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1 Premise and Executive Summary

The MUSICNETWORK has been created to foster the migration of music industry into the interactive multimedia age, renovating music models and formats, transaction models, business models, etc., according to the needs of the new emerging applications. This is the main reason for funding the project MUSICNETWORK IST for the European Commission. The WWW site of the MUSICNETWORK is http://www.interactivemusicnetwork.org
This document is submitted by the most representative working group leaders of the MUSICNETWORK (music notation, standard and imaging WGs) and by its co-ordinator. The MUSICNETWORK represents more than 550 participants of more than 200 companies and research institutions that work in the area of music and computer music. 

The modelling of music notation is a complex problem. Music notation is a multi-layered piece of information, which may be used for several different purposes: from audio coding and entertainment to music sheet production, music teaching, content query, etc. In the current Multimedia and Communication age many new music-related applications are strongly attracting the market attention and most of them will become more and more widespread in a short time. In order to identify a unique notation format to satisfy all these application fields and to set the basis for the new forthcoming applications, several aspects have to be considered, ranging from information modelling and format to integration and synchronisation of the music notation information into other media and cross-media tools and formats. 

The problem to be addressed are the integration of music and musical knowledge, in its visual, audio and logic formal domains - particularly scores – into multimedia applications. This integration permits the construction of a number of interesting new applications for musical activities, such as: multimedia music distribution, music education and music courseware construction, music searching in all domains, music annotation in all domains, music editing, music formatting of visual domain, music navigation in all domains, music formatting and presentation in other representations: Music Braille, Spoken Music, etc.

The present models for music notation are unsuitable to cope with innovative multimedia music applications. Also the MPEG standards have only a marginal capability of modelling that content and supporting the innovative features and requirements. 

The adoption of MPEG-7 for modelling music notation leads in principle to the production of a music notation description, not to something that can be “executed” for creating a visual representation or for resyntesizing, producing and playing back audio, or for creating interactive multimedia music courseware. For all these purposes, the extension of MPEG-4 for modelling and integrating music notation seems to be a feasible and interesting possibility. 

To summarize, on one hand there exists, among the requested functionalities, also the need to make composite queries. They are more related to the descriptors of MPEG-7. On the other hand, MPEG-4 seems to be more suitable for many aspects, since in the identified applications the music notation is mainly a content item that can be decoded for producing audio, representations (parts, main scores, etc.) and with which the user may interact to change these representations.

Several solutions have been analysed and the most promising are briefly described in this document.

To this purpose, we are asking for an extension to MPEG to include the music notation modelling. As MUSICNETWORK we have the capability and the duty (according to the contract with the European Commission) to work in that direction and thus of: 

· Analyse the present technologies and highlight eventual problems and bet practices

· Find and review of innovative solution for multimedia music modelling to bring music industries in the interactive multimedia age. 

· Launching calls for technologies and their corresponding evaluation and integration in a commonly agree format. 

· Presenting and distributing the results of the above points to the whole contributors and market. 

It is in this direction that the MUSICNETWROK is going to offer its work to the MPEG groups. We intend to work on specific aspects attempting to satisfy: notational, interoperability, integration constraints decided in agreement with MPEG.

2 Identified problems

The modelling of music notation is  a rather complex and composite problem. Music notation is a multi-layered piece of information, which may be used for a wide range of different purposes: from audio coding and entertainment to music sheet production, music teaching, music analysis, content query, provision of enhanced or adapted music for consumers with specific needs, etc. In the current Multimedia and Communication age many new music-related applications are strongly attracting the market attention and most of them will become more and more widespread in a short time. In order to identify a unique notation format to satisfy all these application fields and to set the basis for the new forthcoming applications, several aspects have to be considered, ranging from information modelling and format to integration and synchronisation of the music notation information into other media and cross-media tools and formats. 

The evolution of information technology has recently produced changes in the usage of music notation, transforming the visual language of music from a simple written “graphic alphabet” for creating music sheets to a tool for modelling music in computer programs, cooperative work on music and other multimedia integration tasks, associating  actions to music notation features during playing, etc. More recently, millions of music users have discovered the multimedia experience, and thus, the traditional music notation model thus needs to be replaced with something much more suitable for multimedia representation of music. The improved capabilities of computer programs are going to solve many of the early music notation formatting problems encountered by the adoption of  powerful tools based on artificial intelligence technologies. 

The present models for music notation are unsuitable to cope with many innovative applications [8]. A deep analysis suggested that the music notation mainly comprises of four domains of representation. Elsewhere, these domains may be referred by different terms, but here we categorise the domains thus:

· Audio: description of how a given note or chord has to be played in terms of parameters in the frequency domain, orchestration, sampling of audio signals to be used as wave tables to play notes, etc. 

· Logical: description of the music notation structure in terms of sequence of notes, rests, chords, etc. organised into instruments, voices, measures, etc. This also includes the expression symbols that represents how a certain note or sequence should to be executed: markers (general terms used in some programs to identify accents, ornaments, etc.), accents, ornaments, accidentals, key signatures, clefs, dynamics, key signatures, crescendo and decrescendo, phrasings, bowings, instrument indications, metronomic indications, multilingual lyric, etc. Many performance parameters (e.g., MIDI) can also be included in this domain. Also needed is the modelling of rules  to generate alternative music notation for specialised consumer groups to be associated with the logic aspects. In this case, strong relationship with Audio Domain is needed. .

· Visual: parameters describing, the visual representation of the logical content as absolute and/or relative positions (spacing), colours, stem direction, beaming structure and slope, refrain/chorus, generic rests, slurs shape (knots based or other), 8va or 8ba or 15ma, repetition symbols, barlines, etc., and also the eventual image representation of the score, graphic representation of modern music notation symbols, formatting representation of the main score and individual parts in terms of justification parameters and page layout, ordering for symbols positioning around the figures, etc. (for example, which symbol has to be positioned closer to the notehead if a staccato, a slur, and a fingering are present on the same note) This domain implicitly also includes the formalisation of the relationships among music notation symbols. It also includes the description of the image sheet and its relationships with the music notation structures and elements (parts, measures, etc.)
· Graphic representation deals with the mechanisms to produce the music notation on an image sheet either as print output or screen canvas. This is performed by using graphic primitives and fonts, and associated parameters such as size, font and style together with mechanisms to avoid confusions (e.g., collisions, overlapping, etc) among graphic details. Details from the visual domain have to be considered as high level aspects/directives for the graphic representation. Separating graphic and visual aspects gives the possibility of generating alternative visualisations of music notations, for example for visually or print impaired users.
The above information need to be supported by the following aspects that may be represented using current standards:

· Multimedia hyperlinks from music notation elements to and from other media, 

· Synchronisation with other media (audio, video, text, for karaoke), images of music sheets, documents, etc., but also at the logical level of the measure or note and not only based on time stamps. 

· Cataloguing and identification aspects: bibliographical metadata, UNIMARC, Z39.50, ISMN, etc.

· Protection, DRM, etc… 
The problems to be addressed are the integration of music and musical knowledge in its visual, audio and logic forms - particularly scores – in multimedia applications. The integration of these elements permits the construction of a number of interesting new application areas for musical activities, such as:

· Multimedia music distribution

· Music education and music courseware construction  

· Music searching in all domains 

· Music annotation in all domains

· Music editing in all domains

· Music formatting in the visual domain  

· Music navigation in all domains

· Music formatting and presentation in other representations: Braille music, Spoken Music, etc.

2.1 Use cases and requirements

In this section, some use cases and related requirements in terms of music notation are reported to make evident the requirements in the area of music notation and multimedia at the moment. Currently, there exist a lot of applications that are only focussed on one or two functionalities in the above listed application areas, while all those functionalities are strongly related to each other and need unified models and formats. 
2.1.1 Multimedia music distribution through physical devices and online

One of the biggest advantages of digital formats and their integration is the possibility to distribute content in a variety of forms in a completely integrated manner. The distribution of multimedia music content including music notation can be used for a large variety of applications of education, edutainment, entertainment, infotainment, etc.

At present with traditional distribution via CDs or sheet music these aspects are neglected, while the 12% of the European Population is capable of reading music and playing an instrument. In addition, the largest market for music notation is closely related to music education. About the 80% of young students in Europe is involved to study music, that implies that a large part of them is capable of music notation reading and music instrument playing in some measure. *
For these reasons, in the same way that a text can be synchronised to images and sounds in commercial DVDs, it is strongly desirable to have the possibility of distributing content in different forms related to the same piece of music, including music notation for various (or separate) several instruments and voices. This would allow on the client side 

· Generation of 

· transposition of the a provided music score provided from the server, 

· piano reduction, 

· specifically formatted music, 

· guitar tablatures, 

· Visualization/playback of 

· music score synchronized with audio (MIDI or recorded from real performance) or video, 

· multilingual lyrics to the same music notation,

· lyrics with music notation synchronized with video or audio (music karaoke, vocal and aural training),

· animated hands (via virtual reality) for showing musical instruments being played,

· etc.

Most of these aspects have to be automatically performed on the basis of a music piece and not encoded for each specific music piece as in many software programs for music education and entertainment. 
2.1.2 Music education and courseware construction 

For music education and courseware construction music notation needs to be integrated with multimedia capabilities. Music courseware need to have music notation integrated with video, images, documents, animation, audio, video, etc. In addition, a music course may present some exercises which require special music notation symbols (e.g., given by the teacher for the student) and/or audio processing (e.g., play training assessment, theory training assessment, etc.). For these reasons, for music education and courseware production the users on the client (music content usage) and sever (content generation) sides have a visual representation of the musical score (with full access to audio and logical aspects), with full capabilities of music manipulation in all domains and a support for the synchronisation and establishing relationships with other media.. Therefore, system and model have to provide the possibility of:

· music editing, transposing, playing, formatting, etc.; this implies the dynamic alteration of aspects in the logical, audio and visual domains.

· Recognition of notes played by an instrument or voice, using pitch recognition or other technologies. This means that it needs to visualise the visual parts and compare the audio produced with what is expected, at the logical/symbolic level. 

· synchronisation of notes played with the musical score, so as to show in a visual manner the correct point in the score being played. This requires the presentation of the visual aspects synchronised with the audio possibly allowing for changing the velocity of performance.
· assessment with respect to semantic annotations (how to execute a certain symbol, how to assess a certain execution of a music notation piece from the pupil, etc.) related to the above three domains: error recognition, evaluating a performance (scoring the execution for didactical purpose). 

· playing along: automatic accompaniment of the user by having the computer play selected voices/parts. This can be performed by using real audio recorded, generating MIDI, or by a more sophisticated music notation rendering. The system mast be capable of automatically following the pupil performance and to product comments and corrections on-line or off-line. 

· Cooperative work on music notation for classes, for orchestral work on music lecterns (e.g., Tablet PCs), for managing rehearsals, etc.

· Annotation, for adding teacher and pupil annotations that may be textual or in music notation; see also Section 1.1.3 on annotation. This also includes capabilities of versioning. 

· Navigation among music notation features and multimedia aspects and content.

2.1.3 Music searching in all domains 

On the client side, it is very important to be capable to specify a query in terms of audio, logical and visual aspects, rather than by relying on traditional cataloguing and identification aspects. A query to find music pieces could be expressed by:

· Humming (monophonic), playing a MIDI keyboard (polyphonic), playing an acoustic instrument (either);
· writing a sequence of notes with a music editor, and specifying for some of them the range of pitch, duration, markers, audio effects, etc.;

· giving a rhythm with a sequence of note durations;

· selecting (by mouse or other means) a segment of an onscreen music notation score (monophonic or polyphonic, query by example). It could be done even selecting two music pieces as a sort of range;
· requesting the presence of educational aspects, annotations and support.

· integrating cataloguing aspects with query by content: logical, audio and visual representation aspects.

Combination with logical operators of these queries. 

2.1.4 Music annotation in all domains (see also 2.1.2)
The users from both server and client side need to be able to annotate music interactively by using 

· personal or predefined music notation symbols (for example, to explain the semantic of music symbol or a possible comment on some music notation part), or 

· simple textual or multimedia information (for example, the addition of an image or a video related to the music aspect). 

· Audio details (for example, the example of the interpretation of a music notation symbol or music part as interpreted by different famous artists or by your teacher, etc.)
· visual details and representation constraints (for example, the user may decide to hide a given symbol or to change it position with respect to the others, etc.).

These annotations should be stored separately, and  should be semantically linked to symbolic elements of the score, like measure, beat, note, voice and so on. They could appear differently in the main score and the parts, when the music is executed, printed or visualised, etc.

2.1.5 Music editing in all domains

Music editing is typically used from both the server and client sides. Users need to manipulate the logical, audio and visual aspects and the relationships of these with multimedia. This facility is typically focussed on the production of content for educational aspects or for producing music sheets. More recently the need of producing nice music scores to present them in multimedia applications has been realised. 
2.1.6 Music formatting in the visual domain

The music formatting is very useful for creating the visual and graphical details from logical representations using  rules such as performed in [13] and other languages. These can be loaded as defaults or defined by the user for customising and profiling his needs.
This feature is very important for music editing tools (used by copyists, composers or music lovers) that need to create music sheet from scratch. It is also very important for Music Recognition tools that must recreate the music page from a logical description recognised from an image (e.g., via Optical Music Recognition, transforming paper-based music to symbolic machine representation) or from audio processing approach (e.g., pitch tracking, transforming wave source to symbolic machine representation, audio music recognition or transcription). 

This feature also includes the possibility of defining different formatting styles. 

2.1.7 Music navigation in all domains

Music notation navigation is a bi-directional feature. Users need to be capable to pass seamless from music notation items to other elements of the multimedia model and vice-versa: 

· The user could browse a music score and follow hyperlinks associated to notes or measures, or other entities of the logic, audio and visual domains. The hyperlinked content could be external (a URL) or internal (an MPEG-4 component, element). The content associated with a note/measure could be a video/image/text explaining a difficult passage, for example. 

· The navigation could be into the music notation structures and lower-level elements of the logical domain. From an MPEG4 elements it is useful to reach the music-notation content. For example, presenting the associated music notation with a video presenting the hand of a pianist, etc. This is a feature very useful feature for educational tools. 

2.1.8 Music formatting and presentation in other representations

Producing enhanced music notation is a laborious activity. The production of these enhancements requires expertise and resources retrieved from all the use-cases described above. Additional expertise is required to combine all the issues mentioned above into a workable and practical set of resources and operations, enabling the translation from the ‘normal’ domain to the ‘accessibility’ domain. Incorporation of these accessibility notions into a widely used multimedia representation format would enable:

· Enhanced browsing experience with specialised functionality for specialised assistive needs (for example, when a non expert perform music editing it could be useful for him to have a verbal description of the context: measure 45, quarter chord of a D and C flat with arpeggio, etc.). This is very useful for impaired, young students, dyslexic people, etc.
· Synchronising delivery of new content available in such a format for print impaired and sighted (for example, to have a verbal description of music synchronised with its playing).

· customising  the presentation of the musical content to the needs of the individual print impaired user (for example, selecting symbols to be verbally described or printed, selecting a simpler model for the visualisation, for example without beaming, etc.).

· preserving specific knowledge and resources to allow the accessibility of musical information for other impairments.
3 Current Solutions

At the current state, there is a lack of unified models to represent in a uniform manner the four domains of music notation. Some of the available languages and models are capable only to represent the audio aspects with marginal coverage of logical (CSOUND), other represent very well the logical aspects (MUSICXML, WEDELMUSIC, FINALE, etc.) with marginal coverage of audio, etc. There is actually no solution to describe music in a comprehensive way. An attempt has being made to define a Standard Music Description Language in ISO/IEC JTC1 SC34 (editors Steve R. Newcomb, W. Eliot Kimber), but this attempt did not succeed [6] (now that project has been totally stopped and deleted), see also NIFF created as an interchange format, etc. These issues are discussed in deep in [8] in which a quite large comparison is reported considering several aspects for the innovation of music notation models. In addition, in all models the visual and graphical representations are mainly performed on the visualisation tools and is not formalised.

Some solutions also exist to encode musical performance, like MIDI, or to specify generation of audio, or sound synthesis, like MPEG SA. In these encoding schemes, there are no elements related to a number of musical concepts, like measure, beam, articulations… 

The most comprehensive coded language in regular use for representing sound is the common musical notation (CMN) of the Western world. Western musical notation is a system of symbols that is relatively, but not completely, self-consistent and relatively stable but still, like music itself, evolving. It is an open-ended system that has survived over time partly because of its flexibility and extensibility [1]. Most alternative music notation representations aimed are also based on Western Music Notation, such as Braille Music and Talking Music [12].

3.1 MIDI

The establishment of the Musical Instrument Digital Interface (MIDI) gave easy access to tools for musical sound to home users, hobbyists, and millions of ordinary musicians. These users established a new constituency who could experiment with sound control in ways that previously had been possible only in research studios. MIDI is now the most prevalent representation of music, but what it represents is based on hardware control protocols for sound synthesis. Programs that support sound input for graphical and visual output necessarily must span a gamut of representational categories. Complex algorithms must be developed to generate a Common Music Notation score from MIDI representation, with complex issues [2]. The reverse process, generation of MIDI from Common Music Notation is generally considered as straightforward. MIDI is presently strongly used as an interchange format and for MIDI tools synchronization. 

3.2 MPEG-4 Structured Audio and BIFS
In addition, the presence of music notation in many contexts is needed to state relationships among other media and to realise educational content. This is a very important aspect that presently is under represented in MPEG-4. MPEG-4 Structured Audio [5] specifies sound not as sampled data, but as a computer program that generates audio when it is executed. In MPEG-4 syntaxes for SASL (Structured Audio Score Language) and SAOL (Structured Audio Orchestra Language) have been defined to describe the logic and audio aspects. MPEG SASL is a more powerful language than MIDI for control of sounds and computer applications, but SA as a whole is suffering at present of a lack of applications.

Software tools capable to generate MIDI from a musical – and graphical – representation of a score, have contributed in the past to the great success of MIDI. In the same manner, a system which can be able to generate MPEG SASL from a graphical representation (acting as a MPEG SA sequencer) would be of interest for the success of MPEG SA.

Presently the SASL is capable to cover rather incompletely the logical aspects of music notation. It fails in representing: measures, clefs, change of clefs along the measure, dynamics, crescendo, decrescendo, expressions, etc. (some of these aspects are in fact possible, but require subtle matching between the SAOL instrument code and control statements in SASL). Some of these are represented in a way that makes their use for creating a visual representation impossible since multiple representations could be possible. The SAOL is functional to the description of the audio aspect of music and in this sense it covers, like its ancestor CSOUND, most of the needs. 

The visual and semantic aspects of music notation according to the above reported terminology are not represented at all in MPEG-4. The graphical aspects are those that specify how the music notation elements are drawn according to the visual information and directives -- i.e., a synchronisation among different media is required. In this case, MPEG-4 could use XMT (and SVG) or BIFS for this purpose. Probably an integration with the management of custom music fonts is needed. This also applies for the generation of Braille Music scores. Braille Fonts are required but more importantly, the logic to come up with well-formed Braille Music syntax.

3.3 MPEG-7 MelodyDS

As stated in the MPEG-7 Applications requirements document [7], much of the musical industry is currently driven by people wishing to practice in their own homes. In addition to the applications listed in the MPEG-7 requirements, a number of home musical practices are to be considered in a complete multimedia framework. In MPEG-7 a Melody Description Scheme associated to an audio content is defined. This description scheme allows the representation of a melody as a sequence of notes/rests or as a melodic contour. However this description scheme is focused on information retrieval and audio indexing and the music notation supported is poor, all the expression symbols (slur, staccato, tenuto, etc.) are missing and any visual information (stem direction, beams, note head, …) is missing. The melody description in MPEG-7 is less focused than the SASL in representing the logical aspects of the music notation. Limits are also present in describing in a uniform manner main score and parts, etc. 

The adoption of MPEG-7 for modelling music notation leads in principle to the production of a music notation description, not to something that can be “executed” for creating a visual representation or for resyntesizing, producing and playing back audio, or for creating interactive multimedia music courseware.  

3.4 XML-based Common Music Notation solutions

Some attempts have already been made to formalise Common Music Notation, CMN, in XML, like 

· MusicXML (mainly designed as an interchange format) [3], or 

· WEDELMUSIC (XML based format, mainly designed for educational and computer fruition with multimedia integration) [4]. 

In addition, other solutions have also been taken into account by the MUSICNETWORK: MEI, OPENMUSIC, expressiveMIDI, NIFFML, etc. These solutions have not reached a wide agreement since they are not integrated in a general framework, and thus are suffering of lack of interoperability. A comparison can be recovered in [8]. 

All the above models and formats are capable of modelling only the logical parts and partially the visual aspects. For the graphical aspects they use fonts or direct graphic primitives. Presently, in the MUSICNETWORK there is the aim of integrating WEDELMUSIC, SMDL, NIFF, MEI, and many other XML and not-XML music notation formats in a unique format for modelling logic and visual aspects by using SVG. 

It is in this direction that the MUSICNETWROK is going to offer its work to the MPEG groups. We intend to work on specific aspects attempting to satisfy: notational, interoperability, integration constraints decided in agreement with MPEG.

4 Benefits that can be obtained solving the problems

The benefits of solving the problems highlighted above are remarkable. A unified model for music notation integrated with an MPEG standard could provide the solutions for several classes of applications including:

· distribution of music content and courseware on media devices, i-TV and other devices such as PDAs,..

· multimedia music distribution on multimedia devices, mainly visual and audio support; 
· fruition of composite music-related information, mainly audio and simple visual representation;
· creating innovative applications incorporating multimedia integration with:

· music editing and formatting (an example might be WEDELMUSIC editor with MILLA engine) 

· cooperative work on music score (an example might be MOODS)

· producing opera content with VR-3D, synchronisation of music notation, lyric and virtual modeling (an example can be OPENDRAMA)

· synchronisation of symbolic music score and real audio (an example might be WEDELMUSIC)

· 3D hand representation and synchronous score visualisation (an example might be MUSICALIS, EMEDIA, PLAYPRO, GUITAR Magic)

· synchronisation of images of music score and real audio (an example might be WEDELMUSIC)

· creating content and courseware for music education

· examples of multimedia music content can be MUSICALIS, SMARTSCORE, WEDELMUSIC

· cases in which the pupil can do 
· play training (examples can be MUSICALIS, PIANO TUTOR), 
· compositional training, 
· play along (see Master Play along, MUSICALIS, PIANO TUTOR, VOYETRA), 
· sing training, 
· conduction training (see example of Vienna Philharmonic), 
· improvisation training, etc. 

· production of music notation and synchronisation with other media

· optical music recognition applications

· music transcoding: from audio to music notation via audio processing

· establishing relationships among images of music sheets and symbolic representation

· creating and managing content in music archives

· examples can be WEDELMUSIC tools

· creating the support for the interoperability among the above mentioned different applications. 

· creating musical information for consumers with different accessibility needs.

5 Suggested solution and related issues
The extension of MPEG-4 for modelling and integrating music notation seems to be a feasible and interesting possibility. On one hand there exists, among the requested functionalities, also the need to make composite queries. They are more related to the descriptors of MPEG-7. On the other hand, MPEG-4 seems to be more suitable for many aspects, since in the identified applications the music notation is mainly a content item that can be decoded for producing audio, representations (parts, main scores, etc.) and with which the user may interact to change these representations.

Music notation has to be considered mainly as a visual formalism used to encode musical information in the same way as text is a visual formalism used to encode speech. 

How music notation could be put in a multimedia object? 

· The first simple solution might be as a raster image but it offers very low interactive capabilities (a note? Where is a note?) and printing will be at a low quality (at the resolution of the image and not like the case of vectors described in PostScript). Synchronisation with other media is also difficult (common picture formats are not spatially time-stamped).

· The second solution might be using vector graphics which results to have some interactivity (am I a note? No I’m a black ellipse) and a good printing quality.

· The third solution might be to associate to what it is shown a description of what it is. (I’m a black ellipse and I represent a C# quarter note). Since descriptions can be time-stamped, synchronisation with other media may be straightforward.

Unfortunately, what one can imagine to display is not all the information needed and/or available; the user sees the violin part score of Mozart’s Trio and the computer plays also the other parts; but these other parts are not shown on the screen and thus where can they be stored ? What the user look at is a view (or projection) of a more complex data structure representing the whole music piece from which data is extracted (the violin part, the viola part, the main score) to produce a visual/graphic representation. The concept of view can be generalised also to an audio ‘view’ and thus data can be extracted to produce an audio representation (e.g. SASL). On the side of content production, in principle information can be extracted from the music piece data to produce melody descriptions to be used to index the music pieces and thus use the tools built for melody retrieval also for music notation search (query by humming). The same way, other kinds of symbolic structured information may be available through extraction or other authoring tool, creating a complete set of different data streams of different types all related to the same music piece; synchronisation among music notation information and all these object types is required.
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The above Figure depicts only the data transformation aspects. It includes both the aspects of music notation description for query by content and the content modelling, coding and decoding. 
How to integrate Music Notation in the current MPEG framework ? As mentioned above, music notation contains both content and descriptive information, so it is related to MPEG-4 but also to MPEG-7.

5.1 MPEG-4 related issues

In terms of MPEG-4, Music Notation may be integrated at least in two different ways.

The first solution may be to deal with visualisation of notation as it happens with texts, by a specific (or a small set of specific) BIFS node(s) dedicated to the specification of the musical font, of the ad-hoc rules, etc. In this case the Music Notation content can be included in a field dedicated to code the musical information, or as well referenced by a field pointing to a specific stream carrying the musical information possibly in real-time. In this case, the content can be in form of plain text (like e.g. in the case of an XML-based notation format) or a form of binary-coded stream to reduce the bandwidth, like in the case of BIFS (vs. XMT). At the same time, the node should be able in any case to receive MIDI or SASL streams, that are already carried in MPEG-4 by the Structured Audio toolset and synchronised by time-stamping mechanisms with natural audio content. 

In this first case, it is the BIFS Player itself that deals with the visualisation process, and the synchronisation with sounds must be assured by the visual node “execution”. In some way this can simplify the process if the node can also receive sound composition buffers as input and dynamically deal with related sound. One possibility could be the realisation of at least the nodes modelling the part and the main score details of the music notation. 

This solution is quite static and needs multiple coding to provide the music notation for the whole music piece. For instance, main score and parts are typically needed and present different formatting rules. 

The synchronisation with music notation has to be done at level of measure or music notation symbol with audio samples or relative execution time. To this end, a specific node for modelling synchronisation is needed. 

The second solution may be to define a specific new Object Type for Music Notation, able to “decode” the input stream and to generate the correct visualisation of the content. In this case, all the issues related to fonts, display etc. can be managed directly by a specific decoder, while the synchronisation issue may result someway more complicated; in fact, this should be solved in terms of BIFS scene authoring trying to deal with all the related ROUTEs that may help to implement an interactive user behaviour. This new object type should be in tight relationship again with the SA stream, which is containing information that can be as well input for the notation decoder. This version has some advantages since all the complexity of music notation is confined into the new Object Type. Having the Music Notation decoder the MPEG4 Player based on BIFS get the specific information from the decoder according to its needs and to the visualisation parameters.  

Even in this case, the synchronisation with music notation has to be done at level of measure or music notation symbol with audio samples or relative execution time. To this end, a specific node for modelling synchronisation is needed. This node can load the synchronisation file/stream stating the relationships between the music elements and the audio. 

5.2 MPEG-7 related issues

In terms of MPEG-7, the Music Notation content, being it visualised by a BIFS node or by a specific decoder, contains a relevant amount of descriptions related to the associated sound content. While a direct interaction between the MPEG-4 and MPEG-7 layers is envisageable, it is at least clear that the support of music notation will introduce new extension possibilities for MPEG-7 description schemes directly connected to the content carried in MPEG-4, which is at its turn possibly synchronised with music clips and streams. A possible solution would be to have an XML-based object type (maybe also supporting a binary equivalent), whose schema can act as both SASL and MelodyDS extension and having the possibility to interact with both layers in two different ways. Like that, it could be possible to access through the DS e.g. already specific selection of the related sound in either SASL or MIDI, so that suitable applications may offer straightforward possibilities to refine queries by listening means.

[image: image2.bmp]
The first step towards realisation of such systems passes from the definition of music notation representation. This task is related to both MPEG4 and MPEG7 standards. Other aspects related to music notation have to be integrated in this work by considering: synchronisation, protection and DRM, cataloguing, identification. 

The mentioned music notation will have to model logic and visual domains. It could be called, LVMNL (Logical & Visual Music Notation Language) and should be XML. The name is just to highlight that the language can cover the logical and visual aspects of music notations integrating it capabilities of:

· Cataloguing: Z3950, UNIMARC (MPEG-7 harmonisation with these metadata is required, see the Convenor’s document “Suggestions for future work by MPEG”, n.5524, Pattaya)

· Identification: ISBN, ISMN, … other standards (Digital Item Identification, MPEG 21)

· Synchronisation: to be discussed (Digital Item Processing, DIBO and DIXO, MPEG 21)

· Hyperlinks: to be discussed

· DRM: MPEG21

· Graphic: BIFS 

· Audio: MPEG SA

The two solutions are distinguished on the basis of the environment in which the LVMNL can be built:

· MPEG-7: integrated with the Melody Description Scheme, providing conversion in both direction and relationships. In this case, the LVMNL will be a description language and thus some limitations to the “execution” of the digital item for creating multimedia content and courseware will be present. 

· MPEG-4: creating it on the audio models of SAOL, SASL, and defining with them strict relationships. In this case, the language will be oriented to the decoding and execution and thus some limitation to the query by content would be detected.
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