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A simple full-state asymptotic trajectory control (FSATC) scheme is proposed to asymptotically drive full states

of a unified chaotic system (UCS) to arbitrary desired trajectories. The FSATC uses only information, i.e. one state of

the UCS. A sinusoidal wave and two chaotic variables are taken as illustrative tracking trajectories to verify that using

the proposed FSATC can make full UCS states track desired trajectories with high tracking accuracy in a finite time.
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1. Introduction

During the last two decades, chaotic phenom-
ena were observed in numerous fields, such as elec-
tronic devices and systems, laser systems, chemical
reactions, bio-systems, power converters, information
processing, neural networks, and life and medical sci-
ences. Controlling those chaotic systems for engi-
neering applications is an attractive and hot sub-
ject recently. Many methods of controlling the sys-
tems have been proposed, such as linear and nonlin-
ear feedback controls,['"?! adaptive control,®# neu-
ral network control,l”) fuzzy controll® and variable
structure control.[7=% Depending on all system states,
some tracking control approaches (e.g. neural network
control, fuzzy control and variable structure control)
bears some drawbacks since partial system states are
difficult to measure or even cannot be measured in
practical applications. As to tracking trajectory, most
tracking control methods aim to drive a chaotic sys-
tem to its equilibrium point e.g. its original one. Even
though some approaches can track arbitrary desired
trajectories, most of them control only a system state
to an arbitrary desired trajectory.”8] As far as we
know, up to data, driving all states of a chaotic sys-
tem to arbitrary desired trajectories has not been fully

reported yet.

tCorresponding author, E-mail: dongchuanyu1978@yahoo.com
http://www.iop.org/journals/cp

A unified chaotic system (UCS), namely

& = (25a + 10)(y — z),
¥ = (28 —35a)r —zz + (29« — 1)y,
Z=ay— (a+8)z/3,

was created by Lii et all'®) which was controlled by
an important parameter a and displayed chaotic be-
haviour when « € [0, 1]. It is interesting that the UCS
actually belongs to an extended Lorenz system when
0 < a < 0.8, Li system when a=0.8, and extended
Chen system when 0.8 < a < 1. Very recently, how
to control the UCS becomes attractive and some re-
search results have been reported.*—13] However, as
mentioned above, the same drawbacks such as depen-
dance on all states and the driving of the UCS only
to an equilibrium point, still exist in those trajectory
control strategies proposed previously.

In the paper, a simple full-state asymptotic
trajectory control (FSATC) scheme is presented to
asymptotically drive full states of the UCS to arbitrary
desired trajectories. The FSATC uses only informa-
tion, i.e. one state of the UCS. A sinusoidal wave and
two chaotic variables are taken as illustrative tracking
trajectories to verify that using FSATC can make full
UCS states track desired trajectories with high track-

ing accuracy in a finite time.
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2.The FSATC for a UCS
The controlled UCS can be described as

ml]_ = (25a + 10)(232 - m]_) + Uy,

&9 = (28 — 35a)z1 — z123 + (29 — 1) + U2,

$'3 = T1T2 — (Ol + 8)$3/3 + us,

Yy = T2, (1)
where uy,us,us are control inputs.

To drive full states of the system (1) to arbitrary
desired trajectories, the FSATC method is designed

as follows:

up =&14 — (250 + 10) (224 — ®14)
— (25 + 10)(y — x24),

Up =koq — (290 — 1)z2q — (28 — 35a) 214
+ z1qw34 — (K + 29a — 1)(y — z24),

Uz =E3q — T14%24 + (0 + 8)x34/3 — T14(y — 224), (2)

where x14, 24, T34 are assumed to be bounded and
smooth trajectories; K > 0 is a parameter that is to
be chosen.

The next Theorem is used to confirm that full-
states of the system (1) can asymptotically track de-
sired trajectories, i.e. x14, 24 and x34, by using the
controller (2).

Theorem Adopt control law (2) in the system
(1), then full-states of the system (1) can asymptoti-

cally track the given desired trajectories, i.e.

lim (z1 — @14) = tllrgo(mg — Taq)

t—o0
:tll)rgo(xg —x34) = 0. (3)

Proof Define

€1 =1 — L1d, €2 — T2 — T2d,

e3 = a3 — T34, E = [e1, e2,e3]". (4)

Substituting the expression (2) into the system (1) and
using the definition (4) yield

€1 = —(25a + 10)ey, (5a)
é2 = (28 — 3ba — 333(1)61 — €1€3 — T14€3 — Keg, (5b)
é3 = Iy4€1 + €162 — (a + 8)63/3 (5C)

Since 25ac + 10 > 0 for all o € [0 1], it is clear from
the expression (5a) that

lim ey (t) =0 (6)

t—o0

is satisfied.
Since za4 is bounded and (8 + «)/3 > 0 for all
a € [0 1], substituting the expression (6) into the ex-

pression (5¢) produces
és = —(8 + a)es/3, (7)
which implies that

lim e5(t) =0 (8)

t—o00

is fulfilled.
Since z14 and z34 are bounded and (8 + «)/3 > 0
for all a € [0 1], substituting expressions (6) and (8)

into the expression (5b) gives rise to
éz =-K €9. (9)
Since K > 0 is designed,

tli>n(;lo es(t) =0 (10)

is guaranteed.
Based on the results (6), (8) and (10), we know

tlirgo ei(t) = tlgrolo ex(t) = tlglolo es(t) = 0. (11)

Therefore, the system (5) can be globally asymptot-
ically stable at the original point. According to the
definition (5), which implies that the expression (3) is
guaranteed by using the control law (2).

Q.E.D.

Remark 1 It is obvious from expressions (5a),
(7) and (9) that exponential convergence of synchro-
nization error ey, es and es can be obtained.

Remark 2 When partial or full states of a
chaotic system are taken as desired trajectories, us-
ing the FSATC can make the UCS synchronized with
the chosen chaotic states, and also can generate a new
chaotic system as desired.

Remark 3 It is clear that the controller (2) uses
the derivatives of desired trajectories. Therefore, de-
sired trajectories must be differentiable. That is the
reason why we assume that desired trajectories are
smooth. In addition, in the case of the desired trajec-
tories that are differentiable almost everywhere, the
same results can be guaranteed except those singular

points.
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3. Simulation

Parameters of the controlled UCS are chosen as

a=09, z(0)=23(0)=1,22(0)=-1,K =1.

(12)
The desired trajectories are taken as x14 = sin(t),

ZTog = 21 and x3q = 01, respectively, where

2.:1 = z2,
29 = azy + bz} + ¢zo + f cos(wt),

Tog = 21, (13a)

with parameters: @ =1, b= —1, ¢ = —0.25, f = 0.4,
w=1, 2(0) =0, 22(0) = 1; and

01 = —05 — 65,

0y = 0, + aby,

05 = b+ (z1 — )05,

T34 = 01, (13b)

with parameters:

(=i}

=0.2,& = 5.7,0,(0) = 0,60,(0) = 63(0) = 1.

Qll

=0.2,

Obviously, desired trajectories xoq and x4 are
states of well-known Duffing and Rossler systems, re-
spectively. In addition, systems (13a) and (13b) dis-
play chaotic behaviours under the chosen parameters.
It is clear that desired trajectories x14, To4 and x3q
are typical. Simulation results are plotted in Figs.1—-
3. It is easily found from Figs.1-3 that system states
1, 2 and x3 can track x14, Tog4 and x3g4, respectively,

with high accuracy in a finite time.
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Fig.1. Time response of tracking error ej (t).
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Fig.3. Time response of tracking error e3(t).

4. Conclusion

In the paper, a simple FSATC method is pre-
sented to asymptotically drive full states of the UCS to
arbitrary desired trajectories. The FSATC uses only
information, i.e. one state of the UCS. A sinusoidal
wave and two chaotic variables are taken as illustrative
tracking trajectories to verify that using the proposed
FSATC can make full UCS states track desired tra-
jectories with high tracking accuracy in a finite time.
Since chaotic synchronization and anti-chaos problems
can be changed into the state-tracking ones, the pro-
posed FSATC can also be applied to chaotic synchro-
nization and anti-chaos. In fact, when partial or full
states of a chaotic system are taken as desired trajec-
tories, using the proposed FSATC can make the UCS
synchronized with the chosen chaotic system, and also

can generate a new chaotic system as desired.
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