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ABSTRACT

In this paper a medianfiltering-basechierarchicalmotion

vector estimationschememaking useof a pyramidal data
structureis proposed. Comparedto the corventional hi-

erarchicalmotion vector estimationschemesthe proposed
schemeovercomeghe problemof propagatiorof falsemo-

tion vectorsacrosgesolutions Simulationstudiesshow that
theproposedschemanotonly improvesthe predictionaccu-
ragy with respectto the predictionmeansquareerror, but

alsoresultsin a smoothermotion field, which canbe en-

codedwith lessnumberof codingbits. It is shavn thatan

improvementin theratedistortionperformances achieved

with little increasein the computationakcomplexity. It is

also shavn that Burt and Adelsons pyramidal datastruc-
ture providesthe bestperformanceamonga numberof the

generatindkernelsconsideredn our study

1. INTRODUCTION

Digital video compressioris a driving enginefor today’s
multimedia applications. In order to achieve the goal of
high compressiorgain, video compressiontechniquegely
heavily on efficientmotionestimationtechniqueso remove
the temporalredundang in a video signal. Oneof the mo-
tion estimationtechniquess the block matchingalgorithm
(BMA). Full searc{FS)BMA, whichestimatesnotionvec-
tors by searchingall the candidatepositionsin a searchre-
gion, hasbeenwidely usedfor commercialapplicationsbe-
causeof its goodperformancendthesimplicity of its hard-
ware implementation. It is optimalin termsof the perfor
mancemeasurespecified However, thecomputationatom-
plexity of FSis high.

In orderto reducethe computationakompleity, hier
archicalmotion estimationtechniqueshave beenproposed
[1]-[3]. In a hierarchicalmotion estimationtechnique,in
which the processingakesplacestartingfrom a lower res-
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olution to higher resolutions,the computationalcomplex-

ity is reducedbecauseof the smallerimage size at lower

resolutionsandthe utilization of the motion vectorsfrom a
lower resolutionto predictthe motioninformationat higher
resolutions.Pyramidalmotion vector estimationtechnique
[2] is oneof the hierarchicaimotion vectorestimationtech-
nigues.In thismethod theoriginal videoframesarefiltered

and downsampledrepeatediyto producea successie im-

ageswith reducechorizontalandvertical sizes,by a factor
of two betweeradjacentesolutions.

However, all of the hierachicaimotionvectorestimation
techniqueghat have alreadybeenproposed1]-[3], includ-
ing the pyramidal motion vector estimationtechnique[2],
useproperly scaledmotion vectorsfrom the corresponding
positionsat a lower resolutionasmotionvectorpredictions.
Thus,a seriousdravbackwith thesecorventionalhierarchi-
cal motion vectorestimationtechniquess that, wheneera
falsemotionvectoris generatedt a certainresolutionlevel,
it getspropagatedand cannotbe recoveredalong the pre-
diction path,resultingin a degradedpredictionperformance
andanoisy motionfield.

In this paperin orderto overcometheproblemof propa-
gationof falsemotionvectors amediarfiltering-basedier-
archicalmotionvectorestimatiorschemenakinguseof the
pyramidaldatastructureis proposedAlthoughtheproposed
methodis generain nature asit canbeappliedto ary of the
cornventionalmultiresolutionmotion estimationtechniques,
we show its effectivenesson the pyramidal motion vector
estimationschemein this study Besides,a greatdeal of
progresshasbeenmadein thefield of multiratesignalpro-
cessingincetheintroductionof BurtandAdelsons pyrami-
dal datastucture[4]. Hence,a performancecomparisorof
variouskernelsfor generatinghe pyramidaldatastructure,
includingwavelets,is alsoincludedin this study

2. MEDIAN FILTERING BASED PYRAMIDAL
MOTION VECTOR ESTIMATION SCHEME

A pyramidal motion vector estimationschemeusedin this
study shaving clearlythe motioninformationrelationship,
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A 3-level pyramidal motion vector estimation

is depictedin Fig. 1. Themaindifferencebetweerthe pro-
posedmedianfiltering basedschemeandthe corventional
schemedies in the functionalbox “motion prediction”. In
all the corventionalscheme$1]-[3], the motionvectorpre-
diction acrosgesolutionlevelscanbewritten as

MVi(r,s) = 2xX MVpii(r,s) + AMVg(r,s)

for L=0,1 1)

where(r,s) denotesthe position of the searchblock and L
representtheresolutionlevel. Althoughthispredictionequa-
tion is straightforward, it hasthe problemof propagatiorof
falsemotionvectors.

Sincemostmotion fields associatedvith the video sig-
nalsof naturalscenesare smoothandcontinuousthefalse
motionvectoralwayspresentstself asa discontinuityin the
motionfield. Thus,a falsemotionvectorcanberecovered
by comparingto its neighbouringmotion vectorsthathhave
alreadybeenobtainedat a certainresolution. The corven-
tionaltechniquesxploiting the predictionequatiorgivenby
(1) fail to make useof all themotioninformationthathasal-
readybeenestimatedat lower resolutionssufiiciently.

In a hierarchicalmotion vector estimationscheme we
referto the motion vectorwhich is usedto predictanother
motionvectorasthe parentmotionvector the motionblock
correspondingp theparentmotionvectorastheparentlock,
and the motion vectorto be predictedas the child motion
vector Also, we definetheterm parentwindow to be a set
of blockscenteredaroundtheparentblock ata givenresolu-
tion. This window neednot be rectangular For example,it
couldbea cross-shapeparentwindow asshavn in Fig. 2.

Lower Resolution

Higher Resolution

Fig. 2. A cross-shapegarentwindow.

In theproposednediarfiltering techniqueinsteadf re-
lying on predictionequationgivenby (1) to predictmotion
vectorsacrossresolutionlevels, the predictionmotion vec-
tor is generatedhrough medianfiltering of the candidate
motion vector array that consistsof motion vectorscorre-
spondingo theblockswithin the parentwindow. Thex and
y componentf the motion vectorsin the candidatemo-
tion vectorarrayaremedianfiltered separatelyandthe two
resultscombinedand appropriatelyscaledto form the pre-
diction motion vector, which is usedas the starting point
for further refinement.In this method,the discontinuityin
the motionfield from a falsemotion vector, appearsither
at the beginning or at the end of the sortedx/y array By
choosinghe motionvectorcomponentstthe middle of the
sortedx andy arraysthepropagatiorof afalsemotionvec-
tor is blocked automatically Note thatif thereis no false
motionvectorin the candidatemotionvectorarray the pre-
dictionmotionvectorgeneratedhroughthemediarfiltering
schemedescribedabove is still a goodprediction. In other
words,the proposednedianfiltering methodovercomeshe
problemof the propagatiorof afalsemotionvectorwithout
sacrificingthemotionpredictionperformancevenwhenno
falsemotion vectoris present. Specialcaremustbe taken
whenthe candidatemotion vectorarray hasan even num-
ber of entries.In sucha case the arithmeticaverageof the
two entriesin the middle of the sortedarrayis usedasthe
prediction.

3. CHOICE OF GENERATING KERNELS

Therearevariousmethodgo generatepyramidaldatastruc-
ture, the simplestone being the one involving the spatial
downsamplingof theoriginal videoframes.However, it has
beenpointedoutin [2] thatdownsamplingeadsto incorrect
motion estimationbecauseof the presenceof noise. The
authorsin [2] have suggestethe useof the meanpyramid.
In Burt and Adelsons original work of imagepyramid
[4], a family of generatingkernels,which are normalized



Filter or Flower Football Tennis Mobile
Wavelets MSE | Bits MSE | Bits | MSE | Bits MSE | Bits
MeanPyramid 155.80| 1559 | 272.12| 2662 | 84.83| 2339 | 232.72| 793
MF-MeanPyramid | 146.20 | 1294 | 308.75| 2270 | 87.87 | 1471 | 230.58| 685
7/9 wavelet 158.88| 1576 | 278.86| 2655 | 82.98 | 2218 | 232.80| 765
MF-7/9wavelet | 147.10| 1412 | 272.29| 2448 | 79.72| 1712 | 232.13| 738
10/6wavelet 171.16| 1681 | 276.56| 2695 | 84.48 | 2264 | 232.97| 774
MF-10/6wavelet | 147.36| 1429 | 272.51| 2448 | 80.61| 1713 | 232.06| 736
B&A a=0.3 147.67| 1412 | 271.00| 2585 | 76.18 | 1866 | 230.25| 701
MF-B&A a=0.3 | 145.05| 1349 | 270.46| 2445| 77.57 | 1628 | 230.23| 698
B&A a=0.4 147.16| 1410| 271.68| 2601 | 76.85| 1903 | 230.70| 708
MF-B&A a=0.4 | 145.09| 1352 | 270.69| 2442 | 78.08 | 1630 | 230.28| 703
B&A a=0.5 149.47| 1446 | 273.20| 2615 79.08 | 1996 | 231.16| 727
MF-B&A a=0.5 | 145.54| 1367 | 270.78| 2446 | 78.59 | 1638 | 230.72| 716
B&A a=0.6 154.71| 1532 | 276.97| 2649 | 82.64 | 2205 | 232.31| 765
MF-B&A a=0.6 | 146.32| 1392 | 271.54| 2446 | 79.23 | 1675 | 231.64| 733

Table 1. Performanceomparisorof corventionalandmedianfiltering basedpyramidalmotionvectorestimation

andsymmetric areusedo generat¢hepyramidaldatastruc-
ture. With a constraintcalled equalcontribution, the one-
dimensionageneratinkernelw of length5, canbewritten
as

w0) = a
w(-1) = w(l) = 1/4 )
w(=2) = w?2) = 1/4—a/2

Besidethe meanpyramid [2] and the Gaussianpyra-
mid [4], wavelet theory hasrecentlyattracteda greatdeal
of attentionin theimageprocessinditerature.A simulation
study comparingthe motion estimationperformanceusing
the meanpyramid, Burt and Adelson’s generatingkernels
anda numberof waveletsis carriedoutin the next section.

4. SIMULATION RESULTS

In this section, simulation studiesusing both the predic-
tion equationgiven by (1) aswell as medianfiltering for
acrossresolutionmotion vector predictionare carriedout.
Four video sequencesf SIF format, namely 100 frames
of the Football, Flower Garden, and Mobile & Calendar
sequencesand 60 framesof the Tennis sequencere in-
cludedin the simulation. Meanabsolutedifference(MAD)
is usedasthe errormeasuren performingthe block match-
ing, while the meansquareerror (MSE) computechetween
theoriginal videoframeandthe motioncompensatedneis
usedasthemeasuref performancevaluation.

The motion vectorestimationis performedon a 3-level
pyramid,with theblock sizeof 4 x 4 atthelowestresolution
level, andthe searchrangeor refinementrangeof 4 for all
theresolutions A 3x 3 parenwindow is usedfor themedian
filtering.

For the encodingof motionvectors arithmeticcoder[5]
is used. The motion vectorsare DPCM encodedn a row-
by-row basis,asrequiredby mostof today’s video coding
standards.

The simulationresultsusingmeanpyramid, a coupleof
well known wavelets[6] pyramids,andthe Burt and Adel-
son’s Gaussiarpyramids,areshavn in Tablel. Fromthese
results,we canmake thefollowing obsenations.

e Theproposednediarfiltering techniguémprovesthe
overall rate distortion performance. Although in a
few casesthe medianfiltering techniqueresultsin a
higher predictionmeansquareerror comparedo the
cornventionatechniqueIn thesecaseshowever, there
is asignificantreductionin the numberof bits needed
in codingof themotionvectors.Thisis dueto thefact
thatin thecorventionaltechniqueemphasiss placed
onthematchingof the pixel patternandthusit is pos-
sibleto find a bestmatchwhile introducinga discon-
tinuity in themotionfield, whichrenderamorecoding
bits. In otherwords,only the predictionperformance
is emphasizedn the corventionaltechnique,jnstead
of theoverall ratedistortionperformance.

o Amongthethreemethodausedto generatgyramidal
datastructuresBurt andAdelsonsgeneratingernels
givethebestmotionestimatiorperformancelt seems
that the equal contribution property of thesegener
ating kernels,which requiresthat all the nodesat a
given level mustcontribute the sametotal weight to
the nodesat the next higherlevel, is a better prop-
erty thanthe half-bandsplitting propertyof wavelets
or themeanpyramidwhenperformingpyramidalmo-
tion vectorestimation.



Sequence Compleity MeanPyramid | 7/9 | 6/10 | Burt(0.3) | Burt(0.4) | Burt(0.5) | Burt(0.6)
Flower | COMRARISON 13 7 7 6 6 6 7
SWAPPING 10 5 5 5 5 5 5
Football | COMPARISON 19 9 9 10 9 9 9
SWAPPING 16 7 7 8 7 7 7
Tennis | COMPARISON 16 9 9 8 8 8 9
SWAPPING 13 7 7 6 6 6 7
Mobile & | COMPARISON 7 2 2 1 1 1 2
Calendar| SWAPPING 5 1 1 1 1 1 2

Table 2. Averagecomputationatompleity of medianfiltering permotionvectorcomponent

It shouldbenotedthatdozenf waveletswith goodrep-
utationin theimageprocessinditeraturehave beeninvesti-
gatedin this study andthetwo shavn in Table1l areamong
thefew with excellentperformance.

5. COMPUTATIONAL COMPLEXITY

It may seemthat comparecdo the corventionalpyramidal
motion estimationschemesthe proposedmedianfiltering
basedechniquewnouldincreasehecomputationatomplex-
ity becausef themediarfiltering operatiorinvolved. How-
ever, we will shaw in this sectionthatthis additionalcostis
only minimal.

In thecaseof the 3 x 3 parentmotionvectorwindow that
we have usedin our simulationstudies thereareat most9
valuesfor eitherthe x or the y componentof the motion
vector array to be sorted. In view of the small length of
themotionvectorarray insertionsortingis usedfor median
filtering.

Table2 shavs the computationatompleity usingvar-
ious generatingkernels. A simple calculationshows that
even for the noisy motion field of the Football sequence,
generatedy the meanpyramid, which on the averagere-
quiresthe medianfiltering processto perform 19 compar
isonsand 16 swappingsfor eitherthex or they component
of a motion vector, the additionalcomputationcomplexity
for oneimageis lessthanone-halfof onepercentof thatof
computingall themotionvectorsatthefull resolutionlevel.

6. CONCLUSIONS

In this paperamediarfiltering-basegyramidalmotionvec-
tor estimationschemehashbeenproposedo overcomethe
problemof propagatiorof falsemotionvectorsencountered
in the corventionalschemesBasedon the assumptiorthat
the motion fields associatedvith the video signalsof natu-
ral scenesare smoothandcontinous the predictionmotion
vectorfrom a lower resolutionis derived by medianfilter-
ing technique,insteadof directly using the corresponding
motionvectoratthelower resolution.

Simulationstudiesusing the pyramidal motion estima-
tion techniquewith andwithoutmediarfiltering have showvn
that the proposedmethodresolhes the problem of propa-
gation of falsemotion vectorsand resultsin a betterrate-
distortionperformancelt hasalsobeenshowvn thatthe ad-
ditionalcomputationatomplexity introducedoy themedian
filtering is negligible, comparedto that requiredby block
matching.Also, theperformancef variouskernelsfor gen-
eratingthe pyramidal datastructure,including wavelets,is
comparedWe concludethatthe equalcontribution property
[4] of Burt and Adelsons generatingkernelsis betterthan
thehalf-bandsplitting propertyof waveletsor meanpyramid
in performingpyramidalmotionvectorestimation.
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