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Optimal strategy of differential game pursuit problem in graph attention network

LIU Zhaolong, SONG Yao, XU Yiming, FAN Xinyue*

Guizhou University, Faculty of Mathematics, School of Mathematics and Statistics, Guiyang

550025, China

Abstract: The optimal strategy for the pursuit of fugitives in differential game is based on the
trajectory prediction model of the pursuit of fugitives, and the prediction is made through the
trajectory of both parties, so as to make a more predictable dynamic strategy. Therefore, in order
to obtain the optimal strategy of both sides in the game, the algorithm of random motion of both
sides was proposed and designed, and the state equation of chasing both sides was established. On
this basis, the adjacency matrix and the connection mode of feature data in the Network were
redesigned by improving the Graph Attention Network (GAT). The trajectory prediction model of
attacker and target is constructed and verified numerically. In addition, the method of covering the
trajectories of random motion by ring is used to establish the trajectory connection graph. The
results show that GAT network is superior to graph convolution network and Chebshev spectrum
convolution network in MAE, MAPE and RMSE, and can be used to study the optimal strategy of
differential game pursuit problem.

Key words: Differential countermeasures; Pursuit problem; GAT network; Entropy weight method

HEETH . FMERHEGHRITE (BRSFE AA[2020]5016 ) 5 H KAk 5 B (XIG2021027 ) 5 #M
REE—TIRFEE BT H (XIG2021040 ) 5 SN R2EMFFE LRI AATHRITE .
YEE RIS NNHERE(1997-), 58 WA 584, 5 SRS R TSR0 AR (1998-), 53 - AfF 50 2, 2 BEmF 5 40
WO RRCE RN (1998-), 20 A58 A, BRI A0 A T3 450 18 A (1984-), £ il (AR & -4
Ui, S BT AN KBARSE A . 1A 42, E-mail : fan.xinyue@163.com,



T 1 218 16 1r) REUAE ZE . iR 4577 1
BRIz, Bl Fsia s, BANRL. &
AT EFNAE T . LR A5 AE G 1F 2 1] sl 0 42
SR . B0y TR 6 a0k e R A R SR X
SeAE T WLBN Y3k I vE AR ol s gt ., H
HITAE T 7 1 208 36 ] ) 79 K 22 e i i
TE 25 0077 4 T R A 1k 18 R 1AL 3 5K B
(-4, 17y e AR (R AL 2 S s 7 25 A ST A R T
By DRI b TR0 X 7 RIS B 2R, T A
T o DRl 158 29 28 20 i) S ) 2 228 T
BRI RN B EEN— I,

FESCHR[S1EE T3 0 ST iR S T
BRI ZE G X AR Y, R T e SR AR A
K T U4 B Gauss-Labatto 2 15 2T 0L i35 34T
BAE R SCER[6]F2 T —FhBE T 73 SR E
SRS ST BRI 2R L, B IR SRt 1Y)
LM o R DL E TN ko) 1R 2B 1R )
T ) R D0 SR BEAT SR, A& R 25 I B A
RGN 5 R, B X ] R v A
HHRAT PRI B AT 8

BEE AN X 2% R AN T R, HoERE AR 4053
AP Horh 3 BIsha g5 i fa, PRt T-3ERR
72 (B R IR RE T DA SR B e Sz B[],
fST15H PRI 22 X 2% R AR AN BT B AH AT oA S
R RN, P22 I 2% B3 A T ISR 2 M e
HIFARF T M B e R G A 2
WA 2% FE DRI R ) 3R A5 PO AT BT 7T, F
HTEERIM4 (GAT, Graph Attention
Network) BN U775 Hbs 77zl

DX IO TEFERB . H A2 S ] S aia iR .

TEIWI PTG T AE— g I [l N — X —,
AR 7 BN A TR B 1B R T
GITVERAR TAR S TR ST 77 DA FE
WS FEIFEI AT, BAR 7 ERR GV S AF T ki
FHEH ISR AR, AR AR B B K 22
BOREAS, DASGRENIIN fUE RS, RIS
GAT [ 2% Fa el = A 30, 7EAH R )I 2R 8 Bt
GCN [ 4% Fl1Chebnet W 2 AT I 45, ek i@id
GAT W 28 PR AR b T 577 15 H AR 7 1B 326
Bk, HAEMAE. MAPE. RMSEZ: il ds
PR T BSR4 AN B L T FATRE 5 W 4% o AH
BT SCHR[7-131R0 45 51, iZ A5 25 T A H KL
SEE 1 [FI PRI T 20U (s s, H
BRERIHE . TAERBRWEN FR: 1ARYE

PIrsc it B 8 XU BEALIZ 0 ) 5328 ST E A
Mo 2 X TAEREE HOHUE B AL, $REHR
TERFE . 3NN, TR REAN T A
A, WESHE, BT, fhlgeas

i
" AR S
@Efﬁﬁ ey e;Céﬁﬁﬁﬂ (;
IRHAE | 75 "

e EEMIESTS,

FIEEIPANS PRl ea <

TR ——

VR, R HEeH  #v

PRI, TR

A

Bt ek

(X.¥)s

K1 AR
Fig.1 Route chart
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U1(t) = x(t)

U2(t)=U1'(t) =V cosz(t)

U3(t) = y(t)

U4(t)=U3'(t) =V sinz(t)
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Fig.2 Schematic diagram of movement direction of

both sides
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Table 1 Data type randomly generated by the

attacker target
K A ZH (M) P4
Wity g7 o B (x,y) 1
H 55 i B (x,y) 0
Wi 5 i R V (m/s) 1
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Fig.3 Random generation of target escape trajectory
diagram
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Fig.5 Schematic diagram of attention mechanism
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Fig.6 Network node connection diagram
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MELAEAN AT 545 =AML : e, B
SR8 oy AARR B ALFR BIME (X ) AR AR 1 E
(Y)s WZO/DIE, FTUES XSy KE
AN, MXE5 Yy MEXEKR, H
1M 326 B A A B SRR AR ED X B . 4 BE L AR )
H AR 77 000 sl B AN s 77 (B i B8, 1R
GAT M2 IS MREE, B 47 il
BEEL, s U)o FAE A — (e A RS
4.2 HESH

M 50000 TR EEL T 16992 5K ERLIZE
FEARR, @ar T —3 38 ANk, BT AN
A 16992 26 %, Forh 12960 Z&AE A4,
JETH 4032 SREAEAE NIRIESE . 1EFE GAT M
ZERAY, [RlIN SR H  SkvE R L, A
KZWIER ST, B — AN REA)IFAT N,
BN NRFIENECN 6, BRIRZEZE N 2, Hith
FEAEAN SR 1, R 35 757 4500 2K sR 20FT Adam
as. BilGEEGRES 5 e Al —iKE,
SN 6, 4 12960 2% A sk i B AT I
Y, IZOBRT 30 2B AE I BT R — 5K
R o G I ZR AR B N 2k, RAF I
SRR, FUNZRSEIBE AL, F00I R A4S Y AR
—4t 64 HHURE, 1K AR HORIE AR AR 1)
B, 133 64 Tk Bk 77 H br 718 30 (92 K
4.3 BRI



M IZ 47 I 8] (Runtime) « P> 23 46 % i %=
(MAE). “F¥J4a%) 5 7 iR %2 (MAPE). 3375
MR Z (RMSE)X Y M abr (LA (9-11)
KxF GAT W £ HEAT VE A 8 i Il 2545 21 25 T 45
b, I8 I AP VRO B AT VPN
1)MAE(Mean Absolute Error):

13, A
MAE:HZl Yi—yil  (9)
i1

2) RMSE(Root Mean Square Error):

RWSE= =3 (Y~ %) (10)

3)MARE(Mean Absolute Percentage Error) :

0, A_
100% yi Y, (11)
(il /2

SMAPE=

4) IBATHF[A]

KA RGE R SI R 2R
JroR
D) # & 8 br 10 B0CHE AT b dE 4R AL E

x BEHET KA, Kb

DRAEEL NN

X, ={x, % %, 3o S AEISECE AR HEAL 5 E

AY,LY,, Y AR (12) Fis:

X; —min(x;)
Yj=—r Vo (12)
max(x.) —min(x;)
2)Hf & - FR AR AL E
SR REER AN ELE,,.. E . @

R E SRR ARE, A (13) Fr
N

1-E .
W =—=—(i=1
TexEt
3) it 54355
B Z, A AR AR N B 245 03 i

2,...K) (13)

»>
2

(14) 1531,
Z Z, -1 I| i (14)
4.4 i EDHT

WnlEl 8 From. BTN A b 2k %
& B FrJ7 R shB, (5 - B f s 18 48

KU JTEE T, W A0) 54 5 (19)0%
Yok 75 (006 i 5 e & 5

K8 T 7 5 H A7 Bl i 1
Fig.8 Trajectory prediction diagram of attacker and
target

M 8 AT, ) GAT #4 W
23 56f, 5 T I ASE AR e 498 S IILLE [) — ST T A 0 I8
i 7 A E A3 7 025 ) RO HE A T, A B A
TSR PE . SR GAT 20 2% ik 4 1 2
BB FEAT IR, [E]I %) GCN. ChebNet
ST T, A BT A Rk 2 B

‘.)—'{l

K2 FREINSEHEL

Table 2 Each network training situation

F M UNZR 10 UG IALER

GAT GCN ChebNet




runtime 0.378 0.646 0.640
MAE 0.111 0.044 0.055
MAPE 0.398 0264 0.247
RMSE 0.398 0.044 0.056
B WL 10 RIS 5

GAT GCN ChebNet
runtime 6.95 0.59 1.33
MAE 33.85 14.96 19.97
MAPE 1.80 1.16 0.60
RMSE 50.47 21.79 30.65
By 93.07 38.5 52.55

H R AT A GAT W4 fEIZ2 171 1] . MAE.
MAPE. RMSE % 4 ATl F8 b 115 50 2 5
GCN H1 Chebnet 2%, i B8 FH GAT /2415
TR0 50 5960 F 122 288 TR A 2 %o 5 ) A ) 2080 S e £
HAREG A 10 WKll% )G GAT M%)
MAE. MAPE. RMSE 43724 31.08. 0.42%-
45.90, X = ANFEAR TS R IEAN 8 bR B AR H
FesE, ULEAE T GAT W48 TN 3328 4 35 4 1)
RR .

5 B4

N T PRAER R IE R R RS, B
A H bR 7 eI H R BRIV SR A, Al
B T 5 B AR 7 R IR R L TR, R H
HT GAT W2 X st B e AT 10l 1) 77 1%
K F ¥ U7 B ALz 2 () 28 ] (8] 24 78 56 1
%, BT S AR DT I8 s B R
B, DA BT 9 2 13 7= J7 AL )RR et AR Ak
AN HCUL PR N 2% B as AT R B .l I ek Y
GAT #2825 51 LB w8 XU 78 1R Bl 2 T
A H bR 7 1 4 0k 0 AR I A A A SR

LAY SN YR N E AT 3y S
B SR T8 2 38 b 1) A ) e A 5 S i 4 —
B EE . AR HARG o 2 E k] B, \T
P EZ HAnB BB . fEixKmE T, L
RIS EZ T IR AT, TR
FE— X — B O, SRS 25 AR T AT
ITHI, ARRWRESLZ HArHas i, K
S 7T DL T 22 B AR B 57y e e
S 7]

S WA :

[1] HUANG C Q, DONG K S, HUANG H Q, et al.
Autonomous air combat maneuver decision
using Bayesian inference and moving horizon
optimization[J]. Journal of Systems Engineering
and Electronics,2018,29(1): 86-97.

[2] FhAE, BOME, EIH, & BT EAFEIREA
BLE EN SR E ITED] KIS faEEH,
2019,44(4) : 142-149.

SUN C, ZHAO H, WANG Y, et al. UCAV

autonomic maneuver decision-making method

based on reinforcement learning[J]. Fire Control
and Command Control, 2019, 44(4): 142-149.

[3] AL, HEUIHA, #gis. R T HBRRMLS
S 5] IR A LB R[], LR AR K
ZAR, 2018, 44 (11): 2247 -2256

Du H W, Cui M H, Han T, et al. Based on
multi-objective Maneuver Decision Making in
Air Combat based on Optimization and
Reinforcement Learning[J]. Journal of Beihang
University, 2018, 44(11): 2247- 2256.

[4] ZFikZe, T 5, miRie. 5T 5 BOw 1828 1
NP LB RAE[]. R TRE B TRR,
2019, 41(5):1063-1070.

Li S H, Ding Y, Gao Z L. Based on intuition fuzzy
Bo Yi's UAV air combat maneuver decision[J].
Systems Engineering and Electronics,2019,41(5):
1063 - 1070.]

[5] ZEJEER, KA, 50 1) 6, T 44 5 9936 26 17 2Rt
Iy SRR SR ME]. R G LRI 5 Se i,
2016, 36(8):2161-2168.
LILY, LIU F X, SHI X F, WANG J. Modeling
and Solution of Differential Countermeasures
for Missile Pursuit and Escape Gamel[J]..
Systems Engineering-Theory & Practice, 2016,
36(8):2161-2168.

SUPKOHE, e v 55, B 5 R T A0 SR

FE Ak 5 2] B AE A A H A A8 6 1 5% SR SR

[0 75 %4, 2020,41(10):348-358

LIU B Y,YE X B,GAO Y, WANG X B, NI L.

[6

—_

Solution of Non-cooperative Target Pursuit and
Escape Game Strategy Based on Branch Deep
Reinforcement Learning[J]. Aeronautical Journal,

2020, 41(10):348-358



[7] 77 & A et sk R ATHLER. KL [14] Kipf T N, Welling M. Semi-supervised

NS B 036 A - 16 6 S WS [0 AR U R R 2 classification with graph convolutional net-
Z£4%,2018,39(6):1019-1025. works[J]. arXiv preprint arXiv:1609.02907,
SU Y X, SHI B H, ZHANG H J, LI Z X, 2016.

WANG C. Anti-pursuit-escape strategy of [15] Defferrard M, Bresson X, Vandergheynst P.
unmanned boat on the surface[J].Journal of Convolutional Neural Networks on Graphs
Harbin  Engineering  University,2018,39(6): with Fast Localized Spectral Filtering[C]. 30th
1019-1025. Conference on Neural Information Processing

[8] Goodfellow, Ian J., Pouget-Abadie, Jean, Mirza, Systems (NIPS).

Mehdi, Xu, Bing, Warde-Farley, David, Ozair, [16] Petar Velickovi¢, Guillem Cucurull, Arantxa
Sherjil, Courville, Aaron C., and Bengio, Casanova, Adriana Romero, Pietro Lio, Yoshua
Yoshua. Generative adversarial nets[C]. NIPS, Bengio. Graph Attention Networks[C]. ICLR
2014. 2018. 12 pages, 2 figures.

(91 Vi £1 R, = Jk A5F 58 2 BECH [] — A B L33 70 o

SR 1) A SR AR X B R 0] T AR AR
2010, 38(6):1355-1361.
FAN H Q, WANG S, FU Q. Mathematical
description of information patterns for
discrete-time two-person random differential
countermeasure problem[J].Acta Electronica
Sinica,2010,38(6):1355-1361.

[10] k2 M8, B K i, B AR K e 3 T B e &

P 2% 1) 0 AR RRIL AT B SR TR ],
T 2£47,2020,41(9):1894-1903.
Zhang H P, Huang C Q, Tang S Q, Xuan Y B.
Real-time prediction of flight trajectory of
unmanned combat  aircraft based on
convolutional neural network[J]. Journal of
Ordnance Engineering,2020,41(9):1894-1903.

[11] FhPCRE R SHENEE H 30 TN 5L A 52 [D). 4
R B TR, 2020.

SUN Q H. Research on trajectory destination
prediction  algorithm[D].  South  China
University of Technology.2020.

[12] ¥R, 2 F 1R B 5 =) B 30328 T30 77 V289 5 [D].
K%K #,2020.

LIU H. Research on trajectory prediction
method based on deep learning[D].Chang'an
University. 2020.

[13] LEFFERTS E J, MARKLEY F L, MALCOLM
D S. Kalman filtering for spacecraft attitude
estimation[J]. Journal of Guidance Control and

Dynamics, 1982, 5(5): 417-429



