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Abstract

Virtual collaborative systems enable cooperation of users, even when they are in
different continents. Despite the fact that the best-effort nature of Internet hinders their
operation over long distances, they can efficiently operate in relatively short distances.
This is basically due to new compression standards that can efficiently adapt their Quality
of Service (QoS) to the needs of the environment.

MPEG-4 is a novel International Standard that explores almost every possibility
of the digital environment. It describes the content of a scene by identifying audio-visual
objects into it, both of natural and synthetic nature. New compression techniques give
very low bit-rate encoded streams for each identified object. Users can navigate and
interact with the scene and share it with the other participants of the virtual environment.
In this thesis, a new collaborative framework has been developed, based on the
specifications of the MPEG-4 standard. The framework provides access to the content of
the scene. which is constructed in a directed acyclic graph. The scene is compressed and
streamed using the MPEG-4 Binary Format for Scene (BIFS) specifications. In addition,
VRML files are supported and translated to BIFS. The rendering of the scene is based on
Java 3D.

Media streams like audio and video are also rendered in the same scene with the
3D content. They can be rendered in the surface of every shape. The Java Media
Framework (JMF) is used to decode and encode the audio-visual streams, and it is
extended to enable their rendering in the 3D scene.

The transmission of the media streams among the participants of the shared
environment is over the RTP protocol. using multicast delivery. JMF provides an
implementation of the RTP protocol. This implementation is extended to provide a
reliable multicast transmission protocol for the exchange of critical content, like the BIFS
stream.

The developed framework provides an implementation of the multicast scenarios
of the MPEG-4 Delivery Multimedia Integration Framework (DMIF). DMIF provides an
interface to the applications with the required functionality to handle the establishment

and the release of transport channels with QoS support.
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Chapter 1

1 Introduction

1.1 General

This thesis aims at the development of a collaborative system that supports sharing
of multimedia streams and virtual environments at the same time. It is based on the
specifications of the MPEG-4 standard, and provides a framework that offers an object-
based description of scenes to every participant of the collaboration. Scene descriptions

and multimedia are streamed to every terminal of the collaboration.

1.2  Multimedia

The word “multimedia” is composed of two words: Multi, which means many, and
medium, which means a substance through which something is transmitted or carried on.
As a computer science concept. multimedia has two components: A set of different media
types and their integration.

Examples of media types are video or audio streams. still images. text, and graphics.
Media types can be divided in two main categories:
¢ Time-independent media, where their information is not changed with time, like a

text or a still image. They also called discrete media.

* Time-dependent media, where their information is changed with time, like a video or
an audio stream. They also called continuous media.

Processing of continuous media types is based on strict time constraints, the violation
of which leads to an abnormal presentation of the information. Moreover, the size of data
of continuous media streams is related to their time length. Long media can have an

extremely large size, which makes impractical their transmission over networks. For this



reason, many compression techniques have been developed, that minimize their size
significantly.

A popular definition of multimedia systems is the following: “*A multimedia system
is characterized by computer-controlled, integrated production, manipulation,
presentation, storage and communication of independent information, which is encoded
at least through a continuous (time-dependent) and a discrete (time-independent)

medium” [56].

1.3 Virtual Reality

The term Virtual Reality (VR) was first used by J. Lanier and J. J. Grinand.
According to them, “Virtual Reality is a new plane of reality accessible through
computerized clothing. A shared VR is one in which two or more participants are in a
Virtual World at the same time, can see each other, and undertake joint projects” [46].

Although VR usually requires special equipment. such as Head-Mounted Displays
(HMD) or data gloves, this system provides a simulation of a Virtual World, which is
modeled using standard description techniques of virtual environments. and displayed in
a computer scteen. A less expensive VR system can be provided this way.

It should be noted that the terms Virtual Worlds and Virtual Environments are used

alternatively to express a computerized model of VR.

1.4 Collaborative systems

Collaboration is the key to success in achieving important goals, due to the
increasing complexity in almost every industry. But in many cases, the team members
that have to cooperate are geographically separated, and hence, they need to travel long
distances. Therefore, there is a pressing need for systems that would enable the tele-
presence of co-workers in a virtual environment, without their physical co-presence in the
same place. Moreover, the combination of multimedia streams into virtual environments
provides a very powerful way to visualize and share information among the participants

of the collaboration.
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1.5 Problem statement

The aim of this thesis is to provide a framework that augments collaboration among
users of interactive, virtual reality-based applications, integrated with natural-origin
media streams.

This is a very challenging problem, which combines many different research
areas. A collaborative system should provide a communication mechanism, which must
be scalable to a big number of participants, without significant cost in the performance of
the system. Every user can interact independently with the virtual world, navigate into it
and modify its objects. Data consistency at each user's terminal should be provided,
despite the distributed nature of the system.

Moreover, a mechanism to stream the content of the virtual world and compress it
for more efficient transmission over networks is required. At the same time, an update
mechanism should be provided. Media streams like audio and video improves the quality
of the collaboration and gives much more powerful ways to display information. The
rendering of media streams should be integrated with the 3D graphics of the virtual world
to provide a more natural representation. Therefore, many different streams have to be
exchanged among the participants: and each stream requires different Quality of Service
(QoS) qualifiers. A session management mechanism should be provided to handle the
establishment and release of each session. and creation of each data channel. Network
usage should be very careful to enable the realization of such a system, where many users
receive and send many streams. It requires an efficient delivery mechanism.

Many applications can take advantage of such a system, for example. e-commerce

applications, tele-learning applications, tele-games or simulation applications.

1.6  Proposed solutions

The solution that this thesis is proposing is the development of a collaborative
system based on the MPEG-4 standard.
The MPEG-4 standard specifies a novel encoding technique based on object
description of audio-visual scenes. It specifies the scene description and its updates over
the time, the linking with media streams, and new, very efficient techniques to compress

audio and video objects.
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Video objects do not have to follow the “traditional” rectangular shape, but they
can have an arbitrary one. In addition, MPEG-4 specifies DMIF, a delivery framework to
augment applications to access media streams from either broadcast sources, or storage
devices, or remote services, or multicast groups, in a transparent way. It provides a
session management mechanism with QoS support. Multicast groups are appropriate for a
collaboration system, where a producer-participant multicasts its streams to many
receivers concurrently.

The scene description is hierarchical and forms a directed acyclic graph. It is
derived from VRML, but it is not text-based. It is described in a binary format (BIFS).
Transmission of media over the Internet is accomplished over the RTP protocol, which
provides real-time delivery of media, using the multicast mechanism of UDP. Moreover,
in some cases of special streams, like scene description streams, the delivery of the data
must be reliable. This system implements an extension of the RTP protocol to provide
reliable transmission services.

For the encoding and decoding of the media streams (audio, video) JMF is used. It
provides a set of encoders and decoders for the most popular encoding formats. The
rendering of the 3D graphics is implemented using the Java 3D API. In addition. since
VRML is a very popular format, which is used to describe 3D worlds, a VRML parser

has been developed using JavaCC, which is a Java-based parser generator tool.

1.7 Contribution of the thesis

The developed system offers a configurable and extendible framework to applications
that offer collaboration capabilities to the users. The design of the system is highly
extendible and modular, so that each subsystem can be used separately. The following list
provides the most important subsystems.
¢ Design and implementation of the MPEG-4 DMIF part, for multicast scenarios. This

framework provides an API to applications to handle the establishment and release of

multicast sessions. This DMIF implementation has also been used in a project, named

“Quality of service monitoring and end-user control”. which is funded by CITO and

Nortel Networks and directed by Professor Bochmann. In addition, since the MPEG-4

Version 2 specifications are still a draft proposal, many suggestions have been made



to the DMIF development group regarding technical details of the standard, based on
the experience earned from the development of this system.

Design and implementation of a framework, which describes 3D scenes with a
directed acyclic graph, based on the specifications of the MPEG-< standard.

Design and implementation of an MPEG-4 BIFS encoder/decoder tool, that is capable
of encoding 3D scenes to MPEG-4 BIFS format and decoding BIFS streams to 3D
scenes.

Design and implementation of a rendering mechanism for 3D scenes, using the Java
3D APL In addition, a set of special renderers have been developed to render decoded
video streams on the surfaces of 3D objects.

Design and implementation of a VRML parser to “read” VRML files and construct a
directed acyclic graph. It can be combined with the BIFS encoder to translate VRML
text-based files to MPEG-4 BIFS streams.

Design and implementation of a streaming framework to deliver the media to each
participant of a collaborative group. JMF RTP API is used as a base for this part, and
it is extended to support reliable multicast transmission. In addition. it is extended to
support the transmission of MPEG-4 BIFS streams.

Design and implementation of a subsystem for the interaction with the user. such as
navigation into the virtual worlds, or modification of the parameters of the objects
into it.

Design and implementation of an application that demonstrates the usage of the basic

functionality of the framework.

1.8  Structure of the thesis

The rest of the thesis is organized as follows:

Chapter 2 provides an overview of the required backeround information. Two ISO
p p q g

standards are described: MPEG-4 and VRML. In addition the RTP protocol is presented,

followed by a short description of the UML language. Java is the implementation

language of the system. Three extensions of the core language are described: JMF,
Java3D and JavaCC.

13



Chapter 3 analyzes the design goals of the system and justifies its need. Chapter 4
provides the general architecture of the framework, described in UML.

The following 3 chapters are focused on specific subsystems of the framework.
Chapter 5 describes the scene management and representation, which is based on the
MPEG-4 BIFS format. It describes the subsystem architecture in UML, as well as the
interaction of the most important objects. Chapter 6 describes the development of the
session management subsystem, which is based on the specifications of the MPEG-4
DMIF part. Similarly to Chapter 5, the focus of this chapter is on the architecture and the
interactions of the objects. Chapter 7 discusses the delivery and management of the
elementary streams. It is focused on the way the system extends JMF RTP to provide the
elementary streams to every participant of the collaboration.

Chapter 8 describes the basic requirements and the architecture of an application
that uses the collaborative system.

The last chapter, chapter 9. summarizes the basic concepts of the thesis and
discusses the most important of the possible future extensions of the system.

Three appendices give some extra information on the UML language, the way
MPEG-4 BIFS encodes scenes and the architecture of the most important classes of the
Java 3D APL

14



Chapter 2

2 Background Information

The purpose of this chapter is to provide the necessary background required by this
thesis. In particular, the Virtual Reality Modeling Language (VRML), a language that
enables the description of virtual 3D environments is briefly presented. MPEG-4, the
standard that provides an object-based description of audio-visual scenes follows. The
Real-time Transport Protocol (RTP), which is the protocol used for the transmission of
media among the peers that participate in a virtual environment, is discussed. Moreover,
Unified Modeling Language (UML) is briefly presented. UML provides a manner in
which to describe software systems. Finally, two Java extensions, the Java Media
Framework and the Java 3D API, which have been used for the development of this
system are explained. In addition. Java Compiler Compiler (JavaCC) a Java Parser

generator is discussed. JavaCC has been used for the development of the VRML parser.

2.1  Virtual Reality Modeling Language Overview

2.1.1 What is VRML

Virtual Reality Modeling Language (VRML) is neither virtual reality nor a modeling
language. Virtual reality typically implies an immersive 3D experience (such as a head-
mounted display) and 3D input devices (such as digital gloves). VRML neither requires
nor precludes immersion. Furthermore, a true modeling language would contain much
richer geometric modeling primitives and mechanisms. VRML provides a bare minimum
of geometric modeling features and contains numerous features far beyond the scope of a
modeling language [10].

VRML is a 3D text-based interchange format. It defines most of the commonly

used semantics found in today’s 3D applications such as hierarchical transformations,
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light sources, viewpoints, geometry, animation, fog, material properties, and texture
mapping.

VRML provides the technology that integrates three dimensions, two dimensions,
text, and multimedia into a coherent model. The combination of these media types with
scripting languages like JavaScript over the Internet provides an entirely new genre of
interactive applications. VRML enables the visualization of their information and
publication over the Web in a 3D way. VRML is the foundation for cyberspace and on-

line virtual communities.

2.1.2  Design Goals and Constraints of VRML

VRML 1.0 specified static objects and scenes. Although it was very successful as a
file format for the description of 3D objects and worlds, it did not support user interaction
with objects and worlds, as well as animation of the objects. VRML 2.0 was created to
extend the capabilities of VRML 1.0. VRML 2.0 includes user interaction and object
animation. More advanced features, such as multi-user interaction or content streaming,
are not a standard part of VRML 2.0.

The current version of the language, VRML 97. became an International
Organization for Standardization (ISO) standard in December 1997. VRML 97 is similar
to VRML 2.0.

2.1.3 Major Features

Scene data within a VRML file are organized into a hierarchical scene graph of
nodes. VRML 97 defines 54 different node types, including geometry primitives,
appearance properties, sound and sound properties, and various types of grouping nodes.
Each node stores its data in fields. A field can be either a single- or multi-value field.
VRML 97 defines 20 different types of fields that can be used to store data like, for
example, a single number or an array of children nodes. The former example shows the
way VRML builds a directed acyclic graph. Nodes can contain other nodes and may be
contained in more than one node, but a node must not contain itself. This scene graph

structure makes it easy to create large worlds or complicated objects from subparts.
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In addition to the directed acyclic graph, a VRML file may contain a list of
ROUTE statements. ROUTE statements define event paths between event generators and
receivers. VRML 97 defines an event or message-passing mechanism by which nodes in
the scene graph can communicate with each other. User interaction and object animation
is achieved mainly through a set of nodes, called sensors. For example, the TimeSensor
node generates events as time passes and is the basis for all animated behaviors. Sensors
generate events, which have to be connected with the right nodes by defining a ROUTE
statement. More advanced visual effects can be achieved using script nodes. Scripts allow
users to detine complicated behaviors in Java or JavaScript language. Interpolator nodes
are built-in scripts that perform simple animation calculations. They are usually
combined with a TimeSensor and some node in the scene graph to make objects move.

VRML allows reusing of nodes with the DEF and USE statements. The DEF
statement defines a new node and gives it a reference name and the USE statement is
referring to this node using that name. The PROTO statement allows the definition of a
new node. combining existing node types.

VRML allows distributed scenes with the Inline node where the URL of a new
scene is defined in one of its fields. The EXTERNPROTO statement allows nodes to be
defined in other VRML files and enables their fetching from the Internet.

For a more extended reading about VRML the reader can refer to the specifications
of the standard [32], [33].

2.2 MPEG-4 Overview

2.2.1 General

MPEG-4 is the latest international standard for multimedia applications. Its goal is to
provide a new kind of standardization that responds to the evolution of multimedia
technology, while it can be configurable for many multimedia applications by allowing
flexibility in the systems configuration. MPEG-4 became an International Standard on
January 1999, and it was called MPEG-4 Version 1. This version provides a basic
functionality for highly interactive multimedia applications in an object-oriented way. An

extension of this version is under development and it is expected to reach the status of

17



International Standard at the beginning of 2000. The new extended specifications

compose the MPEG-4 Version 2.

222 Scope and Focus of the MPEG-4 Standard

MPEG-4, as referenced in [49], was originally intended for very high compression
coding of audio-visual information at very low bit-rates of 64 kbit/s or under. When
MPEG-4 video encoding techniques were investigated, it was expected that a scheme
capable of achieving very high compression would emerge for standardization. By mid
1994, it was realized that the new video coding schemes were offering only moderate
increase in compression (say, by factor of 1.5 or so), compared to the already existing
techniques. In addition, a new class of multimedia applications was emerging that
required increasing levels of functionality than those provided by any other video
standard at bit-rates in the range of 10 kbit/s to 1024 kbit/s.

This lead to broadening of the original scope of MPEG-4 to larger range of bit-rates
and important new functionality. MPEG-4 was aimed at providing new audio-visual

coding solutions to allow interactivity, universal accessibility and sufficient compression.

2.2.3 Basic Features

MPEG-4 is a multimedia standard, rich in advanced features. which explores almost
every possibility in a digital environment. It combines 3D with 2D features and naturally
captured with computer generated audio-visual objects. in a highly interactive system.
User’s interaction is not limited in the traditional VCR functionality, like start or stop a
video stream. Users interact with objects within the scene, navigate into 3D worlds, and
even collaborate with other users. They have the power to modify the scene, by adding,
deleting or repositioning objects.

Also, since recent digital copying of audio-visual streams has become a popular
practice, MPEG-4 is designed with features for protection of intellectual property and
digital content.

MPEG-4, as has already been mentioned, deals with objects, either visual or aural.
Objects are grouped at the MPEG-4 terminal to compose an MPEG-4 scene. Objects have

a position in a 3D or 2D space. The description of the scene is defined using a binary
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stream, which is specific for scene description, the Binary Format for Scene (BIFS). BIFS
borrows many concepts from VRML. Their main difference is that VRML is text-based,
while BIFS has a binary format. This gives BIFS the advantage of being shorter for the
same content, typically 10 to 1S5 times. In addition, BIFS can dynamically update the
content of a scene, and can be streamed to the MPEG-4 terminal.

MPEG-4 provides a way to multiplex streams, as well as to synchronize their
presentation at the terminal. Multiplexing is achieved using the FlexMux tool, a tool that
can multiplex streams, if the underlying transport protocol does not support multiplexing,
or because the overhead is very expensive. Synchronization is achieved at the
Synchronization Layer, where elementary streams are packetized and time-stamped to
enable their synchronized composition and presentation. MPEG-4 does not define a
specific transport protocol. Existed transport formats can be used, like Real-time
Transport Protocol (RTP) or MPEG-2 Transport Stream [16] [27]. The first is more
appropriate for transmission over the Internet, while the former is more suitable for
digital broadcasting.

MPEG-4 provides also a delivery framework, called Delivery Multimedia
[ntegration Framework (DMIF). DMIF provides three types of abstraction. The first is the
abstraction of the application from the delivery type. Interactive (client-server), local,
broadcast or multicast delivery is controlled and accessed through a unique APIL. The
choice of the appropriate delivery mechanism is based on the parsing of the URL that
locates the required data or service. Quality of Service (QoS) parameters are also passed
to determine the requirements of the application. The second is abstraction from the
transport protocol, which can be RTP/UDP/IP or AALS/ATM or MPEG-2 TS or others.
Further, in the interactive or multicast case, DMIF provides an abstraction from the
signaling mechanisms of the delivery system.

MPEG-4 video encoding supports the traditional rectangular video trames, but
also. objects with arbitrary shapes can be encoded apart from their background and then
composed with other streams in an entirely new scene. Of course, MPEG-4 does not
specify how shapes are to be extracted from a scene. MPEG-4 video encoding provides
many advanced techniques to ensure robust transmission over networks with high

probability of error, like mobile networks. For example, resynchronization points are
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introduced, to enable the recovery after those points. Also, reversible variable-length
code techniques can be used. These techniques allow unique decoding even when the
encoded data are read backwards, providing the advantage of decoding all the
uncorrupted data.

Furthermore, MPEG-4 video encoding can be achieved in a scalable way. A base
layer conveys all the information in some basic quality, and one or more enhancement
layers can provide a better quality, if the transmission bandwidth is available. This
technique allows unequal error protection. The most important streams — usually the base
layer — can have more protection information.

The MPEG-4 standard provides several tools for audio encoding., starting at 6
kbits/s and reaching beyond 128 kbits/s, for natural audio. Speech is also handled with
two algorithms. One is parameter encoding which can operate at a bit-rate of 2-4 kbits/s,
or even lower in variable bit-rate encoding. Aural objects can be mixed, synthesized and
rendered in a 3D virtual environment [37].

As has already mentioned, MPEG-4 Version 2 is under development. The new
version, will include more advanced and complicated parameters. like advanced BIFS
stream, multicast scenarios for the DMIF part, a Java interface for MPEG-4 systems,
called MPEG-J, etc.

It should be noted that this section does not provide all the features of MPEG-4. but
the most important. For more information the reader can refer to the specifications of the

standard [29] [30] [31].

2.2.4  Organization of the MPEG-4 Standard

The MPEG-4 standard (ISO/IEC 14496) consists of the following basic parts:

e ISO/IEC 14496-1: Systems, which standardizes the development of techniques for
multiplexing/de-multiplexing, composition and presentation of moving images, audio,
audio, graphics and data [29].

* ISO/IEC 14496-2: Visual (Natural and Synthetic Video), which standardizes the
development of coded representation of moving pictures of natural as well as
synthetic origin, by cooperating with the Synthetic and Natural Hybrid Coding
(SNHO).



e ISO/MEC 14496-3: Audio (Natural and Synthetic Audio), which standardizes the
development of coded representation of audio of natural as well as synthetic origin,
by cooperating with the SNHC.

o ISO/IEC 14496-4: Conformance, which provides methods for subjective and
objective assessment and conducts tests.

o [ISO/EC 14496-5: Software, which evaluates the realization of the coding techniques.

o [SO/IEC 14496-6: DMIF, which standardizes the interfaces between digital storage
media, networks, servers and clients for delivery bit-streams in networked

environments [30] [31].

2.3 Real-time Transport Protocol Overview

The Real-time Transport Protocol (RTP) is a transport protocol, which represents a
new style of protocol following the principles of application level framing and integrated
layer processing. It provides end-to-end delivery services for data with real-time
characteristics, such as interactive audio and video. Those services include payload type
identification, addition of sequence numbers and time-stamps and also delivery
monitoring. RTP is usually used on top of UDP to make use of its multiplexing and
checksum services. However, RTP can be used with other suitable underlying network or
transport protocols. RTP can be used over both unicast and multicast network services.

RTP itself does not provide any mechanism to ensure maximum delay or delay
variation or provide other Quality-of-Service (QoS) guarantees, but relies on lower-layer
services to do so. It does not guarantee delivery or prevent out-of-order delivery, nor does
it assume that the underlying network is reliable and delivers packets in sequence. The
sequence numbers included in RTP allow the receiver to reconstruct the sender’s packet

sequence. The header of each RTP packet is shown in Figure 2.1.
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Figure 2.1 RTP packet header

RTP is consisted of two closely linked parts:
¢ The Real-time Transport Protocol (RTP), to carry data that have real-time properties.
* The RTP Control Protocol (RTCP). to monitor the quality of service and to convey

information about the participants in an on-going session.

RTP is a general transport protocol that can be used for transmission of different
media types and encoding. The way that a specific payload type should be carried in RTP
is defined in payload format specification documents. Also. a profile specification
document is required to define a set of payload type codes and their mapping to payload
formats [52].

RTCP supports the protocol functionality. An RTCP message consists of a number of
packets. each with its own type code and length indication. which can be compound to
larger packets. Their format is fairly similar to data packets. RTCP packets are multicast
periodically to the same multicast group as data packets. RTCP packets contain the

necessary information for QoS monitoring.

2.4  Unified Modeling Language Overview

24.1 What is UML

Unified Modeling Language (UML) [8] is a modeling language for object-oriented
analysis and design (OOA&D). UML unifies three older important methodologies for
OOA&D:
¢ Booch notation, by Grady Booch
® Object Modeling Technique (OMT), by Jim Rumbaugh and



® Object-Oriented Software Engineering (OOSE), by Ivar Jacobson

UML is a modeling language that contains a graphical notation, which describes the
syntax of the language. UML also has a meta-model that defines tormally the language
semantics.

UML is used to specify, construct and document software systems at all levels of the
development.

It is also important to be mentioned that UML is accepted by OMG and it is
supported by industry’s leading software producers. like IBM, Microsoft, HP,

ObjectTime. Oracle, Unisus. etc.

2.4.2 UML Basics

UML provides five views to describe a system:

o Use-case view, which describes the functionality of a system, as perceived by
external actors that interact with it.

® Logical view, which describes how the system functionality is provided inside the
system.

e Component view, which describes the implementation modules and their
dependencies.

® Concurrency view, which deals with the division of the system into processes and
threads. the allocation to different processors and the parallel execution of them.

® Deployment view, which shows the physical deployment of the system and their
interconnections.

Each view contains a number of diagrams describing a certain aspect of the system.
Diagrams are graphs describing the contents in a view. UML has several types of
diagrams that are used in combination to provide all views of the system. Some of the
most important diagrams are:
® Use-case diagram, which describes interactions between users (external agents) and

the system.
¢ Class diagram, which describes the static structure of the classes and their

relationships.

e State diagram, which describes the class behavior.



® Sequence diagram, which describes sequences of messages exchanged between
objects represented with timelines.

¢ Collaboration diagram, which describes messages between objects represented on an
object diagram.

UML has been used to describe the architecture of this system. More details with some

examples are given in Appendix A.

2.5 Java Platform

Java is a relatively new object-oriented programming language. Java has a standard
body that developers are using to create their systems and applications, the Java
Development Kit (JDK). There is a big literature for the JDK, and, since Java is very
popular. it will not be presented in this document. But. Java has also many extensions.
which are specialized APIs and libraries. Three of those extensions have been used for
the development of this system. The Java Media Framework, the Java 3D API and the

JavaCC tool. They are briefly discussed in the next three subsections.

2.5.1 Java Media Framework

2.5.1.1 General

The Java Media Framework (JMF) API enables the display. capture, encoding,
decoding and streaming of multimedia data in Java technology-based applications and
applets. As a standard extension to the Java platform. it delivers the ease-of-development
and cross-platform benefits of the Java programming environment to developers
incorporating media data such as audio and video into their appl