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Preface

The book presents the historical evolution of television. It also introduces the basic
concepts of digital television, including signal analysis, modulation techniques, source
coding, probability and channel coding. The digital television standards, including the
MPEG family, the ATSC, DVB, ISDTV, DTMB and ISDB standards are discussed.
Several appendices, with topics including Fourier analysis, probability and stochastic
processes, tables of Fourier and Hilbert transforms, tables of radiofrequency and
a glossary complement the book. Many illustrations and graphics help the reader
understand the theory.

Digital television is a new topic in the educational market; it evolved from the
amalgamation of different areas, such as source coding, modulation, transmission
techniques, channel coding, signal analysis and digital signal processing.

In commercial terms, digital television is a driving force of the economy and its
deployment throughout the world generates a huge market as the analog television sets
are replaced by the new HDTV devices.

It is important to realize that the media industry, which deals with enormous sums
of money each year, relies on equipment to produce and distribute its series, movies
and shows. The employment market in this area requires information technology
professionals and engineers.

Few books have been published covering all the subjects needed to understand
the subsystems that form the digital television network. This book is aimed at
senior undergraduate students, graduate students, engineers and information technology
professionals in the areas of electrical engineering and computer science. It can be used as
atextbook for a course on digital television. The reader is expected to have a background
in calculus and signal analysis.

Chapter 1 presents the fundamentals of digital television. It is self-contained, and
concisely describes the most important television standards, in terms of percentage of
the world population affected.

An overview of audio and video coding standards is presented in Chapter 2, which
covers the basics of the subjects. In Chapter 3 the coding standards for compression of
audio and video are discussed, with emphasis on the MPEG series of standards.

Channel coding for digital television is the subject of Chapter 4, which presents the
most important algorithms used to protect the television signal from noise and other
disturbances during transmission.
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Preface

Digital and analog modulation techniques are presented in Chapter 5. The ATSC
standard, used in the USA and other countries, is the subject of Chapter 6. Chapter 7
introduces the DVB standard, which was developed in Europe and now has been adopted
by more than a hundred countries.

Chapter 8 discusses the Japanese digital television standard, ISDB. The Brazilian
standard, ISDBT, is the subject of Chapter 9, and Chapter 10 presents the DTMB standard,
developed in China.

The book includes three appendices. Appendix A relates, in a concise manner, the
evolution of television since its inception. The basics of signal analysis, which is needed
to understand the book, are presented in Appendix B. Random signals and noise are the
subjects of Appendix C. The book also has a glossary of the terms frequently encountered
in the sphere of digital television.



Acknowledgments

The author would like to acknowledge the help of Dr. Phil Meyler, Publishing Director,
Engineering, Mathematical and Physical Sciences of Cambridge University Press, who
agreed to publish the book and helped with all phases of the work, and Miss Sarah
Matthews, Assistant Editor (Engineering), and Eleanor Collins, Production Editor, of
Cambridge University Press who saw the book through all its production stages and
gave precise and helpful suggestions, along with corrections for the manuscript.

The author also wishes to thank Mr. Marcus André Matos, who helped with the
translation of selected parts of the book and revised the manuscript, and Jeronimo
Silva Rocha, Paulo Ribeiro Lins Junior, Jean Felipe Fonseca de Oliveira, Carlos Danilo
Miranda Regis, Pedro Leonardo Falcdo Costa, Daniel Cardoso de Morais, Raissa Bezerra
Rocha, Gilney Christierny Barros dos Anjos, Roana d’ Avila Souza Monteiro and Antonio
Ricardo Zaninelli do Nascimento, for the preparation of graphs, figures, tables and
diagrams for the book.



Contents

List of figures

List of tables

List of contributors
Preface
Acknowledgments

Fundamentals of digital television

1.1 Digital television
1.2 High-definition television
1.3 The digital programming platform
1.4 Interactivity

1.4.1 Interactive services

1.4.2  Television on mobile phones
1.5 Return channel for digital television
1.6 Digital television standards

1.6.1 The DVB-T standard

1.6.2 The ATSC standard

1.6.3 The ISDB-T standard

1.6.4 The ISDTV standard

1.6.5 The DTMB standard

1.6.6  Ultrahigh-definition television
1.7 Television receivers

Audio and video coding

2.1 Introduction

2.2 Source coding

2.3 The source coding process

2.4 Signal sampling
2.4.1 Sampling of the video signal

2.5 The quantization process

2.6 Development of the model for the quantizer
2.6.1 Quantization of a Gaussian signal
2.6.2  Quantization of the video signal

page xiii
Xviil

XX

XXI1

XXxiii

0 N L W — -

O

11
13
15
17
19
20
22
22

25

25
27
28
29
31
32
35
37
38



viii

Contents

2.7
2.8

The encoding process

Video encoding standards
2.8.1 The MPEG-1 standard
2.8.2 The MPEG-2 standard
2.8.3 The MPEG-4 standard
2.8.4 The H-264 standard

Fundamentals and standards of video and audio compression

8.1
3.2
33

34

An overview of audio and video compression

General concepts and fundamentals

The MPEG-4 standard

3.3.1 The MPEG-4 Visual standard

3.3.2 The MPEG-4 video encoding process

ITU-T H.264/AVC

3.4.1 History of H.264

3.4.2 Comparison of H.264/AVC standard with other standards

Channel coding for digital television

4.1
4.2

43

44

4.5

4.6
4.7

Introduction

Cyclic codes

4.2.1  Bose-Chaudhury—Hocquenghem (BCH) codes
4.2.2  Reed-Solomon (RS) codes

4.2.3  Low-density parity-check (LDPC) codes

Decoding cyclic codes

4.3.1  Algebraic decoding

Soft-decision decoding

4.4.1  The decoding of LDPC codes

Convolutional codes

4.5.1  Basic concepts

4.5.2  Non-recursive convolutional codes

4.5.3  Recursive systematic convolutional (RSC) codes
4.5.4  Representation of convolutional codes

4.5.5 Decoding convolutional codes

Concatenated codes

Error correction in digital television standards

4.7.1  Digital Video Broadcast Terrestrial (DVB-T) system
472 Digital Video Broadcast Satellite (DVB-S) system
4.7.3  Digital Video Broadcast Satellite (DVB-S2) system
4.7.4  Digital Video Broadcast Cable (DVB-C) system
4.7.5  Digital Video Broadcast Hand-held (DVB-H) system
4.7.6  Advanced Television Systems Committee (ATSC)
4.7.7  Integrated Services Digital Broadcasting (ISDB)
4.7.8  International System for Digital Television (ISDTV)

38
41
41
41
42
43

44

44
45
46
50
54
57
58
64

65

65
65
67
68
69
70
70
74
74
75
75
76
80
83
86
86
87
87
89
89
90
90
90
91
91



Contents ix

4.7.9 Chinese Digital Television Terrestrial Broadcasting
(DTMB) system 91
4.7.10 Data Over Cable Service Interface Specification (DOCSIS) 92
4.7.11 Digital Multimedia Broadcasting (DMB) 93
Digital and analog transmission systems 94
5.1 Introduction 94
5.2 Amplitude modulation (AM) 94
5.2.1 Random signals and AM 96
5.2.2 Digital AM signal 99
5.2.3 Suppressed carrier amplitude modulation (AM-SC) 101
5.24 AM-VSB modulation 101
5.2.5 Amplitude demodulation 102
5.2.6 Performance of AM 103
5.3 Quadrature amplitude modulation (QUAM) 104
5.3.1 Single sideband amplitude modulation (AM-SSB) 105
5.3.2 Quadrature amplitude demodulation 107
5.3.3 Performance evaluation of SSB 108
5.3.4 Digital quadrature modulation (QAM) 108
5.4 Angle modulated systems 110
5.4.1 Angle modulation with random signals 111
5.4.2  Angle modulation with digital signal 115
Advanced Television Systems Committee standard (ATSC) 118
6.1 Introduction 118
6.2 Overview of the system 122
6.2.1 Source encoding and compression 123
6.2.2  Multiplexing of services and transport 124
6.2.3 Transmission system 124
6.2.4 Basic features of the video system 125
6.3 Transmission modes 126
6.3.1 Terrestrial transmission mode (8-VSB) 126
6.3.2  Terrestrial transmission mode (16-VSB) 132
6.3.3 Satellite transmission mode 132
6.4 Standard for interactivity 134
6.4.1 JavaTV 136
Digital video broadcasting (DVB) 137
7.1 Introduction 137
7.1.1  Application fields of the DVB technologies 137
7.2 System features 139
7.2.1 Baseband processing - MPEG-2 139



Contents

7.2.2  DVB transmission
7.3 Transmission standards
7.3.1 DVB-T
7.3.2 DVB-H
7.3.3 DVB-S2
7.3.4 DVB and Internet
7.4 Interactivity
74.1 DVB-RCT
7.5 Middleware
7.5.1  Multimedia Home Platform (MHP)

International Services Digital Broadcasting for Terrestrial
Television Broadcasting (ISDB)

8.1 Introduction
8.2 ISDB transmission
8.3 The transmission process
8.4 The channel encoding
8.4.1  Remultiplexing of the transport stream
8.4.2  Outer coding
8.4.3  Division of the transport stream in hierarchic layers
8.4.4  Power dispersion
8.4.5  Delay correction
8.4.6  The byte interleaver
8.4.7  Inner coding
8.5 Modulation
8.5.1 OFMD
8.5.2  Mapping
8.5.3  Time interleaving
8.5.4  Frequency interleaving
8.5.5  Frame composer

International System for Digital Television (ISDTV)

9.1 Introduction
9.2 Reference model for a terrestrial DTV system
9.3 Source coding

9.3.1  Video coding

9.3.2  Audio coding

9.3.3  Data coding
9.4 Transport layer

9.4.1 MPEG-2 Systems Layer
9.5 Transmission and reception

9.5.1 BST-OFMD
9.6 Middleware

9.6.1 Ginga middleware

141
144
144
147
149
150
151
152
153
153

155

155
155
158
161
162
162
163
163
164
164
165
166
166
168
173
175
175

178

178
180
181
182
184
188
189
191
193
194
196
196



Contents Xi
9.7 Interactivity channel 198
9.7.1 WIMAX 200
10 Digital terrestrial television multimedia broadcasting (DTMB) 202
10.1 Introduction 202
10.2 Scrambler 203
10.3 Forward error correction (FEC) code 204
10.3.1 Low-density parity-check (LDPC) codes 204
10.4 Signal constellation and mapping 205
10.5 Interleaving 206
10.6 Frame structure 207
10.6.1 Frame header 207
10.6.2 Frame body 208
10.7 Time-domain synchronous orthogonal frequency division
multiplexing (TDS-OFDM) 209
10.7.1 System model for TDS-OFDM 209
10.8 Post-baseband processing 211
10.9 Receiver design 211
Appendix A Evolution of television standards 213
A.1 The beginning of image broadcasting 213
A.2 The beginning of color broadcast 214
A.3 The PAL standard 215
A.4 The SECAM standard 217
A.5 The NTSC standard 218
Appendix B Signal analysis 219
B.1 Introduction 219
B.2 Fourier transform 219
B.3 Properties of the Fourier transform 224
B.4 The Nyquist theorem 229
B.5 Fourier transform in two dimensions 231
B.6 Discrete Fourier transform (DFT) 232
B.7 Discrete cosine transform (DCT) 233
B.8 The Hilbert transform 234
B.9 Useful Fourier transforms 235
B.10 Two-dimensional Fourier transforms 241
B.11 Use of the radiofrequency spectrum 242
Appendix C Random signals and noise 245
C.1 The autocorrelation function 245
C.1.1 Properties of the autocorrelation function 246



Xii

Contents

C.2  The power spectral density
C.2.1 Properties of the power spectral density
C.3  Linear systems
C.3.1 Expected value of output signal
C.3.2 The response of linear systems to random signals
C.4  Analysis of the digital random signal
C.4.1 Autocorrelation of the digital signal
C.4.2  Spectrum of the digital signal
C.5 Noise
C.5.1 Noise in modulated systems
Glossary
References

Index

246
247
249
249
250
252
253
254
255
258

259
268
279



Figures

1.1

1.2
1.3

1.4
1.5
1.6
1.7
1.8
1.9
1.10
1.11
1.12
1.13
1.14
1.15
2.1
2.2
2.3

24
2.5
2.6
2.7
2.8
2.9
2.10
2.11
2.12
2.13
2.14
3.1
3.2

Set of standards in a digital television system for land
broadcasting (Graciosa, 2006)

Comparison of aspect ratios 4:3 and 16:9

Basic structure of the elements of

middleware (MC/MCT/FINEP/FUNTTEL, 2004)
Set-top box model

Model of interactive digital television system

Model for a generic system of interactive services (Reimers, 2005b)
Standard options for digital television

DVB standard architecture

DVB standard scheme (TELECO, 2006)

Architecture of the ATSC standard

Scheme of the ATSC standard (TELECO, 2006)
Architecture of the ISDB standard

Scheme of the ISDB standard (TELECO, 2006)
Architecture of the ISDTV standard

Architecture of the DTMB standard

Generic communication system

Generic model for a source encoding system

Pulse amplitude modulation: (a) original signal; (b) sampled signal;
(c) pulse train

(a) Signal spectrum; (b) Spectrum of the PAM signal
Quantization scheme

Signal to quantization noise ratio (SQNR)

The non-uniform quantizer

Curves of compression and expansion

Characteristic function of the quantizer

Quantization noise spectrum for an input Gaussian signal
Flowchart of an APCM

Flowchart of a DPCM

ADPCM encoder

ADPCM decoder

Components of a typical image/video transmission system
MPEG-4 documents

page 2

W A

10

14
14
16
16
18
18
20
21
26
29

30
30
32
33
34
35
36
37
39
40
40
40
46
48



Xiv

List of figures

3.3
34
35
3.6
3.7
3.8
39
3.10
3.11
4.1

4.2
43
4.4
4.5
4.6

4.7
4.8
4.9
4.10
4.11
4.12
5.1
52
53
5.4

5.5
5.6
Sl
5.8
59
5.10
5.11
5.12
3.13
5.14
5.15
5.16
5.17
5.18
5.19

Rectangular and arbitrarily shaped VOP

MPEG-4 encoding process using GMC

MPEG-4 encoding tools

Motion vector distribution example on a frame

Bidirectional prediction scheme

The NAL

Boundary filtering order

Block organization inside a macroblock

Peak signal-to-noise ratio and compression efficiency

Binary encoder for a (n, k, d) cyclic code employing a shift-register
with n — k stages

Flow chart of the BM algorithm

BCE ofrate 2/3

Non-recursive (FIR) non-systematic encoder of rate 1/2

Encoder for a binary RSC code of rate 1/2

Encoder for a binary recursive non-systematic convolutional code
of rate 1/2

This structure shows an implementation of a rational transfer function
State diagram for the encoder illustrated in Figure 4.4

Trellis diagram for the encoder shown in Figure 4.10
Non-systematic FIR encoder, used to construct the trellis in Figure 4.9
The sequence of labels (11 10 01 10 00 01 11) is indicated by thick lines
Serial concatenation coding scheme

AM modulator

Random modulating signal m(t)

Modulated carrier for AM

Spectrum analyzer (©Agilent Technologies, Inc. 2008. Reproduced
with permission, courtesy of Agilent Technologies, Inc.)

Power spectral density the (a) message, and (b) modulating signals
Power spectral density of an AM signal

Example of a binary ASK signal

Constellation for a 4-ASK signal

BEP for an M-ASK

Spectra of a VSB modulated signal

Block diagram of an AM demodulator

Block diagram for the quadrature modulator

Block diagram for the SSB modulator

Procedure to obtain the cross-power spectra

Block diagram of a QUAM demodulator

Constellation diagram for the 4-QAM signal

Constellation diagram for the 16-QAM signal

BEP for an M-QAM modulation scheme

Spectrum for the white Gaussian modulating signal

53
54
55
56
57
61
62
63
64

66
72
76
76
80

80
82
84
85
85
86
87
95
95
95

97
98
98
99
99
100
102
102
105
106
107
108
109
109
111
114



List of figures XV
5.20 Spectrum of an FM signal with a low modulation index,
for a Gaussian modulating signal 115
5.21 Spectrum of an FM signal for a Gaussian modulating signal,
with a high modulation index 115
5.22 Constellation for a PSK signal 116
5.23 BEP for an M-PSK 116
5.24 BEP for an M-FSK 117
6.1 Flowchart of the ATSC standard 121
6.2 Encoding system for digital television 123
6.3 Organization of the functionalities in the transmission/receiver pair 125
6.4 Block diagram of the 8-VSB transmitter 127
6.5 The 8-VSB data frame 127
6.6 Nominal occupation of the 8-VSB channel 128
6.7 Data scrambling polynomial 129
6.8 Convolutional interleaving scheme 129
6.9 Pre-encoder, encoder, and mapping of 8-VSB symbols 130
6.10 Interleaver for the trellis code 130
6.11 Nominal response of the 8-VSB channel (with filter) 132
6.12  16-VSB transmitter functional block 133
6.13  16-VSB mapping table 133
6.14  Satellite transmission mode flowchart: LNA is low-noise amplifier;
LNB is low-noise block converter; HPA is high-power amplifier 134
7.1 Block diagram of the encoder for DVB-T 141
7.2 Randomized packages 142
7.3 Reed-Solomon packages 143
7.4 Data structures after interleaving 143
7.5 QAM mapping 145
7.6 Structure of the DVB-H receiver 149
7.7 Architecture of DVB services over IP networks 151
7.8 General model of an interactive DVB system 152
7.9 Architecture of the MHP platform 153
8.1 Flowchart of the ISDB-T system 156
8.2 Band allocation for complete or partial transmission 158
8.3 Layout of the carriers and segments in the frequency band 158
8.4 Example of layer distribution in the frequency band 158
8.5 Block diagram of the channel encoding 161
8.6 Example of the remultiplexed transportation stream 163
8.7 MPEG-2 TSP and TSP protected by the RS code 163
8.8 Flowchart of the shift-register 164
8.9 Flowchart of the byte interleaver 165
8.10  Flowchart of the convolutional encoder of rate = 1/2 and k = 7 166
8.11 Block diagram of the modulation process 167
8.12  Orthogonality between the carriers in the OFDM system 167
8.13 OFDM guard interval 168



