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1 Introduction

My personal research interests lie primarily in the field of music informatics. In particular, my

goals are to develop robust systems for
1. automatic transcription of music from MIDI to notated scores,
2. content-based music information retrieval,
3. automatic music analysis and modelling music cognition.

These goals will be discussed in more detail below.

In order to evaluate and compare such systems, one needs access to large, ‘gold-standard’
collections of encodings of musical scores and expert music analyses that can provide a solid
ground truth against which the output of such systems may be compared. I am therefore also
interested in the development of better techniques for building publicly available, large, error-free
collections of encodings of musical scores and expert music analyses.

In principle, it should be possible to integrate the best music-processing algorithms into a
single system in which the various algorithms use the same core data structures for representing
musical information. These core data structures should allow for the transparent mapping
between corresponding elements in audio, MIDI and score representations of the same musical
work. Ideally, it should be possible to use these same data structures for effectively manipulating
and creating new musical material on both the audio and symbolic levels of structure. I am
therefore also interested in the design of flexible, extensible and multi-level data structures and

representations for processing music information.

2 Automatic transcription of music from MIDI to notated

scores

A challenging problem in music informatics is that of computing a correctly notated score of
a passage of music from a MIDI file representation of the passage, in which the onset time,
duration and MIDI note number of each note in the passage are given. Typically, if the MIDI
file is generated from a human performance on a MIDI-enabled instrument, then the onset times
and durations of the notes in the passage are not strictly proportional to the correct notated

values. The performer may also play wrong notes or miss notes out. A MIDI-to-notation
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transcription system must therefore be robust to various types of ‘noise’ in the input data, if it
is to cope with MIDI files generated from human performances.

Existing audio music transcription systems generate not notated scores but MIDI-like, ‘piano
roll’ representations as output (Abdallah and Plumbley, 2004; Davy and Godsill, 2003; Plumbley,
Abdallah, Bello, Davies, Monti, and Sandler, 2002; Walmsley, 2000). So, if one needs to produce
a notated score from a digital audio recording, one needs not only an audio transcription system
but also a MIDI-to-notation transcription system which is robust to the types of errors typically
made by audio music transcription systems.

The flow-chart in Figure 1 illustrates the process of transcribing music from audio to a
correctly notated score. A MIDI-like piano-roll representation is typically generated from an
audio file using an audio-to-MIDI transcriber. The MIDI file is then given as input to a MIDI-
to-notation transcriber which computes the information required to generate a correctly notated
score. For the output to be a well-formed score, the MIDI-to-notation transcriber must at least
compute the metrical structure, notated durations, pitch names, voices and key signatures. The
components of the MIDI-to-notation transcriber that compute this essential information are
indicated with asterisks.

A number of authors have proposed systems for automatic ‘beat-tracking’ or metrical struc-
ture analysis of MIDI data (for a recent review, see Temperley, 2004). The metrical structure of
a passage has to be analysed in order to compute the time-signature (e.g., 3/4, 6/8, 4/4, etc.)

that is in effect at each point in the passage. Computing the notated duration of each note is
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related to the ‘quantization problem’ (Desain and Honing, 1992) and involves associating the
onset and offset of each note with a particular beat at some level in the metrical structure.

A number of algorithms have been proposed for computing the pitch name of each note in
a passage of tonal music (Cambouropoulos, 1996, 1998, 2001, 2003; Chew and Chen, 2003a,b,
2005; Longuet-Higgins, 1987; Meredith and Wiggins, 2005; Meredith, 2003, 2005; Temperley,
2001). Most experts have assumed that the pitch name of each note depends on the local key
and voice-leading. However, my research in this area (Meredith, 2006) suggests that the effect
of local key is much more important than that of voice-leading and I have proposed a new
algorithm, PS13s1, which predicts pitch names by modelling the listener’s perception of local
key. PS13s1 is the most accurate pitch spelling algorithm proposed to date.

PS13s1 can also be used to track the local key throughout a passage of tonal music and thus
determine the appropriate key-signature at each point. A number of other key-finding algorithms
have also been proposed in the literature (Chuan and Chew, 2005; Holtzmann, 1977; Krumhansl,
1990; Raphael and Stoddard, 2003; Shmulevich, Yli-Harja, Coyle, Povel, and Lemstrom, 1999;
Temperley, 1999; Vos and van Geenen, 1996). However, evaluating and comparing key-finding
algorithms is difficult because experts do not always agree on the key that is in effect at each
point in a passage of tonal music.

In order to generate a well-formed score from a MIDI file, it is also necessary to identify the
voice to which each note belongs. Algorithms for carrying out this task have been proposed by
Temperley (2001), Chew and Wu (2004), Cambouropoulos (2000) and Kilian and Hoos (2002).

My goal is to produce an optimal system for carrying out MIDI-to-notation transcription by
evaluating, comparing, optimising, improving and combining the algorithms that are currently

available for carrying out the sub-tasks involved in the complete transcription process.

3 Content-based music information retrieval

The need for efficient and effective systems for managing large quantities of digital music informa-
tion has increased steadily over the past decade, fuelled by, for example, the emergence of online
music stores (e.g., iTunes) and the demand for intelligent music recommender systems (e.g.,
Amazon, MediaUnbound). Development in this area will undoubtedly accelerate rapidly with
the emergence of new large-scale digital music services such as Microsoft and MTV’s “URGE”.
The success of the ISMIR conferences ((http://www.ismir.net)) also bears witness to the
growing demand for effective and efficient music information retrieval systems in education and
academia as well as in the worlds of entertainment and e-commerce.

Fast and effective systems exist for content-based information retrieval in text databases (see,
for example, the proceedings of the Text Retrieval Conferences (TREC), (http://trec.nist.gov)).
However, there are still fundamental problems that need to be solved before comparably effi-
cient and effective systems are available for content-based retrieval of information from music
data. Both audio and symbolic music data are fundamentally different from text data in that
they are multi-dimensional and numerical. This means that the efficient string algorithms that
are typically used in text retrieval cannot be straightforwardly adapted for use on polyphonic
music data. A more promising approach is to employ techniques derived from fields such as

computational geometry, computer vision and point-set pattern matching.
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Between 1999 and 2003, I worked in collaboration with Kjell Lemstrom and Geraint Wiggins
on developing multi-dimensional point-set pattern matching and pattern discovery algorithms
for polyphonic music information retrieval (Lemstrom, Wiggins, and Meredith, 2001; Mered-
ith, Wiggins, and Lemstrom, 2001; Meredith, Lemstrom, and Wiggins, 2002, 2003; Wiggins,
Lemstrom, and Meredith, 2002). These algorithms were then further developed by Ukkonen,
Lemstrom, and Mékinen (2003) and Lubiw and Tanur (2004). The main problem with these
algorithms is that even the fastest versions of the pattern discovery and matching algorithms are
quadratic in the worst case. Within the past few months, I have worked with Raphaél Clifford
and Manolis Christodoulakis at King’s College, London, on improving the time complexities of
these algorithms by using techniques including FF'T, universal hashing and randomized projec-
tion.

Unfortunately, to be practical for use on large collections of music data, retrieval algorithms
must work in sub-linear time, which involves the development of better indexing techniques.
This provides a practical motivation for developing systems for analysing the motivic/thematic

structure of musical works (see next section).

4 Automatic music analysis and modelling music cognition

A musicologist analyses a musical work in order to gain a deeper understanding of it. In particu-
lar, he or she attempts to “determine the structural elements and discover the functions of those
elements” (Bent and Drabkin, 1987, p. 5). Although many different methods of analysis have
been proposed, it is usual to begin the analysis of a tonal work by determining its harmonic
and tonal structure: that is, by determining the sequence of keys and chords implied by the
music. A number of algorithms have been proposed for carrying out harmonic analysis (e.g.,
Maxwell, 1992; Raphael and Stoddard, 2003; Temperley, 2001; Winograd, 1968, 1993). A har-
monic analysis of a passage of tonal music is essentially a string of symbols. A multi-dimensional
representation of a passage of polyphonic music can therefore potentially be reduced to a one-
dimensional string by analysing its harmonic structure. Such strings would then be amenable
to being processed using fast string algorithms. One possible application of harmonic analysis
is therefore in music information retrieval.

Another well-established method of music analysis is motivic/thematic analysis (Nattiez,
1975; Ruwet, 1972; Schoenberg, 1967) in which the analyst identifies the perceptually significant
repeated patterns in a work. Only a relatively small number of systems have been proposed for
automatically determining the significant repeated patterns in a passage of polyphonic music
(Meredith et al., 2002). Unfortunately, the best of these systems works in quadratic time which
is impractically slow for analysing large works such as symphonic movements. The results of a
motivic/thematic analysis could be used to build indexes for music collections that could allow
for retrieval in sub-linear time. However, no algorithm yet exists that can effectively analyse
the motivic/thematic structure of a large polyphonic musical work in a practical running time.
Another of my research goals is therefore to develop such an algorithm, possibly by specializing
the algorithms described by Meredith et al. (2002).
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