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Introduction to the Special Issue on the H.264/AVC
Video Coding Standard

VER THE LAST one and a half decades, digital videdided some increase in coding gain but were too expensive to

and audio compression technologies have fundamentdliyplement were not included. In the process, the H.264/AVC
changed the way we create, communicate, and consume auélRsign emerged with an improvement in coding efficiency typ-
visual information. They have not only transformed existinigally by a factor of two over MPEG-2—the most widely used
applications and services like the distribution of entertainmeyigleo coding standard today—while keeping the cost within the
video to the home but also spawned brand new industries @&geptable range. Similar quality gains were shown relative to
services like video-conferencing, direct-to-home satellite digther prior designs for a very broad range of applications. Above
tribution, digital video recording, video-on-demand servicedll, this project has proven that the predictions of the demise of
high-definition TV, video on mobile devices, streaming vided/ideo compression algorithm innovations were little premature
etc. and that they are continuing to flourish vigorously.

Since the early 1990s, when the technology was in its infancy, This Special Issue opens with an overview paper about the
international video coding standards such as H.261, MPEGH:264/AVC standard by Wiegaret al. As the title suggests, it
MPEG-2/H.262, H.263, and MPEG-4 (Part 2) have been poRtovides a concise description of the most important tools used
erful engines behind the commercial success of digital vidédthe standard.
compression. They have played pivotal roles in establishing theVe then dive deeper into the algorithm. We start with
technology via providing interoperability among products déwo papers on inter-picture prediction and processing. Wedi
veloped by different manufacturers and at the same time ard Musmann provide good insight into the workings of
lowing flexibility for ingenuity in optimizing and molding the fractional-sample motion-compensated prediction in their
technology to fit a given application and making the cost-pepaper “Motion and Aliasing Compensated Prediction for
formance tradeoffs well suited to particular requirements. Th&lybrid Video Coding”. Flierl and Girod describe how and why
have provided much needed assurance to the content credfoRictures work and some ways the B picture concept has been
that their content will run everywhere and that they do not hagtended in H.264/AVC in their paper “Generalized B Pictures
to create and manage multiple copies of the same contengiftfl the Draft H.264/AVC Video Compression Standard”.
match the products of different manufacturers. They have per-The next two papers focus on the transforms used and
mitted the economy of scale to allow steep reduction in cost fé@nsidered in the standardization process. The first of these,
masses to be able to afford the technology. They have nurturé@w-Complexity Transform and Quantization in H.264/AVC”
open interactions among experts from different companiesiy Malvar et al, describes the integer DCT-like transform
spurt exponential growth in innovation to keep pace with thehd gquantization scaling methods adopted in the standard.
implementation technology and the needs of the applicationsthis transform was designed with particular attention paid

The subject of this Special Issue is the newest entry in the liffe the fact that real-number-based transform specification
of international video coding standards, referred to formally &auses mismatches between encoders and decoders, and can
ITU-T Recommendation H.264 and ISO/IEC MPEG-4 (Part 18 expensive to implement in products that do not have high
Advanced Video Coding (or referred to in short as H.264/AvCgnd microprocessor or ASIC. The second paper, “Variable
H.264/AVC is the powerful and state-of-the-art video compre&lock Size Transforms for H.264/AVC” by Wien, describes
sion standard recently developed by the ITU-T/ISO/IEC Joiffte effort spent by JVT on adapting the transform size to the
Video Team (JVT) consisting of experts from ITU-T’s Videgnotion estimation block size. This technology was considered
Coding Experts Group (VCEG) and ISO/IEC’s Moving Picturéo be very interesting but not fully mature or sufficiently
Experts Group (MPEG). As has been the case with past videlgarly beneficial to coding efficiency, and a bit too difficult to
coding standards, its design represents a delicate balanceif@ement for inclusion in the standard at this stage.
tween coding gain, implementation complexity, and costs basedP€blocking filtering has been one of the centers of great dis-
on state of VLSI (ASICs and Microprocessors) design tecUssions among the experts and has divided the video compres-
nology. It has brought the coding algorithm technology in syngion community for along time. In H.264/AVC, years of past ex-
with the VLSI technology that is available today or will be availPerience in this field have culminated into the development of a
able in near future. Some algorithmic features that could not Bew and powerful design. In their paper “Adaptive Deblocking
considered in the past due to implementation complexity coufdfter” List et al. explain how the filter adapts itself based on
now be accepted. New techniques developed since the timdh§f quantization parameter, different compression modes, and

the prior designs could be incorporated. Some features that prftion in a scene to be able to differentiate compression arti-
facts from the content of the scene. The result has been a filter

design that has reasonable implementation complexity and pro-
vides a substantial benefit to both subjective and objective video
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Entropy coding of H.264/AVC syntax elements usindpy Lappalaineret al.in their paper “Complexity of Optimized
“Context-Based Adaptive Binary Arithmetic Coding in theH.264/AVC Video Decoder Implementation”.

H.264/AVC Video Compression Standard” is described by We hope that this Special Issue provides a useful perspective
Marpeet al. Their paper provides information about the desigon the core coding tools used in H.264/AVC. We would like to

for context-based adaptive binary arithmetic coding (CABAGhank the authors for their excellent contributions. The standard
and provides background about various decisions made duringved almost at light speed and the authors did a fabulous job
the development of CABAC. of keeping pace with it and updated their manuscripts more than

Karczewicz and Kurceren explain the technology behind twance. We believe the end result is a good balance between pro-
new types of slices in H.264/AVC, which are SP and SI. Theiliding enlightening information to the community in a timely
paper “The SP and Sl Frames Design for H.264/AVC” providdashion and providing a complete portrait of the concepts and
the concepts behind this new technology and also discusses lawtent of the final standard. We are also deeply indebted to the
it can be used in various applications like streaming video, eti@viewers for their quick and very constructive responses.

Two of the many key applications that the stanadardizationMoreover, we are grateful to all those companies and univer-
committee had in mind are the Internet and wireless-based diiles who participated in the development of this standard. They
tribution of the video. Both of these media provide a challenggnt some of their brightest minds around the world to produce
due to, among other things, highly error-prone transmissi@is standard. Our hats off to all the experts who were involved
channels. The paper by Wenger entitled “H.264/AVC oveh giving birth to this standard for tirelessly attending the meet-
IP” provides in-depth understanding of the tools includegigs—some of them lasted nine continuous days with some of
in H.264/AVC targeted specifically to address that chathose days closing between 2 ta\@. to start again at 8 or 9
lenge. The paper “H.264/AVC in Wireless Environments” by m., and for spending countless hours going through hundreds
Stockhammeret aldiscusses normative and nonnormativef pages and thousands of software lines to make sure that the
error-resilience extensions at the encoder and decoder whgkt and code are accurate and embody the best possible design
using H.264/AVC in error-prone wireless environments. within the limits of our collective abilities.

Interoperability is one of the key benefits provided by stan- Finally, we would also like to thank W. Li, former Editor-in-
dards. To achieve interoperability, especially for real-time dehief, for suggesting this Special Issue, and T. Sikora, current
coding, it is not sufficient to only specify an algorithm. Itis im-Editor-in-Chief, for his patience, encouragement, and support
portant to also provide a description for how the bits arrive argr pursuing it.
what buffer models and memory resources an encoder assumes
for the decoder. Ribas-Corbeed al. present the novel buffer

model concept used in the standard in their paper “A General- AJAY LUTHRA

ized Hypothetical Reference Decoder for H.264/AVC".
H.264/AVC standardizes decoder function, leaving room for
encoder optimization. In the paper “Rate-Constrained Coder
Control and Comparison of Video Coding Standards,” Wiegand
et al. present some of the ways to optimize an encoder in
terms of coding efficiency. They apply the same technique to
H.264/AVC, as well as to various preceding standards, and in
this way provide a comparison between them on that basis.
The improvement in coding efficiency by H.264/AVC
comes with a certain degree of complexity. This has been
analyzed in two contributions—one by Horow#t al entitled
“H.264/AVC Baseline Decoder Complexity Analysis” and one
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