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Pedepar:

1. Inceprauiiina po60Ta IpUCBIYEHa PO3POOIEHHIO MOZIEJIEN Ta METOIiB Bi3yaJIbHOTO aHaJli3y HATOBIly B CUCTEMax
iHTeJIeKTyaIbHOTO BiIEOCIIOCTEPEKEHHS, 10 € aKTYaJIbHUM Y KOHTEKCTi 3a0€e3e4eHHs TPOMaiChbKOi 6e3MeKH,
(PYHKIIOHYBaHHS TPAHCIIOPTHUX BY3JIiB, BEJIMKUX iH(PPACTPYKTYPHUX OO'€KTIB Ta My6/IiYHUX TPOCTOPIB. Y Cy4aCHHUX
YMOBax 3POCTaHHS KiJIbKOCTi MaCOBMX 3aXO0/iB, IHTEHCUBHUX JIIOACHKUX IIOTOKIB i 3araJIbHOrO YCKJIAJHEHHS
IMHAMIK1 MiCbKOTO CepefioBUIIa BUHUKAE HeOOXiHICTh aBTOMATU30BaHUX TEXHOJIOTIH, 34aTHUX ONIePaTUBHO
aHasi3yBaTU [TOBEiHKY HATOBITY Ta BUSIBJISATY OTEHLiMHO He6Ge3neuHi cutyauii. Tpaguiiiai metonu
KOMITIOTEPHOTO 30Dy BUSIBJISIIOTHCSI HEIOCTAaTHIMU Yepe3 BUCOKY IIiJIbHICTh HATOBITY, IEPEKPUTTSI 00'€KTIB Ta BEJIUKI
Bapianii Macumraby, 110 yCKIIAIHIOE peasi3allilo TOYHOro aHasisy. Y poboTi 3[jiliCHEHO KOMIIJIEKCHUI aHai3

Ipo6JiIeMU, CTPYKTYPU Ta PYHKIil iHTEIeKTyaJlbHUX CUCTEM BifJleOCIIOCTEPESKEHHS, CPOPMYJILOBAHO OCHOBHI



3aJ1a4i Bi3yaJIbHOTO aHaJIi3y HATOBILY: OLIHKA LIiJIbHOCTI, CETMEHTALllisl IOTOKIB PYyXY, aHaJli3 TPAEKTOPIN i BUSBIIEHHS
a"omarnin. [lokasaHo, mo iCHyI04i MOZEJIi 4aCTO irHOPYIOTh T€OMETPUYHI BIIACTUBOCTI CLIEHU, HE BPAXOBYIOTh
6araTOBUMipHMI IPOCTOPOBO-4aCOBUI KOHTEKCT i IEMOHCTPYIOTh HUBbKY CTiMKiCTh JO MIyMiB Ta OKJIIO3iMl.
BusiBnieHi 06MesKeHHs1 BUBHAUW/IA HAyKOBY ITPOGJIEMY, TIOB’s13aHy 3 HEOOXiHICTIO CTBOPEHHS Gi/bII TOYHUX i
CTIMKMX aJITOPUTMIB Bi3yasIbHOrO aHamisy. [lepimyM HayKOBUM PE3YIbTATOM € YL,OCKOHAJIEHHS METOLY OLiHKU
IIi7TbHOCTi HATOBIY HA OCHOBI IMIMOMHHUX HEHPOHHUX MepeX LUISIXOM iHTerpauii KapTu rJImOouHU CLIeHU.
3anponoHOBaHoO ClelianizoBaHui MOAY b IIMOMHHOI iHTerpatlii, o 3MiHIOe IpeCTaBI€HHs O3HaK BiANOBIAHO 1O
JIOKQJIbHUX F€OMETPUYHUX BJIACTUBOCTEH, (POPMYIOUM MACHIITAOHO-Y3TOIPKEHI 03HAKM 117151 6iJIbIl TOYHOTO
IIpOrHO3yBaHHS. EKcriepuMeHTasbHi JOCaimpKeHHs Ha Habopax ShanghaiTech-B, WorldExpo ta UCF_CC_50
NI0Ka3ajy CTabisibHe MMOKPalleHHs NoKa3HUKiB MAE, 1m0 nifATBeppKye e(peKTUBHICTh BUKOPUCTAHHS IJIMOVMHY CL,EHN
K IOOATKOBOTrO NapaMeTpa Mogesi. Jpyruil HayKOBUI Pe3ysIbTaT CTOCYEThCS CETMEHTAllii IIOTOKIB y
BUCOKOIIiJIbHUX HATOBMAaxX. PO3p0671€HO MeTO, SIKUI [T0€JHYE CETMEHTALL{I0 aKTUBHUM KOHTYPOM Ta
KJlacTepU3allilo TPAEKTOPI Pyxy, 10 GOPMYIOTHCSI HA OCHOBI TOUOK iHTepecy. 3alpOlIOHOBAaHO MOJIeJlb
IIpeJCTaBJIEHHs TPAEKTOPIH, s1Ka BKIoyae GopMy, HAIPSIMOK, [TOJIOKEHHSI Ta 6araToMacIITabHy JIOKaIbHY
WinbHiCTh. Taka Mofesb 3abe3nedye CTiliKe TPyITyBaHHS TPAEKTOPIN i 03BOJIsI€ BUSBIISTY JIOKAJIbHI IATEPHU
KOJIEKTUBHOTO PYXy HaBiTh Y CKJIQIHUX CLleHaX i3 XxaoTuyHoo nuHamikoo. Ha Ha6opax UCF CSD Ta Collective
Motion oTprMaHO 3Ha4YHE NTOKpalleHHs METPUK JKakkapa Ta F-Mipy nopiBHAHO 3 aHasoramu. TpeTim pe3yabTaTomM
€ YIOCKOHAJIEHHSI METOly BUSIBJIEHHS aHOMAJIIN y CLi€HaxX 3 BUCOKOIO LIiJIbHICTIO HATOBITY. 3alIPOIIOHOBAHO MiAXif,
3aCHOBAHUII Ha aHAJIi3i eHTpomii HaNpsIMJIEHNX MiHi-TpeKiB, CGOPMOBaHNUX i3 IPOCTOPOBO-4ACOBUX TOYOK iHTEpecy,
a TaKO>X Ha OLIiHIli YaCOBUX BifIXMJI€Hb 3alI0OBHIOBAHOCTI CLieHU. MeTo[; 1o3BoJIsie GikcyBaTH pi3ki 3MiHM y IpynoBiit
IVHaMilli, PpinbTpyBaTH IWIYMOBI TpaekTopii i popMyBaTu CTabiNbHI IOBEAIHKOBI AECKPUNITOPU. PesyabTaTu
TectyBaHHA Ha Habopax UMN, UCF CSD i Violent Flows Crowd nokasasnu nokpameHHst AUC Ha 1,5-3,7% nopiBHSIHO
3 HallKpallMMU iCHYIOUMMU MeTogamu. Y po6OTi OIMCcaHo peasisaliio MiJcucTeMy BidyaIbHOTO aHali3y HATOBITY SIK
CKJIaJIOBOi CUCTEMHU IHTEJIEKTYaJIbHOTO BifleOCIIOCTEPESKEHHS: BU3HAUEHO ii CTPYKTYPY, QYHKIiOHAbHI I
He(YHKIiOHAJIbHi BUMOTH, CIIPOEKTOBAHO apXiTEKTypY, 0OYIOBAHO [iarpaMHu JIOTiYHOTO IIPEICTABJIEHHS Ta
posropraHHs. [IpoBefieHe QyHKLiOHANIbHE TECTYBAaHHS MigTBEPANIIO KOPEKTHICTb POGOTH PO3POOIEHUX MOAYJIB.
OTtpumaHi pesysnbpTaTi BipoBamkeHo y HistnbHicTs TOB «IIposekTyc IT» Ta TOB «C® IHBECT», a TakoX y
HaByasIbHUH npouec HauioHansHOro yHiBepcuteTy «OnechbKa MosiTexHikay. Takum 4MHOM, JycepTallisa BUpillye
BOXKJIMBY HAYKOBO-TIPAKTUYHY 3a/1a4y MiIBUILIEHHS €(EeKTUBHOCTI CUCTEM Bi3yaJIbHOTO aHAJIi3y HATOBITY MIJISIXOM
yIOCKOHAJIEHHSI MOJiesIeli OLiHKMY IIiJIbHOCTI, CerMeHTallil pyXy Ta BUSBJIEHHS] aHOMaliil. Pe3ysibTaT MOXyThb OyTH
BHMKOPHMCTaHi y CUCTEeMax I'POMaJICbKOi O6€3I1eKH, BileoaHaliTUYHUX I1aTdpopmax Ta CMapT-CUCTEMAX MiCbKOTO
MOHITODVHTY.

2. The dissertation is devoted to the development of models and methods for visual crowd analysis in intelligent
video surveillance systems, which is highly relevant in the context of ensuring public safety, supporting the
operation of transport hubs, large infrastructure facilities, and public spaces. With the increasing number of mass
events, intensifying human flows, and the growing complexity of urban environments, there is a strong need for
automated technologies capable of analysing crowd behaviour and detecting potentially dangerous situations in
real time. Traditional computer vision methods become ineffective in high-density scenarios due to severe
occlusions, overlapping objects, scale variations, and complex scene dynamics, which significantly complicate
accurate analysis. The work presents a comprehensive review of crowd analysis tasks within intelligent video
surveillance systems, including density estimation, flow segmentation, trajectory analysis, and anomaly detection.
It is shown that many existing models disregard geometric scene properties, do not capture high-dimensional
spatiotemporal context, and demonstrate low robustness to noise and occlusions. These limitations define the
scientific problem addressed in the dissertation—building more accurate and stable algorithms for visual analysis
of crowded scenes. The first scientific contribution concerns improving crowd density estimation using deep
neural networks enhanced with scene depth information. A specialised depth integration module is proposed,
which adapts feature representations according to local geometric characteristics, forming scale-consistent
features that lead to more accurate density predictions. Experiments on ShanghaiTech-B, WorldExpo, and



UCF_CC_50 datasets demonstrate consistent reductions in MAE, confirming the effectiveness of incorporating
depth maps into density estimation models. The second contribution relates to segmenting motion flows in high-
density crowds. A method is developed that combines active-contour-based foreground extraction with trajectory
clustering derived from tracked spatiotemporal interest points. A new trajectory representation model is
proposed, incorporating shape, direction, spatial location, and multi-scale neighbourhood density. This
representation ensures robust trajectory grouping and allows the extraction of local motion patterns even in
complex and chaotic scenes. Experiments on UCF CSD and Collective Motion datasets show significant
improvements in Jaccard and F-measure metrics over existing approaches. The third contribution is the
enhancement of anomaly detection in densely crowded scenes. A novel method based on entropy analysis of
oriented mini-tracklets, enriched with temporal occupancy deviation, is introduced. The approach identifies
abrupt behavioural changes, suppresses noisy or unstable trajectories, and generates reliable spatiotemporal
descriptors. Testing on UMN, UCF CSD, and Violent Flows Crowd datasets demonstrates AUC improvements of
1.5-3.7% compared to state-of-the-art methods. The dissertation also describes the implementation of a visual
crowd analysis subsystem within an intelligent surveillance architecture. Functional and non-functional
requirements are defined, and logical, structural, and deployment diagrams are designed. Comprehensive
functional testing confirms the correctness and readiness of the subsystem. The proposed methods have been
implemented at Provectus IT LLC and SF INVEST LLC and integrated into the educational process of Odessa
Polytechnic National University. Thus, the dissertation addresses the important scientific and practical task of
enhancing the effectiveness of visual crowd analysis systems through improved density estimation, flow
segmentation, and anomaly detection models. The results can be successfully applied in public safety systems,
video analytics platforms, and smart city monitoring solutions.
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