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ABSTRACT

The present contribution aims at inventoring the
microprosodic phenomena already abundantly de-
scribed in the past for languages such as English and
French (see [1] for a commented review of these stud-
ies). We propose to measure their usefulness in an au-
tomatic processing and also to estimate the expected
confidency of microprosodic “corrections” — at least
in an automatic way — by studying each parame-
ter separately and by presenting statistical distribu-
tions of the different phenomena measured on isolated
french word corpora uttered by several speakers.

1 INTRODUCTION

Most prosodic studies deal with linguistic aspects (re-
lations with syntaxic, semantic and rythmic organi-
zations) and non-linguistic aspects (emotional state
of the speaker, emphasis, etc.) particularly important
in dialogue situations. In a previous study , Lea [2]
showed however that prosodic parameters (intensity,
fundamental frequency, duration and pauses) can be
used at each level of a recognition process. Especially,
Vaissiére [3] underlines that microprosodic variations
of these parameters can improve an acoustic-phonetic
decoding process (voice/voiceless detection, obstru-
ent/non obstruent distinction, ...). A classical ap-
proach in the analysis of suprasegmental cues consists
in eliminating from the field of investigation the vari-
ations which could be part of the segmental domain
[1] (by means of a ponderation system for example).

2 Data bases used here

Different French isolated words corpora have been in-
vestigated for the purpose of this study, each of them
uttered by several speakers. A total of 10000 words
have also been uttered (by 20 speakers), 6000 words
have been pronounced by telephone, the others have
been recorded via a microphone in “laboratory con-
ditions”.

3 Durational cues

Duration is certainly the most difficult prosodic pa-
rameter to handle with. Campbell [4] underlines that
it is probably not possible to define precisely the
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phonems boundaries in a string and shows that an
alignment obtained by Markov phonem models is a
satisfactory solution. In order not to be dependent
on a single duration measurement technique, we in-
vestigate two different ones :

o an analytic lexical filtering module [5] which pro-
vides satisfactory results (95% of words from a
large lexicon ranked in the 50’s first places (see
fig. 7) for non telephonic data bases,

e we also use non contextual phonetic Markov
models (learned on telephonic quality corpora)
to give an estimation of phonems duration (re-
sults of these models in a recognition task are
closed to those reported in other studies [6],{7]).

Several factors influencing vowels duration are stud-
ied here :

+ position of vowels in a word,

+ duration of a word (in terms of number of sylla-
bles),

¢ relation between the vowel aperture and its du-
ration (:ntrinsic durations),

+ phonatory and articulatory post-vocalic conso-
nant influence (co-intrinsic phenomenon).

We report now major observations related to this
analysis. A first evidence correlated by our data is
that the longer the words are, the shorter their vow-
els are. Observed distributions indicate that the error
probability of a bayesian decision on the number of
vowels in a word made on the average duration of
its vowels, ranges from 0.1 (for a distinction 5-vowels
words / monosyllabic words) to 0.4 (distinction 3-
vowels words / 4-vowels words). A second observation
is that the position of a vowel in a word influences its
duration (see fig. 1).

More interesting is the comparison of intrinsic dura-
tions measured without any distinction of position,
consonantic context and word length (see fig 2). At
first sight, it seems that the difference between low
and high vowels is not obvious at all! Secondly, our
measurements tend to show that nasals are signifi-
cantly longer than associated oral vowels (see fig. 3
for an estimation of error probability of a bayesian
decision on this cue).
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Figure 1. Distribution of vowels durations according to
their posttion in tri-syllabic words.
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Figure 2. Averade vowel durations (and ecart-type) mea-
sured in a corpus of 800 tri-syllabic words (uttered by 2
callers).

More contextual measurements are however necessary
to conclude. We investigated also co-intrinsic varia-
tions on each word length, for each position and for all
our corpora (with the two duration extraction meth-
ods) with a major conclusion : post-vocalic consonant
influence on vowel duration is not more observable
than on average values. The major effect observed is
the voice/voiceless feature of consonant : vowels are
on average longer when they are followed by sonorant.
However we report distributions where such contex-
tual effect is maximal (on average), in order to show
that this cue seems not to be relevant for a bayesian
decision (see fig. 4).

In a first conclusion, intrinsic and co-intrinsic varia-
tions on vowel durations seem not to be measurable
with our extraction methods. Comparison of the two
different techniques used here tends to indicate that
Markov models are more accurate than the analytic
method, despite no great differences are shown in the
conclusions of this study.
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Figure 3. Oral and nasal vowels duration distributions
{on tri-syllabic words).
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Figure 4. Distributions of durations for the vowels [a] and
[t] followed by sonorant (solid line) and voiceless conso-
nani (dotted line) in medium position of tri-syllabic words.

4 Fundamental frequency cues

As for duration, we propose a study of intrinsic funda-
mental frequency values of French vowels (influence of
the aperture) and co-intrinsic effects (importance of
the pre-vocalic consonant phonatory mode). We will
also estimate the relevance of the concave configura-
tion usually observed in inter-vocalic occlusive and
fricative consonants to distinguish them from liquids.
The fundamental frequency is measured by a well-
tried Amdf technique.

We report on table 1 f0 vowels measurements on
tri-syllabic corpus which requires several comments
(since no significant difference has been observed ac-
cording to the measuring point, we retain the value of
J0 in the middle of the vowel as a significant value) :

+ We first observe the influence of the position of
the vowels in the word on the f0 values (a global
difference of about 11% separates the first vow-
els from the last ones in our tri-syllabic words)
which clearly indicates that separated analysis
should be carried on in order not to give a bias
to our measurements.

o The comparison between [a] and ([i]+[y]) shows
that on average high vowels have a higher funda-
mental frequency, at least for the first ones ant
the middle ones (with a ratio close to 5%). A
bayesian distinction between high and low vow-
els on their f0 values (in a specific position) would
give a probability error of around 25%; a partial
decision could generate a more efficient decision.
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+ It seems also that the average vowels frequency is
higher after voiceless consonant than after voiced
ones; a ralio, close to 3% indicates however that
this difference is not highly significant : this can
be verified by distributions on figure 5.

o We do not mention here the influence of articula-
tory mode of the pre-vocalic consonant, because
we didn’t measure any significant effects for any
corpus (Ze. stop/fricative distinction is not rele-
vant from our point of view).

+ Similar measurements have been made on other
corpora.

5] [

Loc \% | NV | R A% [ NV ] R
initial position

CJ || 131|135 | 3.0% || 125 { 127 | 1.6%
PL || 120 | 126 | 4.8% | 115 | 116 | 0.9%
both || 125 | 129 | 3.1% || 120 { 121 | 0.8%
medium position
CJ {127 1130 | 2.3% || 123 | 127 | 3.1%
PL || 120 | 122 | 0.8% || 115} 116 | 0.9%
both || 124 | 127 | 24% | 119 {121 | 1.7%

final position
CY || 117 1 119 | 1.7% || 117 | 116 | -0.9%
PL 95 1103 | 7.8% || 94 | 106 | 11.3%
both || 107 | 111 | 3.6% | 108 | 113 | 4.4%

Table 1. Average values on tri-syllabic words for high and
low vowels in different left consonantic contezt — (V) for
voice consonant and (NV) for non voiced consonant — in
initial, medial and final position. (R) indicates the rapport
NV/V.
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Figure 5. Distributions of fO initial vowels following sono-
rants (dotted line) and voiceless consonants (solid line).

We also investigated the typical fall-rise pattern ob-
served during obstruent inter-vocalic consonant real-
isations [3] as a cue to distinguish them from non-
obstruent inter-vocalic consonants. We tested two
measurements of concavity :

S which is computed as the area delimited by the
f0 curve and the lines determined by the two f0
values measured at the end of the left vocalic
nucleus and at the beginning of the right one,

Rf0 which represents the maximal difference be-
tween the two curves described above,
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Our experiments indicate that distinction between
([m],In],[€]) and the other consonants can be achieved
with an error probability of around 20% (depend-
ing on corpora and speakers). Partial decision can be
made with a good precision (see fig. 6).
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Figure 6. Distributions of fall-rise pattern measurement
on inter-vocalic voice consonants (liquids, stops and frica-
tives ).

Last, but not least, we measure the improvement of
the voice/voiceless cue in our lexical access module.
A voicing curve is calculated during the f0 detection
algorithm, based on the shape of Amdf curves com-
puted for each frame of speech signal [8]. We tested
the potentiality of this curve in a 500 isolated word
recognition task, each one uttered by 6 speakers :-each
word candidate (among a 15000 words lexicon) is as-
sociated with a voice/voiceless pattern which allows
a bottom-up filtering close to 60% of the lexicon with
an error of less than 3% ; a second accurate filter re-
moves from cohortes of words 20% of potential words
during the lexical access phase (ie. before taking into
account phonems scores) with 1% of error. This two
filters yield to a slight improvement in the ten first
positions, despite an global error close to 4% (see fig.
7).

80
75
70
65
6ok -
55
50

45

40

R A " rank of correct word |
30 H 1 1 1 I3 1 1 1 1 L 1 1 L
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Figure 7. Rate of correct word ranking with (dotted line)
and without (solid line) voice/voiceless filtering.

5 Intensity cues

We conclude this overview of microprosodic varia-
tions by studying intensity which is without any
doubt the less studied of the three prosodic param-
eters, although it is the easiest to measure. We only
take into account the objective intensity values de-
spite we know from previous studies that vowels with
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equal intensity can be perceived as non-isophones
when differing in their durations [9]. Di Cristo no-
ticed however the partial inadequacy of a temporal
integration in such measurements [1, pp 517].

Microprosodic variations of intensity have been much
debated : Rossi for example claimed that intrinsic
vowel intensity is not related to its aperture [9], de-
spite other authors noticed an effective relation. From
our point of view, only local distinction such as [a] and
[¢] are allowed at least for non-final vowels : an error
probability ranges from 18% (in initial position) to
28% (in final position) is measured for such distinc-
tion (see fig. 8).
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Figure 8. Distribution of [a], fi] and [y] intensity values
Jor tri-syllabic words in initial and medial position. Error
probabilities of a [a]/[i] distinction based on these distri-
butions are indicated.

We finally investigated the influence of phonatory and
articulatory mode of the pre-vocalic consonant and
found out that :

» vowels are more intense — on average — when
they follow a sonorant than when they follow a
voiceless consonant,

¢ intensity vowels are lower when pre-vocalic con-
sonant is an occlusiv than when it is a constric-
tive.

These average differences seem not to be relevant at
all for any pratical use as it can be seen on figure 9.
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Figure 9. Pre-vocalic consonantic effect on intensity vow-
els in a specific context.

6 Conclusions

In this study we have presented the expectations
of prosodic segmental cues with automatical ex-
traction parameter methods. We have shown that
voice/voiceless distinction is the most powerful cue we
investigated, and that even if intrinsic and co-intrinsic
effects are observable on average values (which is not
always true), this does absolutely not prove their use-
fullness. So we agree with Dumouchel’s recent conclu-
sions of the non-significative improvement obtained

EUROSPEECH ’95, Madrid, Spain, September 1995

by the integration of microprosodic information in
a recognition process [10]. In consequence, micro-
prosodic corrections of prosodic parameters seem —
to our point of view — as an error-prone process,
especially in continuous speech where a lot of other
factors (linguistic and rythmic ones) can give bias to
such a study.
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