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ABSTRACT

In this work we presentan efficient fine granularscalablevideo
compressionschemewhich supportsa fastbit rateadaptationin-
dependentof theencoder. Theproposedschemegeneratesanem-
beddedbitstreamfor eachframeor, by appropriatemultiplexing,
for eachgroupof picture. This rate-scalabilityis supportedby an
embeddedbitstreamwhichallowsdecodingatmultiplerates,or to
be morespecificat virtually any rate. Drift removing techniques
basedon intra refreshor feedbackmechanismsarepresented.We
show the potentialof this video codecfor variablebit ratechan-
nels as well as in combinationwith an unequalerasureprotec-
tion schemefor errorrobustandefficient transmissionoverpacket
erasurechannels.Possibleenhancementsof thepresentedcoding
schemesarediscussed.

1. INTRODUCTION

Scalablevideocodinghasattainedgreatinterestrecentlybecause
of its inherentnetwork friendliness.It is very suitedfor network-
ing video applicationssuchas video streaming. Scalablecoder
encodevideoinput into multiple layers.Thebaselayershouldbe
transmittedwith veryreliability. However, theenhancementlayers
might be droppedor only transmittedaccordingto the available
network bitrate. In addition to conventionalscalablecodersfine
granularscalability(FGS)is evenmoresuitedasvirtually eachbit
formsanadditionalenhancementlayer. This allows very fastand
accuratenetwork adaptationto variablebit ratechannels.Rate-
scalable,embeddedvideocodingwasfirst proposedby Taubman
andZakhor[1] using3-D subbandcoding.Basedon this ground-
breakingwork, a numberof embedded3-D video coding algo-
rithmssuchasin [2, 3] wereproposedwhichcombine3-Dsubband
codingwith motioncompensation.In orderto meetmorerestric-
tive requirementswith respectto delay, implementationmemory
and computationalcomplexity, McCanneet al. [4] introduceda
simpleprogressive video codingalgorithm. An overview of the
FGSapproachesin theMPEG-4videostandardis providedin [5].
Thecombinationof scalablecodingin combinationwith unequal
erasureprotectionto combatInternetpacket losseshasrecently
beenstudiedin [6], [7] and[8] whereup to � dB gain in PSNR
for transmissionover packet lossynetworkscomparedto standard
anchorstreamsarereported.

However, especiallyfine granularscalabilitygenerallysuffers
from reducedcodingperformancein contrastto single layer ap-
proacheswhenoperatingat thesamebit rate.In thispaperwewill
introducean efficient fine granularscalablecodingsystembased
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onprogressive texturevideocoding(PTVC)[9]. Wewill show the
applicability of this systemin several network environmentsand
discusstheproblemof drift removal in moredetail. Startingwith
a brief descriptiononPTVCin section2, we continueto highlight
FGS featuresof the PTVC andappropriatedrift removing tech-
niquesin section3. The performanceof the codecin different
network environmentsis presentedin section4.

2. PROGRESSIVE TEXTURE VIDEO CODING

2.1. Overview

ThePTVC is basedon theH.26L testmodel[10] which hasbeen
modifiedto performmotionestimationandcompensationonly, i.e.
coding of transformcoefficients hasbeendisabledin the H.26L
codec.Instead,we useanembeddedbitplanecodingto represent
I-framesandthedisplacedframedifference(DFD) resultingfrom
motion compensation.All featuresof the encoderareshown in
figure1. Theresultingvideobitstreamconsistsof thecombination
of the H.26L control andmotion componentandthe progressive
texture bitstream.We only give a brief overview over the codec.
For a detaileddescriptionof thePTVC we referto [11] and[9].
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Fig. 1. Architectureof theProgressive TextureVideoCodec

Theproposedsystemusesthemotionestimationandcompen-
sationapparatusof theH.26LcodecTML5.0 [10]. H.26L includes
a block basedmotion compensationwith variable vector block
sizesfor eachmacroblockand1/4 Pel estimationaccuracy. Ad-
ditionally, multiple referenceframescanbe usedin motioncom-
pensation.Greaterefficiency in intra-framecodingcomparedto
previous approachesis achieved in theH.26L designusingdirec-
tionalpredictionin thespatialdomainratherthancoefficientvalue
predictionin the transformdomain. For moredetailswe refer to



thetestmodeldescription[10]. In thefollowing we do not distin-
guishbetweenI-frame predictioninformationandmotion vector
predictionas both methodsresult in a DFD which is processed
identically in the progressive texture coding. We refer to predic-
tion informationascontrolandmotionvectordata.

2.2. Progressive Texture Coding

We will briefly discussthe coding of the texture as this feature
addstheprogressive functionalityandthereforeextendstheH.26L
testmodel. The identical


��


block basedinteger transformas

usedin theH.26L testmodel[10] is appliedin ourembeddedtex-
turecoder. However, beforequantizationandentropy coding,the
coefficients of the entire framearerearrangedinto 16 subbands,
suchthat,for example,all DC coefficientsarearrangedin theup-
perleft subbandasshown in figure2. Theentropy codingapplied
to theDFD is similar to techniquesusedin SPIHT[12] andJPEG-
2000[13] basedon bitplaneandcontext-basedarithmeticcoding.
Therefore,it allows truncatingof thebitstreamandreconstruction
with reducedquality. For furtherdetailon theentropy codingwe
againreferto [11] and[9].
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Fig. 2. Conversionof spatiallylocalblock basedrepresentationof
textureinto a spatiallyglobalsubbandorientedrepresentation

2.3. Bitstream Properties and Control Parameters

Accordingto figure1 andthepreviousdescriptionwe have spec-
ified the bitstreamof themotion dataandthe DFD of eachcolor
component.Theembeddedbitstreamfor eachframeis generated
by multiplexing themotioninformationandthecolorcomponents
of the frame. The arithmetic coder independentlyoperateson
eachcolor component(Y, U andV), generatingthreeprogressive
color componentbitstreamsfor eachvideo frame. Accordingto
theweight factorfor thecolor components')( thetexturepart for
eachframeis generatedin anembeddedway. Wetake thefirst ' (
bytesfrom theprogressively codedY-componentandplacethem
in thebeginningof themessage.Thenwetake thefirst byteof the
U-componentfollowed by the first byte of the V-componentand
placethemsequentiallyinto themessage.Thenwe continuewith
thenext ' ( bytesfrom theY-componentandsoon until all sym-
bolsfrom all color componentswithin theframearedistributed.

Figure3 illustratesthebitstreamof oneframe.Theentirecon-
trol andmotioninformationis put in thebeginningof eachframe.
Then,theprogressively codedandinterleavedtextureinformation
is appended.Accordingto figure1 thebitratefor eachframecan
becontrolledveryeasilyby truncatingtheframeat acertainnum-
ber of bits. This numberof bits is specifiedby the feedbackbi-
trate *,+ . The reconstructedframeis fed backinto the prediction
loop. Additionally, the informationwhich is not fed backin the
predictionloop resultsin anintra-codedenhancement(seesection
3.1). Othermeansto controlqualityanddatarateareanI/P-frame
switchanda methodto choosetheframesin thereferencebuffer.
This issuewill bediscussedin section3.3.

3. FINE GRANULAR SCALABILITY

3.1. Scalable Bitstream Properties

According to figure 3 we obtain threepartsof the bitstreamfor
eachframe. The control andmotion vectordatais placedin the
beginningfollowedby theentireprogressively codedtextureinfor-
mation.However, aspartsof thetextureinformationis fedbackto
themotioncompensationloop we candistinguishbetweena base
layerandan intra codedenhancementlayer. Denotethat the tex-
ture is orderedin both layersin sucha way thatwe obtaina fine
granularSNRscalability.
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Fig. 3. Bit orderingfor oneframe

W ebriefly discusstheconsequencesremovingpartsof thebit-
streamin scalabletransmission.Assumethat theactualtransmis-
sionbit rate *e� variesaroundthefeedbackbitrate *,+ andbuffering
is not applied. Therefore,if * ��� *,+ , we canimprove the qual-
ity for this frameby transmittingsomepartsof the enhancement
layer. In contrast,if the transmissionbitrate is below the feed-
backbitrate,i.e. * ��� *,+ , the laterpartsof thebaselayer texture
accordingto figure 3 areremoved. Therefore,the quality of the
currentframeis reducedin a gracefulway aswe remove partsof
the progressively codedtexture. Hence,the baselayer codingin
PTVC canbe regardedasan advanceddatapartitioningscheme
whereeachbit is a separatepartition. However, this lossis much
moreseverefor the performanceof the codecasthis resultsin a
drift. Encoderanddecoderreferenceframesaredifferent in the
motion compensationprocess.In general,this leadsto a signifi-
cantperformancereduction[9]. Therefore,we will discussmeans
to generateindependentlydecodablemessagesandmethodsto re-
duceor completelyremove drift effects.

3.2. Independent Decoding of FGS Coded Video Messages

The lossof predictioninformationresultsin a mismatchbetween
encoderanddecoderreferenceframesfor the PTVC asfor most
hybrid video codecs.Therefore,we introducethe conceptof in-
dependentlydecodablegroupof pictures(GOP)alsoreferredto as
messagein thefollowing. EachGOPstartswith anon-predictively
codedintra frameor with a framewhich is encodedto ensurethat
the drift betweenencoderanddecoderis removed. Note that the
first imagewithin a GOP getsassignedmore datarate than the
residualimage.Theratio is denotedas '��2� .

Theprogressively codedframemessageswithin oneGOPare
multiplexedin suchawaythatthemostimportantinformationpre-
cedeslessimportantinformation. To achieve this, the bitstreams
of theindividual framesof theentireGOPareinterleavedto apro-
gressive bitstreamfor the entireGOPsimilar to the procedureof
color componentmultiplexing basedon ')�2� insteadof ' ( . As
the feedbackbitratefor eachframeis adjustedto the ' �2� within
a GOP, the numberof bits of the first framefed backin the pre-
diction loop is '��2� times higher than the bits fed back for the
residualframes. Therefore,with this multiplexing and feedback
bitrateadaptationthebit position �9+���*,+�')�2���N�,� within theGOP
messagespecifiesthe boundarybetweenbaseand enhancement
layer. The numberof transmittedbits for the GOP is specified



by � � ��* � ' �2� �N� � . If � ��� � + no drift within the GOPoccurs
whereas�D� � �9+ in generalresultsin a drift problemwithin the
GOP.

3.3. Feedback Based Drift Removing Methods

In [9] drift compensationby introducingregularI-frameshasbeen
introduced. However, as coding of I-framesrequiresin general
moredataratethanpredictively codedframes,theoverall perfor-
manceof thecodecdecreases.A lossof about   dB in PSNRcan
beobserved in figure5 if the I-frameperiodis reducedfrom ¡�¢N¢
to ¡�¢ .

In general,in avariablebit ratetransmissionenvironment,not
theentireinformationfor oneGOPwill belost andtherefore,the
encodercanusuallyrely on the decoderhaving decodedpartsof
the previous message.Figure4 shows the framework of the in-
vestigatedsystem.Assumethat theencodercodesthevideowith
a feedbackbitrate *,+ . Themessageis transmittedover a variable
bitrate(VBR) channelwith actualbitrate * � andatthedecoderthis
messageis decodedat the transmissionbitrate *e� . Additionally,
weassumethatthereis anestimation*e£ of thetransmissionbitrate
* � of this messageavailableat the encodersite beforeencoding
the next GOP. This informationmight be accessibleby network
feedbackor statisticalestimations.At theencodersitewecannow
producereferenceframesby decodingthesentmessageat bitrate
*e£ , or if *e£�¤¥*,+ , at the video feedbackbitrate *,+ . Theserefer-
enceframesareusedby theencoderto predictthenew message.
Thepredictionbitrate * £ for eachmessageis assumedto beknown
to both, theencoderanddecoderby somesmall sideinformation
transmittedin the video bitstream.Denotethat for *e£¦�§¢ each
messageis decodedindependently, I-framesare usedin the be-
ginningof eachGOP, whereas*e£¨�¥*,+ resultsin thecasewhere
regular P-framesare transmitted. For ¢ � *e£ � *,+ we obtain
frames,whicharepredictedfrom drift pronereferenceframes.
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Fig. 4. Feedbackbaseddrift removing system

Notethat if theestimatedbitrateis below thetransmissionbi-
tratefor all transmittedmessages,i.e. * £�� * � , drift effectsoccur-
ring within oneGOParealwaysremoved by this scheme.How-
ever, if thereexists just onemessagewith *e£ ¤ *e� , the reference
framesin encoderanddecoderaredifferent. This drift canbere-
movedcompletelyby averysporadicintroductionof I-frames,i.e.
* £ � ¢ .

4. PTVC IN NETWORK ENVIRONMENTS

4.1. Rate-Distortion Performance

We comparethe performanceof the PTVC schemeto two non-
scalableconventionalhybridcodersfor thecaseof a priori known
transmissionbitrate *e� by adjustingthe feedbackbitrate *,+ � *e� .
All simulationsarecarriedoutusingtheQCIF testsequenceFore-
man(30 Hz, 300frames,¡���� � ¡ 
Ã
 pels)at a constantframerate

� � � ¡�¢ Hz, � referenceframeshave beenused. As reference
systemswe usedTML5 [10] of H.26L andTMN9 of the ITU-T
Rec.H.263+, the latter with advancedoptionsof Annexes D, F,
I, J and T. To achieve a given target rate, a simple off-line rate
controlmechanismwasusedfor bothreferenceschemes,whereas
for PTVC theratecontrolbasedon bitwisetexturetruncatingwas
employed with ' �2� ����� ¡ and ' ( � ¡9¢�� ¡�� ¡ . Theseval-
uesaresimilar to theoneof thereferencecodecs.Figure5 shows
theresultsof our experimentsusingtwo differentI-frameperiods � � ¡�¢"!�¡9¢Ã¢ . As canbe seenfrom the graph,our new texture
coding is only little inferior to the coding methodof H.26L, at
leastin thecasewhereonly oneI-frame(

 �)� ¡9¢Ã¢ ) for thewhole
sequenceis coded.Dueto anefficient but inherentlynon-scalable
spatialpredictionschemeaspartof its I-framecodingmethod[10],
theH.26L testmodelprovidesa moredistinctive gainwhenmore
I-framesareinserted(

 � �§¡9¢ ). However, even in this scenario,
PTVC hasa rate-distortionperformancesimilar to or betterthan
H.263+with advancedcodingoptions.
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 � � ¡9¢
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Fig. 5. Performanceof PTVC for * + � * � comparedto standard
testmodelimplementations.

4.2. Varying or Unknown Bitrate Scenarios

In additionto thegoodR-D performancethePTVC shows further
advantagesin varyingandunknown bitrateenvironments.Dueto
the flexibility of the codecwe highlight only a few selectedsce-
narios.Assumethatwe want to transmita sequencenot knowing
the transmissionbitrate *e� in advance.Therefore,neithertherate
in a regularvideocodecnor thefeedbackbitrate *,+ for thePTVC
canbeadjustedproperly. However, dueto theprogressive texture
codinga reducedtransmissionratecanbecompensatedby trans-
mitting just thefirst partof themessage.If * � � * + we dropparts
of theintra-codedenhancementlayersimilar to theMPEG-4FGS
approachwhereasfor *e� � *,+ baselayertextureis droppedwhich
resultsin drift problems.

Performancesimulationsof the PTVC for different scenar-
ios have beencarriedout. Theparameters(sequence,resolution,
frame rate, etc.) are equivalent to the one presentedin subsec-
tion 4.1. The transmissionbitrate *e� is varied between#Ã  and
¡e �$ kbit/s and it is assumedto be fixed but unknown suchthat
eachtransmissionpacket is truncatedat bit position * � �Ã� � . The



ratio betweenthe sizeof the first frameof the GOPandresidual
frames')��� wasselectedappropriately. Additionally, we assume
that thereis a drift removing strategy every ¡ sec,i.e.

 �¦� ¡�¢ .
The resultsof different experimentsare shown in figure 6. For
comparisonpurpose,curve 1 shows theperformanceif regularin-
traupdatesareintroducesandthetransmissionrateis known atthe
encoderin advancesuchthatthefeedbackratecanbeadjusted,i.e.
*,+¨� *e� and *e£ � ¢ . Curve 2 and4 show theperformancehaving
a baselayerwith bitrate *,+��%#�  kbit/s anda pureintra codeden-
hancementlayer. For 2 a regularI-frameupdateis introduced,i.e.
*,+��&#�  kbit/sand *e£ ��¢ andfor 4 only P-framesaretransmitted
in thebaselayer, i.e. *,+ � *e£��'#Ã  kbit/s. A very slow increase
of qualitywith increasingbitrateis visible. Similarperformanceis
reportedby theMPEG-4FGSapproach[5]. Curve 3 and5 show
theperformanceata baselayerbitrate * + � ¡� �$ kbit/sand,there-
fore, drift occurswithin oneGOP. In curve 3, regular intra-frame
updatesareintroducedto completelyremove drift, i.e. *e£)� ¢ . In
curve 5 the performanceis shown assumingthat the encoderre-
ceivesthetransmissionbitrateat theencodera posteriorisuchthat
thereferenceframescanbeadjusted,i.e. *e£ ��*e� .

5) *,+�� ¡e �$ kbit/s, *e£ � *e�
4) *,+��&#�  , *e£ �&#�  kbit/s
3) * + � ¡e �$ kbit/s, * £ ��¢
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Fig. 6. Performanceof PTVC in varyingandunknown transmis-
sionbitrateconditions.

It canbeobservedthatfor a transmissionbit ratereductionup
to �,¢ % of theexpectedbit rate,i.e *e� � ¢"( �e*,+ , all drift schemes
(curve3,5)outperformtheschemeswith intracodedenhancement
layers(curve 2,4). Comparingcurve 1 and 3 it is also obvious
thatthedrift within oneGOPdoesnot effect theperformancesig-
nificantly asthePSNRwith known transmissionbit ratein curve
1 only increasesslightly comparedto curve 3. Finally, comparing
curve3 and5 againof about ¡ dB canachievedif thetransmission
bit rateis fed backto theencoder. Furtherinvestigationsto eval-
uatethis schemesin network environmentswith feedbackor with
statisticaldecoderstateestimationis ongoingwork. Additionally,
the excellentperformanceof the PTVC in combinationwith un-
equallossprotectionreportedin [8] canbeimprovedfurtherwith
this feedbackbaseddrift compensation.

5. CONCLUSIONS

We presenteda new video codingschemecombiningthe ITU-T
H.26L testmodelwith a progressive texture coderutilizing con-

text basedarithmeticencodingof bitplanesin the frequency do-
main. It hasbeenshown thatdueto theprogressive 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. Experimentalresultsindicatetheusefulnessof our approach
for streamingvideoapplicationsover networkswith time-varying
bitrate. Our proposedschemecanalsobeviewed asa meansfor
datapartitioningandtheapplicabilityin thecombinationwith un-
equallossprotectionfor Internetpacket losseshasbeenshown [8].
Additionally, thesubjective quality in varyingbitrateconditionsis
significantly increasedas the partial loss of datadoesnot result
in block artifactsnor in reductionof temporalresolution.Instead,
the partial lossreducesthe sharpnessof themoving imageaswe
have a coarserquantization.Futurework will focuson ratedistor-
tion optimizationandnetwork adaptationaspectsaswell asfurther
improvementsof codingefficiency.
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