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A Decision Method for Orbital Game Based on Behavior Prediction and Strategy Fusion

WANG Ying-Jie"? YUAN Li** HUANG Huang"? GENG Yuan-Zhuo"?

Abstract The high uncertainty and behavioral diversity of evasion strategies in the orbital pursuit-evasion game
pose significant challenges to the generalization capability of pursuit strategies. Although deep reinforcement learn-
ing can enhance the pursuer’s performance, the policy network often produces suboptimal or even invalid decisions
when facing evasion strategies that deviate from the training distribution. To address this issue, this paper pro-
poses a decision method for orbital game based on behavior prediction and strategy fusion, named predictor-actor-
critic with fusion. During the training phase, a set of diverse evasion strategies is modeled using a prediction-guided
approach combined with the artificial potential field method. Based on the traditional actor-critic framework, a pre-
dictor-actor-critic algorithm is developed by introducing a prediction network, and a corresponding pursuit sub-
policy is trained for each type of evasion strategy. The prediction network estimates the evader’s actions, and the
similarity between predicted and actual actions is used to quantify the matching degree between each sub-policy
and the unknown evasion strategy. During the execution phase, the fusion module takes the evader’s historical ac-
tions and pursuit sub-policies’ prediction outputs as input, dynamically evaluates matching degree, and selects the
most appropriate sub-policy for decision-making. Experimental results demonstrate that the prediction network ef-
fectively evaluates the adaptability of sub-policy to unknown evasion strategies, and the fusion module significantly
enhances the generalization capability and reliability of the pursuer when confronted with diverse evasion strategies.
Keywords orbital pursuit-evasion game; deep reinforcement learning; behavior prediction; strategy fusion
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FRALE B A 5] 7135, [RIE 7 RAS FE A 2 s
F137, T 51 SR geAR I H A, BT,

X EARE g, Bl 3% R Y HTALE g 1)
S S RE R UE LR

Sella -,

Uatt(q) = 1
do¢ g = asll = 5¢dg, lla—ayll > dy

(19)

J
Rter

(17)

lg — gyl < dy
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Kb ¢ N3IIRE, dg 1155 BORMA.
N IE G 5 R ) A A, R B — MBS O
(¥ R £ e 703, H SRR RN

1 1 1\?
{2n<p](q)po>’ pi(@) < po

K pj(q) FRB R S RASY) O; MIAHXTEEES, ¢
RNIFTTREL, po HAIFTIHFMEAZ.
SRR R At 5] 13 5 A R 71358 I

Uip(a) = (20)

Nobs
U(q) = Uui(q) + > _ Ui, (q) (21)
j=1
T Nops RN PRI 5L
LI 1A T80
F(q) =-VU(q) (22)
BReRIT N L3835 177 1% 3, BIa] S2ie) H
b o2 5.

AR A “migl g + N L3 @ik ik
G, O RN B ) A O AR A

1) R HATNZ] ¢, SHRBOALE ri(t,) 5
TP vty ), KA CW I RETI R — YL sk i % 1) 76
PR E 7 (L)

Pi(thr1) = (Prﬂ'i(tl;) + ‘I)Tv'ui(ti;> (23)

2) Rk EAIEPIEALE re(to) N H AR,
KA ILER B T E 7p, (L) BONBERSYY, fRIK
MES 1355 Kk 1. ki ERYE B & A B
Pr(teer), PR (22) THE tp 0 B 2B EAENLE) 7
A AFg (thi1).

3) WA CW J7RER M ¢, I Z1 {1 3 B2 3 i 1t o
J7 1] dp(ty):

ap(ty) = @) ATg(tr)

4) Wi B IAE T 19 dp(ty) AT BONIEAE IE

FE kot Fom 4R BT ap(ty,) PTRRA:
ag(ty)
lae(t)|

AKIE NS HEAE x = n/€ Fy RN R FE R+,
T Bl b % S B AT ot i PR k) 1 e
6 36 2 B 1) T [ E W) GG O 7 B, SR H B AR
SR RBE AL [z, X R, 3R ki 2 500 # kB
R B EE R R, RUREAT BRI 5] I Rl ¢
WHENO, x — oo, Wik RGN KA FHHEE
RGN TE A B, A T T R A

HOIBTH IR R 77k PACFE WM& 1 pr

(24)

ag(ty) = AVg (25)

. FEUNZRBY B, S i R T R 3 5 R IR T X
P g A 22 S AAT AREAE I b iR SR mE 4R € =
(e )}, SRJGIET PAC B9 51 5 k3% s s
75 (xn) JFRIEFRIIZR, BB LRI P, , #EMH
JRAE BT RIS AR 1L = (P}, b, AT IR
Py, BEEF TP b S XS 38 IR WS 7w (X)), CASEIERAR
AR

3 [ELEIRFIANBEER RIS G /574

JHE Tt IE W B T T 22 4 A b R TR 1R AL R
T, ASCAEIB BE T SRR 4E 11 = (P, )0, (ERE 14
VT RE DR 2 PR S il 5 2% . B I 1 SRS 4R 1T 5
By L R R BCRAT B BE Rl SR g Pe, e gh RN
Bl 1 s, LLBERE P oA, BLA SREE Pr 3T
TR SEEETREE P, TN %% Py, 53K
W 9 25 7o, ARHEIEENFIN op, , 3 5% 8 1% B 1
vk ap FUBEREIE ap , IKe 45 B 15 28 HEHE
G . RS ELA A BT E IS R an 5 H S
£ ap 2 [AJBIUCHECEE, PEAY &SRB XS 24 |1 A H ik
TR TR S 1) 3 B i 2 A A e R UG D P A v 1 T
S P, AT HAE IEIE ap,

FH T8 R 2 e DR A5 kit B TR Y BT BT 1 ¢, 1
FRHE, DRI e vk B H v S 2 (1) 5D VU R R
M, (ty). A, ARG NET 7 45 B -F 34 ILEL
FE M, (i) 1E R BTSSR, F TV 560 P, XK
ST R R S 1 3

AR T SR % VT AT BE 34T 3
B3R, BRI WIAE A B s E BT SRR S
PIUCTC BE R A My . 2 J5 5 n AT SRS (1 ~F 3 T
BCRE M, (ty,) TR0 R HE A 8

M, (to) = My

My, (te) = AMy (tg—1) + (1 = X) My (tg—1)

My (tp-1) = M (ap(ti-1), ap(tk-1))

KX e (0, 1) NFIERE, AHTEIERITER
5 B T TN 25 2 (AL AT . 2\ ORI TLEC
J5E %o B TR B3R 22 1) SR PRAR, 8 3R AR
P 2 N /IS S FEE R K I R 485 1
SEHUR. BB M (-, ) TR OB UG T A R,
Bk R (14). ik 2 - —iF 2 i E s 1
ap(ty_1) ATFIFH 2 R0 %080 b — B 20 PR A Bt
17, AR

{f‘E(ti) =@ rp(ty_y) + rovE(t,_,)

ap(ty—1) = @) (re(ty) —Pe(ty))

b Pp(ty) AR E— I ZPRE(E BRI ESs R.

(26)

(27)
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REMFIR, AT DR BB 7E1 28
LB (0 & < m, k 7 9RT IS E, m A%
BN, RS B AT IR R 45 TR
W UC L P35 1 77 P B 355 25 S U, A V040 28 DE P ft
[T S AT T R e o

ST 7 VA BRI R I B 1 TR, B
A L 75 I L P8 30 25 S ST L 1 5 6 T DG L P g S
SEPERLAR. DX 5 TSR P v 300 25 (1 465 RS S04 40
BN L A% GORT AR P D7 0, AR SC TR Oy i
R E P32 ST 4% T S W RS P, O
VT 2 P35 £ v 10 SR HE AT 12 e 3. 7 ARA0E 428 0
SEPEREIIRTIR R, VR AR it T L
3 B AR, A S R A P B B I I,
RCHRTE T SR BT AR AN T S

B3k 1. LA EIRRAE SRR A 7

1) BIAA A Fi R 38 VAo B R

2) IR ABER T HENE 1 SN P25 g, AT A L% Py,

3) VIHE S B EE T SRNEFYYUCHCEE M, (to) = Mo

)

)
4)for k=0: K—-1
5) HTMMLE Py, Wk EIER a7 FHEATH
6) ifk<m
T Ej BUBER KR E 2 s L R R af
8) else
9) PRk HFIIULECEE M, () BT 5808 P*
10) 5 j BUE BRI T3 P A ER o
11) kiR AN L3724k 2K (25) AL a1 &

agp
12)  BhJ7EIR RS SR 2R A E E AT IRAS TR
13)  ARIEI (14) THE ST SREK (1 5253y UL EC R

M, (t)

14) f&k#E (26) TEHT T KIS P VLD
M (tir1)

15) end

4 MESSESERSH

4.1 IHEBSEKIT

S B 5B I SRS A RV AR AL B R 1)
FAB R R WIIAAL A X-Z P I — AN X 35
P BEALAE B, 5 R S R A% R PE Y5 A 45 km
% 55 km. (i ESERMRSHME 1 fion. ik
EIHLBhRE )1 NIBER AT 1.2 fi5.

K TS S + N T390 X 106 % S 2
ITERE, b5 )13 0 BORE d, R 1355 44
po YV E N 60 km. I AR SR E KT x, A

R1 BRZY

Table 1 Parameters of scenario
YissH HfE
R TR JE] Limax = 250 min
Jhi st i JE 44 T =600 s
it 2 22 A R B re =3 km

2L A ON UL AT AVp =2.0 m/s
2

R BT R ORIk I 4 AVg = 2.4 m/s

BEAZERHATNRHEMRIEES € = {me(3),
g (20), mg(c0)}.

4.2 £T PAC BAMIBERF RIS 7ELIIE

BT PAC ik, o ilEr 3 ik g a6 €
(1) =k 1% SR TT R 4RI 25, NSRS Hnk 2 fir
TN, B R SR HR R TR0 X 4 S s ) 45 R i )
LEIR N DY 2 A A 2 I 28 S5, & JE A TT
AN 256+ 256 256 F1 128. Wik B AR A it
P L VE R R B (leaky ReLU), HE X N2 =
max{az, z}. HiitiE RE o &EHN 0.01.

%£ 2 PAC HIENESH

Table 2  Training parameters of PAC algorithm
B Hifl
RS Do 24 2 5] 2 aq =0.001
a2 2> % a. = 0.001
T P 24 27 5] a, = 0.010
TR v =0.97
B iR T =0.01
LI SR SR A d=2
mini-batch K/ b= 1256
2206 [ T K /N B = 100 000
52 Tl R B R B a; =0.01, as = 0.02, az = 1.00
A3 i) C =15

FENGRIEFE R, TRMZ% Py, ARYE M RDIR AT
iR RIS E &R, RSN 1o FIUNE M 4 Qg K
F MATD3 Skt T iie. s&3E = MEE TR
W&, 3 BHCHE Py Py Al Py, HYIREh L A 2 .

SR 56 UE TN [ 245 7 SR g 3 B M PP A P i R 3R
HERLRE, R TSR0 Py Py AP 2055 8 2Kk
SRS {7 (xn) oy BEAT SRS RIS IR B, bk
T SR P L BE 5 FE IR 7y € [3, +oo), %76 [ 5
TR ST R 2 st R ) 42 4T AR

BB T SR T A [ 36 36 SR s B 1) T 2R ¢
TR 3 fios. BB T DA ER ) %18 BT SR
T TH] X 388 56 5 ] 1~ X 5 Ll 5 SR s A O 1) 2k ik
S I BT — 52 Bz AP R T TG 5 R 2R SRS AT
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Fig.2  Training curves of pursuit policies based on the PAC method
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Fig.3  Success rate statistics of pursuit policies

NZE SRR IR SRS I B B R T 2RI T

4 JEIR T VLHEC B 538 i i Th 2 2 [ B A 4%
iR, R REUAE] 0.866, KW H 2
5 IEAF G G 2R 3 Tk B AR 488 00 o9 28 B b B U B 1
UG TC 105 TSI S R B 46 5 T 6o AR 2401 39 3 55 s 1)
e A NN ey A S R VR o O

SRt — 5 WAIE TN 9 2% F 38 B PR A TR, A
SCAY AR T W Py Py 5 IR RN g (00) HEAT
BAE A A, EROCEE RGOS BT R 8. Wl 5
FiroR, W6I% A W) X-7 F1H 265 DU SR 77 A 34T ki
TSRS Pa IR TR P4 285 %of 106 36 S Bl A 30 AT v 1) Ay

iR A PRI B
4 DCPC R R T F AR DA H 22

Fig.4 Correlation curves between matching degree and
success rate
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Fig.5 Single-step simulation analysis:
Sub-policy Ps vs 7g (c0)
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5y, BRI ki R 5e A

LT, il 6 Fros, 75 Py [ Tom 2%
7 DS VS A 161 D Qi 1 B 5 VLS 5 N A W5
8 0.1338. T AW T IMwZE, IBEE 1 H5BER
A2 MR R — X 7 R SRR, AR BE 5T R
IBEATS. Ll gh FER M, T W 2% B Ak T UL
ict 55 Al R S5 AL B B R % T 5K 24 A R 3R SR s 1)
A

kBN E - REE
401 < BEEE 1 ME - BEENE
l BB 2 (1H —— HRE AT
"EEAE 3 E
20
g -—n
B e
N ‘\
720 o
—401 I
—40 -20 0 20 40 60
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K6 BB T 5 P ovs 7p (o)
Fig.6  Single-step simulation analysis:
Sub-policy Py vs 7g (c0)

4.3 MLECREEIRENAYIE ERRIERA & 73 7R IIE

BT RTINS B B 4E T = {Py, Pa, Ps},
P —AN RIS A A 48 5 T IR MG 22 & 11 A i
H RN Pr, 125K WA U VG L FE 2h A RIB B 1 0R
W& WIUEFBIVLELRE My BN 1, “Fie RE ) & E
N 0.5. 2t B SR FH AR ISt ) S m B (B[R 5
R X BOKET), HS b AT PR 3 58 il B R A
g AR FEXAE LR, A a2 ol Py s
Py (E1XF R =5 b IR WS I 2R 1) TSR %) /BN Ja 5k
WS 046 i B AT e RT3 AN A T s 2 B A 2 A
BEAL. BRI, ¥ B TSR0 Py A ARIGE MBS 2 5
BT K m = 3.

KA A RS Pr 5 8 kiR RIS AT SRR
ISR, B 3 RN T RIS Pp RN 75 126 1% 5% W& 1) BR
RS, & 3 R T H BB RIS 5 AR Th
KRGt

Wi 3 Mk 3 Fron, KIS Pr EEARMERE 3R
BURARL, IR ZRIE 82.8%, G MR Z AR FF
15 75.0%, BEM T —IBE 7R, LiRERE
BH, SRRl 2% BE 0% 8 1L VS C FE 48 br sh Sk B i0dE

F 3 IBESERFE SRR GTE (%)
Table 3  Statistical table of average and minimum

success rates of pursuit policies (%)

BRI FIIB R FAREER )R
P1 46.4 11.0
Ps 70.7 22.5
Ps3 59.4 41.0
Pr 82.8 75.0

T 224 i I R K PRI R T RS, R T B RR AR
N5 22 REAG B IR AT N 1 3E N 5z LRE . IR,
RlG SREE P EAN NTHENLE I 551 3 e SR B[]
218 0.015 s, AEfEH L LI IZ 1T I ER.

R B IRAE AT TR R, AT
FEE SRS, HoA a8 g A R 2k T 5 2.3 71 Birad JE il
FyEMm I APF Sk, AR S, 7258 2.3 1T
2) T, Kkt B AR N B AR A, BANGINBERSY).
A, 38N — TUE R W 2 H AR s (BPREIR A ) AT
BRI A AR, BEERH CW §il S 75 E
P W B3 &L T P K/ T2 % H0E
I S YR NN QLI B AT RS Bl VS E Y cogee!
Ar ~ AVpT 5 FIERIARN,

W& 3 Fron, R APF 8% 138 B 5 DL 52
OB EAT S, HEEFER AL AT = mAZE: 1) 5t
Z IR N T HIEAR YR ok 1% 5 R — I % il
M Te4z B R r B e B br i, KRB ISR 2 v R
PIHLENAT N, 2) S P EIEC A, &8 B ST A Al
H &Rkl &, Rad e g 2RSSR
K, SRR IEICR R E. 3) sh= 2/t A
THIEAAT Bk, S DK IRIIL RE

L2 R, AR ST Ty vk LR B L] e
T ERASE: Bk, BRI 5] N LR
T B3R TR, HE5E T B BE R R RE 71, ok, Wit
T AR AR I 2 il R R, AR T R AR A
&R, &, B E RN Q, LBl T KI5
&AL,

VAl UG FC U1 B b P R A N 6 Al S g
Pr HERERIREIA, XA A S R BN TF 47 F 5
9%, HIBEE IR G N 4 Fios. sEiRss R,
EAFEFERBNWEE T, A R Pr 751X
e TR W I AT B R R B ER R T 2R R
H BRI, TR RS SR BE Pr PR AR
P RE N HIBUBRPEEAR.

REUE T TR A U, SR SRS P Sk
RIENE 7 (00)~ 7 (15) 20 AIEATHT#EA B, T4 1
(7 (00)) B X-Z VTR U325 P A - 5 i DT e i o 2%
w7 FE 8 B, T2 (7p (15)) B X-Z “F1H
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Table 4  Statistical table of pursuit success rate for 407 —\‘
different smoothing factors \ (%) A
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