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ABSTRACT

This work describeghe designandimplementatiorof a soni-
ficationtoolkit. MUSART (MUSical Audio transferfunctionReal-
time Toolkit) is asonificationtoolkit which producesnusicalsound
mapsthatare playedin real-time. Register pitch, timbre, chords,
duration, silence, loudness beats,and panningare the musical
conceptausedto createmelodicsoundmaps.Univariateandmul-
tivariatedatasetsaresonifiedusingvarioussoundparametecom-
binationsand music tracks. Usershave the flexibility to create
personalizedauditory displaysby mappingeachdatadimension
of adatasetto oneor moresoundparameters.

MUSART is designedo beflexible sothatit canbe usedwith
mary applications.In this work, we usemusicalauditorymapsto
explore seismicvolumesusedfor detectingareador drilling oil.

1. INTRODUCTION

Audio mappingtechniquegrovide thefoundationfor sonification
toolkits thathelp peoplecreatesoundmaps.Approachedo creat-
ing auditory mappingsinclude synthesizednatural/@ent-based,
and musical technigues. This researchfocuseson using musi-
cal techniquego generateengaging,non-fatiguing, and familiar
soundsandallow for meaningfulexplorationof information.MUS-
ART usesa systemati@approactto building musicalsoundmaps.
Thetool generatedasicsoundmapsthatcanalsobe customized
for complex useshby usingmusictheoryasa foundationfor sound
mapsandusinga graphicallegendof soundparameterasa data
mappinginteractiontechnique.Userscanmanipulatetcen musical
elements:register pitch, duration, silence,loudness thickness,
timbre,balancepeatsandconsonanceo createa uniqueauditory
displayof univariateor multivariatedata.

MUSART was developedusing audio transferfunctionsand
musictheory constructs.We incorporateaudiotransferfunctions
into our sonificationtool to provide anoverall view of asystemin
which thereis a virtually limitless numberof sonificationparam-
etersusedto describedataandwhich aredefinedby theuser and
to createacomplementargraphicalrepresentationf therelation-
shipbetweersoundparametersyhich alsoallows the fine-tuning
of parameters.

Musicis thescienceor art of incorporatingntelligible combi-
nationsof tonesinto acompositiorhaving structureandcontinuity
We usemusictheoryconceptsn our sonificationtool to: generate
soundgthat are musicalandfamiliar; designsoundmapsranging
from simple(e.qg.,varyingpitches)}o comple (e.g.,morethanone
musictrack) thatcanaccommodatéor varioususersandapplica-
tions; andhave soundparametersvith a discretenumberof levels
andthat requireno knawledge of soundsynthesisto understand

how they functiontogether The combinationof transferfunction
andmusicalconceptsreatesan ervironmentthatallows ary per
sonto generatehe mostsimple or complec auditorydisplaysre-
gardlesf music,scientific,or soundsynthesibackground.

2. RELATED WORK

For mary applicationsyisualdisplaysdo notsatishctorily present
datain aformatthatpromotegrecisenformationextrapolationby
auser Auditory displays,however, canallow for rapid detection
of complicatednformation,orienta userto key data,andpromote
easeof learninganapplicationto anameafew useq1]. Themain
componenbf anauditorydisplayis auditorymapping.

We classify auditory mapshby the types of soundsusedto
generatehe sonificationscheme:synthesized?2], natural/@ent-
basedsoundq3], andmusical[4]. In comparisorto synthesized
and natural/eent-basednappings,musicalmappingsare genes
atedwith the belief that soundswhich have somerelationshipto
oneanotheraremoreinteresting pleasing,andmeaningful,asin
music. Music theory hasproved to be usefulin developing au-
ditory mapsin mary sonificationapplicationg5, 6, 7, 8, 9, 10].
However, limited researchhasbeenfocusedon the development
of a generalpurposesonificationtoolkit which canexploit musi-
cal constructsto provide a flexible and generalervironmentfor
generatingnusicalsoundmaps.

Several efforts have utilized synthesizegdoundsand arbitrar
ily combinedmusicconstructsn sonificationtoolkits[11, 12, 13].
Theuseof completemusicaltheoryandmusicconstructhiasbeen
limited, althoughmusicalsoundsdo appearin mary application
specificauditory mappings. Barrassand Robertsordevelopeda
perceptuakoundspaceasa methodfor standardizinghe capabil-
ities of sounddisplay[14]. The authorsdevelopeda soundmodel
thatwaslimited to threesoundparameterstimbre, brightnessand
pitch. MUSE, anothesonificatiortoolkit having threemoresound
parametershandid the Barrassand Robertsormperceptuasound
space strove to createmeaningfulmappingsusing melodic con-
structsandmusicalconceptg15]. MUSE is amusicalsonification
ervironmentwhich generatesnusicalsoundsandallows mapping
of datato soundparameterssuchastimbre,rhythm,volume,pitch
(melody),tempo,andharmoly. Thetoolkit alsoprovidestheuser
with the ability to map soundto both univariateand multivariate
datasets.However, the compleity of the musicalconceptscom-
binedtogethercanmale it difficult to extractmeaningfulinforma-
tion throughmultivariatesoundmapping.

MUSART improvesuponothersonificationtoolkits by: intro-
ducing a large pool of soundparameterghat combinein a sys-
tematicmanner;providing a graphicallegendof the relationships

ICADO2-1



Proceeding®f the 2002InternationalConfeenceon Auditory Display, Kyoto,Japan,July 2-5,2002

betweensoundparametersvhich extendsdatamappinginterac-
tion beyond buttons,text input, andsliders;andproviding a way
in whichto overloadsoundparameterso morethanonedatavari-
able.

3. MUSART

3.1. Overview

MUSART is a generalpurposesonificationtool that usesaudio
transferfunctionsto map datato sound[16]. The sonification
tool allows a userto explore eitherunivariateor multidimensional
datasetshroughsoundby generatingaudiomapsthatincorporate
several musicconcepts Music parametergregister, pitch, timbre,
thicknessduration,silence,beats balance andconsonancepro-
vide the basisfor thesesoundmapsandcombineto form musical
notes.

3.2. Audio Transfer Functions (ATFs)

A transferfunctiondefinesherelationshipbetweertheinputsto a
systemandits outputsandprovidesa continuousnappingof data.
Initially thetransferfunctiongraphof anATF is empty Dataval-
uesmappedo anemptyfunction produceidenticalmusicalnotes.
All notes(soundspredefinedby thedefault soundparametersal-
ues(seeSection3.4 for detailson thesevalues),unlessotherwise
definedby the user who canmanipulatethe functioncurwe in the
graph. To reduceclutter, function curvesareintroducedinto the
ATF graphonly asneedecby the user In the mostcomplex sce-
nario,an ATF graphcancontainup to asmary functioncurvesas
thereare dataparameter¢10) timesthe dimensionsof data. For
example amultivariatedatasetof 4 dimensionganhave atransfer
functiongraphwith asmary as40functioncurves.Bothunivariate
andmultivariatedatacanbe mappedo soundusingthis scheme.
Dependingon thetype of dataset,the datacanbe sonifiedin one
of thefollowing ways:

1. For aonedimensionaldatainput stream,X, andanaudio
transferfunction definedby the audio parameterfunction
cunes, A, B, C,...J, thefollowing shovs how a soundfor
aspecificdatavalueis calculated:

Data(z;) = ATF =
Sound(A(z;), B(xs:), C(x:), ..., J(x:)).

2. For a multidimensionaldataset, with datainput streams,
Xy, X2, X3,..X,, representingr dimensionsof the data,
andan audiotransferfunction with parametecurve func-
tions, fi1, f2, f3, .. fn associatedvith eachrespectie data
dimensionthe soundfor a multivariatedatavalueis calcu-
latedasfollows:

Data(z1i, 2, T35, ..., Tni)) = ATF =

Sound(fi(z1:), fo(x2:), f3(€3:), ..., fa(Tni)).

3.3. Implementation

MUSART hasbeencreatedusingC++, CsoundFltk, andOpenGL.
It hasthreemainparts:1) a graphicswindow for building atrans-
fer function, 2) a userinterfacefor addingfunction curves, and
3) aninterfacefor playing the soundgeneratedrom the auditory
map.Figurel shavs the graphicaluserinterfacefor MUSART.

Figure 1: MUSART userinterface. Transferfunction editing
widow is on theright. Interfacefor addingfunction curvesis on
theleft.

3.4. Music Elements

Tenmusicalelementsareimplementedasthe foundationfor gen-
eratingsoundsin MUSART, including: register (an octave or a
rangeof pitches);pitch (the frequeng of a sound);timbr e (the
generalprevailing quality or characteristiof a sound);thickness
(the addition of adjacentfrequenciego an existing frequeng to
createa combinationof tonesthat blendtogether);duration (the
length of time a soundis heard);silence (the length of time no
soundis heard);loudness(describeghe strengthof the ear’s per
ception of sound); balance (the location of soundbetweenthe
right and left ear); beats (the rapid repetitionof a musicaltone
which causeghe notesto soundwith rapid pulses);consonance
(a combinationof tonesthatis pleasingto the earandproducesa
feeling of stability).

Eachelementis broken into levels which are usedto create
functionscunesin the ATF graph. Eachelementis derived from
basictonalWesterrmusictheory andcanberepresentetly music
notation.Tablel providesa summaryof eachelements unit (e.g.,
frequeng (Hz)), levels,anddefault value. Thesemusicalelements
canbe implementedaloneor in conjunctionwith one anotherto
form simpleor complex soundmappings.

3.5. Creating soundmaps

A usergenerates soundmap by specifyinga transferfunction
graph. A transferfunction graphis built by the additionof trans-
fer function curvesthatrelateto particulardataattributes. Sound
parameterarechoserby theuserbasednthecharacteristicef a
particulardataseandthe users musicalconstructpreferencesA
transferfunction graphcanbe assimple asa linear ramp of one
cune or ascomplex asnumerousurveswith complicatedshapes.
Thecompleity of functioncurve shapess determinedy theuser
An audiomapis sonifiedby associatinga certainnumberof se-
guentialdatasampleor adatasetwith the ATF.

ICAD02-2



Proceeding®f the 2002InternationalConfeenceon Auditory Display, Kyoto,Japan,July 2-5,2002

[ Element | Unit | #Levels | Values | Default Values | Utilized Theory
register - 5 octave2- octave6 octave 3 octaves
pitch Hertz 12 notenamedA, A#(Bb), B, C, C (261.62HZor octave3) | equaltempered
(Hz) C#(Db),D, D#(Eb),E, F, F#(Gb), musicalscale
G, G#(Ab)] frequencies
timbre - 9 strings,brassflute, clarinet strings instruments
oboe piano,trumpet,drum,bell
thickness - 7 1 note- 7 notes 1 chords
*duration seconds 12 whole, half, quarter quartemote(1 sec) notelengths
(sec) 8th, 16th,32nd
*silence seconds 13 whole, half, quarter no rest(0 sec) restlengths
(sec) 8th, 16th,32nd,none
loudness decibelgdB) 7 30,40, 50,60, 70,80,90 60dB soundintensitylevels
balance - 5 left, centerright center panningfilter
beats - 10 1-10 1 rapidrepetitionof notes
consonance - 13 consonant dissonant consonangunison) 2 notesin combination

Table1: Summaryof musicalelementausedin MUSART for building function curves. *For eachnotevalue,thereexists a dottednote

value(1.5x) thatproceedst.

3.6. Generating sound

Data can be mappedto an audiomap and sonified. In addition,

a soundlegendcan be sonifiedto preview the effects the sound
mappingwould have on databeforean entire datasetis sonified.
Eachsoundparametehasa default value,which canbe changed
by the user For the soundparametersiot definedby a function

curwe in thetransferfunctiongraph,the default parametersiefine
thosecharacteristicef anote.

3.6.1. Sonificationof the Audio Legend

The soundmapcreatedoy the transferfunctioncanbe listenedto
by selectingthe numberof sampleg(from 1 to n) to be played.
Thesesamplesonstituteanaudiolegend Whenthe audiolegend
is played, eachsamplebeing sonifiedis displayedas a vertical
line in thetransferfunctiongraph. A usercanalsoselectspecific
datavaluesto sonify oneat a time. Anotherway to sonify data
valuesin theaudiolegendis to choosecontinuoussoundplay and
to manuallymove a sliderthroughthe datapoints.

3.6.2. Sonificationof Data

The programcan sonify two typesof data,univariateand multi-
variate. Datavaluesare playedsequentiallywhile they areread
from a datafile. When a univariate datavalue is sonified, this
valueis displayedin thetransferfunctiongraphasa verticalline.
Datatuplesare playedsequentiallyasthey arereadin from the
datafile. Whena tuple is sonifiedeachdatadimensionvalueis
visually displayedsimultaneouslyasa verticalline in the color of
thecorrespondindunctioncurve.

3.6.3. Medit

An additionalaspectof the programcalled Medit (musiceditor)
canbeusedto explorethefeaturesof MUSART. Medit playsnotes
continuallyandchangeghe characteristicef the noteasthe user
manipulateshesoundparametersvith asliderinterface.This pro-
videsuserswith awayin whichto decidewhich soundparameters
to assigrnto which datavaluesor attributes.

4. EXAMPLES

Soundmapscanbeutilizedfor practicaldatarepresentationSound
mapsare flexible and can presentmuch datasimultaneouslybe-
causeof the numberof different parameterswvailable. Because
MUSART hassomary parameterst alsoallows for userdefined
preferenceganakingit versatilefor bothmary applicationsaandfor
diverseusers. The following sectionsexplore scenarioghat use
simpledatasetsof 12 variablesrangingin valuefrom 0 to 20.

4.1. Univariate Data Mapping

In this examplethe datasetonsistof 12 datawith thevalues:17,
4,12,1, 13,20, 15,6, 0, 12, 19, and 20. Using MUSART there
arenumerousvaysin which a soundmap canbe createdfor the
univariatedatastream.In all of the following scenario®netrack
(oneinstrumentusedto describea sequencef notes)is usedto
representhedatastream.

4.1.1. Scenariol - SimpleMapping

In thefirst scenaricasoundmapis createdisingonevaryingsound
attribute (pitch). Datais mappedasa linear pitch mappingusing
quarternotesand piano timbre, wherelower datavalueshave a
lower pitch andhighervalueshave higherpitches.Theresultis as
follows:

N I | I pjano
7 f T — { f T T f {
& o1 o ﬁa o WH;

17 4 12 1 13 20 15 6 0 12 19 20

When listeningto this data,a userwould be ableto discern
differencesamongdataaswell aspatternsbasedon the levels of
pitch.

4.1.2. Scenaria2 - Emphasizing/alues

More complicatedsoundmapscanbecreatedisingmultiple sound
parameterso representhe univariate datastream. Introducinga
secondsoundparametercan emphasizehe characteristicof the
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datastream,aswell asindicate areasof interest. For example,
durationcanbe combinedwith pitchto emphasiz¢heinformation
provided by a simplepitch mapping.In this example higherdata
valuesare mappedo long durationsand high pitches,andlower
datavaluesare mappedto shortdurationsandlow pitches. The
resultof mappingthe 12 datavaluesis:

Dimensionl is mappedo pitch andduration,andDimension3 is
mappedo balance Low datavaluesaremappedo low pitchesand
shortdurations,and high datavaluesare mappedo high pitches
andlong durationsfor Dimensionl. For Dimension3, the low
rangedatavaluesaremappedo left balancemid-rangedataval-
uesto centerbalanceandhigh valuesto right balance.

17 4 12 1 13 20 15

6 0 12 19 20

Certaindata(e.qg., higherdatavalues)canbe emphasizedy
a secondor even third attribute, suchas consonance.This trace
usesalinearmappingof pitch, wherehighervaluesaremappedo
high pitch andlower valuesare mappedo low pitchin combina-
tion with consonancewhereof the highest10% of the valuesare
mappedto the highestlevel of consonancédissonancepandthe
remainderof the valuesare mappedo the lowestlevel of conso-
nance(which is the original note). Theresultis asfollows:

n ) ) piano
7 I T T f f T T I
D) L4 rrﬁ . o T ﬁo o rrﬁ - t

4.2. Multi variate Data Mapping

Thefollowing examplesexplore someof the numerousvaysthat
MUSART canrepresenmultidimensionaldatawith sound. The
datafor this exampleconsistsof a multivariatedatasebf 12 vari-
ablesof 3-tuples. Eachdimensionmight correspondo dataat-
tributessuchastemperatureyelocity, andmassandto soundmap
attributessuchaspitch, duration,or silence.Thedatasetis shavn
in Table2.

4.2.1. Scenariol - SimpleMappings

In the first scenariowe explore the multidimensionaldatausing
threesoundparameterandonetrackto describehesoundaurally.

Firstwe mapDimensionl to pitch, Dimension2 to duration,and
Dimension3 to silenceusinglinearrampcurves. Low datavalues
are mappedto low pitchesfor Dimension1, shortdurationsfor

Dimension2, and shortrestlengthsfor Dimension3. High data
valuesaremappedo high pitchesfor Dimensionl, long durations
for Dimension2, andlongrestlengthsfor Dimension3. Theresult
is asfollows:

N |
y.a 1 —— — )
B 1 N tHg—Cc+N— 66— 54— —
D) LE ™ o - "
1 2 3 4 5 6
n
17 N T T o T . o T o T
D, te fo - # v
7 8 9 10 11 12

In this caseDimensionl and Dimension2 areplayedsimul-
taneouslyasa singlenoteof a certainpitch andduration,andDi-
mension3 is shavn by the silence(rest)betweemotes.

A soundmapdoesnot have to utilize all the provided dimen-
sionsof data;similarly, onedimensioncanbe emphasizedy as-
signingit to morethanonesoundparameterin the next casethe
soundmapincludesonly dimensionsl and3. Usinglinearramps

I . W Y \ P R |

4
P Tf@ T N S 1 %

T -
@1

4.2.2. Scenario2 - Multiple Tradkswith SameTimbre

In this scenariceachdatadimensionis representethy a separate
track. Eachdatadimensionis playedusing a linear pitch scale,
where a higher pitchesequateto high valuesand lower pitches
equateto low values. The pianotimbre is usedfor all threedi-
mensions. When playedin combinationthe trackssoundlike a
seriesof chords.Whenthe valuesdiffer amongdimensionsa dis-
sonantchordis struck; whenthe dimensionsequalone another
only one noteis heard,althoughin reality two or threeidentical
notesarebeingplayedsimultaneously The resultsare asfollows
(3 identicalnotesplayedsimultaneouslarehighlightedwith a*):

4.2.3. Scenario3 - Multiple Tradks with Different Timbres
andBalance

In this scenariathe multivariatedatais mappedusingtwo tracks.
Dimensionsl and2 aremappedo TrackA usinga pianotimbre,
a linear ramp pitch curve, and a thicknessthresholdcurve. The
audiois playedin the left stereochannel. Low datavaluesare
mappedto low pitch, and high datavaluesto high pitch for Di-
mensionl. For Dimension2 low andhigh rangedatavaluesare
mappedo thicknesdevel 1 andmid-rangedatavaluesaremapped
to thicknesdevel 3. Dimension3 is mappedo a separatérack,B,
playedin the right stereochannelusingdrumtimbre anda linear
rampbeatscune. Low datavaluesaremappedo low beatdevels
andhigh datavaluesaremappedo high beatslevels. Theresults
areasfollows:

TrackA

drum

L < ] o0 Jel e[ 15 12t el sl 100

TrackB

EREE A

N

-
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[ Variable [[1[2][ 3[4 [5[6[7[8[9[10[11]12]
Dimensionl || 17 | 4| 12| 1 | 13| 11|15 6 |2 | 12| 19| 20
Dimension2 || 12 | 6| 12| 8 | 15| 15| 0 |9 (2| 1 |20| O
Dimension3 6 |3|12(20|16|211|11|8|2|10| 8 | 20

Table2: Multivariatedatasetof 3 dimensions.

5. APPLICATION: SEISMIC DATA

We usedMUSART to createaudiorepresentationsf 3D seismic
data. In this researchwe focuson the visualizationof sedimen-
tary basins wheretheimagingof rocksandlayersis usedfor the
discovery of oil andgas.We will explore how sonificationcanbe
usefulto interpretandanalyze2D visualizationsof slicesof sedi-
mentarylayersgeneratedrom 3D seismicsuneys.

5.1. Visualization

Researcherdistinguishrocksandlayersof soil by thedifferences
in the velocity waves generatedy seismicreflective exploration
equipmentTravel-time,amplitude andfrequeng of reflectedand
refractedwaves are the primary datasourcesfor seismicexplo-
ration. The datacollectedfrom reflectionsuneys areusedto gen-
eratevisualizationf therock andlayersof the earths interior.
Currently graphicalcomputerapplicationsare usedto create
visualimagesof the datacollectedfrom seismicsuneys. Visual-
izationsareinterpretedandanalyzedby humanseismicdatainter-
pretors.In a 3D seismicdataset,anywherefrom 50-70attributes
needto be analyzedio male assessmentf a site. However, no
morethantwo attributescanbe visualizedat onetime to corvey
useful,non-muddlednformation. Auditory display on the other
hand,allows for the simultaneousnalysisof multiple attributes.

5.2. Sonification

The representatiorof seismicdatain exploration seismologyis
constantlyevolving. In the pastdecadethe useof auditory dis-
playshasbeenexploredasawayto enhancevisualrepresentations
of geologicaldata. Sauediscusses frameawvork for incorporating
andinteractingwith soundin visual environments[17]. The fo-
cusof his researchis on large spatialdatasets(i.e., seismicdata
andultrasoundmages)but providesno specificexamplesfor how
the framework is appliedto seismicdata. Barrassand Sehnemuse
avirtual Geigercountersoundmetaphotto representnultivariate
well log datain conjunctionwith avirtual visualdisplay[18]. The
Virtual Geigemetaphoincorporated 0 granularsynthesigparam-
etersto distinguishbetweerdataonlocal, intermediateandglobal
levels, whereattributesdiffer in timbre. The authorsdemonstrate
theusefulnessf the Virtual Geigermetaphoiasit appliesto well-
log data,however this is just onefacetof geologicaldatathatcan
beexploredwith sound.Wefocusondevelopingauditorydisplays
to describethe multidimensionabdatausedin seismicdataanaly-
sis.

5.3. Results

Currentlywe useMUSART to incorporatesoundinto 3D seismic
visualizationsto aid in dataanalysis.A typical visualizationis a
2D slice of a 3D seismicdatacube(SeeFigure2). Eachpixel in

(@) (b)

Figure2: YZ slicesof seismicvolume attributes: (a) amplitude
— low amplitudesare white, mid amplitudesare gray, high am-
plitudesare black; (b) amplitudedifference— low differenceare
white, high differencesareblack.

the imagerepresent®ne dataattribute (i.e., amplitudeor ampli-
tude difference). We usesoundto representtherdataattributes
thatcanaid in the interpretationof the 2D slicesof seismicdata.
MUSART providescontinuousanddiscretesxplorationof seismic
datawith soundfor detectinghiddenpatternsaandanomalies Au-
ditory displayis usedto representlatapoints,traces(two or more
datapointssonifiedin combination) andratio of local maxima.

5.3.1. Fault Exploration

A fault is arock fracturealongwhich movementor displacement
in the planeof the fracturehastaken place. In a visual display
faults are distinguishedby breaksor discontinuitiesin rock lay-
ers.Faultsareindicatedin areasvheretheamplitudedifferences
large. A soundmapusingdrumtimbre,8th notes(0.75secondiu-
rations),anda beatsfunction curwe is usedto sonify the potential
fault. Theaudioof thepathhighlightingthetruefaultis rapidwith
high beatlevels constantlyplayedoneafterthe other In contrast,
the sonifiedpathnot highlighting an actualfaultis slow in tempo
with low beatlevels. Faultsarethusrepresentely constantrapid
beating.

5.3.2. LayerConsistency

Rock layer classificationis anotheraspectof seismicdataanaly-
sis. Visualizationsof seismicdatashav rock layer stratificationin
the earths surface. Sonificationcanbe usedto re-enforceobser
vationsof rock layerconsisteng in anarea.In this exampletraces
of 4 sonifiedamplitudesshav the consisteng or inconsisteng of
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rock layers. The soundmap usedfor this exampleconsistsof 4
tracks, eachusing pianotimbre, 16th notes(0.250 seconddura-
tions),andthe pitch andregisterfunctioncurves. The soundmap-
ping is playedon a separatérack for eachamplitudevaluein the
trace. The consistentayer generateghordsof 4 pitchesthatare
mostlyconsonantinconsistentocklayers,ontheotherhand will
generatssoundghataredissonantthusindicatingthatthe values
within atracearedissimilar

5.3.3. Ratioof Local Maxima

The ratio of local maximaprovidesinformationaboutthe Gaus-
siandistribution of amplitudesin a seismicdataset, particularly
aboutthevaluesabove andbelow a path. The soundmapconsists
of 3 audiotracks,eachusinga linear pitch function curve with
16th notes(0.25 seconddurations). The first track usesthe flute
timbreandis accesse@henthemaximumabore is largerthanthe
maximumbelow. Thesecondrackuseghepianotimbrewhenthe
maximumabove equalshe maximumbelown. Thethird trackuses
thedrumtimbreandsignifieswhenthe maximumabove is smaller
thanthe maximumbelaw. Finally, no soundis playedif aratiois
notcomputedor avoxel.

6. CONCLUSIONS AND FUTURE WORK

We createda flexible, extensiblesonificationtoolkit thatcangen-
erateboth simpleandcomplex soundmaps. MUSART combines
music conceptawith transferfunctiontheoryto provide a variety
of sonificationparametersprovidesa graphicalrepresentatioof
soundmappingsandproducesnterestingandmusicalsoundmaps
for univariateand multivariatedata. We have shovn examplesof
the numerouspossibilitiesfor mappingdatawith soundthrough
audiotransferfunctions.

We arecurrentlyapplyingauditorymapsto afew applications
for informationanalysis. We areresearchinghe useof auditory
displayto betteranalyzethree-dimensionaleismicdataandto de-
tectareadfor drilling oil, aswell aslooking at the role soundcan
playin exploringflow in vectorfield data.MUSART hasbeenpur
poselydesignedo be flexible, extensible,and applicableto ary
areaa usermaywishto explore.
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