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1. Introduction

Robustness has always been a main paradigm in the anal-
ysis and design of a control system. In recent times, the
main motivation that spurred the research activity was the
study of performances over Cnite and bounded variation of
parameters, whereas in classical multi-variable control the
designer was only able to ensure robustness at the face of
small parameter variations. Indeed, quantitative opposite to
qualitative robustness is a watershed between classical and
modern design methodologies. A mainstream of research for
quantitative robustness is the so-called H∞ control theory,
which dominated the scenario over the last decades, being
able to bridge classical frequency-domain and state-space
techniques in an elegant uniCed mathematical framework.
This is certainly one of the most interesting historical merits
of the H∞ approach, whose versatile nature permitted to in-
corporate in the same mathematical framework historically
diBerent problems such as Cltering, factorization, interpola-
tion and conjugation.
The idea underlying the H∞ theory is rather simple: mini-

mize a worst-case measure of the input–output map between
disturbances and performance variables. When reduced to
robustness of stability, this worst-case paradigm leads to the
celebrated small-gain theorem (Zames, 1966). A success of
H∞ control theory is in the easy way the various speciC-
cations on the closed-loop system that can be incorporated
through appropriate shaping functions which re?ect the de-
sired dynamic behavior (McFarlane & Glover, 1992). No-
tably, a posteriori it was seen that, in the state-space context,
the theory has some structural similarities with the classical
LQG theory, the latter being recovered in the case where
a design parameter (the so-called attenuation level) goes to
inCnity.
It is a fact that the arguments underlying H∞ control and

related problems constitute a solid scientiCc background
for the new researchers entering the Celd. Nowadays one
can count hundreds of papers, many books (Francis, 1987;
Helton & Merino, 1988; Maciejowski, 1989; Mustafa
& Glover, 1990; Stoorvogel, 1992; Doyle, Francis, &
Tannenbaum, 1992; Van Keulen, 1993; Heyde, 1995;
Subrahmanyam, 1995; Basar & Bernhard, 1995; Dahleh
& Diaz-Bobillo, 1995; Colaneri, Geromel, & Locatelli,
1997; Ball, Gohberg, & Rodman, 1990; Green & Limebeer,
1995; Zhou, Doyle, & Glover, 1995) and regular university
courses at all levels in this subject. Interestingly, the suc-
cess of H∞ control in a number of important applications,
contributes to reduce the historical gap between theory and
application, despite the signiCcant inherent mathematical
sophistication required to understand the underlying theory.
The theory of H∞ was Crst posed in an input–output

setting thanks to the pioneering paper by Zames (1981).

At that times, two main technical paths were undertaken:
the Nevanlinna–Pick interpolation technique (Nevanlinna,
1919; Pick, 1916; Francis & Zames, 1984) and the AAK
method (Adamjan, Arov, & Krein, 1978), mainly based on
the Nehari extension problem (Glover, 1984) and on the
unitary dilation technique in operator theory (Davis, Ka-
han, & Weinberger, 1982). The interpolation theory was
originally part of the circuit theory (Hazony, 1961; Youla,
1961), and only in successive years became object of inves-
tigation by control theorists, for the solution of the distur-
bance reduction problem (Chang & Pearson, 1984) and the
robust stabilization problem (Kimura, 1984; Glover, 1986).
The state-space counterpart of the interpolation theory was
worked-out in (Kimura, 1989) via the notion of J-lossless
conjugation, where the role of the Pick matrix was translated
in terms of the solution of a Riccati equation. Successive de-
velopment of the H∞ control theory were in the framework
of the so-called J-spectral factorization approach (Green,
Glover, Limebeer, & Doyle, 1990) and chain-scattering rep-
resentation of the plant (Wieland & Willems, 1989). Also
the almost disturbance decoupling problem (Kimura, 1997),
which has an extensive literature behind and is an important
problem per se, was cast in the general H∞ formulation.
In the late 1980s the time became mature for the develop-
ment of a state-space technique for the solution of the gen-
eral multi-input multi-output H∞ control problem (Doyle,
1984). The main drawback was that it was required to com-
pute the solution of a high order Riccati equation. This
diPculty was removed later, and this was due to many con-
tributors (Doyle, Glover, Khargonekar, & Francis, 1989).
In the recent paper (Liu, Chen, & Lin, 2001), a comprehen-
sive picture is traced and a complete solution is given of the
robust and perfect tracking problem.

2. The book

The book consists of 16 chapters. After the introductory
Chapter 1, the author presents the main facts of linear sys-
tem theory in Chapter 2, especially for what concerns the
structural concepts of zeros and canonical decomposition
in an algebraic setting. In particular, a special coordinate
transformation is introduced, which permeates all the tech-
nical results presented in the book.
Mappings from continuous to discrete time systems

are presented in Chapter 3. This chapter furnishes some
useful hints on how the bilinear transformation acts with
reference to the structural subspaces of the system zeros.
Existence condition for H∞ suboptimal controllers are re-
viewed in Chapter 4, whereas in the successive chapter the
solution of a general discrete-time algebraic Riccati equa-
tion is worked out by using the (bilinear) Caley-Hamilton
transformation. Very interesting is the novel contribution
in Chapters 6 and 10, where non-iterative procedures to
compute exactly the value of the inCmum attainable at-
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tenuation level �∗ for the full information and the partial
information problem in continuous-time and discrete-time,
respectively, are provided. The dependence of the solu-
tion of the Riccati equation with respect to the design
parameter � is also studied. The computation is also ex-
tended to cope with plants with imaginary axis zeros. The
continuous-time H∞ control problem is solved in Chapter 7,
in a non-classical way. The solution is given in closed-loop
form, explicitly parameterized in terms of �. In this way
this parameter can be tuned to obtain the desired level of
attenuation. The derivation hinges on the state-space trans-
formation introduced in Section 2. The same problems,
via bilinear transformations, are dealt with in Chapter 11.
The almost disturbance decoupling problem is tackled in
Section 8 for continuous-time systems and in Chapter 12
for discrete-time systems. This problem is interesting per
se, even though it can be viewed as a particularization of
the general H∞ control problem. Both the cases of state
measurement and output measurement are treated. Chap-
ters 9 and 13 deal with the robust and perfect tracking of
continuous-time systems for continuous and discrete-time
systems, respectively. Again the derivation hinges on a
special coordinate basis illustrated in Chapter 2. Both the
state-feedback case and the measurement case are con-
sidered. The theories considered so far are illustrated by
three real-life applications in Chapters 14–16. In particular,
Chapter 14 for voice-coil-motor actuator of computer hard
disk drives. The aim is to show that the modern robust
and tracking solutions outperform over the classical PID
controllers performances. The almost decoupling approach
is illustrated through a piezo-electric actuator control sys-
tem in Chapter 15. Finally the perfect tracking approach
is investigated for a gyro- stabilized mirror targeting sys-
tem. All simulations show that the applications are very
satisfactory.

3. Conclusions

The book provides a rather complete picture of the the-
ory of H∞ control for both continuous and discrete-time
systems. The derivation follows non-classical paths, the
main eBort being to work out closed-loop formulae for
the controller, parameterized by the attenuation parameter
�. The technical machinery involves coordinate transfor-
mation to allow the derivation of the closed-form solu-
tion and bilinear transformation to cast the discrete-time
problems into equivalent continuous-time ones. The book
surely provides some new insight and new numerical pro-
cedures for the solution of the various H∞ problems. Par-
ticularly interesting are the results concerning the almost
disturbance decoupling problem and the robust and track-
ing control problem. This is a way, the book somehow
complements other books on similar arguments. There-
fore, it is intended to graduate students willing to learn

a diBerent and modern technique and to understand the
diBerences between various theoretical approaches to H∞
control.
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1. Introduction

Designing a control system when the actuators are subject
to hard constraints is a fundamental problem. As it is well
known, actuator limitations are not only one of the main
sources of performance degradation, but they may even
cause fatal consequences in several situations. The purpose
of the present book is to provide an overlook on the current
activity and research direction on the topic of constrained
system control.
The book is divided in chapters written by diBerent authors.
This review will describe the contents of each chapter with
speciCc comments in the next section. An overall discussion
on the book will be provided in the concluding section.

2. Book contents

In Chapter 1, the stabilization of exponentially unstable
systems in the presence of both magnitude and variation
rate constraints is considered. The basic idea to cope with

rate constraints is to include in the model the additional
diBerential equation

�̇(t) = R sgn
(
M sat

(
u(t)
M

)
− �(t)

)
;

where R is the maximum variation rate and M is the max-
imum amplitude bound, u(t) is the desired (unconstrained)
control value and �(t) is the actuator control value. The sys-
tem space is partitioned in the unstable and the stable sub-
space associated with variables xs and xu, respectively. It
is known that the limitations due to the constraints aBect
the unstable components xs only. It is shown that if there
exists a certain domain U, subset of the (xu ; �)-space, and
a control that renders such a domain positively invariant
for the closed-loop system and asymptotically stable, then
there exists a control which tracks an asymptotically con-
stant reference signal as long as such a reference converges
to a constraint-admissible point, for every initial state in U.
This result is related to that presented in the recent paper
(Blanchini & Miani, 2000). The chapter presents also a sig-
niCcant application of the technique to the control design
for an unstable aircraft.
Chapter 2 faces the problem of determining the most

appropriate level of actuator saturation in the presence of
gaussian noise. Precisely, for an SISO system the actua-
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