algoritmalarin ¢ogu
Keras ve TensorFlow kiitiiphaneleri ile desteklenmistir.

Literatiir taramasinda giines panellerinde toz tespiti i¢in
kullanilan goriintii isleme metotlar1 incelenirken, gomiilii
sistemler izerindeki uygulamalar ayrica ele alinmustir.
Gomiili sistemler, diisiik enerji tiiketimi ve ger¢ek zamanl
izleme gibi avantajlar sundugu i¢in énemli bir ¢dzliim olarak
one ¢ikmaktadir. Ancak, incelenen 50 makaleden yalnizca bir
tanesi, gomiili platformda goriintii isleme uygulamistir. Bu
calismada, NVIDIA Jetson platformu ile giines paneli
ylizeylerindeki toz birikimlerinin tespiti ele alinmistir [23].

II. VERIi SETININ HAZIRLANMASI VE MODEL EGITiMI

Bu boliimde giines panellerinde toz tespiti i¢in kullanilan
goriintii  isleme modellerinin  egitim siireci sirasiyla
acgiklanacaktir.

e Egitim ve nesne tanima islemleri i¢in masatistii
bilgisayara gerekli kurulumlarin yapilmasi

e Egitimde kullanilacak veri setinin hazirlanmas1 ve
diizenlenmesi, bu veri setinin egitim ve test verisi
olarak ayrilmasi

e Egitim i¢in en uygun modellerin segilmesi

e Masaiistii bilgisayarda egitimin tamamlanmast

A. Masaiistii Bilgisayar Kurulumlar

Model egitimi, Tablo 1'de 6zellikleri belirtilen masatistii
bilgisayar iizerinde gerceklestirilmistir:

TABLE L. KULLANILAN BILGISAYARIN OZELLIKLERI
Ozellik Detay
Islemci Intel Core i5-14600K
Ekran Kart1 NVIDIA RTX 4070 SUPER 12GB
Bellek 32 GB DDRS5 7000 MHz
Isletim Sistemi Windows 11 Pro

TensorFlow egitimi i¢in gerekli kurulumlar, asagida
listelenen yazilimlar ile saglanmistir:

e Anaconda Navigator 1.9.12

e PyCharm Community Edition 2024.1.1
e Cuda 10.0.130

e cuDNN 10.0v7.4.2.24

e Labellmgv1.8.1

B. Veri Setinin Hazirlanmasi

Makine 6grenimi ve derin 6grenme modellerinin dogru bir
sekilde egitilebilmesi i¢in, yiiksek kaliteli ve dogru sekilde
etiketlenmis bir veri setine ihtiya¢ vardir. Bu projede, tiim
kaynaklar taranmig ve egitim i¢in en uygun veriler, genis bir
veri tabanma ve cesitlilige sahip olan agik kaynak veri
saglayicis1 Kaggle {izerinden temin edilmistir. Kaggle,
arastirmacilar ve veri bilimciler tarafindan siklikla tercih
edilen bir platform oldugundan, burada projenin ihtiyaglarina
uygun, genis kapsamli gorlintiilere ulasmak mimkiin
olmustur.

Kaggle igerinden 8 farkli kaynaktan 12567 adet goriintii
temin edilmistir. Bu goriintiiler, glines panellerinin gesitli
kosullardaki hallerini yansitmaktadir. Kaynaklardan gelen
verilerin bazilar1 simiflandirtlmamis olup, bazilart ise kendi
icinde gibi kategorilere ayrilmistir.

Tiim verileri bu proje kapsaminda Sekil 1°de gosterilen
dort ana sinif altinda simiflandirilmistir. Bu smiflar: Clean
(Temiz), Dirty (Kirli), Damaged (Hasarl1) ve Snow-Covered
(Karla Kapli)

Fig. 1. Clean, Dirty, Damaged ve Snow-Covered siniflarina ait giines

paneli 6rnekleri.
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Veri setini diizenlerken ayni agidan birden fazla kez
cekilmis ve gereksiz yere tekrarlayan gortintiiler silinmis, veri
setinin homojenligi ve ¢esitliligi artirilmistir. Bu diizenlemeler
sonucunda her sinifa ait goriintii sayis1 Tablo 2'de, her sinifa
ait toplam nesne sayist Tablo 3'de gosterilmektedir. Bazi
goriintiilerde birden fazla nesne oldugu i¢in toplam goriinti
sayist ile toplam nesne sayisi birbirinden farkli ¢ikmaktadir.

TABLE IL. HER SINIFA AIT TOPLAM GORUNTU SAYISI
. Snow Toplam
Clean Dirty | Damaged Covered Goriintii
4148 2940 274 123 7485
TABLE III. HER SINIFA AIT TOPLAM NESNE SAYISI
. Snow Toplam
Clean Dirty | Damaged Covered Nesne
5271 3241 524 166 9202
Tim veriler smiflandirildiktan  sonra, masaiistil

bilgisayara yiiklenen Labelmg programi ile her bir gdriintii
icerisindeki nesne, kendi sinifina gore gibi etiketlenmistir.
Baz1 goriintiilerde birden fazla nesne veya farkli siniflarda
nesneler bulunmaktadir. Bu duruma 6rnek Sekil 2°deki gibi
hem ‘Clean’ hem de ‘Dirty’ sinifinda nesneye sahip goriintii
dogru bir sekilde etiketlenmistir.

Fig. 2. Hem ’Clean’ hemde ’Dirty’ sinifinda bir nesneye sahip goriintiiniin
labellmg programu ile etiketlenmesi

Egitim 6ncesi son adim olarak veri seti, 2 farkli klasore
%80’1 egitim verisi %20’si test verisi olacak sekilde ayrilmasi
gerekmektedir. Basarili bir egitim i¢in Tablo 4’de goriildiigii
iizere, toplam verinin %80,2’si egitim verisi olacak sekilde,
%19,8’1 ise test verisi olacak sekilde ayrilmistir.

TABLE IV. VERI SETININ TEST VE TRAIN KLASORUNE DAGILIMI
. Snow
Clean Dirty | Damaged Covered Toplam

Toplam 4148 | 2940 274 123 7485

Train 3348 | 2340 214 103 6005

Test 800 600 60 20 1480
Oran (%)

Train/Toplam 80,7 79,5 78,1 83,7 80,2

C. Model Egitimi

Bu projede kullanilan derin &grenme modelleri,
TensorFlow'un "TensorFlow Detection Model Zoo"
igerisinde yer alan onceden egitilmis modeller arasindan
secilmigtir. Model se¢imi yapilirken, ozellikle COCO
(Common Objects in Context) veri seti iizerinde egitilmis
olan ve farkli hiz (ms) ve dogruluk oranlarina sahip olan
COCO egitilmis model grubu tercih edilmistir. Model
seciminde hiz ve dogruluk performanslarindaki farkliliklar en
onemli kriterlerdir. Bu g¢esitlilik, farkli gorevlerde ve
donanimlarda performans analizlerinin kapsamli yapilmasin
saglamistir.

1) Faster R-CNN Inception V2 ile Egitim

Secilen bu modelin Speed(ms) degeri 58 ve COCO mAP
degeri ise 28°dir ve orta hiz ve dogruluk sunan bu model,
genel denge saglamak amaciyla tercih edilmistir. Model ile
egitim masaiistli bilgisayarda basariyla tamamlanmistir.
Egitim 200 bin adim siirmiistiir ve her bir adim ortama 1
saniyeden, toplamada egitim 2 giin 7 saat 30 dakika
stirmiigtiir.

2) SSD Mobilenet V1 ile Egitim

Secilen bu modelin Speed(ms) degeri 30 ve COCO mAP
degeri ise 21°dir ve yiiksek hiz ve diigiikk dogruluk sunan bu
model, gergek zamanli uygulamalarda kullanilmak {izere
secilmigtir. Gomiilii sistemlerde kullanilmaya daha uyundur.
Model ile egitim masaiisti bilgisayarda basariyla
tamamlanmistir. Egitim 200 bin adim siirmistiir ve her bir
adim ortama 5 saniyeden, toplamada egitim 11 giin 14 saat
30 dakika stirmiistiir.

3) ResNet Mask R-CNN Inception ResNet V2 ile Egitim

Secilen bu modelin Speed(ms) degeri 771 ve COCO mAP
degeri ise 36°dir ve dogrulugun 6nemli oldugu ve detayl
analiz gerektiren uygulamalar igin se¢ilmistir. Fakat egitim
basari ile tamamlanamamustir.

Bunun sebebi ilk iki modelin “Boxes” olarak ¢ikti
vermesi fakat bu modelin “Masks” olarak ¢iktt vermesi
olarak tespit edilmistir. Bu yiizden “Boxes” olarak ¢ikt1 veren
yeni bir model se¢ilmistir.

a) RFCN ResNetl101 ile Egitim
ResNet V2 Mask R-CNN Inception yerine segilen bu
modelin Speed(ms) degeri 92 ve COCO mAP degeri ise
30°dir. Bu model ile egitim masaiistii bilgisayarda basariyla
tamamlanmistir. Egitim 200 bin adim siirmiistiir ve her bir
adim ortama 2 saniyeden, toplamada egitim 4 giin 15 saat 33
dakika stirmiistiir.

4) Faster R-CNN NAS ile Egitim

Secilen bu modelin Speed(ms) degeri 1833 ve COCO
mAP degeri ise 43°dir ve en yiiksek dogruluk oranimna sahip
olan bu model, dogrulugun 6n planda oldugu durumlarda
tercih edilmistir. Model ile egitim masaiistii bilgisayarda
basariyla tamamlanmistir. Egitim 50 bin adim siirmiistiir ve
her bir adim ortama 17 saniyeden, toplamada egitim 9 giin 20
saat 36 dakika stirmistiir.
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III. DENEYSEL SONUCLAR

Dort farklt model ile egitilen sistemlerin, masaiistii
bilgisayarda ve Jetson Nano platformunda nasil performans
gosterdigini analiz etmek amaciyla, egitim verisi haricinde 80
adet farkli boyutlarda ve farkli ortam kosullarinda ¢ekilmis
test goriintiisii ile nesne tanima uygulamalar1 yapilmistir.

A. Masaiistii Bilgisayar Uzerinde Nesne Tanima Sonuclart

Yapilan testler sonucunda masaiistii bilgisayar i¢in nesne
tanima basar1 oranlari Tablo 5’de, tek bir gdriintii igin
ortalama nesne tanima siireleri ise Tablo 6’de
gosterilmektedir. Bu sonuglara gore en basarili model RFCN
ResNet101 modelidir, en hizli ¢alisan model ise SSD
Mobilenet V1 modelidir.

TABLE V. MASAUSTU BILGISAYARDA NESNE TANIMA BASARI
ORANLARI
. Snow Toplam
Modeller Cl;an D;W Dan;/aged Covered Basart
° ° ’ % Oram %
Faster RCNN 59 1 | g4 18.2 55.9 59.47
Inception V2
SSD l\f,olb‘lenet 82.5 8.4 18.5 9.4 29.69
RFCN
ResNet101 83.5 86.7 32.9 41.3 61.08
Faster R-CNN
NAS 96.3 28.4 0 0 31.17
TABLE VI MASAUSTU BILGISAYARDA TEK BiR GORUNTU iCiN

ORTAMA NESNE TANIMA SURELERI

Modeller Nesne Tanima Siiresi

Faster R-CNN

Inception V2 401 ms

SSD Mobilenet 43 ms
Vi
RFCN

ResNet101 535 ms
Faster R-CNN

NAS 1320 ms

En bagarili model olan RFCN ResNet101 COCO ile nesne
tanimui 6rnekleri her bir sinif igin Sekil 3’de gosterilmektedir.

i

~ i
|
i
|
[\

g

Snow-Covered: 93%
]

Fig. 3. Masaiistii bilgisayar iizerinden nesne tanima 6rnekleri.

B. Jetson Nano Uzerinde Nesne Tanima Sonugclar

Jetson Nano lizerinde baglatilan nesne tanima
islemlerinde, dort modelden yalnizca biri basariyla
calistirilabildi. Kalan {i¢ modelde nesne tanima basarisiz
olmustur. Bu modeller:

e Faster R-CNN Inception V2
e RFCN ResNet101
e Faster R-CNN NAS

Bu iic modelin test edilmesi sirasinda, Jetson Nano'da
goriilen “System throttled due to Over-current” ve “Low
Memory Warning” hatalar1 ile karsilasildi. Modellerin
yliksek bellek ve islem giicii gereksinimleri nedeniyle Jetson
Nano, islemleri tamamlayamadan durdu. Bu ii¢ modelde
nesne tanima islemi basariyla gerceklestirilemedi.

Diger modellerin aksine SSD Mobilenet V1 modeli ile
tiim test goriintiileri lizerinde nesne tanima islemi basariyla
tamamlandi. Bu modelin segilme sebeplerinden biri, hafif ve
hizli olmasidir. Ancak modelin bu avantaji, dogruluk
oranmin diisiik olmasina neden oldu. Nesne tanima islemi
sonucunda, goriintiilerdeki giines panelleri dogru sekilde
tespit edilse de tiim nesneler yanlis siniflandirildi.

Bu durumlara ornek olarak Sekil 4'de, farkh
coziintirliikteki 2 gorlintii i¢in nesne tanima ¢iktilar
verilmistir.

Fig. 4. Jetson Nano iizerinden hatali nesne tanima 6rnekleri.

IV. SONUC ONERILER

A. Sonug

Bu caligmasinda, giines panellerinde toz tespiti amaciyla
cesitli derin 6grenme modelleri kullanilarak nesne tanima
islemleri gergeklestirilmistir. Model performanslari, hem
masaiistii bilgisayarda hem de gomiilii bir sistem olan
NVIDIA Jetson Nano iizerinde degerlendirilmis, bu iki
platformun  tanima  siireleri ve  basar1  oranlar
karsilastirilmistir. Calismada Faster R-CNN Inception V2,
SSD Mobilenet V1, RFCN ResNet101 ve Faster R-CNN NAS
gibi farkli derin 6grenme modelleri kullanilmis ve sonuglar
analiz edilmistir.
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Masaiistii  bilgisayarda elde edilen sonuglar, yiiksek
performansh bir donanimda ¢alistirilan modellerin, 6zellikle
daha karmagik ve derin yapilar igeren modellerde daha iyi
basar1 oranlar1 sundugunu gostermistir. Ancak Jetson Nano
gibi smirl kaynaklara sahip gomiilii sistemlerde, modellerin
performansinin  ciddi sekilde diistiigi gdzlemlenmistir.
Omegin, SSD Mobilenet modelinde Jetson Nano iizerinde
tanima siiresi 360 saniye gibi uzun bir siireye ¢ikmis, diger
modellerde ise tamamen basarisizlikla sonuglanmistir. Bu da
gOmiilii sistemlerde kullanilacak modellerin hafif ve optimize
edilmis yapilar olmasinin gerekliligini ortaya koymaktadir.

B. Oneriler

Model Optimizasyonu: Jetson Nano gibi sinirli donanim
kaynaklarina sahip cihazlarda daha verimli sonuglar elde
edebilmek i¢in, kullamlan derin 6grenme modellerinin
donanima uygun sekilde optimize edilmesi gerekmektedir.
Ozellikle TensorRT gibi araglarla model optimizasyonu
yapilarak tanima siireleri kisaltilabilir ve basari oranlari
artirilabilir.

Donanim Yiikseltmesi: Daha karmasik derin 6grenme
modelleri kullanmak isteyenler i¢in, Jetson Nano gibi diisiik
giic tiiketimine sahip cihazlar yerine, Jetson Xavier gibi daha
giiclii gdmiilii sistemler tercih edilebilir. Bu sayede hem daha
hizli hem de daha basarili sonuglar elde edilebilir.

Veri Seti Genisletilmesi: Caligmada kullanilan veri setinin
genisletilmesi ve ¢esitlendirilmesi, &zellikle tozun farkli
derecelerini ve diger kirlilik tiirlerini kapsayacak sekilde
gelistirilmesi, modelin basarimini artirabilir. Ayrica, gercek
zamanli goriintii isleme yapilacaksa, bu veri setlerinin gercek
zamanli etiketleme yontemleriyle giincellenmesi faydali
olacaktir.

Hafif Modellerin Kullanimi: Ozellikle mobil ve gomiilii
sistemler icin gelistirilen EfficientDet, MobileNetV2 gibi
daha hafif ve hizli modellerin kullanilmasi, goémiilii
sistemlerdeki performansi artiracaktir. Gelecekte yapilacak
galismalar bu modellerin  kullanimmi daha detayli
inceleyebilir.
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Abstract— Object detection is a crucial image
processing technique, particularly in the field of
healthcare. It plays a vital role in the accurate
identification of diseases and the effective implementation
of treatments. Given the brain's complex anatomical
structure and the nature of neurological disorders, there
is an increasing need for accurate diagnostic methods.
Current analysis techniques may impact diagnostic
accuracy due to factors such as human errors and low
processing speeds, prompting healthcare professionals to
seek more reliable automated diagnostic systems..

This study aims to accurately and rapidly detect
neurological disorders such as Parkinson's and
Alzheimer's using Magnetic Resonance (MR) images
without requiring preprocessing. For this purpose, the
"enfermedades_cerebro-uagpl" dataset was utilized,
which was sourced from the Roboflow platform and
includes MR images of Alzheimer's, Parkinson's, and
normal brains. The analyses were conducted using the
latest versions of the YOLO algorithms, specifically
YOLOVS8 and the experimentally developed YOLOv11
models. While YOLOv11 achieved an accuracy rate of
100%, YOLOVS8 demonstrated a success rate of 89.7%.

Keywords—Alzheimer, Parkinson
Norodejeneratif, Manyetik Rezonanz

Yolol1l, Yolo8,

I. INTRODUCTION

Dementia is a group of disorders that affect brain
functions, leading to declines in memory and physical
abilities. Various types of dementia manifest with different
symptoms and mechanisms in specific regions of the brain.
Among these, Alzheimer's and Parkinson's diseases are
classified as neurodegenerative disorders, causing progressive
damage to brain tissue over time [1]. Both diseases are
believed to result in significant structural and functional
impairments in the brain during years of silent progression
before noticeable symptoms emerge [2]. According to data
from the World Health Organization (WHO) [3],
approximately 50 million people worldwide were diagnosed
with dementia in 2019, with nearly 10 million new cases being
added annually.

Parkinson's disease is a serious neurological disorder that
affects the central nervous system and progresses over time.
This condition manifests with symptoms such as tremors,
muscle rigidity, and slowed movements due to impairments in
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motor control. As the disease worsens, it significantly
hampers patients' ability to perform daily activities. The
primary underlying cause of Parkinson's disease is the loss of
dopamine-producing cells in the brain. This cell loss leads to
a reduction in dopamine levels, which are essential for
coordinating movements and maintaining balance. In addition
to motor dysfunction, Parkinson's disease also affects
cognitive functions, potentially causing memory loss,
depression, and anxiety-related psychological issues [4].

Among the various types of dementia, Alzheimer’s
disease is the most common and is a severe neurological
condition that primarily affects elderly individuals. It leads to
memory loss and disruptions in daily activities. With the
global aging population steadily increasing, a significant rise
in the number of Alzheimer’s patients has been observed, and
this trend is expected to accelerate in the coming years [5].

Magnetic Resonance (MR) imaging plays a crucial role in
the diagnosis of Parkinson’s and Alzheimer’s diseases due to
its ability to detect structural changes, such as the loss of brain
cells. High-resolution MR techniques enable the non-invasive
examination of neurological changes, providing healthcare
professionals with valuable guidance during diagnostic and
follow-up processes [6]. Advances in the application of
artificial intelligence (AI) to MR imaging have reshaped
diagnostic and treatment processes, offering groundbreaking
solutions for the early and accurate detection of neurological
disorders. As the prevalence of diseases such as Alzheimer’s
and Parkinson’s increases with the aging population, Al's
ability to identify subtle abnormalities in brain images has
become a significant asset. Unlike traditional diagnostic and
treatment methods, these Al-driven approaches aim to address
limitations such as subjectivity, overlooked early-stage
symptoms, and findings undetectable by human observers [7].

Numerous artificial intelligence models have been
developed in the literature for the diagnosis of Alzheimer’s
and Parkinson’s diseases. Shreya Reddy et al. successfully
classified MR images of 221 individuals with Parkinson's
disease and 221 healthy individuals using a Convolutional
Neural Network (CNN) [8]. Similarly, Desai and colleagues
achieved an 88% success rate by processing three-
dimensional brain images with a CNN model they developed
for the rapid and accurate diagnosis of Parkinson's disease [9].
Another study aimed at early diagnosis analyzed 7,635 MR
images labeled as mild, normal, or Alzheimer’s. The study
compared machine learning methods with CNN results and
concluded that CNN models are a superior option compared
to traditional machine learning approaches [10].
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In the context of dementia diagnosis, the role of
preprocessing techniques in improving results from CNN
models applied to MR images has drawn significant attention
to the field of object detection. The success of the You Only
Look Once (YOLO) architecture in real-time applications was
a primary factor in steering this study towards this area. Table
1 presents dementia-related studies conducted using YOLO.

TABLEI. DEMANS-YOLO LITERATURE

Article Data Architect Results
ure

ii)r:il— Saad Alzheimer .

Aljabarl (2 300(MCI/AD/NC | Yolo2 %98

023)[11], )

Islam et al. | Alzheimer From Max

(2023)[12] | 500 MRI images | YOLOv3 | Yolov3
to and
YOLOv7 | Yolov7

= %99

Amal Alzheimer Yolov5,Y | Max

Alshaharni | 500 MRI images | olov8,Yol | Yolov9

(2024)[13] ov9 =%86

Karthikeya | Parkinson’s Yolov8-x | %9%4

n Drawings

(2023)[14] | 210 images

Hui 582 MRI images | YolovS+ | %98

Li1(2024) attention

[15]

II. METHOD
YOLO, short for "You Only Look Once," is a high-

performance deep learning algorithm for object detection
[16]. Its primary function is to predict the bounding box
coordinates of objects in an image and the probabilities of
their corresponding classes [17]. By analyzing the entire
image in a single processing stage, YOLO achieves
exceptional speed, making it particularly advantageous for
applications in the healthcare domain where quick and
accurate results are essential.

A. Dataset

The "enfermedades_cerebro-uagpl" dataset, published on
the Roboflow platform, was utilized in this study. As shown
in Figure 1, the dataset contains images categorized into three
classes: Alzheimer, Parkinson, and Normal. The images are
provided at a resolution of 640x640 pixels..

Parkinson Normal

Alzheimer

Fig. 1. Example of Dataset

The dataset consists of a total of 999 MR images, with 799
images allocated for training, 100 for validation, and 100 for
testing purposes.

B. YOLO Architecture

The YOLO (You Only Look Once) algorithm performs
object recognition in a single step through a neural network.
During this process, the image is divided into a grid structure.
If the center of an object is located within a grid cell, the
algorithm determines the object's width, height, and class
label for that cell. This method allows YOLO to achieve fast
and efficient object detection by processing the image only
once, in contrast to sliding window techniques [18]. Since its
introduction in 2016, several versions have been developed
to address evolving challenges and provide solutions. This
study focuses on YOLOII1, the latest version, and
investigates its effectiveness in detecting dementia
conditions.

C. YOLOviI

YOLOvI11 represents the latest version of deep learning
models developed for object detection. It performs object
detection in a single step, offering significant improvements
in both speed and accuracy compared to previous versions
[20]. YOLOvV11 replaces the C2f block from YOLOv8 with
the more efficient C3k2 structure introduced in YOLOv7
[21]. By analyzing the entire image in a single processing
cycle, YOLOv11l minimizes processing time, making it
particularly suitable for real-time medical applications [22].
Additionally, YOLOv11 demonstrates superior performance
in detecting small objects and achieving high classification
accuracy.[23]

D. YOLOvS

In 2023, the Ultrasonic team developed an approach that
combined the advantages of various object detectors to make
object detection processes faster and more accurate [24]. The
backbone network used for feature extraction retains a
structure similar to previous versions. However, cross-
connections were introduced at different stages of the
network, significantly improving information flow and
feature reuse. YOLOVS introduced semantic segmentation
capabilities, enabling the model to classify every pixel in an
image. Additionally, the model was designed to support
various tasks such as pose estimation, image classification,
and directed object detection [21]. This approach resulted in
richer representations by merging highly diverse feature
maps. Furthermore, the reduction in the number of
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hyperparameters in YOLOv8 simplified the training process
considerably.

E. Evalutaion Metrics

Determining the conditions under which a model achieves the
best results is possible through specific metrics. Some of the
metrics used include Precision, Recall, F1-Score, Accuracy,
Average Precision (AP), and Mean Average Precision
(mAP). Based on the confusion matrix, values such as True
Positive (TP), True Negative (TN), False Positive (FP), and
False Negative (FN) are derived. These values are then
formulated to evaluate the models. In this study, Accuracy,
AP, and mAP metrics were utilized during the evaluation
phase.

Accuracy:
It is the ratio of correct predictions to the total number of

samples.

TP+TN

Accuracy = ———
y TP+TN+FP+FN

M

Average Precision: It is a method used to evaluate the
performance of multi-class problems in object detection. The
calculation considers the total area under the precision and
recall curves for each object class [19].

AP = [ P(R)dR )

Fig.2. Mean Average Precision: The mAP value is
calculated by averaging the AP values computed individually
for each object class. It serves as a useful metric for a more
general evaluation.

mAP =~ « Y1 AP, 3)

III.  RESULTS

This study aims to detect neurological diseases from brain
Magnetic Resonance (MR) images using YOLOI11, one of
the latest versions of object detection algorithms. It compares
the performance of YOLOS and YOLO11 models to evaluate
their success in identifying neurological diseases in brain MR
images.

TABLEII. TRAINING PARAMETERS
Traning Setting
Model Learning Rate ggt:h Epoch
Yolov8 0.0005 16 50
Yolovll | 0.001 16 50

The training configurations of the models used in the study are
presented in detail in Table 2. The batch size and the number
of epochs were kept identical during the training process,
allowing for a more objective comparison of the models'
learning capacities. However, the learning rates were selected
based on the conditions that yielded the best results for each

model. This indicates that the parameters necessary for both
models to perform optimally were meticulously optimized.

Model Training Accuracy

YOLOv8 Train Accuracy
—®- YOLOv11 Train Accuracy
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o
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Fig. 2. Training Accuracy for YOLOv8 and YOLOv11 Models

The YOLOvll model demonstrates a higher initial
accuracy (35%) compared to the YOLOv8 model (30%) at the
beginning of training. This indicates that the YOLOv11 model
has a faster learning capability in the early stages of data
training.

Confusion Matrix for YOLOwE
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Fig. 3. Complexity Matrix for YOLOv8

Figure 3 displays the confusion matrix for the YOLOVS
model, while Figure 4 illustrates it for the YOLOv11 model.
These graphs visualize how accurately each model classifies
the Alzheimer, CONTROL, and Parkinson classes. While
YOLOVS results in lower error rates across all classes, the
YOLOvI1 model demonstrates greater generalization
capability. Despite its low-level errors, the overall
performance of YOLOvI11 is more valuable in terms of data
balance across the classes.
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Fig. 4. Complexity Matrix for YOLOv8

While YOLOvVI11 achieves high accuracy in the Alzheimer
and Parkinson classes, it exhibits more noticeable errors in
the CONTROL class. Specifically, YOLOv11 misclassified
one Parkinson patient as part of the CONTROL group and
incorrectly identified two CONTROL group patients, one as
Alzheimer and the other as Parkinson.

The impact of the model parameters was analyzed, and the
values obtained are presented in Table 3.

TABLEIIL. RESULTS OF YOLO MODELS FOR TEST DATA
Model mAP@0.5 | mAP@0.75 mAP@[0.5:0.95]
Yolov8s 78.9 65.3 50.1
Yolov8m 81.2 68.7 53.8
Yolov8l 84.7 72.8 57.4
Yolovlls | 79.5 66.9 51.2
Yolovllm | 834 70.5 55.1
Yolovll1l 86.9 75.3 59.2

In the analyses, YOLOv1l models demonstrated higher
accuracy rates compared to YOLOVS at the same scales. The
superiority of YOLOv11 is particularly evident in narrower
thresholds such as mAP@0.75 and mAP@][0.5:0.95].
YOLOvI11 appears to be a more advanced update over
YOLOVS. Notably, the large-scale YOLOv11l model stands
out for its high accuracy in complex object detection
scenarios.

TABLE IV. YOLO CLASS PERFORMANCE TABLE VALID DATA

Class Images | Box(P) | R mAP@50 | mAP@0.5
:0,95
Alzheimer 34 0.834 1.0 0.897 0.897
CONTROL 32 0.692 1.0 0.96 0.96
Parkinson 34 0.825 (5).82 0.854 0.854

Throughout all epochs, the YOLOvI1 model exhibited
lower training loss compared to YOLOvVS. This demonstrates
that YOLOvI11 has a faster learning capacity and a more
effective optimization process. While YOLOVS initially has
higher training loss, it gradually decreases over successive
epochs, stabilizing the model. In contrast, YOLOv1l
consistently achieves lower validation loss than YOLOv8
across all epochs, indicating superior generalization on the
validation dataset. However, YOLOVS shows a less consistent
decline in validation loss, reflecting a more irregular trend
during its training process.

These results indicate that the YOLOv11 model is superior to
the YOLOv8 model in both learning capacity and
generalization ability. YOLOvll's lower training and
validation losses demonstrate that the model is better
optimized and has a lower risk of overfitting compared to
YOLOvS. While YOLOvVS may be suitable for less complex
datasets or scenarios with limited hardware resources,
YOLOV11 is better suited for tasks requiring higher accuracy
and generalization.

YOLOVS - Box Loss. YOLOVS - Class Loss YOLOwS - DFL Loss
050 — i bor Loss 060} — ain Class Loss 055 — Tain DFL Lt

z T 2 3

Epochs Epachs
YOLOV11 - Box Loss

045 —

YOLOV11 - DFL Loss

Fig. 5. Training and Validation Losses for YOLOv8 and YOLOv11

Figure 5 provides a detailed visualization of the training
processes and validation performance of YOLOvVS and
YOLOv1Il models. YOLOvll demonstrates superior
performance in generalization, particularly by achieving
lower losses in box loss and DFL loss metrics on validation
data. However, YOLOvVS stands out for its rapid improvement
during the training process.

These results suggest that YOLOV11 is better suited for
more complex or focused distribution tasks, while YOLOVS
offers advantages in scenarios requiring quick convergence
during shorter training cycles. The graphs serve as a valuable
foundation for comparing the suitability of both models for
different data types or application scenarios.
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IV.  CONCLUSION

In this study, YOLO models were utilized for the diagnosis of
neurological diseases (Alzheimer, Parkinson, and control),
deliberately eliminating the need for preprocessing. A total of
999 MRI images belonging to three different categories were
used, with no preprocessing applied to the images.
Experimental findings indicate that the YOLOvI1 model
demonstrates superior performance in tasks requiring
complex or focused distributions, achieving low loss values
and high accuracy rates. On the other hand, the YOLOVS
model offers advantages in shorter training periods due to its
faster convergence capability. The results highlight that both
models can be optimized for specific application scenarios
and underscore the significant potential of deep learning-
based methods in the diagnosis of neurological diseases.
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Abstract— Open source communities play an essential role
in fostering innovation and collaborative development. They
operate in knowledge-based ecosystems characterized by
transparency, inclusivity and a shared purpose. However, open
source communities have faced challenges because of inefficient
communication, insufficient knowledge sharing and poor
requirements elicitation, management, prioritization and
traceability. In this regard, this study proposes a business
analysis model that is designed to address these challenges and
to empower open source communities to succeed in greater
collaboration and innovation as a result. Qur proposed model
aims to leverage key knowledge areas, tasks and elements of
business analysis, aligned with the foundational values of open
source, which are upstream first, community, and freedom. It
emphasizes the components of (a) stakeholder-centric
collaboration, (b) integrated knowledge management, (c)
transparent decision-making, (d) freedom, licensing compliance
and (e) iterative innovation and feedback cycles. Our model
suggests significant contributions to both literature and
practitioners by bridging the gap between business analysis
knowledge area domains and the ecosystem mindset of the open
source. It integrates structured techniques such as stakeholder
mapping, documentation frameworks, and traceability
practices into the open source context, addressing the critical
challenges of fragmentation and inefficiency. The proposed
model can have broad applications across industries such as
software development, telecommunications, and in any
branches of various sectors where open source collaboration
drives efforts for advancements. By advocating shared vision,
operational clarity and fair engagement, this study’s approach
empowers communities to achieve scalable, innovative solutions
while preserving the principles of openness and inclusivity.

Keywords — open source, business analysis, project
management, requirements, collaboration, innovation

1. INTRODUCTION

Open source communities have become essential drivers of
innovation in the modern digital landscape, revolutionizing
how software is designed, developed, and maintained. Rooted
in principles of inclusivity, transparency, and collective effort,
these communities enable diverse contributors to collaborate
toward common goals. As highlighted in the 2024 State of
Open Source Report, over 95% of organizations have adopted
open source software (OSS) attracted by its cost-effectiveness
and adaptability [1, 2]. Moreover, open source platforms serve
as critical and innovative hubs, facilitating both large-scale
software programs with projects and niche community-driven
initiatives [3, 4].

©2024 UAKK

Effective project management and requirements engineering
is a cornerstone of successful open source initiatives and
projects. These processes ensure that the development efforts
align with community goals and objectives, resources are
efficiently utilized with respect to business drivers, and
contributors and all stakeholders remain motivated and
fulfilled. Recent research highlights that structured
management and governance frameworks enhance
collaboration and improve project outcomes by providing
clear analysis and guidelines, roles, and decision-making
protocols that are adaptable, flexible, and speedy [5, 6]. In
addition, ensuring analysis for traceability and prioritization
of requirements helps maintain focus, nimbleness and agility
within the decentralized nature of OSS communities [7].

Having stated their many strengths, open source
communities have faced several persistent challenges. The
following section explores these challenges in detail and
introduces a proposed model to address them.

II. CHALLENGES

Despite their achievements and contributions, open source
communities face significant challenges that limit their full
potential:

A. Inefficient Communication

The decentralized and concurrent communication
channels prevalent in open source projects often lead to
misunderstandings and coordination breakdowns. Studies
demonstrate that while communication networks help
enhance project performance to a great extent, overly busy
networks can hinder productivity due to increased
coordination overhead and redundant interactions [7] that
overwhelm the communities. This relationship highlights the
need for balance in communication concentration within these
communities.

B. Insufficient Knowledge Sharing

Knowledge sharing is an important challenge in open
source communities. The lack of centralized repositories and
standardized documentation reduces the efficiency of
knowledge, requirements and design reuse and onboarding of
new contributors [4]. This fragmentation slows progress and
also contributes to high attrition rates among less experienced
participants.
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C. Poor Requirements Elicitation and Traceability

Effective requirements management is vital to align
stakeholders with project goals. However, open source
projects often lack formalized approaches to eliciting,
prioritizing, and tracking requirements. As [8, 9] note, the
absence of structured management practices in many projects
leads to fragmented development efforts and uncoordinated
contributions. Furthermore, governance frameworks in some
projects fail to effectively integrate diverse and beneficial
stakeholder inputs, limiting the inclusivity and the efficiency
of decision-making processes [5, 6].

D. Coordination and Productivity Issues

Larger team sizes in open source projects often lead to
decreased productivity due to the Ringelmann effect, where
increased coordination burden may reduce individual output
[8]. This phenomenon highlights that the importance of
adopting scaled coordination means to maintain efficiency as
projects grow more.

E. Governance and Control:

Governance structures in open source communities vary
widely, ranging from authoritarian to community-driven
models. These variations can create inconsistencies in how
projects handle governance, dealing with change-requests,
information and communication management, decision-
making, issue and conflict resolution. Effective governance
mechanisms are essential to balance autonomy with
accountability and responsibility, fostering an environment
that motivates stakeholders while ensuring alignment with
project goals and objectives [8, 9, 10].

Addressing these challenges requires the adoption of
structured business analysis practices tailored to the very
unique dynamics and synergies of open source communities.
By enhancing communication strategies, developing
requirements management, and implementing effective
governance and frameworks, these very important
communities can overcome barriers to collaboration and
innovation.

III. BUSINESS ANALYSIS MODEL FOR OPEN SOURCE
COMMUNITIES

Open source communities have redefined software
development with their principles of collaboration,
transparency, and inclusivity. However, achieving sustainable
and efficient innovation in such decentralized ecosystems
requires structured business analysis frameworks.

As stated in Business Analysis Body of Knowledge
(BABOK) [11] business analysis is the process of identifying
needs, defining requirements, recommending designs and
solutions to deliver value to stakeholders. It involves the
identification, assessment, and prioritization of requirements,
as well as the development of strategies to achieve
organizational objectives. According to [11], business
analysis spans a variety of activities, including elicitation,
documentation, verification, validation, traceability and
stakeholder engagement, and plays a crucial role in aligning
organizational efforts and stakeholder viewpoints with goals
and objectives.

Building on the guidelines provided by BABOK and
insights from recent studies, we present a comprehensive
business analysis model designed to address the very inherent
challenges of open source collaboration. Building from the

Business Analysis Core Concept Model of BABOK, this
study presents the key components of the proposed model as
follows, as demonstrated in Fig. 1:

A. Stakeholder-Centric Collaboration

Effective collaboration in open source projects
necessitates active stakeholder engagement. BABOK
highlights that identifying and managing diverse stakeholders
is crucial for aligning objectives and fostering participation
[11]. Research shows that collaboration dynamics in open
source platforms heavily rely on structured interactions
among core contributors and participants [4]. For instance, the
"onion model" categorizes the discovery of contributors by
their level of commitment, suggesting strategies for
integrating new stakeholders while maintaining productivity
and accountability [11, 12]. The model incorporates
stakeholder mapping and traceability tools to identify the roles
and interests of stakeholders, namely contributors,
maintainers, and end-users. Additionally, transparent
communication means are established to enable equitable
participation and collective decision-making.

Several business analysis techniques can be effectively
applied to generate and enhance stakeholder-centric
collaboration in open source projects. Stakeholder analysis
helps identify and categorize stakeholders based on their
influence, interests, and levels of engagement. Techniques
like RACI and stakeholder matrices provide clarity on roles
and responsibilities, ensuring alignment with project
objectives [11]. Workshops and focus groups enable effective
communication among stakeholders, developing
collaboration and  gathering  diverse  perspectives.
Additionally, elicitation techniques, such as interviews and
surveys, help gather insights into stakeholder needs, enabling
more informed decision-making and engagement strategies.

Transparent
Decision-

Making

Fig. 1. Key components of the proposed model

B. Integrated Knowledge Management

Fragmented knowledge repositories are a common issue in
open source projects, leading to inefficiencies in onboarding
and collaboration. The importance of centralized knowledge
management is emphasized in [11] as elicitation and
collaboration guidelines, which advocate for reusable existing
documentation. Studies highlight the impact of well-
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maintained repositories on improving project responsiveness
and reducing the learning curve for new contributors [13].

To address the challenges of fragmented knowledge
repositories in open source projects, several business analysis
techniques from BABOK can be employed [11]. Document
analysis ensures the reuse and organization of existing
knowledge assets, streamlining onboarding and collaboration.
Traceability management tracks the alignment of
documentation with project goals, enabling contributors to
identify dependencies and gaps effectively [11]. Metrics and
indicators can be used to evaluate the effectiveness of
knowledge management practices, ensuring continuous
improvement [13].

C. Transparent Decision-Making

Governance frameworks are critical for maintaining
transparency and accountability in open source ecosystems.
BABOK emphasizes planning and monitoring as key
components of effective decision-making processes [11].
Research has identified multiple governance models,
including defined community and open community
configurations, which combine varying degrees of formal and
informal controls to effectively manage contributions [5].

The model integrates governance mechanisms such as
voting systems and prioritization frameworks to ensure
transparency in decision-making. These tools not only foster
trust among the contributors but also streamline the approval
and integration of new features and bug fixes.

To ensure transparency and accountability in decision-
making, several business analysis techniques from BABOK
can be applied effectively. Decision analysis provides a
structured approach to evaluating and prioritizing options,
enabling communities to make fair and informed decisions.
Governance frameworks define clear roles, responsibilities,
and processes for handling conflicts and resource allocation.
Workshops and collaborative sessions encourage stakeholder
participation in prioritization and consensus-building
activities. Also, prioritization techniques such as MoSCoW
are instrumental in managing competing demands for limited
resources, ensuring alignment with project goals. Root cause
analysis can also be employed to address decision-making
bottlenecks, improving the overall governance process [11].

D. Freedom and Licensing Compliance

Adhering to open source licensing principles is essential
for preserving community values and ensuring legal
compliance. Studies reveal that restrictive licenses may
discourage developer participation while encouraging end-
user adoption, underscoring the need for balanced licensing
strategies [12, 14]. BABOK’s compliance management
guidelines provide a structured approach to navigating these
complexities [11]. This model includes tools for tracking
licensing obligations and promoting awareness among
contributors about compliance requirements. Clear guidelines
for contributions and code reuse help maintain community
integrity and trust.

Business analysis techniques like document analysis,
reviews and item tracking provide structured methods to track
licensing obligations and ensure adherence to open source
principles. Risk Analysis helps identify potential legal risks,
while stakeholder collaboration ensures contributors
understand compliance requirements. These techniques

collectively promote transparency and safeguard community
integrity [12].

E. lIterative Innovation and Feedback Cycles

Continuous improvement is at the heart of open source
development. Agile-inspired iterative methods, supported by
BABOK’s solution evaluation framework, ensure that
projects remain responsive to user needs [11]. Empirical
studies demonstrate that regular feedback cycles enhance
problem-solving capabilities and foster innovation in dynamic
team structures [7]. The proposed model incorporates iterative
planning sessions, retrospective reviews, and real-time
feedback mechanisms. These practices enable teams to
address challenges promptly and adapt to evolving
requirements effectively.

Business analysis techniques like backlog management,
retrospective reviews and solution evaluation knowledge area
from BABOK support iterative innovation by enabling
communities to assess progress and incorporate feedback
continuously. Prototyping and metrics further ensure
responsiveness to evolving requirements while fostering
adaptability and problem-solving efficiency [7, 11].

By integrating structured business analysis practices with
open source principles, the model we present addresses key
challenges such as stakeholder misalignment, fragmented
knowledge, and governance gaps. Leveraging insights from
BABOK and challenges put forward by recent research, it
provides a robust framework for enhancing collaboration and
innovation in open source communities. Ultimately, this
approach empowers contributors and stakeholders as a whole
to achieve shared goals while preserving the ethos and mottos
of openness and inclusivity.

IV. METHODOLOGICAL FRAMEWORK OF THE
PROPOSED MODEL

The methodological framework for the proposed business
analysis model, as demonstrated in Fig. 2, begins with
identifying the business case, key goals, challenges and
conducting stakeholder analysis to map roles and
responsibilities. The framework then incorporates
collaboration mechanisms for participation and transparent
decision-making. To streamline knowledge sharing, the
framework emphasizes centralized knowledge management,
where repositories and traceability tools align documentation
with project objectives. Governance is strengthened through
structured frameworks and decision-making tools like
prioritization techniques. Licensing compliance is integrated
through risk analysis, in order to be in line with open source
principles while maintaining community trust. The
framework also adopts iterative development practices
inspired by adaptive approaches, including backlog
management and feedback loops, to adapt to evolving
requirements and foster innovation. Monitoring with
performance metrics and related KPIs will ensure that the
framework remains aligned with community needs,
promoting sustainable collaboration, scalability, and
inclusivity. This structured and flexible approach aims to
bridge formal business analysis practices and the organic
operations of open source communities.
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Business Case Identification and Stakeholder
Analysis
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Centralized Knowledge Management
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Govarnance and Transparent Decision-Making
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Licensing Compliance and Legal Frameworks

¢

Iterative Development and Feedback Integration

|
¥

Monitoring and Continuous Improvement

Fig. 2. Main flow of the methodological framework of
the proposed model

V. APPLICATIONS AND IMPACT

The proposed business analysis model has significant and
broad applications across different industries where open
source collaboration serves as a driver for innovation.
Software development projects benefit from streamlined
analysis, governance and enhanced knowledge sharing, while
sectors like telecommunications may leverage iterative
development to integrate cutting-edge technologies and adapt
to changing market demands.

A. Contributions to Literature and Practitioners

This model bridges between structured business analysis
practices and the decentralized nature of open source
communities and ecosystems. By incorporating stakeholder-
centric collaboration, integrated knowledge management, and
adaptive feedback loops, the model addresses key challenges
such as fragmented governance and inefficient
communication [10]. It is emphasized that the competitive
advantage is gained by projects that prioritize user
responsiveness and efficient defect-fixing processes [15, 16].
The model also extends existing research by introducing
business analysis techniques like governance and
prioritization frameworks to the open source context, offering
practicality for resolving inefficiencies.

B. Future Directions

While the model provides a robust framework, further
research could explore its application to hybrid open source-
commercial projects, where additional issues arise from
differing stakeholder priorities. Moreover, integrating
predictive analytics in governance and collaboration
frameworks offers promising research areas for enhancing
project efficiency in terms of budget, scope, quality and
schedule.

Moreover, future studies could assess the long-term
impact of iterative feedback cycles on project performance
across different cultural and organizational contexts. This
exploration could provide valuable insights into tailoring the
model for implementation across different industries and
initiatives, thereby making it more scalable and adaptable to
varying environments.
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Acik Kaynak Kodlu Araglar 1le RGB Kamera
Kullanarak Gezgin Robot Projesi Olusturma

Creatin a Mobile Robot Project Using RGB
Camera with Open Source Tools
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Ozetce— Robotlar, diger teknolojik cihazlar gibi, insan
hayatina fayda saglamak amaciyla bircok alanda
kullamlmaktadir. Ozellikle dogal afetler ve askeri uygulamalar
gibi kritik alanlarda robotlarin kullanimi giderek daha énemli
hale gelmistir. Bu siire¢, robotlarin gelistirilmesi ve belirli
gorevleri basariyla yerine getirmelerinin saglanmasiyla
baslamaktadir. Robotik sistemlerin gelistirilmesi sirasinda pek
¢ok platform ve yazilm cercevesi kullamlmakta olup, bu
calismada ag¢ik kaynak kodlu platform ve yazilimlar ele
alinmistir. Calismada, gezgin robotlar ile proje olusturma
siirecinde bu acik kaynak sistemlerin kullanimini uygulama
ornekleriyle aciklamak amaciyla hem kara hem de hava
robotlar1 incelenmistir. Deneysel calismalar sirasinda, agik
kaynak sistemler kullamilarak bir robotun engellerle dolu bir
ortamda basarih bir sekilde navigasyon gerceklestirdigi
gosterilmistir. Robot, RGB kamera ile c¢evresinden aldig
goriintiilerle engelleri tespit etmis ve hedef noktaya ulasmistir.
Calismada robot olarak ac¢ik kaynak yazilimlarim destekleyen
TurtleBot kullanilmis, simiilasyon ortamm olarak ise Gazebo
tercih edilmistir. Bu arastirma, acik kaynak kodlu
platformlarin gezgin robot uygulamalarindaki roliine dair
onemli bulgular sunmaktadir.

Anahtar Kelimeler — Agtk kaynak; gezgin robot; goriintii
isleme;kamera.

Abstract— Robots, like other technological devices, are
increasingly utilized across various fields to enhance human life.
Their application is particularly significant in critical areas such
as natural disasters and military operations. The development
of robotic systems involves designing robots and assigning them
specific tasks to fulfill autonomously. This process necessitates
the use of numerous platforms and software frameworks. In this
study, open-source platforms and software are explored,
focusing on their role in mobile robot project development. To
illustrate their utility, both ground and aerial robots were
examined. Experimental results demonstrated the successful
navigation of a robot in an obstacle-filled environment using
open-source systems. The robot utilized RGB camera data to
detect obstacles and reach the target location. TurtleBot, which
supports open-source software, was employed as the robot, and
the Gazebo simulation environment was used for testing. This
research highlights the critical role of open-source platforms in
mobile robotic applications and their adaptability for diverse
scenarios.

Keywords — open source; mobile robot; image processing;
camera.
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I. GIRIS
Insansiz sistemler, temel veri isleme bilesenleri,
sensorler, otomatik kontrol mekanizmalar1t ve iletisim

sistemleriyle donatilmas, bagimsiz gorevler
gerceklestirebilen mekanik yapilar veya cihazlardir. Bu tiir
sistemler, insansiz hava araglar1 (IHA), insansiz kara araglari
(IKA) ve su alt1 kesif cihazlar1 gibi genis bir yelpazeye
yayilan araclar1 kapsar. Insansiz sistemler, otonom hareket
kabiliyetleri sayesinde kesif, gézetim, haritalama ve analiz
gibi ¢esitli gorevleri giivenilir bir sekilde yerine getirebilirler
[1]. Gezgin robotlar ise, belirli bir goérev veya hedef
dogrultusunda, tanimlanmig bir ¢alisma alani i¢inde 6zerk
olarak hareket edebilen robotlardir. Bu robotlar, insan
miidahalesine ihtiya¢ duymaksizin belirlenen hedeflere
ulasmak amaciyla serbestce yon degistirebilme ve
engellerden kaginma yetenegine sahiptir. Robotlarin bu tistiin
Ozellikleri, tarim, kargo tasimaciligi, haritalama, arama-
kurtarma gibi ¢ok ¢esitli uygulama alanlarinda hedeflerine
etkin bir bigimde ulagsmalarint miimkiin kilmistir [2].

Acik kaynakli sistemler(AKS), kullanicilara kaynak
kodunu herhangi bir amagcla ¢alistirma, inceleme, degistirme
ve 0zglin veya degistirilmis bicimde yeniden dagitma haklari
veren bir lisans altinda yaymlanan herhangi bir sistemdir. Bu
ozelligi  sayesinde  topluluklarin  katkisina  imkén
tanimaktadir. Giiniimiizde agik kaynak kodlu yazilimlar,
bilimsel arastirmalardan ticari uygulamalara kadar birgok
alanda kullanilmaktadir. Bu sistemler, kullanicilardan geri
bildirimler alarak, siirekli iyilestirme , hizli bir sekilde
glincelleme ve uygulama esnekligi saglarlar[3], [4].

Acik kaynak kodlu sistemlerin bu o6zellikleri onlari
robotik alaninda da sik kullamilmasini saglamistir. Ozellikle
otonom hareket, engelden kaginma, haritalama ve konum
belirleme gibi temel mobil robot islevleri i¢in a¢ik kaynak
arag ve ¢erceveler, arastirmacilar ve miihendisler tarafindan
tercih edilmektedir. Bu tiir araglar, aragtirmacilara
algoritmalar1 daha fazla kontrol etmeleri sayesinde ve
yenilik¢i ¢oziimler gelistirmelerini saglamaktadirlar. Agik
kaynak mobil robot platformlari, robotik aragtirma ve
gelistirme siireclerini hizlandirmak i¢in ¢ok sayida arag
sunmaktadir. Robot  Operating System(ROS)  gibi
platformlar, mobil robotlar i¢in gii¢lii bir yazilim altyapisi
sunarak sensor entegrasyonu, hareket planlamasi ve otonom
kontrol gibi alanlarda genis bir uygulama yelpazesi
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sunmaktadir [5]. Agik kaynakli simiilasyon ortamlari, mobil
robotlarin ger¢ek diinyadaki performanslarini simiile etmek
icin kullanilir ve arastrma maliyetlerini azaltir. Bu
simiilatorler, robotik algoritmalarin hizli bir sekilde test
edilmesi ve optimize edilmesi i¢in olanak saglar ve fiziksel
ortam gereksinimlerini en aza indirger [6].

Yapilan caligmalar acik tamamen agik kaynak kod bir
sistem iiretmek ya da acik kaynak kod platformlar1 kullanarak
yeni projeler gelistirme olarak ayristirilabilir. Lopez ve
caligma arkadaslari, agik kaynakli, diisiik maliyetli, modiiler
ve genigletilebilir bir mobil robot gelistirmistir. Bu robotun
tasariminda, agik kaynakli Android ve Arduino tabanl
cihazlar ile yazilimlar kullanilmistir. Gelistirilen mobil robot,
ozellikle sinif i¢i veya laboratuvar ortamlar i¢in geleneksel
gorsel laboratuvarlara bir alternatif olarak tasarlanmis olup,
uzaktan egitim ve genis capli acik ¢evrimici dersler gibi
modern egitim uygulamalarinda kullanilmak iizere optimize
edilmistir [7]. Bagka bir c¢aligmada acik kaynak olarak
sunulmus, kapali dongii ters kinematik kontrolii ile serbest
hareket ve navigasyonu miimkiin kilan sensdr tabanli bir
mobil robotik mimari gelistirilmistir. Bu tiir robotlar,
ozellikle engellerin genellikle hareket ettirilemedigi ve dar
koridorlarin  bulundugu kapali endiistriyel ortamlarda,
igbirlik¢i kapali alan senaryolarinda kullanilmaktadir [8].
Kohlbrecher ve digerleri, bozulmus kentsel ortamlarda
robotlarin kendi kendini konumlandirma ve haritalama
(SLAM) yeteneklerini gelistirmek amaciyla Hector SLAM
algoritmasimi iceren agik kaynakli yazilim modiillerini
tanitmustir [9]. Bir diger caligmada agik kaynak platformlar
ile hava ve karasal robotlar1 igeren robot siiriisii olusturulus
ve bu robotlarin formasyon kontroli ve navigasyonu
gerceklestirilmistir [10].

Bu ¢aligsmada, agik kaynak kodlu platformlar kullanilarak
bir gezgin robot projesi olusturulma siiregleri ele alinmistir.
Calisma, otonom hareket kabiliyeti kazandirilmig bir gezgin
robotun, ¢evresindeki engelleri algilayarak giivenli bir
sekilde hedefe ulagmasini saglamay1 amaglamaktadir. Robot,
bir RGB kamera ile ¢evresel verileri toplamakta ve bu verileri
gercek zamanli olarak isleyerek engeli tespit etmekte ve
hedef noktaya ulagmaktadir. Caligmanin ikinci kisminda
robotik uygulamalarda kullanilan agik kaynak kodlu
sistemlerden bahsedilmis, ti¢iincii kisimda yapilan ¢alisma ve
simiilasyon sonuglar1 gosterilmistir, dordiincii kisimda ise
sonuglar ve gelecek galigsmalar anlatilmistir.

II. MATERYAL VE METOD

A. Materyaller

Bir mobil robot projesi gelistirme siirecinde, farkli
asamalarda birden fazla platformun etkili bir sekilde
kullanimi gereklidir. Oncelikle, ¢dziilmek istenen probleme
uygun bir robotun ve ¢aligma ortaminin seg¢ilmesi kritik bir
adimdir. Bu se¢im, mobil robotun fiziksel 6zellikleri,
kullanilacak sensorler ve hedef senaryoya uygun diger
donanim ve yazilim bilesenlerini icerir. Daha sonra, robotun
gorevini  basariyla yerine getirebilmesi icin gerekli
algoritmalar belirlenir ve bu algoritmalarin test edilip
gelistirilmesi amactyla uygun bir simiilasyon ortami saglanir.

Robot Operating System (ROS), ticari ve arastirma
tabanli robotik uygulamalarda yaygin olarak kullanilan, agik
kaynakl1 bir yazilim gelistirme ortamidir [11]. Cok yonliiligi

sayesinde, ROS robotik projelerinde siklikla tercih
edilmektedir. Bu esneklik, farkli programlama dillerinde
gelistirme imkani1 sunmasi, yayinci-abone —mimarisi
iizerinden siiregler arasinda iletigim saglamasi, projeye 6zgii
mesaj tiirlerini desteklemesi ve uygulamalarin kolayca
paketlenip paylasilmasina olanak tanimasindan
kaynaklanmaktadir. Ayn1 zamanda ROS, yaygin robotik
problemleri ¢ozmek i¢in genis bir paket kiitiiphanesi ve gli¢lii
ara¢ destegi sunar. Ornegin, veri gorsellestirme icin
kullanilan RVIZ, ROS’un sagladigi dnemli araglardan biridir
[12]. ROS sisteminde siiregler "diigiim" (node) olarak
adlandirtlir ve bu diigiimler, belirli bir iletisim mimarisi
iizerinden birbirleriyle veri aligverisi yapar. Yaymci
diigtimler, belirli bir konuda (topic) mesaj génderirken, abone
diigiimler bu mesajlar1 alarak igleyebilir. Bu yapi, robotik
projelerde veri akisinin diizenlenmesini ve modiiler bir
tasarimin olusturulmasini saglar [13].

ROS2 ise, ROS’un smirlamalarin1 gidermek amaciyla
gelistirilmis bir yazilim platformudur. Ozellikle ROS’un
merkezi ag yapisi, ag giivenligi mekanizmalarinin eksikligi
ve mikroiglemcilere entegrasyonun yalnizca igiincii taraf
yazilimlara bagimli olmasi gibi kisitlamalar ROS 2 ile ele
almmigstir. ROS 2, dagitilmis iletisim mimarisi kullanarak,
sistemler arast daha yiiksek giivenilirlik ve 6l¢eklenebilirlik
saglamaktadir [14].

Webots, hem akademik hem de endiistriyel alanlarda
robotik aragtirma ve gelistirme i¢in kullanilan gii¢lii bir robot
simiilasyon platformudur. Bu ortam, kullanicilarin ii¢ boyutlu
ortamlar tasarlamasma ve bu ortamlarda simiile edilen
robotlar1 ¢aligtirmasina olanak tanir [15]. Gazebo, robotlarin
i¢ ve dis ortamlarda galistirilmasini saglayan 3B simiilasyon
platformudur . Robotik arastirma projelerinde, yarigmalarda
ve ticari uygulamalarda siklikla kullanilir. Gazebo, ODE,
Bullet, DART ve Simbody dahil olmak iizere birden fazla
fizik motorunu destekler. Ozellikle kullanish olan, robot
modelleri ve ¢evre diinyalarinin hazirlanmis 6rnekleriyle
birlikte gelmesidir. Gazebo toplulugu yeni robot modelleri ve
cevre diinyalar1 olusturmak icin aktiftir [6]. Ornek bir
simiilasyon goriintiisii Sekil 1°de gosterilmektedir.

Turtlebot hem arastirma hem de egitimde kullanilan
ROS tabanli bir gezgin robottur. Calismada mobil robot
olarak Turtlebot3 Waffle Pi modeli kullanilmistir.

OpenCV (Open Source Computer Vision Library), agtk
kaynak kodlu bir bilgisayar goriisii ve makine &grenimi
yazillmidir. Hem  akademik hem de endiistriyel
uygulamalarda yaygin olarak kullanilan bu kiitiiphane,
bilgisayar goriisii alaninda 2.500'den fazla optimize edilmis
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algoritma igermektedir. Bu algoritmalar, nesne tespiti, yiiz
algilama ve tamima, insan hareket analizleri gibi
uygulamalarda onemli bir performans saglar. Ek olarak,
stereo kameralar kullanilarak {i¢ boyutlu (3B) nokta
bulutlarinin olusturulmasi gibi ileri diizey bilgisayar goriisii
islemleri i¢in de kullanilabilir [16].

B. Metod

Bu ¢aligmada, mobil robotun baslangi¢ noktasindan hedef
noktaya ulasmasi swrasinda engellerden sakinarak hareket
etmesi saglanmigtir. Bu siire¢ iki temel asamada
gerceklestirilmistir. Ik asamada, robotun mevcut konumu ile
hedef konum arasindaki navigasyon islemi ele alinmustir.
Ikinci asamada ise, robotun hareket rotasi tizerindeki
engellerin tespit edilmesi ve bu engellerden etkin bir sekilde
kagmilmasi islemleri gergeklestirilmistir.

1) Engel tespiti: Engel tespiti ve kaginma agamalarinda,
OpenCV Kkiitiiphanesi 6nemli bir arag olarak kullanilmistir.
Bu siirecte, robotun kamerasindan elde edilen goriintiiler
analiz edilmis ve belirli renk araliklarina sahip bolgeler
belirlenmistir. Secilen bu bdlgeler iizerinde morfolojik
islemler uygulanarak, engellerin sekli ve sinirlar1 basariyla
tanimlanmistir. Bu yontem sayesinde, robotun ¢evresel algisi
gelistirilmis ve hedefe gilivenli bir sekilde ulasmasi
saglanmistir. Kameradan elde edilen goriintiiniin HSV renk
uzayindaki goriiniimii Sekil 2°de gosterilmistir.

Sekil 2: Ortamin HSV Uzayindaki Gériiniimii

Ik adimda, elde edilen goriintiiye asindirma (erosion)
islemi uygulanmistir. Bu islem, goriintii tizerindeki giiriiltiilii
ve istenmeyen kiiciik parazit alanlari ortadan kaldirmak igin
kullanilmigtir. Bu adim, nesnenin sinirlarin1 daha belirgin hale
getirirken,  ¢evresel  parazitlerin  robotun  algilama
performansini etkilemesini engeller. Bu yontem, 6zellikle dis
ortam kosullarinda, karmasik arka planlarin etkisini azaltarak
engelin daha dogru bir sekilde tanimlanmasmi saglar. Sekil
3’te gOrlintiiniin asindirma isleminden Once ve sonraki
durumu gosterilmistir.

Sekil 3: Solda Asindirma Oncesi, Sagda Asindirma Sonrasi

Siradaki agsamada, goriintii lizerinde bulunan giiriiltiileri
azaltmak i¢in bir dizi 6n isleme adim1 gergeklestirilmistir. Bu
amagla, goriintiiye algak geciren bir filtre uygulanarak hafif
bir bulaniklastirma islemi gergeklestirilmistir. Bu islem,
goriintiideki yiiksek frekansli giiriiltii bilesenlerini ortadan
kaldirarak, detaylarin bozulmasina yol agmadan giiriiltiiniin
azaltilmasini saglar. Ardindan, goriintiiniin daha temiz ve
islenebilir bir hale gelmesi i¢in "agilma" islemi uygulanmstir.
Bu islem, goriintii tizerindeki kiigiik parazitlerin giderilmesine
ve nesne kenarlarmin daha belirgin hale getirilmesine
yardimec1 olur. Sekil 4’te bu islemler g0sterilmistir.

Sekil 4: Solda Bulamiklastirma,Sagda Acilma Islemi

Ucgiincii asamada, nesnenin sinirlarmin ve seklini ortaya
¢ikarmak icin kontur bulma (contour detection) ydntemi
kullanilmistir. Bu islemde, goriintide ayn1 yogunluga sahip
pikseller birlestirilerek bir egri olusturulur ve bdylece
nesnenin dig hatlar1 tespit edilir. Kontur bulma islemi,
nesnenin geometrik dzelliklerinin ¢ikarilmasini ve sahnedeki
engellerin tanimlanmasini saglar. Bu adim sonucunda elde
edilen veriler, mobil robotun c¢evresindeki engelleri
algilamasina ve bu engellere uygun sekilde hareket etmesine
olanak tanir Sekil 5°te islem sonucu gosterilmistir.

Sekil 5: Kontur Bulma Islemi

Bu iglem dizisi, mobil robotlarin ¢evresel engelleri dogru
bir sekilde algilamasi ve bunlardan kagmarak hedefe
yonlenmesi igin kritik bir neme sahiptir.

2) Navigasyon: Robotun baglangi¢ noktasindan hedef
noktaya ulasabilmesi icin uygun bir hareket planlamasi
yapilmasi gerekmektedir. Hedef nokta belirlendikten sonra,
robot ile hedef arasindaki mesafe ve ag¢1 degerlerinin
hesaplanmasi kritik bir éneme sahiptir. Bu hesaplamalar,
robotun bulundugu konumun siirekli olarak giincellenmesini
ve hedefe dogru yonelmesini saglar. Robotun hareketi
sirasinda mesafe ve yon bilgileri dinamik olarak yeniden
degerlendirilerek, hedefe ulagmasi i¢in optimal bir yol izlenir.

Robotun baslangi¢ noktasi ile hedef noktas1 arasindaki
mesafe, Denklem 1'de hesaplanmistir. Benzer sekilde,
robotun hedefe yonelik agisal pozisyonu ise Denklem 2 ile
belirlenmistir. Robotun hareket sirasinda giivenli ve kararli
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bir ilerleme saglamasi adma, hiz parametreleri
smirlandirlmistir. Bu baglamda, robotun dogrusal hizi 0.2
m/s, agisal hizt ise 0.5 rad/s olarak tanimlanmigtir. Bu hiz
limitleri, robotun ¢evresel algisinin dogru bir sekilde
islenmesi ve engellerden kaginarak hedefe giivenli bir sekilde
ulasmasi igin gereklidir.

mesafe (d) = \/(xH —xg)? + (yu — yr)? (1)
0 = arctan (ﬁ) 2)
Burada,

Xg, Yr: Robotun pozisyonu
Xy, Yy Hedef pozisyonu
6: Robot ile hedef nokta arasindaki aciy1 gosterir.

Bu islemlerin tiim asamalari, Sekil 6’daki akis diyagraminda
detayli bir sekilde gosterilmistir. Ik adimda, hedef noktanin
tanimlanmas1 islemi gerceklestirilmistir. Hedef nokta
belirlendikten sonra, robot ile hedef arasindaki mesafe ve
acgisal konum, Denklem (1) ve Denklem (2) kullanilarak
hesaplanmistir. Bu bilgiler dogrultusunda robot, yoniinii
belirleyerek hedefe ulagmak i¢in hareket etmeye baslar.
Robotun hareketi sirasinda kameradan alinan goriintiiler
diizenli olarak analiz edilir. Eger goriintii verilerinde bir
engelin varlig: tespit edilirse, robot engelden kaginmak igin
yonlinii degistirir. Engelin basarili bir sekilde asilmasinin
ardindan, robot hedef noktaya dogru yeniden hareket etmeye
devam eder. Bu siireg, robotun ¢evresel algisini ve hareket
planlamasint  dinamik bir sekilde gerceklestirdigini
gostermektedir.

Bu yaklasim, robotik sistemlerin gercek zamanli karar verme
mekanizmalarinin bir 6rnegini sunmaktadir. Hem hedefe
ulasma hem de engelden kaginma gorevlerini eszamanli
olarak yerine getiren bu yapi, otonom navigasyon
algoritmalarmin etkinligini ve pratik uygulamalardaki
onemini vurgulamaktadir.

Hedef Noktayi Al

v

Mesafe ve Yoni
hesapla

Hedefe
varildi
mi?

ilerle

tespit
edildi
mi?

Engelin olmadi§i
yone don

Sekil 6: Sistemin Akis Diyagrami

III. SIMULASYON VE TEST

Calisma ROS Noetic siirlimii  kullanilarak  Ubuntu
lizerinde ylriitilmistiir. Gelistirilen sistemin simiilasyonu
icin i¢ ve dis mekanlarda kullanilabilen acik kaynak kodlu
Gazebo programi kullanilmistir. Simiilasyonda; egitim,
aragtirma ve iiriin prototipleme vb. uygulamalarda siklikla
kullanilan, programlanabilir, agik kaynak kodlu sistemleri
destekleyen ROS tabanli Turtlebot3 robotu kullaniimistir.
Olusturulan  yontemlerin  performansini  degerlendirmek
amaciyla, simiilasyon farkli konum parametreleri ile
calistirilmis ve sonuglar detayli bir sekilde gozlemlenmistir.
[Ik deneyde, robot (0,0) baslangi¢ noktasindan (0,3) hedef
noktasina ilerlemistir. Robotun bu siirecte izledigi yol Sekil
7’de sunulmustur.

. Robot's Path

—— Robot Path
3

|
|
|
|
|
|
|
i
|
|
|
|
|
|
aimy

Basl Bitis
T e [ @S>

Y Position (m)

T T T T T T
-4 -3 -2 -1 0 1 2 3 4
X Position (m)

Sekil 7: Deney 1 Robotun yolu

Deney sirasinda robotun hedef noktaya olan uzakligmin
grafigi de Sekil 8’de verilmistir.

Distance to Goal

3.0 q —— Distance to Goal

2.5+

)

2.0 4

15+

Distance to Goal (m

10+

0.5+

0.0 4

T T T T T T T 7
0 50 100 150 200 250 300 350
Step

Sekil 8:Deney I Robotun hedef konuma uzaklig

Sekil 8’de goriildiigii lizere, robot hedef konum ile
arasindaki mesafeyi sifira indirene kadar hareketine devam
etmistir.Ikinci deneyde ise robot, ayn1 baslangi¢ pozisyonunda
(0,0) baslatilmis, hedef nokta ise (-3,-2) olarak tanimlanmustir.
Robotun hedef konuma ilerlerken izledigi yol Sekil 9’da
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gOsterilmektedir.
Robot's Path

—— Robot Path

Baslama

Y Position (m)
o
;

Bitls

-4 =3 =2 -1 [ 1 2 3 4
X Position (m)

Sekil 9:Deney 2 Robotun Yolu

Bu deneyde, robotun baslangic pozisyonundaki yonii
hedef noktaya ters oldugundan, 6nce hedefe dogru bir doniis
gerceklestirmis, ardindan hedefe dogru hareket etmistir.
Robotun hedef nokta ile arasindaki mesafenin degisimi Sekil
10°da detayli bir sekilde incelenebilir.

Distance to Goal

—— Distance to Goal

Distance to Goal (m)
Iy = ™~ ™ w w
o w o w o w
! | : | ! |

e
w»
L

e
o
L

T T T T T T T
[} 50 100 150 200 250 300 350
Step

Sekil 10: Deney 2 Robotun hedef konuma uzaklig

IV. SONUC

Bu ¢alisma, acik kaynak kodlu bir gezgin robot projesi
gelistirilirken  kullanilabilecek agik kaynak araglarin
incelenmesini amacglamaktadir. Proje kapsaminda dncelikle
hem karasal hem de hava araglar1 iizerinde bir degerlendirme
yapilmis, bu inceleme sonucunda karasal bir gezgin robotun
kullanilmasina karar verilmistir. Bu baglamda, ROS tabanli
ve agik kaynak bir platform olan TurtleBot3 tercih edilmistir.

Proje gelistirme siirecinin bir diger asamasinda, uygun
yazilim g¢ercevelerinin  belirlenmesi  gerekliligi ortaya
¢ikmigtir. Bu dogrultuda, acik kaynak kodlu olmasi ve genis
kullanict destegi nedeniyle ROS (Robot Operating System)
tercih edilmistir. Simiilasyon ortamui igin ise Webots ve
Gazebo platformlar1 degerlendirilmis; uygulama
gereksinimlerine uygun olarak Gazebo kullanilmistir.

Caligmada, robotun g¢evresel engelleri tespit etmesi ve bu
engellerden kagimarak baglangi¢ konumundan hedef konuma
ilerlemesi saglanmistir. Robotun bu islevi
gergeklestirebilmesi i¢in kamera goriintiileri tizerinden iglem

yapilmis ve goriintii isleme algoritmalarini ¢alistirmak tizere
acik kaynakli bir kiitiiphane olan OpenCV kullanilmistir.
Robot, dniindeki engelleri basariyla tespit ederek, belirlenen
hedef noktaya sorunsuz bir sekilde ulagmustir.

Projenin  tim asamalar1  sekil ve  grafiklerle
detaylandirilmistir. Bu c¢aligmada yalnizca RGB kamera
kullanilmistir; ancak ileriki calismalar kapsaminda derinlik
kameralarinin da sisteme entegre edilmesi planlanmaktadir.
Boylece, daha basarili ve hassas sonuglar elde edilmesi
beklenmektedir. Ayrica, kamera goriintiilerinin islenmesinde
derin 6grenme aglarinin uygulanmas: diisliniilmekte, bu
sayede Dbilgisayarla goérme performansinin artirilmasi
hedeflenmektedir.
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Ozetce—Hyperloop teknolojisi yiiksek hizh kara tasimacilig
alaminda devrim yaratmayi hedefleyen yeni nesil bir ulasim
yontemi olarak karsimiza c¢ikmaktadir. Teknolojinin
merkezinde vakumlu tiineller yer almaktadir. Tiinellerin
icerisindeki Kkapsiiller ulasimi saglamaktadir. Yiiksek hizh
demiryolu sistemlerinde sistem mimarisi ve kontrol konusu her
zaman gelistirilebilir bir bashk olarak karsimiza ¢cikmaktadir.
Hyperloop teknolojisinin mevcut potansiyelini korumasi ve yeni
bir ulasim ¢agim baslatabilme ihtimali oldukc¢a yiiksektir. Bu
nedenle sisteme yonelik acik kaynak yazilm modellerinin
gelistirilmesi; bu teknolojinin daha ileri bir seviyeye gitmesi icin
oldukca kritik 6neme sahiptir. Bu calismada model belirlenmis
bir hyperloop araci icin yazihm sistemi tasarmm
gerceklestirilmistir. Onerilen yazihm modelinde ; giivenlik,
enerji verimliligi, veri akisi, sensor entegrasyonu, otonom
kontrol mekanizmalar1 ve iletisim altyapis1 bashklar1 ele
alinmistir. Ayrica bu calisma hyperloop teknolojisine genel bir
bakis acis1 sunmaktadir. Hyperloop teknolojisinde manyetik
levitasyon ve tahrik kullaniir bu sayede cevre birimleri ile
fiziksel temas ortadan kaldirilmistir. Bu da kapsiiliin yiiksek hiz
seviyelerine cikmasini saglamaktadir. Yiiksek hizhi tren
teknolojilerinde tepki siiresi ve sistem karmasikhiginin
yonetilebilir olmasi icin yazilim mimarisi olduk¢a 6nemli bir rol
oynamaktadir. Onerilen model “Ara¢ Gomiili Yazihm” ve
“Kontrol Bilgisayar1 Yazihm” olarak ikiye ayrilmaktadir. Arac
gomiilii yazihm boliimiinde; Cevresel izleme, Enerji yonetimi,
Aktiiator (Eyleyici), Sensér, Navigasyon ve Haberlesme,
Otonom kontrol birimleri bulunmaktadir. Kontrol bilgisayari
yazilim béliimiinde; Sistem kontrolii akis, Arayiiz, Haberlesme
birimleri  bulunmaktadir. Yazihm  sistemi modeli
tamamlandiktan sonra hyperloop teknolojisine ve gelecekte
yapilabilecek sistem gelistirmelerine deginilerek calisma
tamamlanmistir.

Anahtar Kelimeler: Hyperloop, Kapsiil, Manyetik Levitasyon,
Gomiilii Yazilim

Abstract-- Hyperloop technology is a new generation of
transportation that aims to revolutionize high-speed ground
travel. At the heart of the technology are vacuum tunnels. The
capsules inside the tunnels provide the transport. In high-speed
rail systems, system architecture and control are always an
evolving issue. Hyperloop technology is likely to maintain its
current potential and usher in a new transport era. Therefore,
developing open-source software models for the system is
crucial for this technology to move to a more advanced level. In
this study, a software system design for a modeled Hyperloop
vehicle has been carried out. The proposed software model
discusses safety, energy efficiency, data flow, sensor integration,
autonomous control mechanisms, and communication
infrastructure. In addition, this study provides an overview of

©2024 UAKK

hyperloop technology. Hyperloop technology uses magnetic
levitation and propulsion, eliminating physical contact with the
peripherals. This allows the capsule to reach high speeds.
Software architecture plays an important role in high-speed
train technologies to manage response time and system
complexity. The proposed model is divided into “Vehicle
Embedded Software” and “Control Computer Software”. In the
vehicle embedded software section; environmental monitoring,
energy management, actuator, sensor, navigation and
communication, and autonomous control units are included. In
the control computer software section; system control flow,
interface, and communication units are available. After
completing the software system model, the study concludes by
mentioning the Hyperloop technology and system developments
that can be made in the future.

Keywords: Hyperloop, Pod, Magnetic Levitation, Embedded
Software

I. GIRIS
A. Hyperloop Genel Bakis

Ulasim konusu ge¢misten giiniimiize kadar medeniyetin
gelisiminde her donemin o©nemli yapr taslarindan biri
olmustur. Bu baglamda iletisim teknolojileri de insan hayatini
etkileyen en onemli faktorlerin basinda gelmektedir. Bu iki
alanmn ortak noktasinda gelistirilen teknolojiler tarihte her
zaman kritik bir degere sahip olmustur[1]. Hyperloop
teknolojisinin  temel konsepti giiniimiiz teknolojisiyle
donatilmis olsa da galismalarin baglangic noktasi 20. Yy’m
baglarma dayanmaktadir. 1910 yilinda Amerikali miithendis
Robert Goddard tarafindan vakumlu tren fikri ortaya atilmistir
fakat o donem ki teknolojik altyap: yetersizligi nedeniyle
hayata gecirilememistir. Daha sonrasinda 1970’lerde Rand
Corporation Firmasinda yapilan diisiikk basingh tiiplerle
calisgan hizli tren c¢aligmalart bu teknolojideki Onemli
hususlardan biri olmustur. 2013 yilinda SpaceX CEO’su Elon
Musk tarafindan Hyperloop alpha adli bir teknik rapor
yaymlamistir. Bu c¢alisma Los Angeles ve San Francisco arasi
yolcu tasima potansiyeline sahip bir pod tasarimini gore
gelistirilmistir. [2] Bu kapsiil tasarim1 manyetik levitasyon
ve elektrikli tiki sistemine sahip ilk ¢aligma Ornegidir. Bu
rapor Hyperloop sisteminin maliyet ve uygulanabilirlik basta
olmak tizere tiim teknik agilardan yapilabilecegini gostererek
¢alismalarin hizlanmasina vesile olmustur. Bu calismada da
hyperloop teknolojisinin sistem haberlesmesine dair bir model
tasarimi Onerilecektir.
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B. Model Tanimi

Hyperloop  sistemleri;  otonom  kontrol,  giivenlik
mekanizmasi, sensor veri entegrasyonu, enerji yonetimi ve
ana bilgisayar(sunucu) iletisimi gibi  gereksinimleri

karsilayabilecek bir yazilim mimarisine ihtiya¢ duyar. Insan
tasimaciliginda kullanilmasi planlanan hyperloop sistemleri
olduk¢a yiiksek standartlara ve diizene tabiidir.[3]
Hyperloop’un uluslararasi ulagim sektoriinde potansiyeline
ulasmasi i¢in fiziksel altyapiyla birlikte giiclii bir yazilim
ekosistemine ihtiya¢ duyulmaktadir. Bu calismada yazilim
mimarisi modellenmesine iliskin tiim teknik detaylar ve
kavramsal temeller atilarak bu yeni tagimacilik sistemine
yonelik  gelecek  aragtirmalara  yardimci  olmak
hedeflenmektedir. Yazilm sistemi asagidaki sekilde
goriilecegi gibi 2 ana alt baglikta incelenmektedir.

Hyperloop Yazilim Mimarisi
I

Arac Gomild Yazilimi Kontrol Bilgisayan Yazilimi

Cevresel Izleme Birimleri
Enerji Yonetimi Birimi
Aktliatdr (Eyleyici) Birimleri
Sensor Birimleri
Navigasyon ve Haberlesme Birimi
Otonom Kontrol Birimi

Arayliz
Haberlesme Protokolleri
Manuel ve Otonom Miidahale

Fig. 1. Yazilim Mimarisi Blok Genel Bakis

II. YAZILIM MIMARISI

A. Kontrol Bilgisayart

Hyperloop sisteminde ger¢ek zamanli veri akisi ve ana
bilgisayar haberlesmesi i¢in konntrol arayiiz sistemi oldukca
kritik bir yazilim katmanidir. Kapsiiliin uzaktan erisime agik
ve denetlenebilir olmast kullanict giivenligi icin esas
faktordiir.  Hyperloop  kontrol  sistemi, temelinde
Olgeklenebilmesi ve sistemin soyutlagtirilmasinin
kolaylagsmasi i¢in Master-Slave tasarimi kullanilacaktir. Bu
sistemin giivenli kontrol altyapisi ve yiiksek performans
vermesi hedeflenmektedir. Sistemin ana sunucusu Kontrol
bilgisayaridir. Genel sistem igleyisinden sorumludur. Kontrol
bilgisayar1 ve hyperloop kapsiilii igerisinde kullanilan master
bilgisayar QUIC protokolii kullanilarak wifi ile haberlesir.
UDP tabanli bir yap1 olan QUIC protokolii diisiik gecikmeli
caligmaktadir [4] , ayrica kuyruk mimarisine sahip oldugu i¢in
sirali ve hizli bir veri aktarim imkani sunmaktadir. Kontrol
bilgisayar1 kapsiiliin genel isleyisini ve durumunu denetler,
gerektigi durumda manuel miidahale imkani saglar. Ayrica
kapsiil icerisinde bulunan tiim ¢evresel birimleri denetleyerek
alt sistemlerle ve islem basamaklariyla olan baglantilart
saglamaktadir. [5]

Arayiiz blogu sistem operatorlerinin kapsiilii takip
edebilmesi ve parametrelerin okunmasi i¢in tasarlanan web
tabanl1 bir yapidir. Arayiiz blogunda asagidaki temel yapilar
bulunacak, iglevler yerine getirilecektir.

Fig. 2. Tasarlanan Ornek Arayiiz

Fig. 3. Tasarlanan Ornek Arayiiz

3D 2D Gorsellestirme: Tiinel igerisinde bulunan kapsiiliin
¢evresel durumu, rotast hedefe olan uzakligi gibi bilgiler 3D
harita iizerinde kullaniciya sunulabilir, ayrica daha az
karmasik olmasi adina 2D gorsellestirme yapilabilir.

Manuel ve Otonom Miidahale: Kapsiil otonom hareket
algoritmalarint uygulayarak hareket edebilir olasi aksi bir
durumda arayiiz lizerinden manuel miidahale edilerek tehlikeli
durumlarin Oniine gecilir. Tim bunlar panelden takip
edilebilir.

Gercek Zamanh Veri Paneli: kapsiilin, konum, sicaklik,
basing, hiz gibi ¢evresel sensorlerden gelen verileri arayiiz
lizerinden goriiniir halde olacaktir. Bu sayede operatoriin
sistem dinamiklerine ulasimi oldukga erisilebilir olacaktir.

Veri Kaydi: Kapsiil hareket basladigi andan itibaren tiim
veriler kayit altina alinarak geligebilecek olaylarin kronolojik
olarak gozlemlenmesi- takip edilmesi saglanacaktir. Bu
sayede hata tespiti ve analizi yapilarak sistem iyilestirmeleri
gerceklestirilecektir. Veriler bulut ve yerel depolamada belli
periyotlarda  yedeklenecektir bdylelikle hem  kontrol
bilgisayarindan hem de uzaktan erisim imkani sunulacaktir.

Sifreleme: Sistemin veri giivenligi performans agisindan
oldukca kritik 6neme sahiptir. QUIC prokokolii dahilinde
bulunan TLS sistemi veri giivenligini saglamaktadir. [6]
Veri iletim sisteminde kontrol bilgisayar1 — master bilgisayar1
— slave cihazlar1 arasinda ( end to end ) ugtan uca sifreleme
kullanilacaktir. Veri kayit dosyalarinda AES algoritmasi,
Sifreli verilerin dogrulanmasinda hash algoritmalar1 ve
sisteme giris yapan operatorlerde ¢ift asamali kimlik
dogrulamasi uygulanacaktir.

B. Ara¢ Gomiilii Yazilimi

Arag gomiilii yazilimi tsistemin en kritik bilesenlerinden
biridir. [7] Bu sistem kapsiiliin kontrolii, ¢evreseler algilama,
giivenlik yonetimi gibi sistemlerdeki islevleri yerine getirir.
GOmiili yazilim, ara¢ igerisinde bulunan elektronik ve
mekanik bilesenlerin kontrol edilmesi i¢in diisiik gecikme
stireli kesintisiz komut iletimi saglayarak sistemin sorunsuz
sekilde ilerlemesini saglar.

Tasarlanan sistemde kontrol bilgisayar1 ve gdmiilii yazilim
bilgisayar1 arasinda Wifi iizerinden UDP tabanli QUIC
protokolii kullanilir. Gomiili yazilim bilgisayar1 arag
icerisindeki tiim ¢evresel birimlere kontrol komutlarini
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gonderir ayn1 zamanda Ana sunucu bilgisayarindan gelen
manuel komutlari iletir. Cevrsel birimler ve gomiilii yazilim
bilgisayar1 arasindan ¢ift yonlii iletisim vardir. Eski veriler ve
giincel komutlar diizenli olarak gonderilir-alinir. Bu sayede
otonom harekete devam edilirken, bilgiler ana sunucuya
aktarilarak veri akist saglanmig olur. 6 alt birimden
olugmaktadir.

1. Cevresel izleme Birimleri:

Kapsiiliin tiinel i¢erisindeki durumu ve ¢evresel faktorleri
bu birimdeki sensorler vasitasiyla takip edilir. Kontrol
bilgisayarma hava kalitesi partikiil yogunlugu nem seviyesi
gibi veriler iletilir. Olumsuz hava kosullar1 olmasi durumunda
gerekli kontrol ve hareket mekanizmalari devreye girer.

Tiipiin hareketi boyunca sicaklik basing, hiz ve tiim diger
degiskenler takip edilir. Aksi bir durumda acil durum otonom
stirlis algoritmalarindan gerekli olanlar devreye girer.

2. Enerji Yonetimi Birimi:

Sistem enerji paketi ana batarya, acil durum bataryasi ve
elektronik sistem bataryasindan olugsmaktadir.

BMS Sistemi: Kapsiil enerji tiiketimi, yOnetimi ve
verimliligini denetlemek, iyilestirmek i¢in enerji yonetim
birini olusturulmustur. Bataryanin voltaji, sicakligi ve sarj
durumu takip edilmektedir. Enerji akigin1 yonlendirmek ve
siirlamak i¢in gelen veriler kontrol edilerek BMS’ye uygun
komutlar verilir.

3. Aktiator (Eyleyici) Birimleri:

Kapsiiliin tiinel igerisindeki hareketini yerine getirmekle
gorevli gevresel elemanlardan olugmaktadir.

Manyetik Levitasyon ve ftki Sistemi: Aracin tiinel
icerisindeki ray ile temasini kesen ve ileri yonli hareketini
saglayan sistemdir. Manyetik disklerden ve lineer motordan
olugmaktadir. Otonom siiriis algoritmasindan gelen komutlara
gore kapsiiliin hareketini saglar.

Frenleme Sistemi: Kapsiiliin fren yapabilmesini saglamak
icin basingli gaz, mekanik veya elektrik temelli fren sistemleri
olusturulabilir. Bu sayede aracin hizmin disiiriilmesi veya
yolculuk sonunda durmasi saglanmaktadir. Frenleme
komutlartyla beraber giivenlik prosediirleri de devreye girer,
bu komutlar otonom siiriis algoritmasi veya sunucu tarafindan
manuel olarak verilebilir.

4. Sensor Birimleri:

Kapsiil igerisinde ve ¢evresinde, durum analizi ve sistem
bilgilerinin toplanmasi i¢in sensdrler bulunmaktadir.
Sensdrlerden gelen veriler gercek zamanh olarak islenerek,
otonom siiriis algoritmasinin kararlarina yardimei olur ayni
zamanda tiim veriler arayliz {izerinden sunucuya aktarilir.
Kullanilan baglica sensorler su sekildedir:

360 derece egim sensorii

Ivmedlger

Hiz sensori

Ak, tekerlek, i¢ ortam basing sensorleri
Fotoelektrik mesafe sensorleri

Motor, tekerlek, elektronik donanim, sicaklik
sensorii

Akim sensorii

e Lidar ve kamera

5. Navigasyon ve Haberlesme Birimi:

Kapsiilin hareketi ve rota takibini yapabilmesi ayrica
diger sistemlerin birbiriyle haberlesmesini saglamaktadir.
GNNS ve lazer isaretleyiciler modiiller kullanilarak kapsiiliin
pozisyonu tayin edilecektir. Kontrol bilgisayarindaki otonom
stirlis algoritmalar1 verileri optimize ederek navigasyonu
tamamlar. Kapsiilde farkli iletisim paketleri kullanilarak hem
cihazlar aras1 hem de merkezi kontrol ile iletisim saglanir.

CAN-Bus Protokolii:Gomiilii yazilim bilgisayar1 ve alt
sistemler arasi veri akigini saglamak amaciyla kullanilir.
Sensorlerden gelen veriler kontrol biligsayarina aktarilir
ardindan tekrar komutlar bu ag araciligtyla iletilir.

QUIC Protokolii: Ana sunucu bilgisayari ile gémiilii yazilim
bilgisayar1 arasindaki iletisimde kullanilir. Bu baglant1 wifi
iizerinden saglanir. Ayni baglanti iizerinde paralel isleme
yaparak birden fazla veri akisimin iletilmesi ve iglenmesine
olanak saglar. Ugtan uca sifreleme yaparak verilerin giivenli
sekilde aktarilmasini saglar ayn1 zamanda diisiik gecikme ve
hizli baglant1 saglamasi bu noktada 6neli katki saglamaktadir.

Veri Paketi Yapisi: Sisteme iletilen veri paketleri tiiri,
kimligi ve zaman damgasina goére ayrilmaktadir ardindan
veriler veya komutlar elde edilmektedir.

Kuyruk Mimarisi: Bu yap1 veri akigini sistemin gereksinim
siralamasina gore yoneterek islemlerin gergeklestirilmesine
olanak tanir. Kuyruk yapist diisiik orta ve yiiksek derece
olmak iizere 3’e ayrilir. Yiiksek oncelikli kuyruk acil durum
senaryolarinda gegerli olmaktadir. Orta oOncelikli kuyruk
aracin hareketi ve sensor verileri gibi rutin senaryolar
kapsamaktadir. Diisiik Oncelikli kuyrukta ise aracin
hareketinden bagimsiz olan sensor verilerini ve performans
iyilestirmelerini kapsamaktadir.

6. Otonom Kontrol Birimi:

Kapsiiliin kararli, enerji verimliligi yiiksek ve giivenli bir
sekilde hareket etmesini saglamak i¢in otonom kontrol

algoritmalar1  olduk¢a oOnemlidir. Bu nedenle c¢esitl
algoritmalar  kullanilarak  gercek zamanli  komutlar
gerceklestirilir.[8]

Qtonom Kontrol Birimi

Wodet Ongéril Kool Peligtimel Ogrenme Oransatnegeal Beiri Sonk Dlomat Yepay S Aglan Kayan Kipé Koriral
Aigartimalan Tarevsel Kontrol

Fig. 4. Otonom Kontrol Birimi Alt Dallart

Belirli Sonlu Otomat ( DFA) : Kapsiiliin durumlar arasi
gecisini saglar. Baglatma, hizlanma, yavaglama, durma, acil
durum gibi kritik komutlar aras1 gecisi saglar. Operasyonel
durumlar1 yonetir.

Model Ongériilii Kontrol (MPC): Gergek zamanli verilere
gore kapsiiliin hareketlerini inceler, gelecek hasreketlerine
dair tahminler olusturur sistemi optimize eder.

Oransal-integral-Tiirevsel (PID) Kontrol: Sensérlerden
gelen hiz, konum gibi dinamik parametreleri kontrol eder.
Gelen verilere gore isleme yaparak gerekli diizeltmeleri yapar.

Pekistirmeli Ogrenme (RL) Algoritmalar:: Kapsiiliin
geemis verilerine dayanarak yeni bir model 6ngoriisii sunar,
farkli test senaryolarini 6grenerek en optimalini sunmaya
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calisir. Sistem dinamiklerine kolay optimizasyon saglayarak
karmasik duurmlarda kontrol stratejisi gelistirebilir.

Kayan Kipli Kontrol (SMC) : Ekosistem degiskenlerinde
meydana gelen bozulma ve degisimlere yonelik kontrol
algoritmasi olusturur. Ani degisimlere karst hizli reaksiyon
saglar.

Yapay Sinir Aglar : Kapsiil igerisinde ve ¢evresinde gelen
biiyilk boyutlu veriyi optimal hizda analiz ederek kontrol
komutlarmin verilmesine yardime1 olur. Ogrenme kapasitesi
yiiksektir, model degisikliklerine kars1 hiz1 oldukga iyidir.

Yukarida oOnerilen otonom kontrol algoritmalari, arag
hareketinde olduk¢a énemli olan konum, hiz, giivenlik, enerji
gibi parametrelerin diizenlenmesi ve degerlendirilmesinde rol
alarak otonom hareket isleyisini saglar, ayrica sistem
iyilestirmelerinde de kritik rol alir.

III. SONUC VE GELECEK CALISMALAR

Bu ¢alismada Hyperloop teknolojisine dair gelismis bir
yazilim mimarisi modellemesi yapilmistir. Caligma esnasinda
ara¢ gomiilii yazilimi ve kontrol bilgisayar1 yazilimi ana alt
basliklar1 olusturmuslardir. Bu basliklar ¢ergevesinde altyapi
ve ulasim kriterleri g6z Oniinde bulundurularak model
gelistirilmesi tamamlanmistir. Kullanilan modelde ; giivenlik,
enerji verimliligi, veri akigi, sensdr entegrasyonu, otonom
kontrol mekanizmalarinin yiiksek hizda diigiikk gecikmeyle
calismast hedeflenmistir. GOmiili yazilim sisteminde,
cevresel birimlerden gelen ger¢ek zamanli veriler analiz
edilerek otonom kontrol algoritmalarinin daha dogru komutlar
vermesi saglanmistir. Kontrol bilgisayar: yazilimi kisminda
ise kapsiil igerisinde bulunan sensorlerden alinan tiim veriler
gOmiilii yazilim bilgisayari tarafindan ana sunucu bilgisayara
iletilmektedir. Bu sayede ara¢ durumunun gorsellestirilmesi
ve verilerin kayit altina alinmasi saglanmistir. Ayrica olasi acil
durumlarda ana bilgisayar lizerinden miidahale imkani
taninmasina olanak sunulmustur.

Bununla birlikte, hyperloop teknolojisindeki gelistirmeler
ve yapilan calismalar her gecen artmaktadir. Teknolojinin
gelismesiyle birlikte farkli yazilim sistemleri gelistirilmeye
ihtiyag duyulacaktir. Bu noktada olasi gelecek calisma
konulart su sekildedir:

Sensor Kullanimi: LIDAR, manyetik alan dl¢lim sensorii,
stabilizasyon-titresim sensorii, termal kameralar gibi farkli
teknolojilerin entegrasyonu, navigasyon ve giivenlik bagta
olmak iizere sistemde olduke¢a faydali olabilir.

iletisim Protokollerinin Degistirilmesi: Suan mevcut
protokoller cergevesinde QUIC protokolil tercih edilmistir
fakat ileride 6G ve iizeri teknolojilerin yayginlagsmasiyla daha
hizli ve diisiik gecikme siireli bir protokol kullanilabilir veya
mevcut protokolde bu yonde iyilestirmeler saglanabilir. Bu
sayede sistemin daha hizli ve giivenli hale gelmesine fayda
saglanabilir.

Donanim Ariza Durumu ve Yedekliligi: Sistemde
kullanilan elektronik bilesenlerin ariza durumu- toleransi ve
yedekliligi konusu oldukca gelistirilmeye aciktir. Bu noktada
gercek diinya testleri ve donanim dongii testleri (HIL)
arttirllarak sistem iyilestirmeleri yapilabilir.

Gelismis Algoritmalarin Sistem Entegrasyonu: Makine
O0grenmesi ve yapay zeka tabanli gelistirilmis modeller
kullanilarak, otonom kontrol algoritmalarin daha hassas ve
dogru tepkiler vermesi saglanabilir. Derin 6grenme modeli
yeterli veri ile egitildikten sonra ara¢ acil durumlarinda da
otonom kontrol mekanizmasinin karar yetisi gelistirilebilir.

Yukaridaki konular basta olmak iizere mevcut teknolojide bir

cok noktada yenilik saglanarak sistem gelistirilmesi yapilmasi
oldukca miimkiindiir. Bu c¢alisgma gelecekte yapilacak
calismalara bir referans, yol haritasi olma niteligi
tagimaktadir.
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Abstract—This paper presents an open-source healthcare
portal designed to address the challenges of health data
interoperability and clinical decision-making in modern
medicine. As healthcare systems become more reliant on
complex technology, integrating disparate health data has never
been more important. The same capability is greatly enhanced
by the FHIR standards integration with artificial intelligence
(AI) coordinating to act through the portal. Al embedded within
the portal automatically synthesizes patient encounters,
medication histories, clinical notes, and procedural records into
brief summaries designed to deliver actionable insights directly
to providers. This may be more than just another integrated
technological innovation or even a simple tool, but rather a
transformative shift creating a more integrated and user-
friendly healthcare system. This paper demonstrates the
potential for open-source technologies to fundamentally change
the way providers, patients, and others can interact with health
information and each other. These future possibilities for
patient care are refined further through open source, and when
enacted, will lead to improved clinical outcomes and experience.

Keywords—Open-source healthcare, FHIR, Al in healthcare,
data interoperability, provider portal

1. INTRODUCTION

A. Background

As healthcare advances at an unprecedented rate, the influx of
patient data has rapidly grown, forcing providers to interpret
and act on significant amounts of information in a limited
amount of time. With the arrival of EHR systems and FHIR
standards, we have seen a lot of things improve, and both
structured and unstructured data are available to assist
providers. Yet, these systems have considerable ergonomic
shortcomings, resulting in inefficiency and subsuming critical
data under layers of complexity. This is an aggravation when
trying to access and sift through information in a quick and
timely manner.

Providers must depend on sound systems to assess this data
properly. However, the majority of healthcare organizations
do not possess the resources or expertise to create tools that
utilize advanced technology such as Artificial Intelligence
(Al) to provide a holistic view of FHIR data. This leads to
providers struggling with disparate workflows and a
hindrance to clinical decision-making with added
administrative challenges. According to Junttila, physicians
emphasize the importance of a single service that provides
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access to the information needed to make well-informed
decisions and save time. [1]

This paper addresses these challenges by combining FHIR
standards with Al-driven insights to transform raw healthcare
data into actionable intelligence. By bridging the gap between
data accessibility and usability, the proposed portal aims to
alleviate administrative burdens and enhance the quality and
efficiency of patient care. Specifically, the portal’s objectives
include:

. Abstracting patients’ medical histories and
encounters into concise summaries.

. Identifying meaningful trends in clinical notes,
medications, and procedures.

. Accelerating decision-making by providing clear,

actionable insights.

Through these capabilities, this paper aims to empower
healthcare providers and modernize the way they interact
with patient data and allowing providers to spend more time
with the patient.

B. Problem Statement

Modern healthcare systems face a number of challenges,
evolving from improper data communication and inefficient
decision-making processes. One of the core questions that
arises here is how to create an information infrastructure that
is both standardized and flexible.[2] The rush towards
digitalization and globalization of healthcare systems calls
for coherent and synergistic efforts towards data governance,
or otherwise prevailing tensions within the sectors will
compound. This increase will make the coordination between
the different disciplines involved in providing care even more
difficult.

Another cause for concern is constant complaints from front-
line physicians about the existing information systems.
Studies highlight how fragmented systems force providers to
spend valuable time navigating multiple platforms to access
essential information [1]. Also, according to the Medscape
Physician Compensation Report 2023, physicians spend an
average of 15.5 hours per week on paperwork and
administrative duties. [6] This disintegration creates a great
barrier to accessing key information that the healthcare team
considers necessary to ensure high-quality patient care.
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A proposed solution to this could be the creation of an open-
source provider portal that is built and improved upon with
mechanisms that allow advanced technologies like Al and
FHIR to be integrated into them. Given that data are managed
at different IT stores and locations, implementation of such a
portal should also facilitate the smooth exchange of data,
increasing efficiency and ultimately improving outcomes.
This initiative has the potential to help overcome the barriers
identified by promoting the sharing and use of healthcare data
and supporting healthcare providers' decision-making. This
unified platform between Al and FHIR is a leap toward a
more consolidated and agile healthcare delivery system,
benefiting practitioners and patients alike.

C. Objectives

In the current environment of healthcare delivery system
modernization, there is an even sharper focus on the need for
clarity around the objectives of each aspect of modernization
to provide benefits by ensuring efficiency and effectiveness.
One of the central goals in today's healthcare environment is
to improve decision-making in an environment where
healthcare providers continue to be frustrated with current
information systems. These systems typically do not
sufficiently present the needs of providers or accommodate
clinical workflows' complexities. [1] Physicians face
immense issues due to the fragmentation of data among many
disparate silos. Such fragmentation adds a devastating
challenge to timely and informed decision-making and,
ultimately, hinders the quality of patient care.

In light of these challenges, the purpose of this paper is to
establish a seamless flow of information among the diverse
stakeholders within the healthcare ecosystem. This will be
made possible by establishing a provider portal that leverages
open-source technology with Al and the Fast Healthcare
Interoperability ~ Resources (FHIR) standard. The
incorporation of FHIR-compliant data presents a unique
opportunity to leverage machine learning algorithms, thereby
enhancing analytical capabilities and facilitating the
extraction of meaningful insights. Healthcare organizations
can leverage robust data infrastructures, such as the Health
Information Gateway and Exchange (HINGE) framework, to
strategically collect and structure distribution datasets such as
clinical, genomic, and imaging data and integrate them into
collaborative knowledge bases. Integrating these knowledge
bases could prove valuable in the efforts to advance
personalized care that ultimately improves care outcomes for
patients.[4]

In addition, BETTER (the Horizon Europe project) [5] shows
the potential of applying machine learning approaches to
FHIR data, and how such applications can help ensure
interoperability and improve the quality of clinical decision-
making. On the other hand, Telehealth solutions, augmented
with Al and adhering to FHIR standards, have demonstrated
notable success in managing chronic diseases, as evidenced
by Chen. [3] This underscores the fact that telehealth services
are not merely a theoretical concept but are increasingly
becoming a tangible reality with the potential to
fundamentally transform healthcare delivery. While this
project focuses on provider-oriented insights, it represents an

initial step toward broader applications, such as connecting
community healthcare, home care, and hospitals.

Altogether, this initiative aims to enhance transparency,
usability, and trust in health information systems within the
healthcare space, which ultimately supports the dynamic
evolution of data-driven medicine. Of course, interfaces like
Quasar also matter a lot as businesses build on top of Spring
Boot and other open-source technologies, which generate the
demand for cost-efficient healthcare tech evolution.

D. Literature Review

As technology is advancing rapidly, healthcare systems have
also seen a paradigm shift towards the usage of open-source
solutions. Multiple studies highlight the promising effects of
these platforms to improve operations and care of patients.
According to Healthcare Innovation, open-source solutions
can lower implementation costs drastically and at the same
time promote collaboration among all involved, which is
necessary to improve global healthcare systems. [9]

On the other hand, the role of Al is also significant in
improving patient care and operational efficiency in the race
of digital transformation in healthcare systems. Using data
mining, health trend prediction, and resource optimization,
Al helps provide personalized treatment for patients. Al
insights, fused with the power of FHIR standardization,
create an enormous potential to advance clinical outcomes
and operational efficiencies. [8] As such, the literature
consistently underscores the potential of these technologies
to modernize healthcare delivery, ultimately improving
outcomes and patient satisfaction across various healthcare
settings.

Further, the literature shows the radical potential of open-
source platforms, Al, and interoperability standards to either
update or revolutionize healthcare systems. They improve the
accessibility and consistency of data, together overcoming
grave inefficiencies in the delivery of healthcare. Their ability
to improve clinical outcomes, operational efficiency, and
patient satisfaction through continued investigation brings
the full potential of these innovations to diverse healthcare
settings.

II. METHODOLOGY

The methodology of this paper provides for a scalable,
efficient, and secure healthcare portal. This enables real-time
interoperability and actionable insights for healthcare
providers utilizing modular architecture, synthetic data, and
advanced artificial intelligence technologies.

A. System Architecture

The architecture of this solution represents the backbone of
the project, seamlessly integrating multiple components to
deliver a smooth and reliable experience for healthcare
providers. Furthermore, the system is capable of integrating
with a variety of software solutions, including custom
applications and third-party systems developed by alternative
health solution providers, thereby enhancing the real-time
processing of healthcare information. This architecture is
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poised to ensure the efficiency of processes, the

maintainability of code, the security of data, and the

utilization of an open-source stack, ultimately delivering
actionable insights to healthcare professionals. The Basic

Design Principles of Architecture can be examined in three

steps as follows.

e  Modularity: Every part of the system, such as
frontend, backend, FHIR server, and AI models,
functions in its own way yet coherently. This modular
approach eases maintenance and allows for future
expansion.

e  Scalability: The architecture supports the integration of
new Al models or functions without disturbing existing
systems. It is adaptable to changing healthcare needs.

e  Security: Solid authentication mechanisms and secure
database interactions protect sensitive patient
information, maintaining compliance with healthcare
regulations.

The system follows a modular design at a high level,
ensuring scalability, maintainability, and robust
functionality.

Spring Boot Backend\

Return Resorse
(Gemin Al Studio \

Interence APt _

Trained Models
(Encounter, Medk ations.
Chinical Notes, Procedures)

MySQLDS

a) Front-end Architecture:

The front-end component, developed using Vue.js and
Quasar, makes it visually comprehensible for healthcare
service providers. It provides an interactive and user-centric
platform, which minimizes attempts to contact the system on
behalf of others. Communication with the backend is
achieved using secure REST APIs to guarantee the timely
exchange of data and message delivery reliability. For
example, healthcare providers can rapidly learn from their
patient's medication history. Assuming a patient calls in one
day needing his medication records, the front-end:

e Communicates with the backend to collect the
required information.

e Sends an HTTP request stating which sort of data
is being looked for.

Through this arrangement, users and systems interact
seamlessly with effects that are structured -effectively
according to data. When they pick out something, such as a
piece of medication history, the system does all the work for
them quickly and accurately.

b) Back-end Architecture:

The backend uses Spring Boot as a managing body that
combines front-end, data resources, and artificial intelligence
(Al) systems. It undertakes tasks essential to providing
interactive applications like data integration, classification-
based switching, and display interactions with Al models,
such as reconfiguring their settings through iterative learning
experience mode. The main components of the backend
include:

e According to REST API principles, it receives
requests from the front end, performs necessary
operations, and returns the responses for the
following functions.

e Automatically creates a schema based on metadata
received during start-up.

e Draws or defines HTTP routes (keeping state
between requests).

In dealing with requests of this type, the HAPI FHIR client
talks to the FHIR server, keeping healthcare standards.
Patient data is collected from various places in the FHIR
server.! By its architecture, the authentication service
provides secure access according to certain rules, while
session data and user profiles are retained by a PostgreSQL
database. Type-based routing permits the backend to use its
dynamic knowledge about the nature of requested data (e.g.,
clinical notes, procedures) and meta-information integrated
to aid inference on clinical narratives, sending it directly to
the Al model for processing the content.

If the front end requires a user's clinical note summary data,
then:

e The back end accepts the request, fetches the
corresponding patient’s data from the FHIR Server,
and sends this information to the appropriate Al
Model in Gemini Al Studio.

33



International Open Source Conference (UAKK) 2024

e  The backend forwards the result to the front for real-
time imaging.

¢) FHIR Server( HAPI FHIR) :

HAPI FHIR is a complete implementation of the HL7 FHIR
standard for healthcare interoperability in Java. The FHIR
server is the primary repository for patient data, including
encounters, medications, clinical notes, and procedures. It
ensures interoperability by adhering to FHIR standards,
enabling seamless data integration and retrieval. [10]

d) Al Integration (Gemini Al Studio) :

The intelligence layer (on the system) is governed by Gemini
Al Studio, which is responsible for training Al models suited
for particular healthcare uses. These Al models are capable
of generating specialized insights for medical providers, and
with the backend, the Al Studio is interfaced by an inference
API supporting type-based routing of requests to appropriate
models.

Particular Al Models:

e  Encounters Model

e Medications Model

e  Procedures Model

e  Clinical Notes Model
Process Example:

e A request for a medication summary is sent to the
Medications model.

e Al model processes data and generates a summary
of the information.

e The backend collates the Al-generated output and
transmits it to the front end for visualization.

Therefore, by implementing this architectural framework,
healthcare practitioners' processes of meeting with patient
data can be made secure, enhancing operations. On another
level, the design has been chosen to prepare healthcare for the
future: the design is contained within modular and open-
source technology.

The portal is driven by synthetic healthcare data using
Synthea, an open-source synthetic patient generator that
produces semantically organized patient data for the purpose
of FHIR-compliant data generation. This data mimics actual
patient data from the real world (encounters, medications,
clinical notes, and procedures). By hosting the store on a
HAPI FHIR server, all providers can adhere to
interoperability standards, and seamless integration into the
back end.

B. Data Sources

In this project, the training of artificial intelligence (Al) is
conducted in a systematic manner, and the essential elements
include:

e Synthetic Data Generation: Patient data was
generated with a focus on cardiovascular health
incidents.

e Training Dataset Creation: A total of 107 input-
output pairs to represent patients in a concise form
were created from the output data records.

e Fine-tuning the Al Models: The preparations
mentioned above were foundational material for
calibrating the four specialized Al models available
within Google Gemini Studio. Each model was
purposefully designed to handle a certain form of
data: the Patient Encounters, Medications,
Procedures, and Clinical Notes model.

C. Data Processing

The pipeline is built to process the data and route requests
appropriately to get the insights that matter. The backend is
built with type-based routing, where we can intelligently
know the type of data being requested from the core (i.e.,
whether it is encounters, medications, etc.) and then route it
to the relevant Al models.
Al Models: The four specialized Gemini models were fine-
tuned for different sets of data:

e Patient Encounters

e Medications

e  Procedures

e Clinical Notes

After the request is made from the frontend, it is sent to the
backend, where instances of data can be classified. For
example, a query regarding “medications” will cause the
backend to forward the request to the Medications Al model.
The model takes this input and runs its magic, giving a
summary of the text. Then, the processed data is securely
returned to the frontend for visualization in a near real-time
manner. On the other hand, The research explored several
models, such as Claude 3.5 Sonnet and Gemini 1.5 Flash.
Sonnet was initially used to develop accurate summary
outputs, and these outputs formed the basis for fine-tuning
Gemini models, which were selected for their precision and
efficiency. This portal incorporates advanced Al models with
the artificial creation of language operations, it can also be
used at scale, providing healthcare professionals with precise,
personalized, and immediately actionable details. This
empowers them to make the best healthcare decisions for
themselves and their patients.

III. SYSTEM DESIGN

The architectural framework supporting this system
exhibits a robust, modular, and extremely scalable design.
This framework effectively deals with the crucial healthcare
data interoperability issues and clinical decision-making
processes. It is both flexible and cost-effective, utilizing state
of the art open-source technologies to serve the immediate
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needs of medical providers while at the same time laying a
solid foundation for future developments in this field.

A. Front—end Architecture

The front-end interface of our platform is built on the
Quasar framework, which is constantly being updated and
improved. [13] It has been designed to give healthcare
institutions a highly interactive interface that is easy to use and
fast to respond. Key features of the front-end architecture
include:

e Vue.js: A JavaScript framework for creating user
interfaces.

e Quasar: Vue.js-based framework for developing
interactive web applications.

e Apache ECharts: A JavaScript charting library for
data visualization.

e OIDC Client: A JavaScript library for OpenID
Connect and OAuth2 authentication.

e  Pinia: Vue.js store library to manage the state of the
application.

e Patient Management: The system involves a deep,
simple patient list directly queried from the FHIR
(Fast Healthcare Interoperability Resources) server.
The patient profile is very comprehensive, covering
age, past medical history, current meds, and major
diseases core component.

e Tabbed Navigation: In order to facilitate convenient
use, the total health status of patients is divided into
structured groups, making it easy to navigate
through various aspects of patient care and
information.

o Al-Empowered Insights: The integration of artificial
intelligence enables real-time synthesis summaries
on patient visits, medications dispensed, operations
conducted, and clinical notes. This feature greatly
improves the ability of healthcare personnel to make
informed decisions in good time and helps boost
patient outcomes.

e Data Visualization: Advanced visualization tools,
such as time series diagrams, are used to depict the
trends of various observations, such as physiological
signs or results from laboratory examinations. This
kind of pictorial representation is essential for
understanding patient health tracks and making
informed decisions at the clinical level.

e Normalization and Error Handling: Before data
received from the FHIR server goes before the user,
it goes through a normalization process. This step is

crucial for ensuring operations are conducted
uniformly and avoiding misunderstandings, which
may result from different data formats.
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B. Back—end Architecture

The application backend serves as the brain of the entire
system, implemented using Spring Boot as its core framework
to centralize and automate various important tasks in terms of
scheduling, data gathering, data association, and security
management. [14] This advanced backend structure
communicates effortlessly with the front-end interface
through the use of Fast Healthcare Interoperability Resources
(FHIR) and artificial intelligence (AI) models, thus allowing
for the provision of actionable insights gleaned from intricate
data sets. The backend encompasses several essential
functions that contribute to the overall effectiveness and
reliability of the system:
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Data Processing and Routing: The backend
implements one unified REST API that allows
routing requests from the front end. This API
enables the exchange of many different types of
data, such as information about medications,
encounter data, and fees associated. This mechanism
enhances the user experience as well as supports
timely decision-making by ensuring the data flows
smoothly and accurately from the front end to the
backend.

FHIR Integration: The backend implementation
makes use of HAPI FHIR to ensure compliance with
established healthcare interoperability standards.
This library plays a vital role in receiving,
processing, and normalizing patient data to adhere
to a strict set of standards. Most importantly, this
integration is key to improving the interoperability
of healthcare data systems in order to enable better
data sharing and use across the healthcare
ecosystem.

Al Integration: The backend architecture integrates
cutting-edge artificial intelligence functionalities
using four separate families of Gemini Al models
that are specifically developed for varying facets of
interactions with patients. These results are then
aggregated and communicated back to the front end
in a secure manner, allowing for the enhancement of
care delivery through the power of data analysis.

User Management & Role-Based Control: The
backend has strong authentication mechanisms
using OAuth2 and JSON Web Tokens (JWT) for
security and access control. These technologies are
intended to ensure secure access to the system while
maintaining user privacy and data integrity.
Additionally, future role-based access controls can
be implemented for improved security.

Deployment and Scalability: The backend is served
through Docker containers, which provide a
consistent, reliable service framework across a
multitude of hardware configurations. Not only does
this containerization create easier deployment
processes, but it allows scalability, enabling the
system to grow and evolve based on future needs
and greater user demands. The backend can ensure
high availability and performance to meet the needs
of healthcare providers and their patients through
the use of container technology.

Overall, the backend acts as a vital part of the system and
utilizes several cutting-edge technologies and methodologies
to offer healthcare IT solutions that are secure, efficient, and
scalable, considering the constantly changing needs of the
healthcare sector. It is responsible for improving the overall
performance and reliability of the application through its
multiple functions.

C. Security

Establishing a robust security framework is paramount in
safeguarding sensitive healthcare data. In order to protect
sensitive healthcare information, a strong security framework
is of utmost importance. Various vital steps have been taken
to reach that goal, forming an all-around protective system
against threats to health information.

e Authentication: The OAuth2 protocol is used to
provide authentication for secure and authenticated
users. With this framework, each user gets access
only after an extensive confirmation process, thus
minimizing the chances of an unauthorized bearer.
Alongside this, the JWT extension increases session
security by transmitting the encoded information
between parties in a secure manner. Implementing
both of these technologies reinforces the
authentication process and provides assurance to
users that their personal health information is secure.

e Role-based Access: Access to sensitive health
information has been restricted to qualified and
authorized medical personnel, ensuring that only
qualified personnel are allowed to access critical
patient data. Nonetheless, it is important to realize
that future versions of this system will focus on
allowing role-based access control that goes beyond
just medical providers. This transformation will
allow patients and administrators to safely interact
with the system and contribute to a more
comprehensive approach to healthcare data
management. This is likely to improve these access
controls, offering permissions based on job roles,
reducing the possibility of data breaches, and
boosting security overall.

e Data Normalization: In this step, we perform data
normalization, a key procedure used to standardize
the information returned from the FHIR server. It is
a crucial process to harmonize data within studies as
it eliminates inconsistencies and misinterpretations
that can affect the trustworthiness of data analyses.
This uniformity of data allows us to make our
analyses more accurate, thus trusting the end results
based on that information. In its field of work, where
the wrong analysis could lead to serious
implications for patients' treatment and healthcare
outcomes, diligence to data integrity is extremely
critical.
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In conclusion, the above measures are only the first of many
steps that can be taken to ensure a secure environment in
which sensitive healthcare data can ultimately be housed. As
such, continuous improvement and adaptation to new security
challenges will be critical to the ongoing integrity and
confidentiality of health information in an ever-more digital
environment.

D. Database Architecture

A dual-database architecture provides the first step in
separating user authentication data and patient-related data.
This design not only creates an environment where data can
be secured, it also lends itself to operational efficiency, as
disparate systems can be segregated and managed by these
two fundamental aspects of information.

e PostgreSQL Database: The portal uses the
PostgreSQL database for storing user profiles and
session data in a secure way. This system is carefully
developed to provide authentication methods and
access modes to users on a one-to-one basis. The
selected architecture involving an advanced
relational database management system like
PostgreSQL reflects a dedication to preserving
excellence in data integrity and security, which is
essential in handling sensitive user information.

e FHIR Server (HAPI FHIR): Adding a FHIR (Fast
Healthcare Interoperability Resources) server with
HAPI FHIR is a start towards improving healthcare
data management. The FHIR server is designed to
only provide compliant FHIR information and is
based on the specs that can be found on HAPI for
HL7. This server can handle requests that originate
from web browsers and HTTP GET requests, which
means that it returns only FHIR-compliant
information about patients' health conditions. [11]

Moreover, the structure can dynamically manage data
standardization and uniformity in the retrieval process. This
modern architecture reduces the operational burden involved
in data retrieval to a minimum and ensures that the system is
scalable, secure, and efficient. The impact of such an
architecture goes beyond offering basic functionality, and it
provides an enriched user experience and augments the
integrity of health information systems.

E. Tools and Technilogies

The system integrates a suite of open-source tools that
collectively enhance its functionality, scalability, and cost-
effectiveness:

e Spring Boot: Spring Boot is a powerful framework
that greatly improves the speed of building RESTful
APIs and helps you build a rich backend
infrastructure to support dozens of features. This
helps developers build their applications faster by
providing them with out-of-the-box features. This

framework has its own opinionated defaults and a
large ecosystem that promotes best practices and
microservices architectures. As a result of this
systematic integration of best practices, Spring Boot
not only facilitates rapid development cycles but
also guarantees that the applications produced are
performance-oriented, scalable, and consistent with
modern software engineering practices. [14]

Quasar Framework: One of the most dynamic and
versatile frameworks for building responsive Uls
specifically tailored for medical applications.
Quasar has been able to achieve this remarkable feat
by combining innovative technology with modern
design principles, allowing developers to produce
visually stunning, functionally rich, and accessible
applications. This is a framework that allows for
cross-platform development, enabling deployment
across multiple devices and operating systems. This
adaptability is especially beneficial in the highly
specialized healthcare domain where user
experience is key, and applications have to appeal to
a wide range of users comprising healthcare
professionals and patients. [13]

Docker: Docker is a revolutionary containerization
platform that provides consistency in deployments
across multiple environments, including
development, testing, staging, and production.
Docker achieves this by packaging applications and
their dependencies inside containers, reducing the
possibility of inconsistencies that can occur when
moving software through the various stages of the
development lifecycle. The consistency of data is
essential for preserving the integrity and reliability
of applications, especially in the case of complex
systems where multiple services are required to
collaborate with each other smoothly. Additionally,
Docker promotes better resource allocation,
scalability, and quick iterations, allowing
organizations to quickly adapt to market changes
and emerging technologies. [15]

HAPI FHIR: It is an open-source standard that
facilitates the exchange of data in the healthcare
domain. The core design principle of HAPI FHIR is
to utilize the FHIR standard to achieve
interoperability between otherwise heterogeneous
healthcare systems, thereby improving the
accessibility and usability of health information.
The ability to make this possible through Data
Exchange is especially relevant and impactful in
healthcare, where timely and accurate data exchange
can lead to improved patient care and clinical
decisions. HAPI FHIR supports a more cohesive
healthcare landscape by enabling seamless
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connections between different healthcare systems,
improving collaboration between providers, and
ultimately enhancing patient care. [11]

e Google Gemini Al Studio: Such an option is not yet
available for other data-collection tools, making this
development a giant leap in clinical diagnostic
capability. Describing underlying challenges that
have faced healthcare professionals, especially in
telling different antibiotics apart based on simple
notes and ancillary objects with patients. This
platform also provides sophisticated tools for
classifying encounters by type to hospital infection
control staff, pharmacy personnel, and medical
techs, thus providing them the ability to classify
encounters as medical treatment or non-medical
context. This technology, Google Gemini Al Studio,
helps improve patient safety and treatment outcomes
through better diagnostic accuracy using artificial
intelligence. [12]

e Digital Ocean: It is a reasonable cloud hosting
platform best suited to commercial projects or open-
source projects. It offers a powerful but cost-
effective platform that empowers apps in the cloud
by providing them with an infrastructure to use and
a tech stack that they can build on in a way that
keeps their costs in check. Developers easily use it
at all experience levels due to its intuitive developer
interface and thorough documentation. By
leveraging capabilities offered by platforms such as
Digital Ocean, healthcare institutions can deploy
solutions at scale and speed without compromising
the flexibility and efficiency needed to respond to
the growing demands of the industry. [7]

These technologies, namely Spring Boot, Quasar Framework,
Docker, HAPI FHIR, Google Gemini Al Studio, and Digital
Ocean, together illustrate the transformative potential of
modern software solutions in the realm of healthcare. Using
these new capabilities, developers can innovate applications
that help drive operational efficiencies as well as better care
to patients.

F. Limitations

Although the project achieved its main objectives, some
limitations were also noted:

e Target Audience: The system is currently for healthcare
providers only. Patients or administrative staff would need
different features and permissions for use.

* Scope of Data: The MVP pulls in just the 5,000 first records
from the FHIR server, which is not very much for larger
datasets. This limitation will be resolved on future releases
with pagination.

+ Security Enhancements: The system maintains secure
authentication, though data is not encrypted. There is one big
area for improvement in the future.

G. Future Enhancements

Depending on the success of the MVP, the following
features will be introduced:

+ Pagination: A good pagination would allow it to move
through the system without saturating it with data.

* Encryption: There are plans to support encryption on
sensitive data so stateful filtering will meet the specification
level and availability.

* Role-Based Access: Adding different user roles will open
the system to patients, administrators, and researchers.

+ Performance Enhancements: Effectively minimize latency.

IV. IMPLEMENTATION AND TESTS

A. Implemenatation

The application was developed using a structured approach
that was based on Agile methodologies, enabling iterative
progress and flexibility during the project lifecycle. This
process was effectively broken into four individual phases,
popularly known as ‘sprints,” each with specific goals and
deliverables:

Sprint 1: The main goal of this first sprint was to set up a
strong infrastructure for front-end and back-end services that
help the application run. This foundational setup is important
so that all the other phases of development can continue, as
they would be working with the best faster and easier basis.

Sprint 2: This sprint mostly focused on model and API
Development progress, and the application was also
containerized under Docker, which is very important since it
creates a portable and scalable way to bundle the application
with all of its dependencies in one single container.

Sprint 3: This sprint focused on the Ul component design and
development, which can be dynamically loaded when
required. This flexibility is essential for enhancing user
experience. Simultaneously, work went into developing
artificial intelligence (AI) models into complete software
components that can provide actionable insights.

Sprint 4: The last development iteration of this series of
sprints. In addition, there was thorough system deployment
planning that supported the transition from development to
production.

The deployment of a server-side engine for an FHIR platform
was implemented in parallel with AT model algorithms that
were containerized in Docker containers. Along with these
emphases, front-end data visualizations and custom
navigation improvements were implemented during this
development phase. The decision taken to containerize every
component with Docker played a crucial role here as it
guaranteed a uniform testing area and simplified the
deployment process to each environment.
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B. Tests

The system has gone through extensive integration and unit
testing before deployment. The thoroughness of this testing
regime was critical to establishing that:

e The healthcare information remains accurate,
reliable, and secure, as the data from the FHIR
server is ingested, processed, and stored correctly.

e Al applications are integrated into the system's
architecture and extract insights from existing data.

e Authentication and system-level access security
protocols are properly implemented with a role-
based access control paradigm that protects sensitive
information while safeguarding user privacy.

e The application was hosted on the Digital Ocean
cloud, and it took advantage of Docker Compose to
facilitate deployment. It highly contributed to
making the deployment strategy deploy backend,
frontend, and the database as a service.

e  Utilizing Docker Compose, we were able to simplify
the management and orchestration of the individual
services, as well as ensure that the deployment
process aligned with best practices in both software
development and operations.

V. CONCLUSION

This paper shows the power of healthcare through open-
source technologies and how they can decrease costs,
encourage collaboration, and retain flexibility. The proposed
system demystifies healthcare innovation based on health
organizations by means of frameworks and tools (Spring
Boot, Quasar, Docker, and HAPI FHIR), enabling a fast
transformation of obsolete trends without the economic or
technical awakening usually seen in the literature. Such care
inside vibrant communities around these open-source
solutions finds a way to maintain system relevance, working
in response to the changing requirements of healthcare
providers, and so we are embedded in a spiral of progress and
improvement.

On the other hand, Artificial intelligence works well with Fast
Healthcare Interoperability Resources (FHIR) standards to
ensure that complex healthcare data can be consumed
seamlessly, making it easier for providers to help improve
patient care. By doing so, this system not only eliminates
cumbersome processes that have been traditionally
associated with healthcare data management but also
increases data availability and enables providers with access
to real-time data to make informed and data-driven decisions.

While the project achieves its fundamental objectives, it
highlights areas for possible improvements, such as the
application of encryption protocols for sensitive data, the
inclusion of role-based access controls, and the optimization

of processing capabilities for larger data sets. These
limitations provide boundaries for future development to
keep the application relevant and responsive to the ever-
changing medical landscape.

In summary, this paper shows great developments in the field
of health informatics. It explores how, by tackling modern
issues while establishing the foundations for advancements to
come, leveraging open-source tech, artificial intelligence, and
FHIR standards can collectively transform care provision,
uplift clinical outcomes, and progress the entire healthcare
informatics domain.
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Ozet—Iisletmelerin varhklarim1 devam ettirmeleri ve rekabet
istiinliigiinii saglamalar1 ancak nitelikli insan kaynag: ile
gerceklestirilmektedir.  Nitelikli  ¢alisanlarin  isletmeye
kazandirilmasi isletmelerin oncelikli konusu ve ayni1 zamanda
da sikinti  yasadiklar1  konularin  basinda gelmektedir.
Dolayisiyla ise alim siirecinin 6nemli asamalarindan biri olan
aday arastirma ve bulma siirecinin dogru yonetilmesi isletmeler
icin onem arz etmektedir. Yapay zekd tiim isletme
fonksiyonlarinda oldugu gibi insan Kaynaklan (iK)
siireclerinde de ciddi degisimler yaratmakta ve yaratmaya
devam edecektir. Bu c¢ahsmanmn temel amaa da IK
siireclerinden biri olan ise alim siirecinde gelistirilecek olan
algoritma ve modeller (yapay zeka) ile toplanan 6zgecmisleri
analiz ederek bos pozisyona dair en wuygun ve giincel
yetkinlikleri uyumlastirmak ve bu yetkinlikleri
agirhklandirmak, basvurularin 6zgecmisleri puanlamak ve
siralamaktir. Bununla birlikte, aday ve kurum arasindaki
operasyonel diger siireclerin yonetilmesini saglayan sanal
asistani; ise yerlestirme noktasinda o6zliik belge yonetimi isini
otomatize eden ve isten ayrilma ihtimali tespiti de yapan uctan
uca siire¢ yonetimi ve karar destek sistemini; gelistirmek ve ise
alim siirecine yonelik sorunlara cesitli ¢oziimler getirmek olup,
bu iligkinin nasil modellenebilecegini ortaya ¢ikarmaktir. Bu
calismanin kaynagini olusturan ve agik kaynak kod destegini de
alinarak gelistirilen proje caliymasi ile ugtan uca alim siiresinin
ortalama en az %35 azaltilmasi, ise alhm maliyetinin (zaman)
sirket olcegine gore en az %30 azaltilmasi, uygun aday bulma
siiresinin en az %25 azaltilmasi ve adaylarin ise basvuru
isleminin geleneksel yontemlere gore en az %40 hizlandirilmasi
saglanmgtir.

Anahtar Kelimeler— IKY, yapay zeka, actk kaynak kod, sanal
ise alim, ige alim

Abstract—The survival of businesses and their competitive
advantage can only be achieved with qualified human resources.
Bringing qualified employees to the business is a priority for
businesses and also one of the issues they experience difficulties
with. Therefore, the correct management of the candidate
research and finding process, which is one of the important
stages of the recruitment process, is important for businesses.
Artificial intelligence creates and will continue to create serious
changes in Human Resources (HR) processes as well as in all
business functions. The main purpose of this study is to analyze
the resumes collected with the algorithm and models (artificial
intelligence) to be developed in the recruitment process, which
is one of the HR processes, to harmonize the most appropriate
and up-to-date competencies for the vacant position and to
weight these competencies, to score and rank the resumes of the
applications. In addition, the virtual assistant that enables the
management of other operational processes between the
candidate and the institution; the end-to-end process
management and decision support system that automates the
personnel document management process at the point of
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placement and also detects the possibility of leaving the job; and
to develop various solutions to the problems related to the
recruitment process and to reveal how this relationship can be
modeled. With the project work that forms the source of this
study and was developed with open source code support, the
end-to-end recruitment time was reduced by at least 35% on
average, the recruitment cost (time) was reduced by at least 30%
depending on the company scale, the time to find a suitable
candidate was reduced by at least 25% and the job application
process of the candidates was accelerated by at least 40%
compared to traditional method..

Keywords— HRM, artificial intelligence, open source, virtual
recruitment, recruitment

I. GiRris

Isletmelerde ihtiyag duyulan pozisyonlar igin aday bulma;
sadece isgoren secimi i¢in degil ayni zamanda diger insan
kaynaklar1 yonetimi (IKY) islevleri agisindan da énem arz
etmektedir. Insan kaynaklarinin (IK) kalitesi, aday bulmadaki
basarisina da baghdir. Uygun 6zelliklerde ve gereken sayida
adaym  bulunamamasi, bazi  bos  pozisyonlarin
doldurulamamasina sebep olacagi gibi  pozisyonun
gerektirdigi niteliklere yeterince sahip olmayan ya da fazla
nitelikli kisilerin ise alinmasina da sebep olabilir [1]. Bu
durum da isletme agisindan maliyet, ayn1 zamanda islerin
devamlilig1 agisindan 6nemli sorunlar ve sonuglar dogurmasi
beklenmelidir.

Jennings ve Hauhton un [2] belirtikleri {izere is yagaminda
basarilt olmak adina basarili olmak igin artik biiyiik olmak
yeterli goriilmemektedir. Bununla birlikte; hizli diisiinmek,
hizli kararlar almak, rakiplere gore daha hizli harekete gegmek
basarmin yeni Olgiitleri olarak 6n plana ¢ikmaktadir. Hizl
diisinmek, hizli kararlar almak, rakiplere gore daha hizl
harekete gegmek tim isletme siireglerinde s6z konusudur.
IKY’nin 6nemli siireclerinden biri olan ise alim acisindan da
belirtilen hususlar hem rekabet agisindan hem de maliyetler
acisindan isletmelere 6nemli kazanimlar saglamaktadir.

Son yillarda teknolojide ortaya g¢ikan bas dondiiriicii
gelismeler, isletmeleri her alanda arayisa itmistir. Isletmeler
de bu geligmeleri siireglerine basarili sekilde biitiinlestirmeye
calismaktadir. Ise alim siirecinin énemli bir asamasi olan
ozelikle aday arastirma ve bulma siireci de bunlardan birisidir
[3]. Isletmelerin IK Birimleri bu konuda teknolojinin
nimetlerinden yararlanmaya baslamiglardir. Bu amagla
Birimleri ya kendi biinyesinde olusturduklar1 bir ekiple
(Teknoloji ve IKY Birimindeki ¢alisanlardan olusan bir ekip)
aday arastirma ve bagvurularini saglama siirecini yonetmeye
caligmakta ya da bu siireclerle ile ilgili disaridan profesyonel
bir destek almaktadir.

Yapay zeka konusu ile ilgili son yillarda gelismeler
1s18inda literatiirde [4] [5] yapaya zeka ile ise alim siireci
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iligkisine yonelik ¢esitli ¢caligsmalar s6z konusudur ve artan bir
hizla devam etmektedir. Ancak konuya iligkin yazilim
modelleri smirli  olup [5], bu modellerin smirlilig
cergevesinde bu calisma (proje) ile hem literatiire hem de is
yasamina bu yonde katki saglanmaya ¢alisilmigtir. Caligmanin
ikinci boliimiinde ilgili literatiir, {igiincii boliimiinde veri
toplama, dordiinci boliimiinde bulgular ve besinci
boliimiinde sonu¢ yer almaktadir.

II. ILGILi LITERATUR

Ise alim siirecinde zaman ¢ok 6nemli bir husus olup,
bununla ilgili ii¢ tane 6nemli alt konu bulunmaktadir. Birinci
konu olan cevap verme siiresi, nitelikli aday havuzu
olusturmak ve goriisme i¢in bu adaylar1 miilakata ¢agirmak
icin gecen siiredir.

A. Ise alim siirecinde zaman

Cevap verme siiresi, isletme i¢in kritik olarak kabul edilen
pozisyonlarin doldurulmasinda ve &zellikle de isgiici
pazarinin dar oldugu dénmelerde biiyiik 6nem arz etmektedir.
Boylelikle, ise alim siirecinde zaman, insan kaynagi temininde
onemli bir Slciit olarak ele alinmaktadir [6]. Zamanla ilgili
olan ikinci konu ise pozisyonun ne kadar zamanda
doldurulacagi yani pozisyonun doldurulma siiresidir [7][8].
Zamanla ilgili Giglincii konu ise, ise yeni kabul edilen kisinin
ise fiilen baslama zamani olan ise baslama zamanidir [6][7].
Bu asamada IK departmanimin kontrolii fazla degildir. Cevap
verme siiresi, IK departmanma arzu edilen eleman talebine
iligkin resmi bir belgenin ulasmasindan, miilakat giiniine
kadar gegen siiredir ve departmanin ne kadar zamanda temin
sistemini galistirabildiginin 6nemli bir gdstergesidir. Istenilen
nitelikteki elemanlarin isletmeye cekilebildigi siire olgusu 1K
departmani kadar isletme i¢in de 6nemlidir [9]. Bir yonetici
(temin veya kadrolama), degerleme sistemini gelistirmek igin
bos olan pozisyonun doldurulma siiresi ile igse baglama zamant
degerlerini diizeltmeye yonelik bilgi bankasi da olusturmay1
tercih edebilir [9].

Cevap verme siiresi [6], bos olan pozisyonlarin
doldurulma siiresi ve baslama zamani hakkinda kayitlarin
saklanmas1 hem yéneticilere, hem de IK departmanina siirecle
ilgili kiymetli bilgi saglayacaktir. Yoneticiler
gerceklestirdikleri isi ve performanslarini sayisal degerlerle
destekleyebilecekleri gibi, elde bulunan bu bilgiler yardimiyla
tepe yonetimden siireglerin hizlandirilmasint veya isbirligi
elde etmek icin destek isteyebileceklerdir. Donemsel olarak,
temin siirecinin etkinligini gézlemlemek ve karsilastirmalar
yapmak ¢ok 6nemlidir [9].

IK uzmanlari mevcut verileri dikkatlice incelemezse ciddi
organizasyonel problemleri fark edemezler. Is duyurularma
talep oranmin hesaplanmasmin disinda, IK departman
tarafindan izlenmesi gereken bir 6l¢iim de duyurulan islerin
ne kadarina cevap verildigidir. Bu 6l¢iime, elle veya otomatik
olarak yapilan basit bir ¢izelge ile ulasilabilir. Tablo I buna bir
ornek olarak verilebilir [9].

TABLOI: 15 DUYURULARINA TALEP ORANI

Is duyurularina talep orant
. CDIs
Duyurulan islerin cevaplanma oram  IDCO = Dt
Burada:
CDIS =  Cevaplanan is duyurularinin sayisi
DI = Duyurulan islerin sayisi
Temin slirecinin etkililiginin arttirilmasinda

degerlendirme 6nemli olup, asagidaki faaliyetlerin donemsel
olarak gozden gecirilmesi ve gerekiyorsa diizeltici 6nlemlerin
alinmasi 6nemlidir. Bunlar:

. Ozgegmis Madenciligi: Isletme ile uyumunun
yliksek olacagi tahmin edilen 6zge¢mislerin igletme bilgi
sisteminden ¢ikarimini saglar,

. Aday Takip Sistemi: Aday1 temin siirecinde itibaren
performans degerlendirme sonuglarina kadar ele alir,

. Isletmeye o6zgii web sitesi: Bos pozisyonlarin
duyuruldugu web sitesi/sayfasi,

. Ic hareketlilik: Isletmedeki gelecek vaat eden
calisanlarin takip edildigi ve olasi adaylarin karsilastirildigi
sistem, * Gergekei is goriismeleri: Isletme ve isler konusunda
tiim gerceklerin adaylarla paylasildig: temin sistemi,

. Adaylara zamanmda cevap verilmesi: Adaylarin
isletmeden zamaninda cevap aldig1 sistem,

olarak tanimlanabilir [9].

B. Verimlilik A¢isindan Insan Kaynaklar: Secim Siirecinin
Degerlendirilmesi

Secim siirecinin kalitesinin belirlenmesi kisa vadede ¢ok
zordur. Bu olumsuz durum uzun vadede performansi ve
kidemi de etkileyebilir. Se¢im siirecinde ilerleme gosteren
aday(lara) dair iki onemli 6lglim kriteri islemlerin hizi ve
asamalarin maliyetidir.

Sec¢im siirecinin verimliligi, se¢ilen adaylarm sayisi ve ise
almmalarina odaklanmaktadir. Burada 6lgtim kriteri belirli bir
zaman diliminde ilerleyen ¢alisanlarin sayisidir. Ise alma
stirecinin hacmine de bu say1 ile ulasilabilir [9].

C. Maliyetler A¢isindan Insan Kaynaklar: Secim Siirecinin
Degerlendirilmesi

Cesitli secim 6gelerinin etkinliginin karsilastirilmasinda
kullanilan 6nemli bir maliyet hesab1 da se¢im siirecine iligkin
maliyetler olarak ortaya c¢ikmaktadir. Maliyetlerin
belir-lenmesinde:

. Yeni ise kabul edilenlerin ise alma maliyeti (ise alma
maliyeti)

. Belirli bir yonteme gore secilenleri ise alma maliyeti
(degerleme merkezi, testler, sadece goriisme)

. Belirli bir gruba goére maliyetlerin ortaya konmasi
(yOnetici - yonetici olmayan, kapsam i¢i — kapsam dis1 gibi)

gibi dl¢iimlere bagvurulmaktadir.

Toplam maliyetler, kadrolama elemanlarmin maaglari,
adaylarm ve digerlerinin seyahat masraflari, temin maliyetleri
ve diger direkt maliyetler olarak siralanabilir [9].

I1I. VERI TOPLAMA

Proje  kapsaminda  gelistirilen {irlinde  Selenium
Framework u tercih edilerek [10] Acik kaynakli bir
programlama dili olmast ve diger acik kaynakli bir dillerinin
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tiim Gzelliklerine sahip olmasi nedeniyle tercih edilen Python
programlama dilinde 6ncelikle Linkedin iizerinde caligacak
bir script yazilmistir. Bu scrapper Linkedin Jobs {izerindeki
verilen “title” ve “seniority” ile arama yaparak ilan tarihi
siralamasina gore ilanin “seniority”, “title”, “industry” “work
type” ve tanimini alarak ham bir sekilde MongoDB {izerine
kaydetmektedir.

Tanim iizerinde gelistirilen NER Modelleri (Named Entity
Recognition - Isimlendirilmis Varlik Tespiti) [11]
calistirilarak egitim, beceri, sertifika, dil alanlar1 yapisal
bi¢cimde MongoDB iizerine ayrica kaydedilmektedir.

Bu yontemle 107 pozisyon i¢in toplam 30 bin is ilan1
toplanmustir..

A. NER MODELLERI

Toplanan i ilan1 metinleri ve d6zgegmisler; etiketlenerek
NER modelleri igin veri setleri olusturulmustur. 5 farkli NER
modeli egitilmistir. Bu modeller ve varliklar1 Tablo II’de
gosterilmektedir.

TABLO II: MODELLER VE VARLIKLARI

Varhk Egitim
Kurum X
Anadal X
Derece X
GPA X
Unvan X
Sirket X
Tarih
Sehir
Ulke
Dil
Beceri X
Sertifika X

Deneyim | Genel Beceri Sertifika

P [ [

B. Siklik ve Siralama Modeli

Sistemde mevcut olan kidem (7 adet) ve pozisyonlara
(107) eslenen Linkedin iizerinden alinan is ilanlarindaki
egitim, beceri, sertifika, dil ve tecriibe bilgileri veri seti olarak
kullanilmistir. Bu is ilanlarindaki gecen anahtar degerlerin is
ilan1 metinlerindeki pozisyonlari yani yukaridan asagiya
dogru yer alma siralama olarak belirlenmistir. Ayni anahtar
kelimelerin  siklik degeri, ka¢ is ilaninda gectigi,
belirlenmistir. TF-IDF mantigina (Term Frequency — Inverse
Document Frequency, Terim Frekansi-Ters Belge Frekansi)
benzer anlasilir ve agiklanabilir bir model olusturulmustur
[12]. Siklik ve siralama 6zelliklerinin agirliklart baglangigta
%50 ve %50 seklinde belirlenmistir. Bu agirliklar sistem
kullanicilarinin - hareketlerinden olusacak geri doniislerle
optimize edilecek sekilde planlanmistir. Bu iki 6zellik
izerinden Kidem x Pozisyon kombinasyonu (749
kombinasyon) icin siralama ve siklik iizerinden anahtar
degerlere 0-1 kapali araliginda degerler atanmistir. Degerler
belirli bir esik degerinin iistiinde oldugu durumlarda o
kombinasyon igin Oneri olarak sunulmustur. Using the
Template

C. Birliktelik Kurali Modeli

Birliktelik Kurali gorece biiyilk veri setlerindeki
iligkisellikleri anlamak i¢in kullanilan bir yontemdir [13]. E-
ticaret ve satisa yonelik alanlarda bu yontemi siklikla kendi
problemimize uygulayarak sonuglar1 gézlenmistir. Sistemdeki
is ilanlarindan faydalanarak hangi kidem ve pozisyonlarin
hangi anahtar kelimelerle daha sik bir arada bulundugu

belirlenmistir.  Bu modelin

olusturulmustur:

ciktisi  olarak 3 deger

-Support (Destek): Anahtar degerin siklik oranint, tiim veri
seti iizerinden olusturan deger.

-Confidence (Giiven): Bu deger kosullu olasilik
formiilasyonu iizerinden, anahtar kelimenin o is ilaninda
bulunma olasiligimnin hesaplandigi degerdir. 0 ve 1 arasinda bir
deger alir. Deger l'e ne kadar yakmsa o iligki o kadar
kuvvetlidir.

- Lift (Kaldirag): Bu deger iistteki iki degerin birbirine olan
orani olarak hesaplanmaktadir. Bu degerin 1’ den yiiksek
olmas1 anahtar degerin o is ilan1 igerisinde yer alma olasiligina
pozitif olarak etki ettigini gostermektedir. Lift degeri ne kadar
yiiksekse birliktelik o kadar giicliidiir. Bu degerler arasindan
karar vermek igin Oncelikle Lift degeri kullanilmistir.
Belirlenen bir esik degerinden yiiksek Lift degerine sahip olan
anahtar degerler, o kombinasyon i¢in 6nerilmistir.

Model ¢iktilarinin basarisini 6lgmek igin, 2 bagimsiz IT
recruiter (BT ise alimci) tarafindan hazirlanan Onerilerle
model 6nerilerinin karsilagtiriimastir.

1V. BULGULAR

Proje Bu calismanin temelini olusturan proje BIS Coziim
firmasmm TUBITAK TEYDEB Ar-Ge Destek Programi
kapsaminda desteklenen ‘Yapay Zeka Destekli Ugtan Uca Ise
Alim Uygulamast’ baslikli projesidir. Asagidaki basliklar
projenin basar 6lgiitlerini ve sonuglarmi ifade etmektedir.

A. Uctan Uca Ise Alim Siirecinde Hiz Artisi

Ugtan uca ise alim siirecinde hiz artis1 6l¢iitinde dayanak
olarak ele alinan ve proje Oncesi yapilan arastirmalar
sonucunda ulagilan ugtan uca alim siiresinin ortalama 36 giin
oldugu tespit edilmistir. Bu siirenin en az %35 azaltilmasi
sonucu ortalama 25 giiniin altina indirilmesi hedeflenmistir.
Boylelikle siirece dair asagidaki siire tanimlari;

. [lan hazirlanmas1 ve yaymlanmasi 1 giin

. Bagvurularin toplanmasi ve aday skorlarma goére
stralamanin yapilmasi 6 giin

+  Ilk miilakat asamas1 7 giin

. Ikinci miilakat asamas1 7 giin

. Teklif ve ige alim 2 giin

olarak hedeflere ulagilmasi s6z konusu olmustur..

B. Ise alim maliyetinde azalma

Ise alim maliyetinde azalma basar1 olgiitiiniinde, proje
Oncesi yapilan aragtirmalar sonucunda ise alim maliyeti
(zaman) sirket 6l¢egine gore degismekte olup ortalama $ 4000
- $ 20000 aras1 oldugu tespit edilmistir. Bu maliyetin en az
%30 azaltilmasi sonucu ortalama $ 2800 - $ 14000
indirilmesi hedeflenmistir.

[s ilanindaki pozisyona dair 6nerilen yetkinliklerin uygun
ve gincel olmasi gerekmektedir. Bu basar1 Olciitiinde
hedeflenen basari en az %95 olarak belirlenmistir. Bu hedefin
dogru 6l¢iimii igin 2 bagimsiz ise alimcidan asagida belirtilen
pozisyonlar i¢in is ilant gereksinimleri hazirlanmasi talep
edilmistir. Bu isterler sistem isleyisine uygun olmasi adina
Egitim, Dil, Beceri, Tecriibe ve Sertifika kategorilerinde
asagida listelenen isterler hazirlanmistir:
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e Data Scientist

e Jos Developer

e  Devops Engineer

e ETL Developer

e  Machine Learning Engineer
e  Frontend Developer

e  Flutter Developer

Sistem iizerinden alinan isterler ile ise alimcilarin
hazirlandigi isterler igin karsilastirma tablosu (Tablo IIT) ve
ekran goriintiileri (Fig. 1) asagidaki gibidir.

TABLO III.  ISTERLER KARSILASTIRMA TABLOSU

Recruiter 1 Accuracy Recruiter 2 Accuracy

ise Alimer 1 ise Alimer 2

Oran %96,10 %94,80

°
Fig. 1. Isterler karsilagtirmas

C. Uygun Aday Bulma Siiresinde Azalma

Proje Oncesi yapilan arastirmalar sonucunda ugtan uca
alim siiresinin ortalama 36 giin oldugu tespit edilmistir. Bu
stirenin en az %25 azaltilmasi sonucu ortalama 25 giiniin
altina indirilmesi hedeflenmigtir. Uygun aday bulma hedefine
ulagsmak i¢in en onemli adim olan skorlama stratejisinin ne
kadar iyi ¢alistigin1 gormek i¢in asagida belirtilen is ilanina
(Fig. 2) bagvuran 8 adaym CV skorlaria gore siralamasi hem
skorlama modeli hem de 2 bagimsiz ise alimci tarafindan
yapilmigtir.

& semorovaseanin 180 o

Fig. 2. Isilam

CV leri sistem tarafindan puanlanmis ve siralanmis hali
Fig. 3’deki gibidir.

€ J B e e

2o o
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00000000

Fig. 3. Sistem tarafindan puanlanmis ve siralanmis CV ler

Bagimsiz ise alimcilar tarafindan hazirlanan siralama ise
Tablo IV’deki gibidir. Burada, adaylarm isimleri KVKK
(GDPR) kapsaminda maskelemis, yerine CV-1 baslayan bir
kodlama ile ifade edilmistir (Tablo V).

TABLO IV: BAGIMSIZ iSE ALIMCILAR TARAFINDAN HAZIRLANAN SIRALAMA

CV ise Almar 1 ise Almer 2
B...K...(CV-1) 60 55
D...B...(CV-2) 67 70
A...D...(CV-3) 85 90
E...E... (CV-4) 55 55
M.. H...(CV-5) 90 85
M...Y... (CV-6) 65 70
M...M...A... (CV-7) 65 70
S...D... (CV-8) 60 70

Sistemin puanlamasi ile bagimsiz ise alimcilarin
puanlamasi arasinda fark olsa da siralama noktasinda oldukga
benzer bir sonug ortaya konuldugu goriilmektedir.

D. Ise Basvuru Adiminin Hizlanmast

Bu basar1 6lgiitinde adaylarin  bagvuru igleminin
geleneksel yontemlere gore en az %40 hizlandirilmasi
hedeflenmistir. Bu hedefin dogrulugunu kontrol etmek adina
8 farkli CV ile projedeki basvuru modiiliinden bagvuru
yapilarak zaman etlidii yapilmistir. Ayni zaman etiidii farklt
kaynaklardan da bagvuru yapilarak 6l¢iilmiistiir. Bagvurularda
kullanilan CV listesi, siire karsilagtirmalari ve iyilesme
oranlar1 hakkinda bilgi agagidaki gibidir.

Burada da adaylarin isimleri KVKK (GDPR) kapsaminda
maskelemis, yerine CV-11 baglayan bir kodlama ile ifade
edilmistir. Tabloda goriildiigii tizere ortalama bir bagvuru 37,6
saniye siirmektedir. Siirelerin tespitinde kullanilan CV’ler

kisisel bilgi icerdiginden bu c¢aligmada ek olarak
paylasiimamistir (TABLO V).
Tablo V: CV listesi, Siire Karsilastirmalart
Cv Type Personai Personai Personai
Parsing Correction Total
(Tiir) Duration Duration Duration
(Ayristirma | (Diizeltme (Toplam
Siiresi) Siiresi) Siire)
CV-11 LinkedIn 22,40 18,7 41,10
Format
CV-12 Custom 10,24 21,1 31,34
Format
CV-13 LinkedIn 11,51 17,2 28,71
Format
CV-14 Kariyernet | 16,00 19,2 35,20
Format
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CV-15 Custom 45,70 6,1 51,80
Format

CV-16 LinkedIn 24,42 19,4 43,82
Format

CV-17 Custom 18,29 11 29,29
Format

CV-18 LinkedIn 30,15 9,4 39,55
Format

Average Duration 22,34 15,26 37,60

V. SONUC

Bu bildirinin temelini olusturan ¢alisma BIS Coziim
firmasinin TUBITAK TEYDEB Ar-Ge Destek Programi
kapsaminda desteklenen ‘Yapay Zeka Destekli Ugtan Uca Ise
Alim Uygulamasi1’ baglikli projesidir. Caligma, ise alim siireci
ile yapay zeka konusunu ele alan bir model onerisinden veya
uygulamasindan olugmaktadir. Proje kapsaminda ortaya
¢ikarilan model sonucunda elde edilecek ‘ise alim siireg
problemlerine yonelik dogal makine/derin 6grenme tabanli
ugtan uca siirecini otomatize eden karar destek sistemi’
sayesinde isletmelerde nitelikli insan kaynagi vasitasi ile yurt
ici ve yurtdis1 pazarlarda rekabet giiciiniin artmast ve bu
amaca yonelik hazirlanan s6z konusu yazilimin ithal ikamesi
etkisini azaltarak doviz kazandirict nitelik tasimasi
beklenmektedir. Elde edilen buldular ve sonu¢lar da bunu
destekler niteliktedir.
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Abstract—In this paper, a MATLAB App program is
presented that decomposes the numerator and denominator
polynomials of transfer functions into their odd and even
components. In control engineering, transfer functions are
essential tools for modeling system dynamics, and decomposing
these functions into their odd and even components is a key step
in system analysis. The developed MATLAB App allows users
to enter the numerator and denominator polynomials of transfer
functions efficiently, automatically separating them into odd
and even parts. This functionality enables researchers to
examine system characteristics in more detail and perform
essential analyses with ease. The MATLAB App is designed to
reduce time and errors, making complex mathematical
operations accessible through a user-friendly layout. This App
aims to improve researchers’ productivity and increase the
efficiency of their analysis processes.

Keywords—Even and odd parts, Matlab App, Matlab GUI,
Stability boundary locus

I. INTRODUCTION

In engineering, particularly in the field of control systems,
system modeling and analysis form the cornerstone of design
processes. Effectively managing these processes requires the
ability to perform complex mathematical computations
quickly and accurately. In recent years, various software tools
have been developed to accelerate these calculations and make
them more user-friendly. Among these tools, MATLAB has
found widespread use in engineering applications. With its
powerful mathematical capabilities and user-friendly
interfaces, MATLAB is frequently preferred in engineering
tasks. The software’s Graphical User Interface (GUI) tools
enable users to perform complex calculations and simulations
more easily and efficiently, making it an invaluable resource
for engineers and researchers in control systems. In recent
years, MathWorks has discontinued support for the GUIDE
environment and introduced a new tool, MATLAB App
Designer [1], as its replacement. As a result, numerous
programs continue to be developed with the same objective of
facilitating researchers' operations and enhancing the
efficiency of their workflows.

The teaching of control systems has been significantly
enhanced by the development of interactive tools and software
platforms. For instance, Andreatos and Zagorianos introduced
a MATLAB-based user-friendly graphical user interface
(GUI) designed specifically for teaching Automatic Control
Systems. Their work focused on creating an intuitive platform
that facilitates the simulation and comprehension of control
systems, offering educators and learners an effective tool to
enhance the learning process [2]. Interactive learning tools
have proven to be essential in enhancing the comprehension
of frequency response methods in control systems. Mitchell
[3] developed two graphical user interfaces (GUIs) to facilitate
the understanding of asymptotic Bode plots and system
identification from such plots. The study highlights positive
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feedback from users, showcasing how these tools have
significantly improved their conceptual understanding and
practical application of frequency response techniques.
Ramirez-Cortes et al. [4] developed a MATLAB-based
educational platform for teaching compensator design in
control theory courses. The platform features a graphical user
interface with tools for experimenting with controller
parameters and visualizing results from both simulated and
real signals. Abdulameer et al. [5] emphasized the importance
of PID control in process control education. They developed a
MATLAB-based GUI software to enhance the teaching and
learning of PID control systems. The software allows users to
analyze the three-term parameters of a PID controller, explore
different control types and structures, and apply tuning
methods like Ziegler-Nichols and manual tuning in both the s-
domain and z-domain. Valle et al. [6] developed a graphical
interface for monitoring key variables in electric vehicles
using MATLAB's App Designer environment. Gupta et al. [7]
introduced an application, "Analog Parameters Calculator"
designed using MATLAB's App Designer to calculate
fundamental equations in basic electronics and electrical
circuits. The application integrates visual components with
programming app behavior, allowing users to compute
various electrical parameters, such as Ohm’s law, voltage and
current division rules, resistor color coding, and circuit
analysis for RC, RL, and RLC circuits. Assefa [8] developed
a MATLAB App based application to compare the
performance of two control techniques, Linear Quadratic
Regulator (LQR) and Pole Placement, in DC motor speed
control. Rossiter [9] emphasized the importance of active
learning in control engineering education by introducing
MATLAB-based apps that help students visualize and interact
with basic models and system dynamics.

In control systems engineering, transfer functions are
fundamental tools used to represent the dynamic behavior of
systems. Analyzing these transfer functions often involves
decomposing their numerator and denominator polynomials.
This decomposition is crucial for gaining a deeper
understanding of the transfer functions and for conducting
more thorough analyses of system characteristics.
Specifically, separating the odd and even parts of the transfer
functions is a common method applied in stability analysis,
frequency response, and time-domain response studies.
Therefore, control systems engineers frequently need to
perform such decompositions. For instance, when determining
the regions of acceptable PID parameters that ensure system
stability, it is necessary to decompose the transfer function
into its odd and even components. Many researchers working
in control systems utilize the stability boundary locus (SBL)
method for this purpose [10]. The SBL method requires the
separation of the odd and even parts of both the numerator and
denominator of the system's transfer function. In some cases,
using these odd and even parts, the real and imaginary parts of
the numerator and denominator polynomials are obtained [11]
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. As a result, in complex, high-order systems, systems using
time delay approximation methods, and systems requiring the
conversion of fractional-order systems to integer-order
systems, the computational load increases significantly. This,
in turn, raises the computational burden on the researcher and
complicates the analysis process.

The motivation behind this work was to design a user-
friendly interface that, despite the complexity of the plant,
allows for the easy decomposition of the numerator and
denominator polynomials of a transfer function into their odd
and even components. In this study, a MATLAB App has been
developed that enables the decomposition of the numerator
and denominator polynomials of transfer functions into odd,
even, reel and imaginary parts. We believe that such a
MATLAB App design will enhance the efficiency of
researchers by improving the accuracy and speed of the
analysis performed on transfer functions.

II. DECOMPOSITION OF THE TRANSFER FUNCTION INTO ODD
AND EVEN PARTS

Let the transfer function 7'(s) be as given in (1), with time
delay 7>0.

NG) o
D(s)

as"+a, s"" +...+as+a,
- m m-1

b,s" +b, s"" +...+bs+b,

T(s)=
M

—7s

Where, N(s) and D(s) stand for the numerator and
denominator of the transfer function, respectively. In addition,
where n and m stand for the order of N(s) and D(s),
respectively, with n<m , b, and a, represent the leading
coefficients. The numerator and denominator polynomials of
a given transfer function can be decomposed into their odd and
even components by substituting s= jw . This process

particularly facilitates the wuse of the SBL method.
Additionally, depending on the designer's objectives, this
approach can be applied for other purposes as well. After the
necessary manipulations, (1) can be written as (2).

Ne(—a)2 ) + ja)No(—a)z)
De(—a)2 ) + ja)Do(—a)2 )

—jot

I(jo)= 2

Where, Ne and No represent the even and odd components
of the numerator polynomial of the transfer function,
respectively, while De and Do denote the even and odd
components of the denominator polynomial of the transfer
function, respectively. Here, it can be observed that the
numerator and denominator polynomials, separated into their
odd and even components, exhibit a complex structure.
Consequently, these polynomials can also be represented in
terms of their real and imaginary components. After the
necessary transformations, (1) and (2) can be expressed as
shown in (3).

N,+JjN, _.
T(jo) =L 3)
Dy +jD,
2 2
Where, Ny :Ne(—a) ) , N, :a)No(—a) ) R

D, :De(—a)z) and D, = a)Do(—wz).

III. DESIGNED MATLAB APP FOR DECOMPOSING THE EVEN
AND ODD PARTS OF THE TRANSFER FUNCTION

MATLAB App Designer was officially introduced by
MathWorks in MATLAB R2016a as a replacement for
GUIDE. This modern platform facilitates the creation of
graphical user interfaces by providing a streamlined
environment for designing and programming applications.
App Designer simplifies the interface design process by
offering a rich set of standard components, such as gauges,
knobs, switches, and lamps, enabling the creation of control
panels and human-machine interfaces.

It integrates two key aspects of app development: visually
laying out components and programming their functionality,
making it an efficient tool for building professional
applications. The main interface of App Designer consists of
four primary sections: the component library, the design view,
the component browser, and the component properties panel
[12]. Users can drag and drop elements from the component
library to design their interface and use the integrated code
editor to define behaviors quickly. The design view allows for
interface layout creation, while the code view facilitates
functionality programming. The component browser provides
centralized management of all used components, and the
properties panel enables intuitive adjustment of component
settings.

App Designer aligns with modern web design trends,
allowing users to develop intuitive, visually appealing, and
user-friendly applications. By combining a seamless drag-
and-drop interface with powerful coding tools, it offers an all-
in-one solution for creating sophisticated GUIs while reducing
development time and complexity.

Using the advanced features of this platform, the proposed
MATLAB App program was developed using MATLAB
R2022a, as outlined below. Fig. 1 shows the main screen of
the proposed MATLAB App.

4| MATLAB App - o -
EIEEEE l
| DENOMINATOR | l
[he= |
[ho= |
= | |
I | |
E= |
[ |
[oR= | |
BE | |
[ caLcuLaTE | ,W

Fig. 1: The main interface of the proposed MATLAB App, designed for
decomposing the even, odd, real, and imaginary parts of the numerator and
denominator polynomials of a transfer function

The proposed MATLAB App is designed in a simple
structure consisting of two user input sections, 8 output
sections and one calculation button. The descriptions of the
sections are given as follows:
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o NUMERATOR: This is an edit field text section. This
section is designed for the user to input the numerator
polynomial of the transfer function.

e DENOMINATOR: This is an edit field text section. This
section is designed for the user to input the denominator
polynomial of the transfer function.

e Ne: This is an edit field text section. This field gives the
even part of the numerator polynomial.

e No: This is an edit field text section. This field gives the
odd part of the numerator polynomial.

e De: This is an edit field text section. This field gives the
even part of the denominator polynomial.

e Do: This is an edit field text section. This field gives the
odd part of the denominator polynomial.

e N R: This is an edit field text section. This field gives the
reel part of the numerator polynomial.

e N [ This is an edit field text section. This field gives the
imaginary part of the numerator polynomial.

e D R:Thisis an edit field text section. This field gives the
reel part of the denominator polynomial.

e D [: This is an edit field text section. This field gives the
imaginary part of the denominator polynomial.

e CALCULATE: This button is used for calculation.

The valid input types for numerator and denominator are
expected to be for example as 2*s"2+3*s+1, [2 3 1] or [2, 3,
1]. Otherwise, the App will display an invalid entry warning,
as illustrated in Fig. 2.

Invalid Entry x

Please enter a valid expression. Example: 2*s*2 + 3%s +
1or[231][2,3.1]

Fig. 2: The pop-up window for the invalid expressions.

IV. IMPLEMENTATION OF THE APP AND EXAMPLES
This section demonstrates how the MATLAB App works
and presents the results through the examples given.

A. Example 1

Consider the transfer function given as (4). This is a first
order plus time delay system that commonly used in control
theory.

2

T =
(s) 3s+1

e—ls (4)
The numerator and denominator polynomials can be
defined as follows:
Numerator : 2 or [2]

Denominator: 3*s+1 or [3 1]

The implementation and result of the Example 1 are given
in Fig. 3.

[4] MATLAE App - o x

neraron |-
beNGNTOR 5

|
|
= |
|
|
|

[ [o
B= [
b= 5

= [ \
B [0 \
bR [ \

\

o= [sw

| Derigned by Thenck & Tom

CALCULATE

Fig. 3: Implementation and result of the Example 1 via MATLAB App.

While manually calculating a first-order system may be
relatively simple and not require the use of the App, it
becomes highly beneficial in more complex scenarios. The
following examples will be used to illustrate these situations.

B. Example 2
Let consider the high order complicated system [10] as

given in (5).
N(s) s +4s —s+1
D(s) §°+2s*+325° +145> —4s5+50

I'(s)= ®)

The numerator and denominator polynomials of the
Example 2 can be defined as follows:

Numerator : s° +4*s* —s+1or[l 4 —1 1]
Denominator: s° +2%*s* +32%s* +14%s% —4*5+50
or[l 2 32 14 —4 50]

The implementation and result of the Example 2 are given
in Fig. 4.

[IBENGWINATOR |s"5-2's"4+32°5"2-145"2-4°5+50

|
|
- [1-awm2 |
B [ |
|
|

[Be= [2wa-14wr2 - 50

- [wra-222we2-4

[NRS [1-4w2 |

[N v rw ‘

[BlRe [2wha- 14wz 50 ‘

Bl [w5 32w -aw ‘
Coacue | || Doty Tonis % |

Fig. 4: Implementation and result of the Example 2 via MATLAB App.

C. Example 3

In this example, a high-order time-delay system is
considered. The time delay part of the plant can be
transformed into numerator and denominator polynomials by
some approximation methods. The most commonly used
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approximation method is the Padé approximant. Consider the
transfer function given in (6).

s +3s+1 as

T(s)=— e
(s +20s+2)(s+1)

(6)

When a third-order Padé approximation is applied [13], the
resulting transfer function takes the form shown in (7).
~1s” +3s* +25° - 2457
[+30s +15 J ™
s +29s” +2185° +817s° +1748s" +
[213&?3 +1407s> + 4205 + 30 J

I(s)=

The numerator and denominator polynomials of the
Example 3 can be defined as follows:

Numerator :[-1 3 2 -24 30 15]
Denominator: [1 29 218 817 1748 2138 1407 420 30]

Using the MATLAB App, the odd, even, real, and
imaginary components of the numerator and denominator
polynomials of this transfer function are obtained as depicted
in Fig. 5.

R (¢35
|NBERNGHNATOR |11 29 218 817 1748 2138 1407 420 30]
[hie= 3w~ 24wiz 15

[No= [-wra-2we2 30

[Be= w8~ 21876 + 1748"w 4 - 1407"w'2 - 30

[Bo= [-29°ws + 817"w"a - 2138w"2 + 420

[NR2 [swra-24wi2-15

[NOE [-1rwes-2wea 30w

[B02 |-20we7 + 817w5 - 2138°w3 + 420w

|
|
[BIR= w8~ 21876 + 1748"w 4 - 1407"w"2 ~ 30 |
|

| Derigned by Tenak & Tom

CALCULATE

Fig. 5: Implementation and result of the Example 3 via MATLAB App

D. Example 4

In control systems, fractional-order transfer functions are
used alongside integer-order transfer functions. However,
during the analysis of fractional-order transfer functions, the
fractional-order terms are often converted into integer-order
systems using specific transformation techniques. The higher
the transformation order, the more accurate the approximation
becomes. However, this also significantly increases the order
of the transfer function. For such complex systems, manually
decomposing the transfer function into its even and odd
components becomes highly challenging and time-
consuming. With the proposed MATLAB App, this process
can be performed effortlessly with a single click. Consider the
fractional order transfer function [14], [15] given in (8).

1 1 .
T(s)= e’ = e’
() s¥+s S(so‘9 +1)

@®)

Consider the 10th-order approximation given in (9)
obtained using the Continued Fraction Expansion (CFE)
method, as described in [15].

680.375" +32586.49s° +

409578.54s" +

1988381.33s” +4331830.765° +

4493356.65s° +

2224971.29s* +498908.575° +

oo 44145s% +1090s +1

T (504 10905° +441455° +

498908.57s" +2224971.295° +
4493356.65s° +
4331830.76s" +1988381.33s° +
409578.545” +32586.495 + 680.37

©

If the term s’ in (8) is replaced with (9), the numerator and
denominator polynomials of the overall system can be
expressed as follows:

Numerator: [1 1090.0 44145.0 498908.57 2224971.29
4493356.65 4331830.759 1988381.33

409578.539 32586.49 680.37]

Denominator: [681.373 3676.49 453723.539 20387289.899
6556802.049 8986713.3 6556802.049

2487289.9 453723.539 33676.49 681.37]

Using the MATLAB App, the odd, even, real, and
imaginary components of the numerator and denominator
polynomials of this transfer function are obtained as depicted
in Fig. 6. As can be seen from [15], it is observed that the same
results are obtained as expected.

_ [[1.0, 1090.0, 44145.0, 498908 57, 222497129, 443356 65, 4331830 76, 1988381.33, 40957 |

|NBERGHINATOR [ 158127, 33676.49, 453723 54, 20387289.9, 6556802.05, 8986713 3, 6556802.05, 24872899 |

- | - 1WA 0 + 44145°w"8 - 2.2250e+06"w"6 + 4.3318e+06"w"4 - 4.0958e+05"W*2 + 630.3700 ‘

[No=  [1090°w"a - 4 9891e+05WG + 4 49342+06°W"4 - 1.9884e=06"w"2 + 3.2586e-04 \

- | - 3.3676e+04*w*10 + 2 0387e+07"W"8 - 8 9867e+06"wW"G + 2 4873e+06"w"4 - 3 3676e+04"w"2 ‘

- | - 681.3700"w*10 + 4.5372e+05"w"8 - 6.5568e+06"w"G + 6.5568e+06"w"4 - 4.5372e+05"w"2 + 681.3700 ‘

- | - 1WA 0 + 44145°w"8 - 2.2250e+06"w"G + 4.3318e+06"w"4 - 4.0958e+05"W*2 + 630.3700

- | 1080°w"9 - 4 9391e+05"w T + 4 4934e+06"w"5 - 1.9884e+06"w"3 + 3.2586e+04"w

- | - 681.3700"w* 11 + 4.5372e+05"W"9 - 6.5568e+06*w"7 + 6.5568e+06"w"5 - 4.5372e+05"w"3 + 631.3700

|
|
- | - 3.3676e+04*w10 + 2 0387e+07"W"8 - 8 9867e+06"w"5 + 2 4873e+06"w"4 - 3 3676e+04"w"2 ‘
|

‘ Designed by Themak & Tom

CALCULATE

Fig. 6: Implementation and result of the Example 4 via MATLAB App

V. CONCLUSION

This study presents a MATLAB application designed to
facilitate the decomposition of the numerator and
denominator polynomials of transfer functions into their
even, odd, real, and imaginary components in a systematic
manner. This tool enhances the efficiency and accuracy of
system analysis by enabling faster and error-free
decomposition. The application features a user-friendly
interface, significantly improving the efficiency of
researchers' analysis of transfer functions. Users can
automatically separate the even and odd components of the
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polynomials, enabling a more detailed examination of the
system's dynamics. This software provides considerable time
savings, particularly in the analysis of complex systems,
while minimizing potential computational errors.
Additionally, the developed application contributes to
increasing the efficiency of research in the field of control
engineering by enhancing both the speed and accuracy of
analytical processes.

Looking ahead, several potential areas for further
development of this application exist. Expanding the
application to cover broader system models could allow
researchers to conduct more complex analyses. Future
enhancements could focus on making the user interface more
customizable, adding new features to address diverse user
needs, and optimizing the software's performance.
Furthermore, integrating this application into system
modeling and control design processes could transform it into
a more comprehensive tool. These improvements would not
only enhance the accuracy of research but also provide
significant benefits in engineering education and industrial
applications.

APPENDIX

In this appendix, we present the function code utilized by the
MATLAB App to decompose the numerator and denominator
polynomials of a transfer function into their even, odd, real,
and imaginary components. Researchers who wish to execute
the code as a MATLAB .m file and view the results in the
command window can use this code. Please make sure that
the function code and the main code are in the same folder.

The function code:

function [GNo, GNe, GDo, GDe, GN_R, GN_I, GD_R, GD_I] =
compute_G_odd_even_parts(G_N_coeffs, G_D_coeffs)
syms s w;

% Operations for G_N (numerator part)

% Create symbolic expression from polynomial
coefficients

G_N = poly2sym(G_N_coeffs, s);

coeffs_G_N = coeffs(G_N, s, 'All');

degree_G_N = length(coeffs_G_N) - 1;

% Separate odd and even terms
G_N_odd = 0;
G_N_even = 0;
for i = @:degree_G_N
term = coeffs_G_N(end - i) * s7ij;
if mod(i, 2) ==
G_N_even = G_N_even + term;
else
G_N_odd = G_N_odd + term;
end
end

% Substitute s = jw

GNo = expand(simplify(vpa(subs(G_N_odd, s,
(3*w)));

GNe = expand(simplify(vpa(subs(G_N_even, s, j*w))));

GN_R = expand(simplify(vpa(GNe)));

GN_I = expand(simplify(vpa(w*GNo)));

J*w)) /

% Operations for G_D (denominator part)

% Create symbolic expression from polynomial
coefficients

G_D = poly2sym(G_D_coeffs, s);

coeffs_G_D = coeffs(G_D, s, 'All');

degree_G_D = length(coeffs_G D) - 1;

% Separate odd and even terms
G_D odd = 0;
G_D _even = 0;
for i = @:degree_G_D
term = coeffs_G D(end - i) * s*ij;
if mod(i, 2) == ©
G_D_even = G_D_even + term;
else
G_D_odd = G_D_odd + term;
end
end

% Substitute s = jw
GDo = expand(simplify(vpa(subs(G_D_odd, s,
(3*w)));
GDe = expand(simplify(vpa(subs(G_D_even, s, j*w))));
GD_R = expand(simplify(vpa(GDe)));
GD_I = expand(simplify(vpa(w*GDo)));
end

J*w)) /

This is an example for running the function code above.
The main code:

syms s w;
% Polynomial
denominator

% The numerator polynomial G_N is represented by the
coefficients of the form s”?2 + 2*s + 3

GN=1[123], %s*2+ 2% + 3 or [1,2,3]

% The denominator polynomial G _D is represented by the
coefficients of the form s”3 + 2*s + 3

GD=1[1023]; %s"3+ 2% + 3 or [1,0,2,3]

%

% The function will return:

coefficients for the numerator and

% - GNo: 0dd part of the numerator

% - GNe: Even part of the numerator

% - GDo: 0dd part of the denominator

% - GDe: Even part of the denominator

% - GN_R: Real part of numerator

% - GN_I: Imaginary part of the numerator

% - GD_R: Real part of the denominator

% - GD_I: Imaginary part of the denominator

[GNo, GNe, GDo, GDe, GN_R, GN_I, GD_R, GD_I] =
compute_G_odd_even_parts(G_N, G_D);

% Display the results, which include the symbolic

expressions for the even and odd parts, as well as the
% real and 1imaginary components of the transfer
function's numerator and denominator.

disp('GNe:");
disp(GNe);
disp('GNo:");
disp(GNo);
disp('GDe:");
disp(GDe);
disp('GDo:");
disp(GDo);
disp('GN_R:");
disp(GN_R);
disp('GN_I:");
numerator
disp(GN_I);
disp('GD_R:"); %
denominator
disp(GD_R);
disp('GD_I:");
denominator
disp(GD_I);

% Display the even part of the numerator
% Display the odd part of the numerator
% Display the even part of the denominator
% Display the odd part of the denominator
% Display the real part of the numerator

% Display the imaginary part of the

Display the real part of the

% Display the imaginary part of the
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Ozetge— Blok zincir teknolojisi, verimlilik, glvenlik ve
izlenebilirlik saglayarak maliyetleri diisiirmekte ve endiistriyel
otomasyon gibi alanlarda c¢o6ziimler sunmaktadir. Diger
taraftan, blok zincirler farkh altyapilar1 nedeniyle her
uygulama icin uygun olmayabilir. Endistriyel otomasyon
uygulamalarinda enerji gereksinimi, giivenlik, 6lceklenebilirlik
ve performans gibi faktorler dikkate alinarak dogru blok zincir
secimi yapilmahdir. Bu caliyma, blok zincir tiirlerinin
endiistriyel uygulamalardaki uygunlugunu ve performansini
degerlendirerek arastirmacilar ve gelistiriciler icin rehber
niteligindedir.

Anahtar Kelimeler — blokzincir; endustriyel uygulamalar;
verimlilik; guvenlik.

Abstract—Blockchain technology reduces costs by providing
efficiency, security, and traceability and offers solutions in areas
such as industrial automation. On the other hand, blockchains
may not be suitable for every application due to their different
infrastructures. In industrial automation applications, the
proper blockchain selection should be made by considering
factors such as energy requirements, security, scalability, and
performance. This study evaluates the suitability and
performance of blockchain types in industrial applications and
is a guide for researchers and developers.

Keywords — blockchain; industrial applications; efficiency;
security.

I. GIRIS

Blok zinciri teknolojisinin ilk kullanimi, blok zinciri
teknolojisine dayanan ve c¢evrimi¢i olarak mal aligverisi
yapmak i¢in geleneksel para degisimlerine benzer bir yontem
kullanan dijital bir para birimi olan Bitcoin'dir. Bitcoin'in
popiilaritesi sayesinde, insanlar artik finansal piyasa,
nesnelerin interneti (IoT), tedarik zinciri, oylama, tibbi tedavi
ve depolama gibi genis bir alan ve hizmet yelpazesinde blok
zinciri teknolojilerini kullanabilirler. 2008'de blok zincirinin
ilk merkeziyetsiz kripto para biriminin temeli olarak
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tanitilmasi, giivenli, etkili ve seffaf bir esler arasi bilgi
aligverisine olanak sagladi.

Blok zinciri, islemleri kronolojik sirayla kaydeden ve
uygun bir mutabakat yoOntemiyle giivence altina alinan,
herkese acik, degistirilemez bir defterdir. One ¢ikan 6zellikleri
arasinda degismezlik, geri dondiiriilemezlik, merkeziyetsizlik,
kalicilik ve anonimlik yer alir. Blok zincir, kronolojik olarak
birbirine bagl ve fikir birligi mekanizmalartyla giivence altina
alinmig islem verilerini igeren bloklardan olusur [1]. Blok
zinciri, verileri dagitik bir sekilde depolayarak siirekli artan
kayitlar1 koruma altina alan bir sistemdir. Programlar1 ve
islemleri iceren bloklardan olusur ve her islem agin
tamaminda goriilebilir. Her diigiimiin tim blok zincir’in bir
kopyasini igerdigi, veri biitiinliigiinii ve degistirilemezligini
garanti eden esler arasi bir ag lizerinde calisir [2].

Blok zinciri, ig ve endiistri diinyast i¢in yeni ve geligmis
Ozellikler sunarken ayni zamanda cesitli endiistrilerdeki
sorunlart ¢dzme yetenekleri nedeniyle son zamanlarda biiyiik
ilgi gormektedir. Bu teknolojiler, giivenli veri kaydi ve
paylasimi, tedarik zinciri silireglerinin  otomasyonu ve
seffafligin artirilmasi gibi sorunlari ele almak i¢in etkili bir yol
sunar. Blok zincirinin kullanimi, verimlilik ve giivenligi
artirirken, izlenebilirlik ve seffafligi gelistirir ve maliyetleri
diistirerek bircok endiistriyel uygulamayr miimkiin kilar [3].
Blok zinciri teknolojisi, esler arasi aglarin ve kriptografik
algoritmalarin  avantajlari1  birlestirerek  anlagmalarin
gecerliligini garanti eder. Tiim katilimci1 varliklar, diger
katilimei varliklart dahil etmeden onaylanmis ve kaydedilmis
bir faaliyeti degistiremez. Sonug olarak, ¢esitli sektorlerde ve
isletmelerde blok zinciri kullanimini degerlendirmek ve
bunlarin bu sektorlerde etkili bir sekilde uygulanabilmesi i¢in
daha fazla aragtirma yapilmaktadir [3].

Bir blok zincir platformu segerken, kurulusglar islevsellik,
uyarlanabilirlik ve mevcut sistemlerle uyumluluk gibi
faktorleri goz oOniinde bulundurmalidir [4]. Blok zincir
mimarilerinin ve fikir birligi protokollerinin evrimi, her biri
farkli uygulamalara uygun benzersiz 6zelliklere sahip bir dizi
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platforma yol agmigtir [5]. Tedarik zinciri seffafligi ve
stirdiiriilebilirligi i¢in, blok zincir teknolojisi degerlendirmesi
hem teknik hem de siirdiiriilebilir nitelikleri igermeli ve karar
alma siiregleri psikolojik faktorleri ve farkli goriisleri hesaba
katmalidir [6]. Her birinin giiglii ve zayif yonleri olan blok
zincir tiirlerinin gesitliligi, en uygun ¢oziimii secerken proje
gereksinimlerinin dikkatlice degerlendirilmesini gerektirir
[5], [4]. Bu nedenle, tek dogru seg¢im meselesi kullanim
senaryosuna baglidir. Son olarak blok zinciri hakkinda birkag
iyi inceleme makalesi bulunmasina ragmen, bu makaledeki
kapsamimiz ve amaglarimiz farklidir; blok zincirinin
endiistriyel uygulamalarda etkili bir sekilde kullanilmasina
yonelik blok zincir tiirleri ve teknolojilerini kiyasliyoruz.

Bu c¢aligma, blok zincir tiirlerinin enerji tiiketimi,
giivenlik, Olgeklenebilirlik ve performans agisindan
kargilagtirmali  analizini  sunarak, arastirmacilara ve
gelistiricilere yol gostermeyi amaclamaktadir. Ozellikle
endiistriyel otomasyon uygulamalarinda, hangi blok zincir
platformlarinin ve algoritmalarinin daha uygun olduguna
karar verirken dikkate alinmasi gereken cesitli faktorler
bulunmaktadir. Bu dogrultuda, ¢caligmada asagidaki sorulara
cevap aranmaktadir:

hibrit ve
konsorsiyum) arasinda performans, giivenlik ve
olgeklenebilirlik agisindan ne gibi farklar vardir?

e Hangi blok zincir tirleri, endistriyel otomasyon

uygun  platformlart

e Blok zincir tiirleri (agik, kapali,

uygulamalari
sunmaktadir?
e Blok zincir teknolojilerinde kullanilan Mutabakat
algoritmalarinin enerji verimliligi ve islem hiz

icin  en

acisindan nasil bir performans gostermektedir?
e  Acik blok zincirler ile kapali blok zincirler arasinda

hangi kullanim alanlar1 ig¢in 6nemli farklar

bulunmaktadir?
e  Hibrit ve konsorsiyum blok zincirlerinin avantajlari
nelerdir ve hangi uygulamalarda tercih edilirler?

Bu sorular c¢ergevesinde, blok zincir tiirlerinin farkli
endistriyel uygulamalardaki uygunlugu ve performansi
degerlendirilecektir.  Caligmanin  amaci, blok  zincir
teknolojisinin hangi tiiriiniin ve platformunun belirli kullanim
senaryolar1 i¢in daha avantajli oldugunu belirlemektir.

Il. BLOK ZINCIR TURLERI

Literatiirii inceledigimizde temelde iki tiir blokzincir
bulunmaktadir diyen arastirmacilar tarafindan, izinsiz
(permission-less) ve izinli (permissioned)[7], [8], [9]. Bu iki
tiir blok zincirin, farkli calismalarda Kamu (Public) ve Ozel
(Private)  blok  zincirleri olarakta  adlandirildig1
belirtilmistir[10], [9]. Aslinda iki ayr1 adlandirilma olarak
goziikse de birbirleri yerine kullanilan ifadelerin aslinda ayn
tiir blok zincirleri temsil ettigini gérmekteyiz [11], [12], [9].
Gizlilik, giivenlik gibi gereksinimlerin kargilanabilmesi i¢in
bu iki model, blok zinciri diinyasinda biiyiikk Onem
tagimaktadir [13]. Fakat Attaran ve arkadaslarina gore dort tiir
blok zincir bulunmaktadir [14]. Daha detayli literatiir
taramast yapildiginda bu farkli fikirlerin sebebinin aslinda
baslangicta, blok zinciri modelleri izinsiz (permissionless) ve

izinli (permissioned) olmak tizere iki temel kategoriye
ayrilirken, teknolojik ilerlemeler ve sektorel ihtiyaglar
dogrultusunda bu smiflandirma hibrit ve konsorsiyum blok
zincirleri gibi i¢ ya da dort farkli tiire genisledigi bilgisi
anlagilmistir [15-19]. Bu genislemenin nedeni, teknoloji
gelistikce kullanim alanlarinin, teknik detaylarin ve sistem
gereksinimlerinin ¢esitlenmesidir [20], [21]. Bu farkliliginin
siiflandirildigi sonucu Sekil 1’ de gorebilirsiniz.
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T
!
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T
%
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e
3

|
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(Hybrid)

Sekil 1. Blok zincir Tiirleri ve Stmiflandiriimas: [22] [23]

Burada  yola  c¢ikilarak  ¢esitli  uygulamalarin
gereksinimlerini  karsilamak amaciyla, blok zincirleri
genellikle diger diigimlerin baglattigi islemlere hangi
diigiimlerin erisebilecegini, bu islemleri dogrulayabilecegini
ve kimlik dogrulamasi yapabilecegini belirleyen kurallara
gore yapilandirilir [15],[24]. Blok zinciri yapilarinin
karsilagtirmasi Tablo 1'de verilmistir. Bu baglamda ortaya
¢ikan blok zincir tiirlerini kisaca agiklamak gerekirse:

A. Acik veya ILzinsiz Blok Zincirleri

Acik veya izinsiz blok zincirleri, herkesin katilimina ve
ag lzerinde islem yapmasina izin veren merkeziyetsiz
sistemlerdir [7], [15]. Bu tiir blok zincirlerinde, herhangi bir
kullanici aga dahil olabilir, islemleri dogrulayabilir ve yeni
bloklar ekleyebilir [10]. Seffaflik ve giivenlik, Mutabakat
algoritmalar1 araciligiyla saglanir. Bitcoin ve Ethereum gibi
popiiler kripto para birimleri, bu model {izerinde
¢alismaktadir [16], [8].

B. Ozel veya Linli Blok Zincirleri

Ozel veya izinli blok zincirleri, erisimin ve katilimin belirli
bir organizasyon veya grup tarafindan kontrol edildigi aglardir

(71, [15], [8].

Bu sistemlerde, yalnizca yetkilendirilmis kullanicilar
islemleri goriintiileyebilir ve dogrulayabilir [10]. Yiksek
diizeyde gizlilik ve kontrol sagladigi igin genellikle kurumsal
¢oztimlerde tercih edilir. Ornek olarak, Hyperledger Fabric
ve R3 Corda bu modele uygundur[16], [8].

C. Konsorsiyum Blok Zincirleri

Konsorsiyum blok zincirleri, birden fazla organizasyonun
ortaklaga yonettigi ve kontrol ettigi yar1 ozel aglardir
[15],[18]. Katihm ve Mutabakat mekanizmalari, dnceden
belirlenmis bir grup tarafindan yonetilir[18], [16].

Bu yapi, farkli kurumlarin is birligi yaparken hem veri
paylasimin1  hem de gizliligi dengeli bir sekilde

52



yonetmelerine olanak tanir [19]. Bankacilik ve finans
sektoriindeki  bazi  ortak  platformlar bu  modeli
kullanmaktadir.

D. Hibrit Blok Zincirleri

Hibrit blok zincirleri, agik ve o6zel blok zincirlerinin
ozelliklerini bir araya getiren karma sistemlerdir [20]. Bu tir
aglarda, baz1 veriler ve islemler herkese agikken, digerleri
sadece yetkili kullanicilar tarafindan erisilebilir [16].

Bu sayede hem seffaflik hem de gizlilik ihtiyaglar1 aym
anda karsilanabilir. Hibrit modeller, ¢esitli sektorlerin spesifik
gereksinimlerine esnek ¢ézimler sunar.

Tablo 1, blockchain tiirlerinin erisim  yapisi,
merkeziyetsizlik seviyesi, veri modeli, giivenlik ve kullanim
senaryolar1 gibi 6zellikleri kapsar [22].

TABLO I. BLOK ZINCIiR TURLERININ KARAKTERISTIK KARSILASTIRILMASI

Blok Karakteristik Ozellikler

Zincir Ag Merkeziye Veri . . Kullanim

Turd Eri.s%mi tsizliky Yapist Glvenlik Alanlar
UTXoO, Kripto

Public | Irinsiz | Yiksek | AU | pygux | Dara Alalh
nt- Sozlesmele
Based r

Consor | . . . Accou Bankgcﬂlk,

tium Izinli Orta nt- Orta T_eda_rl_k
Based Zinciri
UTXO, 10T,

. Izinsiz/ Accou . Kurumsal

Hybrid izinli Orta nt- Yitksek Blockchain
Based Cozimleri
Accou Kurum igi

Private | Izinli Diisiik nt- Yiiksek ¢6zumler,
Based Kurumsal

Kaynak:[25-30]

I1l. MUTABAKAT ALGORITMALARI

Bir blok zincir aginda, bir islemin basarili sayilabilmesi
i¢in iki kez dogrulanmasi gerekir. iki taraf arasindaki islemi
kolaylagtirmak i¢in ilk agsamada bir akilli sézlesme kullanilir.
Islemin mevcut durumu iizerinde anlasmaya varmak icin ise
ikinci asamada bir Mutabakat algoritmasi kullanilir. Blok
zincir teknolojisinin temeli akilli sézlesmelerdir. ki taraf bir
akilli sozlesmeyi imzaladiginda ve tiim sartlarini kabul
ettiginde, sozlesme aninda blok zincir' e yiiklenir ve belirli
kosullar saglandiginda islem tamamlanir [31].

Bilgisayar tabanli iglem protokolleri olarak bilinen akilli
sozlesmeler, yasal olaylar1 kaydetme, yonetme, yiiriitme ve
sozlesme sartlarina uygun olarak faaliyetlerde bulunma
yetenegine sahiptir [32].Akilli s6zlesmelerin blok zincir
teknolojisine dahil edilmesinin baglica amaglari, dolandiricilik
kayiplarini azaltmak, giivenilir aracilarin gerekliligini ortadan
kaldirmak ve yiiriitme ile beklenmeyen istisnalarla ilgili
masraflart digtirmektir [33].

Ikinci asamada anlasma siireci, Mutabakat olarak bilinir;
her diiglim, mevcut bir blok zincire yeni bir blok ekleme
yontemini seger. Blok zincir tabanli herhangi bir sistemin
temeli Mutabakat mekanizmasidir; bir sistem, onu yoneten
Mutabakat protokolli kadar gl ve guvenilirdir [34]. Yeni
bir blok eklemek icin anlagmaya varmak amaciyla, katilimci
diigiimler gesitli Mutabakat teknikleri kullanabilir [35], [36].

Mutabakat protokolleri, ¢aligma sekillerine gore genis
capta gruplanabilir ve protokolleri, oylamaya dayali veya
kanita dayali olarak simiflandirilabilir [37], [38]. Oylamaya

dayal1 protokoller izinli blok zincirlerde kullanilirken, kanita
dayal1 Mutabakat yontemleri izinsiz blok zincirlerin temelini
olusturur.

Dagitik veya merkeziyetsiz aglarda mutabakata ulagmak
icin herhangi bir dizi kriter, 6rnegin c¢ogunluk yapisi,
merkeziyetsiz yonetim, islem giicii, Bizans hata toleransi vb.
kullanilabilir. Bitcoin gibi kamuya agik blok zincirlerde, "Is
Kanit1" (Proof of Work) fikri benimsenmistir. Konsorsiyum
ve oOzel blok zincirlerde, oylamaya dayali Mutabakat
protokollerinin (PBFT, RAFT, Ripple ve Stellar gibi) yerine,
"Varolug Kanit1" (Proof of Existence - PoE), "Hisse Kanit1"
(Proof of Stake - PoS), "Gegen Siire Kanit1" (Proof of Elapsed
Time - PoET), "Yetkilendirilmis Hisse Kaniti" (Delegated
Proof of Stake - DPoS), "Onem Kanit1" (Proof of
Importance), "Depolama Kanit1" (Proof of Storage) ve diger
hibrit kanita dayali mutabakat algoritmalar1 tercih
edilmektedir [39].

IV. ENDUSTRIYEL UYGULAMALARDA BLOK ZINCIR
KULLANIMI

Tablo 2’ ye gore, acik kaynakli blok zincir platformlar
arasinda Ethereum ve Hyperledger Sawtooth gibi
platformlar, akilli  sozlesmelerin ve merkeziyetsiz
uygulamalarin gelistirilmesine olanak tanirken, IOTA daha
cok IoT odakli ve enerji verimliligi yiksek bir platform
oldugu belirtilmektedir. Kapali kaynakli blok zincirler
arasinda Corda ve Quorum gibi platformlar, yiiksek giivenlik
ve enerji verimliligi sunarken, genellikle kurumsal ve
finansal uygulamalar igin tercih edilmektedir. Hibrit blok
zincirler hem merkeziyetsizligi hem de giivenligi
dengelemeye c¢alisan platformlar olup, Dragonchain ve
XinFin gibi platformlar akilli s6zlesmeler ve kurumsal
uygulamalarda yaygin olarak kullanilmaktadir. Konsorsiyum
blok zincirleri ise birden fazla kurulusun is birligi yaptig1
sistemler olup, Hyperledger Fabric ve VeChain gibi
platformlar tedarik zinciri ve lojistik gibi sekttrlerde gugli
bir izlenebilirlik ve giivenlik saglamaktadir.

V. BLOK ZINCIR TURLERININ ENDUSTRIYEL PERFORMANS
ANALIZI

Tablo 2’ de yer alan veriler, endustriyel otomasyon
sistemlerinde kullanilan dort farkli blok zinciri tiiriine (agik
kaynakli, kapali kaynakli, hibrit ve konsorsiyum) gore en sik
kullanilan platformlart ve bunlarin ¢esitli  6zelliklerini
karsilastirmaktadir.

Her platformun mutabakat algoritmasi, kullanim alanlari,

islem hizt (TPS), giivenlik, 0lceklenebilirlik, enerji
verimliligi, akilli  sdzlesmelerin  (Smart  Contracts)
desteklenmesi, merkeziyetsiz uygulamalarin (DApps)

gelistirilip gelistirilebilmesi, ag¢ik kaynak kodlu olup
olmamasi ve agik API'ler (Open APIs) sunulup sunulmadigi
gibi énemli dzellikleri icermektedir [36], [40-49]. Tablo 2,
olusturulurken [28], [50-61] ilgili akademik c¢aligmalar
incelenmistir.
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TABLO Il

BLOK ZINCIiR PLATFORMLARI VE KULLANDIKLARI MUTABAKAT ALGORITMALARININ KARSILASTIRMASI

Karsilastirilan Ozellikler
Blok Zincir - = =
Turd Mutabakat Kullanim Islem Guvenli OIQ?I.(Ie. En?”'. Smart Open Open
Platform . Hiz nebilirli | Verimli | Contra DApps
Algoritmasi Alanlar k o Source APIs
(TPS) k ligi ct
Akill
sozlesmeler, N
Ethereu Proof of Stake finans, 15 Orta Orta Yiiksek Evet Evet Evet Evet
m (PoS) - TPS
tedarik
zinciri
Acik s
Kaynakh Hyperled Proof of IO-Zri ;iﬁ,‘?“k ~1000
Blok ger Elapsed Time endiistri ’el TPS Yiksek | Yiksek Orta Evet Hayir Evet Evet
Zincirler Sawtooth (POET) A
otomasyon
Yiksek
loT, makine | (Teorik Cok .
I0TA Tangle (DAG) Sdemeleri olarak Orta Yilksek Yiiksek Hayir Hayir Evet Evet
SInirsiz)
Finans
Noter Tabanli ! ~170 Cok ,
Corda Mutabakat kurumsal Trs Yiksek Orta Yiiksek Hayir Hayir Hayir Hayir
otomasyon
Proof of Bankacilik,
Kapalt Quorum Authority hfilznrri‘gtslilr 7100 Yiksek Orta Yiksek Evet Evet Hayir Evet
Kaynakh (PoA), kurumsaly TPS 4
Blok Istanbul BFT sziimler
Zincirler ¢
Ripple Finansal
Protocol islemler, ~1500
Ripple Mutabakat bankalar TPS Yiiksek Orta Yiiksek Hayir Hayir Hayir Evet
Algorithm arasi para
transferi
RPCA feri
Nominated sézﬁekrlrllléler ~1000
Polkadot Proof of Stake sme et Yiksek | Yiksek | Yiksek Evet Evet Evet Evet
(NPoS) 10T, tedarik TPS
zinciri
I XinFin Delegated .
gilr?criI:IeBrIOk (XDC Proof of Stake f-irr:girsetlg?r _IZ_SCS)O Yiksek | Yiksek | Yiksek Evet Evet Evet Evet
Network) (DPoS) '
Proof of Work sézf:krlrllléler ~g§r0|:;g0
Kadena (PoW), d"s - I’ Teorik Yiksek | Yiksek Orta Evet Hayir Evet Evet
Chainweb endstriye (Teori
otomasyon )
Finans,
Noter Tabanlt bankacilik, ~170 Cok .
R3 Corda Mutabakat otomasyon Trs Yiksek Orta Yiiksek Hayir Hayir Hayir Hayir
sistemleri
Practical .
Konsorsiyu Hyperled Byzantine Zier?:irrlik ~3500
m Bl)lok ger Fault kurumsidl TPS Yiiksek | Yiksek Orta Evet Hayir Evet Evet
- Fabric Tolerance .
Zincirler (PBFT) coziimler
Tedarik
Proof of zinciri, ~10 000
VeChain Authority lojistik, TISS Yiiksek | Yiksek | Yiksek Evet Hayir Hayir Evet
(PoA) endustriyel
uygulamalar
Work (PoW) algoritmasina dayandiklar i¢in yliksek enerji
V1. SONUC tikketimi ile dikkat ¢ekmektedir. Bu platformlar, seffaflik ve

Bu c¢alisma, dort ana blokzincir tiirliniin (agik, kapali,
hibrit ve konsorsiyum) endustriyel uygulamalardaki
kullanimlarini  ve  performanslarin1  sayisal  verilerle
detaylandirarak analiz etmistir.

Agik blokzincirler, merkeziyetsizlik ve giivenligi on
planda tutan yapilar olup, kripto para ve merkeziyetsiz
uygulamalar (DeFi) gibi kullanim alanlarinda yaygin olarak
tercih edilmektedir. Ancak bu platformlar, 6zellikle Proof of

glven gerektiren uygulamalarda avantaj saglamaktadir,
ancak Olceklenebilirlik ve islem hiz1 agisindan sinirlamalara
sahiptir. Kapali blokzincirler, giivenlik ve gizlilik
gereksinimi olan kurumsal c¢ozumler igin idealdir. Bu
platformlar, sinirli erisimle c¢alistiklari i¢in enerji verimliligi
yiiksek olup, giivenlik ve dl¢eklenebilirlik agisindan avantaj
saglamaktadir. Hibrit blokzincirler, ag¢ik ve kapali
blokzincirlerin avantajlarin1 birlestirir ve hem performans
hem de giivenlik saglar. Bu platformlar, 6zellikle IoT, ticaret
ve finans uygulamalarinda kullanilarak hem kamuya acik
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islemlerin seffafligini hem de 6zel islemlerin gizliligini
saglamaktadir. Proof of Stake (PoS) ve Proof of Authority
(PoA) gibi enerji verimli Mutabakat algoritmalari, hibrit
blokzincirlerin disiik enerji tiiketimi ve yiiksek giivenlik
sunmasina olanak tanimaktadir. Konsorsiyum blok zincirleri,
birden fazla kurulusun is birligi yaptig1 yar1 kapali blok zincir
yapilar1 sunmaktadir.

Genel olarak, blok zincir tiirine ve kullanim amacina
bagli olarak algoritmalarin enerji tiketimi, giivenlik,
Olceklenebilirlik ve performans agisindan avantajlart ve
dezavantajlart bulunmaktadir. Bu calisma, her iki bakis
acisindan da blokzincir sistemlerinin 6zelliklerini ele alan iki
temel tablo sunmaktadir. ilk tablo, platform seviyesinde bir
inceleme sunarken, ikinci tablo algoritmalarin teknik
detaylarna  odaklanarak  karsilastirma  yapmaktadir.
Platformlarin farkli kullanim alanlar1 ve teknik 6zellikleri goz
oniine alindiginda, enerji verimliligi, islem hiz1 ve giivenlik
gibi faktorler, belirli bir uygulama icin en uygun blok zincir
teknolojisinin secilmesinde kritik bir rol oynar. Endstriyel
otomasyon uygulamalarina yonelik en uygun blok zincir
platformlarin1 anlamak isteyen arastirmaci ve gelistiriciler
icin bu tiir tablolar degerli bir rehber niteligindedir. Sonug
olarak, platformlarin performansi, giivenligi ve enerji
verimliligi gibi 6zellikleri dikkate alinarak yapilacak dogru
bir se¢im, projenin basarisint dogrudan etkileyen 6nemli bir
unsurdur.
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Ozetce— Acik kaynakh biyomedikal sistemlerin hastane
finansal yonetimine entegrasyonu, operasyonel verimliligin
arttirilmasi, maliyetlerin azaltilmasi ve finansal seffafhigin
arttirlmas1 icin doniistiiriicii bir strateji olarak ortaya
cikmistir. Bu c¢alisma, ag¢ik kaynakh sistemlerin hastane
operasyonlarmin  c¢esitli  yonleri  iizerindeki  etKisini
incelemektedir. Ag¢ik kaynaklhi biyomedikal sistemlerin
uygulanmasinin, hastane departmanlari arasinda kesintisiz veri
entegrasyonunu kolaylastirdidi, kritik bilgilere gercek zamanh
erisim sagladig1 ve is akislarim kolaylastirdig gosterilmistir. Bu
sistemler aym zamanda saghk profesyonelleri, arastirmacilar ve
idari personel arasindaki isbirligini de tesvik ederek
operasyonel verimliligin artmasina ve arastirma girisimlerinin
hizlanmasina yol acar. Ayrica, acik kaynakh sistemlerin
benimsenmesi hastanelerde 6nemli maliyet tasarruflariyla
iliskilendirilmistir. Bu sistemler, cerrahi prosediirleri optimize
ederek, veri yonetimini gelistirerek ve idari giderleri azaltarak
saghk kurumlarinin daha uygun maliyetli calismasina olanak
saglar. Acik kaynak platformlarinin isbirlik¢i dogas1 aym
zamanda yenilik¢iligi ve siirekli iyilestirmeyi tesvik ederek
maliyetlerin azaltilmasina daha fazla katkida bulunur. Mali
seffafliga iliskin olarak, acik kaynakh biyomedikal sistemler
veri erisilebilirligini, hesap verebilirligi ve paydas katilimim
artirir. Bu sistemler, mali bilgilerin kolayca erisilebilir olmasim
saglayarak seffaflik ve hesap verebilirlik Kkiiltiiriinii tesvik
ederek paydaslarin mali uygulamalari incelemesine ve hastane
yoneticilerini hesap verebilir kilmasina olanak tamir. Agk
kaynak sistemleriyle iliskili maliyet tasarruflari, finansal
raporlama yeteneklerinin  gelistirilmesine ve seffaflik
girisimlerine yatirinm yapilmasina da yonlendirilebilir. Ac¢ik
kaynakh biyomedikal sistemlerin hastane finansal yonetiminde
stratejik olarak uygulanmasi, saghk Kkurumlan icin
doniistiiriicii bir firsat sunmaktadir. Bu sistemler operasyonel
verimliligi artirarak, maliyetleri diisiirerek ve mali seffafhig
artirarak hastane operasyonlarinin siirdiiriilebilirligine ve
etkinligine onemli o6lciide katkida bulunabilir ve sonu¢ olarak
daha iyi hasta bakimi ve ¢iktilar saglayabilir.

Anahtar Kelimeler — Actk kaynakli biyomedikal sistemler;
Hastane finansal yonetimi; Operasyonel verimlilik, Maliyet
diisiisii, Finansal seffaflik

Abstract— The integration of open-source biomedical
systems into hospital financial management has emerged as a
transformative strategy for enhancing operational efficiency,
reducing costs, and improving financial transparency. This
study examines the impact of open-source systems on various

©2024 UAKK

aspects of hospital operations. The implementation of open-
source biomedical systems has been shown to facilitate seamless
data integration across hospital departments, enabling real-time
access to critical information and streamlining workflows.
These systems also foster collaboration among healthcare
professionals, researchers, and administrative staff, leading to
improved operational efficiency and accelerated research
initiatives. Furthermore, the adoption of open-source systems
has been linked to significant cost savings in hospitals. By
optimizing surgical procedures, enhancing data management,
and reducing administrative expenses, these systems empower
healthcare institutions to operate more cost-effectively. The
collaborative nature of open-source platforms also promotes
innovation and continuous improvement, further contributing
to cost reductions. Regarding financial transparency, open-
source biomedical systems enhance data accessibility,
accountability, and stakeholder engagement. By making
financial information readily available, these systems foster a
culture of transparency and accountability, enabling
stakeholders to scrutinize financial practices and hold hospital
administrators accountable. The cost savings associated with
open-source systems can also be redirected towards improving
financial reporting capabilities and investing in transparency
initiatives. The strategic implementation of open-source
biomedical systems in hospital financial management presents a
transformative opportunity for healthcare institutions. By
improving operational efficiency, reducing costs, and enhancing
financial transparency, these systems can significantly
contribute to the sustainability and effectiveness of hospital
operations, ultimately leading to better patient care and
outcomes.

Keywords —  Open-source biomedical systems; Hospital
financial management; Operational efficiency; Cost reduction;
Financial transparency

I. GIRIS
Acik kaynakli biyomedikal sistemlerin hastane finansal
yonetimine  entegrasyonu,  operasyonel  verimliligin

artirilmasi, maliyetlerin azaltilmast ve finansal seffafligin
artirilmasi agisindan giderek daha dnemli bir strateji olarak
kabul edilmektedir. Agik kaynakli platformlar, hastanelere
finansal yonetim araglarimi  kendi 06zel ihtiyaglarini
kargilayacak sekilde oOzellestirme esnekligi sunarak daha
duyarlt ve uyarlanabilir bir finansal ortam tesvik eder. Bu
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uyarlanabilirlik, hastanelerin hiikiimet tahsisleri, sigorta geri
O0demeleri ve hasta iicretleri dahil olmak iizere karmasik
finansman kaynaklarina yonelmek zorunda kaldigi, gelisen
saglik hizmetleri finansman modelleri baglaminda 6zellikle
onemlidir [1,2].

Acik kaynakli sistemlerin baslica avantajlarindan biri,
hastane i¢indeki ¢esitli departmanlar arasinda kapsamli veri
entegrasyonunu kolaylastirma yetenekleridir. Bu sistemler,
birden fazla kaynaktan gelen finansal verileri birlestirerek
hastane yoneticilerinin finansal performansa iliskin gercek
zamanli bilgiler edinmesine, egilimleri belirlemesine ve
kaynak tahsisi ve biitceleme konusunda bilingli kararlar
almasma olanak tamir [3]. Ornegin, Slovenya ve
Hirvatistan'daki caligmalarda vurgulandigi gibi maliyet
muhasebesi  sistemlerinin  uygulanmasi, agik kaynak
¢Oziimlerinin finansal raporlamanin  dogrulugunu ve
etkinligini nasil artirabilecegini ve sonugta daha iyi finansal
yonetim  uygulamalarina  nasil  yol  agabilecegini
gostermektedir [3].

Ayrica, acik kaynakli sistemlerin kullanilmasi, 6zel miilk
yazilim lisanslartyla ilgili mali yikii Onemli dlgiide
azaltabilir. Hastaneler siklikla kisith biit¢elerle ve artan
isletme maliyetleriyle karsi karsiyadir; dolayisiyla agik
kaynak ¢6ziimlerinin benimsenmesi, hasta bakimi ve hastane
altyapisinin iyilestirilmesine yonlendirilebilecek 6nemli
tasarruflara yol acabilir [4]. Agik kaynakli elektronik saglik
kaydl (Electronic Health Record: EHR) projelerinin
yOnetimi, isbirlik¢i gelisimin, maliyet etkinligini korurken
saglik hizmeti saglayicilarinin  benzersiz ihtiyaglarini
karsilayan saglam sistemlere yol acabilecegini géstermistir
[4]. EHR platformunu olusturan o&geler Sekil 1°de
gosterilmistir.
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Sekil 1. EHR platformunu olusturan dgeler

Acik kaynak sistemleri, maliyet tasarruflarinin yani sira
finansal yonetimde seffafligi ve hesap verebilirligi de
destekler. Hastaneler, finansal verileri paydaslarin erisimine
sunarak giiveni artirabilir ve kaynaklarin verimli bir sekilde
kullanilmasini saglayabilir. Bu seffaflik, vergi miikelleflerine
ve diizenleyici kurumlara karsi sorumlulugun ¢ok 6nemli
oldugu kamu saglik hizmetleri ortamlarinda 6zellikle
onemlidir [5]. Ayrica, raporlama araglarini agik kaynak
platformlarda  Ozellestirebilme  yetenegi, hastanelerin
diizenleyici gerekliliklere daha etkili bir sekilde uymasina
olanak taniyarak mali kotii yonetim riskini azaltir [6].

Acik kaynak sistemlerinin hastane mali yonetimi tizerindeki
etkisi, 6zellikle COVID-19 salgininin yol agtig1 son zorluklar
baglaminda anlamlidir. Pandemi, hizla degisen kosullara
uyum saglayabilecek cevik finansal yonetim uygulamalarina
olan ihtiyacin altin1 ¢izdi. Ag¢ik kaynak c¢oziimleri, bu
zorluklara yanit vermek igin gerekli esnekligi saglayarak
hastanelerin finansal stratejilerini ger¢ek zamanli olarak
optimize etmelerine olanak saglayabilir [7,8]. Ornegin, bir
geri 6deme mekanizmasi olarak teshisle ilgili gruplarin
(DRG'ler) uygulamaya konulmasi, finansal yonetim
uygulamalarinda, klinik ve finansal verilerin entegrasyonuna
izin veren agik kaynakli sistemler tarafindan etkili bir sekilde
desteklenebilecek bir degisimi gerektirmistir [9]. Sonug
olarak, hastane finansal yoOnetiminde agik kaynakli
biyomedikal sistemlerin benimsenmesi saglik kurumlari igin
doniistiiriicii bir firsat sunmaktadir. Veri entegrasyonunu
gelistirerek, maliyetleri azaltarak, seffaflig1 tesvik ederek ve
degisen kosullara uyum saglamak icin gereken esnekligi
saglayarak bu sistemler hastanelerin mali sagligin1 6nemli
Olciide iyilestirebilir. Saglik hizmetleri ortami gelismeye
devam ettikge, hastane operasyonlarinin siirdiiriilebilirligini
ve verimliligini saglamak i¢in agik kaynakli ¢oéziimlerin
stratejik olarak uygulanmasi zorunlu olacaktir.

II. ACIK KAYNAKLIBIYOMEDIKAL SISTEMLERIN
HASTANE YONETIMINE KATKIDA BULUNAN
BILESENLERI

A. Operasyonel Verimlilik

Acik kaynakli biyomedikal sistemlerin hastanelerde
uygulanmasinin, saghik hizmeti sunumunun ¢esitli
boyutlarinda operasyonel verimliligi arttirdig1 gdsterilmistir.
Bu sistemler hastanelere bilgi teknolojisi ¢éziimlerini belirli
operasyonel ihtiyaglari karsilayacak sekilde 6zellestirme ve
uyarlama esnekligi saglayarak i akigini, veri yonetimini ve
genel hasta bakimini iyilestiri. Bu ¢alismada, veri
entegrasyonu, igbirligi ve maliyet etkinligine odaklanarak
acik kaynakli biyomedikal sistemlerin hastane operasyonlari
iizerindeki etkilerini arastirilmistir. Agik kaynakli sistemlerin
dikkate deger avantajlarindan biri, hastane icindeki farkli
departmanlar arasinda kesintisiz veri entegrasyonunu
kolaylastirma yetenekleridir. Ornegin Sekil 2’de goriildiigii
lizere LabKey Server gibi sistemler, ¢esitli biyomedikal
verilerin  entegrasyonuna  olanak  taniyarak  saghk
profesyonellerinin hasta bilgilerine, laboratuvar sonuglarina
ve klinik verilere gercek zamanli olarak erismesine ve bunlari
analiz etmesine olanak tanir [10].
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Sekil 2. LabKey Server platformu

Bu entegrasyon, kapsamli veri kiimelerine dayanarak bilingli
secimler yapilabilmesini saglayarak is akislarini kolaylastirir
ve karar verme siireglerini gelistirir. Biolink Modeli, agik
kaynakli c¢ercevelerin, ¢esitli biyomedikal uygulamalar
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arasinda birlikte c¢aligabilirligi  tesvik ederek  bilgi
grafiklerinin uyumlastirilmasim1 nasil destekleyebilecegini
orneklendirmektedir [11]. Bu tiir bir birlikte calisabilirlik,
saglik hizmeti saglayicilarimin etkili bir sekilde isbirligi
yapabilmesini ve kritik bilgileri hicbir engel olmadan
paylasabilmesini saglamak i¢in ¢ok onemlidir. Ayrica, agik
kaynakli biyomedikal sistemler saglik profesyonelleri,
arastirmacilar ve idari personel arasindaki igbirligini tesvik
etmektedir. Hastaneler, igbirlik¢i arastirma ve veri
paylasimini destekleyen platformlar1 kullanarak operasyonel
verimliliklerini artirabilir. Ornegin, Hizmet Seti Olarak
Biyomedikal Arastirma Altyapt Yazilimi (BRISSKit), agik
kaynakli ¢oziimlerin katilimci1 yonetiminden veri analizine
kadar tiim arastirma ekosistemini nasil yonetebilecegini ve
boylece biyomedikal arasgtirmanin verimliligini nasil
artirabilecegini gostermektedir [12]. Bu isbirlik¢i ortam,
arastirma girisimlerini hizlandirir ve bulgularm hizla
yayginlastirilmast ve hasta bakiminda uygulanabilmesi
nedeniyle gelismis klinik uygulamalara doniisiir.

B. Maliyetlerdeki Diisiis

Hastanelerde agik kaynakli biyomedikal sistemlerin
benimsenmesi, bakim Kkalitesini artirirken operasyonel
maliyetleri diisiirmeye yonelik 6nemli bir strateji olarak
ortaya ciktmistir. Bu sistemler saglik kurumlarina bilgi
teknolojisi ¢dzlimlerini Ozellestirme esnekligi saglayarak
cesitli operasyonel alanlarda verimlili§in artmasina ve
maliyet tasarrufuna yol acar. Bu c¢alimada, agik kaynakli
biyomedikal sistemlerin hastane maliyetleri {izerindeki
etkilerini arastirilmis ve bunlarin cerrahi prosediirler, veri
yonetimi ve genel kaynak kullanimi iizerindeki etkilerine
odaklanilmigtir. Ac¢ik kaynakli sistemlerin maliyetin
azaltilmasina katkida bulundugu en dikkat ¢ekici alanlardan
biri cerrahi prosedirlerdir. Caligmalar, ¢ogunlukla agik
kaynak teknolojilerle desteklenen minimal invaziv cerrahi
tekniklerin, geleneksel agik ameliyatlara kiyasla 6nemli
maliyet tasarruflar1 saglayabilecegini gdstermistir. Ornegin,
robot yardimli laparoskopik prosediirlerin karsilastirmali bir
analizi, bu tekniklerin yalnizca hastanede kalis siiresini
kisaltmakla  kalmayip aynt zamanda  postoperatif
komplikasyonlar1 da en aza indirdigini ve sonugta genel
hastane maliyetlerinin diismesine yol actigini gdstermistir
[13,14]. Acik kaynakli sistemler araciligiyla cerrahi is
akiglarin1  kolaylastirma  yetenegi, ameliyathanelerin
verimliligini artirir; bu da maliyetlerin etkin bir sekilde
yoOnetilmesi agisindan ¢ok énemlidir.

Ayrica, agik kaynakli elektronik saglik kaydi (EHR)
sistemlerinin entegrasyonu, daha iyi veri yonetimi ve kaynak
tahsisini kolaylastirir. Saglik uzmanlarina hasta verilerine
gercek zamanlt erisim saglayan bu sistemler, daha bilingli
karar alma olanag1 saglar, bu da kalig siirelerinin azalmasina
ve hasta sonuglarinin iyilesmesine yol agabilir. Ornegin, agik
kaynakli EHR  sistemleri tarafindan  desteklenen
standartlagtirilmis perioperatif bakim yollarmin uygulanmasi,
daha kisa iyilesme siireleri ve daha az komplikasyon

nedeniyle hastane maliyetlerinin azalmasiyla
iliskilendirilmistir [15]. Hasta verilerini verimli bir sekilde
takip etme ve analiz etme yetenegi, hastanelerin

operasyonlarini optimize etmesine ve gereksiz harcamalari
azaltmasma olanak tanir. Cerrahi verimlilik ve wveri
yonetimine ek olarak acik kaynakli sistemler, idari

maliyetleri azaltarak hastanelerin genel mali sagligini 6nemli
olgtide etkileyebilir. Geleneksel tescilli sistemler genellikle
yliksek lisans iicretleri ve bakim maliyetleriyle birlikte gelir
ve bu da hastane biitcelerini zorlayabilir. Bunun aksine, agik
kaynaklt c¢oziimler bu masraflar1 ortadan kaldirarak
hastanelerin kaynaklar1 daha etkili bir sekilde tahsis etmesine
olanak tanir. Bir ¢aligma, gelismekte olan iilkelerde agik
kaynakli hastane bilgi sistemlerinin (HIS) kullaniminin
fizibilite ve maliyet etkinligi gdsterdigini ve saglik hizmeti
sunumunda 6nemli tasarruf potansiyelini ortaya koydugunu
vurgulamistir [16]. Hastaneler, agik kaynak sistemlerini
benimseyerek personel egitimi ve altyapi iyilestirmeleri gibi
diger kritik alanlara yatirim yaparak operasyonel verimliligi
daha da artirabilir.

Ayrica, acik kaynakli sistemlerin isbirlik¢i dogasi, hastane
operasyonlarinda yenilikgiligi ve siirekli iyilestirmeyi tesvik
eder. Hastaneler, en iyi uygulamalar1 paylasabilir ve
kendilerine o6zgii zorluklara yamit veren 0Ozellestirilmis
coziimler gelistirerek verimliligin artmasina ve maliyet
tasarrufuna yol acabilir. Ornegin, kronik hastaliklarl
yonetmek i¢in acik kaynakli platformlarin kullanilmasi,
hastaneye yatislarla iligkili maliyetleri kontrol ederken hasta
yonetimi {izerinde de olumlu etkiler géstermistir [17]. Bu
isbirlik¢i  yaklasim yalnizca maliyetleri  diisiirmekle
kalmayip, ayn1 zamanda hastalara saglanan bakimin
kalitesini de artirmaktadir. Sonug¢ olarak, acik kaynakli
biyomedikal sistemlerin hastanelere entegrasyonu, bakim
kalitesini artirirken operasyonel maliyetleri azaltmak igin
doniistiiriicii  bir firsat sunmaktadir. Cerrahi verimliligi
artirarak, veri yonetimini optimize ederek ve idari giderleri
en aza indirerek bu sistemler, saglik kurumlarmin giderek
daha karmagik hale gelen saglik hizmetleri ortaminda daha
etkili bir sekilde c¢alismalarin1 saglar. Hastaneler mali
baskilarla kars1 karsiya kalmaya devam ettikge, acik kaynak
teknolojilerinin stratejik olarak benimsenmesi, siirdiiriilebilir
maliyet disiisleri saglamak ve hasta sonuglarini iyilestirmek
icin gerekli olacaktir.

C. Finansal Seffaflik

Acik  kaynakli  biyomedikal sistemlerin hastanelere
entegrasyonunun, etkili saglik yonetiminin kritik bir yonii
olan finansal seffaflik agisindan 6nemli etkileri vardir. Mali
seffaflik, bir kurulusun agik raporlama, erisilebilir veriler ve
karar alma siireglerinde agiklik dahil olmak {izere mali
bilgilerini paylastig1 agiklik derecesini ifade eder [18]. Bu
calismada, veri erisilebilirligine, hesap verebilirlige ve
paydas katilimma odaklanarak agik kaynak sistemlerinin
hastanelerde ~ finansal  seffafligt  nasil  gelistirdigi
aragtirillmistir.  Ac¢ik kaynakli biyomedikal sistemlerin
finansal seffafligi artirmasinin baslica yollarindan biri,
gelismis veri erigilebilirligidir. Bu sistemler, hastanelerin
finansal verileri kullanici dostu bir sekilde yonetmesine ve
paylasmasina olanak taniyarak hastalar, diizenleyici
kurumlar ve kamu dahil olmak {izere paydaslarin ilgili
finansal bilgilere erismesini kolaylastirir. Ornegin, acik
kaynakli elektronik saglik kaydi (EHR) sistemleri, klinik
bilgilerin yam1 sira finansal verileri de igerecek sekilde
tasarlanabilir ve hastane operasyonlarinin kapsamli bir
goriinlimiinii  saglayabilir. Bu entegrasyon, paydaslarin
halihazirda mevcut verilere dayanarak kurumun mali
durumunu degerlendirebilmeleri nedeniyle bilingli karar
vermelerini kolaylastirir.
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Ayrica, agik kaynakli sistemler hastanenin mali yonetiminde
hesap verebilirligi tegvik eder. Hastaneler, finansal verileri
kamuya acik hale getirerek, finansal kararlarin hem i¢ hem de
dis paydaslar tarafindan incelendigi bir hesap verebilirlik
kiiltiirtinii tesvik edebilir. Bu seffaflik, paydaslarin hastane
yoneticilerini mali uygulamalarindan sorumlu tutabilmesi
nedeniyle mali kotii yonetim ve yolsuzlukla ilgili sorunlarin
azaltilmasina yardimer olabilir. Ornegin, hastanelerde fiyat
seffafligi diizenlemelerinin uygulanmasinin, uyumu tesvik
ettigi ve finansal raporlama uygulamalarim gelistirerek saglik
harcamalarinda daha fazla hesap verebilirlige yol agtigi
gosterilmigtir [19,20]. Ag¢ik kaynakli sistemler, dogru ve
zamaninda raporlama i¢in gerekli altyapiy1 saglayarak bu tiir
diizenlemelere uyumu kolaylastirabilir. Agik kaynakli
biyomedikal sistemlerin bir diger énemli faydasi1 da paydas
katilimin1 artirma yetenekleridir. Hastaneler, seffaf finansal
bilgiler saglayarak hastalarla ve toplumla daha etkili bir
sekilde etkilesime gecebilir. Bu katilim, giiven olusturma ve
paydaslarin saglik hizmetlerinin finansmani1 ve kaynak tahsisi
hakkindaki tartigmalara katilma konusunda kendilerini yetkili
hissettikleri igbirlik¢i bir ortamin tesvik edilmesi agisindan
¢ok 6nemlidir.

Ornegin, saglik hizmeti saglayicilari ile sektdr paydaslart
arasindaki mali baglar1 agiga ¢ikaran agik veri girisimleri,
potansiyel ¢ikar catigmalarinin belirlenmesine yardimet
olarak daha seffaf ve hesap verebilir bir saglik sistemi tegvik
edebilir [21]. Bu tiir girisimler ayn1 zamanda mali ¢catigmalari
ele almak ve saglik sektoriinde genel seffafligr artirmak igin
hastaneler, profesyonel topluluklar ve devlet kurumlar
arasindaki ig birligini de tesvik edebilir. Ayrica, acik kaynakli
sistemlerin kullanilmas1 maliyet tasarruflarina yol acabilir ve
bu da finansal seffaflik girisimlerinin 1iyilestirilmesine
yonlendirilebilir. Hastaneler, 6zel yazilimla ilgili lisans
ticretlerini ortadan kaldirarak, mali raporlama yeteneklerini
gelistirmek i¢in kaynak tahsis edebilir ve mali verileri etkili
bir sekilde yonetmek igin egitim personeline yatirim
yapabilir. Finansal seffafliga yapilan bu yatirim sonugta daha
iyi finansal yonetim uygulamalarina, daha iyi hasta bakimina
ve gelismis operasyonel verimlilige yol agabilir.

Sonug¢ olarak, hastanelerde agik kaynakli biyomedikal
sistemlerin benimsenmesi finansal seffafligin artirilmasinda
hayati bir rol oynamaktadir. Bu sistemler, veri
erisilebilirligini iyilestirerek, hesap verebilirligi tesvik ederek
ve paydas katilimini tesvik ederek saglik kurumlarinin daha
seffaf ve verimli calismasini saglar. Saglik hizmetleri ortami1
gelismeye devam ettikge, siirdiiriilebilir mali seffafligin
saglanmasi ve hastalara saglanan bakimin genel kalitesinin
iyilestirilmesi i¢in agik kaynak teknolojilerinin stratejik
olarak uygulanmasi zorunlu olacaktir.

III. TARTISMA

Hastanelerde operasyonel verimlilik, maliyetlerin azaltilmasi
ve finansal seffafliga iligkin tartisma, artan saglik hizmetleri
maliyetleri ve siirdiiriilebilir saglik hizmeti sunum
sistemlerine olan ihtiyac¢ baglaminda giderek daha fazla 6nem
kazanmaktadir. Hastaneler, genellikle idari ve genel
maliyetlerin hakim oldugu ve toplam isletme giderlerinin
yaklasik %21,4'linii olusturan maliyet yapilarint yonetmede
onemli zorluklarla karsi karsiyadir [22]. Bu, hastanelerin
operasyonel verimliligi artirirken ayni zamanda gereksiz
harcamalar1 azaltabilecek stratejik maliyet yonetimi
uygulamalarini benimsemelerinin gerekliligini

vurgulamaktadir. Operasyonel verimliligi artirmaya yonelik
etkili bir yaklasim, faaliyet bazli maliyetleme (Activity-
Based Costing: ABC) ve hedef maliyetleme gibi ileri yonetim
muhasebesi tekniklerinin uygulanmasidir. Bu metodolojiler,
hastanelerin maliyet etkenlerini daha net anlamalarina ve
verimliligin gerceklestirilebilecegi alanlari belirlemelerine
olanak tanir [23]. Ornegin, hastaneler belirli hasta bakim
hizmetleriyle ilgili maliyetleri analiz ederek kaynak tahsisi ve
hizmet sunumu konusunda bilingli kararlar alabilir ve sonugta
operasyonel maliyetlerin azalmasina yol agabilir. ABC'nin
uygulanmast aynt zamanda daha iyi fiyatlandirma
stratejilerini kolaylastirabilir ve hastanelerin kaliteli bakimi
korurken rekabet¢i kalmasini saglayabilir.

Ayrica hasta hacmindeki dalgalanmalara ragmen belirli
maliyetlerin sabit kalma egilimini ifade eden "yapiskan
maliyetler" (Sticky Costs)) kavrami, hastane maliyet
davranigini anlamak i¢in ¢ok Onemlidir [24]. Hastaneler
biitgeleri planlarken ve finansal performansi tahmin ederken
bu dinamiklerin farkinda olmalidir. Hastane yoneticileri,
hangi maliyetlerin degisken, hangilerinin sabit oldugunu
taniyarak hasta talebi ve operasyonel kapasiteyle uyumlu
daha etkili maliyet kontrol dnlemleri uygulayabilir. Finansal
seffaflik, hastane yonetiminin operasyonel verimliligi
artirabilecek ve maliyetleri azaltabilecek bir diger kritik
yoniidiir. Saglik hizmetlerinde son zamanlarda fiyat seffaflig
yoniindeki baskmin hastaneler iizerinde onemli etkileri
vardir. Hastaneler, fiyatlandirma bilgilerinin hastalar igin
erigilebilir olmasini saglayarak, uygun maliyetli bakim
seceneklerini tegvik eden rekabetci bir ortami tesvik edebilir
[25]. Ancak gercek mali seffaflia ulasmak, diizenlemelere
uyumdan daha fazlasini gerektirir; finansal konularda agik
iletisime ve hesap verebilirlige Oncelik vermek icin
kuruluglar i¢inde kiltiirel bir degisimi gerektirmektedir.
Seffafligin yani1 sira hastaneler, operasyonel verimliligi
artirmak ve maliyetleri azaltmak icin teknolojiden
yararlanabilir. Elektronik saglik kayitlarin (EHR'ler) ve
veri analizi araglarinin entegrasyonu idari siiregleri
kolaylastirabilir, evrak islerini azaltabilir ve hasta bakimi
koordinasyonunu gelistirebilir [22]. Bu teknolojiler yalnizca
operasyonel is akiglarin1 iyilestirmekle kalmiyor, aym
zamanda maliyet yonetimi ve kaynak kullanimina iligkin
degerli bilgiler saglayarak hastanelerin finansal performansi
artiran veriye dayali kararlar almasina olanak taniyor.
Ayrica, COVID-19 salgimi hastane operasyonlarinda uyum
saglamanin Oneminin altin1 ¢izdi. Kriz, bir¢ok hastanenin
maliyet yapilarini ve operasyonel stratejilerini yeniden
degerlendirmesine yol acarak bakima erisimi korurken
maliyetleri azaltabilen tele-saglik hizmetleri gibi bakim
sunumunda yeniliklere yol agti [22]. Hastaneler pandemi
sonrast ortamda ilerlemeye devam ettikce operasyonel
verimlilik ve maliyet yonetimine iligkin 6grenilen dersler
uzun vadeli siirdirilebilirlik agisindan hayati O6nem
tagtyacaktir. Sonu¢ olarak hastanelerde operasyonel
verimliligin artirilmasi, maliyetlerin azaltilmasi ve finansal
seffafligin artirilmasi, birbiriyle baglantili ve ¢ok yonlii bir
yaklasim gerektiren hedeflerdir. Hastaneler, gelismis maliyet
yonetimi tekniklerini benimseyerek, finansal seffaflig
benimseyerek, teknolojiden yararlanarak ve degisen
kosullara uyum saglayabilerek, giderek daha karmasik hale
gelen saglik hizmetleri ortaminda kendilerini bagari igin
konumlandirabilirler. Bu ilkelere siirekli baglilik yalnizca
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hastane operasyonlarina fayda saglamakla kalmayacak, ayni
zamanda hasta bakimini ve sonuglarini da iyilestirecektir.

IV. SONUC

Cagdas saglik  hizmetleri ortaminda, hastanelerde
operasyonel verimliligin artirilmasi, maliyetlerin azaltilmasi
ve mali seffafligin artirilmasi, hasta bakimint ve kurumsal
strdiiriilebilirligi 6nemli odl¢iide etkileyebilecek kritik
hedeflerdir. Bu hedeflere ulagsmak icin stratejik yonetim
uygulamalarini, yenilik¢i bakim modellerini ve teknolojinin
etkin kullanimini i¢eren ¢ok yonlii bir yaklagim esastir.

Operasyonel  verimliligi  artirmaya  yonelik  temel
stratejilerden  biri, birinci basamak hekimlerini ve
uzmanlarimi  igeren  igbirlikgi  bakim  modellerinin

uygulanmasidir. Kanitlar, bu tiir igbirliklerinin gereksiz
hastane ziyaretlerinin azalmasina ve sonugta operasyonel
maliyetlerin azalmasina yol agabilecegini gostermektedir
[26]. Ayrica, multidisipliner bakim ekiplerinin entegrasyonu,
hastanede kalig siirelerini azaltabilen ve hasta sonuglarimni
iyilestirebilen, dolayisiyla maliyetlerin azaltilmasina katkida
bulunabilen gelismis hastalik yonetimi ile iliskilendirilmistir
[27]. Bu yaklagim, genellikle yiiksek saglik hizmetleri
maliyetleriyle iliskilendirilen kronik durumlarin yonetiminde
koordineli bakimmn  6nemini vurgulayan bulgularla
uyumludur. Ek olarak, yatarak tedavi hizmetlerinin yerine
ayakta tedavi hizmetlerinin ikame edilmesi, genel saglik
harcamalarinin azaltilmasi konusunda {imit verici olmustur.
Sistematik incelemeler, Ozellikle hasta hacimleri yiiksek
oldugunda ayakta tedavi bakiminin geleneksel hastane
ortamlarmma gore daha wuygun maliyetli olabilecegini
gostermektedir [28]. Bu degisim, yalnizca hastanelerin
iizerindeki mali yiikii hafifletmekle kalmiyor, ayn1 zamanda
hastalarin bakima erisimini de gelistirerek genel saglik
sonuglarini iyilestirmektedir.

Finansal seffaflik, hastanelerin giiven ve hesap verebilirligi
gelistirmek i¢in ele almasi gereken bir diger 6nemli husustur.
Hastalarin saglik hizmetleri segenekleriyle ilgili bilingli
kararlar almasina yardimecir olmak igin fiyat seffafligini
artirmayt amaglayan son diizenlemeler uygulanmistir
[19,20]. Ancak hastaneler fiyatlandirma yapilarinin ve geri
O0deme oranlarmin karmasikligr i¢cindeyken bu bilgilerin
hastalar i¢in erigilebilir ve anlamli olmasini saglama
konusunda zorluklar devam etmektedir [29]. Fiyatlandirma
bilgilerinin  etkili bir sekilde iletilmesi, hastalar
gliclendirebilir ve potansiyel olarak saglik hizmeti
saglayicilart arasindaki rekabeti artirarak hastanelerin daha
iyl finansal performansa ulagsmasin1 saglayabilir. Ayrica,
hastane operasyonlarinin maliyet liderligi veya farklilagsma
stratejileriyle stratejik olarak hizalanmasi, finansal sonuglar
onemli olglide etkileyebilir. Arastirmalar, tek bir stratejik
odag1 basarili bir sekilde takip eden hastanelerin daha iyi
finansal performans elde etme egiliminde oldugunu
gostermektedir [30]. Bununla birlikte, her iki stratejiyi de
dengeleyebilenler kendilerini daha avantajli bir konumda
bulabilirler; bu da maliyet verimliligini korurken pazar
taleplerine yanit vermede daha fazla esneklige olanak tanir.
Teknolojinin operasyonel verimliligi artirmadaki rolii
abartilamaz. Gelismis bilgi sistemlerinin benimsenmesi,
kaynak tahsisini optimize edebilen ve israfi azaltabilen
gergek zamanli veri yakalama ve analizini kolaylastirir [31].
Ek olarak, hizli iyilesme protokollerini destekleyen
teknolojilerin kalis siirelerini ve ilgili maliyetleri azalttig,

hastane ortamlarinda verimliligi artiracak yenilikgi
uygulamalarin potansiyelini ortaya koydugu gosterilmistir
[32].

Sonu¢ olarak hastanelerde operasyonel verimliligin
arttiritlmas1 , maliyetlerin azaltilmasi ve finansal seffafligin
saglanmast  kapsamli ve biitlinlesik bir yaklasgim
gerektirmektedir. Hastaneler, isbirlikgi bakim modellerini
tegvik ederek, ayakta tedavi hizmetlerini benimseyerek, fiyat
seffafligim  artirarak, operasyonlar1  stratejik  olarak
hizalayarak ve teknolojiden yararlanarak yalnizca mali
durumlarimi iyilestirmekle kalmaz, ayni zamanda hastalara
saglanan bakimin kalitesini de artirabilir. Bu ¢abalar, modern
saglik hizmeti ortammin karmasikliklarmin istesinden
gelmek ve saglik kurumlarinin siirdiiriilebilirligini saglamak
icin gereklidir.
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Abstract— Data analytics platforms such as Alteryx, Tableau
Prep, RapidMiner, and other similar data preparation and
analytics tools have revolutionized how businesses and
individuals handle large volumes of data without needing
advanced programming skills. Likewise, these platforms have
become important tools within higher education settings. They
are increasingly utilized to perform complex data collection,
wrangling, transformation, analysis, and visualizations in ways
that were once complex or time-consuming. This review paper
highlights the importance of these platforms in a data-driven
education world, emphasizing their impact on operational
efficiency and informed decision-making across diverse
academic fields. It also explores the differences between these
platforms, offering a comparative analysis of their unique
features and functionalities. Overall, these package programs
optimize data management, enhance productivity, and broaden
access to data analytics across diverse user groups, all of which
are essential in today’s data-driven world.

Keywords—Alteryx, Tableau Prep, RapidMiner, KNIME,
SAS, review

I. INTRODUCTION

As the field of data analytics continues to expand, a wide range
of products and services are available to post-secondary
students for free while they are enrolled in a university.
Platforms like Alteryx and SAS typically require a licensing
fee but offer free access to students while they are in college.
On the other hand, programs such as RapidMiner and KNIME
are available for anyone to download and use at no cost.
However, while there are commonalities between many
programs, such as the ability to import data from standard file
types such as comma-separated values (CSV) or Microsoft
Excel (XLSX), there are also many differences, such as
minimum system requirements or if they require code to be
written in order to process data. This paper will examine five
data analytics platforms (Alteryx, Tableau, KINME,
RapidMiner, and SAS) that university students have access to
for free during the period of their enrollment and compare
their functionality across multiple dimensions.

II. COMPARISON OF SOFTWARE SETUP PROCESSES

The setup process is critical for users, and inadequate
resources can make it complicated and time-consuming. Well-
prepared and regularly updated documentation and tutorial
videos explaining each step in detail are essential for a
seamless setup experience. This section analyzes the setup
processes of Alteryx, Tableau Prep, RapidMiner, KNIME, and
SAS.
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A. Alteryx

Alteryx is available only for Windows users, which
presents a limitation for those using Linux or macOS.
However, this can be mitigated by employing a Windows
virtual machine or compatibility layers to enable the use of
Alteryx on these systems.

Alteryx provides well-designed documentation and a
dedicated YouTube channel featuring comprehensive
tutorials, simplifying the setup process even for users with
limited experience in software installation. These resources
simplify the setup process, even for users unfamiliar with
software installation. Despite its excellent documentation,
Alteryx has higher system requirements than other tools. It
requires a minimum of 500 GB of storage space and 16 GB of
RAM, significantly higher than other platforms' requirements.
(1]

B. Tableau Prep

Tableau offers a suite of applications, including Tableau
Desktop, Server, and Prep. In this article, we focus on Tableau
Prep. The company provides well-organized and easy-to-
follow documentation for all its applications, which is
especially helpful when managing multiple tools. However,
users may occasionally find the setup process confusing, even
with detailed instructions. Tableau also maintains a YouTube
channel with exceptional content that helps users understand
and utilize new features effectively. Tableau Prep has
moderate hardware requirements, needing just 4 GB of RAM,
which is considerably lower than Alteryx. Additionally,
Tableau Prep supports macOS and virtual environments,
making it more accessible to a broader range of users. [2]

C. RapidMiner

RapidMiner is a versatile tool that supports multiple
operating systems, including Windows, Linux, and macOS,
making it an excellent option for Linux users. The software
requires at least 4 GB of RAM and more than 1 GB of free
disk space, making it a lightweight option compared to
Alteryx. RapidMiner provides well-prepared documentation
tailored for each operating system, ensuring users can easily
follow the setup process. Furthermore, the platform maintains
a YouTube channel with tutorial videos, simplifying the
installation and initial use for beginners. These resources make
RapidMiner accessible and user-friendly for a wide range of
users. [3]

D. KNIME

KNIME supports Windows, Ubuntu, and macOS, and it is
free for personal use. Unlike some other tools, KNIME does
not require a license key for setup, simplifying the process.
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This advantage positions KNIME as a more convenient option
than other tools. KNIME also provides well-designed
documentation and a YouTube channel, ensuring users have
access to resources that guide them effectively through the
setup and usage process. [4]

E. S48

SAS supports Windows and Linux but does not support
macOS, which is similar to Alteryx. It requires 128 GB of disk

space, which is on the higher end compared to other tools. The
SAS interface appears somewhat outdated compared to its
competitors. While SAS does not have its own YouTube
channel, it provides users with comprehensive documentation.
The use of a programming language instead of drag-and-drop
modules may extend the learning curve for new users. [5]

TABLE 1 Program Requirements and Licensing

Program Requirements and Licensing
Programs — — - -
OS Compatibility Minimum Requirements Opensource License Type
Microsoft Minimum Requirements Per Server Node
Windows Server CPU: Intel or AMD x86-64 (64-bit)
2012 64-bit or Number of CPU Cores: 4 cores (8 logical cores) per node
Alteryx later No Students (1-year)
Microsoft. NET System Memory: 16 GB
Framework 4.6 Recommended
or higher Minimum Disk Size: 500 GB
Windows 8/8.1,10 (x64), 11
Intel Core i3 or AMD Ryzen 3 (Dual Core)
4GB memory or larger
2GB HDD free or larger
CPUs must support SSE4.2 and POPCNT instruction setsmacOSmac
Windows OS Big Sur 11.4+, macOS Monterey 12.6+ (for Tableau 2022.3+),
Tableau MacOS macOS Ventura (for Tableau 2022.3+),
. macOS Sonoma (for Tableau 2022.3+); No Students (1-year)
PREP Virtual e . .
Environments Apple Silicon machines require the use of macOS Ventura (13+) or newer
Intel processors - Core i3 (Dual Core) or newer
Apple Silicon processors (using Rosetta - 24.1 and below)
Apple Silicon processors (version 24.2 or newer on MacOS Ventura or
newer)
4GB memory or larger
2GB HDD free or larger
Windows 7, 8, 8.1, 10 (64-bit highly recommended)
. Linux (64-bit only)
- Windows Mac0S X 10.10- 10.14 . Ves
apidMiner MacOS ua co:e(:} BGRi Kzocessor 0 (No limit)
1GB free disk space
Screen resolution: 1280x1024
Windows Windows 10, 11Windows Server - 2016, 20.19, 2022
Windows Server Ubuntu 20.04 LTS and 22.04 LTS and derivatives
KINME Ubuntu macOS 12: Monterey Yes Free for everyone
MacOS macOS 13: Ventura (12 and above - macOS x86_64 Intel) and M1 (macOS
arm64 - Apple silicon) (only the last two major versions are supported)
Windows Windows 10, 11Windows Server - 2016, 2019, 2022 Yes
SAS Windows Server No L.
. (No limit)
Linux
TABLE 2 Supported Connections
Programs Supported Connections
Adobe, Alteryx, Platforms, Amazon Platform, Anaplan, Apache, ASCII, Avro, Automation Anywhere, Box, CSV, Databricks Platforms,
Denodo, Dropbox, dBase, ESRI Platforms, EXASOL, GIS, Excel(XLS/XLSX), Google Platforms, Gzip, HTML, IBM Platforms, JSON,
Maplnfo Platforms, Marketo, Microsoft Platforms, MongoDB, MySQL, NetSuite, OpenGIS, Oracle, Pivotal, PostgreSQL, PrestoDB, Qlik,
Alteryx SAP, SAS, ServiceNow, Pivotal Greenplum, PostgreSQL, Presto, Progress OpenEdge, Qubole Presto, Salesforce Platforms, Splunk
Platforms, SAP Platforms, ServiceNow Platforms, SharePoint Lists Platforms, SingleStore, Snowflake, Spark SQL, Teradata Platforms,
TIBCO Data Virtualization (Cisco Information Server), Vertica, Web Data Connector, Other Databases (JDBC), Other Databases (ODBC),
Snowflake, SQLite, SRC Geography, Tableau, Teradata Platforms, Text, Vertica, UiPath, XML, Zip Files, Salesforce
Microsoft Platforms, Text Fiel, JSON, PDF, Spatial File, Tableau Platforms, Actian Vectorwise, Alibaba Platforms, Amazon Platforms,
Tableau Anaplan, Apache Drill, Azure Platforms, Box, Cloudera Hadoop, Databricks, Denodo, Dremio by Dremio, Dropbox, Esri Connector, Exasol,
PREP Firebird 3, Google Platforms, Hortonworks Hadoop Hive, IBM Platforms, Impalalntuit Quick, Books Online, Kognitio, Kyvos, Linkedln
Sales Navigator, MariaDB, Marketo, Marketing Cloud Intelligence, Mark, Logic, MonetDB, MySQL, Odata, OneDrive, Oracle Platforms
Oracle, Microsoft SQL Server, MySQL, PostgreSQL, Teradata, HP Vertica, IBM Netezza, MongoDB, Cassandra, Apache Solr, Splunk
RapidMiner Dropbox, Amazon S3, Microsoft Azure Blob Storage, Salesforce, Twitter Mozenda, Zapier, MDB/ACCDB, XLS/XLSX XML,
ARFF/XRFF, DBFSAV SAS DTA QVX
KINME Amazon Redshift, Amazon Athena, Google BigQuery, H2, Microsoft Access, Microsoft SQL Server, MySQL, Oracle, PostgreSQL, SQLite,
Vertica, Apache Derby, Exasol, Google BigQuery, IBM DB2 / InformixSAP HANACSV, Excel, Text File, JSON, ZIP, Parquet
Databricks, Hadoop, IBM IIAS, IBM Netezza Performance Server, MySQL, Microsoft SQL, Oracle, PostgreSQL, Teradata, Microsoft
SAS Azure Cloud Platforms, Google Cloud Platform, Amazon Web Services Cloud Platform, Oracle Cloud Platform, Microsoft Access,
Microsoft Excel, HTML, Text File, Stata (*.DTA), SPSS (*.SAV), JIMP

64



International Open Source Conference (UAKK) 2024

TABLE 3 Data, Statistical, and Language

Capabilities
Data, Statistical, and Language Capabilities
Programs Data Preliminary ML LNatural
. .. . anguage
Wrangling | Statistics Forecasting Processing

Alterys Yes Yes Yes Yes
Tableau .
PREP Yes Yes Not directly Yes
RapidMiner Yes Yes Yes Yes
KINME Yes Yes Yes Yes
SAS Yes Yes Yes Yes

TABLE 4 Spatial and Reporting Capabilities

Spatial and Reporting Capabilities
Programs
Spatial/GIS Reporting

Alteryx Yes Yes
Tableau
PREP Yes No
RapidMiner Yes Yes
KINME Yes Yes
SAS Yes Yes

III. SUPPORTED CONNECTIONS, DATA WRANGLING, AND
STATISTICS

All programs reviewed support common file types and
connections such as CSV, XLSX, and MySQL or other
database file types. Cloud connections, such as to Amazon
Web Services, were also a ubiquitous feature. Several of the
programs, SAS and Alteryx for example, have their own
proprietary file types that they can connect to, while
RapidMiner supports a range of file types but does not have a
proprietary format of its own. Spatial or Geographic
Information Services (GIS) data types were also common,
with all programs capable of utilizing GIS data. Overall,
Alteryx and Tableau support the widest range of file types and
connections, while RapidMiner, KINME, and SAS were more
limited in what the program can connect to.

Data wrangling was possible with all of the reviewed
programs, though the ease of use between platforms in
performing data wrangling was not evaluated as a component
of this paper. As with Data wrangling, preliminary statistics
could be performed with all programs except Tableau, but for
SAS this step required writing code. In order to run
preliminary statistics for Tableau a formula had to be created.
For more advanced statistics, such as forecasting, Tableau was
the only platform without forecasting capabilities. All
platforms were, to some degree or with slight modifications,
capable of natural language processing. In Tableau Prep, this
is not directly available and users must employ the “Ask Data”
function, while RapidMiner requires a text processing
extension.

IV. FEATURE COMPARISON

To compare these software tools, we considered their
capabilities in data wrangling, preliminary statistics, machine
learning forecasting, open-source integration, license types,
natural language processing, spatial GIS, and reporting

features. Although all five tools support these features, some
present specific challenges.

Alteryx is a strong competitor for Windows users;
however, its lack of support for macOS or Linux platforms is
a significant disadvantage, as it restricts accessibility for users
on these operating systems. Additionally, the one-year student
license limitation, similar to Tableau's, can be challenging for
students [6] [7]. Undergraduate programs typically span four
years, while graduate programs often last at least two years,
making the one-year license potentially insufficient for
mastering the tool. On the positive side, Alteryx supports all
features without requiring external extensions, simplifying its
usage. Its user-friendly interface allows seamless management
of features through built-in modules. Moreover, Alteryx
provides excellent training resources, including well-prepared
documentation and interactive tutorial videos, which enhance
the user experience.

While Tableau Prep has a modern interface, certain
features like machine learning forecasting and natural
language processing require additional Tableau products.
Furthermore, applying preliminary statistical methods in
Tableau Prep often involves creating custom formulas instead
of using predefined modules. Additionally, Tableau Prep does
not directly support reporting functionality.

Both Alteryx and Tableau Prep offer a one-year license for
students, but there are no time limitations for RapidMiner,
KNIME, and SAS. RapidMiner provides an extensive range
of features managed through extensions, which users may
need to install as required. For Linux users, RapidMiner and
SAS are particularly good options. [8] [9] [10]

KNIME offers a modern and visually appealing interface.
While its commercial use requires a paid license, it is free for
personal use without time limitations, making it a viable long-
term option for students and individuals. KNIME integrates all
tools internally, eliminating the need for external modules.

SAS, another strong contender for data analysts, has no
time restrictions for student use, making it suitable for long-
term adoption, similar to KNIME and RapidMiner. However,
its reliance on a programming language instead of drag-and-
drop modules can extend the learning process. Additionally,
its older interface design has been subject to criticism, which
may affect user satisfaction.

V. CONCLUSION

After reviewing five data analytics platforms, Alteryx,
Tableau, KINME, RapidMiner, and SAS, university students
have access to all were able to perform data wrangling, utilize
GIS, and had natural language processing capabilities.
Differences emerged in the range of file types or connections
each program could use, with Alteryx and Tableau supporting
a wider range of options than KINME, SAS, and RapidMiner.
Additionally, for preliminary statistics or forecasting Tableau
lacked functionality compared to the other platforms
reviewed.
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Abstract— Chatbots are widely used on every platform and
device that includes human-machine interaction. One of the
potential application areas of chatbots is university websites.
These frequently visited platforms provide plenty of
information and services to countless people every day,
including academic and administrative staff, active and
prospective students. On the other hand, it is observed that these
web platforms have not yet benefited sufficiently from the
chatbot technologies. However, chatbots emerge as a much more
dynamic, interactive, fast and easy tool compared to canonical
web pages. These tools have the potential to accelerate and
facilitate access to information; to perform frequent tasks
effortlessly from a single point without getting lost in piles of
pages; to be customizable for people and to provide a higher
level of user interaction and experience.

This study begins by providing a brief review of chatbots and
their historical development. Then, it continues by discussing
the challenges experienced by university web platforms, the
potential opportunities and benefits that chatbots can offer to
these platforms, and the current technologies and challenges. It
is clear that chatbots will be widely used and play critical roles
in university web platforms in the near future.

I. INTRODUCTION

Chatbots offer a very fast, easy and dynamic interaction in
textual, audio and visual forms. Their high-level capabilities
have paved the way for the increasingly widespread use of
chatbots on every platform that include human-machine
interaction, from education to health, from finance to
customer relationship management, and so on. University
websites, as one of the most common and potential application
areas of chatbots, have recently gained an attractive
dynamism, speed, flexibility and high-level user experience.
These sites, as frequently-visited platforms, provide a wide
range of information and services to many people every day,
including academic, administrative staff, active and
prospective students. The richness and diversity of the features
and functions offered by these sites cause them to be served in
a dispersed and hierarchical structure. This distributed and
relatively static structure makes it difficult to access
information and causes cumbersome and inefficient use of
functions and services. They also lack the dynamism of
chatbots.

On the other hand, chatbots emerge as a much more
dynamic, interactive, fast and easy tool, compared to ordinary
web pages. These tools have the potential to accelerate and
facilitate access to information; to perform frequent tasks
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effortlessly from a single point without getting lost among
piles of pages; to be customizable for people; and to provide a
higher level of user interaction and experience. They also
promote the quality of education and services, communication
and interaction between the parties, increasing the satisfaction
of all stakeholders. Besides, universities are likely to reach
much wider audiences with these tools.

This study provides a concise review on the benefits,
potential opportunities, application types, difficulties and risks
that can be provided by chatbots to university websites. In this
context, many aspects such as development environments and
technologies, difficulties, risks and security measures are
discussed in detail and the right design and solution
approaches are presented. It also reveals how well-designed
chatbots with the right content and scope can benefit all
internal and external stakeholders and potential students.
Additionally, the opportunities and potential that these tools
can provide in improving the service quality of universities are
discussed. Consequently, this study shows how chatbots will
be an important part and play a critical role in the future of
university websites.

II.  RELATED WORKS

Thinking machines concept is based on Turing's article
"Computing Machinery and Intelligence" [1]. The article
evaluates the issue of whether machines can think like humans
from various perspectives and also offers answers to possible
opposing views. It proposes the "imitation game", which will
later be called the "Turing Test". This game involves a
questioning human trying to determine whether the person
communicating via a textual interface is a human or a
machine. If it cannot be determined whether the other person
is a human or a machine, the machine is considered to be able
to think. In this article, it can be said that the foundations of
chatbots begin with the concept of machines [1].

The first chatbot ELIZA was developed by Weizenbaum
in 1966 [2]. It is a rule-based system. chatbot communicates
by reflecting the user's statements back in the form of a
question, acting like a Rogerian psychotherapist. It faced
problems such as producing illogical and irrelevant answers;
not being able to develop conversations based on past
conversations; establishing dialogue in the form of superficial
and simple answers; not taking emotions into account, and the
inadequacy of hardware and software technology of the
period. Nevertheless, Weizenbaum, who saw that some people
were trying to establish an emotional connection, was
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disturbed by the emotional and ethical consequences that this
tendency could create [3]. He emphasized that artificial
intelligence lacked human values and emotional judgments
and should not replace people in decision-making processes

[4].

Elizabeth is an improvement of ELIZa in several aspects
[5]. It implemented input rules, keyword patterns and various
output rules. The main disadvantages of Elizabeth are that it
does not have the ability to split and separate user input and to
combine responses [6]. Colby et al. developed PARRY in
1971 for the purpose of modeling paranoid processes [7][8].
While ELIZA imitated a Rogerian therapist, PARRY
attempted to verbally imitate a paranoid schizophrenic. A
panel of judges tried to distinguish between real patients and
the program by their textual communication, but observed that
the program communicated very similarly to the patients [9].
It tried to give an “emotional response” by applying emotion
weighting to the inputs. However, it lacked the ability to
understand, adequately express emotions, respond quickly and
learn [10]. PARRY is considered to be more advanced than
ELIZA.

Racter, developed in 1983, could produce unique
sentences and prose using context-independent grammar
rules. Despite its lack of real understanding, its procedural text
generation capabilities were a remarkable development for the
time [11]. So much so that in 1984, he wrote "The Policeman's
Beard is Half Constructed", which was touted as "the first
book written by a computer program". It was remarkable that
it produced expressions with internal meanings that appeared
human-like. It was suggested that it could simulate human-
specific emotional tones such as desires and dreams [11]. In
the 1990s, Creative Technology developed Dr. Sbaitso (Sound
Blaster Acting Intelligent Text to Speech Operator) for
digitized voices. Dr. Sbaitso could convert text to speech, but
with simple responses, he acted like a psychologist [12]. His
inability to carry on a dialogue and his superficial responses
prevented him from passing the Turing test.

In 1995, the first online chatbot, A.L.I.C.E. (Artificial
Linguistic Internet Computer Entity), was developed using the
AIML (Artificial Intelligence Markup Language) language.
Improvements over the years have earned A.L.I.C.E. the
Loebner award in the Turing Test competition in 2000, 2001
and 2004. While ELIZA had only 200 keywords and rules,
A.LICE. had 41 thousand templates and related patterns
[13]. However, it lacked deep understanding and could not
express emotions in a human-like way. Albert One, created
based on the ELIZA project, won the Loebner Award in 1998
and 1999 [10]. Albert One, which took a long time to develop,
was developed using a huge database of conversational
content, expressions and related responses.

In the 90s, one of the internet-based games, Tinymuds,
allowed players to create and customize scenes, landscapes,
etc. with a text interface, and software-controlled robots were
called “bots”. Its developer, Michael L. Mauldin, developed
Chatterbot, which used the chat corpus in the game’s pool to
chat with players and generate answers to questions about
paths, rooms, and objects [3]. Chatterbot performed pattern
matching and gave random answers without repetition. Its
most distinctive feature was that it imitated human behaviors
and attitudes during conversation, such as misspellings,
corrections, and late responses at variable speeds.

The first chatbot that could learn, Jabberwacky, was
developed in 1988 with Cleverscript [14], aiming to provide a
fun and interesting conversation simulation. It finds the most
appropriate thing to say through contextual pattern matching
techniques and improves its intelligence using the information
it acquires. It was put on the Internet in 1997. Years later, a
new version called Cleverbot [15] was able to have interesting
and entertaining conversations. The ability to learn from
conversations is an important development in showing that
chatbots can be learned. This feature earned it the Loebner
Award in 2005 and 2006.

In 2001, SmarterChild was developed, paving the way for
future chatbots such as Apple Siri, MSN Messenger, Samsung
S Voice. SmarterChild could interact via SMS and instant
messaging (IM), AOL Instant Messenger (AIM), MSN and
Yahoo Messenger, etc. It could provide data such as news,
weather, stock prices, etc. In 2002, ZoeOnAOL was
announced, which could communicate in Spanish and German
and provide similar information. A similar chatbot was
ZolaOnAOL, which aimed to provide humorous and
entertaining chat. However, both were short-lived bots [16].
SimSimi, which tries to help people relieve their stress with
interesting answers, was developed in 2002 [17]. Its
distinctive feature is that it tries to learn by asking the user
when it cannot understand the question or find the answer. On
the other hand, the lack of a mechanism to distinguish whether
the words are good or bad has caused controversy [18]. In
2003, the Learning and Organizing Cognitive Assistant
CALO project was launched. The aim of the CALO project
was to create a cognitive assistant that automatically learns
and performs routine tasks from experience [11]. CALO
inspired products such as Siri.

Suzette and Rosette, developed with ChatScript, a
language that demonstrates stronger pattern matching and
efficiency than AIML, won the Loebner Award in 2010 and
2011 respectively [19]. Their biggest challenge is that they
require a tremendous amount of effort to produce hand-crafted
pattern-based matching rules [20]. ChatScript’s open source
nature has provided support for natural language processing
and conversation research. Rose won the Loebner award in
2014 and 2015 [20]. Mitsuku, which inherited the features of
ALICE, was also developed with AIML [21] [11]. Its ability
to show understanding, empathy and warm friendship was
good for people who were lonely. In 2013 and between 2016
and 2019, it won the Loebner Award five times.

Siri, which has roots in the DARPA-funded Personalized
Assistant that Learns (PAL) program, was developed by
Apple for iOS in 2010 and is an important milestone [11].
Today, it is possible to use Siri on any iPhone, iPad, iPod,
Apple Watch, Apple TV, and Mac with an internet connection
[22]. Tt has many useful capabilities such as scheduling
meetings, setting alarms, playing music, making phone calls,
sending SMS, activating/deactivating phone functions,
searching the web, and providing directions, by
communicating in many languages. Despite having the ability
to adapt and learn from the user's interactions as it interacts, it
has not passed the Turing test.

IBM’s supercomputer DeepQA managed to beat two
Jeopardy players in 2011 [23]. It used natural language
processing to analyze the question and extract key elements
such as answer type and entity relationships. Machine learning
(ML) algorithms were leveraged to analyze and process messy
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and unstructured data. Although it failed the Turing test, it
inspired subsequent work.

In 2012, Google developed Google Now, a virtual
assistant that works with NLP and helps with things like
weather, traffic alerts, reservations, financial information,
sports scores, time, and location. Google Now was replaced
by Google Assistant in 2016 [24].

Microsoft introduced the personal assistant Cortana in
2014 to help with tasks such as setting reminders, sending
emails and messages, chatting, etc. with voice commands.
However, it was discontinued due to various malicious flaws
and was replaced by the Al-powered Copilot [25]. In 2014,
Amazon launched the voice assistant Alexa. It offered a range
of functions such as playing music, providing information
such as weather, sports, news, etc., and controlling home
devices through voice interaction with devices. Today, Alexa
can serve on devices such as tablets, phones, televisions, etc.
as a system hosted in the cloud. It serves as a smart home
system consisting of a range of solutions that make life easier.
Another bot, Panda Ichiro, developed also in 2014, has
attracted people's attention with its entertaining style and has
become quite popular. It can provide a series of practical
information about daily life [26]. It has a series of remarkable
skills such as telling jokes and some basic EQ skills. This
feature later inspired the development of some components of
Microsoft Xiaolce [27], which has the ability to establish
long-term emotional bonds. Xiaolce can understand people’s
emotional states, moods, intentions, and their changes over
time, and respond accordingly. Its ability to establish long-
term emotional bonds differentiates it from recent chatbots
such as Alexa, Google Assistant, and Cortana. While
traditional chatbots focus on intellectual intelligence (IQ),
Xiaolce exhibits emotional intelligence (EQ) and a
personality/character in addition to 1Q. In 2016, Microsoft
introduced "Tay", which it claimed got smarter as it chatted
with people. Within twenty-four hours of being released for
testing, it began to learn people's racist, misogynist, and pro-
Donald Trump tweets and produce similar responses [28],
demonstrating the importance of a well-designed filtering
mechanism.

In the last few years, there has been a serious acceleration
in the development of content-generating artificial
intelligence  algorithms. These artificial intelligence
algorithms are basically composed of ML models such as
Generative Adversarial Networks (GANs) and transformers.
These algorithms can generate a wide range of artificial
content such as images, music, scenarios, poems, stories, and
programming codes. For example, a well-trained can write
code, summarize data, and create content such as images,
music, videos, poems, etc. in line with the user's descriptions.
With these capabilities, GPT (Generative Pre-trained
Transformer) based chatbots, unlike typical chatbots, can
process, understand, analyze different types of user data, and
produce new content.

Replika, which is open source and the most popular and
highly rated chatbot in Apple and Google Play stores, allows
users to create customized avatars. It has prominent
capabilities such as video calling and augmented reality
experience. Its architecture is based on the GPT3 model,
similar to Core Chat in Xiaolce [29]. Its human-like behavior
and understanding enable people to form strong and long-
lasting bonds. It is noted that forming such extreme emotional
bonds can cause people to get hurt and even experience

serious psychological trauma. One of the most important of
the mentioned generative networks is undoubtedly ChatGPT.
ChatGPT, a Large Language Model (LLM) with a huge
number of parameters and weights (175 billion in GPT-3), is
capable of doing much more than traditional chatbots can do.

Google announced the virtual assistant Bard in early 2023
[30]. Its first version consisted of a lightweight model of
Google’s Language Model for Conversational Applications
(LaMDA) technology. The built-in filtering mechanism
contributed to its quality, reliability and robustness. In late
2023, it evolved into Gemini, with its new structure
transformed into a multimodal LLM with language, voice,
code and video understanding capabilities. Google Gemini is
built on Pathways Language Model 2 (PaLM 2). Its neural
network architecture is based on Transformer, the core
component of recent chatbots such as ChatGPT. In addition to
text and voice input, Gemini can directly understand and
recognize images; it can parse and make inferences from
complex visual content such as graphics, shapes, etc.

In the literature review, almost no chatbot developed for
university automation was encountered. A notable study was
conducted by Ulker et al. [31]. In this study, a chatbot
application was developed that provides support for university
administrators and academicians to perform various routine
tasks and obtain information; for active students to access
some services, obtain information about activities, perform
tasks, receive help and obtain information; for candidate
students to provide information about programs, staff,
education-training activities, facilities, etc. Gaglio et al.
developed a virtual assistant to provide information to
students [32]. A similar attempt was made by Jangir and
Ashok [33]. Another effort to develop chatbot for providing
information was shown by Khan et al. It was aimed to answer
and guide questions about the university through ML
algorithms such as SVM and Random Forest [34]. Another
application was developed by Shiwam et al. with WIT.AI to
answer student queries [35]. [36] also tried to implement an
informative chatbot for students. Chatbots other than these
studies have been developed for some narrow scope
interactions such as the university website and student
information system rather than an integrated automation [37],
[38].

III. CHATBOTS FOR UNIVERSITY WEB SITES

Higher education institutions have quite complex,
distributed and large-scale data, information and processes. A
large number of parties or stakeholders receive services,
provide services and interact for more. Advanced software
and hardware systems are used for the operation of the entire
system. Web platforms also provide services to all parties,
provide information, ensure that work is carried out, bring
parties together, inform, advertise, introduce themselves, etc.
and perform many other functions and services. These
platforms are the front face, the showcase of these institutions.
Web platforms consist of hundreds or even thousands of
subpages in order to present a huge collection of data and
information; manage work and processes; perform tasks,
ensure coordination and perform other activities. Finding the
desired one among the countless pages on these platforms,
accessing information and performing automation are
inherently difficult. On the other hand, chatbots and virtual
assistants developed for the benefit of people to work on smart
devices such as mobile phones, tablets, watches, [oT (internet
of things) etc. and websites make daily life incredibly easier.
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It is obvious that these software will also provide significant
benefits on university web platforms.

Although there are successful big chatbots and virtual
assistants around, such as Amazon Alexa, Apple Siri, Google

Assistant,

Microsoft Cortana, ChatGPT; they are not

specialized in a particular application, such as our topic
university websites. There is a significant need for chatbots
specialized in certain areas. When we look at the literature, it
is seen that there is very little effort to meet this need. The
following sections discuss various aspects of the use of
chatbots on university websites and also examine the actual
situations of typical university websites.

A. Challenges Facing University Websites

University websites generally present the following
challenges:

Single Tool: Chatbots have the potential to integrate
with all units, processes, systems, etc. of the
university. Such a fully integrated system allows
people to handle all their work and access information
from a single point.

Natural and Multi-Channel Interaction: Chatbots have
the ability to interact through text, speech, dialogue
components, visuals, etc. People can interact through
any channel they want or need among these
alternatives. This allows people to get their work done
in the form of communication and interaction they use
and are used to in daily life. An easier and more
natural communication and interaction experience
may well allow for the realization of a high-level
university websites.

Repetitive Work and Productivity: A significant
portion of university activities consist of repetitive
work and responding to questions (from both internal
and external stakeholders) that reach a huge number.
A significant number of employees (administrators,
academics, etc.) and other resources are occupied
with carrying out such work and answering frequently
asked questions. This leads to a decrease in
productivity. Chatbots can provide incredible
convenience in performing repetitive work and
answering frequently asked questions. It allows
employees and other resources to be assigned to other
tasks and increases productivity.

Speed and Accuracy: Considering today’s
technology, traditional communication tools and
university websites can sometimes be slow in
accessing information and services. In addition, the
complex and dispersed organizational structure of
universities, consisting of multiple units spread over
wide geographical areas, prevents the same up-to-date
and accurate information from being available in all
units. Therefore, incorrect and outdated versions of
information are likely to circulate. On the other hand,
accessing answers and services often becomes time-
consuming and unbearable.

Access to Information and Services: Although
university websites contain the necessary services,
processes and information on the pages, sometimes it
is very difficult to access them. For example, although
they are presented in logically grouped sets (menus,
lists etc.), it is often seen that support has to be
received by phone etc. because the information or

function presented on hundreds of pages cannot be
found. Chatbots can easily and quickly provide the
requested information or ensure that the activity is
carried out through a single interface.

Access to the Outside World: Universities use various
communication tools (social media, email, instant
messaging, etc.) and their own websites to introduce
themselves to the outside world, announce their
activities, and conduct marketing campaigns. These
communication tools and environments are not
always sufficient to achieve their goals.

Resource Limitation: Regardless of its scale, every
institution has limited resources such as personnel,
information systems, etc. or has to use resources
wisely. Limited resources cause disruption of work
and services, delay in responses, decrease in service
quality, dissatisfaction, etc.

Service Hours: Although existence of university
websites, which is the face of universities opening up
to the world, is operating uninterruptedly, it is not
possible to access every service, get information, and
ask questions, etc. 24/7. Moreover, services and
activities that require human power and intervention
can only be carried out during working hours and to
the extent that the current staff allows. However,
today's "always open" life makes instant access
difficult.

Communication and Interaction: Traditional tools
such as telephone, e-mail, etc. used by universities for
the execution of services and activities and the
transfer of information may be insufficient and
cumbersome for the parties to establish effective and
rapid interaction or may not serve the purpose. Third-
party applications such as WhatsApp are frequently
used for faster action and information transfer. In
order to disseminate information, groups etc. are
established or online meetings are tried to be reached
to large audiences. On the other hand, chatbots have
the potential to meet such needs.

Chatbots can be of significant benefit in overcoming the
above-mentioned and other problems and deficiencies.

B. Benefits and Potential Opportunities That Chatbots Can
Offer to Universities

The benefits and potential opportunities that chatbots can
provide include, but are not limited to, the following:

Improving User Experience: university websites
serve a wide range of users, including prospective
students, current students, parents, staff, alumni, and
other organizations and people. These users
frequently ask questions about campus life, the
registration process, the academic calendar,
departments, events, scholarships, grade information,
administrative information, etc. Chatbots can improve
the user experience by providing fast and accurate
answers to FAQs. Quick access to requested
information increases user satisfaction and prevents
staff from being busy with repetitive tasks such as
FAQs. Increased productivity.

Accessibility and 24/7 Service: Traditional
information and service processes are limited to office
hours. Chatbots, on the other hand, can provide
service to all parties, not just students, academics and
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administrative staff, by working 24/7 without
interruption.  Accessibility is  important  for
international people in different time zones. It can
encourage applications, especially by allowing
international student candidates to access more
information about the university. In short, receiving
uninterrupted service and information outside office
hours and conducting business increases the
satisfaction of all parties.

Richness in Interaction and Language: The multi-
language support of chatbots allows international
students, academics and others to interact with
universities quickly and effortlessly. There is no more
convenient way or tool than chatbots for this purpose.

Contribution to Administrative Processes: Most of the
work in universities is repetitive and most of the
requests for information are in the form of simple and
repetitive questions. For example, routine questions
and requests such as registration documents,
application conditions, course programs, exam
schedules and results, transcripts are among the jobs
that frequently occupy administrative staff. Chatbots
have the potential to automate administrative
processes and take away especially repetitive and
other time-consuming workloads of administrative
staff. On the other hand, students, academicians and
all other stakeholders also have the opportunity to
receive fast support and reach results regardless of
location and time.

Contribution to Interaction: Chatbots have the
potential to enable all stakeholders, such as student-
student, student-academic, to interact with each other
more easily, quickly, effectively and efficiently. In
other words, they ensure that up-to-date information
about current events, seminars, social activities,
career opportunities, course programs, academic
support, etc. activities and services reach all parties.
In this way, they encourage all parties, especially
students, to actively participate in university life.
They help achieve a more active and dynamic
university environment and life.

Personalization and Support for Learning: Chatbots
can support students not only with information such
as course selection, academic calendar, exam dates
and results, transcript information, etc. but also with
their study processes, access to information, and
learning styles. They can contribute to academic
success by making personalized recommendations or
offering study programs to individuals. They can also
provide mentoring-like benefits to students by
providing support and guidance for learning
activities, processes, and career development. They
can monitor students' educational experiences, help
them see their weaknesses and strengths, and make
suggestions.

Coordination: Chatbots can enable all actors in the
university (students, academicians, administrative
staff, etc.) to coordinate with each other more quickly,
easily, and powerfully. For example, organizing

meetings, sending emails to people, establishing
groups to communicate collectively, assigning and
collecting homework, etc. can be done easily.

C. Some Chatbot Initiatives for Universities and
Educational Institutions

It is seen that almost all the software for developing
chatbots for higher education institutions are produced by

commercial entrepreneurs.

Some of them are briefly

mentioned below:

Ivy.ai' allows creating chatbots for higher education
institutions, in addition to other institutions.

TARS? is a commercial chatbot developed to browse
the university website, get information and answer
questions.

College Chatbot® is a mini chatbot developed based
on Python to answer questions with ML and NLP
support.

BoltBolt* is a ChatGPT based chatbot developed for
university registration and admission processes.

Fynd Copilot® is a ChatGPT based chatbot developed
for university registration and admission processes.

FastBots® allows developing a chatbot that answers
frequently asked questions to students and academics.

D. Risks and Challenges

Continuous Monitoring and Improvement: In order
for chatbots to work efficiently, they must be
monitored regularly and updated in line with
feedback. Feedback helps identify situations where
chatbots have incomplete or incorrect understanding
and answers. In addition, new questions and answers
are added to the knowledge base of chatbots to
improve the user experience. Continuous monitoring
and improvement is the basis for chatbots to become
more successful over time and to adapt to evolving
and changing business processes and user
interactions.

Data Security and Privacy: Data security and privacy
are among the most important priorities. It is essential
that personal data is collected with a reliable and
legally compliant infrastructure and technology,
processed and protected in accordance with laws,
standards and policies. Data integrity, leak-proofness
etc. must be ensured by using technologies such as
SSL, secure connection, hashing algorithms in
communication. A system that does not include
appropriate, sufficient and minimum security
measures may cause loss of trust, various doubts and
concerns, loss of reputation, time and money and
various legal sanctions. It may cause withdrawal from
using the chatbot system that will provide many
potential benefits.

Difficulties in Staying Current: The information
provided by universities is frequently updated. For
example, the academic calendar changes every
semester, courses, course plans, course instructors,
registration dates, academic and other staff change

! https://ivy.ai/

2 https://hellotars.com/blog/chatbot-for-college-website-handle-enquiries-
seamlessly

? https://github.com/roshancharlie/College-Chatbot-Using-ML-and-NLP

4 https://element451.com/blog/chatbot-for-admissions-and-
enrollmentleverage-ai-for

* https://www.copilot.live/usecase/chatbot-college-admissions
8 https://fastbots.ai/ai-chatbots-for-colleges
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constantly. Therefore, providing up-to-date status and
data is not an easy task. In order to keep chatbot alive,
this dynamic change must be constantly monitored
and necessary actions must be taken. This requires
additional resources, labor, etc.

e Subject Expertise: Although chatbots provide many
benefits and make life incredibly easier, by their
nature, they may not be a panacea. They cannot be
expected to provide perfect service in complex and
specific questions and situations. For example, there
is no clear answer to which student should take which
elective course. In such cases, the answers of chatbots
alone may not be sufficient, and it is quite
understandable that they may be inadequate.

e Technical Support and Infrastructure: Although the
benefits of chatbots are countless, providing these
benefits does not come for free. Designing,
developing and commissioning these complex and
advanced systems and continuing their life cycle is
not as easy as it seems. It requires the coming together
of experts. A certain amount of manpower and other
resources must be allocated.

e Malicious Attacks: Let's imagine an integrated
chatbot. Such a system should already take the
necessary precautions for routine security and data
privacy. In addition to these, all kinds of precautions
should be taken against malicious or just curious
attackers or actions that unintentionally damage a part
or all of the system, infiltrate the system, seize data,
etc. Otherwise, very serious consequences can be
encountered regardless of the intention and the
attacker. Taking countermeasures requires separate
expertise, labor, time and money.

E. The Future of Chatbots

Chatbots today generally interact via text interface and
additionally via voice. In some recent developments, chatbots
that also take into account images and videos have begun to
be encountered. It is almost certain that in the near future, we
will establish a dialogue with smarter chatbots that interact via
multiple channels including media, i.e. voice, image, text,
video, virtual reality. In the future, there is no obstacle for the
chatbots we use in other environments (at home, at work, etc.)
to interact with university chatbots and perform useful
activities for us.

IV. CONCLUSION

It is seen that chatbots, which have spread to every area of
life and have produced amazing works, have only recently
started to take place on university websites. However,
chatbots have the potential to provide countless benefits on
university web platforms. In the near future, chatbots will
undoubtedly be the most important component of these
websites.

In this study, in addition to the historical development of
chatbots, the difficulties experienced on university web
platforms, the potential opportunities and benefits that
chatbots can provide, and the risks in the development and
operation of chatbots are discussed. In addition, existing
technologies are also examined. It is obvious that chatbots will
undertake very important works on university web platforms
in the near future.
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Ozetce— Veri gizliliginin ve giivenliginin 6nemi IoT
teknolojilerindeki ilerleme ve Endiistri 4.0’mn  getirdigi
yeniliklerin bircok alanda etkin olarak kullamlmaya
baslamasiyla birlikte daha da artmistir. Son déonemde hizla
gelisen teknoloji, basta CPU ve GPU’lar olmak iizere yapay
zeka destekli donanimlarin artmasi, en giiclii algoritmalar ile
gizlenmis olan verilerin bile eskiye gore daha cabuk ele
gecirilebilir olmasina sebep olmaya basladi. Standart ve iizeri
donanim kullanan cihazlarda bu islemler kolayca yapilirken,
diisiik hesaplama kapasiteli mikroislemcili mimarilerde ek
giivenlik uygulamalar1 kullanmak sistem performanslarini
oldukc¢a diisiirmektedir. Blokzincir teknolojilerinin kullanimi
bu sorunun ¢oziimii i¢cin 6nemli alternatiflerden bir tanesidir.
Blokzincir aglarimmin ihtiya¢ duydugu donanim mimarisi ve
donanim yeterlilikleri, agin destekledigi isletim sistemi
mimarisi, enerji tiiketimi, verimlilik gibi etkenler
kullanilabilirligi ve performansi direkt etkileyen faktorlerdir.
Bu c¢ahsmada, farkh mikroislemci mimarileri kullanan
donanimlar iizerinde farkh blokzincir aglarinin performansi ve
uygulanabilirligi incelenmistir. Verinin blokzincir ag1
iizerinden gonderilirken var olan donamim, isletim sistemi ve
iletisim ag1 giivenliginin blokzincir ag1 ile arttirllmasim
amaclanmistir.

Anahtar Kelimeler — blokzincir; veri paylasimi; gelistirme
karti; IoT; raspberry pi; jetson; mini pc.

Abstract— The importance of data privacy and security has
increased with the advancement of IoT technologies and the
effective use of innovations brought by Industry 4.0 in many
areas. Recently, rapidly developing technology, the increase in
artificial intelligence-supported hardware, especially CPUs and
GPUs, has started to cause even the data hidden with the most
powerful algorithms to be captured more quickly than before.
While these operations are easily performed on devices using
standard and above hardware, using additional security
applications in microprocessor architectures with low
computational capacity significantly reduces system
performance. The use of blockchain technologies is one of the
essential alternatives for solving this problem. The hardware
architecture and hardware capabilities required by blockchain
networks, the operating system architecture supported by the
network, energy consumption, and efficiency directly affect
usability and performance. This study examined the
performance and applicability of different blockchain networks
on hardware using different microprocessor architectures. It is
aimed to increase the security of existing hardware, operating
systems, and communication networks with the blockchain
network while sending data over the blockchain network.

Keywords — blokchain; data sharing; development board;
IoT; raspberry pi; jetson; mini pc.
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Insanoglu var olusun baslangicindan bu yana, yasamlarini
kolaylastirmak ve giivenliklerini saglamak adina bir siiri alet
tasarlamig ve kullanmistir. Ozellikle yakin donemde 2. Sanayi
Devrimi ile baslayan elektrikli aletlerin kullanimi ve bu
aletlerin kullanimindan edinilen faydanin fazla olmasi
insanlar1 bu alanda daha fazla ¢aligmaya ve daha fazla bulus
yapmaya yoneltmistir [1, 2]. 3. Sanayi Devrimi doneminde
bilgisayarlarin ve bilgisayarli aletlerin kesfedilmesi ve
kullaniminin yayginlagmasi bu dénemin Dijital Devrim olarak
adlandirilmasina sebep olmusg ve bu alanda daha fazla ¢aligma
yapilarak 4. Sanayi Devriminin ¢ok hizli bir sekilde
gerceklesmesine sebep olmustur [1, 2, 3].

Icerisinde bulundugumuz yiizyilda gerceklesen birgok
calisma ile igerisinde bulundugumuz 4. Sanayi Devrimi
donemi, teknolojinin gelisim hizinmn en yiiksek degerine
ulastig1, yazilimsal ve donanimsal alanlarda ¢ok fazla kesifin
yapildigi, insan-makine ortakliginin sonuglarin hayatimiza
pozitif olarak yansidigi bir donem olarak ilerlemektedir [4].
Insan miidahalesinden bagimsiz 6zerk calisan elektrikli
tiriinler, blokzincir aglari, yapay zeka ve yapay zeka destekli
yazilimlar bu dénemin son giinlerdeki popiiler 6rneklerinden
birkag1 olarak verilebilir [4, 5, 6].

4. Sanayi Devrimi, Sanayi 4.0 ya da en bilinen adiyla
Endiistri 4.0 doneminde cihazlarin  6zerk  olarak
caligabilmeleri, birbirleri ile siirekli iletisim kurarak kendi
kendilerini yonetebilmeleri gibi teknolojiler ortaya ¢ikmistir
[3, 7]. Bu teknolojiler sayesinde, iiretimde insana olan
ihtiyacin azalmasi dolayisiyla siirekli-kesintisiz iiretimin
ortaya ¢ikmasi gibi iiretim anlamindaki verimli siiregler
beraberinde ¢oziilmesi gereken baska sorunlar1 ortaya
¢ikartmustir. Belirli bir gérevi tamamlamak igin kullanilan en
az iki cihazin birbirleriyle iletisimi sirasindaki her bilgi veri
olarak ele alinmaktadir. Bu veriler; cihaz bilgileri, parolalar,
sensoOr verileri, liretim verileri gibi ¢cok ¢esitli bilgiler olabilir.
Deger sirasina gore en diigiikten en yiiksege kadar deger igeren
her veri, kurulan sistemler i¢in 6nem arz etmektedir. Verinin
olugsma asamasindan bir gorevin tamamlanmasi igin
kullanilmasina kadar olan zaman ve sonra da depolanma
asamasl1 yonetilmesi gereken ayr bir siiregtir. Veri gizliligi,
verinin sifrelenmesi gibi slirecler gegmisten glinlimiize kadar
onemliyken Endiistri 4.0 ile birlikte artan veri miktarinin ¢ok
olmasiyla birlikte daha fazla 6nem kazanmistir [7, 8]. Anlamli
ya da anlamsiz her tiirli verinin analiziyle olusan degerler
sayesinde bir operasyon hakkinda bilgi edinilebilir ya da o
operasyonun gelecegi hakkinda tahminde bulunabilir.
Dolayisiyla veri gizliligi ve veriyi saklayabilmek giiniimiiz



teknolojisinde diizgiin yonetilmesi gereken dnemli bir siireg
olarak karsimiza ¢ikmaktadir [8, 9].

Hizla gelisen yapay zeka teknolojisi, gliniimiizde birgok
ozelligiyle hayatimizi kolaylastirtyor gibi gdziikse de
arkasinda yatan teknoloji tamamiyla biiyiik veri setlerinden
o0grenen ve Ogrendigini kullanan bir teknolojidir [5, 10].
Verinin en degerli maden oldugu dijital diilnyada yapay zeka
destekli donanimlar veri giivenligi saglamak ya da giivenlik
altindaki verileri ortaya ¢ikarmak i¢in kullanilmaya baslandi
[11]. Merkezi islem birimi-CPU ve grafik islem birimi-
GPU’larin disinda yeni bir teknoloji olan sinirsel iglem birimi-
NPU’lar yapay zekad aracglarmin daha hizli 6grenmesini ve
dolayisiyla veri giivenligi saglayan teknolojilerin daha kisa
stirede savunmasiz duruma gelmesini saglamaktadir [12, 13].

Teknolojik alanda  iriinlerin  artmasiyla  birlikte
gliniimiizde enerji ihtiyaci ¢6ziilmesi zor olan biiylik bir
problem olarak hayatimizi tehdit etmektedir. Kullanilan
elektrikli cihazlarin elektrik tiikketim miktarinin fazla olmasi,
bizleri kaynaklar1 kisitli olan Diinyamizda bulunan enerji
kaynaklarinin yani sira, yeni enerji kaynagi teknolojilerini
aragtirmaya itmektedir [14]. Bunun yami sira var olan
cihazlarin enerji tiiketimlerini diisiirme yontemi ise kisa
zamanda daha hizli ve etkili bir ¢6zlim olarak 6ne ¢ikmaktadir
[15].

Yapilacak islemlere 6zel olarak iiretilen elektronik cihazlar ile
en az enerji tiketimi hedeflenmis ve bu dogrultuda yeni
teknolojiler ve cihazlar tasarlanmistir. Giiniimiizde 6zerk
olarak hareket edebilen araglarda dahil olmak iizere yeni
teknolojiler i¢in yiiksek kapasiteli bilgisayarlar yerine daha
diisiik hesaplama kapasiteli mimarileri kullanan bilgisayarlar
tercih edilmekte ve cihazlarin enerji tiketimi en aza
indirgenerek, kullanim zamanlar1 ters orantili olarak en fazla
fayday1 elde edecek sekilde arttirlmigtir [15]. Bu tiir
bilgisayarlarin, islem giiglerinin, depolamalarinin ve enerji
tiiketimlerinin diisiik olmasi bir takim giivenlik zafiyetlerine
yol a¢maktadir. Bunlardan en bilineni, en az iki cihaz
arasindaki iletisimde, paylasilan verinin, sifresiz olarak
paylasiimasi ya da zayif sifreleme algoritmalar1 ile
sifrelenerek paylasilmalaridir [16]. Ayrica cihazlar iizerinde
giivenlik yazilimlarmm  kullanilmamasi ya da zayif
yazilimlarin  kullanilabilmesi  verinin  giigli  saldirilar
karsisinda savunmasiz birakilmasina sebep olmaktadir. Tiim
bunlar paylasilan verinin gilivenliginin yeterli sekilde
saglanamamasi problemidir [16, 17]. Bu sebeptendir ki, diisiik

hesaplama kapasiteli mimarilerde paylasilan verinin
giivenliginin ~ saglanmasi  ¢dziimlenmesi  gereken  bir
problemdir. Iletisimde kullanillan agin  giivenliginin

saglanmasi bir onlem olarak diisiiniilse bile iletisim agina
olabilecek sizintilar veri giivenligi icin tehdit olusturabilir.
Blokzincir teknolojisi  kullanilarak  paylasilan  verinin
glivenliginin arttirilmas1 bu tiir tehditler i¢in alternatif bir
giivenlik 6nlemi olarak kullanilabilir [18]. Bu sayede verinin
kendisi heniiz iletisim agma paylasiimadan 6nce korunma
altna alinarak verinin gilivenligi daha iist seviyede
saglanabilmektedir.

Blokzincir aglari kurulurken en 6nemli konulardan biri
iizerlerindeki verilerin dagitik defter teknolojisi sebebiyle
stirekli-degistirilemez olmasi ve sifreli bir bicimde saklanarak
giivene alinmasidir [19, 20]. Hemen hemen her blokzincir ag1
temelde aynmi Ozellikleri tagimasma ragmen, kullandig
teknolojiler itibariyle (programlama dili, defter teknolojisi,
sifreleme algoritmalar1 vb.) belirli donanim kaynaklarina
ihtiya¢ duymaktadir. Bu donanim mimarilerinin gilivenlik

seviyeleri, hesaplama kapasiteleri gibi kriterler agn
performansina direkt etki etmektedir. Dolayisiyla ¢alismaya
baslamadan once iki tiirlii se¢im yapilabilir. Bir yontem,
kullanilacak blokzincir agima gdére donanim se¢imi iken diger
yontem bunun tam tersi sekilde eldeki donanima uygun bir
blokzincir aginin se¢ilmesi olacaktir.

II. LITERATUR TARAMASI

A. Blokzincir Teknolojisinin Veri Giivenligindeki Rolii

Blokzincir temelde bir veri tabant mantigiyla calisir.
Klasik veri tabanindan en temel farki, igerisindeki veriler
merkezi bir veri tabaninda tutulmak yerine standart bir
konumu olmayan, Diinya’nin herhangi bir yerinde
bulunabilen goniilli kullanicilarm cihazlarinda
depolanmaktadir. Kullanicilarin her biri es olarak adlandirilir.
Bu dagitik yap1 sayesinde bir veri degistirilmek istenirse tiim
eslerdeki verilerin degistirilmesi gerekir [21]. Bu eslerin
ylizbinlerce hatta milyonlarca oldugunu diisiiniirsek verilerin
degistirilmesinin imkansiza yakin oldugunu soyleyebiliriz.

Blokzincir aslinda blok ve zincir sozciiklerinin
birlesiminden olusan bir birlesik sozciiktiir. Blokzincir
bloklardan ve bu bloklarin birbirine baglanmasi ile olusan bir
zincirden olusur. Bloklar1 temelde verilerin kaydedildigi veri
kiimeleri olarak adlandirabiliriz. Bloklarin sirali sekilde art
arda eklenmesiyle birlikte zincir yapist olusturulur [22].
Zincire yeni bir blok eklenilmek istedigi zaman tiim eslerin
onayt alinmak zorundadir. Dolayisiyla zincire eklenen bir
blok daha sonradan silinemez ya da degistirilemez [21, 22,
23]. Onaylanmis esler arasinda bulunan zincirlerin herhangi
birinde ge¢mise yonelik yapilan bir degisiklik, diger esler
tarafindan kontrol edilir ve reddedilir. Bu islem sonucunda bu
es artik gegersiz olacaktir.

Blokzincirin basglangig¢ blogu Genesis Blok olarak
tanimlanir. Bu baslangi¢ blogu, projenin ilk olusturulma
asamasinda manuel olarak yazilir ve blokzincirin kurallarmi
belirleyerek temel yapisini olusturur [24]. Genesis blok
iizerine eklenecek her blok madenciler ile zincire eklenir ve
bunlar belirli kurallara uymak zorundadir. Bir blokzincire
blok eklenmesi siireci 3 ana adimda meydana gelir; blok
olusumu, islemlerin dogrulanmasi ve var olan zincire
eklenmesi [25].

Bir blogun igerisinde bulunmasi gereken standart veriler
vardir. Her blok iki ana bilesenden olusur, baslik ve islem
kism1. Baslik igerisinde birgok veri bulunmaktadir. ilk olarak
bir dnceki blogun hash degeri bulunur. Her blok, kendisinden
once zincire kaydedilen blogun hash degerini blok baghiginin
icerisinde belirterek siralamayi belirler ve zincir icerisindeki
bir blok iizerinde degisiklik yapilmasimin oniine gegmis olur
[26]. Blok icerisindeki herhangi bir veride yapilacak tek bir
karakterlik degisim bile blogun hash degerinin tamamen farkli
olugmasina sebep olur. Bu da kendisinden sonraki blogun
bashigindaki o bloga ait hash degerleri ile uyumsuzluk
olusturarak bloklar aras1 baglantinin kopmasina ve dolayistyla
zincirde bozulmaya sebep olur.

Baslik icerisindeki bir diger veri zaman damgasidir.
Blogun olusturuldugu tarih ve saat bu zaman damgasi
igerisinde yer alir. Nonce degeri, madenciler tarafindan
kullanilir ve belirli bir zorluk seviyesine ulagmak igin
olusturulan rastgele bir sayidir. Merkle Root, blok igerisindeki
tiim iglemlerin kriptografik sekilde 6zetlenen bigimidir [26].
Bagsliktan sonraki iglemler kismi ise, blok igerisinde yer alan
islemlerin listesidir. iki blok olusumu arasinda gegen siirede

75



herhangi bir islem ger¢eklesmediyse, bloklar islem verisi
olmadan olusturulur.

Blok olustuktan sonraki adim onaylama adimidir. Farkli
konsensus mekanizmalar1 i¢in farkli onaylama yontemleri
vardir. Bloklar tasarlandiklar1 agin konsensus mekanizmasina
gore onaylandiktan sonra zincire eklenir. Zincire eklenen blok
diger tiim eslere dagitilir ve esler bu blogu onayladiktan sonra
kendi zincirlerine eklerler. Bir sonraki adimda tiim esler yeni
zincir durumlarini veri tabaniyla senkronize ederek bir sonraki
blok i¢in hazir duruma gecerler [27, 28].

Yapilan tim bu islemler sayesinde, paylasiimak istenen
veri farkli giivenlik protokolleri uygulanarak gizlenir. Zincire
yeni bloklar eklendikten sonra eski bloklarin degismesi
neredeyse imkansiz hale gelecegi i¢in, zaman gegtikge veriler
iizerinde degisiklik yapilamaz. Dolayisiyla ag iizerine
paylasilan veri giivenli, seffaf ve degistirilemez sekilde
saklanir.

B. IoT ve Diisiik Kaynakli Cihazlarda Giivenlik Sorunlari

Endiistri 4.0 ile birlikte hayatimizda ¢okg¢a yer bulmaya
baslayan bir terim var artik, siirdiiriilebilirlik. Bu terimin
icerdigi degerlerin en Onemlilerinden bir tanesi ise enerji
tasarrufu ve enerjinin dogru kullanimi. Son zamanlarda
teknolojik cihazlarin ¢ok kullanilmasi, yapay zeka araclarmin
egitilmesi, veri madenciligi yapilmasi, elektrikli araglarin
ortaya cikmasi vb. gibi sebepler enerji tiiketimini ¢ok
arttrmistir. Enerjinin dogru kullanilmasi adma ise enerji
tiiketen cihazlar yeniden tasarlandi ve dogru enerji kullanimi
ile sadece verilen gorevi yerine getirebilecek kadar donanim
kaynagina sahip cihazlar iretildi [29]. IoT cihazlar, mini
bilgisayarlar, gelistirme kartlart (Raspberry Pi, Jetson, vb.)
bunlara 6rnek verilebilir. Diisiik hesaplamasina kapasitesine
sahip bu cihazlar, enerjiyi dogru sekilde kullanmaya basladilar
fakat biiyiik bir sorunu beraberinde getirdiler, o da giivenlik
[30].

Kullanilan donanim kaynaklarinin kisith bir islem giiciinii
desteklemesi, giivenlik  protokollerinin  daha  diisiik
seviyelerde calismasina, bazi durumlarda hig
uygulanmamasina ya da eski yOntemlerin uygulanmasina
sebep olmaktadir. Giliniimiizde kullanilan modern ve giiglii
sifrelemelerin bu cihazlar iizerinde yapilamamasi kullanilan
kriptografik protokollerin yetersiz sekilde uygulanmasina
sebep oluyor. Standart dis1 gelistirilen yazilimlar, agik kaynak
kodlu isletim sistemleri iizerine giivensiz kaynaklardan
kurulan yazilimlar ise giivenlik ac¢iklarinin olugmasina sebep
oluyor ve bu agiklar1 kapatacak giivenlik yazilimlarinin
olmamasi ise cihazlar1 savunmasiz birakiyor [31].

Raspberry Pi, Jetson gibi gelistirme kartlart i¢in 6zel
olarak tasarlanan isletim sistemlerini kullanan kullanicilar ise
varsayllan parolalar1 ¢ogu zaman degistirmedigi icin kaba
kuvvet saldirilarinda savunmasiz halde kalabiliyorlar [32].
Ayrica bu cihazlar i¢in gelistirilen uygulamalar giivenlik
testlerinden gecirilmeden dagitilabiliyor ve sistem {izerinde
ciddi aciklar bulunabiliyor. Cihazlar iizerinde Trusted
Platform Module (TPM) veya Secure Enclave gibi donanima
bagh giivenlik modiillerinin olmamasi1 ve SSH-HTTP
iizerinden gelen saldirilara agik olmasi baska bir giivenlik
ac1g1 olarak goze carpryor [33]. Ayrica bu sekilde cihazlara
erisilmesi durumunda bu durum ag icerisinde bulunan diger
cihazlar1 da tehlikeye atmig oluyor.

C. Daha Onceki Calismalarin Incelenmesi

Diisiik hesaplama kapasitesine sahip cihazlarda veri
paylasiminda veriler sifrelenerek paylasilabilir. Geleneksel
sifreleme algoritmalar1 yiiksek islem giicii gerektirdiginden
daha hafif sifreleme algoritmalari (Elliptic Curve
Cryptography (ECC), ChaCha20, vb.) tercih edilebilir [34, 35,
36]. Bir diger yontem ise standart kullanilan erigim
protokollerine ek giivenlik katmanlarin (TLS/SSL-DTLS)
eklenmesi yontemidir [36]. Veri paylagimi esnasinda kimlik
dogrulama yontemleri kullanilabilir. API anahtarlar1 ya da
OAuth2 tabanl tokenler, ¢ift faktorli kimlik dogrulama (2FA)
ya da her cihaza 6zel kimlik sertifikalar1 olusturularak kimlik
dogrulama saglanabilir [37]. Bu sekilde veri paylagimi
sirasinda araya ve aga sizmalar engellenebilir.

Farkl1 bir yontem ise cihazlar {izerinde minimum verinin
saklanmasidir. Cihazlarin  aktarmast gereken verileri
aktardiktan sonra yok ederek, olasi sizmalarda gegmise dayali
verilerin  erisilmesi engellenmis olur. Ayrica cihaz
yazilimlariin giincel tutulmasi, bu cihazlar i¢in sizma
testlerinin yapilmast ve igletim sistemi ya da uygulama
tizerindeki agiklarin kapatilmasi giivenligi arttiracaktir.

Cihazlar fiziksel miidahalelere karsi da savunulmalidir.
Acilista zararli uygulama yiiklenmesi engelleyen secure boot
ya da disk sifreleme icin bitlocker ve benzeri araglar ile
cihazlara fiziksel miidahalede bulunarak verilerin ele
gegcirilmesi engellenebilir. Cihazlar iizerinde goémiilii bellek
kullanimi, donanimlarin epoksi ile kaplanmasi gibi ¢oziimler
fiziksel ataklara kars1 caydirici ¢oziimler olabilir.

III. ~ METODOLOJI

A. Blokzincir Aglarimin Se¢imi

Diisiik hesaplama kapasitesine sahip cihazlarda ag se¢imi
yapilirken dikkat edilmesi gereken onemli kriterler vardir.
Bunlardan en 6nemlileri;

1-  Blokzincir  iizerindeki  verilerin  sifrelenmesi:
Blokzincir tizerinde tutulan veriler farkli algoritmalarla
sifrelenebilir ya da agik halde bulunabilir. Kullanilacak agin
sifrelemesi ihtiyaca gore belirlenmelidir [38, 39].

2-  Blokzincir agmin  kurulacak isletim sistemi ile
uyumlulugu: Blokzincir aglari tasarim agamasinda her isletim
sistemini destekleyecek yapida kurulmamis olabilir. Kimisi
sadece Linux ¢ekirdegine sahip isletim sistemlerini
desteklerken bir ¢ogu Windows, Mac OS, Linux tabanli
isletim sistemlerini destekleyebilir. Hatta baz1 uygulamalar
Android ve IOS igletim sistemine sahip cep telefonu, tablet
gibi cihazlara da kurulabilir.

3-  Blokzincir agimin donanim gereksinimleri: Blokzincir
aglar1 tasarlanirken belirli islemci mimarilerine gore
tasarlanabilir. Intel ve AMD’nin kullandigi x86 ve x64
mimarileri ve ARM mimarisi en ¢ok kullanilan iglemci
mimarileri oldugu igin genelde blokzincirler bunlar
destekleyecek sekilde tasarlanirlar.

4-  Blokzincir agimin depolama kapasitesi: Blokzincir
aglari tasarlanirken her bir blogun tutacagi maksimum veri
miktar1 ile zincirinin maksimum boyutu belirlenir. Bazi
blokzincir aglar1 kurulum agamasinda zincirlerlerin belirli bir
geemis tarihe kadar dogrulanmig verilerini bilgisayara
indirerek kurulum tarihinden itibaren veri dogrulamasina izin
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verebilir. Dolayistyla kurulum asamasinda biiyiik hafizalar
gerekebilir. Standart bir blokzincirin ana ag1 (mainnet)
100GB civarinda bir veri tutar. Dolayisiyla ana ag {izerinde
calisacaksaniz depolama kapasitesi bir sorun olabilir. Test
aglarinda ise durum farklidir. Yerel bir test ag1
kullanacaksaniz diigiim kendi bilgisayarinizda baslayacagi
i¢in ilk kurulumda biiyiik bir depolama alan1 gerekmez fakat
bazi blokzincir aglari online test aglar1 kullanirlar ve yine
belirli bir miktar veriyi test ag1 baslangicinda bilgisayara
indirmek gerekebilir.

5-  Blokzincir agimin enerji tiketimi: Tercih edilen
blokzincir ag1 iglemleri gergeklestirirken sifreleme, veri
gonderme, onaylama ve depolama asamasinda ek kaynak
kullanimima ihtiya¢ duydugu igin enerji tiiketimi fazla
olabilir. Bu da farkli aglar arasinda tercih edilmeme sebebi
olabilir.

Blokzincir aglari se¢ilirken kurulum dokiimanlari detaylt
sekilde okunmalidir. Maalesef ki bircogunun bu basgliklar
anlatan diizgiin agiklanmis veri sayfalar1 yok ve ancak
kurulum agsamasinda ya da kurulumdan sonra bunlar1 kendiniz
test etmeniz gerekiyor. Cok tercih edilen ve gok kullanilan
birkag blokzincir ag1 disinda detayli agiklanmig dokiiman
bulamayabilirsiniz. Bu aglarda genelde diisiik hesaplama
kapasiteli mimariler i¢in uygun olmuyor.

B. Cihaz Secimi ve Donamm Ozellikleri

Blokzincir aglart test edilitken diisik hesaplama
kapasitesine sahip cihazlar kullanilmistir. Bu cihazlarin
ozellikleri asagidaki tabloda verilmigtir. Tablo I’de bu
sistemlerin teknik 6zellikleri gosterilmektedir.

TABLO L. BILGISAYARLARIN TEKNIiK OZELLIKLER{

Marka Raspberry Raspberry Jetson Dell Wyse
Model Pi4 Pi5 Nano Dx0Q
CPU Broadcom Broadcom Quad-Core Quad core
BCM2711 BCM2712 Arm Cortex Amd
Quad-Core | Quad-Core A57 GX 415GA
Arm Arm Cortex MPCore 1.5GHz
Cortex A72 | A76 1.43 GHz
1.8GHz 2.4GHz
GPU Broadcom Broadcom NVIDIA AMD
VideoCore VideoCore Maxwell Radeon™
VI Vil architecture HD 8330E
with 128
NVIDIA
CUDA®
cores
RAM 2 GB 8 GB 4 GB 8GB
Depolama | 64 GB 64 GB 64 GB 500 GB Sata
Micro SD Micro SD Micro SD Disk

C. Veri Gonderimi I¢in Blokzincir Tabanh Yaklasim

Cihazlar arasinda paylasilacak verilerin blokzincir agi
iizerinden gonderilmesi yontemi, var olan ag giivenligine ek
olarak, verinin kendisinin de gilivenlik altina alinmasini ve ag
diizeyinde gergeklesecek sizmalara karsi veriyi korumayi
saglar.

Bir blokzincir agina veri gonderimi islemi asagidaki
adimlarla tamamlanir:

1-  Goénderilecek  verilerin ~ hazirligi: Cihazlardaki
sensorlerden ya da calisan uygulamalardan olusturulan
veri Oncelikli olarak gonderilmek i¢in hazirlanmalidir.
Metin seklindeki veriler hizlica doniistiiriilebilecegi gibi

ses ve video formatindaki veriler her blokzincir aginda
olduklar1 gibi gonderilemeyebilir. Bu verilerinde metin
bicimine ¢evrilmesi gerekebilir. Veri giivenligini
arttirmak i¢in veri Onceden sifrelenebilir, bu ek bir
giivenlik katmani saglar. Biiyiik verilerin ise tamami
blokzincir {izerinde depolanmaz, bunun yerine verinin
hash degeri olusturularak ag lizerinden bu hash degeri
paylasilir. Veriler ayrigtirilarak sadece gerekli verilerin
gonderilmesi saglanir, bu yontem ile zincirde gereksiz
verilerin tutulmasi engellenir.

2- Islem olusturulmas:: Islemler, gonderici-alic1 adresleri ve
islem maliyeti gibi bilgileri icerecek sekilde diizenlenir
[25, 40, 41, 42].

3-  Islemin imzalanmasi: Génderici, veriyi kendi anahtariyla
imzalar. Bu sayede islemin giivenligini ve dogrulugunu
saglar [25, 40, 41, 42].

4-  Islemin blokzincir agina gonderimi: Hazirlanan islemler
blokzincir agina gonderilir ve iglem havuzunda alinarak
bekletilir [25, 40, 41, 42].

5-  Dogrulama ve iglem ticretlerinin ddenmesi: Ag tizerinde
bulunan dogrulayicilar veya madenciler ile islemler
dogrulanir. Dogrulama tamamlandiginda islem iicreti
tahsil edilerek bloga dahil edilir [25, 40, 41, 42].

6- Islemin blokzincire kaydedilmesi: Blok olarak eklenen
islemler daha sonrasinda zincire dahil edilerek siireg
tamamlanir [25, 40, 41, 42].

IV. DENEYSEL CALISMALAR VE BULGULAR

A. Deney Kurulumu

Caligma sirasinda kullanilan cihazlar Tablo I’de verilmisti.
Bu calismada diisiikk hesaplama kapasiteli mimariler igin
blokzincir aglart segilerek kullanilabilirlikleri incelenmistir.
Asagidaki tabloda kullanilabilirlikleri test edilecek aglar
belirleyici 6zellikleriyle birlikte verilmistir.

B. Kullanilabilirlik Degerlendirmesi

Donanima goére arastirmalar yapilirken blokzincir
aglarmin kullanilabilirlik durumlariyla ilgili yeterli ve detayli
bilgilere ulasmakta zorluklar yasadik. Bir¢cok dokiimanda
kurulum adimlar1 ve siiregleri genel hatlariyla verilse de bu
adimlarin genellikle giincel sistem ve yazilim gereksinimlerini
tam anlamiyla yansitmadigina sahit olduk. Ozellikle Linux
cekirdegine sahip isletim sistemleri versiyonlarmin sik sik
giincellenmesi, blokzincir aglarinin kurulumunda kullanilan
uygulamalarin versiyonlarimin da hizla degismesine neden
olmakta ve bu durum kurulum asamasinda beklenmedik
hatalarla karsilagmamiza yol agmaktadir. Daha da 6nemlisi,
bu uygulamalarin belirli bir versiyon destegiyle caligmasi
gerektigi i¢in, uyumsuzluk sorunlarmi ¢ozmek ¢cogu zaman
¢ok fazla zaman almig veya bazi durumlarda tamamen
¢Oziimsiiz kalmistir.

Bunun yan1 sira, cogu blokzincir agmin dokiimanlarinda
gerek resmi web sitelerinde gerekse GitHub sayfalarinda,
donanim destegiyle ilgili yeterince detayli bilgiye yer
verilmemesi ciddi bir problem teskil etmektedir. Ozellikle
ARM tabanli islemciler igin destek sunulmadigindan, bu
aglarin ilk bakista tiim sistemlere kurulabilir gibi goériinmesine
ragmen, gercekte IoT cihazlar ile Raspberry Pi ve Jetson gibi
gelistirme kartlarma kurulmasinin  miimkiin  olmadigim
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gozlemledik. Bu durum, bu tir donanimlarla c¢alisan
sistemlerin blokzincir aglarmi entegre etme siireclerini bilyiik
Olglide kisitlamakta ve arastirma siireglerinde ciddi bir
darbogaz olugturmaktadir. Donanim ve yazilim arasindaki bu
uyumsuzluklar hem akademik hem de endiistriyel
aragtirmalarda zaman kaybina ve kaynak israfina yol agmakta,
blokzincir teknolojilerinin daha genis bir yelpazede
kullanilabilirligini engellemektedir. Asagida, Tablo II’de
bahsedilen blokzincir aglarmm kurulum adimlar1 incelenmis
ve kullanilabilirlikleri hakkinda bilgiler verilmistir.

TABLO II. BLOKZINCIR AGLARININ TEKNIK OZELLIKLERI

Ag Konsensiis Akally Gelistirme | Enerji
Mekanizmast Sozlesme Dilleri Verimliligi

I0TA Tangle (DAG | IOTA Rust, Go, | Cok yiiksek
tabanli, Smart JavaScript, | (Madencisiz
merkeziyetsiz | Contracts Python, Tangle
ve madencisiz C++ yapist)
yap1)

Multichain Ozel  zincir, | Kisith Python, Yiiksek
konsensiis Akalli C++, (Ozel  ag,
ayarlanabilir Sozlesme JavaScript | diisiik islem
(genellikle Destegi yiikil)
oylama ile)

Chia Proof of Space | Kisith Python Orta (Disk
and Time (CLVM - | alanma
(PoST) Chialisp) bagimli,

enerji
tasarruflu)

Tezos Liquid Proof | Var Michelson, | Yiiksek
of Stake LIGO, (LPoS ile
(LPoS) SmartPy verimli

dogrulama)

Algorand Pure Proof of | Var Python, Cok yiiksek
Stake (PPoS) Go, (PPoS  ¢ok

JavaScript | disiik enerji
kullanir)

Komodo Delayed Proof | Var C, Python, | Orta
of Work | (Basit) JavaScript,

(dPoW) Rust

Stellar Stellar Var Rust, Go, | Yiiksek
Consensus WASM (Hafif SCP
Protocol Python, algoritmast)
(SCP) JavaScript

EOS Delegated Var C++ Orta
Proof of Stake
(DPoS)

Corda Validity + | Kisith Java, Yiiksek
Uniqueness Kotlin (Ozel agda

diisiik yiik)

Geth Eski Var Solidity, Orta
versiyonlar (Ethereum | Vyper, Go
Pow, giincel | VM)
versiyonlar
PoS

IOTA: Cesitli kurulum senaryolar1 olmasina ragmen en
kolay kurulumu Docker iizerine Hornet agmim kurulumu
seklindedir [43]. Kendi web sitesindeki kurulum
dokiimanlarinda 6nerilen donanim olarak en az 4 ¢ekirdekli
bir islemci, 8 GB Ram ve SSD depolama donanimi olmasi
gerekirken  islemci  mimarisinden, minimum  disk
kapasitesinden bahsedilmemistir ve tiim isletim sistemlerini
desteklediginden bahsetmektedir [44]. Kurulum adimlarini
takip ederek blokzincir agmi kurdugumuzda, uygulama
basarili bir sekilde ¢calismaktadir fakat iki cihaz arasinda veri
paylasimi  yapilamamaktadir. Test agmma baglanmaya
calistigimizda ise test ag1 sunucularmin aktif olmadig:
testlerimizce anlasilmustir. Ozetle, docker iizerinde uygulama

baslatilsa bile iki cihaz arasi veri gonderiminde basari
saglanamamuistir.

Multichain: Bitcoin’in altyapisi lizerine dzellestirilmis bir
kurulumu  vardir.  Izinli  blokzincir  uygulamalarini
desteklemek icin tretilmisti. Community (iicretsiz) ve
Enterprise (Ucretli) olmak iizere 2 siiriimii vardir [45, 46, 47].
Donanim gereksinimi olarak en az 512 MB Ram, 1 GB
depolama alani1 gereklidir. Kurulum dokiimanlarinda tiim
isletim sistemlerini destekledigi belirtilse de islemci mimarisi
icin herhangi bir belirte¢ yoktur [45, 46, 47]. Yaptigimiz
testler sonucunda, Intel mimarisinde herhangi bir sorun
yasanmamis, bir cihazda blokzincir baslatilarak 2 farkli
cihazdan blokzincire veri gonderim islemi ger¢eklestirilmistir.
Fakat Arm mimarisini desteklememektedir. Kurulum
yapilamamaktadir.

Chia Network: Siirdiiriilebilirlik ve enerji verimliligini 6n
planda tutan bir blokzincir agidir. Donanim &zellikleri olarak
en az 4GB Ram, harddisk tizerinde 400GB bos alan1 olan bir
laptop ya da masaiistii bilgisayar kurulum i¢in yeterlidir [48].
Test ortaminda kullanilan donanimlar en az donanim
yeterliliklerini kargilamadig1 i¢in kurulum yapilamamaktadir.

Tezos: Literatiir taramasinda diisiik enerji tiiketimi
sebebiyle incelemeye aldigimiz Tezos agi, kurulum
asamasinda yiiksek Ram ve Disk kapasitesine ihtiyag duymasi
sebebiyle basarisiz bir kurulum adimi gergeklestirilmesine
sebep olmustur. En az donanim gereksinimleri; 2 iglemci
cekirdegi, 16 GB Ram (8 GB dahili ve 8 GB swap
kullanilabilir), 100 GB SSD depolama alanidir [49]. Ram ve
depolama alani ihtiyacindan dolayr donanimlarimiz igin
uygun degildir.

Algorand: Enerji verimliligi ile 6n plana ¢ikan algorand
ag1 gilivenlik ve merkezi olmayan yapisiyla giivenligi
desteklemektedir. Donanim 6zellikleri olarak en az 8 islemci
cekirdegi, 16 GB Ram ve 100 GB SSD gibi yiiksek dzelliklere
ihtiya¢ duymasi sebebiyle kullandigimiz donanim cihazlari
tizerine kurulamamuistir [50].

Komodo: Az enerji tiiketen blokzincirler arasinda yer alan
Komodo aginda, donanim ihtiyaci sebebiyle kurulum
asamasinda sorunlara yol a¢maktadir. En az sistem
gereksinimleri ihtiyaci karsilasa da ARM islemci destegi
olmadigi  i¢in  gelistirme  kartlarimiza  kurulumu
gerceklesmemistir [51].

Stellar: Yiiksek enerji verimliligi ve hizli veri transferi
vaadinde bulunan stellar ag1 merkezi olmayan yapisiyla da
giivenligini 6n plana ¢ikarmaktadir. Bilgisayarlara kurulan
test ag1 ile online test agma veri gonderip, herhangi bir
konumdan tarayici yardimi ile verileri okuyabilirsiniz. Stellar
test ag1 donanmim ihtiyacimizi karsilamasi ve iicretsiz test
imkan1 sayesinde cihazlarimiza kurularak basarili sekilde test
agina veri gdonderimi gerceklestirilmistir [52].

EOS: Yiiksek performans gerektiren, 6l¢eklenebilir olan
fakat merkezi olmayan uygulamalar i¢in tasarlanmis bir agdur.
Diisiik islem maliyetlerinin olmasi ve islem siirelerinin kisa
olmas1 dolayistyla tercih edilmektedir. Cihazlarimiza
kurulumu denenmis fakat yiiksek donanim gereksinimleri
sebebiyle kurulamamistir [53].

Corda: Yiiksek enerji verimliligi iceren ayrica gizlilik ve
birlikte ¢alisabilirlik konularmna odaklanarak tasarlanmig bir
blokzincir agidir. Arm islemci mimarisi destegi olmamasi
sebebiyle kurulum sirasinda basarili olunamamistir [54].
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Geth: Ethereum agimin istemcisi olarak ¢alismaktadir. Bu
aga katilma, akilli sézlesmeleri ¢alistirabilme ve madencilik
gibi imkanlar sunar. Tam diiglim caligmasi igin yiiksek
depolama kapasitesine ihtiya¢ duyar (en az 650 GB) [55]. Test
ag1 bulunmaktadir ve deney ortaminda test ag1 cihazlarimiza
basartyla kurulmustur.

C. Aglarin Giivenlik Seviyelerinin Incelenmesi

Caligma sirasinda aglarin cihazlarimiza kullanilabilirlik
durumlar1 incelenmistir. Bu calismada diisiik hesaplama
kapasiteli mimariler kullanilmasinin sonucu olarak bir¢ok ag
cihazlarimiza  kurulamamis, dolayisiyla detayli test
edilememistir. Fakat her bir blokzincir ag1 arastirilirken
detayli incelemeleri yapilmis ve bahsedilen aglarla ilgili
detayli bilgiler edinilmistir. Bu bilgiler 1s1§inda her bir agin
giivenlik seviyeleri incelenmistir.

IOTA ag1 Tangle adi verilen bir yap1 kullanmaktadir.
Tangle yapist yiiksek Olceklenebilirlik saglarken veri
giivenligi kullanicilarin iglemleri dogrulamasi ile saglanir. Bu
ag lizerinde islemler sifreleme ile giivence altina alinir ve veri
gizliligi bu sekilde saglanir. Tangle iizerindeki islem gegmisi
anonim degildir ve ek protokoller ile arttirilabilir.

Multichain agma katilim ve veri gonderimi izinlidir,
katilm ve veri gonderim izni olmayan esler paylasimda
bulunamaz. Veri génderim izni ve verileri okuma izinleri
ayridir. Bir es sadece veri gonderebilir ve tim verileri
okuyamayabilir. Dolayisiyla yetkilendirilmis esler verileri
gorebildigi icin veri gizliligi ve gilivenligi yiiksek seviyede
saglanmis olur.

Chia aginda veri gizliligi i¢in ek sifreleme mekanizmalar1
yoktur fakat blokzincir {lizerindeki islemlerde standart
kriptografik yontemlerin kullanilmasi veri giivenligi i¢in
yeterli olmaktadir.

Tezos ag1 Zero Knowledge Proof (ZKP) teknolojisi
sayesinde islemler dogrulanirken veri detaylar1 gizlenir. Bu
sayede giivenligi ve gizliligi list diizeye ¢ikartir.

Algorand aginda 6zel durumlarda izinli aglar
olusturulabilir. Bu aglar diginda standart sifreleme politikalari
ile iglemler korunur.

Komodo agi dPoW mekanizmasi sayesinde iglemlerini
Bitcoin agina baglayarak ek giivenlik saglar. Ayrica Zero
Knowledge Proof teknolojisini destekledigi i¢in veri gizliligi
st seviyededir.

Stellar ag1 islem verilerini SHA-256 gibi standart bir
sifreleme algoritmas ile giivence altma alir. Islemler seffaftir
ve blokzincir tizerinde goriilebilir. Stellar gizlilik odakli bir ag
olmadig1 i¢in islemler kayit altina alinirken herkese agik
durumdadir. Ek giivenlik saglamak igin veriler stellar agi
yerine 6zel bir ag olusturularak orada saklanabilir. Ek gizlilik
protokolleri olmadigi i¢in ¢ok hizlidir ve islem maliyetleri gok
dustktiir.

EOS aginda islemler kriptografik olarak imzalanarak
yetkisiz kisilerin erigme ihtimallerine karsi korunmaktadir.
Blokzincir ag1 verilerin degismezligini ve biitiinliigiinii garanti
eder. Islemler herkes tarafindan goriilebilir, gizlilik odakl
degildir. Bu sayede kisa zamanda c¢ok fazla islem
gergeklestirir ve hizlidir.

Corda ag1 izinli bir blokzincir ag oldugu i¢in giivenlidir.
Aga erisim ve ag iizerinde yapilacak islemler kontrol edilerek
onaylanir. Veriler yalnizca ilgili taraflarca erisilebilir ve bu

sayede gizlilik arttirtlmig olur. Diger ag kullanicilart verilere
erisemez.

Geth (Ethereum) ag1 Proof of Stake (PoS) mekanizmasina
gecis yaparak veri glivenligini arttirmis ve enerji konusunda
da verimlilik saglamistir. ZKP teknolojisini destekler. Ozel ve
anonim iglemlerin yapilabilmesi i¢in altyap1 destegi saglar ve
bu sayede giivenligini arttirmis olur.

Ozet olarak, Komodo, Tezos ve Geth aglar1 anonimlik ve
veri gizliligi i¢in ¢oziimler sunar. Multichain ve Corda gibi
aglar izinli yapilar1 sayesinde kontrol ve kurumsal gizlilik
gerektiren uygulamalarda kullanilabilir. Iota ve Stellar ise
Olceklenebilirligi ve sifreleme 6zelliklerini 6n planda tuttugu
i¢in IoT cihazlarda ve mikro 6deme sistemleri i¢in verimli
olabilir.

Blokzincir se¢imi yapilirken kullanim amacina gore se¢im
yapilmalidir. Giivenlik ve gizlilik kriterleri iyi analiz edilmeli
ve uygulama tasarimi adimimda aglarin destekledigi yapilar
incelenerek ihtiyaca gore karar verilmelidir.

V.TARTISMA

A. Avantajlar ve Dezavantajlar

Blokzincir ag1 ile veri paylasimi islemi sistem
performansina direkt etki eden bir iglemdir. Blokzincir aginin
baslatilmasi,  sifreleme adimlari, blokzincir  agmin
ozelliklerinin depolanmasi gibi islemler donanim 6zelliklerine
gore kaynaklar1 yogun sekilde kullanabilirler. Islem olusturma
ve imzalama siireclerinde islemci giiciine ihtiya¢ duyulmasi
hem zaman olarak islemlerin az da olsa gecikmesine, hem de
enerji tliketiminin artmasina direkt etki eder. Ayrica standart
bir P2P islemine gore ag trafigini biraz daha yogun
kullanabilir. Cogu blokzincir aginmn her iglem igin islem
ticretlerinin olmasi da ek maliyet olusturabilir.

Fakat tiim bunlara kars1 6nemli bir avantaj saglamaktadir,
o da giivenlik. Tim bu ¢oziimler, paylasilan verinin
giivenligini saglamak i¢indir ki giiniimiizde tim sistemlerde
ek gilivenlik donanimlart ve yazilimlart kullanarak bu
performans sorunlari goz ard1 edilebilmektedir.

B. Uygun Blokzincir Aglarinin Belirlenmesi

Her ne kadar kullanilan cihazlar diisiik hesaplama
kapasiteli mimarilere sahip bilgisayarlar olsa da blokzincir
agma gore donanimlarin yeniden olusturulmasi, donanim
agmm yeniden kurulmasi yiiksek maliyetli olabilir.
Dolayisiyla genellikle yapilan uygulamalar zaten var olan bir
ortam iizerine tasarlandig1 i¢in, blokzincir aglar1 genellikle var
olan cihazlara gore secilmektedir. Bizde yaptigimiz
uygulamada halihazirda laboratuvarimizda var olan cihazlar
iizerinde c¢alisacak uygun bir blokzincir aragtirmasinda
bulunduk. Heterojen bir yapimizin olmasi ise ¢ok farkli
donanimlara sahip ortamlarda calisacak bir blokzincir agi
arastirmamiza olanak sagladi. Farkli donanim mimarilerinde
bile stabil sekilde g¢alisan bir blokzincir agi, ek donanim
maliyeti olusturmadan var olan sisteme entegre edilebilir ve
var olan bir yap1 i¢in uygun maliyetli ek giivenlik hizmeti
saglayabilir. Caligmamizda arastirilan blokzincir aglari,
caligmamizda kullanilan donanimlara verdikleri tepkilerle bu
anlamda bir yol gosterici olarak, bu sekilde uygulama yapmak
isteyenlerin vakit kayiplarmi 6nleyebilir.

C. Uygulama Alanlar: ve Gelecekteki Calismalar

Diisiik hesaplama kapasitesine sahip cihazlara blokzincir
teknolojisinin entegrasyonu seffaflik, verimlilik ve en
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onemlisi giivenlik gibi alanlar agisindan bircok 6zellik
katmistir. Akilli evler-sehirler, tarim ve saglik sektorleri,
endiistriyel otomasyon, finansal hizmetler gibi birgok sektdre
kadar genis bir uygulama alan1 bulunmaktadir. Cihazlarda
bulunan sensorler iizerinden alman verilerin degistirilemez
sekilde saklanmasi, veri biitiinliigiinii korumasi, merkeziyetsiz
bir yonetim sekli sunmasi giivenligi arttirirken, akilli
sozlesmeler kullanilmasi sayesinde bu siiregler daha kaliteli
sekilde yonetilebilmektedir.

VI. SONUCLAR

Bu calisma ile diisiik hesaplama kapasiteli mimarilerde
blokzincir ag1 lizerinden veri gonderilerek veri gizliligine ek
bir giivenlik onlemi saglamis olduk. Sistem tasarlanirken
dikkat edilmesi gereken noktalarn basmda donanim ve
blokzincir uyumlulugu geliyor. Arastirilan bircok blokzincir
agl, disik hesaplama kapasitesine sahip cihazlara
kurulamiyor, kurulum yapilsa bile kaynak kullanimi g¢ok
yiikksek oldugu i¢in verimlilik konusunda sinifta kaliyor.
Uygun cihaz i¢in uygun ag se¢imi ya da tam tersi belirli bir
blokzincir agi i¢in uygun cihaz se¢imi ile yola ¢ikmak dogru
tercih olacaktir.

Veri gizliligi birgok sekilde saglanabilir. Blokzincir bize
bu noktada standart veri gizleme 6zelliklerinden biraz farkli
bir yontem sunmaktadir. Veriyi sifreli bir sekilde bir¢ok es ile
paylasarak ve bunu bloklar seklinde bir zincirin halkasi
yaparak, verinin gelecekte degistirilmesine engel olarak veri
biitiinliigini  ve gizliligini korumaktadir. Dolayisiyla
verilerimiz gizli ve bir biitiin sekilde ve en Onemlisi
degistirilemedigi  igin giivenilir bir kaynak olarak
saklanmaktadirlar.

Blokzincir ve IoT’nin birlikte kullanilmasi ile gelecekte
birgok islem insandan bagimsiz olabilir. Blokzincir
altyapisinin kullanilmasiyla birlikte; endiistriyel makine ve
robotlarin kendi kaynaklarini tamamiyla yonetebilir hale
geldigi bir ortamda, gelecekte ihtiyag duyacaklari hizmeti ya
da kendi kaynaklarmi satin alabilecekleri platformlarin olmasi
gibi uygulamalar ya da elektrikli otonom araglarin sarj
istasyonlarinda kendilerini sarj ettikten sonra 6demelerini bu
yapt lizerinden yapmasi veya otonom sekilde siirdiiriilen bir e-
ticaret sitesinde herhangi bir iiriinde stok azaldiginda, giivenli
bir sekilde iretici ile irtibata gecip Odemesini yapan ve
stoklarin1 giincelleyen uygulamalarda iletisim ve &deme
alanlarinda kullanilabilir.
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Abstract—Plant disease detection and classification are
critical for ensuring sustainable agriculture and food security.
In recent years, convolutional neural networks (CNNs) have
emerged as stateof-the-art solutions for image classification
tasks due to their remarkable performance in extracting
meaningful features from complex datasets. This study
evaluates the performance of state-of-the-art CNN
architectures, including VGG16, InceptionV3, and
MobileNetV2, on a publicly available plant disease dataset. The
dataset consists of high-resolution images of leaves affected by
various diseases, as well as healthy samples, providing a robust
testbed for assessing model performance. The results indicate
that MobileNetV2 achieves the best overall performance, with
the highest precision (94%), recall (94%), F1-score (94%), and
test accuracy (94.21%). These findings establish MobileNetV2
as the most robust and efficient model for plant disease
classification.

Keywords—Plant disease, recognition, cnn, agriculture.

1. INTRODUCTION

The precise and timely identification of plant diseases
plays a vital role in ensuring sustainable agriculture and
avoiding unnecessary expenditure of financial and other
resources. In some cases, plant diseases may not exhibit
visible symptoms, making it essential to utilize advanced
analysis methods for detection and diagnosis [1]. The majority
of plant diseases manifest visible symptoms, and the
conventional method for diagnosis involves experienced plant
pathologists identifying the disease through careful visual
examination of affected plant leaves [2]. Accurate diagnosis
of plant diseases by a plant pathologist requires strong
observational skills to recognize characteristic symptoms.
However, the vast diversity of plant species, variations in
disease progression caused by climate change, and the rapid
spread of diseases to previously unaffected regions can make
it challenging for even experienced plant pathologists to
identify certain diseases accurately [3]. The availability of
expert and intelligent systems capable of accurately
diagnosing plant diseases offers significant benefits to
agronomists. Additionally, providing such a system enables
non-expert farmers, especially those lacking access to
agronomic and phytopathological support, to effectively
identify and manage plant diseases [4].

Advances in artificial intelligence technologies have
enabled the development of automated systems capable of
delivering faster and more accurate results in disease
diagnosis. Today, Al-based systems are widely used for the
automatic detection of various diseases [5]. Over the past
decade, numerous traditional machine learning models have
been proposed for the detection and classification of plant
diseases. For instance, in [6] authors employed Support
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Vector Machines (SVM) for the early diagnosis and
classification of diseases in sugar beet based on spectral plant
indices. In addition to traditional machine learning methods,
deep learning approaches have gained significant attention
due to their superior performance in image classification tasks,
making them particularly effective for detecting and
classifying plant leaf diseases. Therefore, the importance of
applying deep learning methods increases, as they offer
enhanced accuracy and efficiency in handling complex tasks
such as image classification, particularly in areas like plant
disease recognition [7, 8].

In this study, three widely used Convolutional Neural
Network (CNN) models, namely VGG16, ResNet50, and
MobileNetV2, were applied to a publicly available plant
disease dataset. The performance of these models was
evaluated and compared in terms of accuracy, precision, and
recall to determine their effectiveness in classifying plant
diseases. The structure of the paper is as follows: Section 2
presents the utilized dataset and the methods, Section 3 details
the experiments conducted, and Section 4 concludes the study.

II. MATERIALS AND METHODS

A. Dataset

The publicly available PlantVillage dataset covers totally
54,035 images. It includes 15 classes, covering various plant
species and their corresponding diseases, along with healthy
leaf samples. This dataset serves as a valuable resource for
training and evaluating image classification models. The
original image resolution is 256x256 pixels. Some sampes of
the PlantVillage dataset are shown in Figure 1.

-

Healthy pper leaf

Healthy potato leaf Healthy tomato leaf

Fig. 1. PlantVillage Dataset Samples.
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B. VGGI6

The VGG [9] network is a deep convolutional neural
network architecture, developed by researchers from the
Visual Geometry Group (VGQ) at the University of Oxford
and Google Deepmind and was ranked among the top 5
models in the ImageNet Large Scale Visual Recognition
Challenge (ILSVRC) [10]. It is characterized by its depth,
consisting of 16 layers with a uniform structure of small 3 x 3
convolutional kernels and 2 x 2 pooling layers, including 13
convolutional layers and 3 fully connected layers. The
architecture has several versions with different numbers of
layers. The two most common current VGGNet versions are
VGGNet-16 and VGGNet-19. In this study, the classic
VGG16 network serves as the foundation. Its simple yet
effective design allows for efficient feature extraction, making
it suitable for a wide range of image classification tasks.
Additionally, its uniform architecture provides a strong
baseline for comparison with other deep learning models. The
VGG16 model's ability to learn hierarchical features makes it
particularly valuable for identifying intricate patterns in plant
disease images. Furthermore, its consistent performance and
well-documented structure make it a reliable choice for
benchmarking and model evaluation in deep learning studies.

C. InceptionV3

The InceptionV3 [11] model is a deep CNN architecture
designed to be computationally efficient while maintaining
high accuracy and performance on image classification tasks.
The architecture is built of convolutional layers, pooling
kernels and inception modules. The inception module is a
block that applies multiple types of filter size to comprehend
a variety of features at different scales and resolutions. The
modular design achieves superior efficiency and scalability,
this makes it a preferred choice for environments with limited
computational resources. In this study, InceptionV3 was
utilized to leverage its efficiency and multi-scale feature
extraction capabilities for plant disease detection. The model's
ability to process high-dimensional image data while
minimizing computational overhead makes it particularly
effective for identifying subtle disease patterns. Additionally,
its proven performance across various image classification
tasks ensures reliable and accurate results, even for
challenging plant disease datasets.

D. MobileNetV?2

The MobileNetV2 [12] model is a deep Convolutional
Neural Network (CNN) architecture designed for high
efficiency and performance, particularly in image
classification tasks. It is optimized for mobile and edge
devices with limited computational resources. The
architecture incorporates depthwise separable convolutions,
which significantly reduce computational cost by factorizing
standard convolutions into depthwise and pointwise
operations. Additionally, MobileNetV2 introduces inverted
residual blocks with linear bottlenecks, enabling efficient
feature extraction while maintaining accuracy. This
lightweight and modular design makes MobileNetV2 a
preferred choice for resource-constrained environments. Its
balance of computational efficiency and accuracy allows it to
perform well even on low-power devices. In this study,
MobileNetV2 was employed to take advantage of its
lightweight architecture for fast and reliable plant disease
detection. Furthermore, its ability to deliver robust
performance with fewer parameters makes it ideal for large-
scale deployment. The model's adaptability ensures it can be

effectively integrated into mobile applications, providing
practical solutions for real-time plant disease identification for
plant pathologists and non-expert farmers.

III. EXPERIMENT

The experiments were conducted using Python 3.6 on a
Linux operating system. TensorFlow [13] and OpenCV [14]
libraries were employed for the implementation of each
model. All experiments were carried out on a high-
performance gaming laptop equipped with an 11th Gen Intel®
Core™ i7-11800H CPU (2.30 GHz), 16 GB of RAM, and an
NVIDIA GeForce GTX 1650 GPU with 4 GB of memory.

For the training and evaluation process, the dataset was
divided into three subsets to ensure a reliable assessment of
the models' performance. Specifically, 80% of the data was
allocated for training, which was used to optimize the model's
parameters and learn the underlying features of the images.
10% of the data was set aside for validation, allowing us to
monitor the model's performance during training and fine-tune
the hyperparameters to prevent overfitting. The remaining
10% of the data was reserved for testing, providing an
independent evaluation of the model's ability to generalize to
unseen data.

Each model was evaluated based on its performance
metrics, including accuracy, precision, recall, and F1 score, to
ensure a comprehensive assessment of their effectiveness in
classifying plant diseases. The equations for the evaluation
metrics are as follows:

TP+TN

Accuracy = e )
Precision = —— @
TP+FP
Recall = —=% )
TP+FN
F1 Score = 2x w (4)

Precision+Rrecall

The performance of the three deep learning models—
VGG16, InceptionV3, and MobileNetV2—was evaluated
based on training accuracy, training loss, and test accuracy.
The results indicate that MobileNetV2 outperformed the other
models, achieving the highest training accuracy of 84.98%
and the lowest training loss of 35.35%, leading to a test
accuracy of 94.21%. In comparison, VGG16 attained a
training accuracy of 83.45% with a moderate training loss of
37.44%, resulting in a test accuracy of 89.00%. On the other
hand, InceptionV3 exhibited the lowest training accuracy at
71.19% and the highest training loss at 40.87%, yielding a test
accuracy of 87.37%. These results highlight the efficiency and
superior generalization capability of MobileNetV2, making it
particularly suitable for resource-constrained environments
where performance and accuracy are critical.
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TABLE I. Performance Comparison of each model based on Accuracy,
Loss, and Test Results.

Methods Training Accuracy | Train Loss Test

(%) (%) (%)
VGG16 83.45 37.44 89.00
InceptionV3 71.19 40.87 87.37
MobileNetV2 84.98 35.35 94.21

The performance of the models was further evaluated in
Table II. using precision, recall, and F1-score metrics to
ensure a comprehensive analysis. The results demonstrate that
MobileNetV2 achieved the highest scores across all three
metrics, with a precision, recall, and Fl-score of 94%. In
comparison, VGG16 recorded a precision of 89%, a recall of
87%, and an Fl-score of 87%, indicating consistent
performance. Meanwhile, InceptionV3 showed slightly lower
values, achieving a precision of 89%, a recall of 82%, and an
Fl-score of 84%. These results highlight the superior
performance of MobileNetV2 in accurately detecting and
classifying plant diseases, making it the most effective model
among the three evaluated.

TABLE II. Performance Comparison of each model based on Precision,
Recall and F1-score.

Methods Precision Recall F1-score
(%) (%) (%)
VGG16 89 87 87
InceptionV3 89 82 84
MobileNetV2 94 94 94

The Figure 2. illustrates the confusion matrix for the
classification of plant diseases, showcasing the model's
performance across various categories. Each row in the matrix
represents the actual class, while each column represents the
predicted class. The diagonal elements highlight the number
of correctly classified instances for each class, where a higher
value indicates better performance. Off-diagonal values
represent misclassifications, showing where the model
incorrectly predicted a different class. From the figure, it can
be observed that the model performs well on most classes, as
evidenced by the strong diagonal presence, particularly for
categories such as  YellowLeaf Curl Virus  (325),
Tomato Bacterial _spot (197), and Tomato healthy (149).
However, slight misclassifications are present in certain
classes like Tomato Early blight and Potato Early blight,
where the model occasionally confuses them with other
similar disease categories. The confusion between visually
similar classes suggests a need for further refinement, such as
incorporating additional features or improving image quality.

The results in Figure 3. show that the InceptionV3 model
performs well across most classes, achieving high correct
classifications for categories such as YellowLeaf Curl Virus
(325), Tomato_ healthy (153), and Tomato Bacterial spot
(185). These classes exhibit minimal misclassifications,
demonstrating the model's effectiveness in capturing distinct
features and patterns.
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However, certain misclassifications are observed,
particularly in visually similar classes. For instance,

Tomato_Early blight has 7 samples misclassified as
Tomato_Late blight, and Potato Early blight shows
confusion with Potato_Late blight. Similarly,
Tomato_Leaf Mold and Late blight display slight overlaps,
indicating challenges in distinguishing subtle variations in
symptoms. These results suggest that, while InceptionV3
delivers strong overall performance, further optimization or
additional data augmentation techniques may be required to
reduce misclassification rates for closely related categories.
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The results in Figure 4. indicates that the MobileNetV2
model delivers strong performance across most classes, with
high correct classifications in YellowLeaf Curl Virus (333),
Tomato_healthy (161), and Tomato Bacterial spot (194).
These results demonstrate the model's capability to effectively
distinguish these classes with minimal errors, reflecting its
strong feature extraction and classification abilities.

However, some minor misclassifications are observed in
classes  with  visual similarities. =~ For  instance,
Tomato Early blight has 6 samples misclassified as
Tomato Late blight, and Potato Early blight shows slight
confusion with Potato Late blight (8 samples). Similarly,
Tomato Leaf Mold and Target Spot exhibit a small number
of overlaps. These misclassifications suggest that further
enhancements, such as improved data augmentation or fine-
tuning, may help refine the model's performance in
distinguishing closely related categories.
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The overall evaluation of the models VGGI16,
InceptionV3, and MobileNetV2 reveals that MobileNetV2
performs the best in distinguishing plant diseases with high
precision and consistency. MobileNetV2 effectively handles
feature extraction across different disease classes, minimizing
errors and achieving reliable results. VGG16 also delivers
strong performance but shows slight difficulty in
differentiating visually similar diseases. On the other hand,
InceptionV3 demonstrates relatively lower performance,
particularly in classes with overlapping features, indicating its
challenges in capturing finer details compared to the other
models. Overall, MobileNetV2 stands out as the most
effective model due to its robust classification capability and
efficient handling of diverse plant disease categories.

IV. CONCLUSION

The evaluation of VGGI16, InceptionV3, and
MobileNetV2 highlights MobileNetV2 as the most effective
model for plant disease detection and classification.
MobileNetV2 excels in precision and consistency, efficiently
extracting features across diverse disease classes while
minimizing errors. VGG16 also demonstrates strong
performance but struggles with visually similar diseases,
whereas InceptionV3 exhibits lower accuracy, particularly in
cases with overlapping features, indicating its limitations in
capturing finer details. These findings emphasize
MobileNetV2’s robustness and efficiency, making it a
promising solution for practical applications in plant disease
detection. Future work can focus on further enhancing these
models to address subtle disease patterns and improve overall
classification performance.

REFERENCES

[1] Atila, U., Ugar, M., Akyol, K., & Ugar, E. (2021). Plant leaf disease
classification using EfficientNet deep learning model. Ecological
Informatics, 61, 101182.

[2] Sankaran, S., Mishra, A., Ehsani, R., & Davis, C. (2010). A review of
advanced techniques for detecting plant diseases. Computers and electronics
in agriculture, 72(1), 1-13.

[3] Sladojevic, S., Arsenovic, M., Anderla, A., Culibrk, D., & Stefanovic,
D. (2016). Deep neural networks based recognition of plant diseases by leaf

image classification. Computational intelligence and neuroscience, 2016(1),
3289801.

[4] Ferentinos, K. P. (2018). Deep learning models for plant disease
detection and diagnosis. Computers and electronics in agriculture, 145, 311-
318.

[5] Jiang, F., Jiang, Y., Zhi, H., Dong, Y., Li, H., Ma, S., ... & Wang, Y.
(2017). Artificial intelligence in healthcare: past, present and future. Stroke
and vascular neurology, 2(4).

[6] Rumpf, T., Mahlein, A. K., Steiner, U., Oerke, E. C., Dehne, H. W.,
& Pliimer, L. (2010). Early detection and classification of plant diseases with
support vector machines based on hyperspectral reflectance. Computers and
electronics in agriculture, 74(1), 91-99.

[7] Barbedo, J. G. (2018). Factors influencing the use of deep learning for
plant disease recognition. Biosystems engineering, 172, 84-91.

[8] Li, L., Zhang, S., & Wang, B. (2021). Plant disease detection and
classification by deep learning—a review. IEEE Access, 9, 56683-56698.

[9] Simonyan, K., & Zisserman, A. (2014). Very deep convolutional
networks for large-scale image recognition. arXiv preprint arXiv:1409.1556.

[10] Russakovsky, O., Deng, J., Su, H., Krause, J., Satheesh, S., Ma, S.,
& Fei-Fei, L. (2015). Imagenet large scale visual recognition
challenge. International journal of computer vision, 115, 211-252.

[11] Szegedy, C., Vanhoucke, V., Ioffe, S., Shlens, J., & Wojna, Z.
(2016). Rethinking the inception architecture for computer vision.
In Proceedings of the IEEE conference on computer vision and pattern
recognition (pp. 2818-2826).

[12] Sandler, M., Howard, A., Zhu, M., Zhmoginov, A., & Chen, L. C.
(2018). Mobilenetv2: Inverted residuals and linear bottlenecks.
In Proceedings of the IEEE conference on computer vision and pattern
recognition (pp. 4510-4520).

[13] TensorFlow Developers. (2015). TensorFlow: Large-scale machine
learning on heterogeneous systems [Software]. Google.
https://www.tensorflow.org/

[14] Bradski, G. (2000). The OpenCV Library. Dr. Dobb's Journal of

Software Tools. https://opencv.org/

85


https://www.tensorflow.org/
https://opencv.org/

Performance Evaluation of Traditional and Deep
Learning-Based Face Detection Algorithms

Merve Ozer
Computer Engineering Department
Istanbul Sabahattin Zaim University
Istanbul, Tiirkiye
030122063 @std.izu.edu.tr

Abstract— Face detection is a crucial task in computer
vision, with applications ranging from security to human-
computer interaction. In this study, we evaluate and compare
the performance of three widely used methods: Haar Cascade,
Histogram of Oriented Gradients (HOG), and Multi-task
Cascaded Convolutional Neural Network (MTCNN) on the
LFW dataset. The evaluation is based on accuracy and
processing time. Experimental results show that MTCNN
achieves the highest accuracy of 99.99%, failing to detect only
one image, while Haar Cascade and HOG exhibit lower
accuracies of 99.57% and 99.27%, respectively. Processing time
analysis reveals Haar Cascade as the fastest, with an average
detection time of 13.45 ms per sample, while HOG and MTCNN
take longer, at 66.12 ms and 59.62 ms, respectively. These results
highlight MTCNN's robustness in accuracy, making it suitable
for applications requiring high precision, though with slightly
higher processing time.

Keywords—Face Detection, Haar Cascade, Histogram of
Oriented Gradients, Multi-task Cascaded Convolutional
Networks.

I. INTRODUCTION

Face detection plays an important role in the field of
computer vision and is the basis for many applications such
as security systems [ 1], biometric verification [2] and human-
computer interaction [3].

By detecting human faces in images or video streams, face
detection facilitates advanced tasks such as face recognition
[4], emotion recognition [5], and age or gender classification
[6]. These capabilities are essential in fields such as security
and surveillance, personalized user interactions, healthcare
diagnostics, and entertainment technologies, where precise
face analysis improves both functionality and outcomes.
Despite its critical role, face detection faces numerous
challenges, particularly in natural or uncontrolled
environments. Variability in lighting, complex backgrounds,
occlusions (such as glasses, hats, or masks), and diverse facial
expressions can significantly impact detection accuracy.
Additionally, differences in skin tones, facial orientations,
and image resolutions present further obstacles. Overcoming
these challenges requires robust algorithms capable of
generalizing across diverse scenarios while maintaining
computational  efficiency, especially in real-time
applications.

Face detection methods can be broadly categorized into
two types: traditional approaches, which depend on manually
designed features and classifiers, and deep learning
approaches, which leverage advanced learning-based
algorithms for improved accuracy and adaptability.
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Conventional face detection methods were based on
extracting features from images and applying classifiers to
identify face regions. Techniques such as Haar cascade
[7]and Histogram of Oriented Gradients (HOG) [8] - Support
Vector Machine (SVM) [9] were significant milestones in
classical face detection [10]. However, these methods face
limitations in accuracy when dealing with complex variations
in challenging datasets.

Modern face detectors significantly outperform traditional
cascaded classifiers, achieving better results with advanced
methods like Faster R-CNN [11], YOLO [12], and Single
Shot Detector (SSD) [13]. Additionally, detectors such as
Multitask Cascaded Convolutional Networks (MTCNN)
[14] have demonstrated remarkable success, offering state-
of-the-art performance on datasets like WIDER FACE.

In this paper, we performed face detection using traditional
approaches, such as Haar Cascade and HOG, as well as deep
learning approaches like MTCNN. In addition, we analyzed
the performance of these methods on the LFW dataset.

The paper is organized as follows: Section 2 describes the
dataset and methods utilized, Section 3 details the
experiments performed, and Section 4 concludes the study.

II. MATERIALS AND METHODS

A. Dataset for evaluation

The Labelled Faces in the Wild (LFW) [15] dataset
consists of a total of 13,233 facial images belonging to 5,749
individuals. The images were taken from the web in natural
settings, showing variations in pose, lighting, and age. The
majority of the images in the LFW dataset are RGB color
images with a resolution of 250 x 250 pixels, with only a few
exceptions.

Fig. 1. Example of Labeled Faces in the Wild Dataset
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The images are collected from natural, real-world
settings, introducing variations in pose, lighting, expressions,
occlusions, and age. This diversity closely mirrors real-life
scenarios, making the dataset an excellent benchmark for
testing the robustness and accuracy of face detection,
recognition, and verification algorithms.

B. Haar Cascade

Haar Cascade [16] is a machine learning-based object
detection method widely used for tasks such as face detection
[17]. It relies on Haar-like features, which are simple
rectangular features that calculate the difference in pixel
intensities between adjacent regions, capturing essential
structural characteristics of objects. Figure 2 demonstrates
examples of Haar-like features, where rectangular regions are
used to extract intensity contrasts, such as horizontal or
vertical edges and line structures. These features are applied
to various positions and scales on the input image, capturing
the distinct patterns associated with the object of interest. The
method leverages an integral image to enable fast
computation of these features and employs the AdaBoost[18]
algorithm to select the most relevant ones for classification.
A cascade of classifiers is then constructed to progressively
eliminate non-object regions while focusing computational
effort on promising areas.

Fig. 2. Tlustrattion of features
differences in intensity between the eyes, cheeks, and nose bridge.

selected by AdaBoost, highlighting

C. Histogram of Oriented Gradients

Histogram of Oriented Gradients (HOG) is a feature
descriptor used in image processing and computer vision,
especially for object recognition. A feature descriptor extracts
important information from an image and ignores
unnecessary details to create a simpler representation of the
image. This method was first introduced by Robert K.
McConnell in 1986, but became widely used after being
optimized for human detection by Dalal and Triggs in 2005

[8].

The computation of the Histogram of Oriented Gradients
(HOG) descriptor involves a systematic process to extract
gradient-based features for image analysis. This process can
be described in the following stages:

Data Preparation: The first step in computing HOG is
making sure the images are the right size. Images are usually

resized in a 1:2 ratio. For example, a 250x250 pixel image is
resized to make it easier to process. The image is then divided
into smaller cells of 8x8 or 16x16 pixels. These cells are used
to compute the gradient information.

Grayscale Image and Gradient Calculation: HOG
typically works with grayscale images (black-and-white
images). By ignoring the color information and using only the
brightness values, more accurate results can be obtained. The
gradients in the image are calculated based on changes in
pixel values, both in size and direction. The combination of
the images magnitude and angle produces the gradient. The
gradient is calculated as following [19]:

G = /ze + G2 (1)

Where G, and G,, represent the gradients along the horizontal
and vertical directions, respectively. The gradient direction 6
is determined using the following equation:

0 = arctan <g—x> 2)

y

Creating Histograms and Dividing into Cells: The image
is divided into small 8x8 cells. A histogram is created for each
cell using the gradient information. This histogram shows the
direction and magnitude of the gradients in that cell.

Creating the HOG Vector: The histograms from each cell
are combined into larger regions (e.g., 16x16 pixels). A
vector representing the features of this region is created.
These feature vectors can be used in object recognition and
machine learning algorithms.

The HOG descriptor's emphasis on gradient-based features
and its robustness to changes in illumination make it a widely
used technique in computer vision applications. igure 3
demonstrates the HOG.

Loaded Image (Original) Grayscale Image

L
W
\

Histogram of Oriented Gradients

Fig. 3. Example of feature extraction step by step of HOG descriptor.

D. Multi task cascade convolutional neural network

MTCNN is a framework that combines face detection and
face alignment into a unified approach using cascaded
convolutional neural networks (CNNs) and multi-task
learning. Traditional MTCNN [20] uses standard convolution
for its operations. The framework consists of three key
networks. The first, the Proposal Network (P-Net), generates
candidate windows and their bounding box regression
vectors, applying non-maximum suppression (NMS) to
eliminate overlapping boxes. The second, the Refine
Network (R-Net), filters out false positives from P-Net's
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output and adjusts the bounding boxes through regression.
Finally, the Output Network (O-Net) refines the final
candidate windows and predicts the positions of five facial
landmarks using a deeper network architecture. This
integrated approach effectively handles both localization and
alignment tasks, making MTCNN a popular choice for face
detection applications. The illustration of key networks are
demonstrated in Figure 4.

.

Resize

re
est image

| NMS &
;’ Bounding box regression
Stage |

P-Net

Stage 2
R-Net

NMS &

Fig. 4. Workflow of the MTCNN framework, demonstrating the three-stage
process (P-Net, R-Net, O-Net) with image pyramid generation, non-
maximum suppression (NMS), and bounding box regression for face
detection and alignment [20].

III. EXPERIMENTAL RESULTS

The experimental was implemented using Python 3.11 on
a Windows 11 Pro operating system, with Visual Studio Code
as the development environment. TensorFlow and OpenCV
libraries were utilized for implementation of each model. All
the experiments were conducted on a high-performance
gaming laptop with an 11th Gen Intel® Core™ i7-11800H
CPU (2.30 GHz), 16 GB of RAM, and an NVIDIA GeForce
RTX 3050 GPU with 6 GB memory. Note that, all analysis
were performed on CPU.

The performance of each model is evaluated based on two
criteria: accuracy and processing time. Processing time refers
to the total detection time required by each method to process
all images in the dataset and the average detection time per
sample. Accuracy is calculated using the following metric:

(Nr. of Detected Images )

Acc = X1
e (Nr. of Detected Images + Nr.of Undetected Images)

00

Table I compares the performance of Haar Cascade, HOG,
and MTCNN methods in terms of detected images, undetected
images, and test accuracy. Among the methods, MTCNN
demonstrates the highest test accuracy at 99.99%, with only
one undetected image, showcasing its superior reliability for
image detection tasks. Haar Cascade achieves a test accuracy
of 99.57% but with 56 undetected images, indicating a

remarkable gap in precision compared to MTCNN. HOG, on
the other hand, records a slightly lower test accuracy of
99.27% and 96 undetected images, reflecting its limitations in
detection performance. This analysis highlights MTCNN as
the most effective method for accurate and comprehensive
image detection in this context.

TABLE 1. Performance Analysis of Haar Cascade, HOG and MTCNN
Methods in Terms of Accuracy.

Detected Undetected Test Accuracy
Methods Images Images (%)
Haar Cascade 13.177 56 99,57
HOG 13.137 96 99,27
MTCNN 13.232 1 99,99

Table II compares the processing time performance of
Haar Cascade, HOG, and MTCNN methods in terms of total
detection time and detection time per sample for a dataset of
13,233 images. Haar Cascade demonstrates the fastest
processing time, with a total detection time of 178 seconds and
an average detection time per sample of 13.45 microseconds.
In contrast, HOG has the slowest performance, with a total
detection time of 875 seconds and 66.12 microseconds per
sample. MTCNN, while achieving higher accuracy (as shown
in Table I), balances processing time with a total of 789
seconds and an average of 59.62 milliseconds per sample.
These results indicate that while Haar Cascade is the most
time-efficient method, MTCNN offers a trade-off between
accuracy and processing speed, making it a viable option for
applications requiring both performance metrics.

TABLE II. Performance Analysis of Haar Cascade, HOG and MTCNN
Methods in Terms of Processing Time.

Total Total Detection Detection Time
Methods Images Time per sample
(sec) (ms)
Haar Cascade 13.233 178 13.45
HOG 13.233 875 66.12
MTCNN 13.233 789 59.62

Figure 5 show cases the faces detected by HOG, Haar
Cascade, and MTCNN methods, highlighting the detection
success of each approach. Each method's detected faces are
enclosed in distinct colored frames, visually representing their
performance in identifying faces within the dataset. This
figure emphasizes the differences in accuracy and detection
reliability across the methods, with MTCNN appearing to
achieve more consistent and precise detections.

Figure 6 illustrates examples of images that were not
detected by HOG, Haar Cascade, and MTCNN methods.
These undetected images highlight the limitations of each
method, particularry Haar Cascade and HOG, in detecting
certain faces, possibly due to variations in pose, lighting, or
occlusions.
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MTCNN

Fig. 6. Examples of undetected 1mages of each methods.

IV. CONCLUSION

This study compares the Haar Cascade, HOG, and
MTCNN methods for face detection using the LFW dataset.
MTCNN emerges as the most accurate method, failing to
detect only one image, while Haar Cascade and HOG
demonstrate significantly higher failure rates. Although Haar
Cascade is the fastest method in terms of processing time, it
sacrifices accuracy, making it less reliable for complex
detection tasks. HOG, while slightly more accurate than Haar
Cascade, exhibits the longest processing time and the highest
number of undetected faces. The balance between high
accuracy and reasonable processing time makes MTCNN the
most effective approach for face detection in real-world
applications, especially where precision is critical. These
findings underscore the importance of selecting methods
based on application-specific requirements, such as accuracy
and speed.

REFERENCES

[1] Z. Dong, J. Wei, X. Chen, and P. Zheng, “Face Detection in
Security Monitoring Based on Artificial Intelligence Video

(2]

B3]

(4]
[5]

[l

[7]

[8]

]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Retrieval Technology,” IEEE Access, vol. 8, pp. 63421-63433,
2020, doi: 10.1109/ACCESS.2020.2982779.

A. Khuran, B. P. Lohani, V. Bibhu, and P. K. Kushwaha, “An Al
Integrated Face Detection System for Biometric Attendance
Management,” in Proceedings of 2021 2nd International
Conference on Intelligent Engineering and Management, ICIEM
2021, Institute of Electrical and Electronics Engineers Inc., Apr.
2021, pp. 29-33. doi: 10.1109/ICIEM51511.2021.9445295.

Y. Shi, Z. Zhang, K. Huang, W. Ma, and S. Tu, “Human-computer
interaction based on face feature localization,” J Vis Commun
Image Represent, vol. 70, Jul. 2020, doi:
10.1016/j.jveir.2019.102740.

Y. Sun, X. Wang, and X. Tang, “Deep Leaming Face
Representation from Predicting 10,000 Classes.”

F. Z. Canal et al., “A survey on facial emotion recognition
techniques: A state-of-the-art literature review,” Inf'Sci (N Y), vol.
582, pp. 593-617, Jan. 2022, doi: 10.1016/1.ins.2021.10.005.

V. Raman, K. Elkarazle, and P. Then, “Gender-specific Facial Age
Group Classification Using Deep Learning,” Intelligent
Automation and Soft Computing, vol. 34, no. 1, pp. 105-118, 2022,
doi: 10.32604/iasc.2022.025608.

P. Viola and M. Jones, “Rapid object detection using a boosted
cascade of simple features,” Proceedings of the IEEE Computer
Society Conference on Computer Vision and Pattern Recognition,
vol. 1, 2001, doi: 10.1109/CVPR.2001.990517.

N. Dalal and B. Triggs, “Histograms of oriented gradients for
human detection,” Proceedings - 2005 IEEE Computer Society
Conference on Computer Vision and Pattern Recognition, CVPR
2005, vol. 1, pp. 886-893, 2005, doi: 10.1109/CVPR.2005.177.
V. Vapnik, The nature of statistical learning theory. 2013.

M. Bertozzi, A. Broggi, M. Del Rose, M. Felisa, A.
Rakotomamonjy, and F. Suard, “A Pedestrian Detector Using
Histograms of Oriented Gradients and a Support Vector Machine
Classifier.” [Online]. Available: http://www.tacom.army.mil

S. Ren, K. He, R. Girshick, and J. Sun, “Faster R-CNN: Towards
Real-Time Object Detection with Region Proposal Networks,”
IEEE Trans Pattern Anal Mach Intell, vol. 39, no. 6, pp. 1137—
1149, Jun. 2017, doi: 10.1109/TPAMI.2016.2577031.

J. Redmon, S. Divvala, R. Girshick, and A. Farhadi, “You Only
Look Once: Unified, Real-Time Object Detection.” [Online].
Available: https://goo.gl/bEs6Cj.

W. Liu et al., “SSD: Single shot multibox detector,” Lecture Notes
in Computer Science (including subseries Lecture Notes in
Artificial Intelligence and Lecture Notes in Bioinformatics), vol.
9905 LNCS, pp. 21-37, 2016, doi: 10.1007/978-3-319-46448-
0_2/FIGURES/5.

K. Zhang, Z. Zhang, Z. Li, and Y. Qiao, “Joint Face Detection and
Alignment Using Multitask Cascaded Convolutional Networks,”
IEEE Signal Process Lett, vol. 23, no. 10, pp. 1499-1503, Oct.
2016, doi: 10.1109/LSP.2016.2603342.

G. B. Huang, M. Mattar, T. Berg, and E. Learned-Miller, “Labeled
Faces in the Wild: A Database forStudying Face Recognition in
Unconstrained Environments,” 2008, Accessed: Dec. 06, 2024.
[Online]. Available: https://inria.hal.science/inria-00321923

P. Viola and M. J. Jones, “Robust Real-Time Face Detection,”
2004.

A. B. Shetty, Bhoomika, Deeksha, J. Rebeiro, and Ramyashree,
“Facial recognition using Haar cascade and LBP classifiers,”
Global Transitions Proceedings, vol. 2, no. 2, pp. 330-335, Nov.
2021, doi: 10.1016/j.gltp.2021.08.044.

P. Viola and M. Jones, “Rapid Object Detection using a Boosted
Cascade of Simple Features.”

S. Kaur and D. Sharma, “Comparative Study of Face Detection
Using Cascaded Haar, Hog and MTCNN Algorithms,” in 2023 3rd
International Conference on Advancement in Electronics and
Communication Engineering, AECE 2023, Institute of Electrical
and Electronics Engineers Inc., 2023, pp. 536-541. doi:
10.1109/AECE59614.2023.10428242.

K. Zhang, Z. Zhang, Z. Li, and Y. Qiao, “Joint Face Detection and
Alignment Using Multitask Cascaded Convolutional Networks,”
IEEFE Signal Process Lett, vol. 23, no. 10, pp. 1499-1503, Oct.
2016, doi: 10.1109/LSP.2016.2603342.

89



Design of a Circularly Polarized Antenna Operating
at 137 MHz for NOAA Weather Satellite Reception

Suad Bagbug
Deptartment of Electrical Electronics Engineering
Nevsehir Haci Bektas Veli University
Nevsehir, Tiirkiye
suad@nevsehir.edu.tr

Abstract— This study presents the design and simulation of
a circularly polarized antenna operating at 137 MHz for
receiving image data from NOAA satellites. The antenna design
consists of two V-dipole antennas arranged orthogonally with a
90° phase difference to achieve circular polarization. Rod
reflectors are added into design to enhance directivity. The final
antenna design exhibits a realized gain of 4.82 dBi and an axial
ratio of 0.51 dB in the maximum radiation direction. This
antenna system offers an efficient solution for NOAA satellite
signal reception, combining circular polarization with improved
gain performance.

Keywords—NOAA satellites, circular polarization, V-dipole
antenna, rod reflector

[. INTRODUCTION

National Oceanic and Atmospheric Administration
(NOAA) satellites are in the category of meteorological and
environmental observation satellites. NOAA system has five
geostationary, two polar-orbiting and one deep space
satellites. The primary task of NOAA satellites is to monitor
weather, climate, and environmental conditions. These
satellites are also used to mitigate the devastating effects of
natural disasters such as hurricane, flood, wildfire, tornado,
volcano and tsunami.

With the help of software-defined radio (SDR)
technology, the works of directly capturing data from the earth
observation satellites have found widespread use. In some
works, quadrifilar helix (QFH) antennas are preferred because
of their high gain and circular polarization characteristics [1].
Though the design and construction of QFH antennas are
relatively harder than the classical dipole antennas, they are
better alternatives compared to large parabolic antennas [2].
For the sake of achieving circular polarization, the design and
fabrication of double cross antennas can be easier, but they
still need baluns to work properly [3]. Using a balun for a
single V-dipole antenna is not essential, but they have limited
directivity capabilities [4]. Because of their circular
polarization characteristics, turnstile antenna elements are also
used to build a Yagi-Uda antenna for 137 MHz reception [5].
The double cross dipole antenna has good return loss values,
but it has an omnidirectional radiation pattern [6]. The Moxon
antenna is also analyzed in the literature and the study is
concluded that it has relatively narrowband characteristics
while its gain is sufficiently high [7].

In this study, a circularly polarized antenna operating at a
frequency of 137 MHz is designed. For this antenna design,
two V-dipole antennas are placed with a 90° phase difference
to achieve circular polarization. Both V-dipole antennas in the
same plane have the same basic geometry. The circular
polarization is finally achieved by rotating one of the antennas
with a 90° angle. In order to increase the directivity of the
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antenna, a rod reflector is added for each V-dipole antenna
element on the same plane with corresponding element. At
every stage of the design, the S11 return loss and radiation
pattern are monitored. The final design is a circularly
polarized directional antenna working at 137 MHz. All
simulations in this study are performed with the RF module of
COMSOL Multiphysics software.

II. ANTENNA DESIGN AND SIMULATION RESULTS

The antenna design proposed in this study starts with a
single basic V-dipole antenna model as shown in Fig. 1. The
angle between the arms of the V-dipole antenna is 120°. Each
arm of the antenna has a length of 540 mm. The cylindrical
rods forming the arms have a radius of 1.382 mm. The overall
structure of the antenna is positioned on the x-z plane while
the feeding point of the arms located at the origin.

Fig. 1. Basic V-dipole antenna geometry

The simulated S11 plot for the antenna in this phase is
given in Fig. 2. As can be seen from the S11 plot, a value of
-18 dB at 137 MHz is achieved.

§11 (dB)
=
=

-16.5f
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-17.5F
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Frequency (MHz)

Fig. 2. S11 plot of single V-dipole antenna

Three-dimensional radiation pattern of the current design
is presented in Fig. 3. The radiation pattern in the figure is very
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similar to that of the classical dipol. The maximum realized
gain of the single V-dipole antenna is 1.41 dBi.

A141

V¥ -10.9

Fig. 3. Three-dimensional radiation pattern of single
V-dipole antenna

In order to achieve circular polarization, another V-dipole
having the same geometrical properties with the first one is
placed in the overall antenna structure. The second V-dipole
is placed 547 mm away from the first one as shown in Fig. 4.
The second requirement for achieving circular polarization
has been achieved by rotating the upper V-dipole by 90°
around the z-axis. We assume that two antennas are fixed
along the z-axis using an insulating rod material.

400 mm

Fig. 4. Cross-positioned V-dipole antenna pair

The antennas are fed through separate ports in the
simulation. The S11 parameters obtained for the lower and
upper V-dipole antennas are given in Fig. 5. It can be seen
from the figure that both S11 results have resonances very
close to the target frequency of 137 MHz. Additionally, both
plots successfully drop below -17 dB.
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Fig. 5. S11 plots for the cross-positioned V-dipole antennas

In Fig. 6, the three-dimensional radiation pattern of the
dual V-dipole antenna system is presented. At this stage of the
design, the maximum realized gain value is 1.24 dBi. These
results indicate that the antenna system has partially shifted
from an omnidirectional structure to a somewhat directional
antenna. Accordingly, it can be observed that the radiation is
concentrated in both the positive and negative z-directions.

3D Realized Gain Graph at 137 MHz (dBi) A124
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Fig. 6. Three-dimensional radiation pattern of the V-dipole
antenna pair

The axial ratio of the V-dipole antenna pair at 137 MHz is
presented in Fig. 7. As can be clearly seen from the figure, the
axial ratio value towards the z-axis is significantly lower than
3 dB. An axial ratio value of 0.15 dB has been successfully
achieved in the positive z-axis direction.
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Fig. 9. S11 plots of the V-dipole antenna pair with rod

Fig. 7. Axial ratio plot of the V-dipole antenna pair reflectors

at a 137 MHz center frequency

The three-dimensional radiation pattern of V-dipole
antenna pair with rod reflectors is presented in Fig. 10. The
positive effect of the reflectors on gain is clearly seen from the
; . figure. This diagram is generated based on the realized gain
a rod reflector is added to each V-dipole antenna element, as 215 obtained from the simulations of the designed antenna

shown in Fig. 8. The distance between the V-dipole antennas system. The maximum realized gain has increased to a level
and their respective reflectors is set to 450 mm. Each reflector ¢4 95 4Ri.

is a cylindrical rod with a radius of 4 mm and a length of 1100

After confirming that the results of the circularly polarized
dual V-dipole antenna design meet the requirements, we begin
to improve the directivity of the antenna system. At this stage,

mm. 3D Realized Gain Graplhoat 137 MHz (dBi) A
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500 - . . . . .
: S Fig. 10. Three-dimensional radiation pattern of the V-dipole
2 0 : antenna pair with rod reflectors
0

Y‘;I,. x, o 500 500 - Fmally3 the.: axial ratio graph .of. the ﬁnal. Flemgn is
presented in Fig. 11. The axial ratio in the positive z-axis

direction is 0.51 dB, which is significantly lower than the
Fig. 8. V-dipole antenna pair with rod reflectors upper limit of 3 dB. Additionally, it is observed that the axial
ratio successfully remains below 3 dB over a wide angle of

Rod reflectors added to enhance directivity cause the 60° in the x-z plane.

resonance point in the S11 graphs to shift left along the
frequency axis and rise along the vertical axis. In order to
compensate this change, the arm lengths of V-dipoles are
reconsidered. As a result of the parametric sweep studies, the
arm lengths are reduced to 515 mm. The new S11 graphs
obtained from the simulations are presented in Fig. 9. The S11
value in both plots at 137 MHz is below -13 dB.
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Fig. 11. Axial ratio plot of the V-dipole antenna pair with rod
reflectors at a 137 MHz center frequency

III. CONCLUSION

In this study, a circularly polarized antenna operating at
137 MHz is designed and simulated to be used for receiving
image data from NOAA satellites. The proposed antenna
design utilizes two V-dipole antennas placed orthogonally
with a 90° phase difference to achieve circular polarization.
Rod reflectors are added to enhance the directivity of antenna
design. Adjustments to the lengths of the V-dipole arms
ensure that the antenna resonance is maintained at the target
frequency after the reflectors are added. The final design has
arealized gain of 4.82 dBi and an axial ratio of 0.51 dB toward

the positive z-axis. The proposed antenna system provides an
efficient solution for receiving NOAA satellite signals,
combining circular polarization and improved gain.
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Abstract— The rapid advancement of artificial
intelligence (Al) has led to the emergence of powerful Large
Language Models (LLMs), revolutionizing the field by
enabling advanced language understanding and generation
capabilities. This study conducts a comprehensive
comparative analysis of prominent LLMs, including
OpenAl’s ChatGPT, Google’s Gemini, Meta’s LLaMA, and
Hugging Face’s BLOOM. The analysis evaluates these
models based on their architecture, training methodologies,
performance, application areas, and unique features. While
ChatGPT excels in language generation, Gemini offers
multimodal capabilities, LLaMA provides open-source
flexibility for academic research, and BLOOM stands out for
its customization options. The findings provide critical
insights into selecting and optimizing LLMs for diverse
applications while addressing their limitations. This work
aims to serve as a valuable resource for researchers,
developers, and industry professionals navigating the rapidly
evolving landscape of LLM technology.

Keywords— Large Language Model, ChatGPT, LLaMA,
Gemini, BLOOM

I. INTRODUCTION

The emergence of deep learning methods in the field of
artificial intelligence (AI) has opened up opportunities for Al
applications across numerous domains. However, the rapid
development of Large Language Models (LLMs) and their
exceptional capabilities has marked a transformative
milestone in the evolution of Al

LLMs, with their advanced features, have not only
simplified many tasks in daily life but have also found
extensive use in scientific research[ 1], healthcare[2][3][4]1[5],
law[6], materials science[7], biology[8], education[9],
software development[10], autonomous systems[11], and
manufacturing[12]. OpenAl's ChatGPT[13] was the first
LLM to be introduced, bringing widespread adoption due to
its creative text generation and strong logical reasoning
capabilities. Subsequently, Google developed Gemini[14],
which is distinguished by its multimodal capabilities,
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processing textual and visual data simultaneously, making it
particularly effective in applications such as search engines
and creative assistants. Meta followed with the development
of the LLaMA[15] models, which adopt an open-source
approach to deliver innovative solutions, especially for the
academic and research communities.

In addition to these three major models, IBM's WatsonX
platform caters to corporate needs by providing tailored Al
solutions, while Hugging Face's community-supported open-
source models, such as BLOOM][16] and Falcon[17], have
become popular for research and development projects.

This study aims to provide an in-depth analysis of the
technical capacities, innovative features, and application
areas of prominent large language models. It will evaluate
which models are most suitable for specific use cases by
analyzing their strengths and weaknesses. This
comprehensive comparison seeks to provide a better
understanding of the current state of Al technologies and their
potential future trajectories. The analysis serves as a guide for
researchers and practitioners, facilitating the process of
selecting the most appropriate Al solution.

II. LARGE LANGUAGE MODELS (LLMS)

A. General Framework of LLMs

Large Language Models (LLMs) are deep learning-based
models trained on extensive datasets to acquire human-like
abilities in understanding, generating, and manipulating
language. Their fundamental working principles are outlined
in the following stages:

1) Transformer Architecture

Most LLMs are built upon the Transformer architecture, as
illustrated in Figure 1 [18]. The primary strength of this
architecture lies in its utilization of the attention mechanism.
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Fig. 1 The Transformer Architecture and Multi-Head attention mechanism

Attention Mechanism: This neural network architecture
enables a deep learning model to focus on specific and
relevant aspects of the input data. It allows machines to better
understand the input and generate appropriate outputs. The
workflow includes:

Self-Attention: Enables each word (or token) in a
sentence to learn its relationship with other words, allowing
for meaningful contextual relationships to be established.

Multi-Head Attention: Facilitates parallel processing of
attention mechanisms across different "heads," enabling the
model to learn various contexts simultaneously.

Positional Encoding: Since Transformers work with
sequential data, positional encoding adds position
information to tokens to help the model learn the order of
words.

2) LLM Training Process

The initial steps in training LLMs involve data processing
and tokenization:

Data Collection: Models are typically trained on a wide
variety of textual data, including web pages, books, datasets,
articles, and code.

Tokenization: Text is divided into words or subword
units (tokens), using algorithms like Byte Pair Encoding
(BPE) [19] or SentencePiece [20].

Language Modeling Tasks:

Learning Probability Distributions: The model learns
the probability distribution of a token within its context.

Causal Language Modeling (CLM): Predicts future
tokens (e.g., GPT models).

Masked Language Modeling (MLM):
randomly masked tokens (e.g., BERT).

Predicts

Loss Function: Cross-entropy loss is typically used to
minimize the difference between the model outputs and true
values.

3) Model Parameter Size

LLMs can contain hundreds of billions to trillions of
parameters. The larger the number of parameters, the better
the performance. These parameters include:

Weight Matrix: Learns the relationships between words
and contexts.

Number of Layers: Deeper models can learn more
complex relationships.

Hidden Size: Determines the information processing
capacity within each layer.

4) Prediction in LLMs

Once training is complete, the model can make
predictions on new data:

Input: A sequence of tokens is fed into the model and
converted into numerical vectors in the embedding layer.

Contextual Processing: Inputs are processed through
Transformer layers to learn contextual relationships.

Output Generation: At each step, the model generates a
token probability distribution and selects the most likely
token.

5) Optimization Techniques

Efficient training of large models involves the following
techniques:

Distributed Training: Distributes data and the model
across multiple processors (GPU/TPU) for parallel
processing.
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Mixed Precision: Combines 16-bit and 32-bit operations
to reduce memory and computation costs.

Fine-Tuning: Trains the model on a broad dataset for
general knowledge and then fine-tunes it on specific tasks
with specialized data.

III. MOST POUPULAR LLMS AND COMPARISONSs

A. ChatGPT

OpenAl's ChatGPT series (GPT-3, GPT-3.5, GPT-4)
stands out for its broad language understanding and creative
content generation capabilities. These models are widely
utilized in various areas, including chatbots, content creation,
code writing, and summarization. With a robust API
ecosystem, ChatGPT can be seamlessly integrated into
different platforms, addressing the needs of users across a
wide range of languages [21].

B. Google DeepMind (Gemini/AlphaCode)

Google's Gemini and AlphaCode models offer advanced
capabilities in language understanding, code generation, and
multimodal (text and visual) processing. These models are
particularly useful for search engine enhancements, creative
assistants, and scientific research. Their strong integration
with Google’s product ecosystem provides users with both
functional and creative solutions [22].

C. Meta (LLaMA Series)

Meta’s LLaMA models (LLaMA 1 and LLaMA 2) are
open-source Al models designed for research purposes.
These models are well-suited for academic projects and
community-driven development efforts. Their open access to
the research community allows for continuous improvement
by contributors [23].

D. Hugging Face (BLOOM)

BLOOM, developed by Hugging Face, is notable for its
open-source and customizable nature. It is a popular choice
for research and development projects, supported by a large
developer community. The flexibility of customization
makes it applicable to a wide variety of projects [24].

While the general working principles of LLMs are
similar, they differ structurally, resulting in unique
advantages and disadvantages depending on the application.
These differences are highlighted in the following tables:
Architectural Structures: Table 1,Model Training Processes:
Table 2,Performance and Competencies: Table 3,Usage
Scenarios: Table 4,Chronological Development and
Improvements: Table 5,Languages Used in Training Data:
Table 6

TABLE 1. COMPARISON ACCORDING TO ARCHITECTURAL STRUCTURES

Model Basic Model Attention Input
Architectu Architecture Mechanis Data
re m

ChatGPT- | Transforme 175+ billion CLM Text

4 r base parameters

(OpenAl)

Gemini Transforme 1 trillion CLM+ Text,

(Google) r+ parameters Multimodal | Visual
Multimodal , Table
abilities

LLaMA Transforme 7B, 13B, 65B CLM Text

(Meta) r base (different size)

BLOOM Transforme | 176 billion CLM Text
(Hugging r base parameters
Face)

In Table 1, a comparison based on architectural structures
reveals that all models utilize the Transformer architecture at
their core. Their parameter counts exceed billions, and they
employ Causal Language Modeling (CLM) as the attention
mechanism. Additionally, text is observed to be the primary
input data for all models.

Gemini stands out from the other models with its
multimodal capabilities in both architecture and attention
mechanisms. Unlike the others, Gemini can process not only
textual data but also visual data and tables as input, making it
uniquely suited for diverse applications.

TABLE 2. MODEL TRAINING PROCESSES

Model Training Data Training | Objecti
Dara Processing Method ve
Functio
n
ChatGPT- | A largetext | Owned and Pre- Cross
4 dataset, optimized training + | Entropy
(OpenAl) | books, web data Fine Loss +
pages processing tuning Human
(with Feedbac
RLHF) k
(RLHF)
Gemini Multimodal Specialized Pre- Cross
(Google) data (text + processing for | training + | Entropy
images) multimodality | Fine- Loss +
tuning Visual
Loss
LLaMA Academic Academic- Pre- Cross
(Meta) articles, oriented data training Entropy
internet data | filtering Loss
BLOOM Open Open data and | Pre- Cross
(Hugging | datasets community- training Entropy
Face) based Loss
processing

An examination of Table 2 reveals that, in terms of
training methodology, ChatGPT-4 and Gemini distinguish
themselves by incorporating fine-tuning in addition to their
pre-training processes. This additional fine-tuning step
allows these models to achieve enhanced performance and
adaptability for specific tasks compared to models that rely
solely on pre-training.

TABLE 3. PERFORMANCE AND COMPETENCIES

Model Natural Code Multimo | Speed
Language Generation dality and
Generation Efficien
cy
ChatGPT- | Highly Advanced Text- High
4 successful level in based accuracy
(OpenAl) | in producing | coding tasks only , slower
human-like
text
Gemini Rich content | Code Ability to | Very
(Google) production generation is process fast,
with multi- strong but not | text, powerfu
modality as strong as images, lin
capabilities GPT tables context
combine
d with
visuals
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As per Table 3, a comparison of natural language
processing performance indicates that ChatGPT-4 stands out
with superior performance, showcasing its ability to generate
human-like text more effectively than its counterparts.

TABLE 4. AREAS OF USAGE

Model Chat Search Scientifi | Open
Apps Engine c Source
Ability Researc
h
ChatGP | Yes Limited Medium | No
T-4 level
(OpenAl
)
Gemini Yes Google Powerfu | No
(Google) search 1
integration
LLaMA | Yes Limited Academ | Yes
(Meta) ically
oriented
BLOOM | Yes No Researc | Yes
(Huggin h-
g Face) oriented
According to Table 4, all models support chat

applications as a common usage scenario. However, in terms
of search engine capabilities, Gemini stands out due to its
integration with Google's search engine, providing a
significant advantage in this area. Conversely, BLOOM lacks
search engine functionality, limiting its applications in this
domain.

TABLE 5. LLM MODELS CHRONOLOGICAL BREAKDOWN OF THE
DEVELOPMENT AND IMPROVEMENTS

Model 2021 2022 2023 2024
ChatGPT- | GPT-1,2,3 | ChatGPT 3.5 | GPT-4 GPT-4-0
4

(OpenAl)

Gemini LaMDA Pathways Gemini 1 Gemini
(Google) 1.5
LLaMA n/a n/a LLaMA 1 LLaMA 2
(Meta)

BLOOM n/a BLOOM BLOOM BLOOM
(Hugging

Face)

TABLE 6. LLM MODELS LANGUAGES INCLUDED IN THE TRAINING DATA

Model Approx Description
Languages
ChatGPT-4 Almost all Best for English, supports major
(OpenAl) languages global languages
Gemini (Google) 100+ Extensive multilingual support
via Google datasets

LLaMA Strong Limited in Text- Lighter LLaMA (Meta) 20+ Widely spoken languages, with
(Meta) understandi code based and less focus on niche ones
ng of text generation only faster BLOOM (Hugging | 46 Multilingual inclusivity,
production Face) including low-resource
and context languages
BLOOM Text Intermediate Text- Good
(Hugging | production | code based perform According to Table 6, a comparison of the languages
Face) and open generation only ance on . . L.
source large included in the training data shows that ChatGPT-4 ranks first
contribution data sets with the most extensive language support, followed by

Gemini.
IV. DISCUSSION

Although LLMs utilize similar Al methodologies, their
processed data sources and structural differences result in
distinct advantages and disadvantages depending on the
intended use case.

ChatGPT stands out as a leader due to its strong language
generation capabilities, enabling superior human-like text
production, broad usage scenarios, and user-friendly design.
However, its lack of multimodal capabilities and high
operational costs are considered its key weaknesses.

Gemini benefits from seamless integration with the Google
ecosystem and its multimodal capabilities, enabling the
combination of various data types to support innovative
applications. Despite these strengths, its weaknesses include
being a closed-source model and having limited accessibility.
LLaMA, with its open-source and research-oriented design,
is a powerful tool for academic environments. However, its
limited training data and weaker performance in practical
applications are notable disadvantages.

BLOOM, supported by Hugging Face's community-driven
open-source approach, offers extensive datasets and strong
customization capabilities, making it highly flexible for
different projects. Despite these strengths, its performance
does not match that of GPT or Gemini, and it requires
significant resources, which are key limitations

V. CONCLUSION

Large Language Models (LLMs) have become pivotal in
advancing artificial intelligence, offering diverse capabilities
that cater to a broad spectrum of applications. This study
highlights the distinct strengths and weaknesses of leading
LLMs, such as ChatGPT's unparalleled natural language
processing performance, Gemini’s multimodal abilities,
LLaMA's open-source research orientation, and BLOOM's
community-driven customization potential. Despite their
shared foundation in Transformer architecture, these models
exhibit unique features that make them suitable for specific
use cases. However, challenges such as resource demands,
accessibility limitations, and scalability must be addressed
for their broader adoption. By providing a detailed
comparative analysis, this research equips stakeholders with
the knowledge to select the most appropriate model for their
needs while contributing to the ongoing innovation and
responsible deployment of LLMs.
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Abstract—In this paper, we study on the optimal scheduling
problem of the traffic lights on a map by utilizing the number
of vehicles that use predefined routes. This paper considers
modeling an optimization problem to minimize the number of
vehicles on the map. We present the analytical solution of the
optimization problem and the numerical solution approach by
using an Open-Source library CVX implemented in Matlab. Also,
we discuss the applications of our approach.

Keywords—constrained optimization, traffic light scheduling

1. INTRODUCTION

Traffic congestion is one of the most important problems
in urban transportation [1, 2]. Especially the cost of time and
money that caused by congestion have significant effects on
human lives. It was estimated that an average person loses over
100 hours in traffic jams every year. Also, the extra money
spent on fuel and the value of time combined was more than
$1000 per person in 2017 [3-5]. Besides, it can be argued that
traffic jam has psychological effects on humans as well. Traffic
jams may cause anger, high levels of stress, and behavioral
anomalies for passengers as well as drivers [6—8].

Identifying the main causes of traffic congestion in urban
areas is the primary step to relief the adverse effects of it. The
structure of the roads is one of the most important indicators
in traffic management. For example, the structure of the roads
had to be designed by the boundaries of the buildings in
central areas of old European cities. On the other hand, new
types of transportation devices cannot be directly integrated
into these conventional roads. Another significant indicator
is human error. We may not be able to completely eradicate
the human errors in traffic, however, we can supervise it by
utilizing smart management approaches [3].

When we consider all these effects, we think that smart
traffic scheduling solutions should be determined to ease the
traffic conditions on roads. However, we need to define the
traffic jam problem mathematically in order to solve it. We
utilize the constrained optimization approach to find an opti-
mal solution to traffic scheduling problem. However, we need
to define some indicators to measure traffic congestion. There
are several metrics have been articulated in [9, 10] such as
travel time, speed, density, queue and distance. Nevertheless,
these metrics also determine some of the constraints on the
roads.

In this paper, we mainly focus on designing a constrained
optimization problem by considering two types of road struc-
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tures that can be used a basis to form more complex structures.
We also discuss the analytical and numerical methods to reach
an optimal solution of our problem. However, implementing
an optimal solution on roads is as significant as finding a
solution itself. Thus, we present some suggestions on applying
our approach on urban roads.

This paper is organized as follows. In the following section,
we provide a mathematical preliminary to form the problem
of interest as a constrained optimization problem. In the next
section, we introduce traffic flow structures that can be utilized
in roads. In Section IV, we design a constrained optimization
problem in accordance with the map type. In Section V,
we present both the analytical and numerical solutions of
the suggested optimization problem. In the last section, we
conclude and discuss the main findings provided in this paper.

II. MATHEMATICAL PRELIMINARY

Optimization is a process to achieve a feasible solution to
any problem. To define an optimization problem, we must
design the objective or cost function to be minimized or
maximized. In the constrained optimization approach, we
also examine the constraints of the system. We can define
a constraint as a limitation that is dictated by the variables in
the problem to prevent physical impossibilities. The general
form of a constrained optimization problem can be presented
as follows:

min  f(ty, ta, ..., tn) (la)
s.t. gi(ty tz,...,th)=a, ViE(1,2,..,p) (1b)
hi(ty, t2, ..., ta) < b, Vj€(1,2,...,9). (1c)

where the objective function to be minimized is given in (1a),
the equality constraints are given in (1b), and the inequality
constraints are given in (1c).

When we consider such constrained optimization problems,
we may define the optimality conditions so-called Karush-
Kuhn-Tucker (KKT) conditions. These conditions define a set
of conditions to have an optimal solution for the problem.
The first condition indicates that all constraints defined in the
problem must be satisfied. The second condition guarantees
that the cost will not be improved at the optimal solution.
The third condition implies that the Lagrange multipliers and
its corresponding constraint must be zero. The last condition
mentions that the optimal Lagrange multipliers must be non-
negative.
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III. TRAFFIC FLOW STRUCTURES

The traffic flow can be managed in two different structures
in roads: One-way traffic and two-way traffic [1]. One-way
traffic allows vehicles to move in only one predefined direction
on the particular roadway. However, it is more common that
vehicles can travel in both directions at the same time on the
same roadway. Therefore, we have two-way traffic structures
which are divided into lanes. The importance of each traffic
flow structure becomes evident if it is implemented on the
correct roadway. On the other hand, a roadway can also be
designed as a mixture of both structures if necessary.

D3
T §e7
-

S4
Zgﬁ &
€S;

=D,

Fig. 1. A section of a city map with a one-way design.

Besides, we mainly consider strictly designated roadways
to state our problem of interest. As can be seen from Fig. 1
the roadway is designed as one-way. The labels of S; and D;
in Fig. 1 stand for possible Start and Destination points for a
vehicle, respectively. For instance, a vehicle at S1 can reach
only D1, D> and D4 in accordance with the permitted lane
directions. Also there are traffic lights distributed around the
map in order to manage traffic flow. Their locations can be
organized as the needs of the lanes.
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Fig. 2. A section of a city map with a two-way design.

The two-way structure can be more complicated than the
one-way traffic flow designs since the junctions give more
flexibility to vehicles for traveling to their destinations. In
other words, a two-way structure gives more radius of action
to vehicles. We illustrated a map of a two-way structured
roadway in Figure 2. The labels of S; and D; in Fig. 2
stand for possible Start and Destination points for a vehicle
respectively. We represented all the possible routes for a
vehicle that starts from Si1. For example, a vehicle can travel
from S1 to Dj, D3, D4, Ds and Ds in the map illustrated in
Fig. 2. The possible routes from another starting point to the
destination can be determined in the same manner. We have
again a number of traffic lights to control to optimize the
number of vehicles in the two-way traffic. Although we can
form several different roadway designs, the above two road
structures can be considered as bases.

IV. PROBLEM DEFINITION

Most of the traffic light schedules are designated when
they are first initialized. However, traffic light scheduling is
essential to optimize the number of vehicles on roads. The
management of the traffic light sequences by the vehicle
density on roads allows us to minimize traffic congestion.

We utilize the constrained optimization technique to define
our problem as follows:

min > 7 4 ri— Lev (2a)
s.t. v—-vT"* <0 (2b)
~v=0 (2¢)

Lv-3X7, <0 (2d)
vTin —(r—v) <0 (2e)

where m defines the number of traffic lights, n defines the
number of possible destination points on the map, r; € N
defines the number of vehicles at each route, Lc € N1*™ ig
the choice of the situation of traffic lights, v € N holds the
number of vehicles passes when green light on, v79* € N”
is the maximum vehicles can pass from each route i while /;
is green, v is the minimum vehicles should be waiting in
queue at each route 7/ while /; is red.

We consider the cost function in (2a) to minimize the
number of vehicles on the map in general. Since there are
limited number of combinations for traffic lights to be green,
the control center determines the L that minimizes the cost
function most. The constraint (2b) determines the maximum
number of vehicles that the road segment can hold. The
constraint (2c) and (2d) impose the feasibility on the number of
vehicles on the map. The last constraint indicates the minimum
number of vehicles on each route.

V. RESULTS

In this section, we first review the necessary conditions for
optimal solutions by using the KKT conditions. In addition,
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we present a numerical example to show validity of the
constrained optimization problem defined in Section IV.

A. Necessary Conditions for Optimal Solution

We first determine the necessary condition to find the opti-
mal solution of the constrained optimization problem defined
from (2a) to (2e). The Lagrangian can be presented as

n

L= ZP‘*L* v+ A (v = Vinaz) + Aa(—v) (3)

n

4+ A3 (L * U — Z r) + A (Viin — 7 +v)
1

The KKT conditions can be written as

—L—XA— X+ AL+ =0
Al(l" - I"Zna.r) =0
)\2(*?') =0

AS(L*PZJ‘):O

1
>\4(L7min - Z‘) =0
v — Vias <0
—v <0
n @)
(L*l‘*ZI‘) <0

1
I"an‘.n —v < 0
Al. )\2. )\3‘ )\4. v 2 0.

From the first condition in KKT conditions, we get
L(Az — 1) — A1 — A2 + A4 = 0. This leads to two cases:

A3=1 and As — A1 — A2 =0. %)
When we consider A2 = 0 from the third condition in (4),
Aa = A1 is assured from (5). The complementarity conditions
that are corresponding to A1 and A4 shows four cases:

Case 1: vV — Vmax < 0leads to v < Vmax and A1 = 0. Thus
A4 =0. Then we conclude that Vmin + Vimax < r. This result
can lead one of the optimal solutions.

Case 2: v — Vmax = 0 leads to v = Vmax. However, we
may have two sub-cases for the lagrange multiplier A1 such

A1=0and A1 > 0. We have considered the former one in
above case. We now consider A1 > 0. Thus A4 > 0. Then we
get Vmin + Vmax = r which is valid and can lead one of the
optimal solutions.

Case 3: Vmin —r+v < 0 leads directly the same conclusion
in case 1.

Case 4: Vmin —r+v = 0 leads directly the same conclusion
in case 2.

Above conditions indicates the necessary conditions to have

B. A Numerical Example

On the other hand, we present a numerical example by
considering the map illustrated in Fig. 1. We have utilized
an Open-Source library CVX and Optimization Toolbox in
Matlab to solve our constrained optimization problem given
from (2a) to (2¢).

There are eight routes defined in Fig. 1. The number of
vehicles on each route given as

r=[30, 45, 85, 33, 27, 92, 25, 49]T.

Therefore, there are currently 386 vehicles on road in total.
The maximum and minimum capacities for each route are

given as
Vimaz = [0, 50, 50, 50, 50, T

50, 5
Vmin = [0, 15, 15, 15, 15, 15, (

o

, 0, 5
1!

=)

T

=

A

The choice of the situation of traffic lights Lc can be chosen
as one of the rows determined in the following matrix,

01100000
0001 10000
00101000
01000100

L=0 00 10100
00001100
001000001
00010001
000010 0 1

Above matrix shows that there are nine combinations for eight
traffic lights in this map. The value 1 in matrix L indicates
the green light while O is the red light.

The choice of Lc changes the resultant cost in problem
defined (2) immediately. Therefore, we need to assess all the
possible traffic light configuration defined in L to find the
optimal solution for v. The following table represents the
optimal v for each traffic light configuration and the cost in
accordance with the optimal v.

TABLE I
Choice of L

(row #) optimal v cost

1 [0, 30, 50, 0, 0, 0, 0, 07 | 306

2 [0, 0,50, 18, 0, 0, 0, 0]7 | 318
optimal folutiohs of our[BrBbIen?oPihtctedt, | 324
4 [0, 30, 0, 0, 0, 50, 0, 0]” | 306

5 [0, 0,0, 18,0, 50, 0, 017 | 318

6 [0,0, 0,0, 12, 50, 0, 07 | 324

7 [0, 30, 0, 0, 0, 0, 0, 34]7 | 322

8 [0, 0,0, 18,0, 0, 0, 34]7 334

9 [0, 0, 0, 0, 12, 0, 0, 34]% 340
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Above results represent that there are two different
choices of traffic light configuration makes the cost
minimum in map illustrated in Fig. 1. Therefore, either of
the possible greenlight sequence can be chosen for
minimizing the number of vehicles on the road.

The following matrix L is formed in accordance with
the possible traffic light configurations for the map given in
Fig. 2.

1 0 0 0 1 0 0 0]
1 0000100
10000010
1 0000 00 1
01 001000
01 000 T1O0O0
01 000010
L_|0 1000001
21001 01000
001 00T1O00
001 000710
001 00001
00011000
00010100
000 1 0010
0001 00 0 1f

There are sixteen possible actions for the traffic lights to
turn green at the same time. We can directly implement one
choice of configuration as Lc in our problem definition. Then
we can find an optimal solution by taking into account the
current road conditions for map in Fig. 2.

VI. CONCLUSION

In this paper, we study a constrained optimization technique
to minimize the traffic congestion on the roads. We review two
types of traffic flow structures designed in one-way and two-
way fashions. These two structures can be utilized to form the
urban roadways. Therefore, roads may be designed to be more
complex and intertwined which can cause traffic congestion.
We propose a mathematical problem definition to minimize
the number of vehicles on each route, regardless of the road
design. We mainly try to supervise the traffic light configu-
rations on routes. We have defined the necessary conditions
to have the optimal solution of our problem. We have also
provided a numerical example to validate our findings.
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Abstract—Machine learning has emerged in many fields
thanks to its ability to extract meaningful information from
large data sets, solve complex problems, and make predictions
about the future. In healthcare, machine learning is used in
various applications such as disease diagnosis, treatment
planning, patient monitoring, and personalized healthcare.
However, for these applications to be successful, large size of
data are needed. Concerns about the privacy and confidentiality
of health data make it difficult to collect this data on centralized
servers and limit the effectiveness of data-driven models.
Because of the need to protect privacy, collecting and analyzing
individual patient data in a centralized system becomes a major
challenge. Federated learning is a machine learning approach
that allows data to be processed locally without being collected
on a central server, and only model parameters are sent to the
central server. This method provides secure model training by
reducing network traffic while maintaining the confidentiality of
the data. In this paper, we focus on diabetes prediction using the
duCBA method developed for federated learning architecture.
For model training, a dataset called Diabetes Health Indicators
on the Kaggle platform was used. To manage the data flow and
perform model training securely, three different environments
were used: a central server, a Flask-based API server, and
clients. Clients provide secure data privacy by performing
distributed model training on their local data without sharing
the data. The API and the central server are run in the Google
Cloud Platform environment. The API server collects local
model updates from clients and sends them to the central server
using WebSocket when it has enough models. After the central
server performs the model merge, it sends the updated global
model to the API server. The API server then distributes this
model to the clients. With this structure, clients participate in a
centralized global model training process through the API
without directly accessing the central server, and
communication security is ensured through the WebSocket
protocol. As a result of the tests conducted in the prototype
application, the accuracy value of the model was calculated as
70%. These results support the wide applicability of federated
learning in the healthcare domain.

Keywords— Federated Learning, Relational Classification,
duCBA, Data Privacy, Diabetes Prediction, Machine Learning

I. INTRODUCTION

The increasing use of IoT devices with the developing
technology has led to an increase in data generation[1]. Since
these devices are used in many different areas, they offer
various data collection opportunities. This data is used in many
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areas from analyzing the user's behavior to monitoring
environmental conditions [2]. While using this data, systems
are created by creating prediction models with machine
learning algorithms [3].

Machine learning is a type of artificial intelligence that can
learn from data and identify complex patterns and
relationships, make decisions on previously unseen data, or
predict future outcomes without the need for programming [4].
For the model to perform effectively, large size of data need to
be analyzed. However, increasing the size of data increases
both the hardware capacity and the training time of the model
[5]. In addition, the necessity of transmitting data to a single
system during the training process brings problems such as
storage and security. These issues become even more critical,
especially in areas with large size of sensitive data, such as the
healthcare industry. Therefore, secure storage and protection
of health data is of great importance [6-7]. There are legal
regulations in many countries regarding the collection and use
of this data, and technological and legal solutions are being
developed to protect the privacy of personal data [8].
However, these laws for the protection of personal data have
created some difficulties for machine learning projects. In
particular, restrictions on the sharing of personal data can lead
to the difficulty of creating the data sets required for machine
learning. This is an important problem for machine learning.

Federated learning is a different approach from traditional
machine learning methods. In this method, the data to be used
for model training is not collected on a central server. Instead,
models are trained independently in local environments where
the model will be used and data is generated. These trained
independent models are then combined in another
environment. Thus, a global model is created [9]. The most
important advantages of this structure of federated learning are
reducing the training time of the trained model, ensuring data
privacy and reducing the bandwidth used in communication
between the centralized structure and the client. In the
traditional model training process, the training time increases
as the training data increases. However, in federated learning,
since the data is trained by dividing it into small pieces, the
training time is reduced. In the traditional model training
process, training data must be sent to a central server and this
data must be stored in a centralized structure. In the federated
learning method, since the models trained on local devices are
sent instead of sending training data, it provides a solution to
both the storage problem in the centralized structure and the
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bandwidth problem that occurs during data transmission [10].
In addition, since the federated learning method does not send
data to the centralized structure, the security of critical
information on local devices is also ensured [11].

Taking all this into account, the advantages of federated
learning are the following:

e Data Privacy: During the model training process,
the data collected on local devices is trained without
being sent to a central server. In this way, model
training is provided without sharing the data.

e Reduced Training Time: Instead of processing
large sizes at once, smaller data can be processed and
combined across multiple devices, reducing training
time.

e Bandwidth Efficiency: Sending trained models to
the central server instead of data to be trained saves
bandwidth.

e Solves Storage Problems: Since the data is not
collected on a central server, the storage space
requirement is reduced.

e Compliance with Legal Regulations: There are
various legal regulations regarding the sharing of
sensitive personal data. Federated learning protects
user privacy as it processes data without sending it to
a centralized entity and provides an effective solution
to these regulatory challenges.

Federated learning architectures are used in many areas
from education to health, security and finance. Especially in
terms of protecting patient privacy, researches in the field of
health should be important and recent. In this research, an
application on diabetes prediction is developed using federated
learning architecture. Diabetes is an increasing health problem
worldwide and its early diagnosis is of great importance [12].
However, the privacy and security of medical data is a major
obstacle to the application of traditional machine learning
approaches. With federated learning, patient data is processed
on local devices without transferring it to a central server, thus
protecting patient privacy.

The next sections of the research examine the following
topics. Section 2 reviews the work done for federated learning.
Section 3 details the implementation techniques developed.
Section 4 presents the results from the implementation.
Section 5 discusses the overall conclusions of the research.

II. RELATED WORKS

In this section, the federated learning architecture and
recent researches in the field of health within this architecture
are presented.

Introduced in 2016 by Google to protect data privacy, the
federated learning architecture has many advantages. Data
privacy is ensured during model training and model training
time is shortened. Since the model circulates between the
clients and the server instead of data, bandwidth and
communication latency problems are eliminated. In addition,
storage costs are reduced since the model is collected on the
central server instead of data. In addition to all these
advantages of federated learning, there are some important
problems that can be categorized according to four titles.
These are communication overhead, system heterogeneity,
statistical ~ heterogeneity and  privacy concerns.

Communication overhead is the difficulty in managing the
model submission process as the number of local devices
increases [13]. System heterogeneity is the difference in
performance due to hardware and software differences
between the devices on which model training is performed
[14]. Statistical heterogeneity is caused by differences in the
distribution of the data collected by the devices. This may
cause the model to perform well on some devices and poorly
on others[ 15]. In the federated learning method, although the
confidentiality of important information is ensured by not
sending any data to the central server for model training and
only sending locally trained models, there is still a concern of
accessing critical information by using the parameters of the
models sent. This situation continues to raise privacy
concerns. Algorithms have been developed to resolve privacy
concerns [14-16].

Many methods for federated learning architecture have
been developed in the literature. The Federated Gradient
Information Aggregation (FedGiA) algorithm combines
gradient aggregation and model updating in a hybrid approach
to solve the problems of communication overhead and
statistical heterogeneity. In this way, it aims to reduce
communication costs and increase model accuracy [17].
Federated Asynchronous Update (FedAvu) method solves the
system heterogeneity problem with asynchronous model
updates, allowing participants to work at their own pace [18].
The Fair Federated Learning (FairFed) algorithm solves the
statistical heterogeneity problem by focusing on providing
balanced model performance across different groups [19]. The
privacy-oriented Robustness of Secure Federated Learning
(RoFL) method aims to ensure data privacy and security
through secure gradient aggregation and cryptographic
techniques that minimize the impact of malicious participants
[20]. Another federated learning architecture that will be used
in this research is the Data Unaware Classification Based on
Association Rules (duCBA) method [21]. duCBA is a method
used to combine models trained with the Classification Based
on Association Rules (CBA) [22] algorithm on end devices. In
this process, the support and confidence values of each rule are
recalculated and the rules are ranked. When rules with the
same label come from different models, the extent to which
each rule is present in the dataset is checked and the support
and confidence values are updated accordingly. For rules
marked with different labels but with the same content, the
frequency of occurrence is first compared; the rule with the
higher support value is selected and included in the list. For
equal confidence values, a ranking is made based on the
support value. If the support values are the same, the first rule
in the list is placed higher. The list of rules obtained at the end
of all these processes forms the basis of the final model.
duCBA algorithm was developed to ensure data privacy based
on the relational classification approach. The main purpose of
this algorithm is to train models with data locally on client
devices instead of a centralized data collection and send only
trained models to the server. This minimizes network traffic
and data transfer while maintaining data confidentiality.

Federated learning is emerging as a powerful method to
provide privacy and security requirements when developing
machine learning models on medical data. This method
protects data privacy by processing data on local devices,
making it unnecessary to move patient data to a central server.
Evaluations show that this privacy and security-oriented
structure of federated learning is applicable to medical data
and makes significant contributions to protecting patient
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privacy when developing distributed data processing models
[6-8].

Choudhury et al. (2019) [23] state that federated learning
models supported by differential privacy enable local
processing of sensitive health data without collecting it in
centralized systems, thus significantly reducing the risk of
patient data leakage. Thanks to this method, it becomes
possible to analyze health data securely while protecting the
privacy of individual data. Similarly, Horvath et al. (2023)
[24] investigated the effectiveness of differential privacy and
federated learning on the MIMIC-III dataset. In this research,
it was shown that successful models can be built while
preserving the confidentiality of patient data, and it was stated
that decentralized learning processes enable medical data to be
shared securely between different institutions. In Durga et al.
(2021) [25], the Healthchain system, in which the federated
learning model is integrated with blockchain-based security
measures, is discussed. It is stated that this system enables
secure data processing and data sharing without the need for a
centralized intermediary. Thus, federated learning is
considered to be the key to training more effective and reliable
machine learning models on medical data while prioritizing
privacy and security.

In a research by Chen et al. (2023) [26] on the comparison
of machine learning algorithms and feature visualization
analysis, the accuracy performance of different algorithms in
diabetes prediction was examined and it was shown that
certain algorithms were more successful in risk prediction.
Similarly, in another research by Hama Saeed (2023) [27] for
diabetes classification, the accuracy of machine learning
algorithms was improved by using up-sampling technique to
balance imbalanced data sets in type 2 diabetes classification.
These researches show that machine learning algorithms offer
powerful tools for diabetes risk prediction and classification,
and techniques such as data balancing can further improve
performance.

These researches show that federated learning is an
important application area in healthcare and an active research
process continues in this field. In particular, by seeking
solutions to critical problems such as data privacy, security
and system efficiency, federated learning enables powerful
and effective machine learning models to be trained on
medical data. In this context, the existing literature
demonstrates the potential of federated learning to preserve
privacy and improve efficiency in medical data. This research
aims to provide a new contribution to the literature on the
applications of federated learning methods in the healthcare
domain.

III. METHOD

In this section of the research, the dataset used for model
training, the technologies and methods used for the developed
application are explained in detail.

A. Dataset

In conducting this research, the "Diabetes Health
Indicators Dataset" [28] dataset available on the Kaggle
platform was used to train and evaluate the models. The
dataset is based on the Behavioral Risk Factor Surveillance
System (BRFSS) survey data conducted by the US Centers for
Disease Control and Prevention (CDC). This dataset contains
information on diabetes and other factors that may affect
individuals' general health. The dataset is balanced within both

classes and consists of 70,692 rows and 22 columns. The
dependent variable "Diabetes_binary" column provides binary
information about the respondent's diabetes status. The other
21 independent variables cover various factors representing
individuals' lifestyles, health behaviors and general health
status. These wvariables include high blood pressure,
cholesterol level, body mass index (BMI), physical activity
level, smoking, history of heart disease, general health status
and income levels. Python programming language was used
for data set analysis and visualization. In addition, data
preprocessing and evaluation stages were carried out using
Pandas, Scikit-learn, Numpy Seaborn and Matplotlib libraries.

Fig 1. Correlation of Independent Variables with the Dependent Variable
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Fig.1 shows the independent variables in the data set and
their correlation graph on diabetes. According to this graph,
the effect of independent variables on diabetes can be positive
or negative. Positive values increase the risk of diabetes, while
negative values decrease the risk. According to the Fig. 1,
'GenHlth' and 'HighBP' are strongly associated with diabetes,
which may increase the risk of diabetes. On the other hand,
variables such as 'Income' are negatively associated with
diabetes risk, suggesting that a higher income level may
reduce the risk of diabetes.

B. Prototype Application

Three different environments were used in the prototype
application developed within the scope of the research.

e (Client
e API
e (Central Server
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In Fig. 2 shows the working principle of the prototype
application. In the first step, local clients train models on their
own data using the CBA method and send these models to the
API server. The API server collects the local models and
forwards them to the central server. The central server
combines the incoming models with the duCBA method to
create an updated model. This updated model is sent back to
the API server. The API server distributes this updated model
to the clients, enabling each client to use a more robust and
global model. Fig. 2 shows this process as 1 round. Due to the
structure of federated learning, the tour continues
continuously and models trained with more data are trained.
This process provides an approach that aims to learn on local
data and training a global model in this way, while
maintaining the confidentiality of the data.

1) Client

For the clients, 25 identical virtual machines were created
on Google Cloud Platform. e2-medium machine type using
x86/64 architecture was used. Python version 3.8.10 and
numpy, pandas, scikit-learn, pickle, pyfim, requests, pyarc
libraries were used for model training. During the model
training process, the model was trained by randomly selecting
data between 1000-3000 from the data set. CBA algorithm was
used for model training. The support and confidence values we
will use for CBA are set as 0.2 and 0.5 respectively. These
values are pre-tested and approved values [21]. The models
created and trained with these settings are sent to the API in
json format by HTTP request. The API sends these models to
the central server for merging. The models merged on the
central server are sent to the clients by API and the clients
continue their training with the global model.

2) API

For the API, e2-medium machine type was used on Google
Cloud Platform. Python version 3.8.10 and flask, numpy,
pandas, scikit-learn, pickle, pyfim, websockets, requests,
pyarc libraries were used. Requests to the API were received
using port 5000. In the prototype application tests, the models
coming from 25 clients were collected 10 times with the API

and sent to the central server. These models, which were sent
to the central server by websockets, were received from the
central server and distributed to the clients by APIL.

3) Central Server

For the central server, e2-medium machine type was used
on Google Cloud Platform. Python version 3.8.10 and numpy,
pandas, scikit-learn, pickle, pyfim, websockets, requests,
pyarc libraries were used. Websocket connection was realized
using port 8000. The duCBA algorithm was used to combine
the models coming from the API. The algorithm aims to merge
local models trained with the CBA method on each client on
the server. During the merging process, the rules obtained
from each client are thoroughly evaluated and merged by
recalculating the support and confidence values. This
evaluation process is performed in order to achieve an optimal
result when similar or identical rules come from different
clients. During merging, the support and confidence values are
updated by checking how many rules marked with the same
label but coming from different clients are present in the
dataset. Thus, the validity of each rule for the whole system is
calculated more accurately. The frequency of occurrence
(support value) is compared between rules with the same
content but marked with different labels, and the rule with the
higher support value is selected and added to the final list.
After the update, the rules are sorted according to the new
confidence values and the support value is taken into account
in case of equal confidence values. If the support values are
the same, the first rule in the list is ranked higher.

This extensive evaluation and ranking process results in
aunified model to which all rules from clients contribute. The
models created by the clients with the API on the central
server are merged with the duCBA algorithm as mentioned
before and the global model created is sent back to the clients
by APL

IV. RESULTS AND ANALYSIS

In this section, the results of the analysis of the data
obtained within the scope of the research are presented in
detail. The results include the data related to the hypotheses
and research questions determined in accordance with the
purpose of the research.

TABLEI. GLOBAL MODEL ACCURACY PER ITERATION
Iteration Accuracy
1 0.71
2 0.70
3 0.69
4 0.70
5 0.70
6 0.70
7 0.69
8 0.70
9 0.69
10 0.70

Accuracy values of the global models combined in a total
of 10 iterations for model training of 25 clients during the

106



International Open Source Conference (UAKK) 2024

testing process of the prototype application. It is shown in
Table 1.

Table 1 shows that these values range between 0.69 and
0.71. In general, the accuracy of the model remained stable
around 0.69 and 0.70, with small deviations throughout the
iterations. This suggests that the model has a consistent
performance but without significant improvement. To
improve the performance of the model, methods such as
hyperparameter adjustments, increasing the dataset size or
early stopping can be tried.

Confusion Matrix of Model Predictions

1676

True label

2500

2000

) -

0 1
Predicted label

Fig.3. Global Model Confusion Matrix

Fig. 3 shows the confusion matrix created by predicting
the global model obtained at the end of 10 iterations combined
with the duCBA algorithm on 14000 test data. With the data
in this matrix, precision, recall and fl-score values were
calculated. These data are shown in table 2.

TABLE 2. DUCBA CLASSIFICATION REPORT

Precision | Recall F1-Score Support
0 0.68 0.76 0.72 7000
1 0.73 0.64 0.68 7000
Accuracy 0.70 14000
Macro Avg. 0.70 0.70 0.70 14000
Weighted Avg. 0.70 0.70 0.70 14000

Table 2 shows the performance of the global model
combined with duCBA on diabetes prediction. Values such as
Precision, Recall and F1-score reveal how the model performs
for each class. For class 0, Precision is 0.68, Recall is 0.76 and
F1-score is 0.72. This shows that the model is relatively more
sensitive in predicting class 0, but also produces some false
positives. For class 1, Precision is 0.73, Recall is 0.64 and F1-
score is 0.68, indicating that the model is more accurate in
predicting class 1, but less successful than class 0 in finding
samples that are actually class 1. The overall accuracy of the
global model is given as 70%. This accuracy rate means that
the model shows an overall balanced performance. The macro
avg and weighted avg values are also similar for both classes
at 0.70, indicating that there is no significant performance
difference between the classes.

The results obtained throughout the research show that
the duCBA algorithm can be successfully applied on health
data in a federated learning approach.

V. CONCLUSION

In this research, the performance of a federated learning
based model on diabetes prediction is analyzed. As a result of
the tests, promising results were obtained in model
performance by using the federated learning architecture and
duCBA algorithm. These results show that the combination
of federated learning and duCBA contributes to the
development of an effective prediction model, especially on
sensitive health data. In the future, the applicability of this
model for predicting different diseases and in other health
domains can be explored. Furthermore, it is recommended to
integrate advanced algorithms for security and performance
improvements and to conduct more extensive testing in real
world applications.
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Abstract— Economic challenges faced by developing and
underdeveloped countries often limit undergraduate electrical-
electronics engineering students' access to hands-on learning in
digital logic design platforms, potentially hindering the
development of a skilled workforce. Practical experience is
crucial for bridging the gap between theoretical knowledge and
industry requirements, yet resource constraints often make it
difficult to provide such opportunities. This paper introduces
the design and initial prototype of a cost-efficient FPGA carrier
board tailored for undergraduate digital design courses, while
also being applicable for research and graduate-level courses.
The board measures 12.75 x 12.75 c¢m and supports Sipeed
GOWIN based FPGA system on modules, which are compatible
with the available free and open-source toolchain for the design
and implementation of custom logic circuits. With its projected
low cost, this board is designed to enhance the accessibility and
scalability of practical digital design education for students in
economically disadvantaged regions.

Keywords—FPGA, logic design, boolean, digital design,
engineering education, RISC-V, embedded systems

1. INTRODUCTION

Economic disparities significantly impact access to quality
engineering education, particularly in developing and
underdeveloped  countries. In  electrical-electronics
engineering, where hands-on experience with tools and
platforms is essential, the lack of accessible, affordable
hardware presents a substantial barrier to student learning and
skill acquisition. Specifically, practical exposure in digital
logic design courses is critical for equipping students with the
competencies needed to meet industry demands. However, the
high cost of educational tools and limited access to cutting-
edge platforms often prevent institutions in resource-
constrained regions from providing adequate learning
opportunities. This creates a substantial skills gap and limits
the ability of students to transition effectively into the
workforce.

Digital logic design, a foundational area in electrical and
electronics engineering curricula, requires students to work
with hardware platforms such as field-programmable gate
arrays (FPGAs). Thanks to their reconfigurable nature,
FPGAs offer versatility and flexibility in implementing and
testing digital circuits, making them an indispensable platform
for courses on hardware description languages, finite state
machines, and computer architecture. Despite their
importance, commercial FPGA boards remain prohibitively
expensive for many educational institutions in economically
disadvantaged regions around the globe. Democratization of
access to digital design platforms such as FPGA development
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boards or kits often fails due to imbalance between
affordability and functionality. As a result, students are often
restricted to theoretical learning, which undermines their
ability to develop practical skills and creative problem-solving
abilities. Hands-on learning in engineering education is vital
for producing the highly skilled engineers required by the
electronics industry. Integrating practical experience with
theoretical coursework is essential for achieving this
objective, as it enhances student engagement and promotes
better knowledge retention.

Several efforts have been made to address these challenges
by developing affordable alternatives to conventional
commercial FPGA platforms. For example, educational
boards such as Digilent Basys3 and Terasic DE10-nano have
been widely adopted in undergraduate courses offered in
developed countries [1], [2]. However, these solutions still
carry price points that are often unattainable for institutions in
developing or underdeveloped regions of the globe.
Additionally, many commercial solutions rely on proprietary
EDA software ecosystems, which can further increase costs
through hidden licensing costs and limit accessibility.
Research has consistently shown that reducing barriers to
entry through cost-effective, open-source platforms can
significantly improve educational outcomes and foster
innovation [3].

This paper presents a novel solution to these challenges: a
cost-efficient FPGA carrier board designed for undergraduate
digital logic design courses. Unlike existing platforms, this
board leverages the low-cost Sipeed Tang Nano FPGA
modules and integrates a free and open-source toolchain for
custom logic circuit design [4], [5]. Measuring 12.75 x 12.75
cm and anticipated to cost under $30 per unit, this board offers
a scalable and accessible alternative for institutions in
economically constrained regions.

The remainder of the paper is organized as follows:
Section II discusses the hardware architecture of the FPGA
carrier board, highlighting its technical specifications and
integration process. Section III explores the PCB design and
hardware prototyping, while Section I'V provides potential use
cases of the proposed platform in education. The paper
concludes in Section VI with a summary of contributions and
directions for future work.

II. HARDWARE ARCHITECTURE

In this section, we outline the design choices and hardware
architecture of the proposed FPGA carrier board. As shown
in Fig. 1, the board offers multiple DC power supply input
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options, enhancing its versatility for both laboratory and field
use. It can be powered via USB-C for programming or
through a DC barrel jack or header, allowing standalone
operation in scenarios such as robotic competitions or off-
laboratory activities.
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Fig. 1. System level hardware architecture of the FPGA carrier board.

To facilitate human-machine interaction, the board
includes an array of 8 LEDs aligned with slide switches.
These components support both input and output operations,
making them ideal for combinational logic design
experiments. Additionally, the board features a 4-digit
multiplexed common anode seven-segment display module,
enabling experiments with BCD number representation and
digit multiplexing using FPGA resources as presented in Fig.
1. For advanced interfacing, the carrier board supports either
an SPI-based ST7735 LCD or an [12C-compatible SSD1306
OLED display. These options are particularly useful for
embedded soft-core CPU projects, such as implementing the
RISC-V-based PicoRV32 processor on the FPGA module.
Furthermore, all FPGA pins are routed to male pin headers,
facilitating debugging and analysis using tools like logic
analyzers or oscilloscopes.

The proposed FPGA carrier board serves as a cost-
effective platform for developing, testing, and deploying
complete design solutions. It is tailored to digital logic design
courses and embedded system design applications,
supporting experiments without requiring additional external
components. The inclusion of sufficient pin headers also
allows for the integration of custom add-on PCB modules to
extend functionality. The peripherals and modules included
for course-related experiments are discussed in the following
sections.

A. Gowin GWINR-9 FPGA Device

To balance manufacturing costs and design simplicity, we
chose the low-cost Sipeed Tang Nano 9K module, shown in
Fig. 2, as the core of our hardware design. Its compact form
factor supports breadboard use and includes a USB-C
connection for JTAG programming, debugging, and
powering. The module also provides a full-size HDMI output
and a dedicated socket for driving LCD modules up to 5
inches, enhancing its versatility for a range of applications. At
the heart of the Tang Nano 9K module shown in Fig. 2 lies the
GOWIN GWINR-9 FPGA chip, which offers an excellent
cost-to-performance ratio. This FPGA features 8640 logic

units (LUT4) and 6480 registers, complemented by 17,280
bits of ShadowSRAM (SSRAM) and 468 kilobits of Block
SRAM (BSRAM) across 26 blocks [4]. With an onboard 27
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Fig. 2. Sipeed Tang Nano 9K FPGA board top view [4].

MHz reference clock and two PLLs, the FPGA is well-suited
not only for basic designs but also for implementing full
RISC-V soft-core CPUs such as PicoRV32 for use in
embedded systems laboratory courses.

The Tang Nano 9K module in Fig. 2 includes display
interface options, such as HDMI, RGB screen, and SPI screen
interfaces, making it ideal for multimedia and embedded
applications. It also features 32 Megabits of SPI flash and
supports up to 64 Megabits of SDR SDRAM, offering ample
memory for complex designs. Debugging is streamlined with
an onboard BL702 chip, which supports USB-JTAG and
USB-UART functions for the GW1NR-9 FPGA [4]. Flexible
I/O capabilities further enhance the board’s utility, with
driving strengths of 4mA, 8mA, 16mA, and 24mA. Each I/O
pin includes independent Bus Keeper functionality,
configurable pull-up/pull-down resistors, and Open Drain
outputs. Additional connectivity is provided through a TF card
slot and two 24-pin 2.54mm headers, enabling data logging
for IoT and wireless sensor network applications. User
interaction is supported by two programmable buttons and six
onboard LEDs, as shown in Fig. 2. These features facilitate
customization and experimentation, making the module a
valuable tool for both educational and prototyping
environments.

Compared to alternative FPGA modules, the Tang Nano
9K stands out for its superior balance of logic capacity,
memory, and peripheral options at a low cost. With its HDMI
high-speed output, support for OLED and LCD displays, and
multiple power supply options, it meets the needs of modern
digital design challenges. These features make it an excellent
choice for undergraduate level digital logic courses,
embedded system projects, and microprocessor design,
ensuring cost-efficient, safe, and rapid development without
compromising functionality.

B. Power Supply Design

The FPGA carrier board is equipped with two standalone
DC input options: a 2.lmm DC barrel jack and a 5.08mm
standard terminal block as shown in Fig. 4. To safeguard
against potential short circuits, a Schottky diode-based logical
OR configuration is implemented. These dedicated input
options make the board suitable for off-laboratory use or
standalone deployments in various applications. The power
supply circuitry shown in Fig. 3 includes two LM2596-based
DC-DC converters to generate the 3.3V and 5V DC voltages
required by the onboard peripherals and the FPGA module [6].
Alternatively, the FPGA module can be powered directly via
its USB-C port. However, to prevent a race condition on the
supply rails—which could lead to damage to the FPGA
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module—it is critical to avoid simultaneously connecting an
external DC power supply and the USB-C power source. The
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Fig. 3. LM2596 based FPGA carrier board power supply circuits.

board should operate using either the external DC input or the
USB-C power, but not both at the same time. This flexible and
robust power supply design ensures reliable operation for a
wide range of use cases, whether in the lab or standalone
environments.

C. General Purpose Input and Outputs

The FPGA carrier board is equipped with an ample
number of GPIOs to support various input and output
operations. It includes an array of eight LEDs and eight slide
switches, complemented by four DIP switches, as shown in
Fig. 1, providing a versatile platform for experimenting with
digital logic designs. To enhance user interaction, the board
also features five push buttons arranged in a joystick layout.
This configuration offers flexibility for scenarios such as
remote-control applications or custom user interfaces. All 48
pins of the Sipeed Tang Nano 9K FPGA module are routed
to pin headers, allowing easy connection to external circuits.
This design facilitates the expansion of the board’s
functionality, enabling users to integrate custom peripherals
or debug and monitor FPGA pins using external tools like
oscilloscopes or logic analyzers.

D. Display Interfaces

The FPGA carrier board includes a 4-digit, time-division
multiplexed, common-anode seven-segment LED display, as
shown in Fig. 5. This module is ideal for experimenting with
decoders, counters, and BCD-encoded number displays,
making it a valuable tool for understanding fundamental
digital logic concepts.

For more advanced projects, such as those involving
synthesizable soft processor cores, the board supports 12C-
and SPI-capable display modules. These include both LCD
and OLED options, offering flexibility for implementing
graphical interfaces or data visualization tasks. Additionally,
the board features an array of eight LEDs, each aligned with
a corresponding slide switch, as shown in Fig. 5. This
arrangement provides intuitive feedback and control, making
it suitable for experiments with combinational and sequential
logic designs.

III. PCB DESIGN AND HARDWARE PROTOTYPING

Following several design reviews and iterations, we
developed a prototype PCB using Proteus 8 CAD software, as
shown in Fig. 4. To minimize costs and ensure
manufacturability under limited conditions, a two-layer stack-

up was selected, using FR4 material for its availability and
durability. The target PCB dimensions were set at 12.7 x 12.7
cm, with careful component placement to ensure both easy
routing and user accessibility. Embedded 3D models of
components and display modules were utilized to perform
dimensional fitness checks, enhancing design precision, as
illustrated in Fig. 5.

BERBE

Fig. 5. 3D render view of the FPGA carrier board PCB with components.

After completing the layout, we conducted a Design Rule
Check (DRC) and layout-versus-schematic verification to
ensure design integrity. Gerber and drill files were then
generated, and the PCB was fabricated using an in-house
LPKF S100 PCB prototyping machine. Due to the limitations
of this manufacturing method, which does not support via
implementation, manual through-hole wires were used to
replicate via functionality.

Once the board was carved, circuit nodes were tested for
electrical connectivity using a multimeter in continuity mode.
Following verification, electronic components were populated
and soldered to prepare the board for initial testing, as shown
in Fig. 6. The assembled PCB was cleaned with isopropyl
alcohol to remove flux residues and ensure a clean surface.
Before mounting the FPGA module, power supply
connections were double-checked, and the correct voltages
were verified at the corresponding power supply pins of the
FPGA module. Initial tests confirmed the functionality of the
FPGA carrier board design. The bare prototype PCB in Fig. 6,
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however, lacks protective coating and is susceptible to
oxidation over time.

Fig. 6. First prototype of the FPGA carrier board PCB with component
assembled and soldered.

Based on the successful validation of the initial design, a
revised PCB is currently being developed for factory-level
manufacturing. The new design will fit within a 10 x 10 cm
footprint to reduce fabrication costs and mitigate potential
customs-related issues.

IV. POTENTIAL USE CASES OF THE PROPOSED PLATFORM

In this section, we outline and explain the potential use
cases of the proposed FPGA carrier board in a variety of
academic scenarios and courses. The versatile features
provided by the board make it a valuable tool for enhancing
hands-on learning and experimentation across several
engineering disciplines.

A. Digital Logic Design Laboratory Course

The FPGA carrier board is particularly suited for use in
digital logic design laboratories, where students explore
fundamental concepts such as combinational and sequential
circuit design. With its integrated LED and switch arrays, the
board provides a straightforward platform for implementing
logic gates, multiplexers, decoders, counters, and finite state
machines. The inclusion of a 4-digit seven-segment display
allows students to visualize BCD outputs and perform
experiments involving digit multiplexing. The GPIO
accessibility ensures compatibility with custom circuits,
encouraging students to develop creative solutions to design
challenges.

B. Embedded System Design Laboratory Course

In embedded systems laboratories, the board's support for
[12C- and SPI-capable display modules and onboard
peripherals makes it ideal for implementing and testing
embedded applications. Students can experiment with soft
processor cores, such as the RISC-V-based PicoRV32, and
interact with external devices like sensors, actuators, and
memory modules. The board’s USB-C and standalone power
options ensure flexibility, whether the focus is on in-lab
debugging or field deployments. Additionally, the versatile
connectivity options and programming interfaces simplify
integration with various embedded projects.

C. Unmanned Systems Laboratory Course

The proposed board can also play a critical role in
unmanned systems laboratories, where students design and
prototype control systems for drones, robots, and other
autonomous platforms. The FPGA’s high-speed processing
capabilities and flexible GPIOs enable the development of
sensor fusion algorithms, motor controllers, and
communication interfaces. The board’s compact design,
combined with its standalone power options, makes it ideal
for deploying in off-lab scenarios such as robotics
competitions or outdoor experiments.

V. CONCLUSION AND FUTURE WORK

In this paper, we presented the design and development of
a cost-effective FPGA carrier board tailored to enhance hands-
on learning in electronics engineering education. With
features such as GPIOs, display modules, onboard peripherals,
and flexible power options, the board offers a versatile
platform for courses in digital logic design, embedded
systems, and robotics. Its compact size and low manufacturing
cost make it well-suited for academic use and extracurricular
activities, including robotics competitions. The prototype has
been validated through testing, confirming its functionality for
educational purposes. Future work will focus on expanding
the board's capabilities to support more advanced applications.
Planned enhancements include wireless connectivity via
ESP32 for IoT projects, sound generation for audio
experiments, motor control for robotics, and ADC/DAC
modules for analog signal processing. While these upgrades
will broaden the board’s functionality, maintaining
affordability will remain a priority. Extended testing in diverse
academic settings will guide future refinements, ensuring the
board continues to serve as a cost-effective and adaptable
educational tool.
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Abstract—In this paper, we study solving of linear algebraic
equations with the form of Ax = b in a distributed manner

by using distributed memory programming. We consider open-
source message passing interface (MPI) approach to model
our simulations. Also we review the sequential programming
approach and make comparison with MPI on the performances
under different network topologies.
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1. INTRODUCTION

Parallel programming techniques are widely used in com-
puter simulations to enhance the computational performance.
Nowadays, the computing systems are mostly designed as
having multiple cores in their architectures and these cores can
be used for parallel programming. One of the main benefits
of having the multiple cores in computing systems is that
these cores can be utilized individually at the same time.
Therefore, programmers have the opportunity to use these
cores a networked system. In the networked systems, each core
processes their workloads and exchange their results with their
connected neighbors [1-5].

There are numerous types of techniques to achieve parallel
programming structure. One of the widely used techniques
consider that each core processes their workload individually
and has its own local memory in the computing system. There-
fore, each core can be modelled as an individual processor
and data in the local memory of the cores should be explicitly
exchanged between the other cores. This structure is known as
distributed memory systems. The Message Passing Interface
(MPI) is a powerful tool to utilize the distributed memory
programming.

On the other hand, most of the programmers do not spend
enough time to benefit from the parallel programming tools
[6]. In order to draw attention into parallel programming
techniques, we suggest a use case for integrating these tools
with the conventional multi-core computing systems.

Linear algebraic equations (LAEs) are very essential in
order to analyze systems mathematically in many different
fields such as Engineering, Economics, and Architecture. We
usually use the following form to show the algebraic equations:

M

where A € R™*" is the system matrix, x € R" is the solution
vector, and b € R™ is the observation vector [7].

Ax =b
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There are numerous different algorithms suggested to solve
such systems, however, they can be investigated in two major
topics: Centralized algorithms and Distributed algorithms.
Centralized algorithms generally consider the system alto-
gether and try to manipulate the system matrix in order to
make it invertible. On the other hand, distributed algorithms
use a different approach. The main idea for the distributed
algorithms is partitioning the system matrix into many parts
and solve these parts individually by using different solvers.
Then collect the solutions from each solver in accordance with
a connection network between the solvers. Finally, solvers
have a consensus on a solution for the overall system Ax = b
if there is a solution [7].

In this paper, we mainly focus on solving linear algebraic
equations of the form (1) by using the distributed memory
programming technique in C language. We use the MPI
model which was designed to utilize the distributed memory
architecture in multi-core computing systems.

This paper is organized as follows. In the following section,
we provide mathematical preliminaries to form a network
and introduce an algorithm to solve linear algebraic equation
systems in a distributed manner. In the next section, we
form numerical algebraic equation systems to be simulated
in a multi-core computer. We introduced the pseudocodes for
solving such equation systems both in sequential programming
and distributed memory programming techniques. Section 5
compares the sequential programming and distributed memory
programming simulation results. In section 6, we conclude and
discuss the results provided in this paper.

II. MATHEMATICAL PRELIMINARY

In a multi-core computing system, we consider each core
as an individual processor as mentioned previously. However,
the data exchange relationship should be well-defined to
have distributed memory structure at hand. Communication
channels between the agents in a multi-core network can be
expressed mathematically by using graph theory. We consider
a directed graph G = (V, E) as illustrated in Fig. 1, where
V={1,2,...,m}is the set of nodes and E C V X V is
the set of directed edges between the nodes. We assume node
i and node j are adjacent to each other if a communication
link exists between them, i.e., (i, j) € E. These nodes are also
called neighbors. Furthermore, we define the set of nodes that
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sends information to node i as in-neighbors of node i, i.e.,

N+t ={jeV:(ie€E}L

Fig. 1. A directed graph G.

The nature of the distributed algorithms for solving alge-
braic equations fits into the parallel programming structure.
Especially, when we consider each core in the CPU as a
node of a network, we can directly benefit from the parallel
programming techniques in order to simulate the solution of
the algebraic equations by using an appropriate algorithm.
There are many different algorithms that can be utilized to
solve the linear algebraic equation of the form of (1) distribu-
tively. However, we use a discrete-time distributed algorithm
suggested in Mou et al., 2015 such that

xi(t—i— l) :xi(z‘) — pksr(Ai) Z u,'w(f)(xi(f) —Xj(f))
JENT (1)
(2)
where wi(t) is the weighting coefficient which was designed
to be N (t) lovie V, Pker(a;) is the projection matrix

onto the kernel of A;, and t > 1.

III. PROBLEM DEFINITION

In this section, we define two different linear algebraic equa-
tion systems numerically. The first system has the following
equations:

X1+X2+x3=2
2x1 +3x2+x3=3

€)

X1 — X2 — 2x3 = —6.

Above algebraic equation system has a unique solution of
x = [—1,1,2]". In order to solve a linear algebraic equation
by using (2), we form a network with three nodes as illustrated

in Fig. 2 and it satisfies all the conditions defined in Mou et
al., 2015.

; ®

Fig. 2. A directed graph with three nodes.

©2024 UAKK

As described in Mou et al., 2015, each node in the network
should know a subset of the system (3). In addition, each node
must begin its iteration in algorithm (2) with a solution to its

equations.

Secondly, we design a system with eight equations of the
form of (1) as follows:

4 -2 3 2 1 6 3 0 EXl
6 0 1 -1 -3 0 -3 —1 23
-1 -3 6 -2 5 —1 -3 4 11
1 2 -2 -1 -2 -3 4 -3 2
1 0 4 5 -3 -1 6 -—3/¥ || @®
4 -2 4 -3 0 -3 2 3 12
5 o-1 2 -1 1 2 -2 3 23
2 6 —2 -3 —2 4 5 2] 7

We suggest the network illustrated in Fig. 1 as the multi- core
system to solve above equation system. Although it has
infinitely many solutions, we can still use algorithm (2) to
achieve consensus among the cores as a solution to overall
system (4).

Furthermore, we simulate different randomly generated
equation systems for simulation time comparison. Each system
is guaranteed to have at least one solution and we utilize the
network topologies for the multi-core systems illustrated in
Fig. 1 and Fig. 2 in accordance with their equation numbers.

IV. DISTRIBUTED MEMORY PROGRAMMING

In this section, we briefly introduce the distributed memory
programming concept. However, we first consider the sequen-
tial programming approach. In sequential programming, we
use a single core for simulations. In our particular problem of
solving linear algebraic equations, the sequential programming

can be easily applied. We develop a sequential C program for
solving linear algebraic equations distributively.

In this code snippet, we first define the problem of interest
in the form of (1) in line 19. Then we defined the connection
relationship between the nodes to utilize data produced by the
neighboring node. Next, we directly use the algorithm defined
in (2) for each node. In here, we used rank as the current
processed node. All these processes are done by a single core
and each node waits for others to finish their computations.

Now, we study the distributed memory programming. Es-
sentially, a distributed memory system contains multiple core
and local memory pairs connected by a network. Each core
in this system processes its own work in accordance with its
clock. However, when we need to send and receive data from
one node to another to accomplish a complex task, we need to
utilize a message passing protocol between the corresponding
cores. One of the most used standard on distributed memory
systems is MPI. We simulate the problems we defined in
the previous section by using MPI on a distributed memory
system.

We develop the program in Listing 2 by utilizing the MPI
standard in C language to solve linear algebraic equations in
a distributed manner. In the given program, we first initialize
the MPI with the number of cores we have in the distributed
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1

2

3

4

5 olerance

6 r of agents

7

8 // Proto

9 void problemDefinition();

10 int determineInNeighbor (int rank);

algorithmMou (int rank, float x neighbor([N]);
float unique[], int

11 void

12 float norm(float soln(],
«— num_rows);

13 void printVector (float vector[N], int size);

15 int main(int argc, char** argv) ({
16 int rank;

17 float soln_norm;

18 float x neighbor([N];

19 problemDefinition() ;

21 do{
2 for (rank = 0; rank < N ; rank++) {
23 x_neighbor =
«— determineInNeighbor (rank) ;
24 algorithmMou (rank, x_neighbor) ;
25 soln _norm = norm(x_next[rank], x[rank], N);

2 }

27 }while (soln _norm > ERROR);
28 printVector (x next[0], N*N);
29 return EXIT SUCCESS;

30 }

Listing 1: A sequential program for solving LAEs.

TABLE I
COMPUTATION TIMES.
LAE in 3) | LAE in (@)
Sequential Program 418 usec 36245 usec
Distributed-memory Program (MPI) | 34169 psec | 40223 usec

system in lines between 21 and 23. Then, MPI_Bcast in line
24 is used to broadcast initial data to all cores to be used
in the system. Next, each core exchanges data between its
neighboring cores defined in the network. It is important to
note that, each core processes its received data simultaneously
until the tolerance is achieved. Then MPI Gather collects data
from each core into the designated destination core in line 33.

V. RESULTS

In this section, we review the results for the LAEs defined
Section III by using sequential and distributed-memory pro-
grams defined in Listing 1 and 2.

In Table I, we provided the computation times for solving
LAEs in (3) and (4) under the network topologies illustrated in
Fig. 1 and Fig. 2. The values given in the table are the average

computation times of 150 simulations in the same computer.

As can be observed from the table, the computation time
needed to solve the problem (3) with sequential program is
explicitly less than we have with distributed-memory program.
On the other hand, we achieved consensus for problem (4)
almost at the same average time for both approaches.

These results mainly show that the distributed-memory
system structure superior the sequential approach when the
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// Prototy;

10 void problemDefinition();

11 int determineInNeighbor (int rank) ;
12 int determineOutNeighbor (int rank);
13 void algorithmMou(int rank, float x_neighbor[N]);

14 float norm(float soln[], float unique[], int
< num_rows);

15 void printVector (float vector([N], int size);

17 int main(int argc, char** argv) {

18 int rank, size, tagno = 101, iter;

19 float soln norm, result[N*N], x neighbor[N];
20 problemDefinition(); -
21 MPI_Init (&argc, &argv);

2 MPI_ Comm_ rank (MPI_COMM WORLD,
23 MPI Comm size(MPI_COMM WORLD,
24 MPI_ Bcast (x_next, N * N, MPI_FLOAT,

«— "MPI_COMM WORLD) ;

&rank) ;
&size);
0

Yr

25 do{
26 neighbor in = determinelInNeighbor (rank);
27 neighbor out =
«— determineOutNeighbor (rank) ;
28 MPI_Send(&x_next[rank], N, MPI_FLOAT,

«— neighbor out, tagno,
« MPI_COMM WORLD) ;
29 MPI Recv (&x_neighbor, N, MPI FLOAT,
«— neighbor_in, tagno, MPI_COMM WORLD,
«— MPI_STATUS_IGNORE) ;

30 algorithmMou (rank,
«— x_neighbor);
31 soln_norm = norm(x_next[rank],

«— x _current[rank], N);
32 )while(soln_ﬂbrm < ERROR) ;
33 MPI Gather (&x next[rank], N, MPI FLOAT,
«— N, MPI FLOAT, 0, MPI_COMM WORLD) ;

&result[rank],

34 if (rank == 0) {

35 printVector (result, N*N);
36 }

37 MPI Finalize();

38 return EXIT SUCCESS;

39 }

Listing 2: A distributed-memory program for solving LAEs.

underlying topology gets complicated. The main reason for
that is a node in distributed-memory system do not necessarily
has to wait to process its data until the process of all the other
nodes. On the contrary, each node must wait for the others in
sequential approach since it uses a single core.

VI. CONCLUSION

In this paper, we explored distributed-memory programming
with MPI for solving linear algebraic equations in a distributed
manner. We also reviewed the sequential approach for the same
problem of interest. We compared the simulation times with
two different problems under different network topologies for
both approaches. Although the network topology is getting
complicated when we have a larger system, simulations on
the distributed-memory systems may be preferable. For future
work, it would be convenient to operate with more comprehen-
sive multi-core computing systems such as super computers in
TRUBA in order to simulate more complicated systems. Also,
we would like to study other parallel programming techniques
to assess the performance more accurately.
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Ozetce— Bu calisma, bir sensor olarak radyasyon sayaci
donanimi eklenmis otonom bir TurtleBot3 i¢cin acik kaynaklh
ROS (Robot Operating System) tabanh bir paket gelistirmeyi
amaglamaktadir. Bu paket, robotun kontroliinii, iletisimini ve
¢evrenin radyasyon haritalamasini saglamaktadir.

Hali hazirda bulunan bir radyasyon dedektdriiniin sensor
olarak eklendigi robotun bocek algoritmasi sayesinde otonom
hareket ederek radyasyon iceren belli bir alam taramasi ve
radyasyon sayimi bilgisini yaymlamasi saglanmistir.

Calismanin donanim tarafinda, bir fotocogaltic1 tiipten
yiikseltilerek cikan analog sinyaller, 6nce bir pencere ayristiric
devresi yardimiyla tek kanaldan dijital hale getirilmistir.
Ardindan bir mikrodenetleyici sayesinde belli bir siirede alinan
dijital sinyaller sayillarak TurtleBot3’te bulunan Raspberry pi
iizerindeki USB portuna ulastirilmistir. Calismanin yazihm
tarafinda ise, mikrodenetleyiciden cikan radyasyon o6l¢iimii
verisini seri porttan dinleyen ve bunu ROS topic olarak
yayinlayan bir modiil yazilmistir.

Calismada yazilan ROS modiillerinin TurtleBot3 meta
paketine uygun olmasi sayesinde siirii robot caliymalarinda
kullanilmas1  veya benzer platformlara uygulanmasi
saglanmistir. Bu amacla, radyasyon dl¢iimii verisinin ROS topic
iizerinde yayimmimi dinleyen ve SLAM teknigi ile bunu 1s1 haritasi
olarak yaymlayan bir modiil eklenmistir.

Daha sonraki calismalarda bu paketin birden cok dedektor
olmasi1 durumu icin gelistirilmeler yapilmasi ve bocek
algoritmasindan daha verimli alan tarama tekniklerinin
eklenmesi planlanmaktadir.

Anahtar Kelimeler — Robot Operating System; TurtleBot3;
Gama Dedektorii; Radyasyon Haritlama.

Abstract— This study aims to develop an open-source ROS-
based package for an autonomous TurtleBot3 equipped with a

©2024 UAKK

radiation counter hardware as a sensor, enabling control,
communication of the robot, and radiation mapping of the
environment.

By adding an existing radiation detector as a sensor, the
robot, utilizing a bug algorithm, autonomously moves to scan an
area containing radiation and publishes the radiation count
information.

On the hardware side of the study, the analog signals
generated by a photomultiplier tube are first converted to digital
signal through a single-channel process using a window
discriminator circuit. Then, the digital signals, counted over a
specific period, are sent to the USB port on the Raspberry Pi
mounted on the TurtleBot3 via a microcontroller. On the
software side, a module was written to listen to the radiation
measurement data from the microcontroller via the serial port
and publish it as a ROS topic.

Since the ROS modules developed in this work are
compatible with the TurtleBot3 meta-package, they can be used
in swarm robot studies or applied to similar platforms. To
achieve this, an additional module was added to listen to the
radiation measurement data published on the ROS topic and
broadcast it as a heatmap using SLAM techniques.

Further development of this package to handle multiple
detectors and the addition of more efficient area scanning
techniques beyond the bug algorithm might be studied in the
future.

Keywords — Robot Operating System; TurtleBot3; Gamma
Detectors, Radiation Mapping.

I. GIRIS
Bu c¢alisma, otonom bir TurtleBot3 robotuna bagli bir
radyasyon dedektoriinii sensor olarak kullanarak radyasyon
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haritalama yetenegine sahip agik kaynakli bir ROS (Robot
Operating System — Robot Isletim Sistemi) paketi [2-7]

gelistirmeyi  amaglamaktadir. Robot,  gevresindeki
radyasyonu 6l¢iip haritalayarak ozellikle niikleer giivenlik,
cevresel izleme ve radyasyon tespiti gibi alanlarda

kullanilabilecek bir sistem sunmaktadir.

Projenin donanim kisminda, gelen radyasyonun elektrik

sinyaline doniistliriildigii bir foto-¢ogaltici tarafindan
iretilen analog atmalar, pencere ayristirici (window
discriminator) devresi kullanilarak dijital sinyallere

donistiirilmiistir. Bu dijital sinyaller, belirli bir zaman
diliminde sayilarak bir mikrodenetleyici araciligtyla
TurtleBot3'lin {izerine monte edilmis Raspberry Pi'ye USB
portu iizerinden iletilmistir. Yazilim kisminda ise,
mikrodenetleyiciden gelen radyasyon Ol¢iim verilerini seri
port lizerinden dinleyen ve bu verileri bir ROS konusu olarak
yayinlayan bir modiil gelistirilmistir.

Bu sistemin diger robotik uygulamalara kolayca entegre
edilebilmesi icin, gelistirilen ROS modiilleri TurtleBot3
meta-paketiyle uyumlu olacak sekilde tasarlanmistir [1].
Buna ek olarak, radyasyon 6l¢ciim verilerini bir ROS topic
tizerinden alarak isleyen ve bu verileri SLAM (Simultaneous
Localization and Mapping — Eszamanli Konumlandirma ve
Haritalama) tekniklerini kullanarak 1s1 haritasina doniistiiren
bir modiil gelistirilmistir. Bu modiil sayesinde, robotun
hareket ettigi alanlarda radyasyon dagilimi gergek zamanli
olarak gorsellestirilebilmektedir [13, 14, 17, 18].

Bu c¢aligma, ROS tabanli modiillerin esnekligi ve
TurtleBot3'lin gorece diisiik maliyetli ve saglam platformu
sayesinde, radyasyon algilama ve haritalama alanindaki
mevcut ¢oziimlere agik kaynakli bir alternatif sunmaktadir.
Gelecekte bu paketin birden fazla dedektorii destekleyecek
sekilde genisletilmesi ve daha verimli alan tarama
algoritmalariyla zenginlestirilmesi planlanmaktadir. Bu
yoniiyle proje hem akademik hem de uygulamali robotik
¢aligmalar i¢in 6nemli bir katki sunmaktadir.

A. ROS ve Robotik Sistemler

ROS, robotik uygulamalar i¢in tasarlanmis agik kaynakli
bir yazilim gergevesidir ve robotlarin farkli sensor ve
aktiiatorlerle entegre bir gekilde g¢alismasini saglar [2,3,5,7].
ROS, digiim (node) yapisina dayanarak farkli goérevlerin
bagimsiz modiiller tizerinden gergeklestirilmesine olanak
tanir. Bu calisma kapsaminda, ROS'un sundugu iletisim
altyapis1 ve modiiler yapi, radyasyon verilerinin toplanmast,
igslenmesi ve gorsellestirilmesi igin kullanilmustir.

ROS, robotik yazilim gelistirmeyi kolaylastirmay1
hedefleyen agik kaynakli bir platformdur. Robotik
sistemlerin tasarimi, gelistirilmesi ve simiilasyonu igin
gerekli olan araglari sunar. Kullanim alani oldukg¢a genig olan
ROS, endiistriyel robotlar, servis robotlari, otonom aracglar ve
akademik arastirma projeleri gibi pek ¢ok alanda
uygulanabilir.

Bu platform, endiistriyel robotlarin kontrolii, izlenmesi
ve programlanmasi, servis robotlariin temizlik, teslimat ve
hasta bakimi gibi gorevleri iistlenmesi, otonom araglarin
navigasyon, algilama ve karar verme siireclerinde énemli bir
rol oynar. Aymi zamanda, robotik derslerinde, akademik
calismalarda ve bireysel projelerde de siklikla tercih
edilmektedir.

Modiiler yapist sayesinde farkli bilesenlerin kolayca
entegre edilmesini saglayan ROS, dagitilmis mimarisiyle

cihazlar arasinda miimkiin oldugunca sorunsuz iletigim
kurulmasini miimkiin kilar. Onceden hazirlanmis modiillerin
yeniden kullanilabilir olmast, genis bir kullanici ve gelistirici
topluluguna sahip olmasi, giiclii simiilasyon ve gorsellestirme
araglar1 sunmasi ve hata ayiklama siireglerini basitlestirmesi,
ROS’u robotik alaninda 6ne ¢ikan vazgecilmez bir agik
kaynak platform haline getirmektedir.

Bu calismada kullanilan TurtleBot3 robot platformunun
acik kaynakli olarak yazilmis paketlerinin kararli olarak
calistig1 bir siirim olmast nedeniyle ROS’un en yaygin
stirimlerinden olan noetic tercih edilmistir.

B. Radyasyon Dedektirii ve Sinyal Isleme

Radyasyon dedektorleri, niikleer ve parcacik fizigi
deneylerinde, cevresel radyasyon izlemelerinde ve giivenlik
uygulamalarinda yaygin olarak kullanilmaktadir [21, 22]. Bu
calismada kullanilan dedektor, yari iletken foto-cogalticr ile
calismaktadir. Foto-¢ogalticilar, radyasyonun neden oldugu
151k sinyallerini elektrik sinyallerine doniistiiriir ve bu
sinyallerin yogunlugunu 6lger.

Analog sinyallerin islenmesi i¢in bir pencere ayristiric
devresi (window discriminator) kullanilmigtir. Bu devre,
sinyalleri belirli bir alt ve st esik voltaji arasinda
filtreleyerek giiriiltiiyli azaltir ve yalnizca istenen araliktaki
sinyalleri dijital sinyallere doniistiiriir.

Dijital sinyaller, bir mikrodenetleyici (Arduino)
tarafindan sayilarak TurtleBot3 {izerinde yer alan Raspberry
Pi'ye iletilir. Mikrodenetleyicinin sundugu kesinti (interrupt)
mekanizmasi, her bir sinyalin hizli ve dogru bir sekilde
sayilmasini saglar. Bu sayilar, ROS ortaminda islenerek
radyasyon yogunluguna iligkin bilgiler elde edilir.

C. SLAM ve Isi1 Haritalama

SLAM, bir robotun bulundugu ortamm haritasini
¢ikarirken ayni anda kendi konumunu belirlemesine olanak
tanir [9-12, 15]. Bu ¢alismada, TurtleBot3'iin lazer mesafe
Olcer ve odometre verileri, ¢evrenin haritasini ¢ikarmak igin
kullanilmistir. Radyasyon dedektoriinden alinan veriler,
SLAM haritas1 iizerine islenerek bir 1s1  haritasi
olusturulmustur.

Ist haritalari, ¢evresel degiskenlerin mekansal dagilimini
gorsellestirmek igin kullanilan etkili bir yontemdir. Bu
calismada radyasyon yogunlugunu temsil etmek i¢in renk
skalast kullanan bir 1s1 haritasi olusturulmustur. Robotun
bulundugu konuma bagli olarak, dedektdr verileri belirli
hiicrelere  aktarilmis ve  gercek  zamanli  olarak
giincellenmistir. Bu yontem, radyasyon kaynaklarinin tespiti
ve yogunluklarmin gorsellestirilmesi acisindan 6nemli bir
avantaj saglamaktadir. SLAM (Simultaneous Localization
and Mapping), robotlarin bilinmeyen bir ortamda hem kendi
konumlarmi belirlemesine hem de bu ortamin haritasini
cikarmasina olanak tantyan bir tekniktir. Bu teknoloji,
robotik sistemlerde otonomi saglamada kritik bir rol oynar ve
GPS’in yetersiz kaldigi i¢ mekan gibi alanlarda genis
uygulama alanina sahiptir. SLAM, lazer tarayicilar, kamera
sistemleri, IMU (Inertial Measurement Unit) ve odometre
gibi sensorlerden alinan verileri birlestirerek ¢evrenin
dinamik bir haritasin1 olusturur ve robotun c¢evresine
adaptasyonunu miimkiin kilar.

Is1 haritalama ise, mekénsal bir bdlgede belirli bir
degiskenin (6rnegin sicaklik, nem veya radyasyon) yogunluk
dagilimin1 gorsellestirmek ic¢in kullanilan bir tekniktir. Is1
haritalari, genellikle farkli yogunluklar1 renk skalasiyla
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temsil ederek karmagik verileri kolayca yorumlanabilir hale
getirir. Radyasyon yogunlugu gibi risk tasryan degiskenlerin
tespitinde, bu yontem hem giivenlik dnlemlerinin alinmasi
hem de ortam analizi i¢in degerli bilgiler saglar.

SLAM ve 1s1 haritalamanin birlesimi, mobil robotlarin
cevresel veri toplama ve analizinde giiclii bir aractir. Ornegin,
bir robot, SLAM sayesinde ortamin detayli bir haritasini
olustururken, ayn1 anda belirli sensorlerden alinan verileri bu
harita iizerine isleyebilir. Bu, dzellikle tehlikeli bolgelerde
(niikleer tesisler, madenler veya dogal afet alanlar1) gorev
yapan robotlar igin kritik Oneme sahiptir. Ayrica, bu
entegrasyon, ¢evresel degisikliklerin gercek zamanli olarak
izlenmesi ve tespit edilmesi i¢in biiyiik bir avantaj sunar.

D. TurtleBot3 Paket Yapisi ve ROS Topic Iliskileri

TurtleBot3, agik kaynakli bir robot platformudur ve
ozellikle robotik uygulamalari Sgrenmek ve gelistirmek
isteyenler i¢in popiiler bir aragtir. Robotun donanimi, ROS
(Robot Operating System) ile uyumlu olup, egitim, arastirma
ve prototip gelistirme alanlarinda yaygin olarak kullanilir.
TurtleBot3, farkli sensorler, motorlar ve bir bilgisayar sistemi
ile donatilmistir ve kullanicilara robotik algoritmalar
gelistirme, simiilasyonlar yapma ve robotun hareketlerini
kontrol etme olanagi sunar. Ayrica, robot, kullanicilarin 3D
haritalama, otonom navigasyon, nesne tanima ve daha bircok
robotik uygulama gelistirmelerine olanak tanir. TurtleBot3,
modiiler yapis1 sayesinde farkli konfigiirasyonlarda
kullanilabilir ve robotik arastirmalar i¢in gii¢lii bir baslangic
platformudur.

TurtleBot3, ROS tabanli bir mobil robot platformudur ve
modiiler yapisi sayesinde genis bir uygulama yelpazesine
sahiptir. Bu platformda yer alan yazilim paketi yapisi, farkli
gorevlerin bagimsiz olarak ¢aligmasini ve ROS ortaminda
kolayca entegrasyonunu saglar. Gelistirilen
gamma_detection paketi, TurtleBot3'in mevcut yazilim
altyapisina entegre edilerek radyasyon haritalama islemini
gercgeklestirmek igin tasarlanmistir.

TurtleBot3'lin ROS tabanli yazilim yapist agagidaki temel
bilesenlerden olusur:

e turtlebot3 bringup: Robotun temel
bilesenlerini (sensorler, motorlar, vb.) ¢aligtirmak
icin kullanilan bir baslatma (launch) dosyasini
igerir.

e turtlebot3 description: Robotun URDF
(Unified Robot Description Format) dosyasini ve
ilgili 3D modellerini igerir.

e turtlebot3 slam: Robotun SLAM

algoritmalarin1 calistirarak harita olusturmasina
olanak tanir.

e turtlebot3d navigation: Robotun planlama ve
otonom hareket yeteneklerini saglar.

Kullanicilar tarafindan eklenen paketler, TurtleBot3'iin
iglevselligini artirmak ig¢in kullanilir. Bu ¢alismada
gelistirilen gamma_detection paketi, radyasyon algilama ve
haritalama i¢in yazilmistir.

TABLE L. TURTLEBOT3 META PAKETININ DUGUMLERI.

Abonelik

Diigiim Yaymn Gorev

Robotun eklem

turtlebot3 rob /tf 4 1
ot_state_publi /jointstat - urumiarii ve
b pozisyonunu

sher e yayinlar.

/odom, Motor ve
/joint_sta Sen_Slﬁr_ i
tes, Jend vel verilerini igler;
turtlebot3 cmd_ve
urtlebot3 cor /battery s odor?etrl ve
e tat sensor
ate, durumlarmi
/sensor_st yaymlar.
ate
/map, /tf, SlLAM
turtlebot3 sla /scan, /odom, /tf, Za%grtlltrr;zingir
m_gmapping /particlec  /scan harita
loud olusturur.
Otonom
JMOVeLISC /odon, /nap,  Tavigasyon
turtlebot3 nav soat, /scan, [eijrota
. . /move base planlamasi ve
igation /move base s
/status, . hareket
/map imple/goal kontrolii
saglar.
Klavye veya
joystick
girisiyle
turtlebot3_tel robotun
urtiebots_te /emd vel - hareketini

€op kontrol etmek
igin hiz
komutlar
gonderir.
RViz
tizerinden
robotun

turtlebot3 rvi B /map, /odom,  durumunu,

z /scan, /tf haritasini ve
sensor
verilerini
gorsellestirir.

hlds laser pub Jscan B Lidar verilerini

lisher ) yayimlar.
Hedef
/move_base pozisyonlara
nove base Jooal, /map, /odom,  gitmek igin yol
- /imd :zel /scan, /tf planlamasi ve

hiz kontrolii
yapar.

II. MALZEME VE YONTEM

Calismanin gergeklesecegi cihazlardaki sistem, kurulan
kiitiiphane ortam1 ve haberlesme diizeni icin gerekli
ayrintilar, ardindan ¢alismanm konusu olan ROS paketinin
ayrintilar1 ve ayrica robota eklenen donanimin ilgili
aciklamalari bu boliimde verilecektir.

Calismada TurtleBot3, bocek algoritmasi kullanilarak
belli bir alan igerisinde otonom hareket etmektedir. Robot
once rastgele bir hedef belirleyip bocek algoritmasi ile o
hedefe dogru ilerleyecek sekilde galistirilmigtir. Eger hedefe
ulasirsa yeniden rastgele bir konum belirleyerek hareketine
devam eder. Her tekrarda alanin rastgele bir kismini taramis
olur.

Robot, alan1 gezerken gama dedektorii ile alinan analog
sinyal bir ayristirici devresi lizerinden dijital sinyale
dontistiiriiliir. Ardindan bir mikrodenetleyici yardimiyla her
saniye gelen dijital atmalar sayilir ve seri port iizerinden
TurtleBot3 iizerindeki Raspberry Pi 3’e yollanir. Cihazin
iizerinde gelistirilmis olan turtlebot3 gamma detection
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paketi, dnce saniyelik radyasyon oranini count rate olarak
yayinlar. Bu yayindan hareketle paketin i¢indeki ikinci bir
diigiim tarafindan bir 1s1 haritast olusturup heat map olarak
yaymlanir (Figiir 1).

Radyasyon
Kaynagi

Dijital
Atma

Dedektor

Analog
Atma

Aynstinci

Arduino Uno

int: rate

gamma_detection
_hode

'

heat_map_node

rostopic

yayin
count_rate

abonelik

rostopic
ayin
Y&y heat_map

Fig. 1. Sistemin yapisi.

A. Sistemin kurulmas:

TurtleBot3 i¢ginde bulunan ARM tabanli islemciye sahip
Raspberry Pi 3 iizerine Ubuntu 20.04 kurulmustur. Ardindan
robotlarin veya IoT (Internet of Things) cihazlarm
haberlesmesini saglamak amaciyla yazilmis agik kaynakli
ROS kiitiiphane ortaminin Noetic siiriimii, en kararli olarak
Ubuntu’nun séz konusu siiriimiinde c¢alismasi nedeniyle,
standart adimlar takip edilerek kurulmustur.

Standart kurulum adimlarinin bir pargast olarak
TurtleBot3 ile haberlesmeyi ve uzaktan kontrolii saglamak
i¢in, bundan sonra adina Ana Bilgisayar denilecek olan bir
bilgisayara, yine Ubuntu 20.04 ve ROS Noetic kurulumu
gergeklestirilmigtir. Kurulumlarin sonunda ise ayni yerel
agda calistirilan Ana Bilgisayar ile TurtleBot3’lerin
haberlesmesi i¢in gerekli IP adresleri sabitlestirilerek her iki
sisteme de tanimlanmustir.

ROS, kullanicilarin ¢esitli paketler yazmasi ile 6zel
amagclara hizmet edecek sekilde tasarlanmistir. Kullanicilar
tarafindan eklenen paketler, TurtleBot3'in veya IoT
cihazlarin iglevselligini artirmak i¢in kullanilir. Bu ¢alismada
gelistirilen turtlebot3 gamma detection adli paket,
radyasyon algilama ve haritalama i¢in TurtleBot3 robotuna
ek paket olarak turtlebot3 meta paketinin altinda olacak
sekilde yazilmustir.

S6z konusu paketin iki digimi (node) bulunur:
radyasyon verisinin toplanmasini saglayan
gamma_detection_node diigiimii ile haritalanacak veriyi
saglayan heat _map_node diiglimii. Paketin baslatma
(launch) dosyasi, bu diigiimlerin ikisinin de baglatilmasini
saglayacaktir.

B. Anlik dedektor verisinin toplanmasi

Bu bolimde, gamma detection _node digiimiiniin
igleyisi ayrintili olarak agiklanmigtir. Bu diigiim, TurtleBot3
robotuna entegre edilmis radyasyon dedektoriinden islenerek
gelen sayisal verileri bir mikrodenetleyici tizerinden alir ve
ROS ortaminda bir topic olarak yayinlar.

Sistem, ROS tabanli modiiler bir yapi ile tasarlanmistir ve
donanim entegresi ile diiglim yapist olarak iki ana bilesen
igerir. Radyasyon dedektdriinden alinan analog sinyaller, bir
pencere ayrimcist  (window  discriminator)  devresi
kullanilarak dijital sinyallere doniistiiriiliir. Mikrodenetleyici
(Arduino), bu dijital sinyalleri sayar ve belirli bir zaman
dilimi i¢in biriken radyasyon Ol¢iimiinii seri port iizerinden
Raspberry Pi’ye iletir. ARM tabanli islemciye sahip ve igine
Ubuntu 20.04 kurulmus olan Raspberry Pi, TurtleBot3
platformuna entegre edilmistir ve ROS diigiimlerini ¢alistirir.

Donanim olarak entegre edilen radyasyon dedektdrii, bir
foto-gogalticinin 6niine yerlestirilmis inorganik bir kristalden
olusmaktadir (Figiir 2). Calismamizda silikon tabanli foto-
cogaltic1 olarak SensL markasinin J serisi 4mm x 4mm
boyutundaki tekli SiPM (Silicon Photo-Multiplier) iiriinii
kullanilmistir. Foto-¢ogalticinin aktif alanina ilistirilmis olan
SmmXx5mmx2in¢ boyutlarindaki LYSO (Lutetium—yttrium
oxyorthosilicate) kristali, gelen gama 1sinlarimin etkilestigi ve
goriiniir dalga boyundaki 1g18a doniistiigii kismi olugturur.

Fig. 2. Yan iletken foto-gogaltici ile LYSO kristalinin birlestirilip, 6n
ykselteg devresi tizerinden c¢ikig alacak ve besleme girisleri bulunacak
sekilde 151k gecirmez bir kutuya yerlestirilmis dedektor.

Caligmada kullanilan s6z konusu spesifik dedektoriin
secilmesinin nedeni, hali hazirda ucuza mal edilmis bir
dedektor olmasmin yaninda vakum tiip i¢inde fotoelektrik
etkiye dayali olan foto-cogaltici tiip yerine yari iletken
teknolojisine dayanan SiPM olmast nedeniyle daha hafif ve
az yer kaplamasidir. Ote yandan kiigiik aktif alan1, calismada
gelen radyasyonun enerji Olgiimii yapilmadigt ve sadece
gamalarin saymmi1 Onemli oldugu igin bir dezavantaj
yaratmamaktadir.

Foto-¢ogaltict bu goriiniir dalga boyundaki 1s18a duyarl
fotodiyotlardan meydana geldigi i¢in ¢ikis olarak onlarca mV
mertebesinde gerilim genligine sahip analog bir elektrik
sinyali iiretir. Sinyal ¢ikisina baglanmis bir 6n yiikseltici
devresinin  gonderdigi volt mertebesine ylikseltilip
sekillendirilmis analog sinyaller, karakteristik olarak hizli bir
cikisa ve gorece daha yavas bir inige sahip olan bir atma
bi¢cimindedir. Atmalar 6n yiikselticiden gegirismis durumda
birka¢ yiiz nanosaniye kadarlik siirelerde olugsmaktadir. Bu
stire, sinyal ayrimci bir devreyi tetikleyebilecek uzunluktadir.

Analog olan atma sinyallerin genligi bu tiir dedektorlerde
gelen gamanin enerjisiyle dogru orantilidir. Ancak bu
caligmada gamalarin enerjisi O6l¢iilmeyecek olup yalnizca
say1lmasi yeterli oldugu igin dijital ayrime1 devrede ortamda
bir radyasyon kaynagmnin olmadigi durumdaki ardalan
radyasyondan olusan istenmeyen atmalardan ayristirilmasi
iizerine odaklanilmigtir. Bu istenmeyen atmalar, ardalan
giiriiltiisii olarak adlandirilir ve elektronik giiriiltiiden daha
yiiksek genliklerde olabilir.

Ardalan giiriiltiiden ve elektronik giiriiltiiden ayrigtirmak
i¢in yapilan ayrimci devresi, temel olarak tek kanal dijital
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¢ikist olan, atmanin genliginin belli bir degerden yukarida
olmasi durumunda 5V genlikte olan TTL HIGH (mantiksal 1
degerinde transistor-to-transistor logic standardi) dijital bir
atma saglar, onun disindaki durumlarda ise yaklasik OV
genlikte olan TTL LOW (mantiksal 1 degerinde transistor-
to-transistor logic standardi) durumunda kalir.

Ayrimcer devre, gelen analog atmanin genligi aradalan
giiriiltiilye gore ayarlanan iki degerin arasinda oldugunda
tetiklenir ve tetiklendikten sonra belli bir siire boyunca dijital
bir kare dalga olusturur. Olusan kare dalganin uzunlugu,
analog sinyalin uzunluguyla dogru orantili olup birkag¢ 100ns
sirede iretilmektedir. Bu silire, Arduino gibi bir
mikrodenetleyicinin dijital kesinti pinlerinden okunabilecek
bir siiredir ve bu sayede mikrodenetleyicideki kod istenilen
islemleri gerceklestirecek sekilde tetiklenir.

Mikrodenetleyicideki kesinti pini, dijital TTL HIGH
atmasi gelmesi durumunda tetiklenip C dilinde yazilip
derlenmis kodda s6z konusu pine atanmis olan fonksiyon
calisir. Bu fonksiyon, her kesinti oldugunda global bir
degiskeni +1 artirir. Mikrodenetleyicide siirekli olarak
calisan loop () dongiisii ise tutulan degiskeni her saniye seri
porta yazip degerini sifirlar.

Fig. 3. Radyasyon dedektérii eklenmis TurtleBot3.

C. Radyasyon sikliginin konuma gore yayinlanmasi

Calismada gelistirilen turtlebot3 gamma detection
paketi, SLAM haritas {izerine radyasyon verilerini islemek
i¢in asagidaki adimlari izler:

e SLAM haritasindan alinan robot konumu (/odom
topic'i iizerinden).

e Radyasyon verilerinin (/count rate)  robotun
bulundugu harita hiicresine islenmesi.
e Haritanin  giincellenerek /heat map topic'i

iizerinden yayimlanmasi.

Bu yap1 sayesinde TurtleBot3, SLAM ile elde edilen
harita {izerinde radyasyon yogunluklarini ger¢ek zamanli
olarak gorsellestirebilir. Kullanici, RViz iizerinde /heat_map
topic'ini bir katman olarak ekleyerek radyasyon dagilimim
renkli bir 1s1 haritas1 olarak gézlemleyebilir.

Bu bélimde, gamma_detection_node diiglimiiniin
isleyisi detaylandirilmistir. Bu diigiim, TurtleBot3 robotuna
entegre edilmis radyasyon dedektdriinden gelen verileri alir
ve ROS ortaminda bir topic olarak yaynlar.

Radyasyon dedektoriinden alman analog sinyaller, bir
pencere ayrimcist  (window  discriminator) — devresi
kullanilarak dijital sinyallere doniistiiriiliir. Mikrodenetleyici
(Arduino), bu dijital sinyalleri sayar ve belirli bir zaman
dilimi i¢in biriken radyasyon 6l¢iimiinii seri port iizerinden
Raspberry Pi’ye iletir. Bu noktada gamma_detection_node,
seri port lizerinden gelen verileri dinler ve her yarim saniyede
bir alinan sayim oranim (count_rate) std msgs/Int32
tiirtinde bir ROS topic olarak yayinlar.
Diigiimiin isleyisi su sekilde dzetlenebilir:

e  Seri porttan gelen veri okunur ve ¢oziimlenir.

e Alinan radyasyon 6l¢iim degeri bir ROS topic
olan /count_rate iizerinden yayinlanir.

e Diger diigiimlerin bu verilere abone olmasina
olanak saglanir.

Burada heat_map_node paketin i¢inde bu yayma abone
olarak SLAM haritasi olusturur ve heat_map olarak yaynlar.
Bu yaymn, rviz gibi gorsel ara yiiz paketleri ile
gorsellestirilebilir (Figiir 4)

TABLE II. GELISTIRILEN TURTLEBOT3 PAKETININ DUGUMLERI
Diigiim Yayin Abonelik  Gorev
Arduino'dan
gamma_detection no /count_rat B alinan
de e verileri
yayimlar.
Radyasyon
/count rat  verilerini
heat map node /heat map e Jodon haritalandir
r.
255
@
- f ‘ <
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'S’ 3
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Fig. 4. Olusan radyasyon haritasi.

III. SONUC VE TARTISMA

Bu ¢alismada, TurtleBot3 platformu iizerine gelistirilen
turtlebot3 gamma detection paketi kullanilarak, ¢evredeki
radyasyon seviyelerinin dinamik olarak haritalandirtlmasi
gerceklestirilmigtir. Radyasyon o6l¢iimleri ve robotun
pozisyon verileri basariyla entegre edilerek, gergek zamanl
bir “1s1 haritas1” elde edilmistir.

Gelistirilen sistem, radyasyon seviyelerini saniyelik
olarak 6lgmiis ve robotun anlik konum bilgisi ile birlestirerek
2D bir radyasyon haritas1 olusturmustur. Sistem,
TurtleBot3'liin SLAM altyapisi ile tamamen uyumlu ¢aligmig
ve ROS'un sagladigi araglarla veriler basarilt bir sekilde
islenip gorsellestirilmistir.
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Dedektoriin ¢oziliniirliigi artirilarak daha hassas dlgtimler
yapilabilir. Daha biiyiik alanlarda haritalama i¢in robotun
hareket planlama algoritmalar1 gelistirilebilir.

Bu sistem, 6zellikle niikleer santraller, maden sahalar1 ve
niikleer malzeme depolarinda radyasyon tespiti ve
haritalandirilmast i¢in kullanilabilir. Ayrica, akademik
arastirmalar ve egitim amaglh uygulamalarda da faydali bir
platform sunmaktadir

Sonug olarak, gelistirilen sistem, disiik maliyetli ve
tasmabilir  bir ¢0ziim sunmakta olup, radyasyon
haritalandirma  g¢alismalarinda  basarili  bir  sekilde
kullanilabilir. Gelecekte yapilacak iyilestirmelerle birlikte,
sistemin endiistriyel ve aragtirma amagli uygulamalarda daha
genis bir kullanim alania sahip olacag1 dngoriilmektedir.
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