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Abstract

State-of-artimageretrieval techniqueshavebeendevelopedto supporthigh-level (semantics)querying
andbrowsingof images.For certainuserqueries,it is alsovery importantto know abouttheinformation
aboutthe remoteimagedatabaseson the Internetso that the queriescan be guidedtoward the most
relevant databases.In this paper, we introducea novel system,SemView, which supportsboth visual
andsemanticqueriesandintelligently ranksthedistributedimagedatabasesfor thequeries.Our system
summarizesthevisualandsemanticcontentsof eachdatabasein ametadatabase,which is acollectionof
automaticallygeneratedvisual,semanticandstatisticalmetadata.With themetadatabase,oursystemcan
effectively guidetheuserqueriestowardthemostrelevantimagedatabasesin a distributedenvironment
for betterretrieval performance.

1 Intr oduction

The ultimategoal of imageretrieval is to provide the userswith the facility to managelarge image
databasesin an automatic,�e xible, andef�cient way. Therefore,besidescurrentcontent-basedimage
retrieval (CBIR) techniqueswhich mainly reply on low-level (visual) features,imageretrieval systems
shouldalsobearmedto supporthigh-level (semantic)queryingandbrowsingof images.Althoughfully
automaticsemanticsextractionfor general-domainimagesis still anopenproblemdueto so-called“se-
manticgap” betweenlow-level featuresandhigh-level semantics,certainmethodshave beendeveloped
to extractthesemanticsof sceneryimages[3, 5].

Anotherchallengingproblemfor imageretrieval systemsis to retrieve the relevant imagesfrom re-
moteimagedatabasesgivenuserqueries.Undersucha distributedenvironment,it is impracticalfor the
systemto examineall the imagesin the databasesto matchfor the relevant images. Instead,basedon
a particularquery, the systemshouldbe able to rank the relevant imagedatabasesintelligently by the
metadatagatheredandsummarizedfrom respective imagedatabases.Thequeryis thenguidedto there-
spectivedatabasesandtherelevantimagesin thosedatabasesarereturnedto users.Webview, aprototype
of suchasystem,hasbeendevelopedin ourpreviousworks[4].

Basedon theseprevious works, SemView, a semantic-sensitive distributed imageretrieval system,
is developedto supportboth visual and semantics-basedretrieval on the distributed imagedatabases.
The systemincludesthreemajor components.The �rst componentis the remoteimagedatabasesand
respective local retrieving servers.Thedatabases,locatedin theremotehostcomputersconnectedby the
Internet,includegeographicalandsceneryimages.Thesecondcomponentis themetaserver, including
themetadatabase,themetasearchagent,andthequerymanager. Thethird componentis theuseraccess
applicationsat theclientmachines.Thecomponentsareillustratedin Figure1(a).
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Figure1: (a) Systemarchitectureof theSemView; Interfaceof querymanagerfor (b) visualqueries,(c)
semanticqueries

In the following sections,we will focuson the designand implementationof the metaserver, then
brie�y describethemechanismsof thelocal retrieving servers.

2 Metaserver

The Metadatabaseof the metaserver housesthe metadataof both visual andsemanticcontentsof
remoteimagedatabases.TheQuerymanager of themetaserverhandlestheuserqueriescorrespondingly
with regardto differenttypesof queries(visualor semantic).Whendealingwith visualqueries,thequery
managerextractsthevisualfeaturevectorsof thequeriesandmatchthemto thevisualpartof themetadata
(referredasvisualmetadata). If thequeriesaresemantics-based,it matchesthequeriesto thesemantic
partof themetadata(referredassemanticmetadata). Figure1(b) and(c) show theuserinterfaceof the
querymanager. Basedonthematchingresults,theMetasearch agentof themetaserverproducesaranked
list of theremotedatabasesrelevantto thequeries,andguidesthequeriesto theselecteddatabases.

We would �rst brie�y introducehow to extract thevisualandsemanticcontentsof the imagesin the
databases,thendescribethegenerationof themetadataandthedatabaserankingmechanism.

2.1 Extraction of visual and semanticcontentsof images

Visual content
Basedon differentapproaches,the visual contentof eachimagein thedatabasescanbe representedas
multiple visual featurevectors,eachcorrespondingto a differentfeatureclass.We useWavelet[1] and
Keyblock-basedmethods[2] to extractthevisualfeaturevectors.Referto [4] for details.
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Figure2: Semanticsextractionprocess

Semanticcontent
Weusetheapproachproposedin [5] to extractthesemanticsfor theimages.Themethodconsistsof three
levels. At pixel level, a color-textureclassi�cationis usedto form a semanticcodebookbasedon certain
semanticcategoriesand training images. At region level, the semanticcodebookis usedto segment
the imagesinto regionssincethe basicelementsto carry semanticinformationare the imageregions.
At imagelevel, thecontentandcontext of imageregionsarede�ned andrepresentedto supporteffective



semanticsextractionfrom images.Thethreelevelsareillustratedin Figure2. After theextractionprocess,
eachregion'ssemanticannotationandits con�dencescorearestoredasthesemanticsof theimage.

2.2 Generationof metadata

As mentionedearlier, themetadatabasecontainsthevisualmetadataandsemanticmetadatawith re-
gard to differentaspectsfor the contentsummaryof remotedatabases.It alsocontainsthe statistical
metadataassociatedwith bothvisualandsemanticmetadatato characterizetheir similarity distributions
with theimagesin remotedatabases.Webrie�y introducehow to generatethemasfollows:

(1) Visualmetadata: Thevisualmetadata,which recordsthesummariesof thevisualcontentsfor remote
databases,is representedby the image templates. To �nd the imagetemplates,we �rst selectsample
imagesfrom remotedatabases.By usingthehierarchicalclusteringmethod,webuild atree-likestructure
calleddendrogramandcut it at different levels resultingin differentsetsof clusters. We thenusethe
centroidsof theresultingclustersasthetemplates.
(2) Semanticmetadata: To generatethesemanticmetadatawhich recordsthesummariesof thesemantic
contentsfor remotedatabases,we adopttheprocesssimilar to thegenerationof semanticcodebook[5].
We�rst de�ne themajorsemanticcategoriesbasedonthesemanticconstraintsof theimagesin theremote
databases.For eachsemanticcategory, certainnumberof imagesarechosento be the training images
suchthatthesemanticmetadatageneratedfrom themcanrepresentasmuchaspossiblethecolor-texture
characteristicsof all imagesin thedatabasesbelongingto thatsemanticcategory. A color-textureclas-
si�cation is usedto classifyeachpixel of thetrainingimagesto a certaincell of thecolor-texturespace.
For eachcell we thencountthenumberof pixels that fall into thecell. Thecountingresultsareusedto
constructa statisticaltablebetweencells andsemanticcategories. In addition,we countthe timesthat
two or threedifferentcategoriespresentin thesametraining images.andstoretheresultsin a statistics
tablebetweensemanticcategories.In thisway, thesemanticmetadataeffectively representsthesemantic
categoriesandtheir relationship,which in turn representsthesemanticcontentsfor remotedatabases.
(3) Statisticalmetadata: Thestatisticalmetadatafor visualmetadatacanbecomputedby thesimilarity
distributionsbetweendatabaseimagesandtheimagetemplates.We assumethat thesimilarity of visual
featurevectorsbetweena certainimageanda templateindicatestheir similarity of visualcontent.Sim-
ilarly, thestatisticalmetadatafor semanticmetadatais computedby thesimilarity distributionsbetween
thesemanticcontentsof thedatabaseimagesandthesemanticmetadata.

2.3 Remotedatabaseranking mechanism

Basedon themetadata,theremotedatabasescanberankedby themetasearchagentwith regardto a
particularvisualor semanticquery. Thesimilarity betweenthequeryandthemetadatawill becalculated
to determinethemostrelevantvisualor semanticmetadatafor thequery. Basedon theassociatedstatis-
tical metadata,theMean-Basedapproach [1] is appliedto rankthedatabases.After therankedlist of the
remotedatabaseswith regard to a certainqueryis generated,the metaserver will posethe queryto the
relevantdatabasesselectedby users.

3 Local retrieving servers

Oncethe query is posedto the remotedatabasesby metaserver, certainrelevant imageswill be re-
trievedfrom theremotedatabasesby local retrieving servers. Similar to themetaserver, local retrieving
serverswouldalsoextractthevisualandsemanticcontentsof imagesfor retrieval purpose.Additionally,
relevancy feedbackmechanismis alsoappliedto improve theperformance.

Figure3 shows the �nal retrieval resultsfrom the remotedatabasesfor certainvisual andsemantic
queries.
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Figure3: Retrieval resultsfrom remotedatabasesfor agiven(a)visualquery, (b) semanticquery“sunset”

4 Conclusion

WehavedevelopedtheSemView to supportbothvisualandsemanticqueriesandretrieveimagesfrom
distributed imagedatabasesover Internet. Basedon the queries,the systemranksthe remoteimages
databasesby theinformationcollectedin themetadatabase,thenguidesthequeriesto themostrelevant
databasesto effectively retrieve therelevantimagesbackto users.
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