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ABSTRACT

The cicadausesa rapid sequencef buckling ribs to initi-
ate and sustainvibrationsin its tymbal plate (the primary
mechanicalesonatoin the cicadas soundproductionsys-
tem). The tymbalimba,a music controller basedon this
samemechanismhasarow of 4 corvex aluminumribs (as
on the cicadas tymbal) arrangedmuchlike the keys on a
calimba.Eachrib is springloadedandcapableof snapping
down into a V-shapga motionreferredto asbuckling), un-
der the downward force of the users nger. This enegy
generatedoy the buckling motion is measuredoy an ac-
celerometeldocatedunder eachrib and usedas the input
to aphysicalmodel.
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INTRODUCTION

Thoughmary bioacoustisystemsaresimilarto thosefound
in musicalacousticq4], the cicadas useof a sequencef

rapidly buckling ribs to excite and sustaintonesis rather
unique. Neitherthe buckling mechanisnitselt, nor the use
of discreteimpulsesto sustainmusicaltones,seemto be
usedby ary traditionalmusicalinstrumentsMusicalinstru-
mentsgenerallyrequirethe playerto supplycontinuousen-
ergy to sustaimatone,asin thecontinuousnotionof thearm

while bowing a stringinstrumentor the continousblowing

requiredto sustairanoteonawind instrument.Discreteex-

citationsmechanismsuchaspluckingor striking generally
producetonesthatdecayafteraperiodof time.

In this researcha music controller basedon the cicadas
buckling mechanisnwasdeveloped sothatits potentialas
a musicalinstrumentcould be explored. It providesa me-
chanicaluserinterfaceto analreadyexisting physicalmodel
of the cicadas soundproductionmechanisni4], allowing
the userto manipulatehe computermodel's parameterin
ameaningfulandintuitive way.
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A public demonstratiorof the device shaved that people
were captivated by the the responsienessof the mecha-
nism itself (asthis was an early stagein the device, there
wasstill no sound).Theway the springloadedmechanism
causedheribsto bouncebackup atthe usereverytimethey
werebuckled,createdananimatedsxcitementin someusers
and seemedo prove the importanceof physicalstimuli in
userintefacegsomethingvhichis, perhapstoo oftenover-
looked).

Figure 1: The tymbalimba

This paperwill briey review the cicadas rapid sequential
buckling mechanismwhich is usedto excite the primary
mechanicatesonatoiof the soundproductionsystem)and
discusseshow this mechanismis incorporatedin the de-
velopmentof a musicalcontrollerfor an existing physical
modelof the cicada[4]. Otherissuessuchasinterfacing
the mechanicaimodelto the physicalmodel, will alsobe
discussed.

THE CICADA'S RAPID SEQUENTIAL BUCKLING MECH-

ANISM

The cicadausesa rapid sequenceof buckling ribs to ex-

cite the primary resonatorof its soundproducingmecha-
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nism [1]. Budling is a nonlinearphenomenothatresults
whenaninwardforce appliedto a corvex form causest to
springinto aconcaeform [3] (seeg 2).

E

Figure 2: Inward buckling of atymbal rib

Whentheforceis nolongerpresentasis thecasewhenthe
musclerelaxes, therib is freeto springbackto its original
shapereadyto be buckledagain.

The cicadas primary soundproductionorgan, the tymbal,

is equippedwith a seriesof corvex ribs thatcollapseunder
the force of a contractingmuscle [3]. The tymbal plate,

theprimaryresonataris immediatelysetinto vibrationafter

the rst buckling rib. Eachsubsequenbuckling sustains
the vibration of the plate, allowing the cicadato producea

sustainedone.

THE MECHANICAL MODEL
Thetymbalimbalik e thecicadastymbal,consistsof 4 con-
vex aluminumribs arrangedn a sequencermuchlike the
keys on a calimba,sothat eachrib ts comfortablyunder
thehands ngers (thespacingbetweertheribsis adjustable
to suittheuser).

Whena userappliesa sufcient downwardforceto arib, it
buckles(see gure 3). The enegy signalgeneratedy this
motionwill dependon variablessuchastheforce usedand
thespeedf the nger' smotion. Asin thecaseof thetymbal
ribs, whenthe userremoveshis/her nger, the models rib
will springbackto its original shape.

Dependingpnthespecie®f Cicadatherateof musclecon-
tractionscanoccurasfrequentlyas200Hz. Of course the
neurogenicallynitiated muscularcontraction®f thecicada
giveit quiteanadwantageoverahuman.It would beabsurd
to expecta humanto buckle the mechanicatibs asquickly

asacicada—it certainlywouldn't belong beforethe painof

repetitive straininjurieswasfelt. Themechanicatontroller
thereforeaimsto capturetheenegy generatedby thebuck-

ling of the rst rib — basedon this signal,the sequencean
be generatedby the physicalmodel. This solutionallows a
humanto experimentwith a uniquesoundproducingmech-
anism,andthe uniquesoundthatresults.

Sincethereare4 ribs to buckle on the controller, the user
doesnot have to repeathebuckling motionon the samerib

(again,an ergonomicadjustment).Rather the userwishes
to initialize eachbuckling sequencenorequickly, s/hecan
“drum” the ngers overall 4 ribs.

Figure 3: The controller' sbuckling motion

As the ideaof the controlleris to capturethe buckling ex-
citation mechanismitself, and not necessarilythe ability
of natures nest virtuoso of this mechanismthe speedat
which the userbucklestherib is left up to musicalexperi-
mentation Whatis importantis thattheuserssinglemotion
initiatesa sequencef severalenegy impulse(generatedby
the physicalmodel)thatwill allow the productionof a sus-
tainedtone.

The usercan changethe signal generatedy the buckling
ribs, by varying the gestureof the attack(speedof motion
or force used). The cicadachangeghe amountof enegy
releasedby changingthe cunatureof theribs [2]. This
alsomaybeaccomplishedh the controllerby changinghe
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lengthof the bottom springthat holdsthe two partsof the
rib in place. A shorterspring gives more curvatureto the
rib, makingit moredif cult to buckle. As a result,more
enegy will bereleasedy the rst rib andagreatemumber
of ribswill bucklein the sequencéby the physicalmodel).
Thisis, however, adecisionthatmustbe madebeforeaper

formance muchin the sameyou decideuponcertainreeds
or stringsbeforeplayingtraditionalmusicalinstruments.

INTERFACING TO THE PHYSICAL MODEL

Whatis measuredby the controlleris nottheforceinput of
the user but ratherthe enegy producedby theribs thatare
budkled by the user Accelerometeraindereachrib mea-
suretheenegy generatedby the buckling motionand,after
passinghrougha signalconditioningcircuit, provide anin-
put excitation signalto the physicalmodel. Basedon this
signal,the computermodelwill thendeterminethe result-
ing buckling sequence.

The controllerprovidesa moreaccuratanput signalto the
physicalmodelthanthearbitraryimpulsesignalspreviously
beingused[4] and, becausdhe useris playing a real me-
chanicalsystem,s/heis not deniedhapticinformationim-
portantwhenplayinga musicalinstrument.

Physicaimodelingsynthesigendsto beextremelyparameter
rich, often requiringtoo much attentionto individial vari-
ablesto be suitablefor real-time performance. The pre-
viously developedphysicalmodel of the cicada([4]) suf-
feredfrom this problemwhen determiningthe parameters
of a rathercomplex systemof buckling ribs. How mary
ribs shouldbuckle? Whatis therate of buckling? Whatis
the rate of musclecontractiongthe time beforere-starting
the sequencef buckling ribs)? Whatis the enegy differ-
encebetweenthe IN and OUT buckling cycle or between
thebuckling of the rst andlastrib?

Justasthe cicadavaries eachof theseparametergluring
vocalization,so shouldthe userbe able to manipulate,in
real-time all thefactorsthatdeterminghe physicalmodel's
sound.Of course|t is impossibleto be awareof, let alone
control, so mary individual parametersvhen playing ary
musicalinstrument(electronicor acoustic).And sinceit is
generallynotdesirabldo removefunctionalityfrom aphys-
ical model by eliminating someof its parametergjust to
male it more controllable),it would be usefulif thesepa-
rametersouldbeobtainedrom functionsrepresentingne
singleactionor gesturewhich the usercouldlearnto doin
variouswaysto producedifferentresults.

By buckling onerib, the userusesone motionto produce
a signalthatis sentto the physicalmodel. Fromthis input
signal,the physicalmodelcanderive mary of its parameter
valueswithout subjectingthe userto the dauntingtask of
tweakinga myriad of knobsandbuttons.Fromonegesture,

themodelobtainsinformationaboutthe ernvelopeof theim-
pulse(which effectsbothtimbre andvolumein the sound),
thenumberof ribsthatwill bucklein thesequencéwhichis
derivedfrom theamountof enegy in the signal,and,since
eachrib canbe mappedto a pitch, frequeng information
canalsobe obtained.Sincethe parameteraredetermined
by onemotionof theuser they will changeonly asthe mo-
tion changesWith time andpractice the userwill eventu-
ally learnhow varyingthemotionchangeshequality of the
sustainedonesof the systhesizerandwill be muchmore
successfuin playingtheinstrumnet.

BUILDING THE MODEL

As muchof thework in this projectinvolveddesigningand
building themechanicatontroller, a sectionis includedde-
scribingthe methodaused.

Machining Methods

Thepartsof themodelweremachinedrom aluminum(6061
T6) on a CNC mill at StanfordUniversity's ProductReal-
izationLab (PRL). Fixturing of theribs (T-parts)wasdone
with eachpartattachedo a block of aluminumvia soclet-

capscravs. Eachscrav wasplacedat eachof the 3 tips of

the T-parts,taking advantageof the needfor holesin these
positionsto placethe axial shafts.

Figure 4: Fixturing the T-part for CNC machining

Figure 5: A side view of the T-part when xtur ed for
CNC machining
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Obtaining the Signal from the Buckling Ribs
Accelerometerareplacedunderthe T-partswith thewiring
hiddenin thin channelgo reducetheir visability. Sinceit is
only the ervelopeof the signalthatis neededscalingwill
take placein the computer) the accelerometensrovide the
desiredsignalgeneratedby thebucklingribs, with verylittle
needof additionalsignalconditioning.

The outputof eachof the 4 accelerometers sampledus-
ing ananalogto digital corverter(MAX1270) beforebeing
senton its own channeto the BasicStampmicrocontroller
Theoutputof theBasicStampis thensentthroughthe com-
puter's serialport andrecevedthrougha Pd[5] serialobe-
ject. This buckling signalis thenavailable asinput to the
physicalmodel.

FUTURE WORK

An additionto the instrument,currently in progresswill

allow the userto changethe soundingpitch with the right
hand, while controlling the buckling mechanisnwith the
left. It is anextensionof the baseplate,andwill contain4
linear force sensingresistors(FSR) (one for eachoctave).
Speciallyformedgroovesin the platewill allow theuserto
easilylocatethetemperedlacemendf pitchesonthe FSR,
while still permittingthe nger to slide betweerthethem.

Futurework mayalsoincludecreatingdifferentsizesof the
controller For example,it may be interestingto createa
scaleddown versionsothatit ts easilyin onehand,and
buckling occurswhenone“makesa st”.

CONCLUSION

The tymbalimbagoesbeyond simple on-off triggering de-
vices. Measuringthe enegy generatedy the mechanical
controller providesthephysicalmodelof thecicadawith an
inputsignalthataccuratelyrepresenttheusersgesturesas
well asthe buckling motion of theribs. Not only doesthis
eliminatetheincumbrancef controllingthe countlessndi-
vidual parametersiormally associateavith physicalmod-
els, but it allows the userthe satishction of playing a re-
sponsve haptic interface— and hearingthe resultsof the
intriguing sustainedonesof the cicadas vocalization.
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