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Abstract

The development of speech technology could play an important
role in the maintenance and preservation of minority languages,
especially where the population of native speakers are dwin-
dling. This paper outlines the efforts within the WISPR project,
to develop annotated spoken corpora along with some of the
prerequisites for the synthesis of Irish (Gaelic). It details the
particular challenges that have confronted us as well as the
strategies adopted to overcome them. It highlights the need for
gearing our methodologies to these constraints and to maximise
the reusability of resources. Our long-term goal is not only to
develop these resources for Irish, but also, in parallel, to
develop methodologies that will enable the technology to be
flexible and suitable to the envisaged end users, e.g., more
flexible kinds of synthesisers, with expressive capabilities and
multiple voices, including children’s. It is therefore a major
consideration to develop resources in such a way that they are
in some sense independent of any single methodology (unit
selection vs. other modalities for synthesis development).

Index Terms: Irish Gaelic, text-to-speech, minority, endan-
gered, letter-to-sound, lexicon

1. Introduction

Speech technology has a particularly crucial role to play in the
maintenance and the preservation of languages whose native
speaker population is diminishing. Unfortunately, given the lack
of commercial incentive, these languages are lagging further and
further behind in technology development. Furthermore, as this
technology is becoming increasingly crucial for education and
access, particularly for people with disabilities, speakers of
minority languages are becoming particularly disadvantaged.

Although the know-how for developing these technologies
exists, these methodologies on their own cannot deliver without
specific prerequisites. For example, to develop a text-to-speech
system for a language such as Irish, it is not simply enough to
follow the step-by-step guidelines of, say, the Festival manual
[1], one must also have in place, or develop, basic analyses of
the language and related resources such as pronunciation dic-
tionaries, suitable spoken corpora with appropriate annotations,
a considerable prior linguistic knowledge of the segmental and
prosodic system of the language. Providing these resources may
not be a straightforward matter.

In this paper we describe our attempts to develop the speech
resources required to enable the synthesis of Irish. We focus
particularly on some of the difficulties confronted, and on the
solutions adopted, in the hope that this experience may be
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helpful to other minority language groups with similar aspira-
tions. This research has been carried out as a Welsh-Irish initia-
tive, the project WISPR [2], funded by the EU Interreg IIIA
programme. Parallel research has been carried out on Welsh, but
the materials presented here pertain to the research on Irish.

In the short term, we are aiming at producing facilities
according to the currently dominant technology, i.e. non-
uniform unit selection concatenative synthesis, based on a large
corpus of read speech recorded from a single speaker. The
development to date has been carried out using the Multisyn
voice in Festival [1] and the Edinburgh Speech Tools [3].

In the longer term, we aim for a flexible technology which is
adapted to the user’s needs: thus for example, we need not only
a synthesis system which will ‘speak’ Irish, but also eventually,
one which delivers the ‘right’ voice, e.g., a child voice in the
right dialect/accent, with expressive capabilities. Some of our
current research is in fact directed at voice variation and how
expressive voices might be achieved in synthesis [4, 5, 6, 7].
Thus, it is a consideration that the resources we develop are not
too tied to a single technology/methodology, but enable the
harnessing of our and others’ future research, geared towards
such flexible voices and reusable resources.

2. Specific challenges for Irish

There are specific issues to be considered and difficulties to be
overcome in order to provide for annotated corpora and speech
synthesis of Irish, many of which would pertain to other minor-
ity languages.

Choosing a dialect. One of the first issues to arise was to
decide which dialect of Irish to work with. There is no standard
dialect of Modern Irish. Despite a long literary tradition, and a
written standard from as early as the 7" century, many centuries
of colonisation and the collapse of the Gaelic social order in the
17" century resulted in the decline of a language which was
increasingly associated with impoverished peasants. The situa-
tion today is that the remaining communities who use Irish as a
first language are scattered in the more remote regions of the
Western seaboard. There are three main dialects corresponding
broadly to the provinces of Ulster (the Donegal dialect), Con-
naught (Mayo, Connemara and the Aran Islands) and Munster
(Kerry and Cork) illustrated in Fig. 1. Effectively, what is
needed is a multi-dialect corpus, multi-dialect synthesis, etc.
The dialect chosen in the WISPR project is that of Gaoth Dob-
hair in Donegal. While working on this dialect we were from the
outset conscious of the need to adopt strategies that will maxi-
mally facilitate similar developments for further dialects.
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Figure 1. Map showing in black, the main regions
where Irish is spoken.

Linguistic issues. The complexity of the Irish sound system
poses an additional challenge. The consonantal system is par-
ticularly rich, involving a contrast of palatalised and velarised
segments. The inventory of consonantal phonemes for Gaoth
Dobhair Irish is illustrated in Table 1 [8]. Note that this table
does not include the voiceless liquids and nasals: although
linguists debate their phonemic status, they would undoubtedly
need to be incorporated in the corpus for the purposes of syn-
thesis. Likewise one would need to incorporate a small group of
alveolar and postalveolar sounds of English, which have entered
the system through borrowed words. We calculate that in total,
one would need to cater for up to 68 segments.

Although from a linguist’s perspective the main complexity
is in the consonantal system, in fact the secondary articulation of
the consonants has major effects on the realisation of an adja-
cent vowel: when a palatalised consonant occurs in the vicinity
of a back vowel, or when a velarised consonant occurs with a
front vowel, long diphthongal glides tend to arise. Thus, for
example, the phoneme /i:/ may be realised as [i], [¥i], [i¥] or
[ixvi] depending on the context. This has implications for the
coverage of contextual variants one needs to ensure in the
corpora, but may provide a particular challenge for the concate-
nation process in synthesis.

The orthographic system of Irish is also complex, reflecting
its archaic origins. The opacity of the grapheme-to-phoneme
correspondences can be illustrated by the rather extreme
example of the phrase Ni bhfaighfidh ‘will not get’ which corre-
sponds to the sound string [n'i: wi:].

Code switching is also common between Irish and English,
given that virtually all Irish speakers also speak English. The
likelihood of English words and phrases occurring in many
kinds of Irish texts is high. For this reason, when recording a
corpus to produce a synthetic voice, it was important to provide
some possibility of an English voice, using the same speaker.

Resources. To construct a text-to-speech system one needs
to have or require a fully transcribed spoken corpus. As this was
not already available for Irish, it was the major focus of the
WISPR project. The ideal corpus would involve optimised text
that ensured good coverage of all important sound variants in
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the their different prosodic contexts. It would be helpful to
know which sounds and sound combinations are frequent or
rare, but again, this information is not yet available for Irish. So
the process is circular: the tools we need to construct an anno-
tated corpus will only become available when we have devel-
oped the corpus, and some of the annotation tools.

Table 1. Inventory of consonantal phonemes for the
Gaoth Dobhair dialect of Irish.

Labial Dental | Alveolar | Alveolo- | Palatal | Velar | Glottal
palatal
Plosive \t Y
;Zﬁdy t dic j|kg
Fricative/ Y w
Approximant Py s¥ ¢ ¢ Jj|xy h
Nasal mY. v N o R .
- N n
Tap oY
o
IL\?::rrg:(imant K 1 P

A good pronunciation lexicon is crucial to allow the devel-
opment of automatic segmentation. Although a pronunciation
dictionary of Irish does exist, An Focloir Péca [9], it does not
reflect the speech of any one spoken dialect, but represents
rather an attempt at providing official standardised forms, that
compromise among the dialects [10]. It was thus necessary to
build a pronunciation lexicon adapted to the dialect to be used
for the recorded corpus and the eventual synthesiser.

Prior phonetic/phonological analyses are important to allow
transcription of the corpus. In the case of Irish, there are many
phonetic descriptions of individual dialects. These are an
excellent resource, but they are not always ideal for the task at
hand, some of them being quite dated, and directed at the speech
of the oldest members of the community. A major difficulty is
that they deal almost entirely with the segmental level: there has
been almost no coverage of the intonation and timing structures
of Irish. This is a gap that is being targeted in our concurrent
project Prosody of Irish Dialects [11]. This project tackles all
the main dialects, and it is likely that the output of that project
will go some way to facilitating our medium-term goal of good
multi-dialect synthesis.

3. Developing annotated spoken corpora

Two corpora were collected, a unit-selection corpus and an
enriched diphone corpus. The primary (unit selection) corpus
was based on 15 hours of recorded speech using a female
speaker of the Gaoth Dobhair dialect of Donegal. As just men-
tioned, while in principle one would have wished to work with
a well-designed compact corpus that provides maximum cover-
age of sound sequences in a minimum of recording time, this
was not possible for Irish. Although we can calculate how
many sounds or diphones we need to cover, in the absence of
prior annotated data, we cannot calculate their frequency and
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identify which are rare. For the same reasons, pruning the
corpus at the outset was not a possibility either: to do so one
would need to have in place letter-to-sound rules and automatic
alignment facilities. Thus, proceeding with a large recording
seemed advisable, given the complexity of the sound system
and the need to ensure reasonable coverage of sound variants,
and sound combinations in various contexts.

It was important that the texts for the large read corpus be
based on writings specific to that dialect. If one were to include
texts based on other dialects, one would run the risk of the
informant switching between dialect forms and introduce incon-
sistencies into the corpus. Suitable texts for this dialect were by
and large not available in electronic form, and therefore materi-
als were scanned. The novels of the Donegal author Séamus
Mac Grianna (Mdire) were the primary source. As there is no
optical character recogniser for Irish, the scanning resulted in
numerous errors, which were hand-corrected.

The second corpus recorded was an extended diphone
corpus. The decision record a diphone corpus was based on a
number of considerations. First of all, it will enable straight-
forward development of a diphone synthesiser at a future date.
Although such synthesisers do not achieve the naturalness of
good unit selection synthesis, they do often provide a more
consistent quality and can be preferable for certain applications.
This type of synthesis may also be more suited to certain
research avenues we will want to pursue in the future, aimed at
voice adaptation. The development of a diphone synthesiser will
of course require more extensive basic research in the future, to
model the intonation and temporal patterns, and as mentioned,
some of this work is already underway. The large unit selection
corpus will of course be a useful resource towards this end.

A second reason for recording a diphone corpus was that, by
incorporating it into the unit selection corpus, we ensure that
there is complete coverage of all occurring sound sequences. As
the diphone corpus has been recorded using the same speaker
and recording conditions as the unit selection corpus, it can
simply serve as an extension, and safety net for it.

There is a symbiotic relationship between the two corpora.
On the one hand, the diphone corpus complements the unit
selection one, hopefully ensuring coverage, while the unit
selection corpus will allow us to extend the diphone corpus
further by extracting for example, more variants, in more
prosodic contexts.

While a diphone recording typically includes all possible
combinations of phones in a language, the set recorded in
WISPR was substantially enriched to take account of the com-
plexity of the sound system of Irish. It includes across word
boundary diphones, Consonantl-Vowel-Consonant2 sequences,
where every combination of palatalised/velarised C1 and C2
were elicited, syllables that included clusters of the form CCV,
CCCV, VCC. Although a minimalist approach would suggest
55 phonemes and about 3,000 diphones for Irish, the enriched
diphone corpus amounted to over 11,500 units.

4. Developing a lexicon

The only available pronunciation lexicon was the pocket
dictionary An Focldir Poca [9] containing 15,000 entries. As
mentioned, the entries do not reflect any single dialect, but
rather an attempt at providing official standard Ldrchaniiint
forms that are a compromise between the existing dialects [10].
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A first task therefore was to find a way to adapt the pronuncia-
tions of An Focloir Pdca to the specific dialect of Donegal,
chosen for the corpus and synthesis development. This work
has drawn on ideas in [12].

To begin with a short corpus (20 minutes) was phonetically
transcribed by hand. The words (orthographic form + phonetic
forms) were extracted to produce a mini-Donegal lexicon. The
lexical items from this corpus were compared to the forms in An
Focloir Péca, to develop sound-to-sound rules, using the
WAGON tool [3]. Note that this tool is normally used to gener-
ate statistically based letter-to-sound rules, but in this case was
used to map between two sets of phonetic forms. The output
rules were then applied to An Focléir Poca, to produce a draft
dialect-specific version. The process was carried out in stages,
beginning with the most common 500 headwords. Predicted
pronunciations were then hand corrected to ensure that they
conformed to attested Donegal forms. Once corrected, they were
added to the Donegal lexicon. This process eventually yielded a
Donegal-adapted version of An Focldir Péca, one that included
1,000 additional words from the 20-minute corpus.

At this point, lexicon development proceeded in tandem
with the automatic segmentation of the unit selection corpus and
the development of letter-to-sound rules. In order to automati-
cally segment a corpus by forced alignment, the lexicon must
contain all the words found in that corpus. As portions of the
unit selection corpus were to be segmented, words not hitherto
in the lexicon had to be added along with their pronunciations.
This was done by applying the Donegal letter-to-sound rules to
the new lexical entries. Before new entries were added they
were hand checked for accuracy. This process was reiterated
until all the words of the corpus were entered. This yielded a
final count of 24,000 words.

5. Developing letter-to-sound rules

Two quite distinct approaches were adopted. Firstly, statis-
tically based rules were generated, again using the WAGON
tool [3], and the Donegal-adapted lexicon. The process was
also an iterative one: with successive versions of the lexicon,
new letter-to-sound rules could be generated. This approach
was only moderately successful: there was a rather high error
rate in predicting phonetic forms. It may be that despite
working well for languages such as English, it is not entirely
suited to the orthography of Irish. A further difficulty with this
approach is that the rules are not accessible. This makes it diffi-
cult to eliminate inconsistencies.

Given our intention to develop in the future multi-dialect
corpora and synthetic voices, it would be highly desirable to
have accessible rules and ways of differentiating between those
that are universal to Irish, and those that are specific to an indi-
vidual dialect. For this reason, the second approach adopted was
the development of handwritten letter-to-sound rules encoded
for use within Festival. These rules were based in the first
instance on An Focldir Pdca, with subsequent removal, re-
ordering, and addition of rules. The results of this approach are
considerably better than what was achieved automatically.
Consequently, the demo synthesis voice that has been assembled
uses only the handwritten rules.

Ultimately, what we aspire to with our letter-to-sound rules
is a two level description. The first would be a mapping from
the orthography to a ‘common core’ phonological representa-



INTERSPEECH 2006 — ICSLP

tion, characterising those phonological structures that are
common to the dialects. This draws on ideas proposed by O
Murchd [13] and the philosophy that underlies the Ldrchaniiint
proposals of O Baoill. The second level of the description
would map from these common forms to the dialect specific
realisations. This would not only be a neat way of capitalising
on resources when adding new dialects, but promises to offer
new insights into the sound structure of modern Irish dialects.
Furthermore, given that the orthographic forms are essentially
archaic representations of the pronunciation of Irish, this work
should have a diachronic interest as well, as it should yield one
model of the evolution of the modern dialects.

6. Inclusion of an Irish-English voice

Code switching is a normal feature of modern Irish. Virtually
all speakers are bilingual, and live in a world where English
overwhelmingly dominates many aspects of their lives.
Although less prevalent in texts, it is nonetheless very frequent,
especially in texts which purport to be representations of true
daily conversational styles.

It was therefore considered important to enable our first
Irish synthesiser to be able to ‘speak’ the words and phrases of
English that will appear in some of the texts. The strategy
adopted was to build a parallel Irish-English synthesiser, using
the Arctic corpus [14], which is a compact corpus designed to
yield coverage of the phonemes of English. This has been
extremely useful in allowing us to rapidly put together a parallel
Irish-English synthesiser.

7. Conclusions

Currently there is an annotated 15-hour corpus, an annotated
extended diphone corpus, and an initial, demonstration Irish
synthetic voice. These resources are far from complete: many
aspects of a full text-to-speech system are yet to be done, e.g.,
on tokenisation, prosody modelling, etc. And although the
demonstration voice is far from perfect, it demonstrated the
power of the recorded corpus, while highlighting problems with
the annotations, which will require considerable work. None-
theless this is an important first step, the beginning we hope of
an extended programme to provide annotated corpora, text-to-
speech and other speech technology facilities for the dialects of
Irish. By extending the Welsh collaborations fostered by
WISPR, we aspire to jointly extend to collaborations with other
Celtic languages, including Scottish Gaelic (a near relative of
Irish) as well as Breton and Cornish (near relatives of Welsh).
It is also our hope that strategies we evolve to deal with the
linguistic and resource difficulties, and the strategies to facilitate
multi-dialect and multi-language synthesis will be of use to
others who share our concerns for the future of their language.
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