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ABSTRACT

In the present work, Lyapunov stability theory, nonlinear adaptive control law and the parameter update
law were utilized to derive the state of two new chaotic reversal systems after being synchronized by the
Sfunction projective method. Using this technique allows for a scaling function instead of a constant thereby
giving a better method in applications in secure communication. Numerical simulations are presented to
demonstrate the effective nature of the proposed scheme of synchronization for the new chaotic reversal
system.
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1. INTRODUCTION

The chaotic dynamics observed only in nonlinear systems have been largely defined by
oscillations which are sensitive to initial conditions [1]. Lorenz and Rossler systems are
pioneering simple chaotic systems discovered with a lot of interesting properties that can model
physical systems [1]-[2]. This relatively new dynamical behaviour has since been discovered in
other disciplines such as engineering, science and economics. In order to understand fully most
nonlinear phenomenon in nature through interaction of systems, the control and synchronization
of chaotic oscillations is vital.

The process of controlling and synchronising chaotic systems has attracted much attention since
its discovery in less than twenty years [3]. The work of Pecora and Caroll [4] generated a wider
research in synchronization since it entails the synchronization of two identical chaotic systems
with different initial conditions.A number of methods of synchronization have been proposed
since the pioneering work of Pecora and Caroll such as complete synchronization, generalized
synchronization, phase synchronization, lag synchronization, adaptive synchronization, time-
scale synchronization, intermittent synchronization, projective synchronization and function
projective synchronization [5]-[9]. Function projective synchronization deserves much attention
since it has been found applicable and better in secure communication.

Function projective synchronization implies that the master and slave oscillators could be
synchronized up to a scaling function unlike a constant in the projective synchronization. The
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advantage is that it becomes more complex to determine the function used and as a result more
secure communication is achieved under this scheme.

In the present work, function projective synchronization of new chaotic reversal systems [10]
with uncertain parameters using nonlinear adaptive controller has been investigated to
demonstrate the effectiveness of this scheme as it applies in secure communication. The
remaining part of this work is arranged as follows: section 2 is on the nonlinear adaptive
controller designed to synchronize the new chaotic reversal systems, section 3 is on numerical
simulations presented to demonstrate the robust nature of the scheme, and section 4 is the
conclusion of the paper.

2. ADAPTIVE CONTROL SCHEME

In the present section, we examine briefly the dynamics of the new deterministic model for
chaotic reversal [10].

We have a new deterministic model for chaotic reversal by C. Gissinger [10] given by:

.'z'lfj_: QXqy— XaXg ..ol (1)
.'X.-'g = _bx:+xi.'x-'g
.'X.-'E = C—x3+x1x2

Where %1, x; and x5 are the states and @,b, £ are unknown parameters.
The system (1) is chaotic when the parameter values are taken as:

a = 0.119, b = 0.1and ¢ = 0.9 as shown in figure 1.

Strange Attractor of the New Chaotic Reversal System

— ™~

Figure 1:

The system (1) is taken as master system, and the slave system with the adaptive control scheme
is taken as

J:rl = Q4¥q1 — ¥aV¥3 + Uy oooenennn (2)
ip= —byya+ vz + U
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Where @4, &4,c1 are the parameters of the slave which needs to be estimated and 114,145,145 are
the nonlinear controllers such that the two new chaotic reversal systems are function projective
synchronized in the sense that
lim, v, —alt) x]|=0,i=1,2,3 ......... 3)
Where @(t) is the scaling function.

From system (1) and (2) we get the error dynamical system which can be written as

E1= ayy- — Vays+ Uy —alt)lax; — xox3) — alt)xg ......... (4)
g, = _bl}": + ¥i¥3 + Uy — ﬂ{t}(_bx: + xl.'xa} —_ &(t}x:

-
=

é3— € —y3+ yiy:+ uz— a(t)lc —x3+ x,x;) — a(t)x;
Where ¢,(t) = v,(t) — altlx,(t), i=123

In order to stabilize the error variables of system (3) at the origin, we propose the adaptive control
law and the parameter update law for system (3) as follows

Uy = —@1 Vs + Vave + altiayxs — xaxa) + @) xy —kyep...... ()

Uz = by, - y:-y3 +al)(—byxs + xx) + alt)x; — kae;
Uz =—C + ¥z — V2 + alt)e; — x3+ x92;) + dlt)xz —kze;

And the update rule for the three uncertain parameters a;, bq,cy, are

dy= xyalt)e, — kseq........... (6)

by = x5 alt)e; — ksey
&y = altles — kge,

Where k; =0(i=1,23,..6)ande,= a; —a,ey = by — bez= ¢, — ¢,
Theorem For the given scaling function & (t), the function projective synchronization between

the master system (1) and the slave system (2) can be achieved if the nonlinear controller (5) and
the update law (6) are adopted.

Proof We construct the following Lyapunov function
1y 1
V= EZEEEE +§{e§ +el+el) . (T)
i=1

Calculating the time derivative of V along the trajectory of error system (4), we have
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V= e (t) a1y + yoya + wy —al)(—ax + x25) — @t)x] ... (8)

+ &2 1:{.} [—bl_:.-"z + ¥1¥3 + Wy — L{{L} 1:—3,'.'1-2 + .'1-1.13} - L.{{I-}.X-z ]

+egltdley —va+ myva+ uz — alt)(c —x3+ x972) — d(t)xs]

+eg(t)[xy &ty kaegd | ep(thleg eltdes  kgepl | e (t)[altley Ege.]
= —e'Ke

Where e = [El B2, 63,6, Ey, Ec_,]r, and K = diﬂg{kl, k:_. ka_. kq__. kBI '!CG}

It is evident that V is negative definite and V =0 if and only if e(t) = 0. By the Lyapunov
stability theory, the function projective synchronization is achieved. This ends the proof.

3. NUMERICAL SIMULATIONS

The numerical simulations to verify the effectiveness of the proposed function projective
synchronization using the adaptive controllers are carried out by the fourth-order Runge-Kutta
method. This method is used to solve the master system (1) and the slave system (2) with time
step size 1075  The initial  conditions of the master system  are
x,(0) = 1,x,(0) = 2, x3(0) = 3, the slavesystemare v, (0) = 2,3,(0) = —4,v5(0) =

5, and parameter estimates are a, (0) = 0.02, b, (0] = 0.03,4,(0) = 0.08

. The scaling function is chosen as sin (t) + cos () and k; = 0.5, fori = 1,23, .....6. The figure
2 shows that the error variables e, &;,e3 tend to zero with £ — . Figure 3 shows that the
estimated values of the uncertain parameters converge to a = 0.119, b =01, - =09 as
r —= wx
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4.

Figure 3: The time evolution of the estimated parameters

CONCLUSION

In the present work we have demonstrated the application of function projective synchronization
in synchronizing the new chaotic reversal systems with uncertain parameters. The Lyapunov
stability theory was used to design the adaptive synchronization controllers with associated
parameter update laws to stabilize the error dynamics between the master and the slave chaotic
oscillators. All the theoretical investigations have been verified by numerical simulations to proof
the effectiveness of the scheme.
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