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KOMMCHJIA 3A CTYIUJE II CTENNEHA EJTEKTPOTEXHUYKOT
®AKVYJTETA Y BEOTPALY

Komucuja 3a crymuje 11 cremena, EneKTpoTeXHHYKOT dakynrera y Beorpamy, Ha CBOjO]
cenHALY onpKaHoj 23.06.2020. roauMHe HMEHOBATIO HAC je y Komucujy 3a mperies 1 oleHy MacTep
pana gumi uek. Huxone Iloaaje mox HacioBOM L AHa/IM3a CHIHAJIAa CHHM/bE€HHX TOKOM
CHMyJIalHje BOKIbe ¢a IPAMEHOM Y HeypPOJIOTHjH KOjH je MHCaH Ha CHITIECKOM je3HKy (HaciIoB
Ha eHrieckoM ,,Analysis of signals recorded during driving simulation with application in
neurology”). Hakon mpernesa matepujana Komucrja moxsocu crnenehu

M3BEIITAJ

1. Buorpadcku nojany KaHIHAATA

Huxona Illonaja je pohen 07.09.1995. romune y beorpany. 3aBpmiio je& OCHOBHY UIKOJY
"Hukona Tecna" y Hosum BanosuuMa kao hak remepaumje, a IoToM MateMaTHuKy THMHA3Hjy y
Beorpany. TOKOM IIKOJIOBaEma OCBajao je HAarpaae Ha TaKMHUCEHHMa H3 ouosnoruje u (QH3MKE.
OCHOBHE aKaJeMCKe CTy/Iuje Ha ENeKTpOTeXHHYKOM (aKynTeTy Y HUBEp3HTETA Y Beorpany ynucao
je 2014. romuHEe M IMIUIOMHPAO y POKY 2018. roguHe Ha oxceky 3a Curmaime u cuCTEME ca
IIPOCEYHOM OIIEHOM 9,28, NHUIUIOMCKH pal onGpanmo ca oueHom 10. Mcre romuse je ymucao
JUIUIOMCKE aKaJeMCKe MacTep CTyauje Ha ENeKTPOTEXHUIKOM daxynrery y Beorpany, na Moxnyiry
34 CHIHAJIE 1 CHCTEME M TIOJIOKHO j€ CBE HCITHTE ca IpocedHoM oneHoM 9,80.

ToxoMm akazeMckux Mmactep crynuja Huxoma Illonaja je 6uo koayTop Ha pajmy Artificial
intelligence for assisting diagnostics and assessment of Parkinson’s disease — A review, Xoju je
o6jaBiben 2019. romune y vacomucy Clinical neurology and neurosurgery kateropuje M23, doi:
10.1016/j.clineuro.2019.105442, IF = 1,876. On je xoaytop W panga Driving activity assessment
using accelerometer data KOju je TpPEACTAaBHO HA [EEE wMehynapoanoj KoH(bepeHIHjH
eJIEKTPOTEXHUUKUX M PauyHApCKUX HayKa oxpxanoj 2019. ronure y [lopTopoxy y CrnoBeHuju, a
KOjH MpeJCTaB/ba HAacTaBak paja Ha HarpaheHOM IpojekTy W3 mpeaMera Texnuke obpase
ouomemummHckux curaana (13M051TOBC).

2. Onmc mactep pajaa

Macrep pax obyxsara 28 crpaHa, ca ykymHO 11 ciuka, 6 tabena m 42 pedepenue. Pan
CaJ(pH YBOJ, TPH TIOIVIaBJba M 3aKJbydak (YKYIIHO 5 OTJIaBJba) ¥ CIMCAK KOpHIIheHe JuTeparype,
crmcak ckpahennia, cmka u Tabena.

[IpBO MOTJIaBJ/bE MPETCTABIbA YBOJ y KOME je ONHCAH 3HauYaj CUMYJIaIija BOXILE 32 OLCHY
BOJKIbE KOJI HEyPOJIONIKMX TalyjeHata. Y OKBHDY OBOT IOIJIaB/ba MPEJCTAB/BCHH Cy LHJb paja,
TIpersic/l peieBaHTHE JIMTEPaType, a MPUKasaHa je ¥ CTPYKTypa pajia 1o MOrIaB/biMa.

Y ZpyroM IOIJaBiby je AaT AeTa/baH omuc Kopumhere 6aze mojaraka, OIUC IPUMEREHUX
MeToja oOpaje M aHaIM3€ CUTHaja, OMUC METOJA excTpakmmje W onabupa obenexja o1 3HaYaja H
ONHUC IPUMEHEHAX METOa MAIIHHCKOT y4eHa 32 KIacHUKaIHjy NalyijeHara IpemMa ClioCcOOHOCTH
3a BOXY. OBO TIOTVIaB/be CaipXku U ofaroeapajyhe TEOpHjCKe OCHOBE 3a IPEMEHy ojabpaHuX
MeToa 3a o0paly CHTHaua, EKCTpaKimjy oOenexja M TpPUMEHY H onabup oxarosapajyhux
ajnropuTama MallMHCKOT y4erha.

TaGenapHu IpUKa3 pe3ynTara Kiacupukamnyje nanyjesaTa y e rpyIe IpeMa CiocOOHOCTH
3a BOXKIbY je Iar y TpeheM moriasiby.

UeTBPTO TOTIABIbE CAIPXKH IUCKYCH]y IPHMEHECHUX METOJa M pe3yrara. V mickycuju je
nato W Topeheme pesynrara ca 3aKbydlMMa CIAYHHUX CTyIWja, Kao ¥ MpeIIo3d Moryhux



yHarnpehema IpoTOKONIa 3a MEPEHE CHIHANA, ald M IPOLEaypa 3a ob6paiy ¥ aHaIH3y KOpHUIThEHHX
CUTHAJA.

V meToM MOTJIaBJbY AT je 3aKJby4aK y OKBHpY KOTa je OATOBOPEHO Ha ITHTara II0CTaB/bCHA
Ha MOYeTKy HCTPaKUBarba y3 KpaTak IMperjel 3Hadaja Pe/ICTaBbeHUX pe3yJIrara.

3. AHa;M3a paja ca KJbY4YHHM pe3yJITaTHMAa

Macrep pax mumn mex. Hukone Illomaje ce Gasu npo0JIeMaTUKOM IIpETo3HaBama
CIOCOOHOCTH 3a BOXHY HEYPOJIOMIKMX IalMjeHaTa Ha OCHOBY CHTHAlla CHAMJbCHHX TOKOM
cHMyJIanuje BoXmbe. KopuiheHy CHrHamy yKibydyjy NPeYHHK 3EHALE, OTKyIlaje cplia, ENEKTPHYHY
IIPOBOUBHBOCT KOXKe, IO3HIH]y (QHKCcalmje morieaa, yopsame 3ri06a MmaKe ¥ BpeMe peakiyje.

CTpyKTyMpaH HOPHCTYN 0oOpajay W aHAIU3M CHTHAIA, yKJbydyjyhu morogHo ogabpaH CKyIH
obelexja, pe3ylITOBAIM Cy pEIaTHBHO J00pHM neppopmaHcamMa jeIHOT O NPHMEHEHHX
kiacuduKaTopa, Ha OCHOBYy dera je 3aK/byd4eHO Ja je HEypOIIOmIKe nanmjeHTe Moryhe
KJIaCH(UKOBATH IIpeMa CIPEMHOCTH 33 BOXIbY Ca PEIaTHBHO J00pHUM pe3yaTaTHMa — YCIEITHOCT
knacudukanmje je >80%.

OCHOBHH JIOIPHHOCH pazna cy: 1) jacaH W JeTajbaH ONMC IPHCTyIa yunthewy, obpaay u
aHau3M O0a3e CUrHaja; 2) pelaTHBHO H006ap pe3yJiTaT IPUMEHE MAlIMHCKOr yHucHa 3a ayTOMATCKy
IIPOIIEHY CIOCOGHOCTH HEyPOJIONIKMX MalijeHara ca BOKIbY; 3) npemwnosu moryhux yHanpeherma
TIPOTOKOJIA aKBU3HIIMjE X METO/IONOTHje aHAIH3E U o0pajie curHaa.

4. 3ak/py4aK M Npeaior

Kanmunar Huxona Illonaja je y cBOM MacTep pamy MOJ Ha3HBOM ,,AHA/IH3a CHIHAJIA
CHHM/bEHHX TOKOM CHMYyJAalHje BOXKH-€ ¢a NPHMEHOM Y HeypoJIordju” KOjU je HalluCaH Ha
CHIJIECKOM je3uKy (HACJOB paja Ha EHITECKOM ,Analysis of signals recorded during driving
simulation with application in neurology®) ycrmemmHo pemuo npo0sieM peaTu3alyje MeTona
aHanu3e M oOpaje ONMCAaHMX CHIHAIa, KOjH je pe3ylIToBao 3amoBoJbaBajyhoM TagHOmINy
[IPel03HABaa CMOCOOHOCTH HEYPOIONIKAX MAlHjeHaTa 32 BOXKDY. Pan mpezacraBiba jemHy OX
MaJIOOpOjHAX CTymuja IAe Cy KOpWmINeHW HCKJbYYHBO CHIHAIM JHPCKTHO MEpCHA Ha
MCIIHTAHMITAMA, T€ OIIMCAHE METOIe B pe3y/ITar Hoce moceOaH 3Hadaj.

KanmupaT je HCKa3a0 CaMOCTATHOCT M CHCTEMATHYHOCT y CBOME IIOCTYNKYy Kao H
MHOBATHBHE €JIEMEHTE Y pelllaBamy MpodieMaTHKe OBOT paja.

Ha ocHOBy wm3ioxeHor, Komucuja mnpemiaxe Komucuju 3a ctyamje II crenena
Enexrporexumdkor daxynrera y beorpaxy na pan JWIUL. HHX. Huxosne Illonaje mpuxBaTH Kao
MacTep paj M KaHIuaTy o100y jaBHY yCMeHy OAOpaHy.

Beorpan, 06.09.2021. ronuse Y1aHOBH KOMHCH]E:
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UNIVERSITY OF BELGGRADE - SCHOOL OF ELECTRICAL
ENGINEERING
Bulevar kralja Aleksandra 73, 11000 Belgrade, Serbia
Tel. +381 11 324 84 64, Fax: +381 11 324 86 81
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 June 6, 2020, we are appointed as Committee members for examination
and evaluation of Master thesis titled “Analysis of signals recorded during driving simulation
with application in neurology” (in Serbian “Analiza signala snimljenih tokom simulacije
voinje sa primenom u neurologiji”) for candidate dipl. eng. Nikola Solaja. 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

Nikola Solaja was born on September 7, 1995 in Belgrade. He finished elementary school
“Nikola Tesla” in Novi Banovci with summa cum laude and he recieved the best student award.
Then, he finished the Mathematical High School in Belgrade. During his schooling, he won awards
at competitions in biology and physics. He enrolled in Bachelor studies at the School of Electrical
Engineering, University of Belgrade in 2014 and graduated in 2018 at the Department of Signals
and Systems with an average grade of 9.28 (out of 10.00), and he defended 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 in Belgrade, at the Module for Signals and Systems and passed all exams with an
average grade of 9.80 (out of 10.00).

As master student, Nikola Solaja co-authored the paper titled Artificial intelligence for
assisting diagnostics and assessment of Parkinson's disease - A review, which was published in
2019 in the journal Clinical Neurology and Neurosurgery category M23, doi:
10.1016/j.clineuro.2019.105442, IF = 1.876. He is also the co-author of the paper Driving activity
assessment using accelerometer data, which he presented at the I[EEE International Conference of
Electrical and Computer Sciences held in 2019 in PortoroZ, Slovenia, and presents a continuation of
work on the awarded project in Biomedical Signal Processing Techniques course (13M051TOBS).

2. Master thesis description
Master thesis has 28 pages, 11 figures, 6 tables, and 42 references. The thesis has

introduction, three chapters, and conclusion (5 chapters in total), and a list of references with list of
figures, tables, and abbreviations.

The first chapter is an introduction that describes relevance of the driging simulator
application for assessment of neurology patiets. It contains aim and the purpose of the work
together with the relevant backgroung are presented. The thesis outline is provided in the first
chapter.

In the second chapter contains a detailed description of available database, description of
applied methods for preprocessing and signal analysis, representation of methods for feature
extraction and selection, and rationale for application of machine learning algorithms for
classification of patients with neurological disorders according to their fitness to drive. This chapter
contains appropriate theoretical background for application of selected methods for signal
processing, feature extraction and application and selection of the machine learning algorithm.

Overview of the classification results of patients into groups according to their driving
abilities for is presented in the third chapter.

The fourth chapter contains a discussion of the applied methods and results. More
specifically, obtained results are compared with the results from similar studies and suggestions for
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possible improvements of the protocol for signal measurements and of the procedures for signal

processing and analysis are presented.
In the fifth chapter, the conclusion with the answer to the research question was provided

with a brief overview of the significance of the presented results.

3. Analysis of the presented work with key results

Master thesis of candidate dipl. eng. Nikola Solaja deals with the problem of recognizing the
ability of neurological patients to drive by analyzing signals recorded during the driving simulation.
Analyzed and available signals used in this study are pupil diameter, heart rate, electrical skin

" conductivity, position of gaze fixation, wrist acceleration, and reaction time.

A structured approach to signal processing and analysis, including a suitably selected set of
features, resulted in relatively good performance of selected classifier - classification accuracy was
> 80%. This result suggests that neurological patients could be classified according to their fitness
to drive with relatively good results.

The main contributions of the paper are: 1) a clear and detailed description of the approach
for data cleaning, signal processing, and applied analysis; 2) relatively good result of the application
of machine learning for automatic assessment of the ability of neurological patients to drive; 3)
presented proposals for possible improvements of the acquisition protocol, signal analysis, and
processing methodology.

4. Conclusion and proposal
Candidate Nikola Solaja in his Master thesis titled ,,Analysis of signals recorded during

driving simulation with application in neurology* and written in English language (in Serbian
.,Analiza signala snimljenih tokom simulacije voZnje sa primenom u neurologiji) successfully
solved applied appropriate methods for signal analysis and pre-processing, which resulted in
satisfactory accuracy of automated recognition of patients’ ability to drive. The presented results are
obtained only from signals directly measured from subjects and therefore the results are of special
importance for the area of driving assessment.

Nikola Solaja expressed independence and applied systematic thinking during the work on
the proposed Master thesis, so as innovative 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. Nikola Solaja as Master thesis and to approve public oral defense.

in Belgrade, September 6, 2021 Committee members:
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Assist. Prof. Predrag Tadi¢, PhD
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