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Preface

This tenth edition is with a new publisher, McGraw-Hill Education. It represents a complete
overhaul of the textbook, which delivers practical coverage designed to introduce readers
to the essential concepts of automatic control systems. The new edition features significant
enhancements of all chapters, a greater number of solved examples, labs using both LEGO®
MINDSTORMS® and MATLAB®/SIMLab, and a valuable introduction to the concept of
Control Lab. The book gives students a real-world understanding of the subject and pre-
pares them for the challenges they will one day face.

For this edition, we increased the number of examples, added more MATLAB tool-
boxes, and enhanced the MATLAB GUI software, ACSYS, to allow interface with LEGO
MINDSTORMS. We also added more computer-aided tools for students and teachers. The
new edition has been 5 years in the making, and was reviewed by many professors to better
fine-tune the new concepts. In this edition, Chaps. 1 through 3 are organized to contain all
background material, while Chaps. 4 through 11 contain material directly related to the
subject of control. The Control Lab material is presented in great detail in App. D.

The following appendices for this book can be found at www.mhprofessional.com
/golnaraghi:

Appendix A: Elementary Matrix Theory and Algebra

Appendix B: Mathematical Foundations

Appendix C: Laplace Transform Table

Appendix D: Control Lab

Appendix E: ACSYS 2013: Description of the Software

Appendix F: Properties and Construction of the Root Loci

Appendix G: General Nyquist Criterion

Appendix H: Discrete-Data Control Systems

Appendix I: Difference Equations

Appendix J: z-Transform Table

The following paragraphs are aimed at three groups: professors who have adopted the
book or who we hope will select it as their text; practicing engineers looking for answers to

solve their day-to-day design problems; and, finally, students who are going to live with the
book because it has been assigned for the control-systems course they are taking.

To Professors
The material assembled in this book is an outgrowth of junior- and senior-level control-
systems courses taught by Professors Golnaraghi and Kuo at their respective universities
throughout their teaching careers. The first nine editions have been adopted by hundreds
of universities in the United States and around the world and have been translated into at
least six languages.

Most undergraduate control courses have labs dealing with time response and control
of dc motors—namely, speed response, speed control, position response, and position con-
trol. In many cases, because of the high cost of control lab equipment, student exposure
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to test equipment is limited, and as a result, many students do not gain a practical insight
into the subject. In this tenth edition, recognizing these limitations, we introduce the con-
cept of Control Lab, which includes two classes of experiments: SIMLab (model-based
simulation) and LEGOLab (physical experiments). These experiments are intended to
supplement, or replace, the experimental exposure of the students in a traditional under-
graduate control course.

In this edition, we have created a series of inexpensive control experiments for the
LEGO MINDSTORMS NXT dc motor that will allow students to do their work within
the MATLAB and Simulink® environment—even at home. See App. D for more details.
This cost-effective approach may allow educational institutions to equip their labs with a
number of LEGO test beds and maximize student access to the equipment at a fraction
of the cost of currently available control-systems experiments. Alternatively, as a supple-
mental learning tool, students can take the equipment home after leaving a deposit and
learn at their own pace. This concept has proven to be extremely successful at Simon Fraser
University, Professor Golnaraghi’s home university in Vancouver, Canada.

The labs include experiments on speed and position control of dc motors, followed
by a controller design project involving control of a simple robotic system conducting a
pick-and-place operation and position control of an elevator system. Two other projects
also appear in Chaps. 6 and 7. The specific goals of these new experiments are

* To provide an in-depth, practical discussion of the dc motor speed response, speed
control, and position control concepts.

* To provide examples on how to identify the parameters of a physical system,
experimentally.

+ To give a better feel for controller design through realistic examples.

This text contains not only conventional MATLAB toolboxes, where students can
learn MATLAB and utilize their programing skills, but also a graphical MATLAB-based
software, ACSYS. The ACSYS software added to this edition is very different from the soft-
ware accompanying any other control book. Here, through extensive use of MATLAB GUI
programming, we have created software that is easy to use. As a result, students need only
to focus on learning control problems, not programming!

To Practicing Engineers

This book was written with the readers in mind and is very suitable for self-study. Our
objective was to treat subjects clearly and thoroughly. The book does not use the theorem—
proof-Q.E.D. style and is without heavy mathematics. We have consulted extensively for
wide sectors of the industry for many years and have participated in solving numerous
control-systems problems, from aerospace systems to industrial controls, automotive
controls, and control of computer peripherals. Although it is difficult to adopt all the details
and realism of practical problems in a textbook at this level, some examples and problems
reflect simplified versions of real-life systems.

To Students

You have had it now that you have signed up for this course and your professor has assigned
this book! You had no say about the choice, though you can form and express your opinion
on the book after reading it. Worse yet, one of the reasons that your professor made the
selection is because he or she intends to make you work hard. But please don’t misunder-
stand us: What we really mean is that, though this is an easy book to study (in our opinion),
it is a no-nonsense book. It doesn’t have cartoons or nice-looking photographs to amuse
you. From here on, it is all business and hard work. You should have had the prerequisites
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of subjects found in a typical linear-systems course, such as how to solve linear ordinary dif-
ferential equations, Laplace transforms and applications, and time-response and frequency-
domain analysis of linear systems. In this book, you will not find too much new mathematics
to which you have not been exposed before. What is interesting and challenging is that you
are going to learn how to apply some of the mathematics that you have acquired during the
past 2 or 3 years of study in college. In case you need to review some of the mathematical
foundations, you can find them in the appendices, at www.mhprofessional.com/golnaraghi.
You will also find the Simulink-based SIMLab and LEGOLab, which will help you to gain
understanding of real-world control systems.

This book has numerous illustrative examples. Some of these are deliberately simple for
the purpose of showing new ideas and subject matter. Some examples are more elaborate,
in order to bring the practical world closer to you. Furthermore, the objective of this book
is to present a complex subject in a clear and thorough way. One of the important learning
strategies for you as a student is not to rely strictly on the textbook assigned. When studying
a certain subject, go to the library and check out a few similar texts to see how other authors
treat the same subject. You may gain new perspectives on the subject and discover that one
author treats the material with more care and thoroughness than the others. Do not be dis-
tracted by written-down coverage with oversimplified examples. The minute you step into
the real world, you will face the design of control systems with nonlinearities and/or time-
varying elements as well as orders that can boggle your mind. You may find it discouraging
to be told now that strictly linear and first-order systems do not exist in the real world.
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