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ABSTRACT

Inthisarticle,theauthorsusedsaliencydetectionforvideostreamingproblemtobeabletotransmit
regionsofvideoframesinarankedmannerbasedontheir importance.Theauthorsdesignedan
empirically-basedstudytoinvestigatebottom-upfeaturestoachievearankingsystemstatingthe
saliencypriority.WeintroducedagradualsaliencydetectionmodelusingaBayesianframeworkfor
staticscenesunderconditionsthatwehadnocognitivebias.Toextractcolorsaliency,weusedanew
featurecontrastinLabcolorspaceaswellasak-nearestneighborsearchbasedonk-dtreesearch
techniquetoassignarankingsystemintodifferentcolorsaccordingtoourempiricalstudy.Tofind
thesalienttexturedregionsweemployedcontrast-basedGaborenergyfeaturesandthenweadded
anewfeatureasintensityvariancemap.Wemergeddifferentfeaturemapsandclassifiedsaliency
mapsusingaNaiveBayesianNetworktoprioritizethesaliencyacrossaframe.Themaingoalof
thisworkistocreatetheabilitytoassignasaliencypriorityfortheentiretyofavideoframerather
thansimplyextractingasalientareawhichiswidelyperformed.
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INTRoDUCTIoN

Duringthelastfewyears,videostreamingdemandhasgonethroughanincredibleincreaseduetothe
immenseexpansionofmultimediacommunications.Totackletheresultingcongestionoftheenormous
volumeofdataoverthenetworks,morebandwidth,andreliablecommunicationsarerequired.This
hasledtoaconsiderableamountofresearchwithinthefieldofvideostreaming,videocompression,
QualityofService(QoS),andreal-timetrafficsupporting.Toovercomethevideostreamingproblem
fromanetworktrafficperspective,wedecidedtoutilizeasemanticvideoanalysismechanismknown
asasaliencydetectiontechniqueandweintroducedgradualsaliencyconcept.Regionsofinterest
orsalientareasinanimageorvideoplayanimportantroleinthesemanticanalysisofvisualdata.
Saliency detection is widely exploited in many applications such as content-based image/video
retrieval,sceneunderstanding,videosurveillance,videosummarization,eventdetection,andimage/
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videocompression.Thevisualattentionsystemincludestheprocedureofselectingthesignificant
andinterestingareasacrossvisualinformationthathumansreceiveindailylife.

Weintroducedthegradualsaliencyconcepttodistinguishdifferentclassesofsaliencyinavideo
frame.Inthisway,themostimportantandinformativeregions,i.e.,salientregionsareextracted
toreducethevolumeofvideodataintransmission.Ourmaingoalistoprovideaguidanceforthe
encoderinordertodecidewhatinformationneedtobedroppedandwhatinformationshouldform
differentvideocodinglayers.

TheHumanVisualSystem(HVS)canprocessthisinformationrapidlyandfocusonthedistinct
partsofascene.Studiesindicatedthattheeffectivefactorsonvisualattentionandeyemovements
arecategorizedintobottom-upandtop-downcategories(Healeyetal.,2012;Duncanetal.,2012).
Bottom-upfactorscaptureunconsciousattentionveryquicklyandhaveastrongimpactonthehuman
visualselectionsystem.Ontheotherhand,top-downfactorscapturetheattentionmuchslowerand
requirepreviousknowledgeaboutthescene.SaliencydetectionmodelsorVisualAttentionModels
(VAMs)employbottom-upand/ortop-downfactorstosearchforthesalientpartofvisualdata.Bottom-
upbasedmodelsuselow-levelfeaturessuchascolor,texture,size,contrast,brightness,position,
motion,orientation,andshapeofobjects(Duncanetal.,2012).However,top-downbasedmodels
exploithigh-levelcontext-dependentfeaturessuchasaface,human,animal,vehicle,text,etc.Both
bottom-upandtop-downfactorscanbeexploitedtodesignVAMsbutbecauseofthecomplexityand
timelimitation,fewhybridapproacheshavebeenproposedthatusebothfactors.Forareal-timevideo
streamingapplication,itisessentialtoachieveafastandsimplesaliencydetectionmethodwiththe
aimofeffectivelycontrollingthenetworktraffic.Therefore,wedecidedtoavoidanycognitivebias
indesigningourmodelinordertospeeduptheprocedureofsaliencydetection.Becauseconsidering
cognitivebiasrequiresmachinelearningbasedalgorithmswhicharetimeconsuming.

The origin of many attention models dates back to Treisman and Gelade’s (1980) “Feature
IntegrationTheory,”wheretheystatedwhichvisualfeaturesareimportanttodirecthumanattention
overpop-outandconjunctionsearchtasks.Theyfoundthathumancandetectandidentifyseparable
features in aparallelmanner across adisplay (TreismanandGelade,1980).Wolfe et al. (1994)
presentedamodelofhumanvisualsearchbehaviorbasedonTreisman’sworkknownas“guided
search”.Themain ideaof thismodel argues that attentional deployment of limited resources is
guidedbytheoutputoftheearlierparallelprocesses(Wolfeetal.,1994).Sincesaliencydetection
isverycloselyinfluencedbyhumanvisualperception,itisnecessarytostudytheimpactofvisual
stimulionHVS.Thelackofacomprehensivestudyinthisareainspiredustodesignanexperimental
study inourpreviousworks(HosseinkhaniandJoslin,2018and2019) inorder topreciselyand
comprehensivelyinvestigatetheeffectofbottom-upattributesonHVSintermsofsaliencydetection
problem.HosseinkhaniandJoslin(2018)presentedarankingsystemforbottom-upfeaturesinboth
individualandcombinedscenarios to identifywhathue range, texturepattern,motiondirection,
objectvelocity,andobjectaccelerationaremostlikelytobeattractivefortheHVS.Inthecurrent
work,weintroducedtheimplementedBayesianalgorithmtoextractthesaliencyinstaticscenes.The
mainapplicationofthisworkisadaptivevideocompressionandstreamingtocontrolthenetwork
traffic.Ourgoalistoobtainguidanceforthevideoencoderaboutwhatpartsofavideoframecan
formthebaselayerandwhatpartscanbedroppedinreal-timevideostreamingapplicationusingan
errorresilientcodingscheme.

Themaincontributionsofthispapercanbedescribedasfollows:1)Introducinggradualsaliency
conceptbyprovidingtheabilitytoassignprioritizedsaliencyfortheentireofanimage/videoframe
rather than simply the salient regions.2)Considering the intuitive factorsusinganeye-tracking
basedsubjectiveexperimentthatleadstodesignbiologicallyplausiblefeaturemaps.3)Extracting
salientareaswithhighqualityandwell-definedboundariesresultinginafull-resolutionsaliency
map.Incurrentliterature,onlythesalientareasandobjectsareusuallyusedtodesignthevisual
attentionmodels(VAMs)andthesaliencydetectionisconsideredasabinaryclassificationproblem.
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