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Pedepar:

1. Inceprariiina po60Ta IpUCBIYeHa PO3POOJIEHHIO MOZIeJIeN Ta METO/IiB Bi3yaJIbHOTO aHaJli3y HATOBITy B CUCTEMAax
iHTeJIeKTyalIbHOTO BiIEOCTIOCTEPEXXEHHS, 11O € aKTyaJbHUM y KOHTEKCTi 3a6e311e4eHHs TpOMaZiCbKoi 6e3IeKy,
(PYHKLiOHYBaHHS TPAHCIIOPTHUX BY3JliB, BEJIMKUX iHPPACTPYKTYPHUX 00’€KTIB Ta MyOJIiYHUX MPOCTOPIB. Y Cy4aCHHUX
YMOBAX 3POCTaHHS KiJIbKOCTI MaCOBUX 3aX0/iB, IHTEHCHUBHYX JIIOACHKUX IIOTOKIB i 3araJlbHOTO YCKJIA[HEHHS
IMHAMIKU MiCBhKOTO cepeioBUIla BUHUKA€E HEOOXiqHICTh aBTOMATU30BAHUX TEXHOJIOTIH, 3TATHUX ONePaTUBHO
aHasli3yBaTU [IOBEiHKY HATOBITy Ta BUSIBJISITY NIOTEHIiIIHO Hebe3neyuHi cutyauii. Tpaguuiiiai metonu
KOMITIOTEPHOTO 30Dy BUSIBJISIOThCS HEIOCTATHIMU Yepe3 BUCOKY IIiJIbHICTh HATOBITY, IEPEKPUTTS 00’ €KTIB Ta BEJIUKI
Bapianii Mmacmraby, o yCKIAOHIOE Peasi3alilo TOYHOro aHasisy. Y poboTi 37jiliCHEHO KOMITJIEKCHUI aHaJIi3
npo6eMu, CTPYKTYpH Ta QYHKIiH iHTeJIeKTyaJIbHUX CUCTEM BifleOCIIOCTEPESKEHHS, CPOPMYIbOBAHO OCHOBHI
3a7,a4i Bi3yaJIbHOTO aHaJIi3y HATOBITY: OLIiHKA IIiJIbHOCTI, CETMEHTAllisl [IOTOKIB PyXY, aHaJIi3 TPAEKTOPIl i BUABJIEHHS
a"omazin. [lokasaHo, 10 iCHYI04i MOZEJIi YaCTO iIrHOPYIOTh T€OMETPUYHI BIACTMBOCTI CLIEHU, HE BPaXOBYIOTh

6araTOBUMipHMI IPOCTOPOBO-YACOBUI KOHTEKCT i IEMOHCTPYIOTh HU3bKY CTiMKICTb JJO IIyMiB Ta OKJIIO3iMi.



BusiBnieHi 0OMeKeHHs1 BUBHAYW/IA HAyKOBY IIpOGJIEMY, TIOB’s13aHy 3 HEOOXiHICTIO CTBOPEHHS Gi/bII TOYHUX i
CTiMKMX aJITOPUTMIB Bi3yaslbHOTO aHami3y. [leplyuM HayKOBUM PE3YIbTAaTOM € YIOCKOHAJIEHHSI METOLY OL[iHKU
IIi7TbHOCTi HATOBIY HA OCHOBI IMIMOMHHUX HEPOHHUX MEPEeXX LIVISIXOM iHTerpauii KapTu rJIMOouHU CLIEHHU.
3anponoHOBaHO CHeliali3oBaHui MOLYJIb IIMOMHHOI iHTerpatii, o 3MiHIOe IPeCTaBI€HHs O3HaK BilNOBIGHO 1O
JIOKaJIbHUX T€OMETPUYHUX BIACTUBOCTEN, (POPMYIOUM MACIITAOHO-Y3TOIKEHI O3HAKN /1J14 6iIbLI TOYHOTO
IIpPOrHO3yBaHHS. EKcriepuMeHTasIbHI JOCiIpKeHHs Ha Habopax ShanghaiTech-B, WorldExpo ta UCF_CC_50
1oKa3aju cTabisbHe MoKpalieHHs oKa3HUKiB MAE, o niaTBepKye e(peKTUBHICTb BUKOPUCTAHHS ITIMOVHU CLIeH!
4K JOJATKOBOTO IIapaMeTpa MoAedi. JIpyruil HayKOBUM Pe3yJIbTaT CTOCYEThCS CETMEHTALlii ITOTOKIB y
BUCOKOIIiJIbHUX HAaTOBMAaxX. PO3p061€HO METO, SIKUI IT0€QHYE CETMEHTALL{I0 aKTUBHUM KOHTYPOM Ta
KJIaCTEpU3aLlil0 TPAEKTOPI PyXy, 110 GOPMYIOTHCSI HA OCHOBI TOUOK iHTEpecy. 3alpOlIOHOBAaHO MOJIEJlb
IIpe/ICTaBJIEHHS TPAEKTOPIil, sika BKIOYae (POPMY, HAIIPSIMOK, TTOJIOKEHHS Ta 6araToMacIITabHy JIOKaJIbHY
winbHicTb. Taka Mozesb 3ab6e3edye CTillke IpyNyBaHHSI TPAEKTOPIi i J03BOJIsI€ BUSIBIISITY JIOKAJbHI IIaTepHU
KOJIEKTUBHOTO PYXy HaBiTh y CKJIQIHUX ClleHaX i3 xaoTuyHoo nuHamikoo. Ha Habopax UCF CSD ta Collective
Motion oTpuMaHO 3HayHe MOKpaleHHs MeTpuK JKakkapa Ta F-mipu nopiBHsiHO 3 aHasoramu. TpeTiMm pesybTaTom
€ YIOCKOHAJIEHHS METOMYy BUSIBJIEHHSI QaHOMAJIIN y CLI€HaX 3 BUCOKOIO MIJIBHICTIO HATOBITY. 3aIIPOIIOHOBAHO MiIXil,
3aCHOBAHUI1 Ha aHAaJi3i eHTPOIIil HaNpsSIMIIEHNX MiHi-TpeKiB, cpOpMOBaHUX i3 IPOCTOPOBO-YACOBUX TOUYOK iHTEpECY,
a TaKO>X Ha OLIiH1li YaCOBUX BifIXMJI€Hb 3alI0BHIOBAHOCTI CLieHU. MeTo[, 1,03BoJIsie GikcyBaTH pi3ki 3MiHM y IPyNOBiit
IVHaMilli, PpinbTpyBaTH IYMOBi TPaeKTOPii i pOopMyBaTy CTabiNbHI IOBEAIHKOBI AECKPUNITOPU. PedyabTaTu
TectyBaHHA Ha Habopax UMN, UCF CSD i Violent Flows Crowd nokasasnu nokpameHHst AUC Ha 1,5-3,7% nopiBHSIHO
3 HallKpalMMU iCHYI0OUMMHU MeToZaMu. Y poOOTi ON1CcaHo peasizalliio MificucTeMy BidyaJbHOIO aHaJIi3y HaTOBILY SIK
CKJIaJIOBOi CUCTEMHU IHTEJIEKTYaJIbHOTO BifleOCIIOCTEPESKEHHS: BU3HAUEHO ii CTPYKTYPY, PYHKIiOHAbHI i
He(yHKIiOHAIbHI BUMOTH, CIIPOEKTOBAHO apXiTeKTypy, MOOYLOBAHO JiarpaMu JIOTIYHOTO IPeICTaBIEHHS Ta
posroptaHHs. [IpoBeneHe PpyHKLiOHATIbHE TECTYBaHHS MiITBEPIUIIO KOPEKTHICTh pOOOTU PO3POOIEHUX MOLLYJIiB.
OTtpumaHi pesysnpTaTi BIpoBamkeHo y HistnbHicTb TOB «I1IposekTyc IT» Ta TOB «CO IHBECT», a TakoX y
HaByasIbHUI npouec HauioHansHOro yHiBepcuteTy «OnecpKa nosiTexHikay. Takum 4MHOM, AycepTallia BApillye
Ba)KJIMBY HAyKOBO-TIPAKTUYHY 33/1a4y MiBULIEHHS €(DEKTUBHOCTI CUCTEM Bi3yaslbHOTO aHaJli3y HATOBIIy IISIXOM
yIOCKOHAJIEHHSI MOjiesiell OLiHKU IIiJIbHOCTI, cCerMeHTallil pyXy Ta BUSIBJIEHHSI aHOMaliil. Pe3ysibTaTi MOXYyTb OyTU
BUKOPUCTaHI y CUCTEMax IPOMa/ICbKOi 6e3IeKH, BijeoaHaliTHYHUX I1aTPopMax Ta CMapT-CUCTEMaX MiCbKOTO
MOHITOPUHTY.

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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