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ABSTRACT

The cicadausesa rapid sequenceof buckling ribs to initi-
ateandsustainvibrationsin its tymbal plate (the primary
mechanicalresonatorin thecicada's soundproductionsys-
tem). The tymbalimba,a music controller basedon this
samemechanism,hasa row of 4 convex aluminumribs (as
on the cicada's tymbal) arrangedmuch like the keys on a
calimba.Eachrib is springloadedandcapableof snapping
down into a V-shape(a motionreferredto asbuckling), un-
der the downward force of the user's �nger. This energy
generatedby the buckling motion is measuredby an ac-
celerometerlocatedundereachrib and usedas the input
to a physicalmodel.
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INTRODUCTION

Thoughmany bioacousticsystemsaresimilarto thosefound
in musicalacoustics[4], the cicada's useof a sequenceof
rapidly buckling ribs to excite and sustaintonesis rather
unique.Neitherthebuckling mechanismitselt, nor theuse
of discreteimpulsesto sustainmusicaltones,seemto be
usedby any traditionalmusicalinstruments.Musicalinstru-
mentsgenerallyrequiretheplayerto supplycontinuousen-
ergy to sustainatone,asin thecontinuousmotionof thearm
while bowing a stringinstrument,or thecontinousblowing
requiredto sustainanoteonawind instrument.Discreteex-
citationsmechanismssuchaspluckingor strikinggenerally
producetonesthatdecayafteraperiodof time.

In this research,a music controller basedon the cicada's
buckling mechanismwasdeveloped,sothat its potentialas
a musicalinstrumentcouldbe explored. It providesa me-
chanicaluserinterfaceto analreadyexistingphysicalmodel
of the cicada's soundproductionmechanism[4], allowing
theuserto manipulatethecomputermodel's parametersin
a meaningfulandintuitiveway.

A public demonstrationof the device showed that people
were captivatedby the the responsivenessof the mecha-
nism itself (as this wasan early stagein the device, there
wasstill no sound).Theway thespringloadedmechanism
causedtheribs to bouncebackupat theusereverytimethey
werebuckled,createdananimatedexcitementin someusers
andseemedto prove the importanceof physicalstimuli in
userintefaces(somethingwhich is, perhaps,toooftenover-
looked).

Figure1: The tymbalimba

This paperwill brie�y review thecicada's rapidsequential
buckling mechanism(which is usedto excite the primary
mechanicalresonatorof thesoundproductionsystem),and
discusseshow this mechanismis incorporatedin the de-
velopmentof a musicalcontroller for an existing physical
modelof the cicada[4]. Other issues,suchasinterfacing
the mechanicalmodel to 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]. Buckling is a nonlinearphenomenonthat results
whenaninwardforceappliedto a convex form causesit to
springinto a concaveform [3] (see�g 2).

F

Figure2: Inward buckling of a tymbal rib

Whentheforceis no longerpresent,asis thecasewhenthe
musclerelaxes,the rib is free to springbackto its original
shape,readyto bebuckledagain.

The cicada's primary soundproductionorgan,the tymbal,
is equippedwith a seriesof convex ribs thatcollapseunder
the force of a contractingmuscle [3]. The tymbal plate,
theprimaryresonator, is immediatelysetinto vibrationafter
the �rst buckling rib. Eachsubsequentbuckling sustains
thevibrationof theplate,allowing thecicadato producea
sustainedtone.

THE MECHANICAL MODEL
Thetymbalimba,likethecicada'stymbal,consistsof 4 con-
vex aluminumribs arrangedin a sequence,much like the
keys on a calimba,so that eachrib �ts comfortablyunder
thehand's�ngers (thespacingbetweentheribsis adjustable
to suit theuser).

Whena userappliesa suf�cient downwardforceto a rib, it
buckles(see�gure 3). Theenergy signalgeneratedby this
motionwill dependon variablessuchastheforceusedand
thespeedof the�nger' smotion.As in thecaseof thetymbal
ribs, whentheuserremoveshis/her�nger, themodel's rib
will springbackto its original shape.

Dependingonthespeciesof Cicada,therateof musclecon-
tractionscanoccurasfrequentlyas200Hz. Of course,the
neurogenicallyinitiatedmuscularcontractionsof thecicada
giveit quiteanadvantageoverahuman.It wouldbeabsurd
to expecta humanto bucklethemechanicalribs asquickly
asacicada– it certainlywouldn't belongbeforethepainof
repetitivestraininjurieswasfelt. Themechanicalcontroller
therefore,aimsto capturetheenergy generatedby thebuck-
ling of the�rst rib – basedon this signal,thesequencecan
begeneratedby thephysicalmodel.This solutionallows a
humanto experimentwith auniquesoundproducingmech-
anism,andtheuniquesoundthatresults.

Sincethereare4 ribs to buckle on the controller, the user
doesnothaveto repeatthebucklingmotionon thesamerib
(again,anergonomicadjustment).Rather, theuserwishes
to initialize eachbuckling sequencemorequickly, s/hecan
“drum” the�ngers overall 4 ribs.

Figure3: The controller' sbuckling motion

As the ideaof the controlleris to capturethe buckling ex-
citation mechanismitself, and not necessarilythe ability
of nature's �nest virtuosoof this mechanism,the speedat
which theuserbucklesthe rib is left up to musicalexperi-
mentation.Whatis importantis thattheuser'ssinglemotion
initiatesasequenceof severalenergy impulse(generatedby
thephysicalmodel)thatwill allow theproductionof a sus-
tainedtone.

The usercanchangethe signalgeneratedby the buckling
ribs, by varying thegestureof theattack(speedof motion
or force used). The cicadachangesthe amountof energy
releasedby changingthe curvatureof the ribs [2]. This
alsomaybeaccomplishedin thecontrollerby changingthe
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lengthof the bottomspringthat holdsthe two partsof the
rib in place. A shorterspringgivesmorecurvatureto the
rib, making it moredif�cult to buckle. As a result,more
energy will bereleasedby the�rst rib andagreaternumber
of ribs will bucklein thesequence(by thephysicalmodel).
This is, however, adecisionthatmustbemadebeforeaper-
formance,muchin thesameyou decideuponcertainreeds
or stringsbeforeplayingtraditionalmusicalinstruments.

INTERFACING TO THE PHYSICAL MODEL

Whatis measuredby thecontrolleris not theforceinput of
theuser, but rathertheenergy producedby theribs thatare
buckled by the user. Accelerometersundereachrib mea-
suretheenergy generatedby thebucklingmotionand,after
passingthroughasignalconditioningcircuit, provideanin-
put excitation signal to the physicalmodel. Basedon this
signal,the computermodelwill thendeterminethe result-
ing bucklingsequence.

Thecontrollerprovidesa moreaccurateinput signalto the
physicalmodelthanthearbitraryimpulsesignalspreviously
beingused[4] and,becausethe useris playing a real me-
chanicalsystem,s/heis not deniedhaptic informationim-
portantwhenplayinga musicalinstrument.

Physicalmodelingsynthesistendsto beextremelyparameter-
rich, often requiring too muchattentionto individial vari-
ablesto be suitablefor real-timeperformance. The pre-
viously developedphysicalmodelof the cicada([4]) suf-
feredfrom this problemwhendeterminingthe parameters
of a rathercomplex systemof buckling ribs. How many
ribs shouldbuckle? What is the rateof buckling? What is
the rateof musclecontractions(the time beforere-starting
the sequenceof buckling ribs)? What is the energy differ-
encebetweenthe IN andOUT buckling cycle or between
thebucklingof the�rst andlastrib?

Justas the cicadavarieseachof theseparametersduring
vocalization,so shouldthe userbe able to manipulate,in
real-time,all thefactorsthatdeterminethephysicalmodel's
sound.Of course,it is impossibleto beawareof, let alone
control, so many individual parameterswhenplaying any
musicalinstrument(electronicor acoustic).And sinceit is
generallynotdesirableto removefunctionalityfrom aphys-
ical model by eliminating someof its parameters(just to
make it morecontrollable),it would be useful if thesepa-
rameterscouldbeobtainedfrom functionsrepresentingone
singleactionor gesturewhich theusercould learnto do in
variouswaysto producedifferentresults.

By buckling onerib, the userusesonemotion to produce
a signalthat is sentto thephysicalmodel. Fromthis input
signal,thephysicalmodelcanderivemany of its parameter
valueswithout subjectingthe userto the dauntingtaskof
tweakingamyriadof knobsandbuttons.Fromonegesture,

themodelobtainsinformationabouttheenvelopeof theim-
pulse(which effectsbothtimbreandvolumein thesound),
thenumberof ribsthatwill bucklein thesequence(whichis
derivedfrom theamountof energy in thesignal,and,since
eachrib canbe mappedto a pitch, frequency information
canalsobe obtained.Sincetheparametersaredetermined
by onemotionof theuser, they will changeonly asthemo-
tion changes.With time andpractice,theuserwill eventu-
ally learnhow varyingthemotionchangesthequalityof the
sustainedtonesof the systhesizer, andwill be muchmore
successfulin playingtheinstrumnet.

BUILDING THE MODEL

As muchof thework in this projectinvolveddesigningand
building themechanicalcontroller, asectionis includedde-
scribingthemethodsused.

Machining Methods

Thepartsof themodelweremachinedfromaluminum(6061-
T6) on a CNC mill at StanfordUniversity's ProductReal-
izationLab (PRL).Fixturing of theribs (T-parts)wasdone
with eachpartattachedto a block of aluminumvia socket-
capscrews. Eachscrew wasplacedat eachof the3 tips of
theT-parts,takingadvantageof theneedfor holesin these
positionsto placetheaxial shafts.

Figure4: 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 Buc kling Ribs
AccelerometersareplacedundertheT-parts,with thewiring
hiddenin thin channelsto reducetheir visability. Sinceit is
only theenvelopeof thesignalthat is needed(scalingwill
take placein thecomputer),theaccelerometersprovide the
desiredsignalgeneratedby thebucklingribs,with verylittle
needof additionalsignalconditioning.

The outputof eachof the 4 accelerometersis sampledus-
ing ananalogto digital converter(MAX1270) beforebeing
senton its own channelto theBasicStampmicrocontroller.
Theoutputof theBasicStampis thensentthroughthecom-
puter's serialport andreceivedthrougha Pd[5] serialobe-
ject. This buckling signal is thenavailableas input to the
physicalmodel.

FUTURE WORK
An addition to the instrument,currently in progress,will
allow the userto changethe soundingpitch with the right
hand,while controlling the buckling mechanismwith the
left. It is anextensionof thebaseplate,andwill contain4
linear force sensingresistors(FSR)(onefor eachoctave).
Speciallyformedgroovesin theplatewill allow theuserto
easilylocatethetemperedplacementof pitchesontheFSR,
while still permittingthe�nger to slidebetweenthethem.

Futurework mayalsoincludecreatingdifferentsizesof the
controller. For example,it may be interestingto createa
scaleddown versionso that it �ts easily in onehand,and
bucklingoccurswhenone“makesa �st”.

CONCLUSION
The tymbalimbagoesbeyond simpleon-off triggeringde-
vices. Measuringthe energy generatedby the mechanical
controller, providesthephysicalmodelof thecicadawith an
inputsignalthataccuratelyrepresentstheuser'sgestures,as
well asthebuckling motionof theribs. Not only doesthis
eliminatetheincumbranceof controllingthecountlessindi-
vidual parametersnormally associatedwith physicalmod-
els, but it allows the userthe satisfactionof playing a re-
sponsive haptic interface– and hearingthe resultsof the
intriguing sustainedtonesof thecicada'svocalization.
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