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ABSTRACT

Herewe proposea novel musicalcontrollerwhich acquires
imagingdataof thetonguewith atwo-dimensionamedical
ultrasoundscanner A computervision algorithm extracts
from theimagea discretetongueshapeto control, in real-

time, a musicalsynthesizeandmusicaleffects. We evalu-

atethe mappingspacebetweertongueshapeandcontroller
parameterandits expressve characteristics.
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INTRODUCTION

Musical controllersmay be activatedby differentpartsof
thebody. Eachcombinationof musicalcontrollerandbody
partresultsin a differentquality of control,expressionand
richnessof interaction. The humanvocal tractis the body
partmostcommonlyusedfor soundgeneration.Examples
arespeechsinging,andothernon-speeckoundsThetonal
shapingof thehumanvoiceis to alargeextentcontrolledby
thetongue.Usingthetongueasaninputmodalityleverages
theskills humanrhave acquiredhoughspeakingandhasthe
potentialfor sensitve andfine control. Othersystemsfor
musiccontrolusingthelips [6] have shavn suchproperties.

Looking at the role of the tonguein speechmodelling[2],
[5], [4], thevocaltractshapes primarily controlledby the
tongue. In voice productionmodelling the airspaceof the
vocal tract, from the glottis to the lips, canbe considered
asalinearfilter. This filter actson input generatedy the
glottis, alsoknown asthe excitation function. Thisimplies
strongpotentialfor usingthe control mechanisnof the vo-
caltract, startingwith thetongueshapeto controlanexter
nal soundsynthesislevice.

Existingphysicalinstrumentsvhich make useof thetongue
asa control mechanisninclude reedinstrumentsthe har

monica,and-1 think themouthharpusesmorethanthetip”

of thetongue. Also, instrumentssuchas Mouthesizerand
Talkbox usevariouselementsof the humanvocal tract to
control or modulatesound. “Mouthesizer’usesthe lips as
thesolemeanof input. “Talkbox” utilizesaspealer placed

in the performers mouth,which recordsthefiltering effect
of themouthusinganexternalmicrophone Anotherrelated
musiccontroller, the Vocoder extractsfrom acousticvoice
signalsthe formantfrequencies.With the assumptiorof a
singlelinearfilter model,theformantfrequenciesvould be
theequivalentof thefilter coeficients.

The proposedsystemis differentandnovel, in thatinstead
of acoustianeasurementye useanarticulatorymodelbased
on measurememnf the physicalconfigurationof the vocal
tractin realtime. Thesemeasurementreusedin anactive
senseto control a digital instrument,ratherthanthe more
passve embodimenfoundin Talkboxwheretheinterior of
the mouthis usedas a physicalacousticchamber In the
presenfproject,the mappingof the vocaltractto the sound
outputis reconfigurable. The goal of this studyis not to
directly modelthe vocal tract asusedin everydayspeech,
but ratherto explore how to leveragethe fine motorcontrol
skills developedby thetonguefor expressve musiccontrol.

Oursystenis composeaf anultrasoundievice, positioned
underthe chin to provide continuousimaging of the per
former'stongue. Thetonguevideois acquiredinto a com-
puterwith a video capturecard,which extractswith anim-
ageprocessinglgorithmatonguemodelin real-time. The
mappingfrom the tonguemodelto the music controlleris
performecdby computesoftwarethatanalyzesheinputvideo
and generateshe tonguemodel, which drives soundsyn-
thesisparameters.One advantageof this approachis the
relatively non-intrusive natureof the ultrasounddevice, as
comparedvith asystemsuchasTalkboxwheremechanical
hardwaremustbeinsertednto the performers mouth.

TONGUE 'N' GROOVE SYSTEM

Figure 1 shows the componentsof the Tongue’n’Groore
system.An Aloka SSD-90Qultrasoundscanners usedwith

a small probe,similar in shapeto a microphone.The per

former presseghe probeagainstthe undersideof the jaw.

Sound-conductie gel may be usedto lubricatethe skin for

betterprobecontact.The probecanbeheldin hand,or used
with amicrophonestand.

The SSD-900produce®-dimensionaimagesof thetongue
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profile in analogNTSC video format. Thirty framesper
secondare obtainedat 768x525resolution. The SSD-900
calibrateghe ultrasoundmagesothatimagedistancegsor
respondo scaledreal-world distancesTheintensityin dif-
ferentpartsof the imagedependson the ultrasonicreflec-
tivity of body parts. The tongue-airboundarylayer on the
uppersurfaceof thetongue hashighreflective propertyand
thereforcreateghe mostintenseregion of theimage.

Theultrasoundmageis digitizedusingaLinux workstation
with a video capturecard. A video capturelibrary written
in C makesimagedataavailable to the Tongue’n’Grooe
imageprocessinglgorithm. Two differentalgorithmshave
beentestedwith theTongue’'n'Groaresofar. Onealgorithm
usesoptical flow, andis basedon Sidney Felslamascope
system[3]. It calculateghe amountof motionwithin each
of 10 vertical bandsof the tongueimage. The otheralgo-
rithm, describedn the next section,calculatesa vector of
verticalpositionsalongthe tonguesurface.

Theoutputof theimageprocessinglgorithmis usedto pro-

vide constantlyupdatedcontrol parameterdo a synthesis
engine. The optical flow algorithmsendsMIDI signalsto

the PC internal soundcard, causingnotesto be triggered
when motion occurs. The 10 different bandscontrol 10

pitcheswithin a predefinedchord. The tongue-heightal-

gorithmsendsts outputvectorto the Singing PhysicalAr-

ticulatory SynthesisModel (SFASM) [1], wherethetongue
heightsare mappedto radii of cylindrical segmentsin the

virtual resonanthamber

IMAGE PROCESSING

TONGUE CONTOUR RECONSTRUCTION

If the Tongue’n’Groore were intendedto control realistic

humanvoicesoundsijt would beimportantto have accurate
readingsof tongue/hardpalatepositionsin orderto drive

a vocal tractmodel. However, our goal is broader:to use
the tongueto control expressve musicalsoundsjncluding

abstractvocal-typesoundsand non-vocal sounds.As long

asaconsistentnappingis applied,userscanlearntherela-

tionshipbetweertonguemotionandsoniceffect. Therefore
we have implementeda fairly simpleimage-processingl-

gorithm that outputsa vector of relative heightsalongthe

top surfaceof the tongue. It doesnot attemptto measure
absolutepositionwithin the throator the shapeof the hard

palate.

In measuringhe configurationof thetongue we acquirean
NTSC imagefrom the ultrasoundscanner(type). Thein-
tensity levels of the imageare then normalizedunderthe
assumptiorthat the ambientintensity is inverselypropor
tionalto asmallpower of thedistancefrom thecenterof the
probe. The actualexponent,computedby averagingover
several data-setacquiredby the ultrasound hasa value of
about2.2.
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Sincethe probeis heldunderthe chin, thetongueis approx-
imatelyin the samepositionrelative to the proberegardless
of theuser Theregion of interestin the ultrasoundscanis
thereforefixed. This region is scannedor maximumpixel
intensitiesacrosshefield of theimage.Thesevaluescorre-
spondto thedistancerom the probeto thelower contourof
thetongue.Sincethe hardpalateis fixed, thesevaluesgive
all therequiredinformationto estimatethe configurationof
this portionof thevocaltract.

The currentlyimplementedalgorithmdoesnot compensate
for shiftingandrotationof theentireultrasoundmage.This
allows theuserto changethe vectorof outputsby changing
position and pressureof the ultrasoundprobe againstthe
throat.We view thisasadesirabldeature sincetheusercan
learnto employ the probeasa secondcontroller modifying
the soundoutputin uniqueways.

Dueto its simplicity, the algorithmis capableof 30 frames
per secondoutputon a 800MHz Pentium-1IPC. As canbe
seenfrom figure 2, the algorithmis subjectto a significant
amountof noiseanderror, which causesinintendedluctu-
ationsin themusicaloutput.We arecurrentlytestingsimple
techniquessuchasoutlierremoval, toincreaseheaccurayg
of the algorithm. This will allow moreprecisecontroland
improve the expressie potentialof the Tongue'n’Groove.
Furtherwe are investigatingthe applicationof more com-
putationalexpensie methods suchasdiscretesnalesand
Kalman filtering, in the spacialand temporaldomain for
this real-timeconstraintoroblem.

OPTICAL FLOW EXTRACTION

The secondmageprocessinglgorithmfor this application
extractsopticalflow. Insteadof thetonguespositionaspre-
viously, this algorithmanalyzeshe tonguesmotionin ten
horizontalsggments. The flow extraction algorithm com-
putesthe motionintensityby takingthe differencebetween
consecutreimageframes.

MAPPING OF SYNTHESIS PARAMETERS
TheTongue’'n’Grooeis aflexible musicalcontroller which
will betestedwith several differentvirtual instrumentsas
output. Thinking aboutthemappingfrom avectorof tongue
positionsinto a vector of musicalcontrol parametersyve
have identifiedthreebroadcategories,moving from adirect
mappingto amoreabstracmapping:

1. Thevectorof vocal-tractsegmentheightscanbe usedto
control the equivalent vector of heightsin a physically
modelledhumansingingvoice synthesizer

2. The vectorof vocal-tractsgmentheightscanbe usedto
controlfilter shapingparameteré anon-vocalvirtual in-
strument.

3. The vector of vocal-tractsegment heightscan be used

to control a setof non-filterrelatedparameterén a non-
vocalvirtual instrument.

In our applicatiorwe implementedtwo instrumentsActiv-
ity soundtrigger and singingvoice, which matchthe prior
indicatedfirst andthird category.

SINGING VOICE

Using the SynthesisToolkit (STK) codeasa base at least
one virtual instrumentfrom eachcategory will be imple-
mentedandtestedwith the Tongue’'n’Groore. Themapping
dependson the synthesizerbut somemappingprinciples
applyacrossll forms.

Whenthetonguecontrolleris usedto controlarealisticvo-

cal tractmodel,it is importantto have accuratereadingsof

tongue/hargalatepositions.However, whentonguemove-
mentsare usedto control anotherinstrument,the precise
measuremenbf tongue position becomedessimportant.
As long asa consistenmappingis applied,userswill learn
the relationshipbetweentongue motion and sonic effect.

For this reasona fairly simpleimage-processinglgorithm
may be adequatdor mary typesof musicalcontrol. This
allows for real-timeimplementatiorusinga standardJnix

personatomputer In this casel thetonguepositioncanbe
mappedn vocaltractdiameter

Baseson the noisy ultrasoundimage and minimized pro-
cessinga fuzzy mappinginto the combinestemporaland
spacialmight be anothemay of approachinghe problem.

ACTIVITY SOUND TRIGGER

This instrumentsintendedfor novice performerstriggers
sendnoteinformationto aMIDI softwaresynthesizenotes
gettriggered,whenexceedinga threshold,with a velocity
of the input parameter Eachof the parametersnapsto a
differentnotein an octave and after a numberto triggers
the currentactivatedoctave changedo a differenceactive
octave.

CONCLUSION

We build auniqueultrasound-video-base¢dnguemusiccon-
troller, which can be adoptedfor a variety of instruments
by choosinga Imageprocessingo extracttonguefeatures
and map themto synthesisparameters. One of the two
image processingalgorithmsextracts temporal, the other
positionalchanges.We incorporatedwo instrumentsthe
singingsynthesizeBEFASM andtheMIDI actiity Notetrig-
ger, to becontrolledby thetongue.Musical performertried
our systemandreportedits wasfun andcompellingto per
form. A ultrasoundvideo display was found to improve
tonguecontrollabilityfor performanc@ovicesandenhanced
the performancexperienceor spectatorsoo.
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