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Lyapunov stability con-
cepts are one of the 
main intellectual pil-

lars  i n cont rol  t heor y  
and applications. Formally, 
these methods address 

only stability issues, but they have also provided a basis for 
control design and tools for the analysis of broader classes 
of performance metrics that depend on the speed of re-
sponse. Although Lyapunov stability concepts originated 
in the doctoral dissertation of A.M. Lyapunov in 1907, the 
basic methods did not become widely adopted until the 
1950s. Since that time, they have been a part of the main-
stream control methodology and in the toolboxes of most 
control engineers and scientists. Since the 1950s, the de-
velopment of Lyapunov stability theory has continued at 
a steady pace; depth of understanding has been improved, 
the applicability of the concepts beyond the context of or-
dinary differential equations has blossomed, and stability 
problems for broad classes of systems that arise in applica-
tions have been solved. 

The history of stability theory using Lyapunov func-
tions has many threads that have evolved, expanded, and 

then become a part of the mainstream tools of control 
theory. This is especially true of the many developments 
since 1960. Consequently, the appearance of the second edi-
tion of this book is a cause for celebration since it provides 
a comprehensive overview of many of these intellectual 
threads. In addition to its sensitivity to the historical devel-
opments, the book addresses all three facets of the subject: 
fundamental aspects of stability theory based on Lyapu-
nov functions; applicability of concepts to a broad class of 
dynamical systems, including hybrid systems; and illustra-
tion of Lyapunov theory to address stability of dynamical 
systems that arise in applications.

The contents of the book are a review of dynamical sys-
tems, the principal stability and boundedness results on 
metric spaces, specialized stability and boundedness re-
sults on metric spaces, applications to discrete-event sys-
tems, stability results for finite-dimensional dynamical 
systems, applications to the stability of finite-dimensional 
dynamical systems, and stability results for infinite-di-
mensional systems. Each chapter ends with three final sec-
tions: Notes and References, Problems, and Bibliography; 
these sections are welcome additions that provide insights 
and perspectives beyond the main content of the chapters. 

This second edition provides more emphasis on the sta-
bility of discrete-event and hybrid systems than the first 
edition [1] (see [2] for an earlier review), and it emphasizes 
the use of non-monotonic Lyapunov functions, which the 
authors developed in their recent research publications. 
In the Preface, the authors motivate the introduction of 
non-monotonic Lyapunov functions; this generalization is 
used to derive a general form of Lyapunov stability results. 
Further, in the case that the Lyapunov functions are mono-
tonic, standard Lyapunov stability results are obtained. In 
practice, this extension is primarily motivated by discrete-
event and hybrid dynamical systems. These new features 
add significant material to the first edition.  

In spite of the coverage of important topics, several 
topics are treated lightly, if at all. In particular, no atten-
tion is given to the use of Lyapunov functions to estimate 
domains of attraction of an equilibrium solution. Fur-
ther, there is little attention given to Lyapunov functions, 
viewed as characterizing dynamic performance; the relat-
ed topic of Lyapunov-based control design is not covered 
at all. These omissions are indicated to make the scope of 
the book clear. 
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This new edition of the book by Michel, Hou, and Liu 
provides a scholarly and comprehensive view of Lyapunov 
stability that should be accessible to mathematically inclined 
graduate students and to many researchers in the control 
field. It is a welcome addition to the published literature. 
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Fossen is a comprehensive man-
uscript encompassing two sepa-
rable texts on hydrodynamics 
and control of marine vehicles. 
In contrast to the aerospace in-
dustry, where dynamicists are 

often control experts as well, in the maritime world (due 
to the significant effect environmental loads have on the 
dynamics of the system) the more common pairing is dy-
namics with hydrodynamics. As such, Fossen is one of few 
in the maritime industry who could write such a complete 
treatment of dynamics, hydrodynamics, and control issues 
related to surface and subsurface marine vehicles. Fos-
sen’s earlier text [1] is written from a strong control systems 
perspective, with nomenclature derived heavily from the 

aerospace industry. Although [1] is an excellent resource, it 
has historically been priced so as to be prohibitively expen-
sive for many readers (US$550 per the publisher’s website at 
the time of this writing). Fossen’s new text, reviewed here, 
provides an excellent treatment of the subject matter, writ-
ten from a more generalist perspective, at a substantially 
lower cost. There are excellent texts covering marine hydro-
dynamics [2]–[5], vessel dynamics [6]–[9], and ship motion 
control [1], [10]. However, for some time a void has existed in 
the literature covering the intersection of these related fields, 
with the exception of specialist texts such as the treatment of 
high-speed craft control [11]. 

CONTENTS
This book is presented as two volumes. The first volume, 
“Marine Craft Hydrodynamics,” includes eight chapters. 
Chapter 1 covers the history and challenges of modeling 
marine vessel dynamics, with emphasis on the differences 
and similarities between maneuvering and seakeeping mod-
els. The second and third chapters describe kinematic model-
ing and the formulation of equations of motion. The fourth 
chapter introduces the hydrostatic contribution to the forcing 
terms. The fifth and sixth chapters then discuss how the equa-
tions of motion are treated specifically for seakeeping (Chap-
ter 5) and maneuvering (Chapter 6). Both frequency-domain 
and time-domain modeling are covered. Chapter 6 also 
provides explicit discussion on reconciling seakeeping and 
maneuvering nomenclature. This is an often overlooked topic 
that, if not treated properly, can lead to erroneous modeling. 
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This new edition of the book by Michel, Hou, and Liu provides a  

scholarly and comprehensive view of Lyapunov stability.


