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Abstract ;

This paper describes four systems for the
synthesis of sounds or animated images , based
on the simulation of one or several mechanical
objects . Those are real time systems which
enable an user gestual manipulation .of the
simulated objects, intended to acoustic or visual
signal productions. These realisations prefigure
the CORDIS-ANIMA system, a mare ambitious
system based on the same synthesis methaod,
with  composition abilities * of  instrumental
objects and synthesis works .

- These examples . allowed the experimental
demonstration of the validity of our approach .

" They also contributed to solve complex technical

. problems , raised by the necessary combination

of modularity and efficiency of simulation.

Intr ti

The purpose of our research is the design of a
specific tool for musical creation and animated
images synthesis , using recent computer
“techniques : the CORDIS-ANIMA system: -

The tool key-function is to simulate objects , so
that the user (the artist) is in sensary
interaction with them , as in the physical world .
It follows from this some basic principles :

- necessity of a digital processing
machine , powerful enough to enable real time
simulation :

* - specific. devices converting physical
dgta from sensory channels into digital data (and
vice versa) : the transducers ; ;

- - the "sensible” nature of simulated
objects , i.e their property to be excited and
perceived through gesture, vision and audition,
implies their definition in terms of mechanical
models .
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Nevertheless the simulation function described
above does not realize all the conditions of a
creative activity ; the system must also accept a
conceptual activity, closely linked with the
simulation, to which computer techniques may"
give new and powerful developments. This
conceptual activity adresses different levels , in
particular the design of the object or scene and
consequently reliss on a language for the
composition of mechanical objects. The system
will enable the elaboration of objects libraries
that will be used in a direct way, or as elements
for the creation of new objects. . R
This second function of CORDIS-ANIMA -
modularity - implies, in addition, compilation
mechanisms to produce an efficient simulation
algorithm for each object or scene.

In paralle| with CORDIS-ANIMA development, we
have set up several non modular simulation
systems. The data structure of the simulated
object or scene is pre-determined, except for a
few quantitative data, “allowing elaboraticn of
optimized algorithms and assuming a quite good
simulation quality. . ' '

Our purpose in these particular simulations was
first to prove, through experiments, the validity
of the approach, as regards the possibility of
simulating relatively ‘complex objects and
scenes, rich enough to provide a basic material
for an artist . These simulations were presented
in several public manifestations, and submitted
to many different users . . '
The other purpose was more technical : the
research of optimization methods for the
simulation, and their possible extension to a
modular simulation system .
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T Transversal force
Il - Reallsation of specialized simulations

Wa focused on typical cases of objects, with a ) 4:
relative acoustic or visual richness. Four Different bov

examples were studied. The first three are pressures
better aimed to sound production : bowed string, Relative
plucked strings, maracas. The last one - ‘ -v1 -vo velocity

interacting balls - is meant only for animated v
image generation. vo vi

1.1 w in

It consists in the simulation of a vibrating
string, associated to a bow friction mechanism .
A specific transducer, substitute of the bow, has
been built for this simulation. This artificial bow,
is 'composed by a displacement sensor which
represents the bow transverse displacement and fig 2
a pressure sensor which allows the user to '

control the pressure of the bow on the string

(fig.1). _'

. [q Acoustic output The  friction modal is characterized by a non
linear relationship between the sliding speed of
the bow and the transverse force exerted on the
string ‘; this function is described (fig. 2). It
includes negative-slope segments which are .
B necessary for the conservation of oscillation .
Vertical force & The effect of a variation of the bow pressure on

transversal - the string could be modelled by a variation of
velocity sensors - Fmax along 'the axis of forces on this

characteristic function. The slope of this
function at the origin cannot exceed a limit
: " value, which would imply the instability of the
N _ most damped modes. This restrains the validity
' of the simulation to “"reasonable” bow pressures .

This limit also prevents. from reaching a "solid”

Bow & string

simutation friction which could be realized by setting the
values of both thresholds VO and VO'" to zero.
11,2 Plycked strings
fig 1 Lo -
Acoustic

The acoustic signal is computed from the value of output - ‘ LR
the force exerted by the string on one of its :
fixing points ; this represents an important
simplification according to the instruments with
resonance chamber. The string can be displayed in - Q
real time ; it enables to observe the string shape ‘| strings §
evolution which is in complete coherence with Gestual = - _ simulation
Helmholtz theory . transducer with ‘
The string model Is simplified insofar as there is force feedback
only one possible deformation ~ direction,
compared with at least four in the case of a real
string : 2 transverse displacements, torsion and
longitudinal deformation . fig 3
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The string models are similar to the former
example. Two strings are sirqulated ; the operator
manipulates them with a simulated plectrum |,
which plucks one string then the other,

. according to its current position (fig. 3). The user-

manipulates this plectrum through a specific
transducer with mechanical feedback ; this
feedback represents the reaction of strings to
the gestual action. Another transducsr, a force
sensor, with no feedback effect, is used during
the simulation to modify the tension of strings,
and consequently the pitch of sounds. We could
reproduce some characteristic effects of double
strings instruments. The distance between the
strings and difference from strings pitch can be
independently adjusted. According to the values
of the parameters, the user can perceive whether
two distincts strings, or for low values, a single
string having a phasing effect and a tactile
granulation effect. In this case, both effects
work toward the perception of a complex single
object ( mandoline strings effect ).

-3 - Marac:

A sort of maracas is simulated by a rectangular
box containing several particles. These particles
are punctual masses and can move along one axis,
parallel to one of the box surfaces. This box is a
resonant cavity excited by the impact of
particles on its surfaces. The operator shakes the
box with the retroactive transducer ; ha feels its
inertia , and the hit of particles on the surfacss.
An image of the box and particles is also
displayed in real time {(fig.4)". . -

* Acoustic output D]‘—-l

L J
% [ ] b ...
. Gestual
transducer with O Maracis
force feedback N
simulation

fig 4

The interaction model consists in a double
elastic obstacle with no damping. Particles
motions have undamped limit oscillations which
are not perceptible due to their low amplituds.
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The vibration of the cavity is produced by the
association of 5 oscillators, representing its
resonance modes. These oscillators are excited
by the interaction forces between masses and
box. The reaction of the vibrating structure on
masses is considered as unsignificant .

1.4_About sound-producing obijects simulation

In these three cases; the vibrating structure of
the object could be simulated separately from
the other object components, with the same part
of program. This method can be used more
generally , in a relatively optimal form , for most
of vibrating structures (cf fig. 5). '
What we call a vibrating structure is the set of
points of a sound-producing object that can
oscillate at acoustical frequencies. Most
vibrating structures can be described with a
linear differential equation. It enables fo the
elaboration of an equivalent model which
consists of elementary and independent
oscillators and where each oscillator represents -
one resonance mode. The structure of such a
model is quite simple and does not depend on the
vibrating object. The corresponding algorithm is
also simple and easy to implement on an array
procsssor . '

Input (force)

N 2nd order filters,:
according to the N
resonance modes.

Output’
(displacement
or velocity)

fig 5

This method is not only adapted to discretized
models of vibrating structures ; continuous
structures, like strings, possess an infinite
number of resonance modes, but only low
frequency modes may be considered ; the error in
the simulation of a continuous model consists in
the suppression of high frequency modes, which
are generally not relevant above a particular
value. The error inherent to the regular
discretization of the continuous mode! would be
more perceptible .

ICMC 86 Proceedings



11.5, Interactin |

This experiment is only dedicated to image
production ; the scene does not include any
sound-producing object.

As compared to the restricted number-of objects
in the former cases, this example investigates
the simulation of scenes composed by a great
number of elementary interacting objects.
Several balls are inclosed in a rectangular box
where they can move freely. The box also
contains a circular goblet which is manipulated
with the retroactive transducer. These objects
can collide ; the goblet can contain several balls;
the operator feels the reactions of balls on the
goblet (weight, impacts... ) = through the
retroactive transducer .

We notice that in such a scene, a very simple
gestual action can produce many dnfferent and
complex auto-evolutions .

A ball is described as a punctual mass (ina2D
space), connected to a circular envelope
determining its visual characteristics: and the
-conditions of its interactions with other objects.

Interacting
envelope

-

Punctual mass
Goblet ; Ball

fig 6

The goblet is also described as a punctual mass,
but have a more complex envelope (cf {ig.6) .

In this example, an optimized module was
elaborated
material points (approximately 80 at 25 Hz) and
their interactions.

This module may be used in a more general
system to build more complex objects such as
plastic solids ; in such cases indeed (for instance
balls), the interactions are determined by space
exclusion rules, conditioned themselves by the
objects envelope and each object can be modelled
as a set of points, connected together with
attractive links .

ICMC 86 Proceedings

to simulate a large number of -
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Optimizing techniques for this module relie on
simplifications in non linear processings
according to a primary model : all the non linear
functions - i.e. interaction between balls,
ball-goblet interaction, distance calculation -

are integrated in a single function. It follows =~

from this a general interaction function
described on fig. 7.

A Elastic
Model ; interaction

\ force

/ .. Balls ‘distance

Slmu'latlon

fig 7

mn - Optlmlzatlon methods - Appllcatlon
to CORDIS ANIMA system : -

Compared with other synthesis techniques,
simulation is more demanding in digital
processing capacity . This explains why we try to
take advantage of the specific features of
simulated objects, even in quite simple cases..

" But the method we used enables to define some

gensral principles that will be developped m the
1uture :

11, Methods
11.1.1 Modsl optimization

Each model has its intrinsic complexity ; the
computation power necessary for model
simulation depends on this complexity which can
be measured, according to - some possible
criteria : the bandwith, the number of masses,
the nature of interactions. )



The first step in optimization is related to the
choice of the model, or more exactly, to the
simplifications that must be applied to a primary
model ; in the maracas example, both mechanical
functions of the box (resonant cavity and
containing balls) were separated , each one being
simplified in its own way : the resonant cavity
reacts to the impact of different masses as if
there wers only one poaint of impact:; the box is
considered as one passive material point, with an
glastic envelope with no mass, which may
interact with other material points .

11.1.2 Algorithms optimization

This is another optimization level .

A first method consists in reducing the system of
continuous equations representing the model'to a
simpler continuous form, and then resolving this
one with a numerical  integration’ method.
Another method consists in sampling the system
of continuous equations and then reducing them
to obtain a sampled optimized model, as a set of
finite difference equations.

In each example mentionned, a sampled model of
the object or scene is built from sampled models

of its components. The resulting algorithm may

consist in the mere juxtaposition of the
algorithms of components. But in most cases ,it
can.be simplified by elimination of some
variables or processings. Moreover, interesting
approximations can be sometimes made -,
considering the limits in the requested
precision. :

II.1.3 Implementation optimization

The last optimization level lies in the
implementation of the simulation algorithm in
the array processor . This machine ( Floating
Point System: AP 120B) demands ‘vectorized
algorithmic  structures, i.e ‘many similar
processings that can be led in parallel . In most
cases ,we took advantage of the multiplicity of
soms parts of the model , but we also tried to
group similar processing elements : in the
maracas case, the computing of masses motions
and the computing of vibratory modes of the box
are both realized in the same vectorized unit.
This procedure can save approximately 20% on
the maximum frequency .

For each optimization level mentionned above .

we shall study the possible extensions of the
methods used to the case of a modular system .

69

I1.2.1 Model generation

There is no general optimization criteria at this
level, and automatic processings on models for
their optimization can not be realised ‘for the
moment .

Such criteria may appear in an experimental
phase . Some modeling tools such as object
description languages or formal processings may
then become useful. This type of problem depends
probably more on the know-how of the object

designer and each casa getting its own solution .
lIl.2.2  Algorithm generation

- The description of the object be simulated can be
-given ta the simulator in two hierarchical forms :

- A set of finite difference equations (what we
call sampled modal) , defining the mechanical
function of the object. - - ' -
- A combination of more elementary objects or
mechanical functions, for which a description
was formerly given to the simulator ; this mode °
of description relies on an object specification
language .

A correct algorithm can be deduced from this
sampled model by mere duplication (this was the
case in former CORDIS-ANIMA versions), if the
set of equations must be computable. This
impligs that variables at step n depend only on

" variables at former steps.

In-the general case , we can thus distinguish
three types of formal processings to determine
the algorithm :

- Compilation , elaborating a sampled model (i.e a
set of differential equations) from an: analytic
description ; this means the juxtaposition of
elementary objects equations , and identification
of variables which support mechanical
relationships between components .

- Sampled model reduction : this first form is not
necessarily optimal, for example several

. equations may be dependent , as a result of the

combination of similar objects .- A

- Formal calculation of some equations, to reach
the explicit form needed to determine the
algorithm . :

Introducing some rules in objects specification -
for example, exclusive rules in the elements
assembly - may avoid formal processings of
second and third types . This method is also used
in former CORDIS-ANIMA versions. The algorithm
of the resulting object is the simple composition
of the algorithms of its components . -
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111.2.3. Simulation program generation

Automatic optimized code generation to an array
processor or any simulation-oriented
architecture is a 'very complex - problem -in
overall cases.

** This problem can be partly escaped when the

algorithm can come down to a set of blacks ", for

which the optimized code was written before .
Let's take the example (cf 2-2) of an agorithm

which is the direct combination 'of more. -

elementary algorithms- . Each alementary

algorithm may then be pre-optimized ., i.e a J

simulation program is formerly. written: in an.
efficient form for each combmable ob;ect or' G

mechanical iunchon s

- This method is powerful enough and avonds most :
complex formal- processnngs evertheless its
efficiency will be .improve (for: a given object):
when this object can be made of a smaller =
number of pre- optlmlzed glements . it:is then. = -
interesting to build the richest possrble set-of .

basic objects and mechamcal functions: (lncludmg}j >-

4-115).

e optlmnzatlon must be comprehensnve to. be
" really efficient. In this way, the former. method -

algorithm decomposition in pre- optimized blocks
- will be more powerfull if optimization

methods are designed in taking into account

~ ‘complex objects) Two functions of this type
were realized in simulations descnbed above (Il

implementation criteria rather than only the data - v'

structure of the model (see llI-1-3).

In the simulations described above, we .

introduced one single representation mode-for the
algorithmic level and machine code level, what
we call a dependance graph representation. The
dependance graph representing the algorithm is
splitted up into the processor elementary

instructions, then reorganized: in taking into

account parallelism. implementation constraints
as the instruction timing and the exclusion

between .some operatlons. This'is a more

efficient manner to produce optimized code than

the usual method where algorithm analysis and. i

processor instructions schedulling are performed .. -

successively and thus. mdependanlly In the last
case, the algorithm organization is fixed before -

the implementation specmcatlons, -decreasing

optimization possibilities.

An important formalization work is still to be :

done , to take advantage of existing automatic
code generatlon methods, but also of more
intuitive solutions developped in the cases
mentionned above and which take into account
some general characteristics of our problem.

ICMC 86 Proceedings
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IV- Conclusion :

We tried to demonstrate that the specialized
simulations we described are a step in. the
definition of a complete and modular simulation
system . These realisations contributed to-raise
several problems about the conception of this
system , and to bring out some solutions .

Wae proved in particular that the great ditficulty

~in the design of musical creation tool is to find a

suitable and adapted compromise solution
assuming both modular and efficient propemes :

_This induces two complementary means : :
- pre-optimisation, based on the combmatlon of

integrated structures.
- formal processing which purpose is to achreva

‘the largest efficiency.. of srmulatron |n overall
. ‘cases. e ; ;
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