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Abstract

Through the development of new languages, arti�cial life
is going to be a new creative area of interference between
art and science. This paper describe the background of
an interactive audio-visual installation based on an ar-
ti�cial life environment where individuals can interact,
reproduce and evolve through the mechanisms of genetic
mutations. The people can interact with the arti�cial
individuals creating an hybrid ecosystem able to gen-
erate emergent shapes, colors, sound architectures and
metaphors for imaginary societies, virtual re
ections of
the real world.

Introduction

The ideas of evolution, complexity, intelligence and life
reproduction, stimulated since long time the collective
thinking, mainly driven by art, philosophy and religion.
Scienti�c approaches then become predominant on the
formation of hypothesis and practices to answer to these
basic and ancestral questions. Research and develop-
ments carried out around mathematical and physical
models of the intelligence (Arti�cial Intelligence) and
more recently of life itself (Arti�cial Life), and the ap-
pearance of engineering practices for manipulating the
biological dynamics, left us with a tremendous need of
a cultural and theoretical basement to drive scienti�c
achievements towards a new ecosystem based on the in-
terpretation of the basic questions, and towards a new
ethic code to be adopted.

Arti�cial life and art

In the last few years, several artists started exploring
the potential of arti�cial life concepts in artistic and cul-
tural �elds. The development of a new basic language
and tools needed is transferring their visions into tan-
gible objects (artworks, entertainment systems, games,
technologies). In this framework, arti�cial life is going
to be a new area of interference between art and science.
Di�erent personal ways are emerging in the approach

of the artlifers to these environments. One of the ex-
pressive dimensions is the idea of evolution viewed un-
der di�erent aspects: a progressively increase of aes-

thetics (1) or development of intelligence or emotion-
ality (2) or adaptation to the environment (5). Also
the development of complexity and the biodiversity (3;
7) are fascinating aspects with own aesthetics. Another
interesting dimension is the amplitude of the living pop-
ulation. In most of the cases, the suggestion is focalized
on the evolution of one (2) or few arti�cial individuals,
other times on a restricted number of species (6). Fi-
nally, other approaches are based on the dynamics of
large population (arti�cial societies (9)). Also the evo-
lution time is an important aspect in the alife art expres-
sion. It means the consistence of the evolution window

presented in the artwork in respect to the global evolu-
tion time. A well developed individual (5) is often taken
as a suggestion about the result of the evolution. Dif-
ferent artworks enhance the evolution dynamics showing
the whole process of evolution in short times (7).
One of the most interesting aspects is the relation be-

tween the artist, the observer and the artwork. The art-
work is a generative context based on open simulators
and the interesting aspects appear as emergent qualities
(8). For this reason we would like enhance this concept
in the de�nition of art of emergence (10). The relation
between the creator and the artwork is going to be very
dynamic and the artwork seems to have his own person-
ality. The creative process is a dialectical comparison
between the artist and the artwork in order to drive,
improve, select or simply open the �nal result.
Another element which can constitute a real chal-

lenge in the expressive play is to open this relation
to the people interaction. The interaction with sin-
gle/few people (6) or with the web community (4;
11) can open the evolution to an high dimensionality.
The interaction can transform the artist-artwork system
in an emergent relation between the artist, the actors

and the arti�cial individuals. That means an hybrid -
really living- ecosystem where real people and arti�cial
beings can start up new imaginary worlds.

Relazioni Emergenti

Now we have the basic ingredients to enter in the de-
scription of the interactive installation which is the topic



of this paper. Relazioni Emergenti (Emergent Relation-
ships) is an life environment of arti�cial individuals en-
dowed with own autonomy and character. They can in-
teract, reproduce and evolve through the mechanisms of
genetic mutations. The installation consists in one retro-
projected screen which represents the arti�cial life envi-
ronment. In front of the screen the observers can interact
with the environment itself. A video-camera detects the
positions of the observers which become zones of life ger-
mination. The observer can sees �laments growing from
his location and interacting with that ones generated by
other observers. Every �lament is a bearer of a sound
message sent to a sound synthesizer. The global result
is a whole of parallel sonorities creating coherent sound
architectures. The population evolves developing emerg-
ing behaviors rendered as continuously new shapes and
graphical/acoustical patterns.

The main objective of the artwork is to build a
metaphor of the world of the communication webs and
the mechanisms of formation of collective messages. In
the paradigm of the complexity, complex systems consti-
tuted by multitude of individuals develop global behav-
ioral properties on the base of local chaotic interactions.
Under this point of view one of the goals of the instal-
lation is to generate metaphors of dynamics mechanism
of the development of interaction and complexity which
the observer can perceive as an hidden order without
necessarily have a clear consciousness of it.

The alife environment

The life context is a two-dimensional space (3200x2400
cells) initially empty. At the beginning, few individuals
are let in the space and they begin to reproduce and de-
velop a population. An individual is a �lament which
at the beginning is composed by a single cell. At each
evolution cycle, the �lament grows according to several
models of movement and to a rate of growing. All the pa-
rameters for the dynamics, reproduction and death are
recorded in a genetic map which is de�ned at the indi-
vidual birth and remain constant during the individual
life.

During an evolution cycle, the �lament can growth on
the head and decrease on the tail. In the following, we
refers to the termmovement as the modality of growth of
the head of the �lament. The movement is the composi-
tion of a deterministic component and a random compo-
nent. The reciprocal importance of the two components
is regulated by a parameter named irrationality. High
values for this parameter cause a totally random move-
ment; low values cause a totally deterministic movement.
Di�erent models de�ned characters have been developed
for the deterministic component. The character unfore-
seeable is related to a movement with an homogeneous
probability in direction changes. For the character con-
stant, a higher probability is associated to pre-�xed cur-

vature. The evolutive character is related to a movement
with a curvature evolving along the time.

The character establishes an emotive relation between
the genetic characteristics and the graphic patterns. The
straight lines lets imagine a rational-analytic thought or
an unexpressed creativity. Lines with a constant bending
evoke a constant foreseeable behavior, while the chaotic
variability of the paths is referred to the irrationality. A
line changing progressively its features induces the idea
of a slow evolution. Finally a global environment pa-
rameter, freedom, constitutes a constraint for the move-
ment. A high environment freedom allows the individu-
als to follow their choices for the movement; a low value
pushes the individuals to reduce the curvature of their
movement.

The velocity of the movement is a�ected by an envi-
ronment parameter: the energy. High energy means the
maximum probability to move at every cycle. In this
context, energy is a feature of the environment and its
value is di�erent cell by cell changing during the evolu-
tion. In this sense, the energy is related to the survival
probability. As explained in the following, this parame-
ter is used for the interaction between the arti�cial indi-
viduals and the real people.

The death of the individual can occur for accidental
or natural reasons or for total reduction of the length.
Furthermore, if the trail of an individual clashes against
another individual, generally he dies. A very little proba-
bility of survival is allowed depending by the clash angle.

We developed several models for the probability of re-
ducing the �lament length. Some models are related to a
most probable length or to a �tness of the individual or
�nally to the �lament age. The reduction of the �lament
length frees space and the life is continuously sustained.
The choice for models excluding the tail reduction causes
the decreasing of the free space during the evolution, in-
creasing the probability of death for clash with other
individuals. The consequence is the end of the evolu-
tion. By an esthetical point of view, the second choice
is preferred in order to have a picture of the complete
spatio-temporal evolution. In the �rst case the past is
continuously cancelled and the dynamics is enhanced.
Anyway this choice a�ects deeply the evolution and the
esthetical result.

There are two models of reproduction: asexual and
sexual reproduction. In the �rst case the son has a ge-
netic map similar to that one of the father. In the second
case, activated on the mating of two individuals, a cross-
over is carried out. In both of the cases, some mutations
in the genetic parameters can occur depending by the
mutation rate. Through this mechanism, the popula-
tion evolves and di�erent phenotypes can be developed
in the same evolution. The reproduction is regulated
by a reproduction probability and it can occur only if
the number of living individual is less than a maximum



number. This position causes a very strange behavior
in the development of the society in the sense of not-
homogeneous colonization of the space and development
of a spatio-temporal complexity.

Color and sound synergy

The images represented on the screen are the rendering
of the 2D life space where the individuals move and live.
In addition to the �lament position, also the color is rede-
�ned every cycle. The color is treated with a HSV space.
Every graphical variable (hue, saturation, value, width
of the line) is connected with some speci�c features of
the individual like: specie, character, irrationality, cur-
vature, direction, position, age and level in the genealogi-
cal tree. The di�erent combinations of the models allows
an impressive variety of colors, tonalities and patterns.
The global graphical result depend very much by the �la-
ment dynamics and society evolution. Some phenotypes
are able to develop a very intense vibration of features
in little space producing an impressionist style of color
deposition. In other cases very smooth color shading are
produced by phenotypes slowly evolving in large spirals.
Every individual is bearer of a sound codi�ed in the

MIDI protocol which changes at each evolution step.
The best individuals of any species are selected on the
base of a �tness indicator depending on the age and level
of generation. These individuals access to the sound
channels playing their notes. Up to 32 individuals can
play together. Like the color modeling, the note ampli-
tude of every individual is coded on the base of the indi-
vidual features. For each specie a di�erent instrumental
timbre is assigned. In addition, a dynamic relation is es-
tablished on the base of di�erent models corresponding
to some standard musical modes and chords (Chromatic,
Major, Minor Melodic, Minor Harmonic, Pentatonic Ma-
jor, Pentatonic Minor, Blues, Major, 7th, 7th dominant,
Diminished, etc...). This information is recorded in the
genetic map, as well as a general tonality (A,B, ..., F) in-
formation. The global result is the development of many
parallel melodies with similar characteristics but di�er-
ent scales, timbres and sometimes modes or tonalities.

Changing the musical mode, the global emotive im-
pact is very di�erent. It is interesting to note that the
di�erent phenotypes developed during the evolution (i.e.
the reproduction rate or the average life or the move-
ment randomicity) are clearly apparent in the acoustical
dimension where the human ear has an incredible power
of dynamics perception. The translation of the graphical
phenotypes into the sound dimension produce a strong
synergy of the two perception media which enhance an
evolution of the perceived stimulus.

Interaction

A video-camera is located at the bottom (central line)
of the screen with the central view axe tilted in order to

Figure 1: Interaction between real people and arti�cial
individuals

look the interaction area from the bottom. The signal
of the camera is sent to the computer and a continuous
di�erence with the previous image is computed in order
to detect only the observer instantaneous movements.
From this image the distance of the observer from the
screen for every vertical line is computed. A second cam-
era located on the left side of the screen (central line) can
detect the distance for every horizontal line. The com-
position of the information coming from the two images
gives the two dimensional map of observer activity in
front of the screen. The observer activity is normalized
and transformed in the energy map which determines the
life activity (see previous paragraph) in terms of higher
�lament dynamics and higher reproduction rate.

In this way the real people can interact with the arti�-
cial society in
uencing the path of evolution and pushing
some speci�c specie of individuals. In the metaphor, the
observer cannot operate a control of the society but only
stimulating the society which answer in an own typi-
cal way, depending by the character of the individuals
mostly solicited. Also the observer can push some spe-
ci�c colors or shape or in general favor (or experience)
the emergence of some speci�c graphical and acoustical
phenotypes.

Emergent behavior

The �rst observation is that the collective development
constitutes a new entity with its own autonomous and
coherent pattern and with characteristics descending
from the interaction and features of the population of
individuals. Changing the parameters of the process,
the set up generates very di�erent patterns remember-
ing the growth of populations (plants, animals, neural
networks), landscapes (rivers, fractures, mountains, cul-
tivated �elds), human artifacts (chips, glass fragments,
architectures) visions (anthropomorphous shapes, ani-



mals) or simply emotional attitude. All these shapes are
characterized by a completely di�erent distribution in
the space and by di�erent fractal dimensions.

The evolution process generates strong changes in the
modality of the colonization of the life space. This mech-
anism is due to the dynamic action of dominant individ-
uals which act like pioneers pushing the life in the void
space. During this colonization they create strong divi-
sions in the space and the subsequent colonization de-
velop local communities of individuals (micro-societies).
The action of the pioneers creates a mechanism of island-
ing which appears in the images as the coexistence of
close di�erent graphical and acoustical phenotypes with
a limited contamination. The global result is the devel-
opment of biodiversity in terms of colors, patterns and
sound.

Another interesting aspect is the changes in the indi-
vidual phenotypes during the evolution due to an emer-
gent selection. At the beginning, the smooth curvatures
are favorite due to the higher average life they are able
to reach. During the evolution the micro-societies char-
acterized by straight lines are �ltered because of they are
not able to bypass obstacles (high coherence, low 
exi-
bility). Too much chaotic micro-societies (high level of
irrationality in the curvature changes) are �ltered be-
cause of the individuals clash each other (internal �ght
and chaos). In the �nal part of the evolution, the avail-
able space is very little and the most favorite phenotypes
are micro-societies characterized by short paths, high re-
production rate and medium irrationality. This kind of
societies are able to di�use in every available space. This
mechanism produce interesting evolving patterns in col-
ors and in the sound organization during the evolution.

Conclusions

It is interesting to note that the interaction of the par-
ticipating people open very much the possibility of evo-
lution. Generally the people, with their movements, try
to push a speci�c phenotype at a time using the hands
as a sort of life brush. During the interaction, they al-
ternate the balance of the development between several
phenotypes in
uencing the evolution and composing vi-
brating patterns and sound architectures. The apparent
consideration is the harmonic appreciation for a hidden
fundamental aspect of the life: the biodiversity (..it could
referred as the aesthetics of biodiversity).

The audio-visual emerging contexts are open both in
the sense of esthetical shapes, either in terms of relations
between the people and the arti�cial individuals, either
in terms of emerging metaphors for arti�cial worlds as
virtual re
ections of the real world. We imagine the cul-
tural systems and the communication webs as systems
where nothing is pre-determined, but the system evolves
through local mechanisms of interaction and fundamen-
tal events. With a jump in lower scale, intelligence, con-

sciousness and psyche can be revised as self-organizing
phenomena. Starting from the idea that the individ-
ual context is the emerging own con�guration of psychic
fragments, the interaction between two or more individ-
uals is revised as the interaction of two or more micro-
societies.

Figure 2: Solo: society generated by the evolution of a
single lineage

References

Sims K., 1994, Evolving Virtual Creatures, in Computer

Graphics, Siggraph Conf. Proc..
Tosa, N. 1996. The aesthetics of arti�cial life, in A-life

V Workshop, pp. 122-129.
Sommerer, C. and L. Mignonneau, L. 1997. A-Volve - an
evolutionary arti�cial life environment. In: Arti�cial

Life V . C. Langton and C. Shimohara Eds., MIT, pp.
167-175.

Ray, T. S. 1998. Evolution as Artist, in Art @ Science, C.
Sommerer and L. Mignonneau Eds., Springer-Verlag.

Terzopoulos, D., 1998. Arti�cial Life for Computer An-
imation, in Art @ Science, C. Sommerer and L.
Mignonneau, Eds., Springer-Verlag.

Sommerer, C. and L. Mignonneau, 1998. Art as a Liv-
ing System, , in Art @ Science, C. Sommerer and L.
Mignonneau Eds., Springer-Verlag.

Annunziato, M. 1998. The Nagual Experiment, in Proc.

of 1st Int. Conf. Generative Art, Milan (IT).
Kawaguchi, Y. 1999. Cellular Growth, in Electronic Art

and Animation Catalog, Siggraph, Los Angeles (CA).
Annunziato, M. 1999. Emerging Structures in Arti�cial
Societies, in Creative Application Lab CDROM, Sig-

graph, Los Angeles (CA). For Arti�cial Societies see
also www.plancton.com

Annunziato M and P. Pierucci, 1999. The Art of Emer-
gence, in Proc. of 2nd Int. Conf. Generative Art, Milan
(IT).

Antonini, R. 1999. Let Improvise Togheter, in Proc. of

2nd Int. Conf. Generative Art, Milan (IT).


