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Abstract— This paper considersVLC decoding algorithms basedon
MAP sequenceestimation techniques,using residual source redundancy
to provide channelerror correction. Thesealgorithms rely on soft values
available at the entrance of the VLC decoder We presenthere a new soft
VLC decodingalgorithm basedon a sequentialdecodingtechniquethat is
very efficientin terms of decodingcomplexity.

The application of the consideled soft decodingalgorithms to practical
decodingof MPEG-4 texture information packets under the assumption
of an unequal protection schemeis investigated. Algorithm performance
is evaluated on the well-known “F oreman” video sequenceSimulation re-
sults shaw that the proposedalgorithm providesapproximately the same
performance as all existing soft decoding algorithms while exhibiting a
significantly lower complexity.

Index Terms—sequentialdecoding,MAP estimation, soft-input decod-
ing, variable length codes

|. INTRODUCTION

Transmissionsystemsoperating over bandwidth-limited
channelsisesourceencodingto compresshebitstreanby re-
ducingthe redundang inherentin the sourcesymbols. One
of the mostfamouscompressiortechniquescommonlyused
by mary existing compressiomstandardsis thevariablelength
coding. It provides highly compressedsourcesthat make
the transmissiorbandwidth-eficient, but unfortunatelygener
ate bitstreamsvery sensitve to channelperturbations.Thus,
without ary error correctionscheme,the quality of the re-
constructedsourcecan be dramaticallyaffectedby the errors
causedy the channel,n particularin the harshconditionsof
wirelesschannelsFor thisreasonchannekodingis generally
appliedto provide anappropriatdevel of protection but atthe
price of bandwidthexpansion.

The new decodingtechniquesfor variable length codes
(VLC) consideredereprovide channeprotectionwithoutus-
ing additionalbandwidth. As shawvn recentlyby several au-
thors[1], [2], [3], the key point is to use appropriatelythe
residualsourceredundanyg at the decodingpart: this redun-
dang canbeconsideredasa form of implicit channelprotec-
tion by the decoderandbe exploited assuchto provide error
correctioncapabilityfor thevariablelengthcodedsource.The
optimal VLC decoderacts,then,asan estimatorof the trans-
mitted information by selectingthe sequencenaximisingthe
maximuma posteriori (MAP) criterion. While valid for both
hard and soft input decodersthis sequencesstimationtech-
nigue shaws its real strengthfor soft input. In this last case,
the improvementachieved when comparedto classicalhard
decodingis significant,but the compleity is prohibitive. As
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a consequencdpllowing the works of Demir & Sayood[1],

andPark & Miller [2], severaldifferentapproximateMAP de-
codershave beenproposed3], [4], [5], [6]. Someof these
algorithmsreachthe optimal soft-input performancebut be-
cometoo comple or even impracticalwhen the VLC table
sizeincreases.In this contribution, the goal was setto focus
on decreasingsignificantly the decodingcomplexity without
allowing a noticeableperformancelegradation.

This paperis organisedasfollows. In sectionll, we recall
the principle of sequencesstimationbasedon soft VLC de-
coding,consistingn associatingi “metric” to eachconsidered
bit sequenceandwe considerthe problemof metric deriva-
tion. In sectionlll, weintroducetheuseof thesequentiastack
algorithmto decodeVLC sequenceandpresenta new algo-
rithm. In sectionlV, we achieve comparatie simulationsin
the context of MPEG-4video sequencesWe shawv that soft
decodingprovidesa very significantvisual gain comparedo
the classicalhard one andthat the proposedalgorithmis the
mostefficientin termsof decodingcomplexity.

Il. MAPVLC DECODING

The communicatiormodel considereds presentedn Fig-
ure 1, andconsistsof a VLC encodeyra channelanda VLC
decoderTheVLC tableis of size K andsupposedo betree-
structured:in practiceit will be determinecdby following the
Huffman constructionmethod. Let z[t] be the t** bit of the
transmittedsequenceandusethefollowing notation:

x[t:t+ k] =[z[t],z[t +1],...,z[t + k]].

The MAP rule, usedby the recentlyproposedsoft input de-
coderscorrespondso the searchof the bestsequence,e. the
sequenceaatisfying:

X[1:T) = arg r[ni%/\/l(x[l :T),y[1:T)),
x[1:
whereT is the consideredequencéengthand

Mt :u],y[t: u]) = —log P(y[t : u]|x[t : u])
— log P(x[t : u]) + log P(y[t : u]).

—

Fig. 1. Communicatiorsystemmodel.
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The exact calculationof the termlog P(y[t : u]) is com-
plex andcanbe computationallyprohibitive for mostsystems.
Somealgorithmse.g. [3], [4], [6], [7] rely on the deriva-
tion of the metric over differentstreamscorrespondindo the
samepart of receved bit sequence. In this case,the term
log P(y[t : u]) is identicalfor all the possiblecomparedse-
guencesandthusit canbe omitted without any suboptimal-
ity. But, in the caseof the sequentiahlgorithmsconsideredn
this paper the comparedsequenceslo not correspondo the
samereceved bit sequence.Thus, the term log P(y[t : u])
cannotbe ngglectedwithout a significantdegradationof per
formance.Park andMiller [4] have suggestedo approximate
it by (¢t — u)log(2), but this remainsinsuficient. Otherau-
thors[9], [5] have appliedthemetricproposedy Fano[10] for
thesequentiatlecodingof corvolutionalcodesandadaptedy
Masse [11] to thevariablelengthcodescontext. This consists
in replacingP(y[t : u]) by theexpressionPy (y [t : u]) where

Po(y[t - ul) = [ Po(wlk)), 1)
k=t
and
Py(ylk]) = P(x[k] = i)P(y[k]|z[k] = i).  (2)

=0

In mostof thecases Py (y[t : u]) # P(y[t : u]) andthusthe
metric M(x[t : u],y[t : u]) consideringthis replacements
only an approximationof the MAP metric M (x[t : u],y[t :
u]). However, simulationresultsshov that using the Fano-
Massg metric providesvery closeperformanceo the optimal
one.We will consequentlyseit in our own derivations.

Moreover, only sequences correspondingo streamsof
variablelengthcodavordsbelongingto the VLC tablecanbe
solutionsandthereforemustbe examined.Thus,for eachcon-
sideredsequenc&(l : T, asequencef R codavordsindexed
by 7 exists, suchthatx = [C.(),...,Cr(r)] whereC; de-
notesthe 4" codavord,i = 1,... , K. The metricassociated
to this sequenceverifiesthe following symbolby symbolre-
cursive formulation:

M(E[1:T),y[1:T]) =
R i—1 i
ZM(CT(i)7Y|:ZlT(j) : Z b = 1])’
i=1 i=1 =1

wherel; denoteghe lengthof C;. Sucha formulationrelies
on the“codeword metrics”,i.e. on metricscorrespondingo a
given codavord at a given bit time. It is easyto seethatthe
metricof the codevord C; atbit time ¢ is givenby:

M(Cy,y[t:t+1; —1]) = —log P(y[t : t + 1; — 1]|C;)

)
—log P(C;) + log Py (y[t : t+1; —1]). (3)

Moreover, the codevord metric canbe derived at the bit level
as[7]:

Li—1
M(Cy,ylt:t+1;=1]) =Y m(Cilk],y[t + k]),
k=0

whereC;[k] is the k" bit of C; and

(CilK], ult + K]) = —log P(y[t + K)|Ci[K)

T
—log P(z[t + k] = C;[k]|x[t : t + k — 1]) +log Po(y[t + k]) .
T Ty
(4)
In the presencef anadditive white Gaussiamoise(AWGN),
Ty = |ly[t + k] — Ci[K][|” /20 + Q, 5)

where( is a constantterm which hasno influencefor met-
ric comparisonand can hencebe omitted. In the sameway,
theterm T3 canbe easilyderived knowing the a priori prob-
abilities of transmittedbits. Finally, the term T> canbe di-
rectly obtainedas explainedin [7] from the tree representa-
tion of the VLC table andthe codavord probabilitieswhich
areassumedo be known by the decoder Theseprobabilities
comeeitherdirectly from the sourceor from an estimational-
gorithm[1] [8].

I1l. SEQUENTIAL DECODING

In this section,we briefly recall the principle of sequence
estimationusingthe stackalgorithmin the context of corvo-
lutional codeandVLC, thenwe presenburimprovedversion
having areduced-compbety.

A. The stack and the VLC-stack algorithms

The stackor ZJ algorithmwasintroducedndependentlyoy
Jelinek[12] andZigangirov [13] for the decodingof convolu-
tional codes.As all sequentiatecodingalgorithms this algo-
rithmis basednthetreerepresentationf thecodesandrelies
on the searchof the mostlikely emittedsequencexamining
thenodesof the consideredtodetree. The goalis to find such
asequencer “path” in anefficientway, i.e. withoutexamining
too mary nodesof thetree. Whencomparedo Viterbi decod-
ing, the main advantageof sequentialdecodingis that when
thereis no errorin the receved sequencethe correctpathis
extendedmmediatelyandthedecodingorocesss muchfaster
thatthe Viterbi one. In the stackalgorithm,an orderedstack
of previously examinedpath(of differentlength)is storedand
at eachtime the mostlikely pathin the stackis extended.As
pathsof differentlengtharecomparedthespecificoranchmet-
ric introducedby Fanoin [10] is used. The algorithmcanbe
summarisedn thefollowing way [14]:

« Stepl. Loadthestackwith thetreeorigin nodeandassigna
metricO to this path.



« Step2. Computethe metricof the successorsf thetop path
in thestack.

+ Step3. Deletethetop pathfrom the stack.

« Step4. Insertthe new pathsin the stack,andreorderpaths
accordingto metricvalues.

« Stepb. If thetop pathendsstop. Otherwise returnto step2.

Theadaptatiorof the stackalgorithmto VLC decodingthat
we will call as VLC-stack algorithm, hasbeenproposedby
Buttigieg [9]. In this case pnecodeavord of eachlengthgener
atesa successopathto thetop pathin thestack.The approxi-
matedMassg metric presentedn the previoussectionis used
to comparepaths. It hasbeenshowvn [9] that the size of the
stackcanbe limited to a quite small value without degrading
appreciablythe performancepreventinganinfinite growth of
thestack.

B. Areduced complexity VLC-stack algorithm

As mostsequencestimation-base®LC soft decodingal-
gorithms,the VLC-stackrequiresthe computatiorof the met-
ric associatetb eachcodavord at eachdecodingstep,making
the metric derivationthe mostcostly partof decodingin term
of CPU (centralprocessingunit) requirementsAs the size of
the stackis limited, successorsf the top path having a cu-
mulative metric greaterthanthe one of the worst pathin the
stackwill notbekept. In this section,we shav thatit is pos-
sibleto examineandselectcodavordsin the increasingorder
of their metricvalue,andthusto reducethe compleity of the
VLC-stackby deriving only the usefulmetricsi.e. metricsas-
sociatedo extendedpathswhichwill beinsertedn the stack.

The methodconsistsof applyinga kind of stackalgorithm
ontothe Huffmantreerepresentinghe considered/LC table,
in orderto selectthe most likely codevords at the consid-
eredtime. More precisely the selectionof useful codevords
is achieszedin thefollowing way:

o Stepl. Load a stackwith the origin nodeof the Huffman

treeandassigna metricO to thistree-path.

« Step2. Computethe metric of the (oneor two) succeeding
branchesof the top tree-pathin the stack usingthe branch-
metricdefinedby Equation4.

« Step3. Deletethetop tree-pathifrom the stack.

« Stepd. Insertthe extendedree-pathsn the stack.

+ Stepb. Testthefollowing stopconditions:

— atleast,onecodevord hasbeenselected,

— themetricof thetop tree-pathaddedto thetop pathof the
VLC-stack algorithmis greaterthan the metric of the worst
pathof the VLC-stackalgorithm.

If thetwo stop conditionsare satisfied stop. Otherwise con-
tinueto step6.

« Step6. If thetop tree-pathcorresponds$o a completecode-
word, addit to a list of main bestcodevords, thenreturnto
step2.

In most casesyvery few codavords are selected,often even
only one. They areemployedto generatdhe successopaths
of thetop pathof the stack.

As in mary decodingalgorithms,it is possibleto improve
theperformancef thealgorithmemploying additionala priori
information(e.g. the numberof symbolsby sequence)ln this
case,whena top path containingthe correctnumberof bits,
but not verifying the additionalinformation, is consideredit
is deletedandthe decodingcontinuesconsideringhe new top
path.

As for all sequentiaiecodingalgorithms the compleity of
this algorithm dependsamainly on the noiselevel. Noisy se-
quencewvill take morecomputatiortime asthe algorithmwill
go forth andbackwith examiningfalse pathsandtree-paths.
To avoid excessve forward and backward processingwhich
is a well-known problemfor sequentiadecodingalgorithms
[14], we limit the numberof decodingstepsto a given limit.
If this maximumnumberof decodingstepsis reachedthede-
codingprocesss stoppedandno solutionis returned.

IV. APPLICATION TO THE MPEG-4 STANDARD

Having establishedhis new algorithm,we proposeo study
the feasibility and interestof soft VLC decodingfor exist-
ing video standardsuchas MPEG-4[15]. We first describe
the simulation chain and algorithm modificationsnecessary
to adaptthe existing soft VLC decodingalgorithmsto the
MPEG-4encodingcharacteristics.

A. Description of the simulation chain

The simulationchainis depictedin Fig. 2. The video se-
quenceis MPEG-4encodedjn datapartioningmode. Then,
the texture partition, which roughly consistsof a sequencef
VLC codavords,is extractedfrom the bitstreamandcorrupted
by anadditive white Gaussiamoisewhile no noiseis addedo
the otherpartsof the MPEG-4bitstream. This selectve addi-
tion of the noiseis justified by the achievementof anunequal
protectionschem&UEP)of thebitstreamwe assumderethat
avery efficientchannetodeis usedto protectheadersandmo-
tioninformationandthusno errorappearnthis part,whereas
nochannekodeis usedto protectthetextureinformation. The
extractedand corruptedbitstreamis then decodedusing soft
decodingalgorithmsand put backinto the non-corruptedit-
streanto reconstrucan MPEG-4frame. Finally, this frameis
decodedanderronougacletsareconcealed.

Note that the existenceof an escapanodein the MPEG-4
syntaxfor texture encodingpreventsthe direct applicationof
softdecodingalgorithmgo theextractedexturepartition. This
hasbeendealtwith by artificially includingescapenodecode-
wordsin the VLC table,andadaptingthe algorithmsto auto-
maticallytreatthis fixedlengthcodeextension.

As mentionedbefore,the VLC sequencestimationcanbe
donemoreaccuratelyby usingsomeadditionnala priori infor-
mationon the considerecsequenceA classicallyconsidered
a priori informationis the numberof symbolsby sequence
[8] [6] but unfortunatelythis information cannotbe extracted
from the MPEG-4 frame exceptby performingits decoding,
whereast is possibleto obtaininformationon the numberof
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blockscontainedn the texture partitionwhendecodinghead-
ersandmotion partition. This informationcaneasilybe used
by countingin a givensequencef codavordsthe numberof
occurrencesf a LAST parametebeingequalto 1. Thus,the
knowledgeof the numberof blocksby partitionis ana priori
informationthatcanbeusedasthenumberof symbolsto select
alikely sequencein the sensehatit containsthe exactnum-
berof blocks,andthatis availableto the userwithoutrequiring
sideinformationto betransmitted.

Finally, soft VLC decodingalgorithmsusealsothea priori
knowledgeof the probabilitiesof occurrencef codevords.In
practice theseprobabilitiesdependn thevideosequencand
thus cannotbe preciselyknown by the decoder In the simu-
lationspresentedelon, we have assumedhatthe probability
of occurrencef acodevordis directly linkedto its length,i.e.
P(Cy) = (1/2)".

B. Smulation results

Simulationshave beenachievedonthe so-called’Foreman”
sequencencodedvith thefollowing parameters300images,
CIF resolution,800kbit/s, 25 frames/spneintra imageevery
12 imagesandvideo pacletsof size4000bits. We have com-
paredthe proposedsequentiablgorithmto the hard decoding
algorithmandto theapproximateit-trellis baseddecodingal-
gorithm proposedin [6]. It hasbeenshownn in [6] that this
lastalgorithmoutperformshealgorithmof similar complexity
presentedh [4], andalmostreacheshe optimalperformance.

Figures3 and4 give simulationresultsrespectiely in terms
of FrameError rate (FER) and Peak Signal to Noise Ratio
(PSNR)asafunctionof thesignalto noiseratio overthechan-
nel (Eb/NO). The gainachiezedthoughthe useof soft values
over harddecisionin termsof FER s quite small. For a FER
of 10~1, we obtaina gain of about0.4 dB. This corresponds,
in termsof PSNRwhich is the mostimportantcriterion, to a
very significantgain: for anEb/NOof 8 dB we obtainagainin
PSNRof about8 dB.

Figure6 illustratesthis point presentinghe 15t imageof the
Foremarsequencafterrespectiely ahardandasoftdecoding
for signalto noiseratio equalto 8 dB. One canseethat the
visualaspecbf theimageis clearly betterwhensoft decoding
is used.
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Finally, Figure 5 summariseghe result of a complexity
studyin termsof numberof operationshy secondasa func-
tion of the numberof bits by paclet. For eachalgorithm, a
compleity regionis defined,two curvesgiving the lower and
the upperboundof numberof operations.This figure shavs
thatin the MPEG-4contet the proposednodifiedVLC-stack
algorithmis approximatvely 10 timeslesscostly thanthe ex-
isting VLC-stack.

V. CONCLUSIONS

We have consideredthe problem of a soft VLC decod-
ing basedon sequentiakequencesstimationtechniques.We
have describecanimprovedversionof the stackalgorithmfor
VLC decoding. This algorithm achieves approximatelythe
sameperformanceastrellis basedalgorithmsbut it is signif-
icantly lesscomplex thanbothtrellis basedandexisting stack
algorithms
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Then,we have investigatedhe possibility of applyingthese
techniquego improve the decodingof MPEG-4frames.Sim-
ulationsshaw thatthe gainof soft algorithmscomparedo the
classicaharddecodingmethodis of about8 dB in PSNR.
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