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Abstract

The originality and flexibility of the physical moctlling synthesizer Modhlys is being continously valicted by an ever-growing
community of users mace up of composers, acousticians and musicologists aike. In this paper we will present the main lines that
have oriented recent reseach around Modhlys. Thesecan be summaized (1) Exploration and tentative dassification of the musica
possibilities of Modalys. (2) Use of modal synthesis as a meeting point between signal synthesis and physical moctlling

synthesis. (3) Port of Modhlys to a rea-time platform.

1 Background
1.1 How Modalys works

Recent work around Modhlys has been ceveloped on the
hypothesis tha sound synthesis cesign can be consicered a
fundamental element of musical composition [1] The operation
principle of Modhlys is physical moctlling by modhl synthesis
[2] which consists of solving the vibratory equations of the
involved physical stuures on a mochl coordnae basis. A
moce of vibration is an eigenvalue (freqiency and loss) and an
eigenvedtor (moceshape) of the charateristic equation of a
physical system. The user inteface of Modhlys is a set of
primitives extendng the Scheme language[3] The princpa cata
studures handled by the progam ae objedts (physica
studures), connettions (interactions between objeds), and
oontollers ¢imevarying parameters). Two consecutive phases
are necessaty to synthesizea soundwith Modalys: (a) Instument
onstudtion — instantiating objets and assembling  them
together via connetions, (b) Instrument execution — sending
controller information to connections to make the instrument
vibrate.

Modhlys offers a way to operate on sound which is substantially
dffeent firom signal sound synthesis methok. The user
simultaneously plays the mle of luthier, composer and
interpreter. It can be argued that these wles exist implicitly in
signal synthesis methods, but the fact that in Modhlys each ole
must be deady cefined, implies a new elationship between the
composer and the sound material. Futthermore, the complexity
that each of the two synthesis phases can have, with the many

dffeent levels of abstraction that manifest themselves a the
time of sound cesign, can lead to a situaion in which the
richness of possibilities may confuse and overwhelm instead
exdting the imagination. A tentaive ctfinition of a framework
which would contan a set of suggestions for musica
gpplications of Modhlys, with each suggestion being cescribed
with its motivations potentia problems, would be more than
useful, inced indspensable. Before proceading, it is important to
remember the patticularities of Modhlys.

1.2 The issue of synthesis control

Although the first examples of sound synthesis by physical
mocklling were reaized 25 years ago — amost simultaneously
with the firstexperiments of dgitll FM synthesis! — and some
of the equations cescibing vibraory movement of musica
instuments cate from many cecadss, we ascertain tha todhy,
physical mocklling synthesis is far from being exploted to its
full potentiad and tha a substantia wmference epertory of
compositions using thesetechniques des not yet exist. The lack
of use of physical moctlling is explaned not only by the heavy
dgonthms tha implement the vibraory equations and the
practical dfficulty to control them, but aso by the fact that, even
if progress in hardware technologies has brought high-quality
commercial physical mocklling synthesizers, market reasons
constrain them to be more oriented toward reprodicing existing
acoustical instruments rather than providng open environments
whereimaginative instuments can be conceived.

Nevertheless, when compaed with signal synthesis techniques,
physical mocklling offers two precious advantages that cannot be



uncerestimated : (1) causdity, or the possibility that human
perception assodiates the synthesized sound with sozze kind of
vibraing strudure, and (2) expressivity, or the possibility tha
the control mechanism of the synthesis technique is dredly
telated to the gestural information contained in the sound In
addtion, modal synthesis offers the paticular advantage of
modilarity: as the modhl representation of physical studures is
uniform (@ moceshape matrix, a vector of modal frequendes, and
a vedor of modil losses), the user can indfferently assemble
sub-structures and comnedtions to build any imagined
instument. Yet the posibility of buildng an abitary
instrument mises inmedately the problem of controlling the
synthesis parameters: even if the instument’s construction
phase may seem straightforward and intuitive, of the execution
phase(findng good values to send to the input parameters of the
connetions) can often be complex and laborious.

As foma training in sound synthesis has always essentialy
oonsisted of the study of signal synthesis techniques, in which
spectial operaions have a ominant status, composers may a
first glance find physical mocklling synthesis as a pture with
tradition. Fortunately, modhl mepresentation of a physical
stucture is dredly rlated to the spectral content of the sound
produced [4,1];, the user has to berefit the most from this
advantageous situation. A princpa focus of our reseach has
been the use of Modalys as a place where signal and physical
mocklling synthesis techniques converge:

2  Composing with  Modalys:
experiences and suggestions

Now that we unceistandthe partticalarities of the synthesizer, we
can ooncrtize ideas and propose a framework for musica
applications of Modilys to the use. We present five
possibilities for musical applications of Modhlys; note that these
ae non-exclusive and may therefore be used in conjunction with
one another.

(1) Vaiaions on an objedt. Transforming some physical
parameter of an objet or changing the way to interact with it
may aeate a family of sounds sharing propaties. A beantiful
example is the redangular plate, where slight modfications of
its length, widh or thickness may result in timbral changes
regardng the degree of inhammonidty. Changing the type of
interaction will result in even richer genres of sound

@) Vituad Iutheie We dstinguish two dffeent
approaches to virtual instrument constuction: (iia) ‘“Real”. This
approach encompasses instuments which can be built in

Modhlys and a the same time, physically plausible. One could
consicer this a “computer assisted luthetie”. A concrete example
in reent wok with Modilys is a simulaion of the
hamonisation of a drcular membrane with a disk of masses, to
ahieve an indan tabla [5S] Changing the mass dstribution
function around the dsk will lead to dfferent kinds of tabla (iib)
“Unreal”. This approach encompasses instruments which can be
imagined but cannot be physically buildble. Suppose, for
instance, a string piercdng though a membrane & a contat
point which varies in time [6], or, more interesting, a ‘recursive
bowedstring” in which the incoming pressure is function of the
current string vibration.

Imaginative users following this dredion can fall in the
temptation of implementing exotic topologica and physical
configurations, which are not really recommended Playing these
instruments can be a very dffiault task, and the user could easily
forget tha the purpose of using Modalys in composition should
be to stimulate areativity, not to find solutions to artificial
problems. It is important to have in mind tha a simple string
with a bow is dready a ich and expressive instument which
takes time and effort to master:

@) Simulaion of instimentad gestue. The fommer
dscussion and the bowed string example serve to introdice
another type of utilisation which can be fruitful and efficent
only when used with a dear compositional purpose. It is very
tempting to try to reprodice exactly a Stradvarius violin with a
Peimandike playing. ¥ we compae the time spent by
gererations of luthiers to achieve good instument quality and
the years of professiond traning for performers, with the
number of weeks tha the reaization of the eectronic part of a
piece takes, we can conclude tha this gpproach cn be as
metaphorical as eroneous. After dl, reprodiction of instruments
and players is an invaluabletool to get insight into the studure
of soundand musica gesture. But, when compositional issues
are concemed, care must be taken not to spendtoo much time
on simulation.

(iv) Complement to natura instuments. As we d not
want to compete with perfomers, alogical way to use Modalys
is thus to extend acoustical instuments with sounds which
oould be dffiault or impossible to produce otherwise. The
success of the result cepends on how dosethe acoustical and the
vitual instument ae, the ideal being tha our sense of
perception des not fed any mpture between the synthetic and
the acoustic sounds. As an example, we have obtained
satisfactory results with multiphonics, as even skilled performers
have dfficulty in producing this kind of sounds, and the
Modhlys simple-reed interaction coupled with tubes can produce
anich range of multiphonics.



) Convegence of signd and physical mocklling
synthesis techniques. As we explain in the next section, new
categories of sound can be areated by mixing the causdity and
expresivity of physical mockls with the precise spectral control
of signal synthesis.

From thesefive possibilities we have expetienced tha Modalys
can be a powerful tool for aeating sound speciadly when the
vittuad instuments fill three conditions: originality of the
timbre, flexibility of the contol, and lifedike quality of the
sound We have dscovered that 3-structure instruments, such as
bow-string-membrane or reedtube-plae, work patticulady well
because the qualities of the two resonaing strudures can finely
melt to produce an ambiguous timbre tha shares the perceptual
propeties of both strudures, but that has, a the same time, an
indviduality of its own. The same observation can be mace
aout physical structures whose moces have been dtered with
the data of another studure. Flexible instumenta control is
indspensable to dlow the user to cdevelop a “feeling” for the
mstument; this is one of the motivaions for a rea-time
implementaion of Modalys.

It is worthy to mention a repeated experience we have had with
professional musidans: when they hear an interesting Modalys
soundwithout knowing tha the soundis synthetic, the reaction
is dways to assodate it with some “contemporary” perform
technique on this or tha acoustic instument, without initialy
thinking that the source of the soundis a completely virtua
instrument. This kind of experience would be a good test to
validte the cegree of musicd interest tha the Modalys
instrument may have.These conclusions arise mainly from the
atempt to use Modalys in musica production. Tochy we count
a least four pieces using Modhalys as the princpa synthesizer
(71

3 “Signalic” physics and ‘Pphysical”
signals

Recents extensions of Modalys make static or dynamic changes
of frequency, loss and modeshape scaling possible. As it is very
dfficult to predict how modfications of a modal parameter will
be efleted by changes in the physical data of the structure and
vice-versa, it might seem contradictory to instantiate a stucure
from its physical propaties for later changing its modhl
propeties. However, practicadl compositional reasons exist to
justify our gpproach [1] Smooth changes often keep the
complexity of control within tolereble limits (bow pressure and
velodity may need to be adapted pemanently to a string whose

modhl chta rapidy varies). Another synthesis control problem is
raised when cealing with the “modeshape amplitucd”, which
may refereither to the globa amplituce, or the amplituck a the
oontat or exdtaion points. This is the motivaion for the
introdiction of the “singlepoint” object in Modalys.

“Singlepoint” objects are physical structures dscretized with one
point cescribed solely by its mochl charateristics. Thus, for one
point, the “modeshape amplituce” comesponds to the amplituce
of the spectral component ctfined by the moce frequency. For
the case of one moc, the assodated physical strucure is the
dassicd mass-spring system, and for this simple case, the
modhl propaties couldbe reversed to find the physical propeties.
For the case of several mocks, we couldsee the single-point as a
“modal compilation” of some physical system whose physical
propaties’ information may be impossible to extrat from the
modal cata.

The fundamenta dffeence between signad method and a
physical mocelling gpproach to sound is that the latter takes
interactions and spatia propeties into account. From the signa
point of view, soundis a mere function of time (or a set of
functions if severa channels are taken into account), representing
ameasured air pressure, wheress for physical moctlling, sound
represented by the instantaneous vibration of one or severd
points of a physical structure, cepends on a least three variables:
time, the exdtation force (a function of time), and the stucture’s
impednee (wWhich can dso be a function of time) The
conceptual complication of physical mocklling, comes from the
fact that if the source of excitation is an interaction, the injected
force will be function of the instantaneous vibration. The
inherent causa propaties of physical moctls ae a consequence
of this feedback welationship between the excitaion and the
vibration.

The musicd interest of single-points comes from the fact tha a
time signal couldbe represented with spectral information and
latter “converted’ into a Modhlys object via a single-point. Thus,
we can indfrently see signals as physical points vibrating in
space and, dso, vibraing objeds as signas with spectal
content. Conceptually, this couldbe seen & @wwearzuadizizg a
sound with the rlation of causdity (Suppose for instance a
hammer striking a vowel, or a bowed trumpet). New dasses of
souncs that share the propaties of both signal mockls (precse
spectral content) and physical mockls (causality, expresivity) are
thus obtained The price to pay for this benefit is a higher
complexity of control for the instrument.

4 Other axes of interest



A subset of Modilys has ben potted to the FI'S wmad-time [10] Polfeman, R. lsa-sizepace Lesign jor Soffnae Based

envionment [8,9] and muns on a Sillicon Graphics with an
R4000 processor. Realtime control is important in Modalys to
prototype sounds in a simple way and to make dred and live
instumental control possible Also, ‘Modayser’, a graphica
interface suitable for non-progranmers has been written in
Macdintosh Common Lisp by Richad Polfireman [10]. We are
aurently testing the musical validty of thesetools.
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