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JlucepTariitie AOCTIHPKEHHS TPHUCBIYCHE BHUPIMICHHIO aKTyaJbHOI HayKOBO-
TEXHIYHOI 3aJ1a4l IMiABHMINEHHS TOYHOCTI, HAJIMHOCTI Ta aJallTUBHOCTI JUCTAaHIIHHOT
imeHTUdIKaIii mapaMeTpiB JUHAMIYHUX OO0 €KTIB, IO PYXalOThCS Yy MPOCTOpi, Ha
OCHOBI pO3pOOKH MOJIeIei, METOAIB Ta 1HPOPMAIINHOI TEXHOJIOTII, SIKI MOEAHYIOTh
TpaHcopMeEpHI MOJeNl BHUSIBICHHS 00’ €KTIB, aJlrOPUTMH ONTHUYHOTO IOTOKY Ta
METOAM OOYHMCITIOBAILHOTO 1HTEICKTY.

06’exkm Oocnidocenns — TpoLec TUCTAHLIMHOI 1IeHTH(IKaLil MapamMeTpiB
JTUHAMIYHUX 00’€KTIB Y BiJICONTOTOKAX Ta CEHCOPHUX JaHUX.

Ilpeomem oOocnioxcennss — Mopeni, METOaUW Ta iHdoOpMaIlliiiHa TEXHOJOTis
BHU3HAYCHHS MPOCTOPOBUX, KIHEMATUYHUX 1 CTPYKTYpHUX TapaMeTpiB AMHAMIUHUX
00’€KTiB Ha OCHOBI TpaHC(OpMEpiB, ONTUIYHOTO IMOTOKY, HEHPOMEPEIKEBOi OIIHKU
rJIMOWHM Ta aHCaMOJIEBUX METO/IIB.

Memorw oOucepmayitinoi pobomu € TMABUIICHHS TOYHOCTI, HAJIWHOCTI Ta
aJanTUBHOCTI JMUCTAHININHOI ieHTUdiKalii mapaMeTpiB AMHAMIYHUX 00’ €KTIB, IO
PYXarOThCS y TTPOCTOP1, HA OCHOBI MTOETHAHHS TPAHC(HOPMEPHUX MOJICIICH BUSBIICHHS
00’€KTIB, METOJIIB ONITUYHOTO MOTOKY Ta METOJIB OOUYUCITIOBAIILHOTO 1HTEJIEKTY JJIst
00poOKH BiJICOTAHUX.

Y 6cmyni oOTpyHTOBAaHO aKTyaJbHICTh MPOOJIEMH, BU3HAYEHO METYy, 00’ €KT 1
npeaMeT AOCTiDKEeHHsS, C(OPMYJIbOBAHO HAYKOBY HOBHU3HY, NMPAKTUYHE 3HAYCHHS
ONIEP)KaHUX pE3yNIbTATIB, OMHCAHO METOAU JOCHIUKCHHsS, BKA3aHO EJIEMEHTH

anpobaiii HayKOBUX pe3yJbTaTiB Ta iH(popmauiio npo nyOiikauii 3a TEeMOolo



ucepTartii.

Y nepuiomy po3oini poaHalli3oBaHO Cy4yacHi 3ajiaui Ta METOJIU JUCTAHIIAHOT
imeHTrdikaIii mapaMeTpiB JUHAMIYHUX 00’ €KTIB, BA3HAYEHO OCHOBHI ITApaMeTpPH, 10
M1UISraloTh OL[IHIOBAHHIO, Ta PO3MISIHYTO 1H(OpMAIIiiiHI TEXHOJIOTII.

Y  Opyeomy po3dini IOCTIIHKEHO METOAWYHY OCHOBY JOUCTAHIIIHHOI
imeHTrdIKaIli: KJIaCU9IHI aJrOPUTMH ONTHYHOTO IOTOKY, HEHpoMepexeBl Mojeni
aHai3y pyxy, aHcamOJieBi MiIX0AU Ta CrIOocoOu X 1HTerparii.

Y mpemvomy po3dini chopMOBaHO MOJCHTI JUCTAHIIMHOI iAeHTU(IKAITT
napamMeTpiB AMHAMIYHUX 00’ €KTIB 3a BiJI€OJJaHUMHU, PO3IIIIHYTO MOOYI0BU MOJCIICH,
BU3HAYCHHS ITapaMeTPiB 3a JOTIOMOTOI0 TPAaHC(HOPMEPIB 1 ONITUYHOTO TOTOKY.

Y uemeepmomy po30ini ONMHCAHO CTPYKTYpy Ta IMpPOrpaMHy peai3allito
iH(QopMaIlifHOT TEXHOJOTIl JUCTAHIIWHOI iAeHTU(IKAIi, HaBEIECHO pe3yJIbTaTH
EKCIIEPUMEHTAIILHOTO TIOEHAHHSA TpaHC()OpPMEpiB, METOAIB ONTHYHOTO TIOTOKY,
OLIIHIOBAHHS INIMOMHU Ta aHCAMOJIEBUX I AXO/IIB.

VY sucHoékax y3arallbHEHO NOCSTHEHHS IOCTaBJICHOI MeTH. BcTaHOBIEHO, 10
3alpoIOHOBaHI MOJENi Ta METOAM 3a0e3MedyloTh Iepexia BiJ MOKaAPOBOTO
BUSBIICHHS 00’ €KTIB IO TPOCTOPOBO-YaCOBOTO OMHUCY ix craHy. [loBemeHo, o
iHTEeTparlis TpaHc(HOPMEPHOTO BHUSBICHHS, ONTUYHOTO TOTOKY, HEHPOMEPEKEBOTO
OI[IHIOBaHHS TJIUMOMHU Ta aHCaAMOJIEBUX METOMAIB JIO3BOJISIE CYTTEBO IIiJBUILUTH
CTIHKICTB 1IeHTH(]IKAIIT B yMOBaXx ITyMiB, OKJTIO31i Ta 3MiHH OCBITIIEHHS. P0o3p00ieHo
iH(pOpMallIiHy TEXHOJOTII0, siKka 3a0e3neuye BU3HAUYEHHS MOJOXKEHHS, LIBUIKOCTI,
HaIpsIMKY PyXY, TPAEKTOPIi Ta TPOCTOPOBUX XaPAKTEPUCTHK 00’ €KTIB Y BiJCOMOTOIT
B peKHMI peanbHOro 4yacy. IliqTBEep/KEHO Tmpale3aTHICTh 3ampoNOHOBAaHOT
TEXHOJIOT1l SK MOAYJIBHOI CHCTeMH JUIA JIHUCTAHINHOI iAeHTHdIKAII mapaMeTpiB
AMHAMIYHUX 00’€KTiB. OOIPYHTOBAHO MPAKTUYHY LIHHICTb OTPUMAaHHUX PE3yJbTATIB
JUTSI CUCTEM O€3MeKH Ta 000pOHHU, aBTOHOMHOTO TPAHCIIOPTY, JIOTICTUKH Ta MEAUIHOI
TIarHOCTHKH.

3a pezynbmamamu 00CHIOHNCEHHS OMPUMAHO MAKI HAYKOBI pe3yaIbmamu.

— BIIEpIIIE 3alpPONOHOBAHO METOJI JUCTAHIIIMHOI imeHTH(]IKamii mapamMeTpiB

JMHAMIYHUX OO’€KTIB, IO IPYHTYETbCA HA MO€IHAHHI TpaHchopmepHOi Mojaeni
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BusiBjieHHs1 00’ekTiB DEtection TRansformer (DETR) 3 anroputmMamu onTu4HOTO
MOTOKY, IKUH, HAa BIIMIHY B1J] ICHYIOUMX IMIXO/I1B 3a0€e31euye 0JJHOYACHE BUSBIICHHS,
BIJICTe)KCHHS Ta OI[IHIOBaHHS JUHAMIYHUX XapaKTEPUCTUK 00’ €KTIB 3a BIICOJAaHUMU B
yMOBaxX peajbHOro 4acy, IIyMiB Ta YACTKOBHX OKJIIO3id, IO JO3BOJISE MiJABUILIUTH
TOYHICTh 1 CTAOUTBHICTG ifeHTH(IKAIi MmapaMeTpiB pyxy (IIBHAKOCTI, HAMPSMKY,
TpaexkTopii) 6e3 HeoOXiAHOCTI BUKOPHUCTAHHS JI0JJATKOBHX CEHCOPIB a00 MOCTOOPOOKH;

— BOepIIe po3po0JeHO CTPYKTYpY 1H(OPMALIMHOT TEXHOJOr i JMCTaHIIHHOL
inmenTrdikaIii mapamMeTpiB JUHAMIYHUX 00’ €KTIB, 1110 0a3y€E€THCS HA IHTETPAllii METOTiB
00YMCIIIOBAJILHOTO 1HTEJEKTY, HelipomepexeBux apxiTektyp FlowNet ta GeoNet, a
TaKOX MEXaHI3MiB IPOCTOPOBO-4AacOBOI OOpPOOKM JaHWX, fKa, HAa BIAMIHY BiJ
ICHYIOUHMX CHCTEeM 00’€JHYy€ iX B €IMHUHN 1HQOpMAIIHHUI MPOCTIp 3 aHCaMOJIEBOIO
KOPEKINEI Pe3yibTaTiB, MO0 JO3BOJISIE ITABUIIUTH HAIIHHICTh Ta aJalTHBHICTH
iaeHTudikamii mapaMeTpiB B yMOBaxX JUHAMIYHOI 3MIHU XapaKTEPUCTUK CEPEIOBUILA
Ta 00’€KTa CIIOCTEPEXEHHS 0€3 BTpaTH MIBUIKO/II B peaIbHOMY 4Yaci;

— YIIOCKOHAJIEHO METO] OI[IHIOBaHHS TJIMOMHU CIEHW INUISIXOM aJanTHBHOTO
KOMOiHyBaHHs HelipomepexeBux Mozened MiDaS, DPT Large Ta GeoNet 3
aHcaMOneBuMH Tiaxogamu Bagging i Boosting, skuii, Ha BiIMiHY BiJl BAKOPHCTaHHS
OKpeMHuX Mojeliel, 3abe3neuye MiABUIICHHS TOYHOCTI Ta CTIHKOCTI MPOCTOPOBOT
JoKamizamii AMHAMIYHUX 00’ €KTIB Ha OCHOBI MOHOKYJIIPHUX 300paK€Hb 32 PaxyHOK
3MEHIICHHS aucriepcii omiHok (Bagging) Ta yTOYHEHHs NapamMeTpiB Ha MeXax
00’ekTiB 1 B 30Hax okmto3iil (Boosting), mo A03BoJisie BU3HAYATU KOOPAMHATY Z
(rmubuHy) 00’€KTa 3 MEHIIOK MOXMOKOI HABITh MPHU BIACYTHOCTI cTepeornapu abo
nanux LiDAR;

— YIOCKOHAJIEHO METOJT aHCaMOJIeBOI arperariii pe3yibTaTiB iAeHTUdIKAIli, a
came 3actocyBaHHsi Oerinry (Bagging) nmist 3MeHIIeHHs AucHepcii OIIHOK TIIMOWHU
IUISIXOM YCEPEIHCHHs pPe3yJIbTaTiB Ha PI3HUX MiABHOIpKax KaJapiB Ta OyCTIHTY
(Boosting) mist yTouHEHHS ITapaMeTpiB Ha Mekax 00’ €KTIB 1 B 30HAX OKITFO31H ITUISIXOM
3BaKEHOTO IMiJICYMOBYBaHHS 3 BaramMu, 0OO€pHEHUMH IO TOMWJIKH KOXXHOI MOJEN,
SKWW, Ha BIAMIHY BiJI BHKOPHCTAHHSI OKpEeMHX Mojeiell 0e3 aHcamOJIOBaHHS,

MIABUIIYE CTIMKICTh 1JeHTU(IKALIl OO LIyMIB, JIOKAJBHUX apTe(akTiB Ta 3MIHU
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OCBITJICHHSI B yMOBaX peaJIbHOI €KCIUTyaTallii, 110 J03BOJIsE€ 3a0e3MeYUTH HAIHHY
poboTy cucteMH B IIMPOKOMY Jiama3oHi 30BHINIHIX YMOB 0€3 HEOOXIJIHOCTI
MepeHaBYaHHs a00 PyYHOTO HAJIAIITYBaHHS ITaApaMeTpiB;

— YJIOCKOHAJIEHO METO/I KIJTbKICHOTO OI[IHIOBaHHS SIKOCTI 1/IeHTU(DIKaIIT IIITX0M
BIPOBAKEHHS KOMITJIEKCHOI cucTeMu MeTpuK, 1110 BKirodae EPE ta AAE nist omiakn
ToyHOCTI omTtudyHoro mnotoky, RMSE, MAE ta PSNR nnd OINHKH TOYHOCTI
BIJTHOBJIEHHS I/IMOMHHM, a TakoK loU Ta Dice 11 OLIIHKH SIKOCT1 cerMeHTallii o0’ €KTiB,
sIKa, Ha BiMIHY BiJI BUKOPHUCTAHHS OKPEMHX METPHK JIJIsI KOXKHOI 3a7adi, J03BOJISIE
MPOBECTU OO0 €KTUBHE TOPIBHSAHHA 35 KOMOIHAIM METOAIB ONTHYHOTO TOTOKY
(Farneback, Lucas-Kanade, Horn-Schunck, FlowNet, GeoNet) Ta MeToaiB TTMOMHN
(Blur, Gradient, MiDaS, DPT Large, GeoNet, Bagging, Boosting), mo 1o3BoJsie
BU3HAYUTH ONTHMAJIbHI KOH]ITypallii MeTOAiB I Pi3HUX YMOB CIIOCTEPEKCHHS Ta
3a0e3rneyuT BCEOIYHY OLIHKY €(QEeKTUBHOCTI 3alpolOHOBAaHOI 1H(pOpMaIIHHOI
TEXHOJIOTI1 JJII MPAKTUYHOTO BITPOBAKCHHS;

— OTPUMaB TMOJAJBIINA PO3BUTOK METOJ CHHTE3Y MPOCTOPOBO-YACOBUX O3HAK
JMHAMIYHUX O00’€KTIB ILISAXOM IHTErpauii TpaHCc(OpMEpHUX MeXaHi3MIB YyBaru 3
BEKTOPHUMH TMOJISIMH ONTHYHOTO MOTOKY, B SKOMY, Ha BIAMIHY BiJl KJIaCHYHUX
METOJIIB, BEKTOPH PyXy IIOJAIOThCS Ha BXix TpaHchopMepHOI Mepexi yis
MOJICJIFOBAHHS JIOBFOTPUBAIUX MPOCTOPOBO-YACOBUX 3aJICKHOCTEH, IO JI03BOJISIE
BUSIBJISITH CKJIQJTHI TTATEPHU PyXY (ITepioAMdHI, IPUCKOPEHI, HEMHINHHI TpaeKTOPIi), IKi
HE MOXKYTh OYTH OTHCaHI KJIACHYHUMHU METOJIaMU ONTHYHOTO TIOTOKY, Ta OPMyBaTH
y3arajpbHEHl TapaMeTpH TTOJ0KEHHS, MIBUIKOCTI, MPUCKOPEHHS 1 HANPSIMKY PyXY
JUHAMIYHUX 00’ €KTIB JIJISl TOJAAJIBIIOTO IPOTHO3YBAHHS iX TPAEKTOPII.

Ilpaxmuyne 3HayeHHA OMPUMAHUX pe3YTbmamie TIoJsITae B 0€3MocepeTHbOMY
BUKOPHUCTAHHI 3alpOINIOHOBAHUX MOJICICH, METOJIB Ta MPOTPaMHHUX 3aco0iB MpH
BIPOBAKEHH]1 1HTEJIEKTYaJbHUX CHCTEM BIJICOCITOCTEPEIKCHHS, POOOTOTEXHIYHHMX
KOMILJIEKCIB Ta CHUCTEM MIATPUMKH NPUUHATTS PilleHb, iMeHTH(]iKaIii mapameTpis
PaJIOCIUIECKIB, 3aBISKH YOMY JIOCATAETHCS IMIJABUINEHHS TOYHOCTI, HaJIMHOCTI,
MOKJIMBOCTI Ta aJIallTUBHOCTI TUCTAHIIMHOI 1IeHTH ]Ikl THHAMIYHIX 00’ €KTIB.

[IpakTyHa IIHHICTH OTPUMAHUX PE3YyJbTATIB JOCIIDKEHHS [MOJSrae y



MO>KJIMBOCTI 1X BIPOBAKEHHS y TAKUX BOKIMBHX Taly3aX YKPaTHCHKOi EKOHOMIKU:

— Oe3neka Ta o00OpOHA, J€ TEXHOJOrll MAUCTAHLIMHOI iAeHTUdIKaIii
320€31eYyI0Th BUCOKY TOYHICTh BIICTE)KEHHS 00’ €KTIB y peabHOMY Yaci 3a CKJIaTHAX
YMOB, LI0 Ma€ MpsIME 3aCTOCYBaHHS Ui CHCTEM B1JI€OCIOCTEPEIKEHHS, OXOPOHH
IepuMeTpa Ta HaBirarii Oe3MiJIOTHUX JiTaJIbHUX araparis;

— aBTOHOMHHH TPAHCIIOPT Ta JIOTICTHKA, JIe METOIH 1AeHTU(IKAIlT IIBUIKOCTI,
TpaeKkTOpii Ta TJIIMOWHU JIO3BOJISIOTH CTBOPIOBATH HAAiHI CHUCTEMH YHUKHEHHS
31TKHEHb JIJI1 aBTOHOMHHUX TPAHCIIOPTHHUX 3aC00IB Ta pOOOTH30BAHMX IIATHOPM;

— 1udpoBizallis Ta €KOHOMIKA, /i€ ONTUMI3allisl OO0YHCIIOBAIbLHUX MPOIECIB
JO3BOJISIE  PO3TOPTATH I1HTEICKTyaIbHI CHUCTEMH Ha MOOUIBHUX TPHUCTPOSX Ta
BOYI0BaHUX IIaT(opmMax, 0 3HWKYE BUTPATH HA aBTOMATU3AI[il0 BUPOOHUIITBA;

— MEIWIMHA, J€ METOAM aHalily pyXy MOXYThb OyTH aJanToBaHi IS
HEIHBA3MBHOI A1arHOCTHKHM BHYTPILIHIX OpraHiB (LIBUAKICTH KPOBOTOKY, PyX cepls),
IO CTIPUSIE PAHHBOMY BUSIBJICHHIO 3aXBOPIOBaHb.

Pesynmberatn  poOoTH BIPOBa)KEHI y HaBUAIBLHOMY TIporeci kadeapu
iHpopManiiinux cucteM Ta TexHosorit HTY «XIIl» B aucuuminax «[HTenekTyaibHi
cucteMm», «lHTeNeKTyalbHUN aHam3 JaHux», «JlocmikeHHs omepamin»y. Y
HaBYaJIbHOMY Tpolieci Kadeapu MUPPOBUX TEXHOJIOTIH Ta MpOrpaMHO-aHATITHYHUX
pimenb TOB «Texniunuii yHiBepcurer «MetinecT IlomiTexHika» B JUCHUILTIHAX
«IIponykTuBHICTE OQicHHX cucTeM», «OCHOBM KiOepOe3nmekn Ta 3aXHUCTy
iHpopmaii», «Po3podka GUI», «TexHomorii 3axucty AaHux Ta 1H(QOpMAaIiHOI
oesrekn». Y Pagioacrponomiunomy iHcTuTyTi HAH YKpainu B 4acTHHI JOCIIKEHHS
Ta aHajdi3y JAMHAMIYHUX MPOIECIB Yy COHAYHIN aTtMocdepl 3a JaHUMU AUCTAHLIHNHUX
paziocTiocTepeXeHb, 30KpeMa JUIsl BHUSBICHHS Ta iAeHTHU(IKAIli COHSIYHUX

PaIiOCIIIECKIB.

Knrouosi cnosa: iHTENEKTyallbHI TEXHOJIOTii, HEHMpOHHA Mepeka, MOJIEb,
TEXHOJIOT1s, TIMOOKe HaBYaHHs, 1HQOpMaIliiiHa cucTema, 1HPOpMaIiiiHI TeXHOJIOr1],
IMTYYHI HEHPOHHI MEpexi, iIeHTHdIKAIlisA, 3TOPTKOBI HEUPOHHI MEpEeXKi, MPOTrpaMHe

3a0e3MeuYeHHs, BUSBJICHHS 00’ €KTIB.



ABSTRACT

Kondratov O.M. Models, methods and information technology for remote
identification of parameters of dynamic objects. — A qualification scientific paper on
the rights of a manuscript.

Dissertation for the degree of Doctor of Philosophy (PhD) in specialty 122
"Computer Sciences", National Technical University "Kharkiv Polytechnic Institute",
Ministry of Education and Science of Ukraine, Kharkiv, 2026.

The dissertation research is devoted to solving an urgent scientific and technical
problem of increasing the accuracy, reliability and adaptability of remote identification
of parameters of dynamic objects moving in space. This is achieved through the
development of models, methods and information technology that combine
transformer-based object detection, optical flow algorithms, and computational
intelligence methods.

The object of research is the process of remote identification of parameters of
dynamic objects in video streams and sensor data.

The subject of research is models, methods and information technology for
determining spatial, kinematic and structural parameters of dynamic objects based on
transformers, optical flow, neural network depth estimation and ensemble methods.

The goal of the dissertation is to increase the accuracy, reliability, and
adaptability of remote identification of parameters of dynamic objects moving in space
based on a combination of transform object detection models, optical flow methods,
and computational intelligence methods for video data processing.

The introduction grounds the relevance of the problem, defines the purpose,
object and subject of the research, formulates the scientific novelty and practical
significance of the findings, describes the research methods, indicates the elements of
validation of scientific results and information on publications on the topic of the
dissertation.

The first chapter analyzes modern tasks and methods of remote identification of

dynamic object parameters, defines the main parameters to be estimated, and reviews



information technologies.

The second chapter investigates the methodological basis of remote
identification: classical optical flow algorithms, neural network motion analysis
models, ensemble approaches and methods of their integration.

The third chapter formulates models for remote identification of dynamic object
parameters from video data, considers the model construction, parameter determination
using transformers and optical flow.

The fourth chapter describes the structure and software implementation of the
information technology for remote identification, presents the results of experimental
combination of transformers, optical flow methods, depth estimation and ensemble
approaches. The conclusions summarize the achievement of the stated goal.

The conclusions summarize the achievement of the goal. It is established that
the proposed models and methods provide a transition from frame-by-frame detection
of objects to a spatiotemporal description of their state. It is proven that the integration
of transformer detection, optical flow, neural network depth estimation and ensemble
methods allows to significantly increase the stability of identification in conditions of
noise, occlusions and changes in lighting. An information technology has been
developed that provides determination of the position, speed, direction of movement,
trajectory and spatial characteristics of objects in a video stream in real time. The
operability of the proposed technology as a modular system for remote identification
of parameters of dynamic objects has been confirmed. The practical value of the
obtained results for security and defense systems, autonomous transport, logistics and
medical diagnostics has been substantiated.

The research yielded the following scientific results:

For the first time, a method for remote identification of dynamic object
parameters is proposed, which is based on a combination of a transformer model for
object detection DEtection TRansformer (DETR) with optical flow algorithms, which,
unlike existing approaches, provides simultaneous detection, tracking and evaluation
of dynamic characteristics of objects based on video data in real-time conditions, noise

and partial occlusions, which allows to increase the accuracy and stability of
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identification of motion parameters (speed, direction, trajectory) without the need for
additional sensors or post-processing.

For the first time, the structure of information technology for remote
identification of parameters of dynamic objects has been developed, which is based on
the integration of computational intelligence methods, neural networks architects
FlowNet and GeoNet, as well as mechanisms for spatio-temporal data processing,
which, unlike existing systems, combines them into a single information space with
ensemble correction of results, which allows increasing the reliability and adaptability
of parameter identification in conditions of dynamic changes in the characteristics of
the environment and the observation object without loss of speed in real time.

The method for estimating scene depth has been improved by adaptively
combining the MiDaS, DPT Large, and GeoNet neural network models with the
ensemble approaches Bagging and Boosting, which, unlike using separate models,
provides increased accuracy and stability of spatial localization of dynamic objects
based on monocular images by reducing the variance of estimates (Bagging) and
refining parameters at object boundaries and in occlusion zones (Boosting), which
allows determining the Z coordinate (depth) of an object with less error even in the
absence of a stereo pair or LiDAR data .

The method of ensemble aggregation of identification results has been improved,
namely the use of Bagging to reduce the variance of depth estimates by averaging the
results on different subsamples of frames and Boosting to refine parameters at object
boundaries and in occlusion zones by weighted summation with weights inverse to the
error of each model, which, in contrast to the use of individual models without
ensemble, increases the resistance of identification to noise, local artifacts, and lighting
changes in real-world conditions, which allows for reliable operation of the system in
a wide range of external conditions without the need for retraining or manual parameter
adjustment.

The method for quantitatively assessing the quality of identification has been
improved by implementing a comprehensive system of metrics, including EPE and

AAE for assessing the accuracy of optical flow, RMSE, MAE and PSNR for assessing



10

the accuracy of depth restoration, as well as IoU and Dice for assessing the quality of
object segmentation, which, unlike the use of separate metrics for each task, allows for
an objective comparison of 35 combinations of optical flow methods (Farneback,
Lucas-Kanade, Horn-Schunck, FlowNet, GeoNet) and depth methods (Blur, Gradient,
MiDaS, DPT Large, GeoNet, Bagging, Boosting), which allows determining the
optimal configurations of methods for different observation conditions and providing
a comprehensive assessment of the effectiveness of the proposed information
technology for practical implementation.

The method of synthesizing spatiotemporal features of dynamic objects has been
further developed by integrating transformer mechanisms of attention with vector
fields of optical flow, in which, unlike classical methods, motion vectors are fed to the
input of a transformer network for modeling long-term spatiotemporal dependencies,
which allows detecting complex motion patterns (periodic, accelerated, nonlinear
trajectories) that cannot be described by classical optical flow methods, and forming
generalized parameters of the position, velocity, acceleration, and direction of motion
of dynamic objects for further prediction of their trajectory.

Practical significance of the obtained results lies in the direct use of the
proposed models, methods, and software tools in the implementation of intelligent
video surveillance systems, robotic complexes, decision support systems, and
identification of radio burst parameters, thereby achieving increased accuracy,
reliability, capability, and adaptability of remote identification of dynamic objects.

The practical value of the obtained research results lies in the possibility of their
implementation in the following important sectors of the Ukrainian economy:

— security and defense, where remote identification technologies ensure high-
precision real-time object tracking under complex conditions, which has direct
application for video surveillance systems, perimeter security, and navigation of
unmanned aerial vehicles (UAVs);

— autonomous transport and logistics, where methods for identifying speed,
trajectory, and depth enable the creation of reliable collision avoidance systems for

autonomous vehicles and robotic platforms;
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— digitalization and economy, where optimization of computational processes
allows the deployment of intelligent systems on mobile devices and embedded
platforms, reducing costs for production and logistics automation;

— medicine, where motion analysis methods can be adapted for non-invasive
diagnosis of internal organs (blood flow velocity, heart motion), contributing to early
disease detection.

The results of the work are implemented in the educational process of the
Department of Information Systems and Technologies of NTU "KhPI" in the
disciplines "Intelligent Systems", "Intelligent Data Analysis", "Operations Research".
In the educational process of the Department of Digital Technologies and Software-
Analytical Solutions of LLC "Metinvest Polytechnic Technical University" in the
disciplines "Productivity of Office Systems", "Fundamentals of Cybersecurity and
Information Protection", "GUI Development", "Data Protection and Information
Security Technologies". In the Radio Astronomy Institute of the NAS of Ukraine in
the study and analysis of dynamic processes in the solar atmosphere according to
remote radio observation data, in particular for the detection and identification of solar

radio bursts.

Keywords: intelligent technologies, neural network, model, technology, deep
learning, information system, information technology, artificial neural networks,

identification, convolutional neural networks, software, object detection.
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