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Design of Missile Direct/Air Compound Control System
Based on Adaptive Neuro-Fuzzy Inference System

DENG Wei-wei, DUAN Chao-yang, YAN Liang

(China Airborne Missile Academy, Luoyang 471009, China)

Abstract: Aiming at the problem of missile direct/air compound control, a design method of
missile direct/air compound control system based on adaptive neuro-fuzzy inference system is pro-
posed. Firstly, the mathematical model of direct/air composite missile is established. Then, ai-
ming at the problem that conventional fuzzy control design relies heavily on experience, neural net-
work is introduced on the basis of fuzzy control, and adaptive neuro-fuzzy inference system ( AN-
FIS) is established by learning sample data, and pulse width modulation and frequency modulation
modulator is designed. Finally, the proposed control system design method is verified by simula-
tion tests. The simulation results show that the missile direct/air compound control system based
on ANFIS can quickly and accurately track the acceleration command.
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Fig. 1 Attitude control air-to-air missile structure
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Fig. 2 Fuzzy controller structure

2.2 HENMERMEERERE

I3 N o 28 AR A B AR 8 R P 2 IR 2% 1 o
I RE Ty i X A A KRl 1 A 2T S BROR] 45 i ) A
WA SR $HE BRSO 3 A0k AR L O0 AR AR 45 i A
TR ST BR A 2T F IE N BE T R BB 45
RE L 2HA (osao) FLE ) RS H
Bl BR if-then BRI A0T .

HM 1:ifx,isA, andx,is B, then f1=p,x, +
gz, 1y

HEM) 2:if x1is A, and 2, is B, then £, =p,x, +
q:xy 13

L7 P2 AR A PR 48 T DL R R T-S A
BRI 4 1] 0 P 28 I 4% S B, 9% 0 4% 2 — > 2 )2 i A
W2, S an sl 3 s,

B2 B BB 12 SRR B A
R LA S R EGR AR 1 5 I
O, =pa (21),i =1,2;0,,;, =pp,. (x3).i =3,4

(5)

HoRBCR BCR O BNE PR

XX,

3 HENWEEMEERSSEN

Fig. 3 Adaptive neuro-fuzzy inference system structure
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Fig. 5 Missile direct/air compound fuzzy control system
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Fig. 6 Acceleration response at acceleration command of 10m/s’



58

TAUE £ 5 R

0.04
0.02

— H RO
---LQR

0
Z-0.02

£ -0.04

rate/(rad/s

£ _0.06 i
=-0.08

—0.1 %

Pitc

—0.12}—

-0.14

0 0.10203040506070809 1

tls

B 7 fMEEEIE<S 10m/s* BHEFD £ B o R

Fig. 7 Pitch angle speed response at acceleration

command of 10m/s’

0.8

— R
-—-LQR

0.6

0.4

Pneumatic rudder deviation/(°)

0.2 T

Fig. 8 Pneumatic rudder deviation at acceleration

—_

0O 0.1 02 03 04 0.5 06 0.7 0.8 09 1

tls

8 MEEES 10m/s BEHREAE

command of

10m/s’

o o
AN 0

— WAL
-—-LQR

S 2
o v s

|
o
o

-0.4

Direct force/Dimensionless

Lol
e 2
o

-1
0 0.1 0.2 0304 0506070809 1
1/

s

B9 mEEHES Im/ss REEHNBE

Fig. 9 Direct force at acceleration command of 10m/s*
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