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Abstract


More and more audiovisual information is available in digital form, in more and more places around the world. Also more and more people want to use this information but it is more and more difficult to find the information one needs. When and how will this “more and more” stop?


This paper presents the MPEG-7 standardization project, recently started within ISO/MPEG to address the challenge of defining a solution to the problem of quickly and efficiently identifying various types of multimedia material, of interest to the user. MPEG-7 should standardize a content-based description of various types of multimedia information, addressing a large range of multimedia applications.


The Motivation


The value of information depends many times on how easy it is to retrieve, access and filter, in short: identify it. And it is every day more difficult to identify audiovisual information. In fact, an incommensurable amount of audiovisual information is available in digital form, in various places around the world. Along with the information, people appear that want to use it. Before one can use any information, however, it will have to be located first. At the same time, the increasing availability of potentially interesting material makes this search harder. The question of identifying content is not restricted to digital libraries and other database retrieval applications; also in other areas similar questions exist, such as broadcast media selection, multimedia editing, and multimedia directory services (1(.


This challenging situation led to the need of a solution to the problem of quickly and efficiently identifying, by searching, filtering, etc., various types of multimedia material of interest to the user. MPEG recognized this need, and wants to provide a solution. For this, a new work item, formally called  “Multimedia Content Description Interface”, but well know as MPEG-7,  has been initiated. The work on the shaping of MPEG-7 has already started to attract new people to MPEG. The people already taking part in defining MPEG-7 represent broadcasters, equipment manufacturers, digital content creators and managers, transmission providers, publishers and intellectual property rights managers, as well as university researchers.


The Objectives


MPEG-7 will be a standardized description of various types of multimedia information. This description will be associated with the content itself, to allow fast and efficient identification of material that is of interest to the user. MPEG-7 indexed AV material can then be automatically retrieved, filtered, etc. This material may include: still pictures, graphics, 3D models, audio, speech, and video. 


Although MPEG-7 data representing AV material will many times be useful stand alone, e.g. if only a high level representation/description is needed, most of the times it will serve to retrieve the same AV material, coded in a format closer to the AV material PCM representation.  In fact, while MPEG-7 coded data in mainly intended for content identification purposes, other coding formats, such as MPEG-2 and MPEG-4, are mainly intended for content reproduction purposes.  
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Figure 1- The MPEG-7 standard boundaries


MPEG-7 data may be physically located with the data corresponding to other coding formats for the same AV material, such as MPEG-1 or MPEG-4, in the same data stream or on the same storage system, but the MPEG-7 descriptions could also live somewhere else on the globe. When the various AV coding formats are not co-located, mechanisms that link them, e.g. MPEG-1 and MPEG-7 data, are very useful; these links should work in both directions.


Note: Already included above!


It must be clearly stated that MPEG-7 coded data will not depend on the ways the described content is available (for reproduction). Video information, for instance, could be available as MPEG-4, -2, or -1, JPEG, or any other coded data, or not even coded at all: it is possible to generate and MPEG-7 description to an analogue movie or to a picture that is printed on paper. 


MPEG-7 will allow different granularity in its descriptions, offering the possibility to have different levels of discrimination. Because the descriptive features must be meaningful in the context of the application, they will very likely be different for different user domains and different applications. This implies that the same material can be described using different types of features, tuned to the area of application. The level of abstraction is related to the way the features can be extracted: many low-level features can be extracted in fully automatic ways, whereas high level features need (much) more human interaction. Depending on the target application, it will be the task of the content indexer to choose the right features (from those available) to reach the objectives in question.


In many cases, it will be desirable to use textual information for the descriptions. Care must be taken, however,  that the usefulness of the descriptions is as independent from the language area as possible. A very clear example where text comes in handy is in giving names of authors, film, places.


MPEG-7 will address applications that can be stored (on-line or off-line) or streamed (e.g. broadcast, push models on the Internet), and can operate in both real-time and non real-time environments. A ‘real-time environment’ means here that indexing information is associated with the content while it is being captured.


Why a Standard ?


A standard should be like a contract. A “process by which individuals recognize the advantage of doing certain things in an agreed way and codify that agreement in a contract. In a contract, we compromise between what we want to do and what others want to do. Though it constraints our freedom, we usually enter into such an agreement because the perceived advantages exceed the perceived disadvantages” (2(.


This means that a standard for content-based audiovisual description should ease the task of fast and efficient identification of material that is of interest to the user by


 	allowing the same indexed material to be accessed by many more search engines and filters 


 	allowing the same search engine and filters to identify  indexed material from many more different sources


In conclusion, the main advantage of a standard is the increased interoperability, and the possibility to “explode” the services due to the existence of a generalized agreement on the way of describing and accessing AV data. This agreement would stimulate both the content providers and the users, and simplify the whole content identification problem, giving the user the tools to easily “surf on seas of AV data“- pull model - or “filter floods of AV data“ - push model. It goes without saying that the standard needs, of course, to be technically sound since otherwise the market would not want to use it, and would still try proprietary solutions.


What Standard ?  


Since a standard is anyway a constraint on our freedom, we should make it as less constraining as possible. This means that a standard must offer the advantages above, by specifying the minimum possible and maximizing competition. In terms of an MPEG-7 system, this implies that just the AV description itself will be standardized (see Figure 1). Although analysis and search tools will be essential for a successful MPEG-7 application, their standardization is not required for interoperability, such as the specification of motion estimation and rate control was not essential for MPEG-1 and MPEG-2, and the specification of segmentation was not essential for MPEG-4. Thus, following its principle of “specifying the minimum for maximum usability”, MPEG will concentrate on standardizing the AV description. The development of audiovisual content analysis tools, automatic or semi-automatic, will be a task for industries which will build and sell MPEG-7 enabled products. In the same way, MPEG-7 will also not standardize the tools that will use the description, this means the search engines and the filters. This strategy allows to continuously making good use of the expected improvements in the relevant technical areas, e.g. new automatic analysis tools can always be used, as well as to rely on competition to achieve the best results.


The MPEG Process


Since the technological landscape changed from analogue to digital, with all the implications this brings, it is essential that also standard makers acknowledge this change by modifying the way by which standards are created. Standards should offer interoperability, across countries, services and applications (2(, and no more a “system driven approach” by which the value of a standard is limited to a specific, vertically integrated, system. This brings us to the toolkit approach by which a standard must provide a minimum set of relevant tools, which after assembled, according to industry needs, provide the maximum interoperability at a minimum complexity, and thus cost (2(.


The success of MPEG standards is mainly based on this toolkit approach, bounded by the “one functionality, one tool” principle. In conclusion, MPEG wants to offer interoperability to the users, as well as flexibility, at low complexity and low cost to the industries.


In order to fulfill these objectives, MPEG follows a standard development process with some main steps (2(:


 	Select target applications


 	Identify the functionalities needed by each application


 	Break down the functionalities into requirements of sufficiently reduced complexity that can be identified in the different applications


 	Identify the requirements common across the systems of interest and other relevant requirements   


 	Specify tools that support the requirements above


 	Verify that these tools can be used to assemble the target systems and provide the desired functionalities 


The process above is not rigid, in the sense that some iterations and interactions may happen for the various steps, but time scheduling is to be closely followed as it should be for any type of contract.  


For MPEG-7, a similar process is being followed according to the preliminary workplan presented in Table 1. After defining the requirements to be addressed, an open Call for Proposals will be issued. The Call will ask for relevant technology fitting the requirements, and after an evaluation of the technology that will be received, a choice will be made and development will continue with the most promising submission(s). In the course of developing the standard, additional calls can be issued when not enough technology is present within MPEG to meet the requirements, and there is a reasonable belief that the technology does indeed exist (1(.





 Call for Proposals �
December 1998�
�
Working Draft�
July 1999�
�
Committee Draft�
March 2000�
�
Draft International Standard�
July 2000�
�
International Standard�
December 2000�
�
Table 1 - MPEG-7 preliminary workplan


MPEG-7 Applications


There are many application domains which should benefit from the MPEG-7 standard. The potential applications are spread over the following application domains (3(:


Education


Journalism


Tourist information 


Entertainment (e.g. searching a game, karaoke)


Investigation services (human characteristics recognition, forensics)


Geographical information systems


Medical applications 


Shopping


Architecture, real estate, interior design


Social (e.g. dating services)


Film, Video and Radio archives


AV content production


The MPEG-7 Applications document (3( describes three sets of applications, including both improved existing applications as well as new ones, organized as follows:


 	Visual Applications - Storage and retrieval in video databases, delivery of pictures and video for professional media production, teleshopping, bio-medical applications.


 	Auditory Applications - Commercial musical applications (karaoke and music sales), sound effects libraries, historical speech database, movie scene retrieval by memorable auditory events.


 	Advanced Applications - User agent driven media selection and filtering, intelligent multimedia presentation, semi-automated multimedia editing, film music education, agent driven internet access for people with special needs, surveillance applications.


Since this is a living list, it should be enriched in the future with other relevant applications, giving the industry some hints about the application domains being addressed. 


MPEG-7 Requirements


In order to develop relevant tools for the MPEG-7 toolkit, requirements have been extracted from the functionalities relevant for the applications identified. The MPEG-7 requirements (4( are divided in common audio and visual requirements, visual requirements, and audio requirements. The requirements apply, in principle, to both real-time and non real-time applications and they should be meaningful to as many applications as possible. Just to get a taste of the current MPEG-7 requirements, a list of the requirement titles is presented in the following:


	Common Audio and Visual Requirements - query classes, content-based retrieval, description efficient representation, types of features, similarity-based retrieval, associated information, feature priority, feature scalability, streamed and stored descriptions, description temporal range, distributed multimedia databases, robustness to information errors and loss, copyright information, linking, prioritization of related information.       


 	Visual Requirements - query classes, description visualization, visual data formats, visual data classes.


 	Audio Requirements - query classes, description sonification, audio data types, audio data classes.


As long as it does not disrupts the workplan, the MPEG-7 requirements may undergo further changes, both by adding new requirements as well as by improving the current requirements, in order to match MPEG-7 to the highest number of relevant requirements and thus applications.


Final Remarks


MPEG-1 and MPEG-2 have been successful standards, that have given rise to widely adopted commercial products, such as CD-interactive, digital audio broadcasting, digital television and many video-on-demand trials. The current MPEG-4 effort aims to define the first intrinsically digital audiovisual representation standard in the sense that audiovisual data is modeled as a composition of objects, both natural and synthetic, with which the user may interact. Following the previous and current projects, MPEG has now decided to address the problem of quickly and efficiently searching ad filtering various types of multimedia material of interest to the user (5(. 


It looks that MPEG, after being a major responsible for the AV digital “chaos”, largely due to its success stories in terms of coding standards which made possible to easily create digital AV content, decided now to help establishing some order.  Since the challenge is big, any help is welcome ! 
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