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ABSTRACT

We explore the role that metaphorplaysin developingex-
pressvedevicesby examiningtheMetaMusesystem Meta-
Museis a prop-basedystenthatusesghemetaphoof rain-
fall to make the processof granularsynthesisunderstand-
able. We discussMetaMusewithin a framework we call
“transpareng” thatcanbeusedasa predictorof theexpres-
sivity of musicaldevices.Metaphordepend®naliterature,
or culturalbasis which formsthebasisfor makingtranspar
entdevice mappings.In this contect we evaluatethe effect
of metaphotin the MetaMusesystem.

Keywords
Expressieinterface transpareng metaphoyprop-basedon-
troller, granularsynthesis.

INTRODUCTION
ThispapermpresentdletaMuseaprop-baseihstrumen{shovn
in Figure 1) that usesthe metaphorof rainfall to make the
procesf granularsynthesisinderstandablél he soundof
rainfall in naturecomesfrom a processvery similar to that
of granularsynthesisshort,discretesoundsampledayered
andoverlappedo createa gestalt. The choiceof metaphor
for this instrumentis bestunderstoodn the framawork of
“transpareng,” a conceptintendedto facilitatethe creation
of expressve instruments.We considerexpressve instru-
mentsto be thosethat effectively corvey the feeling of the
playerto theaudience.

We identify transparengasa quality of mappings. Similar
to Moore's[9] notionof controlintimacy, transparengpro-

videsanindicationof the psychophysiologicadlistancejn

themindsof the playerandthe audiencebetweertheinput
and outputof a device mapping. In otherwords, it is the
distancebetweertheintent(or percevedintent,in the case
of theaudiencepf theartistto producesomeoutputandthe
ful llment of thatintent throughsomecontrol action. As

such,a moretransparenmapping,having lessdistancebe-
tweenintentandaction,is moreeasilycontrolledandthere-
fore canmoreeasilybe usedto corvey theplayer'sfeelings

Thatpartof adevice or instrumenthatmapstheinputto the output.

Figure 1. MetaMuse is controlled by two props: a wa-
tering canand a palette.

to theaudience Putsimply, atransparenmappingis likely
to resultin anexpressie instrument.

The degreesof mappingtransparengfor theplayerandau-
dienceform orthogonakbxesof a graph,showvn in Figure2,
into which devicescanbe placed. The positionof adevice
in thegraphactsasanindicatorof its expectedexpressvity
—moretransparentievicestendto be moreexpressve. The
guitar, for example,is transparento both playerandaudi-
encebecausef familiarity with the instrumentandplayer
skill, soit sitsin the top right cornerof the graph. New
technologiespften being poorly understoodtendto sit in
thebottomleft, or opaquecornerof the graph.Metaphoris
onetechniquehatfacilitatesmoving from an opagquemap-
ping to atransparentapping.

Metaphorenablesnstrumentdesignersplayers,and audi-
encemembersto refer to cultural basesor elementsthat
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are “common knowledge’, which we call literature. By
groundingamappingin theliterature,it is madetransparent
to all parties.Metaphorestrictsandde nesthe mappingof
a new device. Throughmetaphoytranspareng increases,
makingthedevice moreexpressie.

RELATED WORK

Metaphor has beenusedin previous instruments. The
squeezebx [3] andAccordiatron7] bothusetheconcertina
astheircontrolmetaphorssqueezebx applieshemetaphor
to breathcontrol, while Accordiatronremapsthe control
gesturespacdo MIDI controlsequenceBoSSA[1] is also
basednatraditionalinstrumenttheviolin. It increaseshe
controlspaceof theviolin to includebendingtheneck. The
eviolin [6] expandsthe control spaceof aviolin in a differ-
entway, usingthe instruments positionand orientationto
controlsoundpost-processing.

The metaphorusedin Tangible Sound2 [8], that of run-
ning water, is very similar to that of MetaMuse but Tangi-
ble Sound2 usesrealwaterto producemusicalsoundsThe
link betweerthe uid motionof waterandthe uid motion
of musicis aninterestingone.

Granularsynthesisdescribedoy Truax[11], blendsshort,
overlappingsoundsamplego createa gestaltsound,which
can be quite differentfrom the original samples. Current
controllersfor granularsynthesisabstractaway the details
of the synthesisngine,hawever, controlling the initiation
of eachgranuleby using high-level statisticalparameters.
The granularsynthesisexample provided with jMax [4],
which was later madeinto a jMax objectby IRCAM, is a
goodexampleof suchacontroller Theplayerandaudience
have no understandin@f the processunderlyingthe sound
creation creatingopacityin the mappingsof suchdevices.

IMPLEMENTING A METAPHOR

MetaMusefollows the rainfall metaphoras a mappingap-
propriatefor granularsynthesisPropsandvirtual waterare
usedto supportthe metaphoiof the procesf rainfall. The
props representa sourceand a sink for the water drops,
while the virtual waterfalls undera simple gravity model
whenthe sources activated.If thewaterintersectghesink
then granules,prerecordedsoundsamplesof water drops,
areinitiated in the synthesisengine. The props,then, are
usedto controlthe parametersf thefalling water

Two propsareusedin MetaMuse:a wateringcananda at
palette asshavnin Figurel. Thewateringcanis thesource

Here we are distinguishingthe conceptof literature from its literal
de nition of “that which is written” Whatis intendedis the moregeneral
de nition of that body of knowledge understoodand acceptechs part of
a culture. It is “commonknowledge” andis usedasreferentratherthan
beingexplainedby referenceto somethingelse. For example,scentsare
oftencomparedo thatof arose,but the scentof aroseis never identi ed
by comparisorto somethingelse.

Audience Transparency

Player Transparency

Figure 2: Axes of transparency are de ned for the
player and the audience.Instruments that aretranspar-
ent for both are morelik ely to be expressve.

of thevirtual water, andit affordsthecreationof waterdrops
throughthe motion of pouring. The paletteis a sink for the
virtual water andit creates surfaceonwhichthedropscan
land. Thedropsbehaelikerealrain, falling from the spout
andhitting the surface.

MetaMuseis implementedn C andjMax, with a calibra-
tion GUI in Tcl/Tk [10]. The physicalsimulationof the
waterdropsis implementedn C andusesa simplephysics
model. Magnetictracking sensorgwe usethe Polhemus
Fastrak)are mountedon the propsto provide positionand
orientationinformationto themodelthroughaserialportli-
brary. Themodelis updatedn realtime, andis renderedis-
ing the OpenGLlibraries. Thevisualisations implemented
to assistin dehuggingandcalibration,andalsohelpsfamil-
iarisenovice playerswith the physicalmodelof the system.
It is not requiredfor experiencedplayersasthe metaphor
providesanunderstandingf how thewater o ws from the
wateringcan.

Therainfall metaphoiis discussedh detailin thefollowing
section;implementatiordetailsfor the threemajor compo-
nentsof the systemaredescribedhereafter

A Combination of Metaphor s

MetaMusecombinestwo basic metaphors:pouring from
the source,andrainfall on the sink. Pouringis controlled
by the wateringcan,with position, orientation,andtilt af-
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fectingthe o w of waterdroplets. Eachdroplethitting the
sinkcausesnindividualgranuleof soundto beplayed.The
systemalsoincorporates third metaphorthat of a virtual

landscapesothatmoving thedropletsacrosshelandscape

changeshe soundof therainfall.

The pouringmetaphotis the mostnaturalof the three;the
commonactof pouringtransferdirectly to the virtual wa-
teringcan.An accumulatoincreasesvith aratethatis pro-
portionalto tilt, andadropletis releasedvheneaerthevalue
exceedsa x edconstant.This allows the playerto control
the o w down to the rate of a dripping faucetwithout re-
stricting high o w at largetilt angles.Thedropletsarere-
leasedfrom the tip of the virtual spout,and begin with a
velocity that dependson the horizontal orientationof the
can;thewaterdropletsform an arc asexpected.Finally, a
small,randomoffsetis appliedto theinitial velocity sothat
the ow will spreadbut asthougharose wereattachedo
the spoutof thecan.

After falling undervirtual gravity, thedropletsmayintersect
the sink, the positionof which is controlledby the palette
prop. Thismetaphois alsowell-basedn theliterature with
thetwo maincontrolsbeingheightand o w. Thehigherthe
wateringcanis abovethepalette thefartherthedropletfalls
and the greaterits relative velocity on hitting the palette.
This corresponds$o anincreasdn the playbackvolume of
theresultinggranule.Greater o w resultsin moregranules
beingplayedconcurrentlyincreasinghepercevedstrength
of therainfall sound.

The third metaphor that of the virtual landscapejs less
successful. The intentionwas to have a rangeof surface
compositiongepresentean the palette. Then, depending
on wherethe dropletlands,a differentsampleis playedto
re ect that surface. This would allow the playerto move
betweenthe soundsof rainfall on foliage, standingwater,
andbarerock, andis thereasorbehindthegreen blue,and
red colourpatternseenon the palettein Figurel. However,
the continuousatureof the patternimpliesthatcontinuous
control of the sampleis available, contraryto the discrete
natureof the prerecordedamples.This causes® mismatch
of expectatiorandoutput,makingthe metaphoineffective;
possiblemethodgo resole this mismatcharediscussedn
the FutureWorks section.The currentmappingmixesthree
sampledor eachgranule asdescribedelow.

Implementation Overview

Thereare several controllableparametersn the synthesis
engine.The choiceof sample samplerate,andsamplevol-
umecanall be controlled.Post-processing alsopossible,
but is notimplementedn this versionof MetaMuse. The
waysin which the parameterare mappedao the controller

A commongardeningattachmensimilarin functionto ashaverhead.
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Figure 3: The sceneis rendered with a watering can, a
landscape,and a number of droplets.

aredictatedby the metaphor

Physical Model and Graphics

The physicalmodelandgraphicscomponenbf MetaMuse
runsin a multithreadedenvironmentwrittenin C, with one
threadupdatingthe physicalmodeland anotherrendering
thesceneTheproppositionsarerefreshedy athird thread.
This allows the physicalmodelto updatemore frequently
thanthegraphicsconservingsystenresources.

Thescends renderedasshovn in Figure3, usingOpenGL
graphicsroutines. The main componentarethe watering
can, the landscapeand a numberof water dropletsseen
o wing betweerthem.Thescenas renderedrom thesame
datausedby the physicalmodel, which updatesthe posi-
tions of the componentainderneath.The graphicsupdate
as quickly asthe graphicsloop will allow, maintaininga
sufcient frameratefor smoothmotion.

The physicalmodelupdatesat 60Hz, the samplingrate of
thetraclker, which is fastenoughto producea smooth o w
of water Themodelis processedsingageometribrary ,
which provides functionsfor manipulatingvectors,coor
dinate frameworks, and transformationmatrices,and was
originally written to facilitate OpenGL graphicsroutines.
The tracker information is corvertedinto the appropriate
formatfor thegeometrylibrary, andthis informationis then
usedto determinethe position and orientationof the two

props.

The SimpleGeometnyLibrary, from Steve Baker's PLIB [2].
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Figure 4: The top-level patch in jMax providesa series
of bangsfor initialisation, aswell asa bangto manually
initiate a granule for testing.

Dropletsareproducedasdescribedn thesectionregarding
metaphors. Their changesn position, dueto gravity, are
updatedwith therestof the physicalmodel;eachdropletis
alsotestedfor intersectiorwith thelandscapeDropletsare
removed from the systemafter a timeoutor whenthey hit
the landscapewith the relative positionsand velocitiesof

suchdropletsbeing sentto jMax by a soclket connection.

The jMax “udpsend” object was adaptedfor use outside
of the jMax ervironment,andis usedto composea UDP
paclet containingthe position andvelocity of the droplet.
This pacletis thensentto thejMax synthesisngine.

jMax Synthesis Engine

ThejMax synthesigngineis basednreadingsamplegrom
sampletables. The parameterseceived from the physical
model are mappedto synthesisparametersand passedo
oneof mary voxels, or voice elementsusingthe voxalloc
object. The selectionof sampleandthe sampleratefor the
granulearepassedo thevoxel, which playsthe granuleus-
ing sampread.The top-level jMax patchis shown in Fig-
ured.

UDP pacletsarerecevedby jMax's udpreceie objectand
separatednto three-dimensiongposition (dx, dy, dz) and
velocity (vx, vy, vz) parameterspositionandvelocity have
differenteffects. dx anddy, indicatingthe position of the
droplet on the landscapeare usedto determinethe “sur-
face” on which the dropletlanded. For eachgranule three
samplesaremixedto representlifferentsurfaceswith their
relative volumesdependingon the droplet's distancefrom

three(unmarled)pointsonthelandscapeThisis non-optimal;

ideally only onesamplewould be playedfor eachgranule.
dz is a measureof how far into thelandscape dropletfell

Figure 5: The calibration GUI includes control widgets
for track er offsetsand model scalingparameters.

beforethecollisionwasrecognisedAs suchit is afunction
of theupdaterateof the systemandis not currentlyusedin
themapping.

The velocity parametersire usedto determinethe squared
velocity of the droplet, which is mappedto volume. This

meanshatdropletsthatfall fartherwill soundlouder The

horizontalvelocity, composedf vx andvy, is comparedo

the total velocity; this valueis usedto vary the playback
rateof the granule effectively varyingpitch. This mapping
is an arbitrary attemptto assignmeaningto the tilt of the

landscape.

Pitchandvolumearealsovarieddependingon the number
of voicesin use.Pitch, or playbackrate,is givenarandom
variation that increasesvith more voices. This givesthe
impressiorof differentgranulesbeingplayed,eventhough
similargranulesareinitiatedby mary adjacentiroplets.Vol-
umeis alsoincreasedvith numberof voices, but not lin-

early. In orderto allow singledropsto be heardwhile pre-
venting digital clipping with mary voices,the volumein-

creasess a sigmoid of the numberof voices. A sigmoid
objectwascreatedn jMax to allow this mapping.

Tcl/Tk Calibration GUI

A Tcl/Tk GUI is providedfor calibratingthetracker sensor
offsetsandcontrollingthe physicalmodel. TheGUI, shovn

in Figure 5, hasthreemain components:programcontrol

buttons, tracker parametersand model parameters.Com-

mandsare sentto the C engineusinga Tcl soclet library

written by theauthors.

The programcontrol buttons,in thetop left, allow the user
to startandstopthegraphicsandmodelor exit theprogram.
Radioluttonsare also provided to turn the tracker on and
off, shawv coordinateaxes,andmirror the z axis. Displaying
coordinateaxesis very usefulduringcalibrationasit identi-
es the differencebetweernthetracker sensompositionsand

NIMEO2-4



Proceedingsf the 2002Conferencen New Instrumentdor MusicalExpressior(NIME-02), Dublin, Ireland,May 24-26,2002

thevirtual proppositions.

The tracker offsetsin the top right of the window provide
position, orientation,and scalingcalibrationof the world,
the props,andthe spout. Selectinga radiokutton at the top
changeghe function of the sliders,which arethenusedto
control the parametersFor example,the wateringcanpo-
sition offset can be adjustedto accountfor the mounting
positionof the sensoon the can—the sensoiis mountedon
thebottomof the can,notin thecentre.

The bottom of the window provides accesdo several pa-
rametersusedby the modelor the graphicsengine. These
includethe rendereddropletsize (for visual effect only, it
hasno effectonthemodel)anda o w multiplier to change
thenumberof dropletsproduced A factoraffectingthepas-
sageof timeis alsopresentallowing dropletsto fall in slow
motion.

ANALYSIS AND RESULTS

MetaMusehasbeenmplementedsdescribedibove. Though
no formal usertestinghasbeencompletedjnformal evalu-
ation hasillustratedsomeadvantagesand disadwantage of
the system. Several peopleof varying backgroundshave
playedthe device, including human-computeinterfacere-
searchersnusiciansandnon-technicahon-musiciansSub-
jectsprovidedfeedbaclontheirexperiencesAudiencefeed-
backwasnota priority atthis stageof theresearchsoonly
alittle wasgathered.

Subjectseportedthatthe metaphor®f pouringandfalling
rain are very intuitive andaid in the understandingf the
granularsynthesigprocess. Theseaspectsof the mapping
areshown to betransparentHowever, the metaphotreaks
downwhenplayerdiry to varythepositiononthelandscape.
Theoutputdoesnotvary asexpectedvhenplayerspourwa-
ter ontothe differentareasof the landscapeThis indicates
thatthe implementatiorof this componenbf the mapping
is insufcient.

Thisshortcomings understandabland,in retrospectcould
have beenpredicted.Therangeof controlgestureshatvary
dropletpositionis continuous.However, the selectionpro-
cesdor thegranuless morediscretejt simply choosedbe-
tweenthreedifferentsourcesamples.The mixing of these
threesamplesn the intermediateregionsis aninsuf cient

interpolationmethod,and the resultingsoundis not what
theplayerexpects.lt would bepreferabldgo beableto select
from a continuousrangeof sampleshut this is not techni-
cally possiblewith the currentcomputingresourceslt may
be possibleto createthe appearancef a continuousrange
of sampleshy usingpost-processingr by synthesisinghe
samplesn real-timewith someothersynthesigechnique.

Thisproblemdemonstrateashortcomingyf metaphorsThe

player (and the audience)expectsthe systemto adhereto
themetaphowery strictly. Whenthe systemdeviates,it can
causegyreatempacitythana systemwith no metaphoiatall.
This is becausean expectationis createdby the metaphor
but the systembehaesagainstthat expectation.Metaphor
canrestricta systemthatcould otherwiseexplore new con-
trol interfaces.It canalsoconfusethe playerandthe audi-
encewhenthe soundinterfacecannotbeadequatelgreated
becausef technicalconstraints.

CONCLUSIONS AND FUTURE WORK

WeintroducedVietaMuseaprop-basethstrumenthatuses
arainfall metaphoto make theprocesof granularsynthesis
understandableThe metaphorof rainfall is broken down
into three parts: pouring water, falling rain, and varying
landscape.We saw thatthe rst two of thesewere well-
matchedto the propsand the physicalmodel used, mak-
ing the instrumentintuitive and easyto control. However,
we found that the third componenbf the metaphorvary-
ing landscapewas not well supportedby the technology
of granularsynthesisin our implementation. This result
demonstratetheneedor discretiorwhenapplyingmetaphors
to new instrumentmappings.

To betterunderstandletaMuseandtheconditionghatmake
it expressie, we introduceda two-axistranspareng scale.
Our needfor this framework stemsfrom the desireto de-
signandbuild new instrumentgor musicalexpressionWe
want our framework to facilitate the acceptancef novel
controllersinto the literatureto allow for new forms of ex-
pression.Fromthis perspectie, we suggesthat metaphor
helpsboththe playerandtheaudiencanake the mappingof
amusicaldevice transparentiencemakingthedeviceitself
expressve.

The main short-termimprovementfor MetaMuseis to re-
solve the dif culties with the virtual landscapemetaphor
Two possiblewaysto do this arebeingexamined:increas-
ing thesetof samplesepresentednthelandscapéo alarge
number or incorporatinga parameterisedaindropsynthe-
siserin placeof the sampletablesnow used.Both of these
solutionsposetechnicalchallengesLongertermprospects
includethe applicationof the conceptgresentedhereinto
othersystemawith othermetaphors.

Granularsynthesiss acomple synthesisewith mary con-
trols that are not obvious, potentially providing a very ex-

pressie soundengine. Ad hoc controllersfor this engine
tendto beopaqueor bothplayerandaudienceWe believe

thatMetaMuseprovidesabasisfor exploringnew interfaces
basedn metaphorMetaMusecanprovideamoretranspar
ent, and thereforemore expressve, controllerfor granular
synthesis.
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