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Abstract

We use Lyapunov-based analysis to investigate the emergence of synchronization in systems with self-excited and hidden
attractors. When these types of attractors coexist, synchronizing systems on a hidden attractor is a challenging open problem.
Our results show that, for systems with coexisting attractors in a drive-response configuration, it is relatively simple to impose a
synchronized behavior on a hidden attractor; however, in the bidirectional configuration, the hidden attractors basically disappear,
with the synchronized solution converging towards a self-excited attractor for any coupling strength. We illustrate our results
with numerical simulations of many well-known systems with hidden and self-excited attractors.
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1 Introduction

Nonlinear systems may exhibit a variety of complex behaviors. As their trajectories move through state space,
they approach and recede from invariant sets; the geometric objects to which they contract are called attractors.
Furthermore, the region of state space from which flows converge to a given attractor is called its basin of attraction
[1]. A self-excited attractor emerges on the intersection between the manifolds of an unstable equilibrium point and
its basin of attraction. In recent years, an alternative class of attractors has been identified; namely, hidden attractors,
which are attractors whose basins of attraction do not intersect the manifolds of unstable equilibrium points [2].

From the general description above, hidden attractors can be found in systems without equilibrium points, with
an infinite number of equilibria, or with at least one stable equilibrium. Moreover, as shown in [3], hidden and
self-excited attractors can coexist in the same dynamical system.

Hidden attractors are inherently complex to identify because trajectories starting near an equilibrium point will
not move towards the hidden attractor. However, the literature contains numerous examples of dynamical systems
with hidden attractors. One of the earlier examples comes from the set of simple chaotic flows proposed by Sprott in
the 90s [4]. From case A in this reference, a plethora of systems without equilibrium points with hidden attractors
were proposed in [5, 6]. Other authors have investigated the existence of hidden attractors in dynamical systems
with an infinite number of equilibrium points [7, 8]. Other examples of dynamical systems with hidden attractors
that have stable equilibrium points are found in [9, 10]. Furthermore, for many systems, both types of attractors
coexist [2, 3, 11, 12].

Most of the examples above have nonlinearities with quadratic and higher-order terms. However, simpler versions
of systems with hidden attractors are derived from piecewise linear (PWL) systems [2, 13, 14]. An analytical-
numerical methodology can be used to identify hidden attractors in nonlinear dynamical systems. Using harmonic
linearization and describing functions, the existence of hidden oscillatory solutions can be found [11]. Using these
ideas, self-excited and hidden attractors can be identified for the same dynamical system [3].

Synchronization is a universal and widely studied nonlinear phenomenon. In general terms, two or more
dynamical systems that interact through a subtle coupling are said to be synchronized when their behaviors are
correlated in time [15]. Depending on the features of their temporal correlation, many different types of synchronized
behaviors can be defined, including: identical, phase, anti-phase, and generalized synchronization, to mention but a
few [16].

A critical component of synchronization is the interaction between systems. Perhaps the simplest form of
interaction is the so-called drive-response configuration [17]. In this case, the one-directional interconnection can
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easily be interpreted, from the viewpoint of control theory, as a feedback control problem where the coupling term
in the response subsystem can be designed using different methodologies like robust [18], adaptive [19], and optimal
control techniques to achieve synchronization [20]. Alternatively to a drive-response configuration, two dynamical
systems can be bidirectionally coupled. In general terms, in this configuration, the synchronization problem is more
complex since both subsystems depend on each other through their interactions [16]. Solutions to the bidirectional
synchronization problem have naturally been extended to the context of dynamical networks [21], where problems
such as consensus and pinning are significant research topics [22].

In this contribution, we investigate the synchronization problem of dynamical systems with self-excited and
hidden attractors. In particular, as observed in [3, 23], when coexisting hidden and self-excited attractors are present,
the emergence of synchronized behavior on the hidden attractor is not readily achieved. We find that synchronization
of the hidden attractor is possible in the drive-response configuration; however, bidirectional synchronization is
almost impossible to achieve. We attribute the observed difficulty in achieving synchronization to the differences in
the sizes of their basins of attraction and to the proximity of their attractors in state space. On the other hand, in the
case of a hidden attractor due to non-equilibrium systems, synchronization is achieved regardless of the size of their
basin of attraction.

The remainder of this contribution is organized as follows. In Section 2, we provide some examples of dynamical
systems with hidden attractors of different natures. In Section 3, we describe the synchronization problem for
drive-response and bidirectional configurations, along with an output-feedback design solution. In Section 4, we use
numerical simulations to illustrate our main results. Then, we provide some closing remarks.

Figure 1: Hidden attractor of the system without equilibrium points (1) from the initial condition [−1.6, 0.82, 1.9]⊤

2 Hidden attractors of dynamical systems

By definition, any attractor of a dynamical system without equilibrium points is hidden. For example, the following
modification of the Sprott system case A [5]:

ẋ1(t) = −x2(t),
ẋ2(t) = x1(t) + x3(t),
ẋ3(t) = 2x2(t)2 + x1(t)x3(t)− 0.35

(1)

results in the hidden attractor shown in Figure 1.
An example of dynamical systems with hidden attractors and stable equilibrium points is [9]:

ẋ1(t) = x2(t)x3(t) + 0.006,
ẋ2(t) = x1(t)2 − x2(t),
ẋ3(t) = 1 − 4x1(t),

(2)
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Figure 2: Hidden attractor of the system with a stable equilibrium point (2) from the initial condition [0.1, 0.1, 0.1]⊤

which has the asymptotically stable equilibrium point xeq = [0.25, 0.0625,−0.096]⊤ and as shown in Figure 2 a hidden
attractor.

Other variants of systems with hidden attractors have lines of equilibrium points like [8]:

ẋ1(t) = x2(t),
ẋ2(t) = −x1(t) + x2(t)x3(t),
ẋ3(t) = −x1(t)− 15x1(t)x2(t)− x1(t)x3(t)

(3)

which has a line of stable equilibrium points at [0, 0, x∗3 ]
⊤ with x∗3 ∈ R and the hidden attractor shown in Figure 3.

The three previous variants of hidden attractor are possible using the appropriate values of the parameters a, b,
and c for the system [24]:

ẋ1(t) = x2(t),
ẋ2(t) = 0.4x1(t)x3(t)− a,
ẋ3(t) = 0.3x2(t)− 0.1x3(t)− 1.4x2

2(t)− bx1(t)x2(t)− c,
(4)

In the study of hidden attractors, Chua’s circuit is a critical tool. Recent investigations have revealed that in
addition to its self-excited chaotic attractor, there are coexisting hidden attractors in the system [2, 3]:

ẋ1(t) = α(x2(t)− x1(t)(m1 + 1)− ψ(x1(t))),
ẋ2(t) = x1(t)− x2(t) + x3(t),
ẋ3(t) = −(βx2(t) + γx3(t)).

(5)

where ψ(x1(t)) = 1
2 (m0 −m1)(|x1(t)+ 1| − |x1(t)− 1|). For the parameter values α = 9.3516, β = 14.7903, γ = 0.0161,

m0 = −0.7225 and m1 = −1.1384 the system (5) results in the self-excited chaotic attractor shown in Figure 4. While
for the values α = 8.4562, β = 12.0732, γ = 0.0052, m0 = −0.1768 and m1 = −1.1468 the system (5) has the two
coexisting hidden attractors shown in Figure 5.

An interpretation of Chua’s circuit is as a continuously connected PWL system. Using this interpretation as
inspiration, many different hidden attractors have been found in PWL systems [12]. On the other hand, the Sprott
systems can be interpreted as generated from the Jerk equation with a nonlinear component [4, 25]. Therefore,
combining these ideas, one can find hidden attractors in systems based on the Jerk equation with PWL nonlinearities,
like the following system: ẋ1(t)

ẋ2(t)
ẋ3(t)

 =

 0 1 0
0 0 1

−0.7 −0.5 −1

 x1(t)
x2(t)
x3(t)

+

 0
0
1

 F(x1(t)) (6)
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Figure 3: Hidden attractor of the system with a line of stable equilibrium points (3) from the initial condition [0, 0.5, 0.5]⊤

Figure 4: Self-excited chaotic attractor for Chua’s circuit
(5) from the initial condition [0.1, 0.1, 0.1]⊤

Figure 5: Coexisting hidden attractors for Chua’s circuit (5)
from the initial conditions [±3.7725,±1.3511,∓4.6657]⊤

with F(x1(t)) = 1
2 (1.5 − 5.0)(|x1(t) + 1| − |x1(t)− 1|, which results in the self-excited attractor shown in Figure 6

and the coexisting hidden attractors in Figure 7.
In the following Section, we describe a solution to the synchronization problem in both the drive-response and

bidirectional configurations.

3 The synchronization problem

Consider two coupled identical dynamical systems:

ẋ(t) = F(x(t)) + K1(w(t), z(t))
w(t) = Cx(t)

(7)

ẏ(t) = F(y(t)) + K2(w(t), z(t))
z(t) = Cy(t)

(8)

where x(t), y(t) ∈ R3 are the state variables; F(·) : R3 → R3 describes the system’s dynamics, which are nonlinear
and at least locally Lipschitz. The variables w(t) ∈ R and z(t) ∈ R are the outputs of the corresponding systems
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Figure 6: Self-excited attractor for the Jerk equation based
system (6) from the initial condition [0.1, 0.1, 0.1]⊤

Figure 7: Coexisting hidden attractors for (6) from the
initial conditions [∓0.9488,±2.1717,∓2.1652]⊤

with C ∈ R1×3. While the coupling functions Ki(·, ·) : R6 → R3 for i = 1, 2 are to be design such that:

lim
t→∞

||x(t)− y(t)|| = 0 (9)

In other words, the coupling functions Ki(·, ·) are to be design such that systems (7) and (8) asymptotically achieve
identical synchronization. As shown in Figure 8 and 9, we have two coupling configurations:

Figure 8: Drive-response scheme Figure 9: Bidirectional scheme

• Drive-Response configuration (Figure 8) which correspond to the coupled system (7)-(8) with K1(·, ·) = 0 and
K2(·, ·) ̸= 0

• Bidirectional coupling configuration (Figure 9) for the coupled systems (7) and (8) with K1(·, ·) ̸= 0 and
K2(·, ·) ̸= 0

Additionally, these coupling functions are assumed to be linear combinations of the difference between the
system’s outputs, i.e., diffusive symmetric output coupling:

K1(w(t), z(t)) = κ1(w(t)− z(t)) = κ1C(y(t)− x(t))
K2(w(t), z(t)) = κ2(z(t)− w(t)) = κ2C(x(t)− y(t))

(10)

where κi ∈ R3×1 for i = 1, 2 are the coupling gains that are to be designed such that (9) is satisfied.

3.1 Synchronization on a drive-response scheme

To verify the emergence of identical synchronization in (7)-(8), in the sense of (9), we define the error variables:

e1(t) = x(t)− y(t)
e2(t) = y(t)− x(t).

(11)

with e1(t) = −e2(t).
In the drive-response configuration, since K1(·, ·) = 0, we have the error dynamics:

ė1(t) = F1 − κ2C(y(t)− x(t)) = F1 − κ2Ce1(t) (12)

where F1 = F(x(t)) − F(y(t)). Then, if the error dynamics (12) are at least locally asymptotically stable the
drive-response coupled systems (7)-(8) will synchronize.
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(a) Self-excited chaotic attractor of the Rössler system (29)

(b) State variables of the drive-response coupled Rössler
systems

(c) Synchronization error for the drive-response coupled
Rössler systems

Figure 10: Synchronization of coupled Rössler systems in drive-response configuration with κ2 = 0.5 for t > 150

The stability of (12) can establish using the Lyapunov function

V(e1(t)) = e1(t)⊤Pe1(t) (13)

with P = P⊤ > 0 a positive definitive matrix. Its derivative along the trajectories of (12) is:

V̇(e1(t)) = F⊤
1 Pe1(t) + e1(t)⊤PF1 − e1(t)⊤[(κ2C)⊤P + Pκ2C]e1(t)) (14)

Under the assumption that:
P(F(x(t))− F(y(t))) ≤ LP(x(t)− y(t)) (15)

with L ∈ R. The derivative of this Lyapunov function is bounded by

V̇(e1(t)) ≤ e1(t)⊤Qe1(t) (16)

with Q = 2LP − (κ2C)⊤P + Pκ2C. For the error dynamics (12) to be locally asymptotically stable we need to have Q
as a negative definitive matrix, that is:

2LP − (κ2C)⊤P + Pκ2C < −τ I3 (17)

with τ > 0 and I3 the square identity matrix of dimension three. Then, by choosing κ2 such that (17) is satisfied the
drive-response coupled system (7)-(8) will synchronize.
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(a) Self-excited chaotic attractor of the Lorenz system (31)

(b) State variables of the bidirectionally coupled Lorenz
systems

(c) Deviation error for the bidirectionally coupled Lorenz
systems with κ11 = 50 for t > 150

Figure 11: Synchronization of coupled Lorenz systems in bidirectional configuration with κ11 = 50 for t > 150

3.2 Synchronization on a bidirectionally coupled scheme

In the bidirectionally coupled configuration, the error dynamics are:

ė1(t) = F1 + κ1Ce2(t)− κ2Ce1(t)
ė2(t) = F2 + κ2Ce1(t)− κ1Ce2(t)

(18)

with F2 = F(y(t))− F(x(t)). For simplicity, let κ1 = κ2 = κ ∈ R3, then when synchronization is achieved, we have a
solution for the coupled systems where:

x(t) = y(t) = s(t) (19)

That is, when the systems are synchronized, the coupling functions in (10) are zero, and each node moves as:

ṡ(t) = F(s(t)) (20)

We define a set of error variables to describe its deviation from the synchronized solution as:

ϵ1(t) = x(t)− s(t)
ϵ2(t) = y(t)− s(t).

(21)

Then, the deviation error dynamics are:

ϵ̇1(t) = F1s + κCϵ2(t)− κCϵ1(t)
ϵ̇2(t) = F2s + κCϵ1(t)− κCϵ2(t)

(22)
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where F1s = F(x(t))− F(s(t)) and F2s = F(y(t))− F(s(t)). That in vector form becomes:

Ė(t) = F + (A ⊗ κC)E(t) (23)

where E(t) =
[

ϵ1(t)
ϵ2(t)

]
∈ R6, F =

[
F1s
F2s

]
: R6 → R6, A =

[
−1 1
1 −1

]
is the Laplacian matrix of the bidirectional

connection, and ⊗ represents the Kronecker product.
Synchronization of the bidirectionally coupled systems (7)-(8) is achieved if the deviation error dynamics (23) are

at least locally asymptotically stable around their zero solution.
Stability of the deviation error is investigated linearizing (23) at the zero solution, which results in:

Ė(t) = [DF(s(t)) + (A ⊗ κC)] E(t) (24)

where DF(s(t)) = [DF(s(t)), DF(s(t))]⊤ with DF(·) the Jacobian matrix of the system’s dynamics. Since A is a
Laplacian matrix, there is a change of coordinates E(t) = Φ[ν1(t), ν2(t)]⊤ with Φ constructed with eigenvectors of A,
such that the linearized deviation error can be written as:

ν̇1(t) = [DF(s(t)) + λ1κC] ν1(t)
ν̇2(t) = [DF(s(t)) + λ2κC] ν2(t)

(25)

with λ1 = 0 and λ2 = −2 the eigenvalues of A. Since λ1 corresponds to the synchronized solution x(t) = y(t)
is sufficient to prove that ν̇2(t) = [DF(s(t)) + λ2κC] ν2(t) is asymptotically stable. Which can be done using the
Lyapunov function

V(ν2(t)) = ν2(t)⊤Πν2(t) (26)

with Π = Π⊤ > 0 a positive definitive matrix of appropriate dimension. The derivative along the second equation of
(25) is:

V̇(ν2(t)) = ν2(t)⊤
(
[DF(s(t)) + λ2κC]⊤ Π + Π [DF(s(t)) + λ2κC]

)
ν2(t) (27)

Its time derivative of the Lyapunov function is strictly negative if

[DF(s(t)) + λ2κC]⊤ Π + Π [DF(s(t)) + λ2κC] ≤ −τ2 I3 (28)

with τ2 > 0. Then, choosing κ such that (28) is satisfied, the coupled system (7)-(8) becomes synchronized.

4 Numerical Simulations

To illustrate the above results, first, we consider two identical dynamical systems with self-excited attractors:

4.1 Synchronization self-excited attractors in drive-response configuration

Consider a Rössler system as the drive with x2(t) as the output: ẋ1(t)
ẋ2(t)
ẋ3(t)

 =

 −x2(t)− x3(t)
x1(t) + 0.2x2(t)
0.2 + x1(t)x3(t)− 5.7x3(t)


w(t) = x2(t)

(29)

and the response system coupled to the second variable: ẏ1(t)
ẏ2(t)
ẏ3(t)

 =

 −y2(t)− y3(t)
y1(t) + 0.2y2(t)− κ22(y2(t)− x2(t))
0.2 + y1(t)y3(t)− 5.7y3(t)


z(t) = y2(t)

(30)

The resulting error dynamics are locally asymptotically stable with κ2 = [0, 0.5, 0]⊤. For the numerical simulations in
Figure 10, the coupling gain κ22 is changed from zero to 0.5 after 150 time units.
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(a) Hidden attractor of system (33) (b) Self-excited attractor of system (34)
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(c) State variables of the coexisting hidden and self-excited
systems
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(d) Deviation error for the drive-response coupled systems
with hidden and self-excited attractor

Figure 12: Synchronization of drive-response coupled hidden and self-excited systems for κ22 = κ33 = 15 for t > 150

4.2 Synchronization of self-excited attractors in bidirectional configuration

Consider two Lorenz systems coupled through their first coordinate: ẋ1(t)
ẋ2(t)
ẋ3(t)

 =

 10(x2(t)− x1(t))− κ11(y1(t)− x1(t))
28x1(t)− x2(t)− x1(t)x3(t)
x1(t)x2(t)− 8

3 x3(t)


w(t) = x1(t)

(31)

And the response system coupled to the second variable: ẏ1(t)
ẏ2(t)
ẏ3(t)

 =

 10(y2(t)− y1(t))− κ11(x1(t)− y1(t))
28y1(t)− y2(t)− y1(t)y3(t)
y1(t)y2(t)− 8

3 y3(t)


z(t) = y1(t)

(32)

The resulting deviation error dynamics are locally asymptotically stable with κ = [50, 0, 0]⊤. For the numerical
simulations in Figure 11, the coupling gain κ11 is changed from zero to 50 after 150 time units.

As shown in Figure 10, for self-excited attractors synchronization between drive and response is achieved relatively
fast once the coupling strength is set to κ2 = [0, 0.5, 0]⊤. While for the bidirectionally coupled systems as shown in
Figure 11, asymptotical synchronization is also achieved very fast on the synchronized solution once the coupling
strength is set to κ1 = [50, 0, 0]⊤. The previous simulation illustrates the solutions to the synchronization problem
derived in the last Section. In the following subsections, we demonstrate how the presence of hidden attractors alters
the expected synchronization outcomes in the case of coexisting attractors.
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(a) Hidden attractor systems (b) Self-excited attractor
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(c) State variables of the coexisting hidden and self-excited
systems bidirectionally coupled
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(d) Deviation error for the bidirectionally coupled systems
with hidden and self-excited attractor

Figure 13: Synchronization of bidirectionally coupled hidden and self-excited systems for κ22 = κ33 = 15 for t > 150

4.3 Synchronization from hidden to self-excited attractor in drive-response configuration

In this case, we focus on systems that exhibit hidden and self-excited attractors. In particular, consider the case of
PWL Jerk systems (6), where the hidden attractor is the drive and is coupled to the self-excited attractor with the
second and third coordinates: ẋ1(t)

ẋ2(t)
ẋ3(t)

 =

 x2(t)
x3(t)
−0.7x1(t)− 0.5x2(t)− x3(t) + F(x1(t))


w(t) = x2(t) + x3(t)

(33)

and bidirectionally coupled at their third variable:

 ẏ1(t)
ẏ2(t)
ẏ3(t)

 =

 y2(t)
y3(t)
−0.7y1(t)− 0.5y2(t)− y3(t) + F(y1(t))− κ22[x2(t)− y2(t)]− κ33[x3(t)− y3(t)]


z(t) = y2(t) + y3(t)

(34)

In this case, the error dynamics are locally asymptotically stable for κ = [0, 15, 15]⊤, with the simulation results
shown in Figure 12 where the coupling gains κ22 = κ33 are changed from zero to 15 after 150 time units.

Notice that in Figure 12a, the hidden attractor is the drive system, and Figure 12b originally is on the self-excited
attractor until the coupling gains are set to κ = [0, 15, 15]⊤, after that it moves to the hidden attractor and remains on
it afterwards.
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4.4 Synchronization from hidden to self-excited attractor in bidirectional configuration

Finally, we connect bidirectionally hidden and self-excited attractors in the PWL Jerk system of the form: ẋ1(t)
ẋ2(t)
ẋ3(t)

 =

 x2(t)
x3(t)
−0.7x1(t)− 0.5x2(t)− x3(t) + F(x1(t))− κ22[y2(t)− x2(t)]− κ33[y3(t)− x3(t)]


w(t) = x2(t) + x3(t)

(35)

and bidirectionally coupled at their third variable: ẏ1(t)
ẏ2(t)
ẏ3(t)

 =

 y2(t)
y3(t)
−0.7y1(t)− 0.5y2(t)− y3(t) + F(y1(t))− κ22[x2(t)− y2(t)]− κ33[x3(t)− y3(t)]


z(t) = y2(t) + y3(t)

(36)

The deviation error becomes locally asymptotically stable for κ = [0, 15, 15]⊤, with the simulation results shown
in Figure 13 where the coupling gains κ22 = κ33 is changed from zero to 15 after 150 time units.

(a) Hidden attractor for system (37) (b) Hidden attractor for system (38)
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(c) State variables of the no equilibrium point system (1) (d) Deviation error for the bidirectionally coupled no
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Figure 14: Synchronization error of bidirectionally coupled non-equilibrium point systems (1) for κ33 = 5 for t > 150
]

In the case of bidirectionally coupled systems with coexisting hidden and self-excited attractors. We start on the
hidden attractor as shown in Figure 13a, while in Figure 13b begin as self-excited attractors, as the coupling strength
change to κ = [0, 15, 15]⊤, the systems synchronize to the self-excited attractor since the effect of the connection
moves the trajectories away from the hidden attractor an its basin of attraction and towards the self-excited. It is
essential to note that the theoretical prediction that asymptotic synchronization due to the coupling remains valid,
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but the solution where the synchronization emerges is the attractor with the basin of attraction that is visited in the
transitory behavior of the coupled system.

4.5 Synchronization of hidden attractors in bidirectional configuration

Next, we consider two non-equilibrium point systems with hidden attractors (1), and output their second and third
coordinates:  ẋ1(t)

ẋ2(t)
ẋ3(t)

 =

 −x2(t)
x1(t) + x3(t)
2x2(t)2 + x1(t)x3(t)− 0.35 − κ22[y2(t)− x2(t)]− κ33[y3(t)− x3(t)]


w(t) = x2(t) + x3(t)

(37)

and bidirectionally coupled at their third variable: ẏ1(t)
ẏ2(t)
ẏ3(t)

 =

 −y2(t)
y1(t) + y3(t)
2y2(t)2 + y1(t)y3(t)− 0.35 − κ22[x2(t)− y2(t)]− κ33[x3(t)− y3(t)]


z(t) = y2(t) + y3(t)

(38)

In this case, the error dynamics are locally asymptotically stable for κ = [0, 0, 5]⊤, with the simulation results
shown in Figure 14 where the coupling gains κ22, κ33 are changed from zero to 5 after 150 time units.

In this case, the bidirectionally coupled systems have only hidden attractors. Therefore, even if the transitory
behavior moves away from the hidden attractors initially, as the error approaches zero, there is only one basin of
attraction, and both systems converge to the hidden attractor. Our results show that our theoretical predictions for
the emergence of synchronization remain valid. Synchronization in bidirectionally coupled systems with hidden
attractors is possible when there is no competition between basins of attraction.

5 Closing remarks

Based on Lyapunov stability analysis, we proposed solutions to the synchronization problem for two dynamical
systems with hidden and self-excited attractors, in both drive-response and bidirectional coupling configurations.
For systems with self-excited attractors, whether in drive-response or bidirectional coupling, asymptotic identical
synchronization is achieved. However, in systems where hidden and self-excited attractors coexist, we observe that,
in the drive-response configuration, it is possible to achieve synchronization by forcing the systems to synchronize on
the hidden attractor. But in the bidirectional configuration, the synchronized behavior moves towards the self-excited
attractor. Our numerical results suggest that hidden attractors have a small region of attraction that effectively
reduces to the actual hidden attractor. Therefore, in the bidirectional configuration, the area of attraction of the hidden
attractor merges with that of the self-excited attractor, making the synchronized behavior converge towards the
self-excited attractor. In systems with only a hidden attractor, synchronization is achieved among hidden attractors
because there is no such competition. In future investigations, we plan to address synchronization in networks of
chaotic systems with coexisting hidden and self-excited attractors.
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