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Brief Introduction to the contents

On the basis of introducing the principles of analog communication ,the book is focused on the principles of dig-
ital communication,and describes the communication system constitute , the specifications , the operation principles , the
performance analysis,and the design methods. New communication systems and technologies developed recently are
emphasized.

The book is suitable for electronic specialties of engineering school in Chinese general institutions of higher learn-
ing as the textbook or reference for the junior and senior students and graduate students , and can also be used as a ref-
erence book or a texibook in the advanced study classes for the engineering and technical personnel engaged in com-

munication engineering.
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Preface

In recent years, communication theory and technology has witnessed rapid development. In Chi-
na, the application of telecommunication service has penetrated into almost every household and every
person. The huge modern communication networks have been one of the important infrastructures in
China. Correspondingly,the amount of telecommunication enterprises and employees there has also
been increasing remarkably. Under this situation, the education of the new specialized personnel in
the telecommunication field and the reeducation of the personnel in service have become important
tasks. In addition, bilingual teaching is a new requirement in Chinese institutions of higher learning,
and its importance has been recognized by more and more people. However, there is lack of appro-
priate textbooks in English on communication theory for Chinese students. This textbook is intended
to accommodate the demand.

The current communication networks in China have almost all been digitized. Signals transmit-
ted in China’ s public communication networks are mainly digital ones;only the signals transmitted in
the user’ s loop and those signals for special applications are still analog. Hence, the discussion of
analog signal transmission techniques is limited to a minimum ,and the greater part of this book is de-
voted to discussions of digital communication including transforming, encoding and transmission of
digital signals,as well as the digitization of analog signals.

In the discussion on digital communication technology , some new communication technologies
have been emphasized , for example, trellis code modulation (TCM) , orthogonal frequency division
modulation (OFDM) , multiple access, spread spectrum, TURBO code , and, so on. Attention has been
directed to the explanations that are associated with the application examples of the currently rapidly
developed networks, such as satellite communication and computer communication networks, and
0 on.

In order to best possibly meet the teaching demand in different universities and the demand of
the readers who are in active service,this book is divided into two parts. The first part constitutes the
basic contents,and is essential for beginners. The second part contains the optional contents, and
each chapter in this part is relatively independent. Some chapters in the second part can be selected
for learning depending on teaching requirements, some of which can be used as reference for commu-
nication engineering personnel. In addition, considering the demands of different teaching programs
and different teaching periods,some contents that have complicated calculations or proofs are printed
under shadow. Those parts can be skipped over,without affecting understanding of the content that
follows. Questions and exercises are provided at the end of each chapter. The questions can be used
for review of the contents of each chapter,and can aid the readers in making a brief summary of the
contents of each chapter by themselves. The exercises allow the readers to deeply grasp the contents

of each chapter,to combine the theory with the practice,and to improve their ability to solve practical
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problems. There are also some references at the end of this book for the readers to find the origins of
the relevant conclusions. There are no more references listed , because during the network informa-
tion era,the readers can easily obtain their required information from the Internet.

There are 7 chapters in the first part. The first chapter is focused on the introduction of commu-
nication,, especially the basic concepts of digital communication and channels , and helps the readers
build up a preliminary understanding. The second chapter elaborates on the characteristics of signals
and the influence of channels on the transmission of signals. The third chapter briefly dwells on the
principles of analog modulation systems. The fourth chapter discusses the sampling , quantization , and
encoding methods of analog signals in detail. The fifth chapter gives a basic introduction of every as-
pect of the design of baseband transmission systems. The sixth chapter discusses the basic digital
modulation systems in detail. The seventh chapter discusses synchronization including carrier syn-
chronization , bit synchronization , group synchronization , and network synchronization , which is abso-
lutely necessary for digital communication systems.

The second part consists of 7 chapters in total. The eighth chapter discusses the ideal perform-
ance of the system from the viewpoint of the optimum reception of digital signals,and the comparison
of the optimum reception with that of the practical systems. The ninth chapter describes multichannel
multiplexing and multiple access;specifically introducing some relevant international recommenda-
tions for the standards and some practical systems. The tenth chapter discusses error correcting cod-
ing and error control technology ; the principles of error correcting coding with fine performance are
emphasized. The eleventh chapter thoroughly discusses advanced digital modulation technologies on
the basis of Chapter 6. The twelfth chapter describes the information theory. The performances of
communication systems are analyzed using the fundamental theory in order to search for the optimum
source coding methods and the optimum performances of the communication systems. The thirteenth
chapter introduces various communication networks including telephone networks, data communica-
tion networks , integrated services digital networks and vehicle communication networks. The four-
teenth chapter briefly introduces the principles of cryptography. Each chapter in Part 2 is relatively
independent. Part 2 can be optionally studied based on demand, and its understanding will not be af-
fected by skipping over some chapters ( There is certain connection only between the Viterbi deco-
ding algorithm in Chapter 10 and the TCM in Chapter 11. )

For the junior and senior students of general higher education institutions, lectures may be be-
tween 36 to 90 hours (or 2 to 5 credits) according to different specialties and different universities.
The course may be arranged within one or two semesters,and supplemented by experiments.

The prerequisites for studying this book are mainly: analog electronic circuits, high frequency e-
lectronic circuits, digital logic circuits, linear algebra, probability theory, as well as signals and sys-
tems. For the students who have studied the course " Signals and Systems,” the second chapter of

this book may be briefly introduced as a review or just skipped over.

Fan Changxin
Xidian University
Xi’ an,China
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PART |
Chapter 1

Introduction

1.1 Historical Review of Communication

In centuries-old China, the origin of communication may at least be traced back to the Zhou dy-
nasty. The old Chinese story about Emperor Zhou You Wang playing tricks on his dukes by ill-using
beacon-fire (signal-fire) in the Zhou dynasty (781 ~771 B. C.) is well-known to all. This story is
an evidence of the application of optical communication in ancient times. It is proved that the appli-
cation of optical communication in China can be traced to as early as 800 B. C.,which was the cut-
ting edge technology of the world. Beacon-fire (Signal-fire) is a very primitive type of optical com-
munication ,and is also the simplest binary digital communication. It utilizes the existence or naught
of optical signals to represent the enemy activities. Generally speaking , communication is the transfer
of information. Now, there are two kinds of communication modes: transfer of information by man-
power or mechanical method, e. g.,the postal service- moving communication ;or transfer of informa-
tion by electricity (including current,radio,and optical wave) ,i.e. telecommunication. The discus-
sion in this book is confined to the latter.

Modern telecommunication technology began in 1820 when A.M. Ampere invented tele-
graph communication. It was the beginning of the modern digital communication''!. Hereafter,
telegraph technology improved constantly. It developed rapidly and gained comprehensive appli-
cation. Specifically, Samuel F. Morse put telegraph communication to practical application a-
round 18381"*), A.G. Bell invented telephone in 18761, This is the beginning of analog com-
munication. Telephone communication is a kind of real- time, interactive communication. It is
more convenient than telegraph. Afier the 1960s, along with the emergence and development of
semiconductor, computer, and laser technology, digital communication technology, which can
transmit characters and computer data, entered advanced stage of development. Because ad-
vanced digital communication technology has many more advantages over analog communication
in various aspects,some analog signals,such as speech and image, are preferably transmitted u-
sing digital communication technology. Hence, digital communication has been developing rapid-
ly in the past 20 years or so. At the same time, optical fiber communication technology, an ad-
vanced optical communication technology, also progressed. Both have become the backbone of
modern communication network.

The development of optical communication and digital communication mentioned above is one
from the lowest to the highest stages.
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1.2 Message,information,and Signal

The purpose of communication is to transfer information included in a message. For example,
speech , letters, figures , and images are all messages. When people receive messages they are con-
cerned about the effective content included in them, i.e. information. For example, when weather
forecast is transferred , “fine” is expressed in the form of Chinese characters or a kind of symbols or
figures. These representations are different types of messages,but they carry the same information.
Messages is to be converted into electrical signals ( generally called signals) , then transmitted in a
communication system. Therefore,signal is the carrier of message.

Information is the meaningful or effective content included in the message. As mentioned above,
different types of messages may contain the same information. The amount of information transferred
can be measured by “information content” ,just as the amount of goods transported can be measured
by the “volume of freight”. So,the first issue to be solved is how to measure information.

Messages are versatile. Hence,the method of measuring the information content included in the
message should have no relation to the importance of the message. For example,“1 kg of gold sto-
len” and “1 kg of silver stolen” should contain the same information content, although gold is much
more valuable than silver.

In all meaningful communication,the amount of the information content included in the same
amount of message may be different to the receiver. For example,weather forecast “Rainfall will be
1 mm tomorrow” will bring the receiver no surprise ; however, weather forecast “Rainfall will be 1 m
tomorrow” will cause the receiver to jump out of his skin. It shows that messages may indeed contain
different information contents. The more impossible the occurrence of the event expressed by the
message , the more surprised the receiver,and the larger the information content. Therefore,we can
use the uncertainty of the event, i.e. the probability of occurrence,to describe the magnitude of the
information content. There is no need to transfer a message with certainty, e. g., “The sun will rise in
the east tomorrow morning,” because the receiver has no interest in it. That is to say,the informa-
tion content in a known message is zero.

We know from the probability theory that the uncertainty of an event can be described by the
probability of its occurrence. When probability is used to describe information content , the smaller
the probability of occurrence of the event expressed by the message,the larger the information con-
tent included. If the event expressed by the message is certain,its occurrence probability equals 1;
then the information content of the message equals 0. The smaller the occurrence probability of the
event ,the larger the information content included. If the event is impossible, its occurrence probabil-
ity equals O,then the message will contain infinite information content. In addition, if the received
message consists of several independent events, then the received total information content should be
the sum of the information contents of these independent events.

According to the above description, the information content I contained in a message may be de-
fined by the following method:

(D Information content I contained in a message is a function of the occurrence probability
P(x) of the message,i. e.

I=1[P(%)] (1.2-1)

(@ The smaller the occurrence probability of a message,the larger the information content con-
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