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ABSTRACT

Motionvectorapproximationisanintegralpartofeveryvideocodingstandardtoreducetemporal
correlation.Estimatingmotionnecessitatesalotofcomputation.Severalattemptsweremadetoreduce
thecomputationcostinexhaustivesearchofmotionestimation.Testzonesearchwasacceptedas
benchmarkalgorithmforfastmotionestimationbythemostrecentvideocodingstandard,versatile
videocoding.Qualityandspeedoftestzonesearchcompletelydependsontwoparameters(i.e.,
sub sampling frequency of search space during raster scan and dimension of the search space).
Cuckoosearch,oneofthepopularnature-inspiredoptimizationalgorithms,isusedtooptimizethe
operationalparametersoftestzonesearch.Theproposedoptimizationenhancedthespeedupto50%
whilemaintainingorimprovingtheBjontegaardrate(BD-Rate)andBjontegaardPSNR(BDSNR).
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INTRODUCTION

Videoisthemostimportantmediumofcommunicationandentertainmentinthepresentera.Video
technologyhaswitnessedahugetransformationinthelastdecade.Theinclusionofhigh-resolution
moviesequences,machine-generatedsyntheticvideoseries,360-degreevideosequences,andother
advancedvideoformatsfundamentallytransformedthevideoencodinganddecodingprocess.The
jointvideoexpertsteamadoptedtheversatilevideocoding(VVC)standardin2020forsuchdiverse
videocharacteristics(Brossetal.,2021).VVCreliedonmotionestimationandmotioncompensation
forinterframecoding.Asabruteforcesearch,thefullsearchalgorithmprovidesthebestresultfor
motionestimationataveryslowspeed(Acharjee,2012).Thegeometricalpattern-basedsearches,
suchasthethree-stepsearch(Barjatya,2004),thefour-stepsearch(Po&Ma,1996),thediamond
search(Zhu&Ma,2000),andmanymoresuchalgorithms,limitthenumberofsearchpointsand
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increasethespeedofmotionestimation.Afewotherapproachesusethesearchpointelimination
techniquetoimprovethepaceoftheprocess(Liu&Salari,1995).

Hosur(Hosur,2003)appliedpredictorstofindtheinitialsearchpointinthemotionvectorfield
adaptivesearchtechnique(MVFAST).Thealgorithmusedthepositionofthepresentblockandits
neighboringblocksasaninputtothepredictor.Inclusionofthepredictorsreducedthecalculation
time in themotionapproximationprocess.Tourapiset al. replaced theotherpredictorswith the
medianpredictorinthepredictivemotionvectorfieldadaptivesearchtechnique(Tourapisetal.,
2000).Tourapisfurtherofferedafewchangestothezonalsearchmethod,whichincludedimproved
predictionandthresholdingmeasures(Tourapis,2002).Thesechangesincreasedthespeedofthe
motionapproximationprocessconsiderablycomparedtothefixedpattern-basedmotionestimation.

Inthehighefficiencyvideocodingstandard,thezonalsearch-basedtestzonemotionestimation
algorithmhasbeenacceptedasabenchmarkalgorithm(Sullivanetal.,2012).Testzonesearchisa
multi-stagedprocedurewhichincludesboththezonalsearchaswellastherastersearch(Figure1).
Inzonalsearch,asquareordiamondpatternsearchisperformedaroundtheinitialsearchpoint.The
adaptivemotionvectorpredictor(AMVP)isusedtoselecttheinitialsearchpoint(Liuetal.,2006).
Thedimensionofthediamondorsquarepatternwillvaryfromonetothesizeofthesearchwindow.
Thesearchwindowisdefinedinthereferenceframeatacertaindistancearoundalldirectionsfrom
theinitialsearchpoint.Thenextphasesinthetestzonesearcharecontrolledbyfraster,whichisthe
sub-samplingfrequencyofthesearchregionduringrastersearch.Followingthezonalsearch,the
testzonesearchfollowsoneoftheprocesseslistedbelow.

First, if thebestmatchiswithinonepixelof thecurrentsearchcenter,a two-stepsearchis
performedtoexploreforevenbetterresultsamongnearbyunexploredsolutions.

Second,thesearchcentermovestothepositionofthebestmatchwhenthedistancebetween
thepresentbestmatchandthesearchcenterisgreaterthanonebutsmallerthanthefraster.Adiamond
orsquarepatternedgridsearchisperformedagainwithfrasterasthesizeofthesearchwindow.The
searchwindowiscenteredaroundthenewsearchcenter.

Third,whenthebestmatchisidentifiedatadistancelargerthanfraster,therastersearchoftheentire
searchwindowisdonewithasub-samplingfrequencyoffraster.Arefinementsearchwasperformed,
centeringaroundthepositionwiththelowestdistortionbetweenthereferencecodingunitandthe
currentcodingunitduringrastersearch.

Thoughthetestzonesearchprocessisfasterthanthefullsearchatanequivalentrate-distortion
performance,itisnotfullyoptimized.Thetestzonesearchdoesnotconsiderthemotionorother
parametersofacodingunitduringexecution,leadingtoadditionalsearchtime.Severalattempts
weremadetoincreasethespeedofthetestzonesearchalgorithm.Intheenhancedtestzonesearch,
ParmarandSunwoousedpentagonpatternsearchinsteadofdiamondorsquarepatternsearch(Parmar
&Sunwoo,2014).Thepentagonpatternreducedthenumberofsearchesby32%intheinitialzonal
search.Overall,theenhancedtestzonesearchsaved23%encodingtimecomparedtotheoriginal
testzonesearch.Kibeyaetal.introducedsearchalgorithmsbasedonthesmallandlargediamond
patterntoreplacetherasterscanintestzonesearch(Kibeyaetal.,2014).Themodificationreported
animprovementof8%to49%inencodingspeedcomparedtothetestzonesearch.Anoctagonal-axis
pattern-basedrasterscaninthetestzonesearchasproposedbyGoncalvesetal.observedanalmost
60%improvementinthesearchspeed(Goncalvesetal.,2018).NguyenandTropchenkocombinedthe
bestoftestzonesearchandhierarchicalsearch(Nguyen&Tropchenko,2017).Thetestzonesearch
isnotahardwirefriendlyalgorithmasthecalculationstructureinthealgorithmisverycomplicated.
Doanetal.developedaparallelcomputation-friendlytestzonesearchthatincreasedtheBjontegaard
rateby0.84percentwhilecuttingthecodecomplexityinhalf(Doanetal.,2017).

Thetestzonesearchisnotcompletelycomputationallyideal.Thealgorithmcanachieveahigher
executionspeedthroughoptimization.Inthispaper,thecuckoosearchalgorithmwasusedtooptimize
theparametersoftestzonesearch.Thecuckoosearchtechniqueisdiscussedindepthinthefollowing
section,asaretheshortcomingsinthetestzonesearchandpossiblesolutionsemployingcuckoo
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