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ABSTRACT

A fastand efficient hybrid block-matchingmotion estima-
tion algorithmis proposedn this paper The factthat mo-
tion characteristicarerelatively stablein a GOP(groupof
pictures)is utilized to reducethe computatiorburdenwith-
out quality degradation. For P-frames,a multi-resolution
block-matchingalgorithm is used. At the coarsestevel,
edgeinformationis usedto reducesearchingpositionsbe-
fore an exhaustie search.At thefiner levels,only the sev-
eralcandidateshoserattheupperlevel areverified. For B-
frames mean-absolute-ear (MAE) is usednotonly for the
matchingcriteria, but alsofor classifyingthe macroblocks
with themotioninformationextractedfrom P-frames.Con-
currently the searchwindow sizeis adjustedusingthe con-
tribution of differentmotion rangeto the improvementof
the picture quality with motion compensation.When the
decodedl-frame and P-framesare usedas the reference,
experimentalresultsshav thatreconstructedligital frames
have even betterquality thanthe full searchalgorithmin
termsof PSNR,underMPEG-1codingervironment.

1. INTRODUCTION

Motion estimation/compensatiois the standardapproach
to reducingtemporalredundang in coding of real-world
video sequencesDueto its simplicity, the block-matching
algorithm (BMA) hasbeenwidely usedin motion estima-
tion. If exhaustve search(ES)is usedin a BMA, the com-
plexity of the video coderbecomesiominatedby the cost
of motion estimation.ES exhaustvely searchesor the best
matchedblock within a predefinedsize searchwindow to
getthe optimal solutionin termsof the quality of motion
compensationQuality is usuallymeasuredvith the MAE,
or sum-of-absolute-diérence (SAD) for eachmacroblock.
Sincemassve computationis requiredin the implementa-
tion of ES, mary fastsearchalgorithms[3]-[7] have been
developedto reducethe computatiorburden.

Motion estimationalgorithmsarefocusedon the speed
of finding optimumdisplacemenvectorsthat generatehe
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leastdegradationin imagequality. Thefollowing issuesare
oftenconsidered(1) In mary videocompressiostandards,
theimageis dividedinto macroblockgtypically 16x16pels).
A macroblockconsistsof four blocks (8x8 pels) of lumi-
nanceand one block for eachof the two chromacompo-
nents.Themotionvectoris searchedn a macroblockbasis
butthecompressiomwf themotioncompensatethacroblock
is performedby using DCT on a block basis. Therefore,
the optimal motion vectordoesnot necessariljhave a high
compressiomperformancen block-basedCT coding|[3].
In otherwords, a sub-optimalmotion vectormay have the
samepeaksignal-to-noiseratio (PSNR), but higher com-
pressionperformanceand require less computationtime.
(2) Many fastsearchalgorithmsdo notusethemaotioninfor-
mationwithin a GOPto guide the motion estimation. Ex-
perimentalresults[1] shawv thatthe motion vectordistribu-
tion of real-world videosequencearehighly centerbiased.
The motioninformationwithin a GOPmay be exploitedto
adaptthe searchwindow sizeandclassifythe macroblocks
into differenttypes. (3) For real-world video sequences,
motionvectorsaregenerallycorrelatedspatiallyandtempo-
rally. Thosecorrelationsmay be usedto reducethe search
space]5]. They may alsohelpin reducingthe bit rate for
motion vectors,sincestandardsike H.263[11] usediffer-
entially codedmotionvectorsin eachrow of macroblocksn
a group-of-blocks(4) Whenusinga multiresolutionanaly-
sis,only dc valuesareusedat coarsescales.

We proposea new hybrid motion estimationalgorithm
that takes into accountthe above four issues,exceptthat
we useedgeorientationinformation at the lowestscalein
our multiresolutionanalysis.In Section2, we describethe
techniqueausedin the new algorithm. Section3 givesthe
proposedalgorithm . Simulationresultsare presentedn
Section4 andconclusionsn Section5.

2. THE TECHNIQ UES

2.1. Modified Exhaustive Search Algorithm

Most fastblock-matchingalgorithmsrestrictthe numberof
searchocationspresuminga unimodalerrorsurfacemodel,



i.e.,thematchingerrorincreasesnonotonicallyasthesearch
movesaway from the positionof the globalminimumerror.
Becausethis assumptioris not alwaystrue for real-world
video sequencesa local optimal is generallyfound. The
successivelimination algorithm (SEA) [7] drasticallyre-
ducesthe computationload of the motion estimationwith-
outloosingoptimality of themotionvectorfield. In contrast
to otherfastalgorithms the SEA excludesmary searchpo-
sitionin calculationof theerror, by evaluatinglowerbounds
for theerrormeasureln [6], the SEAis improvedby intro-
ducing tighter boundsfor the SAD and by exploiting the
alreadycalculatediower boundsduring the calculationof
thematchingcriterion.

In theproposedilgorithm,amulti-resolutionblockmatch-
ing algorithm, similar to [5] is usedto performthe motion
estimationfor the two P-framesin a GOR We first take
the Wreath producttransform(WPT [8], [9]) to obtainthe
multiresolutionrepresentationf the currentframe. At the
coarseskevel, afull searchwhichuseghetechniquen SEA
is performedby usingnot only the MAE but alsothe edge
orientationinformation[10]. Thereasorfor usingedgeori-
entationis thatthe differencebetweeredgeorientationsfor
unmatchingmacroblockswill berelatively largerthanthat
of matchingmacroblocks.Someunmatchingmacroblocks
will bepickedoutby comparingheedgeorientationsn ad-
vance.Concurrentlythe spatialcorrelationof motionvec-
tors is also usedfor searchingcontinuousmotions. After
the coarsestevel search severalinitial motionvectorcan-
didatesarechoserfor thenext level. At thefollowing levels,
the motion vectorcandidategrerefinedwithin the smaller
searchwindow asin [5].

2.2. Motion Information to Guide the Estimation
2.2.1. Classficatiorof Macroblodks

Although motion estimationis not normatie in all stan-
dards, the formation of the end result of the motion esti-
mation is specified[2]. When selectingthe macroblock
type for B-frames,the encodemeedsto calculatethe best
motion compensatedhacroblockfor forward motion com-
pensation.lt thencalculatesghe bestmotion compensated
macroblockfor backward motion compensatiofy a simi-
lar method.Finally it averageghetwo motion-compensated
macroblocksto producethe interpolatedmacroblock. It
thenselectsthe onewith the bestperformance.After this
step,if themotioncompensatethacroblockis only slightly
betterthan the uncompensatechacroblock,thenthe zero
vectoris assignedo thismacroblock For thosemacroblocks
with motionvector(0, 0), the leastnumberof bits areallo-
catedto themotionvector if variablelengthcoding(VLC)
is usedto codethe motion vectors. Thosemacroblocksare
codedin intra-mode. We show in Table 1 (UMB stands
for uncompensablmacroblocksjheaveragenumberof un-

compensablenacroblockdor varioustestsequencessing
exhaustvesearchOnaverageabouthalf of themacroblocks
areuncompensabldf theuncompensablmacroblocksan
be classifiedbeforethe motion compensationthe compu-
tation burdencan be reducedfurther. For I-frame and P-
frames,MPEG [2] suggestasing more bits to guarantee
the quality of the pictures. Thereforein the proposedal-
gorithm, only the GOP motion informationis usedfor the
classificatiorof uncompensablmacroblockgor B-frames.
By usingthis technique the computationburdenis seento
bereducedurtherby almosta half.

Sequence | Numof UMBs | Percentage
tennis(CIF) 217/(18x22) 72
missa(CIF) 177/(18x22) 81

salesmarfCIF) | 254/(18x22) 68

Tablel. Percenbf uncompensablmacroblocks

The uncompensablenacroblockscould be : (a) those
correspondingo a stationarybackground;(b) thosecor
respondingto an uncoveredbackgroundand new objects
whereno informationcanbefoundfrom the previousrefer
enceframe,or (c) thosewith nonhomogeneousotion be-
causeonevectorcompensateneor moreof its four blocks
incorrectly

In [3] thereversedsquaresum(RSS)is proposedasthe
matchingcriterionto find theuncompensablmacroblocks.
The frame differencecontrast(FCON) and the local vari-
ancecontrast(LCON) [4] areusedto find the macroblocks
with nonhomogeneousotion. Buttheperformancef these
algorithmsstronglydependnthechoiceof somethreshold.
Furthermorethe computationsareintensive, andthe char
acteristicof the video sequencarenot takeninto account
to guidefuture estimation.

We proposeo useMAE betweerthe macroblockin the
currentB-frame and the correspondingnacroblockin the
referenceframe with motion vector (0, 0) to find the un-
compensablenacroblocksaccordingto the following two
thresholds:

T, = R; x MAEY,

avg’

i=1,2
where M AEY,  is the averagemacroblockMAE from the
motion estimationof two P-framesandR1 andR2 aretwo
predefinedratios. If the M AEy s (MAE for an MB) is
smallerthanT1, the macroblockis definedasa type-A un-
compensablanacroblock. If the M AE, g is large than
T2, thenwe compareat with the MAE of the corresponding
macroblockin referenceframes(pastand future frames).
If thereis no significantimprovement,this macroblockis
identifiedasa type-B macroblock.For othermacroblocks,
we needto classifythe blocksin it. If all four blocksare
compensablehe macroblockis identifiedascompensable,
otherwiseit is classifiedasa type-C uncompensablenac-
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roblock. Thethresholdvaluesaredependenon the the av-
erageMAE of thetwo P-framesandtwo predefinedatios.
We assumehatthe averageMAE for the B-frameswill not
bemuchlargerthanthe averageMAE for the P-framesex-
ceptfor theoccurrencef scenecuts[4].

2.2.2. AdaptiveWindow SizeSeach

Macroblockswith differentmotion vectorscontribute dif-

ferentlyto the reductionin total redundang. Fig. 1 shavs
the averagecontribution of motion vectorswith different
sizesfor the "salesman”sequence. After the motion es-
timation for the two P-frames,if only a small numberof

macroblockshave large motion vectors,andno significant
contribution, the searchwindow sizemaybe adjustedo re-
ducethe computation. Therefore,the motion information
for the GOPis alsousedto derive the searchwindow size.
By considering/LC codingof themotionvectors thewin-

dow sizesare classifiedas small (window = 4), medium
(window = 8) andlarge (window = 16). The initial win-

dow sizeis large. Window sizeis adjustedasfollows: (1)

For motion vectorswith |mwvz| or |muvy| > 8, if the con-
tributionis lessthansomethresholdvalue,thewindow size
is setat medium. |mwvz| and |mwvy| are motion displace-
mentsin verticalandhorizontaldirectionsrespectiely. (2)

For motionvectorswith |muvz| or jmvy| > 4, if the contri-

butionis lessthansomethresholdvalue thewindow sizeis

setatsmall.

3. THE PROPOSEDMOTION ESTIMATION
ALGORITHM

The following is the proposedalgorithm. First, the GOP
is setasl-B-B-P-B-B-P-B-B-I(next GOP)which arein dis-
play order The I-frameis codedfirst. Thenthe modified
exhaustve searchmotionestimatioralgorithmis performed
for thetwo P-frames.Then,themotionvectorfieldsfor the
two P-framesandthe predictedframesare usedto create

themacroblock—type-tablandthewindow sizeadaptedor

the group of pictures. After the coding of P-frames,the
bi-directionalmotion estimationis performedfor eachB-

frame.Themacroblock-type-tablis usedto decidewhether
we needto performmotionestimatiorfor eachmacroblock.
The modified window size helpsreducethe computation
burden.

For motionestimatiorfor P-framesthethree-level mul-
tiresolutionframestructureandthe corventionalthree-step
searchmethodareused[5]. The averagespeedugactoris
about38 comparedo the computationneededor the ex-
haustve search. It is betterthanthe speedugdactor 27 in
[5]. For the motion estimationof B-frames,the percent-
agefor the found uncompensablenacroblocksrepresents
the reductionin computation.In the classificationof mac-
roblocks,the only additionalcomputationis for the com-
parison,becauseave do not needto recalculatethe match-
ing metric—MAE. Thereforethe final speedugactorfor B-
framesis about57 on averagefor the threetestsequences:
"tennis”, "missa” and"salesman”. Table 1 alsoshaws the
percentagef uncompensablmacroblocksoundbeforethe
motionestimationfor B-frames.

4. SIMULATION RESULTS

All thethreetestsequencearein CIF format(352x 288).
The framerateis 30 frames/sec.Fixed quantizationscale
is usedin coding. For motion estimation the decodecpast
andfuture framesareusedasreferencédrames. The PSNR
is usedwidely asthe performanceneasurdn video com-
pression.For videosequencevith pixel depthof 8 bits, the
PSNRIis definedas
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whereI(i, j) denotesthe original frameand I(i, j) is the
reconstructedrame (beingroundedtowardsthe nearestn-
teger). N, and N, arethe numbersof pelsin vertical and
horizontaldirectionsrespectiely.

The averagebit-rate and PSNR of the compressede-
quencewereanalyzedusingthreedifferentblock-matching
algorithms: the full-searchalgorithm, the MRBMA algo-
rithm [5], and the proposedalgorithm. Fig. 2 shaws the
PSNRcomparisonsvith the sameaveragebit-rates for the
first 36 frameof the "missa” sequencaisingdifferentalgo-
rithms. The algorithmsobtainalmostsimilar performance.
However, theproposedlgorithmgivesabetteraveragdPSNR
for B-framesby almost2dB. Thatis showvn in Fig. 3 where
we seetheaveragebit-rateversugheaverage® SNRof "missa”
sequencéor the threealgorithms. Table2 shows the aver
agePSNRfor thefirst 36 frames(four GOPs)of threevideo
sequences.
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Fig. 3. Averagebitrateversushe averagePSNR

Algorithm | salesman| tennis| missa

ESA 31.98 | 33.13| 31.07
MRBMA 3143 | 33.01| 30.31
Proposed| 32.22 | 33.14 | 32.17

Table2. AveragePSNR(dB)for the first 36 framesof
threevideosequences

5. CONCLUSION

In this paper a new hybrid motion estimationalgorithm
whichconsidethe“speed-quality-bitratetradeof waspro-
posed.Thefactthatmotioncharacteristicarerelatively sta-
ble in a GOPIis utilized to reducethe computationburden
without quality degradation. For P-frames sinceedgeori-
entationis usedin the coarsestevel of the multi-resolution
block matchingalgorithm, the computationburdenis re-
ducedby about30 percentcomparingto MRBMA. For B-
frames MAE is usednotonly for the matchingcriteria, but
alsofor classifyingthe macroblockswith the motioninfor-
mationextractedfrom P-frames Therefore almostno over-
headcomputatioris neededor classifyingthe uncompens-
ablemacroblocks.Whethe decoded-frame and P-frames
areusedasthereferencegxperimentakesultsshav thatre-
constructedligital frameshave evenbetterquality thanthe

full searchalgorithmin termsof PSNR.
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