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Rapid optimization design of ascent rendezvous trajectory for
launch vehicles based on hybrid particle swarm algorithm
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(The Seventh Department, the Second Artillery Engineering University,
the Chinese People’s Liberation Army, Xi’an 710025, China)

Abstract; Based on efficiency of gradient search and randomness of particle swarm
search, a hybrid particle swarm algorithm was proposed, and applied to research the rapid
optimization design of ascent rendezvous trajectory for launch vehicles. Regarding the mini-
mum distance between launch vehicles and target aircraft at intersection point as the objective
function, the flight program of solid launch vehicles was designed and an optimization model
of ascent rendezvous trajectory was established, and solved by the hybrid particle swarm al-
gorithm, genetic algorithm and particle swarm algorithm. The simulation results indicated
that: the algorithm can solve the optimization design problem effectively, the average error
of rendezvous position was 4. 137m, 17. 940 m less than genetic algorithm, and the average
optimization time was 488. 922s, 2342. 125s shorter than particle swarm algorithm. The al-
gorithm can be applied to the rapid optimization design of ascent rendezvous trajectory for

launch vehicles because of its faster search speed and higher convergence accuracy.
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Fig. 1 Flow chart of ascent rendezvous

trajectory optimum
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Table 1 Optimization results of design variables

ZH BUE BB BRE TR s R
t/s 5 3 4.460615
&/rad 0.087 0.017 0.051384
a 0.4 0.1 0.272334
A;/rad 0. 349 0.087 0.181422
¢ on/(rad/s) 0.1 —0.1 —0.022514
@ oo/ (rad/s) 0.1 —0.1 —0. 000739
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swarm algorithm
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Fig. 3 Diagram of flight program versus time
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Table 2 Optimization results ofperformance parameters

RS PR/ m PR /s
TR AR R 4.137368 488. 922
WAL 22.077227 3657. 828
A RS RS 157.704053 2831. 047
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