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Time-Optimal Trajectory Planning for Manipulators Based on an IPSOGSA Algorithm
with a Four-Component Guidance

LUO Xutao, WU Dongsheng

(Shenyang Ligong University, Shenyang 110159 ,China)

Abstract; To address the problems of fixed time allocation and limited optimization in traditional 3-
5-3 polynomial trajectory planning,as well as the structural deficiencies of existing particle swarm
optimization-gravitational search algorithm ( PSOGSA) algorithms that ignore individual cognitive
learning ,a time-optimal trajectory planning method for manipulators based on an IPSOGSA algo-
rithm is proposed in this paper. By introducing individual optimal learning terms,a Four-Component
guidance is constructed to enhance search diversity and local fine search ability of the algorithm.
Dynamic parameter adjustment strategy and stagnation handling mechanism are designed to improve
adaptive capability and stability of the algorithm. Through six benchmark test functions verification,
the IPSOGSA algorithm achieves convergence accuracy improvements by 1 to 6 orders of magni-
tude ,compared to PSOGSA algorithm. In seven-degree-of-freedom manipulator trajectory planning
experiments , the algorithm achieves a time variance of 0. 000 001, indicating a stability improve-
ment of approximately 4 times compared to PSOGSA algorithm. The generated trajectories satisfy

physical constraints with smooth motion,providing an practical solution for time-optimal trajectory
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planning of seven-degree-of-freedom manipulators.

Key words: manipulator ; trajectory planning ; time optimization ; PSOGSA algorithm ; polynomial in-

terpolation
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Table 1 Maniplulator D-H parameters

Sy B, EAILf, EFMRES, T
: mm rad mm rad
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Table 2 Constraints of manipulator joints
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Fig.2 Algorithm integration framework for time-optimal trajectory planning based on IPSOGSA
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Fig.4 Performance comparison graph for trajectory

planning algorithm
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Fig.6 Comparison of trajectory with different algorithms
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