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Terminal-guidance Based Reinforcement-learning for

Orbital Pursuit-evasion Game of the Spacecraft

GENG Yuan-Zhuo"? YUAN Li** HUANG Huang"? TANG Liang"?

Abstract This paper addresses the problem of orbital pursuit-evasion of two multi-impulse satellites with strong
maneuver ability. A reinforcement-learning based approach is proposed to train two satellites such that the pursuer
can reach to a specific region adjacent to the evader at the appointed time. First, by taking fuel limits, control force
limits, control frequency, and range of motion into consideration, the model for conical approach region and orbital
dynamics of relative motion between two satellites is established. Based on this model, to enhance the ability of con-
fronting with the situations with high uncertainties, the proximal policy optimization (PPO) scheme is adopted to
train the pursuer and the evader alternately. Moreover, to accomplish the pursuit or evasion at the appointed time,
a new kind of reward function is designed based on the final predicted error, which guides the pursuer to approach
the evader approximately at the prescribed time. Compared with existing reward function design methods based on
the current error, the proposed method in this paper can effectively enhance the success rate of pursuit. Finally, the
simulation comparisons are conducted to show the superiority of the terminal-guidance reward function proposed in
this paper over traditional reward function design approaches.

Key words Spacecraft pursuit and evasion, intelligent game, proximal policy optimization (PPO), reward function
design, terminal-guidance
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0.95Nwer—t (5ﬂ — oy |7, ()] — Bibe (tf)) :
(|70, (t)]] < rim H. 0 < Oiim

Siim — (5t2 — oy |7, ()] — Bibe (tf)) -
0.95'\; |AVL ()|, , 750

{30, % t= tf, ||7A’ge (tf)H < Tlim E— 06 < elim
0, N

5y, =

G — { 5,  #i ||[Teo(t) = Teo(to)ll > Te_tim
0, &
(19)
BTk 2 1 H 5B E A R, R rE R
A oR KN I B 1B R AR A il v (KR o R R £
PETURF 5 B[R] B N 1k 6 2 3 3 el 1 IR o)
T S

3 HESH

AR B XTE R R [, R A PPO Hi%[H
I IE 7 B AR 3R B AT I 25, MIE A LR I 3l
ST E R, 4 0 R AR ZR R T A B AU
FHRT RS« RRHE FESE AR AL M 28, X B A [R] 3 Jil o
HORIAS [ SRS I RIS S5 DL R RE M. 2 4 2 5 ik
UIZRE, DAL FIBUE A AL, HEATITHERALE.

3.1 MESHRE

A Sk BAE GEO Mk, $us -1z
936000 km, J& 14 86400 s. 2 HIHLEIZEE
F Ak )12k E) . 5 48R & (CW R) 15
RIGHEAE GEO BUlE |, BN R&A4EN (100°E, 0°N),
P E X 23R (1) BIsh 124k, 7505 &
o KR EWIIANIE S CW 2% /5 S B, HXt
CW 25 Rl NE. 46 [EIB B2 MR LR A
i ZI 200, N T B IR B A i s Z KR
WRi L RE 7y, BB MGG BN R 5 it
£ 100 km ~ 150 km BIERFEAN. i B K 6000 s,
FFEEHHCN 60 35, 235 % ¢ = 36 000 s.

PR R, SRS, R HE S wE 1
Fios. 1ot R 22 A il X (1 HE A O = 300, BEZR
K PE ry = 50 km . TR G 54 v W RIE ER
SEAE L& i 20 1 ON R i B I e A R IX, WU i
JAE ) 5 D 3k e 2 R

W FEMRHE 2 Bt Intel Xeon 6240 CPU LA
J 1 5t Tesla V100 GPU 25 A4 % i S .
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WK 3 RESEEMNLZ, MAZEEHY
AUROR A RELCD O 5N ED K (VA= R LS DA B 5N a9 S |
FESLTE 13 4B & SR 2T B o 256, 128,
128. % H 2 A8 R 2% =l HE F7 i 18] BLRCIR S 4
TH R EL, AR SOR R #8 &- FitE T B O 11 MR,
RIUL, fn Z 48 34 ML IT. S RZEME T
TR BUERE N ReLU B2k, % )2 030G ph BUE
X HH 1E 1) R B Ao 4 P90 4% 68 A 1 L P 4.

PPO I ZRE S E UL S 2 il bR BURH ok 2 50 (e
FK2HLAH.

NETRERT

9T VB A SCHR HY AR £S5 5 ok AR T T
TR EE AL G 1 58 - 24 i 230 22 1122 Jih oR 2507
R, AT EXTEE. AT X EE AP, 3T
PR A R BT 3L il R B Z 4R S S5 R AR R (o=
(18) A=l (19) Frw), R ¥ A B A b 4748
e, ARSI A2 il o 50 A5 P AR B ) £ ity TR
70, (t), 1T A% 238 14 22 Jily o 50 o A58 AR o o B 1) =24 1
I ZME v (t). 73—, 9 T RAEA S PPO &%
FHACT Hofth 22 S R AL 3, Hamfes )W i) SAC
(Soft actor critic) HiZHEAT X L.

7E Python 1 B IR A 4] 3 i 2 ki 2 3k AT
Ik, NgridFEmh 2 an &l 6 ~ &9 Fras. A& 6 Fi
Kl 7 AT BLE H, SAC BEIEAEYIZR 10000 [HE 5
SR, TR 2835 15 5 223 (1) PPO B3I 25 600 [
A EIATISR. SAC BVERIIR R B )1 IRAE HFF SR &R
P s SR ORI RS, SR AL G RI
R PPO SE£E 600 I8l 4 5 B N J5 B A% /NME.,
RIRR BN 2 AR L I SR, B2 5000 [
Ha, BERERR BN RNE, #1518 R 1E &
i 22330 N B 9630 R 1) 22 A BRI R TR, HAS BB )

3.2

S22 i an =0 (18) Arow, B T JR il Ak /ME., Uk
e E RN

K] 8 NNl A ) i i %1 ¢ = 36 000 s 3B
SRR IR B AR R B, AEAS G B e ]
T, BEREEUIZ 600 Bl 5, 68015 2 iy 24K
I EPEE YRR 50 km LU, R, 30 (6) 2 XK
PR 2R 5 e A il X 3 R 4 e AR iR B 30° Bt
w9 frs.

M0 >R A% 8t 0 3% 1 24 iR 22 6011 22 b bR 50 7E
600 [51 4 Ja BN Je S bl /ML, F6 -5 0k i 2 1) £ ity B
A FE oy R FRAE 60 km A1 40°, EL# 5000 [4]
A I A R Nk i R ) 2 e E . AR
Lty 75 5 AL il RN A% G RIS 2 Jil B 2 AR e A 1B A 2
FIHEIT SR, H 2 20515 T 22 R I SR RR B vy
TR 25, 33X 2 RO BN 2 % R BGE S 5
2EHEME . SAC Bk RS I ZR8 i 22 41K 3 P 2 ok ik
A 75 km A, 25 BT bR R IR R B A ki R
W, S BB SR A DAE— DRI

FTHR5EIE

1B AN R R 52 R 4RI 25 )5, 4% S H R
FEARAR B 5 AL B A X 7 B R N 28 %, Y
25 HHAE SR HE e [R).

KHEE 10000 &Il 2545 2 #2245 134718
WY, AT 200 JRPUETEZE, 8 EE R AR iR R
(1) B 85 % A1 B BE IS [R] AR 4k il 2R Pl 10 fiTos. 7EA
ST 5T, BB RN ST BNk
A 50 km B2 AR X, DA BB FE.
Bk i B SR T T k&R Ty, Rk —
SE M ML IRE G0 08 B SR HRIT, B KB IR 1R T T
KN IT%.

R H A — R g Rt AT R, i 11 fios.

3.3

F1 BEEMRRESHEE
Table 1  Parameters of the pursuer and evader
[EESSE WA (s) FHHAHEF L (N/kg) HAR BB i IR (m/s) Sod R EIR (m/s)
BERE 600 20/500 1.6 320
PV 600 20/500 1.6 240
# 2 PPO FEMASH
Table 2 Parameters for the PPO algorithm
ZH IR ZHHUE
ESIES oy, = 0.0002
VR BRBUH R SR e=0.1, ¢; = 0.5, c2 = 0.01
IR L A3 Batch_n = 128
1817 B 2l R B S B Se1=1,82=01, a. =4x107%, B.=1/7, Ac =0.5

3% 2 2 il okt B 2 4

Se1 =1, 0:2=0.1, ar =4x107°%, B, =1/m, X\, =5/6
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Fig.6  Pursuer total reward during the training
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Fig.7 Evader total reward during the training
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Fig.8 The final distance between pursuer and evader
during the training
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Ae i B FTERSE S 12 fron, 1B B R 1E 2
I Z 41K 22 16 6 22 1) 2 A BRI X R RN 92%.
XFECE 10 A 12 BT RUR I, JE T AL S 7 ks )
A2 Jah R H 5| 8 R B RN TR R ) e A iRk
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150 - — - PPO+1& 4 il
rrrrrr SACHA IR
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Fig.9 The final angle between the pursuer-evader
direction and the conic center axis during the training
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(b) The angle between the direction of pursuer-evader
and the center axis of the conic region
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Fig.10 The Monte-Carlo results for the reward
function design method in this paper
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100y < Start B0 RERIA XU B a i 13 B A E, kiR
sob Start AR 10000 [H14A 1) N 2848 T 18 15 22 o0
N T, 8 I B R B IR S Sl DA [ T e e
| asmin S 7, BRI T % A A D6 R, 3L ok
€ 50} “ FERWE R 25 10000 [BEl& IZRgs 8, 347 100 [H]
ool . HATHE. WTDUE H, iﬁﬂ%éﬂﬁqﬁﬁ%‘ﬁﬁ?%iﬁ% 10000
o %00 EI%E‘JTT&E%%; Fefehih, @il 13(b) Fros, 1B ER
150, = - 100 & FESR ISR 10000 [l 5 B 48 R EAT 3, T 263
%, /km ¥ SR AR T i TR ) ] DLk i R A B A TR 2R
10000 A FTEEAE R, MM UEAA T RGuis 47 119

Fig.11  The trajectory in one episode based on the

reward function designed in this paper
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(b) The angle between the direction of pursuer-evader
and the center axis of the conic region
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Fig.12  The Monte-Carlo results for the traditional

reward function design method
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(a) Pursuer reward with different strategies
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Fig.13  The results for verification of the saddle point
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Table 3 Success rate of the pursuer for different pursuing and evasion strategies
PPO+A 32 Ji) PPO-+{& 522 )il SAC+A X Jih T
PPO+ 4325l 97% 89% 0% 92%
PPO-+&4i 20 99% 92% 2% 98%
SACH+A L2 Il 100% 61% 7% 100%
Tyl e Bk 99% 99% 9% 98%

4 ZEip

AR SR ik st HE 45 1R B PUE I 16 1 5 ]
A, T RE T SEPRE ST TR M AR, AL T B ER
AN 3 R PR I8 R BTE Bl ) S AR K 2 S 2 RS
LCN R 2 i A D RS 2 N o s 2 3 7
S H 22 b B Tt 5 i, 8 SN X5 A 4 i I
RIAR X AL, PRSI\ ek 8, se ik T I 5
TRAE MR DR € 2 om 2 R R A 2. R, 3
AP TN, K530 12 ARSI AR I 2%, 3R
SANNI[E s & S IO K7 WD R B BUR s R N
B H 110 22 il R e 6 PR 5] B B AR 5 S BB IR R
W, B B A A R i I 23 N BRI 2 (1 22 4 i
DX, 111 St ) 4 Jil B Kk oA A PUE Sl g 52
W, 2 RERBUR.
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