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Abstract. The control problem of a novel hyperchaotic system is investigated. The linear, speed, nonlinear, 
nonlinear doubly-periodic function feedback controls are used to suppress hyperchaos to unstable equilibrium. 
Limit cases of doubly-periodic function are considered and the hyperbolic function and trigonometric 
function feedback control laws are derived. The Routh–Hurwitz criterion is applied to study the conditions 
of the asymptotic stability of the controlled hyperchaotic system. Based on Matlab program, numerical 
simulations are presented to demonstrate the effectiveness of the proposed controllers. 
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1. Introduction  
Since Lorenz found the first classical chaotic attractor in 1963 [1], chaos, as a very interesting nonlinear 

phenomenon has been intensively studied in science and engineering. Chaotic system is a very complex 
nonlinear dynamical system and its response possesses some characteristics, such as excessive sensitivity to 
initial conditions, broad spectral of Fourier transform, and fractal properties of the motion in phase space [2]. 
Due to the theoretical and practical applications of chaos in economics, ecology, lasers, plasma technologies, 
mechanical and chemical engineering, human brain dynamics [3], heart beat regulation [4], 
telecommunications, and micro-electro-mechanical systems [5], etc. Controlling these complex chaotic 
dynamics for engineering applications has emerged as a new and attractive field and has developed many 
profound theories and methodologies. Nowadays, many different techniques and methods have been 
proposed to achieve chaos control, such as OGY method [6], time-delay feedback method [7], Lyapunov 
method [8], impulsive control method [9], sliding method control 10], differential geometric method [11], 
H control [12], adaptive control method [13], chaos suppression method [14], and so on. Among them, the 
feedback control is especially attractive and has been commonly applied to practical implementation due to 
its simplicity in configuration and implementation. 

However, most of the works mentioned so far involved mainly with low-dimensional chaos systems with 
only one positive Lyapunov exponent. Hyperchaotic system, possessing more than one positive Lyapunov 
exponents, has more complex behaviors and abundant dynamics than chaotic system. How to realize control 
and synchronization of hyperchaotic systems is an interesting and challenging work. Many attempts have 
been made to control hyperchaos and achieve synchronization of hyperchaos in +hyperchaotic systems [15–
16]. Recently, Yan [17] suppressed a new hyperchaotic Chen system to unstable equilibrium by using 
feedback control method. Cai and Wang [18] constructed a new hyperchaotic system by introducing an 
additional state variable into the third-order chaotic system. The four-dimensional autonomous hyperchaotic 
system is described by 
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where a, b, c, k, h are constant parameters. When parameters a=27.5, b=3, c=19.3, h=2.9 and k=3.3, system 
(1) is hyperchaotic, Its Lyapunov exponents can be obtained  
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 LE1=1.6170, LE2=0.1123, LE3=0, LE4= -12.8245.

The Lyapunov dimension of this system (1) is  

11
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Obviously, the Lyapunov dimension of this new hyperchaotic system is also fractional dimension. The 
new system (1) shows hyperchaotic behavior, as depicted in Fig.1(a) ~ (b).The system(1) has only one 
equilibrium E(0,0,0,0,), and the equilibrium is an unstable saddle node under these parameters[18].  

In this paper, we will control hyperchaos in the new hyperchaotic system (1). The linear feedback control, 
speed feedback control, nonlinear feedback control, nonlinear doubly-periodic function feedback control, 
nonlinear hyperbolic function feedback control and trigonometric function feedback control are used to 
suppress hyperchaos to unstable equilibrium. Moreover, numerical simulations are applied to verify the 
effectiveness of chosen controllers. 

 

(a)  x-y-z  plane                                                                             (b) y-z-u  plane 

Fig. 1: Phase portraits of hyperchaotic system (1), with a=27.5, b=3, c=19.3, h=2.9 and k=3.3 

2. Controlling hyperchaotic attractor to equilibrium E(0,0,0,0)  
In this section, we will control hyperchaotic system to equilibrium E(0,0,0,0,) by using different 

nonlinear feedback methods. Suppose that the control system is the following form: 
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In which ui (i=1,2,3,4,) are external control inputs. By choosing the suitable input functions ui 
(i=1,2,3,4,), the hyperchaotic trajectory (x ,y, z, u) of system (2) will be dragged to E(0,0,0,0,). 

2.1. Linear feedback control  
We assume that ui (i=1,2,3,4,) are of the linear forms u1= -k1x,   u2= -k2y,   u3= -k3z,   u4= -k4u,where 

ki(i=1,2,3,4) are feedback coefficients. The system (2) is rewritten as 
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Whose Jacobi matrix is 
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The characteristic equation of matrix (4) is 
3 2
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where 
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According to Routh–Hurwitz criterion, the real parts λ are negative if and only if 

+k3>0,  b1>0,  b3>0,  b1b2>b3.                                                               (5) 

Thus, when a=27.5, b=3, c=19.3, h=2.9 and k=3.3, and k1, k2, k3, k4 satisfy (5), the controlled 
hyperchaotic system (3) is asymptotically stable at equilibrium E(0,0,0,0,). 

2.2. Speed feedback control  
We assume that  and u1 2 3 0u u u   4 is the speed form 4 1u k   , where k1 is a speed feedback 

coefficient. The controlled hyperchaotic system (2) is rewritten as 
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The Jacobi matrix of system (6) is 
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The characteristic equation of matrix (7) is 
3 2

1 2 3( )( )h b b b         

where 

1 1 2 1 3, ,b a c k b ak ab b ak       

When a=27.5, b=3, c=19.3, h=2.9 and k=3.3, it is easy to see that b3=90.75>0. According to the Routh–
Hurwitz criterion, 

1 1 2 30, 0b b b b    

i.e., 

k1>3.2872                                                                                                                         (8) 

The real parts λ of Jacobi matrix (7) with the equilibrium E(0,0,0,0,) are all negative. Therefore, when 
a=27.5, b=3, c=19.3, h=2.9 and k=3.3, and k1 satisfy (8), the controlled hyperchaotic system (6) is 
asymptotically stable at equilibrium E(0,0,0,0,).  

2.3. Nonlinear feedback control 

We assume that  and u2 1 4 2
ˆ ,u k y u k    1=u3=0, where =β

1k̂


1 y2, =β
2k̂


2 u2, (β1, β2 is positive 
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d.  
feedback gain), the speed of hyperchaotic sate is controlled to the equilibrium E will varies when values of 
β1, β2 is altere

The controlled hyperchaotic system (2) is rewritten as 
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Then, Lyaponov function is constructed as follows: 

2 2 2 2 * 2 *
1 2

1 2

1 1 1ˆ ˆ( ) ( ) (
2 2 2

V x y z u k k k k
 

        2)  

where k* is a parameter to be determined. V for a derivation is: 
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    To make the system (9) asymptotically stable, the matrix P should be positive definite, based matrix 
theory, when P satisfy 
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, 

  P is a positive definite matrix, thus V  is negative semi-definite, however, we can’t get immediately the 
controlled system (9) is asymptotically stable at equilibrium E(0,0,0,0,). 



In fact, , for this reason , 
* *

1 2
ˆ ˆ0, , , , , ,V x y z u L k k k k L     , , , ,x y z u L  

 As a result of 

, we arrive at V x Px 
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where min ( )P    is the minimum eigenvalue of definite matrix P, and so 2, , ,x y z u L  , according to the 

Barbalat Lemma, lim ( ) 0
t

X t


 .even x, y, z, u will be asymptotically converged to zero, therefore, the 

controlled hyperchaotic system (9) is asymptotically converged to equilibrium E(0,0,0,0,). 
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)

 Nonlinear doubly-periodic function, hyperbolic function and trigonometric function 
feedback control  

We assume that  and u1 2 3 0u u u  
; )m

4 is the nonlinear doubly-periodic function 

form u k , where k4 1 (sn x y    1 is a feedback coefficient, 1 ( ;k sn x y m    is Jacobi elliptic sine 

function, and m(0<m<1) is the modulus of Jacobi elliptic function. Thus the controlled hyperchaotic system 
(2) is rewritten as 
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The Jacobi matrix of system (10) is 
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The characteristic equation of matrix (11) is 
3 2

1 1( )( ( ) ( ) )h a c k ac ab ak            

When a=27.5, b=3, c=19.3, h=2.9 and k=3.3, obviously, a-c=8.2>0, ak1=90.75>0.  

If 

1 1( )( )a c k ac ab k a    , 

i.e., 

k1>626.8,                                                                        (12) 

the Jacobi matrix (11) has four negative real part eigenvalues. 

The Jacobi elliptic function will degenerate to hyperbolic function and trigonometric function when the 
modulus reduced to be unity and zero. We will consider two kinds of limit cases in system (8). 

As , the system (10) degenerates to 1m
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i.e., u4 is the hyperbolic function form )tanh(14 yxku  , where k1 is a feedback coefficient. 

As , the system (10) degenerates to 0m
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i.e., u4 is the trigonometric function form )sin(14 yxku  , where k1 is a feedback coefficient. 

It is easy to see that the systems (10), (13), (14) possess the same Jacobi matrix. Therefore, when a=27.5, 
b=3, c=19.3, h=2.9, k=3.3, and k1 satisfy (12), the controlled hyperchaotic systems (10), (13), (14) are 
asymptotically stable at equilibrium E(0,0,0,0,).  

3. Numerical results 
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To verify the effectiveness and feasibility of the control approach, by using Matlab program, the 
numerical simulations have been completed. In the simulations, we choose the parameters a=27.5, b=3, 
c=19.3, h=2.9 and k=3.3,  

(1) Linear feedback control 

The initial states of the controlled system (3) are selected as (-0.6, -0.6, -0.5, 0.5) and the corresponding 
feedback coefficients are given by 0,10,25,25 4321  kkkk , The behaviors of the state variable (x; 

y; z; u) of the controlled hyperchaotic system (3) with time are displayed in Fig.2. 

(2) Speed feedback control  

The initial values of the system (6) are selected as (1.0, 0.2, 10.0, -10) and the corresponding feedback 
coefficient is given by k1=30. The behaviors of the state variable (x; y; z; u) of the controlled hyperchaotic 
system (6) with time are illustrated in Fig. 3. 

 

  

Fig. 2: The state of system (3).                                   Fig. 3: The state of system (6). 

(3) Nonlinear feedback control. 

The initial states of the controlled system (9) are selected as (5, 4, 3, 1,) and the corresponding feedback 
gain coefficients are given by 1 21, 4   and 1 25, 8   , The behaviors of the state variable (x; y; z; 

u) of the controlled hyperchaotic system (9) with time are displayed in Fig. 4.(a)~(b). 

 

 

 

 

 

 
(a)β1=1,β2=4                                                                 

 

                                                                                             (b) β1 =5, β2 =8 

Fig. 4: The evolution of the controlled system (9) for the feedback control gain β1, β2 

(4) Nonlinear doubly-periodic function, hyperbolic function and trigonometric function feedback 
control.  

The initial values of the system (10), (13), (14) are selected as the same values (-0.3, -0.1, 5.0, 10.0) and 
the corresponding feedback coefficient is given by k1=900. Figs. 5–7 show the simulation results. 
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Fig. 5: The state of system (10) (m=0:8).                           Fig. 6: The state of system (13). 

 

Fig. 7: The state of system (14). 

4. Conclusion 
The control problem of a new hyperchaotic system is investigated. The linear feedback control, speed 

feedback control, nonlinear feedback control and nonlinear doubly-periodic function feedback control are 
used to suppress hyperchaos to unstable equilibrium E(0,0,0,0,). Limit cases of doubly-periodic function are 
considered and hyperbolic function; trigonometric function feedback control laws are derived. The Routh–
Hurwitz criterion is used to study the conditions of the asymptotic stability of the controlled hyperchaotic 
system. Furthermore, numerical simulations are presented to verify the effectiveness of the proposed 
controllers. These control methods are also used to control other chaos or hyperchaotic systems. 

5. Acknowledgements  
This work was supported by the National Natural Science Foundation of China (Grant 70571030, 

90610031), The Society Science Foundation from Ministry of Education of China (Grant 08JA790057) and 
the Advanced Talents’ Foundation of Jiangsu University (Grant 07JDG054). 

6. References  
[1]  Lorenz EN. Deterministic non-periodic flows. J Atmos Sci .20 (1963), pp:130–141. 

[2] G.R. Chen and J.H. Lu. Dynamics of the Lorenz system family: analysis, control and synchronization. Beijing: 
Science Press; 2003 [in Chinese]. 

[3]  S.J. Schiff, K. Jerger, D.H. Duong, T. Chang, M.L. Spano, and W.L. Ditto. Controlling chaos in the brain. Nature, 
370 (1994), pp:615–620. 

[4]  M.E. Brandt, and G. Chen. Bifurcation control of two nonlinear models of cardiac activity. IEEE Trans Circ Syst 
I . 44 (1997), pp:1031–1034. 

[5] A.C.J. Luo. Predictions of quasi-periodic and chaotic motions in nonlinear Hamiltonian systems. Chaos Soliton 
Fract, 28 (2006), pp:627–649. 

[6] E. Ott, C. Grebogi, and J.A. Yorke. Controlling chaos, Phys Rev Lett, 64 (1990), pp:1196–1199. 

[7]  J.H. Park and O.M. Kwon. A novel criterion for delayed feedback control of time-delay chaotic systems. Chaos 
Soliton Fract. 23 (2005), pp:495–501. 

[8] G.l. Cai, and Z.m. Tan. Dynamical behaviors of a new chaotic system and its adaptive control. Journal of 
Information and Computing Science, 3(2008), pp: 49-56. 

JIC email for subscription: publishing@WAU.org.uk 

OPEN ACCESS

DOI https://doi.org/2024-JICS-22733 | Generated on 2025-04-20 22:03:15



H. Wang, et al: Controlling hyperchaos in a novel hyperchaotic system   
 

JIC email for contribution: editor@jic.org.uk 

258

[9] G. Osipov, L. Glatz, and H. Troger. Suppressing chaos in the Duffing oscillator by impulsive actions. Chaos 
Soliton Fract. 9 (1998), pp:307–321. 

[10]  G.l. Cai, W.h. Zhou, and Z.m. Tan. Stabilization of higher periodic Orbits of discrete-time chaotic system. 
International Journal of Nonlinear Science, 4(2007) , pp：118-126. 

[11]  R. Femat. An extension to chaos control via Lie derivatives:fully linearizable systems. Chaos. 12 (2002), 
pp:1027–1033. 

[12]  W. Jiang, G.G. Qiao, and D. Bin. H  variable universe adaptive fuzzy control for chaotic system. Chaos Soliton 
Fract. 24 (2005), pp:1075–1086. 

[13] G.L. Cai, S. Zheng, and L.X.Tian. Adaptive control and synchronization of a new hyperchaotic Lorenz system 
with unknown parameters. Chinese Physics B, 17 (2008), pp: 2412-2419. 

[14] S.A. Lazzouni, S. Bowong, F.M. Moukam Kakmeni, B. Cherki, and N. Ghouali. Chaos control using small-
amplitude damping signals of the extended Duffing equation. Commun Nonlinear Sci Numer Simul. 12 (2007), 
pp:804–813. 

[15] G.L. Cai, and J.J. Huang. Different structure synchronization of hyperchaotic Chen system and hyperchaotic 
Rössler system. Acta Physica Sinica, 55 (2006), pp：3397-4004, [in Chinese]. 

[16] F.Q. Wang, and C.X. Liu. A new criterion for chaos and hyperchaos using linear feedback control. Phys Lett A. 
360 (2006), pp:274–278. 

[17] Z.Y.Yan. Controlling hyperchaos in the new hyperchaotic Chen system. Appl Math Comput. 168(2005), pp:1239-
1250. 

[18] G. L. Cai, and H. X. Wang, A novel Four-Dimensional hyperchaotic system and its dynamic analysis. The 
proceedings of ICIC 2009. 

 

OPEN ACCESS

DOI https://doi.org/2024-JICS-22733 | Generated on 2025-04-20 22:03:15


