Book Reviews

The following reviews were selected from those recently pub- Il. THE BOOK

lished in various IEEE journals, magazines, and newsletters. They This review is concerned with the bo®@ptimal Sampled-Data

are reprinted here to make them conveniently available to the many ~ ool Systemsby T. Chen and B. Francis. The authors are

readers who otherwise might not have access to them. Each review - .
is followed by an identification of its source. among the pioneers who contributed to the development of modern

sampled-data control theory. The main contents of the book are
mostly based on their research papers published in the last several
years, but it is not a mere collection of those papers; while aiming
at the state-of-the-art in modern sampled-data control theory, it is
intended to be a graduate textbook, rather than a sheer research
I. INTRODUCTION monograph. To carry out that ambitious plan, the book is divided

During the last few decades, we have developed numerous mod-into two parts.
ern design methodologies for continuous-time control systems, Part | treats discrete-time control systems with proper atten-
e.g.,H., Ho, 11, and so on. They have been implemented using tion to practical situations in which a continuous-time plant is
sophisticated software, providing a convenient environment for controlled by a digital controller. The subjects studied in this
control system analysis and design. With the aid of such software, Part are more or less the same as those treated in such standard
modern control theory makes it possible for a modestly skilled fitles on digital control, such as [2], [6], and [7]; noteworthy
engineer to attain a high-performance control system, whereasfeatures of the book under review are the careful selection of
classical design methods relied totally on the skill of the engineer. topics and the collection of good and practical examples. If
We cannot think of control system design without computers any We view the book as a whole, however, the purpose of Part
more, and control theory itself is also becoming more intimate | is to provide the preliminaries for Part Il, where the main
with computers. topics of the book, i.e., modern sampled-data control theory, are

Computer technology has changed not only the environment highlighted in considerable depth. The most important feature that
of control system design but also the target hardware and the distinguishes this book from any other textbooks is the devotion
corresponding mathematical models. It is now common to im- in Part Il to the important idea of continuous-time lifting with
plement the controller digitally. Digital implementation gives rise applications to the sample-dat#;- and H.-control problems.
to the mixture of continuous-time systems/signals and discrete- Various properties of continuous-time lifting are exploited to
time systems/signals and hence necessitates the adaptation of oughow that these sampled-data control problems can be converted
continuous-time control theory to capture this level of complexity. into “equivalent discrete-time control problems”; the fundamental

The new branch of control theory that arose by paying attention results stated in Part | are then used to solve the latter problems.
to the problems related to the digital implementation of the  Looking more closely at the contents of the book, Chapter 1
controller is modern sampled-data control theory. Formerly, the describes the basic ideas about sampled-data control systems,
issue of digital implementation was mainly studied in the area of including notation and approaches to sampled-data controller
so-called discrete-time control theory, or digital control theory (or design (two indirect design methods and a direct design method).
what could be called the classical sampled-data control theory). The indirect design methods include: 1) designing a discrete-time
In contrast to the modern sampled-data control theory, however, controller by discretizing the plant first and 2) discretizing the
those former approaches deal with the behavior of the continuous-continuous-time controller obtained by applying some continuous-
time signals in the control system only approximately, because, for time design method to the continuous-time plant. Part | deals
instance, the behavior of such signals only at the sampling instantswith theseindirect methods, while Part Il deals with theirect
can be taken into account. Although there have been many notabledesign method, a method to design a discrete-time controller for
exceptions in which the intersample behavior (i.e., the behavior a continuous-time plant without any approximation.
between the sampling instants) of signals is taken into account to Part | consists of Chapters 2—-8. Throughout the bddk,and
obtain a desirable digital controller (e.g., [1] and [2]), it was not H. methodologies are focused on, so Chapter 2 is devoted
until relatively recently that the exact treatment of the intersample to the overview of the continuous-tim&, and H.. control;
behavior in a general setting has received significant attention the contents of this chapter are used in the indirect design
([3]H5D). Clearly, the development of recent computer technology method of type 2) (and, later, also serve in motivating the
as well as the continuous-timé&-/H.. theory has been the necessity of a direct design method). Chapter 3 studies the issue
driving force. Modern sampled-data control theory provides us related to the discretization, of both the plant [for the design
with an exact method for the analysis and design of sampled- method of type 1)], and the controller [for the method of type
data control systems with intersample behavior taken into account?2)]. Chapter 4 discusses some general techniques for analyzing
completely. discrete-time systems, such as model representations and norms.
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Chapter 5 describes fundamental design procedures of discrete- [2] G. F. Franklin, J. D. Powell, and M. L. Workmamigital
time systems, observer-based controllers, the parameterization of ~ Control of Dynamic System&nd ed. Reading, MA: Addison-

. . . i Wesley, 1990.
all stabilizing controllers, and step tracking. Next, discrete-time [3] T. Chen and B. A. Francis, “Input—output stability of sampled-

H, control, including the linear-quadratic regulator problem, is data systems JEEE Trans. Automat. Contrvol. 36, pp. 50-58,
fully addressed in Chapter 6, while discrete-titHe, control is Jan. 1991.

explained in Chapter 7 rather briefly (by reducing the problem [4] P. T. Kabamba and S. Hara, "On computing the induced norm

into a continuous-time one via bilinear transformation). Chapter 81;a3slagn_1;§lzeg-data system,” Proc. Amer. Contr. Conf1990,
8 deals with fast discretization and discrete-time lifting, which to  [5] Y. Yamamoto, “A new approach to sampled-data control sys-

some extent make it possible to take into account the intersample tems—A function space method,” Proc. 29th Conf. Decision

behavior through evaluating the response at several points between _ Contr, 1990, pp. 1882-1887.
the sampling instants. 6] K.J.Astrom and B. WittenmarkComputer-Controlled Systems:

Theory and Design2nd ed. Englewood Cliffs, NJ: Prentice-

In order to take account of the intersample behavior completely, Hall, 1990.
Part 1l (Chapters 9-13) describes the technique and applications [7] R. H. Middleton and G. C. GoodwirDigital Control and Esti-
of continuous-time lifting, which can be regarded as the limit mation: A Unified Approach Englewood Cliffs, NJ: Prentice-
of fast discretization, where the number of points taken between Hall, 1990,

S o 8] S. Hara, Y. Yamamoto, H. Fujioka, and A. TakeddSYS
the sampling instants tends to infinity. Preceded by Chapter 9 18] Module for Xmath, 1995. ! s

describing the fundamental properties of samplers and holds,
Chapter 10 introduces the key notion of continuous-time lifting. ~ Reprinted from IEEE RANSACTIONS ONAUTOMATIC CONTROL,
The most fundamental ideas and techniques underlying modernvol. 42, pp. 1190-1191, Aug. 1997.
sampled-data control theory are revealed in this chapter. Then,
Chapter 11 studies the stability issue and tracking problem of
sampled-data control systems. Chapters 12 and 13, respectivelyExecutive Economics: Ten Essential Tools for Managers
give the complete solutions to the sampled-d&ta and H..- Shlomo Maital (New York: Free Press, 286 pp., 19%R¢viewed
control problems, which are natural extensions of the continuous- by O. Hauptman.
time H,- and H,-control problems to the case where the digital
implementation of the controller is the matter of concern. “What do economists know that business executives find use-
ful?” “A lot!” is Shlomo Maital's answer in his original and
readable book that brings the powerful basic concepts of micro-
I1l. CONCLUSIONS economics to executive practice. The antecedents of this unique
As reviewed above, Part Il describes the state-of-the-art in Work are important to understand. In 1983, Maital, professor of
modern sampled-data control theory, which makes the book very €conomics at the Technion, Israel Institute of Technology, was
attractive and useful especially for researchers and engineers. Thidnvited to teach a course on “economics for engineers” for the
is the first book ever published on the modern sampled-data NeW master's program on management of technology (MOT) at the
control system design, covering fairly wide (but, of course, not Massachusetts Institute of Technology’s Sloan School. This book,
all) areas in considerable depth, and it is written very concisely. CriSp and dynamic in its conceptual content and case examples,
Most of the proofs are self-contained. written with a light touch’, and thoroughly crafted for practical
At the same time, however, it would be fair to say that the book US€ by task-oriented, busy, and tough-minded executives, is the
as awhole is hard for naive graduate students; to quote the authorsQutcome of this experience. Furthermore, because of Maital's
Part | is aimed at first-year graduate students, while Part Il is Technion home base and the Sloan MOT program’s influence,
more advanced. Also, the conciseness of the description, althoughthis book is especially attractive to the high-tech practitioner and
preferable for researchers, might sometimes be uncomfortable forMOT graduate programs.
those students without enough background in control theory in Maital, quoting Drucker, contends that the current competitive
general and/or mathematics. As for the exercises, they are all veryréquirements must take the executive beyond discipline-based
good and carefully designed in such a way that solving them helps €Xpertise into general competencies such as “dealing with pres-
the reader understand the ideas explained in the text and becom@Ure, handling information, [and] communicating with others.”
confident with the use of the theory. It is unfortunate, however, According to Maital, such renaissance executives “will require
that no solutions are provided, since some of them are rather hard.2 fundamental understanding of the language and logic that
With all these possible difficulties for some students, this underlies [an] economic approach to decisions.” The basics of
excellent book is quite attractive for use as a textbook becauseSuch knowledge include interal concepts such as cost, trade-
the state-of-the-art theory can be taught, including how to use ©ffs, and optimal management of human resources, technol-
it, through projects with commercially available computer soft- 09y, and knowledge, plus a comprehensive understanding of the
ware—the results in this book are stated in such a way that cOmpetitive value of volume and variety, the learning curve,
they can be programmed readily in such software (for instructive Market demand, risk, and cooperation in the dynamic global
purposes, and/or in case your site is not eligible to use an existing Market.
commercial module [8]). Hence, the book offers you a resource to  Chapter One is both an introductory overview of the book and
give an attractive course in modern sampled-data control theory its conceptual centerpiece. It bites the bullet from the start by

as soon as you decide to prepare for it. lIn a parable-style preface, Maital brings together a member of the

“Econ” band (himself) and members of the “Exec” tribe. The former are “a
generally peaceful and mildly underachieving band” whose “time honored
REFERENCES initiation rites” include taking “some familiar, everyday task or behavior
and analyz[ing] it using Greek letters, also known as ‘math,’ in a way
[1] P. Dorato and A. H. Levis, “Optimal linear regulators: The that no one could recognize.” The latter are “a large and more prosperous
discrete-time case[EEE Trans. Automat. Contrvol. AC-16, tribe” who are “practical, hard-headed, tough, and smart” and whose job
pp. 613-620, June 1971. it is “to tell large number([s] of people what to do and how to do it.”
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