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ABSTRACT
We explore the role that metaphorplaysin developingex-
pressivedevicesbyexaminingtheMetaMusesystem.Meta-
Museis aprop-basedsystemthatusesthemetaphorof rain-
fall to make the processof granularsynthesisunderstand-
able. We discussMetaMusewithin a framework we call
“transparency” thatcanbeusedasapredictorof theexpres-
sivity of musicaldevices.Metaphordependsonaliterature,
or culturalbasis,whichformsthebasisfor makingtranspar-
entdevice mappings.In this context we evaluatetheeffect
of metaphorin theMetaMusesystem.
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INTRODUCTION
ThispaperpresentsMetaMuse,aprop-basedinstrument(shown
in Figure1) thatusesthe metaphorof rainfall to make the
processof granularsynthesisunderstandable.Thesoundof
rainfall in naturecomesfrom a processvery similar to that
of granularsynthesis:short,discretesoundsampleslayered
andoverlappedto createa gestalt.Thechoiceof metaphor
for this instrumentis bestunderstoodin the framework of
“transparency,” a conceptintendedto facilitatethecreation
of expressive instruments.We considerexpressive instru-
mentsto be thosethateffectively convey the feelingof the
playerto theaudience.

Weidentify transparency asaqualityof mappings� . Similar
to Moore's[9] notionof controlintimacy, transparency pro-
videsan indicationof thepsychophysiologicaldistance,in
themindsof theplayerandtheaudience,betweentheinput
andoutputof a device mapping. In otherwords, it is the
distancebetweentheintent(or perceivedintent,in thecase
of theaudience)of theartistto producesomeoutputandthe
ful�llment of that intent throughsomecontrol action. As
such,a moretransparentmapping,having lessdistancebe-
tweenintentandaction,is moreeasilycontrolledandthere-
forecanmoreeasilybeusedto convey theplayer's feelings

�

Thatpartof adevice or instrumentthatmapstheinput to theoutput.

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

to theaudience.Putsimply, a transparentmappingis likely
to resultin anexpressive instrument.

Thedegreesof mappingtransparency for theplayerandau-
dienceform orthogonalaxesof a graph,shown in Figure2,
into which devicescanbeplaced.Thepositionof a device
in thegraphactsasanindicatorof its expectedexpressivity
– moretransparentdevicestendto bemoreexpressive. The
guitar, for example,is transparentto bothplayerandaudi-
encebecauseof familiarity with the instrumentandplayer
skill, so it sits in the top right cornerof the graph. New
technologies,often beingpoorly understood,tendto sit in
thebottomleft, or opaque,cornerof thegraph.Metaphoris
onetechniquethatfacilitatesmoving from anopaquemap-
ping to a transparentmapping.

Metaphorenablesinstrumentdesigners,players,andaudi-
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.Metaphorrestrictsandde�nesthemappingof
a new device. Throughmetaphor, transparency increases,
makingthedevicemoreexpressive.

RELATED WORK
Metaphor has been used in previous instruments. The
squeezeVox[3] andAccordiatron[7] bothusetheconcertina
astheircontrolmetaphors;squeezeVoxappliesthemetaphor
to breathcontrol, while Accordiatronremapsthe control
gesturespaceto MIDI controlsequences.BoSSA[1] is also
basedonatraditionalinstrument,theviolin. It increasesthe
controlspaceof theviolin to includebendingtheneck.The
eviolin [6] expandsthecontrolspaceof a violin in a differ-
ent way, usingthe instrument's positionandorientationto
controlsoundpost-processing.

The metaphorusedin TangibleSound2 [8], that of run-
ning water, is very similar to thatof MetaMuse,but Tangi-
bleSound2 usesrealwaterto producemusicalsounds.The
link betweenthe�uid motionof waterandthe�uid motion
of musicis aninterestingone.

Granularsynthesis,describedby Truax [11], blendsshort,
overlappingsoundsamplesto createa gestaltsound,which
canbe quite different from the original samples.Current
controllersfor granularsynthesisabstractaway the details
of the synthesisengine,however, controlling the initiation
of eachgranuleby usinghigh-level statisticalparameters.
The granularsynthesisexample provided with jMax [4],
which waslater madeinto a jMax objectby IRCAM, is a
goodexampleof suchacontroller. Theplayerandaudience
have no understandingof theprocessunderlyingthesound
creation,creatingopacityin themappingsof suchdevices.

IMPLEMENTING A METAPHOR
MetaMusefollows the rainfall metaphorasa mappingap-
propriatefor granularsynthesis.Propsandvirtual waterare
usedto supportthemetaphorof theprocessof rainfall. The
props representa sourceand a sink for the water drops,
while the virtual water falls undera simplegravity model
whenthesourceis activated.If thewaterintersectsthesink
thengranules,prerecordedsoundsamplesof waterdrops,
are initiated in the synthesisengine. The props,then,are
usedto controltheparametersof thefalling water.

Two propsareusedin MetaMuse:a wateringcananda �at
palette,asshown in Figure1. Thewateringcanis thesource

�

Here we are distinguishingthe conceptof literature from its literal
de�nition of “that which is written.” What is intendedis themoregeneral
de�nition of that body of knowledgeunderstoodandacceptedaspart of
a culture. It is “commonknowledge” andis usedasreferentratherthan
beingexplainedby referenceto somethingelse. For example,scentsare
oftencomparedto thatof a rose,but thescentof a roseis never identi�ed
by comparisonto somethingelse.

Figure 2: Axes of transparency are de�ned for the
player and the audience.Instruments that aretranspar-
ent for both aremore lik ely to beexpressive.

of thevirtualwater, andit affordsthecreationof waterdrops
throughthemotionof pouring.Thepaletteis a sink for the
virtual water, andit createsasurfaceonwhichthedropscan
land.Thedropsbehave likerealrain, falling from thespout
andhitting thesurface.

MetaMuseis implementedin C andjMax, with a calibra-
tion GUI in Tcl/Tk [10]. The physicalsimulationof the
waterdropsis implementedin C andusesa simplephysics
model. Magnetictracking sensors(we usethe Polhemus
Fastrak)aremountedon the propsto provide positionand
orientationinformationto themodelthroughaserialport li-
brary. Themodelis updatedin realtime,andis renderedus-
ing theOpenGLlibraries.Thevisualisationis implemented
to assistin debuggingandcalibration,andalsohelpsfamil-
iarisenoviceplayerswith thephysicalmodelof thesystem.
It is not requiredfor experiencedplayersas the metaphor
providesanunderstandingof how thewater�o ws from the
wateringcan.

Therainfall metaphoris discussedin detail in thefollowing
section;implementationdetailsfor thethreemajorcompo-
nentsof thesystemaredescribedthereafter.

A Combination of Metaphor s
MetaMusecombinestwo basicmetaphors:pouring from
the source,andrainfall on the sink. Pouringis controlled
by the wateringcan,with position,orientation,andtilt af-
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fecting the �o w of waterdroplets.Eachdroplethitting the
sinkcausesanindividualgranuleof soundto beplayed.The
systemalsoincorporatesa third metaphor, thatof a virtual
landscape,sothatmoving thedropletsacrossthelandscape
changesthesoundof therainfall.

The pouringmetaphoris themostnaturalof the three;the
commonactof pouringtransfersdirectly to thevirtual wa-
teringcan.An accumulatorincreaseswith a ratethatis pro-
portionalto tilt, andadropletis releasedwheneverthevalue
exceedsa �x edconstant.This allows theplayerto control
the �o w down to the rateof a dripping faucetwithout re-
strictinghigh �o w at largetilt angles.The dropletsarere-
leasedfrom the tip of the virtual spout,and begin with a
velocity that dependson the horizontalorientationof the
can; thewaterdropletsform an arc asexpected.Finally, a
small,randomoffsetis appliedto theinitial velocitysothat
the �o w will spreadout asthougha rose� wereattachedto
thespoutof thecan.

After fallingundervirtualgravity, thedropletsmayintersect
the sink, the positionof which is controlledby the palette
prop.Thismetaphoris alsowell-basedin theliterature,with
thetwo maincontrolsbeingheightand�o w. Thehigherthe
wateringcanis abovethepalette,thefartherthedropletfalls
and the greaterits relative velocity on hitting the palette.
This correspondsto an increasein theplaybackvolumeof
theresultinggranule.Greater�o w resultsin moregranules
beingplayedconcurrently, increasingtheperceivedstrength
of therainfall sound.

The third metaphor, that of the virtual landscape,is less
successful.The intention was to have a rangeof surface
compositionsrepresentedon the palette. Then,depending
on wherethedropletlands,a differentsampleis playedto
re�ect that surface. This would allow the player to move
betweenthe soundsof rainfall on foliage, standingwater,
andbarerock,andis thereasonbehindthegreen,blue,and
redcolourpatternseenon thepalettein Figure1. However,
thecontinuousnatureof thepatternimpliesthatcontinuous
control of the sampleis available,contraryto the discrete
natureof theprerecordedsamples.This causesa mismatch
of expectationandoutput,makingthemetaphorineffective;
possiblemethodsto resolve this mismatcharediscussedin
theFutureWorkssection.Thecurrentmappingmixesthree
samplesfor eachgranule,asdescribedbelow.

Implementation Overview
Thereare several controllableparametersin the synthesis
engine.Thechoiceof sample,samplerate,andsamplevol-
umecanall becontrolled.Post-processingis alsopossible,
but is not implementedin this versionof MetaMuse. The
waysin which theparametersaremappedto thecontroller

�

A commongardeningattachmentsimilar in functionto ashowerhead.

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

aredictatedby themetaphor.

Physical Model and Graphics
Thephysicalmodelandgraphicscomponentof MetaMuse
runsin a multithreadedenvironmentwritten in C, with one
threadupdatingthe physicalmodelandanotherrendering
thescene.Theproppositionsarerefreshedby athird thread.
This allows the physicalmodel to updatemorefrequently
thanthegraphics,conservingsystemresources.

Thesceneis rendered,asshown in Figure3, usingOpenGL
graphicsroutines. The main componentsarethe watering
can, the landscape,and a numberof water dropletsseen
�o wing betweenthem.Thesceneis renderedfrom thesame
datausedby the physicalmodel,which updatesthe posi-
tions of the componentsunderneath.The graphicsupdate
as quickly as the graphicsloop will allow, maintaininga
suf�cient frameratefor smoothmotion.

The physicalmodelupdatesat 60Hz, the samplingrateof
the tracker, which is fastenoughto producea smooth�o w
of water. Themodelis processedusingageometrylibrary � ,
which provides functions for manipulatingvectors,coor-
dinateframeworks, and transformationmatrices,and was
originally written to facilitate OpenGLgraphicsroutines.
The tracker information is convertedinto the appropriate
formatfor thegeometrylibrary, andthis informationis then
usedto determinethe position and orientationof the two
props.

	

TheSimpleGeometryLibrary, from Steve Baker's PLIB [2].

NIME02-3



Proceedingsof the2002ConferenceonNew Instrumentsfor MusicalExpression(NIME-02), Dublin, Ireland,May 24-26,2002

Figure 4: The top-level patch in jMax providesa series
of bangsfor initialisation, aswell asa bang to manually
initiate a granule for testing.

Dropletsareproducedasdescribedin thesectionregarding
metaphors.Their changesin position,due to gravity, are
updatedwith therestof thephysicalmodel;eachdropletis
alsotestedfor intersectionwith thelandscape.Dropletsare
removed from the systemafter a timeoutor whenthey hit
the landscape,with the relative positionsandvelocitiesof
suchdropletsbeing sentto jMax by a socket connection.
The jMax “udpsend”object was adaptedfor use outside
of the jMax environment,and is usedto composea UDP
packet containingthe positionandvelocity of the droplet.
Thispacket is thensentto thejMax synthesisengine.

jMax Synthesis Engine

ThejMax synthesisengineisbasedonreadingsamplesfrom
sampletables. The parametersreceived from the physical
model are mappedto synthesisparametersand passedto
oneof many voxels,or voice elements,usingthevoxalloc
object.Theselectionof sampleandthesampleratefor the
granulearepassedto thevoxel,whichplaysthegranuleus-
ing sampread.The top-level jMax patchis shown in Fig-
ure4.

UDP packetsarereceivedby jMax's udpreceiveobjectand
separatedinto three-dimensionalposition (dx, dy, dz) and
velocity (vx, vy, vz) parameters;positionandvelocityhave
differenteffects. dx anddy, indicatingthe positionof the
droplet on the landscape,are usedto determinethe “sur-
face”on which thedropletlanded.For eachgranule,three
samplesaremixedto representdifferentsurfaces,with their
relative volumesdependingon the droplet's distancefrom
three(unmarked)pointsonthelandscape.Thisisnon-optimal;
ideally only onesamplewould beplayedfor eachgranule.
dz is a measureof how far into the landscapea dropletfell

Figure 5: The calibration GUI includescontrol widgets
for tracker offsetsand model scalingparameters.

beforethecollisionwasrecognised.As suchit is a function
of theupdaterateof thesystemandis not currentlyusedin
themapping.

The velocity parametersareusedto determinethesquared
velocity of the droplet,which is mappedto volume. This
meansthatdropletsthat fall fartherwill soundlouder. The
horizontalvelocity, composedof vx andvy, is comparedto
the total velocity; this value is usedto vary the playback
rateof thegranule,effectively varyingpitch. This mapping
is an arbitraryattemptto assignmeaningto the tilt of the
landscape.

Pitchandvolumearealsovarieddependingon thenumber
of voicesin use.Pitch,or playbackrate,is givena random
variation that increaseswith more voices. This gives the
impressionof differentgranulesbeingplayed,eventhough
similargranulesareinitiatedbymany adjacentdroplets.Vol-
ume is also increasedwith numberof voices,but not lin-
early. In orderto allow singledropsto beheardwhile pre-
ventingdigital clipping with many voices,the volume in-
creasesasa sigmoidof the numberof voices. A sigmoid
objectwascreatedin jMax to allow this mapping.

Tcl/Tk Calibration GUI

A Tcl/Tk GUI is providedfor calibratingthetracker sensor
offsetsandcontrollingthephysicalmodel.TheGUI, shown
in Figure5, hasthreemain components:programcontrol
buttons,tracker parameters,andmodelparameters.Com-
mandsaresentto the C engineusinga Tcl socket library
writtenby theauthors.

Theprogramcontrolbuttons,in thetop left, allow theuser
to startandstopthegraphicsandmodelor exit theprogram.
Radiobuttonsarealso provided to turn the tracker on and
off, show coordinateaxes,andmirror thez axis.Displaying
coordinateaxesis veryusefulduringcalibrationasit identi-
�es thedifferencebetweenthetracker sensorpositionsand
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thevirtual proppositions.

The tracker offsetsin the top right of the window provide
position,orientation,andscalingcalibrationof the world,
theprops,andthespout.Selectinga radiobuttonat thetop
changesthe functionof thesliders,which arethenusedto
control theparameters.For example,thewateringcanpo-
sition offset can be adjustedto accountfor the mounting
positionof thesensoron thecan– thesensoris mountedon
thebottomof thecan,not in thecentre.

The bottom of the window providesaccessto several pa-
rametersusedby the modelor thegraphicsengine.These
includethe rendereddropletsize(for visual effect only, it
hasno effect on themodel)anda �o w multiplier to change
thenumberof dropletsproduced.A factoraffectingthepas-
sageof timeis alsopresent,allowing dropletsto fall in slow
motion.

ANALYSIS AND RESULTS

MetaMusehasbeenimplementedasdescribedabove.Though
no formal usertestinghasbeencompleted,informal evalu-
ationhasillustratedsomeadvantagesanddisadvantagesof
the system. Several peopleof varying backgroundshave
playedthedevice, includinghuman-computerinterfacere-
searchers,musicians,andnon-technicalnon-musicians.Sub-
jectsprovidedfeedbackontheirexperiences.Audiencefeed-
backwasnota priority at this stageof theresearch,soonly
a little wasgathered.

Subjectsreportedthatthemetaphorsof pouringandfalling
rain arevery intuitive andaid in the understandingof the
granularsynthesisprocess.Theseaspectsof the mapping
areshown to betransparent.However, themetaphorbreaks
downwhenplayerstry to varythepositiononthelandscape.
Theoutputdoesnotvaryasexpectedwhenplayerspourwa-
ter ontothedifferentareasof the landscape.This indicates
that the implementationof this componentof themapping
is insuf�cient.

Thisshortcomingisunderstandableand,in retrospect,could
havebeenpredicted.Therangeof controlgesturesthatvary
dropletpositionis continuous.However, theselectionpro-
cessfor thegranulesis morediscrete;it simplychoosesbe-
tweenthreedifferentsourcesamples.Themixing of these
threesamplesin the intermediateregionsis an insuf�cient
interpolationmethod,and the resultingsoundis not what
theplayerexpects.It wouldbepreferableto beableto select
from a continuousrangeof samples,but this is not techni-
cally possiblewith thecurrentcomputingresources.It may
be possibleto createtheappearanceof a continuousrange
of samplesby usingpost-processingor by synthesisingthe
samplesin real-timewith someothersynthesistechnique.

Thisproblemdemonstratesashortcomingof metaphors.The

player (and the audience)expectsthe systemto adhereto
themetaphorverystrictly. Whenthesystemdeviates,it can
causegreateropacitythanasystemwith nometaphoratall.
This is becausean expectationis createdby the metaphor,
but thesystembehavesagainstthatexpectation.Metaphor
canrestricta systemthatcouldotherwiseexplorenew con-
trol interfaces.It canalsoconfusetheplayerandtheaudi-
encewhenthesoundinterfacecannotbeadequatelycreated
becauseof technicalconstraints.

CONCLUSIONS AND FUTURE WORK

WeintroducedMetaMuse,aprop-basedinstrumentthatuses
arainfall metaphorto maketheprocesof granularsynthesis
understandable.The metaphorof rainfall is broken down
into threeparts: pouring water, falling rain, and varying
landscape.We saw that the �rst two of thesewere well-
matchedto the propsand the physicalmodel used,mak-
ing the instrumentintuitive andeasyto control. However,
we found that the third componentof the metaphor, vary-
ing landscape,was not well supportedby the technology
of granularsynthesisin our implementation. This result
demonstratestheneedfor discretionwhenapplyingmetaphors
to new instrumentmappings.

To betterunderstandMetaMuseandtheconditionsthatmake
it expressive, we introduceda two-axistransparency scale.
Our needfor this framework stemsfrom the desireto de-
signandbuild new instrumentsfor musicalexpression.We
want our framework to facilitate the acceptanceof novel
controllersinto the literatureto allow for new formsof ex-
pression.From this perspective, we suggestthatmetaphor
helpsboththeplayerandtheaudiencemakethemappingof
amusicaldevicetransparent,hencemakingthedeviceitself
expressive.

The main short-termimprovementfor MetaMuseis to re-
solve the dif�culties with the virtual landscapemetaphor.
Two possiblewaysto do this arebeingexamined:increas-
ing thesetof samplesrepresentedonthelandscapeto alarge
number, or incorporatinga parameterisedraindropsynthe-
siserin placeof thesampletablesnow used.Both of these
solutionsposetechnicalchallenges.Longer-termprospects
includetheapplicationof theconceptspresentedhereinto
othersystemswith othermetaphors.

Granularsynthesisis acomplex synthesiserwith many con-
trols that arenot obvious,potentiallyproviding a very ex-
pressive soundengine. Ad hoc controllersfor this engine
tendto beopaquefor bothplayerandaudience.We believe
thatMetaMuseprovidesabasisfor exploringnew interfaces
basedonmetaphor. MetaMusecanprovideamoretranspar-
ent, andthereforemoreexpressive, controller for granular
synthesis.
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