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Abstract

Content-basedudio processingesearcheraeedaudio andits relatedmeta-
datato develop andtestalgorithms. We presenta commonrepositoryof audio,
metadatapntologiesandalgorithms. We detail the hardwareimplementationjn
the form of massie storageand computationcluster the software anddatabases
designandthe ontologymanagemenf the currentsystem.Therepository asfar
ascopyright licensesallow, is opento researchersutsidethe Music Technology
Groupto testandevaluatetheir algorithms.

1 Intr oduction

Developingtechnologieselatedto musicalaudiosignalprocessingequiresdata. For
instancejmplementingalgorithmsfor automatianstrumentlassi cationrequiresan-
notatedsamplef differentinstrumentsimplementinga voice synthesisandtransfor
mationsoftware calls for repositoriesof voice excerptssungby professionakingers.
Testingarobustbeat-trackinglgorithmrequiressongsof differentstyles,instrumenta-
tion andtempi. Building modelsof musicalcontentwith a machinelearningrationale
callsfor large amountsof data. Besidesrunningan algorithmon big amountsof di-
versedatais a requiremento ensureits quality andreliability. The main purposeof
this paperis to describethe researchnfrastructurein placenow in the Music Tech-
nology Groupof theUniversitatPompeuFabral theMTG-Databas¢MTG-DB). The
MTG-DB is acommondatabasef audiomaterialthatoffersfunctionalitiesfor adding
audio content,browsing the databaseaddingmetadataand dealingwith taxonomies
andalgorithms.

The MTG-DB is not a systemfor informationretrieval evaluation. Its goalis not
to standasa benchmarkramework like the one pursuedn the MIR community[9].

http://www.iua.upf.es/mtg



TheMTG-DB is ratherconcernedvith providing acommonstoragefor audiomaterial
andassociatednetadataseeSection2) aswell astoolsfor researci{seeSection3).

Section4 describeghe systemarchitecture Section5 detailsthe actualaudiocontent
andcommenton copyright issues.

2 A commonrepository

Too often researchersuild their audio collectionsfrom scratchand annotatecorre-
spondingmetadatao develop and evaluatealgorithms. In orderto facilitate reuseof
this material,the MTG-DB centralizesn a commonrepositoryaudio content,corre-
spondingmetadatataxonomiesandalgorithms.

2.1 Audio

A commonrepositoryof audioallows to confrontalgorithmswith big repositoriesof
differentnature.As outlinedin theintroduction,machindearningapproachet music
audioprocessingequirelarge amountsof data. Livshinetal. pointoutin [11] that
evaluationof soundclassi erson a single databasés not necessarilyan indicator of
the generalityof the classi er nor its suitability for practicalapplications.Besideghe
applicatiorto thedevelopmenbf data-drvenalgorithm,largecollectionsof audiohave
morebene ts. The simpleactof runninganalgorithmagainsta databasenuchbigger
thantheoneusedfor developmentanrevealalot of informationaboutthealgorithm.
Thealgorithmis testedn robustnessbothon the accurag with very distinctdataand
onthesoundnessf theactualimplementatione.g: algorithmsdesignersnay have not
contemplated certainsituationthatmakesa programcrash.

2.2 Metadata

Thereare mary advantagesn centralizingmetadataogetherwith the audiocontent.
Themetadatandpossibledescriptiondinkedto theaudiocontentallow userso com-
paretheir algorithmwith others'. Differentresearchers/orking on the sameproblem
canincreasehebenchmarldatabaseizeby addingup moregroundtruth data.

The commonrepositorycan help discover synegies betweenautomaticallyex-
tracteddescriptors.For instance someonestudyingchord segmentationwill bene t
from the resultsof a beattracker. Somebodystudyingthe structureof musicis likely
to bene t from resultsfrom tempoevolution, chordprogressiorandsingingvoice de-
tection.

A centralizedand correctly labeledrepositorycan stimulatecorpus-orientede-
searchandtheuseof statisticalmethodsandlearningtechniguesFor instance,nding
correlationsbetweencertainlow-level descriptorsandgenresor studyingthe perfor
manceof akey extractorin dataof differentclassicabperiods,from baroqueto roman-
ticism, is mademucheasier



2.3 Taxonomies

Along with metadatajt is importantto storetaxonomiesor ontologies. The devel-
opmentof a percussie instrumentclassi er requiresthe de nition of a taxonomyor
classi cation schemeof the categoriesof percussie instruments. Samehappensn
mary othercases:taxonomief musicalgenresyoice types,singingstyles,playing
modesandmary more.Someonependinga Ph.D.thesisimeresearchingnaspeci ¢
topicis likely to have organizeda taxonomyor anontologythatdescribesheconcepts
of thatspeci c topic. It is imperative to presere thatknowledge. Much of thelegag
metadatanay referto termsof suchontologies.If we wantto reusethe metadataye
needto know exactly which restrictedvocahulary wasusedand what wasthe mean-
ing of eachterm. Metadatahasto be well speci ed sothatit is comprehensibl&oth
by menandcomputersalike. Thefollowing is an exampleof possiblycryptic textual
metadatahat describesan acousticguitar chord: “AcousticGuitar:BbMin:Hi:Devn”.
In orderto describethis audiosample besidesspecifyingthe instrumentthat produce
it—an acousticguitar—it is interestingto encodesomeha that acousticguitar is a
type of stringinstrument. It is importantto specifythatthe soundsampleis a chord
andwhetherit wascreatedstrummingup or down, type of strum,andsoon. Different
ontologiesaremanageavith anextendedversionof WordNet? SeeSection3.2and[7]
for details.

2.4 Algorithms

Differentalgorithmsare storedwith associatedlocumentatiordescribingits use,un-
derwhich operatingsystemshey have beentested who is maintainingthem,relevant
publicationsandassumption®n the operatingconditions.It is possibleto uploadand
registeralgorithmsdevelopedin ary of the commonprogramminganguagesyet, to
take full advantageof the framework, like using the high performanceclusterervi-
ronment(seeSection4.2), they have to run on GNU/Linux. Many algorithmsusethe
CLAM? framework, a C++ Library for Audio andMusic, developedat the MTG and
distributed underthe GNU GeneralPublic License? It is relatively easyto build a
complec algorithmusinga numberof previously registeredalgorithms.

3 Reseach Tools

A big and centralizedrepositoryof audio and metadatamprovesthe robustnessand
accurag of theaudiotechnologiesHowever it takessomeeffort for theresearchers

putthe metadataandthe algorithmsin a compliantformatthatcanbe easilyregistered
in the system.In orderto attractresearchersto populatingandusingthe repository
the systemoffersfunctionalitiessuchastools for metadatannotationpntologyman-
agementaninformationretrieval framevork andan experimentaframenork.

Zhttp:/Awww.cogsci.princeton.edu/"wn
Shttp://www.iua.upf.es/mtg/clam
“http://www.gnu.org/copyleft/gpl.html



3.1 Annotation tools

Textual annotationfor describingaudiocontent— suchasartist, genreor moodof a
musicpiece— aswell asontologymanagemeris providedvia awebinterface.Some
descriptionshowever refer to segmentsof audio,for examplethe structureof a song:
Intro, Bridge, Chorus the chordprogressiontheinstrumentglayedat certainpartsor
soloparts. In thesecasesthe audiosegmentsareannotatedisingKare Sjdlanderand
JonasBeslow's WaveSurferr WaveSurferis anopensourcetool for soundvisualiza-
tion, annotatiorandtranscription.We have extendedthe functionality of this software
in several aspects.lt is possibleto launchthe applicationfrom within the web inter-
face.Theaudiois loadedautomaticallyalongwith sggmentationslreadyavailableon
therepository A connectiorto the MTG-DB sener via web servicesallows to down-
load, edit or uploadnew segmentations.The web servicevalidatesthe labelsusedfor
taggingthe audioagainsta restrictedvocahulary. Assuringannotationconsisteng is
important,especiallyif severalpeoplearecontributingto therepositoryto ensurehat,
for example,“Intro” whendescribingpartsof a songis alwayslabeledas“Intro” and

not“intr”, “introduction”. View Figurel for a screenshodf WaveSurfer

Figurel: WaveSurferannotatiortoolsscreenshot

3.2 Ontology managementtools

Accordingto Wikipedia, taxonomymay referto eithera hierarchicalclassi cation of
things, or the principlesunderlyingthe classi cation® In computerscience anontol-
ogy is the attemptto formulatean exhaustie andrigorousconceptuakchemawithin
a givendomain,atypically hierarchicaldatastructurecontainingall therelevantenti-
tiesandtheir relationshipsandrules(theoremsregulations)within thatdomain! The
useof taxonomier classi cationschemesilleviatessomeof theambiguityproblems
inherentto naturallanguagesThe MPEG7 standardbrovidesdescriptionmechanisms
andontology managementools for multimediadocuments[1B We have decidedto
extendexisting semantinetwork, WordNet, ratherthanstartingfrom scratch.Word-
Net [15] is a lexical network designedollowing psycholinguistictheoriesof human

Shttp://iwww.speech.kth.se/wavesurfer
Shttp://en.wikipedia.org/wiki/Taxonomy
http://en.wikipedia.org/wiki/Ontology



lexical memory Standardictionariesorganizewordsalphabetically WordNetorga-
nizesconceptsn synorym sets,synsetswith links betweerthe conceptdike: broad
sensenarrav sensepartof, madeof andsoon. It knows for instancethatthe word
“piano” canreferto the musicalattributethatrefersto “low loudness’andthe musical
instrumentlt alsoencodegheinformationthata “grandpiano”is atypeof piano,and
thatit haspartssuchasa keyboard,a loud pedalandso on. For detailson how the
framework dealswith the ontologymanagementye referto [7].

3.3 Information retrieval tools

A greatdeal of musicaudio processingesearctis currentlydevotedto musicinfor-
mationretrieval. Somealgorithmsextract sonologicaland musicaldescriptiongrom
audiothatcanbe usedfor providing new waysof interactingwith large collectionsof
music. The MTG-DB providesa framawork for searchingbprowsing and displaying
results. In this framework, a userregistersa compliantdescriptionextractor, the ex-
tractoris run on a selectionof audio les, the extracteddescriptorsare storedin the
repositoryand,automaticallytoolsareavailablefor:

1. Queryby description: It applieswhenthe metadatais in textual form, which
includeslabelssuchasmood,genre duple/triplemeteror key.

2. Queryby numericalvalues:Thereis a sliderinterfacefor numericaldescriptors
suchasbeatsperminute,loudnesspercussienesgseeFigure2).

3. Queryby example: The useruploadsan audio le andasksfor similar audio
items?

T Q@ s rssmassne  savism sesre
2 opxgicveL2 [} -aseue meissemss  uzese 7

Figure2: Informationretrieval sliderinterface

Therearealsotoolsfor visualizationandplaybackin differentmodes.

8Certaindescriptorsequireto registerin the systenthe similarity measurahatreadsthe descriptorsand
is capableof comparingandrankingthem. For example,an extractorcanoutputa representationf a song
in theform of a GaussiaMixture Model of Mel Frequeng Cepstruntoefcients [2]. In orderto ranksongs
givensucha descriptora helperapplicationhasto beregisteredn the system.



1. Flatlist: Flatlist of resultsrankedby relevance asin Googl€ or Altavistal®

2. Catagyory tree: Browsingthroughcategoriestreesis availablein two ways: First
usingtheregisterecbntologies—musicalenresmusicalinstrumentsyoicetypes—
and,secondyia hierarchicaklusteringover the extracteddescriptorg6].

3. 2D Representationdaps: Multidimensionakcaling-like visualizatiorthatprojects
(dis)similarity distancematricesontoan 2D Euclidearnrepresentatiofb].

This setof informationretrieval tools alleviatesthe workload of the researchers.
Insteadof having to designprototypesfor demonstrationsthey can concentrateon
theiralgorithms.

3.4 Connectionwith extemal software

Web-basedechnologiesincluding XML andWeb servicesallow the seamlesinter-
operabilitywith externalapplicationgseeSectiond). Speci cally thereis aconnection
with Matlah!! Web servicesprovide aswell aninterfaceto the annotatoseeSubsec-
tion 3.1) andto audioplayers:Winamp'? andXMMS.13

The XML interfacetogetherwith XSLT is usedboth for the web interface (see
Figure3) andalsoto createdatacompliantwith machinelearningframeworks,in par
ticular Wekal4

3.5 Data-mining tools

Besideaudio, metadatapntologiesandalgorithms,it is possibleto storea history of
classi cation experiments.In this setup,eachclassi cation experimentconsistsof a
subsetof audio data, several algorithmswith accompawging con guration les and
algorithmoutputs. Experimentsare storedwith a descriptve nameanddatefor later
retrieval.

By asimpleone-stepprocessary experimentcanbere-run,with possiblechanges
to dataor con guration. The new resultsarethenstoredseparately

By keepingtrack of all experimentresults,the evolution in performancecanbe
monitored. By looking for maximaor minimaon graphs successfuexperimentcon-
gurations and/ortrendsarereadilyidenti ed. Manualand/orsubjectie evaluations
canalsobe done,sinceall resultsare available for download. This is animportant
issue,sinceit is not feasibleto implementa systemthatwill satisfyeveryones needs
in particular To avoid limiting the work processof the individual, all partsof the
experimentproceduranustbe ableto performof ine.

Shttp://www.google.com
LOhttp://www.altavista.com
Uhttp:/iwww.mathworks.com
L2http:/iwww.winamp.com
L3http:/www.xmms.org
L4http:/iwww.cs.waikato.ac.nz/ml/weka
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Figure3: Webinterface

3.6 Robustnesdgest

Algorithms shouldideally be robust to different quality versionsof the samecon-
tent. The consisteng of an algorithm againstdistortionssuchas low-pass Itering,

re-samplingbackgroundhoise mp3or GSM transcodings anindicatorof the quality
and generalityof the approach. This testingand someother functionalitiesare im-
plementedn the MTG-DB framework so asto avoid duplicatingwork andpromotea
fasterandhigherquality research.

4 SystemDescription

All the tools and functionalitiesare independenbf O.S. and databasearchitecture.
Thereis a XML Interfacethatallows reusingthe framewvork within a stand-alond>C
applicationor webinterfacewith differentskins(seeFigure4).

4.1 Block Diagram

DATA STORAGE: Theaudiodatais storedin anormal le system.nformationabout
the les andmetadataresavedin arelationaldatabaseSomemetadatasuchasMIDI
orlow-level descriptorsmayalsobestoredn the le system.Theseles areaccessible
viaalink in thedatabase.

APPLICATION SER/ER: The maincorefunctionalitiesresideon the application
sener. It allowsto accesall the data—audiometadataalgorithmsandtaxonomies—
storedin therepository The le informationandmetadatarerepresentedsobjects
andaccesgo theaudio les is availablein differentways: http-dovnload,directaccess



via NFS or Sambain the intranet. Registereduserscan add newv dataand modify
existing data, provided they have sufcient accessights. Standardsearchtools are
provided directly by the applicationsener. This includesfull-text and speci ¢ text
searches—e.g. searchonly in title- eld of tracks—andmoregenerally the typesof
searcheslescribedn Subsectior8.3.

Userscande ne virtual collectionsor play lists in two differentways:

1. Manual Playlists: Userscan createplaylists and add objects— les, albums,
artists—tothem. Theselists will be storedin the systemfor laterretrieval, e.g:
to re-runanexperimentwith thesameles.

2. AutomaticPlaylists: Theresultsof asearclcanbecomeaplaylist, e.g: “Find all
reggaepieceswith morethan90 bpm”. Searctparametersanbesavedfor later
re-use.Thereis alsothe possibility to manuallymodify sucha playlist.

Built-in corversionof audio datafrom andto the commonformats(wav, mp3, aiff)
with optional parametersuchasre-samplingis available. Corversioncanbe done
onsingle les, collectionsor thewholerepository Besidesdownloadingwhole audio
les, sggmentscanbe createdonthe y anddownloadedasdifferent les, e.g: “Give
meall saxsolos”.

CLIENT ACCESSTherearetwo possiblewaysof clientaccess:

1. A webinterface,which is accessibldoy commonbrowsers,allows to usemost
of thefunctionality (e.g: browsing,searchingediting editorialmetadata,...)

2. All functionality canbe exportedvia a SCAP Interface. The SQAP Interface
providessomeexclusive functionality suchasinteractionwith speci ¢ applica-
tions,e.g: WaveSurferwhich arenot beavailablevia thewebinterface. SOAP®
is a lightweight protocolintendedfor exchangingstructuredinformationin a
decentralizeddistributed environment. The serviceinterfaceis describedn a
WSDL® documentindicatingmethodscalls, objects,and exceptionsthat will
be sentacrossthe net. As all the exchangeof informationis madewith XML
(bothdataandcontrolmessagesB QAP makestheinteractionbetweerdifferent
platformsandprogramsunninganywhereonthe Internetpossible.

IMPORT/EXPORT: Differenttools to add new collections(e.g: CD's) are pro-
vided. In the MTG-intranetaudio-datacanbeuploadedria NFS/Sambaénto awritable
import directory and registeredto the repositoryusing the web interface. For larger
collectionsseveral command-linescriptscanbe usedby the administratorof the sys-
temto do a semi-automatiémport. The import scripts perform several nameentity
analysisso asto ensureavoid duplicatesin the editorial metadata[141]. The scripts
usesounde andstringmatchingalgorithms[14], aswell assomeheuristicsaandcross-
checkingof informationwith FreeDB” andMusicBrainz*®

Everylist of les / tracks— thatalsoincludessearchresultsor playlists— canbe
exported thatis, madeavailablefor download.Differentformsof exportareavailable:

LShitp:/iwww.w3.0rg/TR/soap
6http:/www.w3.org/TR/wsdl
L http:/iwww.freedb.org

18http://www.musicbrainz.org



1. Theusercandownloadalist of les asplaintext (or m3u les) to work onthese
les onthemountedrepository(intranet-only).

2. The audio-dataand speci ed metadatais collectedin a temporarydirectory,
pacledandcompresse@nd— usingthe web-interbice— the useris provided
with alink to downloadthe package.

4.2 Hardware setup

The MTG-DB requiresa greatdealof storageandhigh performancecomputingcapa-
bilities. Shortlytheinfrastructureconsistsof:

1. Massve andHigh-Availability Storage:The commonrepositoryrequiresa big
amountof harddisk space.At the momentof writing the audiois storedin a4
TerabyteRAID 5.

2. Distributed computationcluster: Besidesthe possibility of selectinga list of
audioitemsanddownloadingthemin aresearchesPCfor processingtheuseof
the clusteris consideredln sucha setup the researcheuploadsthe executable
that processeshe batchof les andthe computationis donein the distributed
ervironment. Thecomputationatlusterconsistof 16 node§AMD Dual 2Ghz)
andamasteffAMD Dual 2Ghz).

3. Seners: Thereare two seners connectedo the RAID througha dumb le-
sener. Ononeof thesenersresidegheapplicationsener. Thesecondnecon-
trols useraccessightsandexportstheaudiocollectionvia NFSandSAMBA.

4.3 Content-basedMetadata Speci cation

Agreeingon which metadatashouldbeincludedin the databasschemeds a daunting
task.Supportis givento threetypesof metadatatextual, numericandeverythingelse.

1. Textualdescriptorsor labels.

2. Numericdescriptors:scalaror vectors,suchasLoudnessBPM, speech/music
factor

3. Arbitrary representationsmusicalscore, lyrics, hiddenmarkov models. The
similarity measurahat candealwith arbitraryrepresentations—fax query by
exampletypeof approachaclusteringalgorithmor avisualization—isprovided
aslong asthetoolsto compare—oto searchwithin—arbitraryrepresentations
are provided aswell. This designis meantto avoid the incrediblework load
thatcouldderive fromtryingto nd acomprehensie descriptionframework for
audiodata—bottfor thede nition of suchaframewvork andtheimplementation.



Figure4: Block Diagram

Figure5: Simpli ed DB Schema

5 Miscellaneous
5.1 Audio data

Over the yearsand as a result of different projectswe have gathereda substantial
amountof heterogeneousudiocontent.As of February2004,therewere:

1. Musicalinstrumentsamplesandsoundeffects.
2. Monophonicphrasesvith differentlevelsof expressieness.
3. Drumloops

4. Singingvoices:Differentvoice qualitiesandexpression.
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5. Music: over80.000titles coveringawide varietyof genresandover 9000differ-
entartists.

Somepartsof this collectionare copyright protectedandthereforecannotbe ac-
cessedrom outside.Someothercollectionshave a differentlicensingterms(seeSub-
section5.2) thatallow distribution, suchasthe University of IOWA Music Instrument
SampleDatabasé? Anotherimportantcollectionis the RWC. The RWC (RealWorld
Computing)Music Databases a copyright-clearednusicdatabas€DB) thatis avail-
ableto researcherasa commonfoundationfor research12].

With respecto thequality of theaudio,thepremisesreclear: obviouslythehigher
thequality of theaudiothebetter(atleaststerec44100Hz). Someof theaudiocontent
is notof high quality yetthey have gooddescriptionsin thesecasestheaudiois stored
in thesystemalongwith atagthatindicategshatis low-qualityaudio. Thesearckengine
allowsto Iter outtheresultsaccordingto quality.

5.2 Copyright Issues

Researcherfom outsideour lab canaccessherepository Someaudiocontenthow-
ever, is copyrighted.In this case]ike it hasbeenproposedy [2], userswill only have
accesso metadataTogethemwith the audioeditorial description the userscandown-
load a setof precalculatediescriptorsof commonuse—someéncludedin the MPEG7
standard13]—, suchasMel-Frequeng Cepstrumspectralatness,BPM, prominent-
pitch.

Neverthelessthereis still full accesgo not “all-rights-resered” type of copy-
right. The commoncreaties licens&® de nes alternatve licensingschemes. The
MTG-DB currentlyprovidesmetadatandpointersto thecontentn thefollowing sites:
www.magnatune.@, www.opsound.qy.

5.3 Disclaimer

The goal of the systemis not to offer aninformationretrieval benchmarkframework
like TREC or OpenMdeo,like it is beingpursuedn the Music InformationRetrieval
community[9, 16] for two reasons:

1. We donot provide evaluationretrieval tools.

2. We areinterestedn otheraspectbesidesnformationretrieval, suchascontent-
basedmusicprocessingln thatarea,therearemary subtaskghatcanbe eval-
uated: the performanceof beattracking, prominentpitch, structuredetection,
spectralanalysis-resynthesiguality [10]. It would be out of our capabilitiesto
designandimplementall possibilities. Thatis why the metadatds just linked
to audio contentandto the algorithmrelevantto it. Whena givenresearcher
wantsto compareor improve an algorithm,they cangetall informationeasily
andduplicatewhaterer experimentto compareresults.

Lhttp://theremin.music.uiowa.edu/MIS.html
20http://www.commoncreative.org
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It is moresimilarin awayto the UCI Repositoryof machindearningdatabasef3].
The purposeis not to end-uplike an editor compary with plenty of informationlike
who hasgotthe copyright or wherewasit recordecbut the descriptorghatarerelevant
for content-basegdrocessingesearch.

6 Summary

We have introduceda large-scaleepositoryfor musicaudiocontentbasedorocessing
that centralizesaudiocontent,metadatapntologiesandalgorithms. It aimsat stimu-
lating higher quality researchby evaluatingalgorithmson a big and diversecorpus.
Thecommonrepositoryallows duplicatingexperimentsaswell assharingboth exper
imentalresultsandproceduresThe MTG-DB repositoryis accessibldor researchers
outsidethe MTG Lab asfarascopyright licensesallow. Therepositoryis accessiblat
www.mtgdborg.

7 Acknowledgments

Partof thiswork hasbeenfundedunderthe AUDIOCLAS EUREKA PROJECTE!2668.
We wouldliketo thankEloi Batlle, OscarCelma,Maartende Boer, Emilia Gbmez En-
ric Guaus PerfectoHerrera JaumeVasipandMiguel Ramirez.

References

[1] S.BaumannA. Kliter, andM. Norlien. Usingnaturallanguageénput andaudio
analysisfor a human-orientedIR system.In Proceedingsf the WEDELMU-
SIC, DarmstadtGermaiy, 2002.

[2] A. BerenzweigB. Logan,D. P. Ellis, and B. Whitman. A large-scaleavaluta-
tion of acousticandsubjectve musicsimilarity measuresin Proceeding®of the
International Symposiunon Music Information Retrieval, Baltimore,Maryland,
2003.

[3] C.BlakeandC. Merz. UCI repositoryof machindearningdatabased,998.

[4] P. Cano,E. Batlle, T. Kalker, andJ. Haitsma. A review of audio ngerprinting.
Journal of VLSI SignalProcessingSystemsn press

[5] P.Cano,M. KaltenbrunnerF. Gouyon,andE. Batlle. Onthe useof FastMapfor
audioinformationretrieval. In Proceedingf the International Symposiunon
MusicInformationRetrieval, Paris, France 2002.

[6] P. Cano,M. Koppenbeger, S. L. Groux, P. Herrera,andN. Wack. Perceptual
andsemantionanagementf soundeffectswith a WordNet-basedaxonomy In
Proc.of the ICETE, Setibal,Portugal 2004.

12



[7]

(8]

9]

(10]

(11]

(12]

(13]

(14]

(19]

P. Cano,M. Koppenbeger, P. Herrera,and O. Celma. Soundeffectstaxonomy
managemerin productionenvironments.In Proc. AES25thInt. Conf, London,
UK, 2004.

L. deC. T. Gomes,P. Cano,E. Gbmez,M. Bonnet,andE. Batlle. Audio wa-
termarkingand ngerprinting: For which applications? Journal of New Music
Researh, 32(1),2003.

J. S. Downie. Toward the scienti ¢ evaluationof musicinformation retrieval.
In Proceeding®f the International Symposiunon Music InformationRetrieval,
Baltimore,Maryland,2003.

P. Herrera. Settingup an audiodatabasdor musicinformationretrieval bench-
marking.In Proceeding®f ISMIR2002- 3rd InternationalConfeenceon Music
InformationRetrieval, 2002.

A. LivshinandX. Rodet. Theimportanceof crossdatabasevaluationin sound
classi cation. In Proceeding®f the InternationalSymposiunon MusicInforma-
tion Retrieval, Baltimore,Maryland,2003.

T. N. M. Goto, H. HashiguchiandT. Oka. RWC musicdatabaseMusic genre
databasendmusicalinstrumentsounddatabasedn Proceeding®f thenterna-
tional Symposiunon Music InformationRetrieval, Baltimore,Maryland,2003.

B. S. Manjunath,P. SalembierandT. . Sikora. Introductionto MPEG-7.Multi-
mediaContentDescriptioninterface JohnWiley & Sons,LTD, 2002.

A. Martinez,S.Ferradangyl. Koppenbeger, andP. Cano.Naturallanguageools
appliedto musicinformationprocessingMTG2004-2nternal Report 2004.

G. A. Miller. WordNet: A lexical databasdor english. Communication®f the
ACM, pages39-45,Novemberl995.

[16] J.ReissandM. Sandler MIR benchmarkingLessondearnedrom the multime-

diacommunity In Proceeding®f ISMIR2002- 3rd InternationalConfeenceon
MusicInformationRetrieval, 2002.

13



