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ABSTRACT

Invertible deinterlacingwith variablecoefficients is proposedto
suppresscomb-toothartifactscausedby field interleaving of in-
terlacedscanningvideo. A vertical highpassfilter is appliedto
detectmoving artifactsaroundboundariesof moving objects.The
coefficientsof adeinterlacingfilter is varieddependingonthemo-
tion intensitysothatthedeinterlacingfilter maybematchedto the
local characteristicsof moving pictures.Note that thedeinterlac-
ing filter is motion-adaptive andis time/translation-varying,while
the deinterlacingis still kept to be invertible. The deinterlacing
filter performanceand its contribution to intraframe-basedvideo
codingareevaluated.In addition,sincetheprocessingof motion
detectionanda partof deinterlacingfiltering canbeshared,their
efficient implementationis derivedin theform of lifting popularin
wavelets.

1. INTR ODUCTION

Two formatsof interlacedscanningandprogressive scanningare
in usefor recordingand displayingmotion pictures[1, 2]. The
intraframe-basedcodingof interlacedpicturessuchasNTSCsig-
nalsassumesfield interleaving, andsucha schemecanoffer some
advantages.It is becauseanexcellentstill picturecodingsuchas
JPEG2000is directlyapplicableandvariousoptionscanbedevel-
opedatcreating,editingandarchiving videocontentsaswell asin
their transcodingto copewith variousnetwork environmentsand
front-endterminals. Unfortunatelythe field interleaving causes
horizontalcomb-toothartifactsaroundthe boundariesof moving
objects[3]. In the caseof scalabletransform-basedcodingsuch
asMotion-JPEG2000(MJP2), quantizationerrorsintroducedby
discardingverticalhigh frequency componentsin thecomb-tooth
artifactsareperceivableon low bit-ratedecoding.To suppressthe
unfavorableartifacts,an intraframe-basedcoding systemwith a
pre-filter wasproposed[3]. Especially, it is effective for low bit
rateapplications.

In high bit-rateapplicationsandsomeapplicationstypical to
transcoding,the resolutionof a picture is not so much satisfac-
tory becauseof lowpassfiltering. Theinvertibledeinterlacingwith
samplingdensitypreservation had beendevelopedto solve this
problemas a preprocessingto scalableintraframe-basedcoding
[4,5] �
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Fig. 1. Interlacedscanningwith thesamplinglattice (*)�+-, . The
whiteandblackcirclesaresamplepointsontopandbottomfields,
respectively.

Thiswork describesfurtherimprovementsofferedby anaddi-
tional treatmentof local characteristicsof a given picture,where
’ local’ implies locationsboth in time andspace.It is the invert-
ible deinterlacingwith variablecoefficients,andits systemis a se-
quenceof motiondetectionby a highpassfilter followedby adap-
tive deinterlacing. A simplebut efficient lifting implementation
of thedeinterlacingis alsopresentedby sharingthe identicalop-
erationsbetweenmotiondetectionanddeinterlacing.It is demon-
stratedthatadeinterlacingpre-filteris effectiveandsignificantim-
provementin codingperformanceis alsogained.

2. REVIEW OF INVERTIBLE DEINTERLA CING

As a previous work, we proposeda deinterlacingtechniquethat
preservessamplingdensityandis invertible[4]. This techniqueis
briefly reviewedasapreliminary. Assumethataninputarray./)�01,
is givenby a samplinglattice (-)�+2, shown in Fig.1,where +435/68796%7;:< 6%=>6%=?:: :@6%ACB . DFE , DHG and DJI arethetemporalperiodbetween

successive fields,theverticalandhorizontalsamplingperiodsin a
frame,respectively. (-)�+2, is thesetof samplepointsgivenby +LK
for all MONQP integer vectorsK , where + is a MRNSM non-singular
matrix [6,7].

2.1. Deinterlacing with Sampling Density Preservation

Figure2 shows a basicstructureof a deinterlacerwith sampling
densitypreservation, wherecirclesdenotedby TVU and WYX are
the upsamplerwith a factor U and downsamplerwith a factorX , respectively [1,6,8,9]. Theupsamplerconvertstheinterlaced
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Fig. 2. Basic structureof a deinterlacerwith samplingdensity
preservation.
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Fig. 3. Samplinglattice (*)�+L��, of deinterlacedarraywith tempo-
ral decimation.

videoarray ./)�01, into a non-interlacedvideoarray. Thesampling

factor U is
5���� :< ��� ::�: � B for the samplingmatrix + . �/)�01, is a 3-

D filter. It removes imagingcomponentscausedby upsampling
andavoidsaliasingto becausedby downsampling.Theratio has
to be two to preserve the samedensityas the original. To keep

the lattice orthogonality, one choiceof X is given by
5�� :�:: � ::�: � B .

In this case, �O)�0`, is temporallydownsampled.Figure 3 shows
thesamplinglattice (*)�+ � , of thedeinterlacedarray �R)�01, , where+ � 3�+>U < � X�3 5 � 6 7 :�::;6 = ::�:@6%A B .

2.2. Reinterlacing

For anintraframe-basedcodecsystem,thedeinterlacedarray �O)�01,
is encoded,transmittedandthendecodedframeby frame. Espe-
cially for highbit-ratedecoding,theinterlacedvideosourceis ex-
pectedto be reconstructedin perfect. To do this, we introduced
its inverseconverteri.e. reinterlacer. Figure4 illustratesthebasic
structureof a reinterlacer. The interlacedarray .�)�01, is perfectly
reconstructedfrom thedeinterlacedarray �>)�01, , if �/)�01, and ��)�0`,
satisfya setof conditions.[4]

2.3. Intraframe-based Coding Systemwith a Deinterlacer

An applicationscenarioof intraframe-basedscalablecodingsuch
asMJP2[5] canbesuggestedasshown in Fig. 5, whereaninvert-
ible deinterlaceris usedasa pre-filter. The comb-toothartifacts
are avoidedon low bit-rate decoding,whereasfine resolutionis
maintainedby a reinterlaceron high bit-ratedecoding.A pair of

��� ��� ��J� ������ ������ � � C� ��� ¡ � ���

Fig. 4. Basicstructureof a reinterlacer.
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Fig. 5. Intraframe-basedcodingsystemwith a deinterlacer.

filters for deinterlacingandreinterlacingcanbeasfollows [4].

�/)�01,�3¢P¤£ P¥H¦ < �E £ P§ )�¦ �G £�¦ < �G ,�¨ (1)

��)�01,�3©¦ < �ª¬« ¥ £­¦ < �E¯® P¥ )�¦ �G £Q¦ < �G ,±°L¨ (2)

Thesefilters have the following properties:i) normalizedampli-
tude to keepbrightness,ii) regularity to avoid the checkerboard
effect [10,11], andiii) verticalsymmetryto afford thesymmetric
borderextension[10,12]. Thedeinterlacingfilter �/)�01, workswell
for avoiding comb-toothartifactsin low bit-ratedecoding.How-
ever, thedetailedquality at fine still areasis degradedby filtering.
For thosestill parts,a simple temporalfilter is preferablerather
thanEq.(1).

3. VARIABLE-COEFFICIENT PROCESSING

Wearegoingto varyfilter coefficientsdependingonthelocalchar-
acteristicsof givenpictures.Problemsarehow to choosethecoef-
ficientsandhow to maintaintheinvertibility.

3.1. Variable-Coefficient Filters

We proposethedeinterlacingandreinterlacingfilters asfollows.

�³²\)�01,´3¢P�£µ)mP ®·¶ ²¥�,m¦ < �E £ ¶ ²§ )�¦ �G £Q¦ < �G ,�¸ (3)

� ² )�01,´3©¦ < �ª « ¥¥ ® ¶ ² £�¦ < �E ® ¶ ²¥ ) ¥ ® ¶ ² , )�¦
�G £­¦ < �G ,±°L¸

(4)

where ¶ ² is a parameterin the rangeof ¹*º ¶ ²­» ¥
. Different

filtering modesareselectableamongtemporal,vertical-temporal
andverticalfilters. In particular, if ¶ ²*3�P , the transferfunction
of thefilter is identicalto thatgiven by Eq.(1). Also, if ¶ ² 3¼¹ ,
the deinterlacerreducesto a simplefield-interleaver so that fine
resolutionis maintained.

The variable-coefficient filtering canhave an in-placeimple-
mentationas shown in Fig.6, whereblack, white and gray cir-
clesindicatepixelson bottomfields,top fieldsanda deinterlaced
frame,respectively. Note that theperfectreconstructionproperty
is incorporatedin this implementationandit is independentfrom
thevaluesof ¶ ² .

3.2. Adaptive Control Method

Theparameter¶ ² canhaveany valuein therangeof ¹³º ¶ ²>» ¥
.

Its valueshouldbeprovidedto a decoderfor reinterlacing,if high
bit-ratedecodingis desired. It is thussignificantto limit its ac-
tual valuesfor efficient transmissionof ¶ ² . Also, thereductionin
computationalcomplexity is anotherconcern.To copewith these
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(b) Reinterlacer

Fig. 6. In-placeimplementationof deinterlacingwith variableco-
efficients.Thesymmetricextensionhasbeenapplied.

(a) Original framepicture (b) Motion detectionresult( êRëíì�î )

Fig. 7. Exampleof motiondetection.

two realisticrequirements,thevalueof ¶ ² is switchedbetween0
and1.

In orderto detectcomb-toothartifactsto bepossibleto appear,
avertical-orientationhighpassfilter ï2)�01,´3 �� ¦ < �ª ® �ð )�¦ �ñ £ò¦ < �ñ ,
is appliedprior to deinterlacing.Sincethecoefficientsof thehigh-
passfilter are identical to thosein Eq.(1) except for their signs,
the intermediatecomputationscanbesharedby this highpassfil-
teringanddeinterlacingto follow. Themotiondetectionto predict
comb-toothartifactsis performedasfollows.

1 Computeanoutputframe ó±ô8õ ö of thehighpassfilter
2 If ÷ ó±ô8õ � ²8ø � ÷`º thresholdù , set ¶ ²ò3©¹
3 Otherwise, set ¶ ² 3¢P

When ù93ú¹ , this systemresultsin fixed-coefficient deinterlac-
ing. When ùüûýP ¥¿þ for 8-bit grayscaleimages,it reducesto just
simpleinterleaving. Figure7 (a) and(b) show an original frame
pictureandthedetectedareaswherecomb-toothartifactsareprone
to appear, where ù =

¥ ð
=16 is used. The black andwhite regions

show still andmoving areas,respectively.

3.3. Lifting Implementation

As hasbeenpreviouslyexplained,asimplifiedvariable-coefficient
deinterlacingsystemcanhaveanefficient implementationby com-
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Fig. 8. Lifting implementationof deinterlacingembeddedwith
motiondetection.

putationsharing. In particular, the lifting structurecanbe devel-
opedfor combininga sequenceof computationsin highpassfilter-
ing anddeinterlacing.

Figure8 illustratesourproposedimplementation,whereCMP
indicatesa comparatorthat calculatesthe selectionsignal ¶ that
actuallycontrols¶ ² , asfollows.

¶ 3 « ¹1¸¯÷ + ®�, ÷�º­ùP%¸¯÷ + ®�, ÷.-­ù ¨ (5)

4. PERFORMANCE EVALUATION

PerformanceasPre-filter: At first, thevariable-coefficientdein-
terlacingis comparedwith theconventionalfield interleaving and
fixed-coefficientdeinterlacingin termsof pre-filteringperformance.
Figure9 (a)showsanartificial testframepicture.Thebackground
is givenbyaseparablefirst-orderAR process( /³3µ¹1¨ 0�1 , 256N 256
pixels), anda squareis moving to the right in the velocity of 16
pixels per frame. The procedureof performanceevaluationis as
follows.

1 Make an interlacedimage ó32 by decimatingthe testframe
sequenceof Fig.9(a)by U

2 Deinterlaceó32 for severalthresholdvalues
3 CalculatePSNR

Figure9 (b) showsthedeinterlacedframepicture.Figure10shows
the PSNRdependency againstù . Two endpointsat ù�39¹ andP ¥¿þ correspondto theplainfield interleaving andfixed-coefficient
deinterlacing,respectively. It is observedthata singlepeakexists
aroundù�3¢P ¥ in thevariable-coefficient deinterlacing.

Performancefor Low Bit-rate Decoding: A JPEG2000encoder
[13] is appliedto every framepictureof football (720N 480pixels
per frame,8-bit grayscale)andthe codingbit-rate is 0.1 bpp for
low bit-rateapplications.Figure11 (a) and(b) show thedecoded
pictureswith field interleaving andtheproposedmethod,respec-
tively. Comb-toothartifactsaroundtheboundariesof moving ob-
jectshave beensignificantlysuppressedin (b) of the figure. It is
hard to perceive the flickering artifactsas a moving picture. In
contrast,thecomb-toothartifactsproducedby simpleinterleaving
arestrongasfound in (a) andareperceived in flickeringartifacts
asa moving picture. In fact it is very annoying for low bit-rate
encoding/decoding.

Performancefor High Bit-rateDecoding: Thefootball sequence
is againusedfor an experiment. Every deinterlacedframe pic-
ture hasbeenencodedat 2.0bppand thendecodedat 2.0bppby
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(a) Original framepicture. (b) Deinterlacedpicture( êLëíì	î ).

Fig. 9. Testpictureproducedby aseparablefirst-orderAR process
( /³3©¹�¨ 0�1 ).
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Fig. 10. PSNRdependency againstù .

JPEG2000.Sincethe experimentassumeshigh bit-rateapplica-
tions,reinterlacinghasbeenappliedto everydecodedpicture.Fig-
ure12 is thePSNRplotsof decodedpictures.

Thevariable-coefficient deinterlacingis involvedwith several
thresholdvaluesamong ¹ýº ù º¬P ¥%þ , and its PSNRperfor-
manceis surelysuperiorto that in fixed-coefficient deinterlacing
with ùý3 ¹ . It is observedthatPSNRis improvedasthe thresh-
old value increases.It is worth to note that deinterlacingcapa-
bility to suppresscomb-toothartifactswill deteriorateas ù grows
high. Since ù¼3úP ¥¿þ implies the systemreducesto the field in-
terleaving, no effect for artifact suppressionis expectablein such
a system.Theplain field interleaving correspondingto ù 3�P ¥¿þ
showsthehighestlevel in PSNR,but thesubjectivequalityoffered
by this systemis worseandunfavorable; this statementmustbe

(a) Plaininterleaving ( êLë-ì5476 ) (b) Theproposedmethod( êLëíì	î )

Fig. 11. Low bit-ratedecoding(0.1bpp)

Fig. 12. Codingperformanceat 2.0bpp.

simply justified by the problemitself why deinterlacingis desir-
able. In contrast,the proposedmethodmakesit possibleto offer
a trade-off amongdeinterlacingcapability, pictureresolution,and
codingperformance.

5. CONCLUSION

In thiswork, invertibledeinterlacingwith variablecoefficientshas
beenproposed. The coefficients of a deinterlacingfilter is var-
ied to fit the local characteristicsof moving pictures. A simpli-
fied switchable-coefficient versionandan efficient hardware im-
plementationschemehaving in-placecomputationhave beenalso
derived. Satisfactoryperformanceshave beendemonstrated,and
a desirabletrade-off amongcomb-toothartifact reduction,picture
resolutionandcoding/decodingperformanceis possible.
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