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Application of Reinforcement Learning for Navigation of a Planar Snake Robot in
Serpentine Locomotion

H. Kalani A. Akbarzadeh

Abstract This article presents an implementation of a reinforcement learning (RL) method for a snake
like robot navigation. The paper starts with developing kinematics and dynamics model of a snake robot
in serpentine locomotion followed by performing simulation and finishes with actual experimentation.
First, Gibbs-Appell's method is used to obtain the robot dynamics. The robot is also modeled in
SimMechanics toolbox of MATLAB software which is then used to verify the derived dynamics equations.
In this study, for the first time, Q-learning method is employed to obtain the optimal state and actions.
Effects of serpenoid curve and body curve parameters on the snake robot learning ability are also
investigated. Results indicate that parameters which do not affect body shape of the snake robot, also do
not affect the learning ability. Finally, the experimental FUM-Snake Il as well as webots software are
both employed to validate theoretical results. Results show that the Q-learning method is an effective
method for navigation of snake like robot.

Key Words Snake robot, Gibbs-Appell's method, Reinforcement learning, Q-learning.
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Set parameter y = 0.1 and f = 0.1, and environment reward matrix R

Initialize Q(S, 4) (S, is the sate set and A4 is action set)
For each episode:
Initialize state s

Do while not reached goal state. (Here approach to i, see Fig. 3)

Select one among all possible actions,{), for the current state, S1
Choose actiona form A

Get maximum Q value of this next state based on all possible actions.
Apply action a and observe r;, 4, Eq. 24, and s, Eq. 25

Update

Equation 22

S € St41

Set the next state as the current state
End Do
End For
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