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1. Mogzesi, MeTOIM Ta 3aCOOU HeJliHINHOI JuHAMIYHOI ineHTUdiKalii OKyJ10-MOTOPHOI CUCTEMHU JIIOJUHU HA OCHOBI
TEXHOJIOTiI aliTPEKIHTY.

2. Models, methods and tools for nonlinear dynamic identification of a human oculo-motor system on the basis of
eye tracking technology.

Pedepar:

1. luceprauio IpruCcBsSYEHO BUPILIEHHIO aKTyaJlbHOI HAYKOBO-TIPAKTUYHOI 3a/ad4i, L0 [10JIIra€ y CTBOPEHHI METOIIB
Ta 3aco0iB HeJliHiMHOI AuHaMiuHOi ineHTHdiKawii oKys0-MOoTOpHOI cuctemu (OMC) Ha ocHOBI Mogenelt Bonbreppu
y BUrJIsii 6aratoBuMipHux nepexigaux @yHkuii (BI1Q) ta ix 3acTocyBaHHIO B iHQOPMaLiHAX CUCTEMAX
IiaTHOCTHKU NcUx0(Qi3io0oriYHOTo CTaHy JIIOJMHU i po3Ni3HaBaHHS 0COOUCTOCTI. 3a OMOMOT0I0 PO3pO0JIEHUX
004K CII0BAJIbHUX AJITOPUTMIB i IPOrpaMHUX 3aCO0iB O6POOKYM €KCIIEPMMEHTAJILHUX JAHUX (BiATYKiB HA TECTOBI
Bi3yaJsIbHI CTUMYJIN) OTPUMAHO HeJiHilHI nruHamivHi mozeni OMC oauHY y BUTIISAL TepexinHux QyHKLin
IIepILIOro, IPYroro Ta TPeThoro nopsiaky. OTpumadi pesysbraty ineHTudikanii OMC HagaloTh MOKIMBOCTI paHHbBOI
IiaTHOCTMKY HEMPOJereHepaTUBHOrO IpoLecy Ipu xBopobax [TapkiHCOHa Ta CHHIPOMIB IAPKiHCOHI3MY, a TaKOX
MO>YTb OyTH BUKOPUCTAHI B IiarHOCTUYHUX IOCJiJIKEHHSIX IPY BCTAHOBJIEHHI CTaii 3aXBOPIOBAHHS; IIPU

araparHiil Kopeklii 30py; B epraTu4HUX CUCTeMax IpyY IpodeciiiHOMY Biioopi oniepaTopiB MBUIKOIJIMHHUX



TEXHOJIOTIYHUX MPOLECIB, BOIiiB TPAaHCIIOPTHUX 32CO0iB, INIOTIB Ta JIbOTYMKIB; 17151 6iOMeTPUYHOI ifeHTudiKaLii
KOPHCTYBauiB B KOMITIOTEPHUX CUCTEMa Ta MepeXkax y MPUCTPOsIX 3axXUCTy iHpopmalii. Po3pobieHo MmeTonuky
€KCIIEPUMEHTAJIbHUX JocaiIKeHb OMC JI001HYA 3 BAKOPUCTAHHAM iHHOBALIIMHOI TEXHOJIOTI] alTPEKIHTY
OTPMMAaHHS eMIipUYHUX JaHux A inentudikauii OMC y Burmnsazi BII® 3a nonomoroio BifeopeecTtpaliii Biarykis Ha
TECTOBI BidyasibHi CTUMYJIM 3 Pi3HOIO BiICTAaHHIO BiJ] CTAPTOBOI MO3ULLii, 1110 BiIOOGPa’kalOThCsl HA €KpaHi MOHITOPa
KOMITIOTepa B Pi3HUX HaNpsiMax (110 rOpU30HTAli, [10 BEPTHKAaJI, 110 JiaroHasi). 3alpol1oHOBAHO i TEOPETUYHO
00IpyHTOBaHO (OPMaJIbHi CHiBBiJHOIIEHHS], SIKi IPEICTABJISIIOTh YHIBEPCAJIbHI BUPA3y [1J1s OL[iHKHU AiarOHaJbHUX
NepeTUHIB 6araToBUMipHUX NepexigHux (PyHKILi (n-BUMipHUX iHTerpasis Bif sigep Boabreppu) OMC y Burisagi
JiHifHOI KoM6iHauji BinrykiB OMC Ha TecTOBi BizyasibHi CTUMYJIH, 11O AAJI0 3MOTY aJIlOPUTMI3YBaTH i CIIPOCTUTH
IIporpamHy peasisaliilo npouenypu igeHTudikalii. 3aripornoHoBaHO METOJ, I00YA0BU allpoKCUMalifiHOi Mopei
OMC Ha oCcHOBI 0J1IHOMY BosibTeppHu i3 3aCTOCYBaHHAM TEXHOJIOTI alTpeKiHnra. Ha BiiMiHy Bil BiZlOMUX METOLIB
17151 BU3HAUEHHS [iaroHaJIbHUX [I€PETHHIB 6araTOBUMIPHUX MepexigHUX (PYHKLil BUKOPUCTOBYETHCS
PeryJsipu30BaHUi MeTO[, HalMEeHIIMX KBaJlpaTiB, 10 03BOJISIE MiABUIIATHA TOYHICTh Ta OOYUCIIOBAIbHY CTINKICTD
npouenypu igeHtudikanii. PosapobseHo 064MCioBabHi alrOPUTMU Ta iIHCTPYMEHTAJIbHI TPOTrpaMHi 3acoou
nerepminoBaHoi inentudikauii OMC Ha ocHOBI psiziB i noniHoMmiB Bosbreppu y Burisigi BI1Q i3 BUKopucTaHHSIM
TECTOBUX Bi3yaJIbHUX CTUMYJIB i TEXHOJIOTIi aliTpeKiHry. Po3BuHYTO iHPpOpMaLiliHy TEXHOJIOTiIO AiarHOCTYBaHHS
ncuxoiziosoriYyHMX CTaHiB JI0AVMHY Ta 6i0METPUYHOI ifeHTUdiKalii 0cOOUCTOCTI 32 paXyHOK BUKOPUCTAHHS B
SKOCTI JpKepeJia IepBUHHUX AaHuX iHpopmauiiinux mogesneir OMC Tumny «Bxif-BUXiZ» Ha OCHOBI pS/iB i IOiHOMIB
Bonpreppu. [nsg nobyoBu Mojieseli 3aCTOCOBY€EThCS TEXHOJIOTS alTpeKiHry. Lle 103Bossie minBUIUTY TOYHICTD
MogemoBaHHsI OMC i, 4K HaCiOK, MiIBUIATY JOCTOBIPHICTb JiarHOCTYBaHHS B [IPOCTOPI 3aIIPOIIOHOBAHUX
€BPUCTUYHUX O3HAK, SIKi BU3HAYAIOTHCS 32 JOITOMOTIOIO iHTerpasybHux i gudepenuianpbHux nepersopessb BI1O OMC,
1[0 3HAYHO CIIPOlIy€e BU3HAYEHHS O3HAK Ta IIPAKTUYHY peasiisaliio 6aitecoBCbKUX KaacudikaTopis. PesynbpraTu
IycepTauifiHoi po6OTH BIIPOBAIKEHI IIPU peasidaliii MeToy IpOeKTiB B HaBYaHHI y4HiB-uyseHiB Masoi akagemil
HayK B paMKax BUKOHAHHS iHHOBALiIHOTO StartUp-IIPpOeKTy «AUTPEKIHT B JOCIIiIPKEHHI KOTHITUBHUX IIPOLIECIBY»
3TiZHO 3 YrOZoI0 IIpo criBnpanio Mixk HanjionaneHuM yHiBepcuteToM «OnechbKa nositexsika» MOHY Ta OpecbKomo
crieniasizoBaHolo mKkosoio N2117 Onecekoi Micbkoi panu OpechKoi obsacti. Pe3ysipTaTul iucepTaniitHoi po6otu
BHUKOPHCTOBYIOTHCSI B HAaBYaJIbHOMY Ipolieci Kadeapu KOMII'IOTEPU30BAHUX CUCTEM Ta IPOTPaMHUX TEXHOJIOTIN
HaujonanbHoro yHiBepcurety «OzgecbKa IOJITEXHIKa» IIPY BUKJIaJlaHHI JIEKLIMHUX KyPCiB, BUKOHAHHI

J1a60paTOPHUX POGIT Ta py Po3poOIli TEM MAriCTEPChKUX TUIJIOMHUX POOIT.

2. The dissertation is devoted to solving the current scientific and practical problem of creating methods and
means of nonlinear dynamic identification of the oculo-motor system (OMS) based on the Volterra model in the
form of multidimensional transient functions (MTF) and their application in information systems for diagnosing
psychophysiological state and personality recognition. Using the developed computational algorithms and
software tools for processing experimental data (feedback on test visual stimuli), nonlinear dynamic models of
human OMS in the form of transient functions of the first, second and third order are obtained. The obtained
results of identification of OMS provide opportunities for early diagnosis of the neuro-degenerative process in
Parkinson's diseases and parkinsonism syndromes, and can also be used in diagnostic studies to establish the stage
of the disease; with hardware vision correction; in man-machine systems during the professional selection of
operators of fast-moving technological processes, for biometric identification of users in computer systems and
networks in information protection devices. A method of experimental research of human OMS has been
developed using the innovative eye-tracking technology of obtaining empirical data for the identification of OMS
in the form of MTF using video recording of responses to test visual stimuli with different distances from the
starting position displayed on the computer monitor screen in different directions (horizontally, vertically,
diagonally). Formal relations that represent universal expressions for estimating diagonal intersections of
multidimensional transition functions (n-dimensional integrals from Volterra kernels) of OMS in the form of a
linear combination of OMS responses to test visual stimuli have been proposed and theoretically substantiated,
which made it possible to algorithmize and simplify the software implementation of the identification procedure. A
method of building an approximation model of the OMS based on the Volterra polynomial using eye tracking



technology is proposed. In contrast to known methods, the regularized least squares method is used to determine
the diagonal intersections of multidimensional transition functions, which allows to increase the accuracy and
computational stability of the identification procedure. Computational algorithms and instrumental software tools
for deterministic identification of OMS based on Volterra series and polynomials in the form of MTF using test
visual stimuli and eye-tracking technology have been developed. Information technology for diagnosing
psychophysiological states of a person and biometric identification of a person has been developed by using as a
source of primary data information models of the OMS of the «input-output» type based on Volterra series and
polynomials. Eye-tracking technology is used to build models. This makes it possible to increase the accuracy of
OMS modeling and, as a result, to increase the reliability of diagnosis in the space of the proposed heuristic
features, which are determined using integral and differential transformations of multidimensional transition
functions of OMS, which greatly simplifies the identification of features and the practical implementation of
Bayesian classifiers. The results of the dissertation are implemented in the implementation of the project method
in teaching students of the Small Academy of Sciences in the implementation of the innovative StartUp-project
«Eye-racking in the study of cognitive processes» under the cooperation agreement between Odessa National
Polytechnic University and Odessa Specialized School No. 117 The results of the dissertation are used in the
educational process of the Department of Computer Systems and Software Technologies of the Odessa National
Polytechnic University when teaching lecture courses, performing laboratory work and developing topics for
master's theses.
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