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ABSTRACT

The design of Contimious Speech Recognition System
requires to select a large amount of spoken data for
each specific language. The goal of this work was the
design of a Phonetic Corpus for a Speech Database in
Basque language. Several samples of nowadays
narrative, spoken language and newspaper langiuage
were previously analysed under a phonetic point of
view. The Speech Database finally designed consisted
of a Phonetic Corpus including 300 sentences
phonetically balanced uttered twice by 40 speakers
resulting in about 900.000 allophones. Two additional
corpora of digits and short words completed the
database. This .database includes the adequate
distribution of allophones and contexts to model Basque
phones in both, Speech Recognition Systems and
Linguistic analysis frameworks.
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1. INTRODUCTION.

The design of any Automatic Speech Recoguition
System requires a large amount of spoken data to obtain
reliable acoustic models and/or adequate language
models for specific tasks. Thus during last ycars the
design of adequate Speech Databases has been an
important point of interest in the Speech Recognition
Community. Nowadays it is possible to find large and
well-defined Phonetic Corpora and Databases for
specific tasks for languages like English [12], Spanish
[8] or Japanese [4]. However there is an important work
to do for minority languages [3].

The goal of this work was the design of a Phonetic
Database in Basque language for Automatic Speech
Recognition purposes. Basque language is considered as
official language, along with Spanish, for a Community
of 2,5 million persons living in the Basque Country and
Navarre, in the North of Spain; about 70.000 mwore
Basque speakers can also be found in the Northeast of
the Basque Country, located in the South of France.

EUROSPEECH ’95, Madrid, Spain, September 1995

Basque is considered as one of the oldest European
languages and includes some interesting typological
characteristics not frequents in other  European
languages [1], [6], [7], [9]. [10], [11]. On the other
hand the use of Basque is more and more present in all
the fields of nowadays Basque life: administration,
industry, scientific community, mass media (radio, TV,
newspaper, eic.). Thus the Basque Universities and local
enterprises have increased the interest for the stmdy of
this language, not only from an academic point of view
but also developing bilingual industrial applications in
the speech technology framework. Any speech
recognition and/or synthesis system must be bilingual in
this Community since both Spanish and Basque, are
official languages.

In Section 2 we deal with the phonetic analysis of the
langunage. A complete inventory of Basque allophones is
also provided. The criteria considered to design the
Phonetic Corpus as well as its statistical analysis are
presented in Section 3. Section 4 summarises the
databasc characteristics and then some concluding
remarks are finally presented in Section 5.

2, PHONETIC ANALYSIS OF THE LANGUAGE.

Basque Language has been poorly studied from a
statistical an acoustic phonetic point of view. Thus the
first goal of our work was to analyse large amount of
data in order to classify the Basque phones. This
language, even if spoken by a reduced Community,
presents a wide dialectal distribution due to its historical
isolation and old sociological and historical-political
factors [7]. Since phonetic differences can be found
among dialects only one of them, the Guipuzcoan one,
was chosen for this work. This dialect presents a wide
acoustic-phonetic variability 6], [7]. [9], [lil
Moreover, Guipuzcoan is, along with Navarrese
varieties, the closest to the unified language, Euskera
Batua, which was officially instituted by the Basque
Academy in 1968. A complete inventory of Guipuzcoan
allophones is shown in Table 1 [2].
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Figure 1. Relative Frequency of Occurrence (RFO) of allophones in the four samples selected as references.

allophone distributions among the four samples.
Detailed analysis of allophones, left contexts, right
contexts and left and right contexts can be found in [5].
Within the automatic acoustic-phonetic framework, this
kind of information will be required in farther selection

1.- Training sub-corpus: 200 sentences phonetically
balanced.

2.- Validation/Tuning  sub-corpus: 50  sentences

phonetically balanced.

3.- Test sub-corpus: 25 sentences selected from the
interview reference sample and 25 sentences
selected from the other reference samples.

of adequate sets of sublexical units. Figure 2 shows a
histogram of the RFQ for each allophone in both the
Phonetic Corpus and the reference sample (interview

This corpus was analysed using the interview sample as sample).

reference since there were not noticeable differences in
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Figure 2: Relative Frequency of Occurrence (RFQO) of allophones in both the Phonetic Corpus and
the reference sample (interview).
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These allophones are classified as:
IPA transcription

Occlusives:  [p] [b] [t] [d] [c] [3] Ik} [g]
Nasals: fmj [n] [n] [=]

Africates:  {is] Jts'] [t §]

Fricatives.  [B] [f] [8] Is] s [§] [x] {¥]
Liquids: 11 M

Vibrant: fr] o]

Vowels: il 11 fel {al [o] [u] [w]

Table 1. Inventory of Guipuzcoan sounds.

TPA ] SAMPA DESCRIPTION
(p] p voiceless bilabial plosive
Ib] b voiced bilabial plosive
It} t voiceless dentat plosive
[d] d voiced dental plosive
I} c voiceless palatat plosive
[F] - voiced palatal plosive
[k] k voiceless velar plosive
[e] g voiced velar plosive
fmj m voiced bilabial nasal
In] n voiced apical alveolar nasal
[n] J voiced palatal nasal
fal N voiced velar nasal
[ts] ts voiceless back alveolar africate
[tsT] - voiceless apical alveolar africate
[til tS voiceless prepalatal africate
181 B voiced bilabial approximant
i} f voiceless labiodental fricative
ol D voiced dental approximant
Isl s voiceless back alveolar fricative
s - voiceless apical alveolar fricative
[§l S voiceless prepalatal fricative
Ix}] x voiceless velar fricative
41 G voiced velar approximant
[ I voiced apical alveolar lateral
[A] L voiced palatal lateral
{r] rr voiced apical alveolar vibrant trill
el r voiced apical alveolar vibrant tap
fi} i front close vowel
{il ] voiced palatal approximant]
[el € front mid vowel
fa] a central open vowel
fol 0 back mid rounded vowel
ful u back close rounded vowel
[w] w voiced labial-velar approximant
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In order to achieve the phonetic study we selected four
samples representing the more important aspecis of the
language. Each of them included about 25.000
allophones and 5000 words. The first one consisted of
the transcription of four interviews with old people
(belonging to the selected geographical area) with a
poor relation with Spanish speakers (interview sample);
the second one is a random selection from nowadays
Basque narrative (narrative sample); the third one is
also a random selection from narrative but including
transcriptions of both, narrative and spoken language
{dialogue, etc.) (spoken narrative sample). Finally the
fourth one includes newspaper style (newspaper
sample). These samples represent in an adequate way
the phonetic variability of Basque language. Figure 1
shows the distribution of the Relative Frequency of
Occurrence (RFO) of the allophones presented en Table
1 over each of the four samples sglected. RFO
distribution is quite similar in all the samples, even if
they correspond to very different language contexts.

3. DESIGN AND ANALYSIS OF THE PHONETIC
CORPUS.

Our second goal was to design the Speech Database.
The corpus consisted of 300 sentences that were sclected
according to the following criteria:

s The phonetic balance was guaraniced, thus the
average occurrence of each allophene in the corpus
is the same as in the previous reference samples.
The normalised error and restrictions defined in
other studies [8] were also considered in this work
to assure similar phonctic distributions -in the
corpus and reference samples.

s A minimum number .of occurtence of each
allophone was considered in order to have enough
samples for further stochastic modelling (4000
realisations of each allophone in the database) [8].

+ A minimum number of occurrence for the most
relevant context was also considered for cach
allophone (400 realisations of each context in the
database). All possible contexts were previously
analysed. Then high RFO values and/or a strong
influence. in the allophone realisation defined
relcvant contexts {8].

¢ Most of the sentences were selected from the
interview sample and thus are natural spoken
sentences. Only a few synthetic ones needed to be
added in order to guarantce the previous criteria.
The 300 sentences included about 12.000
allophones.

These data will be required to obtain reliable acoustic
models. Thus the design procedure also considered a
partition of the corpus in three sub-corpora:
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4. THE DATABASE

The selection of the speakers was made considering the
dialect criteria previously mentioned. 40 speakers, 20
women and 20 men, were chosen in the selected
geographical area, to pronounce the corpus. Thus, our
corpus consists of 300 sentences uticred twice by 40
speakers resulting in a total of 24.000 sentences, about
170.000 words and about 900.000 allophones. The test
sub-corpus was also uttered by 20 speakers selected
from other geographical areas, adding about 75.000
allophones to the corpus. These speakers represent all
the dialect variability of the Basque language. This
database includes the adequate number of samples and
balanced distribution of phones and contexts required to
model Basque phones in a Speech Recognition System.
Further linguistic analysis could also be made over this
corpus and the reference samples considered.

Two additional sub-corpora complete the database:

1.- Word sub-corpus: 1000 short words consisting of
one or two syllables were uttered by 10 speakers.
These 1000 words included the more relevant
contexts as well and the more confusable allophones.

2.- Digit sub-corpus: ten digits uttered twice by 20
speakers from the selected geographical area and 20
speakers from other areas. In Basque the acoustic-
phonetic realisation of some digits is strongly
dependent of the dialect considered.

S. CONCLUDING REMARKS.

The goal of this work was the design of a Phonetic
Databasc in Basque language for Automatic Speech
Recognition purposes. Basque language has been poorly
studied under statistical and acoustic-phonetic points of
view. Thus, four samples were selected from nowadays
Basque narrative, newspapers and some interviews. The
analysis and phone classification carried out over these
samples could be considered as one of the more in depth
study of nowadays Basque Phonctics. The Phonetic
Corpus finally designed consisted of 300 sentences
uttered twice by 40 speakers resulting in about 900.000
sounds. It includes the adequate number of samples and
balanced distribution of phones and contexts required to
model Basque phones in a Speech Recognition System.
All the data selected and classified in this work - i.e.
reference samples, Phonetic Corpus and additional short
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word and digit corpora - will also be the basis of further
acoustic-phonetic  characterisation of the Basque

language.
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