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Foreword

The Advanced Textbooks in Control and Signal Processing series is designed as a
vehicle for the systematic textbook presentation of both fundamental and innovative
topics in the control and signal processing disciplines. It is hoped that prospective
authors will welcome the opportunity to publish a more rounded and structured
presentation of some of the newer emerging control and signal processing tech-
nologies in this textbook series. However, it is useful to note that there will always
be a place in the series for contemporary presentations of foundational material in
these important engineering areas.

It is currently quite a challenge to compose and write a new introductory text-
book for control courses. One issue is that the electrical engineering discipline has
grown and evolved immeasurably over the years. It now encompasses the fields of
power systems technology, telecommunications, signal processing, electronics,
optoelectronic and control systems engineering all served with a smattering of
computer science. The undergraduates and postgraduates are faced with the
unenviable task of selecting which subjects to study from this smorgasbord of
topics.

Many academic institutions have introduced a modular semester structure to
their engineering courses. This has the advantage of allowing undergraduates and
postgraduates to study a set of basic modules from each of the disciplines before
specializing through a selection of advanced subject modules. This means the
student obtains a good foundational grounding in the electrical engineering disci-
pline. Such an approach requires an introductory control course textbook of suffi-
cient depth to be useful but not so advanced as to leave students bewildered given
that the subject of control has a substantial mathematical content.

Other institutions have managed to retain an Automatic Control Department or
Group where the main course is a first degree in control engineering per se. Such
departments are also likely to offer master and Ph.D. postgraduate qualifications in
the control discipline too. In these departments, the requirements of control systems
theory for mathematics can be met by specific control mathematics course modules.
An introductory control engineering textbook in this context can have considerably
more analytical depth too.

ix



X Foreword

There is one more consideration to add into this discussion of introductory
control systems engineering course textbooks. The spectrum of control involves
systems theory, systems modeling, control theory, control design techniques, sys-
tem identification methods, system simulation and validation, controller imple-
mentation techniques, control hardware, sensors, actuators, and system
instrumentation. Quite how much of each area to include in an introductory control
course is something usually decided by the course lecturer, the institutional
resources available, the academic level of the course, and the time available for the
student to study control. But these issues will also have a considerable influence on
the type, level, and structure of any introductory course textbook that is proposed.

Laszl6 Keviczky, Ruth Bars, Jend Hetthéssy, Csilla Banyasz form a team of
control academics who have worked in various Hungarian higher educational
institutions, primarily the Department of Automation and Applied Informatics at the
Budapest University of Technology and Economics, Hungary, and latterly with the
Computer and Automation Research Institute of the Hungarian Academy of
Science. Their introductory control course textbook presented here has evolved and
been refined through many years of teaching practice. The textbook focuses on the
control and systems theory, control design techniques, system simulation and
validation part of the control curriculum and is supported by a substantial volume of
MATLAB® exercises (ISBN 978-981-10-8320-4).

The textbook can be used by undergraduates in a first control systems course.
The technical content is self-contained and provides all the signals and systems
material that would be needed for a first control course. This is an obvious
advantage for the student reader and also the lecturer as it avoids the need for a
supplementary mathematical textbook or course. The use of the Youla parameter-
ization approach is a distinctive feature of the text, and this approach will also be of
interest to graduate students. The Youla parameterization approach has the
advantage of unifying a number of control design methods.

Many popular undergraduate texts give cursory space to the PID controller yet it
is a controller that is widely used in industry. In this control textbook, there is a
good chapter on PID control and this will chime well with the more industrially
orientated undergraduate and academic lecturer. Also valuable is the material
presented in Chapter 13 on the tuning of discrete PID controllers. To close the
textbook, the authors present an outlook chapter, Chapter 16, that directs the reader
toward more advanced topics.

Industrial Control Centre M. J. Grimble
Glasgow, Scotland, UK M. A. Johnson
January 2017



Preface

“Navigare necesse est”, i.e., the ship must be navigated, said the Romans in
Antiquity. “Controlare necesse est”, i.e. systems must be controlled, we have been
saying since the technological revolution of the nineteenth century. Really, in our
everyday life, or in our environment, one can hardly find equipment that does not
contain at least one or more control tasks solved by automation instead of by us, or,
more importantly, for our comfort.

In an iron, a temperature control system is operated by a relay, in a gas-heating
system the temperature is also controlled, and in more sophisticated systems the
temperature of the environment is also taken into consideration. In our homes,
modern audio-visual systems contain dozens of control tasks, e.g., the regulation
of the speed of the tape recorders, the start and stop operation of the equipment;
similar operation modes of the CD and DVD systems; the temperature control
of the processor in our PC, the positioning of the hard disks’ heads, etc. In cars, the
quantity of petrol used and the harmonized operation of the brakes are all controlled
by automatic controllers. An aircraft could not fly without controllers, since its
operation is a typical example of an unstable system. The number of control tasks in
modern aircraft is more than one hundred. The universe could not have been
investigated by humankind without the automatic control and guidance systems
used at launching rockets, satellites, and ballistic missiles. In the recent Mars
explorers, sophisticated high-level, so-called intelligent components, have been
employed.

In complex, industrial processes the number of tasks to be solved is over a
thousand or ten thousand. The quantity and quality of the products, as well as the
safety of the environment, could not be guaranteed without these automatically
operated systems. Launching products in the market requires the accurate control of
a number of variables.

In almost all assembly factories—from simple production beltways to robots—
automatic control is applied.

xi



xii Preface

With the development of medical biology, it was discovered that in any organ,
and so in human beings, dozens of basic control processes are at work (i.e., the
control of the blood pressure, the body temperature, the level of the blood-sugar
content, the level of hormones) and the present techniques are approaching the level
when some of these tasks can be taken over in case of illnesses or some problems.

Several basic processes of economics (e.g., supply and demand, storage—
inventory, macro- and micro-balance) afford possibilities for automatic control.

The everyday person hardly meets directly with the concept of automatic con-
trol, even though they operate several pieces of equipment by pushing buttons,
switches, or using instrument panels. That is why control is often considered to be a
hidden technology. This phenomenon used to be the reason for the ignorant opinion
that there is no need for studying the theory of control and regulation, since it comes
embedded in the equipment. But do not forget that such equipment has to be
designed and produced, and brought to the market. Only those countries can be
considered “developed” ones, that are in the front ranks in the development of these
kinds of instruments and processes.

In the modern technologies of the twenty-first century, the basic processing,
evaluating and decision-making tasks are executed by computers. The observation
of the signals and characteristics of real-time processes, the transfer of executive
commands, are made by digital communication. The above three areas (Control-
Computation-Communication = C?) are often considered to be in close synergy.

The goal of this book is to summarize the knowledge required in the introductory
courses of university education in these subjects. Each chapter, of course, can have
different priorities, but they try to provide useful, basic knowledge in order to
continue studies of the higher levels of control theory.

This textbook deals with single variable (single input, single output), linear,
constant parameter systems, so, with the simplest systems. Multivariable, nonlinear,
varying parameters, stochastic systems are not considered. (Similarly, the theory
of the modern adaptive, optimal, and robust controllers is not discussed.) It has to
be admitted that the real world is more complex, i.e., multivariable, nonlinear; thus,
the material of this textbook is only the first step in studying the control methods of
real systems. It also has to be mentioned though that several practical tasks can be
solved with quite good results by applying these simplified approaches.

In this book, relatively great attention is devoted to the subject of “Signals and
Systems” essential in the basic courses of control theory. In the Appendices,
important mathematical fundamentals are summarized. The reason for this is to
provide a comprehensive source for students and readers, not requiring additional
textbooks to understand this textbook. If anyone’s knowledge of certain fields is
doubtful, it can be refreshed in the corresponding chapters.

There are many formulas in this textbook. This subject area, this field requires
them, which sometimes is threatening to students. The complexity of the necessary
computations, however, never exceeds the complexity of engineering computations,
but where it cannot be performed by hand, the necessary computational resources
and softwares are referred to. It has to be noted that this level is a basic requirement
for the engineers employed by companies working for international markets. It has



Preface xiii

to be added, however, that the theoretical knowledge can really become useful only
with many years of practical experience.

Nothing is more practical than a good theory!

The authors believe that this textbook provides a suitable basis for the basic level
(B.Sc.) education of those faculties, where control theory is to be taught, and where
the goal is to prepare a master’s level (M.Sc.) education.

This textbook has been written by a working group of the Department of
Automation and Applied Informatics, Budapest University of Technology and
Economics. The group is headed by Laszld Keviczky. This material is based on,
long experience and textbooks used by the department, but, of course, it is not
comparable with those in goals and coverage. The following members of the group
played primary roles in writing the different chapters:

Chapter 1. Ruth Bars

Chapter 2. Ruth Bars

Chapter 3. Laszlé Keviczky

Chapter 4. Ruth Bars

Chapter 5. Ruth Bars

Chapter 6. Laszldé Keviczky and Ruth Bars
Chapter 7. Laszlé Keviczky

Chapter 8. Laszlé Keviczky and Ruth Bars
Chapter 9. Laszlé Keviczky

Chapter 10. Laszl6 Keviczky

Chapter 11. Jend Hetthéssy

Chapter 12. Laszl6 Keviczky and Csilla Banyasz
Chapter 13. Laszl6 Keviczky and Jend Hetthéssy
Chapter 14. Laszlo Keviczky

Chapter 15. Laszlo Keviczky

Chapter 16. Laszl6 Keviczky and Csilla Banyasz
Appendix. Laszl6 Keviczky, Ruth Bars, Jen6 Hetthéssy and Csilla Banyasz

In the typographical preparation of this textbook, Csilla Bényasz had the
determining role. The figures were prepared partly with the help of the Ph.D.
students Agnes Bogardi-Mészoly, Zoltan David, and Gabor Somogyi.

An essential part of this textbook is the practical laboratory material published in
a separate volume (MATLAB® Exercises), as well as several examples, helping the
students in a good preparation for exams.

Budapest, Hungary Laszlo Keviczky
Ruth Bars

Jend Hetthéssy

Csilla Banyasz
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Transfer functions of continuous-time systems
Transfer functions of discrete-time systems
Controller transfer function

Process transfer function

Discrete-time process pulse transfer function
Sensitivity function

Complementary sensitivity function
Transfer function of an open control loop
Gain of a control loop

Transfer coefficient of a control loop
YouLA parameter

Continuous time

Discrete time

LAPLACE transform

Fourier transform

z-transform

Complex variable (£ transformation)
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det(A) (or |A|)

x

A,b,c,d

F,g.h,d (or F,g,c,d)
diag[au,azz,...,am]
I = diag[l,1,...,1]

F*(jo)

G(jw) (or P4(jw))

A B,C,D,G F, R, X, ),V
deg{A}

A(s) =0

U

grad [f(x)]

Vo

Z (or arc(...))

el) (or exp(...))
In(...)
lg(...)
plim{...}
A

In(A)

CT

DT

SRE
PFE

|

Notations

Determinant of a matrix

State variable

Parameters of the state equation (continuous)
Parameters of the state equation (discrete)
Diagonal matrix

Unit matrix

Sampling time

Dead time (continuous)

Time delay (discrete)

Additional time delay

Step response function

Weighting function

Frequency

Crossover (cut-off) frequency

Frequency spectrum of a continuous signal
Frequency spectrum of a sampled signal series
Frequency spectrum of a discrete-time model
Polynomials

Order of a polynomial

Characteristic equation

Limit of the control output

Gradient vector

For all ®

Angle of a complex number or functions
Exponential function

Natural logarithm

Base 10 logarithm

Expected value

Probability limit value

Matrix exponential

Matrix logarithm

Continuous time

Discrete time

Step response equivalent

Partial fractional expansion

End of example
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