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Abstract

With the increasingnumberof geographicalimagedatabaseson the Internet,it is a very important
issueto know aboutthe mostrelevant imagedatabasesfor given userqueries,in orderto achieve high
efficiency in retrieving theimages.To addressthisproblem,wehavedevelopedanovel system,Webview,
which intelligently ranks the distributed geographicalimagedatabasesbasedon their visual content.
Our systemsummarizesthevisual contentof eachdatabasein a metadatabase,which is a collectionof
automaticallygeneratedimagetemplatesandstatisticalmetadata.With themetadatabase,oursystemcan
guidetheuserqueriestowardthemostrelevant imagedatabasesin adistributedenvironment.

1 Introduction

Geographicalimagesarebeinggatheredfrom civil, defense,andintelligencesatellitesatanexplosive
rateontheInternet.Oneof thechallengingproblemsfor content-basedimageretrieval (CBIR) systemsis
to retrieve therelevant imagesfrom remoteimagedatabasesgivenuserqueries.Undersuchadistributed
environment, it is impracticalfor the systemto examineall the imagesin the databasesto matchfor
the relevant images. Instead,basedon a particularvisual query, the systemshouldbe ableto rank the
relevant imagedatabasesintelligently by themetadatagatheredandsummarizedfrom respective image
databases.Thequeryis thenguidedto therespectivedatabasesandtherelevantimagesin thosedatabases
arereturnedto users.

Basedon our previousworkson thedataresourceselectionin distributedvisual informationsystems
(Changet al, 1998) and on CBIR (Zhu et al, 2000; Sheikholeslamiet al, 1999), Webview is devel-
opedto supportcontent-basedretrieval on thedistributedgeographicalinformationsystem(GIS) image
databases.In the following sections,we will first introducethesystemarchitectureof our system,then
focuson thedesignandimplementationof themetaserver armedwith themetadatabaseandthedatabase
rankingmechanism,andfinally describetheuseraccessapplications.

2 System architecture

Thesystemincludesthreemajorcomponents.Thefirst componentis theremoteGIS imagedatabases
andrespective imageretrieving servers. The secondcomponentis the metaserver, including the meta-
database,themetasearchagent,andthequerymanager. Thethird componentis theuseraccessapplica-
tionsat theclient machines.Thecomponentsareillustratedin Figure1(a).
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Figure1: (a) Systemarchitectureof the Webview, (b) Systemprototypeincluding6 remoteGIS image
databases

Figure1(b) shows a systemprototypehostingsix remoteGIS imagedatabases.The geographical
imagesin thesedatabasesrepresentthe sceneof grass,tree, residence,andwater. The databasesare
locatedin the remotehostcomputersconnectedby the Internet. As shown in Figure1(b), at Step 1 a
visualqueryis sentto themetaserver, which,basedon themetadatabase,rankstherelevantdatabasesfor
thequery. At Step 2, thequeryis forwardedto theselecteddatabases.The matchedimagesfrom each
selecteddatabasearesentbackto users.

3 Metaserver

The metaserver includesa Query manager for extracting the imagefeaturevectorsfrom the user
queriesandfor suitablematchingof the featurevectorswith themetadatahousedin theMetadatabase,
usesthe Metasearch agent for producinga ranked list of the remotedatabasesrelevant to the queries,
andguidesthe queriesto the selecteddatabases.We first introducehow to extract the imagefeature
vectors,thendescribehow to generatethemetadatabaseandhow thedatabaserankingmechanismworks
to retrieve therelevant imagesfrom theremoteimagedatabases.

3.1 Extraction of image feature vectors

Basedondifferentapproaches,thevisualcontentof eachimagein thedatabasescanberepresentedas
multiple featurevectors,eachcorrespondingto adifferentfeatureclass.WeuseWavelet (Sheikholeslami
et al, 1999)andKeyblock-basedmethods(Zhu et al, 2000)to extractthefeaturevectors.

For wavelet-basedfeatureextraction,we useNona-tree(Sheikholeslamiet al, 1997) to decompose
eachimageto sub-imagesrecursively until a certainsub-imagesize (in our system,it is 64 � 64) is
reached.Thenbasedon thesub-imagesaswell astheoriginal images,differenttypesof wavelet trans-
forms suchasHaar, Daubechies,Cohen-Daubechies-Feauveau(4, 2) (CDF 4) andCohen-Daubechies-
Feauveau(2,2) (CDF 2) areappliedto extract texture featurevectorsof imagesat differentscalesfrom
coarseto fine.

For thekeyblock-basedfeatureextraction,thesub-images(alsocalledblocks)derivedusingNona-tree
areencodedusinga pre-definedcodebookandimagefeaturesareextractedbasedon the frequency and
correlationof representative blocks.

3.2 Generation of metadatabase

Themetadatabaserecordsthe image templates asthesummariesof thevisualcontentsof theimages
for remoteimagedatabases.Eachtemplateis associatedwith the statistical metadata to characterizeits



similarity distributionswith theimagesin variousremotedatabases.Webriefly introducehow to generate
themasfollows:
(1) Image templates: The featurevectorsof the imagesin the databasescanbe classifiedinto clusters.
Eachclustercanbe representedby a singlefeaturevector, denotedas template, which is generallythe
centroidof the cluster. The clusterscanbe further classifiedinto sub-clusters,which canthenbe rep-
resentedby their centroids.Thebenefitof this approachis thata hierarchicalindex canbe built on the
templatesto supportefficient queryretrievals. A templateat a higherlevel representsthecoarsefeatures
thatcontainall thefeaturesrepresentedby its child templates.

To find thetemplates,we first selectsampleimagesfrom remotedatabases.By usingthehierarchical
clusteringmethod,webuild atree-like structurecalleddendrogram.Wecancut thedendrogramatdiffer-
ent levelsresultingin differentsetsof clusters.We thenusethecentroidsof theresultingclustersasthe
templates.Theprocessis appliedfor eachfeatureclassto find thecorrespondingtemplates.Thusthese
templatescanrepresenttheimagesin theentireremotedatabaseconcisely.

(a) (b)

Figure2: (a) Visualizationof templatesandstatisticalmetadatafor thedatabaseGIS-CA, (b) Database
rankingresultby Metaserver

(2) Statistical metadata: Basedonthetemplatescollectedfrom individualdatabases,wecanmeasurethe
similarity of imagesin thedatabasesto the templates.We assumethat the similarity of featurevectors
betweena certainimageanda templateindicatestheir similarity of visual content. More specifically,
givena template(which is a featurevector, denotedT ) andits correspondingimage(denotedIT ), andan
imageIFV with featurevectorFV , thedegreeof similarity betweenT andFV will reflectthesimilarity
of visualcontentbetweenIT andIFV .

By the distributionsof the similaritiesbetweendatabaseimagesandthe templates,statisticalmeta-
datacanbecomputedto representthevisual relationshipsbetweenthedatabasesandtemplates,i.e. the
likelihoodof adatabasecontainingimagesthatarerelevantto a template.

In our system,we visualizethe templatesandstatisticalmetadatafor eachremotedatabase.Figure
2(a)showsthetemplates(shown in thetemplateimages)andthestatisticalmetadata(shown in theyellow
box,for acertaintemplate)in thedatabaseGIS-CA.

3.3 Remote database ranking mechanism

Basedon the metadatabase,the remoteimage databasescan be ranked by the metasearchagent
with regard to a particularvisual query. The similarity betweenthe featurevector of the query im-
ageand all the templatesin the metadatabasewill be calculatedto determinethe most relevant tem-
plate(s)for the query. Basedon the statisticalmetadataassociatedwith the template(s),the Mean-
Based approach (Changet al, 1998) is appliedto rank the databases.In Figure 2(b) , the table un-



Figure3: Retrieval resultsfrom all theremotedatabasesfor agivenquery

der the query icon shows the resultof rankingthe databaseswith the red barsindicatingthe Percent-
age:

�
Relevant images ��� � Number o f images in DB � . The larger thepercentage,thehighertherankof

databasewill be.Oncetherankedlist of theremotedatabaseswith regardto acertainqueryis generated,
themetaserver will posethequeryto therelevantdatabasesselectedby users.TheCBIR techniqueswill
beconductedin theremotedatabaseimageretrieving serversto obtaintherelevantimagesbackto users.

4 User access applications

Userscanchoosethequeryimageseitherfrom thedatabasesor from theInternetusinganimageURL.
Therelevantimagesarethenretrievedin theprocessdescribedabove. For thequeryshown in Figure2(b),
thefinal retrieval resultsfrom all the remotedatabasesareshown in Figure3. Userscanalsoview the
templatesandstatisticalmetadatafor eachremotedatabase,asshown in Figure2(a).

5 Conclusion

We have developedthe Webview to support image retrieval from distributed geographicalimage
databasesover Internet. Basedon thequeries,thesystemranksthe remoteimagesdatabasesby the in-
formationcollectedin themetadatabase,thenguidesthequeriesto themostrelevantdatabasesto retrieve
therelevant imagesbackto users.Experimentalresultsdemonstratetheeffectivenessof oursystem.
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