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I. 
INTRODUCTION

As we all know, one the most exciting characteristics of our world is the variety of forms, colours, and motions of the physical elements available with which we can interact ... or sometimes just contemplate. For many decades, this rich variety of content has been observed exclusively through a rectangular window that presented a set of pixels, together with the associated audio. But finally it is time to have a ‘closer look’ to the content and maybe ... even ‘touch’ it!

Although not very original, it is still very important to highlight that content should be created and represented in a representation framework that is able to give the user as much real world-like capabilities as possible. The more we know about the content, the more its representation can be efficient and powerful, in terms of the things one can do with it. Recognising this fact, MPEG-4 will be the first audiovisual representation standard that understands the scene as a composition of audiovisual objects with a certain spatial and temporal behaviour. Content is then associated to the individual elements in the scene, to the composition information that allows rebuilding it, and to any other form of data associated with it. In this way, MPEG-4 will be the first audiovisual standard that allows:

· the user to interact with the scene content, 

· the coding methodologies to depend on the content, and 

· sending just the right content when scarce resources are available. 

Content, content, content, the key for new and improved multimedia applications through MPEG‑4.

II. 
Content: A changing PARaDIGM

The ways in which audiovisual material is produced, delivered and consumed are still evolving today, and one of the key motivations is content - content that can be accessed and manipulated, knowledge about content that can make coding more efficient, or content that can point to data or more, associated, content. Let’s give a look to some evidence of this changing paradigm.

1) Production of audio-visual material is changing - An increasing part of audiovisual content is not captured but computer-generated. Artificially generated content used to be limited to movies and science, but it is now quite common to see it used in other business applications –for example architecture–, consumer devices, such as computer-games or even broadcasting, see the weather reports or many synthetic studio sets; this computer-generated type of content is often 3‑dimensional. Next, it is very important to observe that natural content is more often produced and stored as ‘pre-segmented’ material, usually using blue-screen techniques. Lastly, we note that during the production, information of various natures –notably textual and graphic information– can be associated with the content for later use.

2) Access and delivery of audio-visual information is changing - New networks carry video and other data, next to the audio information that they were originally intended to transport. This applies to the PSTN (Public Switched Telephony Network), but also to mobile networks such as GSM (Global System for Mobile communications). This means that content must be prepared to ‘travel’ under new and rather varying conditions. Users will want to have, when they are traveling, the same possibilities that they enjoy at home or in their offices - including access to multimedia information. On the other hand, high bandwidth networks are also becoming available. ADSL (Asymmetric Digital Subscriber Loop) and cable modem technology both promise to deliver several Megabits per second to users, without the need to change access network cabling. On top of that, as a larger variety of networks carry multimedia information, the number of connections that involve more than one network type is growing. And content has to follow the new rules !
3) Consumption is changing too - First, more and more content is audiovisual, which means that multimedia information is finding its own place next to the common textual data. Second, a growing part of the information is read, seen and heard in interactive ways. The most obvious environments in which this can be observed are the personal computer and the Internet, or more specifically, the World Wide Web. Another relevant development concerns re-using audiovisual material. The digital form of storage and transmission offers the possibility to copy audiovisual scenes as many times as one would like, without the loss of quality inherent to analog re-use.

III.
MPEG-4: the Framework for the New Content Paradigm

Currently available audiovisual coding systems and standards do not or only partly address the developments above mentioned. Interactivity is limited to the temporal aspect of content: playing in two directions at variable speed – and even this usually only showing video. The same applies to re-use: this is limited to taking a linear piece of rectangular video and its associated audio, and inserting that in another application. Integration of natural and synthetic content in the same scene is difficult. Accessing multimedia information on new, often error-prone networks is not well-supported, nor is access and transmission across heterogeneous networks. These observations directly lead us to the goals of the new MPEG-4 standard and to its tight relation with the new content paradigm. The most important innovation that MPEG-4 brings is the definition of an audiovisual scene as a coded representation of ‘audiovisual objects’ that have certain relations in space and time, rather than ‘video frames with associated audio’. This means that content finally realises its full potential - various objects and associated behaviours - not being reduced to a mere collection of pixels. 

1) Offering a New Kind of Interactivity - Separately coding the individual objects in a scene is a very powerful tool that can remove a number of the limitations inherent to current systems and standards. First, it enables interaction with meaningful objects within the scene, a kind of interactivity extending well beyond the ‘video player’-type of activity that analog and digital systems offer today. It will, for instance, allow the connection of information or an action to an object in a scene. Also, imagine the possibilities of re-using data once the possibility exists to separately store and access objects, rather than frames. It will be easy to create your own content, by combining several of these objects, stored in locally or in other places. 

Next to the object-based representation, there is another key concept in interactivity and re-use: the introduction of a ‘compositor’, that takes care of the presentation of the objects. (Figure 1 gives a very general overview of an mpeg-4 system, not claiming completeness.) The objects that make up a scene are sent or stored together with information about their spatio-temporal relationships, or, in other words, composition information. Composition information is thus used to synchronise different objects in time, and to give them the right position in space. Separating this function from the pure decoding of objects introduces the possibility to influence the presentation of a scene, on a screen and through loudspeakers. 

The possibilities of interaction, however, are not limited to the composition. Coding the individual objects separately also makes it possible to influence which objects are sent, and with which quality and error protection. In addition to that, it permits compositing a scene with objects that arrive from different locations. It should be noted that the mpeg-4 standard will not prescribe how any given scene is to be organised in objects (segmented) but rather offers the representation framework for the content following the new paradigm, whatever the way it has been created.

Finally, the authors would like to note that creating the possibility of re-using audiovisual objects over and over again, implies that copyright is an issue to take care of within the framework of the standard. Objects should have the option to carry copyright information, e.g. stating that re-use is not allowed, or giving a pointer to the owner or caretaker of the copyright.




Figure 1 - Schematic overview of an MPEG-4 System

2) Scalability: the Secret for Multimedia Access under Varying Conditions - The standards that were set for multimedia communication so far, more or less assume a communication channel with a known, fixed bandwidth. The tools that MPEG-4 provides will be able to better cope with (dynamically) varying bandwidth condition. The concept of video objects is also useful in this case, since important objects can be coded with more quality, reducing the bandwidth for other, less important parts of the scene. mpeg-4 also wants to make communication across heterogeneous networks possible as well as the progressive access to quality when browsing in a multimedia database. A key tool to allow these functionalities is scalable coding. A scalable object stored on a database can then be accessed at different bitrates, offering the user the best quality possible for the available network or available conditions. Accessing multimedia information ‘under varying conditions’ does not only imply supporting different and often difficult networks, it also involves allowing mpeg-4 to run on different types of machines, under different conditions. Also here scalability is important; this time it is not for accommodating different transmission speeds, but for allowing decoding on processors with varying processing power. If the scene is too complicated for the processor, this processor can decode at a lower quality, again using only part of the bitstream.

3) Integration of Objects of Different Nature - As was noted above, integration of different types of content is an important issue. The object-based representation, that is at the heart of MPEG‑4, allows such integration very elegantly. Objects could be captured with a microphone and camera, (‘natural’), or generated by a computer (synthetic). They could also be graphics or text overlays. Both natural and synthetic video objects can be either ‘flat’ (2 dimensional) or have a third spatial dimension. They can also have multiple viewpoints, which is for example used in stereo vision: these objects are generally referred to as ‘multiview’ objects. Different types of objects can have their own efficient representation.

IV.
Conclusion

Audio-visual content, today, is increasingly created as a composition of objects, frequently of different type, where the composition information is available. This will have implications even to those who just started to enter the digital world and maybe think they already have everything they need, e.g. MPEG-2 broadcasting operators. Take for example an MPEG-2 coded multimedia broadcasting channel, that displays various information windows simultaneously: a window with typical news reporting, a window with stock exchange information as scrolling text, a window with weather maps, etc. Recent experiments showed that very significant compression and quality gains may be obtained if an object-based coding scheme, such as MPEG-4, is used. Each of the objects can be optimally encoded: scrolling text is less expensive in terms of resources and of better quality, if an adequate coding method rather than MPEG-2 is used. The same is true for a synthetic animated head used in news reporting. The message is clear: do not through away information that is available at the production stage, but rather use it to your benefit, either to provide new capabilities, or to reach higher quality with less resources.

Summarising: modern ways of content creation will greatly benefit from a representation standard such as MPEG-4. Combining of these modern production technologies with advanced content-based representation schemes allows keeping available useful information from the recording stage, through production, even to consumption time. This will enormously enlarge the range of functionalities that can be provided, with the added advantage of a potential increase in performance and quality. 

This means that MPEG-4 is the right choice for the new content paradigm - it is the time for content creators to start tasting the benefits!
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