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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 entranceof the VLC decoder. Wepresenthere a new soft
VLC decodingalgorithm basedon a sequentialdecodingtechniquethat is
very efficient in terms of decodingcomplexity.

The application of the consideredsoft decodingalgorithms to practical
decodingof MPEG-4 texture information packets under the assumption
of an unequal protection schemeis investigated.Algorithm performance
is evaluatedon the well-known “F oreman” videosequence.Simulation re-
sults show 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

I . INTRODUCTION

Transmissionsystemsoperating over bandwidth-limited
channelsusesourceencodingto compressthebitstreamby re-
ducing the redundancy inherentin the sourcesymbols. One
of the most famouscompressiontechniques,commonlyused
by many existingcompressionstandards,is thevariablelength
coding. It provides highly compressedsourcesthat make
thetransmissionbandwidth-efficient,but unfortunatelygener-
atebitstreamsvery sensitive to channelperturbations.Thus,
without any error correctionscheme,the quality of the re-
constructedsourcecanbe dramaticallyaffectedby the errors
causedby thechannel,in particularin theharshconditionsof
wirelesschannels.For this reason,channelcodingis generally
appliedto provideanappropriatelevel of protection,but at the
priceof bandwidthexpansion.

The new decoding techniquesfor variable length codes
(VLC) consideredhereprovidechannelprotectionwithoutus-
ing additionalbandwidth. As shown recentlyby several au-
thors [1], [2], [3], the key point is to useappropriatelythe
residualsourceredundancy at the decodingpart: this redun-
dancy canbeconsideredasa form of implicit channelprotec-
tion by thedecoder, andbeexploitedassuchto provide error
correctioncapabilityfor thevariablelengthcodedsource.The
optimalVLC decoderacts,then,asan estimatorof the trans-
mitted informationby selectingthe sequencemaximisingthe
maximuma posteriori (MAP) criterion. While valid for both
hard and soft input decoders,this sequenceestimationtech-
niqueshows its real strengthfor soft input. In this last case,
the improvementachieved when comparedto classicalhard
decodingis significant,but the complexity is prohibitive. As
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a consequence,following the works of Demir & Sayood[1],
andPark & Miller [2], severaldifferentapproximateMAP de-
codershave beenproposed[3], [4], [5], [6]. Someof these
algorithmsreachthe optimal soft-input performancebut be-
cometoo complex or even impracticalwhen the VLC table
sizeincreases.In this contribution, the goal wassetto focus
on decreasingsignificantly the decodingcomplexity without
allowing anoticeableperformancedegradation.

This paperis organisedasfollows. In sectionII, we recall
the principle of sequenceestimationbasedon soft VLC de-
coding,consistingin associatinga“metric” to eachconsidered
bit sequence,andwe considerthe problemof metric deriva-
tion. In sectionIII, weintroducetheuseof thesequentialstack
algorithmto decodeVLC sequencesandpresenta new algo-
rithm. In sectionIV, we achieve comparative simulationsin
the context of MPEG-4video sequences.We show that soft
decodingprovidesa very significantvisual gain comparedto
the classicalhardoneand that the proposedalgorithmis the
mostefficient in termsof decodingcomplexity.

I I . MAP VLC DECODING

The communicationmodelconsideredis presentedin Fig-
ure 1, andconsistsof a VLC encoder, a channelanda VLC
decoder. TheVLC tableis of size

�
andsupposedto betree-

structured:in practiceit will be determinedby following the
Huffman constructionmethod. Let ��� ��� be the ���
	 bit of the
transmittedsequence,andusethefollowing notation:� � �
������������� ��� ��������� ��������������� ����� �������!���
The MAP rule, usedby the recentlyproposedsoft input de-
coders,correspondsto thesearchof thebestsequence,i.e. the
sequencesatisfying:"� �#�$��%&�'�)(+*-,/.10324�5 687 9;:=<?> � �!�$��%@����AB�!�C��%@�ED=�
where% is theconsideredsequencelengthand

<?> � � �
��FG����AB� �H�+F;�EDI�KJML3N+,IO > AB� �
�PF;�RQ � � �S��F;�EDJTL3N+,BO > � � �
��FG�UD��VL3N+,BO > AB� �
��FG�ED=�
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Fig. 1. Communicationsystemmodel.



The exact calculationof the term L3N+,HO > AB� �d�SF;�ED is com-
plex andcanbecomputationallyprohibitivefor mostsystems.
Somealgorithmse.g. [3], [4], [6], [7] rely on the deriva-
tion of the metric over differentstreamscorrespondingto the
samepart of received bit sequence. In this case,the termL!NP,BO > AH� �e�fF;�ED is identical for all the possiblecomparedse-
quencesand thus it can be omitted without any suboptimal-
ity. But, in thecaseof thesequentialalgorithmsconsideredin
this paper, the comparedsequencesdo not correspondto the
samereceived bit sequence.Thus, the term L3N+,HO > AB� �d�SF;�ED
cannotbe neglectedwithout a significantdegradationof per-
formance.Park andMiller [4] have suggestedto approximate
it by > �@J�F�D\L!NP, >hg D , but this remainsinsufficient. Otherau-
thors[9], [5] haveappliedthemetricproposedby Fano[10] for
thesequentialdecodingof convolutionalcodesandadaptedby
Massey [11] to thevariablelengthcodescontext. Thisconsists
in replacingO > AB� �
��FG�UD by theexpressionO�i > AH� �
��FG�UD where

O i > AB� �
��FG�EDI�kjlm=n � O i >Eo � ���UDc� (1)

and

O i >
o � �p�EDI� 6q r n i O > ��� �p� �)sRDRO >Eo � �p�RQ �t� �p� �usRD=� (2)

In mostof thecases,O i > AB� �$�;FG�UDwv�xO > AH� �C�;FG�ED andthusthe
metric y<z> � � �{�fFG����AB� �{�fFG�ED consideringthis replacementis
only an approximationof the MAP metric <?> � � �|�}FG���-AB� �~�F;�ED . However, simulationresultsshow that using the Fano-
Massey metricprovidesverycloseperformanceto theoptimal
one.We will consequentlyuseit in ourown derivations.

Moreover, only sequencesy� correspondingto streamsof
variablelengthcodewordsbelongingto theVLC tablecanbe
solutionsandthereforemustbeexamined.Thus,for eachcon-
sideredsequencey� �!���+%@� , asequenceof � codewordsindexed
by � exists, suchthat y� ��� �S��� 6�� ������� ���H�+�!� � � where � r de-
notesthe s��
	 codeword, s
���+������� � � . Themetricassociated
to this sequenceverifiesthe following symbolby symbolre-
cursive formulation:

y<?> y� �!���+%@���-AB�!�$��%@�ED}��q r n 6 y��� �S�+� r � �-A$�
r
� 6q� n 6'� ��� � � �

rq� n 6'� �+� � � J����=�t�
where �

r
denotesthe lengthof � r . Sucha formulationrelies

on the“codeword metrics”,i.e. on metricscorrespondingto a
given codeword at a given bit time. It is easyto seethat the
metricof thecodeword � r at bit time � is givenby:

y� > � r �-AB� �
����� �
r J����UDI��JML!NP,IO > AB� �
����� �

r J�����Q � r DJTL!NP,BO > � r D��VL!NP,BO�i > AH� �
����� �
r J����UDc� (3)

Moreover, thecodeword metriccanbederivedat thebit level
as[7]:

y� > � r ��AB� �S�+��� �
r J��c�EDI�u�!�

� 6qm=n i y� > � r � �p��� o � �����p�UDc�
where � r � �p� is the � �
	 bit of � r and

y� > � r � �p��� o � �������UDI�KJeL3N+,HO >Eo � �����p��Q � r � �p�ED� �=� �9��JeL3N+,HO > ��� ���������)� r � �p�RQ � � �
��������J��c�ED� �=� �9�� � L!NP,BO�i >Eo � �����p�ED� �=� �9�¡ �
(4)

In thepresenceof anadditivewhiteGaussiannoise(AWGN),% 6 �x¢ o � � ���p�;J£� r � �p�R¢c¤�¥ g�¦ ¤B��§1� (5)

where § is a constantterm which hasno influencefor met-
ric comparisonandcanhencebe omitted. In the sameway,
the term % ¨ canbe easilyderivedknowing the a priori prob-
abilities of transmittedbits. Finally, the term % ¤ can be di-
rectly obtainedas explainedin [7] from the tree representa-
tion of the VLC table and the codeword probabilitieswhich
areassumedto beknown by thedecoder. Theseprobabilities
comeeitherdirectly from thesourceor from anestimational-
gorithm[1] [8].

I I I . SEQUENTIAL DECODING

In this section,we briefly recall the principle of sequence
estimationusingthe stackalgorithmin the context of convo-
lutional codeandVLC, thenwe presentour improvedversion
having a reduced-complexity.

A. The stack and the VLC-stack algorithms

Thestackor ZJ algorithmwasintroducedindependentlyby
Jelinek[12] andZigangirov [13] for thedecodingof convolu-
tional codes.As all sequentialdecodingalgorithms,this algo-
rithm is basedonthetreerepresentationof thecodesandrelies
on the searchof the most likely emittedsequenceexamining
thenodesof theconsideredcodetree.Thegoalis to find such
asequenceor “path” in anefficientway, i.e. withoutexamining
too many nodesof thetree.Whencomparedto Viterbi decod-
ing, the main advantageof sequentialdecodingis that when
thereis no error in the received sequence,the correctpathis
extendedimmediatelyandthedecodingprocessis muchfaster
that the Viterbi one. In the stackalgorithm,an orderedstack
of previouslyexaminedpath(of differentlength)is storedand
at eachtime themostlikely pathin thestackis extended.As
pathsof differentlengtharecompared,thespecificbranchmet-
ric introducedby Fanoin [10] is used.The algorithmcanbe
summarisedin thefollowing way [14]:© Step1. Loadthestackwith thetreeorigin nodeandassigna
metric0 to this path.



© Step2. Computethemetricof thesuccessorsof thetoppath
in thestack.© Step3. Deletethetop pathfrom thestack.© Step4. Insertthe new pathsin the stack,andreorderpaths
accordingto metricvalues.© Step5. If thetoppathendsstop.Otherwise,returnto step2.

Theadaptationof thestackalgorithmto VLC decoding,that
we will call as VLC-stack algorithm, hasbeenproposedby
Buttigieg [9]. In thiscase,onecodewordof eachlengthgener-
atesa successorpathto thetop pathin thestack.Theapproxi-
matedMassey metricpresentedin theprevioussectionis used
to comparepaths. It hasbeenshown [9] that the sizeof the
stackcanbe limited to a quite small valuewithout degrading
appreciablytheperformance,preventingan infinite growth of
thestack.

B. A reduced complexity VLC-stack algorithm

As mostsequenceestimation-basedVLC soft decodingal-
gorithms,theVLC-stackrequiresthecomputationof themet-
ric associatedto eachcodewordateachdecodingstep,making
themetricderivationthemostcostlypartof decodingin term
of CPU(centralprocessingunit) requirements.As thesizeof
the stackis limited, successorsof the top path having a cu-
mulative metric greaterthanthe oneof the worst path in the
stackwill not be kept. In this section,we show that it is pos-
sible to examineandselectcodewordsin the increasingorder
of their metricvalue,andthusto reducethecomplexity of the
VLC-stackby deriving only theusefulmetricsi.e. metricsas-
sociatedto extendedpathswhichwill beinsertedin thestack.

The methodconsistsof applyinga kind of stackalgorithm
ontotheHuffmantreerepresentingtheconsideredVLC table,
in order to selectthe most likely codewords at the consid-
eredtime. More precisely, the selectionof usefulcodewords
is achievedin thefollowing way:© Step1. Load a stackwith the origin nodeof the Huffman
treeandassigna metric0 to this tree-path.© Step2. Computethemetricof the (oneor two) succeeding
branchesof the top tree-pathin the stackusing the branch-
metricdefinedby Equation4.© Step3. Deletethetop tree-pathfrom thestack.© Step4. Inserttheextendedtree-pathsin thestack.© Step5. Testthefollowing stopconditions:
– at least,onecodewordhasbeenselected,
– themetricof thetop tree-pathaddedto thetop pathof the

VLC-stack algorithm is greaterthan the metric of the worst
pathof theVLC-stackalgorithm.
If the two stopconditionsaresatisfied,stop. Otherwise,con-
tinueto step6.© Step6. If thetop tree-pathcorrespondsto a completecode-
word, add it to a list of main bestcodewords, thenreturn to
step2.
In most cases,very few codewords are selected,often even
only one. They areemployedto generatethe successorpaths
of thetop pathof thestack.

As in many decodingalgorithms,it is possibleto improve
theperformanceof thealgorithmemployingadditionala priori
information(e.g. thenumberof symbolsby sequence).In this
case,whena top pathcontainingthe correctnumberof bits,
but not verifying the additionalinformation, is considered,it
is deletedandthedecodingcontinuesconsideringthenew top
path.

As for all sequentialdecodingalgorithms,thecomplexity of
this algorithmdependsmainly on the noiselevel. Noisy se-
quenceswill takemorecomputationtimeasthealgorithmwill
go forth andbackwith examiningfalsepathsandtree-paths.
To avoid excessive forward andbackward processing,which
is a well-known problemfor sequentialdecodingalgorithms
[14], we limit the numberof decodingstepsto a given limit.
If this maximumnumberof decodingstepsis reached,thede-
codingprocessis stoppedandnosolutionis returned.

IV. APPLICATION TO THE MPEG-4 STANDARD

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

A. Description of the simulation chain

The simulationchain is depictedin Fig. 2. The video se-
quenceis MPEG-4encoded,in datapartioningmode. Then,
the texturepartition,which roughly consistsof a sequenceof
VLC codewords,is extractedfrom thebitstreamandcorrupted
by anadditivewhiteGaussiannoisewhile nonoiseis addedto
theotherpartsof theMPEG-4bitstream.This selective addi-
tion of thenoiseis justifiedby theachievementof anunequal
protectionscheme(UEP)of thebitstream:weassumeherethat
averyefficientchannelcodeis usedto protectheadersandmo-
tion informationandthusnoerrorappearsonthispart,whereas
nochannelcodeis usedto protectthetextureinformation.The
extractedandcorruptedbitstreamis thendecodedusingsoft
decodingalgorithmsandput backinto the non-corruptedbit-
streamto reconstructanMPEG-4frame.Finally, this frameis
decodedanderronouspacketsareconcealed.

Note that the existenceof an escapemodein the MPEG-4
syntaxfor texture encodingpreventsthe direct applicationof
softdecodingalgorithmsto theextractedtexturepartition.This
hasbeendealtwith by artificially includingescapemodecode-
wordsin the VLC table,andadaptingthe algorithmsto auto-
maticallytreatthis fixedlengthcodeextension.

As mentionedbefore,theVLC sequenceestimationcanbe
donemoreaccuratelyby usingsomeadditionnala priori infor-
mationon the consideredsequence.A classicallyconsidered
a priori information is the numberof symbolsby sequence
[8] [6] but unfortunatelythis informationcannotbe extracted
from the MPEG-4 frameexceptby performingits decoding,
whereasit is possibleto obtaininformationon the numberof
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Fig. 2. The chain usedin simulatingVLC soft decodingof
MPEG-4frames.

blockscontainedin thetexturepartitionwhendecodinghead-
ersandmotionpartition. This informationcaneasilybeused
by countingin a givensequenceof codewordsthe numberof
occurrencesof a LAST parameterbeingequalto 1. Thus,the
knowledgeof thenumberof blocksby partition is ana priori
informationthatcanbeusedasthenumberof symbolsto select
a likely sequence,in thesensethat it containstheexactnum-
berof blocks,andthatis availableto theuserwithoutrequiring
sideinformationto betransmitted.

Finally, soft VLC decodingalgorithmsusealsothea priori
knowledgeof theprobabilitiesof occurrenceof codewords.In
practice,theseprobabilitiesdependon thevideosequenceand
thuscannotbe preciselyknown by the decoder. In the simu-
lationspresentedbelow, we have assumedthat theprobability
of occurrenceof acodewordis directly linkedto its length,i.e.O > � r DB� > ��¥ g D �#� .
B. Simulation results

Simulationshavebeenachievedontheso-called“Foreman”
sequenceencodedwith thefollowing parameters:300images,
CIF resolution,800kbit/s, 25 frames/s,oneintra imageevery
12 imagesandvideopacketsof size4000bits. We have com-
paredtheproposedsequentialalgorithmto thehard decoding
algorithmandto theapproximatebit-trellis baseddecodingal-
gorithm proposedin [6]. It hasbeenshown in [6] that this
lastalgorithmoutperformsthealgorithmof similarcomplexity
presentedin [4], andalmostreachestheoptimalperformance.

Figures3 and4 givesimulationresultsrespectively in terms
of FrameError rate (FER) and PeakSignal to Noise Ratio
(PSNR)asafunctionof thesignalto noiseratiooverthechan-
nel (Eb/N0). Thegainachievedthoughtheuseof soft values
over harddecisionin termsof FERis quitesmall. For a FER
of ��ª

� 6
, we obtaina gainof about0.4 dB. This corresponds,

in termsof PSNRwhich is the most importantcriterion, to a
verysignificantgain: for anEb/N0of 8 dB weobtainagainin
PSNRof about8 dB.

Figure6 illustratesthispointpresentingthe ��«U¬ imageof the
Foremansequenceafterrespectivelyahardandasoftdecoding
for signal to noiseratio equalto 8 dB. Onecanseethat the
visualaspectof theimageis clearlybetterwhensoftdecoding
is used.
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Finally, Figure 5 summarisesthe result of a complexity
study in termsof numberof operationsby secondasa func-
tion of the numberof bits by packet. For eachalgorithm,a
complexity region is defined,two curvesgiving the lower and
the upperboundof numberof operations.This figure shows
thatin theMPEG-4context theproposedmodifiedVLC-stack
algorithmis approximatively 10 timeslesscostly thantheex-
isting VLC-stack.

V. CONCLUSIONS

We have consideredthe problem of a soft VLC decod-
ing basedon sequentialsequenceestimationtechniques.We
have describedanimprovedversionof thestackalgorithmfor
VLC decoding. This algorithm achieves approximatelythe
sameperformanceas trellis basedalgorithmsbut it is signif-
icantly lesscomplex thanbothtrellis basedandexisting stack
algorithms.
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Then,we have investigatedthepossibilityof applyingthese
techniquesto improve thedecodingof MPEG-4frames.Sim-
ulationsshow that thegainof soft algorithmscomparedto the
classicalharddecodingmethodis of about8 dB in PSNR.
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