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Abstract

In this paperwe introduceanddescribetheMultimediaRetrieval MarkupLanguage(MRML). This
XML-basedmarkuplanguageis thebasisfor anopencommunicationprotocolfor content-basedimage
retrieval systems(CBIRSs).MRML wasinitially designedasa meansof separatingCBIR enginesfrom
their userinterfaces.It is, however, alsoextensibleasthebasisfor standardizedperformanceevaluation
procedures.

Sucha tool is essentialfor the formulationandimplementationof commonbenchmarksfor CBIR.
A commonprotocolcanalsobring new dynamicsto theCBIR field—it makesthedevelopmentof new
systemsfasterand more efficient, and opensthe door of the CBIR researchfield to other disciplines
suchasHuman-ComputerInteraction.TheMRML specifications,aswell asthefirst MRML-compliant
applications,arefreelyavailableandareintroducedin thispaper.

Keywords: Multimedia retrieval, Communicationprotocol, Evaluationframework, Reusablesoftware
components

1 Intr oduction

Almost every content-basedimageretrieval system(CBIRS) is a hard-wiredconnectionbetweenaninter-
faceandthe functionalpartsof a program.Someprogramsprovide easy-to-useweb interfaces[3], while
othersneedto beinstalledlocally [13] andarespecificto particularoperatingsystems.Thereuseof com-
ponentsin CBIR, e.g. userinterfaces,is thusvery rare. This is not only a time-consumingproblem,since
everything needsto be developedanew for eachsystem,but it makes the sharingof userdataand the
comparisonof systemperformancesdifficult.

In orderto addresstheseproblems,Y.-C. Changet al. [2] proposeda querytaxonomyfor multimedia
databases.They proposedaninitial formulationof therequirementsfor a systemenablingcommunication
betweenmultimediadatabasesandclients. However, this approachis not yet translatedinto anextensible
protocol.

In thispaperweintroducetheMultimediaRetrievalMarkupLanguage(MRML): anXML-basedmarkup
languagefor multimediaqueries.MRML wasdesignedto facilitatea bottom-updevelopmentapproach,
which separatesthe communicationproblemfrom the searchfor the bestquerylanguagefor multimedia
databases.In other words, not only it is designedto fulfil the short-termneedsof the imagedatabase
researchcommunity, but it is alsodesignedto caterfor its long-termneeds.

Thedevelopmentof standardquerylanguages,togetherwith standardmethodsfor transmittingqueries
anddata,canimprovetheinteroperabilityof CBIRSsandthusincreasetheuseandusefulnessof multime-
dia databases.SQL andODBC areexamplesof suchdevelopmentsfor relationaldatabases.The aim of
MRML, however, is moresimilar to thatof theDICOM protocol[14], which promotedtheinteroperability
of medicalimagingsystemsfrom differentvendors.In summary, we addresstheurgentneedfor common
toolswhich will facilitatethedevelopmentandevaluationof multimediadatabasesystems.By this means,
weaim to facilite thedevelopmentof commonbenchmarksfor CBIRSperformance,similar thoseusedfor
textual informationretrieval [17].

The query-by-example(QBE) paradigmwith relevancefeedback(including browsing) is the search
paradigmemployed by most currentCBIRSs. We thereforeprovide an extensibleQBE facility within
MRML. Further, someMRML-compliant toolshave beendevelopedandmadefreely available.Theseare
describedbriefly in

�
2, andincludetwo CBIR searchengines(Viper andCIRCUS),which actasservers,

andan interface(SnakeCharmer),which actsasa client. Scriptshave also beenmadeavailable,which
might provide a basisfor thecreationof standardCBIRSbenchmarks.An overview of variousevaluation
methodsis givenin [6], wheretheuseof freely-availableannotatedimagecollections,suchas[1], astest
datasetsis alsoadvocated.

In orderto beusefulfor research,MRML needsto bea “li ving standard”:researchgroupswill needto
beableto testanduseextensionswithout having to aska committeefor approval. We thereforeemploy a
developmentmodelwhichpermitsphasesof independentgrowth with subsequentcodemerging.



2 Viper, CIRCUS and SnakeCharmer

MRML wasinitially designedto facilitatecooperationbetweenresearchgroups.The main programsfor
our testbedoriginatefrom the EcoleFéd́eralePolytechniquede Lausanne(CIRCUSandSnakeCharmer)
and from the University of Geneva (Viper). In this testbed,we useMRML to link a single interface
(SnakeCharmer)to two differentCBIRS(CIRCUSandViper).

Viper is an imagesearchenginebasedon techniquescommonlyusedin text retrieval andthusoffers
efficient accessto a very large numberof possible features(morethan80,000simplecolour andtexture
features,both local andglobal).1 Eachimagecontainsonly a subsetof thesefeatures.Accessto images
containinggivenfeaturesis providedby aninvertedfile, a standardaccesstechniquein text retrieval. The
emphasisin Viper is on adaptingthe systemresponseaccordingto interactionwith a user—positive and
negativerelevancefeedbackis acceptedoverseveralsteps.Detaileddescriptionsof Viper maybefoundin
[7, 16].

CIRCUSis aserverframework supportingmultiple imageretrieval methodsandalgorithms.2 Currently
four methodsareimplemented.Thefirst appliesanadaptationof LatentSemanticIndexing [11] to image
featuresdescribinglocal andglobal colour and texture, aswell asglobal layout andoptionalkeywords.
The secondis a texture/layout-specificmethodbasedon wavelet maximamoments. It extractsa setof
contoursfrom theimageat variouslevelsof detail,invariantto scale,translation,andpartially to illumina-
tion changes.Thethird approachis texture-specific,it describestexturesby computingtheparametersof
a HiddenMarkov Model governingthe coefficientsof a waveletdecompositionof a texturedimage. The
similarity is evaluatedusingtheKulbach-Leiblerdistancebetweentwo distributions.Thelastmethodis a
fast,wavelet-packet,approximationof thePrincipalComponentAnalysis,basedonthefeaturesusedby the
othermethods.It is themostscalableandfastestof theimplementedmethods.

SnakeCharmer(figure 1) is an MRML-compliant client application. It is written in JAVA for porta-
bility andoffersqueryby multiple positive andnegative examples,queryhistory, multiple collectionand
algorithmselection,a scatterplot of the resultsaccordingto variousaspectsof similarity anda basket for
user-selectedimages.

Figure1: TheJAVA interfaceSnakeCharmer

1http://viper.unige.ch/
2http://lcavwww.epfl.ch/CIRCUS



3 Multimedia Retrieval Markup Language

MRML is formally specifiedin [8]. It providesaframework whichseparatesqueryformulationfrom actual
queryshipping.It is designedto markupmulti-paradigmqueriesfor multimediadatabases.MRML enables
theseparationof interfaceandqueryengineandthuseasestheir independentdevelopment.

MRML canbeembeddedinto anexistingsystemwith little effort. First, it is XML-based,meaningthat
standardparserscanbe usedto processthe communicationmessages.Further, the codefor an example
MRML-compliantCBIR systemis freely-availableandprovidesthebasicimplementationof bothendsof
anMRML-basedcommunicationtoolkit. MRML is currentlyin a testingphaseat severaluniversitiesand
furtherapplicationsbasedon this protocolsuchasbenchmarksystemsandmeta-queryenginesareunder
development.

MRML is designedto allow extensionby independentgroups. By this means,it providesa research
platformfor extensionswhich latermaybecomea partof commonMRML.

3.1 Featuresof MRML

MRML-basedcommunicationshave the structureof a remoteprocedurecall: the client connectsto the
server, sendsa request,andstaysconnectedto theserveruntil theserverbreakstheconnection.Theserver
shutsdown the connectionafter sendingthe MRML messagewhich answersthe request. This connec-
tionlessprotocolhasthe advantageof easingthe implementationof the server. To limit the performance
losscausedby frequentlyreconnecting,it is possibleto sendseveral requestsaspart of a singleMRML
message.The extensionof MRML to a protocolpermittingthe negotiationof a permanentconnectionis
alsoplanned.

MRML, in its currentspecification(andimplementation)state,supportsthefollowing features:

� requestof a capabilitydescriptionfrom theserver,

� selectionof a datacollectionclassifiedby queryparadigm;it is possibleto requestcollectionswhich
canbequeriedin acertainmanner,

� selectionandconfigurationof a query processor, also classifiedby query paradigm;MRML also
permitstheconfigurationof meta-queriesduringrun time,

� formulationof QBE queries,

� transmissionof userinteractiondata.

The final featurereflectsour strongbelief that affective computing[12] will soonplay a role in the field
of content-basedmultimediaretrieval. MRML alreadysupportsthis by allowing the loggingof someuser
interactiondata.In particular, this is thecasefor thehistory-forwardandhistory-backwardfunctionalities
of theSnakeCharmerinterface.

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

Anotherreasonfor theuseof XML asabasisfor MRML is thelargenumberof freeXML toolsavailable
suchasparsersandtoolsto evaluatefilesin XML format(XML QueryLanguage).XML is aboutto become
themaindescriptionlanguagefor all kindsof metadataon the internetandmayalsobeusedin MPEG-7
[5], thusensuringthelong-termsupportof its specifications.

Graceful degradation: independentdevelopmenton a commonbase Gracefuldegradationis thekey
to successfulindependentextensionof MRML. Thebasicprinciplescanbesummarisedasfollows:



� serversandclientswhich do not recognizean XML elementor attributeencounteredin an MRML
text shouldcompletelyignoreits contents,

� extensionsshouldbe designedso that all the standardinformationremainsavailableto the generic
MRML user(seeexamplesin

�
4).

Theseprinciplesprovide guidelinesfor independentextensionsof MRML. To avoid conflictsbetweendif-
fering extensionsof MRML, we plan to maintainor promotea centraldatabasefor the registrationand
documentationof MRML extensions.This would alsofacilitatethe“translation”betweenuserlogswhich
containextendedMRML.

3.2 Logging onto a CBIR server

An MRML server listenson a port for MRML messageson a given TCP socket. Whenconnecting,the
client requeststhebasicpropertiesof theserver, andwaitsfor ananswer. SkippingstandardXML headers,
theMRML codelookslike this:

<mrml>
<get-server-properties />

</mrml>

Theserver theninforms the client of its capabilities.This messageis emptyin the currentversionof
MRML, but it allows for theextensionof theprotocol:

<mrml>
<server-properties />

</mrml>

Using similar simplemessages,the client canrequesta list of the collectionsavailableon the server,
togetherwith descriptionsof thewaysin which they canbequeried.

The client can thenopena sessionon the server, andconfigureit accordingto the needsof its user
(interactive client) or its own needs(e.g. meta-queryagents).The client canalsorequestthe algorithms
which canbeusedwith a givencollection:

<mrml>
<get-algorithms

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

Thisrequestis answeredby sendingthecorrespondinglist of algorithms.Thishandshakingmechanism
allows both interactive clients andprograms(suchasmeta-queryagentsor automaticbenchmarkers) to
obtaininformationdescribingtheserver.

In asimilarsimplemanner, theclientcanopenandclosesessionsfor auser, andconfigurethealgorithms
chosenby theuser. Thisenablesmulti-userserversandalsoon-the-flylearningby thequeryprocessor.

3.3 Interface configuration

The client can then requestpropertysheetdescriptionsfrom the server. Different algorithmswill have
differentrelevantparameterswhichshouldbeuser-configurable(e.g. featuresets,speedvs.quality). Viper,
for example,offersseveral weightingfunctions[15] anda varietyof methodsfor, andlevelsof, pruning.
All theseparametersareirrelevantfor CIRCUS.Thanksto MRML propertysheets,theinterfacecanadapt
itself to thesespecificparameters.At thesametime,MRML specifiestheway theinterfacewill turn these
datainto XML to sendthembackto theserver. Theinterestedreaderis referredto [8] for details.

3.4 Query Formulation

Thequerystepis dependenton thequeryparadigmsofferedby theinterfaceandthesearchengine.MRML
currentlyincludesonly QBE,but it hasbeendesignedto beextensibleto otherparadigms.

A basicQBE query consistsof a list of imagesand the correspondingrelevancelevels assignedto
themby the user. In the following example,the userhasmarked two images,the image1.jpg positive
(user-relevance="1" ) andtheimage2.jpg negative(user-relevance="-1" ). All queryimagesare
referredto by theirURLs.



<mrml session-id="1" transaction-id="44">
<query-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 /2.jpg "
user-relevance="-1"/>

</user-relevance-list>
</query-step>
</mrml>

Theserverwill thenreturntheretrieval resultasa list of images,againrepresentedby theirURLs.
Queriescanbegroupedinto transactions.This allows theformulationandloggingof complex queries.

This maybeappliedin systemswhich processa singlequeryusinga varietyalgorithms,suchasthesplit-
screenversionof TrackingViper [9] or thesystemdescribedby Leeet al. [4]. It is importantin thesecases
to preserve in thelogstheknowledgethattwo queriesarelogically relatedoneto another.

4 Extending MRML

In orderto demonstratehow easilyMRML canbeextendedto otherqueryparadigms,wegiveasanexample
QBEfor imageswith userannotation.Weassumethattheuseris invitedto associatetextualcommentswith
imagesheor shemarksasrelevantor irrelevant. Sincea tagfor this purposedoesnot yet exist in MRML,
we addan attribute cui-user-annotation="..." to the element.The prefix cui- is addedto avoid
nameclasheswith extensionsfrom 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 noteherethatserverswhich do not recognizethecui-user-annotation attribute
still canmakeuseof theremaininginformationcontainedin theuser-relevance-element element.

As anexampleof how not to extendMRML, we give anextensionwith thesamesemanticsbut which
doesnot respecttheprincipleof 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 ), a new el-
ement wasdefinedthatcontainedthesamekind of extension,namelycui-user-relevance-element .
Consequently, serverswhich do not recognizethis elementwill not beableto exploit any relevanceinfor-
mation.

5 Conclusion

Thedevelopmentof MRML andthefirst MRML-complianttoolshasestablishedacommonframework for
thefastdevelopmentof CBIR applications.To our knowledge,MRML is thefirst generalcommunication
protocolfor CBIR actuallyimplemented.Thesourcecodefor the interfaceandthequeryengineis freely
available. This shouldhelp developersof retrieval enginesanddevelopersof userinterfacesto develop



completesystemson the basisof existing components.Extensive testshave shown the stability of the
protocolandour testcomponents.

SinceMRML is afreeandextensiblestandard,theavailability of moreapplicationsandtoolssupporting
suchaprotocolwill furtherfacilitatethedevelopmentof CBIR applicationssupportingadiversityof query
paradigms.

More important,in our opinion, is the fact that the adoptionof MRML will leadto the possibility of
comparingdifferentCBIR applicationsobjectively. Thisnew context will make it easyto developcommon
benchmarksfor all MRML-compliantsystems,similar to thosewhichexist in thedatabaseandinformation
retrieval communities.Only preliminarystepshave beentakenby theCBIR communitytowardsdevelop-
ing commonbenchmarks—acomparisonof evaluationtechniquesmaybe found in [6]. We arecurrently
working on amoreprofoundandflexible benchmarkingsystemextendingtheresultsof this research.
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