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Abstract

In this paper, we define a new criterion to identify a dynamical system and apply
control laws in a simpler manner. We study chaos synchronization by using linear
feedback control laws for generalized nonlinear dynamical systems exhibiting a
chaotic attractor for different parameter values. We have constructed a theorem
for synchronization of an n-dimensional generalized nonlinear dynamical system.
Numerical simulations are used to verify the theoretical results. An excellent
agreement has been achieved between the theoretical and computational results.
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1. Introduction

Chaos synchronization is a phenomenon that may appear when either two, or
more, chaotic oscillators are coupled, or a chaotic oscillator drives another chaotic
oscillator. Because of the butterfly effect, which causing the exponential
divergence of the trajectories of two identical chaotic system started with nearly
the same initial conditions, having two chaotic system evolving in synchrony
might appear quite surprising. However, synchronization of coupled or driven
chaotic oscillators is a phenomenon that a well established experimentally as well
as theoretically. It has been received that chaos synchronization is quite a rich
phenomenon that may present a variety of forms. The evolution of two chaotic
oscillators may appear as: Identical synchronization, generalized synchronization,
Phase synchronization, anticipated lag synchronization and Amplitude envelope
synchronization. All these forms of synchronization share the property of
asymptotic stability consequently once the synchronized state is reached, the
effect of a small perturbation destroying synchronization is rapidly damped, and
synchronization is recovered again. Mathematically, asymptotic stability is
characterized by a positive Lyapunov exponent of the system comprised of the
two oscillators. When the chaotic synchronization is achieved the Lyapunov
exponent becomes negative.

In 1963, Lorenz simplified the Navior-Stokes equations to modeling weather
forecasting and discovered sensitivity dependence on initial conditions in a set of
three ordinary differential equations (Li, T.Y., Yorke, J.A., 1975) first presented
the name “chaos” in the sense of “period three implies chaos”. Chaos embodies
three important principles: extreme sensitivity to initial conditions, cause and
effect being not proportional, and the nonlinearity. After the discovery of Lorenz
system, some more chaotic systems have been constructed such as Rossler
system, hyperchaotic Rossler system, Chua’s circuit, Henon attractor, logistic
map, Chen system, generalized Lorenz system etc.

In this paper, we focus to study the chaos synchronization of generalized
nonlinear dynamical systems which can exhibit a chaotic attractor for different
parameter values by using linear feedback control laws. We propose a theorem for
synchronization of an n-dimensional generalized nonlinear dynamical system.
Numerical simulations are used to verify the theoretical results.

2. Formulation of nonlinear dynamical systems

To study synchronization of two nonlinear dynamical systems we use the
following notations and terminology-

R =10, +o)

J=[to, T0) >0

R" = n-dimensional Euclidean space.



Study of chaos synchronization 763

. 1/2

n

||X||:(Z Xlz) ;X =(X1,X2, ..., Xn) € R.
i=1

A = [a;]nxn matrix
Amax = maximal eigen value of the matrix A.
Amin = minimal eigen value of the matrix A.
I = The identity matrix of order m.
In order to find a sufficient synchronization criterion the following assumption on
the drive system is needed. This assumption is in the light of the dynamical
system being free and chaotic and based on a well-known fact that chaotic
attractors are bounded in phase space

Assumption
For any bounded initial state xo within the defined domain of the drive system,

there exist some finite real constants M, (x,) and Mi (X,) such that
M, <x.(t,x,)<Mi, i=1,2,3. Vt20.
Keeping in view these facts we obtain the following results which seem to be very

significant to develop the subject of chaos theory.
Consider the drive system:

X [t]=F(t,%), (2.1)
and response system:
Y [t]=F(,y)+ult] (2.2)

where the subscripts “d” and “r” stand for the drive and response systems
respectively. If we denote

Xy = (Xig s Xog > Xsgoeees Xig oeveeee Xig ) > Yo = (Vir> Yars Yoy oevees Yigseenees Yo )’ @S drive
and response system variables respectively and

F(t,xy)=Ax, + f(t,x,) (2.3)
F(ty)=Ay +fty,) (2.4)
where F:R xR" —>R" is a function that consists of linear and non linear
functions A, , Ay, and f (t,x,), f(t,y,) respectively.

u[t] = (u,[t],u,[t],u,[t],...., U, [t],.....,u,[t]) is a control function added such that

response system remain bounded after time t. On the basis of all explained terms,
we can restate (2.1) and (2.2) as drive and response systems respectively as
follows:

Xg[t1=a, X4[t]+....... +a, X [t]+....... +a,, X4 [t]+ f,(t,X;)

Xq[t] = ay, X g [t]+-...... + &y X [t]+ oo +a,, X [t]+ f,(t,X,)

, (2.5)
Xg [t] = @ X g [t] +....... + Ay X [T]+ - +a, X4 [t]+ f (t,x,)

X [t]=a, X[t]+....... + 8y Xg [T+ +a,, X4 [t]+ T, (L, %)

nn “*nd
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v, [t1=a,y,[t]+..... +a, Y, [t]+.e.. +a,, Y, [t1+ f,ty,)+u[t]
Yo [t1=a,y, [t]+... +ay, Y [t]+ e +a,, Y, [t]+ f,(ty,)+u,lt]

Vie (1= a0 Yy [+ et B Vi [+ e+ 2, Yo [E]+ (8 Y, + U [E] (26)
v [tl=a,y,[t]+.... +a, Y, [t+....... +a., Y, [t]+ f.(ty,)+u[t]
Let the error state be
e[t]=(e[t],e,[t],&[t],.....&[t],......e [t]'
= O[]~ Yo [ Xig (6]~ Vi [ X [ Yy D) 27
Then the error dynamical system on e[t] given by-
eft] = F(t,x,[th - F(, y,[t)-U (2.8)

where U =U[t].
Also according to (2.5) and (2.6) equation (2.7) can be expressed as-
é[tl=a,¢e[t]+..... +a,8[t]+....... +a,.e [t]+ f(t,x,)— f,(t,y,)—u,[t]

1n™~n

& [t1=a,e[t]+...... +a,.6 [t]+....... +a,,6,[t]+ f,(t,x;)— f,(t,y,)—u,[t]
ék [t]=a,g[t]+..... +a,6/[t]+....... +a,.e [t]+ f (t,x)—f, ty)-ult] (2.9

é[tl=a,eft]+..... +a,e[t]+...... +a,.e,[t]+ f, (t,x,)— f,(t,y,)—u,[t]

On the basis of study of chaos synchronization and control we claim that chaos
exists due to nonlinear terms presents in the structure of a nonlinear dynamical
system. We add control function u[t] only for nonlinear state of the system. Based
on this fact for a generalized n- dimensional nonlinear dynamical system with k
nonlinear functions:

ft %), £(6 %), (6 Xy )seeee, f (1,X,);0<k <n,we decide to add control

functions u,[t], u,[t],........... ,U [t] only to the respective states of non linearity.
Now (2.1) and (2.5) can be restated as identified drive system:

Xq[t]= Ax,[t]+ il//i (%)@ (x) +0lt] (2.10)
And (2.2) and (2I.=é13) can also be restated as identified response system:

Y [tl= Ayr[t]+iwi(yr)%(l)+9[t]+U[t] (2.11)
Using (2.8) and I(:5.9) error system can be reformulated as-

e[t] = Aeft]+ Zk:l//i (®)¢, (2)+Ult] (2.12)

izl

Definition2.1. For arbitrary given initial points, (X4 [t], X,q [t], ... Xg [t],--.., X,q [L])
and (Y, [t], Y, [t]s-ees Vi [t oees ¥V [E]) € R, te [0, oof, of the drive system (2.10)
and the response system (2.11), respectively, if the solution of the error system
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(2.12) has the estimation Zn:ef (t) < m(eft, D exp(—aft —t,]1), where m(e[t,]) >0,

i=1
is a constant depending on the initial value €[t;], while «c> 0 is a constant
independent of €[t,], then the zero solution of the error system (2.12) is said to be

globally, exponentially stable, and thus the drive-response system (2.10) and
(2.11) are globally exponentially synchronized.

Lemma2.1. The zero solution of the error dynamical system (2.12) is globally,
exponentially stable, i.e. the drive-response systems (2.10) and (2.11) are globally
exponentially synchronized, if there exists a positive definite quadratic

polynomial V(e, t) = (g[tle,[t]....e[t]....e [t])P(e[tle,[t].....e [t]...e,[t])" Such
that V(e,t)= -(e[tle, [t]....&, [t]....e, [tDQ(e [t]e, [t]....e[t]....e, [t])". Moreover,

the following negative Lyapunov exponent estimation for the error dynamical
system (2.12) holds:

\ Moo (P) S 2 A nin (Q)
e’ (t) < —me =N el (t, ) exp[——m(t —t,)].
20 %mﬁﬁéh(O Pl ) )
Where P=P"eR™ and Q=Q" e R™"are both positive definite matrices,
A..(P)and A (Q) stand for the maximum and minimum Eigen values of the

matrix P and Q respectively.
Before presenting theorems, in the following we first list different types of
decompositions of the nonlinear terms in (2.9) and (2.12):
Xig [1€;[t]+ Y, [tle [t]
Xi [t]x [t] - yir [t]yr [t] =
e : yi [t]e; [t]+ X4 [t]e[t]
M, [&[t][+M, [e[t]
< (2.13)
M, [&[t]|+M,  |e[t]

By using these different types of decompositions (2.13), we can obtain a number
of linear feedback control laws.

3. Feedback control laws

Theorem 3.1 For the given drive system (2.10) consists of k (0 <k < n)non linear
terms and the response system (2.11) with unknown controllers
u[tlu,[t],....,u, [t],....,u, [t] together with the corresponding error dynamical

system (2.12). Suppose M, and M (i = 1,2,3,....k,....n) are the upper bounds
of the state variables X, and Y, respectively. If further linear control laws are
chosen for the response system (2.11): u,[t]=he[t] Vi=12,3,....,k andu,[t]=0
Vi=k+Lk+2,k+3,....,n, where h,h,,h,...,hto be determined such that

derivative of Lyapunov polynomial V(e, t) is positive definite, then zero solution
of the error dynamical system (2.12) is globally, exponentially stable, and thus the
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drive system (2.10) and response system (2.11) are globally exponentially
synchronized.

Proof: suppose (2.10) consists of k nonlinear terms, then response system (2.11)
can be restated after using the control function

uft] = (u,[t], u,[t],usft], ..., u, [t],....,u [t])" taken as u;[t] = he[t]
Vi=12,3,...kandu[t]=0 Vi=k +1,k+2,k +3,....,n .Therefore

K
Y, [t]= Ay [t]+ D wi (Yo, (1) + Belt] + 4[t]

i1 (3.1.1)
where A = [a;],.,, B = [I; ] (1 # ).

Now error system (2.12) becomes

[
€[t] = Aelt]+ Y, (e[the (7) + Belt] (3.1.2)
If we choose Lyapunov function V(e, t) such that
Vet)= %(ef [t]+e[t]+e[t]+....+ e [t]+....e2[t]) (3.1.3)
orV (e,t) = (e [tle,[t].....&[t].....e [tDP(e [tle,[t]..... & [t].....e, [t])' (3.1.4)
where P = diag[o0.5,0.5,0.5, ........ 05, ,05]and 4 =4 =0.5

Differentiating (3.1.3) with respect to t and using decompositions (2.13) we obtain

V(e,t) = e [t]e [t]+ &, [t1e, [t]+.... + & [t]& [t] +.... + & [t]6 [t]

e [tl(a,g[t]+a,e[t]+.....+a,e[t]+a,, . [t]+...+3a,¢[t]
+H(tx) - fit,y,) —helt)

+6,[t](a, e [t]+a,e,[t]+.....+ &, [t]+a,. 6. [t]+...+a,¢€/[t]+
fz (t, X4 ) - fz (t’ Y, ) - hzez [t])

V(e t) = +e [tl(a, e [t]+a,e[t]+...+a,e[t]+a,, e [t]+..+a.e[t]
+ (%) = f (ty,) —heJt)

+e, [t1(@. & [t + a6 [t]+ ..+ 8 & [t]+ 8y, €[]

+o a8, [t])

+e,[t](a, g [t]+a,,6[t]+....+a,e[t]+a,. e [t]+...+a,€e[t])

nn-=n
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+

(a,, —h)e’[t]+a,,e[tle,[t]+.....+ a,e[t]e,[t]
+a,,,8 [tle ., [t +..... +a,,¢ [tle, [t]+e [t](f (t,x,) - f,(t,y,))
+a,,6,[tle [t]+ (a,, —h)e [t]+....+ a,.e,[tle [t]
a,,.. 6 [tle, [t]+.... + a,,e,[tle, [t]1+e, [t](f,(t,x;) - f,(t,y,))

+a,,e [tle [t]+ a,,e, [tle,[t] +.....+ (a, — h)e [t]

+a,., e [tle,. [t]+..... +a,,e[tle, [t]+e [t](f, (t,x,)— f (t,y,))
+a,,,,8. [tle [t]1+ a,, €. [t]e, [t]+..... + 8,8, [tle [t]

2
+ak+1k+lek+1[t]

+a,e,[tle[t]+a,,e,[t]e,[t]+..... +a,e,[tle [t]+a,..e,[tle.,[t]

nl™~n

767

(3.1.5)

Now, if we consider the nonlinear functions f,(t,x,)— f,(t,y,) =g, (€e[t],X,,Y,)

as follows
fi (ts Xd ) -

f(Ly,) < g (et M, .M, );(i=123,....k)

Using (3.1.6) we obtain the following inequality

V(e,t)=

(a,, —h)e’[t]+a,e[tle,[t]+....+ a,e[tle[t]

+ay, & [te [t + ... + & e [t]e, [t] + e [t](g, (e[t], X, ¥, ))
+a,,8,[tle [t]+(a, —h)e[t]+.....+ a,.e,[t]e[t]

+ay 8 [tle, [t + ...+ a8, [t]e, [t] + &, [t](9, (e[t], Xy, ¥, )

+a,,8 [t]e [t + &, &, [t]e, [t] +.....+ (8 —h )E[t]

+ay, & [t [t]+..... + a, & [t]e [t] + & [t](g, (e[t]. X4, ¥, )
+a,, 8 [tle [t]+a,,,8. [t]e, [t]

to By 8 [tIe [t + 8, 80

+a,,€ [t]el [t] + a'nzen [t]ez [t]

nl~n

to.. + a‘nk en [t]ek [t] + a'nk-*—len [t]ek+1 [t]

(3.1.6)
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(a,, —h)e’[t]+a,e[tle,[t]+....+ a,e[tle[t]

+ay,, & [tle . [t + ...+ a,e[tle,[t] +[t](g, (e[t], M, .M, ))
+a,,6,[tle [t]+(a, —h)E[t]+.....+ a,.e,[t]e,[t]

+ay,., 8 [t]e, [t +..... + 8, 8, [t]e, [t] + &,[t](9, (e[t], M, .M ))
+.o..

+a e, [tle [t]+a.e [tle,[t]+....+(a, —h )e[t]

+ay & [tle  [t]+....+ a,e[t]e [t]+e[t](g, (e[t M, .M, ))
+a, 8 [tle [t]+ a8 [tle, [t]+

IA

o + a'k+lkek+1 [t]ek [t] + a'k+lk+1elf+l [t]

+a,,€ [t]el [t] + a'n2en [t]ez [t]

nl~n

to.. + a'nken [t]ek [t] + a'nk+1en [t]ekﬂ [t]

Since the term corresponding to each ¢,,9,,0;,......,J, can be arranged in such a
way that polynomialV (e,t) is positive definite
V(e,t)= (e [tle,[t].....e[t].....e, [tDQ(e [t]e, [t].....8 [t].....e, [t]) (3.1.7)

where Q is positive definite matrix given by-

a,-h %(q2+%2+wz) . %(qk+l\/kk+l\/lylk) - %(QnJr'\/knJrMym)
_;(a21+MCZ]+NL/ZI) azz_n b _;(aZk—i_M‘ZK—'—M)’zk) " %(aZH_HVIxZn +MY2n)

1 1 1
§(a<1+NL%+lekl) 5(&(2+M&2+lekz) . a«_n . 5(%+W+Mm)

SGHM M) @M M) T @M M) T

Hence by lemma (2.1) zero solution of the error system (3.1.2) is globally;
exponentially stable. Proof of the Theorem (3.1) is complete.

4. Controlling Lorenz system

The Lorenz system described by the following system of non linear differential
equations
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X[t] = o(y[t] - X[t])
y[t] = rx[t] = y[t] = x[t]z[t]
2[t] = —bz[t]+ x[t]y[t]
for the parameter values o =10,r =28,b = 3 has a chaotic attractor portrayed in

fig. (4.1)

x(t)
Fig-4.1.Chaotic attractor of Lorenz system

Now, consider the Lorenz chaotic system
Xg[t] = o (Xyq [t] = X4 [t])

Xoq [1]= MXq [T] = Xoq [t] = X [T]X54 [ 1] (4.1)
X [t] = —0X;4 [t] + X, [t]X,q [1]
As a drive system and the response system given by
Yy [t]= o (Y, [t]- Y, [tD +u,[t]
(4.2)

YZr [t]= Y [t]- Yor [t]- Yir [t]yar [t]+ u, [t]

y3r [t]= _by3r [t]+ Yir [t]yzr [t]+ u, [t]
where U.[t] (i=1,2,3) are unknown feedback controlling functions of t. If

E[t] = (el [t],ez[t], e3[t])T = (de [t] —Yir [t], X4 [t] — Y [t], X4 [t] — Y [t])T .

Then from (4.1) and (4.2), we obtain the following four error dynamical systems:
&[t]= o(e,[t] e [t]) —u,[t]
&,[t] = re,[t]—e&,[t]— X4 [tle;[t] - y;. & [t] - u,[t]
&,[t] = —be,[t]+ x4, [t]e,[t]+ ¥, € [t] - u,[t]
&[t]= o(e,[t] e [t]) —u,[t]
éz [t] =Trg [t] -6 [t] — X [t]e3 [t] —Yi§ [t] ) [t] (4-3b)
&,[t] = —be,[t]+ x,,[t]e [t]+ V¥, &, [t] - u,[t]

(4.3a)
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é] [t]= 0'(82 [t]- € [t]) -y [t]

éz [t]= re, [t]- € [t]- X3 [t]el [t]- Yir&s [t]- U, [t] (4.3¢)
&,[t] = —be,[t]+ x,[t]e, [t]+ v, & [t]—u,[t]

é] [t]= 0'(82 [t]- € [t]) -y [t]

éz [t]= re, [t]- € [t]- X3 [t]el [t]- Yir&s [t]- U, [t] (4.3d)
&,[t] = —be,[t]+ x4 [t]e [t]+ v, & [t] - u,[t]

Now theorem (3.1) for a particular case (Lorenz system) can be restated as follow-

Theorem 4.1 For the drive system (4.1) consists of two non linear terms and the
response system (4.2) with unknown controllers u,[t],u,[t],u,[t]together with the

corresponding error dynamical systems (4.3a)-(4.3d). Suppose M _ and

M, (i=1,2,3) are the upper bounds of the state variables X, and y; respectively.

If further linear control laws are chosen for the response system (4.2):
u,[t]=0,u,[t] = h,e,[t],u,[t] = h,e,[t], where h,,h,to be determined such that
derivative of Lyapunov polynomial V(e, t) is positive definite, then zero solution
of the error dynamical system (4.3a)-(4.3d) is globally, exponentially stable, and
thus the drive system (4.1) and response system (4.2) are globally exponentially
synchronized.

Proof: Since the drive system (4.1) consists of two nonlinear terms, therefore
response system (4.2) can be restated after taking control functions

uft] = (u,[t],u,[t],u[t])" asu,[t]=0,u,[t]=he [t],u,[t] = he,[t], as

Y, [t]= Ay, [t]+ > v (¥, )¢ (1) + Belt] + 6[t]

i=l (4.1.1)
where
- o 0
A=l r =1 0] ¢(0)=X,w(y,)=[0,—Ys.Y, 1, Ot)=[0,0,0]",
0O 0 bl

B =[0,h,,h].
Now error system (4.3a)-(4.3d) become

é[t] = Aeft]+ Y w (e[t () + Belt]

(4.1.2)
if we choose Lyapunov function
V(o) = 2 @1t + elt] + €[t
2 (4.1.3)
or
Vet)= (el [t]ez [t]e3 (t]) P(el [t]ez [t]e3 [t])T
(4.1.4)

where P = diag[0.5,0.5,0.5] and
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A=A =05.

max

Differentiating (4.1.3) with respect to t and using decompositions we obtain
V(e,t) =e[t]e [t]+e,[t]e, [t]+e,[t]e,[t]

—oe [t]- (1 +h)e[t]— (b +h)e[t]+ (o + r = y,)e [t]e,[t]+ v, [t]e,[t]
—oe’[t]—- (1+h)e[t]— (b +h)e[t]+ (o +r —y,)e [tle, [t] + X, [t]e[t]
+(=X, + Y8, [t]e[t]

—oe’[t]- (1+h)e[t]— (b +h,)e[t]+ (o + 1 — X, )e,[t]e, [t]+ Y, [t]e[t]
+(=Y, + X)&; [t]es[t]

—oe’[t]— (1+h)e[t] - (b+h)e[t]+ (o + 1 — X, )e [tle, [t]+ X, & [t]e,[t]
—(O'elz[t]+ (1+ hz)ei[t] +(b+ h3)e32[t]—(0'+ r+ My3) le[t]]e,[t]]
-M, e [t]]&lt]),

—(oe/[t]+ (1 +h)e[t]+ (b +h)el[t] - (o +r+M )|e[t]]e[t]]
-M, T[] &t][-(M, + M) |e[t]] &[t]]),

V(et) =

- —(oe/[t]+(1+h)es[t]+(b+h)e[t] - (e +r+M, )| et]] &[t]]
-M, e[tle,[t]- (M, + M, )[e,[t][ &[t])),
—(oe/[t]+(1+h)es[t]+ (b +h)e;[t]-(c+r+M, )| et]] e[t]]
-M, [eflt]]e[t])
—(| e [t]lle,[t]]&t]NQ (| & [t] ] e[t ]l es[t] ",
_ | (eltllie ]l et DQ, (& [tlll e [t]]] &lt] D',
—(e[t]lle,[t]]&t]NDQ;( e [tl ]l e, [t]] &LtID",
—(e[t]lle,[t] 1l &[t1NQ, (| &lt] Il e,[t] ] e[t])’
where
_ | | .
(o) —E(G+r+My3) —EMyz
Q= —%(a+r+MyS) 1+h, 0
y 0 b+h,
L 2 " i
o —%(a+r+My3) —%sz
Q, = —%(a+r+MyS) 1+h, —%(MlerMyl)
—lMX —l(MX+My) b+h,
i 2 2 2 1 1 ]
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Q,

Q,

It is easy to see that the zero solution of these error systems is globally
exponentially stable if the symmetric matrices Q. (i =1,2,3,4) are positive definite,

1 1 ]
o -——(c+r+M -—M
2( Xs) 2 Y2
1 M h 1M M
—§(a+r+ %) 1+h, _E( v tMy)
1 1
—EMyZ _E(MX1+MY1) b'i‘h3
1 1., ]
o ——(c+r+M,) —=M,
2 : 2 "
—%(a+r+MX3) 1+h, 0
1
_EMXZ 0 b+h,

A. Khan and P. Singh

for which the following conditions must hold:

Q

Q,

o>0

1
h>—((@c+r+M_)* -1
2 40_( y3)

MZ
h3> Y2 ——
(c+r+M,)
1+h,
c>0

1 2
h, >E(o-+r+My3) -1

A >l[o'(Mxl +M, ) +M; (1+h)+(M, M, +Mx2Myl)(O'+r+My3)]_
3
4

c7(1+h2)—‘1‘(c7+r+My3)2

b
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o>0

Q, =<h, >L(J+F+MX ) -1
4o ’

h, >

4o(1+h)—(o+r+M, )

c>0
Q,=1h, >L(O'+r+MX ) -1
40 ’

M? (1+h,)

hy >[ ~b]
4o0(1+h,)—(c+r+M, )

Now by using lemma (2.1), we have the exponential estimation for
Q (1=1,2,3,4).

My (P) @)
e s e, Km(P)a t)]

Proof of theorem (4.1) is complete.

5. Numerical simulation results

773

oM, +M ) +M; (1+h)+(M M +MylMy2)(a+r+Mx3)]_

In this section, we verify the control laws presented in the previous sections via

numerical simulations. We take the parameter values as 6 = 16, b =4, r =45.6 and

initial conditions-

Xy, = 2, Xy, = 3.5, Xy, = 18.4 and Ye, =-1y. =102, Ye, =83

o

Error dynamics for the synchronized Lorenz system between X, and Y, (i=
3) are in the fig. (5.1).

1, 2,
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0.00075

| ] ‘( \w w6 8 10
|

-0.00025
-0.0005
-0.00075

Fig 5.1 x=x[t], y=y[t], z=z[t] for 0 <t <10

6. Conclusions

In this paper, we focus to study the chaos synchronization of generalized
nonlinear dynamical systems which can exhibit a Chaotic attractor for different
parameter values by using Linear Feedback control Laws. We propose a theorem
for synchronization of an n-dimensional generalized nonlinear dynamical system.
Numerical simulations are used to verify the theoretical results.
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