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ABSTRACT

Automatic video analysis tools are an indispensable component in imaging applications. Object
detection,thefirstandthemostimportantstepforautomaticvideoanalysis,isimplementedinmany
embeddedcameras.Theaccuracyofobjectdetectionreliesonthequalityofimagesthatareprocessed.
Thispaperproposesanewimagequalitymodelforpredictingtheperformanceofobjectdetection
onembeddedcameras.Avideodatasetisconstructedthatconsidersdifferentfactorsforquality
degradationintheimagingprocess,suchasreducedresolution,noise,andblur.Theperformances
ofcommonlyusedlow-complexityobjectdetectionalgorithmsareobtainedforthedataset.Ano-
referenceregressionmodelbasedonabaggingensembleofregressiontreesisbuilttopredictthe
accuracyofobjectdetectionusingobservablefeaturesinanimage.Experimentalresultsshowthat
theproposedmodelprovidesmoreaccuratepredictionsofimagequalityforobjectdetectionthan
commonlyknownimagequalitymeasures.
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INTRODUCTION1

Wireless embedded camera sensors have become ubiquitous components in various imaging
applications, such as public safety and security systems, smart building operations, intelligent
transportation,andremotehealthcare.Ratherthanmerelypresentingrawdatacollectedbycamera
sensorstotheuser,anapplicationusuallyaimstoautomaticallydiscoverandextractmeaningful
informationfromthecamerasensorsandtoachieveasmuchautonomyaspossibleinthephysical
system.Automaticvideodataanalysistools,whichcoulddetect,recognize,trackobjectsofinterest,and
understandtheirbehaviors,havebecomeindispensablecomponentsintoday’simagingapplications.

Theperformanceofautomaticanalysismethodsreliesonthequalityofimagesthatareprocessed.
Itisthereforeessentialtointroduceobjectivemetricsforpredictingthequalityofimagesevaluated
byautomaticanalysisalgorithms.Inthefieldofimagequalityassessment(IQA),adiverserange
ofimagequalitymodels,rangingfromfull-referencetoreduced-referenceandno-referenceones,
weredesignedforpredictingtheperceptualqualityevaluatedbyhumansubjects(Maetal.,2018,pp.
1202-1213;Wangetal.,2018,pp.1-14;Wang,Bovik,Sheikh,&Simoncelli,2004,pp.600-612).

Thequalityofavideosequence judgedbyanautomaticanalysisalgorithm,however, isnot
necessarilysensitivetothesamefactorsthatdrivehumanperceptions.Theperceptualimagequality
assessmentsusuallytrytoemulateknowncharacteristicsofthehumanvisualsystem(HVS),such
asthecontrastsensitivityandthevisualattentionmechanisms.Thecontrastsensitivitymechanism
meansthattheHVSissensitivetotherelativeluminancechangeratherthantheabsoluteluminance
change(Wangetal.,2004,pp.600-612).Thevisualattentionmechanismisthatonlyalocalareain
theimagecanbeperceivedwithhighresolutionbythehumanobserveratonetimeinstanceattypical
viewingdistances,duetothefoveationfeatureoftheHVS(Yangetal.,2016,pp.3475-3488).On
theotherhand,automaticanalysismethodsrunbymachinescan“perceive”theabsoluteluminance
changepreciselyandhaveabetterglobal“view”.Forexample,theproblemofevaluatingmotion
imageryqualityfortrackinginairbornereconnaissancesystemswasstudiedinIrvineandWood’s
research(2013,p.87130Z).Itwasfoundthatautomatedtargetdetectionalgorithmsarelesssensitive
tospatialresolutionthanhumans,butfactorssuchasjitterinthetemporaldomain,texturecomplexity,
edgesharpness,andlevelofnoisehaveastrongeffectontheperformanceoftargetdetection.In
ourrecentwork(Kong,Dai,&Zhang,2016,pp.3797-3801),wefoundthatunlikehumanbeings
whocaneasilyextractandfocusonamovingobjectfromablurredbackground,theperformanceof
objectdetectionalgorithmscanbeaffectedbythequalityofthebackground.Theseresultssuggest
thatnewmodelsareneededforevaluatingthequalityofimagesfromtheperspectiveofautomatic
analysisalgorithms.

Inawirelessimagingsystem,automaticanalysiscouldbedeployedusingtwostrategies:inthe
centralserveroncompressedvideos;oratthelocalcamerasonuncompressedvideosasapreprocessing
step.Theimpactofvideocompressionontheaccuracyofanalysisalgorithmshasbeenstudiedin
somerecentworks(Tahboub,Reibman,&Delp,2017,pp.4192-4196;Zhong,&Reibman,2018,pp.
1-6),whichaimatfindingtheoptimalcompressionratesunderaqualityrequirement.Apartfromthe
distortionintroducedbycompression,thequalityofanimageoravideocouldbedegradedduring
thedataacquisitionorsensingprocess,e.g.,distortioncausedbynoiseormotionblur,orreduced
imageresolutionduetostorageorbandwidthconstraintsonembeddedcameras.Thesefactorsshould
alsobetakenintoconsiderationtoevaluatethequalityofanimage.

Objectdetectionisthefirstandthemostimportantstepintheprocessofautomaticanalysis,
becausethedetectedobjectsprovideafocusofattentionforthefollowingtaskssuchastracking
andrecognition.Inthispaper,weproposeablindregressionmodelbasedonabaggingensembleof
treestopredicttheperformanceofobjectdetectiononanimage.Themodelutilizeslocalfeatures
inanimagesuchasedgeandorientedgradientandglobalfeaturesincludingimagegradientand
estimatedobjectsize,whichcouldbeeasilyextractedfromanimage.Themodelistrainedusinga
largenumberofimageswithdifferentscenecharacteristicsandfourtypesofdistortionsincluding
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