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Research on obstacle avoidance control of snake-like manipulator based
on backbone mode method and RRT algorithm

Wang Zhen™ ™ ™" | Chang Jian™ , Li Bin", Wang Cong”, Liu Chun” , Zhang Liangquan ™"
( " State Key Laboratory of Robotics, Shenyang Institute of Automation,
Chinese Academy of Sciences, Shenyang 110016 )
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( ™ University of Chinese Academy of Sciences, Beijing 100049 )
( ™ College of Information Science and Engineering, Northeastern University, Shenyang 110819)
Abstract

Compared with the traditional manipulator, the snake-like manipulator has the advantage of high flexibility,
especially suitable for complex work environments. However, the complex environment requires the snake-like ma-
nipulator to have greater obstacle avoidance ability and adaptability. To solve the obstacle avoidance trajectory plan-
ning problem of snake-like manipulators, a control algorithm based on backbone mode method and rapidly-exploring
random tree ( RRT) is proposed. The kinematics model is analyzed and established. The relationship between the
change of the joint angle of the manipulator and the length of the rope is studied. The backbone mode method is
used to obtain the spatial ridge of the end of the manipulator that meets the desired pose, and the joint curve is fit-
ted by the dichotomy, thereby obtaining the inverse solution of the snake-like manipulator. Compared with the clas-
sical Jacobian iterative method, the backbone mode method has the advantages of simple calculation, higher effi-
ciency and accurate reflection of the geometric characteristics of the manipulator. Joint adjustment is performed on
base of the backbone mode method for the spatial ridges with collisions, and a desired spatial ridge is generated.
The rapidly-exploring random tree algorithm which doesn’ t need to build the space model is used to generate a traj-
ectory that bypasses the obstacle. Finally, the simulation is carried out in the Matlab environment to analyze the re-
lationship between the length of the rope and verify the backbone mode method and the obstacle avoidance trajectory
generation.

Key words: snake-like manipulator, wire-driven, backbone mode method, rapidly-exploring random tree
(RRT)
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