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ABSTRACT

In imageandvideo processingrrorconcealmenis anim-
portant eld of researchVideoapplicationdik e teleconfer
encingor digital videobroadcastingd DVB) requirefastand
robustsignalprocessinglgorithmsto ful | real-timecondi-
tions. Thereforemary fastconcealmenmethodswerede-
velopedto handleblock lossesn monocularsequencesn
this paperwe presenta fastconcealmenstrateyy for block
lossedn stereoscopisequencesPixel valuesfrom the as-
sociatestereoimage are usedto concealthe lost block at
the correspondingposition. In this approachwe focuson
robustnesandlow compleity.

1. INTRODUCTION

As mentionedin [1], stereoscopiémagequality degrada-
tion causedy lossess not comparabldo the degradation
causedy quantizatioror low-passltering. Thereforeser-
eralerrorconcealmengtrateyiesfor stereoscopisnagepairs
werepresentedh [2] and[3] yielding excellentreconstruc-
tion resultsat the costof high compleity. Dueto compu-
tational constraintsthesealgorithmsare not advisablefor
errorconcealmenin stereoscopisequencesdn this paper
we proposeerror concealmentechniqueswvith lower com-
plexity basedon displacemenéstimation.
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Fig. 1. Reconstructiorf lost samples

In section2 we describeconcealmenstrateies based
on displacemenestimationfor stereoscopidmage pairs,

combiningactualblock matdingalgorithmswith anadapted
block searctstratgly. Dependingon the referencewe refer
to thistechnigueasspatial block seach (SBS)or tempoal
blok seach (TBS). As shovn in gure 1, the estimated
positionsof up to eight adjacentblocks are usedto nd
a correspondingblock in the referenceframe for the lost
block of the corruptedframe. Using the surroundingsam-
ples(border)andthe correspondindlock of the reference
framethe lost block canbe reconstructed For compleity
reductionwe usethedirectionaldiamondsearch (DDS) as
block matchingalgorithm.

In section3 the simulationscenarioand evaluation of
the proposedstratgiesarepresented.

2. ERROR CONCEALMENT STRATEGIES

In thissectionwe describeerrorconcealmenstratgiesbased
on block matchinganddisplacementompensationGener
ally, the neighboringblocks of the lost block are searched
in areferenceérame. Fromthe displacementectorsof the
neighboringblocks the best tting displacemenwectoris
chosenfor the reconstructiorof the lost block. As tting
criteriawe usethe sidematd distortiondgn, [4].

2.1. Temporal Block Search (TBS)

A commontechniqueto conceallost blocks of predicted
frames(P-frames)s motioncompensatetempoal predic-
tion [5]. This methodestimatesa lost motion vector of

a block inside a P-frameusing the motion vectorsof the
neighboringvectors. The lost block is reconstructedis-
ing the meanor medianvalue of the neighboringmotion
vectors.This methodyields goodresultsespeciallyin low-

motionsequences.

In contrastto motioncompensatetempoel prediction
eachneighbomotionvectoris usedto predictthelostblock
out of the previous frame. The most appropriatepredic-
tion is chosenby the side matd distortion In the case,
that neighboringmotion vectorsare not available (i.e., I-
framesor I-macroblocks)a motion estimationalgorithmis



appliedfor all availableneighboringolocks(tempoal block
search).

2.2. Spatial Block Search (SBS)

Assumingthat the views of the stereoscopicequencere
codedindependentlythe correspondingrame canalsobe
usedfor errorconcealmenpurposesSimilarto TBSablock
searchcan be appliedin the correspondingrame (spatial
block search). This approachis basedon the assumption
that only translatorydisplacemenbccursbetweerthe two
views, which is a ratherroughestimation.But asshowvn in
sec.3 it still yieldssatisfyingreconstructiomesults.
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Fig. 2. SBS example: left-eye (corrupted)and right-eye
(referencejmage(“Hall”)

Figure?2 illustratesthe concealmentf onelost16 16
macroblock. Figure 2(a) shavs the eight neighborsof the
lost block, which are searchedn the associatedmage of
the stereopair. The matchesareshavnin gure 2(b). The
reconstructionshavn in gure 2(c), is donewith the solid
enframedblockin gure 2(d), which hasthe minimal side
matd distortion This block belongsto the matchof the
left upperneighbor(dottedenframedlock) of thelost one.
To reducediscontinuitiesthe bordersof the reconstruction
block arelow passltered .

2.3. Temporal and Spatial Block Search (TSBS)

Thedisadwantageof TBS andSBSis, thatthey weredevel-
opedontheassumptionthatthereferencdrame(eitherthe
previousframeor the correspondingtereoscopiamage)is
undamaged During the transmissiorof H.264 video data

overanunreliablenetwork it is very probablethatgroupsof
macroblockgslices)of bothimagesarelost. Thereforewe
combinedhetemporalandspatialerrorconcealmensgtrate-
giestotempoal andspatialblock seach (TSBS),wherethe
adjacenblocksof thelostblock aresearchedswell in the
previous temporalreferenceframe asin the spatialrefer
enceframeof the actualstereoscopigmagepair. Basedon
the the minimal side matd distortiondsr, , the reconstruc-
tion blockis chosen.

3. SIMULATION AND RESULTS

To classifythe performanceof the proposedblock match-
ing errorconcealmenstratgiescomparedo high comple
methoddike 3D-BS,we rst appliedSBSto a stereoscopic
imagepair. In anext step,we appliedTBS, SBSandTSBS
to astereoscopisequenceThequality of thereconstructed
sequencés evaluatedusingthedoublestimuluscontinuous
quality scalemethod The compleity of eachstratgy is
estimatecandcompared.

For sequencesve assumean error prone, paclet ori-
entednetwork. To simulatepacletlossestheGilbert-Elliot-
Modelis commonlyused.Dueto thevariablelengthcoding
we assumethata singleRTP pacletlossleadsto alostnet-
work abstiaction layer unit (NALU) containinga group of
macroblocks.

3.1. Error concealmentfor stereoscopiamages

We comparedheef ciency of SBSwith themoresophisti-
cated3D-BS stratgyy. Figure3 shaws the highly degraded
rightimageof the stereoscopienagepair “Castle” with six
bursterrors(103of 713lost16 16 blocks). For compari-
sonwe alsoconcealedheseerrorburstswith amonoscopic
method[6]. The concealmentesultsof SBS are subjec-
tively and objectiely betterthanthe monoscopiconceal-
ment,thatonly recoverslow passcontent.

In table1 theaveragePSNRvaluesof differentlyrecon-
structedbursterrorsof 10 blocksin two stereoscopianage
pairs (“Hall” and“Castle”) arelisted. Besidesthe already
mentionednonoscopierrorconcealmenmethoda stereo-
scopicapproactbasecdn featurematchingandperspectie
transformatior(3D-BS[1]) wasapplied.For SBShedirec-
tional diamondsearchwaschoserasblock matchingalgo-
rithm.

Re ecting the subjectie impression SBSyieldshigher
PSNRvaluescomparedo themonoscopitcechnique Com-
paring SBSand3D-BS, the higherPSNRof SBSdoesnot
re ect the subjectve impression. Dependingon the block
matching, the reconstructionquality of SBS rangesfrom
excellentto weak. In caseof block mismatchestherecon-
structionby SBSis of alower visualquality thana (mono-
scopic)interpolationtechnique 3D-BSis a morerobuster-



ror concealmenstratgy yielding a morereliable, but due
to thelow passltering (smoothing)generallylowerrecon-
structionPSNR.

Table 1. Averageblock-PSNRfor arbitraryblock losses

Hall Castle
PSNRindB || 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 evaluatethe effectivenesf the proposecerrorconceal-
mentstratgiesfor sequencea Multiple DescriptionH.264
videotransmissiorscenarimveranunreliablenetwork was
simulated.To thisendleft andrightimagesequence&’ 20
480) werecodedndependentlysinglPPPmodeat3:2Mbps.
Every 12" framewasan| frame. The quality was quanti-
ed by an objectve measurg PSNR)and subjectie tests.
Figure4 shonvs adamagedinda concealed TSBS)stereo-
scopicframepair.

Figure3.2shavsthe PSNRtrendof differenterrorcon-
cealmentmethodsTheMean-PSNPof spatialblock seach
is33,55dB (SBS),theMean-PSNRf temporl blodk seach
is 35,52dB (TBS) andtempoal and spatial block seach
yields36;2688dB(TSBS).
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Fig. 5. PSNRtrendof 50 framesof a stereoscopisequence
(Balloons,720 480

A subjectve evaluationwith 15 subjectavascarriedout
usingthe doublestimuluscontinuousquality scalemethod
(DSCQS).The resultof this psychovisual evaluationis a
differential meanopinion scoe (DMOS) betweena refer
encesequencandacorrespondingestsequenceA smaller

DMOS canbeinterpretedasa smallerquality gapbetween
thetestandthereferencesequence.
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Fig. 6. Psychovisualtestresults(DMOS) for stereoscopic

errorconcealmen(Balloons,720 480)

Table 2. DMOS, standardlerivationsandcon denceinter-
valsfor stereoscopierrorconcealment

Balloons | DMOS | S.D. | con dential interval
SDI 569 | 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 andtable 2 the DMOS, the standarddevi-
ation (S.D.) andthe con denceinterval are presented.As
referencethe DMOS value of an interpolationof border
ing pixel valueg(spatialdomaininterpolation SDI) is listed.
TBS yields good DMOS values,but high S.D respectiely
agreatercon denceinterval. Thecombinationof TBS with
SBS(TSBS)yieldsslightly betterDMOS valuesbut alower
S.D and smallercon denceinterval. Which can be seen
asa high quality androbustreconstructiormethodfor lost
blocks.

3.2.1. Compl&ity Comparison

The main constraintfor error concealmentn stereoscopic
sequencess computationaktompleity. A comparisonof
the computationatompleity in termsof additions(ADD)
and multiplications(MULT) canbe foundin table3. The
listedvaluesfor 3D-BSareapproximation$or CIF sequences.
Theeffort neededor theestimatiorof thefundamentaima-
trix is nottake into accountpecausét stronglydependsn
the chosenmethod. The fundamentamatrix increaseghe
robustnessf the featurematchingin 3D-BS, but it is not
necessarilyneededFor TBS we assumehatno motionin-
formationis available(l frame).



(c) Mono concealmenfPSNR= 17; 3dB)

(d) StereaconcealmentSBS(PSNR= 21; 7dB)

Fig. 3. Exampleof errorconcealmentvith therightimageof a stereoscopiamagepair (“Castle”)

Table 3. Compleity (ADD andMULT)

ADD MULT
3D-BS 2 10° 2 100
SBS/TBS 5 10
TSBS 110

Besidesthe lower numberof additions,no multiplica-
tion is neededor SBS/TBSor TSBS As previously men-
tionedtheproposednethodsveredevelopedwith low com-
plexity in mind, usingthe sidematd distortion andsumof
absolutedifference

4. SUMMARY

In this paperwe presentedow complexity approachesor
stereoerrorconcealmendf independentlgodedstereosco-
pic sequencedasedon block matching. Using the side

matd distortion and sumof absolutedifferenceno multi-
plicationis needed.

Extendingthe monoscopicdempoal block search, we
utilized the additionalinformationof the secondstereosco-
pic channe(SBS).Thecombinatiorof spatialandtempoal
blodk search (TSBS)yieldsexcellentreconstructiomesults,
which was proven by a psychovisual evaluation. The re-
constructionquality of TBS and TSBSis nearlycompara-
ble. Theadditionaleffort of spatialblock searchreduceshe
probability of block mismatches.
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