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Some scalar linear controllers, which can ensure that the states of coupled chaotic dynamical networks asymptoti-

cally synchronize each other, are derived on the basis of high gain state feedback control. Numerical simulation is given

to validate the proposed theoretical result.
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1. Introduction

Chaos synchronization has been studied exten-
sively in recent years. Since chaos synchronization
is an important problem in nonlinear science, much
effort has been devoted to investigate it and nu-
merous advances [!=1¢] have been made. For exam-
ple, chaos synchronization based on intermittent state
observer, [l the nonlinear observer theory method,®
the neural network method,® the impulse control
method, [ the Lyapunov function method [*¢! and oth-
ers are presented for synchronization of chaotic sys-
tems. It is well known that in communication systems,
one would like to minimize the number of signals that
are sent. Therefore, being able to synchronize with
a scalar signal is beneficial to the design of chaotic
communication systems. In particular, it would be
desirable that the coupled chaotic network can be syn-
chronized via some scalar controllers since these will
minimize the number of controllers that need to be
designed. In this paper, for a class of coupled dy-
namical network, some fairly simple scalar linear-state
feedback controllers are indeed derived for the above-
described task by exploiting the high gain state feed-
back control theory. Unlike other approaches,17—19]
where only local results were obtained, the coupled

dynamical network is not linearized. Moreover, the

synchronization between two coupled chaotic systems
is only a special case of the present work. A typical
example is finally given to verify the proposed theo-

retical result.

2.Problem formulation

Consider the dynamical network which consists of

N coupled nodes with nonlinear uncertain chaos sys-

tem
i = xio + f1(Za, 11, 21, .-, TN, E),
Zio = ®i3 + fa(Ti1, Tio, T12, T2, . . ., TN2, L),
(1)
-’iin =u; + fn(miymlnam2n7 fe amN'rnt)a

where z; = (z;1,%i2,...,%in) € R*, 1 = 1,2,...,N,
represents the state vector of the system, f;, ¢ =
1,2,...,n are unknown smooth nonlinear functions,
and u; € R,1=1,2,..., N are the scalar control in-
puts to be determined later.

The objective is to find some smooth scalar con-
trollers u; € R, i« = 1,2,..., N such that the solu-
tions of systems (1) synchronize with each other, in
the sense that

tlim llzi(t) — z;(t)]| =0, forall ¢,j=1,2,...,N.
—00

(2)
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Lete; =z;—2;41,7=1,2,...,N—1. One can obtain

the error dynamical systems

€ = eia + fi(®i1, Tit1,1, %11, T21, ..., TN1, L),

éi2 = e;3 + faTi1, Tig, Tig1,1, Tiv1,2,
T12,T22,-..,TN2,1),

€in = U; + fn(mia$i+la$1nam2n7 .. 7mNn7t)a

3)

where fi(Zik, Tit1,k,t)=Ffe(Zi1, Ti2, -, ZTik, Tk, ---
TNk, ) — fe(Zit1,15 Tiv1,2,-- - ZTit1,k> Tik,---, TNk, 1)
1'12-:ui—ui+1,i:1,2,...,N—l.

For attaining the objective Eq.(2), we make the fol-
lowing assumption.

Assumption 1 Let
3 k
| (@i, Tig1,5,t)| < Piz lei!,
i=1
1=1,2,...,N-1,k=1,2,...,n, (4)

where p;, i=1, 2, ...,N —

constants.

1, are known non-negative

3. Main result
Introduce the transformation

€ik

Eik:F:i:1;2;---:N_1;k:1;2;---;n; (5)
and choose the controllers u; = —L™aje;; —
L™ lage;s — -+ — Lapein, 1 = 1,2,..., N — 1, where

L > 2 is a gain parameter to be determined later, and
ar > 0, k= 1,2,...
witz polynomial p(s) = s™ +a;s" ! +ags™ 2+ .- +

,n are coefficients of the Hur-

ay—18 + a,. By using Eq.(5), the system (3) can be

transformed into

€i1 = Leio + fi(zir, Tiy1,1,1),
T;1,Ti2, T x t
E12_L513_+_ f2( il; L42, Zl—l:l 15 Li41,2, )’
. f T;, Tiv1.t
€in = L(—a1€i1 — -+ — @n&in) + %
3 (6)
fk(a:-l cee s Liky Tit1,1y 0 -+ $'+1’k)
If sz — 1l ) K3 7Lk2_1 ) ) K3 ) k —
1,2,...,n, the system (6) is rewritten as

é;,=LAe; + F;,c=1,2,...,N —1, (7N

[ 0 1 o0 0 |
0o o0 1 0
where A = , € =
o 0 0 - 1
—a1 —a2 —az - —dn
(i1, i, y€n)T, Fs = (Fit, Fiay .., Fin)T.

Since A is a Hurwitz matrix, there exists a posi-
tive definite matrix P which satisfies ATP + PA =

—1I. Consider a Lyapunov function candidate V =
N-1

Z el Pe;. The derivative of V along with the so-
i=1

lutions of Eq.(7) is

Vs z Teit2 Z led1P] (Z ||sz||>

Since I
7-1 <2, for L>2,
and
n n k |e|
ij
LR W s
k=1 = j=1
— e
_pzZIeUIZLk ZZL]-,N
j=1
one has
av N-1
a <- (L - 4\/"_1Pi||P||)5;FEi-
=1
Choosing
L> 15%%\}7(—1{2’4\/ﬁp’”P”}’
one has
lim |le;||=0,s=1,...,N —1.
t— o0
It follows that lim |le;|] = 0,2 = 1,2,...,N — 1.

Therefore, the following result is obtained.
Theorem 1 Let Assumption 1 hold. Then, there

exist the scalar linear controllers

u; =u1 + L"aq(x11 — 241)
+ Ln_laz(l‘lz - CEiz) + .-
+ La, (21, — Tin), 1 =2,..., N, (8)

such that the solutions to system (1) satisfies Eq.(2).
Proof: For any 7,57 = 1,... | =
~1

, N, since ||z; — x|

(zjm1 —zj)|l <
k=
|lex||, along with lim llex| =0,k =1,2,...,N —1,

follows that the solutlons to system (1) satisfy Eq.(2 )

(% — @iy1) + (Tig1 — Tiya) + -+
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Remarks: In the designing of controllers u; € o) 0.03
R,i = 1,...,N, if one chooses u; = 0, then -
uy = L"ay(zk1 — 211) + L™ ag(zhe — z12) + -+ + « 002
i
Lan(zgn — T1,). If one chooses u; = 0, controllers I
u; € R,i = 2,...,N can be constructed according to ,:; .01l
Eq.(8). =
I
4. Simulation T o.00}
Consider the Rossler system 5 —0.01 e
0.00 0.02 0.04 0.06 0.08 0.10
t
T=—-y-—2z Fig.1. The synchronization error-states z;1(t) —
g = $+a/y7 (9) mi+1,1(t)1 1= 1121-"149‘
2=b+z(z —c). 5
D
<
A ot
It has been proved that Eqgs.(9) present chaos when :
a = b=0.2, ¢=5.7. Introducing linear transformation o
1 01 0 x s 1
s | =11 0 0 y | and using Egs.(9) =
T -10 1
T3 0 0 -1 z ;:
as nodes, we obtain the following coupled dynamical I
= -15 1
network: =
8§
—20 A ) . A A A . 1 .
N 0.00 0.02 0.04 0.06 0.08 0.10
T = xio + a1 + Y ¢z, t
i=1
. 10 i izati . . _
Bio = Ti3 — Ti1, ( ) Fig.2. The synchronization error-states z;a(t)

T3 =u; — b+ zi3(zin —¢),1=1,2,...,N,

wherec; =1,5=1,2,...,N.

According to formula (8) of Theorem 1, some

scalar linear-state feedback controllers are con-

structed. In simulation, we choose N=50, n=3, and

10
A= o0 o 1 |,
| -1 -2 -5
[ 0.6667 —0.5000 —1.8333
P=| -05000 18333 —0.5000 |,
| —1.8333 —0.5000 0.6667
L = 2087.8.

Figures 1-3 clearly show that the states of the dynam-

ical network (10) synchronize globally in the sense of

Eq.(2).

mi+1’2(t), i= 1, 2, e ,49.

4
g% 1x10
o
-
1] 0
3 -1x10t
&
|
3 _ax1of
Ry 2Xx10
0.00 0.02 0.04 0.06 0.08 0.10
t
Fig.3. The synchronization error-states x;3(t) —

mi+1’3(t), i= 1, 2, e ,49.

5. Conclusion

For a class of coupled dynamical chaotic networks,
some fairly simple scalar linear-state feedback con-
trollers are obtained based on the high gain state feed-
back control theory. Simulation has verified the pro-

posed theoretical result.
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