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The H.264 Advanced Video Compression Standard

The improved compression performance of H.264 comes at the price of greater computa-
tional cost. H.264 is morc sophisticated than earlier compression methods and this means that
it can take significantly more processing power to compress and decompress H.264 video.

4.7.2 Applications

As well as its improved compression performance, H.264 offers greater flexibility in terms
of compression options and transmission support. An H.264 encoder can select from a wide
variety of compression tools, making it suitable for applications ranging from low-bitrate,
low-delay mobile transmission through high definition consumer TV to professional television
production. The standard provides integrated support for transmission or storage, including a
packetized compressed format and features that help to minimize the effect of transmission
errors.
H.264/AVC has been adopted for an increasing range of applications, including:

* High Definition DVDs (Blu-Ray)

* High Definition TV broadcasting in Europe

* Apple products including iTunes video downloads, iPod video and MacOS
® NATO and US DoD video applications

* Mobile TV broadcasting

* Many mobile video services

* Many internet video services

¢ Videoconferencing

¢ Consumer camcorders.

4.8 Summary

H.264 Advanced Video Compression is an industry standard for video coding that defines
a format or syntax for compressed video and a method of decoding this syntax. It provides
a set of tools or algorithms that can be used to deliver efficient, flexible and robust video
compression for a wide range of applications, from low-complexity, low bitrate mobile video
applications to high-definition broadcast services. The following chapters examine H.264’s
tools, features and performance in detail.

4.9 References

i. Rccommendation ITU-T H264 | [SO/IEC 14496-10:2009, ‘Advanced Video Coding for generic audio-visual
services', March 2009.

ii. ISO/IEC 14496 2:2000, ‘Information technology - Generic coding of moving pictures and associated audio
information: Video', 2000.

S

H.264 syntax

5.1 Introduction

An ‘H.264 video’ is a video sequence that is represented in a particular format, the H264/AVC
syntax. This syntax is defined in the H.264 industry standard and specifies the exact structure
of an H.264-compliant video sequence, in terms of syntax elements, parameters describing
different aspects of the coded sequence, and the way in which each element is represented as a
binary code. The syntax is hierarchical, from the highest level, the video sequence level, down
through individual coded frames or fields (access units) and subsets of access units (slices)
to macroblocks and blocks. Control parameters are stored as separate syntax sections such as
Parameter Sets or as part of sections such as the macroblock layer. This chapter examines the
H.264/AVC syntax in detail, beginning with an overview of frame and picture structures and
handling, followed by each of the main layers of the syntax hierarchy.

5.1.1 A note about syntax examples

The various syntax sections in the H.264/AVC standard are illustrated later in the chapter with
extracts from coded video sequences. These were generated using the Joint Model software
video codec [i] using the ‘Trace’ mode which is described further in Chapter 9. Each syntax
example is presented in the following way, Table 5.1:

Table 5.1 Syntax examples: format

Parameter Binary code Symbol Discussion

profile idc 1000010 66 Baseline Profile

t The name of the syntax 4 Thebinarycode 1 The valuedecoded 1 What the value indicates.
parameter, listed in the from this code
H.264/AVC standard

Selected sections of the H.264 syntax are presented as syntax diagrams such as Figure 5.13.

The H.264 Advanced Video Compression Standard, Second Edition  lain E. Richardson
© 2010 John Wiley & Sons, Ltd
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100 The H.264 Advanced Video Compression Standard

It should be emphasized thatthe syntax examples, diagrams and explanations in this chapter
are for illustration only. Complete and accurate explanations of the syntax and the semantics
or meaning of each syntax element are given in the H.264/AVC standard.

5.2 H.264 syntax

The hierarchical organization of the H.264/AVC syntax can be seen in Figure 5.1 [ii]. The
Network Abstraction Layer (NAL) consists of aseries of NAL Units (section 5.4). Sequence
Parameter Sets (SPS) and Picture Parameter Sets (PPS) are NAL units that signal certain
common control parameters 10 the decoder (section 5.5). Coded video data is communicated
in Video Coding Layer (VCL) NAL units, known as coded slices. An access unit, a coded

VCL NAL Unis

Netwark Abstracton Layer [ sps [prs | DA sice I Slice ] sice | s

seeme [ 352 e

Skip indication

Y D N )

R

Macroblock layer I Type I Prediction I cmP:‘;;:“dT[OP Residual
e

INTRA INTER

i
[rarem ] [ voums |

Figure 5.1 Syntax overview

H.264 syntax 101

frame or field, is made up of one or more slices. At the slice layer (section 5.6), each slice
consists of a Slice Header and Slice Data. The Slice Data is a series of coded macroblocks
(MB) and skip macroblock indicators which signal that certain macroblock positions contain
no data. Each coded macroblock (section 5.7) contains the following syntax elements:

* MB type : Vintra coded, P/inter coded from one reference frame, B/inter coded from one or
two reference frames.

* Prediction information: prediction mode(s) for an I macroblock, choice of reference frame(s)
and motion vectors for aP or B macroblock.

® Coded Block Pattern CBP : indicates which luma and chroma blocks contain non-zero
residual coefficients.

* Quantization Parameter QP, for macroblocks with CBP # 0.

* Residual data, for blocks containing non-zero residual coefficients.

A coded video sequence begins with an Instantaneous Decoder Refresh (IDR) Access
Unit, made up of one or more IDR slices, aspecial type of Intra coded slice. Subsequent video
frames or fields, described as Access Units, are coded as slices. The video sequence ends when
a new IDR slice is received, signalling a new coded sequence, or when the transmission is
complete.

A list of all the main sections of the syntax is given in Table 5.2. A NAL unit contains a
Raw Byte Sequence Payload (RBSP), a sequence of bytes containing syntaxel H.264
syntax elements are binary codes with varying length and so a sequence of syntax elements
within a NAL unit will not necessarily fit into an integral number of bytes. Zero-valued bits
are added to the end of the RBSP contents in order to ensure that the length is an integral
number of bytes (RBSP trailing bits). An RBSP syntax element can be transmitted or stored
as a complete packet. Some syntax sections contain sub-sections, e.g. the Sequence Parameter
Set may contain the sections scaling Jist and vui.parameters and always contains the section
rbsp trailing bits. Other sections, e.g. scaling_list, do not contain any sub-sections.

Before discussing the syntax sections in detail, it is necessary to examine the way in which
H.264/AVC handles frames, fields and pictures.

5.3 Frames, fields and pictures

Chapter 2 introduced the concept of digital video and typical formats for storing and handling
digital video information. An H.264 encoder converts video frames into compressed or coded
picures. H.264/AVC defines a frame as an array of luma samples and two corresponding
arrays of chroma samples. The two fields, top field and bottom field, that make up a frame may
be sampled at the same time instant, progressive scan, or at different time instants, interlaced
scan. The term picture refers collectively to a frame or a field. Figure 5.2 is an overview of the
way pictures are handled during H.264 encoding and decoding. Frames or fields are encoded
to form coded pictures, each of which is composed of one or more slices. Slices are decoded
to produce decoded pictures which are stored in a Decoded Picture Buffer (DPB). Pictures in
the DPB may be used for inter prediction of further coded pictures and/or output for display.

It is important to distinguish between three different orders of pictures: decoding order,
the order in which pictures are decoded from the bitstream, display order, the order in which
pictures are output for display, and reference order, the order in which pictures are arranged
for inter prediction of other pictures (Figure 5.3).
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NEIE H-264

ADVANCED VIDEOQO
COMPRESSION STANDARD

[SECOND EDITION]
IAIN E. RICHARDSON, Vcodex Limited, UK

H.264 Advanced Video Coding or MPEG-4 Part 10 is fundamental to 8 growing range of
markets such as high definition broadcasting, internet video sharing, mobile video and
digital surveillance. This second edition of The H.264 Advanced Video Compressior
Standard reflects the growing importance and implementation of H.264 video technology.
Offering a detailed overview of the system, it explains the syntax, tools and features of
H.264 and equips readers with practical advice on how to get the most out of the standard

¢ Packed with clear exasmples and illustrations to explain H.264 technology in an
accessible and practical way.

« Covers basic video coding concepts, video formats and visual quality.

¢ Explains how to measure and optimise the performance of H.264 and how to
balance bitrate, computation and video quality.

¢ Analyses recent work on scalable and multi-view versions of H.264, case studies
of H.264 codecs and new technological developments such as the popular High
Profile extensions.

¢ An invaluable companion for developers, broadcasters, system integrators, academics
and students who want to master this burgeoning state-of-the-art technology.

“[This book] unravels the mysteries behind the latest H.264 standard and
delves deeper into each of the operations in the codec. The reader can
implement (simulate, design, evaluate, optimize) the codec with all profiles
and levels. The book ends with extensions and directions (such as SVC and
MVC) for further research.”

PROFESSOR K. R. RAO, THE UNIVERSITY OF TEXAS AT ARLINGTON,
CO-INVENTOR OF THE DISCRETE COSINE TRANSFORM

Enjoyed this book?
Why not tell others about it
and write a review on your
favourite online bookseller.

ISBN 978-0-470-51692-8

wiley.com
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