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Abstract

In the framework of kinematic constraints, six-degree-of-freedom industrial robots often tend to
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fall into the dilemma of locally optimal solutions when using standard particle swarm optimization
algorithms for time optimization. To address this challenge, this study proposes a novel multi-hab-
itat adaptive variational particle swarm optimization algorithm (MNAM-PSO) for time-optimal tra-
jectory planning. In order to reduce the risk of particles falling into local optimality, this study starts
from the initial random distribution of particles, disperses the starting positions of particles by em-
ploying a multi-habitat strategy, and combines a perturbation mechanism to mutate the optimal
global particles after each iteration. The bounds of each mutation are associated with the minimum
value in each dimension of the particle, thus forming an adaptive mutation strategy. On this basis,
this study also adopts the “3-5-3” hybrid polynomial interpolation method for trajectory planning,
and realizes the fitting of robot joint trajectories in the MATLAB simulation environment. The ex-
perimental results show that the MNAM-PSO algorithm is able to ensure that the velocity and accel-
eration of the robot in motion are smooth and free of sudden changes, and the planning time is
shortened by about 10.9% compared with that of the traditional particle swarm algorithm, which
proves the superiority, effectiveness and practicability of this improved algorithm.
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Figure 1. Trajectory segmentation diagram
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Figure 2. Multi-small habitat particle initialization
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Figure 3. Adaptive mutation method
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Figure 4. Algorithm flowchart
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Table 1. Angles of each joint corresponding to path points A, B, C and D

=1 BRESA B C. DEIXMEHNEXTAE

Az A HEMB HiEmC 4% 45 D

R 1WA (rad) 0.1885 0.8168 0.1257 -0.8796
R 2 (WA (rad) -1.6336 —-2.0071 -1.0681 -1.0053
R 3 (WA (rad) 0.2513 -0.3770 -1.0681 -0.3142
KT 4 A1 (rad) 0.3142 -0.0628 0.4398 0.8796
IS 5 (14 (rad) 0.1885 -0.1257 0.2513 0.5027
KT 6 1A (rad) 0.3142 -0.1257 -0.1885 -0.2513
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Table 2. Results of standard particle swarm optimization algorithm

=2 AERIF R ERER

KIS t1 t2 ts ta
1 0.961 1.258 1.078 3.298
2 0.810 1.179 0.300 2.289
3 0.847 1.099 1.225 3.172
4 0.718 1.051 0.634 2.403
5 0.739 0.822 0.467 2.028
6 1.044 0.850 0.300 2.194
LT HRA AT 1.044 1.258 1.225 3.528
Table 3. Results of improved particle swarm optimization algorithm
=3 N TEMUELRER
KPS 11 t2 3 T
1 0.961 1.258 1.078 3.298
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2 0.810 1.179 0.300 2.289
3 0.847 1.099 1.225 3.172
4 0.718 1.051 0.634 2.403
5 0.739 0.822 0.467 2.028
6 1.044 0.850 0.300 2.194
LT IR A 1.044 1.258 1.225 3.528
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Figure 8. Angle curves of each joint
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