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ABSTRACT

We present here the integration of a prosodic compo-
nent in an automatic speech recognition system. We
have decided to restrict our sphere of investigation to
corpus of steady grammatical structures (sentences) ut-
terered in a straightforward manner. A bottom-up iden-
tification system of prosodic labels organized into a hi-
erarchy allows to point out in a sentence the occurences
of some prosodic phenomena (two-way emergence of a
vowel fundamental frequency, lengthening of its dura-
tion ...). Then, a statistical analysis module quantizes
— for a given corpus — the correlations between lin-
guistic units and particular labels configurations. The
rules we achieve are just as well used for bottom-up
identification of component limits in a sentence as for
top-down verification of lexical hypothesis. The recogni-
tion process splits up into several stages : a bottom-up
acoustic and phonetic decoding allows to a lexical ac-
cess module to output, for each detected vocalic area, a
valued cohort of potential words. A first bottom-up ex-
tractor eliminates from these cohorts, candidates which
cannot be superimposed on the measured prosodic fac-
tors and next suggest a filling in every cohort adding to
the acoustic score of each word its micro-prosodic mark.
Then, the grammatically correct phonemic strings, by
means of proposition of valued hypotheses on the utter-
ance divided in intonative groups. A mark representing
the adequacy of the prosodic parameters measured with
those found in the corpus, is allocated to each candidate
sentence.

1 INTRODUCTION

Many studies have demonstrated the various possibil-
ities of using prosodic parameters [3]. These can be
used at every step of the decoding process of an au-
tomatic speech recognition (ASR) [6]. In spite of the
great number of papers published in this field ([12] [1]
[15] ...), the effective use of prosody is often limited
and the studies showing positive results concerning the
improvement of the ASR performances with the integra-
tion of a prosodic component are rare. This is mainly
due to precision problems of the automatic extraction of
the prosodic parameters and to the difficulty of having
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an ASR which is flexible enough to really test the contri-
bution of this component. This study presents the vari-
ous uses of prosody at a bottom up or a top down level
and discuss the encouraging results which have been ob-
tained on a set of numbers. Other more important tests
are now being carried out on a set of read phrases and
should be soon available.

2 ACOUSTICAL PARAMETERS AND
) CUES

The acoustical cues characterising certain prosodic phe-
nomena are represented by the mean of labels and they
are valuated from duration and fundamental frequency
parameters.

2.1 Duration treatment of the vocalic nucleus

A bottom up acoustic and phonetic decoding process
provides the localization of the vocalic nucleus. The du-
ration valuation of the vowel is particularly difficult and
depends on both phenomenon and environment, which
are not known in a recognization phase. In order to solve
partly this difficulty without a contextual modification,
we measure the duration of every vowel by distinguish-
ing the temporal zone of greater stability in the vocalic
nucleus . This simple calculation shows quite precisely
the significant vowels lengthening. Valuated labels char-
acterize then the lenghtening phenomenon (AL), the bi-
lateral emergence of duration (ED) and the extremum
of the duration parameter (MD and mD).

2.2 Fundamental frequency treatment

On the vocalic zones, we compute the fundamental fre-
quency by the mean of an AMDF technique which gives
very satisfactory results in this context. For every vowel
we choose the frequency measured at the end of the sta-
ble zone as a representative value of the fondamental
frequency. It is difficult to compute contextual correc-
tions (intrinsic and co-intrinsic) of the fundamental fre-
quency values in a bottom-up process of speech recogni-
tion. The fundamental frequency labels characterize the
phenomena of the F0 bilateral emergence (EF0), bilat-
eral emergence of at least one level of the fundamental
frequency which is coded on 4 levels (ENFO), extremum
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of the parameter (MF0 nd mF0) and then emergence
above a declination line (DLFO0).

Sujst Verbs) Compl

Sujet, Varkal Compl ¢
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Figure 1. Ezample of tree obtained for sentences
matching with the syntaze : subject verb complement.
The indezed numbers represent the vowels number

3 RULES OBTAINING

The prosody arises at every step of the communication
process. The variation of its parameters depends on a
set of factors which effects cannot be individually con-
sidered. The prosodic parameters are conditioned first
by the physiologic production constraints of each sound
and by their sequency coarticulation ( these phenomena
have often studied and are usually named microprosody
[2]); they are also conditioned by linguistic phenomena
(syntaxic and semantic sentences organisation [4] [8], ry-
thmic principles [7]) and extra-linguistic phenomena as
well (emotional state of the speaker, dialects ...). This
multiplicity of governing factors explains the absence
of an unified theory able to describe all the prosodic
phenomena. For this reason we have decided to use
a statistical method which allows us to extract auto-
matically from a corpus the necessary knowledge for a
recognition process in either a bottom-up or a top-down
phase. An interesting use of prosody is the regrouping
of words into linguitic unities (syntaxic and/or seman-
tic) usually called prosodic groups. From the syntaxic
decomposition of the studied sentences corpus and from
their segmentation, a module analyses statistically the
correlations between special prosodic labels configura-
tions and syntaxic unities (and/or rythmic). No study
about the semantic organisation of prosodic parameters
has been carried out because it doesn’t exist any model
which can allow the use of these informations in an au-
tomatic speech recognition system. At the end of the
process the prosodic information is contained in a set
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of descriptive trees. A table regrouping all the avail-
able informations with their reliability (prosodic labels
configuration, prosodic parameters average, ...) is as-
sociated with each edge of a tree. Each vertis of a tree
represents a syntaxic or rythmic constraint; the leaves
describe then the most precise sentences structures .

In a previous study [5] we have demonstrated the
possible use of an automatic prosodic labelling which
results are slightly different from the ones of a manual
segmentation. The descriptive trees can be modified af-
ter each successful recognition phase. This allows to
increase the number of analysed situations without re-
quiring phonetic labelled corpus.

4 USE OF RULES

The automatic recognition process is organized in three
steps. A bottom-up acoustical and phonetic decoding
gives first valued phonemic hypothesis. From these data
a lexical access module proposes a set of words for each
vocalic nucleus. A last step allows to select the possible
chain in these cohorts taking into account the specific
grammar of each application. With the help of the above
mentioned descriptive trees, we are going to integrate
prosodic informations into this process - and this in sev-
eral points - at a bottom-up level and in a verification
phase.

4.1 Bottom-up use

The prosody creates constraints on the words and on
the groups of words in the continous speech. Its use
in a bottom-up phase reduces notably the lexical [14]
and structural [9] hypothesis. Few studies have however
measured its real contribution in a ASR system.

Lexical filtering

For each vocalic nucleus we have a cohort of words that
we filtrate with the help of microprosodic and supraseg-
mental informations. A first voiced-voiceless distinction
eliminates from this list words which contain voiceless
obstruent, non-correlated by a voicing break. The voic-
ing measurement is given by an algorythm based on the
AMDF curves form, which are computed for each Ham-
ming window. A second filter tryes to distinguish voiced
obstruent from resonant by measuring the concave con-
figuration normally observed in many studies during the
realization of the intervocalic voiced obstruents. In or-
der to reduce the risk of eliminating a correct word, the
first words of each cohort cannot be removed by a mi-
croprosodic filter, but can only be penalized. then the
words which are not in adequation with the supraseg-
mental component of the prosodic parameters are not
taken into consideration. French is considered as a fixed
stressed language. Two main accents can be noted : the
primary accent which is set on the last full syllable of
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the last lexical item of a prosodic group; and the sec-
ondary accent which can be set on the first or on the
antepenultimate syllable of a lexical item [11]. This ac-
centual potentiality allows to eliminate from the cohorts
the words which do not correspond to this definition. In
a practical way this filter removes all the words ending
by a stressed schwa and part of the words of more than
2 syllables. The stress detection is carried out from val-
nated prosodic cues configurations.

Syntaxic filtering

This filter makes cut in the possible grammatical paths
graph. The grammatical left-right parse of a string can
be interrupted if the measured prosodic cues have a
weak probability to match the present syntaxic struc-
ture. This decision is taken from informations obtained
by learning and which security rates are high. Let’s take
for example following situation :

e Le beau ballon jaune, au dessus de ...
(the beautiful yellow balloon above ...)

e Le beau ballon vole au dessus de ...
(the beautiful balloon flies above ...)

The first sentence can be eliminated if an accent has
been detected on the & of ballon and this already from
the word au.

A coupure on the cohort i allows to eliminate the
parse of f("*=%) paths where f is the average branching
factor of the application grammar and nb the number of
cohorts. This reduces in a considerable way the calcu-
lation time of the syntaxically correct strings and even
more if the cut happens early in the parse.

4.2 Top-down use

This step allows the validation of the grammatically cor-
rect phonermic strings proposed by the recognition pro-
cess. A final recognition mark is given to each candi-
date by the add of a prosodic mark to its acoustical
score, which mark represents the adequation between
the prosodic cues measured with 1ts syntaxic and ryth-
mic structure. This mark is then calculated from de-
scriptive trees respecting following algorithm :

1. Go down the descriptive tree until the leaf f, wich
describes in the most precise way the syntaxical
and rythmical structure of the candidate string.
Considering n, as the edge of the level p and p;
the level of f.

2. calculate the adequation a, of the prosodic infor-
mations contained in n, with the ones measured
on the speech signal to recognize. Considering 6,
as the security rate of the n, informations.

ap > minimum.adequation
3. if and

8, > minimum security rate

then go to 5.
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4. pe—p—1.
go to 2.
Py
5. score = Z kpop0, where kp are the ponderations
p=1
of the tree edges.

The deeper an edge is, the more precise the con-
tained informations are. The coefficient are calculated
with a rising function carried out empirically , in or-
der to normalize the acoustical and prosodic scores of
the candidates. The candidates who obtain a too low
prosodic score are not taken into consideration and a
final classification is then proposed.

5 RESULTS AND CONCLUSIONS

We have carried out tests on a 120 numbers corpus
(smaller than a million) pronounced by three speakers.
The effectiveness of the prosodic component has been
measured by comparison of the obtained results with,
then without it’s integration in an ASR. The vocabu-
lary is compose of 25 basic words with their pronounce
variantes that mean a total lexical of 45 words. This
short words are practically all classified by the lexical
module in each cohorte; and the parse of the grammat-
ically correct path becomes rapidly a too heavy task.
The microprosodic filter allow the elimination of about
20 percent of the words in each cohorte. The lexical fil-
ter achieved with macroprosodic informations allows the
elimination of only 5 percent of words (this are the ones
ending by a stressed schwa). The final classification pro-
posed in a top-down phase produce an average gain of 20
places. The all filters improves the numbers recognition
of more than 15 percent and also reduce the calcula-
tion times of about 70 percent. Other tests concerning
readen sentences wich structures are more diversify are
now being carried out and the first results seem to be a
quiet attractive. Recent studies ([13] [10] ...) confirm
the choice of a learning method as an investigation tools
of prosodic phenomena. The growing studies numbers
on the subject proves that the use of prosodic infor-
mations in a recognition system is a difficult task but
nevertheless very interesting. The prosody is certainly
a necessary component for the achievement of robust
systems; probably more for the continuous speech than
for isolated words applications and particularly in nat-
ural dialog situations for wich a lot of work has still to
be done.
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