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Abstract In actual air combat, the target combat intention is realized by a series of tactical actions, and
the target state is present to the characteristics of time sequence and dynamic change. The traditional oper-
ational intention recognition method only relies on a single moment of reasoning, which is not scientific
and effective, and fails to predict the enemy’s intention in advance. Therefore, the bi-directional propaga-
tion mechanism and an attention mechanism are introduced on the basis of the gated recur-rent unit
(GRU), and a method for predicting the combat intention of aerial targets is proposed. This method is to
construct the air combat intention feature set through a layered method, encode to generate numerical time
series features, and encapsulate domain expert knowledge and experience into labels. The BiGRU network

is used for in-depth learning of air combat features, and the attention mechanism is used to adaptively as-
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sign feature weights to improve the accuracy of air target combat intention recognition. In order to realize

the advance prediction of the target intention, the air combat feature prediction module is introduced before

the intention recognition, and the mapping relationship between the predicted feature and the combat in-

tention type is established. The simulation experiments show that the proposed model can predict the com-

bat intention of the enemy’s air target by one sampling point in advance based on the accuracy of 89. 7%

intention recognition, and has obviously significance in improving the real-time performance of intention

recognition.
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Fig.1 Intention representation and reasoning process
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Fig.3 Relative geometric position of air combat
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Fig. 4 Air target combat intention feature set
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BT 22 36 G 55 R L3 0 ok A R AR 4L 2
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1E. BUEEARZE P AL 7 Fh R 2R, &4 R K
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14.65% MM E R 18. 15% K EHER 18% KB &
B 13. 9% GBI 12. 3% B FFHER 1. 2%,

SEE {8 A Python3. 8 15 &, £ Quadro RTX
5000/PCle/SSE2 GPU 1 CUDALL. 0 Jil 4 ¥ 4% T
AT, K Keras2. 4. 3 IR E = > HEZL, f I Iid B H
x86-64 CentOS7 PC % %t . Intel® Xeon (R) Sliver
4110 CPU @2.10 GHz.64 GB N7,
3.2 EELRFIERIIE N

ARSI BT A5 P 8 5000 I N A B R i 000 A e
DN A5 30 B4 R SRR L RIS 1 ASREAS TRy 12 Wi 4R
TIE 85 R iy 2R AR L O BA I A BOIRRAE , L H AR
T JH At S iR 2 1 1 R R0 Ok R AT X B B8 UE AR
SCHT AR S TR D i O A T R R N S 56
e TE 3. 4 AT RIF UL,
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FIH PSO ¥EH BIGRU By f% 15 0 2% &5 4, 1k
B I ) J2 L B )2 Y s B A B KN 2 ) R
Wz, wEHE ETRMN4,500,1 000,0.005],
[1.10,100,0.000 1], % & FIH B E R R AE R E
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Tab.1 Experimental parameters
28 fE
2R KA A2 LT 5 2K R ER
AL A Adam
Dropout 0.5
e 6 2 2 B 3
e B2 1 R B 334,10,338
iAW NN 100
TR 0.001 4
UERGEY 200
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BiGRU-Attention & R B H 28 1l 25 )5 g A
DA REAS 5200 2 BT, A SCHE H 9 35 T TR0 ) 5 A 7
HERRZRIR 2 9100, Ry e — 20 WL 2% 1R 0 3 1 =2 )
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Fig.9 Confusion matrix of intention recognition

M 9 HEEHS F i, BIGRU-Attention & &7
TS TR X T 7 o 5 T IS A A s 14 TR A o S5 4 (]
R I R L T R UK 5 R AT IR 2 10000,
A A AH] 96 06, xF T AL 1 5 i A 2L A
T 1 5 T 2 R 2 VAR A7 /0 30 3 A LR i iR
AT oL 22 20 Hr 2 il T 2 Tl R 1 22 18] A 45 i AH AL 1
B R PR O T S, BIGRU 258 0 45 G 95 1 14
I G AR TR A A 1) 3 TR 2 R A ) 2
B 5 i T R LR 0 R R P 2 A
FHE 22 57 AT S A 2038 23 0 P A L 0 S R
T8 G0 H B AT A PR UL
3.2.3 XFHIIE

AR S B 200 YOk A A rh il a4 e g HE R
Ry T PR R A A 1) 9 B 5, R RS IO B8 0 R (B
PR A TR ) 453 2% .l i R SCHR 9 BIGRU-

Attention & B U5 A AL 5 SCHk L9 ] 42 i 5
LSTM W& & % & B br 5% A 2 BT 5188, SC ik
(718 R fd A Adam 3% F1 ReLU s 241 f& DBP
P 2 1 23 v H AR AR R R RS, SCHER(10 ]
P By R =X B G Bt AR 3 BT R R R IR B A A X
LT X e SE 30 S50 B 3R 2 iR, SEg 45 21
* 3.
2 WHEXBRSHIZE

Tab.2 Compare model parameter settings

T e i 1=
o Eﬁ%ﬁ; i?fi EIH A
SAE 3 256,128,128 0.020 SGD
LSTM 3 256,128,128 0.001 Adam
DBP 4 256,512,512,256 0.010 Adam
F3I AMEBERTHER

Tab.3 Experimental results of four models

g HER R/ KAl
BiGRU-Attention 90.5 0. 257
LSTM 87.6 0. 346
SAE 81.3 0.473
DBP 79.3 0.492

M 3 0 F L A SCHE ) BiGRU-Attention
o B TRU AE AY A HAt, 3 A2 78 T o A B AR 4L 2 {E P
75 TR BN 5 8 LSTM 5 U A i 842 5 2. 5%,
[l SAE F1 DBP #BUAH L $2 35300 10 %6 5 DI 560 HiF A
SCHR H BB XS 23 i B AR AR R TR I B AT Rk
HAh, BIGRU-Attention 5 LSTM 1E b UITE ¥ # &
X8 £ Ay KL Rtk F) E P 5 0E ) 485, A oAt 2 Ao A5 R0 B
5 T2 B AR AR R RN i — 2D U TR 4 B
J7 AR A8 Ak R #E B s o H AR AR 8 K BA R
2k
3.2.4 RIS

F AR BiGRU-Attention & & 15 5 B B 76 X 14
S R B ik X T A o AR AR R B U A
ROk AR L J7 2 HE S8 AN T8 T [ il 2 A 1 VR G S
RERVXF LG o PR, AR SCTE (] — B4 2 B A7 9 il
S, AT A RSk 4 K 108 11 iR .

x4 EHBIBHBER

Tab.4 Results of ablation experiment

KA 2 i 45 A o
WEMFR/ % HRE
Bi-directional GRU Attention
N, N, N, 90.5 0.257
N N 88.6 0. 305
< N 88.9 0. 289
J 87.4 0. 337
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Fig. 10 Changes in accuracy of ablation experiment
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Fig. 11 Changes in loss of ablation experiment
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Fig. 12 Prediction accuracy and sliding step size
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Tab.5 Experimental results of five models

Tk R T 0 B 18]/ ms
RNN 8.14X10° 0. 089
LSTM 2.75X10°° 0.133
GRU 2.46X10 ° 0.110
BiLSTM 1.29X10° 0.311
BiGRU 1.16X10° 0.202
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Fig. 14 Characteristic prediction trajectory
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Fig. 15 Changes in accuracy of four models
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Fig. 16 Changes in loss of four models
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Tab. 6 Intention recognition performance measurement
KR/ % H I/ % F1-43 %
LSTM DBP SAE LSTM DBP SAE LSTM DBP  SAE
WIRZS WIRZS WIRZS
W 83.0 79.2 70.5 68.7 90.0 85.6 77.1 75.4 0.859 0.823 0.737 0.719
fiige 89.9 86.8 81.0 76.3 85.3 78.8 75.4 72.4 0.876 0.826 0.781 0.743
(ENLy 90.6 89.1 82.5 78.1 85.4 82.9 73.8 75.5 0.879 0.859 0.779 0.768
Yoy 82.3 79.6 71.2 70.2 90.6 89.7 81.4 73.3 0.862 0.843 0.759 0.717
5 B 90.3  90.0 83.4 80.8 89.9 89.6 84.9 83.1 0.901 0.897 0.841 0.819
R 97.5 98.3 93.4  95.3 94.7 93.9 91.5 91.1 0.961 0.960 0.924 0.931
Tt 99.5 96.4 96.6 94.4 95.5  96.0 89.7 90.6 0.975 0.962 0.931 0.925
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