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Application of CMA-ES algorithm with improved fitness function
in solving inverse kinematics of robot

TAN Xinxing, LI Guang, XUE Chenkang, YI Jing, YU Quanwei
(College of Mechanical Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China)

[ Abstract] Aiming at the multi—solution problem of inverse kinematics of robots, we follow the best compliance rule to improve
the fitness function and propose a new method of Covariance Matrix Adaptation Evolution Strategy algorithm for inverse kinematics
solutions. On the basis of the original algorithm, the motion range of each joint of the robot is taken as a constraint condition, and a
unique, stable and smooth path is obtained in the working space. Taking the REBot—V —-6R-6500 6 -DOF robot as a research
example, the results show that in the inverse kinematics solution of point—to—point motion, the average value of the fitness function
representing the position error is stable at 10™" level, the spiral trajectory of each joint in space of the inverse kinematics solution of
tracking is smooth and unique, and the average value of the fitness function representing the position error is stable at 107 level. In
the inverse kinematics solution of point—to—point motion and continuous trajectory tracking, the average position error value is stable
at 107'* m level.
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Fig. 1 CAM-ES algorithm flow chart
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Tab. 1 Joint parameters of REBot—-V-6R-6500 robot
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Tab. 3 The value of the fitness function f, for CMA-ES running

independently for 1 000 times
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Tab. 4 Position error of point—to—point motion
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Tab. 5 The value of the fitness function f, for continuous trajectory

tracking
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Fig. 4 Fluctuation of fitness function f;
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Fig. 5 Trajectory simulation and tracking
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Fig. 6 Changes of joint angle
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Tab. 6 Position error of original fitness function for trajectory
tracking
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Fig. 7 Fluctuation of spatial position error
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