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ABSTRACT

This paper reports on the prosodic
variability (phoneme and word duration,
fundamental, vocalic release frequency)
which occurs in quiet and noisy
conditions, with the presence or not of
feedback. The study revealed that: 1) the
type of noisy condition and the presence
or not of feedback changes the prosodic
parameters, 2) theses variations are also
speaker-dependent, and 3) the vocalic
release frequency observed is also
function of the nature of the
noise/feedback.

INTRODUCTION

In the presence of noise, speech is
masked and its production is modified
by what is called the Lombard effect [1].
Lane and Tranel {2] showed that the
speaker modifies his speech production
while speaking in a noisy environment.
In particular this study illustrated:

* phonetic cues and features for
normal and Lombard speech change,

* prosodic parameters: not only does
the loudness (intensity) of the speech
increase but also the fundamental
frequency and the speech rate.

Such observations are also reported by
different authors [3], [4], [5), [6] and [7].

The Lombard effect has been
neglected in speech recognition systems
until a recent date [4]. In several
experimental studies Furui [7] reported
that the Lombard effects have a greater
effect on speech recognition than does
the direct influence of noise entering by
microphones, for example.

This paper briefly reports our analysis
results observed on the French database
BD-BRUIT [9]. Firstly, we will show
how the type of noisy conditions and the
presence or not of auditory feedback
influences the prosodic parameters
(phonemes and word duration, pitch)

changes occurring in Lombard speech.
We will also discuss the vocalic release
frequency observed on the corpora as a
function of noise condition, speaker and
type of phonological endings.

EXPERIMENTAL DATA

The corpora of our study are issued
from BD_BRUIT data base [9]. The
recordings have been done under five
conditions of noise:

* the reference condition without
noise, noted REF,

» white noise without audio feedback,
noted BB,

* white noise and audio feedback,
noted BB_ret,

* cocktail party noise without
feedback, noted Amb,

* cocktail party noise and audio
feeback, noted Amb_ret.

Five men and five women have pro-
nounced five times the corpus of ten
isolated digits from zero to nine, in the
five conditions described above. We
have carried out two hand-labelling
levels: one in phoneme units (1) and the
other in word units (2), both on a
temporal and a spectral representation of
the speech signal.

The labelling (1) was carried out for
two repetitions per speaker and per
condition, e.g. a total of 4700 phonemes
(47 phonemes per repetition).

The labelling (2) has been made for
the complete speech data base files (e.g.
2500). At the end of words, a vocalic
release appears sometimes. It can be
interpreted as the realization of an
underlying schwa such as in the word
“"quatre” [katra]. In other cases, it is a
release appearing with a final obstruent
like in the word "six" [sis]. These
releases have not been considered as
being a part of the final obstruent
(plosive or fricative) which precedes
them for the duration of phonemes.
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METHODS: YARIANCE ANALYSIS
In order to better explain the set of
available observations, we have carried
out an analysis of the variance which
consists in explaining a quantitative
variable by a set of qualitative variables
called factors. The phoneme and word
duration, the fundamental frequency and
vocalic release frequency were analyzed
by separate repeated analysis of
variances (ANOV As). Noise condition
(noted Noise), the speakers (noted Loc)
and the auditory feeback (noted Ret)
were the factors. This analysis of
variances (ANOVA) has been done with
"PROC GLM" of the SAS software [10].
The test consists in observing the
probability that a "law of Fisher" with
the appropriated degrees of freedom
exceeds the statistic of Fisher "F value".
If we decide to do the test at 5%
(respectively at 1%), we say that the
variable has an effect if the probability is
inferior to 0.05 (respectively to 0.01).
We have preferred to explain the
increase percentage of this parameter in
comparison with the mean value of it in
the reference condition.
The size of this article does not permit to
present all results. So, we will report the
most significant results.

DURATION OF PHONEMES AND
WORDS

PHONEMES' DURATIONS

As suggested by the results of previous
works [3], [5] to measure the noise effect
on the duration of speech segments, we
define two phonetic classes: vocalic and
fricatives.” The plosives were not
considered because the difficulty to
define a robust rule about the status of
the consonantic release at the end of
words like in /s&k/ or /set/.

Variation of vowels' duration

The variance analysis shows:

*a significant increase of vowels
duration in the presence of noise on
average with 21% (F Value = 12.45,
p<0.0001),

* the significant effect of the speaker
(F Value = 9,56, p <0.0001)

*on the other hand, the type of noise
and the auditory feedback of speech are
not significant.

These results are illustrated in the
figure 1 which shows the duration
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increase in comparison with reference
according to the noise conditions for all
speakers. We will notify that the type of
noise has an important influence for two
speakers (130 for the Amb condition for
one of speakers 29 on average for the
other speakers).

liBBEl BB_ret ¥ AMB o AMB_ret]
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Figure 1: Increase average of the
phonemes’ duration according the noise
conditions (phonemes in API, the code
"iw" represents a labialized /i/.

Variation of fricatives' duration

For fricatives' duration, no effect was
significant for speech in noise. On the
other hand, the increases of duration are
significantly affected only by the speaker
(F Value = 6.12, p<0.0001). This result
is not totally in agreement with other
observations, where the consonant
durations are decreasing by the effect of
noise [7].

The type of noise has some
significant effect on the duration of
phonemes but these effects are not
confirmed for consonantic phonemes in
isolated speech. It seems that the speaker
factor has also an influence on the
phoneme variation.

WORDS' DURATION

The results of variance analysis

The computation of words'duration
raises a question: how to determine the
end boundary of the word. We have
decided to take into account all the
words of the corpora, whether they end
with a plosive (like /set/) or not. In all
cases the final release, voiceless or
voiced, after a plosive or after a fricative,
has been counted as making part of the
word. However, we have separated the
results into two groups in order to
distinguish the case where the vocalic
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release does not appear (words 0, 1, 2
and 3) and where it may appear (words
4,5,6,7,8and9).

We ran variance analyses to explain
the variation of the word duration. We
added another factor to explain this
duration variation: the type of the word.
The variance analysis shows:

* significant effects of the noise (F
Value = 167.91, p< 0.0001, around 14%
on average of duration increase), the
speakers (F Value = 81.98, p<0.0001 and
the type of words (F Value = 15.51,
p<0.0001).

* on the other hand, the type of noise
and the presence or not of the auditory
feedback have no significant effect on
the increase of the word duration.

The results will be presented
according the two types of word
endings: vocalic and consonantic.

Words with vocalic endings

The words have on average, a
duration increase of about 16% in the
presence of noise. The type of the noise
and the presence of feedback are not
significant. The variation of the word
duration is also function of the word
type. This can be explained by the fact
that they do not contain the same number
of consonants — these ones do not show
a tendency to lengthen under the
influence of noise. The speaker factor
has sometimes an effect on the variation.

Words with consonantic endings

The results are identical as for the
vocalic endings:

* the noise has a significant influence
(12,5% on average of increase for all
noises merged),

* the type of noise (white noise or
cocktail party noise) does not influence
significantly the increase of the duration,

* the speaker is also a significant
factor.

The analysis of the word duration
confirms the study done on phonemes. It
shows that speakers have, according to
noise conditions, a variable behaviour
(but significant, speaker has a typical
behaviour).

CONSEQUENCE OF NOISE ON
THE VOCALIC RELEASE AT THE
END OF WORDS

Here, we will demonstrate if the
conditions of speech production have an
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influence on the phonological strategy of
speakers in noisy and/or feedback
conditions. In a previous study [S] have
observed:

*an increase of the number of
omissions of consonants located at the
end of the word, more particularly of
phonemes /t/, /p/, and /f/

* and an insertion of phonemes in the
shape of schwa appearing at the end of
words in a ratio of two more times in
noised speech than in reference speech.
In this study, we are interested in the
observation of the schwa realizations and
in its effects on the syllabic organization
of the utterance. The vocalic releases at
the word end, are characterized by
voiced segments similar to weak central
vowels. These segments appear in words

like /katra/ as well as in words like /sek/
or /sis/ ... without a final /a/.

The results of the variance analysis

Two factors are added as explacative
factors:

» the sex of the speaker

* and the phonological type of the
word ending. We define three final
types: T: for words ending with a
plosive: /s€k/ /set/, and /yit/,

S: for words ending with a
fricative: /sis/ and /ncef/

tre: for words ending with the set
of phonemes /tra/ in the word /katra/.

The variance analysis shows the
significant influence of the noise
condition, the speaker, the speaker sex
(216 vocalic releases for men and 133
for women), the phonological type of the
words' ending and also the effect of the
auditory feedback (131 vocalic release
with feedback and 216 without
feedback).

A high increase is to be noted at the
end of noise. In the absence of auditory
feedback, this percentage is multiplied
by 4. The feedback reduces in a scnsit.ﬂe
way this influence. The type of noise
does not seem to have a real effect.

The figure 2 shows the effect of noise
conditions and of phonological type on
the frequency of vocalic release
realization. For the whole noise
conditions, the phonological type of the
ending has an important influence on the
rise of the realization percentage: the
increase of type is the double of the type
S. The type 'tre’ gives the most important
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increase since it is almost four times
more important than that of type S. The
percentage of vocalic release of the
words ending with a plosive is more
important than those ending with a
fricative.

Br0s By

oz 88883

BB Mean
REF BB_ret AMB_ret

Figure 2 - Percentage of vocalic release.

The feedback has a constant effect on
the rise of this percentage. The presence
of vocalic release at the end of the word
is significantly dependent of the speaker,
of the noise conditions, of the auditory
feedback, of the speaker sex and of the
phonological type of the end of the
word. On the other hand, the nature of
noise (white noise or cocktail party
noise) has no influence on this presence.

NOISE CONSEQUENCE ON
FUNDAMENTAL FREQUENCY )

[5], [6], and [7] indicate an increase
of the fundamental frequency (often
correlated to an intensity increase) under
the noise. The maximal value of the
fundamental frequency (noted F) for
each occurrence of the word was
computed. The study of the F variation

to reference conditions shows:

¢ the significant influence of the
speaker factor (F Value = 337.21, p<
0.0001), of the noise factor (F Value
588.58, p< 0.0001, on average 20,25%
of fundamental increase for the noise
merged), of the feedback (F Value 75.86,
p <0.0001).

* the no effect of the type of the word.

Like observed by [6] our analyses of
fundamental revealed no further
significant differences between
conditions (white noise and cocktail
party noise) for isolated words. The type
of noise is more significant without
feeback than with auditory feeback. The
Variation is also dependent of the
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speaker.

CONCLUSION

To gain an understanding about the
Lombard effect we analyzed the change
of prosodic and phonologic parameters
occuring in the five conditions of noise.
The analyses made on French speech
corpora,, to confirm previous studies on
English and American, demonstrated the
effect of the phonologic strategy of
speakers due to the noisy/feedback
conditions.
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