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Abstract:In this paper,by applying the theory of Li-qun and the tool of Li-differential coef-
ficient we change the general ODE into the according linear standard former, and with the
classical control method of chaos controlling—feedback control, we carry out the exact lin-
earization controlling of CHEN equation. From the numerical simulation, we can compare the
dynamic phase figures before controlling and after controlling, and find: the exact linearization
feedback control can control the chaotic state into steady state effectively.
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1 Introduction

Since Ott.Grebogi and Li-York posed the method of OGY[1], chaos control and chaos synchronization
have been the important part of nonlinear science theory and application, and have been the hot topics and
important project.There is much work about them([2],[3],[4],[5],etc.).There exist many effective controlling
methods, such as parameter perbubation, feedback, delaying and etc. Among these methods, the feed-
back method has very wide application and good controlling effect. In this paper, we introduce the exact
linearization feedback controlling method[6], which has gained good theory and many good mathematica
results[7].But applying this method to control chaos in more systems is not deployed. CHEN equation is
evolved from Lorenz equation, which is a chaotic system having different typical dynamic characters and
behaviors[8]. Studying its chaos controlling can reflect the dynamic conformation and extend the applica-
tion of the exact linearization feedback controlling method in the chaos controlling. In this paper, we apply
this method to control chaos in CHEN equation, and control chaotic state into steady state effectively. This
work prepares more for the study of this method’s universality and validity.

2 Theory

Theorem : To the system

(1=

where z € R",u € R,y € R, f(z) and g(x) are both vector fields, h(x) is scalar quantity.If:(1)The Lie
derivation relative to vector field g(z) for the £(0 < k& < r — 2) rank Lie derivations of the output function
h(z) relative to vector field f(z) are all equal to O in the neighborhood of xy, i.e. :LgL’}h(x) = 0(Vx €
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U(x).(2) The Lie derivation relative to vector field g(z) for the » — 1 rank Lie derivation of the output
function h(z) relative to vector field f(x) is not equal to 0 in the neighborhood of z, i.e. ZLgL;_lh(ZL') # 0.

Then the system (2.1) can be Li-linearized in the neighborhood of xg, and if the expected output yx(t)
is determined, the controller « has such expression:

1 Th i— i—1
_ m(—z )+ ch 1 h(z) =y ) (2.2)
g

The proof is passed over (see article [9]).
3 The exact linearization controlling of CHEN equation

3.1 The dynamic character and behavior of CHEN equation
We consider CHEN equation:

% =aly -2

W — (¢c—a)z—xz+cy

dt 3.1
%:xy—bz

We can discuss some mathematic qualities, equilibrium’s bifurcation character, period solutions’ char-
acter and chaotic attrator’s dynamic structure. It has some characteritic in nature different from other typical
models(such as: its original system—Lorenz system). In the above equation(3.1), we choose a = 35,b =
g,c = 28, and apply the software of Mathematica in numerical simulation. We gain the dynamic phase
figures as Fig.1 and Fig.2.
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Figure 1: The solutions x(t), y(t), z(t) of CHEN equation

3.2 The exact linearization control of CHEN equation

In CHEN equation(3.1), we choose a, b, ¢ as above, and order z1(t) = z(t), z2(t) = y(t), x3(t) = 2(t),
then CHEN equation changes into:

a1 = 3522 — 3571
3:.2 = —Tx1 — x123 + 2829 (3.2)
3 =112 — S5
In the following, we apply the exact linearization feedback controlling to control chaos in CHEN
equation(3.2).
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Figure 2: The relations of the solutions z(t), y(t), z(t)and two of them of CHEN equation

3.2.1 Casel
0

Choosing h(z) = z1,g9(z) = [ 0 , we get r = 3 according to the above theorem. With putting r» = 3
3

into the expression and choosing yr = 8.5, we can get the controller u as following:

1
u = T(34300x1 — 343009 — 1225x1x3 + 12252923 — 171521 — 2452123 + 686019
—90T1T3

280
+ 3522wy — 5wy — 12521 + 183(~3521 + 352) + 450(—24522 + 98011 — 3513))

We put u into the right side of CHEN equation, and get the results of controlling as Fig.3.

Comparing the numerical results of CHEN equation before controlling and after controlling(see Fig.1, fig.2
and Fig.3), we can find: the controller gained by exact linearization can effectively control chaotic state into
steady state.

3.2.2 Case2
I
Giving h(z) = x9,9(x) = 0 , we get 7 = 3 according to the above theorem.With putting
-7 — T3
r = 3 into the expression and choosing yr = 27 we can get the controller u as following:
1
u = (—(49 4 ¢)x?xg — 23(7 + 3)

f%xl + 24529 + 3bxox3 — 2%%1‘2

1 1
+ 5%2(=6160 + 3a +84b + 1617c — 35(—T6 + 3c)zy) — 51(21(~880 + 3b — 21c)
— 9453 + (1973 + 9b — 87c)z3 + 31522))

We put u into the right side of CHEN equation, and get the results of controlling as Fig.4.
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Figure 3: The solutions x(t), y(t), z(t) and the relation of them of CHEN equation under controlling
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Figure 4: The solutions x(t), y(t), z(t) and the relation of them of CHEN equation under controlling
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As the same, comparing the numerical results of CHEN equation before controlling and after control-
ling(see Fig.1, fig.2 and fig.4),we can also find: the controller gained by exact linearization can effectively
control chaotic state into steady state.

4 Results and expectation

As a new control method, the exact linearization feedback control method have gained very good results
in some familiar systems, such as: Lorenz system, the oscillator of van der pol,etc.Here we apply this method
in controlling chaos in CHEN equation. By the numerical simulation, we can find: the exact linearization
feedback control can control chaotic state into steady state, and has good controlling effect. Of course we
have such question: can this method control chaotic state or steady state into periodic state and steady state
into chaotic state, i.e. we can consider applying the exact linearization feedback control in reverse-control.
We will try to study this method in the above applications step by step in the future, and expect to get deep
results about theory and application.
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