KOMHUCHUJIA 3A CTYAUJE 11 CTEIIEHA
EJIEKTPOTEXHHUYKOI' ®PAKYJTETA Y BEOI'PALY

Komucwuja 3a crymuje Il crenena, Enexkrporexnmukor dakynrera y beorpany, Ha
cB0joj cennuiy oapxkanoj 05.07.2022. ronune nmeHoBana Hac je y Komucujy 3a npersien u
oleHy mactep pana aumi. uHxk. IlaBiaa PagojkoBuha nox naciosom ,,Pa3Boj cucrema 3a
npaheme mokpera oka TOKOM cumyJjialuje Bo:kme’ (eHr. ,.Design of eye movement
monitoring system in driving simulator*). Hakon npernena marepujasia Komucuja nognocu
cienehu

MU3BEIITAJ

1. Buorpadcku nmogany KaHIMIATA

[TaBnie PagojkoBuh pohen je 22.04.1998. ronune y Rynpuju. JleTUBCTBO j€ IPOBEO Y
[Mapahuny rae je 3aBpmmo ocHoBHY mikony "Momumno IlomoBuh O3spen" kao hak
redepainyje, a noroMm U I'mmuasujy y Ilapahuny kao hak renepamnuje. EnexTpoTexHUYKH
dakynrer, YauBep3urera y beorpany ynucao je 2017. rogune. JAUmioMupao je Ha MOIyITy 3a
Pauynapcky texnuky u wuHpopmaruky 2021. roguHe ca MpoceyHOM OIeHOM §,67.
Jumnomcku pan oabpanuo je y centemOpy 2021. romune ca oueHoM 10. /lummomcke
aKajieMcKe — MacTep crynuje Ha EnekrporexHuukoM daxynrery y beorpany, Ha Monyny 3a
CUTHaJIE U cucTteMe ymucao je y oktobpy 2021. romune. TOKOM OCHOBHHMX aKaJIEMCKUX
cryauja je O6uo wian CryaeHTckor ¢opmyna tuma ,Jlpymcka ctpena™ ox 2018. mo 2020.
TOJIMHE.

2. 3BemiTaj 0 cTyAHjCKOM HCTPAKMBAYKOM paxy

Kangunat IlaBne PamojkoBuh je kao mpurpeMmy 3a M3pagy MacTep paja ypaauo
HCTpaXMBamE PEJIEBAaHTHE JIMTEpAType ca HUbeM uiaeHTudukamnuje ypehaja 3a mpaheme
MOKpeTa OKa y CUMyJalldjaMa BOXHE U HUXOBE IpuMeHe. YTBpheHo je na mpaheme
MOKpeTa OKa TOKOM CHUMYJalHje BOXHE IMPEJCTaBha BAXKAH JI€O INPOIEHE KOTHUTHBHUX
CIOCOOHOCTH Bo3aua. JeTasbHOM aHanu30M yTBphEeHO je Ja To Moxe OUTH 3HauajHa JI0MyHa
CTaHJap/IHO] HEYPO(PHU3UOIOIIKO] MPOIEHN MarjeHaTa. Takohe, MOKa3aHO je Jl1a OBAaKBU
CHCTEMH MOTY OUTH KOPHCHU H Y TEpIIEyTCKE, a HE CaMo Yy AWjarHocTHuke cBpxe. Ca nmubem
npoumpema nocrojehe pynknuonanHoctu MedSim cumynatopa U 'y CKJIaay ca 3aKkbydliuMa
KOjU Cy yCJeIMJIM HAaKOH Tperjesia JIUTepaType, y MacTep pady je peajan3oBaHa coTBepcka
aruiMkanuja koja omoryhaBa mpaheme mnokpera oka Kako OM ce CHMYJaTop MOTao
KOPUCTHUTH y pexaOuIuTalMj| NalujeHaTa.

3. Onuc macrep paaa
Macrep pam obyxBara 31 crtpany ca ykynHo 19 cinwmka, ase Tabemne u 40

oubnuorpadekux pedepenuu. Pan canpxku yBoa, Tpu IMOINIaBiba M 3akjbydak (YKYHmHO 5
MOTJIaBJbha), KA0 U CIKCaK KopuiheHe uTeparype, ckpahenuna, ciuka u Tabena.



[IpBo mornaBibe TpeACTaB/ba yBOA Y KOME Cy OIUCAaHM NpPEAMET W Wb paja.
[IpencraBibene cy Hajuerthe mpumene ypehaja 3a mpaheme mokpera oka ca OCBPTOM Ha
0e30eaHOCT y caoOpahajy. Takohe, mpencTaB/beHU Cy U ONMMCAHM (Ca TEXHUYKOT aCIIeKTa)
cumynaropu kommanuje Nervtech™ (JbyOspana, CroBeHHja) Ha KOjUMa je H3BPIICHO
TeCTHpame peain3oBaHe armkanyje. [Ipuka3ana je mpuMeHa cumynaropa BoXbe U ypehaja
3a mpaheme MOKpeTa OKa y pexaOuiIuTaluju.

Y npyrom moriaBijpy NMpHKa3aH je mperiel] xapasepckux ypehaja m codrBepckux
ayara KopumrheHUX MPHIMKOM u3pane macrep tesze. Jlar je netasban ommc copTBEpCKe
aruTMKaIyje Koja je pe3yaTarT OBe T3¢ ca CBHM HMMIUIEMEHTHpPAHUM (PYHKIIMOHATHOCTHMA.
[Topen Tora, onmcaH je MpoIeC TeCTUPaAkhA alUTHKAIH]E.

VY Tpehem mornaBipy Cy mNpeACTaB/beHH M00HMjeHU pe3yaTtaTu. [loceOHa maxma
noceeheHa je aHanusu 100ujeHNX BUJeo 3anuca. TabenapHo Cy MpHUKa3aHH CBH HYMEPUYKH
MoJIally Koje arimkanuja 1oo6uja o ypehaja 3a npaheme nokpera oka.

UeTBpTO MOTIIABIBE CAAPKHU JUCKYCH]Y TOOUJEHUX pe3yaTara u mpemjore 3a oyayha
UCTpakuBama. Jlajbe, y 4YeTBPTOM IIOTJIaBJbY je HAlpaBJbEH OCBPT Ha MPOOJIEME U M3a30BE
TOKOM H3pajie TpojexTa. Jlatu cy npemnosu 3a nasse yHanpeheme coPpTBepcKe arIuKalmje,
a IMCKyTOBaHa je u Moryha npuMeHa copTBepcke aruiiKanyje y pexadumuTaiuju.

3aKk/by4aK je MpeACTaBJbEH y IETOM TOIJIaBjby M CaIpXH OJIrOBOpE Ha NHUTama
MOCTaBJ/bEHA HA MOYETKY MCTPAXKHBaMka Y3 KpaTak Iperiiejl 3Hauaja JOOUjeHUX pe3ysrara.
Takolhe, y 0BOM moriaBiby Cy CyMHUpPaHU MPEATIO3H MIPUKA3aHA Y OKBUPY IUCKYCH]E.

4. AHanm3a paja ca K/byYHHM pe3yTaTuMa

Macrep pan aumul. unxk. IlaBna PagojkoBuha ce 6aBu mpobaeMaTuKoM MpOLIMPEHa
nocrojeher ckyna QyHkuuoHanHOCTH MedSim cumynatopa. Ilpe 6e30enHor moBpaTka y
caobpahaj, omopaBJbeHN HEYPOJIOUIKH MAIMjeHTH MOpajy MOJIOKUTH MCUXOJOLIKU TECT Kao
U TECT CIOCOOHOCTH, KOjU HHUJ€ CTaHJApIM30BaH, T€ MOXE JaTH MOTPEIIHY CIUKY O
CMOCOOHOCTH BO3aya. [J1aBHM 1MJb OBOT pajia jecTe peanusaluja J0JAaTHOT ajara Koju
MOMa)keé MEIHMIIMHCKOM OCO0JbY Jia JIOHECY OJJIYKY O CIIOCOOHOCTH BO3a4a Ha OCHOBY
KOMILIEMEHTapHe IpoleHe. Mako je mpomupene yHKIIMOHAIHOCT MPUKa3aHO Ha MPUMEPY
MedSim cumynaropa, UCTU IPUHLUI CE MOKE MPUMEHUTH 3a OMJIO KOJU JAPYTrU CUMYJaTop
BOXKIbE, JIETEHa WITU IJIOBUI0E.

OcHoBHU nonpuHOCH paja cy: (1) peanuzanuja moapuike 3a npaheme mokpera oka y
TOKy cumynanuje, (2) omoryhaBame mpHKa3a MecTa Ha €KpaHy CHMyJlaTopa y Koje
UCIUTAaHUK Tiena, (3) mojgaBame OIIUje 3a CHUMAame BHJEO 3alica U3 IEPCIEKTHBE
UCIHUTAaHUKAa y TOKY Tpajama cumyiauuje, (4) NpUKYIUbakbe M UYyBamkbe HYMEPUUKHX
nojaraka ca ypehaja 3a npaheme nokpera oka u (5) nmpeacraBibarbe MOTYhHOCTH 3a Jajbe
IpoIIrpene nocTojeher cucTeMa U HacTaBaK UCTPaKUBamba.

5. 3ak/by4ak ¥ mpeasior

Kangunar [laBne PagojkoBuh je y cBoM macTep paay moj 1o HacjIoBoM ,,Pa3Boj
cucrema 3a npaheme mokpera oka TOKOM cuMyJialMje BOKH-€~ KOjU j€ HalucaH Ha
EHTJIECKOM je3UKy (HaclloB Ha eHjeckoM ,,Design of eye movement monitoring system in
driving simulator®) ycnemHo pemuo mpodieM mpoulMpema mnocrojeher ckyma
¢bynkunonanHocTH MedSim cumynaropa. VIMmieMeHTHpaHa MpoIIupenha MOTY 3Ha4ajHO 12



M0jeTHOCTaBe IPOLEC NPOIEHE CHOCOOHOCTH 32 BOXKIY HEYpOJOIIKUX IaldjeHara y
KIIMHUYKOM OKPYXKEHY.

KangunaT je ucka3ao caMOCTaJIHOCT M CHCTEMAaTHYHOCT Y CBOME IMOCTYIIKY Kao H
KpeaTuBHE €JeMEHTEe y pellaBamy IMpoOieMaThKe OBOT paaa. Ha OCHOBY H3II0KEHOT,
Kowmmucwuja ca 3agoBosscTBOM npemiaxke Komucuju 3a cryauje Il crenena EnexrporexHuukor
dakynrera, YHuBepsurera y beorpany na pan aumi. umk. [laBna PamoxkoBuha mpuxBatu
Kao MacTep paj ¥ KaHAUIaTy 0JI00pH jaBHY YCMEHY OJI0OpaHy.

beorpan, 28.08.2023. ronune UnanoBu KoMHUCH]E:

A /J/

Jp Haguma MusbkoBuhy At }@aﬁ npodecop, MEHTOP
Vuusepsuret y beorpany, En€krporexHuuku pakyarer

l\\{f\ bC § k\\/\%
Hp Ipenpar He OBI/Ih peIOBHU npoq)ecop
VYuuep3uret y beorpany, EnekrporexHuuku GakyaTer

)

Hp Jaka ConHuk, pe1oBHU npocﬁecop
Enextporexnuuku gakynret, YHuBepsurera y Jbyospanu, Crosenuja




TO THE COMMITTEE FOR MASTER STUDIES AT THE
UNIVERSITY OF BELGRADE - SCHOOL OF
ELECTRICAL ENGINEERING

By the decision of the Committee for Master studies at the University of Belgrade —
School of Electrical Engineering from July 5, 2022, we are appointed as Committee
members for the examination and evaluation of the Master thesis titled "Design of eye
movement monitoring system in driving simulator" (in Serbian "Pa3zeoj cucmema 3a
npahewe nokpema oka mokom cumynayuje eoxcrwe'") for candidate dipl. eng. Pavle
Radojkovi¢. The thesis is written in the English language. After examination of the
submitted materials and Master thesis, the Committee prepared the following

REPORT

1. Candidate’s biographical data

Pavle Radojkovi¢ was born on April 22, 1998. in Cuprija, Republic of Serbia. He
spent his childhood in Paraéin, where he finished elementary school "Momc¢ilo Popovic¢
Ozren" summa cum laude and he received the best student award. Then, he finished Grammar
High School in Paraéin summa cum laude, and also received the best student award. He
enrolled in Bachelor studies at the School of Electrical Engineering, University of Belgrade,
in 2017 and graduated in 2021 at the Department of Computer Science and Information
Technology with an average grade of 8.67 (out of 10.00). He defended his Bachelor Thesis
with a grade of 10 (out of 10). In the same year, he enrolled in Master studies at the School of
Electrical Engineering, University of Belgrade on the Module for Signals and Systems.
During Bachelor studies, he was a member of the Student formula team "Drumska strela"
from 2018 to 2020.

2. Report on research study

Pavle Radojkovi¢, in preparation for the work on his Master Thesis, performed initial
background research and identified relevant literature with the aim to identify existing
solutions of eye movement monitoring devices in the driving simulators and their
application. Tracking eye movements during driving simulation has been found to be an
important part of assessing drivers’ cognitive abilities. A detailed analysis revealed that it
can be a valuable addition to the standard neurophysiological assessment of patients. Also, it
has been shown that such systems can be useful for therapeutic purposes in addition to the
diagnostic purposes. With the aim of expanding the existing functionality of the MedSim
simulator and in accordance with the conclusions derived from the literature review, a
software application was implemented as a result of Master thesis that allows monitoring of
eye movements so that MedSim simulator could be used in the rehabilitation of patients.



3. Master thesis description

The Master thesis has 31 pages, 19 figures, two tables, and 40 bibliographic
references. The thesis incorporates introduction, three chapters, and a conclusion (a total of
5 chapters), as well as lists of references, abbreviations, figures, and tables.

The first chapter presents an introduction in which the subject and aim of the work
are described. The most common applications of eye-tracking devices are presented with the
focus on traffic safety. Additionally, simulators by Nervtech™ (Ljubljana, Slovenia) are
introduced and described (from a technical point of view). The application of driving
simulators and eye-tracking devices in rehabilitation is also showcased.

In the second chapter, an overview of the hardware devices and software tools used
for the work on Master thesis is presented. A detailed description of the software
application, the result of this thesis, and all implemented functionalities are provided.
Besides, this chapter comprises testing procedure description.

Obtained results are shown in the third chapter. Special attention is given to the
analysis of the acquired video recordings. This chapter tabularly displays all the numerical
data acquired from the eye-tracking device application.

The fourth chapter discusses the obtained results and proposes directions for future
research. Further, the fourth chapter reflects on the problems and challenges encountered
during the project development. Suggestions for future enhancement of the software
application are provided. Moreover, the potential application of the software application in
rehabilitation is discussed.

Conclusion is given in the fifth chapter and contains answers to the research
questions along with a brief overview of the significance of the obtained results.
Additionally, this chapter summarizes the proposals provided within the discussion section.

4. Analysis of the presented work with key results

The Master thesis of dipl. eng. Pavle Radojkovi¢ addresses the issue of expanding
the existing set of functionalities of the MedSim simulator. Before a safe return to driving
activity after the rehabilitation, neurological patients are required to undergo psychological
and ability testing, which is not standardized and may provide an inaccurate assessment of
the driving ability. The main objective of this work is to create a complementary tool to
assist medical personnel in making this decision more accurately.

The primary contributions of the Master thesis are: (1) design of a software support
for the eye-tracking measurements during the driving simulation, (2) creating a display that
streams markers where the subject is looking during the driving simulation, (3) adding the
option to record videos from the subject's perspective during the driving simulation, (4)
collection and storage of numerical data from eye tracker, and (5) presenting possibilities for
further improvements of the existing system and proposing new research directions.

5. Conclusion and proposal

Candidate Pavle Radojkovi¢ in his Master thesis titled "Design of eye movement
monitoring system in driving simulator" (in Serbian "Pa3Boj cucrema 3a nmpaheme
NMOKpeTa 0OKa TOKOM cuMmyJanmje Boxkme') successfully expanded the existing set of
functionalities of the MedSim simulator. The implemented extensions within the designed



software application can significantly facilitate assessment of driving ability of neurological
patients in the clinical setting.

Candidate expressed independence and systematic thinking during the work on the
proposed Master thesis, as well as creative elements in solving and understanding
assignments and problems presented in this thesis. Having in mind all aforementioned facts,
the Committee proposes with pleasure to the Committee for Master studies at the University
of Belgrade — School of Electrical Engineering to accept the work presented by dipl. eng.
Pavle Radojkovi¢ as Master thesis and to allow public oral defense.

Belgrade, August 28, 2023 Committee members:

A LY

Assoc. Prof. Nadica %’l’ﬁ(ovié, PhD, Mentor
University of Belgrade — School of Electrical Engineering

VAR NNVATS
Ptof. Predrag Pej OVlC PhD
University of Belgrade — School of Electrical Engineering

Yh L/‘/j

Prof. Jaka Sodnik, PhD
Faculty of Electrical Engineering, University of Ljubljana, Slovenia
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