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Abstract

State-of-arimageretrieval techniqueiave beendevelopedio supportigh-level (semanticsjjuerying
andbrowsingof images.For certainuserqueriesijt is alsoveryimportantto knowv abouttheinformation
aboutthe remoteimage database®n the Internetso that the queriescan be guidedtoward the most
relevant databaseslin this paper we introducea novel system,Sem¥éw, which supportsboth visual
andsemantioqueriesandintelligently ranksthe distributedimagedatabasefor the queries.Our system
summarizeshevisualandsemantiacontentof eachdatabasén a metadatabaseyhichis a collectionof
automaticallygeneratedisual, semanti@ndstatisticaimetadataWith the metadatabaseur systemcan
effectively guidethe userqueriestoward the mostrelevantimagedatabasem a distributedenvironment
for betterretrieval performance.

1 Intr oduction

The ultimate goal of imageretrieval is to provide the userswith the facility to managdarge image
database anautomatic, e xible, andefcient way. Therefore besidescurrentcontent-baseimage
retrieval (CBIR) techniquesvhich mainly reply on low-level (visual) featuresjmageretrieval systems
shouldalsobe armedto supporthigh-level (semanticqueryingandbrowsing of images.Althoughfully
automaticsemanticsxtractionfor general-domaiimagesis still anopenproblemdueto so-called‘se-
manticgap” betweerow-level featuresand high-level semanticscertainmethodshave beendeveloped
to extractthe semantic®f scenernymageq3, 5].

Anotherchallengingproblemfor imageretrieval systemds to retrieve the relevantimagesfrom re-
moteimagedatabasegivenuserqueries.Undersucha distributedenvironment,it is impracticalfor the
systemto examineall the imagesin the databaseto matchfor the relevantimages. Instead basedon
a particularquery the systemshouldbe ableto rank the relevantimagedatabasesmtelligently by the
metadatayatheredcandsummarizedrom respectie imagedatabasesThe queryis thenguidedto there-
spectve databaseandtherelevantimagesn thosedatabasearereturnedo users.Webview, a prototype
of sucha systemhasbeendevelopedin our previousworks[4].

Basedon theseprevious works, Sem¥éw, a semantic-sensite distributed imageretrieval system,
is developedto supportboth visual and semantics-basecktrieval on the distributed image databases.
The systemincludesthreemajor components.The rst componenis the remoteimagedatabaseand
respectie local retrieving seners. The databasedocatedin theremotehostcomputersonnectedy the
Internet,includegeographicabndsceneryimages. The secondcomponenis the metaserer, including
the metadatabas¢he metasearclgent,andthe querymanager The third components the useraccess
applicationsattheclientmachinesThecomponentsareillustratedin Figurel(a).
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Figurel: (a) Systemarchitectureof the Sem¥éw; Interfaceof querymanageifor (b) visual queriesc)
semantiqueries

In the following sectionswe will focuson the desighandimplementationof the metaserer, then
brie y describehemechanismef thelocal retrieving seners.

2 Metasewer

The Metadatabasef the metaserer housesthe metadataof both visual and semanticcontentsof
remoteimagedatabaseslhe Querymanayer of themetaserer handleshe userqueriescorrespondingly
with regardto differenttypesof querieqvisualor semantic) Whendealingwith visualqueriesthequery
manageextractsthevisualfeaturevectorsof thequeriesandmatchthemto thevisualpartof themetadata
(referredasvisualmetadaty. If the queriesaresemantics-based, matcheghe queriesto the semantic
partof the metadatdreferredassemantianetadaty. Figure1(b)and(c) showv the userinterfaceof the
guerymanagerBasedonthematchingresults the Metaseach agentof themetasererproducesaranked
list of theremotedatabaserelevantto the queriesandguidesthe queriesto the selectedlatabases.

We would rst brie y introducehow to extractthe visualandsemanticcontentsof the imagesin the
databaseghendescribehe generatiorof the metadatandthe databaseankingmechanism.

2.1 Extraction of visual and semanticcontentsof images

Visual content

Basedon differentapproacheghe visual contentof eachimagein the databasesanbe representeds
multiple visual featurevectors,eachcorrespondingo a differentfeatureclass. We useWavelet[1] and
Keyblodk-basednethodq?2] to extractthevisualfeaturevectors.Referto [4] for details.
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Figure2: Semanticextractionprocess

Semanticcontent

We usetheapproactproposedn [5] to extractthesemantic$or theimages.Themethodconsistf three
levels. At pixel level, a color-textureclassi cationis usedto form a semanticcodebookbasedn certain
semanticcategoriesand training images. At region level, the semanticcodebookis usedto segment
the imagesinto regions sincethe basicelementgo carry semanticinformation are the imageregions.
At imagelevel, the contentandcontext of imageregionsarede ned andrepresentetb supporteffective



semanticextractionfromimages.Thethreelevelsareillustratedin Figure2. After theextractionprocess,
eachregion's semantic@annotatiorandits con dencescorearestoredasthe semanticof theimage.

2.2 Generation of metadata

As mentionecearlier the metadatabaseontainsthe visual metadataandsemantianetadatawith re-
gard to differentaspectdor the contentsummaryof remotedatabaseslt also containsthe statistical
metadataassociatedavith bothvisualandsemantionetadatdo characterizéheir similarity distributions
with theimagesin remotedatabases/Ne brie y introducehow to generateéhemasfollows:

(1) Visual metadata Thevisualmetadatawhich recordshe summarie®f thevisualcontentdor remote
databasess representedby the image templates To nd the imagetemplateswe rst selectsample
imagesrom remotedatabaseBy usingthehierarchicaklusteringmethod we build atree-like structure
calleddendrogramand cut it at differentlevels resultingin differentsetsof clusters. We thenusethe
centroidsof theresultingclustersasthetemplates.

(2) Semantianetadata To generatéhe semantianetadatavhich recordsthe summarie®f the semantic
contentdor remotedatabasesye adoptthe processsimilar to the generatiorof semantiaccodebool5].
We rst de ne themajorsemanticategyoriesbasednthesemanticonstraint®f theimagesn theremote
databasesFor eachsemanticcategory, certainnumberof imagesare chosento be the training images
suchthatthe semantianetadatayeneratedrom themcanrepresenasmuchaspossiblethe color-texture
characteristicof all imagesin the databasebelongingto that semanticcategory. A colortexture clas-
si cation is usedto classifyeachpixel of thetrainingimagesto a certaincell of the color-texture space.
For eachcell we thencountthe numberof pixelsthatfall into the cell. The countingresultsareusedto
constructa statisticaltable betweencells and semanticcateyories. In addition,we countthe timesthat
two or threedifferentcateyoriespresenin the sametrainingimages.andstoretheresultsin a statistics
tablebetweersemanticategories.In this way, the semantianetadataffectively representthe semantic
categoriesandtheir relationshipwhichin turn representthe semantiaccontentsor remotedatabases.
(3) Statisticalmetadata The statisticalmetadatdor visual metadatacanbe computedby the similarity
distributionsbetweendatabasémagesandthe imagetemplates We assumehatthe similarity of visual
featurevectorsbetweena certainimageanda templateindicatestheir similarity of visual content. Sim-
ilarly, the statisticalmetadatdor semantiometadatds computedby the similarity distributionsbetween
the semanticontentf the databasémagesandthe semantianetadata.

2.3 Remotedatabaseranking mechanism

Basedon the metadatathe remotedatabasesanbe ranked by the metasearclgentwith regardto a
particularvisualor semantiaquery Thesimilarity betweerthequeryandthe metadatawill be calculated
to determinghe mostrelevantvisual or semantianetadatdor the query Basedon the associatedtatis-
tical metadatathe Mean-Basedpproad [1] is appliedto rankthe databasesAfter therankedlist of the
remotedatabasewith regardto a certainqueryis generatedthe metaserer will posethe queryto the
relevantdatabaseselectedy users.

3 Local retrieving servers

Oncethe queryis posedto the remotedatabasedy metaserer, certainrelevantimageswill bere-
trieved from the remotedatabaseby local retrieving seners. Similar to the metaserer, local retrieving
senerswould alsoextractthe visualandsemanticcontentsof imagesfor retrieval purpose Additionally,
relevang/ feedbacknmechanisnis alsoappliedto improve the performance.

Figure 3 shawvs the nal retrieval resultsfrom the remotedatabasesor certainvisual and semantic
queries.
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Figure3: Retrieval resultsfrom remotedatabasefor agiven(a) visualquery (b) semantiquery“sunset”

4 Conclusion

We have developedthe SemYéw to supportbothvisualandsemantiqqueriesandretrieve imagesrom
distributed image databasesver Internet. Basedon the queries,the systemranksthe remoteimages
databaseby the informationcollectedin the metadatabasé¢henguidesthe queriesto the mostrelevant
databaset effectively retrieve therelevantimagesbackto users.
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