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Covert maneuvering trajectory planning method of spacecraft
swarm under complex constraints

CAI Weiwei"®, LI Guosheng"*", TIAN Jingwen"*, ZHANG Runde"’, YANG Leping"*
(1. College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China; 2.
State Key Laboratory of Space System Operation and Control, Changsha 410073, China)

Abstract: To address the mission requirements of spacecraft swarm covertly approaching and observing space targets, a
swarm covert maneuver trajectory planning method based on improved SCP(sequential convex programming) was proposed.
Given the numerous, nonlinear, and strongly coupled constraints in multi-satellite cooperative covert maneuvers, strategies such
as polyhedral cones and rotating hyperplanes were employed to convexify constraints related to covert zones and collision
avoidance, thereby reducing problem complexity and improving computational efficiency. Additionally, to prevent premature
termination of the SCP solver due to improper initial guesses, a penalized iterative recovery mechanism was introduced. Simulation
results demonstrate that the proposed convex approximation techniques effectively reduce problem-solving difficulty, and the

improved SCP method successfully generates feasible swarm covert trajectories that satisfy complex constraints.

Key words: spacecraft swarm; covert maneuver; formation reconfiguration; improved sequence convex programming;
trajectory planning
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Fig. 6 Comparison of algorithm transfer trajectory
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Table 1 Comparison of algorithm calculation results

Jrik o R SR RRIRE(mIs)  THEFER /s
SQP  100% 52% 25.96 455.35
SCP  84% 66% 34.27 93.24
iSCP 100%  100% 33.05 7.05
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Fig. 8 Transfer trajectories under different pyramid constraints
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Table 2 Fuel consumption under different pyramid constraints

PEHERN $=0  $=27/SN  ¢=47/5SN  $=67/5N  $=87z/5N A i %
3 21.73 27.18 32.46 44.22 42.44 34.81 65.15
4 31.36 34.15 29.79 25.94 27.61 29.77 10.26
5 27.32 26.21 27.89 30.14 29.44 28.20 253
6 28.06 28.69 21.78 26.21 26.50 27.45 112
7 26.89 25.99 26.76 27.88 27.74 27.05 0.60
8 27.00 27.42 27.10 26.32 26.16 26.80 0.29
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Table 3 Calculation time under different pyramid constraints

MHEFLN $=0 ¢=27/5N ¢ =4x/5N ¢=67/5N ¢ =8r/5N “PY{E Vit
3 3.31 3.62 3.46 4.44 6.31 4.23 1.55
4 5.36 7.09 6.35 5.45 5.43 5.93 0.58
5 8.32 8.87 8.49 7.72 9.07 8.49 0.28
6 3.09 3.46 3.16 3.84 3.95 3.50 0.15
7 3.78 3.97 3.61 3.01 3.59 3.59 0.13
8 3.46 3.50 3.53 3.99 4.27 3.75 0.13
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Fig. 9 Initial and convergent solutions of spacecraft swarm covert

maneuvering trajectories
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Fig. 10 Cluster covert maneuver control curve
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(b) Yl AL
(b) Light angle change
P11 SR AR R O R B A S A
Fig. 11 Relative distance and illumination angle of convergent

solution
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