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PREFACE

The chief objective of the fourth edition is to respond to the tremendous amount of tech-
nological progress in communication systems we have witnessed over the decade since
the third edition was published. At the same time, newer software and teaching tools have
also become available, making it much easier to provide solid and illustrative examples as
well as more experimental opportunities for students. In this new edition, major changes are
implemented to incorporate recent technological advances of telecommunications. To captivate
students’ attention and make it easier for students to relate the course materials to their daily
experience with communication tools, we will provide relevant information on the operation
and features of cellular systems, wireless local area networks (LANSs), and wire-line (digital
subscriber loop or DSL) internet services, among others.

Major Revision
A number of critical changes are motivated by the need to emphasize the fundamentals of
digital communication systems that have permeated our daily lives. Specifically, in light of the
widespread applications of new technologies such as spread spectrum and orthogonal frequency
division multiplexing (OFDM), we present two new chapters: Chapter 12 on spread spectrum
communications and Chapter 13 on frequency-selective channels and OFDM systems. As
practical examples of such systems, we provide a basic introduction of current wireless commu-
nication standards including cellular systems and IEEE 802.11a/b/g/n wireless LAN systems.
In addition, we summarize the latest in DSL modem technology and services. At the funda-
mental level, information theory and coding have also been transformed by several important
new progresses. In this edition, we include the basic principles of multiple-input-multiple-
output (MIMO) technology, which has just begun to see broad commercial applications. We
also cover several notable breakthroughs in error correction coding, including soft decoding,
turbo codes, and low-density parity check (LDPC) codes.

To enhance the learning experience and to give students opportunities for computer-based
experimental practices, relevant MATLAB examples and exercises have been provided in
chapters that can be enhanced by these hands-on experiments.

Organization

With respect to organization, we begin the fourth edition with a traditional review of signal and
system fundamentals before proceeding to the core communication topics of analog modulation
and digital pulse-coded modulation. We then present the fundamental tools of probability theory
and random processes to be used in the design and analysis of digital communications in the rest
of this text. After the fundamentals of digital communication systems have been covered, the
last two chapters provide an overview of information theory and the fundamentals of forward
error correction codes.

Ideally, the communications subjects germane to this text should be covered in two
courses: one on the basic operations of communication systems and one on the analysis of
modern communication systems under noise and other distortions. The former relies heav-
ily on deterministic analytical tools such as Fourier series, the Fourier transform, and the
sampling theorem, while the latter relies on tools from probability and random processes to
tackle the unpredictability of message signals and noises. In today’s academic environment,
however, with so many competing courses, it may be difficult to squeeze two basic courses
on communications into a typical electrical engineering curriculum. Some universities do
require a course in probability and random processes as a prerequisite. In that case, it is pos-



sible to cover both areas reasonably well in a one-semester course. This book is designed for
adoption in both cases. It can be used as a one-semester course in which the deterministic
aspects of communication systems are emphasized with little consideration of the effects of
noise and interference. It can also be used for a course that deals with both the deterministic
and the probabilistic aspects of communication systems. The book is self-contained, since
it provides all the necessary background in probabilities and random processes. As stated
earlier, however, if both deterministic and probabilistic aspects of communications are to be
covered in one semester, it is highly desirable for students to have a good background in
probabilities.

Chapter 1 introduces a panoramic view of communication systems. Important concepts of
communication theory are explained qualitatively in a heuristic way. This attracts the students
to the topics of communications. With this momentum, students are motivated to study the
tools of signal analysis in Chapters 2 and 3, which encourage them to see a signal as a vector,
and to think of the Fourier spectrum as a way of representing a signal in terms of its vector
components. Chapters 4 and 5 discuss amplitude (linear) and angle (nonlinear) modulations,
respectively. Many instructors feel that in this digital age, modulation should be deemphasized
with a minimal presence. We hold the view that modulation is not so much a method of com-
munication as a basic tool of signal processing; it will always be needed, not only in the area
of communication (digital or analog), but also in many other areas of electrical engineering.
Hence, neglecting modulation may prove to be rather shortsighted. Chapter 6 serves as the
fundamental link between analog-and-digital communications by describing the process of
analog-to-digital conversion (ADC). It provides the details of sampling, pulse code modula-
tion (including DPCM), delta modulation, speech coding (vocoder), image/video coding, and
compression. Chapter 7 discusses the principles and techniques used in digital modulations. It
introduces the concept of channel distortion and presents equalization as an effective means
of compensating for distortion.

Chapters 8 and 9 provide the essential background on theories of probability and random
processes, which comprise the second tool required for the study of communication systems.
Every attempt is made to motivate students and to elevate their interest through these chapters
by providing applications to communications problems wherever possible. Chapters 10 and
11 present the analysis of analog and digital communication systems in the presence of noise.
Optimum signal detection in digital communication is thoroughly presented in Chapter 11.
Chapter 12 focuses on spread spectrum communications. Chapter 13 presents various practical
techniques that can be used to combat practical channel distortions. This chapter will capture
both channel equalization and the broadly applied technology of OFDM. Chapter 14 provides
an overview of information theory. Finally, the principle and key practical aspects of error
control coding are given in Chapter 15.

One of the aims of writing this book has been to make learning a pleasant or at least a less
intimidating experience for students by presenting the subject in a clear, understandable, and
logically organized manner. Every effort has been made to deliver an insight—rather than just
an understanding—as well as heuristic explanations of theoretical results wherever possible.
Many examples are provided for further clarification of abstract results. Even a partial success
in achieving this stated goal would make all our efforts worthwhile.

A Whole New World

There have been a number of major technology developments since the publication of the third
edition in 1998. First of all, the cellular telephone has deeply penetrated the daily lives of urban
and suburban households in most developed and even developing nations. In 1998 there were
very few students with beepers and cellphones in the classrooms. Now, nearly every college
student has a cellphone. Second, in 1998 most of the household internet connections were
linked via low-speed (of approximately 28.8 kbit/s) voice modems. Today, a majority of our
students are connected to cyberspace through high speed DSL or cable services. In addition,



wireless LAN has turned esoteric terms such as IEEE 802.11 into household names. Most
students in the classroom have explored these technologies to some extent.

Vast technological advances have produced a new generation of students extremely inter-
ested in learning about the new technologies and their implementations. These students are
eager to understand how and where they may be able to make contributions in the future. Such
strong motivation must be encouraged and taken advantage of. This new edition will enable
instructors either to cover the topics themselves or to assign reading materials that will allow
the students to acquire relevant information. The new edition achieves these goals by stressing
the digital aspects of the text and by incorporating the most commonly known wireless and
wire-line digital technologies.

Course Adoption

With a combined teaching experience of over 50 years, we have taught communication classes
under both quarter and semester systems in several major universities. On the other hand, the
students’ personal experiences with communication systems have continuously been multiply-
ing, from a simple radio set in the 1960s, to the turn of the twenty-first century, with its easy
access to wireless LAN, cellular devices, satellite radio, and home internet services. Hence,
more and more students are interested in learning how familiar electronic gadgets work. With
this important need and our past experiences in mind, we revised the fourth edition of this
text to fit well within several different curriculum configurations. In all cases, basic coverage
should teach the fundamentals of analog and digital communications (Chapters 1-7).

One-Semester Course (without strong probability background)

In many existing curricula, undergraduate students are not exposed to simple probability tools
until they begin to take communications. This occurs often because the students were required
to take an introductory statistical course disconnected from engineering science. This text is
well suited to students of such a background. The first seven chapters form a comprehensive
coverage of modern digital and analog communication systems for average ECE undergraduate
students. Such a course can be taught within one semester (40—45 instructional hours). Under
the premise that each student has built a solid background in Fourier analysis via a prerequisite
class on signals and systems, most of the first three chapters can be treated as a review in a
single week. The rest of the semester can be fully devoted to teaching Chapters 4 to 7, with
partial coverage on the practical systems of Chapters 12 and 13 to enhance students interest.

One-Semester Course (with a strong probability background)

For curricula that have strengthened the background coverage of probability theory, a much
more extensive coverage of digital communications can be achieved within one semester.
A rigorous probability class can be taught within the context of signal and system analysis
(cf. Cooper and McGillem, Probabilistic Methods of Signal and System Analysis, Oxford
University Press, 1999, ISBN: 0195123549). For this scenario, in addition to Chapters 1 to 7,
Chapter 11 and part of Chapter 13 on equalization can also be taught in one semester, provided
the students have a solid probability background that permits the coverage of Chapter 8 and
Chapter 9 in a few hours. Students completing this course would be well prepared to enter the
telecommunications industry or to continue in a program of graduate studies.

Two-Semester Series (without a separate probability course)

The entire text can be thoroughly covered in two semesters for a curriculum that does not
have any prior probability course. In other words, for a two-course series, the goal is to teach
both communication systems and fundamentals of probabilities. In an era of many competing
courses in the ECE curriculum, it is hard to set aside two semester courses for communications
alone. On the other hand, most universities do have a probability course that is separately
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taught by nonengineering professors. In this scenario it would be desirable to fold probability
theory into the two communication courses. Thus, for two semester courses, the coverage can

be as follows:

- 1st semester: Chapters 1-7 (Signals and Communication Systems)
+ 2nd semester: Chapters 8—13 (Modern Digital Communication Systems)

One-Quarter Course (with a strong probability background)

In a quarter system, students must have prior exposure to probability and statistics at a rigorous
level (cf. Cooper and McGillem, Probabilistic Methods of Signal and System Analysis, Oxford
University Press, 1999, ISBN: 0195123549). They must also have solid knowledge of Fourier
analysis. Within a quarter, the class can teach the basics of analog and digital communication
systems (Chapters 3-7), analysis of digital communication systems (Chapter 11), and spread
spectrum communications (Chapter 12).

One-Quarter Course (without a strong probability background)

In the rare case of students who come in without much probability knowledge, it is important to
impart basic knowledge of communication systems. It is wise not to attempt to analyze digital
communication systems. Instead, the basic coverage without prior knowledge of probability
can be achieved by teaching the operations of analog and digital systems (Chapters 1-7) and
a high-level discussion of spread spectrum wireless systems (Chapter 12).

Two-Quarter Series (with basic probability background)

Unlike a one-quarter course, a two-quarter series can be well designed to teach most of the
important materials on communication systems and their analysis. The entire text can be
extensively taught in two quarters for a curriculum that has some preliminary coverage of
Fourier analysis and probabilities. Essentially using Chapters | to 3 and Chapter 8 as partly
new and partly review, the coverage can be as follows:

+ Ist quarter: Chapters 1-10 (Communication Systems and Analysis)

- 2nd quarter: Chapters 11-15 (Digital Communication Systems)

MATLAB and Laboratory Experience

Since many universities no longer have hardware communication laboratories, MATLAB based
communication system exercises will be made available to enhance the learning experience.
Students will be able to design systems and modify their parameters to evaluate the overall
effects on the performance of communication systems through computer displays and bit error
rate measurement. The students will acquire first-hand knowledge of how to design and perform
simulations of communication systems.
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