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JlucepTarlito MpUCBIYCHO BHUPIIICHHIO aKTyaJbHOI HayKOBO-TEXHIYHOI 3a/adi,
0 TIONSITAa€E y CTBOPEHHI METOAy iMeHTU(IKaIlli HemapameTpuyHUuX TUHAMIYHUX
mMojienielt oko-pyxoBoro amapaty (OPA) miogunu Ta Horo peamizaimii y BUTIISII
iH(OopMaIIiitHOT TeXHOIOr1i MOJETIOBaHHS SK CKJIaJA0BOI YacTUHHU i1HMOpMaIiiHOl
CUCTEMHU.

AKTYaJbHICTh TE€MHU JIUCEPTALINHOTO MOCHIIKEHHS OOYMOBJIEHO ICHYIOUUM
OPOTHUPIYYSAM MK MIABUIIEHHSIM BHUMOI IIOJI0 TOYHOCTI Mojened omucy OPA, 3
OJIHOTO OOKY, Ta MIABUIICHHSIM IIBUIAKOII MpoONeAypU 1MeHTUdIKaIli — 3 1HIIOro
ooky. Lle mpoTupiudst po3B’sI3aHO MUISIXOM 3aCTOCYBaHHS METOAY HEapaMeTPUIHOI
nuHaMiuHOi 1neHTudikamii moaeneit OPA y BuUIIsal IHTETPOCTENICHEBUX PsJIIB
Bonbreppu 3 BuHKOpUCTaHHAM OaraToBuMipHuX BaroBux ¢yHkiid (BB®) Ta
OararoBuMipHux nepexigaux ¢ynkmii (BI1®D), mo mo3Boise 0MHOYACHO BpaxyBaTH
HENiHIIHI Ta AuHaMivHI BiractTuBocTi OPA, a TakoX 3MEHITUTH 00CAT 00UNCIIECHb TIPH
peamizarii BianmoBigHux moaeneir OPA.

MeTor0 po6OTH € TIABUINEHHS TOYHOCTI Ta IIBHUAKOCTI MpH peaiizarii
HeNmapaMeTpUyHUX JUHAMIYHUX MOJENEeH OKO-PyXOBOrO amapary Yy BUIJIAIL
IHTErpocTeneHeBux pAaiB BoabTeppu HUISIXOM pO3pOOKH €(PEKTUBHOIO METOAY
imeHTudikamii  1MX MoOjened Ta peaiizallii  3almpONOHOBAHOTO METOAY SIK
iHpopMaIliiHOI ~ TEXHOJIOTlT  MOJENIOBaHHS, IO € CKJIaJ0BOK  YaCTUHOIO
1H(pOpMaIIITHOT CUCTEMH.

JI1s1 JOCSITHEHHST METH JTOCHIIKEHHS ITOCTaBIICHO 1 PO3B I3aHO TaKl 3aayi:



— 3[MIACHUTH  aHaji3 ICHYIOYMX METOMIB ifeHTu(iIKaIii HemepepBHUX
HEMHIMHUX JUHAMIYHUX OO0’ €KTIB 1 OOTpYHTYBaTH BHOIp HANpPSIMKY JOCIHIIKEHb
0710 MOOYZ0OBH IHTETPATbHUX HEMapaMEeTPUYHUX AMHAMIYHMX MOJIeJEH Ha OCHOBI
BB® ta BII® nns onucy OPA ntonunw;

— 3MIMCHUTH aHai3 CydYacHOro CTaHy METOAIB peaykili iH(opMariiHux
MoOJIeJIeH 1 OOTPYHTYBATH BUOIp HAPSIMKY JOCTIKEHB 100 3HIKEHHS PO3MIPHOCTI
MojieJiell Ha OCHOB1 KOPESALUIMHUX METOIB (PIbTPALii;

— po3poOuTU MeToJ HenapaMeTpuuHoi igenTudikaiii OPA na ocHoBi BII® 3a
pe3ynbTaTaMi JTaHUX aKTHUBHOTO EKCIEPUMEHTY «BXII-BUXiI» 3 BHKOPHUCTAHHSIM
TECTOBUX MOJIIMIOYIBCHUX 1 0ararocTymiH4YacTUX CHUTHANIB 13 3a0e3MeYeHHAM
MPUHHATHOI TOYHOCTI MOJICIICH;

—po3pobutn  iHGOpMAIIMHY  TEXHOJOTir0  ieHTHdIKaIii  HEMHIHHUX
TUHAMIYHUX 00’ €KTIB, 110 IPYHTYeThbca Ha onuci OPA Ha OCHOBI HemapameTpuYHUX
TuHaMidHuX Mojeneit y Bursagai bBB® ta BII®, penykiii 30ynoBanux mojenel Ha
OCHOB1 KOPEJAIMHIUX METOIB (DUIbTpAIlii;

—3aCcTOCyBaTH pPO3pOOJICHUM METOJ Ta 3aco0u 1HGOpPMAIIHHOI TEXHOJOTIT
1AeHTU(IKaLl] HEMepepBHUX HENIHIMHUX 00’ €KTIB JJis MOOYIOBH HEMapaMeTPUUYHHUX
nuHaMiyHux Mozaeneii OPA.

HaykoBa HOBH3HA OTPUMAaHHX PE3yJIbTATIB MOJISTAE B HACTYITHOMY.

— Bnepwe 3anpononosano Henapamerpudny moaenb OPA mroguHu y BUTIIAII
IePEeXOIHOM Ta JIBOBUMIPHOI mepeximHoi ¢GyHKINI, mnoOygoBaHUX 3a JaHUMU
EKCIIEPUMEHTY «BXIJ—BUXII» 3 BHUKOPUCTAHHSIM TECTOBUX 0araToCTyMiHYACTHX
CUTHAJIIB, fKa, Ha BIAMIHY BiJ BITOMUX MOJI€NICH, OJJTHOYACHO BpaxyBye HEIIHINHI Ta
iHepIikHi BractuBocTi OPA, 1110 103BOJISIE TMIABUIIUTH TOYHICTh MOJICITFOBAHHS.

— Ompumaé nooanbwuti po36UMOK METOJ TOOYJ0BM HemapaMeTpUYHHUX
nuHamiyHuX wmojeneil OPA y Burianl mnepexiiHOi Ta JBOBHMIPHOI MepexiaHOoi
(yHKII/ Ha OCHOBI IaHUX €KCIEPUMEHTIB «BX1A—BUX1/1» 3 BUKOPUCTAHHAM TECTOBHX
0araTocTyIiHYaCTUX CUTHAIIB, BIIMIHHICTD SIKOTO B1J BIJOMUX IOJISITA€ Y BUJILJICHHI
napiiajgbHUX CKJIaJOBUX 3 BIAIYKIB Ta BU3HAau€HHI Ha iX ocHOBI BII®. Ile no3Bosse

3MEHIIUTHA 00CIT OOYMCIIEHD Ta IMIABUIIUTH IIBUIKOIIIO MOIEITIOBAHHS.



— Ompumagé  nodanvwuti  po36UmMOK  METOJ ~ CTHUCKAaHHA  MOJenei
3anporoHoBannx mojuenerr OPA, mpencraBieHuX SK HENMIHINHI 1HEPIiHI 00’ €KTH,
Ha OCHOBI1 KopemsiiiHoi pinbTpaliii BiIIKIB Mg JiaroHAIbHUX nepeTuHiB bB®D Ta
BII® nns cTUCHEHHS MPOCTOpPY O3HAK, IO, HAa BIAMIHY BIiJ] BUKOPUCTAHHS
PIBHOBUITAJICHUX BIJUTIKIB TIiJIJIlaTOHAIBHUX TIEPETHHIB, J03BOJISIE BpPaxOBYBaTHU
1H(opMallito, 30Cepe/KeHY Ha OKpeMHX IUISTHKaX MOjeiaid B 00JlacTi BU3HAYCHHS,
sgKa crocrtepiraerbcs. lle no3Bomsie OyayBaTu Mojieni, skl 3a0€3MeUyr0Th OLIbIIY
TOYHICTh 32 PaXyHOK HAWOUIbII MOBHOTO BUKOPUCTaHHS 1H(OpMalii NEpBUHHOIO
onucy 00 €KTiB.

— Yoockonaneno wmeron nerepminoBanoi ifeHtudikanii OPA y Burisai
HEMapaMeTPUYHUX JMHAMIYHUX MOJENEH, SKUA BIJPI3HIAETHCS 3aCTOCYBAaHHSAM
BEeUBIICT-QUIbTpAIlli IS 3TJIaKyBaHHS €KCIIEPUMEHTAJIbHUX JaHUX 1 omiHOK BIID,
110 ITiJIBUIIY€E TOYHICTH 1 3a0e31euye TIaJKICTh pe3yabTaTiB ieHTu(IKaIii.

I[IpakTyHe 3HAaYeHHs OJEPKAHMX PE3YJbTATIB TOJSATa€E Yy CTBOPEHHI
IHCTpYMEHTaJIbHUX 3aco01B 1H(popMaliiiHOI TexHouoril i1enTudikanii moaenein OPA
pU MPEICTABICHHI IUX MOJENEN K HemapaMeTpU4Hi JUHAMIYHI 00’ €KTH, TPUUOMY
CTBOpEH1 1HCTpyMeHTaldbHI 3aco0u (I3) peanizyroTh OOUYUCTIOBAIBHI AJITOPUTMHU
nerepminoBanoi ineHtudikamii OPA y Burnsgi bB® ta BII® mono nmonepenHboi
O00pOoOKHM  eKCIepUMEHTAIbHOI 1HQOpMaliil peaykmii Mojeneld, a TakoX Yy
BIIPOBAKEHHI CTBOpEeHUX [3 y HAyKOB1 AOCHIIKEHHS 1 HABYAIBHUIA MPOLIEC.

Ha ocHoBi 3a3HaueHuXx I3 BHTOTOBICHO EKCIEPUMEHTAJIbHHN CTEHJ IS
BUINIPOOYBaHb Ta PO3pOOJIEHO ePEeKTHBHI MPOrpaMHiI MOIYJI, SKI IHTETPOBAHO 3
«XMapHUMMI» CEPBICAMHM ISl BUPILIIEHHS! PECYPCHOMICTKUX 3a/1ad MOJEIIOBAHHS, 110
3a0e31euye BUCOKY OOYMCITIOBAIBHY MOTYXKHICTh Ta MIBUJKICTD MOIITYKY PO3B’S3KiB B
3aja4ax igeHTudikarii.

3 BUKOpHUCTaHHSIM 1MX [3 moOynoBaHO MpUKIAIHY 1HGOPMALIHY CHUCTEMY
inentudikamii OPA nroauHu 3a J0MOMOI0I0 BijieopeecTpallii, 1o J03BOJIsIE€ Oy1yBaTH
HEJHIMH] 1HEPIiHI MOEI1 3a eKCIIEPUMEHTATLHUMH JJAHUMH CTIOCTEPEKEHb «BX1JT-

BUXI1J» 3 Hallepe]l 3a/1aHO0 TOYHICTIO.



3a 10IMOMOTr0r0 Po3po0IeHOi IHPOPMAIIHHOT CHCTEMH iMeHTH(IKAIT OTpUMaHO
HenapaMmeTpuyHy auHamiuyHy mojenb OPA mogunm 3 ypaxyBansm ioro (OPA)
HETIHIMHUX Ta JWHAMIYHUX BJIACTUBOCTECH y BHIJISAMAI TEpPeXigHOi 1 JABOBHUMIPHOI
nepexiguoi  ¢yukmiii. Otpumani pesynbratu iaeHtudikamii OPA  MoxyTh
BUKOPUCTOBYBATUCS B JIarHOCTUYHUX JOCHIDKEHHSX TPH BCTAHOBJIEHH1 CTaJlii
3aXBOPIOBAHHS, a TaKOXX IPHU amapaTHId KOPEKIlii 30py, B JIFOJMHO-MalTUHHUX
cucTteMax npu npodeciiiHomy BiIOOp1 OnepaTopiB MIBUAKOIUIMHHUX TEXHOJOTTUHUX
MIPOLIECIB.

Pesynbratu poboTH oTpuManu BOPOBAKEHHS y HaBuanbHUil nporec OHITY,
30KpeMa, TpHU BUKIAJAHHI JAUCHHUIUTIH «MOJENIOBaHHS TIPOIECIB 1 CHUCTEM,
«Po3mizHaBanHs 1 kimacu@ikaiis B YyHIpaBiIiHHIDY Ha Kadempi KOMIT I0OTEPU30BAHHUX
CUCTEM YTPABIIHHA;, a TAKOK BUKOPUCTOBYIOTHCS MPU PO3POOIIl TEM MaricCTepChKHUX
JTUTIIOMHUX POOIT 1 B IUCEPTALIMHUX JOCIIKEHHSIX acipaHTiB.

OG’exT nochimkeHb — mpolec iaeHTUdIKAii HemepepBHUX HETIHIMHUX
IUHAMIYHUX O10MEeIUYHHUX 00’ €KTIB.

[Ipeqmer pochiKeHb — MOAENIi, MeEToJ Ta iHdopMaliifHa TEXHOJOTis
imeHTrdikaiii HemapaMeTpUIHUX JUuHAMIYHUX Mojeneid OPA moauHu.

KuarouoBi cioBa: HemiHilHI 1HEpHiiiHI 00 ’€KTH, OKO-pYXOBUW ammapar,
HenmapaMeTpUyHl JWHAMIYHI MOJeNi, OaraToBHMIpHI BaroBi Ta mepexiaHi (QyHKIIIi,

imeHTudIKarisa, peayKiis Moaenen, inpopMalliiiHi TEXHOJIOT1].
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ABSTRACT

Fedorova H.M. Method and tools of information technology for nonparametric
dynamic models identification of the oculomotor apparatus.

Thesis for the degree of Doctor of Philosophy in specialty 121 Software
Engineering. — Odessa National Polytechnic University, Ministry of Education and
Science of Ukraine, Odessa, 2020.

The thesis is devoted to actual scientific and technical problem of mathematical
software development methods and information technology nonparametric
identification of dynamic models of oculomotor apparatus (OA) rights.

Subject study is due to the contradiction between the increasing requirements
for accuracy of models describing the OA, on the one hand, and increasing speed
identification procedure on the other side.This contradiction is resolved using
information technology for the identification of nonparametric dynamic models in
form of Volterraintegro-power series using multidimensional weighting function
(MWF) and multidimensional transition functions (MTF) that can simultaneously
take into account nonlinear and dynamic properties of the OA and reduce the amount
of computing.

The purpose of the studyis to improve the accuracy and speed of constructing

mathematical models of oculomotor system as integro-power Volterra series through



the development of effective methods and tools of information technology
nonparametric identification of dynamic objects.

To achieve the purpose of the study raised and solved the following problems:

— analyzing the existing methods of identification of continuous nonlinear
dynamic objects and justify the choice of research direction to build integrated
nonparametric dynamic models based on MWF and MTF to describe human OA;

— analyzing the current state of reduction techniques and information models to
justify the choice of research direction to reduce the the dimensionality of models
based on correlation filtering methods;

— developing the method of nonparametric identification OA with MTF based
on the results of these active experiment "input-output" using test polypulse and
multistage signals to ensure acceptable accuracy of the models;

— developing the information technology for identification of nonlinear
dynamic objects, based on the OA description on the basis of nonparametric dynamic
models in the form of MWF and MTF, reduction of constructed models based on
correlation filtering methods;

— applying the developed method and means of information technology of
identification of continuous nonlinear objects for construction of nonparametric
dynamic OA models.

The scientific novelty of the results is asfollows.

— For the first time proposed the nonparametric model of human ORA in the
form of transient and two-dimensional transient function, built on the data of the
"Input-output™ experiment using test multistage signals, which unlike the known
models simultaneously takes into account nonlinear and inertial properties of OA,
which improves modeling accuracy.

— Further developed the method for constructing nonparametric dynamic
models OA as a transient and two-dimensional transition functions based experiments
"input-output™ using test multistage signals the difference of which from famous is to
allocate partial components of the review and determination on the basis MTF. This

allows you to reduce the amount of computation and increase the speed of modeling.



— Further developed the method of compression of models of nonlinear
inertial object based on of correlation filtering of samples of subdiagonal sections of
MWEF and MTF for compression space of signs that unlike use of equidistant samples
of subdiagonal sections allows to consider the information concentrated on separate
sites of area. This allows you to build models that provide greater accuracy through
the full range of primary information describing objects.

— The method of deterministic OA identification in the form of nonparametric
dynamic modelshas been improved, which differs in the use of wavelet filtering for
smoothing experimental data and MTF estimates, which increases the accuracy and
ensures the smoothness of identification results.

The practical significance of the obtained resultslies in the creation tools of
information technology for the identification of nonparametric dynamic objects that
implement computational algorithms for deterministic OA identification in the form
of MWF and MTF, pre-processing of experimental information and model reduction,
and their implementation in research and teaching.

Based on this information technology, an experimental test bench was built and
effective tools were developed, which are integrated with cloud services to solve
resource-intensive modeling problems, which provides high computing power and
speed of finding solutions to identification problems.

Using these tools built application identification information system of human
OA with video recording, allowing you to build non-linear inertial model from
experimental observations "input-output” specified accuracy.

With developed information received nonparametric identification system OA
dynamic model person considering its nonlinear and dynamic properties in a two-
dimensional transition and transition functions. The results identify the OA may be
used in diagnostic studies in determining the stage of disease, as well as hardware
correcting vision, human-machine systems for professional selection of operators of
fast processes.

The results embodied in the educational process ONPU: discipline "Modeling

of processes and systems", "Recognition and Classification Management" at the



Department of computerized control systems; are used in the development of topics
of master's theses and in dissertation research of graduate students.

The object of research is the process of identification of continuous nonlinear
dynamic biomedical objects.

Subject of research — models, methods and information technology for
identification of nonparametric dynamic OA models.

Keywords:nonlinear inertial objects, oculomotor apparatus, nonparametric
dynamic models, multidimensional weight and transition functions, identification,

reduction of models, information technologies.
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