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Symbolic Music Representation and Multimedia

The Moving Picture Experts Group (MPEG) has developed a family of technologies for coding of multimedia content. A Standard such as MPEG-4 now permits the encoding of multimedia content, including many different kinds of object types and a scene description allowing precise synchronization among them and specifying object composition rules.

At the same time, MPEG tools do not include yet a systematic support of symbolic forms of music representations. Symbolic music representation is a multi-layered piece of information, which may be used for a wide range of different purposes: from 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. It is understood that Symbolic Music Representation in this document means all kinds of symbolic music including different styles of Chant, Renaissance, Classic, Romantic and 20th Century styles, simplified notations for children, Braille and other forms yet to be considered.
Currently 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. 

Among the several products currently available in the market that present some form of integration of symbolic music representation and multimedia it is possible to mention tools in the areas of:

•
music education (notation tools integrating multimedia),

•
music management in libraries (music tools integrating multimedia for navigation and for synchronization), 

•
entertainment (mainly synchronization between sound, text and symbolic information), 

•
piano keyboards with symbolic music representation and audiovisual capabilities, 

•
mobile applications

The integration of symbolic music representation in MPEG could completely satisfy the requirements of these tools and many more, permitting these tools to integrate the powerful model of MPEG for multimedia, representation, coding and playback. The integration of symbolic music representation with MPEG will open the way for a large number of new applications and markets related to the above applications. This initiative may increase the current market for symbolic music representation, which is mainly dedicated to sheet music production. It may also open the path to creating very interesting new applications, and to increasing the power and flexibility of those applications that already use both multimedia and symbolic music representation. 

The repercussions may have a wide effect on music education, music entertainment and on the development of music as a whole. This, in turn, would be of great long term benefit to the music industry, quite apart from the applications, mentioned in this document, which can be implemented in the short term. 

Responses solicited by this Call

WG11 solicits technology responses that propose solutions for the specification of Symbolic Music Representation format and that include demonstrator tools able to give evidence of the core functionality.

The requirements are listed in a following section, proponents are encouraged to propose additional functionalities and to explain their benefits. 

Proponents should submit responses that address the requirements set out within this document, in accordance with the Timetable and Procedures section below in draft.  Those expressing a willingness to submit technology are invited to provide a detailed description of the proposed technology including:
1. description of the symbolic music representation format

2. description of the general architecture of the music representation decoder and demonstrator

3. list of non core requirements that will be met by the proposed solution

4. short description of the possible applications that can be covered by the solution 

5. tests to be used to evaluate the technology

6. computational requirements in terms of processor operations and memory allocation for encoding and decoding 

Respondents are further asked to advise what computer platform they intend to support during an evaluation phase, and whether they are able to make available tools for this platform to assist with the evaluation.  It is envisaged that Windows or Linux/Intel platforms should be supported.

Additionally, respondents are asked to provide recommendations to the ‘CfP Contact’ below, on the testing methodology that WG11 should use in this case, in particular with regard to test materials that they may have available.

Proponents that are MPEG members shall register these documents as contributions to the 70th MPEG meeting by adding them to the contribution registry prior the close of the registry i.e. by five working days before the meeting.  Proposal title and author information should be copied to the CfP contact at that time. Proponents that are not MPEG members shall email the complete submission documentation to the CfP Contact, so that the CfP Contact can register the proposal as contributions to the MPEG meeting.  The proponent’s documents should be written in Microsoft Word.

Technology covered in this call

The purpose of this call is to find technology that is capable of modeling a Symbolic Representation of  Music information and integrating this information in MPEG available tools and  with other MPEG coded content. The idea is also to allow audio and visual rendering from SMR. In both cases, the rendering is based on the audio visual objects of MPEG-4. Proposals should satisfy the following:

Requirements:

The requirements have been numbered and divided in the following groups:

· General requirements
· Format requirements

· Decoding and Rendering (including interactivity) requirements
· MPEG integration requirements

Definitions
In this section some definitions that can be useful to the reader to better and more easily understand the call for proposal are reported. 

· Symbolic Music representation elements are:

· symbolic music representation events (see for their definition requirements in section 2,4): barlines, clefs and other changes of context or definition of context, notes, rests, crescendo, decrescendo, dynamics, slurs, bends, glissando, etc., and also random access points (MPEG terminology);

· symbolic music representation qualifiers: accents, ornaments, instrumental indications, fingers, expressions, strings, annotation text, etc.;

· symbolic music representation selection:  a selection is a description of a segment of music information starting and ending at referred events and/or starting and ending at different lists of symbolic music representation events.

· Logical aspect of a symbolic music representation is the core part of the music information consisting of sequences of symbolic music representation events and their relationships;

· Audio aspect of a symbolic music representation is the information related to the audio rendering of the symbolic music representation events, by exploiting audio rendering capabilities of MPEG;

· Visual aspect of a symbolic music representation is the information related to the visual rendering of the symbolic music representation events, such as in the common music notation the direction of the stem, the slope of the beams, the position up or down with respect to the note of symbolic music representation qualifiers, etc.; 

· Graphical aspect of a Symbolic music representation is the information related to the visual rendering of the symbolic music representation information, such as in the common music notation the detailed rendering of the staff lines, of a clef, of a sharp, etc. This is an information related to the pixel position of the elements. 

SMR General requirements:

1. the solution shall allow to represent several kinds of Common Western Music including classic and romantic forms;
2. the solution shall allow to support other symbolic music representations. For examples, tablatures (lute notation, etc.), accessible music (such as: Braille, spoken music), non European music notations (such as: notations for buddists temple ceremonies) and, unpitched percussions, early forms of European music notation such as early Greek, neumes, Gregorian chant, renaissance, baroque and 20th century experimental notations, Schenkerian analysis. 
3. the solution shall allow to support audio and visual renderings of symbolic music representations; Some symbolic music representation may have only audio rendering (such as, spoken music which is a verbal description of the music info), most of them may have both visual and audio rendering;
4. the solution shall allow to link symbolic music representation elements to audio and visual information;

5. the solution shall support basic metadata (title, author, …);

6. the solution shall be scalable, in terms of information representation and decoder complexity ;

7. the solution shall be modular, dealing with different aspects (logical, audio, visual, graphics, ….) modeling context and symbolic music representation events [core];

8. the solution shall allow interoperability, in the sense that the model has to be suitable for  rendering on different devices; 

9. the solution should be extensible, has to allow the definition of new symbolic music representation elements;

SMR Format requirements

Structure requirements

10. the solution shall support both measured (barred) and unmeasured (unbarred) music representation (thus measures are not used for structuring music);

11. the solution shall regard symbolic music representation as a set of lists of symbolic music representation events and a set of selections (see requirement number 14);

12. the solution should support multilingual lyrics;

13. the solution should be able to describe main score (also called: full score, partitura) as well as a selection of lists of symbolic music representation events (for example: a single parts, a groups of parts, etc.), preferably obtained from the same logical structure;

14. the solution should be able to describe several selections from the symbolic music representation starting and ending at referred events and/or starting and ending at different lists of symbolic music representation events.

Event requirements

15. the solution shall allow to refer to each symbolic music representation event in a unique manner in the whole model (this is used for navigation and establishing relationships  among symbolic music representation events and/or from audio visual objects to them);
note: to give some examples symbolic music representation events:

· are: barlines, clefs and other changes of context or definition of context, notes, rests, crescendo, decrescendo, dynamics, slurs, bends, glissando, etc., and also random access points (MPEG terminology);

· may have several symbolic music representation qualifiers (markers, indications, etc.) associated with them: accents, ornaments, instrumental indications, fingers, expressions, strings, annotation text, etc.;

16. symbolic music representation events shall have:
· “start”, which can be referred to the “start” of other events;

· “delay”, which specifies the positive and negative delay of the start; 

· “end”, which can be referred to the “start” of other events;

· “duration”, which is specified when the “end” is not available.

“End” and “duration” can be both present, in that case, the value of the “end” is calculated from the value of “duration”; 

17. random access points shall have a “delay” referring to the beginning of the symbolic music representation;

Context requirements

18. the context shall provide support for concepts such as: clef definition and changes, key signature definition and changes, time signature definition and changes, metronomic indications, etc. Some of these context aspects may be missing (according to the general requirement of scalability), meaning that their default value is used for rendering.

Note Pitch requirements

19. the  solution shall be able to cope with transposing instruments and scordatura, maintaining the original information; 

20. the  solution should be able to cope with different scales and temperaments (for example, Chinese or Arabic scales);

Tempo requirements

21. the solution shall be able to model tempo and tempo variations;

SMR Decoding and Rendering (including interactivity) requirements

22. the solution shall allow to render the symbolic music representation visually on the basis of the logical information; 

23. the solution shall allow linear browsing of symbolic music representation (for example, next/previous paging);

24. the solution should allow rendering hints to be attached to symbolic music representation events: rendering hints can be at different levels of complexity; 

25. the solution should allow audio information to be rendered from the symbolic music representation;

26. the solution should be capable of changing the pitch according to the meaning of symbolic music representation  qualifiers (for example: vibrato, molto vibrato, etc. );

27. the solution should allow to transpose a set of lists of symbolic music representation events or the whole symbolic music representation;

28. the solution should allow to access predefined points in the symbolic music representation (for example, go to page xx of an original manuscript, go to measure 56, go to a label);

29. the solution should allow the user to add annotations to symbolic music representation events (annotations can be audio visual objects or Music representation elements or simple url links);

note:

the annotation format will be normative, as well as the way annotations are issued by the end-user, on the other side, the ability to save/load annotations will not be normative and thus player dependent.

SMR MPEG integration requirements

30. the solution shall integrate in the MPEG-4 Systems architecture with no modifications and minimum additions to the other parts; 

31. the solution shall be able to synchronize symbolic music representation with any MPEG-4 audio-visual object types (AAC audio, video, structured audio, etc.) using the tools provided by MPEG-4 Systems, such as DTS, CTS, AU, etc.;

32. the solution shall support random access points without requiring complete decoding of the symbolic music representation;

33. the solution shall allow audio information to be generated from the symbolic music representation (for example, the production of SASL and/or MIDI has to be simple);

34. the solution shall allow metadata information to be generated from the symbolic music representation (for example, the  generation of MPEG-7 description has to be simple);

35. the solution should allow the inclusion of MPEG-7 metadata descriptors in the XML format;

36. the solution shall allow the inclusion of synchronization links to/from other MPEG audio visual object types;

37. the solution shall be scalable such that the decoder can manage the symbolic music representation even if it is not aware of the other MPEG-4 audio-visual object types;

38. the solution shall support both an XML-based and a binary format (for example, as in BIFS / XMT-A). XML Schema has to be used rather than DTDs;

Proponents are free to describe further opportunities and benefits that can be provided by their proposed technology, within the scope set out in this document.  

Timetable and Procedures
The following planned meetings of MPEG are referred within the subsequent CfP process:

· CfP Draft Issued - 68th MPEG meeting, Munich, Germany, 15th-19th March 2004

· CfP Issued - 69th MPEG meeting, Seattle, WA, 19th-23rd July 2004

· CfP Responses - 70th MPEG meeting, Palma de Mallorca, Spain, 18th-22nd October 2004

· Verification – 71st MPEG meeting. 

Further details of these meetings are available at http://www.chiariglione.org/mpeg/meetings.htm.

All communications concerning the call and responses thereto should be addressed to the CfP contact below, and communications are preferred in electronic form, via email.

· CfP Contact - Audio Subgroup Chair:  Schuyler Quackenbush (srq@audioresearchlabs.com)

Non MPEG members should approach the CfP contact for assistance regarding all aspects of their submission and subsequent attendance at MPEG meetings, which may involve explaining how they can become accredited to attend the meetings.

Registration

There is no need to register interest in responding to this call.

Participation

Parties that may be interested in responding the future CfP are urged to attend the 69th MPEG meeting in Seattle, WA, USA, so that experts familiar with the future proposed technology can discuss the details of the CfP (and subsequent submissions). At this time, attendants can raise any further items that should be reflected in a final Call.

Respondents to the CfP should be prepared to attend the 70th MPEG meeting in Palma de Mallorca to discuss details of their proposals.

Documentation

CfP respondents should submit as contributions to the 70th MPEG meeting, October 2004:

· A description of the technology having sufficient detail to permit technical discussions.  

· Evidence of the capabilities of the technology solution.

· A description of the application scenarios (use cases) that motivate the usefulness of the proposed technology.
· If appropriate, the proponent may provide comments on the requirements and the evaluation process in context of the application scenarios or use cases.  
Proponents that are MPEG members shall register these documents as contributions to the 70th MPEG meeting by adding them to the contribution registry prior the close of the registry i.e. by 11th October, five working days before the 70th meeting.  Proposal title and author information should be copied to the CfP contact at that time. Proponents that are not MPEG members shall email the complete submission documentation to the CfP Contact no later than 11th October, so that the CfP Contact can register the proposal as contributions to the 70th meeting.  The proponent’s documents should be written in Microsoft Word.

Evaluation criteria:
At the 70th MPEG meeting and associated AHG meetings, detailed proposals for evaluation of the proposed technologies will be set out based on the submitted documents and verifications of proponent system performance, as provided by the MPEG community. 

MPEG will evaluate proposals according to the following evaluation criteria:

· The format has to be capable to model the symbolic music representation according to the above core requirements. Test cases will be taken from common western music notation. 

· The solution has to show its capabilities of navigating in the logical structure of the SMR. 

· The solution has to show its capabilities of the scalability allowing the rendering also with some missing details about visual and graphical aspects. 

· The solution has to be capable to show the evidence of format rendering on visual and audio aspects giving also the evidence of relationships among music elements and synchronization to audio and visual content that could be present in MPEG applications. 

Verification will be made on proponent system functionality to ensure that the system complies with the requirements of this call.  

The final selection of that proponent technology that will become SMR Reference Model Zero (SMR RM0) will be based on the judgment and consensus of the experts in the WG11 Audio subgroup. This judgment will take application scenarios into account.  

Submission of Verification Set

Prior to the commencement of the 71st MPEG meeting, proponents should submit the verification set as specified at the 70th meeting, likely to comprise:
· Executables – Proposed solution test files and demonstration tools shall be delivered to the CfP Contact as XML files and executables together with a minimum specification of the platform for the execution of the applications.  Supported software platforms are recommended to be Windows or Linux/Intel.
· Verification - For each test item, related information and description shall be supplied corresponding to each individual test item. The precise procedure for accessing the file should also be clearly specified.    

Submission can be by email of zipped archives or by mailing a CD-ROM. Queries on the submission method should be addressed to the CfP contact.

Core Experiments

The best technology, as identified in the evaluation process, will be SMR RM0 and be the basis for subsequent core experiments. Proponents whose technology is selected as SMR RM0 and all proponents participating in the subsequent core experiment process shall supply a detailed description of their technology. The description of the core experiment process will be available at the next MPEG meeting in Seattle.
Test Material 
With this call, WG11 solicits responses from parties who can offer appropriate material for testing SMR solution of the proposed technologies. 

Parties who can make testing materials available are asked to submit in addition to the material, the following: 

· Description of the test to be performed, actions and expected responses.

· Expected visual output of the test results (e.g., an image or a printout).

· Expected audio output of the test results (e.g., a MIDI file).

Ideally, the test materials should be of very high quality and should cover various genres of music.  

Call for Proposals Contact information

To register for this call or for any other questions about the call, including MPEG-4 technology, test conditions, required software or test sequences please contact the Audio Subgroup Chair, Schuyler Quackenbush (srq@audioresearchlabs.com).
References

The following informational documents on MPEG-4 may be accessed through following links:
· http://www.chiariglione.org/mpeg
· http://mpeg.nist.gov (Proponents that are not MPEG members are invited to address requests to the CfP Contact).

Note. This call does not imply nor guarantee that MPEG will select one or more technologies nor necessarily decide to pursue standardization of SMR technologies.

Annex: Informative Issues about SMR Integration in MPEG-4

Symbolic Music Representation (SMR) could be integrated into MPEG-4 by:

· adding a new Object-Type for the delivering of a binary stream containing symbolic music representation and synchronization information;

· defining one or more XML formats for a text based symbolic music representation to be used for interoperation with other symbolic music representation/notation formats and as a source for the production of the binary information;

· adding a new BIFS node for using a symbolic music representation stream inside a BIFS scene, the node interface (fields) have to be properly defined according to the interactivity requirements (see above);

· specifying the architecture and the general behavior of the symbolic music representation decoder and its relationships with the other BIFS nodes. For example, the other used BIFS nodes could be used to render the audio and visual aspects.

The following diagram describes a possible use of symbolic music representation in the authoring phase, highlighting the central role of the MPEG-SMR XML format:
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The MPEG-SMR binary stream contains information about music symbols and their synchronization (see the section on Access Units below). A decoder in the user’s terminal (player) converts this stream into a visual representation, which can be rendered in the BIFS scene at the proper time.

The (simplified) structure of a possible MPEG-4 player coping with MPEG-SMR is illustrated in the following figure:


The symbolic music representation node in the BIFS scene is used to render the symbolic music information in the scene (this could be done by exploiting functionalities of other BIFS nodes) as it is decoded by the SMR Decoder. The end user can interact with the symbolic music representation (change page, change view, transpose etc.) through the SMR node, using sensors. User’s commands are sent from the SMR node fields to the SMR decoder (dashed lines), which responds by generating a new view to be displayed in the scene. 

The structure of the SMR decoder could be:


Where:

1. the SMR Model includes only symbolic music representation information, while the images, audio, video, etc. (other object types) are simply referred to by using references to MPEG object types;

2. the Binary decoder decodes the binary stream coming from the MPEG-4 DMIF (Delivery Multimedia Integration Framework) interface. The decoder extracts the optional SMR Rendering Rules and the synchronization information from the symbolic music representation information, loading the SMR Rendering Rules data structure with any SMR Rendering Rules, and sending the synch info to the SMR Manager;

3. the SMR renderer, controlled by the SMR Manager, uses the SMR Model and the SMR Rendering Rules to produce a view of the symbolic music information in the SMR Decoder Buffer;

4. the SMR Decoder Buffer may contain pixels and/or vector graphics information. This is a solution dependent issue; 

5. the SMR Manager coordinates the behavior of the SMR decoder. It:

· receives and interprets the events coming from the SMR node interface. Depending on the command type it can modify the SMR Model (e.g., transposition) and/or control the SMR Renderer (e.g., change view, change page, etc.).

· controls the synchronized rendering using the synch info.

6. the SMR BIFS nodes and other BIFS nodes produce Composition Buffers  

· SMR BIFS nodes specify the interface events to the rest of the BIFS scene.

Integration with MPEG-SA

One of the basic use cases having symbolic music representation inside MPEG is this (see part A of the following figure): a publisher has symbolic music information/notation files in a proprietary format (e.g., Finale, Sibelius, Capella, etc.), and wants to publish them on MPEG-4 compliant devices so that end-users can see the music notation, and hear the corresponding music (synthesized sound). 

The following steps must be followed in order to perform this task using the MPEG-4 architecture:

1. use a converter to convert the original symbolic music representation/notation format to the MPEG-SMR format;

2. inside the authoring tool a specific tool may generate the MPEG-SA files as well as the appropriate synchronization information from the MPEG-SMR file;

3. the MPEG-SMR and MPEG-SA files are converted into binary and sent to the client;

4. on the client the two streams are decoded by the two decoders and sent to the compositor;

On the client side some manipulation may be done even if the two binary streams are separate. For example, a song may be transposed and/or its speed of execution may be changed. In these cases, the manipulation has to be done on both nodes, the SMR Node and the AudioSource Node.

Another situation (see part B in the following figure) could be that a publisher wants to send some MIDI files (or SASL, both carried by MPEG4-SA) to MPEG-4 compliant devices. Some of these devices may support SMR visualization, and thus enable the MIDI files to be automatically converted into an SMR Model on the client side and rendered.

For similarity (see part C in the following figure) only the SMR may be delivered. Thus, the MIDI information (or SASL if SA and SAOL orchestra are available) can be locally generated on the client side.


Symbolic Music Representation Access Units

As defined in ISO/IEC 14496-1, an Access Unit (AU) is an individually accessible portion of data within an elementary stream. An access unit is the smallest data entity to which timing information can be attributed at the Systems (e.g., also media synch) layer.


Regarding the encoding of SMR into the bitstream and in the AUs, we could try to define something similar to the SASL/MIDI case. SASL information can be encoded in MPEG-4 in three different ways:

1) part (or all) of the SASL file can be included in the header (object type specific info) and lines shall be time-stamped;

2) SASL lines can be inserted in AUs with timestamps (so it is possible to deliver certain AU "events" for a later use);

3) SASL lines can be inserted in AUs without timestamps, in this case the decoding time stamp of the AU is the reference time and events are scheduled immediately.

Each of the above three possibilities is associated with best use cases. For SMR information the same, or similar, structure may be followed. Regarding time and synchronization information with other media, this could be a different chunk of information in the header (if it is known in advance) or it could be a separated type of data in the AU, as mentioned above.

These three cases identify situations in which content is more or less available (reasonably) before its playback from those situations when this is not possible/reasonable. If a MIDI or SASL file is available, it can be put in the header; while, this must be done through AUs, if the author is playing a MIDI or SASL device in real-time and sending it in a stream. 

Furthermore, if all the content (e.g., the complete SASL file or, in this case, SMR information of a symphony) is ready for use and broadcasted, it is not advisable to put everything in the header. Users may actually switch on "TV" at any time, and the server will be required to periodically retransmit at reasonable intervals (carousel) all that chunk of information. Another case is when an author is producing an MPEG-4 file for a DVD, and so on. Other cases can be easily imagined: when the SMR is available, and the timing information to synchronize with other media is not available.

Moreover, in the case of symbolic music representation the synchronization information may also be provided by using a specific field (an array) of the SMR node. In this way, the synchronization information is carried with the BIFS stream and will allow synchronizing the SMR stream itself with different audio sources.


A complete solution including AU implies defining how to break content down into AUs in meaningful ways. This is an additional issue relating to the definition of the SMR format. In SASL, each AU has associated timing information (the decoding time stamp/composition time stamp). In some cases, the AU may contain additional time stamping for the SA scheduler so that, for example, all the events from 10 to 13 can be included in one AU at time 10. SMR, and its synchronization with other media, can be a very similar case. A graphical representation is shown in the following figure:


Functionality of the Symbolic Music Information interface BIFS node
This section describes a possible functions (divided by Category) of the symbolic music representation BIFS node. Some of them are directly exposed to the end-user (i.e. exposedField) through a possible new node interface; others are used with other BIFS nodes or in the definition of the scene (i.e. simple fields).

SMR General Information

· get the title, author and other basic metadata.

· get the number of measures

· get the duration

· get an array with part names

· get an array with current bookmarks

· get the list of languages for which the lyric is present

· get the decoder supported visualization rendering formats (e.g. Tablature, staff, etc.)

· get the associated links

· get the list of annotation symbols that can be used

· …

Visualization

· select the parts to be shown:

· one part ( single part view,

· some parts ( selected parts from the main full score,

· default ( main full score

the parts may be identified by name, by staff position, by id, by group (e.g. violins, flutes)

· select the visualization rendering format: staff, Tablature, ...

· switch the lyrics on/off for each part and possibly set the language to be used (English, Italian, French…)

· set the one/multiple page view

· zoom factor +/-/set/fit

· enable/disable hyperlinks view

· set the color for every SMR event (e.g. background color, lyrics color, etc. )

· set the overall transparency

· set the background transparency

· ...


Navigation

· page +/-

· go to page

· go to measure

· go to beat

· go to time

· go to bookmark/label

· go to first page

· go to last page

· …

SMR Modification

· Transpositions

· Insert/edit/delete personal textual annotations

· Insert/edit/delete personal symbolic annotations (using symbols defined by the publisher)

· Insert/edit/delete fingering, bowing, breath indications, attention marks, cautionary accidentals, dynamics, tempo markings, specific marks like piano pedal, cue notes…

· Add/delete bookmarks/label

· …

SMR Playback

· start/pause/stop the synchronous mode

· set the execution speed

· set the synchronization prompt. For example a ball showing the current playing measure, a bar indicating the execution position, coloring current playing notes, no indication or merely generate an event saying the position coordinates of the measure/note currently being played.

· …
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