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Acquisition of Locomotion for Modular Robot With Annular Shape Using Evolutionary Computation

Keisuke YONEDA, Ikuo SUZUKI, Masahito YAMAMOTO and Masashi FURUKAWA

There are many studies on hardware and software experiments to control a modular robot. The modular robot consists
of homogeneous or heterogeneous simple modules. A feature of them is that the modular robot behavior obtained by an
each module movement is based on local communications between linked modules, This study focuses on a computer
simulation for a virtual modular robot obeying physics laws. This simulation aims at achieving given tasks autonomously
for the virtual modular robot in specific circumstances. Qur goal is to acquire a control system in evolution for the virtual

modular robot and to analyze and evaluate their behavior.
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Fig. 1 Body system of modular robot (plan view)

Table 1 Properties of shape and materal for modular robot

type value
module | number of modules 32
density kg,fm3 2,700
restitution coeff, 0.300
dynamic friction coeff. 0.400
static friction coeff, | 0.600
joint number of spring joints 32
natural length m 0.400
minimum length m 0.100
maximum length m 0.800
spring factor N/m 500
actuator | number of spring actuators 32
natural length m 0.200
minimum length m 0.050
maximumi length m 0.400
spring factor N/m 500
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Fig. 2 Sensor system of modular robot
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Fig. 3 ANN structure of neural controller
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Fig. 4 An outline of a following locomotion task (plan view)

Table 2 Experimental condition

type value
ANN namber of neurons on input layer 8
number of neurons on hidden layer 15
number of neurons on output layer 2
number of layers on hidden layer 2
GA number of individuals 30
number of generations 300
probability of crossover % 90
probability of mutaticn % 1
simulation | step time sec 1/60
the number of steps in simulation 7,200
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Fig. 5 Obtained behaviors of following locomotion at the st gener-
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. Fig. 8 A motion mechanism of the obtained behavior
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Fig. 11 An outline of a searching locomotion task (plan view)
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