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Abstract

In this paper, a novel three-dimensional autonomous chaotic system is proposed. Based on Lyapunov stability
theory, a kind of unidirectionally coupled synchronization method is investigated. When coupling coefficient is
selected properly, the response system can be synchronized completely with drive system. On this basis, the analog
synchronization circuit of the system is designed and realized by using Multisim software. The obtained circuit
simulation results are consistent with the numerical simulation results, which can further confirm the effectiveness

and feasibility of the presented synchronization scheme.

Keywords: Novel chaotic system; Unidirectionally coupled synchronization; Numerical simulation; Circuit design.

1. Introduction

In 1963, American meteorologist Lorenz discovered
chaos in a simple system of three autonomous ordinary
differential equations, called the Lorenz system.' As the
first chaotic model, the Lorenz system has become a
paradigm of chaos research. Recently, there has been
increasing enthusiasm in finding new chaotic attractors,
such as Chen system,” Lii system,” and so on.*” In this
paper, a novel three-dimensional autonomous chaotic
system is introduced. Numerical analysis shows that
the proposed chaotic attractor is a new attractor, which
is not topologically equivalent to the original chaotic
system, or the Lorenz system, or the Chen system, or
even the Lorenz system family.

Since the ideal of synchronizing chaotic systems was
proposed by Pecora and Carroll,’ it has been an active

research topic, mainly due to their practical applications
in the fields of secure communication, image encryption,
electrical engineering and so on. Many synchronization
approaches have been proposed in order to synchronize
the chaotic systems. For example,
synchronization,” adaptive synchronization,® projective
synchronization,” and sliding mode synchronization.'’
A kind of unidirectionally coupled synchronization of
the novel three-dimensional chaotic system is
investigated. The suitable coupling coefficient is
selected for the response system to realize the
unidirectionally coupled synchronization. By means of
theoretical analysis and numerical simulation verify the
effectiveness of the presented synchronization scheme.
On this basis, the analog synchronization circuit of the
system is designed.
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2. The novel chaotic system

A novel three-dimensional autonomous chaotic system
is proposed, which can be expressed as the following
form:

X=ay—ax—yz
y=bx+y+xz (1

Z=—dz+cy’
where the parameters a =33, b= 50, ¢=3, and d=15 are
fixed, the phase portraits of system(1l) are shown in
Fig.1. The Lyapunov exponents of system (1) are
calculated as [, =5.7673, L, =0.0034, and L, =-7.8236.
The Lyapunov exponent spectrum of the system(1)
varies with the increase of d is given in Fig.2.
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Fig.1. Phase portraits of system (1) with g =33, b =50,
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Fig.2. Lyapunov exponent spectrum of system (1) when

d €(0,30)

3. Unidirectionally coupled synchronization of
the chaotic system

In order to realize the unidirectionally coupled synchro
-nization of the system, the drive system is defined as
follow:

X, = ax, —ax, — x,x,
X, =bx, + x, + x,x, 2

X; = —dx; +cx,x,
and the response system can be described in the form of:

n=ay,—ay, = y,y; —k(y; —x,)
Vo =by +y, + vy —k(y, —x,) A3
V3 =—dys+cy,y, —k(y; —x;3)

Where ¢ =y, —X,, &, =Y, —X,,and e, =);—X;.

And £k is the coupling coefficient, it can make system(2)
and system(3) compose a coupling system.

From Eq.(2) and Eq.(3), the error system is obtained
which can be expressed as:

é, =ae, —ae —y,e; — e, +e,e; —ke
é, =be +e,+ye +y,e —ee —ke, 4)
é, =—de, + cy,e, +cy,e, —cee, — ke,
Eq.(4) utilizes Laplace transform, the error system is
provided which is described by:
SE (s)—e,(0)=aE,(s)—aE,(s)— L{yze3}
—L{y382}+ L{ezes}—kE] (s)

SE,(s)—e,(0) :bEl(s)+E2(s)+L{y1e3} (5)
+L{y3el}—L{ele3}—kE2(s)

SE, () - €;(0) = ~dE, () + cL{y,e, }+cL{se, }
- CL{€2€2 }— kE,(s)

From Eq.(5) , the error system is obtained as follow:

akB,(s)  e(0)  Liye}

s+k+a s+k+a s+k+a

L{)’3ez} " L{eze3}
stk+a s+k+a
(5= tEO) | aO | Lie)
s+k—1 s+k-1 s+k-1

i L{Y3el} _ L{ele3}
s+k—1 s+k-1
E,(s)=— e (0) 4 CL{yzez}+ CL{yzez}

st+k+d s+k+d s+k+d

E\(s)=

(6)

_ cL {6282 }
s+k+d
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Based on the final value theorem of Laplace
transform, the error system is described in the form of:

Unidirectionally coupled synchronization and

From Eq.(7), Eq.(8), and Eq.(9), the error system will
be asymptotically stable, which means that

lime, (1) = lirrg SE,(s) = lime, (1)~ 1in01 SL{;:QQ} }1_{2 e,(t)=0 (i=1,2,3). Theoretical analysis demonstrate
—>0 5 =0 Nd
Sriva Srkva system(2) can synchronize with system(3) completely.
+111’Il SL{y362}+lim SL{€2€3} (7)
DVs+k+a 0s+k+a 4. Numerical simulation
=0 In following, numerical simulation of unidirectionally
lime, (¢) = lim sE, (s) = lime, (£) +lim SL{yle3} coupled. synchropization through .designing the
1o 50 s+k—1t= >0 g+k—1 appropriate coupling coefficient is illustrated. The
i SL{ySel}_ i SL{eles} (8) S}istem pargrr;efters are chosen as q:33, b=50, ¢=3, and
+hm S h—1 tim hol d=15. The initial values of the drive system(2) and the
0 s s response system(3) are taken as x,(0) =-3, x,(0)=0,
B sL{y . } sL{y . } x;(0) =2, y,(0)=-3, »,(0)=-0.6,and y,(0)=-1.6,
li t)=limsE,(s) = clim 222 4 clim 22 ivel hen th li ffici is tak
tljgeg( HMLSEy S s thrd i ked respectively. When the coupling coefficient is taken
S+ Skt as k =200, it can be observed that the drive system
i sL{e2e2} ©) and the response system are in asymptotic
€5 s+k+d synchronization in Fig.3. In addition, curves of state
variable are displayed in Fig.4. From Fig.4, we can
=0 observe that the curve is a straight line through the
15 origin and x,=y,(i=1273). The obtained numerical
—% simulation results agree with theoretical analysis results.
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5. Synchronization circuit design
In order to design the synchronous circuit, LF347N is
selected as the amplifier, AD633JN is chosen as the

multiplier and the power supply is £15 V. Because of
the restriction in the operating voltage of amplifier and
multiplier, the state variable are decreased by 10 times,

which means (x,,x,,x;) = (10x,,10x,,10x;) and
(Y152, ¥3) = (10,,10,,10y,) .

For the drive system, the circuit equation is as follows:

. 1 1
X ==X _7(_xz)_7x2x3
RC, RC, 10R,C,
= () () om0
X, =- —-x,)— —x,)— —x,)x
*RC, YV ORC, Y 10RC, VT
X ——Lx —#(—x )x
*ORC, T O10RC, 7
The circuit equation of the response system is as follow:
. 1 1 1 1
=— —_ —_ —_ _x —
N R.C, N qu( ) R17C4( ) 10R,C, N5 an
. 1 1 1 1
== - - - —X,)— -
Vs R,C, 3% R,C. (=») R,C, (=x,) 10R,.C A
. 1 1 1
== - —X,)— -y,
y3 R23C6 y3 RZ4C6 ( 3) 10R25C6 ( y-)yz

When ¢=33, 5=50, c=3 and d=15, the circuit schematic
of synchronization system is given in Fig.5. Where
R, =1000 kQ, R =66.67 kQ, R,=429 KkQ,
R,, =4.65 kQ, R, =R, =20 kQ, R =R, =3.33 kQ,
R, R,,R,;=30.3 kQ, R;,Ryo, Ry, R,y =5 kQ,
Ry, Rg, Ry, Ry, Ry, Ry, Ryy, Ry, Rig, Ry R, Ry s R Ry
=10kQ, c,,C,,C,,C,,Cs,Cy =10nF. The wvalue of
R

correspond to coupling coefficient k . The values of
R,.R,, R, and R, of circuit schematic in drive system

\,»R,, and R, of circuit schematic in respond system

correspond to the value of a,b,cand d, while we also
can change the values of a,b,c and d by adjusting
Ris > Ry 5 Ry and R,, of circuit schematic in respond

system. The synchronization circuit result is shown in
Fig.6 through the oscilloscope TDS2014B is consistent
with the numerical simulation result. From Fig.6, we
can observe that the curve is a straight line through the
origin and x, = y,(i =1,2,3) , indicating that system(2)

and system(3) achieve synchronization completely.

Fig.5. Circuit diagram of synchronization system
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Fig.6. circuit simulation diagram (a) (x,, ¥,) ; (b) (x,,¥,) ;
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6. Conclusion

In this paper, a novel three-dimensional autonomous
chaotic system is discussed. The synchronization of the
proposed chaotic system through selecting suitable
coupling coefficient is investigated. The presented
synchronization method is simple and the coupling
coefficient is adjusted easily. On this basis, the analog
synchronization circuit of the system is designed and
realized by Multisim software. The circuit simulation
results are coincide well with the theoretical analyses
and the numerical simulation results, which can further
verify the effectiveness and feasibility of the proposed
synchronization scheme.

Unidirectionally coupled synchronization and
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