                                                                                         Adaptive Behavior of Incrementally Evolved Neural Networks

based on Cellular Automata

Geum-Beom Song and Sung-Bae Cho

Computer Science Department,  Yonsei  U niv ersity

134 Shichon-dong, Sudaemoon-ku, Seoul 120-749, Korea

E- mail: [goldtiger, sbcho] @candy.yonsei.ac.kr

*
       This work has been supported in part by a grant from the Ministry of Science and Technology in Korea.

1  INCREMENTAL EVOLUTION

Evolutionary algorithm is known as one of the promising

approaches to control a mobile robot. Several researchers

have attempted to construct the mobile robot controller

that can avoid obstacles, evade predator s, or catch moving

prey by evolutionary algorithm such as genetic algorithms

and genetic progra mming.

In previous work, we presented the results of applying the

CAM-Brain, evolved neural networks based on cellular

automata (CA), to control a mobile robot [1]. However,

the direct evolution has a difficulty that the controller

cannot generalize well to new environments. In this paper,

we atte mpt to solve it by incremental evolution, which

starts with simpler environments and gr adually develops

the controller with more gener al and complex

environments.

Evaluation tasks { t

1

, t

2

, t

3

, ..., t

n

} are derived by

transfor ming a goal task in incre mental evolution, where

n  is the number  of tasks and t

n

 is the goal task. In this set,

t

        i

              is easier task than t

i+1
for all i : 0< i < n . T hus, population

is evaluated in task t

i

 and then task t

i+1

, and it goes by the

goal task, t

n

, finally [2]. It is expected to produce co mplex

and general behavior s which can adapt in changing

environment.

2  SIMULATION RESULTS

Because a mobile robot can perfor m complicated

behavior s with the combination of going straight and

turning left and right, we make a module to evolve to do

these basic behavior s by incremental evolution. After the

CAM-Brain module is evolved in the environment

intended to go straight, successful chromosomes are

copied to the next population. Then it is evolved in the

environment to go straight and turn right. Progressing this

process the controller evolves to go straight and turn left

and right. E fficient evolution is expected because of the

reduced search space by incremental evolution.

Fig. 1 shows the trajectories of a successful robot in each

environment. The environment in Fig. 1 (a) leads the

robot to going straight on the situation of no obstacles and

Fig. 1 (b) does in the situation of obstacles. Fig. 1 (c) and

(d) induce to turn right and Fig. 1 (e) and (f) induce to

turn left. Fig. 2 shows the architecture of neural networks

evolved incrementally and results of applying it to

different and more difficult environments. This shows that

the robot evolved by the incremental evolution can

navigate smoothly in the new environments required the

behavior s composed of going straight and turning left and

right.

             (a)                      (b)                        (c)

             (d)                       (e)                          ( f)

Figure 1: Trajectories of the successful robot in each

environment.

                         (a)                                       (b)

Figure 2: The ar chitecture and results. (a) The architecture

of NNs. (b) The  results of applying to other

environments.

References

[1]  G.-B. Song and S.-B. Cho (1998). Applying evolved

neural networks based on cellular auto mata to robot

control. Proc. Int. Conf. on Soft Computing , pp. 837-

840. Iizuka, Japan.

[2]  F. Gomez and R. Miikkulainen (1997). Incremental

                                            evolution of complex general behavior, Adaptive

                                            Behavior , Vol. 5, pp. 317-342.