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ABSTRACT

Invertible deinterlacingwith variable coeficientsis proposedto

suppressomb-toothartifacts causedby field interleaving of in-

terlacedscanningvideo. A vertical highpassfilter is appliedto

detectmoving artifactsaroundboundarie®f moving objects.The
coeficientsof adeinterlacindilter is varieddependingnthemo-
tion intensitysothatthe deinterlacindilter maybe matchedo the
local characteristic®f moving pictures. Note thatthe deinterlac-
ing filter is motion-adaptie andis time/translation-arying, while

the deinterlacingis still keptto be invertible. The deinterlacing
filter performanceandits contribution to intraframe-basedideo
codingareevaluated.In addition,sincethe processingf motion
detectionanda part of deinterlacindiltering canbe sharedtheir
efficientimplementatioris derivedin theform of lifting popularin

wavelets.

1. INTRODUCTION

Two formatsof interlacedscanningand progressie scanningare
in usefor recordingand displaying motion pictures[1, 2]. The
intraframe-basedodingof interlacedpicturessuchasNTSC sig-
nalsassumesield interleaving, andsucha schemecanoffer some
adwantageslt is becausean excellentstill picturecodingsuchas
JPEG2000s directly applicableandvariousoptionscanbe devel-
opedat creating,editingandarchving videocontentsaswell asin
their transcodingo copewith variousnetwork ervironmentsand
front-endterminals. Unfortunatelythe field interleaving causes
horizontalcomb-toothartifactsaroundthe boundarieof moving
objects[3]. In the caseof scalabletransform-basedodingsuch
as Motion-JPEG200qQMJP2), quantizationerrorsintroducedby
discardingvertical high frequeng componentsn the comb-tooth
artifactsarepercevableon low bit-ratedecoding.To suppresshe
unfavorable artifacts, an intraframe-basedoding systemwith a
pre-filter was proposed3]. Especially it is effective for low bit
rateapplications.

In high bit-rate applicationsand someapplicationstypical to
transcodingthe resolutionof a picture is not so much satishc-
tory becausef lowpasdiltering. Theinvertibledeinterlacingwith
samplingdensity preseration had beendevelopedto solve this
problemas a preprocessindgo scalableintraframe-basedoding
[4,5].
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Fig. 1. Interlacedscanningwith the samplinglattice £ (V). The
white andblackcirclesaresamplepointsontop andbottomfields,
respectiely.

Thiswork describedurtherimprovementfferedby anaddi-
tional treatmentof local characteristic®f a given picture, where
"local’ implies locationsboth in time and space. It is the invert-
ible deinterlacingwith variablecoeficients,andits systemis a se-
quenceof motiondetectionby a highpasdilter followedby adap-
tive deinterlacing. A simple but efficient lifting implementation
of the deinterlacings alsopresentedy sharingthe identical op-
erationsbetweenmotion detectionanddeinterlacing It is demon-
stratedhatadeinterlacingore-filteris effective andsignificantim-
provementin codingperformances alsogained.

2. REVIEW OF INVERTIBLE DEINTERLA CING

As a previous work, we proposeda deinterlacingtechniquethat
preseressamplingdensityandis invertible [4]. Thistechniques
briefly reviewedasapreliminary Assumehataninputarray X (z)
is given by a samplinglattice £ (V) shavn in Fig.1,whereV =
( Pp Pp O

—g’v Pov 2 ) Pr, Py and Py arethetemporalperiodbetween
H

successie fields, the verticalandhorizontalsamplingperiodsin a

frame,respectiely. £ (V) is thesetof samplepointsgivenby Vn

for all 3 x 1 integervectorsn, whereV is a3 x 3 non-singular
matrix [6, 7].

2.1. Deinterlacing with Sampling Density Presewation

Figure 2 shaws a basicstructureof a deinterlacemwith sampling
densitypreseration, wherecirclesdenotedby 1+ Q and] R are
the upsamplemwith a factor Q and downsamplerwith a factor
R, respectiely [1,6,8,9]. Theupsamplecorvertstheinterlaced
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Fig. 2. Basicstructureof a deinterlacerwith samplingdensity
preseration.

Vertical direction

Fig. 3. Samplinglattice £ (V') of deinterlacedarraywith tempo-
ral decimation.

videoarray X (z) into anon-interlacediideoarray Thesampling
factorQ is 4 i El))) for the samplingmatrix V. H(z) is a 3-
D filter. It removesimaging componentsauseddy upsampling

andavoids aliasingto be causedy downsampling.Theratio has
to be two to presere the samedensityasthe original. To keep

the lattice orthogonality one choiceof R is given by (§ z g)

In this case,V (z) is temporallydownsampled. Figure 3 shavs
the samplinglattice £ (V') of thedeinterlacedrrayY (z), where

, . 2Py 0 0
V:VQ R:(O Py 0)
0 0 Py

2.2. Reinterlacing

For anintraframe-basedodecsystemthedeinterlacea@rrayY (z)
is encodedtransmittedandthendecodedrameby frame. Espe-
cially for high bit-ratedecodingtheinterlacedvideo sourceis ex-
pectedto be reconstructedn perfect. To do this, we introduced
its inversecorwverteri.e. reinterlacer. Figure4 illustratesthe basic
structureof a reinterlacer Theinterlacedarray X (z) is perfectly
reconstructefrom thedeinterlacedirrayY (z), if H(z) andF'(z)
satisfya setof conditions [4]

2.3. Intraframe-based Coding Systemwith a Deinterlacer

An applicationscenarioof intraframe-basedcalablecodingsuch
asMJP2[5] canbesuggestedsshavnin Fig. 5, whereaninvert-
ible deinterlacelis usedasa pre-filter The comb-toothartifacts
are avoided on low bit-rate decoding,whereasfine resolutionis
maintainedoy a reinterlaceron high bit-ratedecoding.A pair of

Fig. 4. Basicstructureof areinterlacer

Invertible

A == Encoder Decoder
Deinterlacer Interlaced

Interlaced Low bitrate Video

Video
->
High bitrate Interlaced

Video

Fig. 5. Intraframe-basedodingsystemwith adeinterlacer

filters for deinterlacingandreinterlacingcanbe asfollows [4].

Hiz) =1+ 3on' + (b +21), &
Fo = {2t - jeb e} @

Thesefilters have the following properties:i) normalizedampli-
tudeto keepbrightnessiji) regularity to avoid the checlerboard
effect[10,11], andiii) verticalsymmetryto afford the symmetric
borderextension[10,12]. Thedeinterlacindilter H(z) workswell

for avoiding comb-toothartifactsin low bit-rate decoding. How-

ever, the detailedquality atfine still areass degradedby filtering.

For thosestill parts,a simple temporalfilter is preferablerather
thanEg.(1).

3. VARIABLE-COEFFICIENT PROCESSING

Wearegoingto varyfilter coeficientsdependingnthelocal char
acteristicoof givenpictures.Problemsarehow to choosethe coef-
ficientsandhow to maintainthe invertibility.

3.1. Variable-Coefficient Filters

We proposehedeinterlacingandreinterlacindfilters asfollows.
(2v +2v), 3)

(=} +z;1)},
@

wherea,, is a parametein therangeof 0 < «,, < 2. Different
filtering modesare selectableamongtemporal,vertical-temporal
andverticalfilters. In particular if o, = 1, the transferfunction
of thefilter is identicalto thatgivenby Eq.(1). Also, if a, = 0,

the deinterlacereduceso a simplefield-interleaer so that fine

resolutionis maintained.

The variable-codicient filtering canhave anin-placeimple-
mentationas shavn in Fig.6, where black, white and gray cir-
clesindicatepixels on bottomfields, top fieldsanda deinterlaced
frame,respectrely. Note thatthe perfectreconstructiorproperty
is incorporatedn this implementatiorandit is independenfrom
thevaluesof a, .

Hu(z) =1+ (1— a3 + 5

Qn

—1
T p——

F,(z) :z;l{

2—an

3.2. Adaptive Control Method

Theparametety,, canhaveary valuein therangeof 0 < a,, < 2.
Its valueshouldbe providedto a decodeffor reinterlacingjf high
bit-rate decodingis desired. It is thus significantto limit its ac-
tual valuesfor efficienttransmissiorof a,,. Also, thereductionin
computationatompleity is anotherconcern.To copewith these
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(a) Deinterlacer (b) Reinterlacer

Fig. 6. In-placeimplementatiorof deinterlacingwith variableco-
efficients. The symmetricextensionhasbeenapplied.

(b) Motion detectiorresult(T" = 16)

(a) Original framepicture

Fig. 7. Exampleof motiondetection.

two realisticrequirementsthe valueof «,, is switchedbetweerD
andl.

In orderto detectcomb-toothartifactsto bepossibleto appear
avertical-orientatiornighpassdilter D(z) = 127" — 1 (i, +25,")
is appliedprior to deinterlacing Sincethecoeficientsof the high-
passfilter areidenticalto thosein Eq.(1) exceptfor their signs,
the intermediatecomputationsanbe sharedby this highpasdil-
teringanddeinterlacingo follow. Themotiondetectiorto predict
comb-toothartifactsis performedasfollows.

1 Computeanoutputframel,,, of thehighpasdilter

2 If |Iz,2n41| < thresholdl’, set a, =0

3 Otherwise, set a, =1
WhenT = 0, this systemresultsin fixed-coeficient deinterlac-
ing. WhenT > 128 for 8-bit grayscalemages,t reducego just
simpleinterleaving. Figure7 (a) and(b) shav an original frame
pictureandthedetectedareasvherecomb-toothartifactsareprone
to appearwhereT'=2*=16 is used. The black andwhite regions
shaw still andmoving areasrespectiely.

3.3. Lifting Implementation

As hasbeenpreviously explained,a simplifiedvariable-codfcient
deinterlacingsystencanhave anefficientimplementatiorby com-
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Fig. 8. Lifting implementationof deinterlacingembeddedvith
motiondetection.

putationsharing. In particular the lifting structurecanbe devel-
opedfor combininga sequencef computationsn highpasdilter-
ing anddeinterlacing.

Figure8 illustratesour proposedmplementationwhereCMP
indicatesa comparatorthat calculateshe selectionsignal « that
actuallycontrolsa, , asfollows.

— 07
a = 1’

4. PERFORMANCE EVALUATION

|A—B|<T
|A—B|>T. ®)

PerformanceasPre-filter: At first, thevariable-codficientdein-
terlacingis comparedvith the corventionalfield interleaving and
fixed-coeficientdeinterlacingn termsof pre-filteringperformance.
Figure9 (a) shavs anartificial testframepicture. Thebackground
is givenby aseparabldrst-orderAR procesgp = 0.95, 256x 256
pixels), anda squareis moving to the right in the velocity of 16
pixels per frame. The procedureof performancesvaluationis as
follows.

1 Make aninterlacedimagel, by decimatingthe testframe
sequencef Fig.9(a)by Q

2 Deinterlacel, for severalthresholdvalues

3 CalculatePSNR

Figure9 (b) shavsthedeinterlacedramepicture.Figure10shavs
the PSNRdependeng againstT’. Two endpointsatT = 0 and
128 correspondo theplainfield interleaving andfixed-coeficient
deinterlacingrespectiely. It is obseredthata single peakexists
aroundT’ = 12 in thevariable-codicient deinterlacing.

Performancefor Low Bit-rate Decoding A JPEG200@&ncoder
[13] is appliedto every framepictureof football (720x 480 pixels
per frame, 8-bit grayscaleyandthe codingbit-rateis 0.1 bpp for
low bit-rateapplications.Figure 11 (a) and(b) shav the decoded
pictureswith field interleaving andthe proposedmethod,respec-
tively. Comb-toothartifactsaroundthe boundarief moving ob-
jectshave beensignificantly suppresseth (b) of thefigure. It is
hardto perceve the flickering artifactsas a moving picture. In
contrastthe comb-toothartifactsproducedy simpleinterleaving
arestrongasfoundin (a) andarepercevedin flickering artifacts
asa moving picture. In factit is very annging for low bit-rate
encoding/decoding.

Performancefor High Bit-rate Decoding Thefootball sequence
is againusedfor an experiment. Every deinterlacedrame pic-
ture hasbeenencodedat 2.0bppand then decodedat 2.0bppby
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(a) Originalframepicture. (b) Deinterlacedpicture(T" = 16).

Fig. 9. Testpictureproducedy aseparabldirst-orderAR process
(p = 0.95).
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Fig. 10. PSNRdependencagainstr'.

JPEG2000.Sincethe experimentassumesigh bit-rate applica-
tions,reinterlacinghasbeenappliedto every decodegicture. Fig-
urel12is the PSNRplotsof decodedictures.
Thevariable-codfcient deinterlacings involvedwith several
thresholdvaluesamong0 < T < 128, andits PSNR perfor
manceis surely superiorto thatin fixed-coeficient deinterlacing
with T = 0. It is obsenedthatPSNRis improved asthe thresh-
old valueincreases.lt is worth to note that deinterlacingcapa-
bility to suppresgomb-toothartifactswill deteriorateasT grows
high. SinceT = 128 impliesthe systemreducego thefield in-
terlearing, no effect for artifact suppressiofis expectablen such
a system.Theplainfield interleaving correspondingo 7 = 128
shavsthehighestievel in PSNR but the subjectie quality offered
by this systemis worseand unfavorable; this statemenmustbe

Fig. 11. Low bit-ratedecoding(0.1bpp)
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Fig. 12. Codingperformanceat 2.0bpp.

simply justified by the problemitself why deinterlacingis desir
able. In contrastthe proposednethodmalesit possibleto offer
atrade-of amongdeinterlacingcapability pictureresolution,and
codingperformance.

5. CONCLUSION

In thiswork, invertible deinterlacingwith variablecoeficientshas
beenproposed. The coeficients of a deinterlacindfilter is var
ied to fit the local characteristic®f moving pictures. A simpli-
fied switchable-codicient versionand an efficient hardware im-
plementatiorschemehaving in-placecomputatiorhave beenalso
derived. Satishctory performance$iave beendemonstratedand
a desirabletrade-of amongcomb-toothartifact reduction picture

resolutionandcoding/decodingerformances possible.
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