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Computational Principles of Mobile Robotics

Mobile robotics is a multidisciplinary field involving both computer science and
engineering. Addressing the design of automated systems, it lies at the inter-
section of artificial intelligence, computational vision, and traditional robotics.
Now in its third edition, this textbook for advanced undergraduates and graduate
students covers algorithms for a range of strategies for locomotion, sensing, and
reasoning.

The new edition includes recent advances in robotics and intelligent machines,
including coverage of human-robot interaction, robot ethics, and the application
of advanced Al techniques to end-to-end robot control and specific computa-
tional tasks. This book also provides support for a number of algorithms using
ROS 2, and includes a review of critical mathematical material and an extensive
list of sample problems. Researchers as well as students in the field of mobile
robotics will appreciate this comprehensive treatment of state-of-the-art methods
and key technologies.

Gregory Dudek is Distinguished James McGill Professor of Computer Science
at McGill University. He is also a member of the Center for Intelligent Machines,
and associate member of Mila, and has been co-author of over 300 refereed
publications on robotics, machine learning, and computer vision. He has also
served as a Vice President with Samsung Electronics and founding Lab Head
for the Samsung AI Center in Montreal, Canada. With Michael Jenkin, he has
played many roles in the field including co-founding Independent Robotics Inc.
and establishing the Canadian Robotics Research Network.

Michael Jenkin is Professor of Electrical Engineering and Computer Science at
York University. Working with intelligent autonomous machines for over thirty
years, he has helped develop autonomous systems that have operated on and
below the water’s surface, and has worked on robot systems that were designed
to operate in environments ranging from nuclear power plants to contaminated
crime scenes.
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‘This book is an indispensable tool for any — both pre-university and university — course on mobile
robotics. In relation to the first edition, this current one has been sufficiently updated. I recommend this
book to researchers — particularly those who study localization or mapping — and doctoral students who
are interested in investigating the latest approaches and techniques in the mobile robotics field.”

Ramon Gonzalez Sanchez, Computing Reviews

‘...a great resource for an intermediate or advanced course on mobile robotics.’
R.S. Stanbury, Embry Riddle University, Choice
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Preface

The authors surrounded by a collection of some of their robots and sensors.

A great deal has changed in mobile robotics since the second edition of this book.
A revolution in neural networks has had significant impact on sensor processing and
algorithms for a range of robotics tasks. The need for effective human-robot interaction
has been driven by the deployment of autonomous systems in a range of different domains,
and the cost of autonomous systems has dropped to the point that drones are ubiquitous
and many houses have robot vacuum cleaners operating within them.

As the field of robotics has expanded and matured, so has the material that is presented
in this volume. The third edition of this text includes new chapters related to human—robot
interaction, the application of deep learning to robotics, and roboethics. When teaching
robotics in a single semester course, it becomes more and more difficult to cover the
entire field, and it is common in an introductory course to focus on certain aspects of
robotics and to only touch lightly on other topics. For example, in a computer science
program it might be prudent to only lightly review chapters related to robot hardware
(e.g., Chapters 3, 4, and 5), and to concentrate more heavily on deep learning (Chapter 6),
algorithms related to planning (Chapter 7), system control (Chapter 8), pose maintenance
(Chapter 9), and mapping (Chapter 10). Students from an engineering background, on
the other hand, might find Chapters 3 through 5 particularly relevant and might instead
prefer to only touch lightly on robot collectives (Chapter 11) and human-robot interaction
(Chapter 12). Robot Ethics (Chapter 13), Robots in Practice (Chapter 14), and the Future
of Mobile Robotics (Chapter 15) are relevant for most courses in robotics and provide a
conclusion to the material.
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XVi Preface

In teaching robotics, a common question involves how close to the hardware does
one need to go. Advances in the development of a common robot middleware has made
dealing with real robots more practical in an introductory course. This book is supported
by an online repository at www.cambridge.org/dudek-jenkin3e, which includes ROS 2
code that supports many of the examples given in this text and an introduction to ROS 2
as well.
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