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Many aerospace engi-
neers with an exper-
tise in flight control

system design, if tasked with
designing a guidance system
for an underwater vehicle,

would dismiss the problem as easily solvable. To aero-
space engineers, underwater vehicles are thought to be
nothing more than powered blimps, which have been fly-
ing since 1852, when Henri Giffard built the first powered
airship, a 143-ft long, cigar-shaped, gas-filled bag with a
propeller that was powered by a 3-hp steam engine. If we
can control intrinsically unstable airplanes at speeds sever-
al times that of sound, how difficult can it be to design a
guidance system for an underwater vehicle that travels at
less than 1/100 of the speed of sound? Of course, the fact
that the density of water is about 800 times that of the air
is irrelevant! As one of those aerospace engineers, after
spending the last ten years trying to design that guidance
system, I can finally recognize how “little I knew,” and I
thank Gianluca Antonelli for helping me understand the
challenges that such a problem presents. 

In this book, the author goes beyond the problem of
controlling a single underwater vehicle by addressing the
control of underwater vehicle/manipulator systems
(UVMs). These systems have been used for many years in
teleoperated versions to inspect and repair underwater
cables and pipes, in search and rescue missions, for under-
water archeology, and anything else that requires going
underwater and grabbing something. A few years ago an
operator of one of these teleoperated UVMs explained to
me that it is very difficult to control the entire system
simultaneously, so much so that, in practice, at first the
manipulator is locked in place and the vehicle is moved
until the end effector gets close to the desired position,
then the manipulator is controlled toward the final target
while the vehicle is maintained as steady as possible. By
splitting the problem into two simpler problems, opera-
tors, who must be highly trained and talented, are able to
complete the task. What makes this problem so difficult is
the complexity of UVM dynamics, which are often redun-

dant and provide multiple possible solutions to the task
and even more possible undesired outcomes. We also need
to consider the difficulties related to limited communica-
tion with underwater systems, the hostility of the ocean
environment, and the delays experienced in the control
loops, just to mention a few. In an effort to overcome these
difficulties, this book is aimed at control for autonomous
UVMs. The author has done an excellent job addressing
several of these challenges and providing possible solu-
tions of increasing complexity as the book progresses.

In this second edition, the author has addressed many
comments made by readers and reviewers by streamlining
and improving the content. He has also added a few chap-
ters addressing the state of the art and additional chal-
lenges, such as fault tolerance and collaborative control. 

ABOUT THE BOOK
Our libraries are filled with excellent books discussing
robot kinematics, dynamics, trajectory tracking, and with a
good balance between theory and applications. However,
the area of robot control is not dealt with as extensively;
[1]–[3] provide noticeable exceptions. Underwater Robots
contains similar topics to those covered in [1]–[3] but also
addresses the additional challenges of a mobile platform
(the underwater vehicle) and considers the difficulties and
adversity related to the underwater environment. 

The book begins by presenting a short discussion on the
state of underwater vehicle technology. Topics such as sen-
sors, actuators, localization, and control of underwater
vehicles are briefly addressed with numerous references.
A more formal definition of UVMs is also provided with a
clear statement of this area as the core topic of the book.

Chapter 2 addresses modeling of UVMs. Representa-
tion of the rigid body kinematics is provided using both
Euler angles and quaternions. The notation used is com-
pact, and the various frames of reference are clearly identi-
fied, which makes the notation clear and facilitates
understanding of the following chapters. The treatment of
rigid body dynamics starts from first principles and does
not assume much previous knowledge on the topic other
than Newton’s law, which makes this chapter particularly
attractive for classroom use. Hydrodynamic effects are
briefly discussed, including added mass, damping, cur-
rents, and buoyancy. At this point the resulting model is
similar to that found in [4]. However, the kinematics and
dynamics of the manipulator are then introduced, includ-
ing the coupled dynamics of the vehicle/manipulator as
well as additional phenomena, such as contact with the
environment. The overall presentation is thus much more
general than the treatment in [4].

In Chapter 3 a survey of existing control algorithms for
autonomous underwater vehicles (AUVs) is presented.
Various frames of reference, model- and nonmodel-based,
full- and reduced-order algorithms are considered as well
as compensation of ocean currents. All of the results areDigital Object Identifier 10.1109/MCS.2008.927329
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rigorously proven using a Lyapunov-function approach.
What makes this chapter especially interesting is a qualita-
tive comparison of these controllers. The code used for the
simulation is made available on a website. 

Chapter 4, which is one of the new chapters of this
second edition, addresses fault detection and tolerance
strategies for underwater vehicles. Both sensor and actua-
tor failures are discussed, and a survey of various schemes
is presented with a plethora of references. The final section
contains some experimental results, which nicely prepares
the reader for the next chapter. 

In Chapter 5 the author provides some experimental
results on both control and fault tolerance to thruster
faults. The experiments were conducted at the University
of Hawaii using the Omni-Directional Intelligent Naviga-
tor (ODIN), which unfortunately does not have a manipu-
lator. The practical aspects of the implementation are a
welcome addition to this chapter. 

Chapters 6–8 focus on the core topics of this book and
provide the kinematics, dynamics, and interaction control
for UVMs, respectively. The three chapters are well laid
out, and it is easy to see conceptually where the author is
going to take you. From a technical point of view the
derivation can be quite involved at times, especially con-
sidering the theoretical rigor of these chapters, but the
notation introduced in the preceding chapters helps to
make the presentation easy to follow. In particular, kine-
matic control is presented to allow real-time trajectory
planning and account for redundancy. Several kinds of
Jacobian pseudoinverse approaches are introduced as well
as drag minimization and task-priority algorithms. Several
case studies are provided to demonstrate the benefits of
each algorithm. Dynamic control is then discussed. Many
control algorithms are presented, such as feedforward
decoupling, feedback linearization, sliding mode, and
adaptive control. It is worth mentioning that classical con-
trol strategies developed for industrial robotics cannot be
directly used on UVMs because of several issues, which
include reduced knowledge of hydrodynamics effects,
poor thruster performance, and dynamic coupling
between vehicle and manipulator. These challenges
require the introduction of novel control strategies that
address tracking performance, which must remain simple
enough to be implementable using the limited memory
and computational power generally available onboard
these vehicles. In particular, the author observes that clas-
sical adaptive control strategies applied to the UVMs as a
whole generate very high dimensional problems, which
require unreasonable computational loads to be solved.
This issue is addressed by introducing a virtual decompo-
sition approach, which exploits the serial-chain structure
of the UVMS by decomposing the overall motion control
problem into a set of simpler problems, addressing the

motion of each manipulator link and the vehicle. Finally,
interaction with the environment is discussed, which is a
necessary step for controlling a manipulator. Impedance,
force, and external force control algorithms are discussed,
and robustness considerations, implementation issues, and
simulations are provided for each of them.

Chapter 9 is the last of the additional chapters of the
revised edition. At first, I was skeptical about having a
short chapter on coordinated control of a platoon of
AUVs in a book whose focus is on UVMs. However, after
reading the chapter, I understood the intent of the author
to finish his book with a chapter describing future chal-
lenges and endeavors. This chapter provides a good sur-
vey of practical implementations of coordinated control
rather than complex theoretical results. Numerous refer-
ences are provided for a starting point in a field that is
characterized by exponential growth in interest by
numerous research groups. 

CONCLUSIONS
Underwater Robots does an excellent job presenting many of
the issues related to the modeling and control of UVMs.
The text provides a good balance between basic results
that can be used in teaching an advanced class on this
topic as well as more advanced results targeting experi-
mental researchers looking for a particular control law to
implement on their system. The number of references is
impressive, and most of the work in the field that any
researcher would need to consult for a deeper understand-
ing of the state of the art is included. Finally, although the
book is focused on systems with manipulators, it is also a
good source for readers interested in the general field of
autonomous underwater vehicles. 
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