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Abstract

Content-basedaudioprocessingresearchersneedaudioandits relatedmeta-
datato develop and testalgorithms. We presenta commonrepositoryof audio,
metadata,ontologiesandalgorithms.We detail the hardwareimplementation,in
the form of massive storageandcomputationcluster, the softwareanddatabases
designandtheontologymanagementof thecurrentsystem.Therepository, asfar
ascopyright licensesallow, is opento researchersoutsidetheMusic Technology
Groupto testandevaluatetheiralgorithms.

1 Intr oduction

Developingtechnologiesrelatedto musicalaudiosignalprocessingrequiresdata.For
instance,implementingalgorithmsfor automaticinstrumentclassi�cationrequiresan-
notatedsamplesof differentinstruments.Implementingavoicesynthesisandtransfor-
mationsoftwarecalls for repositoriesof voice excerptssungby professionalsingers.
Testingarobustbeat-trackingalgorithmrequiressongsof differentstyles,instrumenta-
tion andtempi. Building modelsof musicalcontentwith a machinelearningrationale
calls for largeamountsof data. Besides,runninganalgorithmon big amountsof di-
versedatais a requirementto ensureits quality andreliability. The main purposeof
this paperis to describethe researchinfrastructurein placenow in the Music Tech-
nologyGroupof theUniversitatPompeuFabra:1 theMTG-Database(MTG-DB). The
MTG-DB is acommondatabaseof audiomaterialthatoffersfunctionalitiesfor adding
audiocontent,browsing the database,addingmetadataanddealingwith taxonomies
andalgorithms.

The MTG-DB is not a systemfor informationretrieval evaluation. Its goal is not
to standasa benchmarkframework like the onepursuedin the MIR community[9].

1http://www.iua.upf.es/mtg



TheMTG-DB is ratherconcernedwith providing acommonstoragefor audiomaterial
andassociatedmetadata(seeSection2) aswell astools for research(seeSection3).
Section4 describesthesystemarchitecture.Section5 detailstheactualaudiocontent
andcommentsoncopyright issues.

2 A commonrepository

Too often researchersbuild their audio collectionsfrom scratchandannotatecorre-
spondingmetadatato developandevaluatealgorithms. In orderto facilitatereuseof
this material,the MTG-DB centralizesin a commonrepositoryaudiocontent,corre-
spondingmetadata,taxonomiesandalgorithms.

2.1 Audio

A commonrepositoryof audioallows to confrontalgorithmswith big repositoriesof
differentnature.As outlinedin theintroduction,machinelearningapproachesto music
audioprocessingrequirelarge amountsof data. Livshin et al. point out in [11] that
evaluationof soundclassi�erson a singledatabaseis not necessarilyan indicatorof
thegeneralityof theclassi�er nor its suitability for practicalapplications.Besidesthe
applicationto thedevelopmentof data-drivenalgorithm,largecollectionsof audiohave
morebene�ts. Thesimpleactof runninganalgorithmagainsta databasemuchbigger
thantheoneusedfor developmentcanreveala lot of informationaboutthealgorithm.
Thealgorithmis testedin robustness,bothon theaccuracy with very distinctdataand
onthesoundnessof theactualimplementation,e.g:algorithmsdesignersmayhavenot
contemplatedacertainsituationthatmakesa programcrash.

2.2 Metadata

Therearemany advantagesin centralizingmetadatatogetherwith the audiocontent.
Themetadataandpossibledescriptionslinkedto theaudiocontentallow usersto com-
paretheir algorithmwith others'. Differentresearchersworking on thesameproblem
canincreasethebenchmarkdatabasesizeby addingupmoregroundtruth data.

The commonrepositorycan help discover synergies betweenautomaticallyex-
tracteddescriptors.For instance,someonestudyingchordsegmentationwill bene�t
from theresultsof a beattracker. Somebodystudyingthestructureof musicis likely
to bene�t from resultsfrom tempoevolution,chordprogressionandsingingvoicede-
tection.

A centralizedand correctly labeledrepositorycan stimulatecorpus-orientedre-
searchandtheuseof statisticalmethodsandlearningtechniques.For instance,�nding
correlationsbetweencertainlow-level descriptorsandgenres,or studyingtheperfor-
manceof a key extractorin dataof differentclassicalperiods,from baroqueto roman-
ticism, is mademucheasier.
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2.3 Taxonomies

Along with metadata,it is importantto storetaxonomiesor ontologies. The devel-
opmentof a percussive instrumentclassi�er requiresthe de�nition of a taxonomyor
classi�cation schemeof the categoriesof percussive instruments.Samehappensin
many othercases:taxonomiesof musicalgenres,voice types,singingstyles,playing
modesandmany more.SomeonespendingaPh.D.thesistimeresearchingonaspeci�c
topic is likely to haveorganizedataxonomyor anontologythatdescribestheconcepts
of thatspeci�c topic. It is imperative to preserve thatknowledge.Much of thelegacy
metadatamayreferto termsof suchontologies.If we want to reusethemetadata,we
needto know exactly which restrictedvocabulary wasusedandwhat wasthe mean-
ing of eachterm. Metadatahasto bewell speci�ed so that it is comprehensibleboth
by menandcomputersalike. Thefollowing is anexampleof possiblycryptic textual
metadatathat describesan acousticguitar chord: “AcousticGuitar:BbMin:Hi:Down”.
In orderto describethis audiosample,besidesspecifyingtheinstrumentthatproduce
it—an acousticguitar—it is interestingto encodesomehow that acousticguitar is a
type of string instrument. It is importantto specifythat thesoundsampleis a chord
andwhetherit wascreatedstrummingupor down, typeof strum,andsoon. Different
ontologiesaremanagedwith anextendedversionof WordNet.2 SeeSection3.2and[7]
for details.

2.4 Algorithms

Differentalgorithmsarestoredwith associateddocumentationdescribingits use,un-
derwhich operatingsystemsthey have beentested,who is maintainingthem,relevant
publicationsandassumptionson theoperatingconditions.It is possibleto uploadand
registeralgorithmsdevelopedin any of thecommonprogramminglanguages;yet, to
take full advantageof the framework, like using the high performanceclusterenvi-
ronment(seeSection4.2), they have to run on GNU/Linux. Many algorithmsusethe
CLAM3 framework, a C++ Library for Audio andMusic, developedat theMTG and
distributedunderthe GNU GeneralPublic License.4 It is relatively easyto build a
complex algorithmusinga numberof previously registeredalgorithms.

3 Research Tools

A big andcentralizedrepositoryof audioandmetadataimprovesthe robustnessand
accuracy of theaudiotechnologies.However it takessomeeffort for theresearchersto
put themetadataandthealgorithmsin acompliantformatthatcanbeeasilyregistered
in thesystem.In orderto attractresearchersinto populatingandusingtherepository,
thesystemoffersfunctionalitiessuchastoolsfor metadataannotation,ontologyman-
agement,aninformationretrieval framework andanexperimentalframework.

2http://www.cogsci.princeton.edu/˜wn
3http://www.iua.upf.es/mtg/clam
4http://www.gnu.org/copyleft/gpl.html
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3.1 Annotation tools

Textual annotationfor describingaudiocontent— suchasartist,genreor moodof a
musicpiece— aswell asontologymanagementis providedvia awebinterface.Some
descriptionshowever refer to segmentsof audio,for examplethestructureof a song:
Intro, Bridge,Chorus,thechordprogression,theinstrumentsplayedat certainpartsor
soloparts.In thesecases,theaudiosegmentsareannotatedusingK	areSjölanderand
JonasBeskow's WaveSurfer.5 WaveSurferis anopensourcetool for soundvisualiza-
tion, annotationandtranscription.We haveextendedthefunctionalityof this software
in several aspects.It is possibleto launchthe applicationfrom within theweb inter-
face.Theaudiois loadedautomaticallyalongwith segmentationsalreadyavailableon
therepository. A connectionto theMTG-DB server via webservicesallows to down-
load,edit or uploadnew segmentations.Thewebservicevalidatesthelabelsusedfor
taggingtheaudioagainsta restrictedvocabulary. Assuringannotationconsistency is
important,especiallyif severalpeoplearecontributing to therepositoryto ensurethat,
for example,“Intro” whendescribingpartsof a songis alwayslabeledas“Intro” and
not “intr”, “introduction”. View Figure1 for a screenshotof WaveSurfer.

Figure1: WaveSurferannotationtoolsscreenshot

3.2 Ontology managementtools

Accordingto Wikipedia,taxonomymayrefer to eithera hierarchicalclassi�cationof
things,or theprinciplesunderlyingtheclassi�cation.6 In computerscience,anontol-
ogy is theattemptto formulateanexhaustive andrigorousconceptualschemawithin
a givendomain,a typically hierarchicaldatastructurecontainingall therelevantenti-
tiesandtheir relationshipsandrules(theorems,regulations)within thatdomain.7 The
useof taxonomiesor classi�cationschemesalleviatessomeof theambiguityproblems
inherentto naturallanguages.TheMPEG7standardprovidesdescriptionmechanisms
andontologymanagementtools for multimediadocuments[13]. We have decidedto
extendexisting semanticnetwork, WordNet,ratherthanstartingfrom scratch.Word-
Net [15] is a lexical network designedfollowing psycholinguistictheoriesof human

5http://www.speech.kth.se/wavesurfer
6http://en.wikipedia.org/wiki/Taxonomy
7http://en.wikipedia.org/wiki/Ontology
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lexical memory. Standarddictionariesorganizewordsalphabetically. WordNetorga-
nizesconceptsin synonym sets,synsets, with links betweentheconceptslike: broad
sense,narrow sense,part of, madeof andso on. It knows for instancethat theword
“piano” canreferto themusicalattributethatrefersto “low loudness”andthemusical
instrument.It alsoencodestheinformationthata “grandpiano” is a typeof piano,and
that it haspartssuchasa keyboard,a loud pedalandso on. For detailson how the
framework dealswith theontologymanagement,we referto [7].

3.3 Inf ormation retrieval tools

A greatdealof musicaudioprocessingresearchis currentlydevotedto music infor-
mationretrieval. Somealgorithmsextract sonologicalandmusicaldescriptionsfrom
audiothatcanbeusedfor providing new waysof interactingwith largecollectionsof
music. The MTG-DB providesa framework for searching,browsing anddisplaying
results. In this framework, a userregistersa compliantdescriptionextractor, the ex-
tractor is run on a selectionof audio�les, the extracteddescriptorsarestoredin the
repositoryand,automatically, toolsareavailablefor:

1. Query by description: It applieswhen the metadatais in textual form, which
includeslabelssuchasmood,genre,duple/triplemeteror key.

2. Queryby numericalvalues:Thereis a sliderinterfacefor numericaldescriptors
suchasbeatsperminute,loudness,percussiveness(seeFigure2).

3. Queryby example: The useruploadsan audio �le andasksfor similar audio
items.8

Figure2: Informationretrieval sliderinterface

Therearealsotoolsfor visualizationandplaybackin differentmodes.

8Certaindescriptorsrequireto registerin thesystemthesimilarity measurethatreadsthedescriptorsand
is capableof comparingandrankingthem.For example,anextractorcanoutputa representationof a song
in theform of aGaussianMixture Modelof Mel Frequency Cepstrumcoef�cients [2]. In orderto ranksongs
givensuchadescriptor, ahelperapplicationhasto beregisteredin thesystem.
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1. Flat list: Flat list of resultsrankedby relevance,asin Google9 or Altavista.10

2. Category tree:Browsingthroughcategoriestreesis availablein two ways:First
usingtheregisteredontologies—musicalgenres,musicalinstruments,voicetypes—
and,second,via hierarchicalclusteringover theextracteddescriptors[6].

3. 2D RepresentationsMaps:Multidimensionalscaling-likevisualizationthatprojects
(dis)similaritydistancematricesontoan2D Euclideanrepresentation[5].

This setof informationretrieval tools alleviatesthe workloadof the researchers.
Insteadof having to designprototypesfor demonstrations,they can concentrateon
their algorithms.

3.4 Connectionwith external software

Web-basedtechnologies,includingXML andWebservices,allow theseamlessinter-
operabilitywith externalapplications(seeSection4). Speci�cally thereis aconnection
with Matlab.11 Webservicesprovideaswell aninterfaceto theannotator(seeSubsec-
tion 3.1)andto audioplayers:Winamp12 andXMMS.13

The XML interfacetogetherwith XSLT is usedboth for the web interface(see
Figure3) andalsoto createdatacompliantwith machinelearningframeworks,in par-
ticularWeka.14

3.5 Data-mining tools

Besideaudio,metadata,ontologiesandalgorithms,it is possibleto storea historyof
classi�cationexperiments.In this setup,eachclassi�cationexperimentconsistsof a
subsetof audio data,several algorithmswith accompanying con�guration �les and
algorithmoutputs.Experimentsarestoredwith a descriptive nameanddatefor later
retrieval.

By a simpleone-stepprocessany experimentcanbere-run,with possiblechanges
to dataor con�guration.Thenew resultsarethenstoredseparately.

By keepingtrack of all experimentresults,the evolution in performancecan be
monitored.By looking for maximaor minimaon graphs,successfulexperimentcon-
�gurations and/ortrendsarereadily identi�ed. Manualand/orsubjective evaluations
canalsobe done,sinceall resultsareavailable for download. This is an important
issue,sinceit is not feasibleto implementa systemthatwill satisfyeveryone'sneeds
in particular. To avoid limiting the work processof the individual, all partsof the
experimentproceduremustbeableto performof�ine.

9http://www.google.com
10http://www.altavista.com
11http://www.mathworks.com
12http://www.winamp.com
13http://www.xmms.org
14http://www.cs.waikato.ac.nz/ml/weka
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Figure3: Webinterface

3.6 Robustnesstest

Algorithms should ideally be robust to different quality versionsof the samecon-
tent. The consistency of an algorithmagainstdistortionssuchas low-pass�ltering,
re-sampling,backgroundnoise,mp3or GSMtranscodingis anindicatorof thequality
andgeneralityof the approach.This testingandsomeother functionalitiesare im-
plementedin theMTG-DB framework soasto avoid duplicatingwork andpromotea
fasterandhigherquality research.

4 SystemDescription

All the tools and functionalitiesare independentof O.S. and databasearchitecture.
Thereis a XML Interfacethatallows reusingthe framework within a stand-alonePC
applicationor webinterfacewith differentskins(seeFigure4).

4.1 Block Diagram

DATA STORAGE:Theaudiodatais storedin anormal�le system.Informationabout
the�les andmetadataaresavedin arelationaldatabase.Somemetadata,suchasMIDI
or low-leveldescriptors,mayalsobestoredin the�le system.These�les areaccessible
via a link in thedatabase.

APPLICATION SERVER: Themaincorefunctionalitiesresideon theapplication
server. It allows to accessall thedata—audio,metadata,algorithmsandtaxonomies—
storedin the repository. The �le informationandmetadataarerepresentedasobjects
andaccessto theaudio�les is availablein differentways:http-download,directaccess
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via NFS or Sambain the intranet. Registereduserscan add new dataand modify
existing data,provided they have suf�cient accessrights. Standardsearchtools are
provided directly by the applicationserver. This includesfull-text and speci�c text
searches—e.g. searchonly in title-�eld of tracks—and,moregenerally, the typesof
searchesdescribedin Subsection3.3.

Userscande�ne virtual collectionsor play lists in two differentways:

1. Manual Playlists: Userscan createplaylists and add objects—�les, albums,
artists—tothem. Theselists will bestoredin thesystemfor later retrieval, e.g:
to re-runanexperimentwith thesame�les.

2. AutomaticPlaylists:Theresultsof asearchcanbecomeaplaylist,e.g:“Find all
reggaepieceswith morethan90bpm”. Searchparameterscanbesavedfor later
re-use.Thereis alsothepossibilityto manuallymodify sucha playlist.

Built-in conversionof audiodatafrom andto the commonformats(wav, mp3, aiff)
with optionalparameterssuchas re-samplingis available. Conversioncan be done
on single�les, collectionsor thewholerepository. Besidesdownloadingwholeaudio
�les, segmentscanbecreatedon the�y anddownloadedasdifferent�les, e.g: “Give
meall saxsolos”.

CLIENT ACCESS:Therearetwo possiblewaysof clientaccess:

1. A web interface,which is accessibleby commonbrowsers,allows to usemost
of thefunctionality(e.g:browsing,searching,editingeditorialmetadata,...)

2. All functionality canbe exportedvia a SOAP Interface. The SOAP Interface
providessomeexclusive functionalitysuchasinteractionwith speci�c applica-
tions,e.g:WaveSurfer, whicharenotbeavailablevia thewebinterface.SOAP15

is a lightweight protocol intendedfor exchangingstructuredinformation in a
decentralized,distributedenvironment. The serviceinterfaceis describedin a
WSDL16 documentindicatingmethodscalls, objects,andexceptionsthat will
be sentacrossthe net. As all the exchangeof informationis madewith XML
(bothdataandcontrolmessages),SOAP makestheinteractionbetweendifferent
platformsandprogramsrunninganywhereon theInternetpossible.

IMPORT/EXPORT: Different tools to add new collections(e.g: CD's) are pro-
vided.In theMTG-intranetaudio-datacanbeuploadedvia NFS/Sambainto awritable
import directoryandregisteredto the repositoryusingthe web interface. For larger
collectionsseveralcommand-linescriptscanbeusedby theadministratorsof thesys-
tem to do a semi-automaticimport. The import scriptsperformseveral nameentity
analysissoasto ensureavoid duplicatesin theeditorialmetadata[14, 1]. Thescripts
usesoundex andstringmatchingalgorithms[14], aswell assomeheuristicsandcross-
checkingof informationwith FreeDB17 andMusicBrainz.18

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

15http://www.w3.org/TR/soap
16http://www.w3.org/TR/wsdl
17http://www.freedb.org
18http://www.musicbrainz.org
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1. Theusercandownloada list of �les asplain text (or m3u�les) to work on these
�les on themountedrepository(intranet-only).

2. The audio-dataand speci�ed metadatais collectedin a temporarydirectory,
packedandcompressedand— usingtheweb-interface— theuseris provided
with a link to downloadthepackage.

4.2 Hardwaresetup

TheMTG-DB requiresa greatdealof storageandhigh performancecomputingcapa-
bilities. Shortlytheinfrastructureconsistsof:

1. Massive andHigh-Availability Storage:The commonrepositoryrequiresa big
amountof harddisk space.At themomentof writing theaudiois storedin a 4
TerabytesRAID 5.

2. Distributed computationcluster: Besidesthe possibility of selectinga list of
audioitemsanddownloadingthemin aresearcher'sPCfor processing,theuseof
theclusteris considered.In sucha setup,theresearcheruploadstheexecutable
that processesthe batchof �les andthe computationis donein the distributed
environment.Thecomputationalclusterconsistsof 16nodes(AMD Dual2Ghz)
anda master(AMD Dual2Ghz).

3. Servers: Thereare two servers connectedto the RAID througha dumb �le-
server. Ononeof theserversresidestheapplicationserver. Thesecondonecon-
trols useraccessrightsandexportstheaudiocollectionvia NFSandSAMBA.

4.3 Content-basedMetadata Speci�cation

Agreeingon which metadatashouldbe includedin thedatabaseschemeis a daunting
task.Supportis givento threetypesof metadata:textual,numericandeverythingelse.

1. Textualdescriptorsor labels.

2. Numericdescriptors:scalaror vectors,suchasLoudness,BPM, speech/music
factor.

3. Arbitrary representations:musicalscore,lyrics, hiddenmarkov models. The
similarity measurethat candealwith arbitraryrepresentations—fora queryby
exampletypeof approach,aclusteringalgorithmor avisualization—isprovided
aslong asthe tools to compare—orto searchwithin—arbitraryrepresentations
are provided aswell. This designis meantto avoid the incrediblework load
thatcouldderivefrom trying to �nd a comprehensivedescriptionframework for
audiodata—bothfor thede�nition of suchaframework andtheimplementation.
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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 heterogeneousaudiocontent.As of February2004,therewere:

1. Musical instrumentsamplesandsoundeffects.

2. Monophonicphraseswith differentlevelsof expressiveness.

3. Drum loops

4. Singingvoices:Differentvoicequalitiesandexpression.
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5. Music: over80.000titlescoveringawidevarietyof genresandover9000differ-
entartists.

Somepartsof this collectionarecopyright protectedandthereforecannotbe ac-
cessedfrom outside.Someothercollectionshavea differentlicensingterms(seeSub-
section5.2) thatallow distribution,suchastheUniversityof IOWA Music Instrument
SampleDatabase.19 Anotherimportantcollectionis theRWC. TheRWC (RealWorld
Computing)Music Databaseis a copyright-clearedmusicdatabase(DB) that is avail-
ableto researchersasa commonfoundationfor research[12].

With respectto thequalityof theaudio,thepremisesareclear:obviouslythehigher
thequalityof theaudiothebetter(at leaststereo44100Hz). Someof theaudiocontent
is notof highqualityyetthey havegooddescriptions.In thesecases,theaudiois stored
in thesystemalongwith atagthatindicatesthatis low-qualityaudio.Thesearchengine
allows to �lter out theresultsaccordingto quality.

5.2 Copyright Issues

Researchersfrom outsideour lab canaccesstherepository. Someaudiocontent,how-
ever, is copyrighted.In this case,like it hasbeenproposedby [2], userswill only have
accessto metadata.Togetherwith theaudioeditorialdescription,theuserscandown-
loada setof precalculateddescriptorsof commonuse—someincludedin theMPEG7
standard[13]—, suchasMel-Frequency Cepstrum,spectral�atness,BPM, prominent-
pitch.

Nevertheless,there is still full accessto not “all-rights-reserved” type of copy-
right. The commoncreatives license20 de�nes alternative licensingschemes. The
MTG-DB currentlyprovidesmetadataandpointersto thecontentin thefollowingsites:
www.magnatune.org,www.opsound.org.

5.3 Disclaimer

Thegoal of thesystemis not to offer an informationretrieval benchmarkframework
like TRECor OpenVideo,like it is beingpursuedin theMusic InformationRetrieval
community[9, 16] for two reasons:

1. We donotprovideevaluationretrieval tools.

2. We areinterestedin otheraspectsbesidesinformationretrieval, suchascontent-
basedmusicprocessing.In thatarea,therearemany subtasksthatcanbeeval-
uated: the performanceof beattracking,prominentpitch, structuredetection,
spectralanalysis-resynthesisquality [10]. It would beout of our capabilitiesto
designandimplementall possibilities. That is why themetadatais just linked
to audiocontentand to the algorithmrelevant to it. Whena given researcher
wantsto compareor improve an algorithm,they canget all informationeasily
andduplicatewhateverexperimentto compareresults.

19http://theremin.music.uiowa.edu/MIS.html
20http://www.commoncreative.org
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It is moresimilar in awayto theUCI Repositoryof machinelearningdatabases[3].
The purposeis not to end-uplike an editor company with plenty of informationlike
whohasgot thecopyright or wherewasit recordedbut thedescriptorsthatarerelevant
for content-basedprocessingresearch.

6 Summary

We have introduceda large-scalerepositoryfor musicaudiocontentbasedprocessing
thatcentralizesaudiocontent,metadata,ontologiesandalgorithms.It aimsat stimu-
lating higherquality research,by evaluatingalgorithmson a big anddiversecorpus.
Thecommonrepositoryallowsduplicatingexperimentsaswell assharingbothexper-
imentalresultsandprocedures.TheMTG-DB repositoryis accessiblefor researchers
outsidetheMTG Labasfarascopyright licensesallow. Therepositoryis accessibleat
www.mtgdb.org.
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