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ABSTRACT

In thispaperwe presentinovel videocodingapproactwhich pro-

videsthe functionality of fine granularbitstreamscalability The
proposedprogressie texture video coding scheme(PTVC) con-
sistsof two parts,the currentiITU-T H.26L testmodelfor coding
macroblockmodeand motion information only and a new tech-
niquefor progressiely codingall intra andinter texture informa-
tion thusproviding anembeddedbitstream.It canstill bedecoded
with moderatequality degradationin caseof partial loss of the

bitstream It is thereforewell suitedfor multicastor broadcassce-
narioswheretime varying or differentfixed bitratesshall be pro-

videdto theclientsasnotranscodingr multiple codingprocesss

required.

1. INTRODUCTION

In this work we presentan efficient video compressiorscheme
which supportsa fastbit rate adaptationindependenbf the en-
coder A multicastscenarian which receizerswith varioustime-
varying bit rate constraintsare servicedmight presenta general
application. Additionally ary othertransportnetwork which sup-
portsprioritized datacanbenefitfrom the scalablevideocompres-
sionschemavhichwill bepresentedh thefollowing. Thenetwork
itself is capableto adaptthetransmissiorbit ratewithoutthe com-
plex and undesiredprocessof transcodingby removing the less
importantpartof thevideobit stream.

The proposedschemegeneratesan embeddeditstreamfor
eachframeor, by appropriatenterleaving, for eachgroup of pic-
ture. This rate-scalabilityis supportecoy anembeddeditstream
which allows decodingat multiple rates,or to be morespecificat
virtually ary rate.

Embeddedtill imagecodingwaspioneeredy Shapiroin his
EZW (EmbeddedZerotreeWavelet) coding algorithm [1] which
waslaterrefinedby SaidandPearlmarin their SPIHT (SetParti-
tioningin HierarchicalTrees)coder[2]. Rate-scalableembedded
video codingwasfirst proposedoy Taubmanand Zakhorin their
LZC (LayeredZeroCoding)approach3] using3-D subbandod-
ing with camergancompensationBasednthisground-breaking
work, anumberof embedde@®-D videocodingalgorithmssuchas
in [4, 5] wereproposedvhich combine3-D subbandtodingwith
motioncompensatiofior a moreefficient exploitationof temporal
redundang In orderto meetmorerestrictve requirementsvith
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respecto delay implementatiormemoryandcomputationatom-
plexity, McCanneetal. [6] introduceda progressie video coding
algorithmusingsimpleblock-basedonditionalreplenishmentor
temporaland a hybrid DCT/wavelet-basedransformcoding ap-
proachfor spatialdecorrelation.

Regardingrate-scalability corventional hybrid video coders
consistingof temporalDPCM andspatialtransformcodingsufer
from thewell-known effect thatthe predictionstatein thedecoder
maydrift away from theencoderstatein caseof partiallossof bit-
streams.This problemof drift predictioncanbe partially solved
either by using multiple predictionloops or by incorporatingan
additionalcodinglayer outsidethe temporalpredictionloop. The
latter approachhas beenadoptedby the MPEG-4 video coding
standardunderthe acrorym FGS(fine granularscalability),andit
consistsof a baselayer operatingasa conventionalhybrid coder
and a so-calledenhancemeniayer which progressiely encodes
theresiduebetweerthereconstructetbasdayerbitstreamandthe
original frameby meanof a pureintra codingmethod[7]. By ig-
noringary temporalrelationshipn theenhancemenayer, coding
efficiengy is severelydegradedvhencomparedo thenon-scalable
singlelayer approach.However, schemesgproviding this kind of
fine granularscalabilityallow to tradetransmissiorbit rateversus
quality at ary point of the distribution by selectinga subsebf the
embeddedbitstream.

Our proposechybrid systemtries to bridge the performance
gap betweenthe single layer coding approach,on the one hand,
and the FGS-schemeon the other hand, while maintainingthe
full functionality of anembeddedpproach.For this purposewe
proposea drift-compensatingodingsystemwhich consistf the
motion compensatiorapparatuf the currentH.26L testmodel
[8] andanew progressie texture codingmethod.We will demon-
strate,that the effects of drift predictioncan be significantly re-
ducedwith anappropriaténtraframeupdate.

Theremaindeof this contritutionis organizedasfollows. We
will describethe proposeccompressiorschemen Section2. Mo-
tion compensatiortexturecodingandbitstreangeneratiowill be
explained. Section3 will provide experimentalresultsandcom-
parisonsto commonvideo schemes. Additionally, we will dis-
cussthe performancewhenthe transmissiorrate is unknavn to
the transmitterprior to encoding. We investigateintra codeden-
hancementayersaswell asdrift errors. Section4 concludeghe
paper



2. ARCHITECTURE

2.1. Overview

TheProgressie TexturevideocodePTVC)is basedntheH.26L
codec[8] which hasbeenmadifiedto performonly motion esti-
mation and compensation.Coding of transformcoeficients has
beendisabledin the H.26L codec. Instead,we usean embedded
bitplane codingto codel-framesandthe residualerror resulting
from motion compensation.The structureof the resultingcodec
is shavn in figure 1. Theresultingvideo bitstreamconsistsof the
interleaving of the H.26L componentandthe progressie texture
bitstream Therefore thetexturebitstreamcanbetruncatedat ary
point. We determinea constanbitrate at which we feedbackthe
resultingimageinto the hybrid predictive loop of theH.26L coder
We referto this bitrateasfeedbackbitrater;. In thefollowing we
will briefly discussthe motion compensatiorin H.26L and then
presenthe progressie texture codingin more detail. For an ex-
tensie presentatiorof the PTVC we referto [9].
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Fig. 1. Architectureof the Progressie Texture VideoCodec

2.2. Motion Estimation and Compensation

The proposedsystemusesthe motion estimationand compensa-
tion apparatusof the H.26L codecTML5.0 [8]. H.26L usesa
block basedmotioncompensatiomith variablevectorblock sizes
for eachmacroblock. The vectorblockscanbe of squareor rect-
angularshape.Motion estimationusesl/4 Pelaccurayg andper
forms an exhaustve searchover all integer Pel positionswithin
thesearctrange.Furthermoremultiple referencérames(up to 5)
arepossiblyusedin motion estimation allowing a moreaccurate
prediction.For moredetailswe referto [8] and[9].

2.3. Progressive Texture Coding

The residualerror of motion compensatior{the displacedframe

difference DFD)is formedin thespatialdomain. TheDFD is what

we referto astexture information. The main conceptuafeatures
of our bitplanecoderoperatingon the texture informationcanbe

summarizedhsfollows:

e Distinctionbetweersignificanceandrefinemenbits,
e Contet-basedarithmeticcodingof the binarydecisions,
e Severalpassesor eachbitplane.
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Fig. 2. Thespatiallylocal block basedepresentationf textureis
corvertedinto a spatiallyglobal subbancbrientedrepresentation.

Thesame4 x 4 block basedntegertransformasusedin the
H.26L testmodel[8] is alsoemplo/ed for our embeddedexture
coding approach.However, beforeencodingthe coeficients are
rearrangednto 16 correspondingubbandssuchthat, for exam-
ple, all DC coeficients are containedin the upperleft subband
shavn in Fig. 2. For eachbit encountereth thebitplanerepresen-
tation of the absolutevaluesof a given coeficient, a distinctionis
madebetweensignificanceandrefinementits. Significancebits
are thosebits indicating whethera given coeficient hasalready
becomesignificant,i.e. whetherits mostsignificantbit (MSB) has
alreadyshavn up in a given bitplane. Every bit belov the MSB
is interpretedas a so-calledrefinementbit (cf. Fig. 3). Thein-
formationof the currentstateof the coeficientswill be managed
in a binary significancemap (onefor eachsubband)asshavn in
Fig. 3. This maprepresentshe currently available significance
informationof theamplitudes.
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Fig. 3. Thebitplanerepresentatioof asinglecoeficient (left) and
its positionin the correspondingignificancemap(right).

By meansof the significancemapit is possibleto exploit the
remainingspatialcorrelationf thesignificancenformationwithin
asubbandvith theinstrumenbf adaptve contet-basedarithmetic
coding. In contrastto significancebits, refinementbits usually
shav only weak spatial correlationsand could be consideredas
uniformly distributed. The underlyingconceptof partitioning a
representatiomf transformcoeficientsinto sub-setswith differ-
ent statisticalpropertieshasbeensuccessfullyemplo/ed in both
scalableand non-scalablecoding approache$10, 11]. The bit-
planecodingprocessds divided into threedifferentscansof each
bitplanein orderto sort the information with respectto the ex-
pectedgain in a rate/distortion(R/D) sensewhich obviously is
not directly relatedto the spatialposition of a given bit within a
subband.This methodincreaseshe granularityof the bit-stream
becausenoreoptimaltruncationpointsaregeneratedin the con-
text of JPEG-200010] it is known asthe conceptof fractional
bitplanes.



The first scanoperateson non-singularsignificanceinforma-
tion, thatmeansjn this scanonly thosebits will be coded,which
aresignificancebits andwhich have atleastonesignificantneigh-
bor. Here, the significancecodingroutine and, if a MSB is en-
counteredthe sign coding routine are used. In the secondscan
the refinementbits are codedusing the refinementroutine. The
third scanfinally collectsall remainingbits, which have not been
coded by thetwo precedingscanausingthe samecodingroutines
asin thefirst pass.Note,thatall bits of the coeficientsarevisited
and examinedin rasterscanorderwithin a given subband. The
actualcoding,however is performedaccordingto the scancondi-
tions. The processingf the subbandss performedin global zig-
zagscanwithin eachbit plane.Thecontext formationfor encoding
of significanceandsignbitsis doneby mappinganeighborhooaf
therelatedcoeficientto areducechumberof context statesFig. 4
illustratesthe neighborhoodor bothcodingprimitives.
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Fig. 4. a) 8-neighborhoodisedfor encodingof significancebits,
andb) 4-neighborhoodor context formationof signbits

Coding of significancebits is performedby using a context
whichdepend®nthesignificancestateof thelocal 8-neighborhood.
The256 statesarequantizedo threefinal contexts which describe
the actiity of the neighborgno, low, high actiity). Signbitsare
codedwith a context dependingon sign andsignificancestatesof
the local 4-neighborhood.This routineis only invoked, whena
coeficientindicatesits significancefor thefirst time. Refinement
bits arecodedwith onesinglestatisticalmodel.

2.4. Embedding of Bitstream and Rate Control

The codingmethodsdescribedoreviously provide mary possibil-
ities to generatean embeddeditstreamwith appropriatdeatures.
Especiallytheregularintroductionof I-framesto compensatdrift
effectswhenpartsof the bitstreamsarelostis a crucialtask. Ad-
ditionally, the allocationof bits within the framesandcolor com-
ponentscanbe adjusted. And finally, the generatiorof embedded
transmissiorpacletshasto be specified.Therateallocationmight
be donein arate-distortionsenseancluding delayandbuffer con-
straintsaswell astransmissiomatecharacteristics.

However, to generat@appropriatexperimentatesultsve have
simplifiedtheratecontrolasfollows. Theframerate f, isassumed
to beconstantthel-frameperiod P; is alsoconstantandthe num-
berof bits within on groupof picturesis constantaccordingo the
selectedit rater,. We assumehatwe generatexactly onetrans-
missionpaclet perframewith length L, = r;/ f.. Additionally,
the ratio of the size of I-framesand P-framesR;p is fixed ac-
cordingto amaximumtolerabledelay Theresidualframeswithin
one GOPareinterleaved suchthatmoreimportantinformationis
alwayspacletizedbeforelessimportantinformationbut the max-
imum delayis never exceeded.For the intra-codedenhancement
layer, we do not distinguishbetweenresidueof I-framesand P-
frames. The color componentsare also transmittedwith a fixed
ratio R, which is assuredby appropriateinterleaving. Figure5
shaws the layoutof the PTVC bitstream.For more detailson the
bitstreamgeneratiorwe referto [9].
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Fig. 5. Layoutof the PTVC bitstream.
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3. PERFORMANCE OF THE PROGRESSIVE TEXTURE
VIDEO CODEC

Two setof experimentshave beenperformedto evaluateour pro-
posedrate-scalableideo coder In our first simulation,we com-
paredthe performanceof the PTVC schemeto that of two non-
scalableconventionalhybrid coderdfor the caseof a priori known
bitrate by adjustingthe feedbackbitrate ¢ to an appropriately
fixedvaluein our en-anddecoder To demonstrat¢he additional
functionality of our approachwe shaw in the secondpart of our
experimentshow rate-scalabilityvith andwithoutdrift canbeachie-
vedby parameterizinghefeedbaclbitrateof ourproposedcheme.
All simulationswere carried out using the QCIF test sequence
Foreman(30Hz, 300frames,176 x 144 pels)ataconstanframe
rateof f, = 10 Hz.
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Fig. 6. Performancef PTVC for known bit rate.

3.1. Performance for Known Transmission Bitrate

As referencesystemsave usedTMLS5 [8] of H.26L and TMN9 of
the ITU-T Rec.H.263+[12], the latter with advancedoptionsof
AnnexesD, F, I, JandT. To achie/e a given target rate, a sim-
ple off-line rate control mechanismwas usedfor both reference
schemeswhereador PTVC theratecontroldescribedn sect.2.4
was employed with ratiosR;p = 6 : 1 andR. = 10 : 1 : 1.
This ratio is similar to the one of the referencecodecs. Fig. 6
shaws the resultsof our experimentsusingtwo differentl-frame
periods P; = 10,100 with one I-frame every 10" and every
100" frame, respectiely. As canbe seenfrom the graph, our
new texture codingis only little inferior to the codingmethodof
H.26L1 at leastin the casewhereonly onel-frame (P; = 100)
for thewhole sequencés coded.Dueto anefficientbut inherently

INote,that TML5 andPTVC sharethe samemotionmodel.



non-scalablspatialpredictionschemespartof its I-framecoding
method(cf.[8]), the H.26L testmodelprovidesa moredistinctive
gainwhenmorel-framesareinserted(P; = 10). However, even
in this scenario,PTVC hasa rate-distortionperformancesimilar
to or betterthanH.263+with advancedcodingoptions.Currently
we areinvestigatinghow to improve the codingefficiency of our
progressie texture codingmethodespeciallyfor I-frames.
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Fig. 7. Performanceof PTVC for knovn and unknavn bit rate
with differentfeedbaclbitrates.

3.2. Performancefor Unknown Transmission Bitrate

In this sectionwe provide resultswhich shav the benefitsof our
proposectodingscheme Assumethatwe have a sequencavhich
was codedwithout knowing the transmissiorbit rate. Therefore,
neithertheratein aregularvideocodecnorthefeedbaclbitratefor
the PTVC canbe adjustedproperly However, dueto the progres-
sive texture coding a reducedtransmissiorrate can be compen-
satedby transmittingjust the first part of the transmissiorpack-
ets. In the casewherethe transmissiomateis greaterthanthe ap-
plied feedbackbitrater s we just cuttheintra-codedenhancement
layer similar to the MPEG-4 FGS approach.If the transmission
rateis belav the feedbackbitrate,a drift effect occursasencoder
anddecodethave differentreferencdrames.However, dueto the
drift compensatindrframe updatethis errorcanbereducedsignif-
icantly. Figure7 shavs the performancef the PTVC for different
feedbaclbit rates.The parameter$or the PTVC areequialentto
the onepresentedn subsectior8.1with I-frameperiod P; = 10.
Thetransmissiorbit rateis assumedo be constansuchthateach
transmissiorpaclet is truncatedat the bit positionry/f,. It is
worth to mentionthatary transmissiorbit rateandthereforeary
bit positioncanbe selectediueto the progressie texture coding.
For a low feedbackbitrate the performancencreasefor in-
creasingtransmissiorbit rateis rathersmall. This is dueto the
intra-codingof the enhancemerayer. Similar performancaes re-
portedby the MPEG-4 FGS approach.For high feedbackbitrate
andslightly lower transmissiorbit rateit canbe obsenedthatthe
quality lossdueto thedrift is visible but not significant. Compar
ing the lowestfeedbackbitrateat ry = 32 kbit/s andthe highest
feedbackbitrateat r = 128 kbit/s only for an unknavn trans-
missionbit ratebelow r, & 45 kbit/s it would beneficako usethe

intra-codedenhancemeritiyer approach.Thereforejf drift com-
pensatingnechanismgik e a regular intra updateare performed,
the schemewith high feedbackbitrate resultsin muchbetterper

formancethanthe FGS approachfor almostall transmissiorbit

rates.The objective resultsbasedon the PSNRcanbe verified by

subjectve obserations.

4. CONCLUSIONS

We have presentedh new video coding schemewhich combines
thelTU-T H.26L testmodelwith aprogressie texturecoderutiliz-
ing contet basedarithmeticencodingof bitplanesn thefrequeny
domain. It hasbeenshavn thatdueto the embeddednessf our
approachmoderatequality degradationoccurswhenonly partsof
the bitstreamare decoded. In this casedrift predictionis intro-
ducedwhich canbe considerablyreducedby a periodic I-frame
update. Experimentalresultsindicate the usefulnesf our ap-
proachfor streamingvideo applicationsover networks with time-
varying bandwidth.Our proposedschemecanalsobe viewedasa
meandor datapartitioningandthereforeshouldbe combinedwith
unequalerror protectionor prioritizationmechanismso achieve a
higherrobustnessn errorproneervironments.In additionour ap-
proachwill benefitfrom anadaptatiorof the bitstreamto the con-
ditions of the underlyingnetwork. Thereforeour future work will
concentrat®n errorresilienceandnetwork adaptatioraspects.
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