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Pedepar:

1. Inceprariiine JOCTiIKEHHs [IPUCBSYeHE PO3POOJIEHHIO METOIB i 3aC06iB aHai3y BifleONOTOKIB Ta MiIBUILIEHHIO
TOYHOCTI MOUIYKY NOJiOHUX PpParMeHTiB y KOHTEHTHO-OPi€EHTOBAaHUX cucTeMax BigeoiHpopmarii (CBVIR). CTpimke
3pOCTaHHs 00CHriB BifeoiHpopmalii y pisHUX cepax - Bifj CUCTEM BiLE€OCIIOCTEPEKEHHS Ta Mac-Melia 10
HAyKOBUX JIOCJIIKEHD i pO3BasKaNbHUX MIaTHOPM — 3yMOBJIIOE TOCTPY I1OTPedy B e(peKTUBHUX 3ac00ax aHaizy,
MIOIIYKY Ta OpraHisalii Bieoganux. BilloBifHO, aKTyaJbHOI0 HAYKOBOIO 33/1a4€I0 € MBUIKUHN | TOYHUI MTOIIYK
BiZleomaTepiasis 3a 3MiCTOM, OCOGJIMBO 32 YMOB OOMEXKEHUX OOUUCIIIOBAJILHUX PECYPCIB Ta BEJIMKOIO OOCATY IaHUX.

3anponoHoBaHi y po6OTi MifX0oay iHTErPyIOTh Cy4acHi rmookKi HepoHHi mepexi (DCNN, LSTM, SlowFast) Ta



METOAM aHasi3y cueH (SBD), mo mae 3MOry MiABUIIUTY TOYHICTD i IIBUIKOi0 CUCTEM KOHTEHTHOTIO MOMIYKY Bifl€o.
OcCHOBHa YyacTHHA POOOTH BKJIIOYAE BCTYII, YOTUPU PO3TiNU T2 BUCHOBKU. Y BCTYIIi PO3IJISIHYTO aKTyaJIbHICTh TEMH,
BM3HAUYE€HO METY i OCHOBHI 3aBJIaHHS [IOCJIiI>)KEHHSI, OKPECJIEHO HayKOBY HOBU3HY Ta IPAaKTUYHY LiHHICTb POGOTHU.
JJ1g IOCATHEHHS METHU AMCEPTALii I0CTaBIe€HO 6 3aBIaHb, IKi BUKOHYIOTbCS IIOCIIILOBHO. Y TIEPLUIOMY PO3Lii
«AHaITUYHUI OIJIsT METOIB aHaJli3y Ta MOIIYKY BileoiHdopmallii» NpoBeeHo aHai3 JiTepaTypHUX AXeped i
Cy4YaCHUX TE€XHOJIOTIH y rajysi KOHTEHTHO-OPi€HTOBaHUX cHCTeM BifeoiHdopmauii. Po3rysHyTo icHytodi nigxonu 1o
CETMEHTallii BileONIOTOKIB, BUIJIEHHS KJIIOYOBUX KA PiB Ta ONKCY BilEOKOHTEHTY, a TAKOK METOMU IIOLIYKY Billeo 3a
3micToM. [TpoaHanizoBaHO MOXXJIMBOCTI 3aCTOCYBaHHS TEXHOJIOTIN IMIMOMHHOrO HaBuyaHHs AJ1s 3aja4d CBVIR Ta
BUSIBJIEHO iX OOMEsKeHHSI [1pY OTIPAlI0BaHHI BEJIMKOMACIITa0HMX BileOJlaHUX y pPeajlbHOMY 4aci. 3a pe3ysbTaTamu
orssiny cOpMyJIbOBAHO 3aBJAHHS 17151 OJAIbIIMX NOCIIKeHb Y MeXax aucepTauii. ¥ gpyromy posgini «Po3pobka
METOAIB CerMeHTalii Ta BUIiIeHHS O3HAK BilEONIOTOKIB» 3alIPOIIOHOBAHO METOIH IOy BiEONOTOKIB HA CMUCJIOBI
CLIeHM i BUOKPEMJIEHHS iHPOPMATUBHUX O3HaK Bifieo. Po3p06sieH0 anropuTm BU3HAYEHHS MEX CLIeH Ha OCHOBI
MeTony SBD, sIKuil 103BOJIl€ CETMEHTYBATHU BiZl€OIOTIK HA OKPEMi CL€HU [JIS TOJaJIbIIOTO KOHTEHTHOTO aHAJIi3y.
3arporioHOBaHO Ta peasi3oBaHO aJIrOPUTMU CErMeHTallil i BUJiIeHHsI 03HaK O0'€KTIB Ha KJIIOYOBUX KaipaX, sIKi
aZlaliTOBaHi 0 po60TH B yMOBaX OOMEXKEHUX 0OUNCIIIOBAILHUX pecypciB. OTpUMaHi JeCKpUIITOPY BileOBMICTY
CTPYKTYPYIOTbCSI Ta 36epiratoTbesl y NoSQL 6a3i maHux 1jis 3a6e3redeHHs MBUKOTO AOCTYITY [IPY IIOLIYKY.
JJopaTKoBO IpeCTaBIeHO METOAUKY KIIiEHTChKOTO aHasli3y BileopparMeHTiB, 1110 BKIIOYA€ 3aBAHTAKEHHS
IOBiNIBHOTO (PparMeHTa Bileo, aBTOMATU30BaHE BUSBJIEHHSI MEX CLIEH, BUIiIJIEHHS 6araToOpiBHEBUX O3HAK Ta
(opmyBaHHSI KOMOIHOBAaHMX BEKTOPIB XapaKTE€PUCTHK, SIKi OMUCYIOTh BMICT Bifieo. L]i po3po6ku 3aK/1ajaloTh OCHOBY
17151 e(peKTUBHOrO IOLIYKY Bileo 3a 3MICTOM y HaCTyIIHUX pPo3AisiaX. Y TpeTboMy po3Lini «MeTonu NouyKy noaioHux
BiZleoparMeHTiB i3 BUKOPUCTaHHSIM [JIMOMHHUX MEPEK» OIIMCAHO PO3PO0JIEHI METOY NIOPIBHSIHHS Ta MOIIYKY
CXOXXMX Bileo)parMeHTIB Ha OCHOBI aHaJIi3y iXHbOTO 3MiCTy. 3aCTOCOBAHO INIMOOKY 3TOPTKOBY HEMPOHHY MEPEXY
(DCNN) y kombiHariii 3 pekypeHTHOI0 Mepexeto (LSTM) iiist oLjiHIOBaHHS CXOXKOCTI BifeodparmeHTiB 3a
IIPOCTOPOBOYACOBUMMU XapaKTepucTUKamMu. Po3pobiieHo Mifxif, 1110 BpaXOBYe SIK 4aCOBY JUHAMIKYy, Tak i 06'€KTHi
o3Haku Bifneopsny (Temporal Similarity Matching - TSIM, ta Object Similarity Matching - OSIM). Ha ocHoBi njux
MeTo[IiB GOPMY€EThCS TEPBUHHUI CITMCOK KaHIMIATIB Ha cxoxxicTh (Primary List, PLIST), skuit Hapmani
ONTUMI3Y€ETHCS 32 JOIIOMOTOI0 10NATKOBUX KPUTEPIiB 17151 OTprMaHHS (iHaJbHOTO CIUCKY MOAi6HUX Bineo. s
NiABUILEHHS TOYHOCTI 11 €(PEKTUBHOCTI [IOIIYKY BIPOBAIKEHO IONOMDKHY HEPOHHY MEPEXY IIPSMOTO MOIIMPEHHS
(FNN), sika3nifiCHI0€ MOHITOPUHT POOOTH OCHOBHOI IMTMOMHHOI MOJIeIi Ta KOpUTyBaHH4 ii napameTpis. [IpoBeeHO
€KCIIEPUMEHTAJIbHI JOCIII)KEHHS 3aIIPONIOHOBAHOTrO MiTX0My, SIKi MiATBEPANAIN BUCOKAM PiBEHb TOUHOCTI MOIIYKY
peJieBaHTHUXBieopparMeHTiB. Y yeTBepToMy po3zii «Po3pobka apXiTeKTypy CUCTEMU Ta anpooballis pe3yibTaTiB»
IIPeJCTaBJIEHO PO3POOJIEHMI IIPOrPAaMHUI KOMILJIEKC [IJIs1 peasti3allii 3alIpOIIOHOBAHUX METOIiB Y PESKUAMI
peasbHOro 4acy. ClIpO€KTOBAaHO 3arajbHy apXiTeKTypy iH(pOpMaLiiHOi CUCTEMHU MOUIYKY, IO BKJIIOYAE MiICUCTEMU
300Dy, 36epiraHHs Ta 06poOku BifeonaHux. CTBOPEHO CXOBUIIle JaHUX 1J1s1 30epeskeHHs] 004N CIeHHX 03HaK Bifleo Ta
peasi3oBaHO IPOrpamMHi KOMIIOHEHTU CUCTEMU Y BUTJISLII KJIIEHTChKOI YaCTUHY (B€6-3aCTOCYHOK) i cepBepHOi
4YacTUHU (MOZAYJIb TIIMOMHHOrO aHaidy). Po3pobseHo fiarpamu, sKi ONMCylI0Th OCHOBHI ClieHapii BUKOPUCTaHHS
CHCTEMHU Ta B3aEMOZI0 MiX ii KOMIIOHEHTaMH, a TAaKO>XK OOIPYHTOBAHO BUOIp TEXHOJIOTIH (Y TOMY YMCJIi XMapHUX
CEepBiCiB) IJ1s1 pO3ropTaHHs cucTeMu. JIjis1 3a6e3nedeHHs afanTUBHOI ONTUMI3allii B peXKuMi peasbHOTro 4acy B
CHCTEMY IHTEIPOBAHO MOJYJIb MOHITOPUHTY Ha OCHOBI FNN-HelipoMepexi, 4Kuii aHasi3ye KII040Bi TIOKa3HUKN
IIPOJYKTUBHOCTI (LIBUJKICTb OOPOOKYM, BUKOPUCTAHHS PECYPCiB, TOYHICTh PO3Mi3HABAHHS) Ta aBTOMATUYHO KOPUTY€E
napaMeTpy o6poOKH BileOIIOTOKY, MiTPUMYIOUYH CTabibHY pobOTY NoulyKy. PeanizoBaHo KOPUCTYBallbKUI
BebiHTepdEIiC, 110 103BOJISIE 3aBAHTAXYBATH Bile0OPpParMeHTH Ta BUKOHYBATH MOIIYK [IOiIGHOTO BifleO y peajbHOMY

Yyaci.

2. The dissertation research is devoted to the development of methods and tools for video stream analysis and for
improving the accuracy of searching for similar fragments in content-based video information retrieval (CBVIR)
systems. The rapid growth of video data in various fields — ranging from surveillance systems and mass media to
scientific research and entertainment platforms — creates a pressing need for effective tools for analyzing,
searching, and organizing video data. Consequently, the significant scientific challenge lies in achieving fast and



accurate content-based video retrieval, especially under constraints of limited computational resources and large
data volumes. The approaches proposed in this work integrate modern deep neural networks (DCNN, LSTM,
SlowFast) with scene analysis methods (SBD), thus improving both the accuracy and speed of content-based video
retrieval systems. The main body of the work consists of an introduction, four chapters, and conclusions. The
introduction discusses the relevance of the topic, defines the purpose and main objectives of the research, and
outlines the scientific novelty and practical value of the work. To achieve the dissertation’s goal, six tasks are set
and solved sequentially. In the first chapter, "Analytical Review of Methods for Video Information Analysis and
Retrieval", a review of literature and modern technologies in the field of content-based video information systems
is conducted. Existing approaches to video stream segmentation, key-frame extraction, and video content
description, as well as methods for content-based video retrieval, are considered. The possibility of applying deep
learning technologies to CBVIR tasks is analyzed, and their limitations for largescale real-time video data
processing are identified. Based on the review, the objectives for further dissertation research are formulated. In
the second chapter, "Development of Video Stream Segmentation and Feature Extraction Methods", methods for
dividing video streams into meaningful scenes and extracting informative video features are proposed. An
algorithm for detecting scene boundaries based on the SBD method is developed, which allows for segmenting a
video stream into individual scenes for subsequent content analysis. Algorithms for scene segmentation and object
feature extraction from key frames are proposed and implemented, adapted to operate under limited
computational resources. The resulting video content descriptors are structured and stored in a NoSQL database
to ensure rapid access during retrieval. In addition, a client-side technique for video fragment analysis is
presented, including the loading of arbitrary video fragments, automatic scene boundary detection, multi-level
feature extraction, and the formation of combined feature vectors that describe the video content. These
developments form the basis for effective content-based video retrieval in subsequent chapters. In the third
chapter, "Methods for Searching Similar Video Fragments Using Deep Networks", the developed methods for
comparing and searching for similar video fragments based on their content analysis are described. A deep
convolutional neural network (DCNN) is applied in combination with a recurrent network (LSTM) to assess
similarity of video fragments based on spatiotemporal characteristics. An approach that considers both temporal
dynamics and object features of video sequences (Temporal Similarity Matching - TSIM, and Object Similarity
Matching - OSIM) is developed. On the basis of these methods, an initial list of candidate similar fragments
(Primary List, PLIST) is generated, which is further optimized using additional criteria to produce the final list of
similar videos. To enhance search accuracy and efficiency, an auxiliary feedforward neural network (FNN) is
implemented, which monitors the operation of the main deep model and adjusts its parameters. Experimental
studies of the proposed approach confirm a high level of accuracy in retrieving relevant video fragments. In the
fourth chapter, "System Architecture Development and Validation of Results”, the developed software suite for
real-time implementation of the proposed methods is presented. The overall architecture of the video retrieval
information system is designed, including subsystems for video data collection, storage, and processing. A data
repository for storing computed video features has been created, and software components of the system have
been implemented as a client-side web application and a server-side deep analysis module. Diagrams illustrating
the main usage scenarios of the system and the interaction among its components are provided, as well as a
justification for the choice of technologies (including cloud services) for system deployment. A user-friendly web
interface is implemented, enabling users to upload video fragments and search for similar videos in real time.
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