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1. Introduction
The goal of this document is to present the simplicity and efficiency of the MPEG-4 systems framework. In particular, we will consider the MPEG-4 Scene Description format (BIFS : BInary Format for Scene) as the glue for simple and efficient 3G mobile applications using MPEG-4 media.

Authors understand that 3GPP adopted other scene description tools to implement multimedia applications. Note however that MPEG-4 Systems allows for integration with other scene description tools. Such integration, which can for example be considered when the tools offer complementary features, is not discussed here. Instead, this document explains the view from MEPG-4 perspective on how to implement MPEG-4 compliant multimedia applications.  

In a first section we present the global picture of MPEG-4 Systems before entering the details of the BIFS tools. Then, we will show how MPEG-4 can be used in 3G applications using an application walkthrough. 

2. Picture of MPEG-4 Systems Framework
The MPEG-4 Systems standard specifies the overall architecture of a standard multimedia presentation and defines how media objects are integrated. MPEG-4 Systems can be seen as a tool box where each sub-part can be used in a modular way using the profiles definition. So, in addition to synchronization, multiplexing or buffer management, MPEG-4 Systems introduces the concept of scene description (BIFS) to define interactive aspects of multimedia content while the Object Descriptor (OD) framework describes the elements that compose MPEG-4 elementary streams.
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Figure 1 presents the BIFS / OD framework in MPEG-4 Systems.

Figure 1 : BIFS /OD Architecture

In this framework, the OD abstracts elementary streams information to the global scene. Thus, the scene only manipulates OD identifiers. The OD description can be kept very simple while maintaining a clear separation between the global scene and individual stream objects.

MPEG-4 Systems also defined the .MP4 file format and hooks for content protection (IPMP : Intellectual Propriety Management and Protection). These tools are very independent from the BIFS / OD framework which is considered here as the core of MPEG-4 Systems.

3. BIFS : MPEG-4 Scene Description and Graphics Tool
BIFS is the abbreviation for "BInary Format for Scenes". BIFS provides a complete framework for the presentation engine of MPEG-4 terminals. BIFS enables to mix various MPEG-4 media together with 2D and 3D graphics, handle interactivity, and deal with the local or remote changes of the scene over time. BIFS has been designed as an extension of the VRML 2.0 specification in a binary form. More details on BIFS can be found in [REF1].

BIFS Main Modules

BIFS is actually composed of the following main elements : 

· The operational elements of the scene, consisting of a set of nodes and routes : 

· Audio-visual objects and their attributes (which define their audio-visual properties) ; 

· Composition operations ; 

· Animation of the content (text, graphics, visual elements) ; 

· Interactive behaviour of individual objects by linking event source fields to event sink fields between different nodes. 

· The binary syntax for compressing the node tree as well as the associated routes. 

· The BIFS-Command protocol, in order to stream scene changes, insert new scenes or objects, delete objects, etc.

A central concept in the MPEG-4 design is transmission and interaction with audio-visual objects, of synthetic or natural nature. The Audio and Visual parts of the standard provide the encoding algorithms for individual audio-visual objects. In order to combine these media together into complete presentations, a scene description capability is needed. This is the purpose of BIFS.

BIFS Main Features

BIFS provides the input data to the presentation layer of the MPEG-4 terminal. No other scene format covers all the requirements of the MPEG-4 presentation engine. The main concepts driving the design of the BIFS specification are the following : 

· Integration of Graphics synthetic media together in a single format. By avoiding the burden of mixing multiple media formats together, the content creator has a way to design a complete multimedia content without the hassle of dealing with many different formats, and the end users benefits from a lighter terminal with state of the art media capabilities.

· Interaction : the ability for the user to interact with content is one of the key features of BIFS. Actually, user interaction can be made directly with audio-visual objects through sensor nodes, but also with a remote server using a back-channel (e.g. : play/stop commands).

· Streaming environment : all other existing scene description formats are designed in a way that a complete scene has to be downloaded before anything can be viewed on the terminal. In MPEG-4, the terminal is linked to one or several MPEG-4 servers. The scene description, as any other media, can be streamed to the client. Allowing the scene to be "cut into pieces" and streamed to the client, as well as its animation parameters provide a more efficient model of transmission. When dealing with communication applications these streaming features are also necessary in order to send new data to the user during the communication.

· Compression : most existing scene representations are in textual format (such as in VRML 2.0 or SMIL), making them editable but very inefficiently represented in terms of data size. The size of scenes are often much smaller than other media. However, complex scenes can be large data sets (several Mega Bytes). Even for smaller scenes, being able to reduce the data size can bring significant improvements in transmission time, especially for low bit rates, or broadcast environments in which the scene has to be repeatedly transmitted. 

In the MPEG-4 model, audio-visual objects have both a spatial and a temporal behavior. Each audio-visual object has a local co-ordinate system in which the object has a fixed spatio-temporal location and scale. AV objects are positioned in a scene by specifying one or more co-ordinate transformations from the object's local co-ordinate system into a common, global co-ordinate system, or scene co-ordinate system. An audio-visual object in a BIFS scene is usually represented by one BIFS node or a sub-tree of the scene graph.

BIFS Nodes Set and Tools

The BIFS format provides a large number of tools and nodes; in the following, we try to group them to define classes of usage.

· Scene Description Nodes : 

· grouping nodes (OrderedGroup, Group, Layer2D, Layer3D, Switch …), 

· objects attributes (Appearance, Shape),

· geometrical transformations (translation, rotation,…), 

· other (Inline [a scene in a scene], Anchor [link to HTML document]).

· Graphics Nodes : 

· Geometrical / graphics attributes (Coordinate, Material, Color, texture mapping), 

· 2D graphics (Rectangle, Circle, Curve2D, IndexedFaceSet2D / IndexedLineSet2D [polygons / polylines]), 

· 3D graphics (Box, Cone, Cylinder, Sphere, IndexedFaceSet / IndexedLineSet [polygons / polylines]),

· Text.

· Streaming Tools : Scene, Node, Field, Route Update (BIFS-Commands).

· Animation Tools : 

· Interpolators (ColorInterpolator, PositionInterpolator, CoordinateInterpolator, …),

· ROUTE,

· Script, Conditional, 

· Streamed animations : BIFS-Anim (AnimationStream node).

· Interaction Nodes : 

· Sensors (TouchSensor, TimeSensor, ProximitySensor, …),

· Communication to server, back-channel (ServerCommand).

· Compression Tool : QuantizationParameter.

· Media Nodes : 

· Video (MovieTexture), 

· Still pictures (ImageTexture), 

· Audio (AudioClip, AudioSource),

· MediaControl, MediaSensor.

BIFS 2D Profiles

MPEG-4 defines 2 sets of BIFS profiles : Scene Graph profiles and Graphics profiles. The Graphics profiles contains the graphics related nodes (e.g. : Rectangle, Circle, Text, etc.), while the Scene Graph profiles contain all other BIFS nodes related to the scene description in general (Group, Switch, Sensors, Interpolators, etc.). These sets of profiles are defined in a hierarchical way (the lowest ones are sub-sets of the higher profiles). The profiles are also conscientiously defined based on application requirements. To each profile corresponds a sub-part of the complete set of BIFS tools. A list of 2D related profiles is presented in the following (Table 1 and Table 2). The marked "new"  profiles were approved recently by MPEG and reader can find detailed description in [REF2].

Scene Graph Profiles
Main Features
Number of Nodes
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1 A/V composition only
5

Simple 2D
A/V/Graphics 2D composition, translation, scene update
8

Core 2D  [image: image2.png]



A/V/Graphics 2D composition, translation, BIFS updates, Routes, interpolators, basic sensors, Anchor, Inline, quantization,   back-channel, media control
27

Advanced 2D  [image: image3.png]



Advanced A/V/Graphics 2D composition, translation, rotation, BIFS updates, Routes, interpolators, sensors, Anchor, Inline, quantization, back-channel, advanced media control, advanced audio, script, BIFS-Anim, Proto
40

Complete 2D
All 2D Scene tools
40

Complete
All 2D and 3D Scene tools
60

Table 1 : BIFS 2D Scene Graph Profiles

Graphics Profiles
Main Features
Number of Nodes

Simple 2D
No graphics
3

Simple 2D + Text  [image: image4.png]



Text, Rectangle, Background2D
8

Core 2D  [image: image5.png]



Text, Rectangle, Circle, IndexedFaceSet2D, Background2D
13

Advanced 2D  [image: image6.png]



Text, Rectangle, Circle, Curve2D, IndexedFaceSet2D, IndexedLineSet2D, Background2D
20

Complete 2D
All 2D Graphics Tools
20

Complete
All 2D and 3D Graphics Tools
45

Table 2 : BIFS 2D Graphics Profiles

An MPEG-4 terminal has to comply with a combination of one Scene Graph and one Graphics Profile. Note that MPEG has also defined 3D related profiles not presented here. 

Table 3 gives examples of typical combinations of Scene Graph and Graphics profiles for 2D BIFS applications.

Scene Graph Profile
Graphics Profile
Features
Sample Applications
Total Number of Nodes

Basic 2D
Simple 2D
Audio/Visual only
Audio-video streaming
8

Simple 2D 
Simple 2D      + Text
Audio/Visual/Static Text
Audio-video & subtitling
16

Core 2D
Core 2D
Audio/Visual/Text/ Simple Graphics/     Local Animation and Interaction
Animated text & icons, Advertisement,                Simple games 
40

Advanced 2D
Advanced 2D
Audio/Video/Text/ Complex Graphics/  Local and Streamed Animations / Interaction
Complex graphics animations & games, Advanced GUI
60

Table 3 : Typical BIFS Profiles usage in 2D Applications

Through the different tables presented before, one can see that MPEG-4 BIFS profiles are organized hierarchically according to application requirements. A companion document to this one enters the details of 3G applications requirements and corresponding BIFS profiles to use [REF3].

4. MPEG-4 Textual Format

MPEG-4 offers an XML based representation of the scene description, named XMT (eXtensible MPEG-4 Textual format) [REF2]. XMT comes in two flavors : a low level representation that exactly mirrors the BIFS (MPEG Binary Format for Scene description) representation and a high level representation that is closer to the author’s intents and that can be mapped on the low level format. 

XMT, the MPEG-4 textual format, facilitates interoperability with both the X3D, SMIL and SVG specifications. One of the design goal of XMT has been indeed to maximize the overlap with SMIL, SVG and X3D. Therefore content authors are now able to compile in MPEG-4 the content they have already produced in these formats, given explicit authoring constraints.

The XMT format is fully compatible with the one currently under definition by the Web3D consortium: X3D. It encompasses most of the feature in SMIL 2.0.
5. MPEG-4 Mobile Application Example Walkthrough
We describe hereafter the different phases of the creation and operation of a potential 3G MPEG-4 application. The sample application is an enhanced video service on mobile devices where user has access to various functionalities in addition to watch a movie. The service in terms of features is comparable to DVD (chapters, subtitles, languages, …) but in a mobile and streaming context. The actual demonstration of the concept application is presented in local mode upon request during the meeting.

As detailed and illustrated below, to get the service operational, the following steps are necessary.

5.1 Content Creation 
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Figure 2 : XMT Scene Sample
For streaming efficiency, the scene description is compressed according to BIFS format.
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Figure 3 : Media Encoding

· MP4 File Generation
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Figure 4 : Resulting MP4 File
5.2 Content Access

· Session initialisation : SAP, SDP

· Once player is  connected to server : Initial Scene Data (BIFS and OD) are sent and decoded

· Media data are streamed over RTP/UDP/IP : it is recommended to use IETF Internet-Draft draft-ietf-avt-mpeg4-multiSL-02.txt that enables transport of all MPEG-4 media types.

5.3 Scene Rendering

· Media are Decoded

· Scene Composition is performed using BIFS initial data and streamed BIFS elements

· Interaction is possible (Sensors)

5.4 Management of Scene Updates 

· Scene elements are streamed and decoded dynamically (add object, remove object, update field)

· Scene modifications enables composition updates (rendered modifications)
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