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Dual-path neural network learning method for free-return orbit
integrating dynamic characteristics
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(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;
3. China Astronaut Research and Training Center, Beijing 100094, China)

Abstract; The free-return orbit serves as the preferred orbital scheme for crewed spacecraft in earth-moon transfers, yet its design involves
stringent constraints and significant initial-value dependency in existing algorithms. The earth-moon transfer trajectory planning for manned lunar
exploration was addressed by proposing a dual-path neural network learning method to optimize free-return orbit initialization. A dynamic model of
the free-return orbit was established to analyze the characteristics of the near-earth orbital solution space. Integrating the spatial partitioning
characteristics of ascending and descending orbital phase in solution spaces, a dual-path neural network architecture designed via parameter-
correlated transformation was proposed to ensure the completeness of orbital solutions. Utilizing ATK. Astromaster, the earth-moon free-return orbit
planning under the dual-path network learning-based initialization method was implemented and validated through simulation. The results provide an
effective reference for mitigating initial-value dependency in manned lunar mission orbit design.
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0.000 5 220. 85 6.6103 5.3169 2.199 4
0.000 1 226.68 8.9347 7.4510 2.317 4

®3 AEZFE RIS EHREHE MK GER
Tab.3 Training effects of the deep neural network for

descending type corresponding to different learning rates

i Do w0l vn Y
SRk aﬂj RMSE/  RMSE/ RMSE/

N S O B € 7S
0.1 203.07 99.7567 31.3433  12.093 7
0.05 232,52 42.1907 13.0046  4.0453
0.01 193.47 12.6169 10.3995  2.3952
0.005 223.21 10.1679 8.3199  2.1669
0.001 141.79  7.2543 4.0643  2.0368
0.0005 228.27 7.2690 4.6246  2.0921
0.0001 207.30 9.9032 7.8477  2.1628

REMLAE B 2 000 2 FRO #UiE %l , I 72 1% 5K
AR LA b, K I 25 50 10 10 R il 2 ) 4% 248
FF T4 A FRO 3T & B2 500 [ A T
X FNE HEA IR 22 00T o W F R R B
PILERERY, G AT B Qg @100 5 vy BITR 2250 AT
HIEL AN 5 (a) ~ (e) i, AELS thi]
DIE Y, O MR 2250 EZEPTE [ - 100,
10°] JEEIN 000 MR ZE M FEAE P [ -5°,
3°] JEE, vh, PFIRZESM G FBETLEL -4 n/s,
4 m/s] B, SR BUE S/ A i ]
BF, G S 5] Qo @0 A vy B34 40 5 1% 22 4
Wk 3.592 6° 2. 082 1°F1 1.836 2 m/s., %f F[&
R BIRFE I 2 5T, G 1 AR 3 Do w1005
v R ZE S AT BT L, 3 5N 6 (a) ~ () BF
o MIE 6 Ha] DLE H, Qo HOR 254041 2 B4
HFTEL —10°, 5° 1B, g BYIR 224011 £ B4R
e [ -5°, 3°] JUREW, vy, B IR 2E 501 24
HTEL -4 m/s, 4 m/s [EEIP, AR 00 2 91
EA A LA RS, B 15 3 Qo o0 5
U XX 1295 43 5 2 4. 171 3° 1. 868 8° I
1.687 2 m/s, kot 2 B 45 Js W 2% 1 I 4%
A B TDORG B AE P 252 9 Bl Y, Ul B AR
SCHEH L FRO XU 9 45 27 > 25 # T LA A3t
KPR RIME
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Fig.5 Distribution map of regression error of

deep neural network for ascending type
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Tab.5 Model of FRO planning scheme
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Fig.7 ATK-implemented simulation design framework

DASCHR[26 ] i) B H IR [0 Sk R R g T
BURBIEA T BT A FRO VL & w7 6tk
AR HTUR T % 2028 — 06 —24T16:33:31, TLI %)
TR BUUE S B 170 kBB Ry 21° 5 TLL #1146
BB I o2 [ 22 R O, BT AT [ 7 S 0°, F A
MIEZ) R PRL 5 229 R 200 km, 3 [B] 23
AT HbL R 50 km 3R [ETFGEASAR A 43°, JE R
XLt 22 ) 2 B gy 2 2] A5 B U7 0 LTO
A& M AR T RIE A 334. 365°, 3T Hll A5 i £
FI TR 346. 222° 305 Hi H & D) 1) ik o A 152
THWIMEA 3 176. 772 m/s; [Al 75 3 LTO [T
T TLI F+ 28 AR 2 BT HRIE A 149. 980°, 3/t it
SR RBTERIE A 195, 653° 3 1l & V1 1w Jik
MBI HIE N 3 163.679 m/s, £ 6 45 T4
COTEE CHER[26 ] 70 B AR [ E R A
Fo Hodr BERUSART IBT 25 1 5 Sk 26 ] 7
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Tab.6 Comparative results of free return orbit design

SCHR[26 ] ikt 4s 5% AT BET R
HIESH -
(Rt 20750 MR AR 45 THEL M R e 4
TLI H % i %1 2028 —06 —24T16:33:31 2028 =06 —24T16:33:31 2028 - 06 —24T16:33:31
HiH 5F A UK/ (m/s) 3162.125 3162.105 3165.018
LTO FFA2 R4/ (°) 149.373 149.370 351.563
TLL ABLEG iR/ (°) 199. 286 199.289 355. 066
LTO > % 0.975 0.975 0.976
PRL |3k % 2028 - 06 —27T10:50:00 2028 —06 —27T10:49.58 2028 - 06 — 27109 :03 :40
PRL B3 Mifa/ (°) 149.122 149.122 154. 649
PRL J}- 38 R4/ (°) 181.742 181.742 175.919
PRL ffi 0> % 1.525 1.525 1.499
PRL 4 ig 4/ (°) 24.821 24. 820 18.341
TS 2 2028 - 06 —30T03:06:46 2028 —06 —30T03:06:35 2028 — 06 — 30102 :49:27
AR/ (°) 356. 632 356. 059 0.242
THEASLRRE/(°) 10. 861 10.813 -18.986
R/ (s) 66. 182 2.546 7.859
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Fig.8 The three-dimensional orbit and
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Tab.7 Comparative results of initial value method for free return orbit
BT T N THIME SCHR[ 19 177 ARSI
TLI 1 A& B %1 : 2028 — 06 —24T16:33 .31 X . . N
1 LTO BB f5iffi:21°  PRL LI 5 :200 km g AT T
‘ . Wty 2 sk Wty 2 sk
RTO B {5 £ :43°  VCP B35 3 :50 km
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