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Figure 1 (Color online) Illustration of reachable domain variation.

294503-2



A sE. i ERRE: MBS S RICE

2025 F HS5E HoOM

A4, Tt BR, A SO HE Al A M 4 A E b
MRAL B RSWAHARR 2 T Hi3k, Rt JytbCofig R bn ks B 7
), WS HUE AR, RSW =2 A T4 2.

2.2 ANAEEE LA IESIRR M DA

XA E ARG, Fere P IE Rim s B R 1%k
I W SHLBEE S HAY, o, AEIREL [ E R R AL
SR AL 2% 2 AN () 5 17 3 38 384 B AL 30 i ) AR o o7 B
7, FREICIRANL B A7 R AT AR I )AL B0 4
g A e, [ i 1A AT R 4 2 O T FR
[F1) 0 B KLl o 58 R R AN R U P AR

221 KIHAER AFHE

TG, TR IR R e M s, a2
Fiw, WG ZIBRFREIE b A 55347 BBk B Lsh,
B AR T My, A2 A T (W AYy), INLET G L
TR AN RRAREIE, i R Bk, B f R
WK, HUBTEAHFIN RS, Avy X N5 R 08 A it {7
BB EWR R BIa 3 7 AT T 77, )R A f5 EJ7(B)).
RITERT G PR T, i BB,, Al iAIR a2 AHEk
K AR S 7 WSFAT, T AR I8 T [ e A
.

Iy I S GEOSIE I _ERAY, . = 50 m/s, 1£4%
[z = T/4, T2, TR 88 AT IS ISAERRFREIE FH XS AL FR
REET NI B3R, BEAERRRT (A, fe% T8
R T4 ZIERFE IR K il K, AN h 4, &
STV AR TR AT BRI — B X 4 A 25,

20 T AL R R R el e 2 £ T
SR, o) BT GEO#IUIE F kgt B 3 & F [RAY, =
25, 50, 75, 100 m/s, AP N T AR AL a3

AR ER

T
! /
([ A [Neeeeemmmmeaaans
Z] | %

B 2 (BRI T ik S e o

Figure 2 (Color online) Illustration of reachable domain rotation.
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Figure 3 (Color online) Reachable domain with the same velocity
increment limit for different propagation times.
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Figure 4 (Color online) Relationship between rotation angle and
time.
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Figure 5 (Color online) Reachable domain with the same propagation
time for different velocity increment limits.
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Figure 6 (Color online) Position uncertainty within one period of
GEO with impulse maneuver.
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Figure 9 (Color online) Comparison of reachable domain under
different environmental perturbations. Comparison of reachable domain
under two environments at (a) 12 h and (b) 72 h.
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Figure 10 (Color online) Illustration of rotated reachable domain.
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Figure 15 Flow chart of geometric feature storage.
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Figure 16 (Color online) Convergence effect of deep neural

networks.
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Geometric characterization and rapid computation method for
reachable domain of spacecraft with single impulse
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The reachable domain is an effective means for multi-objective selection and sequence optimization in future multi
objective rendezvous missions, such as on-orbit servicing and space debris removal. A representation and efficient
calculation method for the envelope of fixed-time reachable domain by geometric features is proposed to address the
issues in time sensitivity and heavy computational burden in traditional numerical methods for calculating fixed-time
reachable domain. Firstly, based on the Monte Carlo simulation results, the sensitivity of the characteristic parameters of
reachable domain envelope to maneuver parameters is analyzed. Then, based on the conclusion of sensitivity analysis, a
new method for characterizing the reachable domain envelope of spacecraft with single impulse by geometric features
was proposed. Finally, a deep neural network was introduced to establish a mapping relationship between maneuvering
parameters and geometric characteristic parameters of envelope, which addresses the inherent contradiction between the
computational efficiency and accuracy of existing numerical methods and realizes rapid and high-precision calculation
for fixed-time reachable domain of spacecraft with single impulse. The simulation results show that the reachable domain
calculated by proposed method matches well with the Monte Carlo simulation results and significantly improves
computational efficiency.

reachable domain, impulse maneuver, geometric feature, deep neural network
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