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Adaptive threshold pseudo-spectral method for space robot
trajectory optimization
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Abstract : To address the trade-off between solution efficiency and trajectory feasibility in traditional Radau Pseudo-
spectral Method ( RPM) for trajectory optimization, this paper proposes an adaptive threshold-based segmented
polynomial-degree elevation pseudo-spectral method ( AT-RPM ). This approach aims to enhance nonlinear
optimization accuracy and accelerate convergence. By dynamically comparing the maximum value of the error matrix
with a standard time step during iterative process, the method establishes new segment points in intervals where the
error exceeds an adaptive threshold. Furthermore, the number of collocation points within segments is also
increased when the error falls below a deviation threshold. This strategy selectively optimizes both smooth and non-
smooth regions of the trajectory solution, thereby enabling achievement of trajectory planning goals with fewer
segments and collocation points. Compared with the traditional Radau Pseudo-spectral Method, AT-RPM can
converge to the desired result in fewer iteration rounds, effectively balancing numerical accuracy and solution
efficiency. To validate performance, comparative simulation experiments have been conducted in a non-cooperative
target capture scenario involving a free-flying space robot. The results indicate that the proposed method
outperforms the existing approaches in both computation time and terminal accuracy, demonstrating superior overall
performance.

Keywords: free-flying space robot; trajectory planning; optimal control; pseudo-spectral method; adaptive
threshold
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Fig.1 A free-flying space robot performing on-orbit servicing!'!
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Fig.2 Schematic diagram of the free-flying space robot
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Fig.5 Ilustration of the segmented pseudo-spectral method
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Fig.7 Schematic diagram of the adaptive threshold segmented upgrading pseudo-spectral method
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Tab.1 Configuration parameters of the FFSR

2H R Rt /m Fii/kg  HBhRE/ (kg - m?)
B 0.151 11.891 0.079
HFF1 0.225 0.474 0.013
HFF 2 0.276 1.195 0.031
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Fig. 8 Feasible trajectory solution for the FFSR target capture maneuver
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Fig.9 Variation of FFSR states and control laws during motion
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Tab.2  Comparison of trajectory optimization performance for the FFSR

FE A BEMNEs AKRRZE/m ARER
ARk 60 157.08 0.081 3.7x10°"1
RS 47 25.72 0.081 6.3x107 %
EH(ERFS 29 13.19 0.003 1.6 x10°1
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Tab.3 Experimental analysis of adaptive threshold gain A

A BB R %f??/ KA /m RIREER/s
0.1 2 14 8.8 0.035 4.53
0.5 4 24 7.1 0.020 6.24
0.8 6 38 8.6 0.020 14.78
1.0 6 37 2.9 0.005 12.01
1.5 7 43 1.7 0.005 15.05
2.0 12 36 6.6 0.020 7.50
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