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ABSTRACT

The Synchronized Multimedia Integration Language
(SMIL) is recommended by the World Wide Web
Consortium (W3C) because it offers an integrating
format representing how various media objects are
positioned spatially and combined temporally using a
collection of XML elements and attributes for
multimedia delivery over Web. This paper presents the
design and implementation of a JAVA-based SMIL player,
which processes different types of media objects using
multiple threads. Its cache engine detects the media type
and allocates the proper cache memory for the
corresponding media object.

1. INTRODUCTION

With the full development of Web technologies,
providers of synchronized multimedia contents such as
television' programs and - online courses are very
interested in using Web because they have easily
changeable and up-to-date contents, and Web offers
cheaper costs of distribution, and no need for a new end-
user application. However, current HTML-based Web
technology is clearly limited when it comes to creating
continuous multimedia presentations. It lacks a format
for authoring synchronized multimedia content, and
support for network transmission of this type of content
[1]. The Synchronized Multimedia Integration Language
(SMIL) is recommended by the World Wide Web
Consortium (W3C) and allows creation of time-based
multimedia delivery over Web [2]. Based on XML, it
allows developers to mix many types of media such as
text, video, graphics, audio, and vector-based animation
together, to synchronize them in a timeline, and to make
authoring of TV-like multimedia presentations on the
Web easier. Besides SMIL is adopted in enhanced TV
applications in which broadcast and Web content are
coordinated and in wireless devices for supporting
lightweight multimedia functionality [3,4]. To facilitate
this upcoming technology, a well built SMIL player is
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necessary along with a well built SMIL authoring tool [5].
Currently several SMIL players are available around the
world [6]: Grins, HPAS, S2M2, QuickTime, Internet
Explorer and RealPlayer G2.

2. FEATURES OF SMIL

SMIL is an XML-based declarative language to
present Web-based mmultimedia documents. It offers an
integrating format representing how various media
objects are coordinated and positioned spatially and
combined temporally using a collection of XML
elements and attributes [6,7]. A SMIL document consists
of two containers <head> and <body> which can nest
other containers. The head container defines spatial
layout and can nest containers such as <layout>,
<region> and <meta>, and the body container defines
spatial and temporal relations of media objects and
linkage and can nest containers such as <par>, <seq>,
<img>, <video> and <audio>. SMIL describes four
fundamental aspects of multimedia presentations. It
provides layout specification primitives to support simple
and easy use of document layouts. It also provides
temporal specification primitives to encode the temporal
structure of the application and the refinement of the start
and end times of media events. Alternative behavior
specification primitives are provided to express the
various optional encodings within a document based on
system or user requirements. Finally, hypermedia support
primitives are used to link various media objects. In a
SMIL document, the linking problem is much more
complicated than normal HTML.

SMIL was first released in mid-1998 and has been
installed on desktops worldwide because it is adopted in
RealPlayer G2, Quicktime and Internet Explorer. A
significant update was made with SMIL 2.0 in August
2001 [3,4]. SMIL 2.0 defines 10 major function
groupings of elements and attributes: animation, content
control, layout, linking, integration of media objects,
meta-information, structure, timing and synchronization,
time manipulations, and transition effects [6]. Of these,
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the timing and synchronization grouping is the core part
of the SMIL specification. The SMIL profiles are
provided to combine relevant groups of modules for
player manufacturing. The SMIL 2.0 profiles include
SMIL 2.0 language, SMIL basic, SMIL and
XHTML+SMIL. The SMIL 2.0 language profile is
adopted in players and tools including Oratrix and
RealNetworks. The Third Generation Partnership Project
(3GPP) has used the SMIL basic profile as the basis for
wireless multimedia devices [6].

SMIL is combined with MPEG-4 in the
development of Extensible MPEG-4 Textual (XMT)
format specification, in which MPEG-4 is used for low-
level object encoding and SMIL is used for high level
XML-based object composition [4,8]. SMIL is also used
in applications such as electronic commerce and distance
education [9,10].

3. SSP: SEJONG SMIL PLAYER

We design and implement a SMIL player, the
Sejong SMIL Player (SSP), which is a JAVA application
utilizing the JDK(Java Development Kit) and the JMF
(Java Media Framework) [11] APIs to support various
media types. The SSP is comprised of three modules:
SMIL main, parsing and rendering. Figure 1. shows the
overall structure of the SSP. '

(2) SMIL fil

(4) Tree (3) SMIL
(Table) ~ file

Figure 1. Overall Structure of the SSP

SMIL main module controls and manages use
interface, and accesses a remote server designated by
URL which retrieves a SMIL file and sends it to parsing
module. It also receives parsed data from the parsing
module and transfers it to the rendering module and
controls various components used in the interface of the
player. Parsing module uses SAXDOM (Simple API for
XML DOM) to modularize the SMIL DTD (Document
Type Definition) parsing [12]. SAXDOM basically
separates the underlying parsing functions into a set of
callback routines from the SAXDOM driver. In the
parsing stage, each element and its attributes in the SMIL
file are stored in a hash table and saved in a node in the
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tree structure, as shown in Figure 2. That is, parsing
module generates a set of hash tables about spatial
information while parsing <head> parts of the SMIL
document. Parsing <body> parts generates the
corresponding media type information and its timing
synchronization in a set of hash tables. In implementation,
a vector is used to store tree node position and its
corresponding hash table. Rendering module defines all
SMIL media objects through MIME type, since SMIL
supports various types of media object such as audio,
video, and text streams. Media objects are synchronized
in a time line and multi-threading is used for spatial
synchronization. JMF class library is used to render
synchronized media objects using the stored media
information.

<smil>

Figure 2. Tree Structure after Pasing

Figure 3 shows interface of the SSP,

Figure 3. Interface of the SSP.

4. CONSIDERATION FOR PERFORMANCE
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The syntax of SMIL is relatively easy to understand.
However, it can employ many different types of media
such as text, graphic, audio and video. To handle
different types of media objects at the same time, the SSP
is designed to be multi-threaded. When parsing each part
of a SMIL documents, a new thread is created to handle
it. At the end of parsing the resulting objects are stored in
hash tables on the nodes of the tree structure. When
execution of the SMIL document starts, corresponding
threads are concurrently running to render and show the
different media objects. Figure 4 shows the multi-
threaded processing of head and body containers in
which nested containers and media objects are also mult-

threaded according to temporal and  spatial
synchronization in the stored data.
Compared with traditional textual objects,

multimedia objects usually require much higher
bandwidth and real-time transfer. Moreover, multimedia
stream is usually bursty. Just increasing the bandwidth
will not solve the burstiness problem. To achieve smooth
playback of the presentation, the player must be able to
prefetch and buffer media objects and dynamically utilize
different versions of media objects.

SMIL Parser

l <head> J <body> 7
Region Media Event
Data Data Data

N L~

Processing and
Rendering
JOK, JMF

Figure 4. Internal Structure of the SSP.

The SSP incorporates an intelligent cache engine
which detects the media type and allocates the proper
cache memory for the corresponding media object. While
caching research traditionally focused on replacement
policies for optimal storage allocation [13], service
differentiation technique is applied in the cache engine
which utilizes biased replacement policies [14]. The
basic idea is that if more storage space is assigned to the
selected media class based on its importance in the
playback representation, it will enhance the overall
presentation. If the future access pattern is known, the
amount of space that needs to be allocated to each media

Authorized licensed use limited to: Adrienne Stephens. Downloaded on February 18,2025 at 22:48:20 UTC from IEEE Xplore. Restrictions apply.

class can be decided ahead of time to achieve optimal
presentation quality. Importance of media classes can be
decided by the user or application. In the meantime, the
cache engine stores the played media objects into a JAR
(JAVA Archive) file for future uses. Currently all cached
media data is stored into several JAR files of a single
client machine on which the SSP runs. Each JAR file
keeps track of single media type. For instance, if the SSP
plays SMIL documents including 3 videos, 2 audio clips,
and 5 text streams, the client machine keeps 3 different
JAR files.

5. CONCLUSION

A JAVA application-based SMIL player that
employs a caching engine is presented. Current version
of the SSP supports a SMIL 2.0 language profile.
XHTML+SMIL and SVG(Scalable Vector Graphic)
should be integrated in the future. The SSP also utilizes
HTTP for transferring SMIL documents. However, the
next version of it should support RTP(Real-time Transfer
Protocol) [15] and RTSP(Real-time Streaming Protocol)
[16]. In future research, a more attractive user interface
and more robust cache design should be incorporated into
the SSP. Research on more effective caching methods
that work with the SSP should follow.
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