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ABSTRACT
At mid to low bit-rate the standardDCT transformbased
videocodecsproducein thereconstructedsequencesannoy-
ing artifactsknown asringing andblockingeffects. In this
work we are concernedin blocking artifact removal with
lappedembeddedIDCT. In intra framesthedeblockingal-
waysproducesanincreasein thepeaksignal-to-noiseratio;
asa consequenceof theprocessingon thelastreferencein-
tra frame, inter frames,whosepredictionerror is decoded
with IDCT, are free of blocking artifacts. Using the pro-
posedalgorithmon the inter framedecreasesthe resulting
PSNRwhile improving the visual quality of the decoded
images.In this paper, wepresenta theoreticalboundon the
PSNRreduction.

1. INTRODUCTION

Most image/videocompressionstandardsproduceblocking
artifactswhen the bit-rate is reducedsincethey useDCT-
IDCT pair to achieve compression.Lappedtransformsthat
usetheDCTasfront-endareintroducedto reducethiseffect
andtake advantageof low complexity DCT algorithms[1],
but modificationsin bothencoderanddecoderarerequired.

The lappedembeddedIDCT [2] hasbeenusedeffec-
tively in deblocking,avoidingmodificationsin thestandard
encoder. But, in videosequences,it preventscorrectframe
predictionandproducesanincreasederroron inter frames.
The lossin PSNRis theoreticallyanalysedto show thede-
gradationsarenegligible, in particularat low bit-rates.

Sections2 and 3 review the lappedembeddedIDCT
andthe weightingprocessusedfor deblocking. Section4
presentstheoreticalanalysisfor the deblockingalgorithm,
which is testedon MPEG-2andMPEG-4standardsin sec-
tion 5. Section6 providescomparisonsof experimentaland
theoreticalresults.Conclusionsaredrawn in section7.

2. THE LAPPED EMBEDDED INVERSE DISCRETE
COSINE TRANSFORM

All transformsin image/videostandardshave linear phase
andorthogonalitywhichsimplify borderprocessingaswell
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Fig. 1. Latticestructureof singlestagele-IDCT.

as preserve the signal energy in the transformeddomain.
Thepolyphasematrix of any linear-phaseparaunitaryfilter
bank(LPPUFB)with evennumberof filters � sharingthe
samecenterof symmetryandwith thesamelengthequalto��������� � canbealwaysdecomposedas[3][4]� ������� ���! #" �%$ �'&)( ����� & � �+*-,

(1)� *
is anorthogonalmatrixwhosehalf rowshaveevensym-

metryandtheothershaveoddsymmetry, while( �.�����0/21 33 �54 � 176 8 & � �9 : /;1 11=<>1?6 (2)

and
$ � ��@BADCFEHGJI � 8�K �ML , with

I � and K � ��N :PO ��N : or-
thogonalmatrices.A particularcaseof LPPUFBis obtained
usingDCT astheanalysisfront-end

�+*
. This transformis

a moregeneralcaseof theLOT introducedin [1].
Thepolyphasematrix of thesynthesisFB for causalre-

constructionafteranalysiswith LPPUFBhastheformQ �.���R� � 4 �* "��! �RS & � 4 � ( 4 � �.��� & $ 4 ��UT ,
(3)

Hence,if
� 4 �* is theinverseDCT, theDCT andthefollow-

ing synthesisFB form a LPPUFBQWV ������� Q ���������X Y" �Z$ �.&)( ����� & � ,
(4)

ThissynthesisFB, shown in Fig. 1, is calledlapped embed-
ded inverse discrete cosine transform (le-IDCT) [2].
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Fig. 2. Frame#120(intra) of thesequencenews (CIF reso-
lution): (a) original frame,(b) standarddecoderoutput;(c)
deblockedframe(low threshold),(d) deblockedframe(high
threshold).

3. BLOCKING ARTIFACT REMOVAL

Without processingin the transformeddomainle-IDCT is
equivalentto IDCT. Also if betterdesignstrategiescanbe
used,the singlestagele-IDCT (

�[�\�
) designedto max-

imisecodinggain[1] producessynthesisfunctionsthatde-
cay gracefully toward zeroat their ends. Hence,the ��N :
coefficientscorrespondingto oddfunctionsmeasureblock-
ishnessintroducedby quantizationin theDCT domain.To
remove theartifacts,thecoefficient vector ] is weightedin
thelappedtransformdomainthroughmultiplicationby^ � ] 8M_ �`�a@FAZCFEcbd� 8fe �'g � 8M_ � 8 � 8feih gFj 8 _ :#k 8 � 8 � 8 � 8 �ml 8

(5)
which representsa non-linearoperationsincee �'g 8�n ���po �q r g r�s n� r g r�t n ,

(6)

Detailson thisnon-linearweightingcanbefoundin [2].

4. THEORETICAL ANALYSIS

This sectionpresentsa one-dimensionalanalysisassuming
that the blocked signal is a stationaryGauss-Markov pro-
cesswith zero mean,variance u q , and correlationcoeffi-
cient v . Consequentlyeachsubband,which is theneven-
tually weighted,is azero-meangaussianprocess.Although
theanalysisbelow only considerstheone-dimensionalcase,
the resultscanbe generalizedto two-dimensionalcaseby
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Fig. 3. Objective measurementsfor intra framesof these-
quencenews: (a) and(b) for low threshold;(c) and(d) for
high threshold.

usingtwo-dimensionalGauss-Markov processesandsepa-
rablefilter banks.

To representthenon-linearweightingusedin thelapped
transformdomain,we usean additive model,becausethe
weightedsignal �gB� canbeexpressedas �gB����gB�����J� . The
weighting noise

�J�
is relatedto theincomingsamplesof the

signal
gB�

throughthefunction���'g���� o <��q r g r�s _� r g r�t _ ,
(7)

It thereforehaszeromeanandits varianceu q� is relatedto
thevarianceof thesubbandu q� throughu q�u q� � �� /D� < :B��� _u ��� < : _u ��� � _u ��� 6���� � _u ��� 8

(8)
where� �.Cm� and

� �.Cm�
arerespectively thenormalizedgaus-

sianpdf andthecomplementarygaussiandistribution func-
tion.

Frompreviouscomputations,it is easyto obtainv � � ����� �J��gB���u � u � � < : u �u � 8 (9)

which shows that, like quantizationnoise,the error added
to the signaland the signalarenegatively correlatedeach
other. If _�� �

the error tendto be uncorrelatedwith the
signal; numericalanalysisshows that we can assumethe
errorandthesignalquiteuncorrelatedonly if _�� � , � u � .

Denotetheautocorrelationmatrix of theblockedsignal
by
Q2��� � v � andthetransformmatrix of subbanddecompo-

sition by � , the variancesof the subbandsarethusthe di-
agonalelementsof

Q�� � v �c� � Q2��� � v � ��� , eachof which
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Fig. 4. Frame#225 (intra) of the sequencecontainer at
10 fps and40 kbps(QCIF resolution):(a) standardframe,
(b) deblockedframe,(c) and(d) respectiveedgemaps.

canbe relatedto the blocked signalvarianceaccordingtou q� � e � � v � u q . Applying our additivemodel,we obtainthe
erroron eachweightedsubbandhasvarianceu q�¡  � � � � _ �u � � u q� � � � _ �u � � e � � v � u q 8 (10)

which leadsto¢u q� � u q �£ / e � � v � � � _u � � � e jB� v � � � _: u j � 6 (11)

as the averagedvarianceof weighting error in the recon-
structedsignal. This error is correlatedwith the blocked
signal,andits variancecannotbeaddedto thequantization
noisevarianceto obtainthetotalerrorvariance.In any case,
thesumis anupperboundfor theexactvariance.

Thequestionnow is: whathappensto weightingerrorin
inter frames?Thepredictedsignal �¤ V� is obtainedfrom the
previouscorruptedsignal ¥¤ V� � ¥¤ � ��� � , where ¥¤ � is the
standardreconstructedframeand

�J�
is the noiseaddedby

thedeblockingalgorithm. If
@��

is thedisplacementvector
usedfor each¦ to do theprediction,we obtain�¤ V� � ¥¤ V� 4�§¡¨ � ¥¤ � 4�§ ¨ ���J� 4�§ ¨ � �¤ ���©��� 4�§ ¨ 8 (12)

where �¤ � is the predictionmadewithout deblockingalgo-
rithm. Hence,in inter framesthe varianceof the error is
not modified. Moreover, in interframe,we canassumethat
the errorsaremoreuncorrelatedwith the signalandquan-
tization noiseand therefore,the upperboundobtainedby
summingup all errorvariancesis reasonablyaccurate.

Similar considerationshold in the caseof two-dimen-
sionaldisplacements,but wemustpayattentionatsub-pixel
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Fig. 5. Measurementsfor thesequencecontainer at 10 fps
and40 kbps: (a) and(b) only for intra frames;(c) for all
frames.

accurancy. In fact, bilinear interpolationusedto achieve
sub-pelaccurancy reducesthevarianceof theweightinger-
ror. Supposethat v � is the autocorrelationon both rows
andcolumnsof the weightingerror

���   ª , for half-pel ac-
curancy of the displacementon oneor both directionsthe

errorvariancesarerespectively u q� S ��«#¬®­q T and u q� S ��«#¬®­q T q ,
which arebothlessthan u q� for any

� s v �+¯ � .
5. EXPERIMENTAL RESULTS

The deblockingalgorithmis appliedin both MPEG-2and
MPEG-4 video compressionstandards,modifying the re-
spective implementationsby MSSG and ACTS MoMuSys
project. To verify the derivedtheoreticalbound,the varia-
tion of PSNR( °P±�² ��³ ) andtheratio of MSDS[5] ( ´Fµ )
aremeasuredfor severalvideosequences.

TheresultsontheMPEG-2compressedsequencenews,
decompressedwith deblockingat two different thresholds_ are reproducedin Fig. 2, which clearly demonstratethe
algorithm effectiveness. Fig. 3 shows that increasingthe
threshold_ in the processingstepreducesboth °¶±�² ��³
andMSDSratio.

In anotherset of experiments,we compressedseveral
testsequenceswith MPEG-4atvariousbit-ratesandresolu-
tions,usingalwaysGOVs of 15VOPswithoutbidirectional
frames.Fig. 4 shows theresultsonanintra frameof these-
quencecontainer with therespectiveluminanceedgemaps.
As shown in Fig. 5(a,b), thereare improvementsin both
PSNRand MSDS when only intra framesare processed.
However, the PSNRdegradesas one also processesinter
frames(Fig. 5c), in agreementwith theresultsin section4.
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Fig. 6. (a,b): weighting error variancefor the sequences
silent (15 fps, 256and384kbps)andnews (10 fps, 40 and
56 kbps);thedottedline representsthetheoreticalapproxi-
mation. (c,d): crosscorrelationof weightingandquantiza-
tion error for thesequencesmother andsilent (CIF, 15 fps,
solidanddashedline for 256kbpsand384kbps).

6. COMPARISON WITH THEORETICAL RESULTS

TheGauss-Markov modelusedin section4 for blockedin-
tra framesis the bestapproximationof our dataaslong as
thecorrectcorrelationcoefficientsareusedin theanalysis.
Fromexperimentaldatawe assumev � � , ¼�½ and v � � , ¼F¾
respectively for CIF andQCIFresolution,for bothrowsand
columns(asexample,for the sequencesilent we have re-
spectively v�¿
ÀfÁ � � , ¼�½ÃÂ

, vmÄDÀ�Å � � , ¼�½ :
and v�¿¡ÀfÁ � � , ¼B��½

,v�ÄDÀ�Å � � , ¼Æ��¾
), and u � : ¾F¾ N Â . Sincethe threshold_ is

known, theerrorvariancesarethencomputed.In Fig.6(a,b)
wereportedtheerrorvariancefor two sequencesatCIF and
QCIFresolution.Thetheoreticalapproximationis obtained
assumingequiprobabilityof integer andhalf-pel displace-
mentson bothdirections,with v � � � , Â

and v � � � ,Ç¾
for

CIF andQCIFresolution,asmeasuredontheaveragein our
experiments.Moreover, Fig. 6(c,d)showsthat,asexpected,
weighting error is correlatedwith quantizationerror only
for intra frames. Therefore,in inter framesthe extimated
errorvarianceis almostequalto themeasuredvalue.

The averagePSNRof the standarddecodedsequence
is relative to the averagequantizationerror variance. As
the varianceof the weightingerror is theoreticallyknown,
we immediatelyderive the loss of PSNRproduced. The
resultswe obtained,comparedwith the experimentaldata,
areshowedin Fig. 7.
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Fig. 7. Relationshipbetweenmean PSNR and mean°¶±�² ��³ for differentsequencesatQCIFresolution( Ò ) and
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O
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respective theoreticalboundfor thetwo resolutions.

7. CONCLUSIONS

Thepresentedalgorithmreconstructsintraframeswith alle-
viatedblockishnessandincreasedPSNR,while it seemsto
reducequality for inter frames.The derivedboundfor the
lossof PSNR,which is not only a lower bound,but alsoa
goodapproximation,demonstratesthe meanlossin PSNR
is low for sequencesalreadyhighly corrupted,i.e. with low
PSNR.Moreover, an eventuallossin PSNRmustnot nec-
essarilybeinterpretedaslossof perceivedquality, sincethe
PSNR,in particularfor low qualities,canbemisleading.
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