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ABSTRACT.

The design of current acoustic-phonetic decoders for a
specific language involves the selection of an adequate
set of sub-lexical units. In previous works [1] a set of
context independent units was presented for Spanish
Continuous Speech Recognition. The aim of this work
was to extend this basic set rcpresenting context
variability under a discriminative-transitional/steady
criterion. Our main goal was to obtain a good trade-off
between discriminative ability, context variability and
number of units. Finally, and within the framework of
Hidden Markov Modelling, different series of acoustic-
phonetic decoding experiments were carried out over a
Spanish Continuous Speech corpus. The phone
recognition rates obtained through these experiments
showed that the proposed criterion seems to be an
interesting approach to model context variability in
Spanish.

1. INTRODUCTION

Most of the present ambitious Continuous Speech
Recognition (CSR) systems are based on adequate
acoustic modelling of chosen sets of sub-lexical units.
These sub-lexical models can be used to build word
models of a given vocabulary, or in an Acoustic-
Phonetic Decoder (APD) to obtain the best interpretation
of an input utterance in terms of a sequence of sub-
lexical units. The first step in the process of designing
such systems is the selection of the type of sub-lexical
units. This depends on the language considered and
should be made on the basis of language coverage,
context variability and frequency of occurrence in the
available training corpus.

The choice of phones as sub-lexical units presents
several advantages. The most important is that the
number of such units is low enough to obtain a high
score of occurrences for each unit in the training set.
Thus, the corresponding models will be well learnt. On
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the other hand, they are context-independent so that they
could be used to model new words not appearing in the
basic training set.

However, the acoustic variability of some units may not
be well represented. Many times this variability is really
task dependent [2]. To deal with this problem, several
proposals can be found in the literature: reducing acoustic
variability by increasing the number of models for each
context independent unit, choosing context dependent
phones [2]{31, diphones [4], triphones [3], polyphones
[5], context-freezing units [6], demisylables [7], etc. All
these sets are based on a previously selected baseline of
phone-like units.

The aim of this work was to present an adequate set of
sub-lexical units for Spanish CSR selected under a
discriminative-transitional/stcady criterion. In Section 2,
this choice is discussed and different sets of units are
presented. Section 3 summarises the methodology and
experimental environment used in the series of acoustic
phonetic decoding experiments carried out to test the
proposed set of units. These experiments and results are
presented in Section 4. Finally, some concluding
remarks are summarised in Section 5.

2. SELECTION OF SUB-LEXICAL UNITS.

In previous works [1] [8] a set of context-independent
units was introduced for Spanish CSR. This set
consisted of 23 Phone-Like Units (PLU) that roughly
correspond to the 24 Spanish phonemes [9]. Table 1
shows this set using the IPA and SAM transcriptions
[10] for their representation..

Table 1: Basic set of phone-like units (PLU): [PA and
SAM transcriptions are used for their representation.

IPA transcription
Occlusive : [p] [t] [k] {b] [d] [g] pt kb dg

SAM transcription

Nasals: (m][n] [h] mn J
Fricative:  [f] [0] [sl[Ally] [x] f T sLZx
Affricate:  [t]] tS

Liquids: [1} [¢] [rx] | r
Vowels: fi] [e] [al [o] [u] i e a o u
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This small set was considered adequate for Spanish after
a deep study of the language under phonetic criteria [8]
and after experimenting with other proposals including
larger scts of allophones [11].

However, the acoustic variability is not well represented
with context independent units. As a consequence, we
proposed a discriminative-transitional/steady criterion [4]
to extend this basic set of PLU"s. Our main goal was to
obtain a good trade-off among discriminative ability,
context variability and number of units.

Table 2: First set of discriminative units (DU).

Steady units

[p] [¢] [k] [b] [d] [g] [m] (n] [t/] [B1 (0] [v] [£] [6] Is] [y] [x] [1]
[r] [xx] [i] {e] [a] [o] [u]

Transitions

Diphthongs:
18/ fie/ fiof [wa/ fwe/ fajl few/ [ael [ea/ [oa/ [oe/
Consonant groups:
pr/ frf [Br/ /de+or/ /BY
Unvoiced occlusive-vowel
/pa/ /pe/ ftaf fte/ [t/ fto/ /ka/ [ke/ /kif [kof
Voiced consonant-vowel:
Occlusive:
/de/ /Ba/ /Be/ /Bi/ /Bof [da/ [oe/ [dof fau/ Ial Fyof ya/
Nasal:
ma/ /me/ /mi/ /mo/ /na/ /ne/ /ni/ /nof
v Liquid:
Na/ fie/ i/ lof /tu/ /ra/ fre] [rif frof [ru/ [rve/
Vowel-voiced consonant:
/an/ fen/ fin/ fon/ jun/ /al/ fel /ilf jol/ fax/ [ex/ fix/ Jor/
Voice consonant-voice consonant:

[rr/ /nl/

Table 3: Second set of discriminative units (DU).

Steady units

[p] [¢] [k] [6] [d} {g] [m] In] (] [B] (01 [y L£] [6] [s] [y1 [x] [1]
[r] [rr] [i] [¢] {a] [o] [u]

Transitions

Diphthongs:
fia/ fie/ fjof [wa/ Jwel faif few/ faef [eaf Joa/ foe/

Consonant groups:
Ipr/ ftx/ [Br/ [dr+0t/ /BY/
Unvoiced occlusive-vowel:
/pa/ [pe/ /ta/ ftef ftif tof fkaf fkef [ki/ [kof
Voiced consonant (liquid)-vowel:

Naf flef i/ flof fy/
Others:
/rre/ fel/

EUROSPEECH ’95, Madrid, Spain, September 1995

The extended set of Discriminative Units (DU) includes
two kinds of units: a basic collection of steady units
close to the Spanish phone set and a bigger set of units
representing transitions between pair of phones. The
selection of the transitional units was made under a
discriminative criterion. Thus, only well acoustically
characterised transitions were considered: diphthongs,
consonant groups, unvoiced occlusive-vowel transitions,
voiced consonant-vowel transitions, vowel-voiced
consonant transitions and some transitions between
voiced consonants.

The frequency of occurrence of each unit in the available
corpus was also considered in order to get well-trained
acoustic models. Thus a set of roughly 100 units was
finally selected. The IPA transcription of this set is
represented in Table 2. '

In order to test this proposal, a set of acoustic-phonetic
decoding experiments was carried out (see section 4).
These experiments showed that some of the transttions
contributed to increase the confusion rate among several
phones. As a consequence, the number of transitions was
reduced resulting in the set showed in Table 3. As a
consequence, the transitions chosen, and thus the final
set of units, obviously was corpus dependent.

3. EXPERIMENTAL ENVIRONMENT

The corpus used in this work consisted of two kinds of
sentences: 120 phonetically balanced sentences used in
the training phase and in vocabulary dependent decoding
experiments and 50 sentences obtained form current
Spanish narrative used in decoding experiments. All the
sentences were uttered by 10 speakers: 7 were used in the
training phase and speaker dependent decoding
experiments and 3 for speaker independent decoding
experiments. This corpus included 48,000 PLU"s and
67,000 DU’s.

Single (SC) and Multiple Codebook (MC) Discrete
Hidden Markov Models [2] were used to model each sub-
lexical unit. Each unit was represented by a simple left
to right topology with three states without transition
between non-consecutive states and a loop at the second
state.

The whole corpus was acquired at 16 KHz and
parametrised, resulting in vectors of dimension 11, i.e.
10 Cepstrum Coefticients {(CC) plus Energy (EN). From
these parameters we have got their respective first
derivatives (ACC and AEN). A codebook of 128
codewords was used for SC experiments (CC+EN). For
MC experiments three codebooks (CC, ACC and
EN+AEN) of 128 codewords were used.

Both sets of DU’s (Table 2 and Table 3) were evaluated
and compared to the basic set of PLU’s (Table 1) in
terms of phone, i.e. PLU’s, recognition rates.

For each experiment, the following values were
computed: 1) the number of PLUs that were recognised
correctly (c); 2) the number of PLU’s that were inserted
(i), deleted (d) and substituted (s). These values were
obtained by an editing comparison between the output of
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the APD and the correct PLU transcription of each test
utterance.

From these values, the following parameters were
obtained:

Percent Correct: PC =100 (c / i+s+d+c)

Substitution rate: PS =100 (s / i+s+d+c)

Deletion rate: P 4= 100 (d / i+s+d+c)

Insertion rate: Pi = 100 (1 / i+s+d+c)

4.- EXPERIMENTS AND RESULTS

Two kinds of acoustic-phonetic decoding experiments are
presented. A preliminary set of experiments was carried
out to test the set of units presented in Table 2. In this
case only a sub-corpus of the available corpus was used
to preserve the statistical independence of the whole
corpus test set. Then the finally proposed set of units
(Table 3) was tested over the whole corpus test set in a
second series of experiments.

4.1. PRELIMINARY SET OF EXPERIMENTS

The training sub-corpus consisted in this case in 30
sentences uttered by 4 speakers (20,000 DU’s). The test
sub-corpus consisted in 20 different sentences (12,000
DU’s) uttered by the same speakers in Speaker Dependent
(SD) experiments and by 4 different speakers in Speaker
Independent (SI) experiments.

A phoneme pair-grammar with two different constraint
levels was included: weak constraints (WC) and strong
constraints (StC). In the WC case transitional units were
not allowed to be consecutive, The StC model forced
sequences of units steady/transition/steady when the
transitional unit was defined.

Table 4 shows the phone recognition rates obtained
through these experiments, when the basic set of PLU
(Table 1) and the new set of DU units (Table 2) were
used.

Table 4.-Phone recognition rates (in %) obtained with
the first set of DUs (Table 2) and PL.U’s (Table 1)

Pj Pp |Ps Pc
PLU 7 10 25 58
SD DU WC 7 10 24 59
DU StC 5 13 29 53

PLU 3 125 130 54.5
SI DU wC 3 12 30 55
DU StC 5 135 1325 |49

DU units slightly improved the PLU phone recognition
rates only when the WC model was used. A more
specific analysis of substitution errors among phones
[12] would show that only a small set of voiced
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consonant-vowel transitions let to improve the system
performance. This small set included very frequent
Spanish "function words" like /la/ Jel/ /le/ /lo/.
Diphthongs are also very frequent in Spanish and their
formant transitions were well characterised by these
transitional units.

Unvoiced occlusive were better identified when their
transitions with the next vowel were included. Finally
the specific Spanish sounds /r/ and /rr/ (simple and
multiple vibrant liquids) are very difficult to characterise
by themselves due to the absence of any specific spectral
feature [9]. Thus consonant groups and some vowel
transitions including those phonemes needed to be
considered. As a consequence, a more reduced set of DU
units was then proposed (see Table 3).

4.2 FINAL EXPERIMENTS

The object of these experiments was to test the final set
of DU’s (Table 3) in more exhaustive decoding
experiments,

The whole training corpus consisted of 840 utterances
that correspond to 120 phonetically balanced sentences
uttered by 7 speakers (4 female and 3 male), resulting in
a total of 48,000 PLU’s and 67,000 DU’s.

Table 5.-Summary of the phone recognition results (in
%)

P P, [Ps |Pc

sC PLU |3 14 25 58

SD DU |3 15 24 58

VI MC B PLU |3 11 22 64

DU |3 10 21 66

sC PLU |3 15 27 55

SI DU |3 15 27 55
VD MC RPLU |4 1.5 123 61.5

DU |4 11 22 63

sC PLU | 3 15 28 54

SI DU 3 16 27 54

Vi MC ||PLU |3 12 24 61
DU |3 12 22,5 | 625

Three series of experiments were carried out: Speaker-
dependent vocabulary-independent (SDVI), speaker-
independent vocabulary-dependent (SIVD) and speaker-
independent vocabulary-independent (SIVI).

SDVI: 350 utterances that corresponded to 50 sentences
from narratives uttered by 7 speakers (the same speakers
of the training set), for a total of 13,000 PLU’s and
16,000 DU’s.

SIVD: 360 utterances that corresponded to 120
phonetically balanced sentences uttered by 3 speakers not
included in the training corpus (2 male and 1 female), tor
a total of 9,300 PLU s and 11,500 DU"s.
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SIVI: 150 utterances that corresponded to 50 sentences
from narratives uttered by 3 speakers not included in the
training corpus (2 male and 1 female), for a total of
5,600 PLU’s and 7,000 DU s

Table 5 shows the phone recognition rates obtained for
SC and MC experiments when the PLU s (Table 1) and
the second DU’s (Table 3) sets of units were used. In this
case only WC phonological model was considered for
DU’s.

A slight improvement of system performances can only
be observed when dynamic features were considered
MQ).

5. CONCLUDING REMARKS.

The use of DU units improved the phone recognition
rates in all the experiments carried out. However, the
error reduction was more significant when multiple
codebook was considered, up to 4%. In fact, most of
DU's represent speech signal transitions and thus,
correspond to very small segment of signal. As a
consequence, the number of such units needed to train the
models is very high, and then a larger Spanish database
is required. In spite of this problem, the discriminative-
transitional/steady set units seems to be an interesting
approach to model context-dependent acoustic variability
in Spanish, when any specific task provided
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