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B coBpemeHHbIX noaxogax K Komnpeccun BugeouHdopmauun C NOTepsAMU  BbIOENAT ABa
HanpaBneHnsi, OPUEHTMPOBAHHBLIX HAa YCTPaHEHWEe MPOCTPAHCTBEHHbLIX W3BbLITOYHOCTEN (BHYTPUKaZpOBOE
KOAMPOBaAHME) U BPEMEHHbBIX U3ObITOMHOCTEN (MEXKagpoBOE KOAMpOBaHMe). Vicnonb3oBaHMe anropuTmoB
nepBoro Tuna QaeT BO3MOXHOCTb BCTaBkM 6a30Bbix (OMOPHLIX) KagpoB, YTOObI M30exaTb HaKomMneHus
oWKnBoK, obecneuntb OOCTYM K CXaToMy BMOEOMOTOKY M ero pedaktupoBaHue. [NpuMeHeHvne anropuTmoB
MEeXKagpoBOW KOMMpeccun obecneynmBaeT BbICOKYH) CTEMEHb KOMMPEeccun BMAEONOCnefoBaTenbHOCTU B
LLeJyTIoM, MOCKOSbKY 3HauuTerbHasa 4YacTb parmeHToB (6SIOKOB) M300paKeHUs OT Kagpa K Kagpy ocraertcs
HEeM3MEeHHOWN, Unn xe TpaHcdopmauus aTux parMeHToB (COBWI, MOBOPOT, UBMEHEHUE SAPKOCTU) ABMSeTCS
npeackasyemMomn u noaTomy adhpeKkTMBHO KOANPYEMOMN.

B TO e BpeMsi OCHOBHbIMU HeJoCTaTKaMy CyLLECTBYIOLUX METOA0B BHYTPUKAAPOBOro 1, 0COHBEHHO,
MEXKapOBOro KOAMPOBaAHMUS SABMSIETCA UX BblCOKas TPYOOEMKOCTb. B yacTHOCTW, anropntm komneHcauum
OBUXEHMS1 Ha OCHOBE cOmnocTaBneHust 6110KOB, NCMOMb3yeMbI B COBpeMeHHbIX cTaHaaptax MPEG u H.26x,
nMeeT TPyAoeMKOCTb nopsaka 3*(2N+1)2 Ha 1 nukcen, u, NPUM NOUCKE BEKTOPOB ABMXEHWS, Hanpumep, B
npegenax 15 Toyek cocTaBnsaeT 3HAYMTENbHYIO BENTMYNHY Nopsaka 3*10° onepauwuni/nukcen [1].

ABTOpamu paspaboTaH HOBLIN METOA BWOEOKOMMPECCMM, COYeTallmi npeobpasoBaHue
BMAeonoToka B mnpocTtpaHcTBo YCbCr, anroputmbl BHYTPMKagpOBOro KOAMPOBAHMA C UCMOfb30BaHVEM
ONTMMU3NPOBaHHbIX AenbTa-npeobpas3oBaHnii BTOPOro Mopsifka, anropuTMbl MEXKaZpOBOW KOMMpeccun Ha
OCHOBE KOPPEKTMPYIOLNX MaTpul, M anropuTMbl YNpPaBIieHWs CKOPOCTbIO BbIXOAHOTO GUTOBOro noTOKa,
nogaepXuBaoLwme Ha 3adaHHOM YpPOBHE CKOPOCTb OMTOBOro moToka kodepa, nepegaBaemMoro B KaHan
CBA3N.

1. ANropuTMbl BHYTPUKagpOBOM KOMMNpeccum

PaspaboTaHHbIi  anropuTM  BHYTPUKAAPOBOrO  KOOUMPOBAHUA OCHOBaH Ha  UCMONb30BaHWUM
anroputMoB  ONTUMU3UPOBAHHBIX  AenbTa-npeobpa3oBaHU  BTOPOro  MOpsifka U MepapxXmyeckomn
NPOCTPaHCTBEHHOW NOAAUCKPETU3aLMN:

- nepsBoHadanbHasg ob6paboTka Kagpa U300paKeHWs BbIMOMHSAETCA C  MOHWXEHUWEeM 4acToThl
noaamncKpeTM3auumn no ropmsoHTanm u Beptukann. OamH ("onopHbIN") SNEeMEHT KaXaow rpynnbl pa3mepom
4x4 nukcera noaBepraeTcsl  KOOAMPOBaHUKO C WCMONb30BaHMEM MOCTPOYHOM 0OpaboTkM anroputmamu
ONTUMN3NPOBAHHLIX AenbTa-nNpeobpasoBaHnin u (Npyu HeobxoaumocTn) OVKM Ha yyacTkax C CyLleCTBEHHO
6onNbWNM M3MEHEHNEM aMNNTYAbl UCXOOHOIO CUrHana;

- "MponylweHHbIe" B CBA3W C MOHMXEHWEM 4acToTbl NOAAMCKPETU3aUMM Ha MepBOM 3Tane MuKcensbl
KOOUPYHTCHA OTHOCUTENBbHO 3aKogMpOBaHHOMO "OonopHOro" nukcena rpynnsl ¢ npumeHeHnem VKM un 3atem
KBaHTYHOTCS.

MpymeHeHne p[aHHOW MeTOoAonorMM MNO3BONMUIIO  peanu3oBaTb KOOAEK C  BblYMCMUTENbHOM
TPYLOEMKOCTbIO anropuTMOB KOAMPOBaHMSA nopsaka 12 cnoxeHun u 1 casura Ha nNUKcen, AeKoaupoBaHUS —
7 cnoxeHun n 1 casura Ha nuUKcen.

Mcnonb3oBaHne (N0 HeobXxoAMMOCTW)  OOMNOMHUTEMbHOrO  CTaTUCTMYECKOro  KOAUMPOBAHWUSA
(apubmeTnyeckoro cxartusl), HanpaBnEHHOrO Ha AOMNOMHUTENbHOE MOBbIlEHNEe Ko3adhduumeHTa cxaTus
MOMyYEeHHbIX Ha NEPBOM M BTOPOM 3Tanax MOTOKOB AaHHbIX, MPUBOAMWT K MOBBILEHWUIO BbIYUCIIUTENBbHON
TPYAOEMKOCTU anropuTMOB BHYTPUKAZPOBOW KOMMpeccun (KognpoBaHne — 27 CnoXeHun, 4 yMHOXeHnst 1 1
COBWI, AekoompoBaHue — 22 crnoxenusi, 4 ymHoxeHusa u 1 casur). NMoBbileHne cTteneHn cxatus 6a3oBbIxX
kagpoB npu atom coctaBuna ot 10 o 20% Ha pa3nuyHbix TUNax M3o0bpaKeHN.

2. AnNropuTMbl MEXKagpoBOMN KOMMpeccumn
PaspaboTka anropMtMa MexkagpoBOro KOAMPOBaHUSA BeNach C y4eTOM CreayoLmnX NonoXeHun:

- OT Kagpa K kagpy CcLieHa MeHSAeTCs CpaBHUTENbHO Mano;

- bonblwaa vactb 6nokoB, obpasyloKUXcs nocrne AeneHus pa3HOCTHOro Kagpa Ha OTAernbHble
bparmMeHTbl, BHYTPY KOTOPbIX MEXKaapoBasi pa3HOCTb He NpeBbILAEeT YCTAaHOBMNEHHOMO Nopora, MoXeT 6bITb
3akoaupoBaHa cpeaHnM No BroKy 3HaYeHneM;

- ocTanbHble O6M0OKM pasHOCTEM MOXHO C [JOCTATOYHOMW TOYHOCTbIO 3aKOAMPOBaTb, WCMOMb3yS
OFPaHUYEHHbI Habop 3TanoOHHbIX KOPpeKTMpylWwux Matpud. B cnyyae HegoctatoyHO TOYHOrO
KOOMPOBaHMS pPa3HOCTM OOHON KOPPEKTMPYIOLEN MaTpuuen, BO3MOXHO MpuMMeHeHne kombuHauum un3
HECKONbKNX MaTpuL,.

©anekTpoHHas Bepcua nogrotosneHa 3A0 ABTIKC CaHkr-lNMetepbypr, http://www.autex.spb.ru




5-a9 MexpgyHapogHasi koHdepeHums «Lindppoeasa obpaboTka curHanos un ee npumeHeHne» DSPA-2003

B pesynbTate KoAMpOBaHMS O4vepedHoro "HeomnmopHoro" kagpa B BbIXOAHOM MOTOK nepefaeTcs
MHOopMaLMs, BKNHOYatoLWas:

- MNpU3HaKM TUMOB pPas3HOCTHbIX  6nokoB: "mycton" 6Gnok (¢ "HyneBbiMU"  pas3HOCTSMW),
annpPoKCMMMNPOBAHHLIN CPEAHUM 3HaYEeHNEM, annPOKCUMMPOBAaHHbIN 3TanNoHHON MaTpulen;

- fAaHHble 6nokoB (onst "nycTbix" GNOKOB AOMONHUTENBHOM MHOpMaUMM He TpebyeTcs, ansa "cpegHux"
OnoKOB NepeaaeTcsi KBAHTOBAHHOE CpeaHee 3Ha4yeHue, Ans "MaTpUUMpoBaHHbIX" BITOKOB — HOMEpP MaTpuubl
N KBAHTOBAHHbIN MacLUTabupyOLLUn MHOXUTEND).

OnucaHHbIN anroputMm obragaeT HU3KON BbIMUCIUTENBHOW CIIOXHOCTLIO (KoaupoBaHue — oT 3 Ao 73
onepauui/nukcen B 3aBMCMMOCTM OT Tuna bnoka, aekoaupoBaHue — 3 onepauun/nukcen), obecneynsas B TO
Xe BpeMsi JOCTAaTOYHO BbICOKYHO 3(O(EKTUBHOCTb KOAMPOBAHMS.

3. PaspaboTka nporpaMMHOM MoAenu BuaeoKodeKa C nepepayen CXXaTtoro BUAEONOTOKa no
KaHany cBsi3u

PaspaboTtaHHas nporpaMmMHas Mogenb KOAeKka BWOeonocrnenoBaTeNlbHOCTENW, B OCHOBY KOTOPOM
MONOXEeHbl PAaCcCMOTPEHHbIE Bbille anropuTMbl BHYTPMKaAPOBOM WU MEXKagpOBOW KOMMpeccuw, nossonseT
nony4nTb CTeneHb CXaTusi BuAaeouHdopmaumm nopsagka 33-190 pas3 npu OTHOWeEHuU "curHan/wym"
cootBeTcTBEHHO 31-21 ab. PesynbTaTbl 3KCNEepMMEHTamNbHbIX WCCNegoBaHUM NPOrpaMMHON  MOAENU
BMOEOKOOEKa, peanu3oBaHHOW Oonbluer 4acTbld Ha $A3blKe BbICOKOro YpOBHS ©e3 onmTummsauum no
BbicTpoaencTanio, NpmeedeHsl B Tabn. 1 (akcnepumMeHTbl NnpoBoaunuck Ha MK ¢ npoueccopom Tuna Pentium
IV ¢ TakoBown yactoToun 1,4 [T, onepaTtnBHoOW NamaTeio 256 M6, onepaumnoHHas cuctema Windows XP).

Tabnuua 1
Bugeo- CKODOCTE KOAMDOBAHMS CpeaHsisi cKopoCTb CkopocTb
nocneaoBaTenbHOC P «a on?/ é)eK | BbIXOAHOrO MOTOKa (KO3. OEKOAMPOBaHNS,
Tb AP cxatus) KagpoB/cek.
160x120,
10 Kappos/cex, 230 1%3?‘341'(6:;)/ c 1169
4,6 M6ut/c ' P
320x176,
25 KampoB/Cex, 80 (13:',,\"5”;’;) 414
33,8 M6uT/c ©P
320x240,
30 kagpoB/cex, 63 1(;133'\46?3{;: 321
55,3 M6uT/C P

mMbkoe ynpaBneHue koa(pPUUMEHTOM CxaTua (OuanasoH U3MeHeHust KoadpduumeHTa cxaTus
0a30BbIX KagpOB 3a CYET U3MEHEHMS1 KayecTBa KOAMPOBAHWSI COCTaBnsieT ~4 pasa, a MPOMEXYTOYHbIX
KagpoB ~3 pasa) Mo3BonsdeT MpPMMEHATb paspaboTaHHble anropuTMbl B CUCTEMAX CXaTus U nepegayu
BMAaeonocneaoBaTenbHOCTEN C OUHAMWYECKU U3MEHSIOLLENCs MNpPOMyCKHOM CNOCOOHOCTLI0 KaHana CBA3n
(Hanpumep, ana nepepadum no IP-cetam ¢ kommyTaumen naketoB). Kpome TOro, BbICOKas
NPON3BOANTENBHOCTb, B YAaCTHOCTU, anroOpuTMOB AEKOANPOBaHMUS, NO3BONSAET rOBOPUTL O MEPCNEKTUBHOCTHU
NCNONb30BaHWUs AaHHOIO NoAxoda B NMPOrpaMMHbIX cucTemax, Tpebytolimx ogHOBPEMEHHON AeKoMnpeccum
W BOCMpOM3BEAEHUS B peanbHOM MaclwTtabe BpeMeHW HECKONbKMX BUAEONOTOKOB (Hanpumep,
KOH(EPEHLICBSAI3b, CUCTEMbI BUAEOHAbNIOOEHNS).
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The two main directions are distinguished in modern video compression techniques. There are
intraframe coding preventing error accumulation, stream access and editing as well as interframe coding
aimed for high-efficiency bit rate reducing. But the main disadvantage of known approaches in video
compression is their low performance especially for interframe coding.

Authors propose video compression technique combined RGB->YCbCr transforming, intraframe
coding with using of optimized second order delta-transformations, interframe coding based on template
correction matrixes and rate control algorithm.

1. Intraframe Compression Technique

Briefly the developed intraframe coding algorithm is following. One ("basis") pixel per block with size
of 4x4 pixels are processed with using of optimized second order delta-transformation and ADPCM (on
significantly sharpen intervals). Missed at the first step pixels then are coded relative to basis pixel by
ADPCM and quantized. Using of additional loss-less coding (for example, arithmetical coding) allows
increase compression rate about 10-20 %. The computational complexity of proposed technique is 13 simple
arithmetical operations (additions and shifts) for coding and 8 operations for decoding without loss-less
coding as well as 28 additions and shifts plus 4 multiplication for coding and 23 additions and shifts plus 4
multiplication for decoding with one.

2. Interframe Compression Technique

The following issues were been kept in mind by authors during interframe coding algorithm. The
most of difference frame blocks have a low dispersion so they may be coded be its average value. The rest
of blocks may be efficiently coded with using of set of correction template matrixes. If applying of single
matrix doesn't provide desired quality the series of matrix may be applied. As result of "matrix-correction
scheme" the one or more index(es) of used matrix(es) in collection and scale factor for it(s) are transmitted.

The proposed algorithm has tolerable compression ratio and very low complexity relatively to modern
motion compensation techniques based on move estimation. Computational complexity of it is from 3 to 73
additions and shifts per pixel for coding and 3 additions and shifts per pixel for decoding.

3. The Results of Experimental Investigations

The software that realizes techniques and algorithms discussed above allows get compression ration
about 33-190 times under PSNR from 31 to 21 dB correspondingly. Coding rate is from 63 frames per
second (source video is 320x240 pixels, 30f/s) to 230 frames per second (source video is 160x120 pixels,
10f/s). Decoding rate is from 321 to 1169 frames per second correspondingly.

The planned range of developed algorithms application is videoconferencing, supervisor and control
systems, computer multimedia systems.




