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The MPEG-4 Fine-Grained Scalable Video Coding
Method for Multimedia Streaming Over IP

Hayder M. Radha, Member, IEEE, Mihaela van der Schaar, and Yingwei Chen

Abstract—Real-time streaming of audiovisual content over the
Internet is emerging as an important technology area in multi-
media communications. Due to the wide variation of available
bandwidth over Internet sessions, there is a need for scalable
video coding methods and (corresponding) flexible streaming
approaches that are capable of adapting to changing network
conditions in real time. In this paper, we describe a new scalable
video-coding framework that has been adopted recently by the
MPEG-4 video standard. This new MPEG-4 video approach,
which is known as Fine-Granular-Scalability (FGS), consists of
a rich set of video coding tools that support quality (i.e., SNR),
temporal, and hybrid temporal-SNR scalabilities. Moreover, one
of the desired features of the MPEG-4 FGS method is its simplicity
and flexibility in supporting unicast and multicast streaming
applications over IP.

Index Terms—Author, please supply index terms. E-mail key-
words@ieee.org for info.

I. INTRODUCTION

T HE transmission of multimedia content over the World
Wide Web (WWW) has been growing steadily over the

past few years. This is evident from the large number of popular
web sites that include multimedia content specifically designed
for streaming applications. The growth in streaming audiovisual
information over the web has being increasing rather dramati-
cally without any evidence of the previously-feared collapse in
the Internet or its global backbone. Consequently, multimedia
streaming and the set of applications that rely on streaming are
expected to continue growing. Meanwhile, the current quality
of streamed multimedia content, in general, and video in par-
ticular still needs a great deal of improvement before Internet
video can be accepted by the masses as an alternative to tele-
vision viewing. A primary objective of most researchers in the
field, however, is to mature Internet video solutions to the level
when viewing of good-quality video of major broadcast televi-
sion events (e.g., the Super Bowl, Olympics, World Cup, etc.)
over the WWW becomes a reality [10]–[15].

To achieve this level of acceptability and proliferation of In-
ternet video, there are many technical challenges that have to be
addressed in the two areas of video-coding and networking. One

Manuscript received May 31, 2000; revised December 1, 2000. The associate
editor coordinating the review of this manuscript and approving it for publica-
tion was Dr. K. J. R. Liu.

H. M. Radha is with the Video Communications Research Department,
Philips Research Laboratories, Briarcliff Manor, NY 10510 USA, and also
with the Department of Electrical and Computer Engineering, Michigan State
University, East Lansing, MI 48823 USA (e-mail: radha@egr.msu.edu).

M. van der Schaar and Y. Chen are with the Video Communications Research
Department, Philips Research Laboratories, Briarcliff Manor, NY 10510 USA.

Publisher Item Identifier S 1520-9210(01)01863-6.

generic framework that addresses both the video-coding and
networking challenges associated with Internet video is scal-
ability. From a video-coding point-of-view, scalability plays a
crucial role in delivering the best possible video quality over un-
predictable “best-effort” networks. Bandwidth variation is one
of the primary characteristics of “best-effort” networks, and the
Internet is a prime example of such networks [38]. Therefore,
video scalability enables an application to adapt the streamed-
video quality to changing network conditions (and specifically
to bandwidth variation). From a networking point-of-view, scal-
ability is needed to enable a large number of users to view any
desired video stream, at anytime, and from anywhere. This leads
to the requirement that servers and the underlying transport pro-
tocols should be able to handle the delivery of a very large
number (hundreds, thousands, or possibly millions) of video
streams simultaneously.

Consequently, any scalable Internet video-coding solution
has to enable a very simple and flexible streaming framework,
and hence, it must meet the following requirements [3].

1) The solution must enable a streaming server to perform
minimal real-timeprocessing and rate control when out-
putting a very large number of simultaneous unicast (on-
demand) streams.

2) The scalable Internet video-coding approach has to be
highly adaptable to unpredictable bandwidth variations
due to heterogeneous access-technologies of the receivers
(e.g., analog modem, cable mode, xDSL, etc.) or due to
dynamic changes in network conditions (e.g., congestion
events).

3) The video-coding solution must enable low-complexity
decoding and low-memory requirements to provide
common receivers (e.g., set-top-boxes and digital televi-
sions), in addition to powerful computers, the opportunity
to stream and decode any desired Internet video content.

4) The streaming framework and related scalable
video-coding approach should be able to support
both multicast and unicast applications. This, in gen-
eral, eliminates the need for coding content in different
formats to serve different types of applications.

5) The scalable bitstream must be resilient to packet loss
events, which are quite common over the Internet.

The above requirements were the primary drivers beyond
the design of the fine-granular-scalability (FGS) video-coding
scheme introduced originally in [1]. Although there are other
promising video-coding schemes that are capable of supporting
different degrees of scalability, they, in general, do not meet all
of the above requirements. For example, the three–dimensional
(3-D) wavelet/sub-band-based coding schemes require large
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