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Dual network intelligent decision method for fighter autonomous
combat maneuver
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Abstract: In the research of autonomous combat maneuver of fighter based on Deep Reinforcement Learning
(DRL), the fighter’ s autonomous maneuver to attack area is the precondition for the fighter to attack the target
effectively. Because of the large active airspace and the uneven exploration ability in all directions, the direct use of
DRL to acquire maneuvering strategy is confronted with the problems of large training interaction space, difficulty in
setting sample distribution in attack area, and difficulty in the convergence of training process. To solve this
problem, a dual network intelligent decision method based on deep Q-network ( DQN) was proposed. In this
method, a conical space was set up in front of the fighter to make full use of the forward exploratory performance of
the fighter. With the establishment of an angle capture network, DRL was used to fit the strategy of adjusting the
deviation angle to keep the attack area in the conical space, and a distance capture network was established to fit
the maneuvering strategy of the fighter to the attack area based on DRL. Simulation results show that the traditional
DRL method cannot effectively solve the decision-making problem of the fighter’ s maneuvering to the attack area by
using the active airspace of the fighter as the interactive space, whereas the success rate of the dual network
decision method was 83.2% in 1 000 tests of the fighter’ s autonomous maneuvering to the attack area. Therefore,
the proposed method can effectively solve the decision problem of autonomous maneuvering of fighter aircraft to the
attack area.

Keywords : fighter maneuver decision; deep reinforcement learning; neural network; deep Q-network; intelligent

decision

HHL A FEAERALEh PSR TE N SRALI & R A
KU BB A O ST 80 R A T 208 . A R
PLBhPe i 2Ol BeA i N TR RS 7 ik
2 VRS S BIHL B 45 B MU AR S K A RS Y
AR, B AR S xR

Wi HHE: 2018 —11 -12

EF B WS (1984—) 55 W 0F5E A
AHLR] (1964—) , 5, #0421 A i

BIEEE . TS, panyaozong] 284@ 163. com

AL L AL AR N e 2 ) 45 1) 25 7
5. BRI [V AE & ) FH 33X 26 07 VA Al D L B FE ok
(i PE) AT, BRAS T AR 22 SR 10" SR, S AT T
I AEECIME” N AR RZ ™ R P IR
S ) R PRI >4 AATL T I e LA 50 H1 1) 52 AR I
TSR B AN E PERE Z S T

B REFE BEFR T AlphaGo' ™! JE T V& FF st Ak 2 >
(Deep Reinforcement Learning, DRL) i@ 1o H 3¢ % 2%



511 3

WSS, A HOHL A AR SOl XU 24 e VSR T 12 - 145 -

SETHL Ty, e T AT IR T, T A X R Y i
FErP ] T2 N SEROREZ A1 i B 11 3. X D At
FURHL A PSSR TR A . AT DRL BFST K
CINSIE SRS BN RE BIR AR TR K R e i ]| K2
TENZE FWLFEM 5 AN 2 28 MREAS 2401 5 30 2o %
Z L5 S AL SR, b G AR RN s (R HLE s
TS AR T [ EPRHHE ST B T BE. T A DRL 7%
HLE ELShPS T B AR A 0 A5

A DRL AR 253545 S B 1 e80T sk
SEH I Bk XA B RSN, JE 5T A [ A8 % R
I DRL SZHESGHL A EALSh g3 i 2 at. SR, i
LT B2 R R A5 [ R AE I AN 2], ARSI
DRL W I 2552 1.2 i) 15K A ol DX Sl A A 4
PRIXE , Il Zid F e UYL

BEXTIZIR) A, i R0 25 88 RE Tk SR 7 vk TR
HESE 2 6] (56 L, DA ROBIL -5 T8t DX ) B 5 7
JEE 5% A 5 Tl DX e S0 A BE U A, i)
T o T R P TR R £ e 4% S BB X T
i DI B AR R A B A 0 P A AL 3l S (9 40045
DMK T YNGR AR 2R 2 ], sl G 1 o X s
FEA A et , A 80 B T IR S 3 (E B
ik X8 R RSP A ]

1 EAle £EENSEF

1.1 BRHERIEEE

TEXHEALIEAT [ FHLEh BB P 2 b
SE L, IALAS Y e 2R R A TR
5T Ze A8 R A DRL ST AGHL B s , 2
DASRHLAERS 3 T2 3 B A B R, m B2 X
SRALS R S 40, 7 BT BUMLZS R B AL v, 3L
J7 YEAR WX 7 B X 38R, 1 1) 2 7 T o X3
HLE.

IR vh 1 8 A0 A S, B RLE M 25 A
WML, Ml A B R oINS B AR A R —
Ty KB AR AR I, Fh LS TS 305 B, MO DRL
15 B SRS AT S0 A0 T 3 e 386, 52 300 1) g o X 35k
LS. ARE B [ SR R ek
2 HA A 2 TR 22 0 W, RS IR R
S T30 DX S A e R 45 250 3 A1 AR 3R 7 14 ) A
LI B2 B A B H 2.

1.2 BRHERSSHR

BRALAE RS SR S TP MWLM 3 Dl 6 oy A 51
JERE. 2RO AT R I h AR RTS8
T ORI T X P AR G A A B B R
JiE 45 2 N A S B HEAT H AR MLIE L Bh o 1) 1k

dr XIHATHILB A S HE LN S = (Ax, Ay, Az, d,
VoV ) e (A, Ay, Az)  HLS B Ko
AR 2%, d oy CALS Tody XS b0 AR R, V o R
HLRATHE L, V' AL 8 1 A ol DX 38 1) A o 3
o, o O WAL St 5 B0l KR AT A
B REMAIEWE 1 PR,

Ay i X35
4
S
v i A
Pl
H : »
=77 Ny / oz
————————— ey
¥z A

Bl &ZE/LATRE

Fig.1 Diagram of geometric parameters
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Fig.2 Diagram of DQN based on experience replay

3 W & B fe K T ik

3.1 ET DQN B M4 ERER KT i

AL Bty XA R B o L B O 5
DXIRARLE I A o PIANYESE H A, 7K 2 HETE 23 18] )
Sl L, 735025 DON S0k A UL 5 1 4 O 2 £ 5
W 14 #0247 2R X 2% 15 405 B 8 U SRt ) P 5 4l 3
R4, P AR, S B AOPIL 1) o DX ek [ 2 AL 3
P

Yo 2s [ (&, AN 3 TR, BERRMLAG TG 3 25
A Q5 USHLEEE V o2k, 7 HAE 7 b B
Nz ta] £, Tiff o 285 SPLEEZ V-5 B K
O C BIRRERI AR o i 5 £ o, AL 2 Bl IX 2 ]
AIREES O d, Bl KRR 4 MBS M o <B Y,
SEIRAAPER AR MR d < &', S B A R R ML
PEATL X 3 A



511 3

WSS, A HOHL A AR SOl XU 24 e VSR T 12 - 147 -

|
|
|
|
|
wEEEme |

Agent%%ﬁﬁﬁﬂll%?l‘ﬂ

L_ x|
AL B C
T kA

Y

s/

B3 #ETHMETE

Fig.3 Diagram of conical airspace location
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Fig.4 Diagram of dual network intelligent decision method

FF DON R ff BE 3R M 2. 7E I 2R B, LAY
) AR AE A (8] Q N BEHLIH AR ARVE Ry A FEAR,
FIFHEEHLE A FEARPLsh i 5 IREE P= A 22 |
BB (s a,r,s") VER LS HLE M B3 AR IR S s 1) 1l
AR, N 2.2 R R 2 TR FE TAERY B, S 8E
S A R AR i SRR e 18 O S
A o .

T DON (9 B3R 2%, AN SRl BE S5 £ B
AR, I 22 125 R N HEFE 25 1] 0, (4%

PG R R B T SR 78 TAER B, B HE B A
FIHE B RS, B th Sh e, SEa ) A BL3h.

WA R AE S TE BB, X A
AR 45 M B AR R 28 HEA T U1, 28 o > B I, i)
P EARTAR 9 28, Sk WROPTLATE ) 2647 90 2B, s/ i 25 4R
a. 2 a<p H d>d"WF, W RS 3 10 2% S0 4% i
HLIE] A BLSh. 7 BE 4 AR 0 2% o R o, B
FEEAL v, 2 o>y I, S5 AR BE A 2R R 45 A7 21
1E. 3 d <d"BRANSHLBEA A, B ARG 251k
B BB P Fe. BT DON A XL 45 RE D5 5
LRI IS 1 P

Hix 1 ET DON W Z M EMhERKTE
Input; Airspace range, Conical space range, Attack area.
Output; the successful times
Forepisode =1, M

Initialize state
WhileTrue
While (d>d'anda >p)
countl + =1
action«—AngleNet oy ( state)

state,,,,<—step ( action )
Ifcountl > SetTime,
break
While(d >d'anda <)
count2 + =1
action<—DistanceNetyqy ( state)
state,,,,<—step ( action )
Ifcount2 > SetTime,
break
If(d > d'and countl + count2 < SetTime)
break

Return :the successful times

3.2 WMBEEERKHRBIEOT

B X5 FH DRL fif g i AL 1) 20 X3 A AT AIL
SIPLR I R. AEUE BRI R [ 5 3 6L, 5 DU 4
] T AMUA IR, oA m PR G 1 40 i A5, A
U, AR T AR S S e e A T LR T
I O WAFFERZR E X, MHLsh 2 5 XA SR g I
AFEHE. XTI BEA (s, a,r,s") P2 HETF
GRAILIA] A LB 5 5T A 38 B A 7638 H 25 [H] AR
BISIMER A AR L. 24 A BB AR R E X
I, THLBh 2= A B SREEANFEAE, 38 B A i B dis
FEAKT 1 28 0 25 1R 17 SR g 4006 2 TCRU , I HXE 28
65 [l gt 5O 7 A 3 e, ST SR WS 0L A5 S
PR RO AR 25 206 Q HHAE N FIH DRL f38 H.25
[] , AR AR AL A5 1) PR R B8 1 o0 A, X A oy A R AT
WE B A 1t 22 04 TG OB R AR X 28 56 [ i it
TE TG G, R, X A 43 A R4 T S ME BE 3K, HL K



- 148 - MR

b

T

A

K ¥ 51 %

PLERZRBE ) BRI BT A 23 A 77 HE R L 12 AL g
T

PRI F AR T2 G0 S8 B% B4 51 A DRL, T2 25
B BE R S B A AR LA K DRL gyl
G507 30, BT T XU RV SR k.

RS R 0 19 225 1) A P 00 L) A BLBh Y
M. AR A BUE PR R B XA LR, b
2256 b R Y JC RO AERPLIE A 7 B LK
BLHURE Jy 2k A ST 25 18] 00, , 1 S I 5 B 47l 3 0
s As(a). i T RHLET R R BE ST 58, 2, AR
RE XX, A A B AERRE XA
%, S AR W JCRCEE D, B O < Q147 T 22
FES ] P8 T LTI A, A R T R4 X
ISk &l e

A BE AR 0 45 ) A FH R 0/ N OO 5 4 e
TH o BB [0°,180° ], S8 B s ] AT BR, #4¢
R XD 77 A ) OB AN 52 W60 X B8 48 28 SR
EVEE &l e

1 JRE AR R 19 25 S A AOPIL BR R 5 I D 2 4 TR R
Ja A WA B ALIE RTJ7 A EIE 25 18] 0, , 2 A ]
TR AR R4 ST RAIL I A & LB ok K
AL, SR RRAL R Bk X B 2 AL30.

4 R R

4.1 HEEHEE

X EEAILIE Bl S AT IR R, LA R
PLEARSEATHE SR , 247 520 Y ShVE =S 8], DL 2 )
SR BN Gk K. B AL 325 B 2 K 48 km,
B 20 km, 5 5 km. SEHLE R 200 ~400 m/s, FF
2 s WALEAT — AL BT O, B Xl A DRI
AL € 3 km DL XL HLE0 S E 4G . 2130
TR O )T A KO 2R OKF
T BRI, i AR S E B EiEf7sh 1k
PEFE. GRALLL 300 m/s WX F 26 28 1 1% 25 3 B [
N 174 s, RS a] e fe A 2 s, BARKAML I, i
AL FE 53 AR I A5 [A] BEK

TE X P 25 IO 28 25 40 A T 0B I, £ 2% I8
(1 R 22 S ) 4% A 70 5 4107 L R0 4 TR 2 0 K,
DAALLE SE NS 2 1) SR s, {8 [ Isf 2 ke 5 s 1 o
FREETH O b BRI S ). 255 45 b B S 35
B AR HRE AR A R FEURRE. £
TRV T AL T 9 sk A2 R 2 DL K
—MLE 20 1 R BEIHUZ . AR 2 Y R
A HE B e B AR SRR E . | TR
X E AR AR M B B e R T A B B AR, BT LI
AR B AR 4 I 3 2 398 T IR % % T R G T

SRESCEL AT 1o 245 5 200 18 250 S I A 2190 2% 114 i
AJZ i R RS 7 AT A5, BEUR=E — 2 20 A

SO0 245 44 SR FH 4 2 12 I 2. #3847 30 ) 2% R P 5 4
R Z8 2% 2] 22 R 0. 001, Fr4nH 24 0.9, [ 2%
SRR T — IR AE 2R 56 Dt P A U /Nt B 5
“h 500, 28 55 1] 3t 75 S 10 000, 38T R Rk
ReLu PREL.

TEBCE AN, C fL AR 19 5] 43 A BE ML A A
TRIE AL AL AR B3 T DXl A A I 1] 2% IX R AL
B SARE . FEVNGRB B, LR 46 6 B0 T
BB O R IR R EE AT R S A i A £
BEMLRI AR AL , AR ERMLXT RS TRAT BN 78 7 R R
YIAEA R I T B 5 IR A7 38 B AR S 385
BRI 5 A B 20 o b, HLBEAE B8
P 7 AR B TORT , L 2 SRS AR I B B, ik
PLAIRI R 7 B AT B 2 , T XFBEAL B C S5k
AR , 3R L 2ok A Ve R 1 A A v
4.2 HENBERTH

SRy U8 T A JEE AR AR IR 2% R B S A A 0 28T sk
HEIE A A S 2R, B 2658 RE D3R T vk A bk
BB A FARIE N0 DR HEIE 25 6] 5 A BE A 3 )
ERHIRRAOC R W I HE Y 25 (8] 5 7 25 4 40 0 28 47
FRFII R s WFFE AU 244 2 R o 38 7 1A 30t 5 i
Ti) R 16 O 28 5 PR 5 0L I 458 R B 3R T vk A il
R BE R OC R AT R L, 2P B AU 4%
BB A .

RIe—  HEIE A [T 5 AR R N 48 0 it
X3 Ly C IR LR,

BB TR 28 H720° .60° 120°, T2k K FF K9 km
(1) 3 AMETEASE] ' (', ", 50 SR AT £ B AR
BN, Hh Q' > >0 .

Pi B RN S B, BtE I 2R R 0158 , #f B2
DN E RN RS T =y < e a o < W 15| A
B T50£f D 20°45 7 60° , Yl ZRadC R A BB A2 7. M 60°
WK ZE 1200 B, Y sl 7 o, (HYRC 8K A R R
B 60° 45 T IF L] AR .

FATERAR VR T2, # SRLAW 5% A o RCIE B/
T B A S AHEIE 25 (0], MHEIE 25 I T ff 28 35K
B, S AR B A A A X i R AT, T 3 . A
3.2 Al ALY IS Sh A P I AR AR E X
FPORIRAR BN H o 2 B 5 PR AR AT

I T HEIE A (R T 5 R S AR P 28 X6 s
XA SRR,

B 23 8] Q' F0 ' 5 43 51k 20°F0 60°,
WERKE N9 km 0, > Q. 53506 O, F1 ' AER



511 3

WSS, A HOHL A AR SOl XU 24 e VSR T 12 - 149 -

SEH 7S (], %o T A AR W 45 HEA TN 5. SRR 745 B
23 [ N S EAT 1000 Yl i s g

S
B i
dé -' 500 22 "
40f | WP Q
— A,
of #FrEmEQ’

0 250 500 750 1000 12501500 17502 000
YIZRRE /A

BS NE&BABSREMRRMINEXR
Fig.5 Relationship between training episodes and angle capture
success rate

DFHLAERANE 6 Pros. eI 25 (8 T O 20° 1),
ITIHEA A B ILAR 97. 2% , T {1 9 60° i 1 2 ik
A A BILAA 70. 4% . BEE 0, B, RALS A
Tt KR JLER A G . B R R AL R R
PERE L IE HITJ7 1) P00 S 06k, BE Q) A9, 3. 2
TIRBIERARR E X T2 K3 0 539571
A Bty XCIR A I BUESR R B X RO 2, ki
S A IR IR 22 R T I UL SR 1Y
ROR , TG XU O3 .

100 ...
80
;;\ -"‘.v’~g»w«~vm~_,,,u~.
=60
=
= 40
— Thif520°
o Ti1560°

0 200 400 600 800 1000
SER U/ K
B 6 RETHAAEEHERAIIE

Fig.6  Success rate of distance capture under different vertex

angles
MIE= XU LS REDR R TT 1L A Rk T
B e

BEEAHEIY 25 [ T6A O 60°, 53531 X A JE2 47l 4 I
245 PV B A AR 0 2% HEA T I 5.

1) U 265 PR T5 325 I ) 24 5 B [l PR 5 5.

FEPIA ARSI , 255 A0 BE BB 30°, 43 5
FE [ FR 1 15 4 100 5,140 5,180 5,240 5,280 s
fif, 4548 1 000 YCid .

D AR T s, i[RI FRA A 100 s ~ 140 s,
HEh 3R 50.2% ~78.3% ,FE4 T+ T 28. 3% ;i [i]

BRI 140 s ~ 180 s HEAiZh R M 78. 3% ~82.5% ,
AT T 4. 2% 5 P\ 180 s ~ 240 s H i Iy M
82.5% ~83% AVIETF T 0.5% ; M 240 s ~280 s I
IR M 83% ~83.2% AT} T 0.2%.

85 —a

50

100 125 150 175 200 225 250 275
i} 1] R 1] /s

B7 RLThEE R E R A

Fig.7 Tendency of success rate over set time

W IR A Fsf T S, AL i) i o DX OB Bl b5
(R ANB R T, {EL52 TH i I 5T 47 119 28. 3%
B2 T 0.2%.

LB 2458 5 300 m/s 15, 285 0 X fI 2 i
WFE] g 174 s, 25 5 05 B0 i 2y 3 A 15 18] BR 4l
180 sHIT, #&THE R AARLL. A 100 s ~ 180 s ST
FETE T 32.5% , Head AR R LS AR A T R
JEIFIE], BV SRAILBEAT K 6% 4 I R] AL 2l 22 0 2 A 1)
it XK. A 180 s ~280 s M RETF T 0. 7%,
APt R v o] 240 B I AR T B LI 2% R SR T vk B
AE , ARSI A < I [ BIR 1] 1 2 2N A A S 3 T

2) XU 4578 e RS J7 1k ) 3 A A T 1Y
KA.
(] R O 180 s, 24 ff1 2B 30°,36° ,45°
60° 90°HT, £ 1 000 YRI5

DFEAERMNIE 8 Froi , 72458 i JE M\ 30° $2 T2
360, RALIE A il XIS i N 82. 5% T
BT 83% . (HIEICE , BEA R AR BRI, ik A TGl
DX 4 BT R AN B [

EE R BN ARE A S T LTGRO
Sl E], LA FE A I ) 215 Mt B

Kl =05 E

Rt — AP BRAE XU 45 1 J2 PR HET 1 A E
BT EGE B, 1858 FAHLAY AL E o O K1,
BCE 3 AR BT X RN A, A, FTA;. L
TE O R ERA, 154, A EVLEHE A, R A,
T, B EVLBIE A, JRIRECA; ARTE L, S atLs)
2 Ay X ARBRTE R AT I A ORI, AN TR i
RO A SRR ) R



- 150 - [7E N (- U A = - %51 %

30 40 S0 60 70 8 90
i/ I
E8 AIEMEERENEL

Fig. 8 Tendency of success rate over fault-tolerant angle
DFELERANE 9 Fros , RALSE R 1 A F 1 Ky
DXIRATL Bl A AT 55 20 1 B0 A S 1 0 4l 2 ) 205 47
PR, PR A A Bl AR W 2% A7 L sl ke
R, A P 245 o R A R 0 IR R S B TR

BLTa Sk X B EALSh. Z2 0007 B 45 R S hn B0
W I, XU 4 DS 7 1A S figg ke T LIl 2 07
Bl XA LB 1 )

IREE— I A S5 R A, 0 T A B A R
PO 2% TP 8 A A I 4%, 3 o el AR IR s 1) 2 80 7
VEAR T Hh —J7 B PERE , W SR 38 1 3 Sh—T5 P g
TN Y- R AR 2K D00 465 R 4 A 19 2% M 2 22 (7]
(2P i, it o Hh A TR 2 )R 0 3 Tk R SR T 0 1Y)
PERE. M =455 T LA Y, SobL A 32 ) Moty X I
BB ) @b B T 83% , 5643 UER T 0L 4%
B REDR AT 5 1A R 5 T8 AL RO HIL B A ] 2 X R 4%
B BB TT L MERE A% B PRI ; 7858 A BE i K 2 0
INEALICE LB [R] , B P T7 ik RE. e DY 26
BB MR, %07 A Rk T 5T DRL LA
T A DI [ AL

pik g |
v A v T B X 4k
> & & ooee CHEIIRMIZE
RIPLIL
oooo FIEHIRML
BRI

RIS IR

.................
LI
vos

9 ENNBPTRE

Fig.9 Diagram of maneuvering trajectories for fighter
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