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1. Mogzeni, meToniy Ta 3aco6y HeJliHINHOI JuHaMiYHOI ineHTUdiKaLii OKyJ10-MOTOPHOI CUCTEMHU JIIOJUHN HA OCHOBI
TEXHOJIOTii A TPEKIHTY.

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

Pedepar:

1. lnceprariiio prUCBSIY€HO BUPIIIEHHIO aKTyaJIbHOI HAYKOBO-TIPAKTUYHOI 3a7ad4i, IO I0JIIra€ y CTBOPEHHI METOIiB
Ta 3aco0iB HeJliHilHOI JuHaMivHOI inenTUdiKauii okyso-moTopHOoi cuctemu (OMC) Ha 0CHOBI Mojiesieli BosbTeppu
y BUrIsiAi 6araToBumipHux nepexigHux ¢ysHkuin (BI1d) ra ix 3actocyBaHHIO B iHPOpPMaLIITHAX CUCTEMAX
IiarHOCTUKU NCUX0(Qi3i0N0rivYHOro CTaHy JIIOJUHY i pO3Mi3HaBaHHS OCOOMCTOCTI. 3a JOTIOMOT0I0 PO3POO6IEHUX
004K CII0BATIbHUX aJITOPUTMIB i IpOrpaMHUX 3aC00iB 06POOKY €KCIIePUMEHTaIbHUX NAHUX (BiATYKiB HA TECTOBI
Bi3yaJIbHi CTUMYJIM) OTPUMAaHO HeJliHilHI nruHamiyHi monesni OMC 10iuHY y BUIIISIA] epexifHuX QYyHKLiN

[epIIOTOo, IPYroro Ta TPeThOoro nopsaaky. OTprumMani peaynbTaTi ineHtTrudikanii OMC HagalTh MOXIMBOCTI paHHbOI



IiaTHOCTMKY HEMPOJereHepaTUBHOrO MPoLeCy Ipy xBopobax [TapkiHCOHA Ta CMHIPOMIB NIAPKIHCOHI3MY, a TAaKOX
MOXYTb OYTH BUKOPUCTAHi B IiarHOCTUYHUX [IOCJIIKEHHSIX TIPY BCTAHOBJIEHH] CcTaflil 3aXBOPIOBAHHS; IPU
araparHiil KopeKlii 30py; B epraTU4HUX CUCTEMaXx MpyY NpodeciiHOMY Bii60pi oniepaTopiB MIBUIKOIIMHHUX
TEXHOJIOTIYHUX IIPOLIECiB, BOAIiB TPaHCIIOPTHUX 3aCO0iB, MiJIOTIB Ta IbOTYUKIB; 1711 6iOMETPUYHOI ineHTuiKa1il
KOPUCTYBauiB B KOMITIOTEPHUX CUCTEMA Ta MEPEXKaX Y IIPUCTPOSX 3axUCTy iHpopmallii. Po3pobieHo MeToguky
€KCIIEPUMEHTAJIbHUX NoCaiIKeHb OMC JI001HY 3 BAKOPUCTAHHAM iHHOBALIIMHOI TEXHOJIOTI] aTPEKiHTY
OTPUMAaHHS eMIIipUYHUX AaHux A4 ineHtudikanii OMC y Bursgni BITIO 3a gonomoroto BigeopeecTpaliii Biirykis Ha
TECTOBI Bi3yaJIbHi CTUMYJIU 3 Pi3HOIO BifICTAHHIO Bill CTaPTOBOI MO3MLLil, O Bifl0OPa’KalOTLCS HA €KPaHi MOHITOpA
KOMITIOTepa B Pi3HUX HANpsiMax (110 rOpU30HTAIi, [10 BEPTHKAaJI, 110 JiaroHasi). 3alpor1oHOBaHO i TEOPETUYHO
0OIpyHTOBAaHO (OPMAaJIbHI CHiBBiHOIIEHHS, SIKi IPEJCTAaBJISIIOTh YHIBEPCAJIbHI BUPA3y /1J1s OL[iHKHU AiaroHaJbHUX
IepeTrHiB 6araToOBUMipHUX nepexigHux QyHKLil (n-BUMipHUX iHTerpasis Bif sigep Boabsteppu) OMC y Burnsni
niHiiiHOI KoM6iHawji BiarykiB OMC Ha TeCTOBi BidyasibHi CTUMYJIH, 11O AaJI0 3MOTY aJITOPUTMI3yBaTH i CIPOCTUTH
IIporpamHy peasisaliito npouenypu ineHTudikalii. 3ariporoHoBaHO MeTOJ, I0OYA0BU allpoKCcUMaliiiHOi Mopeni
OMC Ha oCcHOBI I0J1iIHOMY BosibTeppHu i3 3acTOCyBaHHAM TEXHOJIOT alTpekiHra. Ha BiiMiHy Bil BilOMUX METOLIB
17151 BUBHAYEHHSI 1iarOHAJIbHUX [IePETUHIB 6araTOBUMIPHUX NEPEXifHUX (PYHKLiN BUKOPHUCTOBYETHCS
perysipu30BaHUI METO[, HalMEeHIIMX KBaJIpaTiB, 0 T03BOJISE MiABUIIATHA TOYHICTh Ta OOYUCIIOBAIbHY CTINKICTD
npouenypu igeHtudikanii. PospobseHo 064ymcioBabHi alrOpuTMHU Ta iIHCTPYMEHTAJIbHI TPOTrpaMHi 3acoou
IetepMiHoBaHoi ineHTudikanii OMC Ha ocHOBI p4iB i nosiHOMiB Bosbreppu y Bursgni BI1O i3 BUkopucTtaHHIM
TECTOBUX Bi3yaJIbHUX CTUMYJIiB i TEXHOJIOTI] aliTpeKiHry. Po3BuHYyTO iHpOpMalliliHy TEXHOJIOTi0 1iarHOCTYBaHHS
ncuxoiziosoriyHMX CTaHiB JI0AVMHY Ta 6i0MeTpUYHOI ineHTUdiKalii 0cOOUCTOCTI 32 paXyHOK BUKOPUCTAHHS B
SKOCTI JpKepeJia IepBUHHUX AaHuX iHpopmauiiinux mogesneir OMC Tumny «Bxif-BUXiZ» Ha OCHOBI ps/iB i 107iHOMIB
BospTeppu. [17151 No6y10BU MOZIENIEN 3aCTOCOBYETHCS TEXHOJIOTISL alTpeKiHTry. Lle mo3BosIs€ MifBUIUTHA TOYHICTD
mopemoBaHHs OMC i, SIK HAaCJliJIOK, MiABUIIUTY NOCTOBIPHICTb IialrHOCTYBAHHS B IIPOCTOPi 3alIpONIOHOBAHUX
€BPUCTUYHUX O3HAK, SIKi BU3HAYAIOTHCS 32 JOITOMOTOI0 iHTerpasybHuX i gudepeniianbHux nepersopess BI1O OMC,
110 3HAYHO CIIPOILye€ BU3HAUYEHHS O3HAK Ta IPAKTUYHY peasizalilo 6aleCOBCbKUX Kilacu@ikaTopis. PesynbraTu
IycepTaliiiHol po60TH BIPOBAIKEHI IpY peasi3allii MeToy IPOEKTiB B HaBYaHHI y4HiB-ujieHiB Masoi akagemii
HayK B paMKax BUKOHAHHS iHHOBaLiHOTO StartUp-NpOeKTy «AUTPEKIHT B JOCIIiIPKEHHI KOTHITUBHUX IIPOLIECIBY»
3TiZIHO 3 YrOJ o0 IIpo criBnpanio Mixk HafionaneHuM yHiBepcuteToM «OnechbKa nositexHika» MOHY Ta OpecbKomo
cIeniasnizoBaHolo Koo N2117 Onmecskoi Micbkoi pagu OpecbKoi obsacti. PesysipTaT JucepTaniinoi po6otu
BHKOPHCTOBYIOTHCSI B HABYaJIbHOMY IIpoLieci KadeIpu KOMII'IOTEPU30BAHUX CUCTEM Ta IPOTPAMHUX TEXHOJIOTIN
HanjonanbpHoro yHiBepcurety «OznecbKa MOJITEXHIKa» IIPU BUKJIaaHHI JIEKLIMHUX KyPCiB, BUKOHAHHI

J1a60paTOPHUX POOIT Ta MPU PO3POOLi TEM MATiCTEPCHKUX IUIJIOMHUX 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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