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ABSTRACTO

Welpr esent[linCithi sCipaper ClanCadapti velj ointCisour ce-channel [
codinglSchemelusi nglfatelshapi nglon(pre-codedvideoldata. [Ratel]
shaping3el ectivel yldropsiporti onsiofTheli deolbitstr eambefor el
transmittingCthemCinCor der (tolsati sfythehetwor kCbandwidth(
requirement.00 In0 wirelessO multimediald transportd] over(
heter ogeneousetwor ks, [[i mited bandwi dth(isihot Theldnl ylissue. [
Thelhighlérror [MateloffTheldchannel [Shoul dbeldonsi deredlasiwvel |, [
sol¢hannel [¢odinglisioftenapplied.[(Welproposelatatelshaping]
methodthat[dropsChotConlyihel$our ce-codinglsegmentslofihe[]
videolbitstream,[butCal solthe[thannel -codingCsegmentsCbfthed
video[bitstream,[adaptivel ylaccor dingfofhemetwor ki¢ondition,
inforder fof@chi eveltheldpti mal (Mate-di stortionper formance.[Thel
proposed] method(d is[] based] ond “ discretel] rate-distortion
combination” (toCaccomplish(jointCsource-channel Ctoding. OVel
consider [both(thel[s mul castCandmulti cast[ScenariosCand3how
promisingesults.(]

1.INTRODUCTIONO

Video[ransmissi onlis[¢hallengingnhaturebecauselithashighO
dataltateltomparedtolbther[tata types/mediasuchCastext[or(]
audio.[dnC&ddition, @hel¢hannel andwidth(Ti mit@ndlerror [pronel]
characteri stics[al solimposel¢onstrai ntsLandLdli ffi cul tiesfon[VideoO
transport.[A [oi nt[$ource-channel [éodi nglapproachlisiheededol]
adapt[thelVideolbitstreamioldifferentCthannel [tonditions.[The
joint[Source-channel [dodi nglapproachshoul dbelscal abl elasivel I 0
tobeldppliedib@multicastScenario.[]

Welproposel@Joi nt[Source-channel [¢odi nglschemebasedonthe]
conceptOof Orate(IshapingOtoJaccomplishOthetask Jof Cvideo
transmi ssion.[ThelVideol[Sequencelisiirst(Sourceld¢oded ol lowed
by[thannel [€oding.[Popul ar[sourceltodinglimethods are[H.26301
[1],EM PEG[R(] 2], Cktc. CExampl eCthannel CtodingCmethodsCare[]
Reed-Solomonltodes,[(BCHtodes,Candtheltecentdurboleodes]
[3][4].07helsourcelandIchannel Ccodedvideo[bitstreamthend
passesthroughtheTratelkhapertolfit[thelthannel Chandwidth(d
requirementCJwhil el achievingd the[ bestCreconstructed videoO
quality.JAsbpposedtoltonventional Cratelshapers[5][6],thel]
proposedCratelIshaperCexplicitlyCconsidersCthellchannel Cerrord
condition.Od

TheOproposeddratelshaper Operformsidiscretelrate-distortion
combinati onffolfhel&éncoded Vi deolbitstreambeforelit[sendsihel
videolhitstreamto[the[lchannel.OOT he[jproposeddiscretelrate-
distortionCcombinationC&l gorithmlisCespecial lyLeomputational ly
efficientl@ndlperformsa@ most(asiwel | [@stheléxhaustivelSearch.[

T

u
u

For@helinulti cast[$cenario,velproposefolliselaodifi ed[path-
basedTatelshaper. [InTarge-scal elheterogeneousmetworks, (thi slis(]
especiallyOuseful .OThelnetworkOcannotOafford(thesimul cast
transmi ssion(Specificallyfunedfor@achUser. [Onlthelother hand,
withOmulti cast,JallsingleDadaptabl eClvi deo[bitstreamCcanCbel
decodedbymanylisers.[Therefore, (iulti castingCsaveslallot[of (1
bandwidth.[Thelproposedipath-basedratelshaper [generatesivideol]
bitstream(that!(iisldecodabl elfor othThelhi gh-endiser, [Such@s@]
broadbandmetwork Wiser, [Asivel | [@sTheli rel essiphoneliiser, ith(
limitedBandwidth@nderror-proneléhannel.C]

ThisCpaper [ sCorgani zedCas ol | ows.[(Bection[RCEtartsCiththed
systemldescri ptionl[of Theljbi nt[Source-channel [doder.[Sourceland ]
channel JcodingCmethodsOarelddescribed.OInOSectiond3,Owe
introducelthel[proposedtate-distortionCoptimizedFate[haping,l]
withOillustrati onClof CithelJdi scr etelr ate-di stor tionCicombi nation
algorithm,[@nd0vith{heléxperiment[Showinglthelperformancelof
the[proposed[& gorithm.InCBection4, Divelintroducelpath-based
rate[Jshaping; Jandthe(JexperimentOshowsthat [t Cutili zesCkthed
bandwidthlefficiently.(Weléoncludelour work[andlprovidefutured
researchldirectionslihihelbst(Section.O

2.[3YSTEM DESCRIPTIONO

TolransmitfhellideoDitstreamléffectively,velproposeltheljbint(]
source-channel [codi nglsystemCasCshownCinCFigurel.[(InCthisO
system, OthellvideoOsequencelisfirstOsourcellcoded. OWelin[J
particular[Lisethelscal abl elVideoltoding] 1] [ 2] . CWith[scal abled
videoldoding, Theli deolSequencelisiéncodedintolSeveral Tayers. (I
thedbase[Jlayerd andOtheldenhancementlayersOwithO qualityd
refinementsiothelbaselayer [Videolbitstream.[Afterhel3ourcel]
codingC$tage, [¢hannel [¢odingliserformedoléachlayer[of (Thel
videolbitstreambylanlérror[torrection[¢odeléncoder[{shown&s]
ECCUOencoderOinOFigured1).0Applyingdchannel OcodesOwithO
differentCerrorCorrectionCtapabilitiesoldifferentayersCof thel
video[itstream(is&nown(@siinequal [érror [protection[(UEP).(Wel
applyJReed- SolomonOcodes][ 3] OtoCtheOsourcelcodedCvideod
bitstream. [T he[proposedTatelshaper ThenshapesihelSourcelandd
channel [doded i deo(DitstreamBy[3el ectivel ySendingportions[of O
thelVi deolditstream(fofhel¢hannel . [T akinglinformationfromthe
sourcelencoder, [Thelthannel [éncoder,[andihel¢hannel ,[Eheltate]
shaperJoptimizesvideodtransmissionin(the[lsenselJof (rate-
distortion.[ The[d decoderdthenO decodes the[JreceiveddvideoO
bitstream.O

O
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Figur e1.[3ystem(diagr am(af fheljloint [Sour ce-channel [doder : [(a)[@ncoder ; [(b) [decoder

3.[RATE-DISTORTIONIOPTIMIZEDRATED
SHAPINGDO

AftertheltideolSequencelhasBeenSourcelandlchannel [doded, Theld
rate[shaper [then[tleci desCivhi chCportionsLof [theléncodedVideo
bitstreamvill (belsent[@olEhelthannel . (L etfusleonsider [Theltasel]
wherelthelideolSequencelilsiscal abl eléodedlintofwolayers: [onel
basellayer[andldnelenhancementliayer. (EEachlof (The[fwolayersisl
error[¢orrection¢odedlvithldifferentlérror[¢orrectionl¢apability.[]
Thus,Therel@refourSegmentsiinthelideobitstream: [fhelSource-

codingSegment(of theBaselayer bitstream(({l ower [eft[Segment[0f ]
Figure[2[1f)),the[thannel -codingsegment [bf (thebaselayerd
bitstream{(l ower i ght Csegment Cof (i gure[2[f)), the[source-

codingCsegment[of [Ehelénhancementdayer [bitstream{upper deftd
segment[of (i gurel2[{f)),[Andheldchannel -codingSegment[of the]
enhancementayer [bitstream{upper [t ght (egment[Cof [Figure20
(f)).O0heltatelshaper il [dleci delivhi ch[of [Thefour [$egmentsiol
send. [T helfatelshaper[¢annotHandomly[¢hoosel@ny[¢ombination]
of Thesel$egmentsliol$end. [For[&xampl e, [f Ihel¢thannel -codingd
segmentof [fhelbaselayer [isi¢hosen, [hel$ource-codingl$egment]
of thelbaselayer [Shoul dibelchosen[@siwel | . Inthefivo-layerase, [
therelareotal ly[six[WalidCtombinati onsLof [(segmentsC{Figure[20]
(a)~(f)).OrhelsegmentsCiviththelsolidCboundaryCarel thelbnes]
bei ngC$ent, (vhil elihel$egmentsivith[Theldlashboundaryarelihe
oneslbeingCdropped.OWelta | CeachDvalidCtombinationCalstate.[]
Eachistatelisfepresentediby alpairof [integers(x, y ) ,ivhere[X [

i stihefmumber[f [$ource-codingl$egmentsithosen[¢ountingfrom
thelbasellayer[@nd0ly [sthefumber[of[dhannel -codingSegments]

chosenlcountingfromthelbase[layer.0x CandOy Csatisfythell
relationshiplof(k > y .[0
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Figure2.Valid[States: [{a)[Statel(0,0); [(b) Statel(1,0); [(c) (State

(1,2); [(d) Statel(2,0); [(e) [Statel(R, 1); [F) (Statel(2,2) [
Theldeci s onlof [thefate[Shaper[canbelopti mizedlgivenihelate-
distortionlinap, [or[R- D [nap, [of (éach[¢odi nglinit. [A [dodinguinitd
canlbelaframe, [@nacrobl ock,[étc.,[dependinglonihelgranul arity
of fheldecision.[ThelR-D apsivarywithldifferentlchannel [érror
conditions.0Giventhe['R-D Cmapof CeachcodingCunitCwithCall
different[¢onstel | ati on[of [States[{Figurel3),Thelfatelshaper {inds
thelstatelvi th(thelminimal [8i stortionCunder Ceertai nCbandwi dth(]
constraint(iB” . On[fheléxampl elof [Figurel3,[State{1, 1) of [WnitO
and[Statel(2,0)[of WnitC2&rel¢hosen. [Buchldeci sionliisimadelon]
each[of [TheltodingClinit[gi venIhelbandwidth¢onstraint[1 B” [of (]
thatmnit.O]
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Figur e3.[R-DImhapsaf [dodingdnits: [(a) Wnit[d; [(b) Wnit2; [{c) O
Unit@B@ndSoon0
ConsidertakingCalframelas al codingClinit.[Videolbitstreamlis]
typicallyOcodedCwithOvari abl eCbi t CratelinClorder CtoCimai ntainCl
constant[ideolduality. T olininimizeheloveral | [di storti onfor @]
grouplof[pi ctures/frames{GOP), [t [isfhot [énoughfol¢hoosethe
statelfor[@éachframelbasedidnfheléqual ly[allocatedBandwidthfo]
everylframe.Welwill [introducel@Smart (fatelshapi ngschemelthat
all ocates(dli fferentbandwi dthfoléachframelin[A[GOP. [T heltate[]
shaping schemed is[J based on{ the[] discreteld rate-distortion(]

combination(agorithm.OI
3.1.[hiscretelRate-Distortion[CombinationfAlgorithmO

AssumeltherelzrelF MramesinEGOPENdEhefotal handwidth
constraintforthesedF DramesOsOC (0L etDX(i ) [hetheTstateO

chosen(orframeld (andet[D, (i) @ndDRivx(i) (elfheltesulting
distortionandfatel@tframeli Mespectively.[Thelgoal [of Fhelfatel]
shaperlisib:[]

F
minimize(] Z Dixiy e
i=1

o)

InCrinci ple, Cthi sCopti mi zati onCproblemCOcanChelaccomplishedd
usingDynamicProgramming(] 7][ 8] [11] .[T heldrel lisCdiagramis
formedWith(fhelX-axisbei ngtheframelindex( ,y-axisbeingthed
cumulativeltatel@tframe ,[andiheltostFunctionlof GhelrellisO
beingtheltlistortion.OfthereCare]S Cstates it each(frame,thel]

number[bf ChodesCat(Frameld = F [Will CbeJS” [{ifChonCofthel]
cumulativel rates] are[] theld same).O Thisd methodO isO tood
computationallylihtensive. [l

IftheChumberCof (States, [0S ,[is(arge, [the[R-Dmap[becomesLal]
continuousOcurve.0ThelL agrangianOOptimization[9][10][11] O
method canObeJusedOto sol ve[Jthi sCloptimizationCproblem.O
However, [ agrangi anCiOpti mizationCmethodCcannot Creach[thed
statesthat[do[notresi deldnitheldonvexbul | [0f ThelR-DBurve. I

InOthisO paper, Owelproposell ald new discretedrate-distortion
combination(@ gorithm@sfollows: [

F
i=1
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Atléachframe, [&liminateThelstatelinEhelmaplif dherel]
existslsomeother [state[ that (1 sCsmal ler [inCrateCland O
smaller[in[distortionthan[thelonetonsidered. (ThisO
correspondstolEiminatingCstatesintheLppertight
corner[df Theltap(Figureld{a)).0]

At0 eachO framed 1,0 eiminated Statel b O if0

R, <R, <R.O andD ‘Dib_Dia <‘Dic_Dib
|Ry=Ra| |R.~R,
where[State[a [aBnd[State[C [Erefwolhei ghboringlStates]
of (Btate[b .[ThisGorrespondsiioleliminati ngStatesthat
arelonfhellipper i ght[Si delof [any i nel¢onnecti ngfwoll
states.[For[@xampl e, [StatelD [sonfhelipper(fightSided
of [Ehe(linel¢onnectingCBtate[A [Bnd[State T [(Figure4]
()).[Thus,State[D el iminated.00
L abel (theldemai ni ng(statesinléachframefrom(thelstate]

with(thedowest[Tate,[(Statel1l, [tothelktate[vith(thed
highest[fate. [ et[Usdenotefheldurrent[decisi on(of [State]

aFramell DasIZBtateDJ(i) .EBtartEfromD.(i) =10or&I0

frames.[Thelfatelshaperéxami n&s[ﬂweﬁhext@tateﬂ.l(i ) +10

of [éach@rameland i ndsthelonefhat [¢ivesihedlargest[]
ratiol] of J distortiond decreasel] over[ ratel] increasel]

comparedl:to[the[burrent[state[lu(i) OfCFramedz OsO

chosen,[ﬂncreaseDJ(r) [by[one.[As[An[éxampl e, detusO

| ook (@t [fwolframes,FFramelim [@ndFramel [in[Figured
4{c).[Current[3tateslareltepresentedasigray [dotsiand]
thelmextStatesfasbl ack [dots.(Weldan[Seelfhat [Wipdating]

u(m) (givesTiargerfati olincreaselfhanUpdati ngEu(n) .0
Thus, %eﬁbﬁe@haperilpdat%ﬂj(m) .0

ContinuelBtepBLuntil (thelfotal (tatelneetsTIC LorWill ]
exceedC mvithlﬁnymnoreﬁllpdatemfm(i) IfCC lisnet,0
welareldone.]

| f Ehebandwi dth{donstrai ntlismot et et [Efter (Step(d, 0
reconsi der [ihel$tates[ihat[Werel&liminated by [Btep[2.00
ForCeachdrame, re-label [l | thel$tates[iromihelStatel]
withdhedowest[Hate[folihe statelvithEhelhi ghestMate, O
and[[btm(i ) [denotefheldurrent(State.[Choosefheframel
withEhemext(Statelg)ivingfhelinost[di stortionldecreasel]
comparedfohelturrent$tate. (If (Frameliz Ois[thosen,

increaselll (T) Byone.00

ContinuelBtepbuntil (helfotal (tatelmeetsC [orwill ]
exceedC Mith@ny@ore[ﬂpdate@fﬁ].l(i) .0

D u(m) Dn u(n)
@\‘; u(n)+1
‘:ﬁ/u(m)+1
o o
Rm Rn O
(oo
Figurel4.[iscr etelR-DIdombination: [(a)[Stepd; [(b) [Step2; [(c) O
StepB0

3.2.[Experiment

Weldomparefourinethods: [(M 1) {fransmits[alsingl elnon-scal able
andChon-ECCleodedVideolbitstream; [{M 2),[(proposedby[V ass(]
andZ huang12],[$witchesbetween[State[{1,[1) @ndState([2,[0)0
dependinglon(thelchannel [érrorMate; [[M 3)[al | ocatesthelSame(bit[]
budgetfoléachframelanddhoosesthelstatelfhat [gi vesihebest[R-

D [performancefor@achframe; (M 4) [isthelproposedihethodthat ]
dynamically[all ocatesthebitBudgetfoleéachframeih[B[GOP@NdO
chooses[thelstatelthat[givesthelbest[bveral | Cperformancelinfal]
GOP, tuisingthelal gorithmshownlin[$ection3.1.(Each[GOPhas]

F =5 frames.O

TheOtest[videoOsequencelisO“ stefan.yuv” dinOQCI FO(quarter O
common(intermedi atelfiormat).Thebandwidth[andchannel [érrord
ratelVarylover i melandlare[simul ated[@sLAR(1) [processes.[Theld
bandwidth[tanges¥rom4kbits/framelio[1024k [bits/frame; CandO

thelGhannel @Error [Fatelfangesfrom10~°° For107%° .00

Thelperformancelisishownlnmean3gquarelérror[((M SE) Wersusl]
thelGOPMumber@sinFigure. ntheldasehat @l | fourthethods]
sati sfy[thelbandwi dth[tonstraint, thelaverage[M SELOf (&l | Four(]
methodsCare[ 110050, 5356,[2091, and1946[ tespectively.[TThell
proposed ™ 4hasthelmi nimumidi stortion@mong(@l | . inaddition,
| etWisidompare 1@nd M 20wvi th 3[Eand N 4. [SincelM 1@ndM1 20
dohotMavetheR-D napsiininind, thehetworkdoul didandomly
discardihelbitstream3ent by Gheseliwolmethods.[TheltesultingC
M SE[performancelof (M 1[andM 2Larelbad. (Onthelother thand, O
M 3[andM 4Larelinorelintel li gentInknowinghat helbitstream
coul dibenon-decodabl elif theléhannel [érror [atelishi ghlandthusd
decidelfolal | ocateThebitDudget fofhelchannel -codinglsegmentst
of fhelvideoDitstream.[]
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Figur eB.IM SE [per for manceldf four Watelshapinghethods[]
4. RATESHAPINGIFORMULTICASTO
4.1.[Path-BasedRate[Shaping

When(iherelarelmulti pleflisers, [Theltatelshaper [described[$o{ar
serveslthellisersin[alsimul castfashion. T hi siheansthat(it {ri esfo]
serveltheTequestCone-by-onelivith[the[bestCachi evable[videol



quality,[divenfhel¢hannel Cérror HatelandThebandwi dth[of (éach]
client.\Weldanmodify[thelratelshaperfbbelpath-basedibbeltised]
in[@Mmulticastfashion. [

AssumethatOtheredaredtwollusers, DwithOdifferentCchannel O
conditions, equesti ngfor thelti deolbi tstream. Iif veldanfransmit]
onlylonebitstreamihatServesbothisers, Thenfhebandwidthlis(]
saved.[ToldolSo, Thelratelshaper (hasibrakehelparti al Bitstream]
sentOtoOthelsecondOuser Odecodable. OThatTis, Othelbitstream(
representedby fhelstatelof ThelSecondiser [Shoul dbelalsubset[of (1
thelbitstreamepresentedbythelstatelof (thelfirstCuser.Anthis
case, [thelfwolstates@relinthelSamelpath@sShownlinFigurel6,0]
wherela[StatelVisited(eéarlierfinfalpath[dorrespondsiolabitstream]
that [Is(@3ubset[of [hebitstreamldorrespondi ngio@StatelVisited]
| ater.[ConsiderthatfhelNi deolSequencelisiscal abl eldodedihtofivol
layers,fherel@refivolpossi blelpaths.(]

NN

(@0 (b)d
FigureB.Twolpaths: [(a)[PathA; [(b)PathBO
Eachlpath(dontainsffivelstates, [@sishownlihFigure. I

D D Dt
0,0 )
( .). (2.0) D,
(1,0 e

21)

.1
® .(2,2) D,
R
(@0 (b)O (©0

Figur el1.[Stateslchosen By fhelfatelshaper shaseddn(different
paths: [(a)@ll[states; [(b)Path[A; [c) Path[BO

When(thelthannel [érror TatelisTow, Thelfatelshaper Hendsfolise]
PathB [fohaveliorebitsiall ocatedbfhelSource-codingSegment
of fhelbitstream. [Onfhelother thand, [f Thel¢hannel [érror [fatelis]
high, [inorelbitslarelheededfol$endThelthannel -codinglsegment
i nstead(of (fhel$ource-codingl$segment[of Thelénhancement Mlayer. (I
Thus,PathlA [Ispreferred. WithThi siinni nd, ivelwant fohavelal]
rate[shaperfhat[¢anélynamicallythoose[Path[A [or [B.[Theltate]
shaperirst[dleci desiivhi chiwoStates arelthebest For Thesefwoll
usersigivenéach[path.[After[¢hoosi ngihelstatesivith[fespectfol]
eachOpath, OtheOratedshaper OchoosesObetweenOtwoOpathsOtoO
minimizefheldverall [distortion.

4.2.[Experiment

Welshowexperiment[resul tsCwith[(four Cratel shapers: [ PO) Call
simul castingCtratelshaper [Sendingliwolbitstreamsiolboth[users;
(P1)thelpath-basedfatelshaperwvith(Path[A [only; [(P2) Thelpath-
based[tatelshaperWwith[Path[B [only; [{P3) thelpath-basedtatel]
shaperiwvithfhelpaththat i ni mi zestheldvera | [distortion.(]

With(all Hour [Matel$hapershavingsi milar M SEperformance, the(
meanrates((includinghebitstream(Sentfbbothtisers) of (@ | fourd
ratelJshapersare[]74.2kObits/frame,0053.7kObits/frame, [155.0k
bits/frame,[@nd(49.4k bits/frame.[Weldan[Seelfhat [POMeedsibise]
almostdoubl etheTbandwidth. (OP3Chasthebest[performance
amonglall.m

FigureBsShowslthat{omeetfhelSamebandwidthfequirement, P10
andP2havearger[di storti onsiéomparedfofheproposed 3. (P10
haslan(averagelM SE[f[3189; P2[haslanaveragelM SE0f[3209;00
andP3Mas@n(@veragel SE0f[3122.00
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Figurel8.[Distortionper for manceldf[P1,[P2,[and P30
5.[CONCLUSIONO

InCthisCpaper, (el proposedtolLiseltatel shapingtolaccomplishd
jointd source-channel O coding.[] The[ ratel] shapingl] method(
specifically[¢onsi deredihel¢hannel [érror [inCoptimizingfhelate-
distorti on(performanceluisingtheldi scr eteldi stortiondombination
algorithm.[TheléxperimentHesul t(showedfhat Theproposediate]
shaper[outperformedidonventi onal (iethods.[Welal solproposed @]
modified(path-basedtatel3haperForThelmulti cast[3cenario,and]
showedthat(it(dtilizedfhelBandwidthlefficiently.(]

Inpractice, [itlismot@asy [foldetermi nefhe[R-D apsfor [@givenO
video[Sourcellinder[@ldertai ninetwork dondition.Welareldurrently
workinglon[modelinglVideolstati stics[folestimatefhelR- D naps.O
In[addition,Mvhen(fheldecoder [Heceiveslincorrect bitstream, [Or (o]
information(at@ll, [@rror[doncea mentlisloftensedfolimprovefhe
videolguality.[(Workisin[progresslin[iakingCérror[¢onceal mentd
intoldonsi deration(for [atelshaping.[
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