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ABSTRACT

In thispaper, wepresentanovel videocodingapproachwhichpro-
videsthe functionality of fine granularbitstreamscalability. The
proposedprogressive texture video codingscheme(PTVC) con-
sistsof two parts,thecurrentITU-T H.26L testmodelfor coding
macroblockmodeandmotion informationonly anda new tech-
niquefor progressively 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 broadcastsce-
narioswheretime varying or differentfixedbitratesshall bepro-
videdto theclientsasnotranscodingor multiplecodingprocessis
required.

1. INTRODUCTION

In this work we presentan efficient video compressionscheme
which supportsa fast bit rate adaptationindependentof the en-
coder. A multicastscenarioin which receiverswith varioustime-
varying bit rate constraintsare servicedmight presenta general
application.Additionally any othertransportnetwork which sup-
portsprioritizeddatacanbenefitfrom thescalablevideocompres-
sionschemewhichwill bepresentedin thefollowing. Thenetwork
itself is capableto adaptthetransmissionbit ratewithout thecom-
plex and undesiredprocessof transcodingby removing the less
importantpartof thevideobit stream.

The proposedschemegeneratesan embeddedbitstreamfor
eachframeor, by appropriateinterleaving, for eachgroupof pic-
ture. This rate-scalabilityis supportedby anembeddedbitstream
which allows decodingat multiple rates,or to bemorespecificat
virtually any rate.

Embeddedstill imagecodingwaspioneeredby Shapiroin his
EZW (EmbeddedZerotreeWavelet) codingalgorithm[1] which
waslater refinedby SaidandPearlmanin their SPIHT(SetParti-
tioning in HierarchicalTrees)coder[2]. Rate-scalable,embedded
videocodingwasfirst proposedby TaubmanandZakhorin their
LZC (LayeredZeroCoding)approach[3] using3-D subbandcod-
ingwith camerapancompensation.Basedonthisground-breaking
work, anumberof embedded3-D videocodingalgorithmssuchas
in [4, 5] wereproposedwhich combine3-D subbandcodingwith
motioncompensationfor a moreefficientexploitationof temporal
redundancy. In order to meetmorerestrictive requirementswith
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respectto delay, implementationmemoryandcomputationalcom-
plexity, McCanneet al. [6] introduceda progressive videocoding
algorithmusingsimpleblock-basedconditionalreplenishmentfor
temporalanda hybrid DCT/wavelet-basedtransformcodingap-
proachfor spatialdecorrelation.

Regardingrate-scalability, conventionalhybrid video coders
consistingof temporalDPCM andspatialtransformcodingsuffer
from thewell-known effect thatthepredictionstatein thedecoder
maydrift awayfrom theencodersstatein caseof partiallossof bit-
streams.This problemof drift predictioncanbe partially solved
eitherby usingmultiple predictionloopsor by incorporatingan
additionalcodinglayeroutsidethetemporalpredictionloop. The
latter approachhasbeenadoptedby the MPEG-4 video coding
standardundertheacronym FGS(fine granularscalability),andit
consistsof a baselayer operatingasa conventionalhybrid coder
and a so-calledenhancementlayer which progressively encodes
theresiduebetweenthereconstructedbaselayerbitstreamandthe
original frameby meansof a pureintra codingmethod[7]. By ig-
noringany temporalrelationshipin theenhancementlayer, coding
efficiency is severelydegradedwhencomparedto thenon-scalable
single layer approach.However, schemesproviding this kind of
fine granularscalabilityallow to tradetransmissionbit rateversus
quality at any point of thedistribution by selectinga subsetof the
embeddedbitstream.

Our proposedhybrid systemtries to bridge the performance
gapbetweenthe single layer codingapproach,on the onehand,
and the FGS-scheme,on the other hand,while maintainingthe
full functionalityof anembeddedapproach.For this purpose,we
proposea drift-compensatingcodingsystemwhichconsistsof the
motion compensationapparatusof the currentH.26L testmodel
[8] andanew progressive texturecodingmethod.Wewill demon-
strate,that the effectsof drift predictioncanbe significantly re-
ducedwith anappropriateintra frameupdate.

Theremainderof thiscontributionis organizedasfollows. We
will describetheproposedcompressionschemein Section2. Mo-
tion compensation,texturecodingandbitstreamgenerationwill be
explained. Section3 will provide experimentalresultsandcom-
parisonsto commonvideo schemes.Additionally, we will dis-
cussthe performancewhen the transmissionrate is unknown to
the transmitterprior to encoding.We investigateintra codeden-
hancementlayersaswell asdrift errors. Section4 concludesthe
paper.



2. ARCHITECTURE

2.1. Overview

TheProgressiveTexturevideocodec(PTVC)isbasedontheH.26L
codec[8] which hasbeenmodifiedto performonly motion esti-
mationandcompensation.Codingof transformcoefficients has
beendisabledin the H.26L codec. Instead,we usean embedded
bitplanecodingto codeI-framesandthe residualerror resulting
from motion compensation.The structureof the resultingcodec
is shown in figure1. Theresultingvideobitstreamconsistsof the
interleaving of the H.26L componentandthe progressive texture
bitstream.Therefore,thetexturebitstreamcanbetruncatedat any
point. We determinea constantbitrateat which we feedbackthe
resultingimageinto thehybridpredictive loopof theH.26L coder.
We referto this bitrateasfeedbackbitrate ��� . In thefollowing we
will briefly discussthe motion compensationin H.26L and then
presentthe progressive texture codingin moredetail. For an ex-
tensive presentationof thePTVC we referto [9].
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Fig. 1. Architectureof theProgressive TextureVideoCodec

2.2. Motion Estimation and Compensation

The proposedsystemusesthe motion estimationandcompensa-
tion apparatusof the H.26L codecTML5.0 [8]. H.26L usesa
blockbasedmotioncompensationwith variablevectorblocksizes
for eachmacroblock.Thevectorblockscanbeof squareor rect-
angularshape.Motion estimationuses1/4 Pelaccuracy andper-
forms an exhaustive searchover all integer Pel positionswithin
thesearchrange.Furthermore,multiplereferenceframes(up to 5)
arepossiblyusedin motionestimation,allowing a moreaccurate
prediction.For moredetailswe referto [8] and[9].

2.3. Progressive Texture Coding

The residualerror of motion compensation(the displacedframe
difference,DFD) is formedin thespatialdomain.TheDFD iswhat
we refer to astexture information. Themainconceptualfeatures
of our bitplanecoderoperatingon the texture informationcanbe
summarizedasfollows:

� Distinctionbetweensignificanceandrefinementbits,
� Context-basedarithmeticcodingof thebinarydecisions,
� Severalpassesfor eachbitplane.

Fig. 2. Thespatiallylocal block basedrepresentationof textureis
convertedinto aspatiallyglobalsubbandorientedrepresentation.

Thesame����� block basedinteger transformasusedin the
H.26L testmodel[8] is alsoemployed for our embeddedtexture
codingapproach.However, beforeencodingthe coefficients are
rearrangedinto 16 correspondingsubbands,suchthat, for exam-
ple, all DC coefficients are containedin the upper left subband
shown in Fig. 2. For eachbit encounteredin thebitplanerepresen-
tationof theabsolutevaluesof a givencoefficient, a distinctionis
madebetweensignificanceandrefinementbits. Significancebits
are thosebits indicatingwhethera given coefficient hasalready
becomesignificant,i.e. whetherits mostsignificantbit (MSB) has
alreadyshown up in a given bitplane. Every bit below the MSB
is interpretedas a so-calledrefinementbit (cf. Fig. 3). The in-
formationof thecurrentstateof thecoefficientswill bemanaged
in a binarysignificancemap(onefor eachsubband),asshown in
Fig. 3. This map representsthe currently available significance
informationof theamplitudes.

Fig. 3. Thebitplanerepresentationof asinglecoefficient (left) and
its positionin thecorrespondingsignificancemap(right).

By meansof thesignificancemapit is possibleto exploit the
remainingspatialcorrelationsof thesignificanceinformationwithin
asubbandwith theinstrumentof adaptivecontext-basedarithmetic
coding. In contrastto significancebits, refinementbits usually
show only weak spatialcorrelationsand could be consideredas
uniformly distributed. The underlyingconceptof partitioning a
representationof transformcoefficients into sub-setswith differ-
ent statisticalpropertieshasbeensuccessfullyemployed in both
scalableand non-scalablecoding approaches[10, 11]. The bit-
planecodingprocessis divided into threedifferentscansof each
bitplanein order to sort the information with respectto the ex-
pectedgain in a rate/distortion(R/D) sense,which obviously is
not directly relatedto the spatialpositionof a given bit within a
subband.This methodincreasesthegranularityof the bit-stream
becausemoreoptimaltruncationpointsaregenerated.In thecon-
text of JPEG-2000[10] it is known as the conceptof fractional
bitplanes.



Thefirst scanoperateson non-singularsignificanceinforma-
tion, thatmeans,in this scanonly thosebits will becoded,which
aresignificancebits andwhichhave at leastonesignificantneigh-
bor. Here, the significancecoding routine and, if a MSB is en-
countered,the sign coding routineareused. In the secondscan
the refinementbits arecodedusing the refinementroutine. The
third scanfinally collectsall remainingbits, which have not been
coded,by thetwo precedingscansusingthesamecodingroutines
asin thefirst pass.Note,thatall bits of thecoefficientsarevisited
andexaminedin rasterscanorder within a given subband.The
actualcoding,however is performedaccordingto thescancondi-
tions. Theprocessingof thesubbandsis performedin globalzig-
zagscanwithin eachbit plane.Thecontext formationfor encoding
of significanceandsignbitsis doneby mappinganeighborhoodof
therelatedcoefficient to areducednumberof context states.Fig. 4
illustratestheneighborhoodfor bothcodingprimitives.

Fig. 4. a) 8-neighborhoodusedfor encodingof significancebits,
andb) 4-neighborhoodfor context formationof signbits

Codingof significancebits is performedby using a context
whichdependsonthesignificancestateof thelocal8-neighborhood.
The256statesarequantizedto threefinal contextswhichdescribe
theactivity of theneighbors(no, low, high activity). Signbits are
codedwith a context dependingon signandsignificancestatesof
the local 4-neighborhood.This routine is only invoked, whena
coefficient indicatesits significancefor thefirst time. Refinement
bits arecodedwith onesinglestatisticalmodel.

2.4. Embedding of Bitstream and Rate Control

Thecodingmethodsdescribedpreviously provide many possibil-
ities to generateanembeddedbitstreamwith appropriatefeatures.
Especiallytheregularintroductionof I-framesto compensatedrift
effectswhenpartsof thebitstreamsarelost is a crucial task. Ad-
ditionally, theallocationof bits within the framesandcolor com-
ponentscanbeadjusted.And finally, thegenerationof embedded
transmissionpacketshasto bespecified.Therateallocationmight
bedonein a rate-distortionsenseincludingdelayandbuffer con-
straintsaswell astransmissionratecharacteristics.

However, togenerateappropriateexperimentalresultswehave
simplifiedtheratecontrolasfollows. Theframerate ��� is assumed
to beconstant,theI-frameperiod ��� is alsoconstantandthenum-
berof bits within ongroupof picturesis constantaccordingto the
selectedbit rate ��� . Weassumethatwegenerateexactlyonetrans-
missionpacket per framewith length ����� ����¡�� � . Additionally,
the ratio of the size of I-framesand P-frames¢ �(£ is fixed ac-
cordingto amaximumtolerabledelay. Theresidualframeswithin
oneGOPareinterleavedsuchthatmoreimportantinformationis
alwayspacketizedbeforelessimportantinformationbut themax-
imum delayis never exceeded.For the intra-codedenhancement
layer, we do not distinguishbetweenresidueof I-framesandP-
frames. The color componentsarealso transmittedwith a fixed
ratio ¢¥¤ which is assuredby appropriateinterleaving. Figure5
shows the layoutof thePTVC bitstream.For moredetailson the
bitstreamgenerationwe referto [9].

Fig. 5. Layoutof thePTVCbitstream.

3. PERFORMANCE OF THE PROGRESSIVE TEXTURE
VIDEO CODEC

Two setof experimentshave beenperformedto evaluateour pro-
posedrate-scalablevideocoder. In our first simulation,we com-
paredthe performanceof the PTVC schemeto that of two non-
scalableconventionalhybridcodersfor thecaseof a priori known
bitrate by adjustingthe feedbackbitrate ��� to an appropriately
fixedvaluein our en-anddecoder. To demonstratetheadditional
functionality of our approach,we show in thesecondpart of our
experimentshow rate-scalabilitywith andwithoutdrift canbeachie-
vedbyparameterizingthefeedbackbitrateof ourproposedscheme.
All simulationswere carried out using the QCIF test sequence
Foreman(30Hz, 300frames,¦¨§ª©«�¬¦���� pels)at a constantframe
rateof � � �­¦¨® Hz.

H.263+ ���¥�¯¦�®
PTVC ���°�¯¦�®
H.26L � � �­¦¨®
PTVC ���°�¯¦�®�®
H.26L �±�²�­¦¨®ª®

Bitrate � � in kbit/s

Y
-P

S
N

R
in

dB

120100806040

38

36

34

32

30

28

Fig. 6. Performanceof PTVC for known bit rate.

3.1. Performance for Known Transmission Bitrate

As referencesystemswe usedTML5 [8] of H.26L andTMN9 of
the ITU-T Rec.H.263+[12], the latter with advancedoptionsof
Annexes D, F, I, J andT. To achieve a given target rate, a sim-
ple off-line ratecontrol mechanismwasusedfor both reference
schemes,whereasfor PTVC theratecontroldescribedin sect.2.4
wasemployed with ratios ¢²��£³�´©¶µ·¦ and ¢¥¤¸�¹¦¨®ºµ¥¦¬µ»¦ .
This ratio is similar to the one of the referencecodecs. Fig. 6
shows the resultsof our experimentsusingtwo different I-frame
periods ���¼�½¦�®¿¾¨¦�®�® with one I-frame every ¦¨®�À�Á and every
¦¨®ª®ªÀ�Á frame, respectively. As can be seenfrom the graph,our
new texture codingis only little inferior to thecodingmethodof
H.26L,1 at leastin the casewhereonly oneI-frame ( �����Â¦�®�® )
for thewholesequenceis coded.Dueto anefficientbut inherently

1Note,thatTML5 andPTVCsharethesamemotionmodel.



non-scalablespatialpredictionschemeaspartof its I-framecoding
method(cf.[8]), theH.26L testmodelprovidesa moredistinctive
gainwhenmoreI-framesareinserted( ���Ã�Ä¦¨® ). However, even
in this scenario,PTVC hasa rate-distortionperformancesimilar
to or betterthanH.263+with advancedcodingoptions.Currently,
we areinvestigatinghow to improve the codingefficiency of our
progressive texturecodingmethodespeciallyfor I-frames.
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Fig. 7. Performanceof PTVC for known andunknown bit rate
with differentfeedbackbitrates.

3.2. Performance for Unknown Transmission Bitrate

In this sectionwe provide resultswhich show thebenefitsof our
proposedcodingscheme.Assumethatwe have a sequencewhich
wascodedwithout knowing the transmissionbit rate. Therefore,
neithertheratein aregularvideocodecnorthefeedbackbitratefor
thePTVC canbeadjustedproperly. However, dueto theprogres-
sive texture coding a reducedtransmissionrate can be compen-
satedby transmittingjust the first part of the transmissionpack-
ets. In thecasewherethetransmissionrateis greaterthantheap-
plied feedbackbitrate ��� we just cut theintra-codedenhancement
layer similar to the MPEG-4FGSapproach.If the transmission
rateis below thefeedbackbitrate,a drift effect occursasencoder
anddecoderhave differentreferenceframes.However, dueto the
drift compensatingI-frameupdatethiserrorcanbereducedsignif-
icantly. Figure7 shows theperformanceof thePTVCfor different
feedbackbit rates.Theparametersfor thePTVC areequivalentto
theonepresentedin subsection3.1with I-frameperiod � � �Ë¦¨® .
Thetransmissionbit rateis assumedto beconstantsuchthateach
transmissionpacket is truncatedat the bit position � � ¡ª��� . It is
worth to mentionthatany transmissionbit rateandthereforeany
bit positioncanbeselecteddueto theprogressive texturecoding.

For a low feedbackbitrate the performanceincreasefor in-
creasingtransmissionbit rate is rathersmall. This is due to the
intra-codingof theenhancementlayer. Similar performanceis re-
portedby theMPEG-4FGSapproach.For high feedbackbitrate
andslightly lower transmissionbit rateit canbeobservedthatthe
quality lossdueto thedrift is visible but not significant.Compar-
ing the lowestfeedbackbitrateat ���¸�ËÅ�Ç kbit/s andthehighest
feedbackbitrateat ���º�Ì¦�ÇªÊ kbit/s only for an unknown trans-
missionbit ratebelow ���ÎÍÆ��Ï kbit/s it would beneficalto usethe

intra-codedenhancementlayerapproach.Therefore,if drift com-
pensatingmechanismslike a regular intra updateareperformed,
theschemewith high feedbackbitrateresultsin muchbetterper-
formancethan the FGS approachfor almostall transmissionbit
rates.Theobjective resultsbasedon thePSNRcanbeverifiedby
subjective observations.

4. CONCLUSIONS

We have presenteda new video codingschemewhich combines
theITU-T H.26Ltestmodelwith aprogressivetexturecoderutiliz-
ing context basedarithmeticencodingof bitplanesin thefrequency
domain. It hasbeenshown that dueto the embeddednessof our
approachmoderatequality degradationoccurswhenonly partsof
the bitstreamare decoded. In this casedrift predictionis intro-
ducedwhich can be considerablyreducedby a periodic I-frame
update. Experimentalresultsindicate the usefulnessof our ap-
proachfor streamingvideoapplicationsover networkswith time-
varyingbandwidth.Our proposedschemecanalsobeviewedasa
meansfor datapartitioningandthereforeshouldbecombinedwith
unequalerrorprotectionor prioritizationmechanismsto achieve a
higherrobustnessin errorproneenvironments.In additionourap-
proachwill benefitfrom anadaptationof thebitstreamto thecon-
ditionsof theunderlyingnetwork. Thereforeour futurework will
concentrateon errorresilienceandnetwork adaptationaspects.
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