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Abstract

In this paperwe introduceand describethe Multimedia Retrieval Markup Languagg MRML). This
XML-basedmarkuplanguagds the basisfor anopencommunicatiorprotocolfor content-basednage
retrieval systemqCBIRSs).MRML wasinitially designedasa meansof separatingCBIR enginesrom
their userinterfaces.lt is, however, alsoextensibleasthe basisfor standardizegherformancevaluation
procedures.

Suchatool is essentiafor the formulationandimplementatiorof commonbenchmarkgor CBIR.
A commonprotocolcanalsobring new dynamicsto the CBIR field—it makesthe developmentof new
systemsfasterand more efficient, and opensthe door of the CBIR researcHfield to otherdisciplines
suchasHuman-Computemteraction.The MRML specificationsaswell asthe first MRML-compliant
applicationsarefreely availableandareintroducedn this paper

Keywords: Multimedia retrieval, Communicationprotocol, Evaluationframework, Reusablesoftware
components

1 Intr oduction

Almost every content-base@mageretrieval system(CBIRS)is a hard-wiredconnectiorbetweeraninter
faceandthe functionalpartsof a program. Someprogramsprovide easy-to-usaveb interfaces[3], while
othersneedto beinstalledlocally [13] andarespecificto particularoperatingsystems.The reuseof com-
ponentsn CBIR, e.g. userinterfacesis thusvery rare. Thisis not only a time-consumingproblem,since
everything needsto be developedanev for eachsystem,but it makesthe sharingof userdataand the
comparisorof systemperformanceslifficult.

In orderto addresgheseproblems,Y.-C. Changet al. [2] proposeda querytaxonomyfor multimedia
databasesThey proposedaninitial formulationof the requirementgor a systemenablingcommunication
betweermultimediadatabaseandclients. However, this approactis not yet translatednto an extensible
protocol.

In thispapemweintroducetheMultimediaRetrieval MarkupLanguagdMRML): anXML-basedmarkup
languagefor multimediaqueries. MRML was designedo facilitate a bottom-updevelopmentapproach,
which separateshe communicatiorproblemfrom the searchfor the bestquerylanguagefor multimedia
databases.In otherwords, not only it is designedto fulfil the short-termneedsof the image database
researclttommunity but it is alsodesignedo caterfor its long-termneeds.

Thedevelopmenibf standardjuerylanguagestogethemwith standardnethoddor transmittingqueries
anddata,canimprove theinteroperabilityof CBIRSsandthusincreasdhe useandusefulnessf multime-
dia databasesSQL and ODBC are examplesof suchdevelopmentgor relationaldatabasesThe aim of
MRML, however, is moresimilar to thatof the DICOM protocol[14], which promotedtheinteroperability
of medicalimagingsystemdrom differentvendors.In summarywe addresshe urgentneedfor common
toolswhichwill facilitatethe developmentandevaluationof multimediadatabaseystemsBy this means,
we aimto facilite the developmeniof commonbenchmark$or CBIRS performancesimilar thoseusedfor
textual informationretrieval [17].

The query-by-example(QBE) paradigmwith relevancefeedback(including browsing) is the search
paradigmemployed by most currentCBIRSs. We thereforeprovide an extensible QBE facility within
MRML. Further someMRML-complianttools have beendevelopedandmadefreely available. Theseare
describedriefly in § 2, andincludetwo CBIR searchengineqViper andCIRCUS),which actasseners,
and an interface (SnaleCharmer)which actsasa client. Scriptshave also beenmadeavailable, which
might provide a basisfor the creationof standardCBIRS benchmarksAn overview of variousevaluation
methodsis givenin [6], wherethe useof freely-availableannotatedmagecollections,suchas[1], astest
dataset$s alsoadwocated.

In orderto beusefulfor researchMRML needdgo bea“li ving standard”:researctgroupswill needto
be ableto testanduseextensionswithout having to aska committeefor approval. We thereforeemploy a
developmenimodelwhich permitsphase®f independengrowth with subsequentodememing.



2 Viper, CIRCUS and SnakeCharmer

MRML wasinitially designedo facilitate cooperatiorbetweernresearchgroups. The main programsfor
our testbedoriginatefrom the Ecole Feéderale Polytechniquede Lausanng CIRCUS and SnaleCharmer)
and from the University of Genea (Miper). In this testbed,we use MRML to link a single interface
(SnaleCharmer}o two differentCBIRS (CIRCUSandViper).

Viper is animagesearchenginebasedon techniguesommonlyusedin text retrieval andthus offers
efficient accesdo a very large numberof possible features(more than 80,000simple colour andtexture
featurespothlocal andglobal)! Eachimagecontainsonly a subsetof thesefeatures.Accessto images
containinggivenfeaturess provided by aninvertedfile, a standardaccesgechniguein text retrieval. The
emphasign Viper is on adaptingthe systemresponseccordingto interactionwith a user—positive and
negative relevancefeedbackis acceptedver several steps.Detaileddescriptionof Viper maybefoundin
[7, 16].

CIRCUS:is asenerframeavork supportingnultiple imageretrieval methodsandalgorithms? Currently
four methodsareimplemented.Thefirst appliesan adaptatiorof LatentSemantidndexing [11] to image
featuresdescribinglocal and global colour andtexture, aswell as global layout and optional keywords.
The secondis a texture/layout-specifianethodbasedon wavelet maximamoments. It extractsa setof
contoursfrom theimageat variouslevels of detail,invariantto scale translationandpartially to illumina-
tion changes.Thethird approachs texture-specificjt describegexturesby computingthe parametersf
a HiddenMarkov Model governingthe coeficientsof a waveletdecompositiorof a texturedimage. The
similarity is evaluatedusingthe Kulbach-Leiblerdistancebetweerntwo distributions. Thelastmethodis a
fast,wavelet-paclet,approximatiorof the PrincipalComponenfnalysis,basednthefeaturesusedby the
othermethodslt is the mostscalableandfastesbf theimplementednethods.

SnaleCharmer(figure 1) is an MRML-compliant client application. It is written in JAVA for porta-
bility andoffersqueryby multiple positive andnegative examples,query history, multiple collectionand
algorithmselection a scattermlot of the resultsaccordingto variousaspectof similarity anda baslet for
userselectedmages.
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Figurel: The JAVA interfaceSnaleCharmer
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3 Multimedia Retrieval Markup Language

MRML is formally specifiedn [8]. It providesaframewnork which separategueryformulationfrom actual
gueryshipping.lt is designedo markupmulti-paradigmgueriesor multimediadatabasedVMRML enables
the separatiorof interfaceandqueryengineandthuseasesheirindependentievelopment.

MRML canbeembeddednto anexisting systemwith little effort. First, it is XML-based,meaningthat
standardparserscan be usedto processhe communicatiormessagesFurther the codefor an example
MRML-compliantCBIR systemis freely-availableand providesthe basicimplementatiorof both endsof
an MRML-basedcommunicatiortoolkit. MRML is currentlyin atestingphaseat severaluniversitiesand
further applicationshasedon this protocolsuchasbenchmarksystemsand meta-querenginesareunder
development.

MRML is designedo allow extensionby independengroups. By this means,t providesa research
platformfor extensionsavhich latermay becomea partof commonMRML.

3.1 Featuresof MRML

MRML-basedcommunicationsave the structureof a remoteprocedurecall: the client connectso the
sener, sendsarequestandstaysconnectedo the sener until the sener breaksthe connection.Thesener
shutsdown the connectionafter sendingthe MRML messagevhich answersthe request. This connec-
tionlessprotocol hasthe advantageof easingthe implementatiorof the sener. To limit the performance
losscausedby frequentlyreconnectingit is possibleto sendseveral requestsaspart of a single MRML
message The extensionof MRML to a protocol permittingthe negotiationof a permanentonnections
alsoplanned.
MRML, in its currentspecification(andimplementationstate supportshe following features:

e requesbf a capabilitydescriptionfrom the sener,

¢ selectionof a datacollectionclassifiedby queryparadigmit is possibleto requestollectionswhich
canbequeriedin acertainmanney

e selectionand configurationof a query processaralso classifiedby query paradigm;MRML also
permitsthe configurationof meta-queriesluringruntime,

o formulationof QBE queries,
e transmissiorof userinteractiondata.

The final featurereflectsour strongbelief that affective computing[12] will soonplay arole in the field
of content-basedhultimediaretrieval. MRML alreadysupportghis by allowing the logging of someuser
interactiondata. In particular this is the casefor the history-forwardandhistory-backvardfunctionalities
of the SnaleCharmeinterface.

Why XML and not CORBA? Thereareimportantreasongor usingXML ratherthana communication
framavork suchas CORBA as a basisfor the implementationof MRML. The first is that when using
XML no large communicationframework is necessaryasit is for CORBA. Secondly MRML offersa
commonhuman-readabléormatfor log files. Programminganddetuggingissuesaside,having a simple
commonformat for userdatawill make it easierfor researctgroupsto sharethis type of data. Together
with commonfree imagecollections, MRML-compliant systemswill form a powerful tool for collecting
andsharingCBIR userinteractiondata.

Anotherreasorfor theuseof XML asabasisfor MRML is thelargenumberof free XML toolsavailable
suchasparserandtoolsto evaluatefilesin XML format(XML QueryLanguage)XML is aboutto become
the maindescriptionlanguageor all kinds of metadataon the internetandmay alsobe usedin MPEG-7
[5], thusensuringthe long-termsupportof its specifications.

Graceful degradation: independentdevelopmenton a commonbase Gracefuldegradationis the key
to successfuindependenéxtensionof MRML. Thebasicprinciplescanbe summarisedsfollows:



e senersandclientswhich do not recognizean XML elementor attribute encounterednh an MRML
text shouldcompletelyignoreits contents,

e extensionsshouldbe designedsothatall the standardnformationremainsavailableto the generic
MRML user(seeexamplesn § 4).

Theseprinciplesprovide guidelinesfor independengxtensionsof MRML. To avoid conflictsbetweendif-
fering extensionsof MRML, we plan to maintainor promotea centraldatabasdor the registrationand
documentatiorof MRML extensions.This would alsofacilitatethe “translation” betweernuserlogswhich
containextendedvViRML.

3.2 Logging onto a CBIR server

An MRML sener listenson a port for MRML messagesn a given TCP soclet. When connectingthe
clientrequestshebasicpropertiesof the sener, andwaitsfor ananswer SkippingstandardXML headers,
theMRML codelookslik e this:

<mrml>
<get-server-properties />
</mrml>

The sener theninforms the client of its capabilities. This messagés emptyin the currentversionof
MRML, but it allows for the extensionof the protocol:

<mrml>
<server-properties />
</mrml>

Using similar simple messageghe client canrequesta list of the collectionsavailable on the sener,
togethemwith descriptionf thewaysin which they canbe queried.

The client canthen opena sessionon the sener, and configureit accordingto the needsof its user
(interactve client) or its own needs(e.g. meta-queryagents). The client canalsorequestthe algorithms
which canbe usedwith agivencollection:

<mrml>
<get-algorithms
collection-id="collection-1" />
</mrml>

Thisrequests answeredy sendinghe correspondindjst of algorithms.This handshakingnechanism
allows both interactve clients and programs(suchas meta-queryagentsor automaticbenchmarkrs)to
obtaininformationdescribingthe sener.

In asimilarsimplemanneytheclientcanopenandclosesession$or auser andconfigurethealgorithms
choserby theuser This enablesnulti-usersenersandalsoon-the-flylearningby the queryprocessar

3.3 Interface configuration

The client can then requestproperty sheetdescriptionsfrom the sener. Differentalgorithmswill have
differentrelevantparametersvhich shouldbeuserconfigurablge.g. featuresets speedss. quality). Viper,

for example,offers several weightingfunctions[15] anda variety of methodsfor, andlevels of, pruning.
All theseparametersareirrelevantfor CIRCUS.Thanksto MRML propertysheetstheinterfacecanadapt
itself to thesespecificparametersAt the sametime, MRML specifieghe way theinterfacewill turnthese
datainto XML to sendthembackto thesener. Theinterestedeadeiis referredto [8] for details.

3.4 Query Formulation

Thequerystepis dependenbn thequeryparadigm®fferedby theinterfaceandthe searchengine. MRML
currentlyincludesonly QBE, but it hasbeendesignedo be extensibleto otherparadigms.

A basic QBE query consistsof a list of imagesand the correspondingelevancelevels assignedo
themby the user In the following example,the userhasmarked two images,the imagel.jpg positve
(user-relevance="1" ) andtheimage2.jpg negative (user-relevance="-1" ). All queryimagesare
referredto by their URLSs.



<mrml session-id="1" transaction-id="44">
<guery-step session-id="1"
resultsize="30"
algorithm-id="algorithm-default">
<user-relevance-list>
<user-relevance-element
image-location="http://viper.unige.ch 1.jpg
user-relevance="1"/>
<user-relevance-element
image-location="http://viper.unige.ch 12.jpg
user-relevance="-1"/>
</user-relevance-list>
</query-step>
</mrml>

Thesenerwill thenreturntheretrieval resultasallist of imagesagainrepresentetly their URLS.

Queriescanbe groupednto transactionsThis allows the formulationandlogging of complec queries.
This maybe appliedin systemswhich processa singlequeryusinga variety algorithms,suchasthe split-
screerversionof TrackingViper [9] or the systemdescribedy Leeet al. [4]. It isimportantin thesecases
to preserein thelogstheknowledgethattwo queriesarelogically relatedoneto another

4 Extending MRML

In orderto demonstratbow easilyMRML canbeextendedo otherqueryparadigmsye giveasanexample
QBE for imageawith userannotation We assumehatthe useris invited to associatéextual commentswith
imageshe or shemarksasrelevantor irrelevant. Sinceatagfor this purposedoesnotyet existin MRML,
we add an attribute cui-user-annotation="..." to the element. The prefix cui- is addedto avoid
nameclasheswith extensiondrom othergroupswhich useMRML.

<user-relevance-list>
<user-relevance-element
image-location="file:/images/1.jpg"
user-relevance="1"
cui-user-annotation="tropical fish"/>
</user-relevance-list>

It is importantto note herethat senerswhich do not recognizethe cui-user-annotation attribute
still canmake useof theremaininginformationcontainedn theuser-relevance-element element.

As anexampleof how not to extend MRML, we give an extensionwith the samesemanticut which
doesnotrespecthe principle of gracefuldegradation:

<user-relevance-list>
<cui-user-relevance-element
image-location="file:/images/1.jpg"
user-relevance="1"
user-annotation="tropical fish">
</user-relevance-list>

Insteadof addinganattribute to anexisting MRML element(user-relevance-element ),anew el-
ement wasdefinedthat containedhe samekind of extension,namelycui-user-relevance-element
Consequentlysenerswhich do not recognizethis elementwill not be ableto exploit arny relevanceinfor-
mation.

5 Conclusion

Thedevelopmenof MRML andthefirst MRML-complianttoolshasestablisheé commonframenork for
thefastdevelopmentof CBIR applications.To our knowledge,MRML is thefirst generalcommunication
protocolfor CBIR actuallyimplemented.The sourcecodefor the interfaceandthe queryengineis freely
available. This shouldhelp developersof retrieval enginesand developersof userinterfacesto develop



completesystemson the basisof existing components. Extensve testshave shavn the stability of the
protocolandour testcomponents.

SinceMRML is afreeandextensiblestandardtheavailability of moreapplicationsandtoolssupporting
suchaprotocolwill furtherfacilitatethe developmenbof CBIR applicationssupportinga diversity of query
paradigms.

More important,in our opinion, is the fact that the adoptionof MRML will leadto the possibility of
comparingdifferentCBIR applicationsbjectively. This new context will make it easyto developcommon
benchmarkgor all MRML-compliantsystemssimilar to thosewhich exist in thedatabasandinformation
retrieval communities.Only preliminarystepshave beentaken by the CBIR communitytowardsdevelop-
ing commonbenchmarks—aomparisorof evaluationtechniquesnay be foundin [6]. We arecurrently
working on a moreprofoundandflexible benchmarkingystemextendingthe resultsof thisresearch.
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