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1 Introduction

1.1 Irish Traditional Music

The definition of Irish traditional music is very broad, and descriptions of its musical
characteristics are open to more than one interpretation. Its scope accommodates both
dance and non-dance music, and both instrumental and singing music. Irish traditional
music is played everywhere: pub sessions, street corners and even in large shows such as
the “Riverdance”. The music is normally played in unison [Prout '06], but in recent years
it has also seen the addition of harmonic accompaniment, as well as the modernist fusion
with other music styles such as jazz music [Vailely 99].

The “waditional” adjective is derived from its oral tradition, and has passed between
generations by listening and imitation, explaining to a certain extent the reason why a
large amount of traditional musicians do not read music. However, nowadays Irish
traditional music is widely taught by formal courses and the use of music notation is seen
as a great tool for teaching and learning. In addition, experienced players often utilise it
as a reminder to aid the musical memory. The recent incorporation of music notation
partly explains why the development of signal processing applications for traditional

musicians, professional or beginners, has not yet been explored.

Standard music notation (staff notation) uses symbols to indicate the onset time, pitch and
note duration. Many music transcription systems utilise onset detectors in order to
segment the signal, after which the pitch of the notes that comprise each musical segment

are then calculated [Godsmark '99, Kashino '95b]. The duration of the note can be



obtained by calculating the difference between the offset and the onset time. Additional
fields such as the tempo or the key signature can be calculated by utilising onset and pitch
information respectively [Scheirer '98]. This shows that the efficiency of onset detection

algorithms is crucial in music transcription systems,

Ornamentation plays a very important role in Irish traditional music [O'Canainn '93],
However, it is interpreted differently in Irish traditional music than in classical music. In
classical music, the expiession is achieved by adding notes to the melody. By contrast,
with the exception of the slide effects, Irish traditional music ornamentation is played on
the beat, and alters the onset of the notes in a manner in which only one note will be

heard (as opposed to two notes as in classical music) [Larsen '03].

Irish traditional music has slowly evolved over several hundred years, and instruments
such as the banjo were not accommodated until the 1930s. Other instruments such as the
guitar or bouzouki were not introduced till the 1960s (inspired by the American folk
revival) and are yet to be fully accepted [Carson '99, Vallely '99]. However, the presence
of the fiddle, the tin whistle and simple system flute, as well as the free reed instruments
concertina and button accordion dominate in the majority of the tunes [Carolan '06]. All
of these instruments have something in common; their onsets have a slow profile which
takes some time to reach the maximum amplitude value, as opposed to sharp onsets

typically found with percussive instruments such as the piano.



1.2 Aims and overview of the Thesis

The principal aim of this thesis is to develop different signal processing algorithms for
the purpose of transcribing Irish traditional music. This includes onset, pitch and
ornamentation detection. As mentioned in the previous section, onset detection systems
are integrated into the majority of music transcription systems. Thus, the development of
a robust system capable of detecting onsets within Irish traditional music represents a

major part of the presented thesis.

In order to achieve this objective, the different approaches that perform onset detection
are first reviewed. Existing onset detection approaches generally perform successfully on
detecting sharp onsets. However, their performance considerably degrades if the onset
has a slow profile, or when amplitude and frequency modulations are present in the

signal.

In addition, a literature review of pitch detection approaches has also been undertaken. A
pitch detection model that deals with the singularities of Irish traditional music such as
ornamentation techniques has not yet been implemented. Of the existing techniques,
knowledge based representations integrate musical information into signal processing
algorithms. These systems generally utilise an onset detector to segment the signal prior

to the pitch analysis, which inter-relates the onset and pitch detection problems.

The implementation of a robust system capable of detecting slow onsets is still an open

issue. In order to deal with the problem, an energy based method which focuses on the

(FS]



characteristics of a given instrument within Irish traditional music is presented [Gainza
'04¢]. This method was customised to the characteristics of the tin whistle, which is
according to [Vallely '99], “without doubt the most popular instrument in traditional
music today”. This is a good example of an instrument with a slow onset, and introduces
both frequency and amplitude modulations, which cause difficulties to detect using
existing onset detection techniques.

Onset detection systems produce a detection function, from which the onset candidates
are picked by using a threshold [Bilmes '93]. In this thesis, three different novel
thresholding methods are considered. The first method is based on the standard deviation
method [Pal '03], the second sets the thresholds according to the expected blowing
pressure that a tin whistle produces per note. Finally, a third thresholding method

combines the first and second methods.

Based on the latter onset detection method, a novel algorithm that detects single-note
ornamentation such as cuts and strikes has been developed [Gainza '04a]. In addition,
multi-note ornamentation such as rolls and cranns are also identified [Duggan '06b]

which completes the ornamentation transcription system.

The onset detector based on the tin whistle is also capable of dealing with notes played
legato. In addition, by adequately thresholding the onset detection functions, the
problems due to amplitude modulated signals are significantly reduced. However, the
system is prone to errors caused by frequency modulations and strong amplitude

modulations. In order to reduce the effect of the signal modulations, a new onset detector



which utilises FIR Comb Filters is presented. This novel approach takes advantage of the
harmonic shape of the comb filter spectrum in order to combine energy and harmonicity
signal information. The results notably improve the accuracy over existing onset

detectors when detecting slow onsets [Gainza '05b].

As outlined in the introduction, Irish traditional music has been historically played in
unison. In this case, a monophonic pitch detector should be capable of detecting the note
that has been simultaneously played by the performers, and polyphonic pitch detection
will not be required. However, harmonic accompaniment has been recently added to Irish
traditional music, and is generally performed by a stringed instrument such as a guitar or
bouzouki. The effectiveness of comb filter techniques in detecting slow onsets by
iracking harmonicity signal changes is shown in [Gainza '05b]. This leads to the use once
more of comb filter techniques for estimating the pitch' of the notes that comprise the

harmonic polyphonic mixture [Gainza "05a].

1.21  Summary of contributions

The attempt to transcribe Irish traditional music represents a novel contribution in the

field, since transcribing this type of music has never been attempted previously. In

' The terms pitch and fundamental frequency (f0), have historically been utlised as synonyms. However,
there is a conceptual difference between the two terms, where pitch refers to the perceptual attributes of the
fundamental frequency [Klapuri '98]. Tn order to be cohesive with the terminology utilised by the existing
research in the area, the term pitch detection has been utilised throughout this thesis to describe the
detection of the fundamental frequency. In addition, pitch detection also describes the detection of the

inverse of the fundamental frequency, which is denoted as “pitch period” [Moorer '74].



addition, the main specific contributions to knowledge included in the presented thesis
are listed as follows:

Contribution 1 The novel development of a slow onset detector

customised to the characteristics of the tin whistle, The model uses a multi-band
configuration adapted to the notes and modes played by the tin whistle. The
results show that the method improves upon existing onset detectors {Gainza
'O4c].
Three different novel thresholding methods have been implemented, from which
two set the thresholds automatically. The two methods perform successfuily in the
onset detection system, improving upon existing automatic thresholding methods.
The development of these thresholding methods can be interpreted as a sub-
contribution within Contribution 1.

Contribution 2 A novel ornamentation detector based on the system
related to Contribution | has been implemented. The method transcribes the most
widely played single and multi-note ornamentation types such as cuts, strikes,
rolls and cranns [Gainza '04a].

Contribution 3 The development of a novel onset detector which
extracts the signal harmonicity structure by the use of comb filters. The system
improves the accuracy upon existing methods on detecting slow onsets, and on
dealing with frequency and amplitude modulations. In addition, the system
provides a more accurate onset time [Gainza '03b].

Contribution 4 The harmony provided by a musical accompaniment

ts captured by a multi-pitch estimator based on comb filters, which is utilised to



detect the triads played by the accompaniment instrument. The system improves

upon existing comb filter based multi-pitch detectors [Gainza '03a].

1.3 Contents of the Thesis

The research undertaken in this thesis is contained within the following chapters:
Chapter 2: Irish Traditional Music - this chapter documents the general aspects that
describe Irish traditional music. This covers the main instruments played, the structure of
the music and ornamentation theory. Due to the prevalence of the Irish tin whistle within
Irish traditional music, 1ts musical characteristics are also described. This knowledge is
used in Chapters 6 and 7 to develop an onset detector and an ornamentation detector
respectively.

Chapter 3: Comb filtering - this chapter provides a brief description of comb filter
techniques. These methods have been utilised in this thesis to implement different
musical applications within an Irish traditional music context, such as onset detection
(Chapter 8) and pitch detection (Chapter 9).

Chapter 4: Onset Detection - this chapter reviews the different onset detection
approaches, and discusses the advantages and disadvantages of the existing methods. The
conclusions documented in this chapter leads to the development of the onset detection
methods presented in Chapters 6 and 8.

Chapter 5: Pitch detection - this chapter reviews the different pitch detection
approaches. A discussion of the methods is also given, investigating their use in an lrish
traditional music context. The chapter serves as an introduction to the ornamentation and

pitch detection methods develop in Chapters 7 and 9 respectively.



Chapter 6: Onset Detection System applied to the Tin Whistle (ODTW) - this chapter
presents a novel onset detector customised according to the characteristics of the Irish tin
whistle described in Chapter 2. The system is compared against existing onset detection
methods.

Chapter 7: Ornamentation transeription — this chapter presents a novel ornamentation
detector based on the theory introduced in Chapters 2 and the onset detector presented in
Chapter 6.

Chapter 8: Onset Detection system based on Comb Filters (ODCF) - this chapter
presents a novel onset detector based on FIR comb filters which focuses on the
harmonicity of the signal. The system can be utilised to detect onsets of any slow onset
instrument. The system is compared against existing onset detection methods and the
ODTW.

Chapter 9: Multi-piteh Estimation Using Comb Filters (MPECF) — this chapter
presents a novel multi-pitch detector based on comb filters. The system is compared
against existing comb filter based pitch detection methods.

Chapter 10: Summary and future work — this chapter documents the main

conclusions, and discusses further work.



2 Irish Traditional Music

As previously mentioned in the introduction chapter, Irish waditional music contains
various definitions, musical contexts and forms. This chapter aims to introduce the
general aspects that describe Irish traditional music. The main instruments that are part of
Irish traditional music are documented in Section 2.1. Due the high relevance of the tin
whistle within Irish traditional music, Section 2.3 is devoted to its musical characteristics.
In this thesis, applications for detecting the onsets and transcribing the ornamentation
played by the tin whistle are presented in Chapters 6 and 7, respectively. Section 2.2
focuses on the structure of the music, covering the modal nature of the music, its different
forms and introducing the ornamentation. Finally, a discussion and some conclusions are

given in Sections 2.4 and 2.5 respectively.

2.1 Instruments

As mentioned in the introduction, there are numerous instruments that currently play Irish
traditional music. However, the bulk of the music is played by the fiddle, the uilleann
pipe, the tin whistle and simple system flute, as well as the free reed instruments

concertina and button accordion [Carolan '06].

2.1.1  The Fiddle

Even though the fiddle is exactly the same instrument as the violin, the style of playing
differs considerably in traditional and classical music. As an example, the use of vibrato

is practically non existent in traditional dance music, as opposed to classical music where



it is an integral part of the style of the player [Carson '99, Vallely '99]. In Figure 2-1, a

picture of a fiddle player performing along with a flute player is shown.

Figure 2-1: Fiddle and flute players in a pub session

2.1.2  The uilleann (elbow) pipe

The willeann (elbow) pipe refers to the bellow-blown bagpipe, which supplies a
continuous flow of air to the instrument. The melody line is supplied by a chanter which
is usually tuned in D. In addition, three drones provide a constant accompaniment to the
lowest note of the chanter, which are tuned in unison, one octave below and two octaves
below respectively. Finally, keyed melody pipes (regulators) are capable of providing
occasional harmony to the drones and chanter [Carson '99, Vallely '99]. It is paradoxical
that one of the oldest instruments in a historically melodic music, has this significant
potential to provide harmony accompaniment. It is documented that the regulators were
added to satisfy ears of the nineteenth century musicians [O'Canainn '93]. However,
pipers rarely exploit the harmonic possibilities of the instrument [Carson '99]. The

uilleann pipe has been a very important instrument in the development of the styles of



melodic instruments within the Irish traditional music, specially concerning the

ornamentation techniques [Larsen '03].

2.1.3 The Simple-System Flute

The simple-system flute, also called Irish flute, is a mouth blown instrument with six
holes that are exclusively covered by the fingers (as opposed to by a key mechanism)
[Larsen '03]. As an example, Figure 2-1 displays a picture of a simple-system flute player
performing in a traditional music session. The simple-system flute can also have
additional holes covered by keys to extend the possibilities of the instrument. However,

these keys are not needed to play the vast majority of Irish traditional music tunes.

2.1.4 Free Reed Instruments

Melody free reed instruments such as the melodeon, button accordion and the anglo
concerting are also widely utilised in Irish traditional music. In these instruments, the air
stream is generated by the action of blowing a bellow using the hands, which go across a
set of paired metal reeds causing them to vibrate. The three instruments are single-action
instrtuments, which have keys that can produce two notes depending if the player presses
or draws the bellow [Vallely '99]. The melodeon has a set of ten keys, which produces
twenty notes of the diatonic scale. The instrument was replaced by the button accordion,
which includes a row of keys to produce a full chromatic scale. Since traditional music is
essentially diatonic, the second row is reserved to produce ornamentations. Finally, the
anglo concetrtina is a small accordion with hexagonal shape, having five keys at each side

[Vallely '99].



2.1.5 Other instruments

The tin whistle is a six holes fipple flute from the family of the recorder. [Vallely '99]
states that the Irish tin whistle “is without doubt the most popular instrument in
traditional music today”. In Section 2.3, a more detailed description of the Irish tin
whistle is given.

Other instruments include the harp, which is the national symbol of Ireland. However,
the decline that the instrument suffered in the seventeenth and eighteenth century
fractured the oral transmission between generations [Vallely '99]. As a result, today’s
harpers are seen as innovators, and the harp is not fully integrated in Irish wraditional
music [Vallely '99].

Percussion in Irish traditional music plays a minor role [Carolan '06]. When utilised, the
bodhran would be a common choice. This instrument is a one single side frame drum

made with goat skin, and it is played with the hand or a stick. An example of a bodhran

participating in a traditional session is illustrated in Figure 2-2.

NG
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Figure 2-2: Bodhran and guitar accompaniment playing together



When utilised, accompaniment would generally be of a simple kind. Dominant harmonic
instruments are the guwitar and the bouzouki, which were not introduced until the 1960s
thspired by the American folk revival. In Figure 2-2, a guitar providing accompaniment is
shown in the background. However, harmonic instruments are yet to be fully accepted in
all traditional musician circles [Carson '99, Vallely '99]. During the present time, there is
also a tendency of using a piano to provide harmony in contemporary commercial
recordings. However, due to the bulky, heavy and expensive nature of the instrument, it is

not used in informal non-commercial pub sessions.

2.2 Structure of the music

2.21 Modes

[rish traditional music has a modal nature, which means that the tones which compose the
scales are based on the seven modes developed in the middle ages. The modes, which
were grouped under the name “church modes”, are the following: Jonian, Dorian,
Phrygian, Lydian, Myxolidian, Aeolian and Locrian [Vallely '99]. All these modes
produce a scale based on a sequence of five tones and two semitones. The standard major
and natural minor scales in western music are two of the church modes: the Ionian and
Acolian, which correspond to the major and minor scale respectively. As contrast, Irish
traditional music uses four of the seven church modes: lonian (major scale), Dorian,
Acolian (minor scale) and Myxolidian. A list of the most commonly utilised modes by
the flute, tin whistle and the uilleann pipe in Irish traditional music is given in [Larsen
'03]. The same modes are repeated in Table 2-1, where Af* denotes that the mode Af is

less used than the rest of the modes of the list.



Mode tonal centre | Mode type
[onian D, Gand A*
Mixolydian D, Gand A
Dorian E, A and B*
Aecolian E.Aand B

Table 2-1: Most common used modes by the tin whistle, flute and the uilleann pipe

(adapted from [Larsen '03])

it should also be noted that the final note on which the phrases end is usually the tonal

centre of the mode {James '02].

2.2.2 Forms

There are many different forms of Irish traditional music: singing music as the sean nés
(which is an old style of singing in the Irish {anguage), dancing music, and non-dance
music such as airs. Dancing music represents the majority of the tunes commonly played
by traditional musicians, and the most common types are double jigs, hornpipes and reels
[Larsen '03]. These types differ in the time signature, tempo, meter and also in the beats
where the stress is accentuated. As an example, even though reels and hornpipes can be
written in 4/4, hornpipes have a stower pace. In addition, by using 8™ notes the first and
fifth beats of the bar are more accentuated than in the reels as opposed to the third and
seven beats of the bar, which are less accentuated than in the reels [McQuaid '05]. In
Table 2-2, a classification of the different types of dance music according to the time

signature and meter is illustrated [Larsen '03]

14



Meter Tune Types Time Signature

Reel 2/2 or 4/4

Polka 2/4

Hornpipe 272 or 4/4
Simple Duple Meter March 32 or 4/4

Schottische, Highland, Fling, Highland Fling, | 4/4

German, Barn Dance 4/4

Strathspey 4/4

Double jig 6/8
Compound Duple Meter Singlelis o8

Slide 12/8 or 6/8

March 6/8 or 12/8

Waitz 3/4
Simple Triple Meter

Mazurka, Varsovienne 3/4
Compound Triple Meter | Slip jig 9/8

Table 2-2: Types of dance music (adapted from [Larsen '03])

[rish traditional music is normally played in unison, a technique in which all the
instruments play either at the same pitch or at the octave (or double octave) above or
below [Prout '06]. In recent years, it has also seen the incorporation of simple harmonic

accompaniment [Carolan '06].

2.2.3 Ornamentation

Ornamentation plays a very important role in Irish traditional music, and it is used for
giving more expression to the music by altering or embellishing small pieces of a
melody. However, it is understood differently to classical music, which adds music
expression by adding notes to the melody. By contrast, the ornamentations in traditional
music are part of the note they ornament, being an integral part of the note onset [Larsen
'03]. Ornamentation in Irish traditional music is an improvised element of style. Its

spontaneous expressivity can only be completely fulfilled in solo performances, as

15



opposed to group playing in which the freedom of the player is restricted by the unison
structure of the playing [O'Canainn '93].

There is a considerable diversity in styles of playing ornamentation within Irish
traditional music. Ornamentation has been passed between generations by listening and
imitation. This explains the lack of agreement in the manner of describing ornamentation,
and also the reason why ornamentation notation symbols are not included in the few
available transcribed tunes. The players have learned the ornaments by ear and
unconsciously adapt them to their personal style.

In [Larsen '03], a ptoneering research in the subject of ornamentation is provided. As
[Larsen '03] states: “I believe there is no book before this one that has examined the
range of ornamentation that exists in Irish traditional music”, [Larsen '03] undertook an
analytical research of ornamentation techniques from different players. He invented a
novel ornamentation notation, transcribing ornamentations never described before. In
addition, [Larsen '03] provides a unique set of tunes with the corresponding
ornamentation transcription.

However, within this lack of consensus of existing types of ornamentation, four
ornaments appear in all the sources among the most common types in Irish traditional
music: cuts, strikes/taps, rolls and cranns [Carclan, Duggan, Larsen '03, O'Canainn '93,
Vallely '99]. Other ornaments include tills, triplets and slides. The vibrato effect is only
used in non-dance tunes such as slow airs. A description of the main ornaments related to

the Irish tin whistle is given in Section 2.3. These techniques are also fuily applicable to

the flute and the uilleann pipe.

16



2.3 Irish tin whistle

Use of the tin whistle dates from the third century A.D. [Mc Cullough '87]. However, it
was not until the 1960°s that the instrument started to occupy the important role in Irish
traditional music that it has today. Its versatility allows the instrument to be used either
by beginners as an introduction to music, or by experienced players in the most
sophisticated tunes. This musical flexibility combined with its easy construction, small
size and low cost, makes the tin whistle the most popular instrument in today’s Irish
traditional music [Vallely '99]. Tin whistles come in a variety of different keys. However,

the most common is the small D whistle (Figure 2-3), which can be played in the

majority of Irish traditional tunes [Larsen '03].

Figure 2-3: D key tin whistle

This whistle is a “transposing instrument”, which means that when it is played, the note
that is heard differs from the written musical notation. For example, for the small D
whistle, if a Dy note is written on the score, a Ds note sounds (one octave higher). The

small D key whistle is capable of playing in many different modes. Some of them require

17



a half hole covering, which is not practical in many musical situations. Without half
covering, the following modes that are very common in Irish traditional Music can be

played with the small D Whistle [Larsen '03]:

Mode tonal centre | Mode type
[onian D and G
Mixolydian Dand A
Dorian E and A
Aeoltan E and B

Table 2-3: Most played modes by the D key tin whistle (adapted from [Larsen '03])

The Irish tin whistle is a good example of a slow onset instrument. The accurate detection
of its onset is the research topic of Chapter 6. By regulating the air flow, changing the
position of the mouth in the tin whistle lip, or altering the position of the fingers that
cover the tin whistle holes, tin whistle players can produce strong amplitude and
frequency modulations. In addition, successive notes are often played without any
intervals by using a legato technigue, where the articulation only occurs in the first note
of the group. In this case, the energy increase in the shured notes can be small, or even

nonexistent.

2.3.1  Acoustic Properties of the Tin Whistle

The tin whistle produces sound by directing air through a channel against a sharp lip,
which splits the air stream causing it to vibrate. This instrument acts acoustically as an
open pipe at both ends. In this case, as illustrated in Figure 2-4, the pressure component is

zero at both ends, which are called pressure nodes [Howard '01].



