KOMMCHJIA 3A CTYJAUIE 11 CTEITIEHA EJIEKTPOTEXHAYKOT'
®AKVYJITETA Y BEOT'PAY

Komucuja 3a crymuje Il crenena, EnexTporexmmukor ¢akyinrera y beorpany, Ha CBOjOj
cenHuny oapxanoj 31.08.2021. roqune nmMeHoBaa Hac je y Komucujy 3a mperies H ONeHy MacTep
pama aumi. mmk. HeGojme Jopanosmha mon HaclioBoM ,,AHalH3a IOKPETa OKa TOKOM
CHMYJIallHje BOKE>€ ¢a IPUMEHOM Y HeyPOJIOTHjH” KOjH j€ MUCaH Ha CHITIECKOM je3uKy (HacioB
Ha eHrIeckoM ,, Analysis of eye-tracking movements during driving simulation with application
in neurology”). Haxon nperiena marepujana Komucuja nogaocu cienehu

U3BELNITAJ

1. Buorpadckn nogany KaHAHUAATA

He6ojma Jopanosuh je poher 22.09.1997. romune y IloxapeBiy. OCHOBHY MKOIy "HBO
Jlona PuGap" je 3aBpmmo y Bemuxom I'pagmmry kao hax rexepaumje. Ilotom je 3aBpIIHO
MaremaTidky ruMHasujy y beorpaxy. EnekTpoTexHuuku (akynareT YHHBEP3HTETa y Bbeorpany
ymmcao je 2016. roqune u aumiomupao y poxy 2020. roxuse Ha OICEKy 32 CurHaie 4 cucreMe ca
npoceyHoM omeHoM 9,09. ¥ ca JMIUIOMCKHM pajioM IIOJ Ha3HBOM “XubpuaHH ajlropuram 3a
JeTeKIHjy TocnaHocTH” Koju je ombpanuo ca ouexom 10. Hcre romune ymucao je IUIIoMcCKe
aKajieMcke — MacTep cTyauje Ha EnexrporexuudkoM dakynrery y beorpanyna Monyiy 3a curaane
U CHCTEME.

OcBojuo je Tpehe mecto Ha Takmuuery IX Balkan Open Competition in Software designed
instrumentation TOKOM OCHOBHHX aKaJIeMCKHX cTyauja. TokoM MacTep CTyauja OHO je aHraxxoBaH
Kao JEMOHCTpAarop Ha mpeaMeTuMa 4. TOJWHE OCHOBHUX aKaJIEeMCKHX crymgja 1 T0 Metoze
ananmmse  enektpodmsmonomkux cursama (13E054MAC) n  KiMHHYKO — HHXKEHEPCTBO
(13E054KJIMH). U3 obnact anammse OmocurHana, 6uo je KoayTop KOH(EpPEHIHMjCKOr pana Ha
mehynaponuoj kondepenumju INFOTEH-JAHORINA (INFOTEH) mon Ha3uBoM Empirical mode
decomposition  for  automatic  artifact  elimination  in electrogastrogram,  doi:
10.1109/INFOTEH51037.2021.9400683, IEEE press.

TOKOM CTyAWja TMPHMAO je CTHIIEHAHMjy 3a M3y3eTHO HajapeHe CTyAeHTe MUHHCTapCTBa
TIPOCBETE, HAyKe U TEXHOJONIKOT pa3Boja Pemybimxke Cpb6uje u 06aBHO je YETBOPOMECEUHY IpaKcy
y xommanuju Andreas Stihl AG & Co y lltytrapry y Hemaukoj, npeko crunesuje ®onpammje
3opan HBunhuh, unju je aTyMHH.

2. M3BemTaj 0 CTyAHjCKOM HCTPAKMBAYKOM paxy

He6ojma JosaHoBuh je ka0 NIpumpeMy 3a H3pamgy MacTep paja ypaauo HCTPaXHBAambC
pelleBaHTHE NUTEpaType Koja ce OAHOCH Ha 00MacT K0joj IpHraja TeMa MacTep paja. KonkpeTHo,
aHa/M3Mpane cy nocrojehe mpumeHe ypehaja 3a nmpahere IOKpeTa oKa y CHMYJIAIIAj¥ BOXIE.

VicTpaXMBameM peJIeBaHTHE JMTepaType y 001acTu yTBpheHo je xa npaheme MOKpeTa OKa
KOJ WCIWTAaHUKA Yy CHMYJAMjd BOXHEE INPENCTaBba BaXaH [0 IPOUEHE KOTHUTUBHHUX
CIIOCOGHOCTH BO3aya. 3a caja He IMOCTOje jacHa YIyTCTBa Kako ce CHrHail Ipahema OKa MOXe
HCKOPHUCTHUTH 32 MPOLEHY CIIOCOOHOCTH BOXELE KO/ ONIOPAB/LEHAX HEYPOJIOMIKHX HanyjeHara Tj. Ha
KOjH HauMH je MOTpeGHO M3/BOjHTH obenexja of 3Hadaja. 3ato je, y OBOj Te3H, pealu30BaHa
JeTalbHA aHATM3a CHTHANA IOKPETa OKAa HA MCIMTAHMIMMA M3 6ase HEypOJOMKMX IalMjeHaTa,
TOKOM BOXKE€ Y CHMYJIATODYy.



3. Onmc mactep pajga

Macrep pax obyxsara 22 crpane ca ykymHo 11 cmmka, 4 tabene u 29 pedepennu. Pag
Ca/[pKH YBOJI, TPH TIOTJIaBJba, CIMCAK KopumheHe imTepaType, ciucak cKpahieHHIla, CIMCaK CiHKa
U crucak tabena.

[IpBo TOrNaBke MpPEACTaBba YBOA y KOME Cy OINHMCAaHH MpPEAMET H IWb paja.
IIpencrapbeHe cy Hajuemhe mpuMmene ypebaja 3a mpaheme oka y CHUMYyJlaijaMa BOXIbE, Kao H
noBe3aHocT u3Mel)y KapaKTepHCTHYHHMX oOelexja curHaia mpahema OKa i KOTHHTHBHOT 3aMOpa y
BOXXEHH. :

V IpyroM moOriaBby j€ JaTl ONIITH NpPHKa3 NPHMCHECHE Metogosioruje. lar je ommc
xopumhere 6a3e noxaraxa, caumane y CloBeHHjH, Koja je xopumhena 3axsamyjyhu mpod. ap Jaku
ConHuKy, nponeca unmherba noJaTaka i H3/[Bajame 00enexja ox 3Ha4aja. 3aTHM je MPEJCTaBBEHO
pememe codTBEpcKe MMILUIEMEHTalHje Tpobiema Koja ce OJHOCH Ha aHAIM3y CUTHAla M BHJICO
aHAIU3Y, Ka0 ¥ METO/IE€ CTATHCTHYIKE aHAIH3E.

V TpelieM OrIaBiby Cy MpeCTaBibeHHn Jobujenn pesynrary. [locebHa maxma je moceehena
T3B. BpEMEHy oOlaXxkaja, Koja NpeACTaBba [JIABHHM IapaMerap 3a JMCKPUMHHALIM]Y [BE TIpyIe
MCIIMTAHMKA — TAIAjeHara KOju UMajy W KOjH HeMajy CIOCOOHOCT BOXH-E Ha OCHOBY pealn30BaHe
KJIMHHYKE IPOLCHE.

YeTBPTO IOITIABJbE CANAPKH 3aK/bydak M JUCKycHjy. [IpBO je IMHCKyTOBaHO O J00HjeHUM
pesy/ITaTHMa HAaKOH IPHMEHE oAropapajyhe aHaimse. AKICHAT je mpe cBera OMO Ha mapaMmeTpy
BpeMeHa Onakaja M Ha TO KaKo OH MOJKeE Jia KOpEJIHIlIe Ca KBATHTaTHBHOM OLEHOM IPOLICHE BO3a1a
KOJI HEypOJIONIKKX MalyjeHara. Y OCTaTKy IOrJiaBjba Cy IPE/UIOXKEHH Jajbh KOpaly HCTPAKUBAA
W JaJber Pa3Boja TECTHPARa BOXKEbE KO ONOPaB/bEHHX HEYPOJIOMIKUX MallHjeHaTa 1IoMOhy CHTHasIa
npahema oKa.

4. Anaam3a paja ca KJby9YHHM pe3yJITaTHMa

Mactep pan aumi. umx. HeGojure Jopanosuha ce 6aBu npo6ieMaTHKOM aHANM3€ MOKpETa
oKa TOKOM CHMYJallfje BOXIbe, ca MpuMeHOM y Heyponoruju. IIpe GesbemHor moBpaTka y
cao6pahaj, onopaBJbeHH HEYPOJIOIIKH IAIKj€HTH MOPajy IOJIOXKHUTH IICHXONOMKH TECT Ka0 U TeCT
CTIOCOBHOCTH, KOjH HHje CTAHAAp/A30BaH, X MOXE JaTH IOTPENIHY CIMKY O CTBAPHO] CIIOCOOHOCTH
Bo3aua. [ JTaBHH IMJb OBOT pajia jeCTe aHatn3a CHrHaja npahiema OKa KOJ JBe IpyIe ONOpaB/LEHUX
HEYPOJIOIIKHX TalMjeHaTa - CIOCOGHHX 3@ BOXEY M HECIOCOOHMX 32 BOXIY. YIIODEIHOM
aHamM30M curHana npahema OKa M BHIEO CHTHAIA KOjH je 6MO Ha pacmolaramy je yrBpheHo na
IIOCTOjH apaMeTap KojH jacHO I0Ka3yje KBaTUTaTHBHY PasiKy u3Mely JBe rpyme maIujeHara.

OCHOBHHM JONPHHOCH paja cy: 1) mprKa3 ¥ METOJI0NOTHja aHaTM3e CHrHasla npahera oKa, 2)
codTBepcKa UMILIEMEHTAIHja aIropuTaMa 3a 00pajy, aHalu3y M IpHKa3 CUrHaa npahema oxa, 3)
TIpe/ICTaBIbamhe HOBOT IapaMeTpa — BpeMe ONaxaja, Koje ca CTaTHCTHIKHM 3HaYajeM pas3liuKyje ABe
TpyIe HEypOJOMKHMX MalHjeHaTa H 4) MOryhHOCT HacTaBKa pajia Ha HMCTPaXHBabY y obnacti
npahera oKa y CHMYyJIaliijaMa BOXKIbE.

5. 3ak/by4yak B NpeaJIor

Kanmunar HeGojma Josanosuh je y cBoM MacTep paiy IOJ Ha3HBOM ,,AHAJIH32 MOKpeTa
0K2 TOKOM CHMYJIAllHje BOKIb>€ ¢a MPAMEHOM y HEYPOJIOTH  KOjU j€ IMCaH Ha CHIJIECKOM je3uKy
(HacnoB Ha eHIyeCKoM: ,,Analysis of eye-tracking movements during driving simulation with
application in neurology) ycmemmo pemmo mpoGieM KBalHTATHBHE MPOIEHE BO3AYKUX
CIIOCOGHOCTH KOX HEYpOJIONIKX [MalujeHaTa IPHMEHOM CHrHala npahema oOka H pa3BUO
codTBEpCKH CHCTeM 3a o0pajy, aHalM3y M IpHKa3 HCTOr CHrHama. lIpeanoxenu napaMeTpd H
U3MEHe y TNPOTOKONy CHMyJaldje BOXIE MOTy 3HaYajHO [a YHANpele KBAIATET Oynyhux
TeCTHparha CIIOCOOHH BOXIbe KOJl HEYPOJIONIKKX MallKjeHaTa.



Kanaupar je uckasao caMOCTaTHOCT H CHCTEMATHYHOCT y CBOME IOCTYNKY Kao ¥ KpeaTHBHE
€JIEMEHTE Y pelliaBamy NpoOieMaTHKE OBOT pajia.

Ha ocHoBy wm3noxenor, Komucmja mnpemrake Kommcuju 3a crymuje II cremena
EnextpoTtexHuUKor daxynrera y Beorpany na pan mumi. mrx. HeGojme J oBaHOBHha MPUXBATH Kao
MacTep pajl ¥ KaHIuaaTy o100pH jaBHY yCMEHY Of0paHy.

Beorpan, 06.09.2021. rogune

Hp Haguna M'I/I%Mpenﬁn npodfécop, MEHTOD

VHuBepsureT y beorpajgy s EnexTpoTeXHudku dpakynrer
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Hp Béibko [Tanuh, BaHpeaHu IIpodecop

Vausepsuter y beorpany - Enexrpotexnuuxu dpaxynrer
/ /—)

Jp Jaxa Coanux, perioBHH mpodecop

Enextporexanuku daxynrer Yuusepsutera y Jby6panu, Crosenunja




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

By the decision of Committee for Master studies at the University of Belgrade — School of
Electrical Engineering from August 31, 2021, we are appointed as Committee members for
examination and evaluation of Master thesis titled “Analysis of eye-tracking movements during
driving simulation with application in neurology” (in Serbian “Analiza pokreta oka tokom
simulacije voZnje sa primenom u neurologiji”) for candidate dipl. eng. Nebojsa Jovanovic. The
Thesis is written in English language. After examination of submitted materials and Master thesis,
the Committee prepared the following

REPORT

1. Candidate’s biographical data

Nebojsa Jovanovié was born on September 22, 1997 in Belgrade. He finished elementary
school “Ivo Lola Ribar” in Veliko Gradiste with summa cum laude and he recieved the best student
award. Then, he finished the Mathematical High School in Belgrade. He enrolled in Bachelor
studies at the School of Electrical Engineering, University of Belgrade in 2016 and graduated in
2020 at the Department of Signals and Systems with an average grade of 9.09 (out 0f 10.00), and he
defended Bachelor Thesis titled “Hybrid algorithm for drowsiness detection” with a grade of 10
(out of 10). In the same year he enrolled in Master studies at the School of Electrical Engineering in
Belgrade, at the Module for Signals and Systems.

He won the third place at the LX Balkan Open Competition in Software-designed
instrumentation during Bachelor studies. During Master studies, Neboj$a Jovanovi¢ was engaged as
a student demonstrator for two Bachelor courses: Methods of Electrophysiological Signal Analysis
(13E054MAS) and Clinical Engineering (13E054KLIN). In the field of biosignal analysis, he was a
co-author of a conference paper at the international conference INFOTEH-JAHORINA (INFOTEH)
entitled Empirical mode decomposition for automatic artifact elimination in electrogastrogram,
doi: 10.1109 / INFOTEH51037.2021.9400683, IEEE press.

He received a scholarship for talented students from the Ministry of Education, Science and
Technological Development of the Republic of Serbia and completed a four-month internship at
Andreas Stihl AG & Co in Stuttgart, Germany, through a scholarship from the “Zoran Dindic”
Foundation. Currently, he is Alumnus at the “Zoran Dindi¢” Foundation.

2. Report on research study

Nebojsa Jovanovié, as a preparation for the work on his Master Thesis, performed initial
background research and identified relevant literature related to the field of interest of the Master
Thesis. More specifically, existing applications of eye movement monitoring devices in the driving
simulation were analyzed.

This initial literature review has shown that monitoring eye movement in subjects in driving
simulation is an important part of assessing drivers’ cognitive abilities. Currently, it is not entirely
clear from the results of previous studies presented in the relevant literature how an eye-tracking
signal can be used to assess the drivers’ ability to drive in recovered neurological patients. More
precisely it is not clear how to extract relevant features from the available signal. Therefore, a
detailed analysis of eye movement signals was performed in this Thesis for the recordings available
from the database containing records of neurological patients who drove simulator.



3. Master thesis description

Master thesis has 22 pages, 11 figures, 4 tables, and 29 references. The Thesis has
introduction, three chapters, and a list of references with list of figures, tables, and abbreviations.

The first chapter is an introduction that describes the aim of the paper. The most common
applications of eye-tracking devices in driving simulations are presented, as well as the connection
between the characteristic features of the eye tracking signal and cognitive fatigue in driving.

The second chapter provides an overview of the applied methodology. A description of the
used database, recorded in Slovenia, which was used thanks to prof. dr Jaka Sodnik, the process of
cleaning the data and highlighting the features of importance. Then, the solution of the software
implementation of the problem is presented (for both signal and video analysis), as well as the
description of the statistical analysis.

The third chapter presents the obtained results. Special attention is given to the so-called
sensing time, which is the main parameter for the discrimination of two groups of respondents —
patients who were fit and unfit to frive according to the clinical assessment.

The fourth chapter contains a conclusion and a discussion. The results obtained by the applied
analysis were discussed. The emphasis was primarily on the parameter of sensing time and how it
can correlate with the qualitative assessment of driver assessment in neurological patients. In the
rest of the chapter, further steps for research and further development of driving testing in recovered
neurological patients using eye tracking signals are proposed.

4. Analysis of the presented work with key results

Master thesis of candidate dipl. eng. Nebojsa deals with the analysis of eye-tracking signals
recorded during driving simulation with the application in neurology. Before returning safely to
traffic, recovered neurological patients must pass a psychological test as well as an aptitude test,
which is not standardized and may give a wrong result of the driver’s actual ability. The main goal
of this Thesis is to analyze eye-tracking signals in two groups of recovered neurological patients —
fit and unfit to drve. A complementary analysis of the eye tracking signal and the video signal that
was available revealed that there a parameter that clearly shows the qualitative difference between
the two groups of patients can be defined.

The main contributions of the paper are: 1) presentation and methodology of eye-tracking
signal analysis, 2) software implementation of algorithms for processing, analysis, and visualization
of eye monitoring signals, 3) presentation of a novel parameter - sensing time, which distinguishes
two groups of neurological patients with statistical significance, and 4) possibility of continuation
research work in the field of eye-tracking in driving simulations.

5. Conclusion and proposal

Candidate Neboj$a Jovanovié in his Master thesis titled “Anmalysis of eye-tracking
movements during driving simulation with application in neurology* and written in English
language (in Serbian ,Analiza pokreta oka tokom simulacije voZnje sa primenom u
neurologiji) successfully solved the problem of qualitative assessment of driving abilities in
neurological patients by applying eye-tracking signals and developed a software system for
processing, analysis, and visualization of the signal. The proposed parameters and changes in the
driving simulation protocol can significantly improve the quality of future driving tests in
neurological patients.

Nebojsa Jovanovi¢ expressed independence and applied systematic thinking during the work
on the proposed Master thesis, so as creative elements in solving and understanding assignments
and problems presented in this Thesis.



Having in mind all aforementioned facts, the Committee proposes to the Committee for
Master studies at the University of Belgrade — School of Electrical Engineering to accept the work
presented by candidate dipl. eng. Nebojsa Jovanovi¢ as Master thesis and to allow public oral
defense.

Belgrade, September 6, 2021 Committee members:
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Assoc. prlg?%dwmiljkovié,ThD, Mentor

University of Belgrade — Schogl of Electrical Engineering

““Assoc. Prof. Veljko Papi¢, PhD
University of Belgrade — School of Electrical Engineering

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




