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Abstract

Recently, there is a tremendously increasing interest in interdisciplinary applications that arise
complex problems impossible to solve by only using the instruments of one single scientific field or
technology. Such problems are related to modeling of systems that encompass a collection of sub-
systems with different structures and natures synergistically working together i order to achieve
some goal. We refer to this system to as a “hybrid system”.

Perhaps one of the most actual class of problems relies on the use of internet, where agents with
different natures (humans, program routines or peripheral devices (printers, cameras, robot
manipulators, etc.)) can constitute in an ad hoc manner a system aiming to reach for a preset goal
(e.g. find the cheapest flying ticket, provide a video picture of an inaccessible mountain peak, etc.).
Another applications involve the use ¢ robots and flexible manufacturing lines, operating with
various machines. Some robots are endowed with artificial vision and must be able to perform an
accurate pattern recognition of objects to manipulate. Sometimes not only the shape of the object
has to be recognized, but also its nature. In Mechatronics or Avionics — two newly developed fields
— the concept of hybrid system is fundamental. Here, sub-systems from Mechanics, Electronics,
Automatic Control, Computer Science and Aeronautics are usually combined together in a
functional unit in charge with a specified task.

The aforementioned examples (and many others) are in close interaction with the modern
concept of “allied technologies” that refers to the integration of knowiedge from different fields in
u single product. But this integration (that actually constitute in itself a hybrid) is a difficult task,
which requires intelligent approaches. The field of Artificial Intelligence seems to be a very
permissive and suitable framework for solving problems related to hybrid sysiems modeling and
design, because here meet together several sciences from mathematics and physics 10 medicine and
psychology.

The multi-chapter book proposed 1o be published cannot encompass the whole panoply of allied
technologies that exist nowadays, but rather aims to present some advanced and recent theories
and applications regarding the hybrid systems modeling. Thus, the reader will find interesting
connections between fields like: System Theory, Systent Identification, Automatic Control, Robotics,
Image Processing, Data/Tmage Compression, Neuronal Modeling, Multi-Agent Systems, Fuzzy Sets
and Measures, Genetic Algorithms, Artificial Intelligence, Evolutionary searching techniques.

The Editors
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Chapter 1. From discrete event to hybrid
dynamical systems

Virginia Ecaterina OLTEAN

“Politehnica” University of Bucharest
Department of Automatic Control and Computer Science
313 Splaiul Independentei, 060042-Bucharest, ROMANIA

E-mail: ecaterina_oltean@yahoo.com

Classic dynamical systems, modelled by differential or difference equa-
tions, have continuous state space and time-driven evolution. Discrete
Event Systems (DES) have discrete state space and are basically asyn-
chronous, that is their evolution is not governed by a clock, but by the
occurrence, at possible irregular intervals, of discrete events. Hybrid
dynamical systems result from the integration of time-driven dynamics
with event-driven dynamics. The evolution of a hybrid system can be
viewed as a discrete sequence of locations, each one having an associ-
ated continuous-time evolution law; thus, the global evolution is dis-
crete, while the local evolutions are described by differential equations.
The study and understanding of hybrid systems require special @-
proaches, very often obtained as more or less efficient extensions and
mixtures of methods and concepts inherited from the classic systems
theory - such as variable structure systems - or from the DES theory,
respectively. The chapter firstly discusses some aspects concerning the
control theory of logical DES, initiated by Ramadge and Wonham. A
supervision approach for hybrid systems, belonging to a class of models
already classic in the literature, is presented next, followed by a final

section dedicated to concluding remarks.



