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Abstract: A new type of three sliding mode surface disturbance observer was design for the
pitch channel control system of missile attack angle tracking. The error and disturbance of
attack angle loop is approximate by the sliding mode type observer; and also the pitch
speed signal loop was also designed by sliding mode observer with an integral sliding
mode surface. And based on backstepping method, the pitch speed error loop was designed
by sliding mode control method, and the whole system is stable according to Lyapunov
stability theory with three sliding mode controller s and two sliding mdoe observers. At last,
Numerical experiment was done to test the stability of the whole system with designed
controller.

1. Introduction

With the increase of missile speed, the uncertainty of its pitch channel becomes more and more
serious. These nonlinear uncertainties are often difficult to be directly measured, so they cannot be
directly compensated in the controllert™], This year, an idea based on disturbance observer has been
applied well in many systems and achieved good control results. But the above disturbance observer
uses high gain feedback to realize disturbance observation, which often requires high system gain
and easily brings chatter to the system. Sliding mode control, especially integral sliding mode
control, has the advantage of good rapidity, which can replace the effect of high gain feedback®l.
At the same time, the integral sliding mode has good stability™%*3l. Based on the above reasons, this
paper combines the integral sliding mode controller and system disturbance observer, which
improves the observation speed of the disturbance observer, reduces the gain of the observer, and
improves the dynamic performance of the system. At the same time, for the angle of attack
subsystem and the pitching angular rate subsystem, the inversion and sliding mode methods are
used respectively, and the Lyapunov energy function is used as a whole to prove the stability of the
system; Finally, the simulation results show the stability of the whole system.

2. Problem Description

A kind oflinear model of supersonic missile pitch channel with disturbance can be described as
the following second order system:
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G =0, -3, —a;0,+ f; (1)

@, = 8,0 + 80, + 8,05, + T, 2

where @; is constant air dynamic coefficient of missile, which is defined by the out shape of

missile, @ is called attack angle of missile, ®,is canlled the rotate speed of pitch angle , f,
and f, are defined as outer disturbance.

The task of controller design is to design a controller o, such that the attack angle « can track

the ideal angle command g . Without loss of generality, we assume the command

signal «* =5/57.3,and the uncertain disturbance f, and f,can be observed and solved by the
adaptive control law o, .

3. Sliding Mode Disturbance Observer Design

For the first subsystem, we assume the following part —a,;J, + f, as the system disturbance D,
then it satisfies

—-a,.,0,+f, =D (3)
And the above system can be changed as
a=w,—-a,o0+D 4)
Then we can choose a sliding mode surface of observer error as:
5, =G(@—a)+¢, [(@-a)dt+cuo,
And we construct a disturbance observer as

a

o, —a,0+D
__a-a Kk —>2 4§ (5)

D=k —
° a—al+lw|+|a] Cls.+e

A 1/2
0(—05|

d =—ksign(d — D)
where dandpare two approximate value of disturbance D, & is the approximation of state
a.

4. Sliding mode controller Design

Then, first step of desing is to define a new error variable as e, =a—a”, and the first part of
subsystem can be rewritten as

e, =0, -a,a+D-q, (6)
Then the expect value of @, can be set as a)zd as follows:

A . e
wg:a34a_D+ad_kalea_ka2|e |j‘5 (7)
a b
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And then the second step is to define a new variable as e, =w—a’, then the second part of
subsystem is as follows
€, = +3,0, +a,0, + |, —d)f (8)
And we design an integral sliding mode of observer error as

s, =c4(éw—ew)+05j(ém—ew)dt+ce(a—a“)

And we assume f,—a’ as another disturbance of the system, and we define a new variable as
W, then it hasW = f, —@° , and we can use another disturbance observer to approximate it, then a

A

disturbance observer can be designed as

€, =a,,a+a,0, +a,0, +W

g —e

@ (2}

W =k

A 1/2
8,8,

wo [Yo ~ Cw - kwlsb +W (9)

A

ea) - e(u

+|s,|+ &,
W=k, ,sign(w—-W)
Then we design a integral sliding mode surface of system error as:
S, =C,e, +C, I e dt

Then the final control law is designed as follows

52 = i{_a'zzla - a22a)z - kalsc - ka2 S—C _\/\7} (10)
Ay le,|+¢,

Then a Lyapunov function can be chosen as

Vzlej+£sf (11)
2 2
And its derivative can be solved as
, e? g2 o -
V=-ke -k ,—*——k_cs’—k,,C, ——+e D+e W (12)
le,|+&, le,|+ .

Where the error variable of disturbance observer D and W can be described as

D=D-D,W=W-W (13)
And the gain of the error of disturbance observer should be small enough, then it satisfies
V <k €] —kyS; (14)

And according to the design of three order sliding mode observer theory, big gains can be
desinged and then the error of observer is small enough. So according to the famous Lyapunov

stability theorem, the all signals of system is stable, so @ can track the ideal command signal angle

d
o .
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5. Numerical simulations

According to shape of missile, air coefficients of a type of missile can be set as constants as
a,, =—167.87;a,, =0.243;a,, = -2.876;a,, =—193.65; a,, =1.584

If we use the common observer control strategy, the control effect can see below figures 1-5.
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Figure 1: The attack angle of missile system
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Figure 2: The curve of angle speed of missile system
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Figure 3: The figure of actuator of missile system
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Figure 4: The estimation value of disturbance D
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Figure 5: The estimation value of disturbance W

Set control parameters as
ky, =5k, =20,k , =15k _, =5;

Then simulation results can see below figures 6-10.
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Figure 6: The attack angle of missile system
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Figure 7: The curve of angle speed of missile system
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Figure 8: The curve of actuator of missile system
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Figure 9: The estimation value of disturbance D

108



4000

2000

-2000

-4000

-6000

W & Wg

-8000

-10000

-12000

-14000

-16000 : : : :
0 0 0.2 03 04 05

ts

Figure 10: The estimation value of disturbance W

It can be seen from the comparison between Figure 1-5 and Figure 6-10 that the control effect
of using ordinary observers has obvious oscillation; Its overshoot exceeds 60%; The observer
control method with three integral sliding mode has the advantage of high speed; Its rise time is less
than 0.1 s; Moreover, the regulating time is short and the overshoot is less than 5%; The dynamic
performance of the whole response is significantly improved.

6. Conclusions

Aiming at the problem of angle of attack tracking in missile pitch channel, it is simplified into
angle of attack tracking subsystem and pitch rate tracking subsystem; Then, an integral type sliding
mode observer is constructed for each subsystem to solve the overall disturbance and uncertainty of
the subsystem; Then, the subsystem is combined with inversion and integral sliding mode control to
realize the tracking of missile attack angle; The stability of this method is proved by theory and
simulation.
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