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Survey on dynamics and control problem research in

spacecraft orbital pursuit-evasion game

ZHU Yanwei* , ZHANG Chengming, YANG Fuyunxiang, YANG Leping
(College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract; With the rapid development of spacecraft rendezvous and proximity operation technology, the problem of orbital pursuit-evasion has

gradually become a research hotspot in the aerospace field. From the perspective of dynamics and control, the research status of spacecraft orbital

pursuit-evasion was reviewed. General form of the orbital pursuit-evasion problem model based on quantitative differential games was given, and

various types of orbital pursuit-evasion problems were systematically sorted out. For the solution of pursuit and escape strategies, the advantages and

disadvantages of various methods were analyzed for closed-loop strategy and open-loop strategy. Focusing on the combination of artificial intelligence

algorithm and orbital pursuit and escape problem, the research status of orbital pursuit and escape strategy based on deep neural network and

reinforcement learning was expounded. Regarding future prospects, development directions has been proposed, including the pursuit-evasion game

situation analysis, the multi-spacecraft game control, the game dynamics and control under three-body problem.

Keywords: spacecraft pursuit-evasion games; differential games; deep neural networks; reinforcement learning

Bl R 25 B AR I PR Jie SO AE BG40
AN A U Iz W, K25 H #32 Ch
] B A 7 2T A v o AR 5 [ A i R
4 4 kA B 2023 4 Global Counterspace
Capabilities TFIFVEAL Hi 25, Il R 4838 2 5 He L #8
{E (rendezvous and proximity operations, RPO) 4 AR
2N RS TR B R i, AR [ b 2
1T 2 WEARML G ERBIE" . Hp, 2E T
2014 AT Iy St 1) 1 R[] 25 0308 2 ) 25 3 e i
Rl ( geosynchronous space situational awareness
program, GSSAP) TL& , I F51E 17T /L Hb 3R [F] 20 3
( geosynchronous orbit, GEO) | B, o] WLl iz
746 GEO #LE iy T A . MR AR % W 5kt Bow,

I #5 B #E 2023 -03 - 14

GSSAP TR TS0 1 8A WLl , 0 24 E %K
L GEO TLR Sl 17 Bib 2 4 T sl IR I #2 4
BEA A6 FE A OGS IR s, BR T GSSAP i H
PISR, 2 i 1F 76 520 ANGELS \EAGLE  Mycroft |
S5 A4 G R BRI B B

TEMUR AR s S BE R F b, — ok 1
HARAEXS R R AR FR N H bR K A, FF 328l
IEAREXS R AR AR IB ERNT R &% o & IRBILIE
TR AT L B E SR AS ], — e e Y
AR AR 2 5 BT R A E AT 55 7] LA i RE 51 5
ARG SC B PRI B S B B, H AR
KAl w73 & ARG EAEHLEh RS 1EL
=K, HGHRE NG ENLS) Hir H A%

BEEWA : WRiRHE K A RO R A B H (22 - 2Z2CX -083)
*EE—1EH RS (1981—) , 5B M B, #4042, it 4= 50, E-mail : zywnudit@ 163. com



-2 (FE TR SR S AN S

DR BE ST, 58 25 5 32 I 45 AR Il Ul % A6 A i R
ANFUEB L ] R, R, 3B DR A A EH AR R
A o3 AR R B Rk R Ty, WU i K A 58
% A BARFHAKAE B S VLSIRE J1 IR, mT i
R RS B g — > A 42 il ) 3% 252 Bl A8 X Pe i)
[F I

— e H , UK A B B 26 [R) R 5 LA A3 %
SRS g A 37 1 WAL 45 Xt T 1 S s 4
A B B g R, A A A T B R
XA R 8 5, H 20 g Issacs 41 H i34y
XPHRELE LI , VT 22 Bl S K A48 16 0] 25 i i 5%
FRARFETFD 0o Gl Xt 3 BAE 1] 43 P23 X
RAE SR XIS, FEE P Xk, B
HERUT CTE IR 45 R R 5 SL B0, I 25 T X0 Y i ia
MRS AL, A BIF T A b ik 2
DR] Ay SR A2 PR 20 %o 5 ) AL P SR AE TR IR S
()R Al AR X 5 Rk X, T B 15 5 22 A, 24
H 5 HIE 8l ) S AR B8 5 B B8 B R R 3
0o T R S Al 2 X6 5 v, 8 16 BT B G 35B
b TR W 1 SR A, AH G T S| T KRR L.
(EFEARAT TR W o A Hp A A T B SR 0 (T AT, DA
T TET GG ) P A 5 TR RO AR A IR 8, ST 4F
K, N REH AR IR &, AR a8 PE R
BEEEALE TR TAT 7 5. TEMLR + B hg” B %
PIZE G, BRI 48 X 28 ik Ak 2% > B AR AS Wi i
AN R RIS 1S T = P T
2R AR AR R A EAFR ek HA E

ASCAEXS TR AR LI A8 26 [ U 7R K2 HISK fit
TEIAT A RVE R R R b, S O T IR M
25 28 RN AL 2 > FE I R A FILIE A8 39k [R) R (4 g
R, FJa, st TR AR PLiB 18 2 Aok pg ]
ReBFIE J5 1wl

1 HiEiEkay e AR

FE T E T R SR B L B 0k ) AU T
B RN LIUNG N N EFSE T N2 S5 S
P AL AR FH s S5 2 2R . A I
BT T A 2 17 558 4, T SR 1 47 4 5 i X 38
RERUTT ARG, R 5 AT Ay — 5 BT 1 i fi 12 42
s AR 2 S EOLAL T A M A AL 5, 9 e
Xt U TE A 2 ] T PR U7 SR A TR A

HAT, 2 R 2B R Toe e fs B GBS
FRAES T — 3 —" JB e L, 58 2 {5 B —Fil
HUAEARZS , BBl g 2l ARSI LK g H AR
AN 2 AR BT o C R R E Y o 1)

546 &
BRI I
ki =f(x,,u;,t) i=p,e
!P(xp(,,xpo,xpf,x“,tf) =0 (1)

J= d)(xp{) »Xen s X pr s X e o)

Horpop FORIBERTT e FoRIIRTT 1, NIHFRL L
I I) o0 SRR ) o, e S P 1) i 55— O 3
JIPARERY B AN PR 2R A5, 5 = U0 IR
DA FIbR o TR AT A% U SR e 3 5 2 1 SR, R
X7 Ry 58 4 B B T 38 IO R BR) — X B e
DAY SR, AEATT — 57 A7 T i 25 3K — SR s Py 4 18
H BT SRR A5, TR R fuy) ul f o

e e A2 ) SRS B R T R B W ROR
FIAMSAS 5 A RIS B R AL H, A
H=Af, + L.
: oH
A= —(,Txi
d=¢p+v'¥w (2)

P

)‘i(tf) :871-{
oD
at;
Hor v g hias B H e, 58 SO0 S A2 By
Tk, o =30 L& m A A U O P S
L s, O A REERR

H(t) = -

BB T R S 0 T A
u, =arg n}lin H
{ : 3)
u, =arg min H

At ANGE WA AR A R Bl [ s R G TR
RS A o 18T, DU Sy 1] 5 INF 1) 38 36 ) AL, i)
Ul S AR A R S8 HLISE H AR R 8 — ik
TR o RS 151 5 N i) 2 0 ] Ay £ P — IR S A O
R o R AR AR 1 R AR o B R X
HRTABETE TARREAT BE A2
L1 =B NERBSE

% TR IB AT 55 Y P IB RS BUTT BOAR X R B %)
2 J AR DL SRR AR SRA I BT A B35
M, PRI ) RS 3 32 7] R 73 B 8 3 306 R Gz
XS ERLL T U T RV

AT BE BB P62 1B KU W) R FE RS L/ T XL
JrEE R B 28 5 5, B T AR AR AR R (AN
LVLH A5 2 ) 47 8l g2 A 5 e T R R 5
R AR RS B X = (x,y,2,x,y,2) IEATHEA,
Forp (o, 2) M (o, y,2) 20 R ATUR AR AE AR X AR AR
ZH AL E L o 13808 X5 T3 B AE
AT ELAf Lo 3R/ B R [ N, ez i e



3 ]

REA, &5 R APIEIB R B Sy 24 5 1 ] RS e LR i "3

Wl C-W 7 Bk, B Supik &N
Woodbury 2517 Ye 217 By gL T C-W )y BT
Ji& ¥ AHCHE ST A . (B 238 He i )4 6 3% J7
TE i U FR LRI, 5 B 5 A A 1 ) A X iz 3l 81 )
SRR, FEICTT I, PV T B TR R AR X i 3
Ty RRAIESE T AR 8 0 0] R 2 22 BT Dy 1
fif, Prince 45 R T-H )y B AT T W98 AR,
Zhang % I A F C-W 7 1 305 {RUAH % 32 5
JrRE R T L

TEL IR 256 2k [ @b 38 36 XU 1) 4 AR X
PRES T , AD6HE Bl 3l ) AR RS T E |, 5 2 Ak
T2 X2 31 3 I BRI PR R 25 10 3l ) 280t
TR . ST IE S AN W], 26 % iz Sl A AU 5
FETHI OB PE AL AR R BEAT AL, L R IR S = 1Y
FEPEANFEA UG T 07 B R0 L T 2 AR U [R] RAT 5
T I THERE , EEA WA — R kAR
FRAHIL R SRS HEAT A, o5 — P2 R LA
PRAIEATHEIA . 783 TERARAR BB SE TAE,
Pontani 25 BE RS X = (r,v,y,&,0,0)%HEB
WAL R AR A THER , Hodr, r F v 23 5 R A 1
Wk o7 DR/ N B I 3 B2 RN,y RN R A 1Y
WA, & R RABATE, o WAL KL
FE ¢ B D5 O R 5 E AR R B LR 1 3k —
AR T & 2 3B I rgiB kR, FEN R
JUARFR R AT BB 7 I, Shen 252 fEIE R T
¥ X =(x,y,2,2,5,2) fENMUR A HDIRAS 24T
A, o (e, ,2) F1 (L v, 2) 23 500 DR K A8 AR 15
PER A BRI . Zeng 257 X He T W Ff A
BT, FBUE T 45 SR 0B - A6 R Bk AL AR A
o [ 4 i SIS, FE TR B — e I 7
R FHH R LAR TR FR AT EERET, i S5 B 1 (H
KA E T =
1.2 REFLIEEGHSE

THGRLE R Z5 A PR 9 2o T, DR T
18 6 BT FE IR BT R DL B 285 R 2R BRI A 7
JERHIRE . FEFE T LM R Ao X R BRI A T
TG A S TG 725 il o B AR 1) 28 1k 2R, — MRS DA
B 2k 45 . FERTE] B i A IR R @,
HRYEAT: 55 AN [m) ] LA 432 57 i UG P AU R o7 i 3 2
A — PRI IB R R A 80k i Ty I
FEZE (RPIE P63 B H A e U TR ),
(EN A S LR T Glzb VI BU YL =L N
MR TR . 7E—XF—iB PR, R Fik
DAL N L 5P Ah , o 4 53 R i)
XL LS H bR 58 23 B T o5, IR
T AR AT 2] T 3B AUy B S L

Innocenti 4¢** 3 TR A K R S R FORZS
FH B 2 /7 2 ( state-dependent Riccati equation ,
SDRE) J5 3K fift 1 AR Lk 3l 1 27 4541 T i K 4
SEo3 i AR v AR T I A AN AT 2 i % o Prince
AU BT X BLE A RS TR S
IRPNIEES S NG = U AT L EA S|k G
iy o ms A A, IR W g 15 5335 (genetic
algorithm, GA) F1 % T Bf 1 4k ( particle swarm
optimization, PSO ) & ¥k #F 17 T % I% 5K %,
Venigalla 27 D) 28 LB 75 B 200 A % ik 4
D175 LB [ R AT T ST, (A5 K 4% 1Y
Tosh 11 RATR BeAR L 8oR H

E—Xf— U], 75 2250 — 1B kAl R, i
THAEZ A BB R A, DI 2o 25 1 5 22
ATER R BE T SR b T A TR RO
FORI IR L 1013 XoF AR AT 55 8 52 e, B 1 56 I
BT 55 B A 3R 45 o X2 R4 B3 T 1
Hh o BB 0T LA AR 0T TR A 0T 45 R A, A
I 2L BT 35 1 B bR B ATE A e AL RS # . AT LA
B HAEZ X — [ G 7 S T LT R A X
WL T
1.3 #EFMUBIRDE

e R B BT 43 A B B B Ar
BRI, 21 B oK OR8] T SO0 A6 77 1o A B e
B Ay 2 R 2 i L, 5 D0 g Al R 2 [
HR A B AR eRE) AN [F] 1T L 43 ohy sf (8] g A B f: de
G 38 e R DI 2 i 221 R R B S e L S A [
AU, PMA TSR He 451 LU
YRR ) 28 i AR B85 g AR BRI T 4 3R
o Ye 261050 o8 ST A5 TR A0 A 6 ), DA%
UMV O F AR SR A, Jagat 2517 41 X ] A A
[T Rl B T A H AR Rk, 255 7% JEAH
XL EFMREHEAESE R R o b, A V205
T A A1)y b R 4L, Pontani %' Shen
45120 Prince 25 BBFSE T AR AP AUCHHEZEZ R 4%
PEREAT T W, HEEE H bR O AT BE 4 4 A 1
RA LSRRI TR o TR DA ik e g D7 =X
B, 30 25 7% S8 S U vp i X — Al &, Venigalla
SRR I B LSS 4 hy R A A K i TG
[N, BT IH AR IR i et 1 H AR sR AL
1.4 AE£EEIEREA

St F 52445 BBk ] 15, Aures-Cavalieri "
P TAT R 2 BORAR X TSRS JF A
i) R A Ry — > B B A s Pl 207 AR
ity s (1) 361 52, G IR FeF 38 o0 2 i Fsf 1) [ 199 i) A2



"4 [ BB 4K ¥ i

55 46 &

HAFEN T HUE, Li 457 BT LR O Ao X
SRR LR BB BRI K 25 A H BT R A% S AT B
HORAMTEILT , R AR LS Bt TH 0y 42
TEARHEIRHEME . Tang 255 R V- M A 454 08
i R EYS S S PN L B L)
W), SCHL T X HARRAS I T R &
XEANTE A5 BB A 58 B 15 B 1B ok IR AR R4 7
THRABIWIFE AR, 73502 T A g L e £
BB AT S Al o O7 85 5 AT T R W K fif o Zhang
SE SR T — 3 T 22 3 3 I A SR TR
fr B PR ARSAG Ik, RO Tk i H AR
R, Wang %% B H T {38 5
JEFIANAZH. A R 75 125, DT AT LA S8 %t
e T K A H AR B BUX — 5 B YK . Zheng
SRR TR G A A B LR I s 1
FREpa il , i et 1 — bR A Al T A
FoR M B O (8] B8R 32 07 R A 2 T IR BR DT B4R
il SR o 2T T 58 A5 R 8 e IR BT
AR F 2 e T2t 3l o [ AT T 0RO,
— RS D 52 BR BT LI A T 45 0 0 T A 5 AF
BT, E— 20 5 T A A5 R B 2 05 i
P ABHEE
1.5 HAthiE ka3

VAT AR R A L sy O i S A
FRAETT , R AT R CAERCN iz, 1M
Xk LSl 3 6 e, JC 3% B Ao % B e
SR SE X AR AT 73 M SR e, AH SR W 58 A4 85
Vo ALK e )R] AR IR 4 3 [ g o ) A 7
FETHITEEN J) AT , R IB BA T FE A R KR
PR A B B X FEL U7 D, Venigalla
265 127400 ) PR ATk e B o SR A 2 LBl O X i
FL R Az e e [ R A T T P9, 20 ) k) kiR
J7 EHUHUR 8 85 05 HL3h BE 1 A% DLt 4T 1 o
Bro TR M Al o R A D TR T
KA HLRERL S S0t (1) A2 ) T35, $2 1 W AE B
DXAISE A AN RTLI AL 8 S5 KL RE B Sl 46 B, HAT 4L
HHISEZE M

AFHIETTE T 2 KA B s AT L
o HA By R A B - 2k - By 23—
IS, Liu %2 S FROM PR A A2
HHEHR N T —Fh o0 A AR LA 55 MR BE R & A
ZAMURARIE - 6 - B AT TT5E . E—
H, Lin 2 RSBt gT = ARl - ik - Pyl
Ho B bR AR TCHL Sl BE )1 BB R KA R4
FARAACHAT— AL, $2 T —Fh 3 TR 1

PR UR A IR A 505 . Zhou 514 25
THEL/MES NI =R ARIE - 2 - By, Of
K ZF A THEIE AR AL 05 X L AT R 3 3 A
VFIBTFEE S B T SERE AR 25 2 [v) Bl o4
PRIGIDE, 42 1L LR gRAT O o YR SE T
ok i 3 3 R R 29 O 18 0 [ R ) T 3 A
BEXPREAE 0 TR SR A A, Iy i S 5
JUCSA ) TR R A i — AR

L5 LTI 0K 45 U TE 38 0k ) PR RSTRSE TRY AR 4
BFE RN SN [ A5 22 R E 3, 3000 o SR e J2
AR LR, 4 SR SR A AR A% L

2 ERERBEHIRETTIE

L7 RTRIER I B br AR S SKE W N - DU ST
e TC APLIB 6 /N6 AR H 36 3 55 ] A
[Fi] , it B LA A — R R 1 36 06 [R] A TR SR .
MRGVF 20058 AT [ 5 3 i SR M oK fife e I, AR 9
SRARAS 2 138 M SR M e 5 B SR ES T Lo Ry
PR RS FIT R S s 12
P A SR W6 2 A SR A 11 Bof ) R sl TG R B
B R RIS R A5 1), R A i AR — R B ) o
BT R £ AL AR, LB #6 H bR ok B0 Ik BUE
2, PR LR IE R R 5, HOR A5 07 R0 g
LR N
X(t) =AX(¢) +B,U,(t) -B,U,(1) (4)
K, A B HAEXTE 3 B i RBUE R, U
SRR A B AT AR e, Aok [ e ek ]
B, AR eRECT AR Ry

J = 3X()QX, + %f:EX%t)QpX(ﬂ +

U ()RU, (1) -U()RU(¢)]dt  (5)
XH, Q R N S04 BRBU R B

WG A ) 03 e N LA O B R AR T
FEVEATSR A . Jagat 2517 B XF L Bl ) 20 B B
MBS FIBHEAT T RFE, HES T R R A R s i o
W, 2RI AL E C-W 5 R R e A, 41X
A WL L) T 28 A0 20 S A1 L 0 i) 4
BIBEAT THFIE. R T HE— 26 P ER S B T3k
Rl e A 40 KT 5 ) AR, Jagat 25" 3 4 B
SDRE J5 ¥ s 42 V22 R $2 0003 X SR B AT
¥, KA A5 AR IZ T AR E TS0k [ 47 | h
MR fi B S PAIER SRS 5 TR i v i I
IR ZSHE G , T LA 3 o S R 2 0 e R 4T 7
LR, O TS B AR SR B 3 5
{FL T B3 26 B AR A8 19 295, 38 2 fig
SIS AT K A 1) AT RE 30T, T TG 12 A



3 ] REA A R A PIE R 26 3) )27 5 Pl Il 5 £k S5
S R 2267 5 PR D I R R 1R R R DL

T FRFEME 2 7R 7 by I Ja ) 5 35 £
I 2K T A o 368 9K P 1149 g s R K T 1
LR 3 i 20 W07 1l JE 24 o S P (U2 R S
45) , BbReR g Rl
I=t (6)
I AN B AR A, SR A 7 v 7T 43
W)k S B RS AR o, Wl Tk
TR BHEE R A SE B S BN T2 5, T ELEE L F
FxHE
[ 422 0 R A T g 7 LG 4 A (i
AN eI BN A 5 D5 I IR 1 7
LB VAU 187 P15 86 4 T 0 vk TR 53R A%, )
24k J35 1) {8 S0P e 8, o LA PRSE U B . Stupik
2L o B B K, R T A R A
{114 Kriging BEHEATSRAR, SCBL T 28 TR0 7%
It A2 1 R S 3 ) (LA S T ) R A T 36
HE, YW 7 AT H A R R . Hafer 2567 765K
fipp G 1 3 2 () S, R HE T — b B A T
W, PR A A A R 2 SR A AR R
T PR S 1 M TG T 0 0S40 4 ) o 252 )
WSRO TR, TR o
FTWRASAEZ B 12 LRIV AR D 00T (9 B
B LE I Bk R A % 3 TR 81 R YR
A7 ) HEAT TSR A Shen 2P RFSE T
% 1 S5 75 Al 0 32 B B 3 Mk [) A, 42 T A2
W% 9k 5 5 41 0 ) B 00 AR Ak T S A S 38 Wk )
HA AR B4 7 1 5 Shi 450l 53— JEU IR E— R BT
T8 02 45 BLHE 1 07 i A7 AE SR R R i ) A
HAIHT T A 7 75 ) 24 R X 1 2 £ 1 1] Y
Wi, Zeng 25 5 i 51 AKUAE 1] 4 R R
S TP 5 0 A ) R A Ay AR Ak ) L, 9 3
TIRA AT B HEAT SRR, SR A R HE 224
AL A W B AR
ST 3 SR A I 2 1 v G A TR 3 )
W ARSI TR R Y ekl
Pk, B G T A5 B B0 B O A S 1
BRI L0 A Ay 0500 5 42 o ) AL, 4% I 17
FELAE B A AT SR A% . Pontani 25" A1) i 2f
T B A AR T B 8 3 0k I O g A B O
JRHC 5, i P A e A TSR i, LA R i i 8
Yo FMRES HE— BB T ok EAE R S5
VAR B T B, AR L
R, Carr 25 FEBF AL S0 HE I IR, )4
IO F2K B R ) JEARAS 3 T — 5 A He 5 5 |
(A BRI S s, 07 L5 SR W% 0 i LA BT

BTk B LR 2P T R
TEEFD N P S 3 n) R S I B4 2
A I i A 2 ARSI At A BR300 %) s I 4 o ) it
BRSSO T A 380 D ) 0 0 e, PTG 2 i 32 07 v
PHFFTESNE BN A2, BB 3145 1Y fif JC 15k B Oy
J55 1) R PRy 85 25 o Schoenwetter' ™) 5 1 7 45 Y 2%
PRt A v [ R — 5 SR IR A oy — i iy e
Semg, BRI M TS, skaREs 1ERT
FEE J2 1Bl 0 U IE 38 2 [R] AU 1 O 3 vk AT
TEACR A, HA7 235 AL U00 R 0 415 31 1Y)
ORI SRE ORI AN A7 70 2200, XL AR POR g
I 5 34 TR Ik F) s DG ) R

BEE N TR RE AW & R, AN b2 3 i DR
LRI FH 0 5K i 0 T 8 06 0] R, A4 T L)
Iy IR 2 R 4% ( deep neural network, DNN) £l
sRAL ) PRI E B . b A7 SC TR B P 28 Y 25 1)
WFFATIEE T o % SR PR T, T A5 OGS M oK
RS BT s A I s A 27 > BB 5 U Bk T 5 R
A JPR SRR, 88 3o 07 R BE P 28 IO 8% 5 Jli 0o 45
il e, TR R 5 BRI 28 B rh A
o7 > TEIE R

L5 BRSPS JC ik Ak B ] 2 R
AR AT, N 13 5 550k 52 R 5 T T B SR 5K i
TR, MEATEZ N T, N LR RE S 00 - Il
Sr— I — I A, (AT B 2 Gk AL ]
A AT RE , BT I

3 ET DNN BHEIE K RREHT 5

H1 T DNN H A5 AR 56 14 5 s ek ROBH 5C 2R 1Y
A RE 1, L LAF A MOk B 2 1) 22 B G
DNN 7 fifi KA 328 08 46 25 T 18 (1 B 7,y
AT B o T LSRR R o UL K A Bl S 6 P 1%
RN RN (PN i = a e WA RN
I 5K R B 2 JE , I DN ACHES I B 88 55K
W R B T S Tk A R B T AT R . Y
Fi Rz FH DN B4R g S0 K i 1 26 (] B F 58 T
PEATS AL T 362 A5 B B, — e ] S 45 O 250808 9K 3l A
Py PR AP AESE
3.1 HIERHIELR

Y8005 K Sl HE 2R f T A% 8 M o D S,
T 2RI 45 i WS RE 7, A RHE R o ) R E
WIS, 0 o 5 B A R e TR B L R 45 13
R I 2 55 ik A0 25 1 A B B, A L
PR



<6 (FE TR SR S AN S

55 46 &

S LRSI 5l

.
|

N | i
iﬂlﬂﬁﬁ%%l - FHEER

PR SRR

T s

| e

Bl 1 DNN Zf RS
Fig.1 DNN data-driven framework

BRI B 671 5% I 45 Y1 b 75 1 D B 4
PEARA L AR ] LSRR T O %8 oy
T SRR F i R e AR A TR B 5 B AN
FEAERS W5 Z 0 FLAE R PR T R P iR A
BRI, HAE B L™

data = [ input data; label]"

Hor zinput dava 27 W25 1 A\ 72 & 30 T
BRI B AR ZS A5 B 5 T Label T 27K W 45 4 M
o S S OLEATICHC . Kol AL BT BOY T4
YRR R R R, — oy A — A S B R
KWL HE R TR, 5 R
ABAE AL AN AR S BBt . 2t
FrBOH TS B RSB0 " Wb R 45, H RT%
TR K W N LT W0 BT A B L
2 FRWE Ry S . BB ZRIIE R Be S I 2k
o] 2 22 ] i A it 2 ] P AR DG R T E
R A B, i i HH — S SE s T AR 4, 3
LG A 248 A B 412 A R R R S R, ] LA SIE 3
PRI . 1045 07 FH I BB PN 2505 I 2% A
YL BR IR, 32530 =2 OX R E s 217
—Ab ; QAR ZE 45 R QO 2% i 1 g A\ 3l
2 BAG B d Z

TERAR IR B | S 3L B 20 % T BR A
SRR B o R SRS AL R SR i 45 RAE IR
i Bl 22 W 25 2 2] IR — WS WL G &R, J il
A7 LA R UE 205 00T RIBR R B st fid v SR A
RO BB 3R 22 BEIN E] ) RARRON B 2 o Zhang
2 2OV 5 22 0 B O 14 ) el S T
HER)E, Bt 7R YRR T DNN ) 8 5 S oK A
Tk AL 28 IO AR 23, o 228 o 24 T30 At A
D RAELAG AR A B 290 i 25 A7 LA DR SR A5 K5 1 45
R, WA ESE R AT LA ) H S e T SRR e TR A
BT A BE

Bt SR ShHEZR A% A TR B e o it I 2R
i REABE R RAE I 5 i T T HESR 2

PEPERE. X T8 R FEE F A 5 e ST A
REA AL B
3.2 YEIRFHIESR

N T AR 45 1~ >0 MEBE I BN 20 R
ARV ERLY T, RDREBILIE Bl ) A B2 AR 5
B R RSB T M 4%, e e B BEIR S AE L, 4
I 2R BRI 1 R i L AR DG
WA Z I

T

BREH

&
IBF

i

RO

B2 rEiokgHE e

Fig.2 Physics-driven framework
Yang 251" B 107 I 5 4011 38 o ) 3R
T—FETHEESEL ™ R T
30 HRE I A ST R — A T (B R R A —
AT T — PP B [ 2% 40 & S50k Py PRSI
FATR =AW 3 i . HAgofs i 2
TR ) IR R A0 A i A P BRZ 3R, 1 AH S 1)
B SR A S RN ZRad B 58 . feJmidad
D5 EEAFIIEBA T 32 07 35 0 A S0, HLz R 25 A5 78

A LATE B IR0 1 0 T 8 1 o
1y 3RS B HE S8 128 [a] Do 28 v s ) 3 24 o 45
eI fE B LB T/ IMEAR S TORE A O T 1Y
YL AHitR ALY H 0 18 S o 2 i T AHE S
HIZACTERE . 48 2540 R % bR EICHT s ZE AR P 2



3 ] REA, &5 R APIEIB R B Sy 24 5 1 ] RS e LR i T

HIN

________________________

_________________________

B3 st
Fig.3 Network structure

PRI AT L T T8

g5 b Bn KB E S B e e I, (ELR)
285 L[ I > REAS RSO v A R O AR LA M
PUBDN ) ALY, ARSI T 2 |
Rt I S EUM R R BRI ST 7 oh, RIMETE
SN2 )5, Hat S A Rk LLoE 247 & W) 3
FLR Y BHEKSIHE SR BARREAR T 26 Y7 2] B2
R T B E e = 38 A, T A X R
FE [AJ UL [)ETH AR L Y 199 26 25 ) DL i A5G 56
o WPREECE S8 3l 5 Y0 B IR S AR 25 45, TR R
T /2 PB4 T B —E i JE I, T
DI R ARk 207 1k i — AN F 58 T 1) o

T UL, T35 T DNN LA 6 3R
W LA | AR B X e S AT BRAE SR T BB e

FRIEL, 255 oo X SR B R DNN T JEHIF5T, o
5B E Bk i st T BB 2 g )

4 ETRALFIMNNEERRETR

S ALy o) SR REARAE S HLIT AL BRI 1 A T2
B AT A B — Rk I DL R i
N HARIR AR AR MG o FEsR LA ) il AR,
RE M 15 PR AT 0 5 0 S AN i > BT A
C SRS , B BE PR AL TR 4 T AR 2, 3 3 AN
SR VR S A 5 S BRI b 3l 4 RE ZR AT 3 i 10 %
Jily BRI LA A AR R ST [ i S . A
T AR R 2R AT R B R R AT R, IR
SN (B iig s e N B T i o7 N 18 s e R €91
Rasah 12 GG H BRG] T AP EE 1
9\%&[57—58: .

TE S FTEE A LR 2B 6 e () A 58 A
Hh A O — T A RO TR 55— iR
el EON PR B850, B LA 5 A il R 52
I T LSRG AE F AR B2 5 ] )
A, AR AR AE SN P 4 Piros o P b AR 8
LA EYSSE S R W DU 82 7ot 90 st ng =P SN DB
R, 3 — e AT B T A 8 P 2% A, (R IR
] HETE B A WSS 2R R R e L, PRI — 2B F
FRRA LR, Al R AL 2 R %

e BUR ASHLIEIE ] S

!

2 H AT b AR
) i ;
v J57
BBIE S %
B RAT Fe e AR ket 5
] ‘
v B
WRAEIEBIE - EWERER | |
EEES
! fodiikux
PR R LS R
ﬁfﬁ]%% Lli'{ﬁm
ey
A4
. TS

Pl 4 Ay > SR B 1k TR B A HE 2

Fig.4 Basic framework of reinforcement learning algorithm to solve the pursuit-evasion problem



-8 (FE TR SR S AN S

55 46 &

Zeng 25" B xf b T 38 36 Bk AR, ST T
— MLy R AT PSR A AL AL I S fr R, TE
Bl SH RS k(0<sk <n) DI S R/RAS A x,, 3
YER uw, BB T —IRER x,, TR 22 (B
N e BRI 5 HARIUR Ak 2 THZR 4 1
SRR R TR AT RS R, U SR 28 1k ]
T, B R N e AT 21— e B P g
7" AR MRS R AL VT (%) ik E N, Ry
I, SCHIRL 64 1388 1 — il 20 B0 TR 1 2 S0 s A
JEHR” sl 2s 2 Bk AR TR S e
PSR P4 R A X E T AE R 2 2k 2 A
BT BRI A TIREE M M 45, T — 2 e
JEE E e 1 GERIOMET 1 Tl

Koy Uoy Tos Xy Uy Ty Xy Uy Ty Xy o0y Xy Uy Ty X
—_— —_—
SRUCIRER SRS

KIS EyRml Ko
Fig.5 Markov chain

AN, XK ESE 1% A A1 B BRI 23 7] 58
Sl M T S (AT A B BRI A T
ZHFFATHIIILS 7 SOMBE ATy g S, it
St T KR EE B AL 7 > T Ik, X e 2 TRl iR
AT — i (O S 2 o VTS R
TaEZRERER R AL ) I8 R IR IR, O 4y
T Z R Y i ) 18 2 AR S EOF R4
PEANM BB A5 R Yang 557 530 96 1o 7 1)
3 R IE IR B A8 23 W BOFIT BE B T AR B B, IR
DRI SR AL~ 2] 07 15X T B B 1R ) A (9 AN e 4
HE K oh AL 2l 1 g% 1] R R AT TR . Zhang
SOV S - TN AT 3 TR B %
ORI siAL S ) RE TR T 9IRS AL TR X Ak
(IR, A T T — Bl 2 B B AL
SV RS — P B L T2 SR LU U5 1 38 ik 5
WEHEATRCTE, IF TIN5 2% 5 AR R A T I 5
5 BB X0 T kA 1 R 268 AR AR TR R
BRE A RUGE T 5k B SO AR i R
Wit 1 457 7 AT 3 5% W {4k (proximal policy
optimization, PPO) SFLHELL I IR I, 8 1 F
IR T AR 45 R 20 B AR XL B sk 7 22050
PREI BT 15 A i e 1 Tk vh 3 T 25 1F R 1Y
NG IE ) B, Zhao 5 4R M T — R UL
I —22 i — A FRAE SN 228 Re AR A~ > 5
TRBEAT TR A OAT T RK A g 264 T BB
B TGRS RS

g b BT AL S > AR A IUE B 0k SR

SRIGFEAE R R EHA W RS H b T 1h
PR B 58 ey, A T W D11 5 R I 4 AR W 8
TR, BEAh, H Tl A B R U A BT 5
Pz o) SR A I 0 SR I3k PRI He e fIe e,
HAER AR T R A% o

PRI, 2 5 P = > A B0 A ik DR 1L T
A 3 PR LT S A R M S, AT 24 ] R 9
= YiAs(a], i R 1 R S (8] 4 o T B 2k
AR 28 TORICE . Sy T IR 1o 45 5
WSS, R A ol 45 (L R KT DA FE 0 S i
PEPEZELL AR XU S A AR, X — 2K BLE
B F1 A FR TR AR A SRR ~) 503k 1 G i,
YRI5 A 27 > SR AR A5 18 6 1] AT ) 2
FERL . BIRTER TSR A5 > Sk A TSR AR AT
FAAE IR IR, {525 JE B L T I 2K m] SR e B
VEEAT IR AU (9 5 i, PR A i ke B 22 T
FLR i 16 12 (] ELA B 32 R P T

5 REERE

FULR A L 1 3K [P B2 A A KPR U ) 2
J128 SIS o AN SCEI R 25 TR K
BT PSR, TS TR HE o 22 X 45 i AL o )
FEAEIP RN RT TS AT T 23k . PRl LR
N TR RERAA RO T B I8 b [ Y5k
SR e AR A R s T8 A i B AR fE
A7 A AT AT . EUE, H AT
RZSIERT B b R 19 F R A, HL — X — "B ik
hE, HEPPUEBRN IS A —E . A,
SRR 2l 1E AT 35 [ 1) 3t ) 25 8] 1 ,
H 23 [ B A R 2 i ) B (AT LTI
R 19 AR A B S M H 2 B B 6 2 ) R A
FER

PR, & TR A PE B 26 [ N — 25l 3
FANLAF =407 AT IRABEE «

D) B IR S H I 5 A . BEE LR 4%
7R ERER A O A RN TR NI EB: P 2 B T (B
D BAAATE 55 BRI Y B BT 55 55 AT R S48 )
T Z ST AR TS o —J7 1 m] LR Jay Y
AMARTIBAR K, e bR 2 25 ) Hpal ik 4 ) A
KA XGRS HEATOIA]; 55— 5 10 n] LS
Gtk H T VR R S AR SC B 1 2 A
PR, 3 1 SR VAL AT AR U A4 B
TEARZS 25 T L3k

2) ZRR A gR . Bl RPN R AL
SRS FEEREAL R R BRI K J8 , & 2R
for 28 RS A S 1) B b 7 5% 5 A ]



3 ] REA, S MRAIEIE

Pl F12% Sl I Y 2k ‘9

fiE , 10 Vs ZLAT XS IS ) R IFBF 5T . — T i n]
DAL Tl 0 SR B 37 e 2 18 3k [ A Y
HRL AL GE T L BEAT SR A 5 7 — 5 1 ] AR A
MR fetsR A 2 > 50k it 5 _E U3 ) 24 36
B LN ZRATH AR I 47 1 S

3) RSN RSN e S . BEE A
IR 2 1925 0% ¥ DA = [ 9 e 31 M A =3
[], B B 36 ) A 9 i i A =
PRAsfa) b, S s RN A], A 245 (8] Bl 5 ik
FAAE R TR T 58, %) 2% 28400 5l s B2 UR, A
WIE 5 POUR PR L S5 R A, HRR R B ME L K
5 ARBUER L, S 1A R I 2%, i 5
REST" AZ A Gy Sy M {28 0k R o SR
HESE RS

2 % 3wk ( References)

[1] Secure World Foundation. Global counterspace
capabilities| R/OL]. [2022 - 08 — 18 ]. https://swfound.
org/media/207541/swf _ global _ counterspace _ capabilities _
2023 _es_en. pdf.

(2]  Afek, skiErs. EEBRSHSEM DER I AT].
WL K B TR, 2019, 35(4) : 48 —51.

DIAO H F, ZHANG Y S. Analysis of US geosynchronous
situational awareness satellite capability [ J ]. Aerospace
Electronic Warfare, 2019, 35(4) : 48 —51. (iin Chinese)

(3] P, ZfRd, BUE. HUREPUE LMo XT R ss
WOV P EBE FORBEE, 2020, 50 (12): 1533 -
1545.

LUOY Z, LI Z Y, ZHU H. Survey on spacecraft orbital
pursuit-evasion differential games [ J ]. Scientia Sinica
( Technologica) , 2020, 50(12) : 1533 - 1545. (in Chinese)

(4] Ao, AR 12 EMRUI 3T [D].
J63T: LR T KA, 2016.

ZHA W Z. Multi-player qualitative differential games with
single superior evader [ D ]. Beijing: Beijing Institute of
Technology, 2016. (in Chinese)

[5] MENON P K A, CALISE A J. Guidance laws for spacecraft
pursuit-evasion and rendezvous [ C ]//Proceedings of the
Guidance, Navigation and Control Conference, 1988.

[6] GUTMAN S, ESH M, GEFEN M. Simple linear pursuit-
evasion games [ J ]. Computers & Mathematics with
Applications, 1987, 13(1/2/3) . 83 -95.

[7] KELLEY H J, CLIFF E M, LUTZE F H. Pursuit/evasion in
orbit[ J]. Journal of the Astronautical Sciences, 1981, 29.
277 -288.

[8] ANDERSON G M, GRAZIER V W. Barrier in pursuit-evasion
problems between two low-thrust orbital spacecraft[J]. AIAA
Journal, 1976, 14(2) . 158 - 163.

[9] REPPERGER D W, KOIVO A J. Optimal terminal
rendezvous as a stochastic differential game problem [ J].
IEEE Transactions on Aerospace and Electronic Systems,
1972, AES -8(3): 319 -326.

[10] skBkfe, B/NHE, PNEL 2800 RATHRE R Z A b 22 P Y B
BEAALT]. KR, 2007, 25(1) : 26 - 30.

ZHANG Q H, ZHAO X J, SUN Y. Pursuit-evasion barrier of

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

two spacecrafts based on the sightline coordinate system|[ J].
Aerospace Control, 2007, 25(1) : 26 —30. (in Chinese)
HKAKAE, AN, I, SF TS EIBE P AT
TRl s/ MIES T RGBS T]. Pkl 5 g sk, 2007,
22(5): 530 —534.

ZHANG Q H, SUN Y, HUANG M M, et al. Pursuit-evasion
barrier of two spacecrafts under minute continuous radial thrust
in coplanar orbit[ J]. Control and Decision, 2007, 22(5) :
530 —534. (iin Chinese)

BUIE. T B0 X SR A S0 K 4 L 3E G806 A 1T £ ) OR
m[D]. Kb ERRHEEAR RS, 2017.

ZHU H. Optimal control of spacecraft orbital pursuit-evasion
based on differential game [ D ]. Changsha: National
University of Defense Technology, 2017. (in Chinese)
PONTANI M, CONWAY B A. Numerical solution of the
three-dimensional orbital pursuit-evasion game[J]. Journal of
Guidance, Control, and Dynamics, 2009, 32 (2). 474 -
487.

STUPIK J, PONTANI M, CONWAY B. Optimal pursuit/
evasion spacecraft trajectories in the hill reference
frame[ C]// Proceedings of AIAA/AAS Astrodynamics
Specialist Conference, 2012.

WOODBURY T D, HURTADO J E. Adaptive play via
estimation in uncertain nonzero-sum orbital pursuit evasion
games [ C ]//Proceedings of the AIAA SPACE and
Astronautics Forum and Exposition, 2017.

YE D, SHI M M, SUN Z W. Satellite proximate interception
vector guidance based on differential games [ J ]. Chinese
Journal of Aeronautics, 2018, 31(6): 1352 —1361.

YE D, SHI M M, SUN Z W. Satellite proximate pursuit-
evasion game with different thrust configurations [ J ].
Aerospace Science and Technology, 2020, 99 105715.
PIMATE. T HBBUE b PTILR 48% 38 39 X SR B B AE SR il 7 ¥
WHFE[D]. ME/REE: FR/RIE LR, 2015.

SUN S T. Two spacecraft pursuit-evasion strategies on low
earth orbit and numerical solution [ D ]. Harbin; Harbin
Institute of Technology, 2015. (in Chinese)

PRINCE E R, HESS J A, COBB R G, et al. Elliptical orbit
proximity operations differential games [ J ]. Journal of
Guidance, Control, and Dynamics, 2019, 42(7): 1 - 15.
ZHANG C M, ZHU Y W, YANG L P, et al. Numerical
solution for elliptical orbit pursuit-evasion game via deep
neural networks and pseudospectral method[ J]. Proceedings
of the Institution of Mechanical Engineers, Part G: Journal of
Aerospace Engineering, 2023, 237(4) . 796 —808.

LEE S J, PARK S Y. Approximate analytical solutions to
optimal reconfiguration problems in perturbed satellite relative
motion[ J]. Journal of Guidance, Control, and Dynamics,
2011, 34(4): 1097 - 1111.

Euk, AR, WTE, . B 2 BUHRE TR B S E
PARLT]. JERBTOR 22240, 2017, 37(4) : 418 -423.
WANG Q, YE D, FAN N ], et al. Pursuit evasion game with
J2 perturbation [ J ]. Transactions of Beijing Institute of
Technology, 2017, 37(4) . 418 —423. (in Chinese)

SHEN H X, CASALINO L. Revisit of the three-dimensional
orbital pursuit-evasion game [ J ]. Journal of Guidance,
Control, and Dynamics, 2018, 41(8) ; 1820 —1828.

ZENG X, YANG L P, ZHU Y W, et al. Comparison of two
optimal guidance methods for the long-distance orbital pursuit-

evasion game [ J ]. IEEE Transactions on Aerospace and



(FE TR SR S AN S

55 46 &

[26]

[31]

Electronic Systems, 2021, 57(1) : 521 —539.

WA, R, BE1, 55 MLl A FRY S RIS 2 0 SR
SHET]. TR, 2016, 37(7) : 795 -801.

CHANG Y, CHEN Y, XIAN Y, et al. Differential game
guidance for space rendezvous of maneuvering target [ J].
Journal of Astronautics, 2016, 37 (7). 795 - 801. (in
Chinese)

INNOCENTI M, TARTAGLIA V. Game theoretic strategies
for spacecraft rendezvous and motion synchronization [ C]//
Proceedings of the ATAA Guidance, Navigation, and Control
Conference, 2016 ; 0873.

VENIGALLA C, SCHEERES D J. Delta-V-based analysis of
spacecraft pursuit-evasion games [ J]. Journal of Guidance,
Control, and Dynamics, 2021, 44(11) . 1961 —1971.
SR BETHZREME TR BRI D], st
JLHTHE R R, 2020.

SHI S K. Research on multi-satellites pursuit evasion strategy
based on game theory [ D]. Beijing: Beijing University of
Posts and Telecommunications, 2020. (in Chinese)

NESR, s, 52, % TR T REREX
23 ] H A Bl 7 72 [J/0L ], JU R0t 23 i K K72 4k,
2022: 1 - 14. https://kns. cnki. net/kcms/detail//11.
2625.V.20221229.1708.001. html.

LIU Y H, SHE H P, MENG B, et al. Round-up method of
target by satellites
Journal
Aeronautics and Astronautics, 2022 1 — 14. hitps://kns.
cnki. net/kems/detail//11. 2625. V. 20221229. 1708. 001.
html. (in Chinese)

ZHENG Z X, ZHANG P, YUAN ] P. Nonzero-sum pursuit-

evasion game control for spacecraft systems: a Q-learning

space swarm based on wolf pack

optimization|[ J/OL]. of Beijing University of

method[ J]. IEEE Transactions on Aerospace and Electronic
Systems, 2023, 59(4) . 3971 —3981.

SRAKAE, IR, TEERL, S, AT A A A R 4 1B 2 3
W S EESR AR L] FALEAR, 2014, 35(5) : 537 -544.
ZHANG Q H, SUN S T, CHEN Y, et al. Strategy and
numerical solution of pursuit-evasion with fixed duration for
two spacecraft[ J]. Journal of Astronautics, 2014, 35(5):
537 —544. (in Chinese)

HE H Q, SHI P, ZHAO Y S. Hierarchical optimization
algorithm and  applications of  spacecraft
optimization[ J]. Aerospace, 2022, 9(2): 81.
JAGAT A, SINCLAIR A J. Nonlinear control for spacecraft

pursuit-evasion game using the

trajectory

state-dependent  Riccati
equation method [ J]. IEEE Transactions on Aerospace and
Electronic Systems, 2017, 53(6) : 3032 —3042.
AURES-CAVALIERI K D. Incomplete information pursuit-
evasion games with applications to spacecraft rendezvous and
missile defense[ D]. Texas A & M University, 2014.

LIZ Y, ZHU H, LUO Y Z. An escape strategy in orbital
pursuit-evasion games with incomplete information [ J ].
Science China Technological Sciences, 2021, 64(3) : 559 —
570.

TANG X, YE D, HUANG L, et al. Pursuit-evasion game
spacecraft ~ with  incomplete-

switching ~ strategies  for

information[ J]. Aerospace Science and Technology, 2021,
119; 107112.

JEI W TR 40 Xob SRS SR A AT K e 3 4 o) Oy vk
FEID]. IR : MR TR, 2021,

ZHOU ] F. Research on control method for spacecraft pursuit-

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

evasion based on differential game theory [ D ]. Harbin;
Harbin Engineering University, 2021. (in Chinese)

ZHANG Z, SUN C, CHEN J L, et al. Prediction analysis of
target state in spacecraft pursuit game [ C]//Proceedings of
the 5th International Symposium on Autonomous Systems
(ISAS), 2022: 1 -6.

WANG M, WU H N. Autonomous game control for spacecraft
rendezvous via adaptive perception and interaction[ J]. TEEE
Transactions on Aerospace and Electronic Systems, 2023,
59(3) . 3188 —3200.

VENIGALLA C, SCHEERES D. Spacecraft rendezvous and
sets [ C1//
Proceedings of the 2018 Space Flight Mechanics Meeting,
2018.

TR, 2310 AT & 2P MUEELE ke[ D). K
. EpRHE R, 2017.

YU D T. Approaches for the spacecraft security defense and
method [ D ]. Changsha:
University of Defense Technology, 2017. (in Chinese)

LIU Y, YE D, HAO Y. Distributed online mission planning
for multi-player space pursuit and evasion [ J .

Journal of Aeronautics, 2016, 29(6) ; 1709 —1720.
LIUY F, LI R F, HU L, et al. Optimal solution to orbital
three-player defense problems using impulsive transfer[ J ].
Soft Computing, 2018, 22(9) ; 2921 -2934.

ZHOU J F, ZHAO L, CHENG ] H, et al. Pursuer’s control
orbital

pursuit/evasion analysis using reachable

evasion maneuver National

Chinese

strategy  for pursuit-evasion-defense  game  with

continuous low thrust propulsion [ J ]. Applied Sciences,
2019, 9(15) : 3190.

VRIRTY, SERE, ARk, 4. HT 28Rk s
BB EL]. BBATR (P3ES0) , 2022, 39(2) .
24 -31.

XU X S, DANG Z H, SONG B, et al. Method for cluster
satellite orbit pursuit-evasion game based on multi-agent deep
deterministic policy gradient algorithm [ J .
Shanghai ( Chinese & English), 2022, 39(2) . 24 -31. (in
Chinese)

INFEG. MR ANEMBEILB X D]. AL b
[REAR K, 2014,

SUN J R. Linear quadratic two-person zero-sum stochastic

Aerospace

differential games [ D ]. Hefei: University of Science and
Technology of China, 2014. (in Chinese)

JAGAT A, SINCLAIR A J. Optimization of spacecraft pursuit-
evasion game euler-hill
frame[ C]// Proceedings of the AIAA/AAS Astrodynamics
Specialist Conference, 2014.

RN ARG IR AR SR R [ D] K
W EPRHERAE, 2019.

trajectories in  the reference

LI Z Y. Trajectory planning and control technology for
spacecraft orbital pursuit-evasion game [ D ]. Changsha:
National University of Defense Technology, 2019. ( in

Chinese)

HAFER W T, REED H L, TURNER J D, et al. Sensitivity
methods applied to orbital pursuit-evasion [ J].
Guidance, Control, and Dynamics, 2015, 38 (6). 1118 —
1126.

SHIM M, YE D, SUNZ W, et al. Spacecraft orbital pursuit-
evasion games with J, perturbations and direction-constrained
thrust[ J]. Acta Astronautica, 2023, 202 139 - 150.

HORIE K. Collocation with nonlinear programming for two-

Journal of



3 ]

REA, S MRAIEIE

M3 Iy R S 1

[52]

[54]

[55]

[56]

[61]

sided flight path optimization [ D ]. Urbana-Champaign :
University of Illinois at Urbana-Champaign, 2002.

HORIE K, CONWAY B A. Optimal fighter pursuit-evasion
maneuvers found via two-sided optimization[ J]. Journal of
Guidance, Control, and Dynamics, 2006, 29 (1) 105 -
112.

CARR R W, COBB R G, PACHTER M, et al. Solution of a
pursuit-evasion game using a near-optimal strategy [ J |.
Journal of Guidance, Control, and Dynamics, 2017, 41(4) .
841 -850.
SCHOENWETTER L.
astrodynamics and space domain awareness | D |. Alabama;.
the University of Alabama, 2021.

TKIAeER. MR AwB Rk IR SRR [ D], Kb EB
B kA, 2021.

ZHANG C M. Research on guidance strategy for spacecraft

Game  theory applications in

pursuit-evasion games[ D]. Changsha; National University of
Defense Technology, 2021. (in Chinese)

FEAR, HErHe, ZERUE. PREEE e AT a2 S
RN WE ST SRR (1], Jrae 5958k, 2020, 42(3):
267 -276.

CHENG L, JIANG F H, LI J F. A review on the applications
of deep learning in aircraft dynamics and control [ J .
Mechanics in Engineering, 2020, 42 (3): 267 - 276. (in
Chinese)

HILE, 20, o, & N TR RRIEATR A i 5 2
FRIRZEARLT]. A 2#die, 2021, 42(4) : 524201.
HUANG X X, LI S, YANG B, et al. Spacecraft guidance
and control based on artificial intelligence: review[ J]. Acta
Aeronautica et Astronautica Sinica, 2021, 42(4) . 524201.
(in Chinese)

12770 D, MARTENS M, PAN B F. A survey on artificial
intelligence trends in spacecraft guidance dynamics and
control[ J]. Astrodynamics, 2019, 3(4) ; 287 —299.
SHIROBOKOV M, TROFIMOV S, OVCHINNIKOV M.
Survey of machine learning techniques in spacecraft control
design[ J]. Acta Astronautica, 2021, 186 87 —97.
RIEE, B, R, G5 T IR0 2% 114 JC KR I 4k
TR g B HEms SR AR [T]. R, 2019, 37(6):
13 -18, 58.

WU Q C, LIB, LIJ, et al. Solution of infinite time domain
spacecraft pursuit strategy based on deep neural network[ J].
Aerospace Control, 2019, 37 (6): 13 - 18, 58. (in
Chinese)

YANG F, YANG L P, ZHU Y W, et al. A DNN based
trajectory optimization method for intercepting non-cooperative
maneuvering spacecraft [ J ]. Journal of Systems Engineering

and Electronics, 2022, 33(2) : 438 —446.

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

HOYER S, SOHL-DICKSTEIN J, GREYDANUS S. Neural
reparameterization improves structural optimization[ EB/OL].
(2019 -09 —14)[2022 - 05 -20]. https://arxiv. org/pdf/
1909. 04240. pdf.

SUTTON R S, BARTO A G. Reinforcement learning: an
introduction[ M]. Cambridge: the MIT Press, 2018.

ZENG X, ZHU Y W, YANG L P, et al. A guidance method
for coplanar orbital interception based on reinforcement
learning[ J]. Journal of Systems Engineering and Electronics ,
2021, 32(4): 927 -938.

R, BER, Mifiss. A J2smAe s SR T]. L
TRERA, 2021, 57(3): 72 -79.

LAI J, WEI J Y, CHEN X L. Overview of hierarchical
reinforcement learning [ J ].
Applications, 2021, 57(3): 72 =79. (in Chinese)

XUKHE, MHMESS, w55, 45, FET SR EEw Aoy > 1 AE
AfE EARE R R Mg SR AR (7], o= 2 4, 2020,
41(10) : 324040.

LIUB Y, YE X B, GAO Y, et al. Strategy solution of non-

cooperative target pursuit-evasion game based on branching

Computer Engineering and

deep reinforcement learning [ J ]. Acta Aeronautica et
Astronautica Sinica, 2020, 41(10) : 324040. (in Chinese)
YANG B, LIU P X, FENG J L, et al. Two-stage pursuit
strategy for incomplete-information impulsive space pursuit-
evasion mission using reinforcement learning[ J]. Aerospace,
2021, 8(10) : 299.

ZHANG ] R, ZHANG K P, ZHANG Y, et al. Near-optimal
interception strategy for orbital pursuit-evasion using deep
reinforcement learning[ J]. Acta Astronautica, 2022, 198
9 -25.

R, BOLHL, 5, 5. URESELIE Ik AR £ B Bk
eI TTE ], B (Fhes0) , 2022, 39(4) .
33 -41.

YUAN L, GENG Y Z, TANG L,
reinforcement learning method for orbital pursuit-evasion game
of spacecrafts [ J ]. ( Chinese &
English) , 2022, 39(4) . 33 -41. (in Chinese)

Bkt i, A, IR, . FET AL S AR
aPlEEEEIEL)]. A3hfbar ik, 2023, 49 (5):
974 - 984.

GENG Y Z, YUAN L, HUANG H, et al. Terminal-guidance
based reinforcement-learning for orbital pursuit-evasion game
of the spacecraft[ J]. Acta Automatica Sinica, 2023, 49(5) .
974 -984. (in Chinese)

ZHAO L R, ZHANG Y L, DANG Z H. PRD-MADDPG: an

efficient learning-based algorithm for orbital pursuit-evasion

et al. Multi-stage

Aerospace Shanghai

game with impulsive maneuvers [ J ].

Research, 2023, 72(2) . 211 -230.

Advances in Space



