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Hierarchical motion control of quadruped robot based on spiking
reinforcement learning and CPG

XIAO Yun-fa', HAN Fang"*, WANG Qing-yun>3

(1. College of Information Science and Technology, Donghua University, Shanghai 201620, China; 2. School of
Mathematics and Statistics, Ningxia University, Yinchuan 750021, China; 3. Department of Dynamics and
Control, Beihang University, Beijing 100191, China)

Abstract: The control technology of quadruped robots has gradually developed, and quadruped robots have been
widely applied in fields such as rescue, military, and exploration. In the application of quadruped robots, how to
effectively reduce energy consumption without sacrificing control performance is an important bottleneck problem. In
response to this problem, this paper proposes a hierarchical control algorithm based on the spiking reinforcement
learning(SRL) algorithm and the central pattern generator(CPG). First, considering that spiking neurons have lower
energy consumption than traditional artificial neurons, this paper constructs a SRL algorithm based on a spiking neural
network(SNN) and uses it as the control center. Then, when the action space of the control task is too large, it is
difficult for the SRL algorithm to achieve good control effects, thus the CPG model is used as the low-level controller,
and the SRL algorithm is utilized to accept state information and adjust CPG parameters for controlling the movement
of the quadruped robot. Finally, the SRL-CPG control algorithm is experimentally verified on the quadruped robot
model Gbot built in the Webots environment. The results show that the SRL-CPG control algorithm can be effectively
applied to the motion control of quadruped robots and significantly reduce energy consumption.

Keywords: spiking neural network; central pattern generators; quadruped robot; spiking reinforcement learning;

hierarchical control; motion control
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