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A Determination Method for Key Nodes in Aerial Combat
Based on Win Rate Prediction

ZHANG Cheng, LIU Huibin, QU Chongxiao, XIA Shaojie, ZHU Liaoyuan, FAN Changjun
( The 52nd Research Institute of China Electronics Technology Group Corporation, Hangzhou 311100, China)

Abstract Taking an improvement on the efficiency of aerial combat training evaluation as a target, and
staring at the key nodes of influence on trend of combat outcomes, this paper proposes a method for deter-
mining aerial combat key nodes based on win rate prediction. Firstly, the long short-term memory net-
works are utilized for designing and training a win rate prediction model for real-time assessment of aerial
combat situations. Secondly, the OTSU's method is utilized for determining the threshold for key nodes,
and the time steps with absolute win rate difference between adjacent steps of being greater than the
threshold are identified as key nodes. The experiments show that the win rates are accurate in prediction
by the designed win rate prediction model, the adopted key node threshold selection method is reasonable,
and the overall proposed method is feasible and has a good generality.

Key words air combat; winning rate prediction; key nodes; long short-term memory

TEBACZS O B 4K A 59 R OSCRE R/ AT B Z A XTI R &R G A U 2R G210 Dy BE A fE
9V IR RE 1 1 7843 R HE 2 sE BRI A G e, tHE B4 BEORGBOR BT I AR ok O BT L
R EE A5 [ Do B E L S O ORI R SR AG o 3 45 4 ik 25 S I 2B 22 Ak RS AR AL Y
B ¥, BEEITRNEARME R I ERFEF LT  EEFEY,

Wi BHE: 2023-07-25
EE R 5K 1996 —) T WL A G TR B9 7 1k E P REMZE . E-mail: 1060739166 @qq. com

SIAE%: kit . ant, B, $ X TFREFNNZEX Y Ko7 4[]] ZFETBAFFR, 2024, 25(1); 71-75. ZHANG Cheng,
LIU Huibin., QU Chongxiao, et al. A Determination Method for Key Nodes in Aerial Combat Based on Win Rate Prediction[ J]. Journal of Air
Force Engineering University, 2024, 25(1): 71-75.



72 28 HETARRF M

2024 4

ol e SN ZRITFAG I 2 25 R G 0 A 53T
il R 22RO BN A T 22 i U 2R DAl N B AR 3 3
I TR AT N T Al 3 A i 7 B AR IR S LR
A BUOCHETT K. FRT . A X T A O SR AG
AT 5 5 2 T I Gk PP Ak 07 9k L B O T el 46
TR B R PR el A A 4 g I T A
) 52 g DA 2R IE RO B FE A R IHAS SCER
— ol T R TN Y O Y U E Tk

1 BEARSRE

AR LT VE H T L U5 AT 23 OB X BT Y 3
S, 38 B 2 1 AR ECES RO Y S A S SR
TE X B0 R AT 0 8 A0 T AL RS o H A AN ZRF &
IR R TR AR I2 M 2% (long short-term mem-
ory, LSTM) I £ 5 i Jik 48 350 0 A5 Y, 76 45 AL 1| 5
SEZ S5 W 2R A T Ak B A S X B 8 A
DI Z - (4 P 53 00000 A5 Y, L0000 &0 4 X7 ) S 15
R, BEXFLLTT % L R 20 5 T B2 A R A
HAN T I Y R R 25 1) 2 X (R Ao 0 15 1Y 1
{ELE , BIA Ry i B 200 A T OB g, JFK 2 i isf
I 8 Ry AR AT A

K FHAS SCHE 3 1 5 i s 28 BN 2R 0P Al N 5L 7E
AT N SR VA B 0 55 190 4 3 % P 8 , 7 22 m1 ik
AT Z2 N E 18 S B =R 1140 i, F B S BOZ I 2 52
P P 230 D A Y 1 (28 A 1 JE PR gt T AT e A
PEAG AL g A AT 5L A 4R R g L [ Il A A T
XTI Sk 7 v 0 R 32 F Sk #w iz 31 ki A7 &2
B, HARmELA 1,

Bl kb B SR AT
L BdRA— || |1 LSTMEUR |
SRS | i L '
b A <
JHESE 2 1 e
S | | KK L Bl
Py S §o v
| BafE REEEE

1T SN 5 BT
2 FEFREBESEAZIH

2.1 JIGHBERES T E
Ji: 5 00 A Y ) I S T B R R A Y S X

SRS £ 50 R R ik 5 AR AR 1 o o R
AR S 7 A AT 07 R T AR 4 AU 21 8 00T 1Y
23 WO R AR O Gt . 07 EOHE T AR 48 0T S H
O SCREUE S S BUAS [ B L AN [R) 280 A R LR Y
ZL i X7 HOMLAE S e . FL A M, 7 R 4 bl o B
PLRD A6 ALY A0 f o7 B | A0 AR SR i A 28 D
SRS, I N BCHE 4 10 R O S B O R A . eIk
SEAi b0 B TROL B A SR AT T 2 L DUIBIR T
IGRACR . 0 16 e A S H B s UL 2.,

ISR
1] Y L]

B AR /7T

B R - %75?#?333

R Skt | (|| EETTH

o A | PR

it i | || e
PN K553 o B Sl r

S RLETIN I o Wit

e ELATRIR S | R

g;%(ﬁﬂfﬁ B SEBUX A

B2 R i i 25 i g
B W AR 5 LS R A SRR AT O R —
b B 28 B 9 65 % One-Hot 898 2K, I % 50 (8
s AT R A IMEIH — 1k
onor:% @)

ma mi

i JI7 T AT 6 Jed g — i 220 1 2 A L AR B Y
— JRy 4 I 10 24 L R T A B 220 2 AR 1 X
PRa& . bR AR I RS R i L BV B — R
W 2Ty R S DUDH 22 Je JT AT EsF 20 1) 2 3 B0 s 28
HOE R L1,0] 45 He— R 20 7 RO O E A S UK 122
Jei i 20 ) S A Bl R 2SR o [0,1],
2.2 ET LSTM 2% &) B 2 il 4= B

FEBE T 5 I 25 ik 2 T A5 78 2 iy, 2 0 A e
FEAR B Ak BURY 22 1 B 254, DU T iE d LSTM
245 BRIANZL B e R E LA R 10 42, D)
A B FE A B — AN R 20 19P 5, b i
—TGUNF N — S TRAIL A B L L B EE 20 1 Y IR A 5K
P R A 5 WAL B S A A i A 2Ly S T R T
10 22, WUPRE CHCHE e 51 % 0z 9 7 8 DA R L3 . ik
— K s — BRI A R AR B — A PR AT T RL
T HET K 20 MBUIEIT S, b T RS A b
HH I 2 SRR e R R A AR SR R e Il
1L Z5H I T — A% F I LSTM A AR AR
Shy J ST ) A5 A

LSTM J&— Fh 45 5 (0 478 B0 1 25 0 4%, B i i
S Ak BRI I 50 A6 B L an s R E 8 L R S
HARIE S SCAZE, LSTM M 4% 1y #% 0 4 1 & ic iz



%1

TR o S« A T T A B A 25 OC B E  ik 73

BATT B T A A P AR R A Ok AR G AR A
[CH=S

LSTM [ 45 1) 45 ¥4 LE A% 5 1 1 25 4 28 10 2% B
A2 2% AHX R A2 Z PEK T T LSTM 4b BAC AT 7
A1) o A AR M B BB . e s s A T T BL
(gate mechanism) 3 SZ B X Fi G

fE LSTM i, — ST & — > Cell, K 31

W C, /R —4 LSTM Cell IR A, o F /R Sig-
moid PR .
1
Sigmoid(x)zl_’_el (2

LSTM i i 145 kg X AR 545 B ok A7 3, x5
ARSI F B AT R AE . X S 00 8 i A
Bt 743, LSTM rh2Ag s 5] i A 1] Fl
T 3 AN TS A Cell T8 3 i3k 26 7] 25 ¥ ok 35 7
H &R,

W T — A R e
HA:

Fi=c W, [hey v ] +b ) (3)
HATTESEA 2ENEERES A Cell RE
i,=cW.[h,_,,x,]+b;) 4
C,=tanh (W [, sz, ] +be) 5
C,=f.C, ,+iC, 6

B 1D R R AT (L B A (B T Y
Cell JRZ .

O,:U(W“ [h,fls.r,] +b”) 7
h,=o, * tanh(C,) (8)
h, 4
4 N\ c
Sl M M g
g i, c 0’(_>
Lo ] Lo ][ b |[o] .
ho | ] | | L
—
J

B 3 LSTM Bt &

MR R 4 1 25 BRBCHE Rk, W TR 4 b i
LSTM ML 45 4, % i A )2 .3 )2 LSTM Fa i )2
DR K 2 3 e 02 I 4% 5 R S s R EOHE R AT I 4k

R 4 v i A2 i A Gt I3 — b T b 35 1
LLEROT ML A ARG, B 10 A B2 % 0 1 4>
LSTM ¥ Hoc S th Z & %2R N 2 4
i 1 o AR R AL HE 7 P FRAE A , 5 433 Softmax JZ
LT HE T E# . Softmax B FRER N .

i
(§

-
Do
e
i=1

Vi X 9

SR FH 28 SUAR A 2% B BBV Ak 00 266 T 45 L 24 4%
(22 5, IR Adam AL T7 5 38 3 S ) A% 76 ok B
WM SR, S SO R BRI R R 0N

H(p,q>:*§p(xi)log(q(x,»)) (10>
K p A B 5 q S TN 23 A7

i o T ;
i| Softmax)Z |i
L] i ; |
ﬁﬂ éﬁﬁ%,%ﬁﬁ%ﬂﬁ|
O T s
] [} [

Ak i

|LSTM1HLSTMZr ---_ILSTMZJ
I I

:

54 T i
Py ! Il Adam N

2 |LSTMIHLSTMZr _|LST1M4” e [ BRI
LSTM LSTM - |LST i

| e I : I 1M24; A
o [Red ] [Redy] . [Bluey|
K |
B | - emmsss [
| )

B4 ik 22 00 ) 45 455 T80 25 4[]

2.3 EFREARXAFEENXETAHEERE

AR SCR A VR X O B s R AT R E . HAR
M THE Y AT 20 5 E— 20 A 0 R 2% (Y 4
X AHL s T4 2 R B R T 189 R 1 B 2200\ 5 S 52 i ik 70
(9 SRR A TA) 5 Ao FR T B ) /N 2 L4 52 ) G
FAEAEE B G 1 X g B2 L DR B Y 38 Bt 0
W, X H G ARSI Ty 22 B ok B B AT 19 {1 Y
B K A 2 R A R R O R
AEESCHE S, R, 2 REAFPERZNIHER u,
Flwy MR N w, Flwoy, W2 2825 14 10 2 8]
g N

g=wow, (ug—u,)’ 1D

M g NECKAER X 2 FKF A Z 8] Y X 55 B
Ko XA T vk AR SR AR A 5 90 1] 25 KK Al
FEAS DL K AR 218 s 2] 500 1 JP 58 22 2 % i BV ] 328 B A
B AR, I8 8 ST AL

3 XWWIERERSH

3.1 MERMMNERYEHRST

FE AR ELAHE I R G0, o A 20 05 XUy 28 RO
PooREFAL T T 2 806 Jmy ¥ Ak A H B 43k
1 009 157 MEHIRFEA . o T IAG Rz b Re 1 . fF
PR REAHE 7 2 3 1 LB o R U R A A A .
FUYIN LR AAE N 25 46, A3 5 )0 25 58 18 R R 3
TIN5 A oF 56 TF A5 AU P RE L DL DT Al A5 A 32 fk
e A INZRaet R v ofi e 3R 04 2 (8 A% 728 1k il 28 43 31
LI 5 FE 6,



74 28 HETARRF M

2024 4

0 4 8 12 16 20
e

5 I ofi i R A A R H

051 — train
val

04

03

BURME

02F

0.1F

0 4 g 2 16 20
v
Bl 6 I a2k B A 3
MBS FE 6 7] LA L 20t 20 A A il
G5, BT 451 2 1 32 T A A1 HE A RO AR T i I
TR AR I 5 4 A 4 1 A v A SR B B T
94. 22 % F1 98. 56 %, X Uk BH BT 15 11 9 ) 46 A5 0 2L
A R RE R 5 1 12 AL RE 1 L BR A8 X R I 2R
75 1% b S AT R T
3.2 XBETAHEENERSW
¥ 2 806 JRy A K i A L 3B I 2545 3 B ik R
TUINASE AR 255 TR 408 B 20 A T Ak e 25 1 A %o
1B, & B e K 14 FUI0 o 536 25 1 4 X 32. 0%, K
TR (AR R 2 R] Uy 2 g REHUAS B K (.
0. 1% % 32, 0%, B E) R 0. 126 3 X B {8 #F 17 %
B IR g (6 S5 R 7 Fros.

5
al
s
Ho3r
=
Im
K27
l_
0_

0 4 8 12 16 20 24 28 32
PEPEF (/%
S NGl R EROINASES P ()

E 7 vhal W, 2508 7 2 g 8 BE BE A R [ T
Al M EE A 9. 1% I, JE 0l O 25 ¢ BUAS i K MH
4.887 9, X Ud B 7E B 5 ME R 22 09 4 X {5 R T
9. 196 Ay AR A IF 18] 45, & A T 5% i i ) 1 6 B = 4

DA L 3 — st 220 TN A S BT

3.3 BEARBIESHRSNT

Sh T 6 P 25 0 ASE A ) S s T S8R LA K
(EL L I Y & B 7 BT A R AR P BEHLIE IR 5 5 Kl dls
i AR UM, 0 5% FEE AR AR AL IF GE i i R AR
A XHER T ERE RO . i T3% 5 R SO REAR
BB AL IR, PRI 5 R % ¢ A A8 A 45 AN AR ] 21
X7 B AN ] B RSS2 AN A 8 TR

TE 8 BT 7s 5 JRy B 400X 4 oy J: 24 00 A 7R
i 7 Dy B R [ () SR £ 05 R AR A TE S
JaXf iR 1,205 JRALTT AR IME . 5 3.4 JR i O 3R
JHE o 5 Jr) e i 2 3 Mk Ty AE X JR) 28 1k A TR0 bk A< 3
KT 900, H 5 T D00 it £k Joe 90 1) R R 78 AL A% L 5

PPRIE B RATE . X U I i R T AR A e R
LS Mz W Ry B S B AR
1.0
08}
s 06l
=
é: 04+
0271 — 4k
—5)R
0.0 L : ; - -
0 100 200 300 400

1T LI /s
B8 Xt R bk R ARk K
FE 5 Jr X i 0 BC o, AT 13 AL S B )5 A5

TIPSR 22 () s XSHE KT 9. 1%, Bl IX 13 &by
RHETT A, R 1B T Gevtny :0 A 3 A8 1k DL R S
Fr & AR A B ARG L, HoP Red, \Blue, \Red, 5
Blue, 5543 il 2R 7 £1 #5 WU 5 B AL AN [R] R AL .

x1 MNEXBTIEHEITEBERL

JHEHe A A

Xt Ry EﬂEﬂ/Sé@XﬂE/% S bR & A =

92 9.9  Blue, #f Red, fl Red, [A] s
1 315 14.1  Blue, #8845

403 11.2 L7 Fesl i LR oo o &

50 10.1  Red, fl Red; M2 J5 ¥ dr Blue,
2 92 10.2  Blue, 13 Htkt S

169 17.9  Blue, # Red, % 5ififiyth

193 13.2  Red, Bt & %iBA 8% Blue, 9 & #
3 225 11.9  Red, firH Blue,

233 14.4  Blue, 5 Blue, Wifl|Je i fir i Red,

110 14.3  Red, & XU E R, bt 2 WOBE Ay
4 220 10.9  WETRREL U T

245 17.3  Red, #i5h
5 203 26.2  ZLJ7 A 7% Blue, il Blue,

W 1 PR A8 B R 0 5 AR b 4 XA R T
BAE 9. 1 Y0, 8 52 52 6% s 1 S B =R 1 & AL L
F 5 e B 5 AR A 4 B I 1) AH DG

B9 R 1 RS 1A ST A5 0 k37 I AR



%1

TR o S« A T T A B A 25 OC B E  ik 75

R Ho 2 0 R 2k A RN 5 RHL AT L
A 2T A5 R 2 2% 3 7 2107 TRBL RAT B , 21 (0 4 26
KB FHPIL, EE 92 s WA L K
ML Blue, #8417 2 B2 CAHLIE B Mo, 85 07 RPLL7E
R R ekt B R B E B35 CHLIR R AR R
Bl v% . DR TR 9. 9% =9, 1% . iX Ui B A
SCRFH ) S5 R 18] Jr 26 % 16 BRI B 55 o0 & B g
i i 1 1 DG B R A

///

—
1

B9 %192 s RAMMRER

4 Z5iE

Y H A R 2 BRI S R b e B S
SR AR SCHR T — b 3 T i R TR A 2 G
BEAY SR E TR . SREL LSTM R 4% 3 Il 25 i 2 i
DALY, 5 A fie K S 8] T 22 92 08 iff e 5 S 99 o5 1Y
{EL & o AP 05 Bk 220 ek 23 00 0 25 1% 26 X R F 9 i A
ZIH N R BT A, e R AT T K Y SR Ok
SR, S5 R R W% 07 ik BT R 0 v e Az fe
AT TR s O 2537 5%, S i 5 A BRI R VT Al
P BT R MBI T R AP F o . (EAF T B AT
ZEANCAT R AR T 2 0 8 1 OC B = R AN, 2T RO
;. F LA S B S 475 T N T I L dn SR R R AE
FBEEZAW SR, s A —-PHRE
fiff D

S % 3Lk
(1] G =SHRINGRESEEREHIEID]. 5.l
7R K2£,2016.

(2] BRIRAY, TRFEM, M08, 55, BT RO 1 25 SO 2Rt
BIPA I  BE 5 (7] AR BT B 45 R, 2015, 43 (2):
185-190.

[3] WU A, YANG R , LIANG X et al. Visual Range
Maneuver Decision of Unmanned Combat Aerial Ve-
hicle Based on Fuzzy Reasoning [J]. International
Journal of Fuzzy Systems, 2022(1) :24.

[4] PIAO H . Multi-Agent Hierarchical Policy Gradient
for Air Combat Tactics Emergence Via Self-Play[ ] ].

Engineering Applications of Artificial Intelligence,

[5]

L6]

7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

(16]

[17]

2020, 98 (1-2).
2020.104112.
ERNEST N , CARROLL D , SCHUMACHER C , et

al. Genetic Fuzzy Based Artificial Intelligence for Un-

DOI:. 10. 1016/j. engappai.

manned Combat Aerial Vehicle Control in Simulated Air
Combat Missions[ J]. Journal of Defense Management,
2016, 6(1).DOI:10.4172/2167-0374. 1000144,

B A8 R JH UM L S ZE SR =S BRI R R e kR
KHFARBEFLT] K I 5 HEHE M, 2023, 48 (6):
162-168.

DA R B R AKR] 48 s WO GR T AR R B Y
(10, e 5% H1,2014,21(9) . 76-79.

WANG L H,HU J] W,XU Z,et al. Autonomous Ma-
neuver Strategy of Swarm Air Combat Based on
DDPG[]J]. Autonomous Intelligent Systems,2021,1:
15. DOI:10. 10071s43684-021-00013-z.

MANSIKKA H. VIRTANEN K. UGGELDAHL V., et
al. Team Situation Awareness Accuracy Measurement
Technique for Simulated Air Combat-Curvilinear Rela-
tionship Between Awareness and Performance[ ]J]. Ap-
plied ergonomics,2021,96:1-12.

Eld ik arF e . A% 58, 45 2T MFO-HTN ## #
BR A URORBL B 20 & AR [T . 28 25 TR R 27 27 4l
2022,23(4) :14-19.

T . % T . E R . S R R A2 % O 5T 45 3
(1. H5EHL 2018, 38(S2) : 16, 26.

AR BRI TR B0 AL T A T R HLET AT CNN-
LSTM =5 ik B AR ML sl Ll S (], Jede e & T/
224%,2023,44(7) :209-216.

PASCANU R , MIKOLOV T , BENGIO Y . On the
Difficulty of Training Recurrent Neural Networks
[Z].2012. DOI:10. 1007/s12088-011-0245-8.
ZHUANG N , QI GJ , KIEU T D ,et al. Differential
Recurrent Neural Network and its Application for
Human Activity Recognition[ EB/OLJ. (2019-05-09)
http://doi. org/10. 48550/arXiv. 1905. 04293.
HUANG Z , XU W , YU K . Bidirectional LSTM-
CRF Models for Sequence Tagging[ ] ]. Computer Sci-
ence, 2015. DOI:10. 48550/arXiv. 1508. 01991.

MA G Y.YUE X F. An Improved Whale Optimiza-
tion Algorithm Based on Multilevel Threshold Image
Segmentation Using the Otsu Method[J]. Engineer-
ing Applications of Artificial Intelligence, 2022, 100.
DOI:10. 1016/j. engappai. 2022. 104960.

CHEN B , ZHANG X , WANG R ,et al. Detect Con-
crete Cracks Based on OTSU Algorithm with Differ-
ential Image[J]. The Journal of Engineering, 2019,
2019(a01). DOI:10.1049/joe. 2018. 9191.

(O B AR B0





