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ABSTRACT
In imageandvideoprocessingerrorconcealmentis an im-
portant�eld of research.Videoapplicationslike teleconfer-
encingor digital videobroadcasting(DVB) requirefastand
robustsignalprocessingalgorithmsto ful�l real-timecondi-
tions. Thereforemany fastconcealmentmethodswerede-
velopedto handleblock lossesin monocularsequences.In
this paperwe presenta fastconcealmentstrategy for block
lossesin stereoscopicsequences.Pixel valuesfrom theas-
sociatestereoimageareusedto concealthe lost block at
the correspondingposition. In this approach,we focuson
robustnessandlow complexity.

1. INTRODUCTION

As mentionedin [1], stereoscopicimagequality degrada-
tion causedby lossesis not comparableto thedegradation
causedby quantizationor low-pass�ltering. Thereforesev-
eralerrorconcealmentstrategiesfor stereoscopicimagepairs
werepresentedin [2] and[3] yieldingexcellentreconstruc-
tion resultsat thecostof high complexity. Due to compu-
tationalconstraints,thesealgorithmsarenot advisablefor
errorconcealmentin stereoscopicsequences.In this paper,
we proposeerrorconcealmenttechniqueswith lower com-
plexity basedondisplacementestimation.
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Fig. 1. Reconstructionof lostsamples

In section2 we describeconcealmentstrategiesbased
on displacementestimationfor stereoscopicimage pairs,

combiningactualblockmatchingalgorithmswith anadapted
block searchstrategy. Dependingon thereferencewe refer
to this techniqueasspatialblock search (SBS)or temporal
block search (TBS). As shown in �gure 1, the estimated
positionsof up to eight adjacentblocks are usedto �nd
a correspondingblock in the referenceframe for the lost
block of thecorruptedframe. Using thesurroundingsam-
ples(border)andthe correspondingblock of the reference
framethe lost block canbe reconstructed.For complexity
reduction,we usethedirectionaldiamondsearch (DDS) as
block matchingalgorithm.

In section3 the simulationscenarioand evaluationof
theproposedstrategiesarepresented.

2. ERROR CONCEALMENT STRATEGIES

In thissectionwedescribeerrorconcealmentstrategiesbased
onblockmatchinganddisplacementcompensation.Gener-
ally, the neighboringblocksof the lost block aresearched
in a referenceframe. Fromthedisplacementvectorsof the
neighboringblocks the best �tting displacementvector is
chosenfor the reconstructionof the lost block. As �tting
criteriawe usethesidematch distortiondsm [4].

2.1. Temporal Block Search (TBS)

A commontechniqueto conceallost blocks of predicted
frames(P-frames)is motioncompensatedtemporal predic-
tion [5]. This methodestimatesa lost motion vector of
a block inside a P-frameusing the motion vectorsof the
neighboringvectors. The lost block is reconstructedus-
ing the meanor medianvalue of the neighboringmotion
vectors.This methodyieldsgoodresultsespeciallyin low-
motionsequences.

In contrastto motioncompensatedtemporal prediction
eachneighbormotionvectoris usedto predictthelostblock
out of the previous frame. The most appropriatepredic-
tion is chosenby the side match distortion. In the case,
that neighboringmotion vectorsare not available (i.e., I-
framesor I-macroblocks),a motionestimationalgorithmis



appliedfor all availableneighboringblocks(temporal block
search).

2.2. Spatial Block Search (SBS)

Assumingthat the views of the stereoscopicsequenceare
codedindependently, the correspondingframecanalsobe
usedfor errorconcealmentpurposes.Similarto TBSablock
searchcanbe appliedin the correspondingframe(spatial
block search). This approachis basedon the assumption
that only translatorydisplacementoccursbetweenthe two
views,which is a ratherroughestimation.But asshown in
sec.3 it still yieldssatisfyingreconstructionresults.

(a) Erroneousblock with
neighbors(left-eye)

(b) Matched neighbor
blocks(right-eye)

(c) concealedimage(left-
eye)

(d) referenceblock, cor-
respondingneighbor(dot-
ted)(right-eye)

Fig. 2. SBS example: left-eye (corrupted)and right-eye
(reference)image(“Hall”)

Figure2 illustratestheconcealmentof onelost 16 � 16
macroblock.Figure2(a) shows the eight neighborsof the
lost block, which aresearchedin the associatedimageof
thestereopair. Thematchesareshown in �gure 2(b). The
reconstruction,shown in �gure 2(c), is donewith thesolid
enframedblock in �gure 2(d), which hastheminimal side
match distortion. This block belongsto the matchof the
left upperneighbor(dottedenframedblock)of thelost one.
To reducediscontinuitiesthebordersof the reconstruction
blockarelow pass�ltered .

2.3. Temporal and Spatial Block Search (TSBS)

Thedisadvantageof TBS andSBSis, thatthey weredevel-
opedon theassumption,thatthereferenceframe(eitherthe
previousframeor thecorrespondingstereoscopicimage)is
undamaged.During the transmissionof H.264 video data

overanunreliablenetwork it is veryprobable,thatgroupsof
macroblocks(slices)of bothimagesarelost. Thereforewe
combinedthetemporalandspatialerrorconcealmentstrate-
giesto temporal andspatialblocksearch (TSBS),wherethe
adjacentblocksof thelost block aresearchedaswell in the
previous temporalreferenceframe as in the spatial refer-
enceframeof theactualstereoscopicimagepair. Basedon
the theminimal sidematch distortiondsm , the reconstruc-
tion block is chosen.

3. SIMULA TION AND RESULTS

To classify the performanceof the proposedblock match-
ing errorconcealmentstrategiescomparedto high complex
methodslike 3D-BS,we �rst appliedSBSto astereoscopic
imagepair. In a next step,we appliedTBS,SBSandTSBS
to astereoscopicsequence.Thequalityof thereconstructed
sequenceis evaluated,usingthedoublestimuluscontinuous
quality scalemethod. The complexity of eachstrategy is
estimatedandcompared.

For sequenceswe assumean error prone,packet ori-
entednetwork. Tosimulatepacketlosses,theGilbert-Elliot-
Modelis commonlyused.Dueto thevariablelengthcoding
weassume,thatasingleRTPpacket lossleadsto a lostnet-
work abstraction layer unit (NALU) containinga groupof
macroblocks.

3.1. Err or concealmentfor stereoscopicimages

We comparedtheef�ciency of SBSwith themoresophisti-
cated3D-BSstrategy. Figure3 shows thehighly degraded
right imageof thestereoscopicimagepair “Castle”with six
bursterrors(103of 713lost 16 � 16 blocks).For compari-
sonwealsoconcealedtheseerrorburstswith amonoscopic
method[6]. The concealmentresultsof SBS are subjec-
tively andobjectively betterthanthe monoscopicconceal-
ment,thatonly recoverslow passcontent.

In table1 theaveragePSNRvaluesof differentlyrecon-
structedbursterrorsof 10blocksin two stereoscopicimage
pairs(“Hall” and“Castle”) arelisted. Besidesthe already
mentionedmonoscopicerrorconcealmentmethoda stereo-
scopicapproachbasedon featurematchingandperspective
transformation(3D-BS[1]) wasapplied.For SBSthedirec-
tional diamondsearchwaschosenasblock matchingalgo-
rithm.

Re�ecting thesubjective impression,SBSyieldshigher
PSNRvaluescomparedto themonoscopictechnique.Com-
paringSBSand3D-BS,thehigherPSNRof SBSdoesnot
re�ect the subjective impression.Dependingon the block
matching,the reconstructionquality of SBS rangesfrom
excellentto weak. In caseof block mismatches,therecon-
structionby SBSis of a lower visualquality thana (mono-
scopic)interpolationtechnique.3D-BSis a morerobuster-



ror concealmentstrategy yielding a morereliable,but due
to thelow pass�ltering (smoothing)generallylower recon-
structionPSNR.

Table 1. Averageblock-PSNRfor arbitraryblock losses

Hall Castle
PSNRin dB 8 � 8 16� 16 8 � 8 16� 16
Monoscopic 23,16 19,71 17,94 17,26
3D-BS 30,18 28,43 20,92 20,78
SBS(DDS) 34,77 31,85 22,29 22,17

3.2. Err or concealmentfor stereoscopicsequences

To evaluatetheeffectivenessof theproposederrorconceal-
mentstrategiesfor sequencesaMultiple DescriptionH.264
videotransmissionscenariooveranunreliablenetwork was
simulated.To thisendleft andright imagesequences(720�
480) werecodedindependentlyusingIPPPmodeat3:2Mbps.
Every 12th framewasan I frame. The quality wasquanti-
�ed by an objective measure(PSNR)andsubjective tests.
Figure4 shows a damagedanda concealed(TSBS)stereo-
scopicframepair.

Figure3.2showsthePSNRtrendof differenterrorcon-
cealmentmethods.TheMean-PSNRof spatialblocksearch
is33;55dB(SBS),theMean-PSNRof temporal blocksearch
is 35;52dB (TBS) and temporal and spatial block search
yields36;2688dB(TSBS).
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Fig. 5. PSNRtrendof 50framesof astereoscopicsequence
(Balloons,720� 480)

A subjectiveevaluationwith 15subjectswascarriedout
usingthedoublestimuluscontinuousquality scalemethod
(DSCQS).The resultof this psychovisual evaluationis a
differential meanopinion score (DMOS) betweena refer-
encesequenceandacorrespondingtestsequence.A smaller

DMOS canbeinterpretedasa smallerquality gapbetween
thetestandthereferencesequence.
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Fig. 6. Psychovisual testresults(DMOS) for stereoscopic
errorconcealment(Balloons,720� 480)

Table 2. DMOS,standardderivationsandcon�denceinter-
valsfor stereoscopicerrorconcealment

Balloons DMOS S.D. con�dential interval
SDI 5,69 1,19 � 0;65
TBS 2,52 2,64 � 1;45
SBS 4,39 1,12 � 0;62

TSBS 2,49 1,37 � 0;75

In �gure 6 and table 2 the DMOS, the standarddevi-
ation (S.D.) andthe con�denceinterval arepresented.As
reference,the DMOS valueof an interpolationof border-
ing pixel values(spatialdomaininterpolation,SDI) is listed.
TBS yields goodDMOS values,but high S.D respectively
agreatercon�denceinterval. Thecombinationof TBSwith
SBS(TSBS)yieldsslightly betterDMOSvaluesbut alower
S.D and smallercon�dence interval. Which can be seen
asa high quality androbust reconstructionmethodfor lost
blocks.

3.2.1. Complexity Comparison

The main constraintfor error concealmentin stereoscopic
sequencesis computationalcomplexity. A comparisonof
thecomputationalcomplexity in termsof additions(ADD)
andmultiplications(MULT) canbe found in table3. The
listedvaluesfor 3D-BSareapproximationsfor CIFsequences.
Theeffort neededfor theestimationof thefundamentalma-
trix is not take into account,becauseit stronglydependson
the chosenmethod. The fundamentalmatrix increasesthe
robustnessof the featurematchingin 3D-BS, but it is not
necessarilyneeded.For TBS we assumethatno motionin-
formationis available(I frame).



(a)Original image (b) Erroneousimage

(c) Monoconcealment(PSNR= 17; 3dB) (d) Stereoconcealment,SBS(PSNR= 21; 7dB)

Fig. 3. Exampleof errorconcealmentwith theright imageof a stereoscopicimagepair (“Castle”)

Table 3. Complexity (ADD andMULT)

ADD MULT
3D-BS � 2 � 106 � 2 � 105

SBS/TBS � 5 � 104

TSBS � 1 � 105

Besidesthe lower numberof additions,no multiplica-
tion is neededfor SBS/TBSor TSBSAs previously men-
tionedtheproposedmethodsweredevelopedwith low com-
plexity in mind, usingthesidematch distortionandsumof
absolutedifference.

4. SUMMARY

In this paperwe presentedlow complexity approachesfor
stereoerrorconcealmentof independentlycodedstereosco-
pic sequencesbasedon block matching. Using the side

match distortion andsumof absolutedifferenceno multi-
plicationis needed.

Extendingthe monoscopictemporal block search, we
utilized theadditionalinformationof thesecondstereosco-
pic channel(SBS).Thecombinationof spatialandtemporal
block search (TSBS)yieldsexcellentreconstructionresults,
which wasproven by a psychovisual evaluation. The re-
constructionquality of TBS andTSBSis nearlycompara-
ble. Theadditionaleffort of spatialblocksearchreducesthe
probabilityof block mismatches.
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