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1. Incepraris npucBsYeHa BUPIIEHHIO aKTyabHOI HAyKOBO-TIPAKTUYHOI 33/1a4i po3pobJieHHsI MeTOMiB Ta 3aC00iB
MOKpaleHHs SIKOCTi 11dpPOBOro Bifeo, 37aTHUX BiIHOBIIOBATHU JeTasli3allilo 3i 3HDKEHHSIM NepLeNTUBHOI TOMUJIKU
Ta 3MEHINYBAaTH CIIOTBOPEHHS B yMOBAX CKJIQAHUX IOMKOKEHb Ta OOMEXEHUX 00YUCIIOBATIBHUX PECYPCIB. ¥
BCTYIIi OGI'PYHTOBAHO aKTyasIbHICTh TEMU JUCEPTALiHNX OCTiIKeHb, SIKa 3yMOBJIEHA MACOBUM MOMKVPEHHIM
BiZIEOKOHTEHTY Ta KpUTUYHOIO HEOOXiIHICTIO 3a6e3IedeHHs HOTr0 BUCOKO] SIKOCTi B CUCTEMax 3 0OMEXXEeHOI0
IIPOIIYCKHOIO 3[ATHICTIO. Y IIepUIOMY pO3[iji MpoBeeHO NOornbeHnil aHali3 mpobaeMu 3a6e31e4eHHs SIKOCTi
111ppPOBOTrO BifleO Ta NOCIIKEHO TUIIOBI Jerpaaallii, 30KpeMa po3MUTTS, IIyM, apTe(daKkTy CTUCHEHHS Ta BTPATy
PO3ainbHOI 31aTHOCTI. OCKiJIbBKYU HAsIBHI PillleHHS He 3[aTHi OJIHOYACHO rapaHTyBaTU CTPYKTYPHY TOYHICTb i
CTaJICTh y Yaci, 0O6I'PyHTOBAaHO HEOOXiAHICTb CTBOPEHHS IiOPUIHUX KOMII'IOTEPHUX CUCTEM, 1[0 KOMIIJIEKCHO
[IOEOHYIOTh IPOCTOPOBO-4ACOBE Y3rOIKEHHS 3 NEPLENTUBHOIO SKICTIO FEHEPATUBHOTO CUHTE3Y [JIs CTabiizaii
IOVHAMIYHUX CLEH. Y IPYroMy po3zisi cGOPMOBAaHO TEOPETUYHY, METOMOJIOTIUHY Ta AJITOPUTMIYHY 6a3y

PO3pO6JIEHHS] METOIiB Ta 3aCO0iB IIOKpalLeHHS IKOCTi Biieo. CTBOPEHO cucTeMy 00'€eKTUBHUX i IepLeNTUBHUAX



meTpuk (PSNR, SSIM, LPIPS, VMAF) Ta cTanAapTA30BaHi IPOTOKOJIX MiATOTOBKY JAHUX HA €TaJIOHHUX Habopax
(REDS, Vimeo-90K, Vid4) nns ynidikoBaHoro HaByaHHs 1 Bepudikalii HelipomepesxeBux Mopeneu. s
30epeskeHHs] TeOMeTPUYHOI LIJIICHOCTI ClieH MaTeMaTU4HO (popmasii3oBaHO aITOPUTMU TPOCTOPOBO-4aCOBOTO
y3rojpkeHHs1. Ha ixHill 0CHOBI N0OyIOBaHO CTpaTerii 4acoBoi cTabisi3allii MIIXOM PeKYPEHTHOI Ta JBOHANPABJIEHO]
arperauii 711 yCyHEeHHS ABUILA MIPKKaJPOBOIO MEPEXTIHHSA. 3alIPOIIOHOBAHO KOMILJIEKC IIPOrPAaMHO-aIapaTHoi
onTuMizallii yepes3 CTpyKTypHe IIPOpPiIKeHHs, riopuiHe KBaHTYBAHHS Ta KOHBeepu3allilo. Y TpeTboMy po3zii
PO3p06JIEHO KOMIIJIEKC HOBUX apPXiTEKTYPHUX Ta QJITOPUTMIYHUX pillleHb, 10 GOPMYIOTh CTPYKTYPHY OCHOBY
KOMIT'IOTEPHUX CUCTEM MOKpalleHHs Bineo. CPOpMOBaHO KOMOIHOBaHY (PYHKIIIIO BTPAT, SKa [IO€IHY€E 3MarajbHy,
[epLEeNTUBHY, YaCOBY Ta PeryJispusaliiiHy CKuanoBi 4 cTabinisarii mporecy HaB4aHHS Ta 3HUKEHHS PUBUKY
KoJIafncy mozesi. Bnepie po3po6s1eHo MeTo reHepaTUBHOIO IIOKPallleHHS LU(PPOBOro Bileo, apXiTeKTYPHOIO
6a3010 gKOro € 6araTomacmrabHa Heiipomepexxesa mojesib MST-GAN. IHTerpanis MexaHizMmy MyJIbTUMAaCIITAOHOTO
BMPIBHIOBAaHHS O3HAK Ta TEMIIOPAJIbHOTO IMCKPUMIHATOPA PO3B'S3y€ 3a1a4y [IOBHOLIHHOTO IIPOCTOPOBO-4aCOBOTO
y3rOJpKEHHs Ta CUHTE3Yy€e NIPUPOJHI MIKPOTEKCTYpH 6€3 IBUIlA MIKKaIpOBOTrO MepeXTiHHs. [y 3anayi
IIOCTAEKOAYBaJIbHOTO BiJHOBJIEHHS BiZJlE€ONIOTOKY IIiCJIsl arPECUBHOTO CTUCHEHHS BIIEPLIE PO3POOIEHO METO], Ha
OCHOBI IBOCTYIIEHEBOI MOZEJIi HIJIIXOM KaCKaJHOTO [IO€JHAHHS IBOHAIIPABJIEHOI PEKYPEHTHOI CTPYKTYPU IJIs1
reOMEeTPUYHOI PEKOHCTPYKLi Ta reHEPAaTUBHO-3MarajbHOrO MOJYJIS 1714 [IEPLENTUBHOI feTamnisalii. YI0CKOHaIeHO
METOJ, aJalITUBHOI'O BUOOPY PeXMMY MOKpAIlleHHs Bifleo i3 3aCTOCyBaHHSIM MOAYJIsl 6€3€TalOHHOTO OLiHIOBAaHHS
IIOIIKOKEHb Ta KEPYIOYOro KOHTYPY [AJIs1 ONTMMaJILHOTO PEXXUMY BiIHOBJIEHHS Bifle0. Y YeTBEPTOMY PO3[ii
HaBEJEHO Pe3yJIbTaTU €KCIIEPUMEHTAIBHUX JOCIIKEHD Ta OLHIOBAaHHS PO3POOJIEHUX METOZIB i MPOrpaMHUX
3aco06iB. BcTaHOBJIEHO, 1110 3aCTOCYBaHHS KOMOIHOBaHOI (PYHKLIiI BTpaT [1J11 HaBYaHHS FeHEepaTUBHUX MoJesiei
cTabisnizye npouec, a interpatis ii 4acoBoi KOMIIOHEHTH MiIBUIIY€E TOKA3HUK YaCOBOI y3ro[pKeHOCTi Ha 14.5%,
CIIPHSIIOUY 3HIKEHHIO PUM3UKY KOJIalcy Mmoaedi. [TinTeepakeHo, o NpakKTUYHA peasisallis MeTOLy Ha OCHOBI
mogesi MST-GAN nepeBepllye HasiBHI aHAJIOTH, MiABUIYIOUM iHIEKC CTPYKTypHOI nonioHocTi SSIM no 0.928 ta
3HWKYIOUM NepuentuBHy noMuiiky LPIPS no 0.264 npu panioHanbHOMY BUKOPUCTaHHi 110 4.4 ' Bigeomnam'ari, mo
YCYBae SIBULIE MDKKAPOBOTO MEPEXTIHHS Ta POOUTH MOT0 ONTUMAJIBHUM KOMIIOHEHTOM [IJI51 apXiTEKTYp odaiiH-
pecTraspaliii BileoapxiBiB Ta TeJIeMEeAULVHY, € BUMOra [0 HaJHU3bKOI 3aTPUMKU HE € KDUTUYHOIO.
ExcriepuMeHTasbHe OLiHIOBaHHS ITPOrPaMHOr0 3aC00y Ha OCHOBI JBOCTYII€HEBOI MOZeJIi MiATBEpAUIO HOTo
3aTHICTb YCYBaTU CKJIAMIHi apTe(daKTy CTUCHEHHSI. ATANTUBHUI METO], i3 TOUHICTIO0 97% Kiacudikye
MOUIKO/IKEHHSI, BUIIEPEJIKAI0UU ClienianizoBani mogesi Ha 0.6 nb 3a meTpukoro PSNR Ta nokpamyodn
IepLenTUBHY SKicTh Ha 12-16% B yM0oBax KOMGiHOBaHUX CIIOTBOPEHb. [IpakTryHa peasizallis MeTony IporpamMmHO-
araparHoi onTuMizalii y BUrsisgi cnpouieHoi apxirextypu ayisg WebGPU no3Bosusa ycrilHo nepeHectu

004K CJIEHHS Ha KJIIEHTChKi IPUCTPOi. 3aCTOCYBaHHS AUCTWIISILI] 3HaHb Ta CTPYKTYPHOTO NPOPi>KEHHSI 103BOJISIE
3HUBUTHU 3aBaHTXKEHHS L[EHTPAJIbHOTO ITpoLiecopa Ha 12-22% Ta npuckoputu poboty mozeniy 2.8-3.6 pasa
nopiBHsHO 3 WebGL-aHanoramu npu ctabinbHil npoayKTuBHOCTI 35-97 Kagpis 3a cekyHy. OTpuMaHi pe3ysbTaTu
MaloTh IPAaKTUYHY LiHHICTb, OCKiJIbKA PO3pO6JIeHi Ta BOCKOHAIEHI METOAU i 3aco6u (POPMYIOTh IieBUi
iHCTpyMeHTapiil 1J1s1 N00YAOBY iHTEJIEKTyaJlbHUX KOMII'IOTEPHUX CUCTEM MTOKPALIEHHS SIKOCTI BiZ€o,
TeJIeKOMYHIKaliiHUX 1171aTHOPM IIOTOKOBOTO MOBJIEHHS BiIeo 3a 3aIIMTOM, a TAKOK CUCTEM iHTeJIEeKTyaJIbHOTO
BiZleocriocTepeskeHHs Ta IUPpPOoBOoi MeJiia-pecTaBpallii.

2. This dissertation addresses the pressing scientific and practical challenge of developing methods and techniques
for improving the quality of digital video that can restore detail while reducing perceptual error and minimizing
distortion under conditions of complex damage and limited computational resources. The introduction justifies
the relevance of the dissertation’s research topic, which stems from the widespread distribution of video content
and the critical need to ensure its high quality in systems with limited bandwidth. The first chapter provides an in-
depth analysis of the problem of ensuring digital video quality and examines typical forms of degradation,
including blurring, noise, compression artifacts, and loss of resolution. Since existing solutions are unable to
simultaneously guarantee structural accuracy and temporal consistency, the paper justifies the need to develop
hybrid computer systems that comprehensively combine spatiotemporal alignment with the perceptual quality of
generative synthesis to stabilize dynamic scenes. The second chapter establishes the theoretical, methodological,



and algorithmic foundation for developing methods and techniques to improve video quality. A system of objective
and perceptual metrics (PSNR, SSIM, LPIPS, VMAF) and standardized data preparation protocols for benchmark
datasets (REDS, Vimeo-90K, Vid4) have been created to enable unified training and verification of neural network
models. To preserve the geometric integrity of scenes, spatio-temporal alignment algorithms have been
mathematically formalized. Based on these, temporal stabilization strategies have been developed using recursive
and bidirectional aggregation to eliminate interframe flicker. A set of hardware and software optimization
techniques has been proposed, including structural thinning, hybrid quantization, and pipelining. The third
chapter presents a set of new architectural and algorithmic solutions that form the structural foundation of
computer-based video enhancement systems. A combined loss function has been formulated that integrates
competitive, perceptual, temporal, and regularization components to stabilize the learning process and reduce the
risk of model collapse. For the first time, a method for generative digital video enhancement has been developed,
based on the multiscale neural network model MST-GAN. The integration of a multiscale feature alignment
mechanism and a temporal discriminator solves the problem of full spatiotemporal alignment and synthesizes
natural microtextures without interframe flickering. For the task of post-decoding restoration of a video stream
after aggressive compression, a method based on a two-stage model has been developed for the first time by
cascading a bidirectional recurrent structure for geometric reconstruction and a generative-competitive module
for perceptual detail enhancement. The method for adaptive selection of video enhancement modes has been
improved using a reference-free damage assessment module and a control loop to determine the optimal video
restoration mode. The fourth chapter presents the results of experimental studies and evaluations of the
developed methods and software tools. It has been established that the use of a combined loss function for
training generative models stabilizes the process, and the integration of its temporal component increases the
temporal consistency metric by 14.5%, helping to reduce the risk of model collapse. It has been confirmed that the
practical implementation of the method based on the MST-GAN model outperforms existing alternatives,
increasing the Structural Similarity Index (SSIM) to 0.928 and reducing the Perceptual Error (LPIPS) to 0. 264 with
efficient use of up to 4.4 GB of video memory, which eliminates interframe flickering and makes it an optimal
component for architectures used in offline video archive restoration and telemedicine, where ultra-low latency is
not a critical requirement. An adaptive method with 97% accuracy classifies damage, outperforming specialized
models by 0.6 dB on the PSNR metric and improving perceptual quality by 12-16% under conditions of combined
distortions. The practical implementation of the software-hardware optimization method has enabled the
successful offloading of computations to client devices. The use of knowledge distillation and structural thinning
reduces the CPU load by 12-22% and accelerates model performance by a factor of 2.8-3.6 compared to WebGL
counterparts, while maintaining a stable frame rate of 35-97 frames per second. The obtained results have
practical value, as the developed and refined methods and tools form an effective toolkit for building intelligent
computer systems for video quality enhancement, telecommunications platforms for on-demand video streaming,
as well as intelligent video surveillance and digital media restoration systems.
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KBasigikamis: 1. 1. ., npodecop, 01.04.07

InenTudikarop ORCID ID: 0000-0001-9927-0649

JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHU: HaujonanbHuii yHiBepcuteT "JIbBiBCbKa MOMTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micuesnaxomxeunﬂ: ByJ. Crenana banpepu, JIbBiB, 79013, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3akir04Hi BimoMocTi



BaacHe IlpizBume Im's I10-6aTbKOBI Haxoneunuit Anpian Flocumnosiy
rOJIOBH pagu

BnacHe IlpizBume Im's I10-6aTbKOBI Haxoneunnit Anpian locunosuy
rOJIOBYIOYOrO Ha 3acCimaHHi

BigmoBizasibHUH 32 MiATOTOBKY TFonchop Okcana MocumisHa
00JIiIKOBHX JOKYMEHTIB

PeeCTpaTop FOpuenko TetsiHa AHaToJiiBHA

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiJIIOBiZaJIbHUM 3a peE:CTpaI.lilO HayKOBO'l' Opuenko TersiHa AHaToJIiBHA

OisIIBHOCTI




