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ABSTRACT

In this paper we report on the synthesis of sounts cellular automata (CA), specifically with
an extended version of the multitype voter model/{#). Our mapping process is based on DSP
analysis of automata evolutions and consists in pimgp CA histograms onto sound
spectrograms. This mapping allows a flexible soulesign process but due to the non-
deterministic nature of the MVM such a process aeguts maximum potential after the CA run
is finished. Our extended version model presentdigh degree of predictability and
controllability making the system suitable for amaidvance sound design process with all the
advantages that this entails, such as real-timsilpbges and performance applications. This
research focuses on the synthesis of damped sounds.

insights in the search for innovative yet natural

1 INTRODUCTION evolutions of musical material [1].

Cellul " t th tical/ tati %1 the 1950s several different kinds of systems
eliular —automata areé mathematicalicomputation quivalent to CA were independently introduced. The

by John von Neumann in trying to develop an abstrac
model of self-reproduction in biology —a topic wihic
§hd emerged from investigations into Cyberneti¢s [2

boost over the past few decades because of theaser
of computer power. Such techniques have be
successfully applied in different areas includinglia

and music technology, where they have contributd n
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Cellular automata are normally implemented as analysis with the histogram technique and, aimthat
regular grid of cells in one or more dimensionscliEa design of sound spectrograms. In section 3 we ptese
cell may assume any state from a finite seth @hlues. the automaton upon which this study has been chrrie
CA evolve in successive generations at every timie u out, the multitype voter model. In section 4 wealime

For each generation, the values of all cells changke musical features as well as the drawbacks found
simultaneously according to a set of transitiomsuhat from the histogram analysis of such an automaton. |
takes into account the states of the neighbour@iy.c section 5 we present our extended version modethés
The transition rules can be deterministic or noneontrol is the main problem of CA, in this sectiand
deterministic. With a deterministic rule, for a giv the following we comment controllability aspectstbé
configuration of cell states, the updated cell estt sound design process. Sounds are rendered using
always the same. With non-deterministic rules thgtn additive synthesis. Finally, Section 7 concludes th
state is not only dependent on the neighbourhodd bpaper.

also on some random inputs and/or probabilistic

components. A probabilistic rule gives the prolities )

that each cell will transition to the next possibtate. 2. MAPPING PROCESS: FROM HISTOGRAMS

The states of the cells may represent differenbursl TO SPECTROGRAMS
and therefore, the functioning of a two-dimensional
cellular automaton may be displayed on the comput
screen as a sequence of images, like an animéted fi

ur mapping method is based on a statistical aisabfs
the CA evolution. The functioning of a two-dimensab
automaton is considered as a sequence of digitdéms
nd it is analysed by histogram measurements afyeve

Cellular automata have been of interest to musicia . . X ;
A image. Such a CA analysis gives a histogram

working with digital audio, in particular composgers
because of their emergent structures —patterns mstauence.
created by a single rule but through the interactid . - . .
multiple units with relatively simple rules. Thigrthmic The histogram of a grey level digital image is a

process leading to some order allows the musiaian graphical represe_ntation of the ”“f“.be.f of occuesnc
explore new forms of organization. In sound synigjes of each grey levélin the image. By dividing the number
of occurrences by the total number of pixels of the

CA are normally used for controlling over time the he hi . di babiltsti
parameters of a software-based sound synthesizgpage’t e histogram Is expressed in probabilistims

Many of the synthesis techniques demand enormogyiﬂg an esltimalltg of;he.probabilia/ of occur][emlilfe h
amounts of control data for obtaining interestiaguits, E?C greyb. evel I tle Image —the sum of all the
making it difficult to be controlled manually. CA Istogram bins Is equal to one.

represent a solution to this problem because véth f )
parameter specifications it is obtained massivelarsp ' 9€neral terms our mapping method works as fallow

of structured data. The goal is to transfer thecstred e bins of the histogram sequence are consideree t
evolution of CA onto the sound synthesis domairis ThPins of & spectrogram. With an appropriate automato
is always done through a mapping, a set dp the histogram sequence it is possible to findcstral

correspondences between different domains elements resembling spectral components of a sound.
For example, from a histogram analysis of the hodge

podge machine there were discovered structural

from direct assignments of CA values, like in L§4} e_Ier_nents S‘”?”af to sinusoidal components and sther
to higher-level approaches intending to map theallve S|m|I§1r to noise components such as noise bands and
CA behaviour, like in Chaosynth [5]. We are intéees ”f”‘ﬁs'ef_“s [6]' This makes such a mapping process
in the second type of approach. Our research giyase distinctive; in most other cases there is not duitine
based on the analysis of CA evolutions by means Sprrespondence between the components of the
digital signal processing techniques in order sradver automaton and the components of a sound.

structural information of their organization. There
proceed with the mapping of the analysis result® on
appropriate synthesis parameters.

There have been different mapping attempts [3]irang

With these structural elements we can design the ti
varying frequency content of a sound; we can baild

This paper is organised as follows. In Section 2 weApart from this definition, in this paper we refeer colours
explain our mapping method, which is based on CA instead of grey levels because we usually disgiayQA in
the computer screen using a palette of differetdurs.
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spectrogram. This spectrogram can be rendered imtoganizes in areas (or clusters) of single coldbigure

sound using different synthesis techniques -thB). As the rule is iterated, some areas will insectheir

structural elements of the histogram sequencesnbecospace while others will decrease to the extent ttey

control data for the synthesizer. can disappear. In the end, one colour will preeaitr
the others when, according to the voter interpiatat

We would like to note that our mapping processds n consensus occurs.

restricted to CA. It constitutes a new sound sysithe

technique on its own right, which we refer to asThe random inputs and probabilities in the rule enak

Histogram Mapping Synthesis (HMS). that different runs with the same settings resalt i
different evolutions.

3. THE MULTITYPE VOTER MODEL

The automaton developed in this research is bared
the multitype voter model. In 1953, geneticist Kiau
introduced the stepping stone model [7]. This psece
was studied extensively by other geneticists owenty
years before being rediscovered by probability tisto
Clifford and Sudbury in 1973 [8] where it was cédlkhe
invasion process and by Holley and Liggett in 19215
under the name the voter model [10].

The voter model is interpreted as a model of opinio
formation. A collection of individuals is definedach
of which has one of two possible opinions on atjwali
issue. These possible opinions are denoted by Qland &
An individual reassesses his view in a rather stmpl
way: he chooses a “friend” at random with certain
probabilities and then adopts his opinion [11]. Wiiee
voter model is generalized to more than two opisitin
is known as multitype voter model.

It can be also seen as a model of competition. Th
interpretation is clear from the point of view dfet
invasion process; different species compete for th|=
territory and the result of conflict is the invasiby one
of the species of territory held by the other.

These models can be simulated by means of
probabilistic cellular automaton in two dimensiofite
MVM can be implemented with the following transitio
rule: a number between 0 and 1 is chosen as thée t
update probability for all cells. Then, for eacli aethe -
grid, a random number between 0 and 1 is genesdted |,
every time step. If the random number generatethir
given cell is higher than the update probabilibert the
state of the cell changes to that of one of itgimedurs Figure 1: Two configurations of a multitype voteode!
selected uniformly at random. (Neighbour is defimsd evolution. From a random input (top) it self-orgees in
the four orthogonally adjacent cells: north, easijth, coloured areas (bottom).

west) [12].

From a uniform random distribution of cell values,
colours, as the initial configuration, the autonmagelf-
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4. FEATURES OF THE MULTITYPE VOTER number of partials may remain steadily for longer
MODEL HISTOGRAM SEQUENCES creating a sustained structure (Figure 3). Intbéearch
we focus on the production of damped structures.
The histogram sequences of the MVM present
interesting features that make them suitable famdo HISTOGRAM SEQUENCE
synthesis. Here we summarise some of them; for
dedicated study see [13].

Figure 2 shows the histogram sequence of an automa
achieving consensus. We can see that the binseof 1
histogram sequence may represent the time varyil 1
amplitudes of sound partidldn addition, note that the
MVM allows us to work with as many colours (i.e.
partials) as we want. Secondly, note that th
disappearance of colours during the run of th .
automaton is reflected in the histogram sequenses
release patterns for the partials. In our exampéecan
exclude the most prominent partial and we get oo 1D
structure with release patterns for all the restthaf 1
partials.

05 ) U S0

Probability

Wi Time Step

HISTOGRAM SEQUENCE . .
e Figure 3: Another evolution of the same automaton o

Figure 2. Considering the exclusion of the most
prominent partial, the Figure 2 could be a struefor a
damped-like sound, whereas this one is rather a
structure for a sustained sound.

5. AN EXTENDED VERSION OF THE
MULTITYPE VOTER MODEL

Probability

Originally, in the MVM the update probability (UR
assigned equally to all the cells. We have develape
extended version of the model based on the assignme
of colour-dependent UPs.

Colour

From the point of view of the invasion process that
Figure 2: Histogram sequence of a 10x10 automatonmeans having different species with different degref
with 15 colours achieving consensus. vulnerability; a colour with a low UP has a high
probability of “being eaten” by a neighbour. Withig,
On the other hand, the non-deterministic natur¢hef we gain control over the extinction of colours;the
MVM, although bringing a rich variety of result®i a histogram sequences, partials corresponding tou®lo
same automata definition, entails some limitatidfs: ~ with low UPs will decrease at the expense of theitke
example, in order to exclude the most prominentiglar higher UPs. Note that with this, we are modelling a
we have to wait until the end of the run to seeclwhi process observed in acoustic instruments in which
colour covers the whole automaton. Consequently, wehergy passes between the various modes of vibratio
can not consider real-time applications. Secondly, some increasing in amplitude, some decreasing [14].
can not predict when and how the rest of the partia
will fade out. Sometimes they may fade out graquallAmong the different UP distributions that are pbksi
creating a damped structure but some other timesjmthis research we focus only on those that preduc
damped sound structures. One way to ensure obgainin
these kinds of structures is to reserve one cotour

2Assuming this premise, for the rest of the papemves use \which we assign the maximum UP value with UP=1 —
the term ‘partials’ for referring to histogram bins

AES 128th Convention, London, UK, 2010 May 22-25
Page 4 of 6



Serquera and Miranda Cellular Automata Sound Synthesis

note that a colour with UP=1 represents an inviecib generator, in order to get different release tifoegach
species; a cell with that colour never changesdteur.  partial (Figure 5).

With this we ensure that this colour will win. Alsdgth
this, we know in advance -useful for real time HISTOGRAM SEQUENCE
applications— the location of the most prominentiph I N
that will be excluded from the histogram sequente. |

we consider all the rest of the partials, we gdamped
structure —remember that the sum of all the histogr
bins is equal to one and we are excluding an alway
increasing bin.

o
fo=]
=
L

Probability

UP values inversely proportional to the colour ealus oo
an example of such UP distributions (Figure 4).

HIZTOGRAM SEQUENCE

100 Colour

o
=]

Time Step

o
m

Figure 5: Histogram sequence of a 100x100 automaton
with 20 colours having excluded the first partigthe
UPs were assigned with random values around three
main regions.

Prabability

o
.

With these settings, different runs of the automagive
the same type of structures (with three regions)bth
differences in the release times of the partiats iarthe
amplitudes that the partials reach. These differenc
ULHET that we can make larger or smaller, are perceived a
timbral variations. Thus, we have designed an
Figure 4: Histogram sequence of a 30x30 automatoninstrument able to produce similar but not identica
with 20 colours. The UPs are inversely proportidonal tones and therefore, capable of generating morgalat
the colour values. sequences of notes in a performance.

The next example serves to illustrate the potenfithe
control with the UPs for the design of histograme' ADDITIONAL CONTROL AND SYNTHESIS

sequences. With a different UP distribution thevjmes
histogram sequence can be improved so as to pravid
more consistent sound spectral structure. We ésiiaBl
regions: one region corresponding to low partiaithw
UP=0.8, another region in the middle with UP=0.d,an
the last region with UP=0.4. Finally, the first cof will
have UP=1.

@part from the control provided by the UPs for the
design of histogram sequences, another importgeicas

of controllability that our technique affords iseth
possibility of developing a sound design processnfr
the structural elements of the histogram sequences.
Conceptually, the first steps to be performed d&e t
assignment of frequencies to the partials and, the

We have observed that large grids of cells producsé)emﬂcatmn of the sound duration. From here,epth

smoother curves in the histogram sequences that Sn%)ectral transformations are possible. Time stiiagch

ones. Also, the release times of partials withim $ame pltch shifting .and amplitudg modification's of each
region are very similar in the former case, andsene partial are straightforward to implement. With tidese

some variations in the latter. In our example wekwo we would be able to design different spectrograms.

with a relatively large size and then we introdsosall

variations in the UP values with a bounded randorlr:lOr this research we have chosen additive synthdsis

sinusoidal components, but other synthesis teclesiqu
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can be considered to be controlled by these hiatogr [4]
sequences. This is a venue that we might explotken
future.

With the damped structures obtained we havib]
synthesised good imitations of plucked strings sisun
(when the frequencies of the partials are assigned
following the harmonic series) and also of bell rsdsi
(when there are partials with non-harmonic ratids 6]
frequencies).

7. CONCLUSIONS

In this paper we have reported on the synthesis [371‘]
sounds by the computer simulation of natural system
with CA. The MVM exhibits rich dynamics from a very
simple rule and few input parameter specificatioi'e 8
have presented an extended version of the MVM basEc]
on the assignment of colour-dependent UPs. From a
histogram analysis we have obtained damped stlem:tur9
suitable for the design of spectrograms. [°]

Although the control is the main problem of CA, we

have been able to develop a flexible sound design
process with emphasis on the possibility of colitrgl

over time the spectrum complexity. The predictapili
and controllability achieved allows us to do such a
design process in advance, which is useful for doun
and instrument design and, has potential for read-t

and performance applications. We have synthesiz
damped sounds with dynamic spectra and controll
complexity including energy transfer between the
partials.
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