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ABSTRACT
Mostaudioeditingtoolsoffer limited capabilitiesfor bronsingand
editing large collectionsof files. Moreover working with mary
audiofiles tendsto clutter the limited screenspaceof a desktop
monitor In this paperwe describeMARSYAS3D, a prototypeau-
dio browser and editor for large audio collections. A variety of
2D and3D graphicsnterfacesfor working with collectionsand/or
individual files have beendeveloped. Mary of theseinterfaces
areinformedby automaticcontent-basedudioanalysistools. Al-
thoughMARSYAS3D canbe usedwith a desktopmonitorit has
beenspecificallydesignedisanapplicationfor thePrincetonScal-
ableDisplayWall project.

The currentDisplay Wall systemhasan 8 x 18-footrearpro-
jectionscreenwith aresolutionof 4096x 1536pixels. For sound
acustom-madd 6-speakr surroundsystemis used.The usersin-
teractwith the Wall usinga variety of inputmethods Thisimmer
sive display allows for visual and aural presentatiorof detailed
informationfor browsing and editing large audio collectionsand
supportsnaturalinteractive collaborationsamongmultiple simul-
taneousisers.

1. INTRODUCTION

Continuousrapid-impravementsn CPU performanceandstorage
densityhave madepossiblethe collectionof large amountsof au-
dio data. The ability to interchangsdiles over the Web andaudio
compressiorformatslike MP3 have further facilitatedthis trend.
Mostaudioeditingtoolsoffer limited capabilitiesfor bronsingand
editing large collectionsof audiofiles (typically only thefilename
andsomeform of ID taggingis used).

In this paperwe describeMARSYAS3D, a prototypeaudio
browserandeditor designedor working with large collectionsof
audiofiles. A variety of 2D and3D graphicalinterfacesfor work-
ing with collectionsand/orindividual files have beendeveloped.
Mary of theseinterfacesareinformedby automaticcontent-based
audioanalysistools. Thesetools areall integratedundera com-
monunderlyingframeawvork thatprovidesa uniqueconsistentiata
representation.

Working with mary audio files using a desktopmonitor is
difficult becausef the large numberof necessarynterfacesand
windows. Although MARSYAS3D can be usedwith a desktop
monitorit hasbeenspecificallydesignedasan applicationfor the
PrincetonScalableDisplayWall project. Thislargeimmersvedis-
play allows for visual and aural presentatiorof detailedinforma-
tion for brawsingandeditinglarge audiocollectionsandsupports
interactive collaborationamongmultiple simultaneousisers.
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Figurel: MARSYAS3D ontheDisplayWall

1.1. The Wall

ThePrincetorScalableDisplayWall projectexploresbuilding and
usingalarge-formatisplaywith multiple commoditycomponents.
The prototypesystemhasbeenoperationakinceMarch 1998. It
comprisesan 8 x 18 foot rearprojectionscreerwith a4 x 2 array
of projectors.Eachprojectoris drivenby acommodityPCwith an
off-the-shelfgraphicsacceleratar The multi-spealer displaysys-
temhasl6 speakrsaroundtheareain front of thewall andis con-
trolled by a soundserverPCthatusestwo 8-channekoundcards.
A moredetaileddescriptionof the projectcanbe found[1]. Fig-
ure 1 shavs MARSYAS3D on the PrincetonDisplay Wall. High
resolutioncolorimagescanbefoundat
http://www.cs.princeton.eduftzan/marsyas.html.

1.2. Applications

Thedriving applicationbehindthe developmentof MARSYAS3D
is researchn content-basea@udio informationtools. Other po-
tentialapplicationsareauditorydisplayresearchsoundeffectsfor
movies, music browsing, computermusicandin generalary ap-
plicationareawherethereis a needto work onlarge collectionsof
digital audio.

We looselydefineaslarge ary collectionwith morethan100
audiofiles. Empirically this is the approximatenumberof files
whereworking only with filenamesandID tagsbecomegedious.
Collectionscan have an arbitrary numberof files subjectto the
memoryanddisk constraintof the particularsystem.The client-
senerandmodulararchitectureof the systemmalesit scalableo
morethanonecomputer In additionit facilitatesinteractionwith
non-standaréhput deviceslike SpeectRecognition.
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As atypical applicationscenaridmaginehaving to createthe
soundscapef walking througha forestusinga databasef sound
effects. As a first stepone might look for the soundof walking
on soil. After clusteringthe collectionyou would notice that a
particularclusterhasmary files with Walking in their filename.
Expandingonthis clusteryouwould selecd soundfileslabelledas
walking on soil. Using spatializedaudioyou could automatically
heargeneratedhumbnailsof the4 soundfiles simultaneoushand
male thefinal decision.In asimilarfashionyou couldlocatesome
files with bird callsanda file with the soundof awaterfll. Once
the componentof the soundscapare selectedyou can edit the
selectedsoundfilesand performthe necessarynixing operations
to createthe final soundscapef walking througha forest. The
illusion of approachinghe waterfall canbe achieved by artificial
reverberatiorandcrosséading.

All thesetasksare performedin front of a large screenwith
multiple graphicsdisplaysthatareall consistenandconnectedo
thesameunderlyingdatarepresentatiomodule.Of coursehaving
a large collaboratve spaceallows morethanone userto interact
simultaneouslyvith the system.

2. RELATED WORK

A significantinfluencefor this projecthasbeenthe musicbrows-
ing work of [2, 3]. In this work, a prototype2D graphicsbrowvser
combinedwith multi-streamsonic browsing was developedand
evaluated.Thedriving applicationbehindthedevelopmeniof their
browserwas musicologicalresearchn Irish traditionalmusical-
thoughtheir browsercouldeasilybe appliedto otherapplications.
In additionto offering similar browsing capabilitiesour systemis
assistedy automaticcontent-basedudioanalysistools andsup-
ports 3D graphicsdisplays. Someof the 3D graphicstools have
beendescribedn [4]. Furthermoreoncethe desiredfiles have
beenlocated,soundediting capabilitiesareprovided.

Commerciallyavailableaudioeditorsareeithersmallscaleed-
itors that work with relatively short soundfiles, or professional
toolsfor audiorecordingandproduction.In both caseghey offer
very little supportfor browsing large collections. Typically they
supportmontage-lile operationdik e copying, mixing, cuttingand
splicing andsomesignal processingools suchasfiltering, rever-
berationandflanging.In additionto thesestandardunctionalities,
our editorofferscontent-basedudioanalysigoolslike sggmenta-
tion andtimbre-basedaoloringto assisthe editing process.

Although therehave beenattemptd5, 6] to develop “intelli-
gent” soundeditorsmost of their researcheffort was spendad-
dressingproblemgelatedto thelimited hardwareof thattime. Au-
dio analysigools have beenusedsuccesfullymorerecentlyin [7],
wherespeechrecognitiontechniquesreemplo/edto index audio
andvideo.

3. SYSTEM ARCHITECTURE

The systemarchitecturehasbeendesignedwith the Shneiderman
mantrafor userinterfaces’overview first, zoomand filter, then
details on demand” in mind [8]. Moreover the usercan con-
figure the systemto suit his specificneedsandit is easyfor the
programmerto extend the systemwith new interfaces. A very
importantcharacteristiof the systemis that althoughthereare
multiple interfacesandviews everythingis connectecdndupdated
synchronouslyrom the sameunderlyingdatarepresentation.

MARSYAS3D ARCHITECTURE
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Figure2: MARSYS3DSystenArchitectue

Centralto thedesignof the systemis theconcepof browsing.
MarchioniniandShneidermai9] definebrowsingas:

an exploratory information seekingstratgy that depends
uponserendipity

especiallyappropriatefor ill-defined problemsandfor ex-
ploring new taskdomains

Workingwith largeaudiocollectionshasthosecharacteristicghere-
fore a variety of differentBrowses are provided. The Browses
renderthe collectionbasedon parameterstoredin MapHles. In
mary caseshe MapFle canbe automaticallygeneratedy auto-
matic Audio AnalysisTools Using the Browserthe usercan ex-
plorethe spaceandselecta subsebf thecollectionfor subsequent
browsing or editing. Editing the selectediles canbe doneusing
the Editor whichis alsoconfiguredby a MapFiles, possiblyauto-
maticallygeneratedDuring playbackof thefiles variousMonitors
canbe setupto visualinformationthatis updatedn real-time. A
schematiof the systems architecturecanbe seenin Figure 2.

3.1. Terminology

Thefollowing termswill beusedfor themoredetaileddescription
of thesystem$ components:

Collection is alist of audiofiles. Thereis a uniqueunderlying
datarepresentatioifor collectionsthatis sharedamongall
theBrowses. Any subsebf acollectionis alsoacollection.

Browsers presenthe collectionfor browsing usingdifferentau-
dio andvisualdisplays.Theusercanexplorethe spaceand
selectspecificitemsfor subsequertirowsing or editing.
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MapFiles maptheindividualitemsof thecollectionto theparam-
etersrequiredby a specificBrowser Editor or Monitor.

MapFileBuilder : is atool for creatingMapHiles eitherautomat-
ically usingAudio AnalysisToolsor manually

Analysis Tools : apply signal-processindeatureextraction and
patternrecognitiontechniquego automaticallyinfer infor-
mationaboutthecontentf collectionsandindividualitems.
In somecasesapplyingananalysistool to a collectioncor
responddo batchprocessingf all theindividual files.

RealTime monitors : are2D or 3D graphicdisplaysthatare up-
datedin real-timewhile the soundis playing.

Item Editor : is the only componenthataffectsthe actualcon-
tentof thefiles. It offersautomaticandsemi-automatiau-
dio analysistoolsin additionto standarceditinganddigital
audioeffects.

In Figure 1 the following interfacesare shavn on the dis-
play wall: threeEditors, a ClassGramMonitor, a TimbreGram
Browser anda TimbreSpace3Browser

4. AUDIO ANALYSISTOOLS

Audio analysistools apply signal processingand patternrecog-
nition techniqueso extract information aboutthe contentof au-
dio files. Examplesof audioanalysistools areclassification seg-
mentationsimilarity-retrieval, thumbnailing principalcomponent
analysiPCA), beat-detectiomndclustering.

Examplesof classifierssupportedy the systemare: Musicvs
SpeechMale vs Femalevs Sports,Music GenresandInstrument
families. They have beenstatisticallytrainedfrom representatie
datasetandevaluated[10]. Segmentatiorrefersto the procesof
detectingsggmentswhenthereis a changeof “texture” in asound
stream. The chorusof a song,the entranceof a guitar solo or a
changeof spealkr areexamplesof segmentatiorboundariesSeg-
mentationcan be usedto breaka single soundfileinto segments
that can be subsequentlyiewed as a collection using the “Ex-
plode” operation.

Audio thumbnailingis the processof creatinga short sum-
mary soundfile thatbestcaptureghe essentiablementof alarge
soundfile. Thumbailingis very importantfor quick browsing us-
ing the SoundSpacbkrowser Clusteringcanbe usedto hierarchi-
cally groupfileswhereno labellinginformationis provided. Beat-
detectionalgorithms[11] measurehe rhythmic beats-peminute
(bpm) for musicand. Finally PCA is a dimensionality-reduction
techniqud12], usedin our systemto maphigh-dimensionaspec-
tral featurespaceso lower-dimensionalMapFile spaces. More
detailsaboutthesetechniqueganbe foundin [13, 10].

An importantaspectof MARSYAS3D is that all thesetech-
niguesare integratedundera commonframevork and are used
to supportthe Browses, Editor, andMonitors. For examplein a
TimbreSpacePCA canbe usedto mapaudiofiles to pointsin 3D
spaceandclusteringcanbe usedto colorthem. Seggmentatiorcan
beusedto quickly locatearegion for editingandclassificatiorcan
be usedto inform a ClassGam monitor The flexibility provided
by MapFiles doesnot enforcespecifictechniquesor eachtype
of display For examplea TimbreSpace2Drould easily be con-
structedby manuallymoving pointsin a 2D planeaswell aswith
automaticechniques.

Figure3: TimbreSpace3D

5. BROWSERS

The key operationary brovser mustsupportis “Zooming”. By
zoominga selectedsubsebf a collectionis openedasa new col-
lection. This is easyto implementbecauseary subsetof a col-
lectionis alsoa collection(samefor the correspondingViapFile).
Eachbrowseralsosupportsa currentlyselectedtem. It is impor
tantto notethatsinceall brovserareupdatedsynchronoushary
possiblecombinationof themcanbeused.
Thefollowing browsersareimplementedn the system:

Standard is just a list of fileanamescorrespondingo the audio
files. Standardsingleandmultiple mouseselectionis sup-
ported.

Tree rendersthe itemsbasedon a treerepresentationThis tree
representationanbegeneratedy automatiaclassification.
For examplethe first level of the tree could be Music vs
SpeechandSpeectrould be furthersubdvided to Male vs
Femaleandsoforth.

TimbregramBrowser renderseachfile as TimbreGram that are
rectanglesconsistingof vertical color stripeswhereeach
stripe corresponddgo a shortsegmentof sound. Time is
mappedrom left to right. They revealsoundghataresimi-
lar by color similarity andtime periodicity Forexamplethe
TimbreGramsof two walking soundswith differentnumber
of footstepswill have the sameperiodicity in color. Dif-
ferentcolor mappingscanbe usedandPCA canbeapplied
to reducespectralfeaturego the color parametergor each
stripe.Figure 4 shavs TimbreGramcoloringsuperimposed
over awaveformdisplay

Timbr eSpace2Drepresenéachtemasageometricshapeonplane
in a similar fashionto the visual browser of [2, 3]. The
placementshapeandcolor of eachitem arecontrolledby
theMapfile PCA canbeusedfor automatigplacementand
classificatioror clusteringcanbe usedfor automaticcolor
ing or shape.

TimbreSpace3Dis similar to the TimbreSpace30in 3 dimen-
sions. The usercanzoom, rotateand translatethe space.
Principalcurves[14] canbeusedto move sequentiallfthrough
the data. This displayis especiallyappropriateor the dis-
play wall where 3D illusion is much stronger Figure 3
shavs a TimbreSpace3rovser
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Figure4: MARSWS3DEditor

SoundSpacetakesadwantageof thecocktail-partyeffectin asim-
ilar fashionto the music browser of [2, 3]. As the user
browses,a neighborhoodaura) aroundthe currently se-
lecteditem is auralizedby playing all the corresponding
files simultaneouslyln the MapHle eachfile is mappedo
oneof the 16 loudspeakrs of the systemandthe intensity
levels arenormalizedfor betterpresentation Althoughall
16 loudspeakrs can be usedwe have found that at most
8 simultaneousaudio streamsare useful. Using more ad-
vanced3D audio renderingtechniquego placefiles ary-
wherein the spaces plannedfor thefuture. To shorterthe
playbacktiime, equallengththumnailscanbe automatically
generatedor eachfile.

6. EDITOR

Theeditorsupportstandardperationsik e cutting,copying, past-
ing, splicing etc. Thoseoperationsvork in theindividual file and
betweendifferentfiles that are openat the sametime. A limited
numberof digital audioeffectslik e reverberatiorandfiltering are
supported Adding new effectsto the systemis easy

In additionto thesestandardeditor featuresAudio analysis
toolslik e classificationsegmentationthumbnailingcanassistthe
editing process. Computefassistedannotationis also provided.
As anexample,a usercanquickly detectthe saxophonesoloin a
Jazzpieceandannotatet with a textual description.Anotherfea-
tureof theeditoris “Explode” which usesautomaticsegmentation
to breaktheaudioandthencreates collectionof the sgmentsor
browsing. Figure 4 shav the MARSYAS3D Editor with a wave-
form displaywith TimbreGramcoloring.

7. MONIT ORS

Monitorsdisplayinformationthatis updatedn real-timewhile the
audiofiles arebeingplayed.In mary casesthey usetheresultsof
automaticaudioanalysistoolsthatwork in real-time.

Waveform is the traditional display of the signalusedby com-
mercialeditors.

Spectrum is a traditional spectrumdisplay shaving the magni-
tudein Decibelsof theShortTime FourrierTransform(STFT)
of thesignal.

Figure5: ClassGamBrowser(music-spedtgenes

Spectogram rendersthe sameinformationasthe Spectrumasa
greyscaleimage. Time is mappedfrom left to right and
the frequeny amplitudesare mappedto greyscalevalues
accordingo their magnitude.

Waterfall shavsawaterfll-like 3D displayof acascadef Spec-
trumplotsin 3D space.

TimbreBall shavs a spheremoving a 3D cube. Eachaxis of the
cubecanbemappedo aspecificaudioanalys<eature.For
example loudnessspectrakentroid,andspectraflux (fea-
turesknown to be perceptuallymportant)couldbemapped
tothex,y,z axis. A shadw is providedfor betterdepthper
ception.

Amplitude shavs anamplitudemeterfor the signal.

Metronome shavs the bpm of the signalanda confidencdevel
for how strongthe beatis. The beatis detectecautomati-
cally usingtechniquesimilarto [11].

FeaturePlot shavs aplot of auserselectedeature.

ClassGram shavstherelative weightsof classificatiorconfidence.

For eachclassa confidencemeasurerangingfrom 0.0 to
1.0 is calculatedand usedto maove up or down cylinders
correspondindo eachclass. The cylinderscanbe texture-
mappedwith characteristimagesfor eachclass.This dis-
play canreveal detailedinformation aboutthe underlying
content.For examplein arapsongboththe“Male Speech”
cylinderandthe“Rap” cylinder would go up.

8. MAPFILES

MaphFiles controlthe appearancandbehaiors of the variousin-

terfacesn MARSYAS3D by mappingthefilenameso specificpa-
rametersFor examplein aTimbreSpace3Bhefilenamesvouldbe
mappedo 3D position,shapeandcolor. Theseparametergould
be automaticallygeneratedy PCA, classificationand clustering
or couldbe creatednanually In a SoundSpaceachfile would be
mappedo a specificloudspeakr andintensity MapHleBuilderis

the applicationfor creatingMapHles for collections. Currentlyit

is a separatapplicationwithout a graphicaluserinterface.
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9. COLLECTIONS

A variety of large audiocollectionswereusedfor developingand
testingMARSYAS3D. Thelengthof theaudiofiles variesfrom 30
secondgmostof the collections)to 3-4 minutes. The following
collectionswhereutilized:

MusicSpeech 200audioclips speectandmusic
Radio 100audioclipsrecordedrom FM radio
Jazz 100jazzaudioclipsrecordedrom CDs

Instruments 913isolatedmusicalinstrumennotesfromtheMcGill
MUMS CDs

Sfx 200 soundeffects clips recordedfrom various soundeffect
libraries

10. IMPLEMENT ATION

The software is implementedfollowing a client-serer architec-
ture. All the computation-intense signalprocessingand pattern
recognitionalgorithmsrequiredfor audioanalysisare performed
usingasener written in C++. The codeis optimizedresultingin
real-timefeaturecalculationandmonitor updates.The collection
browser item editor, real-timemonitorsandthe integrationcode
arewrittenin JAVA andJAVA3D. ThesoftwarerunsonLinux, So-
laris, Irix andWindows (95,98,00,NT)A free softwareversionof
someof thecomponentss providedin :

http://www.cs.princeton.eduftzan/marsyas.htmi

The samelink containscolor picturesof the figuresandaddi-
tional informationrelatedto this paper

11. FUTURE DIRECTIONS

Thesystenis still aresearclprototypeunderdevelopmentothere
hasbeenno formal evaluation.A task-base@valuationis planned
for the future. In this evaluation,comparisorbetweerthe effec-
tivenesof differentbrowsersandtheircombinationwill bemade.
In additionthe systemwill be comparedo moretraditionalforms
of browsingandediting.

The Display Wall projecthasimplementedh variety of alter
native input methodsin additionto standarckeyboardandmouse
navigation. We are exploring the use of speechrecognitionin-
put for controlling the system.The client architectureof the user
interfaceswill male the integrationwith the speechsystemeasy
Speechrecognitionis alreadybeingusedfor acircuit viewer. Cur-
rently the placingof thewindows is doneby thewindow manager
requiringmanualadjustmentvhich is difficult on suchalargedis-
play. Therefore,intelligent automaticplacementof windows is
plannedfor thefuture.

Currentlyall the bookkeeping(mainly the MapFles) is done
usingflat text files. We areconsideringhe useof a databaseys-
temto organizethisinformation.Finally agraphicaluserinterface
for the MapHleBuilder is underdevelopment.

Our hopeis that somedayin the future, soundediting will
look moresimilarto our prototypesystenthanto whatis currently
commerciallyavailable.
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