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A novel adaptive control and identification on-line method is proposed for a class of chaotic system with uncertain

parameters. We prove that, using the presented method, a controller and identifier is developed which can remove chaos

in nonlinear systems and make the system asymptotically stabilizing to an arbitrarily desired smooth orbit. And at

the same time, estimates to uncertain parameters converge to their true values. The advantage of our method over the

existing result is that the controller and identifier is directly constructed by analytic formula without knowing unknown

bounds about uncertain parameters in advance. A computer simulation example is given to validate the proposed

approach.
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I. INTRODUCTION

In recent years, there has been considerable
progress made in the study of the control of chaotic
systems.[!=3] In this paper, we study this problem us-
ing a more general model.

The chaotic system considered in this paper takes
the form

&= f(x) + F(x)0 + u, (1)

where the states of systems are € R™, unknown un-
certain parameters are § € RP, and u € R" is the
control input to be determined. The function

&= f(z) + F(x)0 (2)

represents the autonomous part of Eq.(1).
Let x4 be an arbitrarily desired smooth orbit. We
choose

u=iq— f(rq) — F(zqa)0 + a(z,24,0),  (3)

where a(z, 24, 0) is a compensator to be designed, and
0 € RP is the estimate value of the unknown parame-
ter vector 6 € RP.
Substituting Eq.(3) into Eq.(1), we obtain the error
dynamical system

é= f(e,xq) + Fle,2q)0 + F(zq)0 +ale, zq,0), (4)

where

f(ea Id) = f(:E) - f(fl?d)7 a(ea Ld, 9) = O‘(Ia ZLa, 9)7
Fle,zq) = F(z) — F(zq), 0(t) =0—0(t),e =z —xq.

The goal of control is to find a compensator @(e, x4, 0)

and a parameter estimation update law 6 so that

Jim fle(t)[|= lim [Jz(t) —za(®)[[=0,  (5)
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Jim (|6 [= lim |6 -8 =0.  (©)

I. DESIGN OF CONTROLLER AND IDEN-
TIFIER

Assumption 1:

For an arbitrarily given x4, ¢ = f(e, 2q), is asymp-
totically stable at e = 0, i.e. V(e,t) € R" x R, there
exists a positive number v > 0 and a scalar function
with well-defined first continuous derivatives

V:R"xR" — RT,

such that

1) Aminllel2 < V(e t) < Amal el (7)
dv 9Vie,t ;

2) = = % + (gradV, f(e,xq)) < —7llel]*.(8)

Theorem 1. If Fq.(4) satisfies Assumption 1,

then there exist a compensator a(e,xzq,0) and a pa-

rameter estimation update law 6 such that

Jim e(t) [[= lim || 2(t) = za(t) [|= 0,

Jim [[6(1) = Jim |6~ d(t) |=0,

where
a(ev Zq, é) = _F(ea Id)év
§ = —(F(e,zq) + F(xq)) gradV — 6.
Proof: For Eq.(4), choose Lyapunov function

Wie,,t) = Ve t) + %éTé.
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And V (e, t) satisfies Assumption 1. We have

AW 9V (e, t) .
w - o T (gradV, f(e, zq))

+ (gradV, F(e, 4)0 + F(zq))

A T
+ (gradV,a(e, zq,0)) + 0 6

< —7 [l e|? +(gradV, (F(e, za) + F(xa))f)
T
+6 0

=—7 el - 116]*.

This completes the proof.

From the process of anterior deduction and Theorem

1, we obtain
Theorem 2. If Assumption 1 holds, then for an

arbitrarily given desired smooth orbit xq, there exists

an adaptive controller and identifier u(x,xd,é) that

makes system

1) satisfy
Jm le(t)[|= lim [lz(t) = za(t) =0,
Jim | 0(t)||= Jlim |6~ 0(t)]|= 0.

II. SIMULATION AND CONCLUSION

As an example, we apply the result to the Rossler
system with unknown parameters

.fl 0 -1 -1 T 0
T2 |=| 1 a O zo |+ 0 | +u.
ig T3 0 —C I3 b

We first translated Eq.(9) into the form of Eq.(1)

= f(z)+ F(x)f + u, (10)
where
—T2 — T3 0 0 O
f(z) = x1 , Fl@)=|a22 0 0 )
123 0 1 —I3
u is an attached control input, and 6 = [a b |7 is

unknown parameter vector of the system.

It has been proved that Rossler system presents
chaos when a=b=0.2, ¢=5.7. Given the desired or-
bit zq = [0 0 sint]?, the true value of “unknown”
parameter vector, initial state of system and initial
value of estimate for “unknown” parameter vector are
taken as, § = [0.2 0.2 57T, 2(000=[5 -6 —2]

and 0(0) = [0.1 —0.5 2|7, respectively. Construct

the controller and identifier u(z,z4,0) according to
Eq.(3).

From Theorem 1 we obtain the compensator and up-
date law for parameters estimation as

a(e,xq,0) = u.(e,xq) — F(e,2q)0,

6= —(F(e,zq) + F(2q)) gradV — 6,

where
-2 1 1
ur(e,xq) = -1 =2 0 e
—sint 0 —-2-—e¢e;

Choose V (e, t) = e Pe,
where

3 0 0
P = 0 4 0 a/\min =3, Amax = 9, Y= 12.
0 0 5

Using Theorem 1 and Theorem 2, we conclude that
there exists an adaptive controller and identifier

u(x, xq,0) which makes the Rossler system satisfy
lim [le(®) = lim [la(t) - a(t)= 0.

lim ||§(t)|\:tlim 6 —6(t)|=0.
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Fig.1. Time of response error states.

After adding u(x,xq4,0) to system (9), the time re-
sponse of error states and the time response of states
are shown in Figs.1 and 2, respectively. The time re-
sponse of error estimates between unknown parame-
ters and their true values is shown in Fig.3. And the
time response of parameter estimation for unknown
parameters can be seen in Fig. 4.
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Fig.2. Time response of states. Fig.4. Estimation §(t) for unknown parameter 6.
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