50 % %3 W H 3 th % &k Vol. 50, No. 3
2024 £ 3 H ACTA AUTOMATICA SINICA March, 2024

A EWAETRSEAS D T RENSHERERENLHISHE

oyg T B ok E g
W E HXNKRENATRESCKET IS IR, 52— 2 B B S L (Robust optimization, RO) /5%, BT
jﬁ%%’l’ﬂﬁ&ﬁk%ﬂm%, WHAITE KT TR BB R XA E A T EENE . B\, & RTmE AT R
B, FEZ I 45 K T30 70 T BRI s s AR A% ) i R D9 T SR AR el R, A8 P — o AN S A HOR L — B i fBh 3 F 4 — i
Iﬁ{@ﬁﬁé%ﬁibu)\éﬁﬁﬁ’lﬁ'*%ﬁﬁﬂc?i/i BB —AAT LUK AR (1) B B %ﬁﬁﬂa%&i HWk, sep it eemeEr bR, 2
Tz LR —F 2 W B S R L R I, B  R B S L BE P R A E T R K S BOR R IR I 0 AR, &, s
B S AN EVETE 2 N 2R G R IR PERE, 45 SR BA IR 1) 2 B B S e ARk U5 ik R B LA 80 PRV Ok BE AN TN [ A
e IRER S
kIR KBRS FRE, B, nTESCKET, S S8R, A X
Sl BT, BEGHE, ki, P TRIBCKE R RBE N B T BRI 2 I BeE AR A ] S T B ah ik aE ik, 2024,
50(3): 505-517
DOI  10.16383/].aas.c230552

A Multi-stage Robust Optimization Guidance Method for Endoatmospheric

Powered Descent of Reusable Rockets

FENG Zi-Xin"? XUE Wen-Chao"? ZHANG Ran® QI Hong-Sheng"?

Abstract This paper proposes a multi-stage robust optimization (RO) method for the endoatmospheric powered
descent problem of reusable rockets. Due to the unknown wind field in the atmosphere, it is of great significance to
consider this uncertainty during the rocket descent phase. Firstly, a model of uncertain wind field with respect to
altitude is established, and a robust optimal control problem for rocket powered descent is formulated under this
wind field. To solve this problem, a tractable single-stage RO algorithm is developed by approximating the inequal-
ity constraints using a first-order expansion and incorporating the first-order term as a safety margin. Secondly, an
upper bound on the safety margin is quantitatively derived. Based on this upper bound, a multi-stage RO al-
gorithm is proposed, which avoids the infeasibility problem caused by the excessively large safety margin in the
single-stage RO algorithm. Finally, simulation results are presented to compare the performance of each algorithm
under various actual wind fields. The results demonstrate that the proposed multi-stage RO method achieves both
high landing accuracy and robustness against different wind fields.
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