Assessing Optical Music Recognition Tools

Author: Ivan Bruno, P. Bellini and P. Nesi 

Presenter: tbd

Type of Proposal: case study and open problems

Introduction

The Optical Music Recognition task is more complex than OCR. Despite to the availability of several commercial OMRs: SharpEye2, SmartScore, Photoscore, CapellaScan, etc., none of these is satisfactory in terms of precision and reliability. The efficiency declared by the each distributor is close to 90%, but this value is obtained only when quite regular music sheets are processed and the estimation is not always objective. In the character or face recognition field, there are many ground truth databases that enable recognition results to be evaluated automatically and objectively. At the present time, there is neither a standard database for music score recognition or a standard terminology. If a new recognition algorithm or system were proposed, it could not be compared with the other algorithms or systems since the results would have to be traditionally evaluated with different scores and different methods. Taking these facts into consideration, it is indispensable to make a master music score database that can be used to objectively and automatically evaluate the music score recognition system. At the same time a set of rules and metrics are needed in order to define what aspects have to be considered in the evaluation.

Evaluation methodologies for OMR application 

To cope with the lack of standard methodologies, a study for the definition of OMR performance evaluation models has been conducted. Actually, the study is in progress and is focussed to monophonic music score. The chosen solution has been addressed in defining two evaluation methodologies.

Evaluation of basic symbols recognition – This is a low level analysis where the recognition of each basic symbols and  to consider them independently each other is measured. An elementary information is assigned to each symbol and its recognition constitutes the first step in the reconstruction of complete music symbols. In this terms, this kind of evaluation allows considering the capacity of the system in recognising elementary information. A set of basic symbols has been defined on the basis of examples considered as test images. For each category of symbols the following metrics have been defined:

1. The occurrence number of expected symbols for each category, counted in the original score.

2. The occurrence number of correct symbols, counted in the reconstructed score respect of the original score.

3. The occurrence number of confused symbols, added or wrong symbols counted in the reconstructed score respect of the original score.

4. The occurrence number of missed symbols, symbols not recognised but that are in the original score. 

Evaluation of complete music symbols and relationships reconstruction – The goal is to evaluate the capacity in recognising complete music symbols and music syntax. A complete music symbols is the final result in reconstructing relationships among basic symbols. Some basic symbols are at the same time complete music symbols (rests, clef), whereas others are elementary components (a piece of beam, an augmentation dot, etc…) of a more complex music symbol. Recognising a single basic symbol does not mean that the music symbols will be correct, since from the point of view of final result the music symbol has to be identified and characterised by its music features and relationships with other symbols. The identification of a note head does not imply the complete note recognition, it is characterised by its pitch, duration, an accidental correctly assigned, if it is in a group of note, etc… The realisation of a beamed notes group is an index of the capacity in reconstructing relationships among notes of the group. To this end, an evaluation set of complete music symbols and relationships among symbols have been defined and for each category the following metrics have been defined:

1. The occurrence number of expected N complete symbols or relationships for each category, they are counted in the original score.

2. The occurrence number of correct nt complete symbols or relationships for each category, they are counted in the reconstructed score considering the original score.

3. The occurrence number of added na complete symbols or relationships for each category, they are counted in the reconstructed score considering the original score.

4. The occurrence number of fault nf complete symbols or relationships for each category, they are counted in the reconstructed score considering the original score.

5. The occurrence number of missed nm complete symbols or relationships for each category, symbols or relationships not recognised but that are in the original score. They are counted in the reconstructed score considering the original score.

For each category the following equation is valid:

N = nt + nf + nm
This evaluation method extends the previous and is characterised by a more accurate analysis, in fact a music symbol or a relationship is considered correct if basic symbols and music symbols that are involved in the relationship are correct.

For both the methodologies some performance indexes have been defined.

Definition of test – The missing of a ground truth databases has conditioned the choice of tests, to cope with this lack, seven images have been selected from the archive of collected images at the DSI. The chosen music scores  have the following features:

· Monophonic music

· Font variability

· Music symbols frequently used in the classic music repertory

· Variable density of music symbols 

· Irregular groups presence (triplets, etc.)

· Small note with or without accidentals (grace note, appoggiature)

· Different barlines (start, end refrain, end score and double barline)

· Clef and time change

· Ornaments (mordent, turn, trill)

Three application have been selected in order to compare the performance in the score recognition: SharpEye2 (Visiv), SmartScore (MusiTek) and O3MR (developed at the DSI – University of Florence).

Recognition costs

The evaluation of the recognition system performance is not only reduced to a simple counting of correct, fault, missed, added symbols, but it has to take in account the work needed to correct mistakes, to re-format a measure, to rebuild music symbols at the end of recognition. Many of these operation are strictly connected with the music notation format used for representing the music information and the capacity of the adopted recognition system and music editor. An OMR system could be considered the best if it minimises the time needed for the correction. To evaluate the reconstruction of a score, it is needed to compare the original score with the rebuilt score by the system in order to check for mistakes, missed or added music symbols or relationship among symbols. The check is needed even if the rate is 100%, since there is not any warranty that what has been rebuilt is really correct. Then, the correct symbols has to be also considered in order to validate their reconstruction. 

These considerations highlight the need to define different cost as:

· Average editing cost to insert or create a new symbol or relationship by means of a music editor.

· Average verify cost to check the correctness of music symbols or relationships.

· Average cost to correct mistakes, it is defined as the sum of the proper cost to correct the mistakes and the verify cost.

· Average cost to delete the added symbols or relationship, it is defined as the sum of the cost to delete the symbol and the verify cost

· Average cost to resume missed symbols or relationship, it is defined as the sum of the cost to edit the symbol and the verify cost

· Average cost to check correct symbols or relationship, it is equal to the average verify cost.

The last four costs are strictly connected to the performance of the OMR system, whereas the editing cost and the verify cost depend on the usability of the used music editor, the skill of the user for checking the symbols.

These costs allow to evaluate if it is convenient or not to adopt a automatic recognition in an objective manner, since it is possible to evaluate and compare the real cost for the automatic system and the manual writing by means a music editor.

Results

The presentation performed at the Open workshop will include a real presentation of results obtained in the evaluation of the three software used: SharpEye2 (Visiv), SmartScore (MusiTek) and O3MR (developed at the DSI – University of Florence). The set of used images and the counting mechanism used to evaluate the adopted metrics will be also shown. Some open problems will be presented and discussed as:

1. If it is necessary to consider all the symbols with same importance or to define a sort of priority range for music symbols and relationship has to be recognised. How many symbols and relationship have to be considered in the evaluation of an OMR system. How to establish the importance of music symbols, the definition of weights to be used in the evaluation of performance indexes, etc… 

2. Early definition of a standard terminology.

3. A statistic evaluation about the average costs needed to create from scratch a music score by means a music editor.

4. A solution to perform the check of music symbols in a rebuilt music score and reduce the verify cost.

5. Starting defining of a ground truth database.

6. Exchange of experiences on the utilisation of OMR software.

