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Abstract: To address the challenge of simultaneously achieving smoothness and efficiency in mobile
robot docking trajectory planning, this study proposes a trajectory planning method based on an improved
multi-objective particle swarm optimization (MOPSO) algorithm. The docking trajectory is constructed
using quintic B-spline curves, and a control point superposition and ordering strategy is applied to ensure
trajectory monotonicity. A multi-objective optimization model is then established with docking jerk and
docking time as the objectives. An improved MOPSO algorithm, incorporating hybrid initialization sam-
pling. adaptive grid-based particle selection, and population mutation, is employed to solve for the Pareto
front of the multi-objective trajectory planning problem, from which the optimal trajectory is selected using
the mean evaluation method. Simulation and experimental results demonstrate that the proposed method
can generate docking trajectories that achieve both smoothness and efficiency. with docking jerk<<3. 9 mm/
s® and docking time<<15. 2 s.

Key words: trajectory planning; multi-objective optimization; B-spline curve; particle swarm optimi-
zation(PSO) ; mobile robot docking
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Fig.1 Schematic diagram of mobile robot docking
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Fig.11 Comparison of Pareto fronts on ZDT3

test functions
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Tab.2 Comparison of performance metrics on

ZDT1 problems
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Tab.4 Comparison of performance metrics on
ZDT3 problems

(A R7S GD SP HV
HSAGM-MOPSO 0.0106 0.0058 1.0187
MOPSO 0.0117 0.0071 1.0168
NSGA-1I 0.0751 0.0056 0.8987
IAMOPSO 0.0110 0.0069 1.0188

87 GD SP HV
HSAGM-MOPSO 0.0048 0.0040 0.6592
MOPSO 0.0129 0.0051 0.6461
NSGA-TI 0.0310 0.0041 0.6307
IAMOPSO 0.0083 0.0047 0.6527
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Tab.3 Comparison of performance metrics on
ZDT2 problems

Rk GD SP HV
HSAGM-MOPSO 0.0046 0.0043 0.3269
MOPSO 0.0068 0.0063 0.3133
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Tab.5 Parameter comparison of docking trajectory

wor | ey | [ RS/
I:;g;é\f) 15.17 3.45 3.88
MOPSO 15.42 5.10 6.79
NSGA-TI 19.35 3.53 3.84
IAMOPSO 14.52 4.51 5.79
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Fig.16 Velocity, acceleration, and jerk profiles of the

optimal trajectory
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