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MPEG-21 Context
The need for any standard comes from a very essential requirement also relevant for all applications involving communication between two or more parts: interoperability. Interoperability is thus the requirement expressing the user’s dream of exchanging any type of information without any technical barriers, in the simplest way. Without a standard way to perform some of the operations involved in the communication process and to structure the data exchanged, easy interoperability between the terminals involved would be impossible. Having said that, it is also clear that a standard should specify the minimum number of tools to guarantee interoperability since it is important that as many as possible non-normative technical zones exist, to allow the incorporation of technical advances, and thus to increase the life time of the standard, as well as to stimulate the industrial technical competition. The existence of a standard has also important economical implications since it allows the sharing of costs and investments and the acceleration of applications’ deployment. 

MPEG [1] has been responsible for the successful MPEG-1 and MPEG-2 standards that have given rise to widely adopted commercial products and services, such as Video-CD, DVD, digital television, digital audio broadcasting (DAB) and MP3 (MPEG-1 Audio layer 3) players and recorders. More recently, the MPEG-4 standard [2] defined audiovisual coding solutions to address the emerging needs of the communication, interactive and broadcasting service models as well as of the mixed service models resulting from their technological convergence. The MPEG-4 object-based representation approach where a scene is modeled as a composition of objects, both natural and synthetic, with which the user may interact, is at the heart of the MPEG-4 technology. With this new coding approach, the MPEG-4 standard opens new frontiers in the way users will play with, create, re-use, access and consume audiovisual content. Following the same vision underpinning MPEG-4, MPEG initiated after another standardization project addressing the problem of describing multimedia content to allow the quick and efficient searching, processing and filtering of various types of multimedia material: MPEG-7 [3]. The need for a powerful solution for quickly and efficiently identifying, searching, filtering, etc., various types of multimedia content of interest to the user, human or machine, using also non text-based technologies, directly follows from the urge to efficiently use the available multimedia content and the difficulty of doing so. Together, the MPEG-1, -2, -4 and -7 standards provide a very complete, powerful and successful set of tools for multimedia representation but this does not seem to be enough for the widespread deployment of multimedia applications.   

However, and although there are a lot of multimedia related standards available (MPEG being just a part of it), still multimedia consumption and commerce are not transparent and happening in a large scale. Do all these existing great standard specifications fit together ? Does anybody know how ? Do we have specifications for all the necessary technical elements ? Which standard activities are most relevant ? Who is making the “glue” to allow these standards fitting together ? 

Many standards are being created with the best intentions but they meet the needs of different communities; are not always complementary; sometimes offer parallel solutions and  even compete; are not mapped to a single vision or big picture of the multimedia landscape; and, finally, cannot provide full integrated solutions.

Currently, multimedia technology provides the different players in the value and delivery chain with an excess of information and services. However, no complete solutions exist that allow different communities (content, financial, communication, computer and consumer electronics and their customers), each with their own models, rules, procedures, interests and content formats, to interact efficiently using this complex infrastructure. Developing a common multimedia framework would facilitate co-operation between sectors and support a more efficient implementation and integration of the different models, rules, procedures, interests and content formats, resulting in an enhanced user experience [4].

Following the development of the standards mentioned above, MPEG acknowledged the lack of a big picture describing how the various elements building the infrastructure for the deployment of multimedia applications relate to each other and even the lack of knowledge if there are missing open standard specifications for some of these elements. This is the problem the MPEG-21 standard intends to address.

MPEG-21 Objectives

The major MPEG-21 objective is to enable the transparent and augmented use of multimedia resources across a wide range of networks, devices, and communities, notably for trading (of bits). The big assumption is that every human is potentially an element of a network involving billions of content providers, billions of value adders, billions of packagers, billions of service providers, billions of consumers, and billions of resellers. In fact, every single human may today easily play different roles in the multimedia chain.   

Although many elements exist to build an infrastructure for the delivery and consumption of multimedia content, there is no big picture to describe how these elements relate to each other. To address this problem, MPEG started the MPEG-21 project [4], formally called “Multimedia framework” with the aim to understand if and how these various elements fit together, and to discuss which new standards may be required, if gaps in the infrastructure exist. Thus the MPEG-21’s goal is to create an interoperable multimedia framework by:

· Defining the big picture - understanding how the components of the framework are related and identify where gaps in the framework exist;

· Filling the gaps - developing new standard specifications where needed with the involvement of other bodies, where appropriate;

· Integrating the tools - achieving the integration of standards to support harmonized technologies for the management of multimedia content.

The MPEG-21 multimedia framework will identify and define the key elements needed to support the multimedia value and delivery chain, as well as the relationships between and the operations supported by them. This open framework guarantees all content creators and service providers equal opportunities in the MPEG-21 enabled open market. This will also be to the benefit of the content consumers who should get access to a large variety of content in an interoperable manner. In summary, the MPEG-21 standard wants to provide more than just more multimedia tools; it intends to provide a framework where all the standard technologies are available and fitting together for the benefit of all users in the multimedia chain.  

Why an (Open) MPEG Standard for a Multimedia Framework ?

Although private solutions for a multimedia framework may always appear, the advantages for users (and also for many manufacturers) of an open standard are significant, notably:   

· Technology will be usable by everybody on fair and reasonable terms and non discriminatory conditions;

· Stimulates competition and technological evolution in the non-normative areas (which is less evident in the case of the de facto solutions);

· Consumers will have access to a large variety of complex content in an interoperable manner, including rights management;

· Content providers and consumers will have access to a large variety of interoperable products from different companies (and will not be in the hands of those providing privately controlled solutions);

· Competition in the context of the standard will improve the performance while decreasing the costs facilitating in general the access to rich multimedia applications.

Although there exist already many technical elements available, including standards, to build an infrastructure for the delivery and consumption of multimedia content, the missing elements and the lack of an integrated vision seems to be putting the potential billions of users in the hands (and conditions), now and for the future, of the companies providing the integrated (private) solutions. Thus the importance of an open standard although licensing problems are nowadays a delay factor for the deployment of open standard based products ! 

Accepting the benefits of an open standard solution versus private solutions, it remains the question of who should lead this initiative considering that the objectives touch a multitude of different technologies, addressed by different standardization bodies. Since a synchronized starting by different bodies would be clearly more difficult to manage (and unlikely to happen), MPEG decided to take the lead considering:

· Its important background in key technologies and standards related to the management, delivery and representation of multimedia content;

· The integration of such disparate technologies can only be achieved by working in collaboration with other bodies as well as by taking into account other related multimedia activities;

· The need to identify the multimedia initiatives that are currently in progress and that should be considered as candidates for future interaction and collaboration in the context of MPEG-21 to maximize interoperability, minimize the overlapping between concurrent activities, and share common technologies.

The timing of this initiative seems to be the right one since many root standards are now ready such as MPEG-1, MPEG-2, MPEG-4, MPEG-7, JPEG, XML, RTP, RTSP, etc. Moreover hardware building blocks are in place such as PCs, portable devices, the Internet, etc; and finally there is a growing need for this multimedia framework by many players of the value chain.

Taking into account all these considerations, the MPEG-21 standard development process should look like:  

1. Define a framework supporting the MPEG-21 vision (the big picture)

2. Identify the critical components of the multimedia framework

Understand how the components of the framework are related and identify where standard technology gaps exist

3. Involve relevant (and complementary) standardization bodies in this effort 

4. For each of the non-available technologies

· If they fall under the MPEG expertise then develop them

· Else engage other bodies to achieve their development

5. Perform the actual integration of the relevant available and developed technologies

MPEG-21 Example Usage Case

Although MPEG-21 intends to address varied usage scenarios where the consumption of multimedia content is important, a simple example – Joe’s party - is presented in the following to highlight some of the basic issues to be addressed [5]:   

1. Before the party - Joe is planning an anniversary party for his parents. The event will culminate in an evening of dancing, with a DJ spinning all his parents’ favourite hits. Instead of hiring a DJ, Joe decided to create his own dance CD using the music kiosk at the local store. He knows some of the songs by name, for others only the performer and a few he knows only a fragment of a lyric; he also relies on the ratings provided by some critics. At the kiosk, he identifies the songs using a combination of search criteria; he can hear the selected songs at the kiosk as streamed from many different commercial music sites found during the search. Once he has selected all the songs, he saves the project and tells the kiosk to burn the necessary CD(s), providing his credit card to pay for services and usage rights.

2. At the party - Joe and his family will take pictures, shot videos, record speeches and jokes, as well as dancing and singing by the people present. 

3. After the party - Later, Joe will upload videos, audio and pictures shot at the party to the project, already including the songs played; party attendees can visit the store on-line to re-live the party, purchase memorabilia, create their copy of the project on CD, etc, including digital rights.

This scenario shows the relevance of integrating functions such as creating, providing, archiving, rating, delivering, coding, describing, protecting, selling, subscribing and expressing rights regarding multimedia content.

MPEG-21 Basic Concepts and Elements

The principal basic concepts in MPEG-21 relate to the What and Who within the framework. The What is a Digital Item which is a structured digital object with a standard representation, identification and metadata within the MPEG-21 framework. The Who is a User who is any entity interacts in the MPEG-21 environment or makes use of a Digital Item, including individuals, consumers, communities, organizations, corporations, consortia, governments and other standards bodies and initiatives around the world. The User roles include creators, consumers, rights holders, content providers, distributors, etc; as such there is no technical distinction between providers and consumers. All parties that have a requirement within MPEG-21 to interact are categorized equally as Users. Each User will assume specific rights and responsibilities according to their interaction with other Users. It is also a major requirement that all Users are able to express and manage their interests in Digital Items. 

In practice, a Digital Item is a combination of resources, metadata, and structure. The resources are the individual assets or (distributed) content. The metadata regards (distributed) data about or pertaining to the Digital Item as a whole or also to the individual resources in the Digital Item. Finally, the structure relates to the relationships among the parts of the Digital Item, both resources and metadata. An example of a Digital Item may be a music compilation including the music but also photos, videos, animation graphics, lyrics, scores, MIDI files, interviews with the singers, news related to the songs, statements by an opinion maker, ratings of an agency, position in the hit list, navigational information driven by user preferences, bargains, etc. The Digital Item is thus the fundamental unit for distribution and transaction within the MPEG-21 framework. MPEG-21 provides a framework in which Users interact and the object of the interaction is a Digital Item.  

To address the problem defined above, MPEG-21 identified and defined the key technical elements needed to support the multimedia framework (see Figure 1) [4]:
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Figure 1 – MPEG-21 basic elements

1. Digital Item Declaration - Uniform and flexible abstraction and interoperable schema for declaring Digital Items (the content)

2. Digital Item Identification - Framework for identification of any entity related to Digital Items regardless of its nature, type or granularity

3. Content Management and Usage - Interfaces and protocols to enable the creation, manipulation, storage, delivery and (re)use of content across the content distribution and consumption value network

4. Intellectual Property Management and Protection - Means to enable content to be persistently and reliably managed and protected across networks and devices

5. Terminals and Networks - Means to provide interoperable and transparent access to content across (heterogeneous) networks and terminals

6. Content Representation - Digital representation of content so that content can be moved and consumed seamlessly

7. Event Reporting - Metrics and interfaces that enable Users to understand precisely the performance of all reportable events within the framework

These key elements are being analyzed in the context of the MPEG-21 development activities to identify the technologies for which adequate standards already exist or holes appear and thus additional standards are required.

MPEG-21 Standard Organization

The MPEG-21 objectives are being addressed by a standard organized in several parts. The major reason to develop the MPEG-21 standard in several rather independent parts (besides avoiding a single document with several thousand pages) is to allow the various technologies specified to be used stand-alone and thus as much as possible, even if in conjunction with proprietary technologies. This has been the case, for example, for the MPEG-2 Video standard, which is today being used together with MPEG-2 Systems but not with MPEG-2 Audio in the context of the U.S. digital TV system. However, although the various parts may be used independently, they were developed to give optimal results when they are used together; this principle is particularly important for MPEG-21 since an integrated multimedia framework is in question and thus mutually fitting technologies are essential. 

The MPEG-21 parts already developed or currently under development are:

1. Vision, Technologies and Strategy - describes the multimedia framework vision and its architectural elements together with the functional requirements for their specification

2. Digital Item Declaration (DID) – provides a uniform and flexible abstraction and interoperable schema for declaring Digital Items

3. Digital Item Identification (DII) – defines the framework for the identification of any entity regardless of its nature, type or granularity

4. Intellectual Property Management and Protection (IPMP) – provides the means to enable content to be persistently and reliably managed and protected across networks and devices

5. Rights Data Dictionary (RDD) – specifies a dictionary of key terms which are required to describe rights of all Users

6. Rights Expression Language (REL) – specifies a machine-readable language that can declare rights and permissions using the terms as defined in the Rights Data Dictionary

7. Digital Item Adaptation (DIA) – defines description tools for usage environment and content format features that may influence the transparent access to the multimedia content (and its adaptation), notably for the terminals, networks, users and the natural environment where users and terminals are located

8. Reference Software – includes software implementing the tools specified in the other MPEG-21 parts; this software can be used in MPEG-21 compliant products as ISO waives its copyright 

9. File Format – defines a file format for the storage and distribution of Digital Items

Conclusion

All electronic content creation, distribution, consumption, and trade is today possible, but problematic since the full picture for interoperable multimedia applications is far from being complete. MPEG-21 aims to solve the key problems, notably the expression and protection of usage rights, with integrated standards on target for completion in 2002/2003. Since this is a rather challenging objective, all participation in MPEG-21 is very welcome !
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