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00O «HOHuKk A Cuns»

Kak nssecTtHo, nepegava gaHHbIX MO KaHanam CBs3M C NOMexXamMu COMpsiKeHa C BHECEHMEM OLLIMOOK
B nepegaBaembln NOTOK. OWMBKM Takke MOryT BO3HMKaTb Npy nopye HocuTenewm uHdgopmalmu, Hanpumep
uapanuHbl Ha DVD n CD guckax. 3to notpeboBano BBeAEHNS MEXAHM3MOB BOCCTAHOBEHNSA MHGOpPMaLNK
OT owmnbok B cTaHAapTbl koguMpoBaHusi Buaeo. B crtanpgapte MPEG-2 aTM MexaHuamMbl OensTca Ha Tpu
KaTeropun — nogaepXxuBatoLLme CUHXPOHMU3aLMI0, BOCCTaHaBMNMBaOLLME AaHHbIE U MacKMpyoLLne OLINBKK.

B kauecTBe mMexaHu3ma nogaep)KaHms CUHXPOHM3aL MM B NMOTOKAaX MUCMOSb30BaHbl Tak Ha3blBaeMble
cTapT - koapl (koabl dmkcnpoBaHHoM anuHbl Buga 0x000001XX, roe 0x000001 — npedmke, a XX — Homep
cTtapT-koga [1]). AT mMapkepbl NpeaLecTBYOT O4HON U3 NOTMYECKUX CTPYKTYp BuaeonoToka. Ha pucyHke 1
npeAcTaBreHa 4acTb 3TUX CTPYKTYP U UX OXngaemoe (No cTaHdapTy) B3auMOopacrnosioXXeHne B NoTOKe.

ISONEC 111722

PucyHok 1. Bbicwul ypogeHb op2aHusayuu 8udeornomoka.

[MosiBNneHVe B NOTOKE COOTBETCTBYIOLLEro Mapkepa ykasblBaeT Ha Hayano HOBOW IOMM4YecKon
CTPYKTYpbl. 10 YpOBHIO Mepapxum CTPYKTYpbl MOXHO pasgenuTb Ha 3 rpynnbl: [MocnegoBaTenbHOCTb,
pynna wns3obpaxeHun u W3obpaxeHue. Kaxabii 6Gonee BbICOKMA YPOBEHb MepapxXxun HaknagbiBaeT
orpaHnyeHnss Ha cnocob paboTbl CO CTpykTypamm 6Gonee HU3KOro paHra, MO3TOMYy ANs MNpaBUNbHOIMO
AekoanpoBaHus  otdenbHoro  M3obpaxeHnuss HeobxoOMMO UMETb  KOPPEKTHYK  MHopmaumio o
npeglwecTByOWNX CTpykTypax [ocnepoBatensHocTb 1 pynna nzobpaxeHun. CpeacrTsa pecMHXpoHM3aumm
MbITAlOTCA BOCCTAHOBWUTb CUMHXPOHM3AUMIO MeXdy [OEeKOOEepOM W MOTOKOM [AaHHbIX HapyLeHHyl B
pesynbtate OWMWOKN. [aHHble Mexay TOYKOW MOTepV CUMHXPOHM3aUMM U MOMEHTOM €€ BOCCTaHOBIIEHMS
BblibpackiBaloTCs. Kaxgasi CTpykTypa MMeeT orpaHMYeHnss Ha CMHTAKCUC, KOTOPble MO3BONSAT OOHApPYXUTb
UCKaxXeHNst JaHHOW CTPYKTYpbl. OgHAKo, BO3MOXHA CUTYyaLMs Tak Ha3biBAeMOW aMynsALmMnM cTapT-koaa, Koraa
B pesynbTaTe ownbkn B oGpabaTbiBaeMON CTPYKType BO3HMKAEeT nocneaoBaTeribHOCTb BUTOB MAEHTUYHasA
Mapkepy. B aTom cnydae gekogep nepexoaut Ha oBpaboTKy CTPYKTypbl, KOTOpas AOMKHa cnefoBaTtbh 3a
HangeHHbIM MapkepoMm. B kpuTuyeckom criydyae MOXET BO3HUKHYTb CUTyauus aMynsiuum crapT-koAa
MocnepoBatenbHOCTN, B pe3ynbTaTe KOTOPOW CTaHOapTHbIM Aekodep nepexoaut Ha obpaboTky HoBoW
MocneposatenbHocTn. B xone pabotbl aekoaoep obHapyxmBaeT, YTO CUMHTaKCMC NOTOKa HE COOTBETCTBYET
CMHTaKCUCy CTPYKTYpPbl U BbIHYXAEeH cOpacbiBaTb BCIO MocrneayoLyo MHopmaumio OO Tex nop, Nnoka He
obHapyxut cregylowmn Mapkep [locnegoBatenbHOCTM, Tak Kak cydTaeT, u4TO npegblaywiasi
lMocnegoBaTenbHOCTE 3aKOH4YeHa. TakMm obpas3oMm, TepstTCs BCe M300padkeHWs, Haxodswmecss Mexay
MECTOM 3MyIsiUUKM CTapT-Koga W CcrneayloLllen npaBuribHOW CTpPykTypon [locnegoBatenbHOCTb. YTOObI
n3bexaTb NOJOGHbBIX NEPEex0aoB AeKOAep AOIPKEH CHavana NpoBepsATb Creaylowmin 38 MapkepoM NOoTOK Ha
COOTBETCTBME CUHTAKCUCY COOTBETCTBYIOLLEN CTPYKTYpPbl M TOMbKO 3aTeM cuMTaTb 3Ty CTPYKTYpy peanbHO
NPUCYTCTBYIOLLEN B NOTOKE.

[Mocne TOro Kak CMHXPOHM3aUUS BOCCTaHOBIEHa, CpeacTBa BOCCTAHOBIEHWSA AaHHbIX MbITAKOTCA
BOCCTAHOBUTb [aHHble, KOTOpble B obuem crnydae MoryT ObiTb MOTepsiHbl. DTU CpeacTsBa SABNATCH He
NpOCTO nporpaMMamy KOPpeKLMM OLIMOOK, a TEXHWKOM KOAMPOBAHUSA [AaHHbIX, KOTOopas ycTohuuMBa K
owmnbkamMm. Hanpumep, 0gHO KOHKpETHOEe CpedCcTBO, koTopoe 6bino ogobpeHo paspaboTynkamu cTaHaapTa,
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saBnsieTca obpatumbiMu kogamu nepemenHon anuHel RVLC (Reversible Variable Length Codes). B atom
noaxode, KOOOBble CrOBa MEPEMEHHOW OSIMHbI CKOHCTPYMPOBaHbl CUMMETPUYHO, TakK YTO OHUM MOFyT
4YUTaTbCS Kak B MPSIMOM, Tak U B 0OpaTHOM HanpasrieHum.

CokpbiTe owmnbok (Mveetca B Buay Mpouenypa COKpPbITUSA MOCMEeACTBMI OLIMOOK) sBMsieTCs
UCKIMIOYNTENBHO BaXXHbIM KOMMOHEHTOM f0BOro ycToMumMBOro K owuvbkam Bugeo kogeka. B ocHoBHOM
anropuTMbl  COKPbITUSI  3aKMYalOTCA B MNPOCTPAHCTBEHHOW WM  BPEMEHHOW 3KCTpanonsuumn  yxe
OeKoaMpoBaHHbIX AaHHbIX. CpeacTea Anst BpEMEHHOW 3KCTPanonsiLm YacTUYHO NPUCYTCTBYIOT B CTaHAapTe
(Tak HasbiBaeMbl concealment motion vectors) 1 Mx ncnonb3oBaHWe XOPOLO onucaHo. MNMpocTpaHcTBEHHAs
3KCTPanonsumMst UCMNOmMb3yeTcsl B Cry4ae HEBO3MOXHOCTU MPUMEHEHUSI BPEMEHHOW 3KCTpanonsauum
(Hanpumep, onopHeble kaapbl). O6nacTv, ANs KOTOPbIX HE yOanocb AeKoAMPOBaTb AaHHbIE 3aAMONHATCA
3KCTPanoNMPOBaHHbLIMW OTCYETAMMK, MPU 3TOM WCTOYHMKOM AN BPEMEHHOW 3KCTpanonauum siBnsieTcs
npeablaywmn kagp tuna | unu P [2], a Ana npoCTpaHCTBEHHOW - OTCYETbl, PaCrofoXeHHble Bbille
9KCTPanonMpyeMbIX.
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DETECTION AND SUPPRESSION OF ERRORS AT DECODING VIDEOSTREAMS MPEG-2
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It is known, data transmission in noisy channels leads to appearance of errors in a received stream.
Another source of errors is a damage of data mediums, for example scratched DVD and CD disks. It requires
development of data restoration mechanisms in standards of video coding. MPEG-2 standard provides
following mechanisms: synchronization, data recovery and error masking.

Synchronization is performed by use of so-called start-codes (fixed length codes of a form
0x000001XX, where 0x000001 — is a prefix, and XX — is a start-code type [1]). These markers precede one
of logic structures of a videostream. In figure 1 the part of these structures and their expected (standard)
interpositions in a stream are shown.

SO0 T2-3

Fig. 1. High level bitstream organization

Occurrence of the appropriate marker in a stream specifies the beginning of new logic structure. On
terms of a hierarchy level of structure they could be divided into 3 groups: Sequence, Group of pictures and
Pictures. Each higher level of hierarchy imposes restrictions on decoding of lower level structures, therefore
for correct decoding of separate Picture it is necessary to have the correct information on previous structures
(namely, Sequence and Group of pictures). Mechanisms of synchronization try to restore synchronization
between the decoder and broken bitstream. The data between a point of synchronization loss and the
moment of its restoration are discarded. Each structure has restrictions on its syntax which allow detection of
its distortions. However, the situation of so-called start-code emulation when damaged part of stream
contains a data sequence similar to start-code. In this case decoder tries to decode structure which should
follow detected marker. In a critical case, Sequence start-code emulation will falsely lead standard decoder
to processing of a new Sequence. After that decoder will find out, that syntax of a stream does not
correspond to syntax of Sequence structure and will be compelled to discard any subsequent information
until detection of the next Sequence marker as it considers previous Sequence to be completed. Thus, all
pictures between start-code emulation position and the next correct Sequence structure will be lost. To avoid
similar erroneous transitions decoder should check stream following that marker on conformance to syntax of
the appropriate structure and only then decide this structure as really present in a stream.

After synchronization is restored, mechanisms of data restoration will try to restore data which
generally may be lost. These mechanisms are not simply programs of error correction, but data encoding
schemes, which are proof to errors. For example, one mechanism, which was approved by developers of the
standard, is a use of Reversible Variable Length Codes (RVLC). In this approach, code words of variable
length are designed symmetrically so they may be decoded in both forward and reverse directions.

Error concealment (which means a procedure for hiding consequences of errors) is extremely
important component of any error-proof videocodec. Concealment algorithms consist of spatial or temporal
extrapolation of already decoded data. Some mechanisms of temporal extrapolation are present in the
standard (so-called concealment motion vectors) and their use is well described. Spatial extrapolation is
used in case of impossibility of temporal extrapolation (for example, in the intra frames). Areas not covered
by successfully decoded data are filled by extrapolated values. In case of temporal extrapolation previous
frame of |- or P-type [2] used as an extrapolation source, and in case of spatial extrapolation, values located
above extrapolated one used as that source.
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