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Abstract

In this paper, an approach is proposed for controlling the uncertain Lorenz system. Based on an identification tech-
nique, a controller is designed that guarantees the regulation of all states in the presence of system uncertainty. Since in
some applications the challenging problem of output tracking is desired, we have proposed several effective set-point
tracking control techniques. The control schemes that are based on the feedback linearization method, can stabilize
the internal dynamics of the system. Simulation results have illustrated the effectiveness of the proposed schemes.
� 2005 Elsevier Ltd. All rights reserved.

1. Introduction

Control of the Lorenz system [1] has been studied extensively by several researchers in recent years [2]. The Lorenz
system is a simplified model of a thermally driven fluid convection system between parallel plates. Depending on the
system parameters, such a system exhibits a rich spectrum of responses. Since the chaotic systems are nonlinear, the
methods based on linear state feedback, usually cannot guarantee the system stability in the global sense. To obtain
the global stability, many analysis and synthesis methods for nonlinear control systems have been proposed, such as
backstepping control [3–5], sliding mode control [6], feedback linearization control [7], active control [8], etc. Gallegos
[9] applied the input-state feedback linearization to control the Lorenz system. It has been discovered that the complete
input-state linearization results in controller singularity when applied to the Lorenz system [10]. Regarding the singu-
larity problem in controlling the Lorenz system, Lenz and Obradovic [10] and Zeng and Singh [11] have obtained some
singularity-free results and proposed a global approach using partial linearization. Yu [12] proposed a variable struc-
ture control strategy to stabilize the Lorenz chaos. To prevent an exploding control action due to singular control law,
lower and upper bounds have been considered for the control action and consequently the resulting controller is only
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locally stabilizing. Vincent and Yu [13] proposed a bang–bang optimal control for stabilizing the unstable equilibrium
points of the system. Gao et al. [7] studied the nonlinear feedback control of the Lorenz system based on state space
design. Chen and Liu [14] investigated the nonlinear regulation of the Lorenz system by using the feedback linearization
techniques with different control structures and control objectives. A control method for the Lorenz system combining
local and global techniques is also proposed in [15].

Some researchers [16–18] have proposed adaptive control schemes for controlling the chaotic systems. Liu et al. [19]
proposed an adaptive control scheme for controlling a partially unknown unified system. By applying an observer for
identification of the unknown parameter, via extending equilibrium manifolds of the original system, a simple controller
is designed. It should be noted that in most of the conducted researches, the complete or partial knowledge of system
parameters are assumed.

In this paper, a feedback linearization control approach is proposed for controlling the Lorenz chaotic system. The
control objectives are: regulation and output tracking. The proposed controller for regulation guarantees the regulation
of all states. For set-point tracking, three different controllers have been designed depending on the state that should be
tracked. To extend the controllers for the system with unknown parameters, an identifier has been designed, and used in
the control structure.

2. A general identification method

Consider the general nonlinear system given below:

_xi ¼ aif iðx; uÞ þ giðx; uÞ; 1 6 i 6 n ð1Þ

where

xT ¼ ðx1; x2; . . . ; xnÞ
aT

i ¼ ðai1; ai2; . . . ; aimiÞ
fT

i ðx; uÞ ¼ ðfi1ðx; uÞ; fi2ðx; uÞ; . . . ; fimiðx; uÞÞ

x is the vector of state variables and u is the plant input. Assume that vectors ai, 1 6 i 6 n are unknown, while the non-
linear vector functions fi(x,u) and gi(x,u) are known. The objective is identification of the unknown parameters aij

(1 6 i 6 n, 1 6 j 6 mi). Since the number of unknown parameters in each equation (each row) is mi, the total number
of unknown parameters will be

Pn
i¼1mi. It is assumed that all of the state variables are available.

Consider the system model as given below:

zi ¼ âT
i

�f i

sþ ki
þ �gi

sþ ki
þ kixiðsÞ

sþ ki
þ ai ð2Þ

where

�f i ¼ Lðf iðx; uÞÞ ð3Þ
�gi ¼ Lðgiðx; uÞÞ ð4Þ
aiðsÞ ¼ Lðxið0Þe�kitÞ ð5Þ

In the above equations, L is the Laplace transform operator, vector âi is the estimation of ai and ki > 0 is a tuning
parameter. The error is defined below:

ei ¼ zi � xi or e ¼ z� x ð6Þ

Using Eqs. (1) and (2) and performing some manipulations yields:

ei ¼ ðâi � aiÞT
�f i

sþ ki
ð7Þ

2.1. Gradient method

A gradient-based identifier is proposed and its stability can be shown using the Lyapunov stability theorem. The
error can be written as below:

ei ¼ uT
i di ¼ dT

i ui ð8Þ
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