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Abstract: A new population of correlative and switchable 4D hyperchaotic systems and their switch-
synchronization are investigated. First, the switched system with the self-contained subsystems
which show some symmetry are constructed. The Lyapunov exponent spectrums and Lyapunov
dimensions are displayed to indicate the existence of hyperchaos, and the complex dynamical
properties are discussed. Second, its real circuit implement is exhibited for application, and the
switching with the flexible and diverse operation assembled can be accomplished randomly by
using system selector. Third, nonlinear control strategies are presented to ensure the synchronization
stability of the switched system. Simulations are displayed to verify the effectiveness of the control.

Keywords: chaos synchronization; switched system; hyperchaotic system; circuit implement; nonlinear
feedback control

1. Introduction

Switched systems consisting of a population of continuous or discrete-time subsystems
with certain switching rules are important. They are special classes of hybrid systems. As
they exhibit many complicated phenomena and are ubiquitous in different fields such as
chemical processes [1], transportation systems [2], biology systems [3], control systems [4],
communication networks [5] and so on, especially in secure communication, they have
been interesting subjects on the wide applications of modeling many practical problems.
The studies on construction, implement and synchronization of the switched system have
wide application prospect and attract more and more attention in recent years.

The dynamical characteristics of the subsystems and the switching between these mul-
tiple systems are two important factors that influence the performance of switched system.
From one point of view, because chaotic systems have complex dynamical behaviors such
as initial value sensitivity, chaos attractors, internal randomness, they are unpredictable,
noise-like and are always applied to generate chaos signals in the process of secure com-
munication in the past decades. With the development of chaos theory and technology, it
is found that hyperchaotic system has at least two positive Lyapunov exponents in general,
that is to say, the hyperchaotic system dynamics expand in more than one direction so that
it usually possesses more complex and richer dynamical behaviors than chaotic system
has, which means the security of the messages to be transmitted in secure communication
can be enhanced. In addition, the circuit implement of hyperchaotic system is feasible
in practice [6–9]. So hyperchaotic system can be used as subsystem components of the
switched system to enhance complexity. From another point of view, switched system
is changed by a switching rule in which the discrete dynamics of the switching function
is neglected [10]. The rule dictates the sequence in which the subsystems are switched
according to the corresponding active time. It can select drive-response systems freely,
transmit diverse signals flexibly and improve the security of communication [11]. In com-
parison with synchronization between general chaotic slave (response) system and master
(drive) system which was first introduced and verified in the electric current experiment
by Pecora and Carroll [12], chaos synchronization of switched systems is challengeable
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if switching laws are unknown. As far as we know, the established switched systems in
existing literatures mainly involve two parts, on the one hand, subsystems can be set as
normal systems, chaotic systems with integer or fractional order, hyperchaotic systems
with integer or fractional order, on the other hand, switching rule can be set as a law
independent of the system or in the expressions of the system. Unfortunately, there exist
few switched systems with complex dynamics and good switching rules, which can also
be realized easily.

In addition, based on existing chaos synchronization methods such as linear and
nonlinear feedback control [13,14], H∞ control [15], time delayed feedback control [16],
backstepping control [17,18], adaptive sliding mode control, [7,19], etc., giving suitable
synchronization strategy and finding sufficient conditions on synchronization stability
under arbitrary switching are usually concerned as stability analysis problems of switched
systems. In [5], synchronization of switched system is considered by output feedback
control, together with security analysis. In [11], synchronization of identical switched
chaotic systems is explored according to Lyapunov method and bilinear matrix inequalities
(BMIs). In [20], the stability of autonomous dynamical switched systems is investigated by
using multiple Lyapunov functions. In [21], multi-switching synchronization involving
nonidentical chaotic systems is discussed, however, the switching law was not given.
However, there are few relative jobs on chaos synchronization of switched system as far as
we know.

Motivated by the two aspects, we first propose a switched system consisting of a new
population of switchable 4D hyperchaotic systems, which are obtained by adding a new
state to the following 3D chaotic system in [22]

ẋ = a(y− x),
ẏ = (c− a)x− axz,
ż = −bz + xy,

(1)

with a 6= 0, b, c real parameters. These subsystems have common parameters and different
nonlinear cross-product or quadratic terms, which show some symmetry, and the switching
between two of them can be realized by a certain suitable switching rule. Second, the
dynamical characteristics are demonstrated, such as the types of equilibrium points, the
phase diagrams of chaotic attractors and Lyapunov exponents, and the circuit for practical
application is designed to integrate the function of these multiple systems. Third, the
switchable nonlinear feedback controllers with simple structures are given, and sufficient
stability criteria to chaos synchronization of the corresponding controlled switched system
are obtained. Finally, numerical simulations are provided to show the effectiveness and
feasibility. In comparison with existing literatures, the model has the following advantages:

(1) The subsystems are hyperchaotic in a wide parameter range, and they are correlative
so that the circuit implement is easier to established. Moreover, the hyperchaotic
characteristics enhance the safety of information transmission.

(2) The switching rule adopted can be fast accomplished, which makes the actual appli-
cation of the switched system possible.

(3) The nonlinear controllers are lower-dimensional and they have variable structures
and common style, which can be switched in the response system according to the
identical switching rule with drive system and are more convenient to implement.

The organizational structure of the article is as follows. In Section 2, the new popula-
tion of switchable hyperchaotic subsystems are constructed and their dynamical properties
are analyzed, together with the circuit implement. In Section 3, sufficient conditions are
derived and control strategies are proposed to ensure the synchronization of switched
systems based on Lyapunov method, and simulations are also shown. The conclusions are
drawn in Section 4 at last.
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2. A New Switched System and Its Circuit Implement

A system composed of a new population of correlative and switchable 4D hyperchaotic
subsystems and switching rule is proposed. Every subsystem is obtained mainly by
modifying the nonlinear terms of 3D chaotic system (1) in [22] and adding a new state
feedback variable to it. The expression is described unitedly as follows:

ẋ1 = a(x2 − x1) + x2x3,
ẋ2 = bx1 − 10x1x3 + x4,
ẋ3 = −cx3 + T(x1, x2),
ẋ4 = −dQ(x1, x2, x3, x4) + R(x1, x2, x3, x4),

(2)

where a, b, c, d are constants to be tuned, x1, x2, x3, x4 are state variables, Q(x1, x2, x3, x4)
is a linear function and T(x1, x2), R(x1, x2, x3, x4) are nonlinear functions which can be
set to describe different hyperchaotic subsystems. Aiming at easy circuit implement and
convenient switching, we set T, R as nonlinear cross-product or quadratic functions and Q
as x1, x2, x3 or x4, then six different subsystems are listed in Table 1. They show symmetry
in system (b), (d), (e), (f) and partial symmetry in system (a) and (c). In additon, systems
(b), (d), (e) and (f) are dissipative when a + c > 0, since the divergence of vector field F has
the form:

OF =
∂ẋ1

∂x1
+

∂ẋ2

∂x2
+

∂ẋ3

∂x3
+

∂ẋ4

∂x4
= −(a + c).

The bifurcation versus parameter can illustrate their chaotic characteristics such as the
initial value sensitivity. Let a = 20, b = 35, c = 3, and d vary from 5 to 15, the bifurcation
graphs on the evolution of the variable x1 of six subsystems according to parameter d
are exhibited in Figure 1. It can be seen that every subsystem appears its bifurcation,
ergodicity and pseudo-randomness in the range of parameter d, and they are all chaotic
when d ∈ (6, 15). Furthermore, because Lyapunov exponents can exhibit initial value
sensitivity from another point, which indicate the degree of trajectories separation in
distinct directions according to time iteration, Lyapunov exponent spectrums is given in
Figure 2. Let a = 20, c = 3, d = 10 and b vary from 0 to 50, the corresponding Lyapunov
exponent spectrums for λ1, λ2 and λ3 of the six subsystems versus parameter b are exhibited.
It appears the conditions of λ1 = 0, λ2 < 0, λ3 < 0, and λ1 > 0, λ2 < 0, λ3 < 0, then two
positive Lyapunov exponents with the increase of b, which suggest that the subsystems go
through periodic state, chaotic state, and are all hyperchaotic after the value of b which
is less than and close to 20. It is noted that the absolute values of two positive Lyapunov
exponents are far less than that of the fourth one which is negative, here we only show the
first three Lyapunov exponents.

Table 1. Subsystems with different terms.

System T Q R System T Q R

(a) x1x2 x2 x2x4 (d) x2
1 x2 x1x3

(b) x1x2 x2 x1x3 (e) x2
1 x1 x1x3

(c) x2
1 x2 x2x4 (f) x1x2 x1 x1x3

Take subsystem (a) with T = x1x2, Q = x2, , R = x2x4 for example, which is ex-
pressed as 

ẋ1 = a(x2 − x1) + x2x3,
ẋ2 = bx1 − 10x1x3 + x4,
ẋ3 = −cx3 + x1x2,
ẋ4 = −dx2 + x2x4.

(3)

When setting a = 20, b = 35, c = 3 and d = 10, it has five equilibrium points
P0(0, 0, 0, 0), P1(3.6678, 3.0857, 3.7726, 10), P2(−3.3373,−2.8769, 3.2004, 10), P3(−0.2880,
−0.2876, 0.0276, 10), P4(−0.0426, 1410.0788,−20.0000, 10). The class of equilibrium points
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can be determined by calculating the eigenvalues of the corresponding Jacobian matrix J
and be listed in Table 2. Furthermore, the system (3) is hyperchaotic by getting calculated
Lyapunov Exponents (LE) λ1 = 0.7137, λ2 = 0.3209, λ3 = 0, λ4 = −24.0368, respectively,
and Lyapunov Dimension (LD) 3.0524. Figure 3 shows its beautiful hyperchaotic attractor
when the parameters are set as above. It exhibit the projections of two-scroll hyperchaotic
attractor to 3D space x1x2x3 and 2D planes x1x2, x1x3, x2x4, and the classical “butterfly
wings” appears in phase diagram of x1x3.
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Figure 1. The bifurcation diagrams on the evolution of the variable y of six subsystems according to
parameter d.
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Figure 2. The Lyapunov exponent spectrums of six subsystems with a = 20, c = 3, d = 10 versus
parameter b.
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Table 2. The eigenvalues of Jacobian matrix and corresponding class of equilibrium points.

Equilibrium Points Eigenvalues of J The Class

P0(0, 0, 0, 0) −38.1999, 17.9076, 0.2924,−3 unstable saddle-node point (USNP)
P1(3.6678, 3.0857, 3.7726, 10) −27.7321, 2.3264± 15.4152i, 0.0794 unstable saddle-focus point (USFP)

P2(−3.3373,−2.8769, 3.2004, 10) −29.5177, 3.2264± 12.7608i, 0.0648 unstable saddle-focus point (USFP)
P3(−0.2880,−0.2876, 0.0276, 10) −38.1389, 17.7991, 0.2957,−2.9559 unstable saddle-node point (USNP)

P4(−0.0426, 1410.0788,−20.0000, 10) −11.4985± 6.9185i,−0.0015± 3.1616i unstable saddle-focus point (USFP)
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Figure 3. Hyperchaotic attractor of subsystem (a) marked as system (3) with a = 20, b =

35, c = 3, d = 10.

Meanwhile, subsystem (b) has three equilibrium points P0(0, 0, 0, 0), P1(5.4772, 4.0096,
7.3205, 209.2578), and P2(−5.4772,−4.0096, 7.3205,−209.2578). P0 is also an USNP just
like the class in subsystem (a). The eigenvalues of matrix J on P1 and P2 are −5.1970±
35.2259i,−12.7004, 0.0945, so P1 and P2 are both unstable saddle-focus points. Moreover,
calculated Lyapunov Exponents (LEs) are λ1 = 0.7821, λ2 = 0.3725, λ3 = 0, λ4 = −24.1532
and Lyapunov dimension (LD) is 3.0477. Similarly, the properties of the other four subsys-
tems are exhibited in Table 3.

Table 3. Properties of the other four subsystems.

System Equilibrium LE LD

(c) (0, 0, 0, 0) (1.0357, 0.1544, 0, −24.1823) 3.0489
(d) (0, 0, 0, 0) (0.8840, 0.0821, 0, −24.9438) 3.0394

(4.6863, 3.4306, 7.3205, 179.0409)
(−4.6863, −3.4306, 7.3205, −179.0409)

(e) (0, 0, 0, 0) (1.0143, 0.1715, 0, −24.1781) 3.0487
(5.4772, 3.6515, 10, 356.0197)

(−5.4772, −3.6515, 10, −356.0197)
(f) (0, 0, 0, 0) (0.7609, 0.3651, 0, −24.1262) 3.0467

(6.7082, 4.4721, 10, 436.0333)
(−6.7082, −4.4721, 10, −436.0333)

It is concluded from the analysis above that the zero equilibria of six subsystems are all
USNP and the nonzero equilibria are all USFP. Moreover, all subsystems are hyperchaotic
systems, although they have evolution differences led by the nonlinearity, they are so
closely linked that they can be realized in a circuit by switching. In the following, a real
circuit which can function as a switched system made up of six hyperchaotic subsystems is
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designed as is shown in Figure 4 according to (2) for the application. The transformation
between nonlinear functions of the subsystems can be accomplished by switching, which
can be operated easily according to certain rules to realize the functions of six hyperchaotic
systems. By choosing proper component parameters and switching rules, the switched
system can be implemented conformably. In Figure 4, the operational amplifiers are all
LF353, the values of all components dependent on the system parameters are marked,
respectively, the unit of every resistance is kΩ and the analog multipliers are selected as
AD633JN to generate quadratic functions. If the k1 and k2 keys are toggled simultane-
ously, the nonlinear terms x1x2 and x2

1 are switched, also x1x3 is changed to x2x4, so that
the switching between subsystem (a) and (d) is accomplished. Other switchings can be
implemented in this way too.

Figure 4. The circuit graph of the switchable hyperchaotic systems.

3. Chaos Synchronization of the Switched System

Generally, autonomous chaotic systems described by a set of nonlinear continuous-
time differential equations can be naturally separated into linear and nonlinear parts as:

ẋ = Ax(t) + f (x(t)), (4)

where x ∈ Rn is the state vector, A ∈ Rn×n is a coefficient matrix, and f : Rn → Rn is a
continuous nonlinear function. So a drive switched system can be expressed as:

ẋ = Aαx + fα(x) (5)
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where α is a signal switched in a finite set K = 1, 2, · · · , N, that is to say, (Aα, fα) can be
selected at particular time as {(Ak, fk)} for k ∈ K. Similarly, the response switched system
can be described as:

ẏ = Aβy + fβ(y) + uβ (6)

where y ∈ Rn is the state vector of the response system, uβ is the controller, β is also a
signal switched in K. Hereinafter, the switching rule α is assumed to be instantaneously
available in real time and priori known to the receiver, and an indicator function I(t) =
(I1(t), I2(t), · · · , IN(t))T is defined as:

Ik(t) =
{

1, when the switched system is expressed by the kth mode (Ak, fk)
0, otherwise

(7)

with k ∈ K. It follows that
N
∑

k=1
Ik(t) = 1 for any time t and under any switching rule. Hence,

the drive switched system can be rewritten as:

ẋ =
N

∑
k=1

Ik(t)[Akx + fk(x)]. (8)

Furthermore, assume the response system is switched according to the same switching
rule as the drive switched system (8) and define state error vector as e = y− x, then we have

ẏ =
N

∑
k=1

Ik(t)[Aky + fk(y) + uk] (9)

where the variable structure of uk = uk(e, x), k ∈ K changes according to nonlinear func-
tions T, Q, R of drive system, and the error system has the form:

ė =
N

∑
k=1

Ik[Ake + fk(y)− fk(x) + uk]. (10)

Theorem 1. Assume nonlinear functions fk(x) satisfy Lipschitz condition, namely, there exists
constants Lk > 0 such that

‖ fk(y)− fk(x)‖ ≤ Lk‖y− x‖ (11)

for any x, y ∈ Rn. If there exists a positive definite matrix P ∈ Rn×n, a constant matrix M ∈ Rn×n,
a feedback gain matrix B ∈ Rn×n, and a positive constant γ such that

Wk =

(
P(Ak −M) + γL2

k I P(I − B)/2
P(I − B)/2 −γI

)
≤ 0 (12)

for each k ∈ K, then systems (8) and (9) achieve synchronization under the control

uk = B( fk(x)− fk(y))−Me. (13)

which has variable structure depending on the switching rules.
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Proof of Theorem 1. Construct Lyapunov candidate function V = 1
2 eT Pe, then the deriva-

tive of V along the trajectories of (10) is calculated as:

V̇(t) = eT P
N

∑
k=1

Ik[Ake + fk(y)− fk(x) + uk]

= eT P
N

∑
k=1

Ik[(Ak −M)e + (I − B)( fk(y)− fk(x))]

≤
N

∑
k=1

Ik[eT P(Ak −M)e + eT P(I − B)( fk(y)− fk(x)) + γeT L2
ke

− γ( fk(y)− fk(x))T( fk(y)− fk(x))]

=
N

∑
k=1

IkvTWkv

where v = (e, fk(y)− fk(x))T . Based on (12), V̇(t) ≤ 0. Furthermore, ‖e‖ → 0 by using
Barbalat’s Lemma, that is to say the error system (10) is asymptotically stabilized to
zero. Then the switched systems (8) and (9) achieve synchronization under the control
strategy (13).

Theorem 1 ensures that the synchronization of switched systems is achievable. It
is noting that in the actual application of secure communication, the driving switched
system needs to switch between multiple subsystems to ensure the safety of information
transfer, while the response system can be fixed without changing. In this way, the process
of information reply and the controller design for specific system can be simplified. There-
fore, chaos synchronization between presented driving switched system and a response
hyperchaotic system is discussed in the following. If the switched system is in the same
mode as the response system, it means one-to-one chaos synchronization, otherwise it
means many-to-one chaos synchronization.

Let the driving switched system constitute from the new switchable 4D hyperchaotic
system (2) and choose the indicator function as (7), then we have:

ẋ1 = a(x2 − x1) + x2x3,
ẋ2 = bx1 − 10x1x3 + x4,
ẋ3 = −cx3 + Tk,
ẋ4 = −dQk + Rk,

(14)

thereafter without loss of generality, set a common 4D hyperchaotic system such as subsys-
tem (b) to be response system. The response system is injected by nonlinear feedback con-
trol u(t) = (u1(t), u2(t), u3(t), u4(t))T switched according to (7) with the driving switched
system every other interval at the same time, and is expressed as:

ẏ1 = a(y2 − y1) + y2y3 + uk1,
ẏ2 = by1 − 10y1y3 + y4 + uk2,
ẏ3 = −cy3 + y1y2 + uk3,
ẏ4 = −dy2 + y1y3 + uk4,

(15)

where k = 1, 2, · · · , 6, and uki is a nonlinear feedback control with variable structure and
changes according to nonlinear functions Tk, Qk, Rk of driving switched system, then the
error system led by (14) and (15) is obtained as:

ė1 = a(e2 − e1) + e2e3 + x2e3 + x3e2 + u1,
ė2 = be1 − 10e1e3 − 10x1e3 − 10x3e1 + e4 + u2,
ė3 = −ce3 + e1e2 + x1e2 + x2e1 + x1x2 − Tk + u3,
ė4 = −d(e2 + x2) + dQk + e1e3 + x1e3 + x3e1 + x1x3 − Rk + u4,

(16)
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where Tk, Qk, Rk can be changed by toggling switch in Figure 3.

Theorem 2. Suppose that Si is the upper bound of |xi| for all i = 1, 2, 3, 4, and the system
parameters are positive constants. For any initial conditions, the driving switched system (14) and
the response system (15) are completely synchronized by the nonlinear state feedback controller with
the variable structure:

u1 = 0,
u2 = −me2,
u3 = −x1x2 − 2x2e1 + Tk,
u4 = −de4 + dx2 − e1e3 − x1e3 − x3e1 − x1x3 − dQk + Rk,

(17)

where m > 0 is an undetermined feedback gain constant and k = 1, 2, · · · , 6.

Proof of Theorem 2. Construct a candidate Lyapunov function

V(t) =
1
2
(5e2

1 + e2
2 + 5e2

3 +
1
d

e2
4).

It is a positive definite function. By applying the controller (17) to (16), the error
dynamics can be expressed as:

ė1 = a(e2 − e1) + e2e3 + x2e3 + x3e2,
ė2 = be1 − 10e1e3 − 10x1e3 − 10x3e1 + e4 −me2,
ė3 = −ce3 + e1e2 + x1e2 − x2e1,
ė4 = −d(e2 + e4).

(18)

Then the time derivative of V(t) along the solution of error dynamical system (18) is
obtained as:

V̇(t) = 5e1 ė1 + e2 ė2 + 5e3 ė3 + e4 ė4/d

= −5ae2
1 −me2

2 − 5ce2
3 − e2

4 + (5a + b− 5x3)e1e2 − 5x1e2e3

< −5ae2
1 −me2

2 − 5ce2
3 − e2

4 + 2S|e1||e2|+ 2U|e2||e3|
< −ET PE,

where
2S = 5a + b + 5S3, 2U = 5S1, (19)

and

E =


|e1|
|e2|
|e3|
|e4|

, P =


5a −S 0 0
−S m −U 0
0 −U 5c 0
0 0 0 1

. (20)

When m > S2/5a + U2/5c, the symmetric matrix P is positive definite on account of:
5a > 0
5am− S2 > 0
5acm− cS2 − aU2 > 0

(21)

and a > 0, b > 0, c > 0, d > 0. Then, V̇(t) is negative semi-definite, further based on
Barbalat’s Lemma, the error system (18) is asymptotically stable to zero. Consequently,
the switched system (14) and hyperchaotic system (15) are in complete synchronization by
controlled (17).
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Remark 1. It can be seen that the controllers (17) with variable structure and common style are
lower-dimensional and easy-switched according to identical switching rule to the driving switched
system, so it is convenient to the actual application.

Remark 2. Once the drive switched system is fixed according to switching rule, Tk, Qk, Rk of the
controller (17) are also determined and one-to-one chaos synchronization is realized. It is the special
case of the model and usually appears in real applications.

4. Numerical Simulation

Simulations are illustrated to demonstrate the theory analysis of synchronization
between switched system (14) and (15) under nonlinear control (17) with variable structure
in this part. First, the system (15) is chosen as response system and the driving switched
system is fixed according to the switching rule k = 2 which means I(t) = (0, 1, 0, 0, 0, 0)T ,
then the nonlinear functions T2, Q2, R2 are as the same as those in system (15). It means
synchronization between two identical hyperchaotic subsystems is considered. Let param-
eters be a = 20, b = 35, c = 3 and d = 10, the initial states of the drive-response systems be
x1(0) = 1, x2(0) = 1, x3(0) = 1, x4(0) = 1 and y1(0) = 4, y2(0) = 5, y3(0) = 6, y4(0) = 7,
respectively, and feedback control gain constant is selected as m > 10. Then the error
curves and the state trajectories of drive-response systems are shown in Figures 5 and 6,
respectively. It can be seen that the synchronization errors converge to zero asymptotically
in a short time and the state trajectories achieve synchronization under the control, which
illustrate one-to-one chaos synchronization stability.
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Figure 5. The synchronization errors between switched system (14) with k = 2 and the
hyperchaotic system (15).

Second, change the driving switched system among hyperchaotic systems (a), (c), (d),
(e), (f) by shifting switches k = 1, 3, 4, 5, 6 every 5 second, and change the initial condition
of response system to y1(0) = 1, y2(0) = 2, y3(0) = 3, y4(0) = 4, then the error curves of
response system (15) and the switched system can been observed in Figure 7. The first figure
in it shows the synchronization error of subsystem (a) and response system fast converge
to zero and there are only small amplitude fluctuations every 5 second. Simultaneously,
the synchronization error states are fast stabilized to zero too when subsystem is switched
to (c), (d), (e), (f), respectively, which are shown in Figure 7 from left to right. The result of
simulations means that many-to-one chaos synchronization is stabilized.
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Figure 6. State trajectories of switched system (14) with k = 2 and the hyperchaotic system (15).
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Figure 7. The error curves of chaos synchronization of the driving switched system (14) with
k = 1, 3, 4, 5, 6 and the hyperchaotic system (15).

The numerical simulations suggest that both one-to-one and many-to-one chaos syn-
chronization can be achieved by nonlinear feedback control (17) with variable structure.
The variety of switching shows the combination flexibility and randomness of the switch-
able drive subsystem and response system, and also leads to the variety of synchronization
signals changing in the transmission channel. So many-to-one synchronization of switched
systems can probably enhance the security performance of chaotic secure communication.
In addition, there are some elements to be pointed out and listed below to successfully
realize the synchronization:

(1) The switching of the driving switched system and control strategies needs to be deter-
mined by certain protocols which provide switch time to guarantee the operational
coherence. Meanwhile, the construction of intervals totally depends on the protocols.

(2) It requires some time to achieve synchronization after every switching.
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5. Conclusions

Chaos synchronization of a switched system consisting of a new population of correl-
ative and switchable hyperchaotic systems is investigated in this paper. First, a family of
correlative and switchable 4D hyperchaotic subsystems with some symmetry are derived
from an original chaotic system, which are self-contained and independent, closely linked
and have rich dynamical characteristics. After that, the circuit implement is shown and the
switching can be accomplished randomly by using system selector and the operation is
flexible and diversely assembled. Furthermore, sufficient conditions to achieve one-to-one
and many-to-one synchronization stability of the presented switched system under newly
presented nonlinear control strategies are given based on Lyapunov method and Barbalat’s
Lemma. Finally, simulation results demonstrate the theory analysis.

The model has potential application prospect in real life because of the feasibility of
its circuit implementation. For example, in actual application of secure communication, the
switched system is set as drive system to switch between multiple subsystems which can
ensure and enhance the safety of information transmission, while the response system can
be fixed without changing so that the process of information reply and the controller design
for specific system can be simplified. The information to be transmitted is modulated with
the signal of the drive system, and the switch is toggled randomly, so that the transmitted
information can be hidden in the signals of different hyperchaotic subsystems. In this way,
the safety of information transmission is enhanced.

The future studies will involve in two main aspects:

(1) As the dynamics of the proposed model are not presented completely, more detailed
theoretical simulation and investigations are expected in the forthcoming study, such
as further bifurcation and stability analysis and so on.

(2) More synchronization problems of the switched system will be considered, such as
the adaptive synchronization and so forth.
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