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Chapter 11

Conclusions

11.1 Summary

In thefirst chapterof thethesis,objectrecognitionwasdefinedin a broadsenseasthetaskof

determiningthe presencef objectsor objectcateyoriesin images.Motivatedby awide range
of applicationsa methodwassoughtfor representinghe (possiblycomple) colour structure
of multicolouredobjects.In anexample-baseffamavork, the objectrepresentatiohadto be
derivedfrom oneor moreimage(or region) examples.Theapproactshouldbe generakenough

to be usefulto applicationssuchasimageretrieval, objectrecognitionandvideoannotation.

In Chapter2, a numberof colourbasedmethodsdescribedn theliteraturewerereviewedand
catgyoriseddependingon assumption®f appearancend the imageformation process. To
judgethe performanceof differentmethodsin the presencef changingimaging conditions,
anoverview of the mainfactorsinfluencingimageformation, e.g. the viewing geometry the
characteristic®f the acquisitiondevice andthe illumination, wasgiven. In a critical review,
region-basedas opposedo full-image based)methodswere arguedto be more accuraten
recognisingobjectsin imageswith clutteredbackgroundFinally, themainideasunderpinning

our approachwereoutlinedandcomparedo relatedpreviousresearch.

A detaileddescriptionof the proposedultimodal Neighbourhoodignaturd MNS) approach
wasgivenin Chapter3. An algorithmfor computingand matchingMNS signaturesvasim-

plemented.Objectcolour structurewasrepresentethy stablemeasurementgomputedrom
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126 Chapterll. Conclusions

robustly filtered values,the modesof a local colour densityfunction, estimatedrom sample
colour valuesof imageneighbourhoodsA subsetof all imageregions, compactneighbour
hoodswith a multimodaldensityfunction, were consideredor imageprocessingA number
of illuminationinvariantswaspossibleo computefrom pairsof modesof the densityfunction.
After measurementomputationidentical measurementa/ere suppressednd a representa-
tive wasselectedNote, thatthe actualdensityof measurementwasnot exploited andneither
wastheir spatialarrangementtinally, a signaturematchingalgorithmwasintroduced posing

signaturecomparisorasa stablematchingproblem.
Below, the mainadwantage®f the proposedMNS methodarelisted:
e Ourrecognitionsystem basedon local appearancenodellingandpartial matchingcan
copewith mary appearanceariationspresenin avariety of applications.

¢ Themethodwasextensvely testedn its default configuratiorandshawn to performwell

for objectrecognitionjmageretrieval andvideoannotation.

¢ The methodis example-basedautomaticcomputationof the object representatioris

desirablan mary applications Evena singleimage(region) examplecanbeused.

e The selectionof the internal parameter®f the MNS algorithmwas shavn to be non-
critical. Good performancewnas achieved for mary applications/dataising the same

default settings.

¢ Themethodwasexperimentallyshavn to berobustto significantscaleand3D viewpoint

changeaswell aspartialocclusion.
¢ Thealgorithmis computationallysimpleandhaslow storageequirements.

e Reasonablspeedvasreportedor signaturecomputationmatchingandobjectlocalisa-

tion.
e Changingimageresolutionand/orthe acquisitiondevice (e.g. camera,scannerDTP

application)hadonly a mamginal effect on performance.

The limitations of the implementedVNS methodarediscussedn Section11.3andpossible

extensionsareproposed.
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In Chapter4, both the performanceand the efficiengy of the proposedMNS methodwere
evaluatedonawell known baselinecolourobjectrecognitionexperimenffirst performedoy M.

Swain. In thatexperimentthe MNS performancavasalmostperfect,outperforminganumber
of othermethodsand comparingfavourablyto algorithmsthat exploit colour region areaand
structure. The comparatie studyshavn in Table4.1is —to our knowledge—comprehense,

andis interestingn its own right. Fromthatstudy we concludedhatMNS hasgoodpotential
for 3D objectrecognition. Furthermorean efficiencgy evaluationstudy highlightedattractive

propertiesof MNS suchas fast signaturecomputationand matchingas well aslow storage
requirementsFinally, the suitability of the proposedmethodfor illumination invariantobject
recognitionwastested. Using a selectedsetof MNS parametersthe resultsobtainedwere

comparabldo thosepreviously publishedn theliterature.

In the comparatie experimentof Chapter4, most methodsachiared high performanceon
Swain’s data,probablydueto thelimited appearanceariationsof theimagedobjects.For this
reason anotherexperimentwasrepeatecanddescribedn Chapters. For thatexperiment,a
novel databasef 47 objects(calledSOIL-47)wasintroducedwhich wascollectedat the Uni-
versity of Surrg. Our methodwascomparedvith a graph-basedpproachwhich exploits the
spatialarrangementdf segmentedcolour regions. As expected the graph-basednethodpro-
videdbetterdiscriminationfor viewpointscloseto the frontal view, wherethe sizeof similarly
colouredregions of differentobjectswasapproximatelyequal,but its performancealegraded
dramaticallywith changingviewpoint. Onthe contrary MNS performancevasgenerallysta-
ble over all viewpointstested,even for extremeviews, very differentthanthe single frontal

view exampleinsertedn thedatabase.

The suitability of the MNS methodfor imageretrieval wasinvestigatedn threeexperiments
describedn Chapters, 7 and8. The datausedin eachexperimentdemonstratedifferentas-
pectsof appearanceariationpresenin typical applicationssuchastrademarkcatalogsearch-
ing, colouradwertisementetrieval andfinally object-basedetrieval of video frames. For the

lastexperiment,a databasef 1300imagesgrabbedrom variousTV broadcassequencewas
introduced. Using a single exampleimage(region) to representhe soughtobject, MNS was
comparedo two otherretrieval methodsandshavn to comparefavourablywith publishedre-

sults.In generalgoodperformancevasachieredby MNS for imageretrieval. A largenumber

of retrieval examplescanbefoundin the appendix.
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In someapplicationsthelocationatwhichanobjectappearsn theimage,isimportant.In gen-
eral applicationsaccuratdocalisationand poseestimationmay be hardto achiere, therefore
analgorithmfor approximatdocalisationwasdescribedn Chapter9. In theconductedexper
iments, the algorithmwas shavn to performwell at localisingcompactobjectsviewed from
changingviewpoint in imageswith significantbackgroundclutter In the sameexperiments,

MNS outperformedawell known methodcalledhistogrambackprojection.

Anotherapplicationof MNS, describedn ChapterlO0, is video annotation.An object-based
approachwastaken; the imagelabelswere assigneddependingon the presenceof specific
objectsin the images. Our experimentswere conductedon sportvideo sequencefor which
groundtruth, in the form of sportlabels,wasavailable. Unlike previous experiments object
appearancevaslearntfrom more than one exampleregionsanda training setcomprisedof
exampleimagesshaving eachobjectof interest. A novel matchingalgorithmwasproposed,
basedn measurementsomputedhroughtraining. In addition,anothedocalisationalgorithm
was designedto localise possibly non-compacbbjects. Video annotationwas viewed as a
classificationproblemusingbinaryfeatures.In the conductedexperiment,low errorratewas

achieved usingMNS to annotaterideoframesfrom sequencesf 4 sports.

11.2 Contributions

Themaincontrikutionsof thiswork aresummarisedelow:

¢ Reagion-basedecognitionmethodsoften requireimagesegmentationor edgedetection
which may be unreliablein the presencef appearanceariations.In this work, a novel
representationf local objectcolour structurewasproposed.Local appearancevasde-
scribedby invariant featurescomputedfrom rohustly filtered colour valuescomputed

from imageneighbourhoods.

e The proposedbjectmodelwasderived from one or more exampleimages;a realistic
assumptiorin mary applications.The methodwasshaown to performwell evenwith a

singleexampleview of the object,thereforealarge setof objectviews wasnot required.

e Most publishedrecognitionmethodshave beendemonstratedb work well with images

carefully selectedor their experiments.In this work, the implementedalgorithm,with
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its default algorithmicsettingswasevaluatedusinga numberof differentdatasets rep-

resentinga variety of applications.

¢ Goodresultsverepresentedor recognitionof objectsin clutteredscenesin thepresence
of partialocclusionandappearanceariationsdueto changesn viewpoint, illumination,

scaleandimageresolution.

¢ In contrastwith previous approacheghetype of invariantfeaturesusedfor recognition
is not fixed at run-time. Instead it dependsn theillumination modelwhich in turnis

definedby the application.

¢ A numberof colourbasedbjectrecognitionandimageretrieval methodsverereviewed

andcomparedThesecomparatie studiesarea contritution in their own right.

¢ A new imageset,the SOIL-47 databasewasintroduced.The datais designedor eval-
uating colourbasedrecognitionalgorithms. All experimentsin the thesis,exceptone,
were performedon publicly available datasetswhich enablesfurther comparisorand

improvement.

11.3 Possible extensions

In theimplementedINS algorithm,measuremen@recomputedrom pairsof robustlyfiltered
colourvalues computedrom multimodalneighbourhooddt would beinterestingo consider
measurementsomputedrom tripletsor othercombinationof neighbourhooaoloursasthey

areexpectedto provide morediscriminatve features.

Thefrequeng of similar measurements measureof the areacoveredby eachcolour patch
in theimage,or evenwithin animageneighbourhoodwasnot exploited for representinghe
objects. However, the areaof the objects surface patcheamay be a discriminatve property
in someapplicationge.g. thoseassumingcontrolledviewpoint changeandits usewithin the

MNS framework shouldbeinvestigated.

The spatialarrangemenof the computedmeasurementis the imagemay be anotheruseful

measuremerfor representingbjectappearanceln our experimentsthe spatialarrangement
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of measurementsasoftennot presered, andthereforeit wasnot exploited. Neverthelessin

someapplicationst is likely to improve discrimination.

In someapplicationsthe assumptiorof globally constantanduniformilluminationis realistic.
For instancethis wasthe casein someof the experimentscarriedout in this thesis.For other
applicationsptherthan6-dimensionalllumination invariantsshouldbe used.The experiment
describedn section4.4 confirmedthe view thatmorework is neededo achieve illumination

invariancefor general-purposeecognition.

A methodfor the automaticselectionof somealgorithmic settingslike the neighbourhood
width, the mode seekingkernel and the matchingthresholdwould be useful for achieving

performanceptimisedfor a specificdataset.

Although good resultswere obtainedusing RGB colour measurements colour spacesuch
asY C,C, in which the colourcomponentgsrenon-correlatedvould be interestingto testand

compare.

Regardingimageretrieval, asignificantgainin matchingspeedcouldbeobtainedf anindexing
datastructuresuchasantreeindex or ahashtablewereused.Theefficiengy of theimplemented
algorithmwassuficientfor thereportedexperimentsthereforeminimisingsearchimewasnot

attemptedn this work.

In genericapplicationdik e web-basedmageretrieval, theimagecollectionto besearcheanay
not be availableprior to the search.Whenit is, propertiesof the imagesin the collectioncan
be exploitedin orderto optimiseperformanceAlthoughin our experimentshe databasevas

availableoff-line, no preprocessingvasperformed.

We view our colourbasedsystemas part of anintegratedapplicationthat recognise®bjects
basedon morethanonetype of visual (colour, texture, motion) and/ornon-visualinformation
(e.g. text, speech).We are currentlyworking on the developmentof sucha system. Some

preliminaryresultsarepresentedn [47].



