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ABSTRACT

The MPEG-7 standardorovides descriptionmechanisms
and taxonomy managemenfor multimedia documents.

Thereareseveralapproaches designamultimediadatabase

systemusing MPEG-7 descriptors. We discusstwo of
them:relationaldatabaseandnative XML database3die
have implementeda searchand retrieval applicationfor
MPEG-7descriptiondasecdn thelatter.

1. INTRODUCTION

Multimedia metadatanformation represents—from the
serviceproviders' point of view— anicewayto addvalue
tomultimediaresourcesi.e audiovisual les) distribution.
Managingaudiovisual essencémpliesto structureits as-
sociatednetadatandcontent-basedescriptorsusingde-
scriptionschemegaxonomiesndontologiesfo organize
ameaningfuldataknowledgerepresentation.

MPEG-7 standardrovidescontentdescriptionfor au-
diovisualcontentde ning normatve element@sDescrip-
tors, DescriptionSchemesand a DescriptionDe nition
LanguaggDDL). The main useof MPEG-7 standards,
then,to describeall theinformationof multimediaassets.
In that context, we usually talk about metadata(that is
dataaboutdata)and, in that particularcase,dataabout
the multimediainformationthatis describedThus,creat-
ing MPEG-7documentsllow a userto queryandretrieve
(partsof) multimediaandaudiovisualinformation.

For mary yearsdatabasenanagemergystemgDBMS)
have beenusedto implementef cient text basednforma-
tion retrieval systems.Neverthelessjn the areaof mul-
timedia, andin particularin the Music Information Re-
trieval eld, thereis still alot of ongoingresearchand
thereareopenquestionsoncerningarchitecturabindde-
signaspectselatedto DBMS.

In this paperwe will exposeandreview differentap-
proacheso manageMPEG-7 with DBMS. Moreover, a
web-basedystento searctandretrieve MPEG-7descrip-
tions,will beshavn. Thework presentedh this paperhas
beencarriedon underthe frameof the OpenDramé&uro-
peaniST project.

Permissiorto make digital or hardcopiesof all or partof thiswork for
personabr classroornuseis grantedwithout fee provided that copies
arenotmadeor distributedfor pro®t or commerciahdwantageandthat
copiesbearthis noticeandthefull citationonthe®rst page.
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2. OPENDRAMA PROJECT

OpenDramd&uropeanST projectaimsthede nition, de-
velopmentand integration of a novel platformto author
andto deliverrich cross-medidaigital objectsof lyric opera.
MPEG-7hasbeenusedin OpenDramasbaseechnology
for amusicinformationretrieval system.
Themostimportantservicegerivedfrom OpenDrama
are: (i) asearchandretrieval systemto brovsemutimedia
contentand (ii) the streamingof metadatasynchronized
with multimediadata. Systemarchitectureis basedon
gure 1. For both OpenDrama servicesthe useof the
MPEG-7 standardts the needs.In addition, the useof
standardsn sucha projectis akey pointto malke it areal
open,interoperablemaintainableanddurablesystem.

3. OVERVIEW OF MPEG-7 STANDARD

MPEG-7,formally namedMultimedia ContentDescrip-
tion Interface,aimsto createa standardor the descrip-
tion of the multimediacontentdata. The maingoal of the
MPEG-7 standardis to provide structuraland semantic
descriptiormechanisnfor multimediacontent]1].

MPEG-7 descriptorsare designedfor describingdif-
ferenttypesof information; from low-level audiovisual
featuresto high-level semanticobjects.ldeally, mostde-
scriptorscorrespondingo low-level would be extracted
automatically whereassomehumanintervention would
berequiredfor producinghigh-level descriptors.

XML hasbeeradoptedistheformatto represenMPEG-
7 descriptors Also, MPEG-7DDL is anextensionof the
XML Schemgpublishedoy W3C?'). XML Schemapro-
videsthe meandgfor de ning the structureof XML docu-
mentsthatis; simpleandcomple datatypes,typederiva-
tion and inheritance elementocurrenceconstraintsand,
nally , namespacevearefor elementsandattributesdec-
larations.

4. MPEG-7 AND MULTIMEDIA DATABASE
SYSTEMS

Kosch[2] de nesanarchitecturdor amultimediadatabase
managemensystemthat includesMPEG-7 descriptions,
aswell asthe streamingserviceof the associatecudio-
visual les. An architectureof a multimediadatabasein-
spiredin [2], is depictedn gure 1.

1 http:/mwww3.01g/XML/Schema



(4 e Feature Extraction SIS " MPEGHT
/ Descriptors
Multimedia resource ‘ \‘
— =
__-1 Repository
Pull =TT
Search / Browse 3 L’
/// L
, "
g \
P v
Push %
Filter R Transmission
Multimedia System / User

Figure 1. MultimediadatabasarchitecturausingMPEG-7.

Startingfrom thefeatureextractionandannotatiorpro-
cessof a multimediaasset.the MPEG-7 descriptorsare
generate@ndstoredin arepository Typically, in amulti-
mediadatabassystenonecandistinguishtwo querysce-
narios: pull andpush In a pull scenarioa usersubmits
gueriesto the systemand receves a set of descriptions
satisfyingthe constraintof the query Ontheotherhand,
in a pushscenarioa softwareagentselectsMPEG-7de-
scriptionsand performsa setof actionsafterwards. One
of theseactionscould be, for instanceproposingto users
mediainformationandits descriptiorbasedn their pref-
erences.Hencethe useragentis ltering audiovisualin-
formationaccordingto metadatalescription.

Thereareseveral approacheandparadigmdor struc-
turing MPEG-7datainto a databasasystem.In this paper
we point outtwo generalsolutions:(i) to modelMPEG-7
datainto arelationaldatabaseystemand(ii) to useana-
tive XML databas¢XML:DB) [3]. Theformeris based
on the classicconceptof a relation, while the latter has
XML documentssits fundamentalnit of (logical) stor
agein thedatabase.

Thenext two sectionsexplain bothapproaches.

4.1. Relational Databases

The work that hasbeenpreviously donefor structuring
MPEG-7datainto a databasasystemis basedmostly, on
the classicalrelationalmodel—plus someextensionsto
adaptthe XML information into the relations. For in-
stance Jacob[4] hasimplementeda databaséo manage
description®f soundobjects—in MPEG-7—usingaPost-
greSQLdatabase A setof extensiong(mainly program-
ming triggers)hasbeendesignedo take into accountin-
sertionsupdatesanddeletionsof elementsn anMPEG-7
document. An extractionrule engineallows to generate
the MPEG-7 data. Yet, it is not clear from a database
user point of view, how to query (selec} the MPEG-7
datainsidethe DB. Doller and Kosch[5] have designed
an MPEG-7 Multimedia Data Cartridge. This systemis
an extensionof object-relationaDBMS Oracle 9i, pro-
viding amultimediaquerylanguageacces$o media,and
indexing capacities.Descriptorsin the MPEG-7 schema

are mappedto objecttypesand tables,thus allowing to
expressqueriesn anhybrid SQL andXPathlanguage.

Both systemspermit to validate XML elementswith
theXML Schemdi.e validatingMPEG-7descriptionsis-
ingtheMPEG-7DDL), providing awayto assuredatain-
tegrity. However, dueto the factthatthe MPEG-7 DDL
is tightly associatedo the XML Schemade nition, and
the dif culties of reverse-engineerinthe model, manag-
ing MPEG-7 descriptorss equivalentto managing<ML
documentd6]. Thus,in this approachthereis a big of
effort in transducinghe whole MPEG-7 Schemawithin
a setof relations(i.e tables). Even so, possiblechanges
on the MPEG-7 standardvould imply to redopartof the
databaseschemawhich might be unfeasiblevhena sys-
temis beingexploited. To copethis problemin ageneral
sensetherehasbeenconsiderableesearcttoncerninghe
automaticmappingbetweenschemade nitions of XML
documentsandrelationaldatabaseschema[7], [8]), but
mostof the work is focusedon DTD de nitions instead
of XML Schem&, sothey donotsufce for themanage-
mentof MPEG-7data.

4.2. Native XML Databases

Our approximationto structuringMPEG-7 descriptords

to usea native XML:DB. Accordingto Bourret[9], there
are more than 35 (open sourceand commercial)native

XML databasaystems.Native XML:DB de ne a (logi-

cal)modelfor anXML documentandstoresandretrieves
documentsccordingo thatmodel.Native XML:DB make
useof collectionsas internal folders for repositoriesof

XML documents.

Westermari6] hasreviewedthe existing databassys-
temsthatcanmanageVIPEG-7mediadescriptions Their
studyincludesasetof natve XML databaseA tablecom-
parisionbetweensystemsurveils a lack of dataintegrity
validationby mostof them. Dataintegrity is akey pointin
ary databaseystem.In a native XML:DB integrity val-
idationis doneby parsingan XML documenthroughits

2The critical differencebetweenDTDs and XML Schemais that
XML Schemaisesan XML-basedsyntaxwhereadDTDs have aunique
syntaxheldoverfrom SGML DTDs



schemade nition. Dataintegrity shouldbeveri ed after
aninsertionof anew XML documento theDB, or aftera
modi cation of analreadyexistentdocumentNoneof the
native XML:DB presentedn [6] allow full schemavali-
dationof MPEG-7descriptorghroughMPEG-7DDL. To
solwe this issue,a proposalof schemavalidationapplied
to natve XML:DB is presentedh [10].

As native XML:DB arestill reachingmaturity, another
importantaspectsto de ne languageshatallow to query
insert, updateand deleteelementsn the document.The
mostusedlanguages—by XML:DB implementations—
to queryandto retrieve (partof) documentsarethe W3C
XPath2.0® andXQuery1.0* recommendationsXQuery
is a functional, strongly typedlanguagehat satis esthe
requirementsf adatabasgquerylanguage UpdatingXML
datais possiblewith XUpdateinitiative®. XUpdateis a
simple XML updatelanguage. It can be usedto mod-
ify XML contentby simply declaring,in anXML syntax,
whatchangeshouldbe made.

Next examplesshow the power of XQueryexpressions.
Examplel shavs an XQueryexpressiorto retrieve all the
MPEG-7audiovisualsggmentscontainingmediainforma-
tion. Example2 shavs an XQueryexpressiorto retrieve
all MPEG-7persoragentsywhoseroleis 'Singer', andthe
charactershey play.

for $segment

let  $title:=

$segment/Creationinformation/

Creation/Title/text()

order by $title

return

for $media in $segment/Medialnformation/
MediaProfile

let $file:=$media/Medialnstance/
MediaLocator/MediaUri/text()

let $type:=$media/MediaFormat/

in //AudioVisualSegment

Content/Name/text()
return
<a href="{$file}"> {
$title o, Stype "
} <la>

Example 1. XQueryexpressiorfor retrieving alisting of
multimediaitems—title andsupporttype.

for $creator in
/Mpeg7/Description/MultimediaContent
[*/Creationinformation/Creation/Creator
where
$creator/Role[@href="OpenDramaSinger%"]
and
$creator/Agent[@xsi:type="PersonType"]
order by
$creator/Agent/Name/FamilyName

return

3 http://wwww3.01g/TR/2004/WD-xpath20-20040723
4 http://mwww3.09/XML/Query
5 http:/Iwwwxmldatabases.gr

<agent>

{

let $completeName:=  $creator/Agent/Name

let $name:= $completeName
/GivenName/text()

let $surname:= $completeName
[FamilyName/text()

return

<singer>

{

$name, ,

}

</singer>

$surname

}
{

let $completeName:=  $creator/Character

let $name:= $completeName
/GivenName/text()

let $surname:= $completeName
[FamilyName/text()

return

<character>

{ n "

$name, ,

}

</character>

$surname

}

</agent>

Example 2. XQueryexampleto displaythe singersand
thecharactershey play.

Both examplesrevealthe potentialof the XQuerylan-
guage.Whencombinedwith XHTML, XQueryallowsto
effortlessly createweb applications.Direct accesdo the
XML data,andthenformatingit to be displayedby the
webbrowseris pretty straightforvard.

5. MPEG-7 WEB BROWSER ARCHITECTURE

We have implementeda searchandretrieval web system,
basedon MPEG-7. We follow the pull applicationsce-
nario depictedin gure 1 —a client requestsaaudiovisual
informationand its associatednetadata.Iln our system,
metadatanformationis relatedto the creationand pro-
ductionprocess—includingmediainformation—,aswell
asthestructural(temporal)decompositiorof anopera.

Figure2 depictsthewhole systemarchitecture A web
browserqueriesthe XML:DB accordingto MPEG-7 de-
scriptors.In orderto accesso the databasethe sener ap-
plicationtransformgheMPEG-7-basedueryto anXQuery
expression. Next stepis to searchinto the databasdor
segmentsmatchingthe criteria, to processthe XML re-
sults,andto returnHTML documentgo the browser (as
well asthe multimedia les retrieved from the streaming
sener). Finally, eXist®, a native opensourceXML:DB,
is usedto manageMPEG-7documentseXistimplements
both XQueryandXUpdatelanguages.

6 http://exist-dhorg



Figure 2. MPEG-7WebBrowserarchitecture.

6. CONCLUSIONS

MPEG-7 provides descriptionmechanismdor multime-
dia content;however, existing systemsasecon MPEG-7
standardspeciallyin theaudio eld) arestill immature.

Thereare several approacheso modeldatabasenan-
agementof MPEG-7 descriptions. Relationalor native
XML:DB approachmight dependon the applicationre-
guerimentsBeforehandpative XML:DB seemsa natural
way to organiseMPEG-7 descriptorandMPEG-7DDL
asit is tigthly associatedo XML structure.Eventhough,
thereis still somework pendingonthedesignof XML:DB
—aswell asthe standarizatiof XQueryl.0language—
to provide full funcionality for an MPEG-7 basedappli-
cation. Using a relationaldatabaséo manageMPEG-7
canderive to an“arti cial” or comple databaseschema,
aswell asan overheadof programming(to validatedata
integrity, for instance).
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