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Acquisition of Adaptive Movement Strategy
by Reinforcement Learning
in Modular Multiple-leg Mobile Robot

Kopa1 SHmMBORI, ! Kazuyukr Hyopo, !
KYOSUKE SUNAYAMAT2 and SapAYOsHI Mikamit?

Currently, intensive studies are carried out to make robots that can work
under an unknown environment. It is however not so much investigated for
methods to realize recovery from situations where a part of a robot has been
broken. This study is to propose a configuration of a mobile robot system
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that is able to achieve a new movement under the situation where some of its
actuators are broken and replaced by alternative ones, which may not be the
same configuration as the original ones. In particular, the proposed method
is designed to be able to deal with replacement of a leg-type actuator to a
wheel-type actuator, which may not be considered in design-time. The pro-
posed method is based on a Reinforcement Learning and is modified so that it
can achieve rapid conversion over a wide search space. To this end, a “growth
of action-value” method is proposed, which enables effective exploration of an
action space based on temporal reliability of each action-value. A series of
3D simulation-based experiments are conducted, where the proposed method
shows rapid conversion to a good candidate of movement patterns.
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Fig.1 Module control model.
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Fig.2 Fixing a robot by using live parts from other robots.
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Fig.3 Leg joint configuration diagram.
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Table 1 Joint angle for each pattern.

ooooo gooo1 oooo 2
Jointl | O [deg] 45 [deg] 45 [deg]
Joint2 | 0 [deg] 0 [deg] 2 [deg]
Joint3 | 90 [deg] 0 [deg] 90 [deg]
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Fig.6 Synchronizing leg group.
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Fig.7 Simulator screenshot.
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Fig.8 Example of a wheel module.
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Table 2 Example of step and cycle.
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Fig.9 Travel distance and angular displacement.
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Fig.10 An effect of the growth of action-value.
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Fig.11 System flow.
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Table 3 Learning parameters.
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Fig.12 Experiment 1: State of robot (Normal state).
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Fig.13 Experiment 1: Transition of reward value and angular displacement.
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Fig. 14 Experiment 2: State of robot (Recovery from damage).
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Fig.15 Experiment 2: Transition of reward value and angular displacement.
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Fig. 16 Experiment 3: State of robot (Wheels replaced).
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Fig. 17 Experiment 3A: Transition of reward value and angular displacement.

2 360

4 300

1 WM
1 240
05
— e ||
e HL —aEEE
= AN A A

J 50 100 150 200 250 300
STEHE]

T
.

-

g
EREE

5
S

2
8

o

018 00 3BOOOOOOOOODOO
Fig. 18 Experiment 3B: Transition of reward value and angular displacement.
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Table 4 Number of trials for convergence, and recovery rate.
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