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Preface

Although industrial robots have been available for a number of years, it is only
since the early 1970s that research efforts into these sophisticated computer-con-
trolled devices has begun to accelerate. The primary reasons for this are the advent
and availability of the microprocessor and, in this country, the realization by in-
dustry that robots must be used to meet the increased competition from foreign
manufacturers.

As a result of the industrial experience gained during a leave of absence, the
principal author organized a senior/graduate course in robotics in the early 1980s.
In assemblying the material for this course, the author found that very little was
written on the specific subject of robotics. The reason for this is that, quite simply,
robotics is not a single discipline. Rather, it is a highly multidisciplinary field that
combines the areas of controls, computers (both the hardware and software as-
pects), measurement technology (i.e., sensors), pattern-recognition techniques and
hardware (e.g., vision systems), and various aspects of mechanical engineering,
including statics, dynamics, kinematics, and mechanical design. A complete study
of the subject should also involve some discussion of applications as well as the
economics of robots and the sociological consequences of placing them in the
workplace. Although it was certainly possible, at the time, to find material on
many of these individual subjects, there was no single compilation of the topics
that existed which would permit a comprehensive course to be taught. Moreover,
many of the papers written were extremely low level and were often nothing more
than glorified sales pitches.

A number of years later, the situation has changed somewhat, with a relatively
large number of books on the subject having come out in the interim. However,
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these are, for the most part, descriptive, rather low-level texts that are aimed
primarily at the two-year technology student and are therefore inappropriate for
engineering courses at any level. Of the few that are written at a higher level,
some are rather sketchy and others are extremely detailed in only a few areas.
Thus neither group is really applicable for comprehensive ‘“‘core” (or first-level)
courses that seniors and/or graduate students would (and it is our feeling should)
want to take.

It is quite apparent that robotics is a “hot” area and that there will be a
definite need for a book that will permit an engineering core course (or courses)
to be taught. Although there are still relatively few of these being offered at
universities throughout the country, it seems to us that this is a result of there
being no appropriate text available rather than there being a lack of interest in
teaching such a course. Clearly, people will always want to teach their “‘specialties”
(e.g., robotic controls, machine vision, etc.). It is our belief, however, that the
more specialized courses that cover only a few topics in depth will have a greater
impact on the student, and therefore, should be taught only after the relationship
among the various disciplines that go into producing a working robot are clearly
understood. Thus we feel, for example, that it is not appropriate to begin talking
about optimal or adaptive control of a robot until one fully appreciates the ad-
vantages and disadvantages of the type of control currently utilized and how the
large swings in inertia (inevitably occurring as the manipulator moves in its work
volume) affects the particular control strategy selected. Having said this, it is our
judgment that a comprehensive text such as this one should provide the reader
with the “why’” and “how to”’ aspects of robotics. Theorems and proofs are better
left to follow-up specialty courses. This does not mean, however, that we utilize
the anecdotal, often pseudotechnical approach that characterizes many of the cur-
rently available texts and papers on the subject. Rather, we have utilized our
extensive pedagogical and practical experience (with robots) to present to the reader
many of the theoretical and practical concepts and ideas that are essential to
understanding how a robot is designed and how it works. In doing this, it is our
hope that the book will be extremely useful in the (engineering) academic sector
and in the engineering workplace. With these ideas in mind, we have organized
the book in the following manner:

In Chapter 1, a fairly detailed introduction is presented where the terminology
and various robot types, as well as the history, sociological, and economic impli-
cations of these forms of automation, are discussed. In addition, current and
future applications are given. The chapter goals are for the reader to be able to
understand what an industrial robot is and what it is not, where it is applicable
and where it is not, and finally, how such devices have evolved and how they well
may cause another industrial revolution to occur.

Chapter 2 deals with the robot’s various component parts as well as how these
devices are normally utilized in an automated system. At the conclusion of the
chapter, it is expected that the reader will be able to identify the major system
components of a robot from a high-level, black-box point of view and will also be
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able to understand the considerations that go into both the development of robotic
systems specifications and the selection of system components.

The next chapter presents the mechanical structure and discusses a variety
of devices and components as they relate to robots. Various methods of converting
rotary to linear motion are given from both the ideal and ‘“‘real-world™ points of
view. It is the purpose of this chapter to provide an understanding of how certain
mechanical components behave and how power is transmitted from an actuator to
a load. The reader will also learn about how many of these devices are used in
a practical manner to produce a working robotic manipulator.

The typical control structure of modern industrial robots is presented along
with a fairly detailed discussion of various types of actuators and power amplifiers
in Chapter 4. The reader will not only gain an understanding of how classical
servo theory is applied to a robotic system to produce the desired robotic joint
performance but will also learn about the various actuators and amplifiers available
to the robot designer and which are preferred in a given application. Many prac-
tical considerations that affect the proper operation of a robotic joint are included
here.

In the following chapter, the topic of nonvision-based robotic sensors is pre-
sented in great detail. A large number of internal sensors are discussed, with
special emphasis being given to the practical aspects of several, including the optical
encoder. External sensors are also introduced, with the topics of proximity, weld-
ing, and tactile sensors being discussed. The purpose of the chapter is to dem-
onstrate clearly the role played by internal sensors in the control of individual
robotic joints and also by external sensors in providing the robot with knowledge
about its external environment. Also, the practical aspects of the presentation
should assist the reader in understanding why certain sensors are to be preferred
over others in a given application.

Robotic (or machine) vision is discussed in Chapter 6. Various components
of a vision system, as well as a number of image recognition techniques are pre-
sented. The reader will be able to understand the similarities and dissimilarities
of computer vision relative to other types of sensors and will appreciate the mag-
nitude of the information-processing problem associated with using computer vision
in a robotics application. The material in the chapter covers various vision sensors
and systems, and discusses the capabilities (e.g., object detection versus inspection)
of currently available, practical cost-effective vision technology.

In Chapter 7 the architectural and hardware considerations related to the
computers utilized in a robotic system are discussed. In addition, the role played
by the computational elements in robotic applications is given and a summary of
various robotic programming languages is presented. Various trade-offs that are
required when using different computer architecture implementations for robotic
systems are discussed. The reader will also learn about the practical considerations
that go into the selection of a robot computer system, including the hardware,
software, and task programming aspects.

The important topics of coordinate transformations, along with how to obtain
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the forward and inverse or back solutions, are presented in Chapter 8. Homo-
geneous transformations are introduced and how they are applied to a robot’s
kinematic structure. Additional discussion involves the method used in a robot
to represent points in space and then how to utilize this information to produce
continuous-path, straight-line, and other types of coordinated motions.

Chapter 9, the concluding chapter, brings together many of the important
technological ideas presented in the preceding chapters. This is accomplished by
designing various aspects of a robot required to perform a specific task (e.g., sorting
eggs). From the material in this chapter it is expected that the reader will be able
to take a set of given specifications and actually come up with a potential robot
design. This should include the mechanical configuration, the control and com-
puter structures, and the choice of actuators that will meet all of these specs.

Three appendices are included and should be of interest. The first is a
compilation of existing commercial robots and their specifications/attributes. The
second presents an orderly method of selecting a servomotor for a specific task.
The last one discusses the digital control of a single robotic joint.

As a text, the book is ideal for courses at the senior/graduate level in electrical
engineering since it places a good deal of emphasis on subjects that are traditionally
considered to be ‘“‘electrical in nature.” However, many modern mechanical en-
gineering curricula now require their students to take courses in controls (and
systems), computers, and mathematics beyond the standard calculus, analytic ge-
ometry, and differential equations sequence. For such departments, this book
could be utilized in a robotics course with the assurance that much of the material
would be within the abilities of their students. In fact, over the years that the
authors have used the manuscript in a classroom environment, there have always
been a number of mechanical engineers who successfully completed the course.
The same is also true for the few computer science students, although, admittedly,
they had a much more difficult time because of their lack of specific engineering
knowledge. Although this book is definitely not an engineering technology text,
since it assumes a fairly extensive analytical background, there are a small number
of four-year technology programs (primarily, electrical) that could use some of the
material in a robotics course at the senior level.

As mentioned above, we have utilized the book in graduate courses that had
both graduate and selected undergraduate students enrolled. There is more than
enough material provided to cover a two-semester course. Clearly, the instructor
may wish to elaborate in some areas and gloss over others. This would obviously
depend on the backgrounds of the students and their needs. In our case, Chapters
1 and 2 were covered in about three classes with the remaining part of the semester
devoted to (sometimes expanded versions of) the third, fourth, and parts of the
fifth and seventh chapters. Also included was much of the material contained in
Appendices B and C. The second semester was then devoted to sensors (vision
and nonvision based), kinematics, and computer systems and robotic languages.
Also, Chapter 9 was discussed in great detail, with the students encouraged to
submit other designs for the same task.



Preface xxiii

As a final word, it is our belief that the practical engineering approach that
is utilized throughout the text will most certainly interest engineers who are working
in the fields of controls and automation (e.g., those with backgrounds in electrical
engineering, mechanical engineering, and computer science/engineering). In ad-
dition, engineers working in industries that may be users of robots may find this
book helpful in providing them with the background needed to select the correct
type of robot (and the various options) to perform a specific task at their company’s
plant.
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