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ABSTRACT

This paper studies different sets of subword speech units
to be used for recognizing Spanish. In particular it
compares context dependent phoncs, syllables and
demisyllables. It shows how context dependent units can
effectively reduce the error in a 15% with respect to
context independent phones. The benefit of merging
similar contexts when there are not enough training data
is also validated. On the other hand the paper study the
behavior of syllables based units: first, the study reveals
that syllables give a similar performance than triphones
whereas demisyllables give a similar performance than
righ (or left) context dependent phones. However, when
different types of units are used, context dependent
phoncs give the best results. Results achieved with these
sets of units exceed 70% in acoustic-phonetic decoding
of Spanish speech.

1.INTRODUCTION

The definition of a set of subword units is an important
aspect which has to be considered in order to design
successful recognition systems for continuous speech.

For small vocabularies, words have been proven to be a
very good choice. However, they cannot be used for large
vocabularies, first because a huge training corpus would
be needed but also because it would be an inefficient
representation of the speech sounds. Phones solve these
disadvantages but they are strongly affected by the
neighboring sounds. This is the reason why most
systems use context dependent phones (CP) where
phones are differently modclied depending on their
neighborhood, in the case that enough training data arc
available. Context independent phones are used when
such data are not available.

Another possible choice is the use of multiphonic units.
However, the number of these units is large (although in
some cases smaller than CP). Furthermore since they do
not have simpler but more reliable counterparts, as in the
case of phones for CP, it is difficult to form a complete
set of units as needed for large vocabularies. It is also
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complicated to have good initial estimations and to
interpolate the estimated units with more reliable ones.

In the case of Spanish all the works which cover large
vocabularies for continuous speech have used context
independent phones [1] or transitional units {[2].
Context dependent phones has been used in isolated
speech recognition [3]. However, Spanish is a syllabic
language where rhythm is marked by syllables. This
characteristic has been applied in automatic recognition
of speech in two different problems: first in [4] syllabic
groups are defined to train filler models in a word
spotting application. Second, demisyllables are used in
[5] to recognize small vocabularies. In both works
syllable based units perform better than phones and
words.

In this work different sets of subword units are
compared. The sets include not only left, right and both
context dependent phones but also syllables,
demisyllables and inhomogeneous sets.

2. DATABASES

At the beginning of this work the only available
Spanish database for continuous speech recognition was
what we call "SentecesUPV" database, recorded by the
Universidad Politécnica de Valencia. This database
consist on 120 acoustically balanced sentences designed
for training purposes and 50 sentences proposed for test.
These 170 sentences are uttered by ten speakers. This
database has been used by several research groups and in
order to compare different sysiems 7 speakers were
defined as training speakers with a number of 840
training sentences. The other sentences are used to
perform different tests. Some preliminary experiments
were performed with this database and will be presented
so that a fair comparison with other published strategics
can be established.

Last year our group recorded EUROM.1 [6], the first
public database of Spanish speech. In this work, this
database has been adapted to be used in continuous
speech recognition: signals have been down sampled
from 20 kHz to 16 kHz, low frequency noise has been
filtered and passages have been segmented in sentences.
The database consists of 60 speakers and 250 different
sentences with a final number of around 2000 utterances.
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Furthermore, speaker dependent/independent and
vocabulary dependent/independent subcorpus have been
defined: 17 speakers and 61 sentences define the test
subcorpus. Some speakers (labelled as "few speakers™)
said much more sentences than the others. Therefore, in
order to have a balanced training data, some vocabulary
dependent and spcaker dependent utterances have been
let out of the training group. Table I shows the number
of utterances of each defined subcorpora. In the future,
we will call this adapted database, along with the
experiment definition, as "AEUROM.1".

Train sdvd sdvi sivd sivi
842 537 256 119 225

TABLE L. # utterances of the subcorpora of AEUROM.1

The number of training and sivi utterances is not much
higher than that of the SentencesUPV database. However
the number of different spcaker and different sentences
gives a richer representation of the speech variability.

3. ANALYSIS OF THE LINGUISTIC CONTENTS
OF AEUROM.1

In this section the linguistic contents of the AEUROM.1
database will be analyzed. It will be useful to define
different sets of experiments and to interpret the results
obtained. The units which have been more extensively
used in the literature are phones (P) and context
dependent phones(CP): right context dependent phones
(RCP), left context phones (LCP) and both context
phones, also called triphones (T7P). Other proposals are
syllables (Syl) and demisyllables (DS). In the case of
CP, the complete set of units usually include phones for
modelling the situations where the appropriated CP is
not available. However, in the case of Syl and DS,
databases are usually designed to have a complete
homogeneous set of units.

With the AEUROM.1, a complete set of demisyllables
can not be trained, and even less a complete set of
syllables. However, as it has been said before, these units
have given good results to some problems of Spanish
speech recognition. In our work we propose 10 use scts
of Syl and DS, complcied with other kind of units. When
DS§ are used, only syllables whose two parts belong to
the defined set are labelled with the demisyllables labels
The other syllables have to be segmented by context
dependent phones and context independent phones.

All the analysis which follows is based on the phonetic
transcription of the sentences of the database. This
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transcription is the result of applying the automatic
transcriptor defined in {7] and merging the following
pairs of allophones: /g/-/G/, /b/-/B/, /d/-/Df, fn/-/N/, /ij/-/L/
and /z/-/s/. The number of phones considered is 25.

#P  #RcPp #LCP _ #TrP__ #isyl _#DS

whole DB 25 328 335 1745 537 259
training 25 314 321 1580 480 239

TABLE II. Number of units in the AEUROM database.

Table II shows the number of units which are present on
the whole database and on the training subcorpus. In this
way some intuition is gained about the influence of each
unit on the test data. Note also that the number of
syllables which appear in the whole database is much
smaller than the theoretically possible syllables which
appear in Spanish (several thousands).

The total number of units gives an idea of the available
phonetic data. However, in order to train the acoustic
models each unit must appear a given number of times.
Table III shows, for different thresholds, the number of
trainable units and the text dependent/text independent
coverage. These coverages are defined as the relation
between the number of phones which would be labelled
with the specific units and the total number of phones.

The analysis of the table shows that the coverage of the
different sets on the training data (second columns) is
somehow similar to that of the test data (third columns).
Therefore, if a phonetic database is used as training,
context dependent units can improve performance of
general applications.

4. EXPERIMENTAL RESULTS

In this section different sets of units are defined and
their performance on recognition is evaluated with the
Hidden Markov Model Tool Kit (HTK) {8]. As we are
interested in speaker and vocabulary independent speech
recognition, if it is not explicitly said, the sivi subcorpus
of AEUROM.1 will be used as test. A silence model is
added to each set of units.

The speech signal is represented by the mel cepstrum
coefficients, the power and its first differences of 25 ms
synchronous frames which are overlapped 15 ms, Three
states per phone and three mixtures per state are used. No
statc can be skipped. Some experiments were done (with
the SentencesUPV database) testing different topologies
and different number of mixtures but no consistent
improvement was achieved.
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Thr RCP Lcre TRP Syl DS

3000 36 558 531 39 529 497 7 78 14 8 148 127

175) 60 70.8 686| 66 699 675 33 242 231 21 316 28.0

105 83 794 715 92 795 774| 64 355 335] 39 445 402 55 643 598
701 113 863 84.4| 123 86.6 84.7| 100 437 408} 58 538 49.0] 67 717 683
35] 168 942 932] 176 942 932} 224 596 550] 99 673 614§ 104 858 83.1

TABLE III. Number of units, % text dependent and independent coverage as a function of the minimum number of times

that units have to appear on the training subcorpus.

The recognition experiments don’t use any language
model, neither lexical information. In this way, the
performance of the unit sets is evaluated independently
of the recognition task. The only restriction is that the
contexts of context dependent units have to match with
the units besides them.

The performance of the different unit sets will be
measured by the %correct and, in some cases
%insertions, %deletions and %substitutions. These
numbers are the relation between the different events and
the summation of corrects, insertions, deletions and
substitutions.

Before perform the experiments the cost of transition
between models is adjusted using a small number of
sentences to reduce the insertion rate. The general rule is
that as the number of units increases, the transition
between phones has to be more penalized.

4.1. Context Independent Phones.

In this experiment the performance of the independent
context phones is evaluated for the different test
subcorpus. As it can be scen in table IV, the difference
between the results of the different kind of tests is small.
The training data is rich enough so that the models are
not too adapted to the vocabulary of the training
database and even less to the speakers.

sdvd sivd
63.0 63.4

TABLE IV. %Correct for the context independent phones.

sivi
61.4

sdvi
61.8

4.2. Context Dependent Phones.

Context dependent phones have given excellent results
in a lot of experiments in English. In this section we
want to sec first if they have the same advantages in
Spanish. Second, which type of CP should be preferred,
and finally, how these different kind of units should be
combined.

In table V, the %correct is showed for RCP, and TrP as a
function of the minimum number of times each unit
appears in the training subcorpus. The same table, shows
the number of units (RCP plus P). Experiments with
LCP have also been carried oul but the results have not
been included because they are almost the same than
those produced by RCP. As the number of LCP units is a
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little larger than that of RCP, RCP models will be
preferred to LCP in the rest of this work.

RCP Tre
Thresh. # units 90 COIT. # units  %correct
300 61 65.7 32 62.3
175 85 67.4 58 64.4
105 108 67.8 89 66.0
70 138 68.6 125 66.4
35 193 68.8 249 67.8

TABLE V. Performance of ¢cp
From the results we can conclude that:

» Context dependent phones (left, right or both) greatly
improve the performance of the system

« With the same number of units, RCP and LCP perform
better than TrP. Note that in this case the coverage of
RCP is larger than the achicved by TrP (see table III).

 With the same coverage (compare RCP -300 with TrP
-35) TrP  give better results than RCP . TrP
effectively model the coarticulation effect.

The second point we want to study in this section is
how these different kind of units should be combined.
For doing that, different experiments have been done
were first, a number of TrP has been selected according
to a variable threshold. Afterwards, the RCP which
appear more than 70 times on the remaining training data
have also been selected. The set of units is completed
with the 25 phones which are independent of the
context. Results presented on table VI show how it is
worth to train as much 7TrP as possible. However, note
how the number of models increases significantly for
small improvements. In the same way, further
achievement can be obtained if the RCP threshold is
decreased to 35, (%correct = 70.2%) but the number of
models increases to 290.

7rp thresh. # units % Correct
175 167 68.8
105 196 69.1
70 224 69.4
TABLE VI. Performance of Trp +RCP as a function of the trp
threshold.

We have also defined units sets where RCP and RCP are
combincd. However this combination never gives better
results than these kinds of units separately.
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4.3. Merging contexts by linguistic criteria.

The idea of this section is to improve performance
merging conicxt dependent units when the contexts
produce the same effect on the phone. The criteria uscd
were applied in the design of the phonctic corpus of the
Albayzin database [9]. The most important says that
pairs of vowels (/¢/, /i/) and (/of, /u/) affect in the same
way to the consonant allophones. The cffect of this
merging has been different {or the case of 7rP and RCP.
In the first case the number of units and the coverage of
the training database increases improving the
performance. In the case of RCP the number of units
decreases because units which accomplished the criterion
of the number of times are merged in the same unit.
Although the coverage of the training database increases
in 20% the performance is degraded.

As conclusion, only units which do not appear enough
numbcr of times on the training data should be merged.
However, if there arc enough training data to train a
context unit it should not be merged with other similar
units.

4.4. Syllables based units.

In order to evaluate the performance of the syllables,
some experiments have been done for different values of
the minimum number of times the units have to appear
on the training subcorpus. The results given in table VII
show that the performance of syllables is very similar to
that of TrP . However, note that syllables have a larger
coverage than TrP . Although syllables do not model the
contexts of the extremes they achieve good results. The
performance of demisyllables is similar to LCP and to
RCP. They give greater coverage on the databases than
syllables and better results.

However, experiments where syllable and demisyllables
arc combined or experiments where this units are
completed with CP do not give as good results as those
obtained using only CP.

syl bs .
Thresh. # units % corr. # units  %correct
175 46 64.4
105 64 65.3 80 66.9
70 83 65.8 92 67.2
35 124 66.9 129 68.4

TABLE VI. Syllables performance.
4.5. Experiments with the SentencesUPV database.

To conclude this section, table VIII gives the results
achicved in some preliminary experiments with the
SentencesUPV database. The first column of the table
define the sets: letters define the kind of units used and
numbers the minimum number of times the units have to
appear on the training database. It can bcen seen that
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cven when the models are very speaker dependent,
context dependent models give a consistent improvement
on the speaker independent and vocabulary independent
test.

Jocorr  %corr  %corr

Name #units sivd sdvi sivi

4 25 65.8 73.5 61.2
Trrl75 33 66.3 74.3 62.4
RCPI7S 48 68.7 76.4 63.9
TrP70 69 69.0 76.9 64.3
rRCPI0S 77 70.0 78.5 65.2
RCP70 101 71.2 79.3 66.1

TrP70/RCP70 133 72.2 79.6 67.3
1rP70/RCP3S 210 73.1 81.0 67.3

Table VII. Resuits on the SentencesUPV database
5.SUMMARY

In this paper the good performance of different sets of
units has been demonstrated. Although the importance of
syllables in Spanish, context dependent units give the
same results. Furthermore, the performance of these units
improves consistently when a set with different kinds of
context units is defined which is not thc case when
unhomogenous sets (with syllable basced and context
dependent phones) are combined. Finally, the paper -
shows the convenience of merging contexts but only in
the case of units which otherwise would be poorly
trained.
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