
PREFACE TO THE FIRST EDITION

This book is about the transmission of digital data through time and space, as it is
practiced in the sophisticated systems of today. Since the ideas behind today's de-
signs can be subtle, theory and concepts play a major role, but engineering practices
and judgments are an essential part of the story as well and need equal prominence.
This book seeks to combine a clear conceptual grounding with an engineering atti-
tude.

Digital transmission is not an elementary subject. The author remembers learn-
ing both digital communication theory and computer programming in the mid-
1960s, and being told that these were hard subjects that could not be taught but
rather must simply be absorbed. Both were new at the time. Since then we have
learned how to teach them, fortunately. Programming turned out to be rather easy,
and as it turned out, children could learn it and even get into mischief with it. Digi-
tal transmission, on the other hand, is still an advanced discipline. After 30 or more
years, it is accessible to the same persons it was in the 1960s, namely, students and
practicing engineers with at least 4-5 years' training.

Especially in the United States, where undergraduate education ends a year earli-
er than in Europe, there has been a trend to bring digital communication down into
the undergraduate years. No doubt this is possible for some of the simpler ideas, but
the details of a CD player or a cellular phone are too subtle and complex to be
grasped by an engineer without significant training. Reed-Solomon codes and max-
imum-likelihood sequence estimation are not part of ordinary experience. The aim
of this book cannot be to dilute these subjects, but rather to explain them in the sim-
plest and most efficient way.

There is a natural evolution in any new technical subject, as it moves away from
the half-understood discoveries of a few researchers and inventors. If the subject is
important enough, it will move from journal articles and patents to research mono-
graphs and early textbooks. These passages are difficult and time-consuming. Dis-
coveries do not come easily, and finding any pedagogical explanation at all, let
alone a good one, is a stiff challenge. Textbooks in the engineering of digital com-
munication, as opposed to pioneering monographs, began to appear in the
1975-1985 period. We are now well past the early textbook stage. Digital commu-
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nication is mature and contains relatively few mysteries. It is time to think about
what are the best explanations of the subject, and hopefully some of this has found
its way into this book. Our material on baseband pulses and earner modulation has
been completely recast in order to achieve a simpler exposition and introduce a
stronger engineering flavor. Two critical parts of a real communication link are the
synchronizers and the physical nature of the channel. These are half or more of any
complete design and they each have an extensive chapter here, for the first time in a
book at this level. Our treatment of equalization is a complete reworking of existing
material.

The material in Chapters 1-5 is the basis of the first-year graduate introduction
to digital communication taught for some years by the author. It covers pulse and
carrier modulation in detail, interference and distortion, synchronization up to the
network level, and the engineering details of channels, antennas, and propagation.
Additional sections on error control coding, mobile channels, and some advanced
techniques make up Chapters 6 and 7 and Section 5.4. These have been included for
those who have the need and the space for them.

The prerequisites for this book are good courses in probability and transform and
system theory. A course in analog communication is helpful. We have taken pains
to avoid significant use of stochastic processes, although that subject provides many
valuable insights and is a prerequisite for further study in fields such as detection
theory.

We have sought to avoid the encyclopedic approach of some books, which cover
more details in many more pages but are barely legible to the student. These books
have their place, but it is not at the first-year level.1 We seek to explain a limited
number of topics fully in a book of moderate size. Many important but smaller top-
ics are left out, and we mean no disrespect to the scientists and engineers who de-
vised them. In the references cited in the text we follow a priority that has meant in-
justice to some. Our first priority has been to refer to the most readable sources of
further information for the student. Establishing the history of an idea takes second
priority and recent developments take third.

Signal processing based on software algorithms plays an ever-growing role in
communication systems, and all engineers need a computing engine for their work.
For these reasons, short programs based on MATLAB are incorporated in many
places in the text. A number of important homework exercises are based on these
simple programs. Student and instructor alike are warned that gaining experience
with software tools and the allied signal processing ideas takes significant time.
There is a major difference between enjoying a classroom demonstration of soft-
ware and using it oneself. The author's experience is that this perfecting of the tools
adds about 15% (two weeks) to the course.

The pedagogical ideas behind this book and its choice of contents evolved over
15 years teaching the subject. It is inconceivable to the author that a good class text
could arise without many years of encounter with a great many students. Most lines
in this book trace back to a class question, a discussion afterward, or perhaps simply

'This is the final-year level in the European diploma engineer curriculum.


