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1. liopiBHuit O.A. MeToauKa nifgBuieHHs e(peKTUBHOCTI Nlepeadi Bile0NnoTOKy pYU CTUCHEHHI METOTIOM
KoMneHcauii pyxy. - KsanigikauiliHa HaykoBa npalis Ha IpaBax pykomnucy. Jlucepraiist Ha 30006yTTS HAyKOBOTO
cTymeHs fokropa ¢inocodii 3a crienjanbHicTio 123 - «Komm'ioTepHa iHXeHepis». — [lep>kaBHUI yHiBepcUTeT
TesieKoMyHikauiil. - Kuis, 2021. [JuceprauiiiHa poboTa NpUCBsIY€Ha JOCIiI)KEHHIO METOJMUKYA KOMIIEHCALlil pyxy, sIKa
BUKOPUCTOBYETBCS B OiJIBIIOCTI Cy4aCHUX TEXHOJIOTISIX CTUCHEHHSI BiZleONOTOKY i 6a3yeThbCs Ha Nepenadi KapiB y
BUTIJISITIi CKOMIIEHCOBAHOI MIDKKaAPOBOi pPi3HMILi, 3 LIiJIJII0 3MEHIIEHHS Yacy 3aTPavy€HOro Ha CTUCHEHHS BiJIEOIIOTOKY.
[TpoaHasnizoBaHO NOTOYHUI CTaH Ta NEPCIEKTUBU PO3BUTKY TEXHOJIOTIM CTUCHEHHS BifjleodaiisiB, BUBHAUYEHO

OCHOBHi AJITOPUTMU Ta METOOMKHU, IO BXOIATH O iXHBOTO CKJ1agy. BusBiieHO OCHOBHi HpO6J’IeMHi ob6JacTi Takux



TeXHOJIOTi!. Ha OCHOBI aHasi3y HayKOBOI JliTepaTypu 6yJ10 BU3HAYEHO OCHOBHI METPUKHU, SIKi BUKOPUCTOBYIOTbCSI
L7151 OLIHKU CTYIIEHSI CXOXOCTi 300pakeHb. Bysio BUSBIIEHO, 110 B Cy4aCHUX CUCTEMaX BilleOCTUCHEHHS B SIKOCTI
OCHOBHOI METPHKU BUKOPUCTOBYETbCSI SAD, 064MCIIeHHS 5IKOi, [1pY BCill ii IPOCTOTI Ta HEBEJIUKIl 0OYMCIIIOBAIbHIN
CKJIaIHOCTi MOKe 3aiimaTu Bif 40 1o 80% 3arasbHOrO Yacy KOJyBaHHS BifleOMOTOKY. /71 yCyHEHHS JaHOro
HeJ0JIiKy 6yJI0 3aITPOIIOHOBAHO BUKOPUCTAHHS 1A6JI0HIB IOPiBHSIHHS 32 XapaKT€PHUMU TOUYKAMU, SIKi JO3BOJISIIOTh
3MEHUIUTYU 00PaxyHKY METPUKHU 32 PaXyHOK 3MEHIIEHHS KiJIbKOCTi TOYOK NOpiBHAHHS. Takuil Nifgxiz, 3yMoBJI€eHU
VHIKaJIbHICTIO PO3MO/iNy MiKCEeJbHUX 3HAUEHb Ha Pi3HUX YaCTHMHAX 300pKEHHS. AHAJIi3 aJITOPUTMY OLIIHKU
CXOXOCTi 300paKe€Hb HAa OCHOBI XapaKT€PHUX TOYOK, [10KA3aB, 0 3MEHIIEHHS KiJIbLKOCTi KOHTPOJIbHUX TOYOK
IIPU3BOJUTH 10 Pi3KOro 3MeHIIeHHs r1oka3Huka PSNR. 3anponoHoBaHo 151 ycyHeHHs! BTpaty iHdopMaliii B
0071aCTsIX BUCOKOI €HTPOIIii (Ha IpaHU1sIX 00'€KTIB Ta 06J1aCTsIX Pi3KOro Nepexoy KoJIbOpy) BUKOPUCTAHHS
aJrTOpPUTMIB BUiJTIEHHS KpaiB 300pa’kKeHHS i IPOBEJEHHS YTOYHEHHS 0JIOKIB KAaHIUIATIB HAa KapTi KpaiB 300pa’KeHHSL.
3pyuHICTb TaKOro MiIX0Ay 3yMOBJIEHA TUM, 1O IPOLEC TIOUIYKY BEKTOPIB PYXY BiZj0yBa€ThCs [1JIs1 BileONOTOKY B
dopmari YUV, a came 71J151 SICKpaBiCHOI KOMIIOHEHTH 306pakeHHs (Y) Ta 4aCTKOBUM irHOPYBaHHSM KOJIbOPOBUX
KOMIIOHEHT (JII0,CbKEe OKO OiJIbII 4yTJIMBE JIO 3MiHU SICKPABOCTi 300paX€HHS YUM [10 3MiHU KOJIbOPY). [Ipu LiboMy
SICKpaBiCHA KOMIIOHEHTA Y € 300pakeHHSIM B cipux ToHax. Takuil nifxin 103BOJUB CYTTEBO CKOPOTUTH BTpaTu PSNR
IIPY BiJHOCHO HE3HAYHUX 3MEHIIEHHSX BUAKOCTi 00PaXyHKy BEKTOPIB pyXy. BIOCKOHa/IEHO METOJUKY iCHYIOUMX
METO/IiB 6JI0YHOTO MOMIYKY, [l yCYHEHHS] OCHOBHUX HEZI0JIiKiB BUKOPUCTAHHS 1a6JIOHHOTO NMOPiBHAHHSA. Byso
IIPOBEEHO aHaJli3 Cy4aCHUX METO/IB 6J104HOro nomyky. opmyBaHHsS METOAY GJIOYHOTO MOIIYKY, IS
Pe3yJIbTYI0U0i METOAUKU 6YyJI0 TPOBEAEHO 32 PAXYHOK BIOCKOHAJIEHHS! YOTUPbOX OCHOBHUX YACTHUH aJTOPUTMIB
6s10uHoro nouyky: 1. ITonepenHs: 06pobka Bifeokanpy, MIIXOM 00paxyHKy HECKOMIIEHCOBAHOI pi3HUL 3
[oNepeHIM KaZpoM, Ta 3aHYJIEHHS BEKTOPIB PyXy 0JI0KiB, MAKCMMaJbHe 3HaY€HHS SIKOi He IIepeBUllye 3alaHuN
nopir (2% raubvHY KOJIbOPY), AJ1s1 yCYHEHHSI HEOJTHO3HAYHOCTI B 06J1aCTSAX HU3bKOI eHTpOoTIil. 2. PopMyBaHHS
PO3LINPEHOro HAbopy GiJIbIl TOYHUX IIPEIUKATIB, [J1s1 CKOPOYEHHS 4acy YTOYHEHHS 6JIOKiB KaHIWUATIiB Ta
BUKJIIOUEHHS BIUIMBY BUIAJKOBUX CIIiBIIAJiHb 3HA4EHb ITiKCeJIiB Ha GOPMYyBaHHS BEKTOPY PyXy. 3. Po3mupeHHd
yMOB (POPMYBaHH$ [TIOPOTrOBUX 3HAYE€Hb /J11 YMOB PAHHbOI 3yIIMHKU NOIIYKY. 4. DOpMyBaHHS HAa60py aJallTUBHUAX
1a6JI0HIB /17151 YTOYHEHHS GJIOKIB 3 SIKMX OyAyTb GOPMYBATUCS BEKTOPU pyxy. OCHOBHUM MiXOI0M IJIs
(hopMyBaHHS LIMX YOTUPbOX YACTMH METOJY 6YJI0 BAKOPUCTAHHS CYMDKHHUX 6JIOKIB HE TiJIbKU IOTOYHOTO Ta
[IOTIEPEHBOTO Ka/IPiB, & TAKOXK HACTYIIHOTO KaJIpy, 3a PaxyHOK I10IlepeiHbOi 0OpOOKM YaCTUHU 0JIOKIB BCiX KaapiB
BiZleo MociloBHOCTI (Map KaApiB y BUNAAKy OOPOOKH BileONOTOKY B peasibHOMYy 4aci). Takuil minxin 06yMoBIeHUI
IIOCTIMHICTIO pyXy 00’€KTIB HAa KOPOTKUX ITPOMDKKax yacy. B pesynbprari KombiHaLii ma6I0HHOTO OPIBHIHHS IJ1s1
OIIiHKM CXO>KOCTi 6JIOKiB, QIFTOPUTMIB BUJiJIEHHS KPaiB Ta BIOCKOHAJIEHOTO METOAY 6JI0YHOTO IOIIYKY OyJI0
c(pOPMOBAHO Pe3yJbTYIOUYy METOAMKY 3HAXOIKEHHS BEKTOPiB Pyxy. [IpoTecToBaHo Moaudikalii METOAUKY 3TiHO
KOMIUIEKCHUX PEKOMEHIALIIN TeCTYBaHHS MiXKHapoAHOI koMicii MPEG 1o oLjiHLi CKIaIHUX Bil€OiHCTPYMEHTIB, Ha
npukiafi 13 BigeornocainoBHOCTEH, 3 pisHUMU GiTperiTamu. JloCaiiKeHO BIUIUB 30i/IbIIIeHHS pO3MipiB 6JI0KIB Ha fIKi
PO30UBaEThCA 300pakeHHs Ha 3HaueHHs1 PSNR Ta MakcMMaibHOTO NPUCKOPEHHS. [IpoBeieHO TOPiBHSHHS
pe3yJIbTaTiB POGOTH 3aIIPONIOHOBAHOI METOAUKU 3 CYyYaCHUMU MeTOfamMu (POpMyBaHHS BEKTOPIB PyXY, B pe3yJbTaTi
BU3HA4YEHO, 110 3aIIPOIIOHOBAHA METO/IMKA [03BOJIsIE OTPMMATH NIPUCKOPEHHS Ha piBHi 15-17% (piBeHb IPUCKOPEHHS
3aJIEXKUTb Bif, 6iTpeiTy 06pOOII0BAHO]I BiZJleONIOCIiIOBHOCTI: BUIIMIL GiTPENUT — BUIIE IPUCKOPEHHS) Bif
HaMOJ/IM>KYOTro aHAJIoTa IpU BTpaTtax Ha piBHi 0.3-1.2%3HadeHp PSNR Bifj 3Ha4€Hb €TaJIOHHOTO METOAY IOUIYKY
BEKTOPIB pyxy s Mogu@ikauii A i npucKopeHHs Ha piBHi 27-31% nipu Brpari 1.1%-2.1% B 3a71€KHOCTI PO3Mipy
6J10Ky Ta GITpeNTy BifeonoCiiLoBHOCTI, AJ1s1 Mopudikanii S.

2. Dibrivny OA The method of increasing the efficiency of video stream transmission during compression by the
method of motion compensation. - Qualifying scientific work on the rights of the manuscript. Dissertation for the
degree of Doctor of Philosophy in specialty 123 - "Computer Engineering". - State University of
Telecommunications. - Kyiv, 2021.The dissertation is devoted to the research of motion compensation technique,
which is used in most modern technologies of video stream compression and based on frame transmission in the
form of compensated interframe difference, in order to reduce compression time of video stream. The current

state and prospects of development of video file compression technologies are analyzed, the main algorithms and



techniques that are part of them are determined. The main problem areas of such technologies are identified. The
development of the resulting methodology took place by eliminating the problems of modern techniques. Based on
the analysis of the scientific literature, the main metrics used to assess the similarity degree of images were
identified. It was found that in modern video compression systems as the main metric used SAD, the calculation of
which, for all its simplicity and low computational complexity can take from 40 to 80% of the total coding time of
the video stream. To eliminate this shortcoming, it was proposed to use comparison templates based on
characteristic points, which allow to reduce the calculation of the metric by reducing the number of comparison
points. When evaluating the performance of the algorithm for estimating the similarity of images based on
characteristic points, it was determined that reducing the number of control points leads to a sharp decrease in
PSNR, due to loss of information in areas with high image entropy and the emergence of persistent uncertainty in
areas with low image entropy. To eliminate the loss of information in areas of high entropy, it was proposed to use
algorithms for selecting the edges of the image and refining the candidate blocks on the map of the edges of the
image. The convenience of this approach is due to the fact that the process of finding motion vectors is for the
video stream in YUV format, namely for the luminance component of the image (Y) and partial ignoring of color
components. Y is essentially a grayscale image. This approach has significantly reduced the loss of PSNR with
relatively small reductions in the speed of calculation of motion vectors. The next step in the formation of the
resulting technique is to improve existing methods of block search, to eliminate the main disadvantages of using a
template comparison. The formation of the block search method for the resulting technique was carried out by
improving the four main parts of block search algorithms: 1. Pre-processing of the video frame, by calculating the
uncompensated difference with the previous frame, and zeroing the motion vectors of the 8 blocks, the maximum
value of which does not exceed a specified threshold, to eliminate ambiguity in low entropy areas. 2. Formation of
an extended set of more accurate predicates, to reduce the time of refinement of candidate blocks and to exclude
the influence of random coincidences of pixel values on the formation of the motion vector. 3. Extension of the
conditions for the formation of threshold values for the conditions of early search. 4. Forming a set of adaptive
templates to specify the blocks from which the motion vectors will be formed. The main approach for the
formation of these four parts of the method was to use adjacent blocks not only of the current and previous
frames, but also the next frame, by pre-processing part of the blocks of all frames of the video sequence. This
approach is due to the constant movement of objects over short periods of time. As a result of a combination of
template comparison for estimating block similarity, edge selection algorithms and an improved block search
method, the resulting method of finding motion vectors. Both modifications of the method were tested according
to the comprehensive testing recommendations of the international commission MPEG for the evaluation of
complex video tools, on the example of 13 video sequences, with different bitrates. The effect of increasing the size
of the blocks on which the 9 image is divided on the PSNR value and the maximum acceleration was also
investigated. Comparison of the results of the proposed method was carried out with modern methods of motion
vectors: FS, TSS, NTSS, DS, MVFAST, PMVFAST, which determined that the proposed method allows to obtain
acceleration at 15-17% from the nearest analogue at losses at the level of 0.3-1.2% of PSNR values from the values
of the reference vector search method motion for modification A and acceleration at the level of 27-31% with a loss
of 1.1% -2.1% depending on the block size and bitrate of the video sequence, for modification S.
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