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Preface

Video technology has been a very active research area for a long time ever
since the first television was invented. It is also a technology that has had a
great impact to the society. In the recent years, digital video technology has
enabled a variety of applications that used to be only possible in our
imagination and in science fiction movies. This book is to introduce video
technology to a wide range of readers who may or may not be actively
conducting research in the field of video technology.

There are many distinguished researchers and industrial practitioners in
this area who are USTC alumni. Three of us happen to be all working in this
exciting field. Weiping Li (class of 776) worked in academia for 10 years on
video technology research and now is working in industry on development of
world-first large-scale distributed multimedia communication system. He is an
IEEE Fellow for contributions to image and video coding algorithms,
standards, and implementations and has served as Editor-in-Chief of IEEE
Transactions on Circuits and Systems for Video Technology from 1999 to
200Z2. He has made significant contributions to international video coding
standards and continued to make great impact in video communication
systems. Shipeng Li (class of 836) has worked in industry research lab on this
subject for over 13 years. He is a world renowned expert on video coding,
processing, content analysis, streaming, and wireless and networking. He is a
Senior Member of IEEE and an Associate Editor of IEEE Transactions on
Circuits and Systems for Video Technology. He is a Principal Researcher of
Microsoft Research Asia - the hottest computer science lab on the planet
featured in MIT Technical Review. He has contributed significantly to image
and video coding standards, algorithms and systems. Chun Wang (class of
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846) has over 10 years of experience in the VLSI signal processing industry and
is a veteran in designing communication systems. She is a Senior Member of
IEEE and is currently the Director of Algorithms and Communication Systems
at Amlogic, Inc, an IC company specializing in video technology. Their
combined expertise brings a unique yet comprehensive coverage of video
technology in this book with emphasis on video coding and communication.

This book on video technology is one in a series of books in electrical/
electronic engineering and computer science to promote USTC internationally,
report the state-of-the-art research results from alumni of USTC, and bring
USTC alumni together to commemorate USTC’s 50th anniversary.

A brief introduction of each chapter in this book is given as follows.
Chapter 1 kicks off the discussion by introducing the background of video
technology. Chapter 2 reviews the history of video technology from the first
television to the latest HDTV. Chapter 3 discusses the analog video and the
difference between video and film. It also explains what is interlaced video
and its impact to the TV industry. Chapter 4 introduces some basic concepts in
digital video technology, such as video sampling, pixel quantization and color
sub-sampling. Chapter 5 then focuses on video coding that has been and will
continue to be a fascinating area of video technology for research and
development. The principles of video coding and three-stage video coding
model are introduced. Topics such as signal processing for. compression,
quantization, entropy coding, predictive coding with quantization, symbol
formation, bit allocation and rate control, preprocessing and post-processing
are discussed. Advanced topics of video coding such as fractal compression,
scalable video coding, transcoding, object-based video coding, model-based
video coding, hybrid natural and synthetic coding and error-resilient video
coding are also addressed. As part of communication technology, video coding
standards are important and this book also introduces some major video coding
standards including H.261, H.263, MPEG -1, MPEG - 2/H. 262, MPEG -4
part 2, H.264/MPEG - 4 part 10/AVC, AVS, and H. 264/MPEG -4 AVC
scalable extension. Practical implementation of video coding and processing
algorithms are also discussed. Last but not the least, some applications of
video technology are included in Chapter 7 such as analog TV, video tape,
video discs, digital television, video over IP, etc. In Chapter 8 some future
directions of video technology are conjectured. Topics include new types of
video contents, such as multi-view video and high dynamic range video; new
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video coding trends such as knowledge-based video coding and distributed
video coding; video delivery such as joint source and channel coding, multi-
source and multi-path video delivery, internet-infrastructure assisted video
delivery; mobile video such as content creation and management, content
processing and adaptation, and content analysis and repurposing; video
retrieval and search, and finally new trends of internet video - the new media
2.0 concept.

In summary, we hope this book will be helpful to senior students and
young researchers who want to get into the video technology field and prepare
them to move into more advanced topics in this area. We also hope this book
will be useful for readers who do not work in video technology, but would like
to gain some knowledge about it.

The authors would like to acknowledge their Alma Mater USTC for the
support, coaching, training, and care they received while studying at USTC.
They would like to acknowledge their teachers for unselfishly sharing
knowledge, expertise, methodology, philosophy, and experience with them.
They would like to thank their families for continuous support during the
writing of this book. Finally they would like to acknowledge various supports
from the USTC colleagues especially USTC Press.

Weiping Li Shipeng Li Chun Wang
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1 Introduction

Video technology has been a very active research area for a long time ever
since the first television was invented. It is also a technology that has had a
great impact to the society. In the recent years, digital video technology has
enabled a variety of applications that used to be only possible in our
imagination and in science fiction movies. This book is to introduce video
technology to a wide range of readers who may or may not be actively
conducting research in the field of video technology. It starts with some basic
concepts in video technology, such as the difference between video and film.
It continues with video coding that has been and will continue to be a
fascinating area of video technology for research and development. As a part
of communication technology, video coding standards are important and this
book also introduces some major video coding standards. Practical
implementation of video coding and processing algorithms is also discussed.
Last but not the least, some applications of video technology are included and
some future directions of video technology are conjectured.

Video technology may be considered from several perspectives. It may be
considered as a part of communication with visual information. It may also be
considered as a part of signal processing to extract certain information from
visual data. Yet, it may be considered as a part of computer vision for
understanding visual information. To some extent, it may also be considered
as a part of computer graphics for creating visual animation. In many
applications, video technology is applied across multiple areas. For example,
in a video surveillance application, video data captured from a video camera
may be processed first to detect whether there are object motions or not. If
object motion is detected, it may trigger communication of the captured video
from the camera location to a video monitoring location. In addition to human
monitors, the received video data may be analyzed by computer vision
software to understand what objects are contained in the video data. We do

not intend to cover all aspects of video technology, but focus on video
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technology as a part of communication and, to a lesser extent, as a part of
signal processing.

Communication is a basic human need. Modern telecommunication started
with telephone that enabled real-time voice communication over a long
distance. Visual communication is different from voice communication in
several aspects. First of all, voice, as the source of voice communication, is
human generated while the source of visual communication is not. Human
generates voice signal using vocal cord and receives voice signal using ears. By
studying the working mechanism of these two human organs, we can gain a
good understanding on how voice is generated and received, thus model the
voice signal more precisely. On the other hand, human does not generate
visual signal, but only receives it with eyes. In addition, voice signal is one-
dimensional while visual signal is four dimensional. Visual signal contains
much more information than voice signal for a given time period. Therefore,
it is much harder to model visual signal than voice signal. Due to the lack of a
good mathematical model for visual signal, it is difficult to perform theoretic
research in video technology. For example, video coding is a type of source
coding but research approach of video coding is very different from that of
source coding in the information theory. Therefore, research in video
technology is a combination of science and art.



2 Early Days of Video Technology

Development of video technology has been driven by human’s desire to
extend its visual capability over distance and time. With the eyes, human can
see the surrounding scenes and remember them in a short period of time.
Visual communication is to transmit visual information over a long distance
and/or to store visual information over a long time.

More than 100 years ago, people started inventing something called
“television” with a hope to send visual information over a long distance. The
first television used a simple mechanical device that turned a disk with a set of
holes arranged into a spiral to scan a picture into a series of pixels and

transmitted electrically. Figure 1 illustrates how a mechanical television

works.
Optic/
Electric
Converter Electric Signal Transmission Channel
Mask Mask
Window Electric/ Window
. | . .
Light >~ () Object to be Optic Y
Source /K\ televised Converter
Rotating

Disk Rotating Disk Synchronization Circuit

Front View of Rotating Disk and Mask

Figure 1 lllustration of a mechanical scanning TV system

The left side of the figure is the television transmission side and the right
side is the television receiving side. A light bulb on the left provides the light
source. A rotating disk with holes in a spiral allows the light through the
holes. A mask with a rectangular window is in between the rotating disk and
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the object to be “televised”. The size of the mask window and the distance
between the holes on the disk are designed in such a way that only one hole is
in the window at any given moment. Therefore. the light goes through only
one hole at any given moment and this lights up a “pixel” at any given
moment. Depending on the reflective brightness of the object being scanned,
the light intensity of the “pixel” varies. Using an optic-electric converter, the
light intensity of the pixel is converted into electric voltage modulated onto a
radio signal that is transmitted over a long distance to the receiving side. Upon
receiving the radio signal and demodulating the electric voltage, the receiving
side converts the electric voltage to light intensity using an electric-optic
converter. A similar mask and a disk with holes in a spiral are used to let the
light through a single hole at a given moment for the viewer to see. When the
disk on the transmission side is turned, the holes in the spiral scan an object
from left to right and from top to bottom. The disk on the receiving side has
to turn in sync with the disk on the transmission side so that the viewer sees the
object at the correct location within the rectangular window. Strictly
speaking, the “horizontal” scanning line is actually an arc due to the circular
rotation of the disk.

Electronic scanning systems were developed later. An electronic video
camera uses an array of sensors, such as charge coupled device (CCD). to
convert optic intensity into electric signal that is to be transmitted or stored.
On the receiving side, a device such as the cathode-ray tube (CRT) is used to
convert the electric signal into an electronic beam that hits the phosphor on
the glass screen to emit light. This became the modern television set. The first
public television broadcast in the US was at the New York World’s Fair in
1939, presented by RCA, the leading US television pioneer.

The basic television technology worked so well that it is still the basis of
television today. One major advance in television was from black and white to
color in 1954. Now, we are in the middle of another major advance in
television — from analog to digital and from the standard definition (that has
been with us for so long) to high definition television (HDTV). The readers
who would like to learn more about the history of television may want to check
out the following references [1]{2]1[3][4][5][6].

Recording video electronically is another aspect of early video
technology. The first electronic video recorder was made in 1956 for

professional broadcast television industry. The motivation was to have the
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flexibility of editing or re-shooting. Without electronic recording, the same
program could not be broadcast again unless a film crew shot the program
simultaneously on 35 mm film, which was way too costly for the television
industry. At that time, audio recording was already possible using magnetic
tape. A new type of magnetic tape was developed for recording video.

In 1970°s, Sony introduced the U-Matic system that dominated the
professional video field for a long time. In 1975, Sony again introduced the
Betamax system for consumer video recording. A year later, JVC introduced a
new video recording format called VHS (Vertical Helical Scan, later changed
to Video Home System) and started a video format war between Beta and
VHS. Eventually, VHS won the market share for various reasons although
Beta video quality was arguably better than VHS. To learn the impact of
VCR, the readers may want to check out [ 77].



3 Analog Video

To start understanding video technology, we have to look at analog video
first. There are many aspects of analog video. In this section, we mainly focus
on the scanning aspect of analog video. First we discuss the difference between
video and film as an introduction on why scanning is used for video. Then we
discuss interlaced scanning as an engineering tradeoff between bandwidth,

vertical resolution, and refresh rate.

3.1 Difference between Video and Film

It is important to understand the difference between video and film in
order to appreciate some of the issues about video. Let us exam how film
works first. The capture process of a film frame is to expose the chemicals on
the film frame to the light source of the scene to be captured by briefly
opening up the shutter of the film camera. Because this is an optical process,
all pixels of the film frame capture the scene of the same moment in parallel.
The display process of a film frame is to project the film frame to a screen
with a light source behind the film frame. This is an optical process too and all
pixels are projected to the screen at the same

moment in parallel too.

If we were to achieve the same effect as 8 A
the film using an electronic means, we would G ijﬂL
have to connect all electronic sensors of an O 09
electronic camera with parallel wires as G i O
illustrated in Figure 2. O o

Such a massively parallel electronic circuit | (3

is almost impossible nowadays, not to mention
in the early days of video being invented. On Figure 2 Electronic means
for parallel capture

of all pixels at
would have to use parallel electron beams to the same moment

the display side using a phosphor screen, we



