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Abstract

A new kind of adaptive sliding mode control method is proposed for si N’
missile model of pitch channel with time varying and uncertain parame .?@W]g

mode control is an effective method for coping with system uncertai ti@ ptive

method is integrated with sliding mode method and a Ly:. v functigh j structed
to guarantee the whole system is stable. Through eoretica alysis and
numericala simulation, comparison between Pl ot and s&'@rmode control
shows that the adaptive sliding mode control of th@rtain isSile system has a better
control effect. And with consideration of three of pm er uncertainties in
simulation, sliding mode control has better rolustaess. «
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1. Introduction @ . %
Second order system has very co \ynamics and many complex engineering
objects such as missile, algglane and r can be viewed as a second order system for

uncertainties are a exis are caused by environment changes or random

designers. So researc second oEer system is meaningful and enough[1-5]. Model

reasons [6-8]. F ple, air ¢ coefficients changes as its speed and height and
air density . Espe for supersonic missiles or hypersonic missiles, model
parameters Will/change ery big range. Also, the weight change as flue consume,
that will also affect meters of simplified missile model. Common PID control or
optimal control o ck control can not provide satisfied performance as parameters
inttes are very big. There are many papers tried adaptive method to

S r@ ustness. And sliding mode control also has advantages that it is very simple
%\ s not require the system model to be accurate. So it is very convenient to be
appfied in missile system. In this paper, adaptive control is integrated with sliding mode
method to solve system uncertainties. Also, PID control is designed and it is compared
with adaptive sliding mode control. Detailed numerical simulations were done with PID
and adaptive sliding mode control. Three kinds of parameter uncertainties are
considered to do the simulation. And simulation result shows that the adaptive sliding
mode control has a better performance and a strong robustness than PID control.
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2. Problem Description

The simplified linear model of supersonic missile pitch channel can be written as
following second order system:

a= W, — 85,0 — a3552 1)
Cbz = a24a + a2sz + a255z (2)
Where &; is air dynamic coefficient of missile, « is attack angle of missile, @, is

the rotate speed of pitch angle and.
The control objective is to design a control law such that the attack angle « can

track the desired angle ¢ . Without loss of generality, assume o¢ =1.

3. The Design of PID Control Law

The structure figure of PID control system is shown in Figure 2.1. The s
composed of PID controller and the controlled object. The control S|g
controller produces control the controlled object. The PID controller i d of
proportion (P), integral (1) and differential (D). Q

Control object P

F@rol System Structure Diagram

PID cor’ ntroller It constitutes control deviation according to the
expectation ¢y and a output values « .
e(t) =a—a* (3)

The PID con@w is:

Toe(t)
6& u(t) =k (e(t)+ Ie(t)dt at j )
@@)rm of transfer function is written.

U(s) 1
G(s)_m k (l+ﬁ+T sj (5)

In type: K, is the proportional coefficient; T, is the integral time constant; T is
the differential time constant.
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4. The Design of Sliding Mode Control Law

Hypothesis 1: a,, is not zero, the direction is known, and a,, >0,

Hypothesis 2: The expectations xld is constant, its derivative is zero.

The design of sliding mode control system is usually considered as a comprehensive
method. Its characteristic is simple and flexible. The basic steps of designing sliding
mode control system include two relatively independent parts:

1. Designing the sliding mode function S(X) , make the sliding mode gradually stable
and have good quality.

2. Calculating the sliding mode control, make the system meet the conditions of
reaching sliding mode, and form a sliding mode.

In this way, Sliding mode control not only ensures approaching movement reach the
sliding surface in the limited time. But also ensures the sliding mode plane in the sl |ng .
mode area. Once the sliding mode function S(X) and the slidin

control U(X) have been gotten. Sliding mode control system is etely
established[10-12].
Defining error variablese = ¢ — ¢, There are: \* @
E=a=w,—3, (6)

The second derivative of error is: \V

€= d)z — 85,
=a,,a +32&55 ag@ 8,0 —8550,) — ass

= (az4 a )wz + (@5 +85,855) 0, — aes Z
(7
or erro d

How to eliminate error is th el. Using the sliding mode controller
can achieve the effect of e atlng st defining the sliding surface is as
follows.

S=é+ce+c, & (8

In order to e e sli de surface meaningful, when the sliding mode

surface is ‘ ro, dlffer equation is steady. Therearec, >0, ¢, >0.

Then ca the d of sliding mode surface:
S=€+Cce+cCe

@ = (ay +a§4 —Ciayy ) + (8 — 8y, +C) o,
+(8y5 + 84855 — C,345) 5, — 8350, +C,€
N~ ©)
O Define: l,=a,,+8&,;¢Cji
%O (10)
|2 =8, —ay (11)
l, =c, (12
Define:
T= (azs + 83,855 _Cla35)52 - a355z (13
Design
T=—co,~Tg-1'pg,~lesksrk sgms(-k,|sdt (14
Define
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L =1, I, (15)

Then
$=la+Lw, +l.e—ks—k,sgn(s)— ksjsdt
S+ kgjsdt = o+ Lo, +1,e—ks—k, sgn(s)
$s+ kasj sdt = Las +Lwm,s +1es —ks? —k, sgn(s)s
Define adjustment rule of weights is as follows.
IZ =Ias

I; =I,w,s ?\V

I, =T3es
Selection Lyapunov function as *
3 1 Q

"D
i=1
Solve its derivative
i *\

Choose Lyapunov function \
2
S sdt)

é}mﬂ
Then A 6
k sj‘sdb&ﬂ a)s+| s —k;s? —k, sgn(s)s

Selecting total E;@g\v f@f system
V=V, +V,
Calcula derlv |
6 V =—k,;s% —k,sgn(s)s<0

Visible that sys e@stable under the action of sliding mode control. and it does not
require that the gdin‘et system is larger values.

5. The thulation Analysis

T dynamic parameters of supersonic missile in a feature point are used to
in this paper. The selection of pneumatic parameter is as follows:

a,. =-167.87;a,, =0.243;a,, =—-2.876;a,, =—-193.65;a,, =1.584

Since aerodynamic data that the missiles use in the digital simulation is obtained by
wind tunnel data interpolation. So aerodynamic data of missile in actual flight may
differ simulation data. The robustness of the designed controller is verified by all
aerodynamic data perturbation 50% or even 500% up and down in the vicinity of feature
points.

(16)
(17)

(18)
(19)
(20)

L@l

(22)
(23)

(24)

(25)

(26)

(27)

(28)

(29)
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5.1. Simulation Results of PID Control

The feature points of supersonic missile are selected as parameters of controlled
system. At last, the control parameters are selected as follows after several simulation
and modification.

k, =2,k =5k, =5

First, simulation results can be obtained under the situation of no parameter
perturbation.

0.4 4
*
02 \A @
ul 04 1 16 2 25
tis
\ertu rbation

Figure 1. Simulation Results Witl@ Param

Then situation of having parameter® batlon S|dered Setting the fixed
perturbation k, and the perturbation ba i aram é’e as follows.
Ay =8y (1+k) i As =8 (1+K):
+ k). = a35 (1+ k)

The expectation of S|gnal is 1, the sn%& results are as follows.

18 . V' 18

&\@

o @‘ 1‘5 2I 2‘5 é 3‘5 1‘1 AIS a o DIE 1I 1‘5 é 2‘5 3I 3‘5 rli AIS =1
tis ths
Figure 3. The Simulation Results

2. The Simulation Results of k = 10%

of k = -10%
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; : . Figure 5. The Simulation Results
Figure 4. The Simulation
d of k = 50% \/

Results of k = —50%
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Figure 6. The Simul Resul Q Figure 7. The Simulation Results
of k =
i % because the perturbation quantity is random.

of k = 500%
Setting the r perturm
The rand f@ mstr@ ATLAB are used to select random numerical in this
S

fdeq

paper. The sions om perturbation are as follow.
(Q = 2K * (rand(5,1) - 0.5)
Among the le rand function expresses random value in the scope (0, 1). K is

the absolute valye” of the random perturbation range. The five random number in
correspondii erturbation scope can be generated by every performing this function
instructiondih MATLAB software, that K. K., k.. Koo k.

case, trajectory parameters after perturbation are:
A, =a, (L+k,): A, =8, (1+Kk,): A =a,-(1+Kk,):
A, =ay, (1+Kk,): Ay =a,-(1+Kk)

The simulation results can be obtained as follows.
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Figure 8. The Simulation Results Figure 9. The Simulation Resuylts
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Figure 10.The Simula@u Resul@ Figure 11. The Simulation Results

of k, g@sooo/;, of k. & (~90%500%

. L . . . .
05 1 15 2 25 3
tis

Simulation show that control can ensure system stability in the smaller
dlsturbanc But e disturbance range becomes larger, especially under the
condition o gatlve ance, the system will be unstable, and have greater
volatility.

5.2. Simulatio@lts of Sliding Mode Control

Contro%ameters are selected as follows:
O c,=8,c,=5,q =10, =10, =1k = 20,k, = 20,k, = 20

@simulation results can be obtained under the situation of no parameter
@ ation.
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Figure 12. Simulation Results No Parameters Perturbation

V’
Simulation results can be obtained by the PID fixed parameter perturbatic@Eod.
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Figure 13. The Simul Resul\'\Q Figure 14. L?eks"_"ul'g(}/:o” Results
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Figure 16. The Simulation Results

Figure 15. The Simulation Results of k = 50%

of k = -B50%
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Figure 17. The Simulation Results Figure 18. The Simulation Resb{s/’
of k = —90% of k = 500%

Finally, the following results can be gotten by simulati&n‘accord@@h PID

random parameters perturbation method. \
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Figure 19. The Sigiul3tion R ts Figure 20. The Simulation Results
of k 5100 of k. e (-50%50%
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Figure 22. The Simulation Results

Figure 21. The Simulation Results
of k. e (-90%500%

of k. e (—90%100%

The simulation results are stable under the condition of different perturbation. It
shows that the control method has strong robustness.
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5.3. Comparison and Analysis

The above simulation results shows that both PID control and adaptive sliding mode
control methods can make the missile system stable in some characteristic height with
consideration of small uncertainties. But if the uncertainties increase, the PID control is
not effective and especially if the uncertainties are random, the control effect of PID
control is not as good as adaptive sliding mode control. And both sliding mode control
and PID control are stable but the adaptive sliding mode control method has better
robustness and it is not necessary to know the system parameter in advance.

6. Conclusion

A new kind of adaptive sliding mode control law was proposed for pitch channel
control of supersonic missile. And three kinds of parameter uncertainties are considered
to testify the robustness of proposed method. Also, the numerical simulation was %done , ¢
with PID control method. And simulation result shows that if the parameters chafige,
small range, the PID method is as effective as adaptive sliding mode methog If the
i

simplified missile parameters change in a big range, the propgsed adapti mode
control will have a better performance and it is more rob ﬁ%pﬁred \@ control.
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