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�Abstract

The goal of this work was the design of a Phonetic Corpus to get a Phonetic Speech Database in 
the 
Basque Language. A previous analysis of th
e phonetic distribution of the l
anguage was carried out over a large amount of data in different language contexts. Then a large set of speakers from different dialectal environment was selected to record the Speech Database. The Final Speech Database included 26.000 sentences uttered by 60 speakers resulting in a total of 950.000 sounds. Further use of this material includes the development of Automatic Speech Recognition Systems in 
the 
Basque Language and detailed phonetic and phonological characterisation of the language. Finally, two additional corpora consisting of sets of confusable words and digits were also designed and recorded.

1. Introduction.

Automatic Speech Recognition Systems are based on robust modelisation of adequate sets of sublexical units. To obtain such a models large amount of data are usually required. Nowadays it is possible to find large and well-defined Phonetic Corpora and Databases for specific tasks for languages as English (Zue, Seneff & Glass, 1990), Spanish (Moreno et al., 1993) or Japanese (Kurematsu et al, 1990). However, European minority languages require the Scientific Community to made great efforts to get such an objective (Karjalaien & Altosar,1993; López de Ipiña, 1994; López de Ipiña, Torres & Oñederra, 1995). In some cases, like the Basque language, previous phonetics analysis need also to be carried out since these languages have been poorly studied from an acoustic phonetic point of view (López de Ipiña, Torres & Oñederra, 1995; Azkue, 1925; Mitxelena, 1977; Oñederra, 1990; Alvarez, 1980).

The main goal of this work was the design of a Speech Database in 
the 
Basque Language. This Database will be used not only for Speech Recognition purposes but also for phonetic and phonological analysis.

In Sections 2 and 3, the Basque Language is briefly described. A complete inventory of Basque sounds is also provided. The frequency of occurrence distribution of these sounds was experimentally obtained over four selected samples including very different linguistic contexts. Section 4 deals with the design criteria of the Corpora and Section 5 summarises the final composition of the Database. Finally, some concluding remarks are presented in Section 6.

2. 
THE 
Basque Language.


The 
Basque language is considered as 
an 
official language, along with Spanish, for a Community of 2.5 million persons living in the Basque Country, in the North of Spain. About 70.000 more Basque speakers can also be found in the North of the Basque Country, located in the Southwest of France. The use of this language was restricted some years ago due to sociological and political factors. However it has spectacularly increased in the last few years and the language is more and more present in all the fields of nowadays Basque life: administration, industry, scientific community, mass media (radio, TV, newspaper, etc....). Thus, the Basque Universities and enterprises have increased the interest for the study of this language, from not only an academic point of view but also developing bilingual industrial applications in the speech technology framework. Most of those applications, like speech recognition and/or synthesis systems, nowadays working in Spanish, or even in English, need now to be adapted to Basque language to be considered in a Community where both Spanish and Basque, are official languages.

Moreover, Basque is considered as one of the oldest European languages and includes some interesting typological characteristics that scarcely appear in other European languages (Azkue, 1925; Mitxelena, 1977; Oñederra, 1990; Alvarez, 1980; Michelena, 1977; Schuchardt, 1923). Some examples are its particular morphological structure and the wide variety of fricative and africate sounds. These particularities make the language more attractive to the research.


In spite of the Basque l
anguage is spoken by a reduced community, it presents a wide dialectal distribution due to its historical isolation and old sociological and historical factors (Mitxelena, 1977). In fact, there are eight dialectal varieties (López de Ipiña, 1994). This variety involves not only typological differences but, in some cases, differences in the set of sounds used by the speakers. Under a phonetic point of view, the main differences can be found in the set of africates used by speakers from different regions in the South of the Basque Country. On the other hand, French phonetics has influenced the pronunciation of Basque in the North that distinguishes it from dialects spoken in the South.

Furthermore, it is also important to consider the new unified language Euskera Batua (Mitxelena, 1977; Oñederra, 1990; Alvarez, 1980), which was officially instituted by the Basque Academy in 1968 to overcome dialectal differences. Euskera Batua has nowadays a great importance in the Basque community since it is the language learned by adults and children at school. This unified language is nowadays the variety used by the mass media (newspapers, TV, radio, etc.) and most 
Basque authors.

3. Phonetic analysis of the language.


The 
Basque Language has been poorly studied from statistical and acoustic phonetic points of view. Thus, the first goal of our work was to analyse large amount of data in order to classify the Basque phones and to get an inventory of sounds to be used as reference. Since phonetic differences can be found among dialects only one of them, the Guipuzcoan one was chosen for this work. This choice was based on two important facts: the first one is that this dialect presents the widest acoustic-phonetic variability; the second one is that the Phonetic and Phonology of the unified Euskera Batua was mainly based on this variety (Mitxelena, 1977; Oñederra, 1990; Alvarez, 1980). A complete inventory of Guipuzcoan sounds using the IPA notation is shown in Table 1.

Additionally the SAMPA notation is also included. This notation was established in a European project framework (Esprit 2589, 1991) in order to define an ASCII symbol to represent a
ny sound appearing in European l
anguages. However, 
the 
Basque language includes two sounds not totally defined in SAMPA notation: [ts’] and [s’]. These sounds appear with the symbol “_a” meaning apicality but they are really apicals.

In order to get the frequency of occurrence of each sound in the language four samples representing the more important aspects of the language were selected to be analysed. Each of them included about 25.000 sounds and 5.000 words.

�SYMBOL 183 \f "Symbol" \s 10 \h�	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). Interviewers tried that speaker’s interventions were as long and spontaneous as possible. The persons interviewed usually told some reminiscences of their life some years ago. The sample is really interesting since it constitutes a good collection of spontaneous spoken language as it used to be.

�SYMBOL 183 \f "Symbol" \s 10 \h�	The second one is a random selection from nowadays Basque narrative (narrative sample). The texts were selected among writers from the selected geographic environment.

�SYMBOL 183 \f "Symbol" \s 10 \h�	The third one is also a random selection from narrative but including transcriptions of spoken language (spoken narrative sample). The texts were selected among dialogues, songs, etc. included in nowadays novels. The language context can be considered in the limit between spoken language and narrative.

�SYMBOL 183 \f "Symbol" \s 10 \h�	The fourth sample includes newspaper style (newspaper sample). A set of interviews to persons living in the selected geographic environment was extracted from local newspapers.

These samples represent in an adequate way the 
phonetic variability of 
the 
Basque l
anguage. All the samples were analysed to get the frequency of occurrence of each sound in each sample. Figure 1 shows these distributions for the set of sounds represented in Table 1. A more detailed analysis including frequencies of right and left contexts, frequency of triphonemes, etc. was also carried out and it can be found in (López de Ipiña, 1994).

Figure 1 shows that the four samples present similar distributions, even if they correspond to very different language contexts. The most frequent sounds are [e] and [a] vowels. Among plosives, [t]
 and [k] were the most frequent
, really important in 
the 
Basque language. It also important to keep in mind the distribution of the africate and fricative groups because of the special features described bellow. In the first one the maximum was situated clearly in [s] and the minimum in sound [f] , being the global minimum.

Table 1: Inventory and detailed description of Guipuzcoan Sounds.

IPA�SAMPA�DESCRIPTION��[p]�p�voiceless bilabial plosive��[b]�b�voiced bilabial plosive��[t]�t�voiceless dental plosive��[d]�d�voiced dental plosive��[c]�c�voiceless palatal plosive��[J]�jj�voiced palatal plosive��[k]�k�voiceless velar plosive��[g]�g�voiced velar plosive��[m]�m�voiced bilabial nasal��[n]�n�voiced apical alveolar nasal��[h]�J�voiced palatal nasal��[h]�N�voiced velar nasal��[ts]�ts�voiceless back alveolar africate��[ts’]�ts_a�voiceless apical alveolar africate��[t?]�tS�voiceless prepalatal africate��[(]�B�voiced bilabial approximate��[f]�f�voiceless labiodental fricative��[(]�D�voiced dental approximate ��[s]�s�voiceless back alveolar fricative��[s’]�s_a�voiceless apical alveolar fricative��[?]�S�voiceless prepalatal fricative��[x]�x�voiceless velar fricative��[(]�G�voiced velar approximate��[l]�l�voiced apical alveolar lateral��[(]�L�voiced palatal lateral��[r]�rr�voiced apical alveolar vibrant (trill)��[r]�r�voiced apical alveolar vibrant (tap)��[j]�j�voiced palatal approximate vowel��[i]�i�front close vowel��[e]�e�front mid vowel��[a]�a�central open vowel��[o]�o�back mid rounded vowel��[u]�u�back close rounded vowel��[w]�w�voiced velar approximate��

��EMBED Unknown \s���

Figure 1. Relative Frequency of Occurrence (RFO) of sounds in the four samples selected as references.

�4. Design and Analysis of the Corpora.

The aim of this w
ork was to design and record a phonetic speech d
atabase in 
the Basque l
anguage. The main goal was to obtain 
a 
large amount of data to train robust
 acoustic models to be used in automatic speech recognition s
ystems. However
,
 further acoustic and phonetic studies of the language will also be carried out with this material. Thus, both objectives were c
onsidered in the design of the d
atabase that finally consisted of three corpora:

Phonetic corpus: training, tuning and testing Automatic Speech Recognition Systems.

This Corpus was designed to be used in the Automatic Speech Recognition framework. Consequently, the selection of the sentences was carried 
out 
according to the following criteria:

�SYMBOL 183 \f "Symbol" \s 10 \h�	The phonetic balance was guaranteed, thus the average occurrence of each allophone in the corpus is the same as in the previous reference samples. 

�SYMBOL 183 \f "Symbol" \s 10 \h�	A minimum number of occurrence of each allophone was considered in order to have enough samples for further stochastic modelling.

�SYMBOL 183 \f "Symbol" \s 10 \h�	A minimum number of occurrence of the most relevant context (left and right contexts) had also to be guaranteed.

A set of 150 sentences was selected from the interview sample and thus they were natural spoken sentences. Only 50 synthetic ones needed to be added in order to guarantee the minimum number of occurrence for all the sounds and contexts. The 200 sentences included about 12.000 sounds.

This corpus was analysed using the spoken language sample as reference since there were not noticeable differences in allophone distributions among the four samples described in previous Section. Figure 2 shows an histogram of the RFO for each allophone in both the Phonetic Corpus and the Reference Sample (interview sample). Detailed analysis of sounds, left contexts, right contexts and left and right contexts can be found in (López de Ipiña, 1994).

This corpus constitutes the training corpus, that is, the corpus to be used to train robust acoustic models for each sound. Additionally two auxiliary corpora need also to be designed to be used when building Automatic Speech Recognition Systems: tuning and test corpora.

The Tuning Corpus is used once the basic set of acoustic models is trained to tuning the system. As a consequence the selection of sentences should also be made according to the design criteria mentioned bellow. It consisted of 25 sentences extracted from the interview sample and 25 more synthetic sentences.

Finally, the Test Corpus will be used to evaluate the Acoustic Phonetic Decoder of the System obtaining the recognition rates of the acoustic models. In this case, the phonetic balance did not need to be guaranteed. The Corpus consisted of 25 sentences extracted from the interview sample and 25 more sentences randomly extracted from the other samples. Therefore, this Corpus did not include any synthetic sentence.

��EMBED Unknown \s���

Figure 2. Relative Frequency of Occurrence (RFO) of sounds in both 

�Word Corpus

This corpus consisted of 1000 short words of one or two syllables. This set of words included the most confusable sounds uttered between the more relevant contexts. The object of this corpus is to obtain acoustic patterns o
f all the sounds of the Basque l
anguage and to analyse which are the real differences among some specific sounds that nowadays speakers make.

Digit Corpus

Finally, the ten digits were also considered for this additional corpus. The object of this corpus is to train robust models for simple but very useful Speech Recognition applications.

5. The Database 

The Database consisted of the three Corpora described in the previous Section uttered one or twice by a large set of speakers. A set of 60 speakers was selected to record the Database: 40 from the selected geographical area (Guipuzcoan ones), 10 from areas where other dialects are spoken and 10 speakers whose mother language was not the Basque (new Basque speakers). The whole Database consisted, then, of three Databases:

Phonetic Database

The Phonetic Database was based on the Phonetic Corpus described in the previous Section. The whole Phonetic Corpus was uttered twice by 40 Guipuzcoan speakers, 20 women and 20 men, resulting in a total of 24.000 sentences, about 170.000 words and 900.000 sounds. Additionally the Test Corpus (50 sentences) was also uttered twice by the 20 additional speakers. These speakers represent all the main dialect variability of the Basque language (South Country). 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. Table 2 shows the composition of this Database.

Word Database

This database consisted the Word Corpus (1000 words) uttered by 30 speakers: 10 Guipuzcoans, 10 speaking other dialects and 10 new Basque speakers, resulting in a total of 30.000 words.

Digit Database

Finally five series of the ten digits were uttered twice by 40 speakers: 20 Guipuzcoan, 10 from other areas and 10 new Basque speakers. Let us notice that one of the differences among dialects is the pronunciation of some of the digits like zero, seven, eight and nine: sero or s_aero, saspi or s_aas_api, sortsi or s_aorts_ai and bederatsi or bederats_ai respectively.

Table 3 shows the Composition of the Word and Digit Databases.

�Table 2. Composition of the Phonetic Database

�Number of sentences�Number of utterances�Guipuzcoan Speakers�Other dialect Speakers�New Basque Speakers�Number of uttered sentences��Training Corpus�200�2�40���16.000��Tuning Corpus�50�2�40���4.000��Test Corpus�50�2�40�10�10�6.000��Total number of sounds: 950.000��
Table 3. Composition of the Word and Digit Databases

�Number of words�Number of utterances�Guipuzcoan Speakers�Other dialect Speakers�New Basque Speakers�Number of uttered words��WORDS�1000�1�10�10�10�30.000��DIGITS�10 ´ 5�2�20�10�10�4.000�����6. Concluding remarks.

The main goal of this work was the design and recording of a Phonetic Database in 
the Basque l
anguage for Automatic Speech Recognition purposes. However, 
the Basque l
anguage has been poorly studied under statistical and acoustic-phonetic points of view. As a consequence, a previous analysis of the phonetic distribution of the language needed to be previously carried out. For this purpose, four samples were selected from nowadays Basque narrative, newspapers and some interviews with old people. The analysis and phone classification carried out over these samples could be considered one of the more in depth study of nowadays s
tatistical and acoustic Basque p
honetics.

In a second step, a Phonetic Database was finally designed according to some previously established design criteria. This Database consisted of 300 sentences uttered by 60 speakers resulting in a total of 26.000 sentences and 950.000 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. The main important effects of the dialect distribution of the language spoken in the South of the Community were also considered.

Two additional corpora were also designed and recorded. The first one consisted of a large set of short words including most confusable sounds and designed to help further acoustic characterisation of Basque sounds. The second one consisted of the ten digits uttered by 40 speakers that will be used for simple, but robust, Speech Recognition applications.
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