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ABSTRACT

In this work we presentan efficient fine granularscalablevideo
compressiorschemewhich supportsa fastbit rateadaptatiorin-
dependentf theencoder The proposedschemegeneratesinem-
beddedbitstreamfor eachframeor, by appropriatemultiplexing,
for eachgroupof picture. This rate-scalabilityis supportedy an
embeddeditstreamwhich allows decodingat multiple rates,or to
be more specificat virtually ary rate. Drift removing techniques
basedbn intra refreshor feedbackmechanismsirepresentedWe
shaw the potentialof this video codecfor variablebit rate chan-
nels as well asin combinationwith an unequalerasureprotec-
tion schemdor errorrobustandefficient transmissiorover paclet
erasurechannels.Possibleenhancementsf the presenteaoding
schemesrediscussed.

1. INTRODUCTION

Scalablevideo codinghasattainedgreatinterestrecentlybecause
of its inherentnetwork friendliness.It is very suitedfor network-
ing video applicationssuch as video streaming. Scalablecoder
encodevideoinputinto multiple layers. The baselayer shouldbe
transmittedwith very reliability. However, theenhancemenayers
might be droppedor only transmittedaccordingto the available
network bitrate. In additionto conventionalscalablecodersfine
granularscalability(FGS)is evenmoresuitedasvirtually eachbit
formsanadditionalenhancemenrayer. This allows very fastand
accuratenetwork adaptationto variable bit rate channels. Rate-
scalable embeddediideo codingwasfirst proposeddy Taubman
andZakhor[1] using3-D subbancdcoding. Basedon this ground-
breakingwork, a numberof embedded-D video coding algo-
rithmssuchasin [2, 3] wereproposedvhichcombine3-D subband
codingwith motion compensationin orderto meetmorerestric-
tive requirementsvith respectto delay implementatiormemory
and computationalcompleity, McCanneet al. [4] introduceda
simple progressie video coding algorithm. An overview of the
FGSapproaches the MPEG-4videostandards providedin [5].
The combinationof scalablecodingin combinationwith unequal
erasureprotectionto combatinternetpaclet losseshasrecently
beenstudiedin [6], [7] and[8] whereupto 5 dB gainin PSNR
for transmissiorover paclet lossynetworks comparedo standard
anchorstreamsaarereported.

However, especiallyfine granularscalabilitygenerallysuffers
from reducedcoding performancen contrastto single layer ap-
proachesvhenoperatingatthe samebit rate.In this paperwe will
introducean efficient fine granularscalablecoding systembased
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on progressie texturevideocoding(PTVC)[9]. Wewill shav the
applicability of this systemin several network ernvironmentsand
discusghe problemof drift removal in moredetail. Startingwith
abrief descriptionron PTVCin section2, we continueto highlight
FGSfeaturesof the PTVC and appropriatedrift removing tech-
niquesin section3. The performanceof the codecin different
network ernvironmentsis presentedh section4.

2. PROGRESSIVE TEXTURE VIDEO CODING

2.1. Overview

The PTVCis basedon the H.26L testmodel[10] which hasbeen
modifiedto performmotionestimatiorandcompensatioonly, i.e.
coding of transformcoeficients hasbeendisabledin the H.26L
codec.Instead we usean embeddeditplanecodingto represent
I-framesandthedisplacedramedifference(DFD) resultingfrom
motion compensation.All featuresof the encoderare shavn in
figurel. Theresultingvideobitstreamconsistof thecombination
of the H.26L control and motion componentandthe progressie
texture bitstream. We only give a brief overvien over the codec.
For adetaileddescriptionof the PTVC we referto [11] and[9].
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Fig. 1. Architectureof the Progressie Texture Video Codec

Theproposedystenmuseshe motionestimatiorandcompen-
sationapparatusf theH.26L codecTML5.0[10]. H.26L includes
a block basedmotion compensatiorwith variable vector block
sizesfor eachmacroblockand 1/4 Pel estimationaccurag. Ad-
ditionally, multiple referencéframescanbe usedin motion com-
pensation. Greaterefficiency in intra-framecoding comparedto
previous approachess achieved in the H.26L designusingdirec-
tional predictionin the spatialdomainratherthancoeficientvalue
predictionin the transformdomain. For moredetailswe referto



thetestmodeldescription10]. In thefollowing we do notdistin-
guish betweenl-frame predictioninformation and motion vector
predictionas both methodsresultin a DFD which is processed
identically in the progressie texture coding. We refer to predic-
tion informationascontrolandmotionvectordata.

2.2. Progressive Texture Coding

We will briefly discussthe coding of the texture asthis feature
addstheprogressie functionalityandthereforesxtendstheH.26L
testmodel. Theidentical4 x 4 block basedntegertransformas
usedin theH.26L testmodel[10] is appliedin ourembeddedex-
ture coder However, beforequantizationandentroy coding,the
coeficients of the entire frame are rearrangednto 16 subbands,
suchthat, for example,all DC coeficientsarearrangedn the up-
perleft subbandasshavn in figure 2. Theentrofy codingapplied
totheDFD is similarto techniquesisedin SPIHT[12] andJPEG-
2000[13] basedon bitplaneand contet-basedarithmeticcoding.
Thereforejt allows truncatingof the bitstreamandreconstruction
with reducedquality. For further detail on the entroy codingwe
againreferto [11] and[9].
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Fig. 2. Corversionof spatiallylocal block basedepresentatioof
textureinto a spatiallyglobalsubbandbrientedrepresentation

2.3. Bitstream Propertiesand Control Parameters

Accordingto figure 1 andthe previous descriptionwe have spec-
ified the bitstreamof the motion dataandthe DFD of eachcolor
component.The embeddeditstreamfor eachframeis generated
by multiplexing the motioninformationandthe color components
of the frame. The arithmetic coder independentlyoperateson
eachcolor componen(Y, U andV), generatinghreeprogressie
color componenbitstreamsfor eachvideo frame. Accordingto
theweightfactorfor the color componentsR,. thetexture partfor
eachframeis generatedn anembeddedvay. We take thefirst R,
bytesfrom the progressiely codedY-componentandplacethem
in the beginning of themessageThenwe take thefirst byte of the
U-componentollowed by the first byte of the V-componentand
placethemsequentiallyinto the messageThenwe continuewith
the next R. bytesfrom the Y-componenandsoon until all sym-
bolsfrom all color componentsvithin the framearedistributed.

Figure3 illustratesthebitstreamof oneframe. Theentirecon-
trol andmotioninformationis putin the beginning of eachframe.
Then,the progressiely codedandinterleavedtextureinformation
is appendedAccordingto figure 1 the bitratefor eachframecan
be controlledvery easilyby truncatingthe frameat a certainnum-
ber of bits. This numberof bits is specifiedby the feedbackbi-
tratery. Thereconstructedrameis fed backinto the prediction
loop. Additionally, the informationwhich is not fed backin the
predictionloop resultsin anintra-codedenhancemer(seesection
3.1). Othermeango controlquality anddataratearean|/P-frame
switchanda methodto choosethe framesin the referencebuffer.
Thisissuewill bediscussedh section3.3.

3. FINE GRANULAR SCALABILITY

3.1. Scalable Bitstream Properties

Accordingto figure 3 we obtainthreepartsof the bitstreamfor

eachframe. The control and motion vector datais placedin the
beginningfollowedby theentireprogressiely codedtextureinfor-

mation.However, aspartsof thetextureinformationis fed backto

the motioncompensatiotoop we candistinguishbetweera base
layerandanintra codedenhancemeriayer. Denotethatthe tex-

tureis orderedin bothlayersin sucha way thatwe obtaina fine
granularSNR scalability
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Fig. 3. Bit orderingfor oneframe

W ebriefly discusgheconsequenceemoring partsof thebit-
streamin scalableransmission Assumethatthe actualtransmis-
sionbit rater; variesaroundthefeedbaclbitrater; andbuffering
is not applied. Therefore,if ry > r¢, we canimprove the qual-
ity for this frameby transmittingsomepartsof the enhancement
layer In contrast,if the transmissiorbitrateis below the feed-
backbitrate,i.e. r; < ry¢, thelater partsof the baselayertexture
accordingto figure 3 areremoved. Therefore the quality of the
currentframeis reducedn a gracefulway aswe remove partsof
the progressiely codedtexture. Hence,the baselayer codingin
PTVC canbe regardedas an advanceddatapartitioning scheme
whereeachbit is a separateartition. However, this lossis much
more severefor the performanceof the codecasthis resultsin a
drift. Encoderand decodereferenceframesare differentin the
motion compensatiomprocess.In generalthis leadsto a signifi-
cantperformanceeduction[9]. Thereforewe will discusameans
to generatendependentlylecodablenessageandmethodso re-
duceor completelyremore drift effects.

3.2. Independent Decoding of FGS Coded Video M essages

Thelossof predictioninformationresultsin a mismatchbetween
encoderand decoderreferenceframesfor the PTVC asfor most
hybrid video codecs. Therefore we introducethe conceptof in-
dependentlyglecodableroupof pictures(GOP)alsoreferredto as
messagé thefollowing. EachGOPstartswith anon-predictiely
codedintra frameor with a framewhich is encodedo ensurethat
the drift betweerencoderanddecoderis removed. Notethatthe
first imagewithin a GOP getsassignednore datarate than the
residualimage.Theratiois denotedasR;p.

The progressiely codedframemessagewithin oneGOPare
multiplexedin suchawaythatthe mostimportantinformationpre-
cededessimportantinformation. To achieve this, the bitstreams
of theindividual framesof theentireGOPareinterleavedto a pro-
gressve bitstreamfor the entire GOP similar to the procedureof
color componenimultiplexing basedon R;p insteadof R.. As
the feedbackbitratefor eachframeis adjustedo the R;p within
a GOR the numberof bits of the first framefed backin the pre-
diction loop is R;p times higher thanthe bits fed back for the
residualframes. Therefore,with this multiplexing and feedback
bitrateadaptatiorthebit positionbs = r¢ Ry p / f» within the GOP
messagespecifiesthe boundarybetweenbaseand enhancement
layer The numberof transmittedbits for the GOP is specified



by bs = r¢Rrp/fr. If by > by nodrift within the GOP occurs
whereash; > by in generalresultsin a drift problemwithin the
GOR

3.3. Feedback Based Drift Removing M ethods

In [9] drift compensatioby introducingregularl-frameshasbeen
introduced. However, ascoding of I-framesrequiresin general
moredataratethanpredictively codedframes,the overall perfor

manceof the codecdecreasesA lossof about2 dB in PSNRcan
be obseredin figure 5 if the I-frame periodis reducedrom 100

to 10.

In generaljn avariablebit ratetransmissiorervironment,not
the entireinformationfor one GOPwill belostandtherefore the
encodercanusuallyrely on the decodethaving decodedpartsof
the previous message.Figure 4 shavs the framework of the in-
vestigatedsystem.Assumethat the encodercodesthe video with
afeedbackbitrater ;. The messagés transmittedover a variable
bitrate(VBR) channelwith actualbitrater,; andatthedecodethis
messagés decodedat the transmissiorbitrate .. Additionally,
we assumehatthereis anestimationr, of thetransmissiorbitrate
r; of this messagewvailable at the encodersite beforeencoding
the next GOR This information might be accessibleby network
feedbaclor statisticalestimations At theencodesitewe cannow
producereferenceframesby decodingthe sentmessagat bitrate
re, Orif re > 7y, at the video feedbackbitrater ;. Theserefer

enceframesareusedby the encoderto predictthe nev message.

Thepredictionbitrater, for eachmessagés assumedo beknown
to both, the encoderanddecodeby somesmall sideinformation
transmittedin the video bitstream. Denotethatfor 7. = 0 each
messagéas decodedndependentlyl-framesare usedin the be-
ginning of eachGOR whereasr. = ry resultsin the casewhere
regular P-framesare transmitted. For 0 < r. < ry we obtain
frames which arepredictedrom drift pronereferencdrames.
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Fig. 4. Feedbaclbasedrift remaving system

Notethatif the estimateditrateis belav thetransmissiorbi-
tratefor all transmittedmessages.e. r. < r;, drift effectsoccur
ring within one GOP are alwaysremoved by this scheme.How-
ever, if thereexistsjust onemessagevith r. > r;, thereference
framesin encoderanddecoderaredifferent. This drift canbere-
moved completelyby avery sporadidntroductionof I-frames,i.e.
re = 0.

4. PTVCIN NETWORK ENVIRONMENTS

4.1. Rate-Distortion Performance

We comparethe performanceof the PTVC schemeto two non-
scalableconventionalhybrid coderdfor the caseof a priori knovn
transmissiorbitrater; by adjustingthe feedbaclbitraters = ;.
All simulationsarecarriedout usingthe QCIF testsequencé&ore-
man(30Hz, 300frames,176 x 144 pels)ataconstanframerate

fr = 10 Hz, 5 referenceframeshave beenused. As reference
systemswve usedTML5 [10] of H.26L and TMN9 of the ITU-T
Rec.H.263+,the latter with advancedoptionsof AnnexesD, F,
I, JandT. To achieve a given target rate, a simple off-line rate
controlmechanisnwasusedfor bothreferenceschemeswhereas
for PTVCtheratecontrolbasedon bitwisetexture truncatingwas
emploedwith Ryp = 6 : 1 andR, = 10 : 1 : 1. Theseval-
uesaresimilar to the oneof thereferencecodecs Figure5 shavs
the resultsof our experimentsusingtwo differentl-frame periods
P; = 10,100. As canbe seenfrom the graph,our new texture
codingis only little inferior to the coding methodof H.26L, at
leastin the casewhereonly onel-frame (P; = 100) for thewhole
sequencés coded.Dueto anefficient but inherentlynon-scalable
spatialpredictionschemespartof its I-framecodingmethod 10],
the H.26L testmodelprovidesa moredistinctive gainwhenmore
I-framesareinserted(P; = 10). However, evenin this scenario,
PTVC hasa rate-distortionperformancesimilar to or betterthan
H.263+with adwancedcodingoptions.
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Fig. 5. Performancef PTVC for r; = r, comparedo standard
testmodelimplementations.

4.2. Varying or Unknown Bitrate Scenarios

In additionto thegoodR-D performancehe PTVC shaws further
adwantagesn varyingandunknavn bitrateenvironments.Dueto
the flexibility of the codecwe highlight only a few selectedsce-
narios. Assumethatwe wantto transmita sequenc&ot knowing
the transmissiorbitrater; in advance. Therefore neitherthe rate
in aregularvideo codecnor the feedbackbitrater ¢ for the PTVC
canbeadjustedproperly However, dueto the progressie texture
codingareducedransmissiorrate canbe compensatedly trans-
mitting just thefirst partof the messagelf r, > r; we dropparts
of theintra-codedenhancemeriayersimilar to the MPEG-4FGS
approactwhereador r; < ry basdayertextureis droppedwhich
resultsin drift problems.

Performancesimulationsof the PTVC for different scenar
ios have beencarriedout. The parametergsequenceresolution,
framerate, etc.) are equialentto the one presentedn subsec-
tion 4.1. The transmissiorbitrate r; is varied between32 and
128 kbit/s andit is assumedo be fixed but unknavn suchthat
eachtransmissiorpaclet is truncatedat bit positionr;/f,. The



ratio betweenthe size of the first frame of the GOPandresidual
framesR;p wasselectedcappropriately Additionally, we assume
thatthereis a drift removing strategyy every 1 sec,i.e. Pr = 10.
The resultsof differentexperimentsare shavn in figure 6. For
comparisorpurposegcurve 1 shaws the performancef regularin-
traupdatesareintroducesandthetransmissiomateis known atthe
encodein adwancesuchthatthefeedbackatecanbeadjustedi.e.
r¢y = ry andr. = 0. Curve 2 and4 shav the performancéaving
abaselayerwith bitrater; = 32 kbit/s anda pureintra codeden-
hancementayer. For 2 aregular|-frameupdateis introduced;j.e.
rs = 32 kbit/sandr. = 0 andfor 4 only P-framesaretransmitted
in thebaselayer, i.e. ry = r. = 32 kbit/s. A very slow increase
of quality with increasingoitrateis visible. Similar performanceés
reportedby the MPEG-4FGSapproacH5]. Curve 3 and5 shav
theperformanceita basdayerbitrater; = 128 kbit/s and,there-
fore, drift occurswithin one GOR In curwe 3, regularintra-frame
updatesareintroducedto completelyremove drift, i.e. r. = 0. In
curwe 5 the performancds shavn assuminghat the encoderre-
ceivesthetransmissioritrateattheencodeia posteriorisuchthat
thereferencdramescanbeadjustedij.e. r. = r;.
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Fig. 6. Performancef PTVC in varyingandunknavn transmis-
sionbitrateconditions.

It canbeobsenredthatfor atransmissiorbit ratereductionup
to 50 % of the expectedbit rate,i.e r; = 0.5r¢, all drift schemes
(curve 3,5) outperformthe schemesvith intracodedenhancement
layers(curve 2,4). Comparingcurve 1 and 3 it is also obvious
thatthedrift within oneGOPdoesnot effect the performancesig-
nificantly asthe PSNRwith known transmissiorbit ratein curve
1 only increaseslightly comparedo curve 3. Finally, comparing
curve 3 and5 againof aboutl dB canachievedif thetransmission
bit rateis fed backto the encoder Furtherinvestigationgo eval-
uatethis schemesn network ervironmentswith feedbackor with
statisticaldecoderstateestimationis ongoingwork. Additionally,
the excellentperformanceof the PTVC in combinationwith un-
equallossprotectionreportedin [8] canbeimproved furtherwith
this feedbackbasedlrift compensation.

5. CONCLUSIONS

We presentedh new video coding schemecombiningthe ITU-T
H.26L testmodelwith a progressie texture coderutilizing con-

text basedarithmeticencodingof bitplanesin the frequeny do-
main. It hasbeenshavn thatdueto the progressie natureof our
approachmoderatequality degradationoccurswhenonly partsof
the bitstreamare decoded. In this casedrift predictionis intro-
ducedwhich can be considerablyreducedby a periodic I-frame
updateor periodicdrift removal usingnetwork feedbackinforma-
tion. Experimentatesultsindicatethe usefulnes®f our approach
for streamingvideo applicationsover networks with time-varying
bitrate. Our proposedschemecanalsobe viewed asa meansfor
datapartitioningandthe applicabilityin the combinatiorwith un-
equallossprotectionfor Internetpacletlossedhasbeenshavn [8].
Additionally, the subjectve quality in varyingbitrateconditionsis
significantly increasedas the partial loss of datadoesnot result
in block artifactsnor in reductionof temporalresolution.Instead,
the partial lossreduceghe sharpnessf the moving imageaswe
have a coarseilquantization Futurework will focuson ratedistor
tion optimizationandnetwork adaptatioraspectaswell asfurther
improvementf codingefficiengy.
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