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Abstract

TheAcoi projectprovidesa large-scalesxperimentatiorplatformto facilitate studiesin the areaof indexing
multimediaobjectsandtheir subsequemntetrieval. Theindex modelis basedon assemblingheresultsof feature
detectionalgorithmsinto hierarchicalstructuresto classify the objects. This paperprovides an overvien of
the Acoi architectureand the FeatureDetectorEngine (FDE) model. Centralto its designis a grammatical
descriptionof thefeaturerelationsto classifythe multimediaobjectsandto steertheir detectionandstorage lts
roleis informally introduced.

1 Intr oduction

Searchingelevantobjectsin a large scalemultimediadatabasen the basisof selectve propertiesandrealistic
similarity measurebasbecomeoneof thekey challengesn computeisciencelt hasgainedthis positionin recent
years,dueto the abundanceof materialaccessibleéhroughthe World Wide Web, the progressn digital imaging
andaudioprocessing.

The solutionsavailable are largely basedon catalogueswhich are either constructedmanually asin the
caseof Yahoo(http://ipix.yahoo.com)or derived from the text surroundinghe objectsof interest,seeAltaVista
(http://vww altavista.com).A significantsteptowardsdisclosingtheinformationcontainedn multimediaobjects
canbefoundat the homepagef Magnifi (http://wwwmagnifi.com).It providesanintegratedsolutionto index a
multimediadatabas@singa combinationof text andimagefeatureindexing techniques.

Not withstandingthe succes®f cataloguesystemso supportthe communityat large in finding information,
progressn the areaof automaticindexing multimediaobjectshasbeenratherlimited [JAIN97]. Thechallenge
remainings to determinghosefeatureghatadequatelgapturea concept— invariantto therecordingmethod—
andthataid subsequentetrieval. Theissuego be dealtwith are: "What portion of a photograptrshouldbe used
asathumbnail?”,"What fragmentof anaudiostreamactsasindex entry?”,”"How to supportvisualbrowsingin a
large collectionof images?”’How to classifytwo imagesin a conceptierarchy?”,...

The Acoi approach

TheAcoi! project hasbeeninitiatedto developalarge-scalexperimentatiorplatformto facilitatestudiesin this
area.The prototypehasbeenset-upto accommodate-1M images,> 50K audiofiles, and>10K video streams.
Theprojectsmaincontributionandinnovationis a soundmodelandeffective systemarchitecturéo accommodate
a variety of algorithmsdealingwith extracting propertiesirom multimediaobjectsfor indexing purposes.This
papemreportson a partof the systemdesignwhich hasbeendrivenby thefollowing requirements:

¢ It shouldprovide accesgo globally storedmultimediaobjects.
¢ |t shouldbedynamicallyextensiblewith indexing tools.
¢ It shouldsupportbothblack& white box featuredetectionalgorithms.

¢ It shouldaccommodata broadspectrunof classificatiorschemes.

1AmsterdanCatalogueof Images
2TheAcoi projectis fundedthroughthe Dutch SION project’Amis” andTelematicdnstitutesproject”Digital MediaWarehouses”.



¢ |t shouldprovide proximity andpartialqueryansweringschemes.

Theirrationalecanbe summarizeasfollows.

Giventhe sheersize of the multimediadatabaseit is out of the questionto retaina substantiafraction at the
experimentatiorsite. Rather the Acoi systemis the intermediaryfor a groupof researcherso experimentwith
informationstoredat remotelocations.

Dynamic extensibility is neededio supportexperimentationby specialistan the domainsconsidered.The
systempermitsa new featuredetectionalgorithmto belinkedinto the systemat runtime. It causeghe systemto
quickly deploy it againseasilyaccessibl@bjects,.e. thosealreadyin the cache.

Black box featuredetectorsare(proprietary)softwaretoolswith only alooseinteractiorwith the Acoi system.
They are generallyobtainedas binary executablesonly and limited knowledgeon their internal behaior can
be usedto steerthe indexing processor improve query responsieness. Contrary white-box featuredetectors
are describedas mathematicakxpressionsover easily derivable (or pre-calculatedpbjectfeatures. Often they
constitutequeryviews over the multimediadatabaséself. They lendthemselesfor optimizationundercontrol
of anoptimizer

To improve crossfertilization of featuredetectionschemesthe systemshould supportcoexistenceof both
manual,semi-automaticand automaticclassificationschemes. Manual classificationschemesalone doesnot
work, becausé& doesnotscale.lt shouldbeusedn thosecaseswhere(semi-)automaticalassificatiorhasalready
reducedhesetto afew hundredelements.

Queryinga multimediadatabasestresseshe traditionalcomputationamodelin a DBMS, becauséts indices
arenevercompleteandit is impossibleto wait for theindexing procesgo finish. The primereasorbeingthatmost
of theinformationsourcesarestoredremotelyandit is too expensve to accesshemrepeatedlyFurthermorethe
decisionmodel behinda query expression— the predicateholds or not — shouldbe relaxed to retainanswers
basedn probabilisticexpressions.

TheAcoi projectaddressethesdssueswith aflexible architectureandsizabledemonstrator

Relatedreseach

Multimedia (databasejndexing issuesare studiedat variousplaces[ARYA96, GUPT97 SPIE9]. In thearea
of imageanalysisPhotobook[PENTI WebSEEK[CHAN9T and QBIC[FLIC99 illustratethatwithin alimited
domainandrelatively smalldatabase# is possibleto retrieve similar objectsusingeasycomputablémageprop-
erties,suchascolor histograms.

A major researctforce hasbeentriggeredby the US Digital Library Initiative. The Initiative’s focusis to
dramaticallyadvancethe meango collect, store,andorganizeinformationin digital forms,andmake it available
for searchingyetrieval, and processingria communicatiometworks — all in usetfriendly ways. For example,
the Berkeley Digital Library projectaimsto develop technologiedor intelligentaccesso massie, distributed
collectionsof photographssatelliteimages,maps, full text documentsand "multivalent” documents. It in-
volvesresearchersf the ComputerScienceDivision, the Schoolof Information Managemen& Systemsand
the ResearchProgramin EnvironmentalPlanning& Geographidnformation Systemsaswell as participation
from governmentagenciesandindustrial partners.StanfordUniversity participatesn this programwith a focus
on interoperationmechanism@&mongheterogeneouservices. Carngjie Mellon University dealswith content-
basedretrieval of video. Progressn variousaspect®f the Digital Librariesarepublishedin [DL96, DL97] and
http://dli.graingemiuc.edu/natinal.itm.

Theremaindenf thisreportis organizedasfollows. In Section2 weintroduceamodelto supporiabroadspectrum
of incrementamultimediaindexing. Section3 placesthis modelinsidea systemarchitecture We concludewith
the currentstatusof the Acoi projectandanindicationof thechallengeshead.

2 Acoi Detector Model

In this sectionwe presentmotivationalexample followedby aninformal definition of the Acoi data-andexecu-
tion model.

2.1 Motivational example

TheAcoi detectomodelhasbeendevelopedto provide a concisedescriptiorof thestructureandorganizatiorof a
multimediaindex databaseThe modelis basedn the obsenationthatindexing anarbitrarymultimediaobjectis



intuitively equivalentto deriving agrammaticabtructurethatprovidesa namespaceo reasoraboutandto access
its components.

A smallexamplewill make this clear Considetyour favorite photographeferencedy alabelona photodisc
andthetaskto index it from your multimediaalbum. Thenthefollowing stepsarelik ely to occur First, you enter
the photoid# asan elementn a classificatiortreeunderthe headeral bum gr aphi c¢s - it is agraphicsobject
(syntax)-andundertheheadel bum phot o - it alsobelonggo your photoalbum (semantics)Secondyou at-
tachthelabelsal bum phot 0. cr eati on- dat e, al bum phot 0. | ocati on, al bum phot 0. capti on
and classificationproperties- it alsobelongsto the classof family photos. Finally, you might pan portionsof
the phototo updatethe portraitgallery al bum peopl e. Theseactionsleadto a hierarchicalstructureof the
componentassociateavith a singlemultimediaobject,asillustratedin Figurel.
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Figurel: Comple«c MM objectstructure

You canalsointerpretthis processas an extendedparsingactvity. Giventhe phot o, dat e,l ocat i on,
caption,andset of faces, thestructurederivedformsa parsetreefor anelementacceptedy the gram-
mar for your album. The bottomof the parsetree containslexical atomsbelongingto a particularbasedomain:
graphicsVpe,photoType,dateType,- - - . Unlike traditionalparsingthereis no a priori fixedsequencérom which
the lexicals are consumed.The "parser”works its way throughlexicals createddynamically e.g. questionsare
asledandfacesarederivedin theprocess.

2.2 The Feature Grammar

The ultimate goal of the Acoi projectis to enable(semi-)automatiéndexing a large multimediadatabase.The
startingpoint for this processs a collectionof multimediaobjectsM, whosebasicpropertiesarealreadyobtained
with a Web robot and storedin a Monet[BONC95 BONC98] databaseisingthe scheman Figure 2. Further
indexing this databas@amountso additionof binaryrelationswhich carry valuesto classifythe collection M in

new dimensions.

For this processwve borrav conceptsandtechniquedrom formal languagetheory To recall, we describea
languagef propertiesusingagrammaiG = (V, T, P, S) whereV is acollectionof variablesT asetof terminals,
P productionf theformV — (V U T)*, andS thestartsymboltakenfrom V. A sententiaform « is a string of
terminalsandvariablessuchthat S = «. Thecollectionof parsetreesis denotedby PT.

A sublanguagé.(G,,) is describedwvith the sub-grammaé,, = (V,,, T, Py, w), takinga consistensubset
of thecorrespondingomponentsf G. It describeshe structureof sub-sentenceds thelanguagel(G).

TheterminalsT areordinarytypedlexicals. Thebuilt-in setof typesencompassekbetraditionalprogramming
typesi nt --- st r. Furthermoretype extensibility of Monet providesfor morecomple types,suchasi mage.
Theterminalsarecollectednto tokensequencesr sentence®'S = [to(vo), - - - t(vr )] Wheret; € T isanatomary
typename andv; avaluein domain(t;). A tokensequences belongshelanguagel(G), i.e. ts is parsedagainst
grammaiG, if thereexistsasequencef productionssuchthatS = ts.

Turning backto our main objective, we considera featuredatabase collection of sentencesvith indexing
values. Their parsetree denotesa hierarchicalstructureand provides a namespaceto accessand manipulate
components. Actually, there exists a naturalmappingfrom sententialdo comple objects. In particulay the
(non-)terminalsaremappednto objectattributes;repetitioninto a list constructorandalternatvesaselementsn
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abstractlassesA primeadvantageof ourgrammaticahpproachs its concisenest specifyingalargecollection
of classesWhena classdescriptioris neededor applicationinterfacing,it canreadilybederivedandrefinedwith
applicationspecificbehaior.

Definition 1. Forv € V U T theclassC, denoteghe classof comple< objectsequivalentto thesub-languagér,,.

Featuredetectordit in this framavork as operationsassociatedavith non-terminalswhich massage token
sequencéo steercorrectparsingof the corresponsingublanguagef-or this they mayinspectthe parsetreeunder
constructior(its sententiaform).

Definition 2. A featuedetectord € D C V is afunctionthatmapsatokensequences € T'S intow’ € T'S using
its parsetreed;, suchthatthe headof w' is a sentencén thesublanguagé:;.

A featuredetectomay involve userinteractionto identify the elementin F' or evenextend F' in the classifi-
cationprocess.For example,the detectorcould askthe userexplicitly for the classificationinformationusinga
dialogueinitialized with a setof choicesask("car”,’house”,...) or to let theuserdrawv geometricstructureon the
screerto identify the portionsof intereste.g.faces

Ordinaryfunctionsdiffer from the featuredetectorsn thattheinformationderivedis not keptpermanentlyn
thedatabaséor recall. As such they arealsototal functionsinsteadof partialfunctions(overthedatabasextent).

Sincedetectorsnay be introducedong afterthe databaséasbeencreatedthe Acoi indexing processeces-
sarily is incremental becausehe sourcemay not be availableat all times. This leadsto two sub-classefor ary
classC' asfollows: _

Definition 3. The objectclassindexedby featuredetectord is denotedoy C'4. Thosenotyetindexedaredenoted

by C4. At ary time classCy =Cq U Ca.

2.3 An example

To illustrate,considerthe featuregrammardefinedin Figure3. Thetop partdefinesatoms(typedterminals)and
featuredetectors.Detectoravat ar is a white-boxdetector;its behaior is definedby an expressiorunderstood
by the Acoi system.The otherdetectorsareblack box detectorsknown by their nameonly. It is up to the user
to supplyanimplementationThe body mayinspectparsetree- it providesaccesdo contetual information-and



# Atoms

%ATOM image;

%ATOM str protocolsener, directory;

%ATOM strbasenameextension

%ATOM int width, height;

# Detectors

%DETECTOR url;

%DETECTOR picture;

%DETECTOR icon(image);

%DETECTOR avatar(thumbnail thumbnail.picture.width=40

& & thumbnail.picture.height=60;

# Productiorrules

mmo: url category;

url; protocolsener directory* basenamextension;
catgory: thumbnail| avatar;

thumbnail: pictureicon;

picture: imagewidth height;

icon: picture;

Figure3: A FeatureGrammarExample

changehetokensequencéo assurgropercontinuedparsing.

The bottompart containsa grammarfor a hierarchicalkstructuredeaturespace.An objecto thatis known to
obey this grammarhasan implied syntaxtreewherethe edgesare labeledwith the namesof the corresponding
productionrules. Component®sf this parsereecanbe accessewith regular (path)expressions.

Unlike traditionalgrammarsalternationbetweent hunbnai | andavat ar is not exclusive. Both produc-
tionsdescribealternateviews on the sameunderlyingobject. The cateyory rule succeedsvhenfor all alternatves
thatsucceegroducethe sametokensequencéor continuation An alternatve thatfails is furtherignored.

Obsenre that semi-structurediatabase$ollow the samepattern,a documentis a hierarchicalcomposition
whosestructures convenientlydescribedy a grammarne.g. SGML, HTML, XML, Hytime). However, in Acoi
we expectanapriori gevengrammaranddo notderive theschemaon thefly from thedocumentén thedatabase.

2.4 Executionmodel

An informal descriptionof how the featuregrammaiis usedto obtainthe index runsasfollows (usingthe exam-
ple featuregrammarin Figure3). At somepointin time, a string (e.g. "http://www.cwi.nl/~ monet/ladygif”)
is insertedin the token pool from which the grammaticalstructureis parsed. The start node o createsa
parsingcontet that ultimately leadsto acceptancer rejectionof the objectasa mo object. This proofis at-
temptedby proving theright handsideof the nmo rule, which startswith callingtheur | detector It searcheshe
poolfor a stringandbreaksit into componentsasfollows: [ pr ot ocol (http), server(ww.cw .nl),
directory(~nonet), basenane(lady), extension(gif)] andthedetectoreturnssucceep. The
modifiedtoken pool canbe consumedy the parsedooking for a valid url. The nmo rule canthenproceedwith
thecat egor y proofwith two alternatves,t hunbnai | andavat ar , botharevalid continuations.

Thet hunbnai | ruletriggersthedetectompi ct ur e. Its bodyhasaccesdo the completeparsetreebuilt so
far. It useghisinformationto accesshefile beingreference@nddeterminets typefrom theextensioncomponent.
Uponsucceséitisagi f file) it openghecorrespondindjle andgenerateatomq i mage( cache/ | ady. gi f),
wi dt h(85), hei ght (250)] pushedn front of thetokenqueue.

Subsequentlythe i con detectoris called with the mostrecenti mage object as parameter It derivesa
smallicon, leaving it behindin the token streamfor consumptionas|[ i nage(cache/ | ady. i con. gi f),
wi dt h(75), height(75)].Whent hunbnai | proofhasendedsuccessfullythe catgory proof proceeds
with the next alternatve,avat ar .

Theavat ar is anexampleof a predicate-basedetector Thet hunbnai | amumentsetsthe contet. But
therearetwo picturesavailablein the parsetree (thumbnailandicon). Therefore the pathshouldexplicatethe
contet to locatethecorrectwi dt h andhei ght .



Thecat egory rule succeedd atleastt hunbnai | oravat ar reportssuccessWhenthe completermo
rule hasbeenproventheoriginal stringobjecthasbeenparsednto ahierarchicaktructurecontainingclassification

andfeatureinformation.

This executionmodelgivesa systematigarsingmethodto classifya new object. The featuredetectorengine
usesthis methodto steerfeaturedetectobehaior. Basicallyclassificatioris baseduponthe succes®r failure of
parsingthe tokensequenceThe detectorsnerelyassureghatthe properclassificatiorinformationis availablejust

in time.

3 Architecture Overview

An overview of the Acoi architecturas shovn in Figure4. This sectionoffersa shortdescriptionof therole and
approachiakenin eachcomponent.

AcoiView AcoiQuery AcoiReport
Feature Feature
\ / C-code Java-code
Feature - > |AcoiDetector] —— Feature ‘ ‘
Grammar API ¢ ¢ ¢ ¢
\ ) C-Compiler java- -
AcoiEngine | —= ig?'ne ) > | compiler
. Feature Feature DDL
AcoiSchemd Query Detection [
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core program

: O specification

AcoiSearch

Figure4: Acoi ArchitecturalOvervien

3.1 WebRobot

Thefirst componentesignecandimplementeds the AcoiRobot. The AcoiRobottraverseshe World Wide Web
in searchof multimediaobjects. Somebasicobjectfeaturesare computedandsurroundedHTML text is usedto
deriveindex terms.Thesebasicfeaturesandindex termsareusedto provide aninitial parsetreefor furtherfeature
detection.Thedatabasschemdor thisinformationis shovn in Figure2.

Relatedto the AcoiRobotis the AcoiSearchinterfacewhich canbe usedto retrieve multimediaobjectsfrom
thedatabaseisingonly this basicinformation. AcoiSearclhprovidesanAltaVistalik e service e.g. retrieval based

on keywords.



3.2 Userlinterfaces

Theprimaryinterfacego the Acoi systemconsistof Java applets.AcoiView is anappletto inspectandmodify a
featuregrammar It containsadministratve functionsto manageheunderlyingdatabasandprovide simplequery
primitivesto inspectresourceconsumption.

AcoiQueryis a Java appletto formulatea featuregrammarquery It consistsof two parts: the target- and
restriction-grammar The former is a subsetof the featuregrammaraugmentedvith expressiongo derive the
informationbeforebeingdisplayed.Therestriction-grammais a subsebf the databasschemaaugmentedvith
predicateso derive the collectionof objectconsideredor retrieval.

AcoiReportis a Java appletto browsethe resultsof a query It usesa straightforvard mappingfrom target
grammarno HTML.

3.3 DatabaseManagement

Thecorecompilersandutilities areordinaryUnix programs AcoiSchemdakesa featuregrammarandderivesthe
underlyingdatabasstructure For Monetthisinvolvesgeneratiorof a collectionof binaryrelationsto managehe
databaseThis mappingretainsthe namesfrom the grammarto easeaccesgo the databaseisingnon-Acoitool
sets,suchasdirectqueryingwith theMonetMIL processqror aSQL interpreter

AcoiSchemaalsotakescareof adaptingan existing databaseln thatcasethe programtakesthe old andnew
grammarto produceupdatesstatementgor the databaseThis includeinvalidatingthe classificationandfeature
valuesinconsistentwith thenew grammar

3.4 DetectorLibraries

The applicationinterfacesfor both C and Java detectorimplementationsre derived from the featuregrammar
usingAcoiDetector AcoiEngine,AcoiLib.

AcoiDetectorgeneratea skeletonfile for all detectorsn afeaturegrammarlt shouldbe extendedby theuser
with bodiesto derive the featurevaluesof interestandto make themknown to thetokenpool for the parser The
detectorshouldbe designecasmemorylesslevices;thereis no causalorderbetweersuccessie calls. Moreover,
the codeshouldbe thread-safeptherwiset will berunin a separat@rocessandcommunications setup usinga
plain Ascil stream.

AcoiEnginegeneratea parserffrom thefeaturegrammar Linkedwith the AcoiLib library anddetectotbodies,
it producesa self-containedieaturedetectorengine. It canbe called from the commandline. Its outputis a
sequencef updatesonthe Monetdatabase.

AcoilLib constitutesa collectionof binariesto easedevelopmentof detectors.It providesfunctionsto access
theparsetreesto modify thetokenpool,andgeneraltilities for delugging.

3.5 The Feature Detector Engine

TheFeatureDetectorEngine(FDE)is a multi-threadegrocesglerivedfrom thefeaturegrammarandin chageof
updatingthefeaturedatabasevithin theresourcdimitationsgiven. It providesa harnasgor multiple AcoiEngine
parsergo updatethe databasén parallel.

TheFDE respondso insertionsandmodificationsof thedataby AcoiRobot,becaussuchupdatesnayleadto
startinga (partial) recomputatiorof featurevaluesandreclassificatiorof multimediaobjects. FurthermoreFDE
providesmanagemerfunctionsto (de-)registerdetectorsandto keeptrack of performance.

FDE maintainsa small cacheof multi-mediaobjects,suchthat experimentatiorwith new detectorscanbe
accommodatewvithout excessve load on the network. Oncethe algorithmshave proved stability, the scopeof
applicabilityof afeaturecanbe extendedo coverlargerdomains.

3.6 The Feature Query Engine

TheFeatureQueryEngine(FQE)providesaharnass$or multiple querystreamsgescribedy target-andrestriction-
grammars.A complicatingfactoris thatthe completeanswersetcant be determinedn finite time for several
reasonsFirst, the databasés constantlyupdatedoy AcoiRobotwith new informationaboutmulti-mediaobjects
on the World Wide Weh Likewise,the FDE constantlyupdateghe databasevith indexing informationobtained
from the featuredetectors.Finally - morechallenging- the raw informationis not likely to be availableto aim
indexing andretrieval. Downloadingit for featuredetectiorshouldbe scheduleduchthatmaximalinformationis
extractedeachtime it is accessed.



ThesdactorsrequireFQEto beableto provide partialqueryanswersandto provide quality figuresfor answers
returned.An assessmerjandprediction)of the costto accesanothersetof objectsis alsohighly relevantfor the
user beforehe callsupondownloadingall imagesoverthe netfor a simpledetectorexperiment.

4 Implementation status

The AcoiRobothasbeenimplemented It obeys therobotexclusionprotocolandhascollectedsofar a candidate
list of 200K imageurls. As soonasthe hardwareplatformhasbeeninstalled,the candidatdist is explored. This
basedatabasevill be madeavailablefor public useassoonaspossibleusingthe AcoiSearchdemonstratqra kind
of Alta Vistaapplications.

PrototypeAcoiSchemaAcoiEngine,and AcoiDetectorprogramshave beenconstructed.Demonstratopro-
gramsarecurrentlybeingdevelopedalongwith thenecessardocumentationTheinteractionwith the databasés
loose.Updatesarecastinto Ascli files of MonetcommandsMoreover, no accesss providedto partialparsetree
alreadystoredin the databaseThe ervisionedharnas$-DE with tight databaseouplingwill be developedafter
our first experimentatiorwith the ervisionedarchitecturéhasproducednoreinsightsin its requirements.

The AcoiView applethasbeendevelopedin Java 1.1 usingthe Swing library. The applethelpsthe userto
defineacorrectandcompletefeaturegrammar

5 Summary and conclusions

We have introduceda novel methodto index a large multi-mediadatabasevith userdefinedfeatures.lt is based
on soundparsingtechniqueswith a keeneye towardssupportfor incrementabparsing. Actually, the databasés
consideredh large collection of parsetrees,readily available for queryingas a databasef comple-structured
objects.

A largeexperimentatiomplatformis currentlyunderconstructiorto validatetheapproachaken. It is scheduled
for acces$n thesummerof 1998.

Theprimeareaf researclaretheformulationof the querylanguageandthetwo harnasprogramsFDE and
FQE,to handletheintrigateissuegaisedby accessin@ highly volatile anddistributedstore.
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