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Abstract

In this paper, by using nonlinear feedback control, chaos synchronization is achieved between the Chen system and
the Lii system with different initial values, and the error curves and state synchronization curves of the
corresponding states in the response Lii system and the drive Chen system are plotted. Finally, the simulation circuit
model of the synchronization system of the drive Chen system and the response Lii system is designed by Multisim
circuit simulation software. Comparing the output curves with the curves obtained by MATLAB simulation
software, it can be found that the two curves achieve a good qualitative agreement. It prove that the circuit model of
the synchronization system is correct and the synchronization of the drive Chen system and the response Lii system

is accomplished.
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1. Introduction

In 1999, Professor Guanrong Chen of the University of
Houston discovered a new chaotic attractor, the Chen
system, using engineering feedback control [1]. which is
similar to the Lorenz system but not topologically
equivalent, with a more complex structure and more
diverse dynamic behaviorIn 2001, Jinhu Li and
Guanrong Chen discovered a new chaotic system, the Lii
system, that system links the Lorenz system and the Chen
system and represents a continuous evolution between the
two systems [2].

In this paper, the above two systems are taken as the
research objects to analyze their chaotic properties, and
based on this, the two systems are synchronized to chaos
by using the method of nonlinear feedback [3], and then
numerical simulation is carried out by using the
MATLAB software, and the simulated -circuits are
designed, and the circuit simulation is carried out in
Multisim, which is designed to provide sufficient
theoretical support for the future application of the
heterostructured chaos synchronization of the Chen

system and the Lii system to be successfully applied in
the field of confidential communication.

2. Chaos Synchronization and Circuit Design of
Chen System and Lu System with Different
Structures

2.1. Modeling of the Drive Chen system

X1 =a;(y1 — x1)
i = (6 —a))x; —x1z + ¢
Z1 = %1y — by1zq

€]
Where, x4, y;5» Z; € R is the state variable of the

system and a; =35, b; =3, ¢, =28 is the typical
parameter of Lii system.
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2.2. Modeling of Response LU Systems

X = a(y, — X2) + Uy
Y2 = —X2Zy + Y + Ugp
Zy = XY, — bazy +Ugg

()
Where, x,, y,, z, ER is the state variable of the
system and a, =36, b, =3, ¢, =20 is the typical
parameter of Lii system. u, = [uy Uy Us]T is the
required synchronization controller, through which the
synchronization of two chaotic attractors with very
different structures can be realized.

2.3. Design of Synchronization Controller

Subtracting the corresponding terms in the mathematical
model Eq. (1) of the driving Chen system from the terms
in the mathematical model Eq. (2) of the response Lii
system, the error system model is shown as Eq. (3)
below:
€ =X — X

=a; (¥, —x2) —a1(y1 — 1) + Uy
2=y, =01

= X2y + Y

—[(er —ax; — %121 + 1]+ ue,
€3 =2 —7;

= X3y, — byz,

—(x1y1 —byzy) +ucs

3)

Where e=[e1 e e3]l =

[X2 =% Y2—=Y1 Z2—7]",e;, e,, e; is the state

variable of the error system. The synchronization
controller is designed as:

Uy = (@ — a) (O — x1) — ki&g

Uy = X375 — X121 + (€1 — €)1
+(c1 — a)x; — ke,

Uz = —X2Y, + x1Y1 + (b — by)zy
—kses

“4)

Where kq{, k,, ks =0, Eq. (4) is substituted into Eq.

(3), and the mathematical model of the error system is
obtained as shown in Eq. (5).

€ =Xy, — X
= a,(e; —ey) —kieg

€2=Y2—"N1
=ce; + (¢ — aq)e; — ke,
€3 =2y — 71 = —bye; — kse;

)

The error system is then written in the form of é =
f(e,t). If the equilibrium state of error system at the
origin is uniformly asymptotic and stable in a large range,
it indicates that the chaos synchronization of different
structure has been realized between Chen system and Lii
system.

The value of the synchronization controller parameter
k=[k, k, k3]T is determined by the Lyapunov
second method.

According to Lyapunov's second method, firstly take
the positive definite Lyapunov function V(&) =
1/2[(a, — c;)e?/a, + eZ + eZ] , and then take its
derivative:

» a —¢ . .
V(e) = 73131 + e,€, + e;e;
2

= (a; —c1)eje; — (a; — C1)e12

_ ki(ay —¢y)
a
+(c; — ay)eje; — kyes
—b2932 - k3e32
ki(a; —c
=— M+ (a, — ¢;)| e?
a;
—(ky — cp)ef — (k3 + by)es

e? +c,e?

According to Lyapunov's second method, if V(&) is
positively definite and V(&) is negatively definite, then
the error system is uniformly asymptotically stable in a
large range at the origin. At this time, the variable
coefficients of the error system should satisfy:

_[7,{1(“;2_01) +(a;—¢)] <0

—(kz —c2) <0
(7
Solved:
k1 > —a; = —36
kz > Cz =20
k3 > _b2 =-3
(®)

If (kq, k5, k3) = (0,25,0), the synchronous controller
u. is as follows:

ug =—(1 —x1)

ucz = XZZZ - xlzl + 33y1
_7x2 - 25y2

Uz = —X2Y2 T X1

)
So far the synchronization controller has been
designed.
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The numerical simulation diagram of the chaotic
synchronization controller of Chen system and Lii system
with different structures built in Simulink is shown in Fig.
1.

After setting up the simulation environment, click the
run button, and the corresponding state error curve is
shown in Fig. 2.

The corresponding state synchronization curve is
shown in Fig. 3.

Chaos Synchronization and Circuit

Through careful observation of the images, it can be
seen that the controller makes the corresponding state
error curve gradually converge to zero with the passage of
time, and the corresponding state synchronization curve
follows the running trajectory of Chen driving system.
This is enough to indicate that all the above derivations of
all equations the different chaos
synchronization of Chen system and Lii system are
correct, and Chen system and Lii system can achieve
different structure chaos synchronization.
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Fig. 1 Numerical simulation of chaos synchronization of Chen system and Lii system with different structure

Fig. 2 State error curve: (a) ei; (b) e2; (¢) €3
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Fig. 3 State synchronization curve:

2.4. Design and construction of an analog circuit
model for heterostructure chaotic synchronous
control

The circuit model of the synchronous controller is
designed and constructed, and the circuit of the
synchronous controller is designed by the method of
improved modular circuit design.
The state expression of the control circuit is shown in
Eq. (10).
Toler = To[—(y1 — x1)]
= —7o¥1 — To(—x1)
1 1
= _m% - m(‘xﬂ
ToUey = Tp[10x52, — 10x,2
+33y; — 7x, — 25y,]
= —107t¢(—x,2,) — 107X, 24
—331’0(—1311) — 779Xy — 2570y,
= T 10R.Cs (=x227)
1 1
- 10R,,Cs X123 — RysCs (=y1)
1 1
TRoCs 2 Ryl
Tole, = To(—10x2y, + 10x1y1)
= —101'10x2y2 —107o(—x131)

= T10R,,Cg 22

(10)

~10R,,C, (—x1y1)

(a) x1-x2; (b) yl-y2; (¢) zl-z2
Substitute 7, = 100 into Eq. (10) and take C, =
Cs = C; = 10nF, and the calculation is as follows:

1 1
R = R =-_=-
TS TG 100X 10 x 1079
=1MQ
R 1 1
18 7 337,Cs 33100 x 10 x 10~°
= 30.3kQ
S 1
7 70,65~ 7x100 % 10 x 10~°
(11)
= 142.8kQ
N 1
20 7 257,Cs 25 100 x 10 X 1072
= 40kQ
1
Rig = Ri7 = Ry1 = Ry, ZWTOCS
1
= 10k

~100x 100 x 10 x 109

The analog circuit for the synchronous control of Chen
system and Lii system is shown in Fig. 4.

Build the analog circuit shown in the above figure in
Multisim software. Wait for the oscilloscope to display
the waveform, observe the corresponding waveform, and
obtain the corresponding synchronization curve shown in
Fig. 5 and the corresponding error curve shown in Fig. 6.

©The 2024 International Conference on Artificial Life and Robotics (ICAROB2024), J:COM HorutoHall, Oita, Japan, 2024

73



Chaos Synchronization and Circuit

@ @ Ef @ @ @
e FL} i sl e | I I 1
- o i’fu L e _ J—i B

00

A0a & et Fo) ey

am J;
10

[

Fig. 4 Analog Circuit for Synchronous Control of Chen System and Lii System
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Fig. 6 Error curve: (a) e;; (b) e (¢) e3
(©)
Fig. 5 Synchronization state curve: (a) xi1-X2; (b) yi-yas 3. Conclusion

() zrz In this paper, the driving Chen system and the responding

Liu system are first mathematically modeled separately,
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and then the synchronous controllers are designed to
achieve the purpose of removing all nonlinear terms. The
parameters of the controller are solved according to
Lyapunov's second method. The controller allows the
numerical simulation of the system in MATLAB to show
that the corresponding state error curves gradually
converge to zero over time and the corresponding state
synchronization curves follow the trajectory of the Chen
drive system.

The simulation circuit model of the Chen chaotic
system and the Lu chaotic system with heterostructure
chaotic synchronization is designed and constructed with
the help of Multisim software using a modified modular
approach. The installation of separate switches for the
structural compensator and the controller to ensure
individual control is a critical step in the design of the
system, and the observation of the oscilloscope showing
the corresponding error curves reveals that the curves
quickly converge to 0 after the switches are closed, and
the whole experiment shows that the designed
synchronization controllers perform the control role. The
heterostructured chaotic synchronization control of Chen
system with L i system and its circuit design are
implemented.
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