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Preface

To our knowledge this book is unique and unusual in the sense that it consolidates
all the recent major video coding standards: AVS China, H.264/MPEG-4 Part 10
(here after referred to as H.264/AVC), VP6 (now VP10), DIRAC, VC-1/2 and
HEVC/NGVC (high efficiency video coding/next generation video coding). All
these standards with the exception of the later have been adopted by the industry
(at various levels) developing consumer electronics products for mass markets (set
top boxes, search engines, lap tops, PCs, tablets, net books, digital cameras, DVDs,
Blu-ray discs, smart phones, various hand held/mobile devices, VOD, video
streaming, etc.). Products based on HEVC/NGVC are under various stages of
development as can be observed from various papers (conference proceedings,
journal papers, tutorials, keynote speeches—see Chap. 5). The focus of this book
has been mainly on the basic functionalities, tools, techniques and operations
inherent in these standards leading to compression/coding at various bit rates,
quality levels and applications. Intentionally, detailed step-by-step process for
their implementation is left out. However, thorough understanding of the stan-
dards, besides their performance comparison and limitations are presented. With
on line resources such as web/ftp sites, standards documents, open source
software, review papers (both journal publications and conference presentations),
keynote speeches, tutorials, reflectors and related resources, the reader is well
equipped to implement the encoders and decoders at various profiles and levels
and evaluate their performances.

With insight and ingenuity, the reader can improve the performance, reduce the
complexity and explore additional applications. Other than Chaps. 1 and 2, the
remaining chapters end with projects (can be tailored to M.S. theses and some of
them even to Ph.D. dissertations) presented as thought provoking items. Added to
this is the prospect of transcoding from one standard to another (not encoder/
decoder of one standard followed by encoder/decoder of another standard). This is
to be accomplished by using parts of the encoded bit stream of one standard
effectively/efficiently in the other standard thus significantly reducing the overall
complexity of the transcoder. This by itself is no easy task. However, many
challenges have been overcome i.e. MPEG-2 to H.264/AVC transcoder and vice
versa and low complexity H.264/AVC to VC-1 transcoding.
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HEVC/NGVC (See Chap. 5) is the latest standard that is aimed at reducing the
bit rate by nearly 50 % at the same visual quality compared with H.264/AVC. It
has come out as a final draft international standard (FDIS) in January 2013 (main,
10 bit depth and all intra profiles) with the working draft updated periodically. This
has been approved by ITU as ITU-T H.265/ISO/IEC 23008-2 HEVC in January
2013. It is projected that the HEVC-based decoders will reach 2 billion by end of
2016. This is followed by extensions such as scalable video coding (SVC) and
multi-view coding (3D video, free view point video, stereoscopic video, etc.)
scheduled for standardization in 2014. These developments provide a fertile
ground for R&D besides the transcoder from an established standard such as
H.264/AVC to HEVC and vice versa (See projects at the end). The main focus of
this book is on video with little description on audio. However, some theses/
projects describe in detail the coding and multiplexing of the video/audio bit
streams at the encoder followed by demultiplexing and decoding of these bit
streams while maintaining the lip sync between the video and audio. The reader is
referred to Dr. Rao’s website http://www-ee.uta.edu/dip (click on courses and then
click on EE5359 multimedia processing, scroll down to access theses/projects/pp
slides/papers/proposals, etc.) i.e. multiplexing/de-multiplexing AVS China video
with AAC audio bit streams achieving lip sync and multiplexing/de-multiplexing
H.264/AVC video with HE-AAC audio bit streams achieving lip sync.

Chapters 6-8 address the functionalities involved in VP6 (originally developed
by On2 Technologies—subsequently acquired by Google) with websites related to
VP9/VP10, DIRAC developed by BBC, which uses wavelets rather than the tra-
ditional DCT/INT DCT and VC-1 based on Windows Media Video 9 of Microsoft,
respectively. Apart from Chaps. 1 and 2 all the others are supplemented by projects
many of which are at the M.S. and Ph.D. levels. Appendices A thru H (based on
former graduate students in the University of Texas at Arlington except Appen-
dices B and H) provide additional resources that complement the projects many of
which are at the M.S. and Ph.D. levels. Bibliography provides a plethora of ref-
erences including web/ftp sites, review papers, standards documents, keynote
speeches, special issues, open source software, etc., related to video coding
standards presented in Chaps. 3-8.

It is hoped that this book and all the resources outlined can provide the reader
the prospects for understanding and implementation of these standards. With
foresight the reader can propose changes/additions/extensions/modifications to
these standards leading to improved performance, reduced complexity and addi-
tional applications. Purposely, the book is not aimed as a text for any specific
course. On the contrary it is projected to be a reference at the graduate/research
levels for academia, research institutes and industry.
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Chapter 1
Introduction

Abstract A brief description (comparison) of various video/image coding stan-
dards such as JPEG, MPEG and H.26x series besides, DIRAC (Chap. 7), AVS
China (Chap. 3) and VC-1 (Chap. 8) are presented. Similarly brief description on
audio coding followed by comparison metrics concludes the chapter.

Keywords Standards - Video codec - Audio codec - Color space - Subjective
quality - Objective quality - Metrics - Audio quality - Video quality - Performance

1.1 Popular Video and Audio Standards

The combination of multiple sources of video, audio, image and text is usually
known as multimedia. The requirements for multimedia communications have
increased rapidly in the last two decades in broad areas such as television,
entertainment, interactive services, telecommunications, conference, Internet,
consumer electronic devices, medicine, security, business, traffic, defense and
banking. Usually, video and audio data have to be compressed before storage or
transmission because the original data volume is too huge, and the compressed
data should be decoded before display or for further processing. Compression is
also referred to as encoding or coding, and decompression as decoding. Therefore
the software or device to compress and decompress video/audio data is called as
video/audio encoder (coder) and decoder respectively. Encoder and decoder are
abbreviated as codec for convenience. Although plenty of video and audio coding
algorithms have been developed, it is the video and audio coding standards [B7],
which guarantee interoperability between software and hardware provided by
multiple vendors, that make multimedia communications practical. Series of video
and audio coding standards have been developed by Standards Development
Organizations (SDO), including ISO/IEC (the International Standardization

K. R. Rao et al., Video Coding Standards, 1
Signals and Communication Technology, DOI: 10.1007/978-94-007-6742-3_1,
© Springer Science+Business Media Dordrecht 2014
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Organization and the International Electrotechnical Commission) [H53] [H54],
ITU-T (the Telecommunication Standardization Sector of the International Tele-
communication Union, formerly CCITT) [H55], SMPTE (Society of Motion
Picture and Television Engineers) [C31], AVS China (the Audio and Video coding
Standard of China) [AS1], DIRAC by BBC [D1] [D5], and well known companies,
including Microsoft [C32], Real Networks [R3] and On 2 Technologies [P11].

ISO/IEC has developed several video and audio standards including MPEG-1
(ISO/IEC 11172) [S2], MPEG-2 (ISO/IEC 13818) [S3] and MPEG-4 (ISO/IEC
14496) [S8]. ITU-T has also developed several standards, but unlike MPEG, the
video standards and audio standards are separate. ITU-T H.261 [S4], H.262 [S3],!
H.263 [S5], H.263+ (H.263 Version 2) [S6] [S7], H.26L [PC1], and H.264 [S10]
[H23] are designed for video, while ITU-T G.723.1 [O14] and G.729 [O15] are for
audio. Besides these standards, Video Coder 1 (VC-1) [C11] [C14] and Video
Coder 2 (VC-2) [C6] by SMPTE, Windows Media Video 9 [C1] [C2] by
Microsoft, VP 6 [P3] [P5] [P6] and VP7 [P4] by On 2 Technologies, Dirac [D1]
[D5] by BBC, Real Video 9 and Real Video 10 [R1] [R2] by Real Networks are
also popularly used video standards on Internet and personal computers. In recent
years, AVS China [A2, A10, AS9-A66] has attracted great deal of attention from
industries related to television, multimedia communications and even chip man-
ufacturing from around the world. This new standard includes four main technical
areas, which are systems, video, audio and digital rights management (DRM), and
some supporting documents such as consistency verification. The second part of
the standard known as AVS1-P2 [A2] (video—Jizhun) was approved as the national
standard of China in 2006, and several final drafts of the standard have been
completed, including AVS1-P1 (systems) [Al], AVS1-P2 (video-Jiagiang) [A3],
AVSI1-P3 (audio) [A4], and AVS1-P7 (mobile video) [A74].

AVS China provides optimized coding performance with the lowest total cost,
including transmission and storage cost, implementation cost and intellectual
property rights (IPR) cost because the AVS Working Group took the technical IPR
cost into account from the beginning of setting up the standard. There are two
aspects of the IPR cost. One is the IPR for the content, which is out of the scope of
audio and video coding standards. The other aspect is the IPR cost for the tech-
nologies used in the audio and video coding standards.

Some recent research results on AVS China are reported in a special issue of the
journal “Signal Processing: Image Communication” in several papers [A58—A66].
An overview of the video part of AVS is given in [A59], which also describes the
coding tools available and gives examples of the application-driven profiles defined
in AVS. In [A60] two context-based entropy coding schemes for AVS video coding
standard are presented. One is the context-based 2D variable length coding
(C2DVLC) as a low-complexity entropy coding scheme for AVS Part-2 Jizhun
(base) profile. The other is the context-based binary arithmetic coding (CBAC) as
an enhanced entropy coding scheme for AVS Part-2 Jiagiang (enhanced) profile.

' H.262 has also audio coding among the several parts.
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In [A61], a sub-pixel interpolation filter known as combined adaptive-fixed inter-
polation (CAFI) with multi-directional filters is proposed to obtain good coding
efficiency with low computational complexity. In addition, implementations [A64]
[A65], reconfigurable video coding (RVC) framework [A62], trick modes [A63]
and robust dual watermarking algorithm [A66] are also discussed in this issue.

Popular video standards are listed in Table 1.1, and the algorithmic element
comparisons of these video standards are listed in Table 1.2. Table 1.1 is adopted
from T. Ebrahimi and M. Kunt, “Visual data compression for multimedia appli-
cations”, Proc. IEEE, vol. 86, pp. 1109-1125, June 1998 [G1]. Some minor
changes have been made. Recent standards such as H.264/MPEG-4 Part 10, Dirac,
AVS China, JPEG-LS, JPEG-XR, JBIG, VC-1 (SMPTE), VC-2, HEVC/NGVC
and VP6 (now VC10) are now added.

1.2 Digital Representation of Video

As video is used to record and/or show moving objects, it is composed of a
sequence of pictures taken at regular temporal intervals. The number of frames
(pictures) per second is called as the frame rate. Frame rates below 10 frames per
second (fps) are sometimes used for very low bit-rate (below 64 kbps) video
communications. Between 10 and 20 fps is more typical for low bit-rate video
communications. Sampling at 25 or 30 frames per second is standard for television
pictures; 50 or 60 frames per second produces smooth apparent motion [B8].
Video can be divided into analog and digital types. Analog video is represented
with an analog signal, which is captured by progressive or interlaced scanning
using an analog camera. An example of analog video is the signal used in analog
television systems such as PAL [G12] and NTSC [G13] [G14]. Digital video is
often captured with a digital camera, although it can also be converted from analog
video signal. The natural scene is projected onto a sensor, such as an array of
charge coupled devices (CCD array) [G15], in a digital camera, which converts the
brightness or color of the scene into digital data. Each image (picture) in a video
sequence includes M by N picture elements (pixels), where M is the number of
rows and N the number of columns. For color images, each pixel is usually
composed of three color components, which are Red (R), Green (G) and Blue (B)
(abbreviated as RGB). Each color component is separately filtered and projected
onto a CCD array. Any color can be created by combining R, G and B in varying
proportions. With all possible values of R, G and B, vectors of (R, G, B) form a
space called as RGB color space. Each color component is represented with a K-bit
integer. For ordinary use, 8 is the sufficient value of K. Larger K is needed for more
accurate uses such as medical, broadcast, surveillance, and studio editing, etc.
Although the RGB color space is well-suited to capture and display color
images, the YC,C, space, formed by vectors of (Y, Cy, C,), is more efficient for
compression, where Y represents luminance (brightness) of a pixel, C, and C, are
the pixel’s chrominance components proportional to the color differences of B-Y
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