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ABSTRACT

We presentadistortion-basegaclket markingtechniquefor

transmissiorof motion-compensateddeo over Differenti-
atedServicemetworks. For eachmacroblockof anMPEG-
2 video sequencethe distortion that would be causedat
the recever by its lossis computed.High distortionmac-
roblocksaregroupednto perceptually-importarglicesthat
can be transmittedas premium paclets, while lower dis-

tortion slices are sent as less expensve, best-effort traf-

fic. Firstly, computationof the distortionintroducedin the

currentframeonly is comparedo exhaustve computation
of the distortionintroducedin the entire group of pictures
(GOP)dueto theerrorpropagationSecondlyallocationof

the premiumtraffic on aframe-by-framebasisis compared
to GOP-wideallocation. Resultsshav that GOP-wideal-

locationof premiumtraffic is key in using premiumband-
width efficiently, with strong PSNRgainswith respectto

the otherapproachesWe alsoproposea model-basedlis-

tortioncomputatiortechniquewhich,combinedwvith GOP-
level premiumtraffic allocation, delivers nearly the same
performanceof the exhaustve approachat a fraction of its

compleity.

1. INTRODUCTION

Many emepging multimediaapplicationsrequirethe deliv-

ery of audioandvideoover noisy channelsvith delaycon-

straintsthat do not allow dataretransmission. Error re-

siliencewithoutretransmissioganbeachievedby meanof

severaltechniquesincluding errorcorrectingcodes(FEC),

multiple descriptioncoding and priority-basedforwarding
technique$l]. Whenusingthesetechniquesasinglechan-
nel can be viewed as partitionedinto “virtual” subchan-
nels characterizedy differenterror rates. Eachsubchan-
nelis usedto deliver bits accordingto their perceptualm-

portancebit classificationis normally doneat designtime

throughdatapartitioning, possiblycombinedwith layered
coding,andthenkeptconstanduringtransmission.

0-7803-7304-9/02/$17.00 ©2002 |IEEE

In the contet of IP networks, the priority-basedfor-
warding approach called Differentiated Services (Diff-
Serv)[2] is oneof the mostpromisingproposalgo intro-
duce Quality of Service(QoS) guarantees.With this ap-
proach,eachpaclket hasa label (presentin both IPv4 and
IPv6 headers}hatindicateswith which priority eachrouter
shouldhandlethe paclet. The simplestimplementatiorof
DiffServusesa 1-bit labelthatdefinesa premium classwith
low delaysandno lossesandaregular best-efort class.

We proposeao markmultimediadataadaptvely depend-
ing onthedesiredevel of perceptuatuality of serviceand
thedistortionthattheirlosswould introduceat the decoder
To do so,themarkingprocesseplicateshedecodebeha-
ior in caseof datalossandcomputeghedistortionbetween
theoriginaldataandthedatageneratedby thedecodeto re-
placethe missingpacket. High-distortion,i.e., perceptually
importantdataare sentas premiumpaclets, while the re-
mainingpartof the streamis sentasregulartraffic. Theap-
proachwasrecentlyappliedto intra-codedVIPEG-2video
sequences [3]. We now proposeto extendit to the clas-
sificationandtransmissiorof genericmotion-compensated
MPEG-2 streams. In this case,dueto error propagation,
pacletlosseswill generallyintroducedistortionnotonly in
the currentframe, but in future framesaswell. We com-
parethe performanceof the proposedechniquevhenonly
thedistortionintroducedn the currentframeis considered,
to the performanceachiesed by takinginto accountfuture,
GOP-widedistortionaswell. We alsocompareallocation
of the premiumbandwidthperformedon a frame-by-frame
basisto higherdelay GOP-wideallocation. Basedon the
analysisof the error propagatiorstatisticsof severalvideo
sequencesye alsoproposea modelto estimatefuture dis-
tortion basedon currentdistortion only. This model al-
lowsto obtainperformancéevelscomparableo exhaustve
GOP-level distortioncomputationat a fraction of its delay
andcomplexity.

The paperis organizedasfollows. Section2 describes
the scenario. Section3 explainsthe behaior of four pro-
posedpaclet markingalgorithms. Resultsabouttransmis-



sion performancearereportedin Section4. Section5 de-
scribesthe proposedmodel to estimatefuture distortion,
with resultsaboutits performanceFinally, conclusionsare
madein Section6.

2. SCENARIO DESCRIPTION

We focusedon the specificcaseof MPEG-2video encod-
ing [4]. Thebasicelemenffor thedescriptiorof textureand
motion information of eachpictureis the so-called“mac-
roblock” (MB), which refersto anareaof 16 x 16 pixels.
In the MPEG standard,an arbitrary numberof consecu-
tive macroblockselongingto the samerow is codedinto
a‘“slice” In the MPEG syntaxa slice is the smallestunit
which canbe decodedndependently When MPEG video
is transmittecbverapacketnetwork, packetsshouldcontain
anintegernumberof slicessince,in caseof pacletlossesa
partialsliceis generallyuseles$5]. Framesanbeencoded
eitherwithout ary referenceo otherframes(I-pictures)or
as differenceswith respectto adjacentframes(P- and B-
pictures).Adjacentpictures(in codingorder)form alogical
unit called “group of pictures” (GOP). Each GOP begins
with an I-picture and endswith the next I-picture (not in-
cluded).Becauseof thetemporalprediction,distortiondue
to paclet lossesmay propagatewithin the GOP until an |-
pictureis reached ThereferencdMPEG-2decodel[6] was
modified to implementa simple concealmentechniquein
whichalostMB is replacedy the MB in thesameposition
in the anchor frame; in particular if the lost MB belongs
to anl- or B-picturetheanchorframeis the previousframe
in display order, otherwise,in the caseof a P-picture,the
anchorframeis the previousframein coding order.
Thenetwork architectureconsideredn this paperman-
agestwo classesof traffic, a premium classand a regu-
lar, best-efort class.lt is straightforwardto generalizehis
scenarioto morethantwo classes.Premium paclets have
higher priority in the routersqueuesand are always deliv-
ered;regular paclets,insteadreceve a best-efort service,
andthereforeneithera maximumamountof delay nor the
deliveryareguaranteedrigurel shavs a DiffServnetwork
architecture.The markingalgorithmperformsmacroblock
classificationjn generathis processanbe performedout-
side the encoderalthoughat a higher computationalcost.
At therecever the original streamis reconstructedpaclet
lossesare,if neededconcealedandvideodatadecoded.

3. MARKING ALGORITHMSDESCRIPTION

We proposeo expressthe perceptualmportanceof a mac-
roblockin termsof the distortionthatwould be introduced
by its loss. Suchdistortioncanbe definedasthe MSE be-
tweenthe video sequencelecodedusing the correctdata
andthevideosequenceéecodedisingthereplacementlata
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Figure 1: Block diagramof a 2-classDiffServnetwork ar-
chitecture.

generatedy the concealmentechniqueat the decoder If
we have a constrainton the maximumpremiumsharethat
canbeusedthentheproblemcanbeformulatedin termsof
rate-distortiomoptimization. Our packet markingalgorithm
sortsMBs in decreasingrderof perceptualmportanceand
marksthe mostimportantMBs until the premiumshareis
reachedAdjacentmacroblockdelongingto thesameclass
areputin the sameslice. Thenslicesof the sameclassare
groupednto paclets. Packetscontainingsequence headers
and picture headers are always marked as premiumsince
theirlossseverelydegradesdecodeioutput.

Accordingto the way in which distortion computation
andmacroblock marking areperformedwve canidentify four
mainapproacheto perceptuatlassification.

3.1. Frame- vs. GOP-level Distortion Computation

The overall distortionintroducedby a macroblockin case
of lossis thesumof the distortionintroducedn the current
frame plusthedistortionintroducedn thefuture frames due
to error propagation. Frame-level distortion computation
takesinto accounbnly thefirst errorterm,while GOP-level
distortion computation considershoth errorterms. Frame-
level distortioncomputatiorrequiredower delayandlower
compleity, at the expectedcost of lower performance.
GOP-level distortioncomputationpntheotherhand,is sig-
nificantly more comple, sinceit requires,for eachmac-
roblock, decodinganderror concealmenof all subsequent
framesuntil theendof the currentGOR

3.2. Frame- vs. GOP-level Premium Marking

The marking algorithm can operatewith two different
scopes: one frame or the complete GOP. In the former
case,a given shareof eachframeis marked as premium
independentlyof the distortion levels of the other frames
of the GOR In the latter case,instead,the premiumshare
is allocatedover the whole GOP;the markingmodulehas
completeknowledgeof wherethe highestdistortion mac-
roblocks are locatedin the GOP and can, therefore, al-

locatethe available premiumbandwidthwhereit is most



needed. Figure 2 shovs an example of two approaches:
with frame-level marking, a constantshareof eachframe
is marked as premium(gray areas)while with GOP-wide
marking, premium bandwidthis concentratedo protect
high-distortion regions. Frame-l&el marking is a low-
delay low-complexity schemethat suits interactive trans-
mission scenarios at the expectedprice of lower quality
performancecomparedo GOP-level marking. GOP-level
marking, on the other hand, althoughmore comple, has
the potentialof significantlymore efficient useof network
resources.

—
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Figure2: Representationf (a) frame-levzel and (b) GOP-
level premiummarking;premiumMB’s areshavn in grey.

4. RESULTS

Figure3 shaovs PSNRvaluescorrespondingdo the four ap-
proachegpresentedbore, asafunctionof pacletlossrate.
The first three GOP' of the Mobile sequencevere used;
30% of the overall traffic wasmarked aspremium. PSNR
is computedwith respecto the error-free sequenceBest-
effort paclet lossesare uniformly distributed, while pre-
mium packetsarenot subjectto losses.

The first two curvesfrom the top correspondo GOP-
basedpremiummarking, while the third andfourth curves
correspondo frame-basegremiummarking. Thefreedom
to usepremiumbandwidthwhereit is mostneededwithin
theGOR insteadof allocatingit rigidly onaframe-by-frame
basis,deliversstronggainsin termsof perceptuafjuality.

Regardingdistortion computation,instead,our results
shaw thatthereis not a greatdifferencein performancee-
tweenframe-andGOP-level distortioncomputation.

The regular best-efort case,asin the currentinternet,
is representedy the lowestcurve; ascanbe seenthe per
formancegaindeliveredby DiffServtransmissions always
quitesignificant.

Other simulationresults,not reportedhere, shav that
absolutePSNR valuesof all curvesincreaseor decrease
aswe increaseor decreasehe premiumbandwidth,as ex-
pected.
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Figure 3: Comparisorof the four proposedmarkingalgo-
rithms for increasingpaclet loss rates: GOP- and frame-
level distortion computation(d.c.) and premiummarking
(p.m.); 30% premiumbandwidth.

Tablel: Relative weightof currentandfuturedistortionav-
eragedon differentvideo sequencesyith standarddevia-
tion values.

Frame Distortionproducedn | Standard
type current future deviation
frame(%) | frames(%) (%)
I 14.8 85.2 2.4
FirstP 18.9 81.1 2.8
SecondP 27.7 72.3 2.9
Third P 65.9 34.1 3.1

5. MODEL OF FUTURE DISTORTION

Thetotal distortionintroducedby a macroblocklossis the
sum of two contritutions: the one producedin the frame
the macroblockbelongsto, current distortion, andthe dis-
tortion of all macroblocksn the following framesthat ref-
erencethe examinedmacroblock future distortion. We ob-
senedthat,for similar frametype andpositionin the GOR
the ratio betweenthe currentand future distortionis quite
constanfor all obsenedsequencescurrentandfuturedis-
tortion of a macroblockseemsto dependstrongly on the
type of frame it belongsto, and weakly on the particular
seguence.

Tablel reportstheresultsof a statisticalanalysisof sev-
eralvideo sequencesB-framesarenot consideredecause
they are never referencedby otherframes,thereforetheir
future distortionis alwayszero.

We usedthesevaluesto build asimplemodelto estimate
thefuturedistortion,with theaimto achieve thebenefits—
which, althoughnot greatwith respectto frame-level dis-
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Figure4: Comparisorof threedistortioncomputatior(d.c.)
algorithms: GOP-level, frame-lezel andmodel-basedpre-
mium markingis GOP-basedn all three cases;premium
bandwidthis 30%.

tortion computation are still measurable—ef GOP-based
distortioncomputatiorat a muchlower complexity.

Giventhestatisticsreportedabove, it is possibleto state
that the influenceof distortion due to predictiondepends
primarily on the type of framethe macroblockbelongsto.
Thereforewe candefinea weighting function W (type) to
estimatethetotal distortion D, of the:-th macroblockbe-
longingto anl- or aP-picturesimply knowing thedistortion
D ... it introducesn thecurrentframe.

Dtot,z' = W(type) . Dcurr,z’

Table2: Weightsfor estimatinguturedistortiondueto error
propagatiorasa functionof frametype.

Frame Current | Weightvalue
type distortion | W (type)
[ 14.8% 6.76
FirstP 18.9% 5.29
Second® | 27.7% 3.61
Third P 65.9% 1.52

Table2 presentsheproposedveights;thevaluesarethe
reciprocalof the distortion producedin the currentframe
(seeTable1). The computationakostof this approachs
minimal. Figure4 comparedhe performanceof threedis-
tortion computationmethods: current-frameonly, model
based,and GOP-lezel computation. The performanceob-
tainedwith the model-basedlgorithmis very closeto the
one of the GOP-level approach,but at a greatly reduced
compleity.

6. CONCLUSIONS

We presentednen perception-basedechniquesfor the
transmissionof motion-compensatedompressedvideo
overDifferentiatedServicegpacletnetworks. We compared
four distortion-baseghaclet markingalgorithms,combina-
tions of, respectiely, frame-and GOP-level approacheto
distortion computation andpremium marking.

Strongperformancegainsare associatedo GOP-wide
premiummarking. Thefreedomto allocatepremiumband-
width whereit is mostneededwithin the GOR insteadof
beingrigidly assignedn a frame-by-framebasis,seemgo
be moreimportantthanaccuratecomputationof both cur-
rent and future distortion. To reducethe compleity and
delayof the GOP-level distortioncomputationhowever, an
analysisof errorpropagatiorin MPEG sequencewascar
ried out. This led to the definition of a simple modelto
estimatefuture distortion basedon currentframetype and
currentdistortiononly. In all considereatasestransmitting
aslittle as30% of thevideotraffic aspremiumpacletsde-
liveredsignificantPSNRgainswith respectto the regular
best-efort case.
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