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New Electronic Musical I nstruments
Restoring the Relationship between Sound Source and Control

BertBongers

Therelatiely new way of producingsoundby usinganalogor digital electronicsoffers an
opportunityto devise new userinterfacesor instrumentforms. This article describessome
of thesecontrollersandexplains moreaboutthe problemsthat occurin their development.

Possiblesolutionsaresuggested.

I ntroduction

Electronic soundsourceslike synthesizersand
samplersare usually controlled (i.e. played)
through a keyboard, which has proved to be a
versatileuserinterface. In traditional musical
instrumentsthe soundsource(e.g.,stringsbeing
plucked or strung,air vibratingin tubes)andthe
controlpartform oneindivisible instrument.The
form of the instrument,andthereforethe way it

is played,is mainlyimposedoy thesoundsource.
The electronicsoundsourcehowever, doesnot
imposeany limitations on the instrumentform.

Thewholerealmof sensorsandactuatorsare at
thedesignerstisposal.This makesit possibleto

devise new instrumentformsfor this (relatively)

new way of producingsound. Around1920,the
RussianscientistLeon Theremininvented the
instrumentthat bearshis name. It is controlled
by waving ones handsnear two antenna to

control pitch and volume, andits typical sound
can still be found on mary recordsin popular
music(from the BeachBoys’ ‘Good Vibrations’
to Portishead).

After the introduction in the mid eighties of
MIDI, a protocol through which electronic
musical devices (including computers) can
communicatedigitally, the separationbetween
sound sourceand user interface becamemore
common.This hasled to a numberof interesting
nev forms of musical user interfaces. This
article describessome of these, and explains
moreabouttheideasbehindit.

But due to this separation,the relationship

betweenthe soundpropertiesand the feel (the
‘action’) of theinstrumentvaslost which malkes
the instrumentlessintuitive andlessexpressie.
Through the use of active tactile and force
feedbackprovided by actuatorssuchasmotors,
shape-memornalloys, and piezos, the sound
propertiescan be madetangible This will be
describedn thelastsection.

TheHands

One of the pioneersin this field is Michel

Waisvisz directorof STEIM (Studiofor Electro-
InstrumentaMusic) in Amsterdam?]. Around
1985, he devised an instrumentform called The
Hands,which consistedof small keyboardsat-

tachedo theplayers hand.With thisinstrument,
the ‘keyboard-player’ was enabled to move

freely acrossthe stage,and thus make a better
looking performancealso becauseproperties
weresensedik e the distancebetweerthe hands
(by ultrasound transducers)and inclination

(mercurytilt switches).

Over the years, sereral versions were built

with all kind of improvementqoneof the earlier
pairs is displayed at the musical instrument
exhibition in the ‘Gemeentemuseumin The

Hague)and Mr. Waisvisz has performedwith

them all over the world. Several educational
versionswerederived from this conceptonefor

theMusikhochschulén Basel,anda seriesof six

named‘The MIDI Conductor’ (seeFigure ??)

for theConseratoryin the Hague.
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kader 5 x 6 cm
foto 5.5 x 6.5 cm

Figurel: TheMIDI Conductor

Gloves

Developmentsn virtual reality industryenabled
electronic musiciansto make music with in-

strumentedgloves; the Mattel Povermglove was
commonlyusedfor this. The PoverGlove was
introducedattheendof 1989to controlNintendo
gamesbut it mainly found its way to scientists
andartists[?].

At the Sonology Departmentof the Royal

Conseratory in The Hague, studentsstarted
working with PowerGloves, after some sugi-

cally customisatiorto make themmoresensitve.

Over theyears,this evolvedinto a very sophisti-
catedkind of SonoGlwes which were madeof

golf gloves. It measureshe distancebetween
thehandsthe positionin space prientation,and
the bendingof the fingers. The glove asshavn

in Figure?? wasmadefor LaetitiaSonami.lt is

madeof lycra, with morethan 20 sensorsonvn

on. It canbe coveredwith anouterglove.

TheWeb

Most sound sourceshave mary more control-

lable parameterghan a keyboard can generate.

To make a more sensitve instrument, Michel
Waisviszcameup with theideaof aninstrument
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kader 5.5 x 10 cm
foto 6 x 10.5 cm

Figure2: The Glove.

modelledaftera spiders weh By measuringhe
tensionin eachstring,andassigninghesevalues
to sound attributes it was possibleto control
about 24 parameterssimultaneously As a
comparisonanordinarykey hastwo parameters
at most (velocity and pressure)whereasit is
believed that a trained violinist has about 27
waysto controltimbre, thoughmostplayersare
not conscioushawareof this. Dueto theform of
the web, theseparametersre physically linked
(just as with traditional instruments)to keepit
manageable.

Later Mr. Waisvisz came up with the idea
of tying himself up on stagein theseropes,to
male a bettershav asa sort of musicalHudini.
This ideawas (literally) further extendedby the
membersof Sensorband?], who built a giant
web in which they could climb to control the
music(seeFigure??).
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kader 6.5 x 9.5 cm
foto 7 x 10 cm

Figure3: Sensorbandh the Soundnet.

Bio-electrical control

A fascinatingpossibility to control an electronic
soundsourceis by meansof the electricsignals
thataregeneratedn or on the humanbody For
instance, Atau Tanakais using The BioMuse
(developed at Stanford University [?]) which
readsthe electric signalsemittedby contracting
muscles(Electromyographicor EMG signals).
Other devices, such as the WaveRider and
Psychic Lab’s IBVA, use brain waves (EEG
signals)to controlmusicbut that’s quite difficult
for our Westernminds. The Australian perfor
manceartist Stelarcis a pioneerin this field, he
has a robot arm attachedto his body which is
controlledby the musclesof his stomach.

At the SonologyDepartmenta systemis used

which was developedfor medical applications.

This system,K-Lab MyoVision, was developed
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measuringthe signalswhile moving the whole
body Initial resultslook quite promising.

Sensitive Chords

For the University of Amsterdamaninstrument
wasdevelopedto investigatethe cooperatie use
of one single source. This instrumentmust be
playedby up to four (but no lessthentwo) peo-
ple simultaneouslyseeFigure??). Eachplayer
hashis or her own ‘voice’, but dueto the — in-

tentional- mechanicalinkage of all the actions
of eachof the playersit is not possibleto control
theindividual soundlocally. The playershave to

work togetherto producemusic,which provesin

practiceto bevery difficult [?].

kader 6.5 x 9.5 cm
foto 7 x 10 cm

Figure4: Cooperatie musicmaking.

Tactual feedback

for revalidation purposeswhich requirements Anothervery importantthing that hasbeenlost

resembleour needs: wearable, wireless, and

at the transition from acousticalto electronic
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musical instrumentsis tactile and force feed-
back. Therelationshigbetweersoundandfeelis
distorted;ary soundselectednyour synthesizer
will have thesamekeyboardaction.Hapticcues,
however, are very importantas information on
sound-parametergan be corveyed from the
soundsourceto the player Our tactualpercep-
tion consistsof two parts which work closely
together: the tactile part (the mechanoreceptors
in the skin) andproprioceptie part(forcesensed
in ones joints andmuscles).

The use of actve proprioceptie feedback
has been explored by ACROE (Grenoble)[?]
and at CCRMA (Stanford)[?], oddly enough
againon keyboards.Theforcefeedbaclof these
keyboardscan be programmedio emulateary
action,for instancehefeel of a Steinway concert
grandpianoor thefeel of aharpsichord.

At the Sonology Department, experiments
have beendonewith (MIDI-controlled) motors
and electrically sensitve shapememory alloy

Muscle Wires. These Muscle Wires, very

appropriatelycalled that way becausehey are
very thin (typically 100 um ) and performin a

very organic way: the wire shortensin length
whenelectricity is supplied. We have attempted
to build thesewires in the gloves to control
the flexibility of the fingers,thus providing the
instrumentwith forcefeedback.

With tactile feedbackonly, already a lot of

informationcanbe corveyed with modestpower

requirementsFor instancearing with atactile

actuator(asmallsolenoid)have beenconstructed
to give tiny cueson the skin of the finger to

provide guidancevhile makinggestures.

With thesetechnologies,it is possibleto re-
storethe relationshipbetweensoundsourceand
theinterface. This feedbackof soundproperties
can be called articulatory feedback. As with
traditional instruments this feedbackgives the
player more control over the articulationof the
sound. It is a way of making electronicmusic
morelively. O
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