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ABSTRACTO

O

VideoliransportCover[érror[pronelthannel stmaytesultinC
lossO or[d erroneous] decoding(] of [ theld video.O Error[
conceal mentfis[anleéffectiveliechanismlfolteconstructthel
videoltontent.[1 n(thisCpaper, CvelTeviewdifferentCerror]
conceal mentCmethodsCand i ntroducel s hew[ framework,[
whichD wel refer0] tod as[] second-generationd error(]
concealment.J AllO theD errord concealment] methods]
reconstructfhellostVideoldontent By makingliselof [Somelal]
priori] knowledgell about[] the[1 videol] content.[] First-
generationlerror Ctonceal mentCbuildsCsuchCalprioriCinCal
heuri sticCimanner.[T he[jproposed$econd-generationlérror [
conceal mentbuil dslthe[@prioribyinodelingthelstatisticsC
of (thelivideotontent. (Context-basedCmodel sCareltrained
withfheldorrectlyldecodedVideoldontent,[andfhen(tisedio]
repleni shlihelost[Videoltontent.[Trainedinodel sL¢apture]
thelStati sti cslof [Thelvideol¢ontent[@ndfhusfeconstructthel]
| ostiVi deol@ontentBetter fhanleconstructionDyheuristics.[]

O

1.OINTRODUCTIONO

0

When[dransmitting[Videoltlatalbver [érror[pronelchannel s,
thelvideo[datalmay[suffer[(from]ossesCorerrors.CError(]
conceal ment (i sCanCeffectivelway OtoOrecover Othell oss
informeati onCduelfolheltransmissionlérrorsiatfheldecoder.]
Comparedtollother Cerror Ccontrol Cmechani smsCOsuchCas(
forward(d errord correctiond (FEC) O [1] [ and automaticd
retransmission(fequestC{ARQ) 2], Cérror [concea mentthas[]
theladvantages(of (hot[¢onsumingléxtrahandwidth(asFECH
andChotCintroduci ngliretransmissionCtel ay(BsCARQ.[Error[]
conceal ment(¢an(al solbellisedfogether With[FEC@NdA RQO
when( both(J FECO and(J ARQU fail [ told] overcomel] thel]
transmission(érrors3].0]

Errortoncea mentCheedstolbelbrecededwith[somel]
error [detecti on(techani sm{folocatelthelérror [fegionlinihel
decodedVideol[J4][ 5] .00nCthi sCpaper, (velassumel that[thel]
error(fegi onliklbcatedSowelfocusidnthelieconstruction(of [
thellbstVideoldata. Mnlgeneral ,[Spatial ,[Spectral [Or femporal

T
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redundanciesCof [(thel[teceived[video[tataare[Uitilized[to[]
performerror(] conceal ment[6].00Hybrid or dynamicll
switchinglof [&patial/temporal Cerror[conceal ment[imethods]
i stal solpossiblelll7]-[9].dnlthi sipaper, velwill Heviewihese
error[@donceal ment(fhethods.

AllCerrorCconcea mentCmethodsCreconstruct[the[d ost(]
videol¢ontentbyfnaki nglliselof (Somel@lpriori (knowledgeld
about[ihelVideol¢ontent.[IM ost[éxi stinglérror [tonceal ment
methods, Dwhi chCweOrefer CtoCasfir st-generationOerror O
conceal ment, buil dfSuchCaAlprior [n[aheuristi clinanner by [
assuminglsmoothnessior[¢onti nuity[of thelpixel (val ueslétc.(]
Thel proposedd second-generation error [ conceal ment(
methodsOtrainOcontext-baseddmodel sDasOtheTJalprior.[
M ethodslof [Suchlaframeworkhaveladvantagesiover [irst-
generationlérror[¢oncea ment,[Asfhel¢ontext-basednodel (I
isCkreatedspecifically[for[the[videocontentChencetan(]
capturethe[stati stical (variationsUof (the(Jcontent (Jmore]
effectively.O

ThisCpaperlisCorgani zedasTollows.[dn[Section[2, (el
review(ir st-generati onlérror [éonceal ment by (providing @]
survey[of Ctonventional Cerror Ctonceal mentCmethods. DVeld
introducelfhelhew@ramework[df ($econd-generationlérror [
conceal ment(ih[Section(3.(Weldoncludelin($ection(4.(]

0
2.[FIRST-GENERATIONERRORICONCEALMENTO
O
First-generationerrortonceal mentCimethodsCbuil dthea]
prioriCforCreconstructingCthell ostClvi deoCcontent CinCall
heuri sticlinanner. [A [Si mpl eléxampl elisiolassumelthelpixel [
valuesiolbelsmoothlacrossiihelboundary[of Eheost(and
receivedregions.[OM ethodsClof Cithi sCiframework Cassumel]
smoothnessCortontinuity Cof (thelideo[datalinCdifferent
domai nsOsuchOasOspatial,Cspectral ,(Otemporal, Clor Osomel]
transformslof [ftheseldomai ns.[T olfecover Ibst[datalwithfhe
smoothness assumption, T interpol ation or 0 optimization
basedlonlcertai nfobjectivelunctionslareloftentised. [5incell
first-generati onCérror [éonceal mentmethodsperformlérrorC
conceal mentvithBuchheuri sticlknowl edge, veld sol¢al I ]
them(Reuri sti c-based(érror [donceal mentthethods. [

First-generationClerrorCconceal mentCimethodsTal | Cintod
twolGdategories:[Spatial/spectral [@ndiemporal ,[asfollows.[



O
2.1.0 Spatial/Spectrald] Errord Concealmentd with(
I nterpolationd
O

Spatial CerrorCconcea mentCassumesithat [imagesTlareld
smoothlinfhature.[Il ostlimageldontent[danbelfeconstructed
by[interpol ati ng[fromhei ghboringpixel s.(Workby[Wang[
et0al.00[10] DandOHemami DandOMeng[[ 11] CareCearlierd
exampl esLof [lising[$patial [interpol ati onfolaccomplishiihed
task[of Cérror[¢onceal ment.[However, [$patial [interpol ation
approachesloften[suffer@romblurringlinihelédgeliegions]
of [helimage.[Beveral Capproaches havelbeenproposedfol]
resol velthisCproblem.[Buhfand[Hol] 12] (proposediolfind[]
edgesirstfandlinterpol ate[@ ongthelédgeldirection.[Zhulet[]
al.[J13] [proposedtoluse[@l$econd-order[derivative-based]
method(folfeducelfhe®! ur Ecrossthelédgelwhil elénforcing
theldsmoothnessJalongtheJedge.0ZengOandOLiu0[14] 0
proposedtoperformdirectional [interpol ationbased[bn[]
neighbor’ sigeometri clstructure.[RobielandM ersereaul[115] [
proposediblusefhelHoughliransformioldeterminelfhelbest[
orientationfor[either[directional (ilteringlorlinterpol ation.(]
NotOonlyOcanCinterpol ationCbeOappliedtoCtheOspatial [
domain, out[al sotothe[spectral Cldomai nCisuchCasthed
discreteltosinelfransform{DCT)domain, @siproposediby]
ChungCet[al .[7 16].[0Someother Cimethodsarebasedon]
proj ection-onto-convex-setsL{POCS) [that[terativel y[lses]
thelsmoothnesslassumptionfandpixel [orIDCT al uelianged
informationfor(érrorldonceal ment[117][18].00

Anlextensi on[folfhelassumptionlfhathatural [images(are]
smoothJ and[ the( val uesd arel] continuous] spatial ly[l orJ
spectrallylisfoladoptThelV arkoviandom(iiel ds[{M RF) {o
model (theldmages] 19].CM RFbasedkrror Cconceal ment
methodsOverelTirst[proposedbySalamal&t[al.[J20]-[22].0
L ater (Bhirani [et[@l. [123] (proposedio@daptivel y[adj ust[fhed
M RFOmodel CparametersCbutChot[told ncrease theCmodel O
orderCandshowedthat(theadaptive[IM RFCoutperforms]
M RFOmethods. (M ulti scalelM RFL{M M RF) [by[Z hangCand
M al] 24] T sCanother Cextensi onCof (M RF.CM M RFCmodel sO
imagelbl ockslinsteadlof imagelpixel s.[(Work by Z hanglét[]
a.[J 25] Omodel sCtheID CT Clcoeffi cientsCasCal first-order [
M arkovprocessandlisesIL apl acianldi stributionoinodel O
theldensityfunctionlof theDCT [Goefficients.[]

O
2.2.[Tempor alError [ConcealmentiwithM otion[Vector O
Estimationd
O

Temporal [érror[eonceal mentinethodsllisethelfiemporal O
nei ghbor, [fhat(is, (previ ousframelor hext{firame, foldonceal [
thelossLof [Theléurrentframe.T emporal [érror[donceal ment [
methodsassumellthellvideolcontentJtoIbelsmoothCor [
continuouslinfime.[A basi clapproachlisiolrepl acelfhelost
bl ock[of Theldurrentframelwi thitheldontent [0f Thelprevious]
framelinhel$amelbl ock Mocati on.[A better Epproachlisfo]
replacethel ost[block CwiththetontentCof [theprevious]
framelat [thelmoti on-compensated ocati on.WithCsucha

temporal CerrorCtonceal mentscheme, Cimotion[vectorsCarel]
utilizedtolfindthetorrespondingCbl ockocationnthe[
previousirame.[However,[inthelprocessLof [Hransmission, ]
motionOvectorsOcanCbellostOasOwel . [WithoutOmotion
vectors,[] temporal (] error[] concealment] withdD motion(]
compensationCtannot[bel&chieved.[T herefore,[techniquesd
tolestimatelthelostrinoti on[ectorsiwerelvidel yldiscussed.(]
Boundarymatchinglal gorithm{BMA)[proposedby Il amlet[]
al.[026] Ui sCalpopul ar Omethod CtoClesti mateldl ostCmotiond
vectors.[ExtensionsitolBMA [tan[be[found[in[J27]-[30].0]
Decoder[notion[Vector[éstimation[{DMV E)[proposedby[]
Zhanglét(al.[[131][ 32] [reatsthellosslof [motion[Wectorsias/al]
motionCestimation[problem,[inthe[tlecoderinsteadlof [in[]
theCencoder.[IM otionCffiel dClinterpol ation[(M FI ) Cand i tsC
extensi ons[proposedy[Al-M uallalét(al . [133] [ 34] [éstimates]
thelfnoti on¥ectorsfromlhei ghborsivith(gingl elor [inul tiple[
referencelframes.[Furthermore,[ 1L ee[&t[&l.[] 35] (extended
trandgl ati onal (bl ock[inoti on[folaffi nelfransform@or [inotion-
compensated(érror[@donceal ment. I
O
3.[3ECOND-GENERATIONERRORDO
CONCEALMENTO
O
Second-generationCerror[conceal ment[buildsthe[alpriori]
by rai ning@Lcontext-basedinodel Mor [Anlobj ectlorHegion]
ofdnterest({ROI) Candusesthelinodel (ioltecover ihelost
data.[(With[bbj ect-basedVideoltodingCstandardssuchCas]
M PEG-4[] 36],@helvideolbitstream@ ready[containstROI [
information,d whichCd makesO second-generation] error(]
conceal ment[possi bl e.dn[¢asefhe[ROI [nformati onfishot ]
availablelinthelvideolhitstream,objectirackerstanbel]
usedtolextract[the[ROI [information.[5inceltheltontext-
based[odel [isCereated[$pecificallyForihelobject, [t [can]
capturelfhel$tati stical Wari ationsLof [Thelobj ect[&ffectively,
andO yieldd goodd conceal ment result.[] Sinceld second-
generationCerrordconceal mentOmethodsCtrai nClandCapply O
context-basedinodel sfor[&rror [conceal ment, Livelal sol¢al | (I
them(hodel -basedér r or [Gonceal ment(thethods.[

Principal CtomponentCanal ysisc{PCA ) Chas[been[Wwidely[
usedto0model Cobj ectsCor CROI.OT heCmostOwel | Cknown(
exampl elisC&i genfacel] 37], ivherel@hefacelimagesitanbel]
model edCvel | Lvith[PCA.. [Fi gure L [showslanCexampl efof [
usingCPCA [tolmodel (FacelimagesithCalmeanandiwoll
eigenvectors.O Theld meand captures] thed average face]
appearance[andthelkigenvectors tharacterize[variations]
suchlasposelor@xpressionNariations.]
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Figur el1.[PCA [for [facelimages: [(a) iean; [(b) %"
eigenvector ; [[c) 2" genvector ”




WithPCA [as[Thelfnodel [af [theldbj ect[Stati stics, veldan]
trainfhelPCA [hodel ,lile.,[fhelthean@nd(eéi genvectors, from
correctlyldlecodedldatalin(he[ROI .[T hen,(velproj ectlany
corruptedROI [YotheJPCA Omodel [tolrecover [the[ostO
portionlof [ihe[ROI.[Us ngfiacelimageslasianéxamplelof [
ROI, wvelill ustratelSuchlerrordonceal mentin(Figure2.Thell
PCA [thodel in(@ (isfrainedih@dvance. [T heldorruptedROI O]
i n@gsm)roj ectedo@he[PCA [inodel Holget[fhelfecovered
ROI®.0

ON-
Figure.[Error [GoncealmentWith[PCAO

O

POCS[ tan(al solbeladoptedivith(the[PCA [inodelinglof [
thelobject.[Error[¢onceal menthased [ONPOCSHormul ates]
eachl¢onstrai ntfaboutGhellinknownsas@ ¢onvex$et.[The[]
optimal Csol utionCi sCbbtai ned by Citerativel yCprojectingCal]
previous[$ol utionContoleachlconvex[set. [T helprojections]
refer[tol{1) Cproj ectingthe[tatawith[somelossestolthe[]
PCA Omodel Cithat (i sClbuil tConClerror-freeldata, Jand((2) O
replacinglihelteconstructeddatalfromIhefirst{projection
with(OtheOcorrectlyCrecei vedOdatalJinCthellcorrespondingd
region.llustrati on[of [POCS[based(érror[d¢onceal mentwith(]
PCA [isi3hown(inFigure[B.[ThelPCA (inodel [In(2 [is[pre-
trainediwithlgdorrectly(decodedROI.[Anycorrupted[ROI ih{
(O slproj ectedfothePCA [nodel foldbtai nthetecoveredd
ROI [(3.[After[thelteconstructed(ROI [(3)[is[bbtained, [thel]
regionClinC® OwherelthelldatalwasCloriginallyCcorrectly[]
decodedistepl acediwith(hel¢orrectlyldlecodedldlata. [T hel
result(is{proj ected(agai n(fothePCA [fhodel [@ndSolonuntil [
thelfeconstructionfesul tlis(Satisfactory.[]
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Figurel3.[POCSDased(ér r or [donceal mentWith[PCAO
g
I nterested(fieadersid¢anef er fofhelvorkinI38] [ 39] (Hor
model -basedérror [eonceal ment Wi thmixturelof (principal O

componentsC{ M PC) CandCupdati ngCmixture[Jof Cprinci pal O
componentsC{UM PC)[tespectively.[(M PCLand[UM PClare[]
extens onsCJof IPCA OmodelingClof Cthe[JROI Ocontent.CllnC
addition[fofheld¢apability[of IPCA [{olcapturelthelstatistical (I
variationslof [fhe[ROI [¢ontent,[M PCl¢an[iodel (Thelmnulti-
modal [¢haracteristiclof (fheldata. (UM PCl¢anfurther[@dapt [
withfhelfon-stationaryfaturelof thelROI [dontent.[]

In[addition[{oPCA,[M RFinodel [¢an(al sobeluisedfor ]
model-based] errord concealment.[d Shirani O et al.0[40] 0
proposedibliiselan(appropriateflormiof M RFToliodel [the[
shapel] information] of 0 MPEG-40 video.dd The MRFO
parametersCarelbbtai ned[fromtheledgeldirectionslof [the[]
neighbors.[A M axi mumCA [Posteriori [{M AP)Cestimation]
givesthelmost[ikely[teconstructi onltesult[given[3uchfan(
MRFhodel . [Furthermore, inodel -basedérror[donceal ment[]
canllise[inodel slthat [vereloriginal lyproposedformodel -
basedvideoUcoding. T hesellinclude13-D Cmodel Obased
approachesiwherelal3-D [mhodel [6f (Thelobj ect[appearancelis’]
builtbeforel¢odingland2-D inodel hased[approachesthat [}
uselldeformabl elsegmentati onClof CtheldimageJandCaffine[
motionCmodel s.[JA [fine[Joverviewmay [be[bbtai ned by [
AizawalandHuang41] @ndPearson[42] .00

Temporal 0 model-based error[] conceal ment[J isC]al so]
possible.[ThelbbjectCor[ROI [informationCisCprovided[by[]
eitherhelWi deoli tstreamlor[Somelodbj ect[racker.[M odel s
canlbelbuilt[dormotion[ectors.[For[&xampl e, (& genflow
proposedin43] [danbelusedfolinodel [motionectorsiand
reconstruct@ny Tostmotionectors.T helfecoveredmotion]
vectorsidanfhenBbellsedfor femporal [érror[doncea ment.[]
O

5.[CONCLUSIONO

t
I nthi sipaper, ivelproposed(ahew(second-generationlérror]
concealmentl] framework.J Second-generation error(d
conceal mentinethodsirai nandteconstructfhelostVideol
content[bydontext-basedmodelingl@ndthusiprovidelbetter]
error[J conceal mentd resultsT than{ heuristic-based[ error
conceal mentfhethods.
t
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