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Abstract

In this paper we describe the design and recording
process of the new telephone speech database recorded in
Telefénica Investigacion y Desarrollo, designed for
research in large vocabulary speaker independent
continuous speech recognition, speaker adaptation and
speaker verification in Spanish over the telephone line.
The database is composed of two sets: (a) CEUDEX, the
main set, with a corpus of 400 phonetically balanced
sentences, and (b) SPATIS: a task oriented set which was
inspired in the ATIS (Air Travel Information System) [9]
standard application for English. It will be used for Task-
Independent tests of the Continuous Speech Recognizer.

In the first stage of the recording procedure, a total of
21500 sentences from nearly 300 speakers were
collected.

1. Introduction

Phone based training and recognition techniques,
specially those based on Context-Depend Phones
(Diphones and Triphones), has been demonstrated to
obtain the best performances in Continuous Speech
Recognition Systems [1]. Nevertheless they have the
drawback of the high number of parameters to estimate,
and consequently the need of huge speech databases,
which are expensive to collect and take a long time to be
available.

The development of a Continuous Speech Recognition
System begins with a detailed study of the phonetic
characteristics of the language and, specially, of the
application for which the system is oriented.

There are two different approaches to record large
vocabulary databases: (1) the recording of huge
databases with the assumption that everything is going to
be enough represented or (2) designing carefully the
content of the database to make sure all the sounds and
most transitions between them appear in the training
corpus.

As a consequence of this, for the development of the

(*) E.T.S.1. Telecomunicacién
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Continuous Speech Recognizer of Telefénica I4+D, we
have chosen the second option for being faster and
because it reduces the amount of training data, speeding
up the training process with respect to larger databases.
So, in the design of the CEUDEX database, the main goal
has been to obtain a controlled amount of speech for
training Context-Dependent Phones for a general
application.

The database is composed of two sets: (a) The main set,
which is phonetically balanced, is composed of 400
sentences, It was designed to support research in speaker
adaptation and verification and to train accurate generic
triphone models, that later could be easily adapted to
specific applications. And (b) the task oriented SPATIS
set, that is based on the ATIS (Air Travel Information
System) [9] standard application for English.

This paper is mainly focused in the design (with special
attention to the phonetic analysis of the speech) and in the
recording strategy of the CEUDEX database.

The steps followed in the design procedure of CEUDEX
were: (a) Phonological analysis of a previously recorded
Speech Database (VESTEL [4]), (b) Identification of the
Relevant Contexts and triphone training, (c) Selection of
15000 text sentences from newspaper interviews to make
a more general phonological study of spoken spanish
triphones and to complete the desired set of triphones,
and (d) Decision of the phonetic coverage of CEUDEX
and Selection of the balanced corpus of 400 sentences
using a “greedy” algorithm.

Steps (a) and (b) form what we have called the “phonetic
analysis” and will be presented in section 2. The “Corpus
design”, in section 3, includes (c) and (d). In section 4 the
composition of the CEUDEX database will be presented,
in section 5 the Speech Capture Strategy and finally, the
section 6, will describe the composition of the SPATIS
database.

2. Phonetic Analysis

Our recent work is focused on developing vocabulary
independent recognition systems, in which a good
selection of the set of units, that will model the acoustic
of the speech, is critical. This selection can be done
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following phonological considerations, but it has the
drawback that there is no consensus among the
experts about the best set of units to use. Moreover,
the decision of using separate units to model the
allophones of a particular sound depends on the
amount of training data available for those
allophones.

The alphabet used in the analysis is the standard
SAM-PA[3] with 31 allophones. The maximum
number of possible triphones with this alphabet is
nearly 29.000, among them a big set are no permitted
triphones in Spanish, i. e. three consonants together,
so the number of real triphones is considerably
reduced.

Following, the steps for locating the linguistically
relevant aspects of the triphones will be described.

In a first stage, triphone HMMs were trained by using
the VESTEL database [4] recorded at Telefénica I+D.
Most of the utterances corresponding to connected
and isolated speech were used.

Here, as a starting point for the design of the corpus,
the relevant contexts were established on linguistic
criterions, which were based in the coarticulation
effects produced over the allophone. General context
established in this point were the vowels, fricatives,
occlusives, liquids and nasals.

The triphones trained were grouped by using
Decision Trees[2]. This showed which contexts must
be covered when modelling with HMM, that is
relevant contexts were determined following
recognition criterions. This mostly confirms what the
theory has established. For example, it is widely
"~ known the decisive role of the vowels in Speech
Recognition, the Decision Trees confirmed that any
of the contexts corresponding with the vowels, when
either left or right context, should be, when possible,
in the final set of triphones. Special attention must be
put in the diphthongs, due to the high coarticulation
between the vowels, that produce particular formant
characterizations, that the triphone-HMMs must
specially represent.

They have also confirmed the need of using special
units when modelling end-of-word allophones, which
use to be varied and very relaxed in Spanish. Such is
the case, for example, of the ending “d” in words like
“Madrid” and “Valladolid”, which can be pronounced
different depending on the dialectal region, i. e. like
“z” in central regions of Spain, “t” in the Catalonian
region, “d” in the north, etc.

In some cases, the lack of enough data for modelling
and characterize all possible triphones, led us to
generalize some contexts that have not appeared but
should have been. For example, a determinate context
that has appeared for 4 of the vowels would be extend
to the fifth.
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The Decision Trees are mainly useful to confirm that
the HMM behaviour (our final decisor mechanism)
will follow what the linguistic theory said in terms of
similar contexts or pronunciations. They will merge
any new needed context in the proper HMM-cluster
corresponding to the nearer relevant context
represented.

With the two steps described the minimum and initial
set of triphones that the database must contain was
established.

The lack of speech corresponding to continuous
speech in this database force us to complete this study
with a further analysis of a much bigger amount of
transcribed speech, in which new inter-word
triphones would appear.

3. Corpus Design

Once the basic context-dependent units were known it
was time for another step towards the design of a
proper corpus. A big amount of text (BAT) material
was analysed with two objectives:

* Phonetic Coverage: to find sentences which
contains all the relevant context-dependent
units selected.

* Phonetically Balanced: to obtain references of
occurrence frecuencies of the phonetically
important elements of speech: allophones,
diphones and triphones, and to compare it with
other similar published studies [5] [6].

The designed corpus should not only covered a
determinate set of triphones, but also should be a
representative example of natural spoken Spanish, for
this reason the text material was collected from
newspaper interviews. The objective to cover with
CEUDEX is to have a corpus for training Context-
Dependent Units, that can be used for any continuous
speech recognition task, that is, this units must be
Task-Independent and Vocabulary-Independent.

The analysed material contained 15000 sentences and
our final objective was to design a corpus with no
more than 400 sentences.

The automatic transcriptions of the sentences were
done by using the linguistic module of the Text-To-
Speech Synthesizer of Telefénica I+D described in
[71. The work of finding the final set of sentences
(CEUDEX corpus) from BAT was done by using a
“greedy algorithm” [8], which chooses the smallest
set of sentences which contains the whole set of
relevant triphones in BAT, while maintaining a
phonetically balanced corpus.

In order to maintain our restriction about the
maximum number of sentences (400) that would
compose the CEUDEX corpus, sentences with small
phonetic contribution were discarded, mostly these
with contexts not considered among the relevant
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contexts set.

As example of the results of the phonetic analysis of
BAT and the final CEUDEX, table 1 shows the
amount of allophones, left and right diphones and
triphones in BAT and CEUDEZX, and table 2 shows
comparative  Occurrence Frecuencies of the
allophones between BAT, CEUDEX and the
published studies of Rojo [5], the more detailed
analysis of occurrence frecuencies of diphones and
triphones would exceed a lot the size of this paper.

BAT CEUDEX
No. Sentences 15000 400
No. Word 10631 2171
No. Allophones 31 31
No. Left Diphones 504 492
No.Right Diphones 504 493
No. Triphones 5978 4215
Table 1 : Phonetic Analysis of the BAT material and the
CEUDEX corpus
Allophone BAT CEUDEX | ROIJO[5]
B 1.81 2.12 (*) incl."b”
D 3.93 3.90 (*) incl.”d”
G 0.78 1.15 (*) incl.“g”
J 0.18 0.20 0.19
L 0.36 0.42 0.38
N 0.42 0.50 (*)incl.“n”
T 2.21 1.99 1.68
zZ 0.01 0.27 0.22
a 11.49 11.68 13.40
b 0.32 0.37 2.66
d 0.95 1.04 4.79
e 13.03 12.77 13.51
f 0.77 0.99 0.68
g 0.10 0.17 0.95
i 5.19 5.49 7.5
j 2.57 2.24 (*) incl.*9”
k 3.53 3.29 3.98
1 4.84 4.82 5.08
m 291 2.73 3.09
n 6.39 6.04 6.99
o 9.18 8.71 9.57
p 2.45 2.21 2.66
r 5.42 5.19 5.67
T 0.65 0.86 0.79
s 7.42 6.35 7.58
t 4.67 438 448
tS 0.22 0.40 0.28
u 2.13 2.69 3.16
w 0.75 1.02 (*) incl.“u”
X 0.65 0.85 0.73
z (*)incl“s” | (*)incl“s” | (*)incl“s”

(*) “incl.” = included in

Table 2 : Allophone Occurrence Frecuencies by SAMPA
alphabet
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4. Database Composition

CEUDEX is an ambitious database which pretends to
cover several objectives related with its final goal, to
be useful for continuous speech recognition: (a)
phonetically balanced (representative of spoken
Spanish), (b) wide phonetic coverage, (c) speaker
independence, and (d) dialectal pronunciation
robustness over Castilian Spanish.

As it has been described in the previous section, the
corpus selection, was mainly focused in covering the
first two conditions (a) and (b). It is composed by 400
phonetic balanced sentences, which contains 4215
different and carefully chosen triphones.

In order to reach the (c) and (d) objectives the
recording process was divided in two phases. In the
first one, our main goal was to obtain good initial
units models, so the speakers were selected to be
natives of the Spanish dialect “castellano”, which
corresponds to the regions “Castilla-La Mancha” and
“Castilla-Leén”. The proper training of the more
general Context-Dependent Units, the “triphones”,
complying with the objective of Speaker-
Independence, enforced each of them to be uttered by
at least 35 different people. Since some of the
“triphones” appears only once in the corpus, each of
the sentences had to be read by at least 35 people.

The speaker distribution was as follows: 20 speakers
read the whole corpus of CEUDEX (400 sentences
each) and a second group of 120 speakers read each a
list of 50 sentences. The first subset of sentences will
be used in Speaker Adaptation and Speaker
Verification.

In this stage, a total of 14.000 sentences have been
recorded and carefully labelled in order to start the
context-dependent units training procedure.

In order to cover all dialectal regions of Castilian
Spanish, which will provided robustness to our final
system, the database will be completed with
recordings throughout Spain. We have considered 8
different dialectal regions in Spain, and the objective
is to obtain at least 300 speaker (reading a list of 50
sentences each) from each of them. This second
recording campaign has just began.

5. Data Acquisition

The database has been recorded in laboratory
conditions, with an Sennheiser microphone. The
speech was sampled at 8 kHz and recorded in p -law
using 32 bits. An automatic speech activity detector
endpointed the speech leaving at least 2 seconds of
silence surrounding the voice.

Each speaker had to read a list of sentences, while a
supervisor was controlling the recording procedure.
The recording system asks for a confirmation about
the correctness of every sentence recorded, allowing
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the repetition when needed.

In a second stage, the recorded speech in clean
conditions, has been “telephonized” in order to have
it ready for recognition over the telephone line.

6. SPATIS

The SPATIS database has been recorded as a
complement to the CEUDEX database. It was
recorded as an application for testing the final system.
It was found interesting to evaluate the capability of
the Context-Dependent Units trained with CEUDEX
when recognizing an independent task, this is what
we call Task-Independent Evaluation.

The corpus is formed by 3000 different sentences.
The phonological coverage of this corpus can be seen
in table 3. It shows the phonetic coverage limitation
of a corpus when oriented to a specific task, in this
case oriented to a Flight Information Task, which was
inspired in the English standard application ATIS [9].
This is mainly due to the frequent repetition of the
words related with the task, such are “vuelo” (Spanish
word for “flight”), “billete” (“ticket” in english), etc;
or to the similarity of the questions related with the
application interface, i.e. “Ensefiame” (“Show me”™),
“Quiero” (“I want”), etc.

The total 3000 sentences were grouped in lists of 50.
150 speakers were recorded while reading one of this
lists. Finally, 7500 read sentences were recorded.

SPATIS
No. Sentences 3000
No. Word 1264
No. Allophones 31
No. Left Diphones 450
No.Right Diphones 452
No. Triphones 3276

Table 3 : Phonetic Analysis of the SPATIS corpus

7. Actual Work

Our actual work is focused on training the Context-
Dependent Units, mostly triphones, from the
CEUDEX database, which provides a minimum set of
contexts including all of the considered relevant. The
first evaluation will be done over the SPATIS
database which will test the Task Independent
behaviour of the general units trained.

The Decision Trees will merge any new needed
context in the proper HMM-cluster corresponding to
the nearer relevant context represented.

The second stage of the CEUDEX recording has just
starting in the time this paper is written.
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8. Conclusion

We have presented in this paper the design procedure
and composition of the CEUDEX database in Spanish
for training Context-Dependent Units for Continuous
Speech Recognition over the telephone line. In the
future this database will be used for Speaker
Adaptation and Speaker Verification Researches.
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