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This paper gives the definition of function projective synchronization with less conservative demand for a scaling

function, and investigates the function projective synchronization in partially linear drive-response chaotic systems.

Based on the Lyapunov stability theory, it has been shown that the function projective synchronization with desired

scaling function can be realized by simple control law. Moreover it does not need scaling function to be differentiable,

bounded and non-vanished. The numerical simulations are provided to verify the theoretical result.
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1. Introduction

Since chaotic synchronization has been found to
have potential applications in vast areas of physics
and engineering science, in particular in secure
communication,! 3! it has become an active research
subject in nonlinear science.[*5! Various types of
chaotic synchronization have been investigated.!®—®]
Amongst all kinds of these synchronizations, projec-
tive synchronization (PS) has been extensively investi-
gated in recent years,[°=16 because it can obtain faster
communication with its proportional feature. The PS
has been first reported by Mainieri and Rehacek!!? in
partially linear chaotic systems, in which the responses
of two identical systems synchronize up to a constant
scaling factor. Function PS (FPS) is a more general
type of PS, because in the FPS the scaling factor is
changed from constant to function. As compared with
PS, FPS means that the drive and response systems
could be synchronized up to a desired scaling function.
The FPS could be used to get more secure application
to communications, due to the unpredictability of its
scaling functions which can additionally enhance the
security of communication.

The FPS was first introduced by Tang et
al.,'8] who gave the FPS of the coupled Lii sys-
tems by the backstepping method. Very recently
FPS has been investigated in two-cell quantum-CNN

chaotic oscillators,'9=21 in coupled partially linear
chaotic systems,[??! and in some non-partially-linear
system.[?3=26] Up to now, there have been only a few
papers investigating FPS method. Furthermore, in
these designs of FPS scheme, there is always a term
associated with the derivative of the scaling function.
So the scaling function is always asked to be differ-
entiable, bounded and non-vanished. In this paper
we investigate FPS in partially linear drive-response
chaotic systems by only using conventional linear feed-
back coupling technique, moreover it does not need to
calculate the derivative of the scaling function, and
the scaling function is even not to be bounded and
non-vanished.

The organization of this paper is as follows. In
Section 2, the definition of FPS is given. In Section
3, the general scheme of FPS is presented. In Section
4, numerical examples are given in order to verify the
effectiveness of the proposed scheme. The conclusion
is finally drawn in Section 5.

2. The definition of FPS

The drive-response systems are described as fol-

lows:

&= f(x),

. (1)
y=g9(y) + H(z,y,1),
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where x, y € R" are the state vectors, f, g : R" —
R™ are two vector functions and H : {R™ R™ R} —
R™ is a controller.

Definition 1 (FPS) The drive-response systems
(1) are said to realize FPS if there exists a continuous
scaling function «(t) such that

Jim ||y — a(t)z]| = 0. (2)

Remark 1 Concerning FPS definitions in most
previous papers, we define the FPS as that a(t) is not
only continuous, but is differentiable, bounded, and
a(t) # 0 for all t. However in this definition it is not
necessary for a(t) to be differentiable, and «(t) is even
does not need to be bounded and «a(t) # 0 for all ¢.

3. The scheme of FPS

A partially linear system can be described as fol-
lows:

uw=M(z)- u,
z":f(u,z),

in which the state vector is broken into two parts

(3)

(u, z). The matrix M (z) is only dependent on the
variable z.

For a given scaling function «(t), the drive—
response chaotic systems can be formed when the two
identical systems (3) are linked through the variable
z and unidirectionally linearly coupled in the form as

uw=M(z)- u,
2:f(u72)7 (4)
v=M(z2) v—clv—al)u),

where v = (uj,ug,...,u,) € R", v = (v1,v2, ...,
vn) € R"™, (u, z) and v are the state vectors of the
drive and response systems, respectively, M (z) =
(mij(2))nxn € R™™™, ¢ is the coupling strength con-
The FPS would be achieved in the drive-
response systems (4), if tli)rgo |v—a(t)ul] =0.
Theorem 1 Let the matrix M(z) be bounded
with || M (2)| < L. If the coupling strength c¢ satis-

fies (n+ 1)L — ¢ < 0, then drive-response systems (4)

stant.

can realize FPS with desired synchronization scaling
function «(t).

Proof Lete; =wv;—uv,i=1,2, ..., n. Ifev-
ery e; tends to 0 in evolution, FPS between the drive
system and response system in Eq. (4) would be real-
ized.

The time derivative of e; is

€; = Uv; +uv; — UV — U;0. (5)

Substituting Eq. (4) into the above equation, we have

e = M(z2)uv;, + u Z mk(2)vg
k=1

n
—cu(v; — a(t)u;) — Z ML ULV
k=1

—u; M (2)v + cu;(v — a(t)u)

n
= M(2)e; + > _mir(z)ex — ce;. (6)
k=1
Denote e = (ef,ed,...,el)T € R", construct dy-

namical Lyapunov function
1 1 n
1T 1 T,
V= ;€ €= ;21 e;e;. (7)

The time derivative of V is

n
V=elée= E elé;
i=1

n n n n
= Z el M(z)e;+ Z Z ma(2)ef e, — ¢ Z ele;
i=1 i=1

i=1 k=1
n n n
< LZe?ei + nLZe;Fe,» — CZ ele;
i=1 i=1 i=1
< [(n+1)L —cJe’e. (8)

Note that the condition (n + 1)L — ¢ < 0 holds,
according to the Lyapunov stability theory, the error
vector e exponentially asymptotically tends to zero.
This completes the proof. O

Remark 2 Note that the given scaling function
has no effect on the time derivative V. Therefore one
can change the scaling function arbitrarily without ad-
justing the coupling strength, which also shows the
robustness of the scheme.

Remark 3 Du et al. in their paper?? also in-
vestigated FPS in partially linear chaotic systems. As
compared with the control law derived in Ref. [22], the
scheme of FPS in this paper is more simple and easier
to realize in practice since it only uses the conventional

linear feedback coupling technique.

4. Numerical illustrative exam-

ples

We use a seven-dimensional chaotic system!??]

as an example, to illustrate the effectiveness of the
scheme proposed in Section 3. The drive-response
systems are described by
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uw=M(z)-u,
Z = 3ujuz — 14z, (9)
v=M(z) v—clv—a()u),

where

14 8 —6 1 2 3
8 12 —(8+3z) 2 3 4

6 8+3 —29 3 4 5

M(z) = :

-1 -2 -3 ~13 5 6
—2 -3 —4 -5 14 8+ 7Tz
Y _5 —6 —(8+7z) —15

In the numerical simulations, the coupling strength is always selected as ¢ = 1.5. The initial condition is
{u1, ..., ug, 2z, v1,...,v6} = {0.1, ...,0.6, 0.7,0.8, ..., 0.13}.

First, we choose the scaling function «(t) = 0.5 + 0.1sin(27¢/30), note that «(¢) is a continuously differ-
entiable and bounded function, and «(t) # 0 for all ¢t. Figure 1 displays the time evolutions of the scaling
functions «;(t) = v;/u; (i = 1, ..., 6). The projection of the FPS attractors in u—v plane is shown in Fig. 2.

The components of the FPS error vector v — o(t)u are shown in Fig. 7(a).
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Fig. 1. The time evolution of the scaling function, where the desired scaling function a(t) = 0.5+0.1 sin(27 ¢/30)
(solid line).

Then, when the scaling function is chosen as «(t) = 0.2sin(27¢/30) which does not satisfy a(t) # 0 for
all t. The time evolutions of the scaling functions «;(t) = v;/u; (i = 1, ..., 6) are displayed in Fig. 3. The
corresponding components of the FPS error vector v — «(t)u are shown in Fig. 7(b).

Furthermore, the scaling function is chosen as «a(t) = [sin(27 ¢/30)|, while &(¢) is not existing for all t. Now
figure 4 displays the time evolutions of the corresponding scaling functions «;(t) = v;/u; (i = 1, ..., 6). The
corresponding components of the FPS error vector v — «(t)u are shown in Fig. 7(c).
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Fig. 2. The projections of the FPS attractors in u—

v plane with the desired scaling function «(t) = 0.5 +

0.1sin(27t/30).

Finally we select the scaling function «(t)
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which is unbounded. Figure 5 displays the time evo-
lutions of the scaling functions «;(t) = v;/u; (i =
1,...,6).
u—v plane is shown in Fig. 6. The corresponding com-

The projection of the FPS attractors in

ponents of the FPS error vector v — a(t)u are shown
in Fig. 7(d).

Remark 4 They are shown from these figures
that various types of the scaling function «(t) have
little effect on the simulation results, the FPS can be
realized in all cases with the same coupling strength
value. Our simulation results also show that the larger
the coupling strength value is, the better the effective-
ness of the FPS is. And along the idea of Ref. [22],
FPS can also be used in secure communication in the-

ory by using the new FPS scheme in this paper.
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Fig. 3. The time evolution of the scaling function, where the desired scaling function «(t) = 0.1sin(27t/30)
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5. Conclusions

In this paper, we gave the definition of FPS with less conservative demand for the desired scaling function

and a general scheme for the FPS in partially linear drive-response chaotic systems by using a conventional

linear feedback coupling technique. Numerical simulations showed the effectiveness of the scheme. Further work

regarding this topic could be considered to realize FPS on networks or non-partially-linear system by using a

simple feedback coupling technique.

References

(1]

Chen G and Dong X 1998 From Chaos to Order: Method-
ologies, Perspectives and Applications (Singapore: World
Scientific)

Kacarev L and Parlitz U 1996 Phys. Rev. Lett. 74 5028
Cuomo K M, Oppenheim A V and Strogatz S H 1993
IEEE Trans. Circ. Syst. 1 40 6263

Pecora L M and Carroll T L 1990 Phys. Rev. Lett. 64 821
Carroll T L and Pecora L M 1991 IEEFE Trans. Circ. Syst.
I 38 453

Rosenblum M G, Pikovsky A S and Kurths J 1996 Phys.
Rev. Lett. 76 1804

Rulkov N F, Sushchik M M and Tsimring L S 1995 Phys.
Rev. E 51 980

Rosenblum M G, Pikovsky A S and Kurth J 1997 Phys.
Rev. Lett. 78 4193

Xu D 2001 Phys. Rev. E 63 27201

Zou Y L and Zhu J 2006 Chin. Phys. 15 1965

Wang X Y and He Y J 2008 Acta Phys. Sin. 57 1485 (in
Chinese)

Luo L X, Xu Z Y and Hu M F 2008 Chin. Phys. B 17
4067

Wang X Y and Zhao Q 2008 Acta Phys. Sin. 57 2812 (in
Chinese)

14]

[15]

(16]

(17]
(18]

(19]
20]
21]
(22]
23]

[24]

(25]
[26]

120511-6

Li C L and Luo X S 2009 Acta Phys. Sin. 58 3759 (in
Chinese)

Du R J, Dong G G, Tian L X, Zheng S and Sun M 2010
Chin. Phys. B 19 070509

Zeng CY, Sun M and Tian L X 2010 Acta Phys. Sin. 59
5288 (in Chinese)

Mainieri R and Rehacek J 1999 Phys. Rev. Lett. 82 3042

Tang X H, Lu J A and Zhang W W 2007 China J. Dynam.
Control 5 216

Yang W and Sun J 2010 Phys. Lett. A 374 557
Sudheer K S and Sabir M 2009 Phys. Lett. A 373 1847

Yang X K, Cai L, Zhao X H and Feng C W 2010 Acta
Phys. Sin. 59 3740 (in Chinese)

DuHY, Zeng Q S, Wang C H and Ling M X 2010 Non-
linear Anal. RWA 11 705

DuHY, Zeng Q S and Wang C H 2008 Phys. Lett. A 372
5402

Shen L Q, Liu W Y and Ma J W 2009 Chaos, Solitons
and Fractals 42 1292

Chen Y and Li X 2007 Int. J. Mod. Phys. C 18 883

Wang J A and Liu H P 2010 Acta Phys. Sin. 59 2264 (in
Chinese)



