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Semi-Direct Collocation Method to Spacecraft Pursuit-Evasion

Problem Based on CW Equations

SUN Songtao, ZHU Qiangjun, SONG Bin
(Shanghai Institute of Aerospace System Engineering, Shanghai 201109, China)

Abstract: In view of the spacecraft pursuit-evasion problem in the fixed time, the semi-direct collocation (SDC)
method is adopted to investigate the strategies for the pursuing and evading spacecraft. The spacecraft pursuit-
evasion problem is a differential game of pursuit and evasion, and is a two-point boundary-value problem with
respect to pursuer’s control variables and evader’s control variables. The solution of the problem is difficult to be
given via the necessary conditions of the differential game. Based on the assumption of the continuous low thrust,
the terminal distance is the payoff function, and the solution of the problem is obtained by SDC. In SDC, the
differential game is transformed to an optimal control problem, the optimal control problem is equal to the nonlinear
mathematical programming via Gauss-Lobbato collocation method, and it is solved by the sequential quadratic
programming method. SDC is insensitive to the iterative initial value, and its numerical stability is good. The
optimal control strategies for both sides and trajectories are shown by the simulation. The proposed method is more
convergent than that on account of the necessary conditions, and is provided as a new path to solve the pursuit-
evasion problem.

Keywords: spacecraft pursuit-evasion problem; differential game; optimal control; two-point boundary-value

problem; semi-direct collocation method; nonlinear mathematical programming
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Fig.1 Coordinate schematic diagram of pursuer and evader
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Tab.1 Initial values with relative coordinate system
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Tab.2 Acceleration-to-mass of pursuer and evader

Sl T, Tg
1 0.055g 0.01g
2 0.086g 0.01g
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Fig.2 Test case 1: trajectories and optimal control variables of pursuer and evader
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Fig.3 Test case 2: trajectories and optimal control variables of pursuer and evader
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