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Snake robot control in a cluttered environment has received tremendous attention because of its wide
practical applications such as survival rescue, pipeline inspection, medical surgery, firefighting, and
surveillance. Because of the complexity associated with a highly redundant structure, many degrees of
freedom, occlusions, and environmental clutters, robust and efficient control of snake robots remains a
challenging task. To date, conventional deterministic snake robot control does not perform well when
obstacles are in close proximity or present collisions. In such circumstances, modeling the interactions
among robot modules and the interactions between the robot and the environment, establishing a
correspondence between modules and observations, and decreasing the computational complexity to
achieve real-time implementation are critical problems.

In this dissertation, we investigate issues towards solving these problems. Specifically, the thesis
comprises five fundamental contributions. The first is a centralized Bayesian control method, which
extends the shape-based compliant control and achieves the robust performance of snake robot control in
a complicated environment. Secondly, a dynamically decoupled Bayesian formulation is proposed for
snake robot control with respect to robot modules and interacted obstacles. The characteristics of this
formulation are that it avoids the common practice of using complex fully coupled interaction analysis
and performing difficult joint data association. It extends the Bayesian control framework by modeling
interactions in terms of stimulus functions. The third contribution is a fully distributed framework using
multiple collaborative agents for multiple robot modules with significant and persistent interactions with
clutter surroundings. In this framework, we propose modeling the interactions among modules and the
environment by an inter-module likelihood and a module-based virtual external force density. Fourthly,
we have proposed a centralized coach-based Bayesian method for snake robot control. Instead of
applying density propagation analysis directly for controller design, we use it to expedite the training
process of a reinforcement learning process. Experimental results show that it is a very promising
direction in combining the advantages of two research areas for snake robot control. Finally, we apply

the distributed Bayesian control as a coach to the training process of reinforcement learning for the snake



robot. Compared with the centralized framework, it further expedites the training speed due to exploiting
parallel computing.

The five Bayesian controllers have been demonstrated on both simulation and real-world data to
verify the proposed methods. As a result, they can achieve robust real-time locomotion for snake robots
in an unstructured environment. While all these systems can function effectively, some are more stable
and efficient than others in various situations. To reveal their advantages and disadvantages, thorough
investigations in terms of characteristics of architecture, complexity analysis, and performance
comparison have been studied. Among these methods, the centralized framework is more suitable for a
small system with a limited number of robot links, while decoupled and distributed structures are better
for more complicated snake robots with more body links. Meanwhile, the two coach-based approaches
stand on the shoulders of other frameworks and provide an innovative way to bridge the reinforcement

learning with stochastic Bayesian control together.



