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operators. For the sake of comparison, the theory of digital communication
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Purpose and the main features of the book

This book primarily presents the theoretical base of discrete
communication systems with a reference to digital communication
systems. The contents of the book solely address problems in the design
of a communication system that includes a transmitter, a transmission
channel, and a receiver. The signals processed in the system are
presented in two domains of time, the continuous-time domain and the
discrete-time domain, as well as in two corresponding domains of
frequency, the Fourier series and transforms for continuous-time and
discrete-time signals. A system operating in the continuous-time domain
is named the digital system, while a system operating in the discrete-time
domain is named a discrete system. The theory of discrete systems is the
focus of this book because of the existing theory of digital communication
systems; however, it is not sufficient to work on the design and
implementation of the communication system transceiver blocks in modern
DSP technology. The purpose of the book is not to explain all existing
modulation techniques, but to make a firm foundation of communications
systems operating in the discrete-time domain covering the basic discrete
modulation methods.

The writing of this book is additionally motivated by modern trends in
the design of communication systems on the FPGA and DSP platforms.
These trends were heavily supported by advances in the theory of
discrete-time signal processing. These trends will continue in the future
supported by the everlasting increase in the processing ability of digital
technology allowing the development of sophisticated communication
algorithms we could not dream of in the past. For these reasons, it is
necessary to know how to use the discrete-time signal processing theory
and how to apply it in the design of modern communication devices. Even
more important is to make available the theory of discrete-time
communication systems to researchers, practicing engineers, and
designers of communications devices in the industry. Practically all
modern communication devices such as wireless and cable modems, TV
modems, consumer entertainment systems, satellite modems, and similar,
are based on the use of digital processing technology and the principles of
the discrete-time signal processing theory.
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The distinguishing features of the book are:

1. This is the first book that presents the essential theory and practice
of discrete communication systems design. In contrast to already
published books, the operation of the discrete communication systems is
expressed in terms of the theory of discrete-time stochastic processes and
related to the existing theory of digital communication systems.

2. Based on the presented orthogonality principles, a generic
structure of a communication system, based on correlation demodulation
and optimum detection, is developed and presented in the form of
mathematical operators.

3. Due to the random nature of the signals processed, the theory of
continuous-time and discrete-time stochastic signal processing is
extensively and consequently applied to present the signals at the inputs
and outputs of the transceiver blocks and to develop the general system
named the generic system.

4. Based on the generic system, the traditionally defined phase shift
keying (PSK), frequency shift keying (FSK), quadrature amplitude
modulation (QAM), orthogonal frequency division multiplexing (OFDM),
and code division multiple access (CDMA) systems are deduced as its
special cases.

5.Having in mind the controversial nature of the continuous-time white
Gaussian noise process having infinite power, a separate chapter is
dedicated to noise discretization by introducing the notions of noise
entropy and the truncated Gaussian density function.

6. The book is self-sufficient because it uses a unified notation and
terminology, both in the main ten chapters explaining communications
systems theory and in nine complementary chapters dealing with the
continuous and discrete-time signal processing for both deterministic and
stochastic signals. Therefore, readers do not need to go to various books
on signal processing and struggle with their different notations to
understand them in the context of the operation of communication
systems.

7. The unified notation and unified terminology allow clear distinction
of deterministic signals from stochastic ones, power signals from energy
signals, as well as discrete-time signals and processes from continuous-
time signals and processes.

8. For the sake of explanation and clarity, the theory of digital
communication systems is presented to a certain extent and related to the
main theory of discrete communication systems.

9. The text of the book is accompanied by solutions to about 300

problems and five Projects.
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Content of the book
The book contains two parts, as it can be seen in Fig. 1.
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Figure 1 — Book structure and the relations between chapters
Puc. 1 — Cmpykmypa KHu2u U 83auMOoCesi3b Mex0y 2r1asamul.
Cnuka 1 — Cmpykmypa KHuee U KoOHuenuuja noanaesba
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The First Part has ten main chapters and presents an essential theory
of discrete and digital communication systems, the operation of their
building blocks, and in the first place the operation of modulators and
demodulators/detectors. Due to the importance of the theory of discrete
and continuous-time signal processing, for both deterministic and random
signals, nine chapters containing this theory are incorporated into the
Second Part of the book containing nine complementary chapters.

The main chapters are in the middle of the diagram (1 to 10, including
Chapter 3 on the left). The complementary chapters, containing the theory
of signal sampling and reconstruction, and the necessary theory in
deterministic discrete-time signal processing, are on the left-hand side (13,
14, and 15). The chapters containing the theory of continuous-time signal
processing are on the right-hand side (11, 12, and 19). Chapters 16 to 18,
at the bottom of Fig. 1, contain the essential theory of digital filters and
multi-rate signal processing that is relevant for nearly all chapters of the
book and for Chapters 7 and 10. The chapters are interconnected by the
input arrow and output diamond lines.

Description of chapters in the main part

Chapter 1 introduces the subject of the book, defines the main terms
in communication systems, and presents the main objectives for writing
this book.

Chapter 2 is dedicated to the principle of discrete-time signals
orthogonalization. Understanding this chapter is a prerequisite to
understanding Chapters 4 to 10.

Chapter 3 contains the theory of discrete-time stochastic processes,
which is a prerequisite for the chapters related to the theory of discrete
communication systems exposed in Chapters 4 to 10.

Chapter 4 addressed the issues related to the theory of noise in
communication systems. Adding the entropy and truncated density
functions to already used autocorrelation and power spectral density
functions allowed mathematical modeling of the discrete noise generators
and regenerators. This chapter is in close relation to Chapters 3, 19, 13,
16, 17, and Project 3.

Chapter 5 is a vital part of this book presenting the generic
communication system operating in the discrete-time domain, which is
based on the implementation of orthogonal modulators, correlation
demodulators, and optimum detectors, following the definition of signal
synthesizers and analyzers in Chapter 2.
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The generic discrete system is shown in Fig. 2, to be used to deduce
the practical systems as its special cases.

Chapter 6 presents mathematical models of the traditional baseband
and bandpass digital communication systems based on the BPSK, QPSK,
FSK, and QAM modulation methods.

Chapter 7 presents the operation of a discrete system that processes
pure discrete-time signals.

The vital characteristics of the system and its blocks are expressed in
terms of amplitude spectral density, autocorrelation functions, power and
energy spectral densities, and bit error probability.

This chapter presents mathematical models of the discrete baseband
and bandpass communication systems based on the BPSK and QPSK,
FSK, and QAM modulation methods, which are deduced from the generic
system structure presented in Chapter 5, which confirms the basic idea of
this book that the practical communication systems are special cases of
the generic system. An example of a derived BPSK system is shown in
Fig. 3 operating at the intermediate frequency.

Chapter 8 presents modern multiuser and multicarrier CODMA and
OFDM systems, and Project 4 demonstrates the procedure of
mathematical modeling, simulation, and design of a CDMA system in
FPGA technology.

Chapter 9 presents the fundamentals of information theory, including
the theory of iterative and turbo channel coding that is demonstrated in
Project 5.

Chapter 10 presents some practical aspects of discrete
communication systems design in digital technology, primarily in DSP and
FPGA.
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Figure 2 — Generic discrete communication system operating in the discrete-time domain
Puc. 2 — O6obweHHas duckpemHasi cucmema cesidu, pabomarowiasi 8 OUCKPemHOM
8peMeHU
Criuka 2 — leHepuYKku duCKpemHu KOMyHUKaUUOHU cucmem Koju padu y OOMeHy
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Figure 3 — Discrete BPSK, an example of a special case of the generic discrete system
Puc. 3 — JuckpemHbili BPSK, npumep YyacmHozo criydasi 0606uweHHOU OuckpemHouU
cucmembl
Cnuka 3 — JuckpemHu BPSK, npumep nocebHoz cryyaja eeHepuykoz ducKkpemHoe
cucmema
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Description of chapters in the complementary part

Complementary Chapters 11 to 19 are added for three reasons.
Firstly, they contain the basic theory of continuous-time and discrete-time
signal processing that is essential for the understanding of mathematical
models and operations of the digital and discrete transceivers, where the
theory of deterministic and stochastic signal processing is used. Secondly,
the unified notation and terminology in all 19 chapters simplify the
understanding of their content. Thirdly, presenting the signal processing
and communication systems theory with a unified notation makes this book
self-sufficient, allowing readers to avoid wasting time and getting confused
by reading various books with different notations. Even though a reader
can be very familiar with the signal processing theory contained in the
complementary chapters, it is advisable to read them before starting to
work on the main 10 chapters.

Target audience of the book

The book is intended for undergraduate and graduate students doing
courses in communication systems, and also for practicing engineers
working on the design of transceivers in discrete communication systems.
A one-semester senior-level course, for students who have had prior
exposure to classical communication systems covering passband and
baseband signal transmission, can use the material in Chapters 1 to 6, as
well as the material in Chapter 9 supported with related complementary
Chapters 11 to 15, Chapter 19 and Projects 1, 2 or 3. In a first-year
postgraduate level course, the first six chapters provide students with a
good review of the digital and discrete communication systems theory and
the main lecturing will cover Chapters 2 to 5 and Chapters 7 to 10 that
present the discrete communications systems and their design, and
related Projects 1 to 5. The background theory for this course is contained
in complementary Chapters 13 to 18.

For practicing engineers, who are experienced in the theory of digital
communication systems, the material covered in Chapters 2 to 5 and
Chapters 7 to 10 supported by complementary Chapters 13to 18 is a good
base for understanding the vital concepts in discrete communication
systems. All Projects are relevant for them, Projects 4 and 5 in particular.

Supplementary material

The book contains the Supplementary Material that is composed of
two parts: Solutions to the Problems in the book, and Research Projects

1205

Gacesa, N., Review of ther book entitled Discrete Communication Systems by Stevan Berber, Oxford University Press, 2021, pp.1198-1207



Q VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2023, Vol. 71, Issue 4

with offered solutions. To master the theory, key chapters contain sets of
problems for students’ exercises. The solutions to the problems are inside
a separate book belonging to the Supplementary Material for readers. In
addition to the solved problems, the book contains several real-world case
studies in the form of Projects related to the advanced modeling and
designs of modern communication systems based on digital and discrete-
time signal processing and the application of modern technologies like
DSP and FPGA. None of these Projects is a laboratory exercise but a self-
contained piece of research work related to a particular book chapter, and
as such can be a part of a one-semester project inside the course in
discrete and digital communication systems.
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Pesrome:

B kHuze rnipusedeHa meopusi OUCKPEmMHbIX cucmeM C853U, KOmopble
npedcmaesieHbl 8 sude 6:7104HbIX cxXem, onpedersieMbix
MameMamuyeckumu ornepamopamu. [ns moz2o 4mobb! SIy4Hwie noHSImb U
CpasHUmMb 83aUMOCBsi3b MexX0y O08YMS MeopusiMU, rpuesedeHa makxke
meopusi yugposbix cucmem cessu. bbinu onpedeneHbl 0606uWeHHbIe
cxembl 0beux cucmem, KOmopble UCMofb308asnucb Onsi pa3pabomku
omoesibHbIX OUCKPEMHbIX U Yugposbix cucmemM 8 Kadecmee ux
crieyuarsbHbIX criydaes. B Hekomopbix enasax rnpedcmasrieHa meopusi
obpabomku OemepMUHUPOBAHHBLIX U CMOXacmu4yecKux Ccu2Hao8
HernpepbieHO20 U OUCKPemHo20 6pPeMeH, Komopasi criocobecmeyem
MOHUMaHUI OCHOBHbIX 2/1a8, 8 KOMOpPhbIX OrucaHbl CUCMeMb| C8s13U.

Knrouesnbie criosa: duckpemHbie cucmeMbl c853U, UUghposbie cucmembl
ces3u, OuckpemHass MoOynayusi, uugpposass MoOynsauusi, meopusi
UHbopmayuu u KolduposaHusi, obpabomka cuzHasi08 OUCKPEmHO20
8peMeHu, o0bpabomka  cuzsHa/llo8  HENPepbIBHO20  B8PEMEHU,
demepMUHUPOBaHHbIE CU2Hallbl, C/TyqaliHble cuaHarslbl.
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OBJACT: TenekoMyHukauuje
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Caxemak:

Osa kmbuza cadpxu meopujy OUCKPEMHUX MEeeKOMyHUKaUuUOHUX
cucmema Koju cy npukasaHu y obsuky briok wema 0eghuHUCaHuUx rnomohy
MameMamuykux ornepamopa. Y yurby nopefjewsa cucmema, dodama je
meopuja duaumarsnHux mesieKOMyHUKaUyUoOHUX cucmema padu borbee
pa3ymesara o0Hoca HaselOeHUx meopuja. [eguHucaHe cy 2eHepuyqke
weme oba cucmema Koje cy KopuwheHe Oa ce passujy rnojeduHaqyHu
OuckpemHu u OuaumarHu CUCmeMuU Kao HUX0o8U crieyujasiHu criyyajesu.
KomrinemeHmapHa roenaerba Kkbuz2e cadpxe meopujy obpade
0emepMUHUCMUYKUX U CMOXacmuyKux cuaHana KOHMUHyanHoz U
OuckpemHoz epemMeHa Koja je HeornxodHa 3a pasyMesar-e 2/1a8HUX
roanaerba Koja rpukasyjy mesnekoMyHuKayuoHe cucmeme.

KibyyHe  peyqu:  QuckpemHu  mesieKOMyHUKaUUOHU  cucmemu,
QuaumariHu menekoMyHuKalyuoHU cucmemu, duckpemHa Modynayuja,
dueumarnHa modynayuja, meopuja uHpopmayuja u kodogsar-a, obpada
CueHana OucKkpemHoz 8pemeHa, obpada cuzHana KOHMUHYyarHo2

8peMeHa, demepMUHucmquu CueHaru, cnyqajHu CueHarsu.
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