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Abstract: To address the challenges in automated spraying of multi-size workpieces, where traditional trajectory planning requires repeated
adjustments due to varying workpiece dimensions—leading to low efficiency, coating overlap, missed sprays, and poor uniformity—this
paper proposes an improved particle swarm optimization ( PSO) algorithm integrated with simulated annealing ( SA) for time-optimal
control of robotic spraying trajectories. The trajectory generation employs B-spline curves, while trajectory control adopts a 3-5-3
interpolation scheme. This interpolation method adapts to the surface contours of multi-size workpieces, ensuring smooth trajectories and
avoiding issues such as spraying interruptions or material accumulation caused by abrupt stops and starts of the robot. The improved PSO
incorporates SA’ s probability-based acceptance mechanism to escape local optima, achieving a balance between time efficiency and
precision. To validate the effectiveness of the proposed approach, a closed-loop simulation environment encompassing “"point cloud modeling-
path planning-control effect optimization” is constructed based on MATLAB. The process begins with high-precision 3D data acquisition and
modeling of workpieces via point cloud scanning. Subsequently, the improved algorithm generates adaptive trajectories, followed by
simulation and parameter tuning for verification. Experimental results demonstrate that the proposed algorithm reduces spraying time by
65% , maintains coating uniformity error below 5% , and decreases the standard deviation of coating thickness from 18. 6% with conventional
methods to 3.5%. This study provides a high-precision and highly robust virtual validation framework for the automated spraying of multi-
size workpieces. It also offers valuable insights and support for technological advancements in adaptive trajectory generation and simulation,
thereby contributing to the intelligent upgrade of spraying production lines.

Keywords: improved PSO-SA algorithm; B-spline interpolation; spraying path planning; time-optimal trajectory planning; robot; point
cloud modeling
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Fig. 1 Static planar spray painting model
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Fig.2 Coating thickness profile described by the elliptical double-beta model
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