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Gradient-like Property of Systemswith Feedback Uncertainties
Under Integral Quadratic Constraints

Geng Zhiyong
(Department of Mechanics and Engineering Science, Peking University, Beijing 100871)

Abstract: The paper studies the gradient-like property of the systems with feedback uncertainties from an input output
point of view. The system consists of a stable linear time invariant system in its forward loop and dynamic uncertainties
in the feedback loop, which can be described by an uncertain operator with its input time derivative satisfies integral
quadratic congtraints. By using the invertibility and boundedness of the operators in L space, the discussion of
gradient-like of the system characterized by input output description is given. The problem of gradient-like property of
systems is converted to that of robust stability, and then by making use of frequency criterion for robust stability of the
closed system under integral quadratic constraints, a frequency criterion for the gradient-like property of the closed
system is presented.
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A Class of Interconnected Pendulum-like Systems

Li Xinbin®? Duan Zhisheng?

Huang Lin?

(1. Institute of Electrical Engineering
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Abstract: The global properties of interconnected nonlinear second-order pendulum-like systems with multiple
equilibrium points are investigated. This interconnection can be viewed as harmonic control between independent
sub-systems. Linear interconnection and a class of input and output interconnections are considered. The effects
of input and output interconnections are shown through a permutation matrix. Frequency and LMIs conditions
of dichotomy behavior for interconnected pendulum-like systems are derived. It is shown that global properties
of two interconnected system can be changed significantly through harmonic control. Examples are given to

illustrate the results.

Key words: Interconnected systems, Nonlinear system with multiple equilibrium points, Pendulum-like systems,
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A BMI Approach to The Absolute Stability of
Interconnected Lurie Cgntrol Systems
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Abstract: This paper deals with the problem of whether a large-scale Lurie system which is composed of
two arbitrary independent Lurie control systems is absolute stable by interconnections or harmonic controllers.
Some sufficient conditions for the absolute stability of interconnected Lurie control systems are obtained, and
the algorithms for calculating the interconnected matrix and designing the harmonic controllers are proposed
by using the methods of BMIs. It is shown that two Lurie control systems which are not absolute stable can
be composed of a absolute stable large-scale Lurie control systems via interconnections or harmonic controllers.

Finally, Example is given to illustrate the results presented in this paper.

Key words: Absolute stability; Large-scale systems; Harmonic Control; Bilinear inequalities
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Abstract: This paper consists of three parts. In the first part, we give a brief review of some important topics and

related results in control of chaos, such as stahilization of unstable periodic orbits (UPOs), identification of parameters

in chaos control, odd number limitation and full characterization of the limitation of delayed feedback control and

generalized delayed feedback control for stabilization of UPOs, etc. In the second part, chaotic dynamics and

controlling chaos in hybrid systems are considered. In the third part, we introduce a new control technique — impulsive

delayed feedback control - for stabilizing UPOs in hybrid systems.

Key words: controlling chaos, delayed feedback control, Impulsive control, periodic orbits, hybrid systems

1 Control of chaos. abrief survey

Stabilizing unstable periodic orbits (UPOs)
embedded in chaotic dynamics has drawn much
attention recently and become a very active
multidisciplinary research area. The first chaos
control, known as the OGY method proposed by Ott,
Grebogi and Yorke, stabilizes UPOs using small
discontinuous parameter perturbations [14]. In the
language of control theory, OGY method is
essentially a switching control with a dsliding mode,
which suppresses the system state on a local stable
manifold around the target point. Further extensions
based on the OGY method [5,6] and using the
concept of invariant manifolds have been developed
[21,22]. When a chaotic system contains some

uncertain parameters, adaptive control mechanism
can be useful. However, unlike conventional
adaptive control problems, in order to stabilize the
system at the target UPO, which is dependent of the
uncertain parameters, parameter estimation in
adaptive control for chaotic systems should usually
converge to the true value of the parameter. In this
context, the ergodicity of chaotic signals is very
important for meeting the persistence excitation
condition [22,24].

While conventional control methods are applied
to control of chaos, they require information about
inherent UPOs, which are very difficult to derive by
mathematical means or to implement by electronic
circuits due to the unstable nature of the inherent
UPO. Pyragas proposed a delayed feedback control
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(DFC) method for stabilization of inherent UPO in
chaotic systems, that requires only a period constant
instead of the exact information of the orbit to be
stabilized [16]. A dynamical version of the
time-delayed feedback control using output
information was presented in [25].

For chaotic discrete-time systems, Ushio  used
the DFC to stabilize unstable fixed points and found
a limitation [31], caled odd number limitation,
which can be stated as follows: if the system Jacobi
about the target fixed point has an odd number of
real eigenvalues greater than unity, then the system
is not stabilizable by DFC. A similar limitation
existsin control of chaotic continuous-time systems
[12]. Nakajima and Ueda further proved that the
odd number limitation holds for a generalized
delayed feedback control including extended
time-delayed auto-synchronization, exponential
DFC among others [13]. In [25], Tian and Chen
showed the limitation is inherited in an
observer-based dynamical DFC for continuous-time
systems. To overcome the odd number limitation,
various extensions of the method have been
investigated [10,17,23,26,35].

The odd number limitation actually describes a
necessary condition for stabilizability via DFC. The
problem of finding necessary and sufficient
conditions has attracted much attention and
remained open for a long time [8,9]. For the
first-order and second-order discrete-time systems,
Ushio obtained necessary and sufficient conditions
using Jury’s stability test [31]. In paper [32], Ushio
and Yamamoto extended DFC to the nonlinear
estimation case, and reduced the stabilization

problem to solving linear matrix inequalities (LMIs).

But the solvahility of the LMIs was not addressed.
Recently, it was proved tha

O<det(l — A) <2"is a necessary and sufficient

condition of stabilizability via DFC for an n-order
system with Jacobi A [36]. This result shows that
the odd number limitation actualy only

characterizes the lower bound of det(l — A). But

the upper bound has not been pointed out before. In

another recent paper [29], the stabilizability
problem for discrete-time systems under the
generalized delayed feedback control (GDFC) is

solved. It isproved that O <det(l — A) <2™™ is

a necessary and sufficient condition  of
stabilizability via m-step GDFC for an n-order
system with Jacobi A. This result shows that the
upper bound in the above condition can be
arbitrarily enlarged by increasing the number of
delays in the feedback. In other words, a system
which can not be stabilized by the conventional
DFC may still be stabilized by GDFC, while early
results show that GDFC has no advantage over the
conventional DFC in overcoming the odd number
limitation [13].

2 Chaosand control in hybrid systems

Hybrid systems are systems which involve both
continuous-time dynamics and discrete events.
Hybrid behaviors arise in many situations both in
man-made systems and in nature. Continuous-time
systems, which have a phased operation, such as
walking robots, nonlinear electronic circuits,
biological cell growth, are well-suited to be
modeled as hybrid systems, as ae the
continuous-time systems which are controlled by a
discrete logic, for example, chemica plant
controlled with valves and pumps, aircraft with a
switching controller.

Because of the coupling and interaction of
discrete and continuous-time phenomena, behaviors
of hybrid systems can be extremely complex. Even
relatively simple hybrid systems, such as piecewise
linear systems, may exhibit very rich and typical
nonlinear dynamics such as hifurcations and chaos.
A well-known example of piecewise linear chaotic
systems is the Chua’s circuit and its extensions [3].
There are many other examples. For instance, Chua
and Lin showed that chaos and fractal phenomena
could occur in a second-order piecewise linear
digital filter [4]. Ushio and Hsu [30], and Yu [34]
analyzed chaotic dynamics in switching control
systems. Chase et a. [2] anayzed chaotic and
periodic dynamics in a switched flow model which



