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ABSTRACT

The objective of the PROBADO project is the development
of prototypical digital library systems for non-textual docu-
ments. ! As two examples of such non-textual documents,
architectural 3D models and music documents are being
considered. Besides user interfaces providing sophisti-
cated interaction with non-textual documents, content-based
search methods were developed and integrated. In this con-
tribution we want to give a demonstration of the PROBADO
Music System that is currently prepared for online access at
the Bavarian State Library.

1. INTRODUCTION

More and more efforts to digitize music documents stored
in archives or libraries can be observed. One reason for
the increasing digitization is long term preservation. At the
same time this development presents the possibility of offer-
ing online-access to those collections (see, e.g., the Petrucci
Music Library,? Chopin Early Editions* or the Neue Mo-
zart Ausgabe*). However, the presentation of the docu-
ments is mostly rather rudimentary. If for a piece of music
several documents (e.g., sheet music and an audio record-
ing) are available, the user has no possibility of easily ac-
cessing them simultaneously. The collections are usually
managed on a document level rather than on a piece of music
level. When dealing with music collections, another issue to
be addressed is document search. Rather than the commonly
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applied metadata search, a content-based search seems more
appropriate. Some systems already provide content-based
search to some extend but usually the occurrence positions
within the documents are not made available (see, e.g., [2,5]
and the melody search of the Petrucci Music Library? ).
The presented system contributes towards the elimination
of these shortcomings.
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Figure 1. User interface of the PROBADO Music System. Top:
The web interface for query formulation and result presentation.
On the bottom right, the document viewer allows access to music
documents. Bottom: Lyrics visualization of the document viewer.
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2. SYSTEM OVERVIEW

When developing a digital library system, two key chal-
lenges have to be addressed. First, how can a growing
document collection be managed time-efficiently and sec-
ond, how can users be enabled to access this collection intu-
itively.

The two document types considered in the PROBADO
Music System are scans of sheet music and audio record-
ings. In addition, for pieces containing vocal parts, the
lyrics are extracted from the score scans. Using music syn-
chronization techniques, those different music representa-
tions are automatically being linked amongst each other [4].
For each document type, the PROBADO Music System of-
fers an appropriate visualization (see Fig. 1). Due to the
pre-calculated linking structures, the current playback po-
sition in the selected audio recording is highlighted in ev-
ery visualization. Besides intuitive score-following, this al-
lows for score-based and lyrics-based navigation in an audio
recording. In addition to presenting a document containing
the same piece of music for each modality, the system of-
fers the possibility of easily switching within one document
type, while maintaining the musical position in the piece of
music. Therefore, the user can change the audio recording
during playback and thus easily compare different interpre-
tations. Equally, the presented score edition can be changed.

Content-based search methods for each modality en-
hance the exploration capabilities of the system. Following
the query-by-example paradigm, the user can select an ex-
cerpt in each visualization and trigger querying in all modal-
ities (see Fig. 1). Furthermore, a multimodal search is pos-
sible by combining queries from different modalities. For
content-based queries, matching positions within the doc-
uments are highlighted to allow for an easy access and a
detailed analysis of the query results.

To realize the presented library access system, a full-
fledged, widely automated processing chain for the prepara-
tion of digital music collections was developed. After dig-
itization, the music documents are indexed, annotated and
prepared for access. In addition, the alignment structures
as well as the indexes (score, audio and lyrics) are calcu-
lated. To ease the task of annotation, automatic segmenta-
tion methods are provided. The applied alignment methods
calculate a synchronization on measure level and are there-
fore rather tolerant w.r.t. errors made by the incorporated
Optical Music Recognition system (OMR). However, there
exist some error types that can strongly influence the quality
of the synchronization results (e.g., incorrectly detected re-
peats, transposing instruments). Although some techniques
for automated error correction are integrated into the sys-
tem (see [3, 7]), those might fail to detect all errors. There-
fore, user interfaces for the convenient, manual correction
of these influential OMR errors are provided.

As the goal of the PROBADO Music System is a holistic

music experience, providing access to further music docu-
ment types is architecturally realizable. For example, we
showed in a feasibility study the potential of adding music
videos [6]. Amongst others, this new document type would
allow for convenient performance analysis (e.g., costumes,
stage setting, conducting techniques).

For a more detailed introduction of the PROBADO Music
System, we refer to [1].

Acknowledgement. This work was supported by the Ger-
man Research Foundation (DFG, CL 64/7-2).

3. REFERENCES

[1] D. Damm, C. Fremerey, V. Thomas, M. Clausen,
F. Kurth, and M. Miiller. A digital library framework for
heterogeneous music collections—from document ac-
quisition to cross-modal interaction. International Jour-
nal on Digital Libraries: Special Issue on Music Digital
Libraries (to appear), 2011.

[2] J. W. Dunn, D. Byrd, M. Notess, J. Riley, and R. Scherle.
Variations2: Retrieving and using music in an academic
setting. Communications of the ACM - Music informa-
tion retrieval, 49(8):53-58, 2006.

[3] C. Fremerey, M. Miiller, and M. Clausen. Handling
repeats and jumps in score-performance synchroniza-
tion. In Proceedings of the International Conference on
Music Information Retrieval (ISMIR), pages 243-248,
2010.

[4] F. Kurth, M. Miiller, C. Fremerey, Y. Chang, and
M. Clausen. Automated synchronization of scanned
sheet music with audio recordings. In Proceedings of

the International Conference on Music Information Re-
trieval (ISMIR), pages 261-266, 2007.

[5] C. Landone, Harrop J., and J. Reiss. Enabling access to
sound archives through integration, enrichment and re-
trieval: the EASAIER project. In Proceedings of the In-
ternational Conference on Music Information Retrieval
(ISMIR), pages 159-160, 2007.

[6] V. Thomas, C. Fremerey, D. Damm, and M. Clausen.
SLAVE: a Score-Lyrics-Audio-Video-Explorer. In Pro-
ceedings of the International Conference on Music In-

formation Retrieval (ISMIR), pages 717-722, 2009.

[7] V. Thomas, C. Wagner, and M. Clausen. OCR-based
post-processing of OMR for the recovery of transposing
instruments in complex orchestral scores. In Proceed-
ings of the International Society for Music Information
Retrieval Conference (ISMIR) (to appear), 2011.



