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1. Introduction

The morphogenesis is an important process whiawallliving things to develop organised structures
thanks to the interactions of cells either amorggrtbelves or with their environment. In order toenstand
these processes, we are interested in producingr2defined shapes from a cell with cellular aut@nat
models.

Cellular automata are discrete dynamic systempanesand time with simple local interactions buhplex
global behaviour [1]. They consist in a reguladckttice. Each cell can take a state chosen aradirgte
set of states. The state of a cell evolves accgririhe states of its neighbouring cells througbl@ionary
rules. These rules are applied synchronously fon eall during a number of iterations.

The number of the evolutionary rules increases thighnumber of considered neighbouring cells. Wiien
use a cellular automaton with 2 states and a simighbourhood system such as Von Neumann system
with 4 neighbouring cells,*2 evolutionary rules are possible to evolve theutall automaton. Each rule
gives behaviour for the cellular automata.

2. Satement of the problem

In this paper, we consider generation of 2D shapelswe use a 2D cellular automaton. Each cell ake t
two states “0” and “1” representing respectivelyesmnpty and an occupied cell. The new state of eath

depends on its state and states of its neighbogsgtig through evolutionary rules. To generate séates,

we apply synchronously these rules for all cells.

To generate 2D shapes with cellular automaton, pwablems arise. The first is how to choose a rule
allowing to the cellular automaton to evolve towd#neé desired behaviour (desired shape). The seisond
how often to apply this rule to attain this shapehe literature, several works propose genetorhms to
solve these problems. Mitchell et al [2] and Batkak[3] have applied a genetic algorithm to evolve
behaviour in 1D cellular automaton. Garis [4] anda@ya [5] have generated predefined forms with
cellular automata piloted by genetic algorithm.

The model presented by Chavoya is a cellular autmmaith two states: empty cell and occupied Citie
evolutionary rules are applied only to empty cdle occupied cells remain unchangelreover, the used
fithess function does not consider all the traosgibetween states. This model presents the adpattde
easy to implement and to have an efficient solugaooding. But, we cannot use it to modelize hollow
shapes. Also, when the number of states increéisessolution encoding is complicated and the fgnes
function used to compare the forms is difficulctdculate.

3. Proposition

In this paper, we propose an improvement of Chagoymdel. This model is a cellular automaton which
allows to the occupied cells to change states alipwreating different full and hollow shapes. Thisdel
allows considering biological phenomena such amogtand necrosis. We use a genetic algorithm to
determine the different evolutionary rules of ciiuautomata and the number of iterations necedsary
obtain a desired shape. To do so, we propose &newding and new fithess function.



Solution encoding

Each chromosome is coded in binary according toftelds: a control field and an action field. Thentrol
field finds the necessary number of iterationshi ¢ellular automaton for obtaining the desiredpshit is
the number of necessary bits for coding the maxmahber of iterations. The length of this field deds
on the size of the lattice of the cellular automatdhe action field is the vector of new statescells
according to the combination of its neighbouringscélhe length of this field is the number of pos
combinations of the neighbourhood system.

Fitness function

The fitness function proposed to measuring thelafity between the obtained shayend the desired
shapeY is the mutual information. It is the average infatian provided by the probability of a realization
on the probabilities of another realization Y [Blis given by the following equation:

MI(X,Y) = H(X)+H(Y)=H(X,Y).

H (X) andH (Y) are marginal entropies. They are defined as follows

H(X) ==Y p(X =X p(X =x) andH(Y) == p(Y =y)In p(Y = y).

x=1 y=1
With:
- X andy are respectively the different states of cellsdrand Y

-nis the number of states.
-H (X,Y) is the joint entropy.

H(X,Y)=-303 p(X =xY = y)in(p(X =x.Y =Y)).

x=1y=1
p(X =x,Y =y) is the joint probability oKX andY , it can be presented as two-dimensional histogram.

The advantage of this measure is the considerafiah possible transitions from one state to aantfihese
transitions are given by the joint probabilitiegiw a state of a cell in the obtained shape ywathte in the

shape to generate. When two forms are identioail, thutual information is maximal.

4. Results

We have applied our model to generate differedtdntl hollow shapes (square, triangular and diamond
shapes). Our approach gives promising results. SWbffeeent full and hollow forms tested are giventhe
figure above:

Different tested forms.
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