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ABSTRACT

Partial state variables stabilization control of uncertain nonlinear systems is developed for chaos systems
synchronization control. Response systems are constructed for uncertain Rossler systems. In order to make
response systems track the drive systems asymptotically stable, error systems with uncertain and nonlinear
factors are designed. Using partial state stability theory of nonlinear systems and adaptive control method, a
Lyapunov function is constructed for the uncertain nonlinear error systems, and partial state variables
stabilization controller and adaptive regulators are designed. Employing Lyapunov stability theory, we
prove that our controller can guarantee the uniformly ultimate boundedness of the solution of the closed-
loop system, and make the tracking error arbitrarily small for uncertain parameters. Numerical simulation
results illustrate the effectiveness of the proposed controllers and adaptive regulators.
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1. INTRODUCTION

In recent years, with the development of
nonlinear system control and chaos control, the
study of chaos synchronization control has attracted
more and more attention, and chaos synchronization
has been applied to also secure communication,
spread spectrum communication, information
compression and storage.

Because of inaccuracy of modeling and
parameters measurement, the controlled systems are
subjected by the inaccuracy inevitably and the
control of uncertain systems is studied by many
researchers. There is not a general method for chaos
synchronization control in the study of the uncertain
nonlinear systems. One tries to study kinds of
uncertain  nonlinear  systems and  chaos
synchronization control by many means. In [1],
they present a new three-dimensional continuous
autonomous chaotic system with ten terms and
three quadratic nonlinearities, and the new system
contains five variational parameters and exhibits
Lorenz and Réssler like attractors in numerical
simulations. The synchronization of spiral patterns
in a drive-response Rossler system is studied in [2],
and the existence of three types of synchronization
is revealed by inspecting the coupling parameter
space, whilst two transient stages of phase
synchronization and partial synchronization are

observed in a comparatively weak feedback
coupling parameter regime. A robust adaptive fuzzy
control design approach is developed for a class of
multivariable nonlinear systems with modeling
uncertainties and external disturbances [3]. In [4],
an adaptive control algorithm is proposed for output
regulation of uncertain nonlinear systems in output
feedback form under disturbances generated from
nonlinear exosystems. In [5], they investigate the
robust reliable H., control for a class of uncertain
nonlinear system. A unified framework for adaptive
iterative learning control design for uncertain
nonlinear systems is proposed, and according to the
value of a certain parameter gamma, the parametric
adaptation law can be a pure time-domain
adaptation, a pure iteration-domain adaptation or a
combination of both [6]. A hybrid control system,
integrating principal and compensation controllers,
is developed for multiple-input-multiple-output
(MIMO) uncertain nonlinear systems [7]. In [8], an
adaptive fuzzy control approach is proposed for a
class of MIMO nonlinear systems with completely
unknown nonaffine functions, then in [9], external
disturbances appear in each equation of each
subsystem and the disturbance coefficients are
assumed to be unknown functions rather than
constant one, and the universal approximation
theorem of the fuzzy logic systems is utilized to
develop an adaptive control scheme for a class of
nonlinear MIMO systems by the backstepping
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technique. In [10], the Lyapunov spectra and related
properties of the generalized Rdssler system as a
function of the dimension N are investigated, and
the high-dimensional chaotic dynamics of the
generalized Rossler system fundamentally differs
from spatiotemporal chaos is found. In [11], they
prove that the proposed nonlinear disturbance
observer recovers not only the steady-state
performance but also the transient performance of
the nominal closed-loop system under plant
uncertainties and input disturbances. If the
uncertainties are bounded, while this bound is not
known, in [12], a Pl-adaptive fuzzy control
architecture for a class of uncertain nonlinear
systems is proposed that aims to provide added
robustness in the presence of large and fast but
bounded uncertainties and disturbances. Based on
the integration of sliding mode control and adaptive
fuzzy control, a novel adaptive fuzzy sliding mode
control methodology is proposed in [13]. Based on
the Lyapunov stability theory, in [14], a new
method for synchronization of hyper chaotic
Raossler system with uncertain parameters is
proposed.

In this paper, in order to make certain state
variables of the error systems asymptotically stable
and adaptive parameters identify the uncertain
parameters, using partial state stability theory and
adaptive control method, a Lyapunov function is
constructed, partial state variables stabilization
controller and adaptive regulators are designed for a
class of uncertain chaos systems. Numerical
simulation results illustrate the effectiveness of the
proposed controllers and adaptive regulators.

2. SYNCHRONIZATION OF UNCERTAIN
ROSSLER SYSTEMS

In the study of chemical reaction with
intermediate  product, Rd&ssler  proposed the
equations!*®

X ==X =X,
X, = X, +aXx,, €))]

%, = b+ %04, ~©),

in whichx x, and x, are state variables, a,b,ceR,

are uncertain parameters. When a=b=0.2
andc =5.7, it is a chaos system, and figure 1 is its
time response figure.

Figure 1: Time Response Of Rossler Systems

In order to study the synchronization of the
Rdossler systems (1), the response systems are
constructed as follows

Vi ==Y, =Y, +U,
Y. =Y +at)y, +u,, (2
Vs = bl(t) + y3(y1 _Cl(t))'

Obviously, the response systems have the same

structure as the drive systems (1), and the
parameters a, (t),b, (t),c,(t) e R, are estimate for

uncertain parameters a b,c of the Rossler systems

(1). In this paper, we study partial state variables
stabilization control problem, and the parameter a
is unknown, b, c known.

We can obtain the error systems from the drive
systems (1) and the response systems (2), and they
are as follows

€ =-€—-6+U,
é,=e +a(t)y, —ax, +u,, 3
€; =b(t) —b+ys¥; — XX — Y€, () + %€,

in which, g =y, —x, e,=y,—X,, & =Y, —X, are
the errors of the state variables.
Our aim is to design appropriate controller to

make partial state variables synchronization of the
response systems (2) and the drive systems (1),

namely, Yy, with X and Yy, with X,

synchronization, and recognized the uncertain

parameter @, it is can also described as following
!imel(t):O,

!im e,(t)=0, “)

!imﬂ(t)zo,

in which, B(t) = a(t) —a is parameter error.
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In order to design partial state variable
synchronization controller for systems, we
introduce two lemmas. Consider differential
equations

dx
— = f(t, x), 5
™ (t,x) (®)
in which,
f(t,x) eC[IxR",R"], f(t,0)=0,
x =col(y,z) =
COI (X, Xy ey Xy Xy Xipzs oo X, ) € R,
y =col(X,%,,...X,) € R",
= COI(Xm+l' Xm+2""’ Xn) € Rp’
(m+p=n),

= (21: )"yl = (Zl: X

2= 2 %)

i=m+1

Lemma 12 A necessary and sufficient condition
of function Vv(t,x)eC(I1xR",R), and V(t,0)=0

positive definite for 'y is 3Jp(r)ek in
Q:={x||x| < H} satisfying
vVt x) 2 o(y]) - (6)

Lemma 21 If function v (t, x) e C(I xR", R), and
V(t,0)=0 satisfies (6), and its derivative makes

(jj_\t/|(3) <—c(|yPceK), trvial solution of

differential equations (5) is stable fory .

In order to achieve the control aim (4), we design
the controller and adaptive regulator as following

U, (t) =5 (t) —e (t),
U, (t) = —(1+a, (1))e, (1), ()
A1) =X, (Ve (1),

then, we have the theorem as follows

Theorem The controllers and adaptive control
laws described in (7) make the equations in (8)
tenable.

!imel(t)zo,

(®)

!ingez(t) =0,
lim 5(t) =0,

Proof Take a Lyapunov function
_E 2 1 2 1 2 9
VL) =2t 0+oe O+ 40 O)

for the error systems (3). According lemma 1, it is
positive definite for e (t) and e, (t) , and its

derivative along the error systems (3) is as follows

dv . . :
e (D)€, (1) +e, (1)e, () + B A1)
=e, (t)(-e,(t) —& (1) +u, (1) + (a,(t) —a)a, (t)
+&, (D)(e (1) +a, (1) Y, (1) —ax, (t) +u, ()
=—¢ (t)e, (1) —e (t)e,y (t) +u, (t)e, (1) +
e (t)e, (t) +a (t)y, (t)e, (t) —ax, (t)e, (t) +
u, (t)e, (t) + (a,(t) +a)a, (t)
=—e (t)e; (1) +u, (e, (1) +a, (1) y, (t)e, (1) -
ax, (t)e, (t) +u, (t)e, (1) +
(a,(t) +a)(—x; (t)e, (1))
=—e (t)ey (1) + (&, (1) — e, (t)e (1) +
al(t) Y, (t)ez (t) —ax, (t)ez (t) +
(—(@+a,(t))e, (D)e, (1) +
(a,(t) +a)(—x; (t)e, (1)
=—¢’(t) -, (1)
<0

According lemma 2, the error systems (3) are
asymptotically stable for errors e (t), e,(t) and the
adaptive regulator A(t) .

In order to further check the effectiveness of the
controller and adaptive control laws described in
(7), we use Matlab software to simulate the result of
the control systems (3) with the effect of the
controller and adaptive control laws. The results are
shown in figure 2, in which the parameters and the

state variables are chosen as
a=0.2, y(0)=(-5-4,-4),

a,(0)=0.01, x(0)=(2,3,2).
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Figure 2: The Control Curves

Figure 2 is the control curves of the state variable
errors e, e, and e;, from which we can see that

the state variables e, e, have very good

asymptotically stability with the effect of the
controller and adaptive control laws, and a, (t) can

respectively recognize the wvalues of uncertain
parameters a, and have very good real-time trait
and strong robustness.

3. CONCLUSION

In the practical application, the control systems
often have some uncertainty, and the problems of
partial variable control are paid attention to in many
cases. In this paper, using Lyapunov stability
theory, and employing adaptive control method, we
studied the problem of designing partial state
variable synchronization controllers and adaptive
laws for uncertain Rdéssler chaos systems. Partial
state variable synchronization controller was
designed, and adaptive control laws were given for
the uncertain parameters of uncertain Rossler chaos
systems. The numerical simulation were carried
out, and it shows that the controllers and adaptive
control laws are simple and easy, directly perceived
through the senses, and have strong robustness,
good control performance, and good application.
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