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ABSTRACT

At mid to low bit-rate the standardDCT transformbased
videocodecgroducedn thereconstructedequenceanngy-
ing artifactsknown asringing andblocking effects. In this
work we are concernedn blocking artifact removal with
lappedembeddedDCT. In intra framesthe deblockingal-
waysproducesanincreasen the peaksignal-to-noiseatio;
asaconsequencef the processingn the lastreferencen-
tra frame, inter frames,whosepredictionerror is decoded
with IDCT, are free of blocking artifacts. Using the pro-
posedalgorithmon the inter frame decreasethe resulting
PSNRwhile improving the visual quality of the decoded
images.In this paperwe presenttheoreticaboundonthe
PSNRreduction.

1. INTRODUCTION

Mostimage/videaccompressiostandardproduceblocking
artifactswhenthe bit-rateis reducedsincethey useDCT-
IDCT pair to achieve compressionLappedtransformghat
usetheDCT asfront-endareintroducedo reducethis effect
andtake advantageof low compleity DCT algorithms[1],
but modificationsn bothencodemanddecodemrerequired.
The lappedembeddedDCT [2] hasbeenusedeffec-
tively in deblocking,avoiding modificationsin the standard
encoder But, in video sequencest preventscorrectframe
predictionandproducesanincreasederroron inter frames.
Thelossin PSNRis theoreticallyanalysedo showv the de-
gradationsarenggligible, in particularatlow bit-rates.
Sections2 and 3 review the lappedembeddedDCT
andthe weighting processusedfor deblocking. Section4
presentgheoreticalanalysisfor the deblockingalgorithm,
which is testedon MPEG-2andMPEG-4standardén sec-
tion 5. Section6 providescomparison®f experimentaland
theoreticaresults.Conclusionsaredrawn in section?.

2. THE LAPPED EMBEDDED INVERSE DISCRETE
COSINE TRANSFORM

All transformsin image/videostandard$ave linear phase
andorthogonalitywhich simplify borderprocessingswell
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Fig. 1. Latticestructureof singlestagee-IDCT.

as presere the signal enepgy in the transformeddomain.
The polyphasematrix of ary linearphaseparaunitaryfilter
bank(LPPUFB)with evennumberof filters M sharingthe
samecenterof symmetryandwith the samelengthequalto
(N + 1) M canbealwaysdecomposeds[3][4]

II @WAW)E, . (1)

i=N

E(z) =

E, is anorthogonamatrix whosehalf rows have evensym-
metry andthe othershave odd symmetrywhile

o5 %] w1 4] e

and®; = diag{U;, V;}, with U; andV; M /2 x M /2 or-
thogonaimatrices A particularcaseof LPPUFBIs obtained
using DCT asthe analysisfront-endEg. This transformis
amoregenerakaseof the LOT introducedn [1].

The polyphasematrix of the synthesid=B for causale-
constructiomafteranalysiswith LPPUFBhastheform

1H —IA

Hence,f E, ' is theinverseDCT, the DCT andthe follow-
ing synthesig-B form a LPPUFB

z)Wa; ') . (3

1
) [[ (®@:WAR)W) . (4)
=N

This synthesig=B, shavnin Fig. 1, is calledlapped embed-
ded inverse discrete cosine transform (le-IDCT) [2].
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Fig. 2. Frame#120(intra) of the sequencaews (CIF reso-
lution): (a) original frame, (b) standarddecodemutput;(c)
deblocledframe(low threshold)(d) deblocledframe(high
threshold).

3. BLOCKING ARTIFACT REMOVAL

Without processingn the transformeddomainle-IDCT is
equialentto IDCT. Also if betterdesignstratgiescanbe
used,the singlestagele-IDCT (N = 1) designedo max-
imise codinggain[1] producessynthesidunctionsthatde-
cay gracefullytoward zeroat their ends. Hence,the M /2
coeficientscorrespondingo odd functionsmeasurdlock-
ishnessntroducedby quantizationin the DCT domain. To
remove the artifacts,the coeficient vectory is weightedin
thelappedtransformdomainthroughmultiplication by

A(Yae):diag{laa(ylas)alaa(y&%)a]-a]-a]-a]-} )

®)
which representsa non-linearoperatiornsince
5 |
yl <~y
a(y,y) =14 2 . 6
(:7) {1 gl > ©6)

Detailsonthis non-linearweightingcanbefoundin [2].

4. THEORETICAL ANALYSIS

This sectionpresents one-dimensionaanalysisassuming
that the blocked signalis a stationaryGauss-Markv pro-
cesswith zero mean,variances?, and correlationcoefi-
cient p. Consequentlyeachsubbandwhich is theneven-
tually weighted ,is azero-meargaussiarprocessAlthough
theanalysisbelow only considergheone-dimensionatase,
the resultscan be generalizedo two-dimensionakaseby
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Fig. 3. Objectve measurement®r intra framesof the se-
quencenews:. (a) and(b) for low threshold;(c) and(d) for
high threshold.

usingtwo-dimensionalGauss-Markv processesindsepa-
rablefilter banks.

To representhenon-lineaweightingusedin thelapped
transformdomain,we usean additive model, becausehe
weightedsignaly,, canbeexpressedsy,, = y, + e,. The
weighting noise e,, is relatedto theincomingsampleof the
signaly,, throughthefunction

e ={ ;*

It thereforehaszeromeanandits variances? is relatedto
thevarianceof the subbandfj through

Foib(i) e (1)
o 4 Oy Oy Oy oy

(8)
wherep(a) and@(a) arerespectrely thenormalizedyaus-
sianpdf andthe complementargaussiardistribution func-

tion.
Frompreviouscomputationsit is easyto obtain

ly| <e

yl > e "

N

<N

E[enyn] — _22 (9)

Pey = )
OOy oy

which shaws that, like quantizationnoise, the error added
to the signaland the signal are negatively correlatedeach
other If £ — 0 the errortendto be uncorrelatedvith the
signal; numericalanalysisshavs that we can assumethe
errorandthesignalquite uncorrelateanly if € < 0.10,.
Denotethe autocorrelatiormatrix of the blocked signal
by R, (p) andthe transformmatrix of subbanddecompo-
sition by P, the variancesf the subbandsrethusthe di-
agonalelementof Ry (p) = PR, (p)PT, eachof which
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Fig. 4. Frame#225 (intra) of the sequencecontainer at
10 fps and40 kbps (QCIF resolution): (a) standardrame,
(b) deblocledframe,(c) and(d) respectre edgemaps.

canbe relatedto the blocked signal varianceaccordingto
o? = a;(p)o?. Applying our additive model,we obtainthe
erroron eachweightedsubbandhasvariance

=6 (2) ot =5 (2) et . ao)

2

which leadsto

o, = 02% [al(p)ﬂ (Uil) +a3(p)B (2‘%)] (11)

asthe averagedvarianceof weighting error in the recon-
structedsignal. This erroris correlatedwith the blocked
signal,andits variancecannot beaddedo the quantization
noisevarianceo obtainthetotal errorvariance.In ary case,
thesumis anupperboundfor the exactvariance.

Thequestiomaw is: whathappenso weightingerrorin
inter frames?The predictedsignal ), is obtainedfrom the
previous corruptedsignal z,, = %, + e,, wherez,, is the
standardreconstructedrameande,, is the noiseaddedby
the deblockingalgorithm. If d,, is the displacementector
usedfor eachn to do the prediction,we obtain

~f ~1 ~ A
&, =%, g =2%n—d, +€n-d, = In+en_qa, , (12)

wherez,, is the predictionmadewithout deblockingalgo-
rithm. Hence,in inter framesthe varianceof the erroris
not modified. Moreover, in interframe we canassumehat
the errorsaremore uncorrelatedvith the signalandquan-
tization noiseand therefore,the upperbound obtainedby
summingup all errorvariancess reasonablyaccurate.
Similar consideration$old in the caseof two-dimen-
sionaldisplacementdjut we mustpayattentionat sub-pixel
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Fig. 5. Measurementfor the sequenceontainer at 10 fps
and 40 kbps: (a) and (b) only for intra frames;(c) for all
frames.

accurang. In fact, bilinear interpolationusedto achieve
sub-pelaccuranyg reduceghevarianceof theweightinger-
ror. Supposehat p. is the autocorrelatioron both rows
and columnsof the weighting error e,, ,,, for half-pel ac-
curang of the displacemenbn one or both directionsthe
errorvariancesarerespectiely o2 (122 ) ando? (1tee)?,
which arebothlessthanc? for ary 0 < p, < 1.

5. EXPERIMENTAL RESULTS

The deblockingalgorithmis appliedin both MPEG-2and
MPEG-4 video compressiorstandardsmodifying the re-
spectve implementationdoy MSSG and ACTS MoMuSys
project. To verify the derived theoreticalbound,the varia-
tion of PSNR(APSN R) andtheratio of MSDS[5] (k)
aremeasuredor severalvideosequences.

Theresultsonthe MPEG-2compressedequenceews,
decompressedith deblockingat two differentthresholds
e arereproducedn Fig. 2, which clearly demonstrate¢he
algorithm effectiveness. Fig. 3 shaws that increasingthe
thresholde in the processingstepreducesboth APSNR
andMSDSratio.

In anotherset of experiments,we compressedeveral
testsequencewith MPEG-4atvariousbit-ratesandresolu-
tions,usingalwaysGOVs of 15VOPswithoutbidirectional
frames.Fig. 4 shavs theresultsonanintraframeof the se-
guencecontainer with therespectie luminanceedgemaps.
As shown in Fig. 5(a,b), there are improvementsin both
PSNR and MSDS when only intra framesare processed.
However, the PSNR degradesas one also processesnter
frames(Fig. 5¢), in agreementvith theresultsin sectior4.
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Fig. 6. (a,b): weighting error variancefor the sequences
silent (15 fps, 256 and 384 kbps)andnews (10 fps, 40 and
56 kbps);the dottedline representshe theoreticalapproxi-
mation. (c,d): crosscorrelationof weightingandquantiza-
tion errorfor the sequencemother andsilent (CIF, 15 fps,
solid anddashedine for 256 kbpsand384kbps).

6. COMPARISONWITH THEORETICAL RESULTS

The Gauss-Markv modelusedin section4 for blockedin-

tra framesis the bestapproximationof our dataaslong as
the correctcorrelationcoeficientsareusedin the analysis.
Fromexperimentaldatawe assume = 0.97 andp = 0.95

respectiely for CIF andQCIFresolution for bothrowsand
columns(as example,for the sequencesilent we have re-

spectvely pro = 0.976, peor = 0.972 andpro, = 0.947,

peor = 0.945), ando = 255/6. Sincethe thresholde is

known, theerrorvariancearethencomputedIn Fig. 6(a,b)
we reportedtheerrorvariancefor two sequenceat CIF and
QCIFresolution.Thetheoreticabpproximatioris obtained
assumingequiprobabilityof integer and half-pel displace-
mentson both directions,with p, = 0.6 andp, = 0.5 for

CIF andQCIFresolutionasmeasuredntheaveragan our

experimentsMoreover, Fig. 6(c,d)shavsthat,asexpected,
weighting error is correlatedwith quantizationerror only

for intra frames. Therefore,in inter framesthe extimated
errorvariances almostequalto the measuredalue.

The averagePSNR of the standarddecodedsequence
is relative to the averagequantizationerror variance. As
the varianceof the weightingerror is theoreticallyknown,
we immediatelyderive the loss of PSNR produced. The
resultswe obtained,comparedwith the experimentaldata,
areshavedin Fig. 7.
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Fig. 7. Relationship betweenmean PSNR and mean
APSN R for differentsequenceat QCIFresolution(e) and
ClIFresolution(x). Thesolid anddashedinesrepresenthe
respectie theoreticaboundfor thetwo resolutions.

7. CONCLUSIONS

Thepresentealgorithmreconstructintraframeswith alle-
viatedblockishnessndincreased®SNR,while it seemgo
reducequality for inter frames. The derived boundfor the
lossof PSNR,which is not only a lower bound,but alsoa
goodapproximationdemonstratethe meanlossin PSNR
is low for sequencealreadyhighly corruptedj.e. with low
PSNR.Moreover, an eventuallossin PSNRmustnot nec-
essarilybeinterpretedaslossof percevedquality, sincethe
PSNR,in particularfor low qualities,canbe misleading.
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