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The overall objective of this tutorial session is to
overview a variety of theoretical tools for synthesizing
and analyzing logic-based switching control systems.
By a logic-based control system we mean a system
that combines continuous dynamics (typically mod-
eled by differential or difference equations) with logic-
driven elements. These systems are often also called
“hybrid.”

An important category of such systems are those con-
sisting of a continuous-time process to be controlled,
a family of fixed-gain or variable-gain candidate con-
trollers, and an “event-driven switching logic” called
a supervisor whose job is to determine in real time
which controller should be applied to the process.
Examples of supervisory control systems include re-
configurable systems, fault correction systems, and
certain types of parameter-adaptive systems. Ma-
jor reasons for introducing logic and switching are
to deal with communication, actuator and sensor
constraints, with model uncertainty, with unforeseen
events or to avoid performing difficult tasks e.g., pre-
cise equipment calibration which might otherwise be
necessary were one to consider only conventional con-
trols.

The session is organized in four lectures:

1. Switched Control systems: Overview of logic-
based control systems. In this lecture we also
present several classes of problems for which
switching control arises naturally or is even re-
quired, e.g., due to topological obstructions, un-
certainty, communication, actuator, and sensor
constraints.

2. Stability of switched systems: Summary of the
main results currently available to analyze the
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stability of switched systems both for con-
strained and unconstrained switching. These in-
clude stability of switched linear systems, aver-
age dwell time, Lie algebraic methods, common
Lyapunov functions, etc.

3. Supervisory control framework: Introduction of
a switching framework for adaptive control. In
supervisory control, one builds a bank of alter-
native candidate controllers and switches among
them based on measurements collected online.
The switching is orchestrated by a specially de-
signed logic that uses the measurements to assess
the performance of the candidate controller cur-
rently in use and also the potential performance
of alternative controllers.

4. Linear and nonlinear supervisory control: Sum-
mary of the main results currently available for
supervisory control both for the linear and non-
linear cases. We use supervisory control to il-
lustrate the application of several theoretical
tools introduced in previous lectures to analyze
switched systems.

The lectures are complemented by notes available on
the web at the following URL:

http://www.ece.ucsb.edu/ hespanha/med02-logic/index.html
The following survey papers are also relevant [1, 2, 3].

References

[1] D. Liberzon and A. S. Morse, “Basic problems in
stability and design of switched systems,” IEFFE
Contr. Syst. Mag., vol. 19, pp. 59-70, Oct. 1999.

[2] J.P. Hespanha, Encyclopedia of Life Support Sys-
tems, ch. Stabilization Through Hybrid Control.
UNESCO. To appear.

[3] J. P. Hespanha, D. Liberzon, and A. S. Morse,
“Overcoming the limitations of adaptive control
by means of logic-based switching.” To appear in
Syst. & Contr. Lett., 2002.



