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Abstract

In order to complete joint trajectory planning of a 6-DOF free manipulator under multiple ob-
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stacles, an accurate collision detection algorithm was proposed, and the trajectory planning of the
manipulator was completed by combining the trajectory planning algorithm of 6-degree poly-
nomial joint space. By simplifying the geometric model of obstacles and the manipulator, the colli-
sion detection problem of the 6-DOF manipulator was transformed into the calculation problem of
the minimum distance between the models. Combined with the forward and inverse kinematics of
the manipulator and the collision detection results, the fitness function of the genetic optimization
algorithm was created to optimize the trajectory length and rotation Angle of each joint while
avoiding the obstacle. The trajectory planning problem of the manipulator was transformed into a
multi-objective optimization problem under constraint conditions. Finally, the algorithm is simu-
lated by MATLAB, and the results show that the algorithm can plan the motion trajectory that
meets the requirements in the environment of multiple obstacles.
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Figure 1. 3R wrist joint structure diagram
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Figure 2. Schematic diagram of linkage of
manipulator arm
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Table 1. D-H parameter table of space manipulator
1. ZEWAE D-H S8k

EFF 0, a., d, a,
1 0, 0 0 0
2 0, -pil2 d, 0
3 0, 0 0 a,
4 0, -pif2 d, a,
5 0, Pil2 0 0
6 0, -pil2 0 0

Figure 3. Spherical envelope surface of obstacles
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Figure 4. Envelope surface of obstacle cylinder
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Figure 5. Two arbitrary cylinders in space
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Figure 6. Position projection relationship of two line segments in space
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Figure 8. Relationship between points and line segments
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Figure 9. Flow chart of obstacle avoidance trajectory plan-
ning algorithm
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Figure 10. Iterative process of genetic algorithm
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Figure 11. Motion trajectory diagram of manipulator arm
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Figure 13. Trajectory planning diagram of manipulator joint space
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Figure 14. Iterative process of genetic algorithm
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Figure 15. Motion trajectory of the manipulator arm
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Figure 17. Trajectory planning diagram of manipulator joint space
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Figure 18. Iterative process of genetic algorithm
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Figure 19. Motion trajectory of the manipulator arm
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Figure 21. Trajectory planning of manipulator joint space
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Figure 22. Iterative process of genetic algorithm
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Figure 23. Motion trajectory of the manipulator arm
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Figure 24. Distance variation process between two connecting rods
and obstacles
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Figure 25. Trajectory planning of manipulator joint space
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