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ABSTRACT'O
O
Relevancelfleedback Masbeen(shownibbelan(effectivelibol O
toOenhancelcontent-based[informationCretrieval ({CBIR) O
systems.[JWelproposedallnewapproachCto[lrel evanceld
feedback by OwarpingCthelldatabase’ sUfeaturelispace, Cor[J
shiftingthelbbjects [atapointsCinCa tontrolledCmannerd
respondingtoluser feedback.[Weldemonstratelihat[given[
consi stentOfeedback, Othelperformanceof Othelretrieval O
systeml{danBelsignificantlylihcreased.
O
1.OINTRODUCTIONO

O
Whilelincreasi nglamountslof (inultimedi alarelavail abl eflor
consumer[perusal,(the[Javeragelhuman’ sCattentionCispan(]
remai nsLeonstant. (Indeed, (human(attenti ontbhecomesinore]
andmore[Jval uable,[1magnifyingthe[1needdfor0dmorel]
intelligentCmultimedi alfetrieval Csystems.CCurrentlyCmany [
content-based(informationltetrieval (ystems(iel yConlow-
level [Gomputabl elfleaturesisuch(@sidol or, [Shapeland(fexture.[]
Becauselhigh-level (descriptionsCarelJmorelJintuitivedtol]
human(users,CinfusingChigh-level CmeaninglisCanCareal bf [
activelfesearch.OJ

Aldonsiderabl eldi sadvantagelfblbw-level features]
isCItheirinability(OtoOdescribe[Jhigh-level Osimilarity, Cor [
semanticl] relationshipsd among] objects.[] Semantically(]
similarobjectsdmay[Thavellcompl etel y(Idifferent Of eaturel]
values; [therefore, [Searchinglamongthellow-level (Featurel]
spaceldftenlfesul tsih(érroneousiresul ts.[]

OnelmethodtoladdChigh-level Cinformationtol&a]
query is[] through relevanceld feedback.[0 Noteworthy[]
approachestoltel evancelfeedbackincludelthe[PicHunterd
system,[Whichlémpl oysiaBayes an[framework, iivherelthe[]
system(&el ects[thelimagelithihelhi ghest[probability[of (]
relevance,[givenCithelrel ative[ddi stancelto[positivelJand[]
negativefeedback] 1] .[Other[3chemeslémpl oy[@ gorithms[]
that[stretch[and[shrink[di mensi onslof fhelfeaturel$pacelfo]
bring[ttel evant[obj ects ¢l oserHogether[]2,3,4] .dnaddition
toJ globally adjustingClthe[dfeature[] space, ] Mindreader]
attemptsiioliefinefhelliser’ slguery, basedonihellRocchi o]
equation(] 3].[BimilarsystemssuchCasthelM ARSCCBIRO
system(@l solhavelbeenl$uccessful [J5].CHtil Cother [$ystems]
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O

employ(@rchetypal hodel siasriepresentati vesifior [High-level O
conceptslor[¢lusters, [SuchlCas[supportlectors,[prototypes, [
and examples1[6,7,4].00 Anothernoteworthy [l approach]
employsl] thel expectation-maximization] algorithm tod
estimateJthelhigh-level Osimilarity OandCdi ssimilarity Oof (I
images(gi ven(rel evancelfieedback[18] . 0T

However,theselapproachesCrel yConCal ffeaturel]
spacelfhat (ay @l ready [inaccuratel y (portray fheldbj ectslinCl
allhigh-level Operspective.0For Cexampl g; Crewel ghtingClof (I
relevanteaturesmay [bringl$omeltel evant[objectsltloser,[]
butiitCstil CdlependslonCapotential | ylinaccuratefoundation]
becauselitCimustliselflawedFeaturelpoints.CInthe[Wworst-
caselscenario,Thelliser(ay hever i ndthelobj ectldesired, [
evenIthoughClitOexi stsinCthedatabase. JA Cinoteworthy (I
implementati on(is_the[usage[bf CbmartCuserCinterfacetol]
bringluisers’ [perceptionlintothelretrieval (System([9].(While[l
it(Mnay helpossi bl efoltiselalsmal | lumber [6f [di mensi onsio ]
approximateJal1“ desktop” Cof ClhumanCperception,Jmorel]
dimensionsC] mightC) bel] needed to] accurately] and]
permanentlyldescribelhigh-level fieatures. I

InO thisO paper, [ thel] chosen] environmentd for
circumventingUlinaccurateIf eaturel]datalli sUdescribedClinCl
Section[2.[T helproposed(al gorithm, fleaturelSpaceivarping,
i shivri ttenCiinCSection[B; CBecti on4 0l lustrates performancel’]
with(kl osed-databaselTqueri es, 0Section[bexpl ainsCbpen-
databaselperformance, @nd(Secti onBldoncl udesthelpaper.]
O

2.[RETRIEVAL [OFEDM ODEL SO

O
TheldatabaseltonsideredsCa tollection[bf (L7501 hree-

e e )
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a| mensi onal [friangul ar-meshlmodel slinfthe[Virtual IZIReal ityd
Markup[lL anguage{VRML)Format[suchCaslarchitectural [




structures,[peopl e, @i rpl anes, [frees, [@ndlgeometriclobj ects.]
Theldlatabaselinternal lyepresentsiéachlinodel (s[a $et[of (]
ten[&ize-invariant[featureslincludingthelaspecttatio, [ the
surface(JarealJtodvolumelratio,JmomentsdanddFourier]
coefficients,[as[detail ed[in[]10].[Whenlgiven(alduery, the
retrieval [System(¢al cul ates theltjuerymodel’ sllocationlin[]
thelfleaturel$pace, [@ndeturnsimodel slintheldatabaselwith(
smal | (Euclidean(dii stancelfolthelduery. [Figure[1$howslan
exampl eldatabase:[]

U ={E)1,p2,p3,p4,p5,...E}D
Given@lqueryWector[y ,BhelSystemeturnstp, - --p, .[Thell
vector[p, [isnotfeturned.C

U
U

FigureD@.DSimpl elldiagramOofOinternal O database
represen a ion.m

However,helinability[of (Thelsel ectedfieaturesiiiol]
accuratel y[tescribeldi stinguishable[tharacteristics tesultsC
inCpoor[etrieval [performance. FForlinstance, [@jet(airplanel]
and(athook (nay[$harelsi milar [spect(fati olWal ues, [andthel]
sameljlet[airplaneliay (havedhelsamel$i milarSurfacelareal]
tolvolumeltati ofas[@lthi n(ectangul ar[prism. [Onlthelbther
hand, &l | (i rpl anesCimay [haveVeryLdli fferentCaspect [tati os[]
andC$urfacel@reas.[As[altesult,[A s mpl elhearest[hei ghbor]
retrieval (& gorithmlisfrequentlylinconclusive.[However, @]
systemCthat (i sCabl e(to[ i ncorporatelhi gh-level Osemanticl
informati onCcanCdmakellgeneralizationsthat[lcannot[dbe[]
producedfrom(@low-level featurelSpace. [T

Rel evancefeedback [gjivesthel@bilityforThelliser(]
tolhel ptheOsystemCbyCprovi dingCirel evancelldata with(d
respectibthelquery.dinlfecei vingfeedback, fhelSystemidan[]
refinelitslknowl edgelof (theldatabasefolperformibetter [dn]
futurelqueries.O
0

3.[FEATUREXSPACEMWARPINGO

0

Onceldthe[JuserDindi catesOwhichOretrievedimodel sClarel]
relevantCandwhichCmodel sCarellirrel evant,[thelproposed]
approachtoldmplementingCrel evance feedback Cinvolves[
shifting(fel evantinodel (¢l oser Holthelduery@ndlirrel evant]
model sfiarther [Bway. [Furthermore, [dther [todel sinay (&l so[]
receivelsucheedback[indirectlybymovinglaccordingiol]
theirOdistancesf rom[theldrel evant/irrel evantCOmodel sClas(]
shownCinCFigure[R2,COwhichCllustratesCtheCimovementCof (I
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pointsiih{fhelfleaturelSpacelinltesponseiblquerylt) ,[positivel]
feedback(t , ,[andmegativefleedback(t , .1
Modelslp, , p, ,[andCp, [&lsolmovelel oser [Holthel]

guerylinldecreas nglstrengthluwvi th[fespect [folthei r[di stancel
toCf,, .CSimilarly,linodelsCp,, [andCp, [imovelfarther[away]

fromihelgueryinldecreas nglstrengthiwvithfespectfoltheir]

distancelib({,, .

2
(P20
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Figure.[Featurel$paceWarping.[]

Specificaly,for(@lihodelst,,f,,....f;,...,f That@rel]
givenlieedback, [@achlmodel [p; [hat(ismot(divenany

feedbackdanbelmhovedfbward(or@wayfrom(thelquery]
model [By[@anlamount(asidescribedlih(Figure3.[ThelNector]
from(theltodel Cp; {othelquerylq,[V,, ,[@ndiheectorD

iq?
fromp, [{olthelodel [given(fleedback, [V;; , [@relieededtbl]
calculatelVy ,; .[AlScalarquantity[L isigivenfromheluser]

aslthelstrengthlof (positiveldr egativelfieedback. Ihheld
currentimplementation, [, mayfekelal ueshvithin-2,2].0

Thelthovement(for(p, ,[V , ,[iEdetermined@siollows.O

pi 1

M
v, = {yjz_;ui exp(— c|vij |)}viq 0

0 Figure3.Warpinghechanics.O
Notelthat[foronefeedback [$ession,[eachimodel [
p; [h(iheldatabaseldecei vesalmhovementdontributionfroml]

eachCmodel Uf ; [abel edUas el evantCorCirrelevant. [T held
closerthelCmodel Op, [toCaltelevant/irrel evantCimodel ,[theld

mored contributiond it0 receivesd fromO thatCd model .
Furthermore, [theldoefficientsy [@ndCt [areldhosen(dlobally[]



suchtthatthelTinal [¢oefficientlinultiplying[Dv,, [isTessthan(]

one.O

I tCisCinteresti ngolhotefhat[dncefheldatabaselils[]
givenlieedback, (ihelinodel s (tepresentati onlinthefeature
spacelhasbeen(dl terediduelibhelSystem’ siihcorporationlaf [
higher-level linformati on.[A [donsequencelof thi siprocesslis]
that[the[featuresihemsel veshavelsuppl ementedineaning.]
Theltoordinateslinihefeaturel$pacelhollonger tepresent]
thellow-level OvaluesO of Otheldsurface-to-volumedratio,
Fourier[¢oefficients, [étc.[Becauseldf [thi siéonsequencelour ]
methodOvoul dDvork Ceffectivel yOn(tetrieval [y stemsOvith(
featurelspaces that[ o hot[Al readymakelhigh-level ,Cord
semanticldeneralizations.

4.TESTIRESULTSO
O
I nforderHoldaugelperformancelof [fheltel evancefeedback]
implementati on, lvel¢ompilelgrounddruthldata ¢ontai ning™
classificationdinformationCfor DeachOJ3D Omodel inOthed
database. [T hen, livelisel&achlbbj ect[intheldatabaselas A
query,andCfromCeachCquery Oweldcount [theChumber Cof [
relevant[obj ectslinthefop(vel velfesults.[ThelSumidver @ [
theCueriesfromlthetatabaselis the[performancelscore.[]
Afterthelinitial [Scorelisldomputed, fheldatabaselundergoes
an(iterati on[of (feedback (Gromdheluiser. (For[eachltjueried™
objectlintheldatabase, [thelfop(T [fetrievediresul ts@reldiven]
feedback. O nOFigure[34, (the[performanceliscoreldisCthend
reeval uated.[A [fotal Cof [fourliterationsiarel¢completed.[Theld
performanceld duringd four( iterations[] of ] feedback is[]
averaged.Performanceliincreasesiwithle, wintil [Afhreshol dCJ
of Brilisfeached. [FigureBshowsthel@veragelimprovement]
versuslly .[For[thelV/RM L [tlatabase,(y = 0.3[@nd(t = 67 O
wasfoundtoObeoptimal. Ol nCFi gure16, CwelshowCthel
databaselperformancelafter (éachliterationlof feedback, for]
tunedparameters’ly = 0.3 [and[c = 67 .[T heselparametersl]
werefloundolgivethebestaveragelperformance.[Slightly(l
betterJperformancelwasOfounddford T =12 ,0 y =0.2,0
¢ =5 ,[Hliterations= 3& 4 ,[3uggestingthatvith(énough
consi stent[feedback, 1) (thell nfluencelof COvarpsConthed
featurelSpaceldan(belincreased, Wwhil el(?) [thelmagnitudeldf (]
thelwarpldanbeldecreased, g vinglévenlmorelimprovement]
with{ consistent[ feedback.[] And increased! numberJ of O
retrievedOobj ectsCgivenOfeedback CperCquery, 00T ,[al so[]
improvesperformance.JForcomparison, Othe(Jstandard
RocchiollqueryOrefinementCal gorithmOwaslli mpl emented(]
according(ibltheléquation:[]
Z=0z+ M, + Mo

whereJz [sthelbldfueryVector,0z" stheChewltjuery]
vector, [T, [islfheltmean(af (thelfel evant[objects, [, [isEhel]

mean(of (thelirrel evantobj ects, [@andthelparametersiix (05,0
y Grelfunedor[optimumperformance. (For (hisldatabase, [
Rocchio’ sCperformancelivas improved 1o B634 el evant(]
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model sLfrom17869Tel evantCimodel s, [forCanlincrease[bf [
9.7%.0nFigure B, Caveragedatabase performancelvas]
improvedfromCaperformancellscorebf (786910115046
relevantCimodel s, [(for CanCincreasebf [(91%. T esting[four O
feedbackUiterationsdonCthe[Jwhol eCldatabaseltakes13-60
minutesion@n(Athl on14000 HzrunningWindows98. ]
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5.[OPENIDATABASERESULTSO
O
Previoud y[Wwelhavel tli scussed[Teature[spacelWarpingin[]
referencelfolaldatabaselivhereldueri esiarefiromiwithinthe
database. N owlwvelsi mul ateltheleffect[0f (hew(thodel sibeingC



introducedfoltheldatabaselbyWithhol dinglalportionlof fhe[]
1750[model slasiqueries.[]

TolbringCalnewlimodel DA TfromCtheloriginal O
featurelBpacelintotheHatabase’ slarpedfeatureFpace,[]
each(Jfeedback, CorCeachCwarp, OmustChelrecorded. [T held
featurevectordJof (0 A OJundergoesCitheJtransformations]
describedn{Figure[Blintheltorrectlorder.(Inthis $ense,[]
featurelspacewarpinghel psCclassifyCinever-seen-beforel]
model sty CimovingOthemOaccordingCtolimodel sCial ready [
given] feedback.OJ AlthoughCl suchO recordingd seems[
compuitationally[arduous, bringing(#10000Vectorslintothe
warpedfeaturelspace &fter +10°Warpstanforessthan(]

FigureT.[Precision[After(Feedbackteration
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feedbackliteration

—e—90% [databaseliseddorraining

—8—50% [databaseliseddorraining

—&— 5% [databaseised{orfraining

onelJminuteCJonCthe[lsamellcomputati onClenvironment Casl]
describedCearlier. OFigurel17 Oshowsthe[JperformanceJof (I
featurelWarpingCasial ¢l assifier[givenlirainingfrom®0%,]
50%,@nd[5%[of [thelwhol eldatabase.[
O
6.[CONCLUSIONDO

O

Welhavelproposed@method{or Implementingliel evancell
feedbackOvialJfeaturelJspacewarping.[IGivenCconsi stent[]
feedbackfhroughlgroundruthldata, [thi simethod[isshown]
tolincreaselthelmumber[of [fel evant[obj ectslretri eved by thel
system.[OPerformanceldi sCishowntoCrel yCheavil yConCthe[d
amountof feedback@ndihelparametersCy [andk ,[which(

control [ thed magnitude andJ influence] of 0 warping,[J
respectively. Facel$pacelwar pinglisishownfoloutperform
other hethodssuchlasthelRocchio’ slifefinement. O

O
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