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ABSTRACT

Templatematchingisanimportantmethodusedforobjecttracking,inordertofindagiven-pattern
withinaframesequence.Pearson’sCorrelationCoefficient(PCC)iswidelyusedtoquantifythe
similaritybetweentwoimages.Sincethiscoefficientcalculusiscomputedforeachimagepixel,
it entails a computationally expensive process. In this article, an embedded co-design system is
proposed,whichimplementsthetemplatematching,inordertoacceleratethisprocess.Thededicated
co-processor,responsibleforperformingthePCCcomputation,isusedintwoconfigurations:serial
andpipeline.CuckooSearch(CS)isusedtoimprovethesearchforthemaximumcorrelationpoint
oftheimageandtheusedtemplate.Thesearchprocessisimplementedinsoftwareandisrunby
anembeddedgeneral-purposeprocessor.Theperformanceresultsarecomparedtothoseobtained
throughParticleSwarmOptimization(PSO)usingthesamehardwareapproach.
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INTRoDUCTIoN

Imageanalysisisanimportanttoolfordecisionmaking.Environmentobservationallowstoidentify
objectsofinterest.Continuousmonitoringletsmakingstrategiesanddecidingthemomenttoact.
Qualityofinformationmustbeenoughnottoinducetomistakesonscenariosevaluationorfuture
actions.As soonaspersonnelcollects true information, theplanningcanbedoneandgoalsare
defined,reducingrisksandexploringopportunities.

Theacquisitionofinformation,whichisextractedfromimagesandvideos,becamepossible
andledtoadvancesonanimportantresearcharea.Developmentandenhancementofsensorsand
theadventofintelligentequipmentcapableofcapturing,storing,editingandtransmittingimages
acceleratedecisionprocesses,enablingmorerobuststrategies.Necessarytimetoobtainaninformation
andprocessitisdirectlyresponsibleforsuccessfuloperations.Artificialintelligencetoolscanhelp
findingtrueinformationquickly.Slowsearchprocessmaydelaydecisiontakenuntilrecordeddata
becomeinsufficientorinefficientatthatmoment(Jihangetal.,2012).
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Anairplanepilotobservestheenvironmenttoavoidanypossiblecollision.Similarly,aplaneusing
anautomaticguidancesystemusesenvironmentinformationtodecidepathchangesduetorandom
objectsinitsway(Salmond,2013).Indefenseandsecurityfieldsofexpertise,thiskindofresearch
isveryrelevantfortargetrecognitionandtrackingusingimagesequencestoprovidesolutionsforthe
developmentofsurveillanceandmonitoringsystems(Narayana,2007).Itcanprovideinguidance
(Choietal.,2014),navigation(Forlenzaetal.,2012),remotebiometricsauthentication(Benfoldetal.,
2011),firecontrol,controlofguidedweapons(Olsonetal.,1999),amongmanyotherapplications.

TemplateMatching (Mahalakshmi et al., 2012;Ahuja et al., 2013) is oneof themost used
techniquesforfindingthentrackingpatternsinimages.Itconsistsoffindingapre-definedsmall
image, termedas thetemplate, insidea larger image.Animportantadvantageof templateuseis
thepresenceofspatialandappearanceinformation(Yilmazetal.,2006).Amongthemethodsused
toevaluatethematchingprocess,thenormalizedcrosscorrelationisveryknownandwidelyused
becauseofitspropertiesofinvariancetolinearbrightnessandcontrastvariations(Perveenetal.,
2013).Templatematchingiscomputationallyveryexpensive,especiallywhenusinglargetemplates
withanextensiveimageset(Sharmaetal.,2012).

Thisworkproposesasoftware/hardwareco-designsystemimplementationoftemplatematching.
Thesoftware isoptimizedwith theCuckooSearch (CS)approach.The requiredcomputationof
Pearson’sCorrelationCoefficient(PCC)isimplementedinhardware,usingadedicatedco-processor
previouslyproposedin(Tavares,2016).Inordertoevaluatetheproposeddesign,theprocessingtime
asrequiredbythesoftware-onlyandtheco-designsystemsareevaluatedandcompared.Theresults
arecomparedtotheParticleSwarmOptimisation(PSO)implementationachievedby(Tavaresetal.,
2017),whichusesthesamesoftware/hardwareco-designimplementation.

Thispaperisorganizedintofivesections.First,inSectionTheoreticalBackground,wepresent
theTemplateMatching,correlationandCSconceptsastheyareusedinthiswork.Then,inSection
HardwareArchitecture,wedescribetheusedhardware.InSectionProposedImplementation,we
introducetheexperimentstobeexecuted.Afterthat, inSectionResults,wediscusstheobtained
resultsbytheproposedsystem.Finally,inSectionConclusion,weconcludetheworkandpointout
somenewdirectionsforfutureworks.

THeoReTICAL BACKGRoUND

Template Matching
Templatematching(TM)isusedinimageprocessingtodeterminethedegreeofsimilarityoftwo
images.TMalsoisusedtocompareportionsofimagesagainstoneanother,whereevenasample
imagemaybeusedforrecognizingpurposesofsimilarobjects(Ahujaetal.,2013).

Thepatterntoberecognizedinanimageiscomparedtoapre-definedtemplate.Afterthesimilarity
evaluationconsideringallthepossiblepixels,thepixelthatprovidesthehighestcorrelationdegree
isidentifiedasthelocationofthepatterninsidetheimage.

Somedifficultiesarepresentduringtemplatematchingprocess(Yilmazetal.,2006):lossof
information;noisyimages;complexobjectmotion;nonrigidorarticulatedobjects;partialorfull
object occlusions; complex object shapes; illumination changes in environment; and real-time
processingrequirements.Amongthesimilaritymeasuresfortemplatematching,thenormalizedcross
correlationisoftenused,becauseofitsinvariantresultstotheglobalbrightnesschanges(brightening
ordarkening)ofeitherimageortemplate(Perveenetal.,2013).

ThePearson’sCorrelationCoefficient(PCC)isadimensionlessmeasureofsimilaritybetween
twovariablesduetonormalizedcross-correlationprocess.RegardingtwoimagesPandA,thePCC
canbecomputedasdefinedinEquation(1):
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