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ABSTRACT

As partof the SObEuropearprojectseveral cartoonmodelsof contactsoundsof solid bodies, hitting”, “bouncing”, “dropping”, “break-
ing”, “rolling”, have beendevelopedandimplementecasmodules(andsub-patchesior free real-timesoundsoftwarepd *. The models
areaccessethroughperceptuallymeaningfulparameterandrun with low computationaload on standard®C hardware.

Theunderlyingideaof cartoonification its motivationandbackgroundn psychoacoustiresearctaresketchedirst. Themaincommon
sound-coreof mostmodels,a physics-basedlgorithm of impact-interactiorwith interactingresonatorsn modal description,is shortly
presentedTheimpactmoduleis embeddedh patcheof higherlevel controlto modelmorecomplex contactscenariosThe structureuse
andpotentialof theresultingsoundobjectsis described.

While the resultsarea possiblebasisfor reactve sonicinterfacesin Human-Computemteraction,they canaswell be exploited for
musicalpurposes.

1. CATALOG
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Figurel: Overvien of real-timesoundmodelsof contactscenariosandtheir underlyingstructuresasdevelopedduring the courseof the
SObproject. The graphicallayoutin nestedcircular) fields reflectsthe structuralhierarchy:Physics-andgeometrically-basetbw-level
audioalgorithmsin the center completedwith surroundinghigherlevel objects,resultingsoundmodelsin the largestcircle andfinally
moreconcreteandcomplex example-scenariothatmayalsoervolve gesturakcontrol. Arrows indicatedependencieandareto bereadas
“contributes”/“usedto realize”.
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2. INTRODUCTION

In 1969, Rissetpublisheda ground-breakingatalogof computer
synthesizedsounds[1], which sened the purposeof illustrating
the emeging techniquef soundanalysisand synthesis.Those
examplesandstudiesarestill influentialfor composersandsound
scientists,especiallythoseworking with signal-processingools
andin the contet of musicalsounds.The disciplineof psychoa-
cousticshasprovided, over the years,a solid supportto connect
signalprocessingo humanperception.

A new streamof studiesstartedin the early eightiesfrom the
obseration that everydaylisteningis differentfrom musicallis-
tening[2]. Bothnew psychoacoustiandsoundmodelingmethods
andresultsareneededor this newv framavork. On the perceptual
side,theviewpointof ecologicalpsychologyis very useful[3]. On
themodelingside,the physically-basedhodelingparadignseems
to be the bestsoundproductionstrat@y to addresseverydaylis-
teningin interactize applications.

The EU-fundedproject“the SoundingObject” (SOb)? was
launchedin 2001to provide a corpusof knovledgein everyday
soundperceptionaccompaniedy suitablenew methodsandtools
for physics-basedoundmodelingand for high-level control of
thesemodels.

The SObprojectaimsat “soundingobjects”that incorporate
a (possibly)comple responsie acoustichehavior, expressie in
the senseof ecologicalhearing,ratherthanthe (re-)productionof
fixed isolatedsignals. Although “real” soundsherebysene as
an orientation, realistic simulationis not necessarilythe perfect
goal: simplificationswhich presere andpossiblyexaggeratecer
tain acousticaspectswhile losing othersconsideredessimpor-
tant, areoften preferred.Besidesbeingmoreeffective in corvey-
ing certaininformation,such"cartoonification$ areoftencheaper
to implement,just like graphicalicons are both, more clearand
easierto drawv thanphoto-realistigictures.

Physicalmodelingnaturallyrelatesto synthesiscontrolledin
termsof ecologicalparametersThe straightapproactthough,the
descriptionof a given physicalsystemthroughdifferentialequa-
tionsandtheir numericalsolution,oftenleadsto (possiblyhighly)
realistic simulationsthat are computationallyexpensve andlack
flexibility andgenerality We thuscombinecloselyphysics-based
modelsin the abore sensewith structuresthat remind of classi-
cal techniquesof soundsynthesistrying to integrate ecological
expressiity, flexibility andcomputationagfficiency.

Contact=f solid bodiesform alarge classof sound-emittingoro-
cessesn every-daysurroundings. The perceptionof ecological
attributes,like materialandsizeof involved objectsandtheir way
of interaction,hitting, sliding, rolling..., from contactsoundsis
commonexperienceand has beenexaminedby psychoacoustic
studies.Ourworksshaw that,from the standpoinof cartoonifica-
tion, mary typicalformsof contact-interactiosanbesuccessfully
modeledon the basisof a physically foundedbut “abstracted”,
flexible andefficientone-dimensionampactor friction algorithm.
Specificcharacteristicef the macroscopiscenariosvhich areof
high perceptuakelevanceare modeledexplicitly, for instanceas
macro-temporadlistributionsof micro-impacts.

This paperis intendedto be a explanatoryguideto our collec-
tion of soundmnodelsandexamplesasthey areavailablenowvadays

2ht t p: / / www. soundobj ect . org

from the SObprojectwebsiteaspd pluginsandpatchesDetailed
explanationf theinnerstructureandthedevelopmenbf all mod-
elscanbefoundin [4]. All contactsoundmnodelsarebasecbn low-

level modelsof basicinteractionsimpactsandfrictions,which are
describedn sections3.1and3.2. Higherlevel modelsdescribing
phenomenavith complex temporalpatternsare presentedn sec-
tion 4. Finally, section5 briefly givessomeexamplesof how the
soundmodelscanbe associatedo everydayobjects,thusprovid-

ing theirtypical sonicbehaior in aninteractive, real-timefashion.

3. THE LOW-LEVEL PHYSICS-BASED MODELS

3.1. Impact

In contrasto severalstudiesof contactsound=of solid bodiesthat
focusontheresonancéehaior of interactingobjectsandwidely
ignore the transientstateof the event, our approachis basedon
a physicaldescriptionof impactinteractionprocesse$5]. This
physicalmodelinvolvesa degreeof simplificationandabstraction
thatimpliesefficientimplementatioraswell asadaptiorto abroad
rangeof impactevents.

We considertwo resonatingobjectsandassumehattheir in-
teractiondepend®n thedifferencer of two (1-dimensionalyari-
ablesconnectedo eachobject. In the standarcdcaseof examined
movementsin one spatialdirection, z is the distancevariablein
that direction (negative distance2 contact). Possiblesimultane-
ousinteractionalongotherdimensionsareexcludedat this stage.
This leadsto a compactefficient algorithmthat strikesthe main
interactionproperties. Theimpactforce f is stated asa nonlinear
termin z (andz):

Fa(t), (2) :{ R(=a () + M=) (=8(), =<0
0, >0
1)

Here,k is theelasticityconstantj.e. thehardnessf theimpact.a,
the exponentof thenon-linearterms,shapeshedynamicbehaior
of the interaction(i.e. the influenceof initial velocity), while A
controlsthe dissipationof enegy during contact,accountingfor
friction loss. Oneinlet of thei npact _. . . ® modulestakes a
list of i nt er act or -parametergontainingthe aforementioned
values(in the sameorder).

Alternative versions,l i npact _. . .
linear, forceterm,

" exist with a simpler

—kx(t)—rz(t), =<0
Fa(t), &) = { (1) =rt), e <0
0, z>0

(and accordinglyonly two i nt er act or -parameterss and r),
thattraderichnesdn detailfor reduceccomputationatost.
Thetwo interacting resonatingbjectsarebuilt underthepre-
misesof modalsynthesig6] #. This formulationsupportsparticu-
larly well ourmaindesignapproacHor its physicalgeneralityand,
at the sametime, for its intuitive acousticmeaning. Oner es-
onat or is herecharacterizedby the numberof its modes(which

3The differencebetweeni npact _nmodal b andi npact _2nodal b
is explainedlaterin the section.

4In fact, plugins are realizedin a modularstructure,that enablesthe
connectionof numerouddifferentr esonat or s aswell asi nt er ac-
t or s. Digital waveguideresonatorgrein preparationjinearizedimpact
andfriction arethe additionalexistingi nt er act or s. All modulesso
far sharethemodalr esonat or -functions.
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canbechoserfreelyasanamgumentgivenat module-creationand
for eachmodethethreemodalparametersmode-frequeng expo-
nentialdecay-timeandlevel (“weight”) of themodeatthe point of
interaction. Accordingly thei npact Jl i npact _. .. modules
haveinputsfor lists (of length“numberof modes”)of frequencies,
decay-timesandwei ght i ng- f act or s. It is oftensatishctory
and more convenientto use the modulesi npact _-nodal and
| i npact _nodal , where(in contrastto i npact _2nodal and
i npact -2nodal ) thefirst r esonat or is reducedto anin-
ertial (point-)mass andcharacterize@nly by one (“mass”-)para-
meter This practicaland computationakimplification parallels
thenotionthatin mary practicalcontactscenarioghevibration of
oneinvolvedobjectis hardlyor not perceved.

Further for eachresonatqgran arbitrary numberof “pi ck-
ups” can be defined,which are characterizedy lists, given at
oneinlet, of wei ght i ng- f act or s (for all modes). The first
pi ckup isidenticalwith theinteraction-poin{andalwaysexists).

Finally, all moduleshave threeaudioinlets, for the input of
signalsrepresentingxternal forceson both resonatorgagainat
the point of interaction)and an additionalof f set , usedmainly
for surfaceprofilesin rolling-/sliding-models.

3.2. Friction

For friction modeling,we usea computationabtructurevery sim-
ilar to the oneusedfor impacts. The pd pluginis calledf ri c-
ti on_2nodal b.

The underlying model describesthe averagebehaior of a
multitudeof micro-contactsnadeby hypotheticabristlesextend-
ing from eachof two sliding surfaces.Whena modaldecomposi-
tion is adoptedor bothinteractingobjects the equationsare

(i=1...N.)
(G=1...N,)

p .. .
Meilei + Teilei + keimei = fee - ff;
Myjirj + Trjlrj + krj®rj = fre + fr,

N, . N, .
V=300 Bei — Ej:TI Trj,

i=fyi(v,2) =v 1—a<z,v)%(v) :

(friction force)

(relative velocity)

fr =00z + 012+ 020,

®3)
where the z variablesrepresentthe modal displacements,
while z is the meanbristle displacementTheterms f.. and f.,
asindicatedby e in thesecondsubscriptyepresenéxternalforces.
As farastheform of functionsa andz,, is concernedwe adopta
coupleof previously proposedunctions[7.

High-level interactionsetweerthe userandthe audioobjects
rely mainly uponthreeinteractionparameters Thesearethe ex-
ternalforcesf.. and f,. (seeequationg3)) actingon eachof the
two objects,which aretangentialto the sliding direction,andthe
normalforce fx betweerthe two objects. The remainingparam-
etersbelongto a lower level control layer, asthey arelesslikely
to betouchedby the userandhave to betunedat the sounddesign
level.

Suchlow-level parametergan be groupedinto two subsets,
dependingon whetherthey arerelatedto the resonatorsinternal
propertiesor to theinteractionmechanismEachmodeof the two
resonatingobjectsis tunedaccordingto its centerfrequeng and

5This is the specialcaseof a modalresonatowith only oneresonant
modeof frequeny 0 andinfinite decaytime (undamped).

Figure2: Temporaimovementof aninertial masgabove) “bounc-
ing” onatwo-moderesonatofatpi ckup- poi nt , below).

decaytime. Additionally, amodalgain(whichis inverselypropor
tional to the modalmass)canbe setfor eachresonatomode,and
controlsthe extent to which the mode canbe excited during the
interaction.

A secondsubsedf low-level parameterselatesto theinterac-
tion force specification Thetriple (oo, o1, 02) (Seeequationg3))
definethe bristle stiffness,the bristle internaldissipation,andthe
viscousfriction, and thereforeaffects the characteristicof sig-
nal transientsas well asthe easein establishingstick-slip mo-
tion. A triple of parameterss usedto setthe shapeof the curve
zss. Specifically the Coulombforce andthe stictionforce arere-
latedto the normalforce throughthe equationsf, = u fv and
fe = pafn, whereps andpug arethe staticanddynamicfriction
coeficients. Finally, the breakavay displacement,, is alsoin-
fluencedby the normalforce. In orderfor thefunctiona(v, z) to
bewell defined theinequalityzp, < zss(v)Vov musthold. Since
min, z.s(v) = f./o0, asuitablemappingbetweenfyx andzp, is

2ba = Cfe/00 = cpafn /oo, Wwith c¢<1. 4)

4. HIGHER-LEVEL STRUCTURES

4.1. Bouncing, Dropping, Breaking

Shortacousticeventslik e impactscanstronglygain or changen
expressve content,whensetin an appropriateéemporalcontext.
Oneexampleis the groupingof impactsin a “bouncing” pattern,
asit resultsfrom a constanexternal(gravity-)force term.

The one-dimensionalityf the impactalgorithm only allows
the immediate simulation of symmetrical, basically spherical,
bouncingobjects; thesesimulationsthrough an external gravity
term arevery realisticin detail, “too realistic” from a standpoint
of cartoonification Theexact(acceleratingjempoof bouncingis
coupledto the impact parametersand simplificationson the el-
ementarysoundlevel necessarilyaffect the higherlevel pattern.
A strict physicalsimulationof irregular bouncingobjectson the
otherhand,would be highly comple to control andimplement,
computationaloverkill”. Instead anexplicit modelingof typical
bouncing-patterngeadsto cartoonifications that are efficient to
implementand ableto expressecologicalattributeslik e regular
ity/irregularity of the bouncingobject. The main notionsbehind
thestructureandparametersf the“dr opper ” objectareshortly
sketchedin thefollowing.

CIM-3



Proceeding®f the X1V Colloquiumon Musical Informatics(XIV CIM 2003),Firenze Italy, May 8-9-10,2003

The first basic principle behind the processis the loss of
macro-kineticenegy of the global vertical, horizontaland rota-
tionalmovement,n friction andmicroscopide.g.acousticyibra-
tion. Theseloss-termsn exactnessaredifferentfor eachimpact,
andcanin this detail only be found from an elementarysimula-
tion asabove. Underthe assumptionthatthelossof (macro-)en-
ey with eachbounces proportionalto the remainingkinetic en-
ey, we receve an exponentially (in the numberof reflections)
decayingenegy term. If we further for sphericalbouncingob-
jects concentrateon the vertical movementand ignore the hori-
zontaland rotationaltermsas independentthe kinetic enegy at
floor level is proportionalto the squareroots of collision veloc-
ity andthe durationof the following bounce. We thus arrive at
analogousxponentiallydecayingtermsfor impactvelocitiesand
temporalintenals in a regular bouncingmavement. The imple-
mentationof this basicschemen fact provedto be corvincing in
comparisorwith theafore-describednplicit simulation(compare
figure 2) aswell asrecordingsof bouncing(round)woodenballs.
For irregular objects,enegy canbe transferrechetweenthe ver-
tical, horizontaland rotationalterms, of which only the vertical
velocity (and thereforethe maximum height) contritutesa sim-
ple termto theimpactintervals andvelocities,while the contritu-
tion of therotationalmovementis not expressibleén a simpleform
(andthat of the horizontalmovementis basicallyzero). Enegy
transferthusresultsin deviations of both, impact-intenals and -
velocities,from, but generallyboundedby, the (exponentiallyde-
caying)valuesof theregularcase.Similarly, alsothe effective rel-
ative massesandthewei ght i ng- f act or s of resonantmodes
are modulatedthroughthe rotation (and thereforechangingcon-
tact points) of anirregular object. Summingup, while generally
theexactmovementin the non-sphericasecanonly be simulated
throughadetailedsolutionof theunderlyingdifferentialequations,
which would not make sensein our context of real-timeinterac-
tivity®, controlled-randonpatternsof impactparametersangen-
erateexpressve cartoonifications Anotherimportantobseration
arestaticstagedn the bouncingmavementalso of non-spherical
shapeswith certainsymmetriesof regular aspectye.g. suchas
disksor cubes).In thesecaseghe transferof enegy betweerthe
vertical, horizontalandrotationaltermscantake placein regular
patternsclosely relatedto thoseof sphericalobjects. This phe-
nomenornis exploitedin somemodelingexamples;oftenhowever,
suchmaovementsncluderolling aspectssuggesting potentialim-
provementthroughintegration of rolling models. A very promi-
nentsoundexamplewith aninitial “random”- anda final regular
stagels thatof afalling coin.

Following the previous obsenrations, the “dr opper ” gene-
ratestemporalpatternsof impactvelocitiestriggeredby a starting
messageControlparametergre:

1. Thetime betweerthefirst two reflectionsrepresentinghe
initial falling-height/-\elocity, togethemith

2. theinitial impactvelocity.

3. The accelerationfactor is the quotientof two following
maximal “bounce-interals” and describeshe amountof
microscopicenegy loss/transfewith eachreflection,thus
the speedf the exponentiattime sequence.

4. Thevelocity factoris definedanalogously

6Also, it seemgjuestionablehow preciselyshapef bouncingobjects
(exceptfor sphericity)canberecognizedacoustically?

Note thattheseparametershouldfor a sphericalbbjectbe
equal(seeabove), while in exactnesdeingvaried (in de-
pendenceof actualimpactvelocities)in the generalcase.
In a contet of cartoon-baseduditorydisplaythey canbe
effectively usedin aratherintuitive freefashion.

5. Two parameterspecifythe rangeof randomdeviation be-
low the (exponentiallydecaying)maximafor temporalin-
tenals resp. impactvelocities. The irregularity/sphericity
of anobjects shapdas modeledn this way.

6. A thresholdparametecontrols,whenthe acceleratingat-
ternis stoppedanda “terminatingbang” is sent,thatcan
e.g.triggerafollowing stageof the bouncingprocess.

Warrenand Verbrugge[8] study on the perceptionof breaking-
andbouncing-scenarids a startingpointfor our relatedmodeling
efforts. They shaved, thatsoundartefacts,createdhroughlayer
ing of recordedcollision sounds were identified as bouncingor
breakingscenarioglependingon theirhomogeneityandthe regu-
larity anddensityof their temporaldistribution.

Again the main ideasbehindthe structureof the breaking-
model are shortly sketched: Typical fragmentsof ruptureare of
highly irregularform andratheranelasticandtendto “nod” rather
thanbounce,i.e. performa deceleratingnsteadof accelerating
maovement. It is further on importantto keepin mind that emit-
tedfragmentanutuallycollide, andthatthenumberof suchmutual
collisionsrapidly decreasestartingwith amassie initial density;
thosecollisionsdo not describebouncingpatternsat all. Follow-
ing theseexaminationghe breaking-modelvasrealizedby useof
the dr opper with high valuesof “randomness”and a quickly
decreasing temporaldensityi.e. atime-factor> 1, set“opposite”
to the original rangefor bouncingmovements SupportingWarren
andVerbrugges examination,a shortnoiseimpulseaddedto the
attackportionof the patternunderlinedhe breakingcharacter

As anotheiinsightduringthe modelingprocessseveralsound
attributesshavedto beimportant. Temporallyidenticallygrouped
impactsseemto be lessidentifiable as a breakingevent, when
tunedto a metalliccharactein their modalsettings;this may cor
respondo the factthatbreakingmetalobjectsareratherfar from
everydayexperience Also, extrememasgelationsof “striker” and
struckresonatoin theimpactsettingsJed to morecorvincing re-
sults. Again, this is in correspondencwith typical situationsof
breakagea concreteloor hasa practicallyinfinite inertiain com-
parisonto a bottle of glass.

4.2. Rolling

Among the various common mechanicalinteractions between
solid objects,“rolling” scenariosorm a category that seemsto
be characteristialsofrom the auditory viewpoint: Everydayex-
periencetells thatthe soundproducedby arolling objectis often
recognizableassuch,andin generalclearly distinct from sounds
of slipping, sliding or scratchingnteractionsevenof thesameob-
jects. This may be dueto the natureof rolling asthe mostpromi-
nent continuous interactionprocesswherethe mutual force on
the involved objectsis describedasanimpactwithout additional
perpendiculafriction forces.

Consequentlythe impact-algorithmhas beenembeddedn
a comple higherlevel structureto reachan efficient cartoonifi-
cation, that can expressvarious ecologicalattributes of rolling-
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Figure 3: Sketch of the fictional movementof a ball, perfectly
following a surfaceprofile s(x). Relatve dimensionsare highly
exaggeratedor a clearerview. Notethatthisis not the de-facto
movementthisidealizationis usedo derivetheof f set - cur ve
to beusedby theimpact-model.

scenarios: material, size and shapeof the involved objects, as
well asvelocity or acceleration/deceleratidtransformationaht-
tributes[2]). The main obserationsbehindthe developmentand
structureof themodelarepresenteghortly:

4.2.1. Rolling interaction with the impact-modelas lowest-
level building block ona driving of f set - cur ve

Rolling-contacbetweenwo objectsis restrictedo distinctpoints:
thesupportingsurfaceis not fully “traced”/followed,noris thesur
faceof therolling object.Figure3 sketchegheidea;therolling ob-
jectis hereassumedo belocally sphericawithout “microscopic”
surface details. Theseassumptionsre unproblematicsincethe
micro details of the surface of the rolling object can be simply
addedto the secondsurface(to roll on) andthe radiusof there-
maining “smoothedmacroscopic’curve could be varied;in con-
junctionwith following notions,even anassumeaonstantadius
however shavedto besatisfctory

Theactualmovementof therolling objectdiffersfrom theide-
alizationof figure3 dueto inertiaandelasticity In fact,it’ sexactly
theconsequencead thesephysicalpropertieswhicharedescribed
by, andsubstantiat¢he useof theimpactmodel(-equations)it is
further importantto noticethat, in contrastto slipping-, sliding-
or scratching-actionghe interactionforce on the two objectsin-
volved in a simplerolling-scenariois approximatelyperpendicu-
lar to the contactsurface(the macroscopiegneancurwe), pointing
alongthe connectionliine of the momentarypoint of contactand
the “centerof therolling object”. This factis not reflectedin the
sketchessincehererelative dimensionsarehighly unrealistic,ex-
aggeratedor purpose®f display). Summingup, thefinal vertical
movementof the centerof the ball canbe approximatediy use
of the one-dimensionalmpact-modebith the of f set - cur ve
shawn in figure4.

In a naive approachthe calculationof contactpointsis com-
putationallyhighly demanding:in eachpoint z alongthe surface
cune s(q)’, i.e. for eachsamplingpointin our practicaldiscrete
case(at audiorate), the following condition,which describeghe
momentarypoint of contactp,,, would needto be solved:

fm(pm) = maxqe[m—r,m+r]fm(q)
fol@) & s(a) +Vr?—(a—2)?

"Herewe usethe unproblematicassumptiorthat the surface curve is
presentablasarealfunctions : I — R, I C R anintenal.

where (5)
q€[r—r,x+7]

Figure4: Sketchof theeffective of f set - cur ve, resultingfrom
thesurfaces(z).

To facilitate a practical, real-time,implementationa “smart” al-
gorithm hadto be developed,that reducesthe numberof calcu-
lations/comparisonby factorsup to 1000. Theideal of f set -
cur ve is then calculatedfrom the coordinatesof the contact
points.

4.2.2. Surfaceprofile

Thesurface-signalvhichis processethy a“rolling-filter” asabove
might be derivedthroughscanning/samplingf “real” surfaces.A
flexible statistics-basegeneratiorthoughis preferablen our con-
text over the sumptuousstaticstorageof fixed profiles. Onesuch
approactis fractal noise i.e. noisewith a1/f* power spectrum,
therealparametep reflectingthefractaldimensionor roughness.
Practicalresultsof modelingfollowing the so-far developedmeth-
odshowever becamamuchmorecorvincing, whenthe bandwidth
of the surface-signalvasstronglylimited. This doesnot surprise,
whenonekeepsin mind that typical surfacesof objectsinvolved
in rolling scenariosare generallysmoothedo high degree. (In
fact,it seemsardto imagine,whate.g.anuncutraw stonerolling
onanothersurface typically modeledasafractal,let's saya small
scalereproductiorof the alps,would soundlike?) Smoothingon
alargescale.e.g.cuttingandarrangingpiecesof stonefor a stone
floor, correspond$o high-pass-filteringywhile smoothingon ami-
croscopiclevel, e.g. polishing of stones,can approximatelybe
seenaslow-pass-filtering.In connectiorwith this resultingband-
passthel/f? characteristicef theinitial noisesignallostin sig-
nificance. Band-pasdiltered white noise thus was chosenas a
cheapand efficient solution; it caneventuallybe enhancedy an
additionalsecond-ordefilter, whosesteepnesBnally represents
“microscopic”degreeof roughnessisavery coarseapproximation
of thefractalspectrum.

Of course,the parameter®f the impactitself, in particular
the elasticity constantk, can/mustalso be carefully adjustedto
surface-, e.g. material propertiesand strongly contritute to the
expressvenesof themodel.

4.2.3. Higherlevelfeatues

Typical scenarioof rolling tendto shav characteristic'macro-
scopic”acousticfeaturesthatappeato be of high perceptuatel-
evance,especiallyfor velocity-expression.Macro-temporaperi-
odicities resultfrom typical patternsof more or lessregular na-
tureasfound on mary “ground” surfaces(suchasjoints of stone-
or woodenfloors, the periodic texturesof textiles or the pseudo-
periodicfurrows in woodenboards).Seeminglyevenmoreimpor-
tant,for rolling objects thatarenot perfectlysphericalin the sec-
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tion relevant for the movement),the velocity of the point of con-
tact on both surfacesandthe effective force pressingthe rolling
objectto the groundvary periodically In orderto model such
deviationsfrom perfectsphericity thesetwo parametersnustbe
modulatedpur practicalexperienceshawing a highersignificance
of pressing-forcea goodchoiceareobviously sinusoidalor other
narrav-bandmodulationsignals(sinceobjectsthatdiffertoomuch
from asphericakhapethataretoo edgy dont roll!). Of courseall
(quasi-)periodianodulationshave to reflecttherolling-velocity in
theirfrequeng.

Finally it is to be notedthat, like in everydaylistening,acous-
tic rolling scenariosrerecognizedandacceptednoreeasilywith
“typical dynamics”: As an example, considerthe sound of a
falling marble,that bouncesuntil constantcontactto the ground
is reachednow therolling actiongetsacousticallyclearandthe
averagespeedslonly decayso zero.

4.3. Crumpling

Like mostothersoundgresentedh this catalogcr unpl i ng re-
sultsfrom providing theimpactmodelwith a controllayer. Since
crunpl i ng doesnot modelphysicalcontactsbetweersolid ob-
jects,but ratherspecialtime sequencesf bendstheuseof closed-
form formulasexpliciting interactionmechanismsanbe avoided.
Impactsaretriggeredfollowing stochastidaws which arede-
rived from the physicsof crumpling[9]. Suchlaws rule the dy-
namic and temporalstatisticsof thoseimpacts. By including a
notionof enegy in thecrumplingprocesswe cancontrolthetime
lengthandtheoveralldynamicsof individual events eachonecon-
sistingof a collectionof “crumples”.
Thephysics-basedpproacho crumpling-soundeproduction
producesa controllayerwith physicalparametersTheadwantage
of having suchparametersat handis twofold: first, thosephysi-
cal controlscanbe interfacedwith the impactdriving parameters
directly; second,the userinterface presentsa consistentcontrol
panelto theuser without the needof intermediatanapslayeredin
betweerthemodelandthe userinterface.By meanf thisdesign
approachwve wereableto synthesizesoundof crushingcans.
Aiming at yet a higherlevel of scenariodo be modeled,the
“user” canbe a top-level control structure,which triggersevents
accordingto somerule. Rulesgoverningthe temporalevolution
of walkingandrunningexist, which arephysics-baseflL0]. Those
rulesdrive thecrumplingmodelparameterslirectly, in away that
we have obtainednterestingwalking andrunningsounds.
Crushingwalking andrunningareextensvely describedn an
article submittedfor theseproceedings

5. FAMILIAR (SOUNDING) OBJECTS

The expressienesf the soundmodelsis bestrecognizedwhen
parametersiresetto example-alueswithin the wide rangesthat
are connectedto scenariosfamiliar from every-day experience.
Suchdemonstrationsften envolve combinationf several mod-
els; we have chosensomeitems, partly accompaniedvith basic
visualizationsfrom rathersimpleto complec ones:

e The soleimpact-modekanbe tunedto struckbarsof dif-
ferentsizesandmaterials,

e asthelow-level friction-modelcanrealizesqueakingloors
andrubbedglasses.

e Therolling-modelwith its strongecologicalpotential(ve-
locity, direction, size ...) sonifies different interactve
“games”with rolling balls.

e Rolling andfriction aretwo statesof aninteractve wheel—
brale construction.

e The dropperobject delivers corvincing bouncingballs as
well asdroppingplasticbottles,metalliccoinsandbreaking
glasses.

e Naturalis the combinationof droppingand subsequently
rolling balls.

e Typical scenesof crumpling are crushing cans and the
soundof walking on gravel.
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