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Optimization of Actuation Configuration in Earthworm-like Robots

via Reinforcement Learning”

Yu Yunxiao Zhang Shu'
(School of Aerospace Engineering and Applied Mechanics, Tongji University, Shanghai 200092, China)

Abstract  This study presents a reinforcement learning-based intelligent method for optimizing the
actuation of configuration multi-segment earthworm-like robots. A dynamic model of the multi-segment
robotic system is first established, and the actuator arrangement problem is formulated as a Markov de-
cision process. By designing a multi-discrete action space, computational costs are significantly reduced.
A reward function integrating locomotion speed and energy consumption constraints is proposed to effec-
tively balance exploration and exploitation. For actuator-limited conditions, an action masking mecha-
nism enables efficient policy search under hard constraints. Key findings include: (1) Midline-symmetric
actuation yields optimal performance under full-drive conditions; (2) A “posterior-priority, centripetal-

clustering” distribution pattern emerges under constrained actuation.

Key words earthworm-like robot, actuation optimization, reinforcement learning, action masking,

multi-segment system
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Table 1 Parameter configuration for the dynamic
environment of earthworm-like robots

Parameter Value Unit
L, 0.0385 m
B 5 -
m 0.07 kg
g 9.8 m/s?
k 205 N/m
c 0.1 N+ s/m
P 0.4 -
K, 2043 N/m
K, 158.9 N« s/m




10 g h % 5 o OH ¥ M

2025 1F58 23 &

N2 B A B TR) 25 A 38 e 728 B0 e v 8K Bl 2 B 0T
T8 L 38 3 5 Ak 27 2] BT PR A L2 N Fi AR A7 2
R B 25 51 25 T AR 220, H bR AR HLEE N L
IR RS AL gl 0y 5 bl 3 ) 2 R A
ZHS PPOREBSHBCE ML 1 5K 2 Fix,
Hrsh B2 8 F EORE T Zhang %7 1
TAE.
®2 PPOHEBSHIEE

Table 2 Hyperparameter configuration of
the PPO algorithm

Hyperparameter Description Value
actor_lIr Policy learning rate 1x10°°
critic_Ir Value learning rate 1x10 °

b4 Discount factor 0.98

A GAE parameter 0. 95

€ Policy update threshold 0.2
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