Preface

Robotics is a vibrant field which grows in importance from year to year. It is also a
subject that students enjoy at all levels from kindergarten to graduate school. The
aim of learning robotics varies with the age group. For young kids, robots are an
educational toy; for students in middle- and high-schools, robotics can increase the
motivation of students to study STEM (science, technology, engineering, mathe-
matics); at the introductory university level, students can learn how the physics,
mathematics, and computer science that they study can be applied to practical
engineering projects; finally, upper level undergraduate and graduate students
prepare for careers in robotics.

This book is aimed at the middle of the age range: students in secondary schools
and in their first years of university. We focus on robotics algorithms and their
mathematical and physical principles. We go beyond trial-and-error play, but we
don’t expect the student to be able to design and build robots and robotic algorithms
that perform tasks in the real world. The presentation of the algorithms without
advanced mathematics and engineering is necessarily simplified, but we believe that
the concepts and algorithms of robotics can be learned and appreciated at this level,
and can serve as a bridge to the study of robotics at the advanced undergraduate and
graduate levels.

The required background is a knowledge of programming, mathematics, and
physics at the level of secondary schools or the first year of university. From
mathematics: algebra, trigonometry, calculus, matrices, and probability.
Appendix B provides tutorials for some of the more advanced mathematics. From
physics: time, velocity, acceleration, force, and friction.

Hardly a day goes by without the appearance of a new robot intended for
educational purposes. Whatever the form and function of a robot, the scientific and
engineering principles and algorithms remain the same. For this reason, the book is
not based on any specific robot. In Chap. 1 we define a generic robot: a small
autonomous mobile robot with differential drive and sensors capable of detecting
the direction and distance to an object, as well as ground sensors that can detect
markings on a table or floor. This definition is sufficiently general so that students
should be able to implement most of algorithms on any educational robot.
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The quality of the implementation may vary according to the capabilities of each
platform, but the students will be able to learn robotics principles and how to go
from theoretical algorithms to the behavior of a real robot.

For similar reasons, we choose not to describe algorithms in any specific pro-
gramming language. Not only do different platforms support different languages,
but educational robots often use different programming approaches, such as textual
programming and visual programming using blocks or states. We present algo-
rithms in pseudocode and leave it to the students to implement these high-level
descriptions in the language and environment for the robot they are using.

The book contains a large number of activities, most of which ask you to
implement algorithms and to explore their behavior. The robot you use may not
have the capabilities to perform all the activities, so feel free to adapt them to your
robot.

This book arose from the development of learning materials for the
Thymio educational robot (https://www.thymio.org). The book’s website http://
elementsofrobotics.net contains implementations of most of the activities for that
robot. Some of the more advanced algorithms are difficult to implement on edu-
cational robots so Python programs are provided. Please let us know if you
implement the activities for other educational robots, and we will post a link on the
book’s website.

Chapter 1 presents an overview of the field of robotics and specifies the generic
robot and the pseudocode used in the algorithms. Chapters 2—6 present the fun-
damental concepts of autonomous mobile robots: sensors, reactive behavior, finite
state machines, motion and odometry, and control. Chapters 7-16 describe more
advanced robotics algorithms: obstacle avoidance, localization, mapping, fuzzy
logic, image processing, neural networks, machine learning, swarm robotics, and
the kinematics of robotic manipulators. A detailed overview of the content is given
in Sect. 1.8.
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