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3axBaJIHHIIA

HcrpaxuBame crnpoBeeHO y OKBUpPY OBe aucepranuje je durancupano (2021-2023) kpo3
npojekre ,,[lompinka ocTBapuBamy 3ajeIHUYKOT HHTEPECa Y HAyIHOUCTPAKHBAYKO] IETATHOCTH
MuHHcTapcTBa MPOCBETE, HAyKe M TEXHOJOMKOr pa3Boja PenyOmuke CpOuje u ,,Ilompuika
OCTBApWBaKy 3ajeIHUYKOr HWHTEpeca y HAyYHOHCTPAKHBAYKO] JeaTHOCTU® MuUHHCTapCTBa
HayKe, TeXHOJIOMIKOT pa3Boja M HHOBAIHja.

ITpe cBera OuX *eJeo Ja Ce 3aXBAJIUM CBUM HCIUTAHUIIMMA KOjU CY YUYECTBOBAJIU y CTYAUjU HA
OCHOBY KOj€ je peajn30BaHa OBa JUCEPTaLH]a.

Ha npBom mMecTy xenum Ja ce 3aXBajiM CBOM MEHTOPY, pod. Ap Mumnuiy JankoBuh, Ha BETHUKOM
TPYAY, EHEPTHjH, CTPILUBEHY M CABETUMA KOjJH Cy OMIIM KJbYYHH TOKOM CIPOBEICHOT UCTPAKUBAha
U U3pajie OBE IUcepTalyje.

3axBajbyjeM ce€ M BEIMKOM Opojy Kojiera KOju Cy y4ecTBOBAJIM y IPOLECY YUjU je pe3yaTaT oBa
mrcepranyja. 3axBasbyjem ce npod. ap Bamu KoBuh, koja Me je yBena y HOBM Ha4MH pa3MHIILIbamba
W yIIO3HaJIa ca KOHIIENTHMa eKCIIEpUMEHTAIHE TICUX0oIoruje. 3axBajbyjeM ce ap Anapejy CaBuhy
Ha KOPUCHUM CaBETHMa TOKOM MCTPaKMBarba U Ha YBUAY Y IPUCTYIIE IPHUMEHE OMOMETUIINHCKOT
WHKeHmhepcTBa. 3axBasbyjeM ce U ap Tamapu [lanuh, unje uctpakuBame npeicTaBiba MPeTeyy OBE
JHcepTalyje, Ha EHEPrHjH U ONTUMHU3MY KOj€ YHOCH Y HayYHa HCTPaKMBaka. 3aXBajbyjeM ce U
npod. 1p ['opany KBamrueBy Ha KOpMCHUM CaBeTUMa M CMEPHHUIIAMa BE3aHUM 3a HEypaJlHE MpPEexXe
Y TIPUjaTHO] capabu.

XKeneo O6ux nma ce 3axpamuMm u npod. aAp Jlejany Jpajuhy, Ha ymoKeHOM Tpymy, BPEMEHY W
CTPIUBEILY 3a HCTPAKUBAYKH PaJl KOjH j& 3HAUAjHO OJIAKIIIA0 PEeaTn3allijy OBe TUCepTalyje.

3axBaspyjem ce u ap BramucnaBu KpcmanoBuh, koja je mpaTuiia MOj HCTpaKMBA4YKW pajl U Ouiia
Ty /1a MCIIpaTH MOje Hay4yHe Kopake. 3axBajbyjeM ce kojaeruHuuu Mmc Munuim banu Aranacujesuh
Ha MOPIIIN U HECEOMIHOM JIeJhehY MUIIUBEHHA U OKY 32 JIETaJbe KOjH Cy 32 HayyHa NCTPaKUBAha
HEOIXOJHH. 3axBajbyjeM ce U Mc Mnuju PagoBanosuhy Ha mpy>KeHUM yCIIOBMMA 3a paj U yBUIY
y TO KOJIMKO j€ 3HauajHa 100pa opranusanuja. 3axsajbyjem ce u koseru Mmc llerpy Aranacujesuhy
Ha HEMNpecylIHOM H3BOpY ONTHUMH3Ma M MO3UTHMBU3MAa y HayyHOM OKpyxkemy. Kemum na ce
3axBajJuM M J1p Musomy Jamwuhy Ha AatoM yBUAY y TO KOJIMKO MCTPajHOCT M YIOPHOCT UMajy
yTHLIaja Ha HayYyHE pe3ynTaTe.

3axBasbyjeM ce u npo¢. 1p Munomy L[BetanoBuhy u npo¢. ap bomky Hukonuhy Ha npujatHoj
JTYTOTO/IMIIEH0] capambyi U caBeTuMa. JKenum na ce 3axBaium U ap Mummnu bypuh-Josuunh Ha
J00pUM CMepHHLIaMa TOKOM Hay4yHe KapHjepe.

XKenum na ce 3axBanuM u 1p BojucnaBy JoBaHoBuhy Ha HHTEpeCaHTHUM JIMCKyCHjaMa U pa3MEHH
HCKyCTaBa y HayYHUM UCTPAKUBAKBUMa.

3axBasbyjeM ce U Kosierama quiul. uHx. Bacunujy KoBaueBuhy u aum. unx. Cenenu borojesuh
Ha 100p0j eHEepruju U yBUAY Y ApYyTaunjy Hay4HY IEPCIEKTHUBY.

XBaja npujaTesblMa Ha yKa3zaHoj MOAPUIIH U CTPIUbEY, a nocedHo [Ipenpary 3a merose casete
U MOJPIIKY TOKOM cTyauja. Ha kpajy, *emum aa ce 3aXBajiM CBOjOj MOpoAuLd, Majiuu CamH U o1y
AJexcaH/Ipy Ha YKa3aHOM CTPIbEHY U pa3yMeBamYy.

VY Beorpany, centembap 2023. ronune WBan Bajc



NHTEIUreHTHU CUCTEMHU 3a JeTeKIUU]jY
AUCJIEKCUYHUX 00pa3ana O4YHUX MOKPETa TOKOM
YUTAHKHA HA CPIICKOM je3UKY

Pe3ume — Jlucnekcuja HEeraTMBHO yTHYE Ha CHOCOOHOCT ocoOe fa (piyeHTHO YuTa U pasyme
MPOYUTAHU TEKCT, a pa3InuuTe MaHudecTalje u oAcycTBo (hopmanHe nepUHUIMjEe O0CTaBIbajy
MIPOCTOP 32 CyOjeKTHBHOCT MCIIMTHBAYa Yy yCIOCTaBJbamy AujarHose. [Ipaheme mokpera oumjy
oMmoryhaBa JUpEKTaH YBUJ y CTPATerujy 4uTama. Y OBOj AUCEPTALHUjH je MPHUKA3aHO HEKOIUKO
MpHCTyTa 3a 00jEKTUBHO YCIIOCTaBJbakhE JIMjarHO3e UCICKCHje KOJ JIelle, KOje Ce OClIamajy Ha
npaheme mokpera ouwnjy. [IpumapHy 0asy mopmaraka 4uHE OYHM IOKpPETH 15 MCIHMTaHHMKA ca
TMCTIEKCHjOM M 15 HeypoTHIIMYHKX ncnuTanuka (7-13 To11.), KOju Cy YMTaIN TEKCTOBE Ha CPIICKOM
je3UKy MpHKazaHe Ha pa3NTuuuTUM Oojama. Hajrpe cy curHaim mokpera o4Mjy OBUX MCIIMTAHHUKA
uckopuITheHn Kako OW ce pa3Buiia HOBa o0eleXkja Koja KapaKTepuIly AUCICKCUIHE TCHIICHITH]E.
OoGenexja cy kopuirheHa 3a 00y4aBame pa3IHYUTUX TPAAUIHOHAIHUX ANTOPUTaMa MAIIMHCKOT
yuema (MaKCUMaJIHa Ta9HOCT o7 94%), kKao W 3a eBanyanujy nep@opMaHcH 3a pazaudure 00je
npukasza Tekcra. [Iotom je mpuMemeH Apyru npuctyn 0a3upaH Ha IPUMEHH HEYypaTHUX Mpexa 3a
JETEKIN]y TUCIEKCHje Y3 MHUHHMMAIHO TPETIPOLECUPAe CHTHANIA TOKpeTa oudjy. Jlerekuuja
JUCIIEKCH]€e je MHUIIM]jaJIHO BpIlIEHA Ha OCHOBY IIpHKa3a MOKpeTa ouujy y Gopmu cimke nmomohy
KOHBOITYIIMOHE HEypaJIHE MpEeXe. 3aTUM j€ MPENICTaBIbEH U €BATTyHPaH aJITOPUTAM KOjH C€ 3aCHUBA
Ha KOHBOJIYLIMOHMM ayTOCHKOZEpPHMA, a 3a 4Mjy eBalyauujy je kopumheHa oTBOpeHa 0asa
mojlaTaka OYHUX TOKpETa Jele TOKOM YHTama Ha IIBEIACKOM je3uKy. PazBujeHW anropuram je
oOy4aBaH Ha MPUMapHOj 0a3u MPHUKYIIJLEHO] 3a CPIICKHU Je3UK, a eBalyHpaH Ha 6a3u NPUKYIJbEHO]
3a MIBEACKHU je3UK, U 00pHyTO (TauHOCT o1 85,6% u 82,9%). Pa3BujeHn anropuTMu U HHXOBA
pPOOYCHOCT TMpe/cTaBibajy 3HauajaH MCKOpaK 3a OOjeKTHMBHO YCIOCTaBJbalE JMjarHoO3e MU
eBallyalldjy JUCJIEKCHje Ha OCHOBY OYHHMX TIOKpETa W NPUMEHJBHBH Cy Yy Pa3IHuYUTHM
eKCIIEPUMEHTAIHUM YCIOBUMA.

Kibyune peum: pa3BojHa JuciekcHja, npaheme IMOKpeTa ouujy, YuTame, o0paja CHUrHaia,
MAIIIMHCKO y4Yere, KOHBOJYIIMOHA HEeypallHa Mpexka, ayTOeHKO/Iep, KIIacCH(HUKannja, CTAaTUCTUIKA
aHanm3a

Hay4yna o6sacT: TEXHUUKE HayKe, €IEKTPOTEXHHUKA
¥Yika HayuyHa 00/1acT: OMOMETUIIMHCKO NH)KEHEPCTBO

VIIK 6poj: 621.3



Intelligent systems for the detection of dyslexic
eye movement patterns during reading in the
Serbian language

Abstract — Dyslexia negatively affects a person's ability to read fluently and understand the text,
and various manifestations and the absence of a formal definition leave room for the examiner's
subjectivity in establishing a diagnosis. Tracking eye movements allows direct insight into the
reading strategy. This dissertation presents several approaches for objectively establishing the
diagnosis of dyslexia in children, which rely on tracking eye movements. The primary database
consists of 15 neurotypical and 15 subjects with dyslexia, aged 7 to 13, who read texts in Serbian
displayed in different colors. Firstly, the eye movements of these subjects were used to develop
new features that characterize dyslexic tendencies. The features were used to train different
traditional machine learning algorithms (maximum accuracy of 94%), as well as to evaluate
performance for different text display colors. Secondly, an approach involved the application of
neural networks for the detection of dyslexia with minimal preprocessing was implemented.
Dyslexia detection was initially performed based on the representation of eye movements in the
form of an image using a convolutional neural network. Then, an algorithm based on convolutional
autoencoders was presented and evaluated, and an open database of Swedish children's eye
movements while reading was used for its evaluation. The developed algorithm was trained on the
primary database collected for the Serbian language and evaluated on the database collected for
the Swedish language, and vice versa (accuracy of 85.6% and 82.9%). The developed algorithms
and their robustness represent a significant step forward for objective diagnosis and evaluation of
dyslexia based on eye movements and are applicable in different experimental conditions.

Keywords: developmental dyslexia, eye-tracking, reading, signal processing, machine learning,
convolutional neural network, autoencoder, classification, statistical analysis

Scientific area: technical sciences, electrical engineering
Specific scientific area: biomedical engineering

UDK number: 621.3
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