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ABSTRACT

In thispaperweexploreextendedtechniquesfor a physicalmodel
of a bowedstringinstrumentcontrolledusingthemetasaxophone.

1. INTRODUCTION

Physicalmodelsof musicalinstrumentsareinterestingfrom differ-
entperspectives. Thescientist,beingableto reproducethesound
of a particularinstrument,shows that its physicshasbeenunder-
stood.Theperformercantakeadvantageof thevirtual instruments
which areusuallyeasierto play thenthe realone. Thecomposer
cantakeadvantageof thecomputerto createsonoritiesthatcannot
beobtainedin reality.

In thispaperweexploretheboundariesof aphysicalmodelby
abstractingabowedstringphysicalmodelfrom its analogmaterial
controller, andimplementingthismodelwithin anotherinstrumen-
tal controller, themetasaxophone.

We focuson differenteffectsthatcanbeobtainedthroughex-
tendingthe possibilitiesofferedby a physicalmodelof a bowed
stringinstrumentsthroughtheuseof alternatecontrollers.

2. EXTENDING THE VIRTUAL BOWED STRING

Webuilt awaveguidephysicalmodelof abowedstringinstrument
([4]), runningin realtime in Max/MSP([6]).

Thetimbralspaceof themodeliscontrolledusingthemetasax-
ophone,a tenorsaxophonecustomfitted with an on-boardcom-
putermicroprocessorandanarrayof sensorsusedto control live
electronics.

Thevirtual bowedstringinstrumentis ableto reproducemany
of thephenomenathatappearin its realcounterpart.

We are interestedin extending the model, in order to cre-
atesonoritiesthat cannotbeobtainedwith a real instrument,and
whichareinterestingfrom acompositionalprospective.

We expandedthephysicalpropertiesof thestringsin orderto
have thepossibilityof bowing ”strings” of differentmaterials.Pa-
rameterslike string diameter, Young’s modulus,tension,length,
allow to calculatethe amountof inharmonicityof strings,which
canbe efficiently modeledusingallpassfilters. Interpolatingbe-
tweendifferentfilter’scoefficientsallowstheperformertoperceive
thesensationof bowing stringsof differentmaterials.

We furthermoremodifiedthe frictional propertiesof thebow
stringinteraction,in orderto obtainwaveformsthat,startingfrom
thewell-knownHelmholzmotion,i.e. theidealmotionof abowed
string,move towardchaoticoscillations.

Anotherextensionconsistsonaccountingfor thecommonstruc-
tureof nonlinearoscillators.AsMcIntyre,SchumacherandWood-
houseshowed in 1983 ([3]), all self-sustainedoscillatorscanbe

seenasnonlinearexcitationsthatdrive linear resonators.Taking
advantageof thecommonstructureof theseinstruments,we show
how themodelis abletosmoothlymovebetweenoneinstrumentto
another, interpolatingbetweenthecharacteristicsof the resonator
andtheexcitation.

3. THE METASAXOPHONE

In aneffort to exploreextendedtechniquesof thephysicalmodel
weperformit with analternatecontroller, themetasaxophone([2]),
shown in figure1.

Figure1: Themetasaxophone

This allows the physicalmodel to be controlledfrom within
a differenthapticspace– thatof a wind instrument.This in turn
opensnew expressive potentialitiesof themodel.
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Figure2: Max/MSPpatchthatmapsthemetasaxto theinputsof thebowedstringmodel.

The metasaxophonetracksdata from eight continuouscon-
troller force sensingresistors(FSR),five triggers,anda two di-
mensionalaccelerometerchip. TheFSRsarelocatedon thefront
B, A, G, F, E andD keys,andon thetwo thumbrests.Threetrig-
gersarelocatedon thebell of theinstrument,andonebelow each
of the thumb rests. The accelerometerchip measuresleft/right,
up/down tilt of thesaxophonebell.

The datafrom thesesensorsarecollectedvia a 26 pin serial
connectorby a microcontrollerfixedto thebell of theinstrument.
Thecomputerchip is a BasicStampBIISX microprocessor. Ana-
log pressuredatafrom theperformeris convertedto adigital repre-
sentationandpassedto theBasicStampthroughanRC circuit de-
sign. Trim potentiometerscalibratethesensitivity of eachcircuit.
The microprocessoris programmedin PBASIC andthe software
convertsthesensordatainto MIDI messages.

The circuit boardanda 9 volt batteryarefit into a blackbox
with openingsfor the serial cableinputs, a MIDI output, and a
power switch. MIDI messagesfrom the metasaxophonecan be
sentto any MIDI deviceandusedascontroldatafor liveelectron-
ics.

In additionto sendingMIDI information,themetasaxophone
sendsan audio signal througha microphonelocatedin its bell.
Both MIDI andaudiodataaresentto someexternalcomputeror
device for processing.Currentlywe areusinganinteractive inter-
faceprogrammedin Max/MSP([6]).

ThecontinuouscontrollerMIDI messagessentfrom themetasax-
ophoneareusedto controldigital signalprocessingandsynthesis
algorithms.Similarly, theaudiois usedasa controlsignalto alter
thefunctionof theMIDI dataor to controlothersonicparameters.
This interactive interfacelendsitself to circulardataconstructs–
MIDI/audio, saxophone/electronics– becauseit wasthe intention

for theelectronicsto functionasaclearextensionof theperformer.

4. MAPPING BETWEEN THE PHYSICAL MODEL AND
THE METASAXOPHONE

Continuouscontroller MIDI messagesfrom the metasaxophone
areusedto drivethebowedstringphysicalmodelcontrollingeach
parameterof thephysicalmodelby degreesof fingerpressureper-
formedon thedifferentmetasaxophonekeys.

Weimplementedabowedstringphysicalmodelasanexternal
extensionto theMax/MSPprogram.The input parametersof the
physicalmodel, i.e. bow pressure,bow velocity, bow position,
string inharmonicity, frictional properties,centerfrequency, and
microtonalfrequency variationarecontrolledby differentsensors
on themetasaxophone,asshown in figure2.

By assigningeachfinger of the saxophoneto a differentpa-
rameterof thecomplex bowing action,thebowing is brokeninto a
seriesof isolatedtasks.This createsa reallocationof theparame-
tersof acomplex hapticaction– thebowing – to anothercomplex
action,thefingeringof keys. Consequentlysimplebowing actions
suchastheconvergenceof parametersoccurringasabow is drawn
acrossthestringscanbecomedifficult to execute,while impossi-
ble bowing actions,suchasfor exampledynamicallylinking the
materialtransformationof the string to decreasingbow velocity,
becomepossible.

TheMax/MSPperformanceinterface(seefigure2) allows for
communicationbetweenthemetasaxophoneandtheviolin physi-
calmodeldescribedasfollows.

� MIDI continuouscontroldatais receivedfrom theMetasax-
ophone.
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� Data is routedinto separatepathsandmappedinto a new
rangeof valuesto besentto thebowedstringexternalob-
ject.

� B key controlsonetypeof inharmonicitythatis mappedby
theexpressionobjectinto a rangeof 0-1.81.

� A key controlspressureand is remappedin this example
from 0-2.54

� G key controlsmicro-frequency, in a rangeof 0-10Hz.
� F key determinesbow position(0-0.4)
� E key controlsvelocity, operatingin a rangefrom 0-2.48.
� D key controlsinharmonicityin a rangefrom 0-.99
� 5 triggersareprogrammedto sendnote-onvaluesthatare

usedto reset
� the centerfrequency to differentvalues,andto switch be-

tweensettings

5. PERFORMANCE TECHNIQUES AND SOUND
EXAMPLES.

The following examplesillustrate ways in which this processis
appliedby themetasaxophonecontroller.

In the first example(figure 3), the strokestartswith extreme
bow pressurebut zerovelocity. The bow is thenmoved quickly
acrossthestringandsimultaneouslythepressureis dropped.The
pressureis thenincreasedagainandcut off abruptly. During this
action,the overtonescanbe controlledby the degreeandcut-off
rateof thebow pressure.

Figure 3: Variation of bow pressureand velocity. Right: time
domainrepresentation,left: sonogram.

Thesecondexample(figure4) illustratesasituationthatwould
be impossibleon a violin controllerbut that is idiomatic for the
metasaxcontroller. Extremepressureis appliedto thestring and
a very slow velocity is maintained.But simultaneously, the bow
positionchangesrapidly from a locationvery nearthebridgeto a
locationhighonthefingerboard.Therateof oscillationis acceler-
atedsteadily.

Thethird example(figure5) revealsattemptsto isolatethein-
harmonicityparameterof thestringby attemptinga regularbow-
ing action while simultaneouslychangingfinger pressureon the
D key of thesaxophone.Theresultapproximatesa casein which
thestringis transformedfrom nylon into glassduringthebowing.
The normalchangeof inharmonicitycausesa drop in frequency,

Figure4: Fastmovementsfrom thebridgeto thenut. Right: time
domainrepresentation,left: sonogram.

Figure5: Variationof the inharmonicityof thestring.Right:time
domainrepresentation,left: sonogram.

andthis tendency is compensatedfor in theexampleby raisingthe
micro-frequency of thepitch.

The fourth example(figure 6) utilizes transformationsof in-
harmonicity, bow pressure,bow speed,frequency, andmicro-frequency.
In this example,the complex changesin all parametersarecom-
binedin ordertopresentarichandexpressivemusicalgesture.The
exampleillustratesthat extendedtechniquesfor physicalmodels
canarisenaturallyfrom the remappingof performancedatefrom
onecontrolleractionto another.

Figure 6: Transformations of different parametersof the
string.Right:timedomainrepresentation,left: sonogram.
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6. CONCLUSIONS

In this paperwe explored the integration of an extendedviolin
physicalmodelandmetasaxophonealternatecontrollerasameans
of openingnew possibilitiesfor soundexploration.

Throughmorphologicalcombinationsof this sortwe hopeto
discoverahyper-chambermusic,in whichthesonicendresultis a
consequentof there-mixingof physicalmodelandmeta-instrument.
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