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Abstract

In this paper, the problem of attractors is investigated, which are generated by controlled Rossler systems with
periodic and bounded feedback functions. These attractors have overlapped “rectangular” form. And the shapes and
sizes of generated attractors can be adjusted easily by changing specific system parameters.
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1. Introduction

During the last severa decades, nonlinear dynamics and chaos have been taken much attention and various methods
have been introduced to investigate the problems (Brown & Chua, 1996, p.219-249.Gubckenheimer & Holmes, 1983).
After getting the knowledge of underlying mechanism of some complex behaviors such as chaos, people began to
consider the control and synchronization to reduce the complexity if possible (Chen & Yu, 2003. Chen, Zhan & Hong,
2006), and consider the generation and employment of complex behaviors. Recently, many effective methods have
been proposed to generate specific chaotic attractors (Heagy, Platt & Hammel, 1994, p. 1140-1150), such as
multi-scroll attractors (Hwang, Gao & Liu, 2000, p. 5162-5170), and striped attractors (Chen, Hong, Chen & Zhong,
2006, p.195-200).

The objective of this paper is to generate a special attractor so that it could meet something special in industry.
Rosder attractors are generated by the following Rossler systems:

X=-y-z
y =x+ay @
Z=z(x-h)+c

Where a,b,c are constant. In (Chen, Hong, Chen & Zhong, 2006, p.195-200), a new striped chaotic orbit is
generated by Rossler systems with additive noise. But the feedback functionsin  (Chen, Hong, Chen & Zhong, 2006,
p.195-200) are not continuous functions.

In this paper, we will investigate a new Rossler system, which could generate striped chaotic orbits. In contrast to
(Chen, Hong, Chen & Zhong, 2006, p.195-200), the feedback functions can be extend to continuous functions.

2. Attractors
Considering the following Rossler system:

X'=-y-z+ I, (e, + f.(€X))

y'=x+ay+|2(a2+ fz(%y)) 2
Z = z(x-b)+c+l,(e, + f,(€,2)

where f(ex) , f,(eyy) ., f,(ez) are bounded and periodical functions. e >o0,=123 is the frequency
of f(egx) , f(ey) ., f(e2 . «.,(i=123 is some given  constant. Suppose

m<f(ex)sn,m<f(egy)<n,m<f(ez)<n,. Apparently, I,(aq +T{eX))is in [l (o +my), li(q +m)].
L (oq +1 A{e,y)) isin [l (e, +my), 1r(a; +0y)], and I5(e5 + f5(e52)) isin [Ig(eg +mg), I5(ar3 +ng)]. When
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X, Y, z are big enough, the three feedback functions cannot influence the chaotic nature of Rossler systems.
Let a=005b=10,c=02;l,=1,=40,l,=1;0,=0,=01,=04;6=¢,=¢, =1,

f,(ex) = arccos(cos(g X)) , f,(e,y) = arccos(cos(e,y)) . f,(e,2) = arccos(cos(e,z)) . Then the attractors generated by
system (2) are shown in figure 1.

Through the calculation, the Max Lyapunov Exponential (MLE) is 0.00657 > 0* which meansit ischaos. And from
figure 3 we know that z(t) hasdifferent positive levels.

3. Dynamicsanalysis
In this section, we will show that how the system behaviors change basedon |, ¢,,e,(i=1,2,3) .
From figure 3 we know that when the attractor moves to the left orbit of the striped attractor, the value of Z is
almost zero. To be simple, welet z=0,Z = 0, and system (2) could be changed as:
{X, ==Y+l (e + f,(€X) . 3
y'=x+ay+l,(e, + f,(eY))
and the stripe almost parallels to the axis y at the left of attractor, then X'=0. So (3) can be replaced by
y=li(o + f,(€X))- 4)

Noting that I, (e + f(ex)iSin [l (e + m),l (e, +n)], We have

yel(og+m),l (o +1)]- ®)
Similar to the above analysis, we can get that Xis roughly in [,(a, +1,),~,(e, + m,)], Since & is relatively
small. Take «=0.216 and a=0.4, f,(ex) = arccos(cos(g X)) »

f,(ey) = arccos(cos(e,y)) » f (e,2) = arccos(cos(e,z)) - When o =0.216, the length paralleled with axis X is roughly
in [-139, -13], and the length paraleled with axis Yy is roughly in [13, 139]. When o =0.4, they are roughly in
[-155, -29] and [29, 155], respectively.

When |, =1, =0, we can get that the length and the width of the rectangle are both zeros. In this case, we have figure
4. And figure 5 and 6 show thecase of 1, >0,1,=0 and I,=0,l,>0 respectively.

Now we turn to consider the connection between the shape and the parameter € . Let the period of f (x), f,(y) be

T,,T, respectively. Notethat f (ex) isafunction with period T/e, which will keep the right-hand side of the first
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equation in system (2) unchanged when X movesto x=+kT,/e With some positiveinteger K. Similar discussion to
f,(e,y) can be done. As aresult, if there are these parallel stripes, we have

Dasove = Dodow = 2 'Diegt = L. (6)
& &

The result is shown in figure 7 when we take  f (e, x) = arccos(cos(x)) »  f,(e,y) = arccos(cos(2y)) . This may show the
reason why f needsto be selected asa periodic function.
4. Conclusion

This paper is studying some attractors and its property with continuous feedbacks, and finding some connections
among the shapes, sizes, and parameters. After we get some connections among the shapes, sizes, and parameters, we
validate them through some concrete data. The investigation for Rossler system has practical significance. However,
nonlinear systems with noise are hard to be analyzed in a strict way; they deserve more attention in the future
research on nonlinear dynamics.
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Figure 1. the attractor generated by system (2)

Figure 3.t — z projections of the attractor
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Figure 2. x — y projections of the attractor

Figure4.| =1,=0, x- yprojections of the attractor
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Figure5. 1 >0,,=0, x—yprojections of the attractor
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Figure6. 1, =0,,>0,x- y projections of the attractor
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Figure7. The x—y projectionwith g, e,
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