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Abstract

Themajority of existingwork in musicinformation re-
trieval for audo signalshasfollowedtheconten-based
query-ty-exampleparadigm. In this paradigma musi-
cal pieceis usedas a quey andtheresultis a list of
other musicalpiecesranked by their conten similar-
ity. In this paper wedescribealgorithmsandgraphcal
userinterfacesthat enalle novel alternativewaysfor
gueryingand browsinglarge audo collectiors. Com-
puter audtion algorithmsare usedto extract content
informationfromaudiosignals.Thisautamaticallyex-
tractedinformationis usedto confgure the graphical
userinterfacesandto geneede new queryaudo sig-
nalsfor browsingandretrieval.

1 Introduction

Audio andespeciallymusicsignalsconstitutea sig-
nificantpartof internettraffic. Dueto advancesn stor
agecapacity network bandvidth andaudiocompes-
siontechnolgy compueruserdodaycanarchivelarge
collectiors of audiosignals. Existing audio software
tools areinadeqate to handlethesecollectiors of in-
creasingsizeandcompleity asthey aredevelopedfor
musicrecordng andproductionpurposesandarecen-
teredarownd the notion of processing singlefile. In
orderto enalbe novel ways of retrieving, structuriry,
andinteractingwith large audiocollectiors new algo-
rithmsandtoolsneedto be designd anddeveloped.

The adwartagesof efficient searchig andretrieval
of text areevidentfrom thepopuar websearchengine
basedon InformationRetrieval andMachinelLearnirg
techniaies. More recentlysimilar method have been
proposedfor imagesspurredby the wide spreaduse
of digital phaograghy. Obviously text retrieval tech-
nigues can also be usedfor multimediadatasuchas
audioandimagesusing manwal metadtainformation
such as filenames. However this appoach by itself
is inadeaiate for effective searchand retrieval. Au-
dio signalsandespeciallymusicalsignalsarecomplex
data-intesive dynamic signalsthat have unigue char
acteristicsandrequrements.Unfortunatelyno widely
usedalgorithns andsystemdor searchingandretriev-
ing audiosignalshave beendeveloped

In recentyearstechniqesfor audioandmusicin-
formation retrieval have startedemeging asresearch
praotypes. Thesesystemscan be classifiedinto two
majorparadigns. In thefirst paradgm the usersingsa
melod/ andsimilar audiofiles containirg thatmelody
areretrieved. This apprachis called“Query by Hum-
ming’ (QBH). Unfortunatelyit hasthedisadwartageof
beingapplicalle only whenthe audo datais storedin
symbdic form suchasMIDI files. The corversionof
geneict audio signalsto symbdic form, called poly-
phamic transcrigion, is still anopenresearctproblem
in its infarcy. Another prodem with QBH is thatit is
notapplicalte to severd musicalgenresuchasDance
musicwherethereis no singalbe melods that canbe
usedasaquery Inthesecondaradign called“Quely-
by-Example”(QBE) an audiofile is usedasthe query
and audiofiles that have similar conter are returred
ranked by their similarity. In order to searchandre-
trieve generalaudo signalssuchas mp3files on the
webonly the QBE paradign is currently applicatte.

In this papemve proposenew waysof browsing and
retrieving audioandmusicalsignalsfrom large collec-
tions that go beyond the QBE paradgm. The devel-
opedalgorithns andtoolsrely ontheautonatic extrac-
tion of cortent information from audio signals. The
mainideabehindthis work is to createnew audiosig-
nals either by combiration of otheraudio signals,or
syntheticlly basedon various constrénts. Thesegen-
eratedaudiosignalsare subsequety usedto auralize
queies andpartsof the browvsing space.The ultimate
goal of this work is to lay the foundationsfor the cre-
ation of a musical“sketchpad whichwill allow com-
puter usersto “sketch” the music they wantto hear
Ideally we would like the audioequialert of sketch-
ing agreencircle overabrown rectange andretrieving
imagesof trees(somethilg whichis suppatedin cur
rentcortent-basedmageretrieval systems).

In additionto going beyond the QBE paradgm for
audio and music information retrieval this work dif-
fers from the majority of existing work in two ways:
1) contiruousauralfeedlack 2) useof computer audi-
tion. Continuas aural feecback meansthat the user
constatly hearsaudioor musicthatcorrespodsto her
actions.Compuer audition techriquesextract contert
informationfrom audiosignalsthatis usedto configue
thegraghical userinterfaees.



ThetermQueryUserInterfacegQUI) will beused
in this paperto describeary interfacethatcanbe used
to specifyin someway audio and musicalaspectof
the desiredquey. Two major families of Query In-
terfaceswill be describedbasedon the feedbak they
provide to the user The first family consistsof inter-
faceghatutilize directly audiofilesin orderto provide
feedlackwhile thesecondamily consistof interfaces
thatgeneatesymbdic informationin MIDI format. It
is importantto notethatin bothof thesecaseghegoal
is to retrieve from geneal audioandmusiccollectiors
andnotsymbolicrepesentationsi-or theremairderof
the paperit will be usefull to imaginea hypothetical
scenariovhereall of recorded musicis available dig-
itally andthe goalis to structure,searchandretrieve
from this large musicaluniverse. It is likely that this
hypotheticalscenariowill becone reality in the near
future.

This paperis structuredasfollows: Section2 de-
scribesprevious andrelatedwork. Compuer auditian
techniqiesthatautonatically extractinformationfrom
audiosignalsarebriefly discussedn Section3. Con-
tentand context aware displaysfor audiosignalsand
collectiors arecoveredin Sectiond. Section5 is about
audiecbasedQUIs and Section6 is abou MIDI-based
QUIs.

2 Related work

In recentyearsseveral acaderit and comnercial
systemsave beenproposedor contentbasedetrieval
of images.Somerepresentate exampesaretheBlob-
word system(Belongde etal. 199§ develgpedat UC
Berkeley, the PhotoB@k from MIT (Pentlandet al.
1994 andthe QBIC systemfrom IBM (Flicknerandet
al. 1999. In thesesystemgheusercansearchprowse
andretrieve imageshasedn similarity andvariousau-
tomaticfeatue extraction methals.

Oneof theearliestattemptdor asimilar systenfor
audiois describedn (Wold etal. 19%). The Sonic
BrowserfromtheUniversityof Limerick, Ireland(Fern-
strom and Brazil 20Q1) is a graghical userinterface
basedndirectmanipuationandsonificatiorfor brows-
ing collectionsof audiosignalswhich arecentralcon-
ceptsbehird the designof the interfacesdescribedn
this pape.

Direct manipulation systemsvisualizeobjectsand
actionsof interest suppot rapid reversible,incremen
tal actions,and replacecomgex command-langiage
syntaxby direct manipuation of the objectof interest
(Shneigerman1999. Direct sonificationrefersto the
immediateauralfeedlackto useractions.Exanplesof
suchdirect manipulation systemsinclude the popuar
desktopmetanor, computerassisted-desigtools,and
video ganes. The main property of direct manipua-
tion interfacesis theimmedate auralandvisual feed-
backin respmseto the useractions. The designof
theinterfaces describedn this papemwasguidedby the

Schneiérmanmantafor directmaniplationinforma-
tion visualization systems:“overview first, zoomand
filter, thendetailson demand”. In this work our main
focusis thefiltering stage.

Another important influerce for this work is the
legecy of systemdor automaic musicgeneation and
style mocelling. Thesesystemsaypically fall into four
major categories: generatig music (Biles 199), as-
sistingcomposition (Masalo Nishijima and Watanabe
19®), modelling style,perfamanceandor compaers
(Gartan 1992, andautonatic musicalaccom@animern
(Danrenbeg 1984). Thesereferemes are indicative
andrepresentatke of earlyworkin eachcatagoy. There
are also comnrercial systemsthat geneate music ac-
cordng to a variety of musicalstylessuchasthe Band
in aboxsoftware:http:://www  .sonicspot .com/
bandina box/bandina box.html

3 Computer Audition Techniques

Currerily themajority of existingtoolsfor interact-
ing with audiocollectionsrely onmetad#ainformation
suchasthe filenameor ID3 tagsin orderto organize,
structue andretrieve audo data. As audiocollectiors
becone increasindargerandmore comple, moreso-
phisticatednodes of interaction aredesired.Metadata
informationis inadeqateby itself to suppot moreso-
phisticatedinteractios for two reasons. The first is
that manualacqusition of metadatas time corsum-
ing especiallyif more complec informationthan just
the artist andthe musicalgenreis requiral. The sec-
ond limitation is that certainaudioand musicalprop-
ertiesareimpossibleto accuratelycaptureusingman-
ual metadata. For examplethe tempoof a songcan
only be grosslychaacterized(fast, medium, slow for
exanple) by human usersunlessthey are musically
trained However, automaic tempoestimationcanbe
performedquiteaccuratelyfor certaintypesof music.

Theterm Compuer Audition (CA) will beusedin
this paperto describeary algoithm andtool thatau-
tomaticallyextractsinformationfrom audiosignals.In
recentyearsalarge varietyof CA algorittmshave been
proposed.Thesetechniqesbuild upm ideasfrom the
fieldsof SignalProcessingMachire Learring, andin-
formationRetrieval in orderto extractinformationfrom
audioandespeciallymusicsignals. In this sectionwe
review someof the current stateof the art algorithns
in ComputerAudition. The mainfocus is mostly the
informationthatis extractedandwill be subseqgantly
usedto createnove userinterfacesratherthanhow the
algofithms work. More details aboutthe algorithns
canbefound in the correspondimg references.

The basisof mostproposedCA algoritims is the
extraction of numrerical featuresto characteze either
shortsggmentsof audioor full audiofiles. Thesefea-
turesaretypically calculatedbasedon SignalProcess-
ing andPatternRecogition techniqiesthatanalyzethe
statisticsof theenepgy distribution of thesignalin time



andfrequengy. For the purposesof this sectionwe will

assumehatthe audiofeatueshave beenextractedand
areusedasthe representatiorfor audo signalsthatis
subseqantly analyzed

Themostfundamentabomputeraudition techniqie
thathasto be suppatedis queryby-examplecontert-
basedsimilarity retrieval. One of the first papes de-
scribingthis processis (Wold et al. 199%) whereiso-
latedsoundsuchasinstrumen tonesandsourd effeds
are retrieved by similarity. Essentiallysimilarity re-
trievalis basedncomputingdistancedetweerfeature
vectos.

Anothe importart compuer auditiontechniqe is
classification. In classificationan audio signalis au-
tomatically assignedo a label from a precefinedset
of classlabels. Variows typesof audo classification
have beenproposedin the literature. Somerepresen-
tative examples are: music vs speech(Scheirerand
Slang 1997, isolatedmusicalinstrumenmn sound and
soundeffects (Wold et al. 1996, and musicalgen-
res (Tzaretakisand Cook 2002. Automatic beatex-
tractionhasbeenstudiedin (Scheirerl998 Gotoand
Muradka 1998; Laroche 2001) andusedfor automatic
musicalgenreclassificationin (Tzanetals and Cook
2002.

Audio thummailing refersto the processof pro-
ducirng short,represetative samplegor “audo thumb
nails”) of alarger pieceof music. Thumhnailing based
onanalysioof Mel Frequeng CepstralCoeficients(clus-
tering, hidden-makov mocels (HMM)) was explored
in (Logan2000) A chromatransfornationof thespec-
trum is usedin (Bartschand Wakefield 200Q1) to find
repeatig patterrs thatcorrespndto thechowusof pop
ularmusicsongswhichis usedasanaudo thummail.

For the remairder of the paperit will be assumed
thatthereis a collectionof audiofiles that have been
analyzedandeachfile is anndatedwith various con-
tinuows anddiscreteattributessuchastempo,spectral
features, musicalgenrdabelsetc. In addition structural
informationsuchasthurbnail, sgmentationandloop-
ing pointsarealsoatuomaticy extracted Of course
it is alsopossibleto acquiresomeof this information
manually (for exanple someof the discreteattributes).
Finally it is importari to emplasizethat althoudn in
mostcaseghe attributescanbe precanputed CA al-
gorithmsarestill requiredto processthe generatecu-
dio queies andtherefae have to be integrated in the
system.

4 Content and Context AwareDis-
plays

Contentand context aware displaysfor audiosig-
nals represenaudio signalsand collectionsas visual
objectswith propertiesthat reflectinformation about
the audiosignal. Conten information refersto infor-
mation that depeis only on a specificaudo signal
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Figure 1: Content-catext displays.

suchastempowhile context informationrefers to in-
formation abou the relation of the audio signalto a
collection As anexamge of contect informationin a
large collectionof all musicalstyles, two femalesinger
Jazzpieceswould be similarwhereasn a collectionof
vocalJazzthey might be quitedissimilar

Someexampes of suchconter andcontet aware
displaysare Timbrespacesvhich are2D or 3D spaces
containngs visual objectssuchthat eachobject cor
respois to a soundfile. They canbe constreted so
that visual proximity of objectscorrespadsto audio
conten similarity and appesancecorrespadsto au-
dio contentinformation. Timbregramsarea staticvisu-
alizationof soundfiles thatshavs time periodcity and
similarity structue of audiosignalsusingcolars. Both
of thesedisplaysarecortentandcontet awareandare
basednautomatideatue extradion anddimensimal-
ity reduction techniquessuchasPrincipal Comporent
Analysis(PCA). More informationaboutthemcanbe
foundin (TzaretakisandCook200J). Figurel shows
Timbregramsontheleft anda Timbrespacentheright
aswell asa traditioral audiowavefarm displayat the
bottan. Althoughthesedisplaysare not the main fo-
cusof this paperthey are mentiored asthe quey in-
terfaceswvhichwill bedescriledareusedin conjuction
with themfor audiobrownsingandretrieval.

5 Audio-based Query Interfaces

In audioandmusicinformationretrieval thereis a
quer andacollectionthatis searchedor similarfiles.
The main ideabehindaudiobasedQUIs is to utilize
notonly the quey’s audo but alsoutilize directly the
audiocollection Sincethe structureandconten of the
collection are alreadyautomaticallyor manually ex-
tractedfor retrievd, this information canbe usedto-
getherwith theaudioto provide interactve auralfeed-
backto theuser This ideawill be clarifiedin thefol-
lowing sectionswith exanplesof audicbasedQUIs.
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5.1 Sound Sliders

Sour sliders areusedto browseaudiocollectiors
baseccontinuwbusattributes. For presetation pumposes
assumehatfor eachaudiofile in acollectionthetempo

andbeatstrengtiof thesongareautonatically extracted.

For eachof thesetwo attributesa corresponthg sound
slider is created.For a particularsettingof the sliders
thesourd file with attributescorrespndingto theslider
valuesis selectecandpartof it is playedin aloop. If
morethanonesoundfiles correspondto the particuar
slidervalues,the usercanadvarce in circularfashion
to the next soundfile by pressinga button. Oneway to
view thisis thatfor eachparticula settingof sliderval-
uesthereis a correspondirg list of soundfiles thathave
correspndirg attributes. Whenthe slidersare moved
the soundis crosstdedto a new list that correspond
to thenew slidersettings.Theextractionof thecortin-
uousattributesandtheir sortingis perfamedautonat-
ically.

In current audo softwaretypically slidersarefirst
adjusted,and then by pressinga submit button, files
thatcorrespad to theseparametes areretrieved. Un-
like this traditional use of slidersfor settingparane-
ters, soundslidersprovide cortinuousaural feedbak
thatcorrespadsto theactionsof the user(directsoni-
fication). Sofor exanple whentheusersetsthetempo
to 150beats-peminute (bpm)andbeatstrengthto its
highest value thereis immedate feedtack aboutwhat
the valuesrepresentby hearirg a correspndirg fast
songwith strongrhythm. Anotherimportant aspect
abou soundslidersis thatthey arenotindepgendan and
theauralfeedtackis influencedy the setting=of all of
them. Figure 2 shavs a screenshobf soundsliders
usedin our system.

5.2 Sound palettes

Sourd palettesare similar to sourd slidersbut ap-
ply to browsing discreteattributes. A palettecontairs
afixedsetof visual objects(text, imagesshapesjhat
arearragedbasedon discreteattributes. At ary time
only oneof thevisualobjectscanbe selectedy click-

ing on it with the mouse. For exanple objectsmight

be arrangd in a table by gene andyear of release.
Continwus aurd feedack similar to the sourd slid-

ersis suppeoted. The bottomleft cornerof Figure 2

shaws a contentpalettecorrespnding to musicalgen-
res. Soundpalettesandsliderscanbe combinedin ar-

bitrary ways.

5.3 Loops

In the previously describd query interfacesit is
necessario playbacksoundilescontinwuslyin aloop-
ing fashion Sereralmethalsfor loopingaresuppated
in thesystem.Thesimplestmethodstoloopthewhole
file with crosshdingattheloop point. The main prob-
lem prodem with this methodis thatthefile might be
too long for browsing purpcses. For files with a reg-
ular rhythm, automaic beatdetectim tools are used
to extract loopstypically correspading to aninteger
nunberof beats Anotherappoachthatcanbeapplied
to arbitrary files is to loop basedon spectralsimilar
ity. In thisapprachthefile is brokento shortwindows
andfor eachwindow a numrericalrepresentatiorof the
mainspectruncharactesticsis calculated Thefile is
searchedor windows that have similar spectralchar
acteristicsandthesewindows canbe usedto achiese
smoothlooping points. Finally autanatic thunbnail
methals that utilize more high level information can
beusedto extractrepiesentatie shortthumbrails.

54 Music Mosaics

Loops andthuminail techniqiescanbeusedo cre-
ate shortrepresetationsof audio signalsand collec-
tions. Another possibility for the represetation of au-
dio collectionsis the creationof Music Mosaicsthat
arepiecescreatedby con@tenatingshortsegmernts of
otherpiecegSchwarz 200Q Zils andPache®200L). For
exanple in orderto represeha collectionof songsby
the Beatlesa musicmosaicthatwould soundik e Hey
Judecoud be createdby conatenatingsmall pieces
from other Beatlessongs. Time-stretting basedon
beatdetectionandoverlap-ad techniquescanalsobe
usedin MusicMosaics

Figure3: 3D soundeffectsgeneratcs.



5.5 3D sound effects generators

In additionto digital musicdistribution,anothe area
wherelarge audiocollectionareutilized is librariesof
digital soundeffects.Most of thetimeswe heara doa
opering or a telephor ringing in a movie the sound
arenotactuallyrecodedduring thefilming of themavie
but are taken from libraries of prerecordedsoundef-
fects.

Searchig libraries of digital sourd effects poses
new challengsto audioinformationretrieval. Of spe-
cial interestaresourd effectswherethe sounddepeads
on the interactionof a humanwith a physical object.
Someexampes are: the soundof walking on gravel
or therolling of a canon a woocentable. In contrast
to non-irteracte sourd effectssuchasa doa bell the
productionof thosesoundss closelytiedto amechan
ical motion.

In orderto go beyond the QBE paradgm for con-
tent retrieval of soundeffects, quely generéors that
someha modelthehumanprodtction of thesesound
aredesired.Towardsthis goalwe have delopedanum
ber of interfaceswith the comman themeof providing
ausercortrolled animatedbbjed conrecteddirectly to
the parametes of a synthesis algorithm for a particu
lar classof soundeffects. These3D interfacesnotonly
look similar to their real world courterpartsbut also
soundsimilar. This work is partof the PhysicallyOri-
entedLibrary of Interactive SoundEffects (PhOLISE)
projed (Cook 1997). This projectusesphysical and
physically motivatedanalysisandsynthesisalgoiithms
suchasmodal synthesisbanadwaveguides(Essland
Cook20), andstochastiparticlemodels(Cook1999)
to provide interactive paranetric mockls of real-world
soundeffects.

Figure 3 shavs two such3D soundeffeds quely
geneators. The PuColaCan shovn on theright is a
3D mocel of a sodacanthatcanbeslid acrossvarious
surfacetextures. The sliding speedandtexture mate-
rial arecontolled by the userandresultin appopriate
chan@sto the sourd in real-time. The Gearon the
left is a real-timeparanetric synthesiof the soundof
a turning wrench Otherdevelopedgeneatorsare: a
mode of falling particleson a surfacewhereparane-
terssuchasdensity speedandmaterialarecontrdled,
anda mode of walking sound whereparaneterssuch
asgait, heelandtoe material weightandsurfacemate-
rial arecortrolled.

6 MIDI-based Query Interfaces

In constrasto audiobasedUIs, MIDI- basedUIs
do not utilize directly the audio collection but rather
syntheticallygenerateuel audiosignalsfrom asym-
bolic repesentatiorfMIDI) thatis createdbasednthe
useractions.Theparametes usedfor thegeneratio of
this queryand/a theautomaticallyanalyedgeneated
audioare usedto retrieve similar audiopiecesfrom a

large collection It is important to note that althoudn
MIDI is usedfor thegeneationof thequeies,thesan-
terfacesareusedfor searchingwudiocollections.These
concgts will be clarified in the subsequensections
with concrée examgesof MIDI-basedQUIs.
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Figure4: Groove box

6.1 Thegroove box

Thegrooveboxis similarto standad softwaredrum
machire emuators where beatpatterrs beat patterrs
arecreatedusinga rectanglar grid of notevaluesand
drum sound. Figure4 shavs a screenshioof a groove
machire wherethe usercancreatea beatpatternor se-
lect it from a set of precefined patternsand speedit
up anddown. Soundfilesare retrieved basedon the
interface settingsas well as by audio analysis(Beat
Histograns (Tzangakis and Cook 2002) of the gen-
eratedbeatpattern. Another possibityis to usebeat
analysismethodshasedon extracting specific sound
everts (suchasbassdrum andcymbal hits) andmatch
eachdrumtrack separately We arealsoinvestigating
the possibility of autonatically alligningthe geneated
beatpatternwith theretrieved audo trackandplaying
both asthe useredits the beatpattern. The codefor
thegroove box is basedn demastrationcodefor the
JavaSoun API.

6.2 Thetonal knob

The tonal knob shaws a circle of fifths whichis a
ordering of the musical pitchesso that harmorcally
relatedpitchesaresuccessiely spacedn acircle. The
usercanselectthe tonal centerandheara chod pro-
gressionat a specifiedmusical style that establishes
thattonic center Pieceswith the sametonalcenterare
subseqantlyretrieved usingPitchHistograns ((Tzane
takisandCook20®)).

6.3 Stylemachines

Style machinesare more closeto standad auto-
matic musicgeneratio interfaces.For eachparticular
stylewe areinterestedn modellirg for retrieval asetof
slidersandbuttonscorrespadingto various attributes
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Cease Meditations and Exit

of the style areusedto geneatein real-timeanaudio
signal. This signalis subsequetly usedasa quey for
retrieval purposes.Styleattributesincludetempo,den-
sity, key center andinstrumenmation. Figure5 shovs
a screenshioof Ragamadic, a style machinefor Indian
Music.

7 Implementation

All thegraphical userinterfacecompmentsdescribed
in this paperare implemented in Java. The Java3D
API is usedfor the 3D graphis andJaszaSoundAPI is
usedfor theaudioandMIDI playback The compuer
audition algorithms are perfamed using MARSYAS
(TzangakisandCook2000Q afreeobject-aientedframe-
work for audioanalysisavailableunder the GNU pub-
lic licencefromhttp://w  ww.cs.prin  ceton.edu/
“gtzan/ma rsyas.html . The parameic synthe-
sis of souneffects and audio geneation from MIDI
is perfamed using the Synttesis Toolkit (Cook and
Scarone19PW) http://ccrm a- www.stanfo rd.
edu/softw  are/stk/

Thevariouscommpnentf thesystemareconrected
following aclient-sener applicaion thatallowsthepos-
sibility of a distributed system. The use of portable
ANSI C++ and JAVA enablesthe systemto compile
in a variety of opeating systemsand configuations.
The software hasbeentestedon Linux, Solaris, Irix
andWindows (Visual StudioandCygwin) systems.

8 Discussion

Although thedescritedgraghicaluserinterfacecom-
ponantswerepresentedeparatelyhey areall integrated
following a Model-View-Controlleruserinterface de-
signframework (KrasnerandPopel988. The Model
part compises of the actualunderlying dataand the
operdionsthatcanbe performedto manipulateit. The
View partdescribespecificwaysthe datamocel can

bedisplayedandthe Contrdler partdescribe how user
input canbe usedto contrd the othertwo parts. By
sharingheModelpartthegraphicaluserinterfacecom-
porentscanaffectthe sameundelying data. Thatway
for exampe soundsliders, soundpalettes and style
madinescanall be usedtogetherto browsethe same
audiocollectionvisualizedasa Timbrespace

Of coursein acompletemusicinformationretrieval
systemtraditiond graphical userinterfacesfor search-
ing andretrieval suchaskeyword or metadatasearch-
ing would alsobe usedin additionto the descriledin-
terfaces. Thesetechniqees andideasare well-known
andtherebre were not describedn this paperbut are
partof the systemwe aredeveloping.

Although the descrigion of the systemin this pa-
perhasemptasizedmusicretrieval it is clearthatsuch
a systemwould alsobe usefulfor musiccreation For
exanple sourd desigrers, commsers(especiallyuti-
lizing ideasfrom Music Concreteand Grandar Syn-
thesis),andDJswould all benefitfrom novel ways of
interactirg with largecollectionsof audo signals.

It is our beliefthatthe prablemof queryspecifica-
tion hasmary interestingdirectinsfor futureresearch
becaseit providesa new persgctive anddesigncon-
straintsto theissueof automdic musicandsoundgen-
erationandrepresentatio. Unlike existingwork in au-
tomaticmusicalgeneationwherethe god is to create
asgoad musicaspossiblethe god in our work is to
createcorvincing sketchesor caricatuesof the music
that can provide feedtack and be usedfor musicin-
formationretrieval. Another relatedissueis the visual
designof interfacesanddisplaysandits conne&tion to
visualmusicandscorerepresentations.

9 Futurework

Evaluating a compex retrieva systemwith alarge
nunberof graphcal userinterfacesis difficult andcan
only bedoneby conductinguserstudies.For thefuture
we plan a task-basedvaluatian of our systemsimilar
to (JoseFurner andHarper1998 whereuserswill be
given a specifictasksuchaslocatinga particularsong
in alarge collectionandtheir perfomanceusingdiffer-
entcomhbnationsof toolswill bemeasured

Another directionfor future researchs the collab-
oration with compaersand music cogrition expets
with thegoalof exploring differentmetaphosfor sketch-
ing musicqueriesfor userswith andwithout musical
backgourd andhow thosediffer. Currentlyalot of in-
formationabou audo andespeciallymusicsignalscan
be found in the form of metadataanrotationssuchas
filenamesand ID3 tagsof mp3files. We planto de-
velop web crawlers that will collect that information
anduseit to build more effedive tools for interacting
with largeaudiocollectiors.



10 Summary

A seriesof graphical userinterfacecompamentthat

enhaiceandextendthestandadl quay-by-exanple paradgm

for musicinformationretrieval were preseted. They
arebasedon ideasfrom directmanipulation graphical
userinterfacesandautonatic compuer auditian tech-
niques for extractirg information from audio signals.
They canbe seenasa first steptowardsproviding the
equialentof adigital sketchpadnterfacefor browsing
audio collectionsand geneating audio queies in the
context of musicinformationretrieval.
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