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ABSTRACT

Thisarticleproposesarandomizedframeworkthatestimatesimagesaliencythroughsparsesignal
reconstruction.Theauthorssimulatethemeasuringprocessofground-truthsaliencyandassume
thatanimageisfree-viewedbyseveralsubjects.Inthefree-viewingprocess,eachsubjectattendsto
alimitednumberofregionsrandomlyselected,andamentalmapoftheimageisreconstructedby
usingthesubject-specificpriorknowledge.Byassumingthataregionisdifficulttobereconstructed
willbecomeconspicuous,theauthorsrepresentthepriorknowledgeofasubjectbyadictionaryof
sparsebasespre-trainedonrandomimagesandestimatetheconspicuityscoreofaregionaccording
totheactivationcostsofsparsebasesaswellasthesparsereconstructionerror.Finally,thesaliency
mapofanimageisgeneratedbysummingupallconspicuitymapsobtained.Experimentalresults
showproposedapproachachievesimpressiveperformanceincomparisonswith16state-of-the-art
approaches.
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INTRoDUCTIoN

Inan image, therealwaysexistcertainvisual stimuli thatdemonstrate impressivecapabilities in
attractinghumanattention.Asaconsequence,itisimportanttodetectsuchsalientvisualcontent
beforeconductingcomplexsegmentationandrecognitiontasks.Inthismanner,limitedcomputational
resourcescanbeassignedtosalientvisualcontentwithhighprioritysothatimagescanbeefficiently
processedasthehuman-beingdoes.

Inspiredbyvariouspsychologicalandneurobiologicaltheories(e.g.,GuidedSearchModel(Wolfe
etal.,1989)andFeatureIntegrationTheory(Treismanetal.,1980)),numeroussaliencymodelshave
beenproposedinthepasttwodecades.Inthesemodels,acommonsolutionistodivideanimage
intonon-overlappingrectangularpatches(i.e.,macro-blocks)atasinglescaleormultiplescales.
Afterthat,thesaliencyofapatchismeasuredbyitsrarityinthefixedlocaland/orglobalcontexts.
Forexample,suchvisualraritycanbecomputedaslocalcontrast(Ittietal.,1998),surprise(Itti
&Baldi,2005),codinglengthincrement(Hou&Zhang,2009)aswellastheglobalviewingtime
(Hareletal.,2007),entropyrate(Wangetal.,2010)andco-occurrencefrequency(Luetal.,2013).
Inparticular,someapproaches(e.g.,(Hou&Zhang,2007;Fangetal.,2012;Lietal.,2013;Lietal.,
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2015))firsttransformimageintothefrequencydomainandthenmeasurepatchrarityviaspectrum
analysis.Moreover,sinceraritycanbesimultaneouslymeasuredfrommultiple featurechannels,
someresearchersproposedtoderivepatchsaliencybycombiningvariouskindsofraritieswitha
heuristicframework(Borji&Itti,2012)ora“feature-saliency”mappingfunctionlearnedfromuser
data(Juddetal.,2009;Borji,2012;Zhao&Koch,2012).

Generallyspeaking,thesesaliencymodelscanachieveimpressiveperformanceinmanycases.
However,theystillhavetwodrawbacks.First,thesemodelsoftenembedanimagepatchintofixed
localand/orglobalcontexts,whileeachpatchactuallyappearsalongwithdifferentneighborswhen
animageisfree-viewedbydifferentsubjects(i.e.,flexiblecontexts).Second,manymodelspropose
todirectlymeasurethesaliencyvaluesofsmallpatcheswithfixedsizes(e.g.,8×8blocks),while
humanattentioninthefree-viewingprocessisoftenattachedtoregionswithchangingsizes(i.e.,
flexibleregions).Actually,itisbelievedthattheperformanceofsaliencyestimationcanbegreatly
improvediftheelementarysaliencyunitanditscontextarebothflexiblyselected.

Beforeaddressing these two issues, theauthors first turn toa fundamentalproblem:howto
measurethe“ground-truth”saliencyofanimage?Inmosteye-trackingexperiments,theground-
truthsaliencymapofanimageisconsideredtobethefixationdensitymapformedbycollecting
fixationsofmultiplesubjectsduringthefree-viewingprocesses.AsshowninFigure1,anumber
ofsubjectsarerequestedtofree-viewthesameimageforseveralseconds(usually3-4seconds)and
theirfixationsarerecordedwithahigh-speedeyetrackingapparatus(e.g.,30Hz(Ramanathanet
al.,2010),60Hz(Lietal.,2013),oreven240Hz(Itti,2008)).Eventually,alocationthatcaptures
morefixations(i.e.,highfixationdensity)becomesmoresalient.Byinspectingtheseprocedures,the
authorssimplifythemeasurementofground-truthsaliencyintofourmainsteps,including:1)each
imagegetsfree-viewedbymultiplesubjects,2)eachsubject(withdifferentpriorknowledge)attends
todifferentregions,3)eachregionreceivesanumberoffixationsthatreflectsitsconspicuityscore,
and4)imagesaliencyismeasuredbythefixationdensityofmultiplesubjects(i.e.,theconspicuity
mapsgeneratedbymultiplesubjects).

Figure 1. In an eye-tracking experiment, different subjects may free-view different regions in the same image. As a result, their 
fixations are recorded so as to form a fixation density map that reflects the ground-truth saliency



 

 

18 more pages are available in the full version of this

document, which may be purchased using the "Add to Cart"

button on the publisher's webpage: www.igi-

global.com/article/a-randomized-framework-for-estimating-

image-saliency-through-sparse-signal-reconstruction/201913

Related Content

Spatio-Temporal Analysis for Human Action Detection and Recognition in

Uncontrolled Environments
Dianting Liu, Yilin Yan, Mei-Ling Shyu, Guiru Zhaoand Min Chen (2015). International

Journal of Multimedia Data Engineering and Management (pp. 1-18).

www.irma-international.org/article/spatio-temporal-analysis-for-human-action-detection-and-

recognition-in-uncontrolled-environments/124242

Online Communities and Social Networking
Abhijit Roy (2009). Encyclopedia of Multimedia Technology and Networking, Second

Edition (pp. 1072-1079).

www.irma-international.org/chapter/online-communities-social-networking/17519

Evaluation of Interactive Digital TV Commerce Using the AHP Approach
Koong Lin, Chad Linand Chyi-Lin Shen (2009). Encyclopedia of Multimedia

Technology and Networking, Second Edition (pp. 489-495).

www.irma-international.org/chapter/evaluation-interactive-digital-commerce-using/17440

Policy-Based Management for Call Control
Kenneth J. Turner (2009). Encyclopedia of Multimedia Technology and Networking,

Second Edition (pp. 1171-1177).

www.irma-international.org/chapter/policy-based-management-call-control/17533

An Image Quality Adjustment Framework for Object Detection on Embedded

Cameras
Lingchao Kong, Ademola Ikusan, Rui Daiand Dara Ros (2021). International Journal

of Multimedia Data Engineering and Management (pp. 1-19).

www.irma-international.org/article/an-image-quality-adjustment-framework-for-object-detection-

on-embedded-cameras/291557

http://www.igi-global.com/article/a-randomized-framework-for-estimating-image-saliency-through-sparse-signal-reconstruction/201913
http://www.igi-global.com/article/a-randomized-framework-for-estimating-image-saliency-through-sparse-signal-reconstruction/201913
http://www.igi-global.com/article/a-randomized-framework-for-estimating-image-saliency-through-sparse-signal-reconstruction/201913
http://www.irma-international.org/article/spatio-temporal-analysis-for-human-action-detection-and-recognition-in-uncontrolled-environments/124242
http://www.irma-international.org/article/spatio-temporal-analysis-for-human-action-detection-and-recognition-in-uncontrolled-environments/124242
http://www.irma-international.org/chapter/online-communities-social-networking/17519
http://www.irma-international.org/chapter/evaluation-interactive-digital-commerce-using/17440
http://www.irma-international.org/chapter/policy-based-management-call-control/17533
http://www.irma-international.org/article/an-image-quality-adjustment-framework-for-object-detection-on-embedded-cameras/291557
http://www.irma-international.org/article/an-image-quality-adjustment-framework-for-object-detection-on-embedded-cameras/291557

