2nd Edition

HOV

Marcus Weise
Diana Weynand

YOR

FOnMAnalog to High Definition

B~

-




How Video Works

Second Edition

Marcus Weise
Diana Weynand

AMSTERDAM ® BOSTON ® HEIDELBERG ® LONDON
NEW YORK ® OXFORD ® PARIS ® SAN DIEGO
SAN FRANCISCO ® SINGAPORE ® SYDNEY ® TOKYO

=

ELSEVIE Focal Press is an imprint of Elsevier

Focal
Press



Acquisitions Editor: Angelina Ward

Publishing Services Manager: George Morrison
Project Manager: Monica Gonzalez de Mendoza
Development Editor: Eric Schumacher-Rasmussen
Assistant Editor: Doug Shults

Marketing Manager: Christine Degon Veroulis
Cover Design Manager: Steven Stave

Cover Design: Pamela Poll

Focal Press is an imprint of Elsevier
30 Corporate Drive, Suite 400, Burlington. MA 01803, USA
Linacre House, Jordan Hill, Oxford OX2 8DP, UK

Copyright © 2007, Diana Weynand and Shirley Craig. All rights reserved.

No part of this publication may be reproduced, stored in a retrieval system, or
transmitted in any form or by any means, electronic, mechanical, photocopying,
recording, or otherwise, without the prior written permission of the publisher.

Permissions may be sought directly from Elsevier's Science & Technology Rights
Department in Oxford, UK: phone: (+44) 1865 843830, fax: (+44) 1865 853333,
E-mail: permissions@elsevier.com. You may also complete your request on-line via
the Elsevier homepage (http://elsevier.com), by selecting “Support & Contact” then
“Copyright and Permission” and then “Obtaining Permissions”.

Recognizing the importance of preserving what has been written, Elsevier prints
its books on acid-free paper whenever possible.

Library of Congress Cataloging-in-Publication Data
Weise, Marcus.
How video works / Marcus Weise, Diana Weynand. — 2nd ed.
p- cm.
Includes index.
ISBN 978-0-240-80933-5 (pbk. : alk. paper) 1. Home video systems.
1. Weinand Diana. II. Title.
TK9961.W45 2007
778.59—dc22
2007000706

‘British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the British Library.

ISBN 13: 978-0-240-80933-5
ISBN 10: 0-240-80933-5

For information on all Focal Press publications
visit our website at www.books.elsevier.com

07 0809 1011 54321

Printed in the United States of America

Working together to grow
libraries in developing countries

www.elsevier.com | www.bookaid.org | www.sabre.org

ELSEVIER  BOOKAID  oqphre Foundation




How Video Works

Second Edition



Acknowledgments

The authors would like to thank the following:

Shirley Craig and Weynand Training (www.weynand.com) for sup-
porting this book’s progress over the past several years.

Jerzy Gorczyca Assistant Maintenance Supervisor at CBS Tele-
vision City in Hollywood, for reading and providing notes to the
final draft for this book; Lito Magpayo, Maintenance Supervisor
at CBS Television City in Hollywood, for providing technical assis-
tance and information; Steve Wright of Steve Wright Digital FX for
digital imaging solutions and providing valuable input and feed-
back; Steven Holmes and Pamela Judge of Tektronix for helping us
secure scope images; and to Angelina Ward and Eric Schumacher-
Rasmussen for guiding, editing, and preparing this book along the
Focal Press path.

And to Diane Wright, for your tireless efforts in providing research,
writing and editorial contributions, digital photography, and many
graphic illustrations in this book—our deepest appreciation for your
support of this project over the years.

From Marcus Weise: I would like to take this opportunity to express
my thanks and appreciation to Diana Weynand for her extraordi-
nary friendship, kindness, and help through these many years; to
Avril Roy-Smith for many hours of research, writing and editing
assistance that made this version possible; and Linda Campbell
who is my guiding light and companion.

From Diana Weynand: I would like to thank the Fielder women—my
aunts, Billie, Koko, Mary and Jewel, and my mother, Dee—for show-
ing me, through their personal experiences, what it means to live a
resilient life.

Some images provided courtesy of Tektronix, Inc. © Tektronix, Inc.
Reprinted with permission. All rights reserved.

xiii



Table of Contents

Acknowledgments xiii

1 Introduction 1
Video Evolution 1
Analog and Digital 2
Video Applications 4
About This Book -+

2 Electronic Photography 5
Tube Cameras 5
Scanning the Image 7
Displaying the Image 9
CCD Cameras 10
Camera Chips 11

3 Scanning 15
Video Lines 15
Blanking 16

—Persistence of Vision 18
Fields 19
Interlace Scanning 20
Black and White Specifications 21

4 Synchronizing the Analog Signal 25
Synchronizing Generators 25
Synchronizing Pulses 26
Drive Pulses 27
Blanking Pulses 28
Horizontal Blanking 28
Vertical Blanking 30

Vertical Synchronizing Pulses 30



Table of Contents

Vi

Equalizing Pulses

Color Subcarrier

Cross Pulse Display
Other Signal Outputs
Vertical Interval Signals

The Transmitted Signal
Modulating the Signal

Frequency Spectrum

Analog and Digital Broadcasting
Bandwidth

Satellites

Uplink and Downlink

Fiber Optics

How Fiber Optic Transmission Works

Color Video

Additive and Subtractive
Primary and Secondary Colors
The Color System

Harmonics

NTSC Color Transmission
NTSC Color Frame Rate
Vectors

Color Burst

Chrominance and Luminance
Color Difference Signals

I and Q Vectors

Other Color Standards

Monitoring the Color Image
The Human Eye

Color Bars

The Monochrome Image
PLUGE Bars

Color Image

30
31
34
34
36

39
39
41
42
45
46
49
50
52

57
57
58
59
59
62
63
63
65
65
67
69
70

73
73
74
74
76
78



Table of Contents

10

Video Displays
DLP

LCD

LCoS

SED

Plasma

Analog Waveform Monitors
Graticule

Signal Components on Graticule
Waveform Display Controls
Signal Measurement

Filters

Reference

Inputs

Display

Combining Setups

Viewing Color Bars

Viewing an Image

Analog Vectorscopes
Graticule

Axes

Vector Readings

“Setup Controls

Input Selections
Calibration
Active Video
PAL Signal
Other Scopes

The Encoded Signal
Analog and Digital Encoding
Analog Encoding Process
Analog Composite Signal
Analog Component Signal

79
80
80
81
81
81

83
84
85
85
87
88
89
90
90
91
a1
92

95
95
96
96
97
99
100
101
101
102

103
103
104
105
106

Vi



Table of Contents

11

12

13

viii

Digital Encoding Process
Digital Composite Signals
Digital Component Signal
Transcoding

Encoding and Compression

Digital Theory
Analog Video

Digital Video
Sampling Rate
Computer Processing
Binary System

Digital Stream

Serial Digital Interface

Digital Television Standards
Standards Organizations

Standards Criteria

Image Resolution

Aspect Ratios

Pixel Aspect Ratio

Interlace and Progressive Scan Modes
Frame Rate

Standards Categories

Conventional Definition Television (CDTV)
Digital Television Categories (DTV)
High Definition Television (HDTV)
Standard Definition Television (SDTV)
Enhanced Definition Television (EDTV)
Digital Television Standards

Digital Television Transmission

High Definition Video
Widescreen Aspect Ratio

Image Resolution

Progressively Segmented Frames
Frame Rate

108
108
109
110
110

111
111
112
112
115
115
117
119

121
121
123
123
124
124
126
127
128
128
129
129
130
130
130
132

135
136
137
138
139



Table of Contents

14

15

Film-to-Tape Conversion

Converting Different Frame Rate Sources
Using 2:3 and 3:2 Pulldown Sequences
Maintaining Consistency in Pulldown Sequences

Converting an HD Signal
HDTV Applications
Non-Picture Data

Vertical Ancillary Data (VANC)

Horizontal Ancillary Data (HANC)

Metadata
Syncing the HD Signal
Tri-Level Sync

Digital Scopes

Digital Signal

Dual Digital Scope Overview
WFM601 Monitor Overview
Video Display

Video In

Sweep

Reference

Menu Section

Compression

Lossless Compression
Lossy Compression

Data Reduction

Intraframe Compression
Interframe Compression
Data Transmission Limitations
Bit Rates

Constant Bit Rates
Variable Bit Rates

JPEG Compression

JPEG 2000

Motion JPEG Compression
MPEG Compression

140
140
141
143
143
145
146
146
146
147
147
148

149
149
152
152
153
155
155
156
156

157
157
158
159
159
160
161
162
162
162
163
164
164
164



Table of Contents

16

The MPEG Process

I Frames

P Frames

B Frames

The Group of Pictures (GOP)

IP Method

IBP Method

Profiles and Levels

Main Profile at Main Level

Video Encoding and Compression

MPEG Variations

MPEG-1

MPEG-2

MPEG-4

MPEG-4 Compression Process

Problems Introduced During Compression

Compression Artifacts

Compression for Broadband, Cell Phones,
and Handheld Devices

DVB-S and DVB S-2

DVB-C

DVB-T

DVB-H

DMB

ISDB

Wi-Fi and WiMAX

Image Acquisition and Recording Formats
Magnetic Recording

Control Track

Signal-to-Noise Ratio

Magnetic Tape

Metal Tape

Modulation and Demodulation in Analog Recording
Erasing Media

Magnetic Video Recording Formats

Other Recording Formats

165
166
166
167
167
167
169
169
169
171
172
173
173
174
175
176
176

177
178
178
178
178
179
180
180

183
183
186
187
188
189
190
190
191
197



Table of Contents

Hard Drives and RAID Systems 199
RAID Levels 202
Servers 204
Computer Generated Images (CGI) 204

17 Optical Media 207
Optical Recording 207
Optical Reproduction 210
Optical Formats 210
Types of Optical Media 211

CD 211
DVD 212

18 Timecode 215
Reading Timecode 216
Timecode Formats 218
Non-Drop-Frame and Drop-Frame Timecode 218
Timecode at 24 Frames Per Second 221
Timecode Generators and Readers 221
Visual Timecode 223

19 Audio for Video 225
Measuring Volume 225
Analog Audio 227
“Digital Audio 228
Sampling Rates 228
Audio Compression 229
Audio Formats 231
Noise Reduction 231
What You Hear 232
Mono, Stereo, and Surround Sound Audio 233
Audio Standards for Digital Video 233
Out-of-Phase Audio 237

20 Overview of Operations 239
VTR and VCR Components 239

Operational Controls 241

Xi



Table of Contents

21

Xii

Analog Tape Playback

Analog Playback Procedures

Horizontal Blanking
Vertical Blanking
Video Recording
Signal Timing

Insert and Assemble Editing
Digital Playback and Recording

Test Signals, Displays, and Media Problems

Color Bars

Stairstep

Multiburst

Cross Hatch

Digital Displays
Diamond Display
Bowtie Display
Lightning Display
Arrowhead Display
Eye Pattern Display
Histogram Displays
Analog Tape Problems
Digital Tape Problems
Optical Media Problems
Hard Drive Failures
In Summary

Glossary

Index

244
245
246
248
248
248
253
254

255
255
257
257
259
261
261
264
264
265
267
268
269
270
271
271
272

273
291



Introduction

Since the development of broadcast cameras and television sets in —
the early 1940s, video has slowly become more and more a part of
everyday life. In the early 50s, it was a treat simply to have a tele-
vision set in one’s own home. In the 60s, television brought the
world live coverage of an astronaut walking on the moon. With the
70s, the immediacy of television brought the events of the Vietnam
War into living rooms. In the 21st century, with additional modes
of delivery such as satellite, cable and the Internet, video has
developed into the primary source of world communication.

Video Evolution

Just as the use of this medium has changed over the years, so has
its physical nature evolved. The video signal started as analog and
has developed into digital with different types of digital formats,
including some for the digital enthusiast at home. When television
was first created, cameras and television sets required a great deal
of room to house the original tube technology of the analog world.
In today’s digital society, camera size and media continue to get
smaller as the quality continues to improve.

Today, a video image is conveyed using digital components and
chips rather than tubes. Although the equipment has changed,
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some of the processes involved in the origination of the video sig-
nal have remained the same. This makes the progression of video
from analog to digital not only interesting to study, but crucial in
providing a foundation of knowledge upon which the current digi-
tal video world operates. So much of today’s digital technology is
the way it is because it evolved from analog.

Analog and Digital

No matter how digital the equipment is that is used to capture an
image, the eyes and ears see the final result as analog. All infor-
mation from the physical world is analog. A cloud floating by, an
ocean wave, and the sounds of a marching band all exist within
a spectrum of frequencies that comprise human experience. This
spectrum of frequencies can be converted to digital data, or zeros
and ones. Human beings, however, do not process digital informa-
tion, and eventually what a human being sees or hears must be
converted back from digital data to an analog form. Even with a
digital home receiver, the zeros and ones of the digital signal must
be reproduced as an analog experience (Figure 1.1).

In the early days of television, video was captured, recorded, and
reproduced as an analog signal. The primary medium for storage
was videotape, which is a magnetic medium. The primary sys-
“tem for reproduction was mechanical, using a videotape machine.
Videotape, which was developed based on mechanical concepts, is

o %
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Analog Sine Wave Digital Square Wave Analog Sine Wave

Figure 1.1 Analog and Digital Domains
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Introduction

a linear medium. This means that information can only be recorded
or reproduced in the order in which it was created. With the advent
of digital, the primary system for signal reproduction has become
solid-state electronics, incorporating servers and computers. This
change has created a file-based system, rather than the taped-
based system of the analog era. File-based systems allow random,
or nonlinear, access to information without respect to the order in
which it was produced or its placement within the storage medium.

Video Applications

Facilities such as cable or broadcast stations, as well as produc-
tion or post-production companies, are constantly transmitting and
receiving video signals. They generally have a number of devices
that can be used to capture and reproduce a video signal, such as
cameras, videotape recorders (VTRs), videocassette recorders (VCRs),
computer hard drives, FireWire drives, and multiple hard drives called
RAID arrays, short for Redundant Array of Independent (or Inexpen-
sive) Disks, which are controlled by computer servers. Figure 1.2
shows different ways in which VTRs or computers might be used to
capture, transmit, or reproduce a video signal.

About This Book

To create a complete picture of the video process—and answer the
question “How does video work?"—this book begins by examining
the analog video signal. Digital video technology is a direct evolu-
tion from the analog system. Having the knowledge of the analog
system provides a firm foundation before moving into a discussion
of digital.

While this book is designed to cover the process of creating a video
signal, storing it, and transmitting it in a professional environ-
ment, the same information and concepts apply to any video tool,
including consumer equipment.



