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Abstract

TheAcoi projectprovidesa large-scaleexperimentationplatformto facilitatestudiesin theareaof indexing
multimediaobjectsandtheir subsequentretrieval. Theindex modelis basedon assemblingtheresultsof feature
detectionalgorithmsinto hierarchicalstructuresto classify the objects. This paperprovides an overview of
the Acoi architectureand the FeatureDetectorEngine(FDE) model. Centralto its designis a grammatical
descriptionof thefeaturerelationsto classifythemultimediaobjectsandto steertheir detectionandstorage.Its
role is informally introduced.

1 Intr oduction

Searchingrelevantobjectsin a largescalemultimediadatabaseon the basisof selective propertiesandrealistic
similarity measureshasbecomeoneof thekey challengesin computerscience.It hasgainedthispositionin recent
years,dueto theabundanceof materialaccessiblethroughtheWorld Wide Web, theprogressin digital imaging
andaudioprocessing.

The solutionsavailable are largely basedon catalogues,which are either constructedmanually, as in the
caseof Yahoo(http://ipix.yahoo.com),or derivedfrom the text surroundingtheobjectsof interest,seeAltaVista
(http://www.altavista.com).A significantsteptowardsdisclosingtheinformationcontainedin multimediaobjects
canbefoundat thehomepageof Magnifi (http://www.magnifi.com).It providesanintegratedsolutionto index a
multimediadatabaseusinga combinationof text andimagefeatureindexing techniques.

Not withstandingthesuccessof cataloguesystemsto supportthecommunityat large in finding information,
progressin the areaof automaticindexing multimediaobjectshasbeenratherlimited [JAIN97]. Thechallenge
remainingis to determinethosefeaturesthatadequatelycaptureaconcept— invariantto therecordingmethod—
andthataid subsequentretrieval. Theissuesto bedealtwith are: ”What portionof a photographshouldbeused
asa thumbnail?”,”What fragmentof anaudiostreamactsasindex entry?”,”How to supportvisualbrowsingin a
largecollectionof images?”,”How to classifytwo imagesin a concepthierarchy?”,...

The Acoi approach

TheAcoi1 project2 hasbeeninitiatedto developa large-scaleexperimentationplatformto facilitatestudiesin this
area.Theprototypehasbeenset-upto accommodate� 1M images,� 50K audiofiles, and � 10K videostreams.
Theprojectsmaincontributionandinnovationis asoundmodelandeffectivesystemarchitectureto accommodate
a variety of algorithmsdealingwith extractingpropertiesfrom multimediaobjectsfor indexing purposes.This
paperreportsona partof thesystemdesign,whichhasbeendrivenby thefollowing requirements:

� It shouldprovideaccessto globallystoredmultimediaobjects.

� It shouldbedynamicallyextensiblewith indexing tools.

� It shouldsupportbothblack& whitebox featuredetectionalgorithms.

� It shouldaccommodatea broadspectrumof classificationschemes.

1AmsterdamCatalogueof Images
2TheAcoi projectis fundedthroughtheDutchSIONproject”Amis” andTelematicsInstitutesproject”Digital MediaWarehouses”.



� It shouldprovideproximity andpartialqueryansweringschemes.

Their rationalecanbesummarizedasfollows.
Giventhesheersizeof themultimediadatabase,it is out of thequestionto retaina substantialfractionat the

experimentationsite. Rather, the Acoi systemis the intermediaryfor a groupof researchersto experimentwith
informationstoredat remotelocations.

Dynamicextensibility is neededto supportexperimentationby specialistsin the domainsconsidered.The
systempermitsa new featuredetectionalgorithmto belinkedinto thesystemat runtime. It causesthesystemto
quickly deploy it againsteasilyaccessibleobjects,i.e. thosealreadyin thecache.

Blackboxfeaturedetectorsare(proprietary)softwaretoolswith only a looseinteractionwith theAcoi system.
They are generallyobtainedas binary executablesonly and limited knowledgeon their internal behavior can
be usedto steerthe indexing processor improve query responsiveness.Contrary, white-box featuredetectors
aredescribedasmathematicalexpressionsover easilyderivable(or pre-calculated)object features.Often they
constitutequeryviews over themultimediadatabaseitself. They lendthemselvesfor optimizationundercontrol
of anoptimizer.

To improve crossfertilization of featuredetectionschemes,the systemshouldsupportcoexistenceof both
manual,semi-automatic,and automaticclassificationschemes.Manual classificationschemesalonedoesnot
work, becauseit doesnotscale.It shouldbeusedin thosecaseswhere(semi-)automaticaclassificationhasalready
reducedthesetto a few hundredelements.

Queryinga multimediadatabasestressesthetraditionalcomputationalmodelin a DBMS, becauseits indices
arenevercompleteandit is impossibleto wait for theindexing processto finish. Theprimereasonbeingthatmost
of theinformationsourcesarestoredremotelyandit is tooexpensiveto accessthemrepeatedly. Furthermore,the
decisionmodelbehinda queryexpression— the predicateholdsor not — shouldbe relaxed to retainanswers
basedonprobabilisticexpressions.

TheAcoi projectaddressestheseissueswith aflexible architectureandsizabledemonstrator.

Relatedresearch

Multimedia (database)indexing issuesarestudiedat variousplaces[ARYA96, GUPT97, SPIE95]. In the area
of imageanalysisPhotobook[PENT94], WebSEEk[CHAN97] andQBIC[FLIC95] illustratethatwithin a limited
domainandrelatively smalldatabasesit is possibleto retrievesimilarobjectsusingeasycomputableimageprop-
erties,suchascolorhistograms.

A major researchforce hasbeentriggeredby the US Digital Library Initiative. The Initiative’s focus is to
dramaticallyadvancethemeansto collect,store,andorganizeinformationin digital forms,andmake it available
for searching,retrieval, andprocessingvia communicationnetworks – all in user-friendly ways. For example,
the Berkeley Digital Library projectaims to develop technologiesfor intelligent accessto massive, distributed
collectionsof photographs,satellite images,maps,full text documents,and ”multivalent” documents. It in-
volvesresearchersof the ComputerScienceDivision, the Schoolof InformationManagement& Systems,and
the ResearchProgramin EnvironmentalPlanning& GeographicInformationSystems,aswell asparticipation
from governmentagenciesandindustrialpartners.StanfordUniversityparticipatesin this programwith a focus
on inter-operationmechanismsamongheterogeneousservices.Carnegie Mellon University dealswith content-
basedretrieval of video. Progresson variousaspectsof theDigital Librariesarepublishedin [DL96, DL97] and
http://dli.grainger.uiuc.edu/national.htm.

Theremainderof thisreportis organizedasfollows. In Section2 weintroduceamodelto supportabroadspectrum
of incrementalmultimediaindexing. Section3 placesthis modelinsidea systemarchitecture.We concludewith
thecurrentstatusof theAcoi projectandanindicationof thechallengesahead.

2 Acoi DetectorModel

In thissectionwepresentamotivationalexample,followedby aninformaldefinitionof theAcoi data-andexecu-
tion model.

2.1 Moti vational example

TheAcoi detectormodelhasbeendevelopedto provideaconcisedescriptionof thestructureandorganizationof a
multimediaindex database.Themodelis basedon theobservationthatindexing anarbitrarymultimediaobjectis



intuiti
�

vely equivalentto deriving a grammaticalstructurethatprovidesanamespaceto reasonaboutandto access
its components.

A smallexamplewill makethisclear. Consideryour favoritephotographreferencedby a labelonaphotodisc
andthetaskto index it from yourmultimediaalbum. Thenthefollowing stepsarelikely to occur. First,you enter
thephotoid# asanelementin a classificationtreeundertheheaderalbum.graphics - it is a graphicsobject
(syntax)-andundertheheaderalbum.photo - it alsobelongsto yourphotoalbum(semantics).Second,youat-
tachthelabelsalbum.photo.creation-date, album.photo.location, album.photo.caption
andclassificationproperties- it alsobelongsto the classof family photos. Finally, you might panportionsof
the phototo updatethe portrait galleryalbum.people. Theseactionsleadto a hierarchicalstructureof the
componentsassociatedwith a singlemultimediaobject,asillustratedin Figure1.

"L.A""\img\p0097.jpg" true
"\faces\f02.jpg"

"\faces\f01.jpg"

"Sailing race""13/3/97"
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family caption
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Figure1: Complex MM objectstructure

You can also interpretthis processas an extendedparsingactivity. Given the photo, date,location,
caption, andset of faces, thestructurederivedformsa parsetreefor anelementacceptedby thegram-
mar for your album. Thebottomof theparsetreecontainslexical atomsbelongingto a particularbasedomain:
graphicsType,photoType,dateType, ����� . Unlike traditionalparsingthereis noapriori fixedsequencefrom which
the lexicals areconsumed.The ”parser”works its way throughlexicals createddynamically, e.g. questionsare
askedandfacesarederivedin theprocess.

2.2 The Feature Grammar

The ultimategoal of the Acoi project is to enable(semi-)automaticindexing a large multimediadatabase.The
startingpoint for thisprocessis acollectionof multimediaobjects� , whosebasicpropertiesarealreadyobtained
with a Web robot andstoredin a Monet[BONC95, BONC98] databaseusingthe schemain Figure2. Further
indexing this databaseamountsto additionof binaryrelationswhich carryvaluesto classifythecollection � in
new dimensions.

For this processwe borrow conceptsandtechniquesfrom formal languagetheory. To recall, we describea
languageof propertiesusingagrammar	�
����������������� where� is acollectionof variables,� asetof terminals,
� productionsof theform ���������� ��! , and � thestartsymboltakenfrom V. A sententialform " is a stringof
terminalsandvariables,suchthat � !�#" . Thecollectionof parsetreesis denotedby �$� .

A sublanguage% �&	(')� is describedwith thesub-grammar	('*
+���,'-���.'-�/�0'1�32 � , takinga consistentsubset
of thecorrespondingcomponentsof 	 . It describesthestructureof sub-sentencesin thelanguage% �&	4� .

Theterminals� areordinarytypedlexicals.Thebuilt-in setof typesencompassesthetraditionalprogramming
typesint ����� str. Furthermore,typeextensibility of Monetprovidesfor morecomplex types,suchasimage.
Theterminalsarecollectedinto tokensequencesorsentences� �5
76 8:9;�=<>9>�?�������383@A�&<B@C�ED where8GF)HI� is anatomary
typename,and <CF avaluein JLKNMPO;QER��&8GF�� . A tokensequence83S belongsthelanguage%T��	4� , i.e. 83S is parsedagainst
grammar	 , if thereexistsa sequenceof productionssuchthat � !�U83S .

Turning backto our main objective, we considera featuredatabasea collectionof sentenceswith indexing
values. Their parsetree denotesa hierarchicalstructureand providesa namespaceto accessand manipulate
components.Actually, thereexists a naturalmappingfrom sententialsto complex objects. In particular, the
(non-)terminalsaremappedinto objectattributes;repetitioninto a list constructor;andalternativesaselementsin
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Figure2: Acoi DatabaseCoreSchema

abstractclasses.A primeadvantageof ourgrammaticalapproachis its concisenessin specifyinga largecollection
of classes.Whenaclassdescriptionis neededfor applicationinterfacing,it canreadilybederivedandrefinedwith
applicationspecificbehavior.
Definition 1. For <VHW�X�V� theclassY-Z denotestheclassof complex objectsequivalentto thesub-language	(Z .

Featuredetectorsfit in this framework asoperationsassociatedwith non-terminals,which massagea token
sequenceto steercorrectparsingof thecorresponsingsublanguage.For this they mayinspecttheparsetreeunder
construction(its sententialform).
Definition 2. A featuredetectorJVHP[]\^� is a functionthatmapsatokensequence2�H_� � into 2T`aHI� � using
its parsetree J;b , suchthattheheadof 2 ` is a sentencein thesublanguage	4c .

A featuredetectormay involve userinteractionto identify theelementin d or evenextend d in theclassifi-
cationprocess.For example,the detectorcould asktheuserexplicitly for the classificationinformationusinga
dialogueinitializedwith a setof choicesask(”car”,”house”,...) or to let theuserdraw geometricstructureson the
screento identify theportionsof interest,e.g. faces.

Ordinaryfunctionsdiffer from thefeaturedetectorsin thattheinformationderivedis not keptpermanentlyin
thedatabasefor recall.As such,they arealsototal functionsinsteadof partialfunctions(overthedatabaseextent).

Sincedetectorsmaybeintroducedlong afterthedatabasehasbeencreated,theAcoi indexing processneces-
sarily is incremental,becausethesourcemaynot beavailableat all times. This leadsto two sub-classesfor any
classY asfollows:
Definition 3. Theobjectclassindexedby featuredetectorJ is denotedby eY c . Thosenot yet indexedaredenoted

by fY c . At any timeclassY c 
geY c �XfY c .

2.3 An example

To illustrate,considerthefeaturegrammardefinedin Figure3. Thetop partdefinesatoms(typedterminals)and
featuredetectors.Detectoravatar is a white-boxdetector;its behavior is definedby anexpressionunderstood
by theAcoi system.Theotherdetectorsareblackbox detectors,known by their nameonly. It is up to theuser
to supplyanimplementation.Thebodymayinspectparsetree- it providesaccessto contextual information-and



# Atoms
%ATOM image;
%ATOM strprotocolserver, directory;
%ATOM strbasename,extension
%ATOM int width, height;

# Detectors
%DETECTOR url;
%DETECTOR picture;
%DETECTOR icon(image);
%DETECTOR avatar(thumbnail)? thumbnail.picture.width=40

& & thumbnail.picture.height=60;

# Productionrules
mmo: url category;
url: protocolserverdirectory*basenameextension;
category: thumbnail h avatar;
thumbnail: pictureicon;
picture: imagewidth height;
icon: picture;

Figure3: A FeatureGrammarExample

changethetokensequenceto assurepropercontinuedparsing.
Thebottompartcontainsa grammarfor a hierarchicalstructuredfeaturespace.An object K that is known to

obey this grammarhasan implied syntaxtreewherethe edgesarelabeledwith the namesof the corresponding
productionrules.Componentsof thisparsetreecanbeaccessedwith regular(path)expressions.

Unlike traditionalgrammars,alternationbetweenthumbnail andavatar is not exclusive. Both produc-
tionsdescribealternateviewson thesameunderlyingobject.Thecategory rule succeedswhenfor all alternatives
thatsucceedproducethesametokensequencefor continuation.An alternative thatfails is furtherignored.

Observe that semi-structureddatabasesfollow the samepattern,a documentis a hierarchicalcomposition
whosestructureis convenientlydescribedby a grammar(e.g. SGML, HTML, XML, Hytime). However, in Acoi
weexpectanapriori gevengrammaranddonotderive theschemaon thefly from thedocumentsin thedatabase.

2.4 Executionmodel

An informal descriptionof how thefeaturegrammaris usedto obtainthe index runsasfollows (usingtheexam-
ple featuregrammarin Figure3). At somepoint in time, a string (e.g. ”http://www.cwi.nl/i monet/lady.gif”)
is insertedin the token pool from which the grammaticalstructureis parsed. The start nodemmo createsa
parsingcontext that ultimately leadsto acceptanceor rejectionof the objectasa mmo object. This proof is at-
temptedby proving theright handsideof themmo rule,whichstartswith calling theurl detector. It searchesthe
pool for a stringandbreaksit into componentsasfollows: [protocol(http), server(www.cwi.nl),
directory( i monet), basename(lady), extension(gif)]andthedetectorreturnsSUCCEED. The
modifiedtokenpool canbeconsumedby theparserlooking for a valid url. Themmo rule canthenproceedwith
thecategory proofwith two alternatives,thumbnail andavatar, botharevalid continuations.

Thethumbnail rule triggersthedetectorpicture. Its bodyhasaccessto thecompleteparsetreebuilt so
far. It usesthisinformationto accessthefile beingreferencedanddetermineits typefromtheextensioncomponent.
Uponsuccess(it isagif file) it opensthecorrespondingfile andgeneratesatoms[image(cache/lady.gif),
width(85), height(250)] pushedin front of thetokenqueue.

Subsequentlythe icon detectoris called with the most recentimage object as parameter. It derives a
small icon, leaving it behindin the token streamfor consumptionas[image(cache/lady.icon.gif),
width(75), height(75)]. Whenthumbnail proof hasendedsuccessfully, thecategory proof proceeds
with thenext alternative,avatar.

Theavatar is anexampleof a predicate-baseddetector. Thethumbnail argumentsetsthecontext. But
therearetwo picturesavailablein the parsetree(thumbnailandicon). Therefore,the pathshouldexplicatethe
context to locatethecorrectwidth andheight.



Thecategory rule succeedsif at leastthumbnail or avatar reportssuccess.Whenthecompletemmo
rulehasbeenproventheoriginalstringobjecthasbeenparsedinto ahierarchicalstructurecontainingclassification
andfeatureinformation.

Thisexecutionmodelgivesa systematicparsingmethodto classifya new object.Thefeaturedetectorengine
usesthis methodto steerfeaturedetectorbehavior. Basicallyclassificationis baseduponthesuccessor failureof
parsingthetokensequence.Thedetectorsmerelyassurethattheproperclassificationinformationis availablejust
in time.

3 Ar chitecture Overview

An overview of theAcoi architectureis shown in Figure4. This sectionoffersa shortdescriptionof therole and
approachtakenin eachcomponent.
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Figure4: Acoi ArchitecturalOverview

3.1 WebRobot

Thefirst componentdesignedandimplementedis theAcoiRobot.TheAcoiRobottraversestheWorld Wide Web
in searchof multimediaobjects.SomebasicobjectfeaturesarecomputedandsurroundedHTML text is usedto
deriveindex terms.Thesebasicfeaturesandindex termsareusedto provideaninitial parsetreefor furtherfeature
detection.Thedatabaseschemefor this informationis shown in Figure2.

Relatedto theAcoiRobotis theAcoiSearchinterfacewhich canbeusedto retrieve multimediaobjectsfrom
thedatabaseusingonly this basicinformation.AcoiSearchprovidesanAltaVistalike service,e.g. retrieval based
onkeywords.



3.2
j

User Interfaces

Theprimaryinterfacesto theAcoi systemconsistsof Java applets.AcoiView is anappletto inspectandmodify a
featuregrammar. It containsadministrativefunctionsto managetheunderlyingdatabaseandprovidesimplequery
primitivesto inspectresourceconsumption.

AcoiQuery is a Java appletto formulatea featuregrammarquery. It consistsof two parts: the target- and
restriction-grammar. The former is a subsetof the featuregrammaraugmentedwith expressionsto derive the
informationbeforebeingdisplayed.Therestriction-grammaris a subsetof thedatabaseschema,augmentedwith
predicatesto derive thecollectionof objectconsideredfor retrieval.

AcoiReportis a Java appletto browsethe resultsof a query. It usesa straightforwardmappingfrom target
grammarto HTML.

3.3 DatabaseManagement

Thecorecompilersandutilities areordinaryUnix programs.AcoiSchematakesafeaturegrammarandderivesthe
underlyingdatabasestructure.For Monetthis involvesgenerationof acollectionof binaryrelationsto managethe
database.This mappingretainsthenamesfrom thegrammarto easeaccessto thedatabaseusingnon-Acoi tool
sets,suchasdirectqueryingwith theMonetMIL processor, or aSQL interpreter.

AcoiSchemaalsotakescareof adaptinganexisting database.In thatcasetheprogramtakestheold andnew
grammarto produceupdatesstatementsfor thedatabase.This includeinvalidatingtheclassificationsandfeature
valuesinconsistentwith thenew grammar.

3.4 DetectorLibraries

The applicationinterfacesfor both C andJava detectorimplementationsarederived from the featuregrammar
usingAcoiDetector, AcoiEngine,AcoiLib.

AcoiDetectorgeneratesaskeletonfile for all detectorsin a featuregrammar. It shouldbeextendedby theuser
with bodiesto derive thefeaturevaluesof interestandto make themknown to thetokenpool for theparser. The
detectorsshouldbedesignedasmemorylessdevices;thereis nocausalorderbetweensuccessivecalls.Moreover,
thecodeshouldbethread-safe,otherwiseit will berun in a separateprocessandcommunicationis setup usinga
plain ASCII stream.

AcoiEnginegeneratesaparserfrom thefeaturegrammar. Linkedwith theAcoiLib library anddetectorbodies,
it producesa self-containedfeaturedetectorengine. It can be called from the commandline. Its output is a
sequenceof updateson theMonetdatabase.

AcoiLib constitutesa collectionof binariesto easedevelopmentof detectors.It providesfunctionsto access
theparsetrees,to modify thetokenpool,andgeneralutilities for debugging.

3.5 The Feature DetectorEngine

TheFeatureDetectorEngine(FDE)is amulti-threadedprocessderivedfrom thefeaturegrammarandin chargeof
updatingthefeaturedatabasewithin theresourcelimitationsgiven. It providesa harnassfor multipleAcoiEngine
parsersto updatethedatabasein parallel.

TheFDErespondsto insertionsandmodificationsof thedataby AcoiRobot,becausesuchupdatesmayleadto
startinga (partial) recomputationof featurevaluesandreclassificationof multimediaobjects.Furthermore,FDE
providesmanagementfunctionsto (de-)registerdetectorsandto keeptrackof performance.

FDE maintainsa small cacheof multi-mediaobjects,suchthat experimentationwith new detectorscanbe
accommodatedwithout excessive load on the network. Oncethe algorithmshave provedstability, the scopeof
applicabilityof a featurecanbeextendedto cover largerdomains.

3.6 The Feature Query Engine

TheFeatureQueryEngine(FQE)providesaharnassfor multiplequerystreams,describedby target-andrestriction-
grammars.A complicatingfactor is that the completeanswersetcan’t be determinedin finite time for several
reasons.First, thedatabaseis constantlyupdatedby AcoiRobotwith new informationaboutmulti-mediaobjects
on theWorld Wide Web. Likewise,theFDE constantlyupdatesthedatabasewith indexing informationobtained
from the featuredetectors.Finally - morechallenging- the raw informationis not likely to be availableto aim
indexing andretrieval. Downloadingit for featuredetectionshouldbescheduledsuchthatmaximalinformationis
extractedeachtime it is accessed.



ThesefactorsrequireFQEto beableto providepartialqueryanswersandto providequalityfiguresfor answers
returned.An assessment(andprediction)of thecostto accessanothersetof objectsis alsohighly relevantfor the
user, beforehecallsupondownloadingall imagesover thenetfor asimpledetectorexperiment.

4 Implementation status

TheAcoiRobothasbeenimplemented.It obeys therobotexclusionprotocolandhascollectedsofar a candidate
list of 200K imageurls. As soonasthehardwareplatformhasbeeninstalled,thecandidatelist is explored.This
basedatabasewill bemadeavailablefor publicuseassoonaspossibleusingtheAcoiSearchdemonstrator, a kind
of Alta Vistaapplications.

PrototypeAcoiSchema,AcoiEngine,andAcoiDetectorprogramshave beenconstructed.Demonstratorpro-
gramsarecurrentlybeingdevelopedalongwith thenecessarydocumentation.Theinteractionwith thedatabaseis
loose.Updatesarecastinto ASCII filesof Monetcommands.Moreover, noaccessis providedto partialparsetree
alreadystoredin thedatabase.TheenvisionedharnassFDE with tight databasecouplingwill bedevelopedafter
ourfirst experimentationwith theenvisionedarchitecturehasproducedmoreinsightsin 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 largemulti-mediadatabasewith user-definedfeatures.It is based
on soundparsingtechniqueswith a keeneye towardssupportfor incrementalparsing.Actually, the databaseis
considereda large collectionof parsetrees,readily available for queryingasa databaseof complex-structured
objects.

A largeexperimentationplatformis currentlyunderconstructionto validatetheapproachtaken.It is scheduled
for accessin thesummerof 1998.

Theprimeareasof researcharetheformulationof thequerylanguageandthetwo harnassprograms,FDEand
FQE,to handletheintrigateissuesraisedby accessingahighly volatileanddistributedstore.
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