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ABStract


This paper addresses the new trends on the standardization of multimedia information resulting from the merging  of three worlds: TV/film entertainment, computing and telecommunications�. The emerging MPEG4 coding standard should support new ways, namely content-based, for communication, access and manipulation of digital audio-visual data. Taking into account the new expectations and requirements coming from the three referred worlds, MPEG4 will provide an audio-visual coding standard allowing for interactivity, high compression and/or universal accessibility. Moreover, the new standard needs a structure that considers and copes with the rapidly evolving relevant technologies, providing a high degree of flexibility, extensibility and thus time-resistant through the integration of new technological developments.


Introduction


Although the meaning of 'Multimedia' is most of the times quite vague, it is possible to relate this 'magic' word to the technology, applications and services that arise due to the merging of three worlds: TV/film entertainment, computing and telecommunications. The simple situation where the three worlds were independent is nowadays changing very quickly with elements traditionally belonging to each of the worlds being introduced into the other two. And this is what brings us multimedia: the addition of image, sound and communication possibilities to computers, the addition of interactivity and intelligence to television, the addition of image and interactivity to tele�communica�tion (namely mobile). The rapid pace of the changes requires not only that standardization bodies issue the adequate standards in time but also that they are somehow evolution resistant in order they do not become obsolete too soon (Koenen and Pereira 1994). 


New trends on standardizAtion 


In this context where both hardware and software technology are still progressing rapidly, the role of standardization is an increasingly difficult one. With the existing audio-visual standards and the actual standardization approach, there is a risk that new, better technology overtakes the standardized technology, maybe even before the latter becomes official. In spite of this, standardization still has an important role to play: to guarantee that content can be played, that systems can interwork, that signals can be transported meaningfully to other places. And this technology advancement should not be seen as a risk but rather as an opportunity! 


This means it is necessary to define flexible standards, that can grow with progressing technology, but still ensure interworking between systems. This applies to both coding methodologies and functionalities. If new audio-visual technology is going to be developed, we should try to make sure people can bring it to the standard. Not only in the coming few years, but even after the standard has been set. And this almost immediately points us in the direction of standardizing a syntax, along with ways and procedures (technical and formal) to get new methods, tools and functionalities incorporated in the standard. 


This road has been proposed as the basis for the new ISO/MPEG4 standard addressing the representation of audio-visual information allowing interactivity, high compression and universal accessibility. Ideas that have emerged include configurable or downloadable tools, or even complete decoders. There is however a small but crucial difference with the notion of only standardizing a syntax: one has to make sure communication is always possible, otherwise the concept of standard loses its significance. This means that just specifying the syntax will not suffice. Apart from that, one has to make sure that the standard is attractive to use and develop for. And also for that reason, it should be more than ‘just an empty shell’: it must be filled from the start on. With tools, with high compression schemes, with new functionalities, with fall back mode(s).


The new or improved functionalities


One of the more important limitations put till now by audio-visual coding standards is the degree of interactivity they allow. Until now the user interaction with the audio-visual information has been limited to the control of the display sequence through the well know ‘trick modes’, e.g. provided by the ISO/MPEG1 & 2 coding standards. Among the new functionalities to be provided by MPEG4, amount those addressing the image content which will allow the user to access, for the first time, to the ‘objects’ in the image. This entrance in the audio-visual content is a novelty in the context of audio-visual coding requiring the study and development of new concepts, tools and techniques. The application of the ‘content’ approach to audio and video has different implications and difficulty namely in the automatic extraction of the ‘objects’.


The new vision behind the MPEG4 standard is mainly represented through the eight new or improved functionalities described in the MPEG4 Proposal Package Description (MPEG4 AOE 1994). Of course, there are several other important functionalities that are needed to support the envisioned audio-visual applications such as synchronization, security, interworking. However it is expected these functionalities may be provided by already existing or emerging standards.


The new or improved MPEG4 functionalities are the following� (Req. AHG 1994):


�SYMBOL 183 \f "Symbol" \s 10 \h�	Content-Based Scalability - MPEG4 shall provide ability to achieve scalability with a fine granularity in content, spatial resolution, temporal resolution, quality and complexity. Content-scalability may imply the previous prioritization of the ‘objects’ in the scene. The combination of more than one scalability case may lead to interesting scene representations where the more relevant ‘objects’ are represented with higher spatial-temporal resolution.


The scalability based on the content represents the ´heart´ of the MPEG4 vision since after having a list of more and less important ‘objects’ other functionalities should be easily possible. This functionality and some of the others closely related require, in a first approach, the automatic analysis of the scene to extract the audio-visual ‘objects’. Here lies the core of the new coding approach that is: scene analysis towards understanding.


Example uses - User or automated selection of decoded quality of objects in the scene; database browsing at different contents, scales, resolutions, and qualities.


�SYMBOL 183 \f "Symbol" \s 10 \h�	Content-Based Manipulation and Bitstream Editing - MPEG4 shall provide a syntax and coding schemes to support content-based manipulation and bitstream editing without the need for transcoding. This means the user should be able to select one specific ‘object’ in the scene/bitstream and eventually change some of its characteristics.


Example uses - Home movie production and editing; interactive home shopping; insertion of sign language interpreter or subtitles.


�SYMBOL 183 \f "Symbol" \s 10 \h�	Content-Based Multimedia Data Access Tools - MPEG4 shall provide efficient data access and organization based on the audio-visual content. Access tools may be indexing, hyperlinking, querying, browsing, uploading, downloading, and deleting.


Example uses - Content-based retrieval of information from on-line libraries and travel information databases.


�SYMBOL 183 \f "Symbol" \s 10 \h�	Hybrid Natural and Synthetic Data Coding - MPEG4 shall support efficient methods for combining synthetic scenes with natural scenes (e.g text and graphics overlays), the ability to code and manipulate natural and synthetic audio and video data and decoder-controllable methods of compositing synthetic data with ordinary video and audio, allowing for interactivity. 


This functionality offers for the first time the harmonious integration of natural and synthetic audio-visual ‘objects’. This is a first step towards the unification/integration of all kinds of audio-visual information.


Example uses - Animations and synthetic audio (e.g. MIDI) can be composited with ordinary audio and video in a game; a viewer can translate or remove a graphic overlay to view the video beneath it; graphics can be rendered from different viewpoints.


�SYMBOL 183 \f "Symbol" \s 10 \h�	Coding of Multiple Concurrent Data Streams - MPEG4 shall provide the ability to efficiently code multiple views/soundtracks of a scene as well as sufficient synchronization between the resulting elementary streams. For stereoscopic and multiview video applications, MPEG4 shall include the ability to exploit redundancy in multiple views of the same scene, permitting joint coding solutions that allow compatibility with normal video as well as the ones without the compatibility constraint (combined coding of the views).


This functionality should provide efficient representations of 3D natural ‘objects’ provided a sufficient number of views is available; it is again a complex analysis task. It is expected this could substantially improve the impact of applications such as virtual reality where almost only synthetic ‘objects’ are used till now.


Example Uses - Multimedia entertainment, e.g. virtual reality games, 3D movies; training and flight simulations; multimedia presentations and education.


�SYMBOL 183 \f "Symbol" \s 10 \h�	Improved Coding Efficiency - Taking into account some relevant new applications, namely through mobile networks, MPEG4 is required to provide subjectively better audio-visual quality at comparable bit-rates compared to existing or other emerging standards.


Notice that some of the new functionalities already referred may create difficulties in terms of compression efficiency  and thus the overall compression performance depends of the set of functionalities to be provided.


Example uses - Efficient transmission of audio-visual data on low-bandwidth channels; efficient storage of audio-visual data on limited capacity media, e.g. magnetic disks.


�SYMBOL 183 \f "Symbol" \s 10 \h�	Robustness in Error-Prone Environments - Since universal accessibility implies access to applications over a variety of wireless and wired networks and storage media, MPEG4 shall provide an error robustness capability. Particularly, sufficient error robustness shall be provided for low bit-rate applications under severe error conditions.


Example uses - Transmitting from a database over a wireless network; communicating with a mobile terminal; gathering audio-visual data from a remote location.


�SYMBOL 183 \f "Symbol" \s 10 \h�	Improved Temporal Random Access at Very-Low Bitrates - MPEG4 shall provide efficient methods for random access at very low bit-rates.


Example uses - Audio-visual data can be randomly accessed from a remote terminal over limited capacity media.


As was referred, some of the new or improved functionalities will require a fundamental change in the coding approach it has been followed till now in standardization environments. The tight MPEG4 schedule - Committee Draft by November 97 - has to be understood in the context of a flexible and extensible standard and thus final and definitive solutions do not have to be provided by that time but only first adequate solutions. To allow this, a new structure for the standard has to be developed.


the structure of the new standard 


In order a new standard, such as ISO/MPEG4, can deal with the multimedia changing scenario, it must provide three main types of results:


A Syntax 


To make the standard resistant against the evolution of coding technology and hardware, the syntax must allow for example:


	The definition of new coding tools that were not available or mature enough at the time the standard was set, but that proved to be very useful (giving the power to evolve);


	The specification of how certain available coding tools are put together to define a compression algorithm in view of certain functionalities;


	The indication that a certain pre-defined compression algorithm is active, using available tools in a certain way. 


Since an 'empty shell' standard is not acceptable, the syntax needs to be filled, to make standardized communication possible from the beginning, and to make the standard attractive to use. This is why two more types of results are foreseen:


Tools


In order to 'fill the shell', the standard must define a set of basic tools that can provide a solution for the problem of audio-visual representation and the functionalities identified based on the market needs. As a first approach, this set of tools can be used in any desired way since the syntax will allow one to specify the combination algorithm at the decoding side.  As technology moves on, the syntax will allow new tools, addressing new functionalities (not feasible at first) to be used as well.


 Although a scenario only with syntax and tools may have some advantages, it is not yet enough to allow the production of relatively simple and cheap terminals for all relevant classes of applications (namely real-time communications), since a somewhat lengthy initialization phase is still necessary.  Thus the introduction of a third level of standardization.


Profiles


 The idea behind a profile is that it gives a standardized solution to an identified 'coding need', which comes from an identifiable application class, a set of functionalities or whatsoever. Using a profile can has several advantages:


�SYMBOL 183 \f "Symbol" \s 10 \h�	it ensures a rapid communication start-up phase;


�SYMBOL 183 \f "Symbol" \s 10 \h�	it ensures interworking between systems that conform to the profile.


Profiles can easily provide a common platform for communication, completing these three levels structure where scalability in complexity is clearly provided.


Notice that no decision has been taken till now about what parts of the standard will be normative or only informative.


TESTING: ANOTHER CHALLENGE


One of the new challenges put by MPEG4 is, with no doubt, the request to simultaneously address more than one target/objective depending on the class of applications it is considered. In fact, it is expected the MPEG4 standard will allow to simultaneously provide some functionalities which may even put contradictory requirements. This imposes the need not only to optimize the use of the set of tools providing one functionality but also to find the good compromise between the algorithms providing a set of functionalities which may characterize a given class of applications. The complete specification of the evaluation methodologies for the new MPEG4 functionalities is a new challenge in the framework of standardization since there is no significant experience for the type of tests that can be already foreseen. Taking into account the type of the functionalities and the limitations at the time of the tests (e.g. on the hardware and possibility of interaction), three types of tests may already be foreseen:


	Perceptual tests - conventional subjective tests


	Task-based tests - evaluate the result of a task or functionality


	Evaluation by experts - evaluation through the description of the functionalities’ implementation (where limitations prevent more direct testing, namely some of those implemented by syntactic tools)


Although the more qualitative approach behind the MPEG4 standard may prevent the complete test of all functionalities, it is expected that a new generation of audio-visual tests will be developed namely due to the new type of functionalities being offered.


FINAL REMARKS


In this paper a new approach to the standardization of the audio-visual information is proposed namely taking into account the foreseeable evolution of coding technology and hardware.


Since the new coding standard foresees the provision of functionalities based on the audio-visual content of the sequence, the automatic analysis becomes the central problem of the emergent codecs. By this approach, the ISO/MPEG4 standard will allow for the first time the entrance and control of the user at the content level. It is expected this new coding representation will allow not only a more efficient representation of the audio-visual information but also to address applications where a more deep interaction with the scene content is desirable.
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� The paper is based on the MPEG4 Proposal Package Description (MPEG4 AOE 1994) and on contributions from the authors to the MPEG4 meetings.


� Although the MPEG4 PPD (MPEG4 AOE 1994) orders the functionalities by alphabetical order, they are here ordered depending on their technical novelty and relevance for applications.








