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ABSTRACT

In this papemwe explore extendediechniquedor a physicalmodel

of abawedstringinstrumentcontrolledusingthe metasaxophone.

1. INTRODUCTION

Physicaimodelsof musicalinstrumentareinterestingrom differ-
entperspecties. The scientist,beingableto reproduceghe sound
of a particularinstrument shaws thatits physicshasbeenunder
stood.Theperformercantakeadvantageof thevirtual instruments
which areusuallyeasierto play thenthe real one. The composer
cantakeadvantageof thecomputerto createsonoritiesghatcannot
beobtainedn reality.

In this papemwe exploretheboundarie®f aphysicalmodelby
abstractinga bowedstringphysicalmodelfrom its analogmaterial
controller andimplementinghis modelwithin anothelinstrumen-
tal controller, the metasaxophone.

We focuson differenteffectsthat canbe obtainedthroughex-
tendingthe possibilitiesoffered by a physicalmodelof a bowed
stringinstrumentghroughthe useof alternatecontrollers.

2. EXTENDING THE VIRTUAL BOWED STRING

We built awaveguidephysicalmodelof abowedstringinstrument
([4]), runningin realtimein Max/MSP([6]).

Thetimbralspacef themodelis controlledusingthemetasax-
ophone,a tenor saxophonecustomfitted with an on-boardcom-
putermicroprocessoandan array of sensorsisedto controllive
electronics.

Thevirtual bowedstringinstruments ableto reproducemary
of thephenomenghatappeatn its real counterpart.

We are interestedin extending the model, in order to cre-
ate sonoritiesthat cannotbe obtainedwith a realinstrument,and
which areinterestingfrom acompositionaprospectie.

We expandedhe physicalpropertiesof the stringsin orderto
have the possibility of bowing "strings” of differentmaterials.Pa-
rameterdike string diametey Young's modulus,tension,length,
allow to calculatethe amountof inharmonicityof strings,which
canbe efficiently modeledusingallpassfilters. Interpolatingbe-
tweendifferentfilter’ scoeficientsallowstheperformetrto perceve
the sensatiorof bowing stringsof differentmaterials.

We furthermoremodifiedthe frictional propertiesof the bow
stringinteraction,in orderto obtainwaveformsthat, startingfrom
thewell-known Helmholzmotion,i.e. theidealmotionof abowed
string, move towardchaoticoscillations.

Anotherextensionconsistonaccountingor thecommonstruc-

tureof nonlinearscillators.As Mclintyre, SchumacheandWood-
houseshaved in 1983 ([3]), all self-sustainedscillatorscanbe
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seenasnonlinearexcitationsthat drive linear resonators.Taking
adwantageof the commonstructureof theseinstrumentsye shav
how themodelis ableto smoothlymove betweeroneinstrumento
another interpolatingbetweerthe characteristicef the resonator
andthe excitation.

3. THE METASAXOPHONE

In aneffort to explore extendedtechniquef the physicalmodel
we performit with analternatecontroller, themetasaxophon§2]),
shavn in figure 1.

Figurel: Themetasaxophone

This allows the physicalmodelto be controlledfrom within
a differenthapticspace- that of a wind instrument. This in turn
opensnew expressie potentialitiesof the model.
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Figure2: Max/MSPpatchthatmapsthe metasaxo theinputsof the bowedstringmodel.

The metasaxophong&acks datafrom eight continuouscon-
troller force sensingresistors(FSR), five triggers,and a two di-
mensionakccelerometechip. The FSRsarelocatedon the front
B, A, G, F, E andD keys, andon the two thumbrests.Threetrig-
gersarelocatedon the bell of theinstrumentandonebelon each
of the thumbrests. The accelerometechip measuresdeft/right,
up/davn tilt of the saxophondell.

The datafrom thesesensorsare collectedvia a 26 pin serial
connectoiby a microcontrollerfixedto the bell of theinstrument.
The computerchip is a BasicStampBIISX microprocessorAna-
log pressurelatafrom the performeris corvertedto adigital repre-
sentatiorandpassedo the BasicStampthroughanRC circuit de-
sign. Trim potentiometersalibratethe sensitvity of eachcircuit.
The microprocessois programmedn PBASIC andthe software
cornvertsthe sensodatainto MIDI messages.

The circuit boardanda 9 volt batteryarefit into a black box
with openingsfor the serial cableinputs,a MIDI output,and a
power switch. MIDI message$rom the metasaxophonean be
sentto ary MIDI device andusedascontrol datafor live electron-
ics.

In additionto sendingMIDI information,the metasaxophone
sendsan audio signal througha microphonelocatedin its bell.
Both MIDI andaudiodataaresentto someexternalcomputeror
device for processingCurrentlywe areusinganinteractie inter-
faceprogrammedn Max/MSP([6]).

ThecontinuousontrollerMIDI messagesentfrom themetasax-

ophoneareusedto controldigital signalprocessingandsynthesis
algorithms.Similarly, theaudiois usedasa control signalto alter
thefunctionof theMIDI dataor to controlothersonicparameters.
This interactve interfacelendsitself to circular dataconstructs-
MIDl/audio, saxophone/electroniecsbecausét wasthe intention

for theelectronicgo functionasaclearextensionof theperformer

4. MAPPING BETWEEN THE PHYSICAL MODEL AND
THE METASAXOPHONE

Continuouscontroller MIDI messagedrom the metasaxophone
areusedto drive the bowedstring physicalmodelcontrollingeach
parametenf the physicalmodelby degreesof fingerpressureer
formedon thedifferentmetasaxophonieeys.

Weimplementedabowedstringphysicalmodelasanexternal
extensionto the Max/MSP program. The input parametersf the
physicalmodel, i.e. bow pressurepow velocity, bow position,
string inharmonicity frictional properties,centerfrequeng, and
microtonalfrequeng variationarecontrolledby differentsensors
onthe metasaxophon@sshavn in figure2.

By assigningeachfinger of the saxophoneo a differentpa-
rameterof thecomple bowing action,thebowing is brokeninto a
seriesof isolatedtasks. This createsa reallocationof the parame-
tersof acomplec hapticaction—thebowing —to anothercomple
action,thefingeringof keys. Consequentlgimplebowing actions
suchastheconvergenceof parametersccurringasabow is dravn
acrosghe stringscanbecomedifficult to execute,while impossi-
ble bowing actions,suchasfor exampledynamicallylinking the
materialtransformatiorof the string to decreasindgow velocity,
becomepossible.

The Max/MSPperformanceénterface(seefigure 2) allows for
communicatiorbetweerthe metasaxophonandthe violin physi-
calmodeldescribedasfollows.

e MIDI continuousontroldatais recevedfrom theMetasax-
ophone.
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e Datais routedinto separatgathsand mappedinto a nev
rangeof valuesto be sentto the bowed string external ob-
ject.

¢ B key controlsonetypeof inharmonicitythatis mappedoy
the expressiorobjectinto arangeof 0-1.81.

¢ A key controlspressureandis remappedn this example
from 0-2.54

¢ G key controlsmicro-frequeng, in arangeof 0-10Hz.

e F key determinedow position(0-0.4)

¢ E key controlsvelocity, operatingn arangefrom 0-2.48.
¢ D key controlsinharmonicityin arangefrom 0-.99

e 5 triggersareprogrammedo sendnote-onvaluesthatare
usedto reset

e thecenterfrequeng to differentvalues,andto switch be-
tweensettings

5. PERFORMANCE TECHNIQUES AND SOUND
EXAMPLES.

The following examplesillustrate waysin which this processis
appliedby the metasaxophoneontroller

In the first example(figure 3), the strokestartswith extreme
bow pressurebut zerovelocity. The bow is thenmoved quickly
acrosghe string andsimultaneouslyhe pressures dropped.The
pressuras thenincreasedgainandcut off abruptly During this
action, the overtonescanbe controlledby the degreeand cut-off
rateof thebow pressure.
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Figure 3: Variation of bow pressureand velocity. Right: time
domainrepresentatiorieft: sonogram.

Thesecondexample(figure4) illustratesasituationthatwould
be impossibleon a violin controllerbut thatis idiomatic for the
metasaxcontroller Extremepressurds appliedto the string and
avery slow velocity is maintained.But simultaneouslythe bowv
positionchangesapidly from alocationvery nearthe bridgeto a
locationhigh onthefingerboard Therateof oscillationis acceler
atedsteadily

Thethird example(figure 5) revealsattemptdo isolatethein-
harmonicityparametenf the string by attemptinga regular bow-
ing action while simultaneouslychangingfinger pressureon the
D key of the saxophoneTheresultapproximates casein which
thestringis transformedrom nylon into glassduringthe bowing.
The normalchangeof inharmonicitycausesa drop in frequeng,
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Figure4: Fastmovementsrom the bridgeto the nut. Right: time
domainrepresentatiorieft: sonogram.
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Figure5: Variationof the inharmonicityof the string.Right:time
domainrepresentatioreft: sonogram.

andthistendenyg is compensatetbr in theexampleby raisingthe
micro-frequeny of thepitch.

The fourth example (figure 6) utilizes transformationf in-
harmonicity bow pressurebow speedfrequeng, andmicro-frequengy.
In this example,the complex changesn all parametersre com-
binedin orderto presenarich andexpressve musicalgestureThe
exampleillustratesthat extendedtechniquedor physicalmodels
canarisenaturallyfrom the remappingof performancedatefrom
onecontrolleractionto another
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Figure 6: Transformationsof different parametersof the
string.Right:time domainrepresentatioreft: sonogram.
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6. CONCLUSIONS

In this paperwe explored the integration of an extendedviolin
physicalmodelandmetasaxophonalternatecontrollerasa means
of openingnew possibilitiesfor soundexploration.
Throughmorphologicalcombinationsf this sortwe hopeto
discover a hyperchambemusic,in whichthe sonicendresultis a
consequentf there-mixingof physicaimodelandmeta-instrument.
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