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ABSTRACT

In this article, the authors study bitmap indexing for temporal querying of faces that appear in
videos.Sincethebitmapindexisoriginallydesignedtoselectasetofrecordsthatsatisfyavalue
inthedomainoftheattribute,thereisnoclearstrategyforhowtoapplyitfortemporalquerying.
Accordingly,theauthorsintroduceamulti-levelbitmapindexthattheauthorscall“FaceTimeMap”
for temporal querying of faces in videos. The first level of the FaceTimeMap index is used for
determiningwhetherapersonappearsinavideoornot,whereasthesecondleveloftheindexis
usedfordeterminingintervalswhenapersonappears.First,theauthorsanalyzetheco-appearance
querywheretwoormorepeopleappearsimultaneouslyinavideo,andthenexaminenext-appearance
querywhereapersonappearsrightafteranotherperson.Inaddition,toconsiderthegapbetweenthe
appearanceofpeople,theauthorsstudyeventual-andprior-appearancequeries.Queriesaresatisfied
byapplyingbitwiseoperationsontheFaceTimeMapindex.Theauthorsprovidesomeperformance
studiesassociatedwiththisindex.
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1. INTRoDUCTIoN

Concurrentwiththegrowinguseofonlinesocialnetworksisthesignificantincreaseinthenumber
ofvideosthatareuploadedtotheInternet.Consider,forexample,thenumberofvideohourswatched
dailyonYouTubereachedonebillionhourswithmorethan70%ofwatchingtimespentonmobile
devices (YouTube, 2019). Many videos are uploaded for sharing experiences, knowledge, and
entertainment.Whenavideoisposted,userswhohaveviewedsimilarcontentinthepastmayreceive
notificationofnewuploads.However,ifvideoshadbeenuploadedsometimeago,usersneedto
searchusingretrievalenginestolocatetherelevantvideos.Nevertheless,evenplainvideoretrieval
thatseekstolocateanobject,event,oractionisachallengingtaskduetothecomplexityofquery
building,utilitygap(Hanjalic,2013),andsubjectivity.Content-basedvideoretrievalrequiresefficient
indexstructuresthatsupportbothspatialandtemporalqueries.Analyzingvideos,extractingfeatures,
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indexingcontentandclassifyingvideodatarepresentsanincreasinglyimportantandactiveresearch
area(Ashgar,Hussain,&Manton,2014).Theproblemremains,however,thatthegapbetweenwhat
theuserseekswhenheorsheinitiatesaquery,andwhattheretrievalsystemiscapableofreturning,
currentlyhindersthebroaderuseoftheseretrievaltools.

Facesearch/retrievalisonetypeofvideoretrievalthathasmanyapplications:locatingavideo
inwhichasinglepersonappears, twopeopleappeartogether(asinasportinggameorevent,)a
personappearsafteranotherperson,orsomeothertemporalconstraints.Forsurveillance,itmaybe
importanttodetermineiftwopeopleareexchanginganitemornot.Forcrime-sceneinvestigations
usingsurveillance,itmaybepossibletotrackpeoplebeforeandafteranevent.Queryingfacesinvideos
requiresfacedetection,facerecognition,andthenretrievingvideoclipsbasedontheuserquery.In
particular,modernmethodsutilizingdeeplearningforfacerecognition(Ashgaretal.,2014;Schroff,
Kalenichenko,&Philbin,2015;Taigman,Yang,Ranzato,&Wolf,2014)areprovingtobenearlyas
accurateashumanperception.Nonetheless,indexingvideocontent,evenjustforfacesearches,is
quitechallengingduetothelargevolumeofdata.Asindicatedearlier,thenumberofonlinevideos
andthenumberofpeoplewhoappearinthesevideosaresignificantlyhighercomparedto15.

Inthispaper,weproposeanewtechnique,FaceTimeMap,forindexingvideosforfacesearches
usingabitmapindex(Shrestha,Chung,&Aygun,2019).Thebitmapindexhasrecentlybeenusedfor
column-basedretrievalinbig-datasystems(Chenetal.,2015).Sincethebitmapindexwasoriginally
designedtoselectasetofrecordsthatsatisfyavalueinthedomainoftheattribute,thereisnoclear
strategyastohowtoapplyitfortemporalquerying.Weutilizedamulti-levelbitmapindexbycreating
twotypesofmatrices.Thefirstbitmapmatrixhasabitsetifapersonappearsinavideo.Thesecond
levelofthebitmapindexisbuiltforeachvideowherebyavideoisrepresentedasasequenceof
intervals.Inthesecondlevelmatrix,abitissetforapersonifitappearsinthatinterval.Whenever
aquerybasedonappearanceortemporalorderingoffacesissubmittedtothesystem,ourretrieval
enginefirstfindstherelevantvideosusingthefirstleveloftheindex,andthentheintervalsareonly
checkedforthoserelevantvideosbasedontheuserquery.Therearethreetypesofqueriesconsidered
inthispaper:(a)co-appearance:intervalswheremultiplepeople(orfaces)appearsimultaneouslyin
asceneofavideo;(b)next-appearance:intervalswhereapersonappearsrightafteranotherperson
disappears;and(c)eventual(orprior)-appearance:videoswhereapersonappearssometimeafter
(orbefore)anotherpersondisappears.

FaceTimeMapindexutilizestwotypesofbitmaps.Specifically,weusebitmanipulationstrategies
forcomputingthequerycomponentsandthenreturningthequeryresults.Themajoradvantageofthe
bitmapindexistobeabletousebitwiseoperators.Whilebitwiseoperatorsaresuitableforappearance
orco-appearance,itsapplicationforothertypesoftemporalqueries(e.g.,nextoreventuallyoperators
fromlineartemporallogic)isnotclear.Thus,wepresenthowbitwiseoperatorscouldbeusedto
representsuchtemporaloperators.Asthenumberofqueryelementsorintervalsincreaseinaquery,
itbecomesharderforuserstobuildorformulatesuchqueries.Inthisstudy,theuserneedstoprovide
sampleimagesofpeopleinwhomtheuserisinterested,andthenchoosetherelevanttemporaloperator
toindicatethetemporalrelationshipsbetweenthesepeople.Inourpriorwork(R.Aygun&Benesova,
2017),studiesonmultimediainformationretrievalhavebeengroupedinto(a)domainofmedia&
cross-domain,(b)detection&recognition,(c)retrieval&summarization,and(d)interfaces.Inthis
study,wedevelopasimpleinterfacefortemporalqueryingoffaces,usetheavailablelibrariesforface
detectionandrecognition,andproposeFaceTimeMapindexforindexingfacesinvideos.Although
FaceTimeMapindexisdesignedfortemporalqueryingoffaces,thetechniquecanbeusedforother
queryelementsthatcanberepresentedasintervals.

Thispaperisorganizedasfollows.Thefollowingsectiondescribestherelatedworkonface
retrieval and indexing for temporal data.Section3 explainshow thebitmap index is utilized in
FaceTimeMapindex.TheuserexperimentsweconductedaredetailedinSection4,whilethefinal
sectionprovidesconcludinginformation.
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