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ABSTRACT

In this paper a vowel normalisation procedure, proposed
in 1993 by Payan & Perrier [1], and based on the notion
of affiliation between formants and vocal tract cavities,
is quantitatively evaluated on five different speakers. For
that, we compare its performance to those of 4
normalisation procedures, currently quoted in the
literature, and of a modified version of one of them. Our
procedure appears to be the best one for the
normalisation of formant F2. It is, however, fairly weak
for F1. This failure seems to be explained by the
acoustic origin of formant F1, which is a Helmholtz
resonance of the back cavity, and suggests that the size
of the constriction should also be taken in consideration
in the procedure.

Keywords speaker normalisation; speaker
adaptation; vowel production.

1. INTRODUCTION

In vowel production, formant variability among
speakers can be attributed to differences in the sizes and
shapes of speakers' vocal cavities, which are due to
anatomical as well as gestural speaker-specificities.
Moreover, by referring to the classical 4-tube model of
vowel production, proposed by Fant [2], we can affirm
that, to some extent, each formant frequency is mostly
correlated with one of the vocal tract cavities. This
correlation, usually called “formant-to-cavity affiliation",
is higher for vowels that are characterised by a tight
coupling between cavities (small oral constriction area).
Therefore, for these vowels, it seems possible to infer,
from interspeaker differences in formant values, a
geometrical mapping between the vocal tracts of two
speakers. In a preliminary paper [1], we proposed to
exploit this basic idea, in order to elaborate a new
speaker normalisation procedure.

This procedure was then successfully tested at two
levels:

® its ability to predict standard vowels of a human

speaker starting from the corresponding ones of an
anthropomorphic articulatory model of the vocal
tract (Maeda's model, [3]), considered as a “reference
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speaker” ;

® its ability to propose realistic formant patterns for
the model, starting from the corresponding formant
transitions of a human speaker.

We propose in this paper a quantitative evaluation of
this procedure, by comparing its performances with
those of 4 classical normalisation methods published in
the literature, and of a method directly derived from one
of them.

2. THE NORMALISATION PROCEDURE

We assume that differences between speakers can be
modelled and then reduced, only from a spectral analysis
and the corresponding articulatory interpretation of
vowels [i], [a] and [u]. These vowels are extreme
cardinal vowels, and thus describe the entire geometric
space of the vocal tract. The underlying hypothesis is
that, by extracting, from the formant values of these
extreme vowels, information related to interspeaker
geometrical differences, it should be possible to
determine the limits of vocal tract distortions between
speakers. This suggestion is in the line of the
assumption, dating back to Joos [4], that implies that,
in vowel perception, [i}, [a] and [u] could play the role of
calibrators of the vowel space for each speaker. It is still
a matter of discussion whether such a process is actually
involved in speech perception (see for instance
Lieberman [5] versus Verbrugge et al. [6]), but from a
speaker normalisation point of view, this idea is
appealing, and has already produced interesting results
(Gerstman [7], Di Benedetto & Lienard [8]).

Therefore the first step of our normalisation procedure
consists in finding for [i], [a] and [u] the geometrical
transformations between two speakers, using the formant
patterns of each of them. In order to get a sufficient
accuracy, each of the three vowels is recorded for each
speaker in a specific consonantal context, which tends to
reduce the size of the oral constriction, and therefore
minimizes the coupling effects between cavities. In this
way the relation between geometrical properties and
formant values is as strong as possible. In this
perspective, the basic calibrating-corpus consists of the
three following French sentences:

[sezizisa] ? [segugusa] ? [serarasa] ?
For each speaker and for each of these vowels, formant-
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to-cavity affiliations are precisely determined by
analyzing a second corpus consisting of the transitions
[iyl, {iu] and [ua]. These transitions are necessary,
because they offer a way to ensure the coherence of the
affiliations from one vowel to the other.

Starting from the transformations thus elaborated for
the three "calibrating vowels", the second step of our
procedure lies on the use of Maeda's articulatory model
as a "reference speaker”. The articulatory-to-acoustic
properties of this model, and especially its formant-to-
cavity affilation characteristics, are actually perfectly
known, thanks to several studies (see in particular [9]
and [10]), and standard vowel configurations are available
[11]. Therefore, the normalisation of two speakers will
consist in mapping their articulatory and acoustic
properties in the corresponding space of Maeda's model.
The basic principles of this mapping can be summarized
as follows :

— Alveopalatal, palatal and velopalatal

vowels

(1, [y], fe], [e], [#], [u]
Vowel [i] is the most anterior one, whereas vowel [u]
is the most posterior one. For one of the listed
vowels, the geometrical transformation from a given
speaker to Maeda's model is defined by cavity length
ratios, called normalisation coefficients, which are
deduced from the coefficients of [i] and [u]. For that
we use a logarithmic interpolation between [i] and

{u], as a function of the constriction location for the

considered vowel in Maeda's model.

— Velopharyngal, and pharyngal vowels

ful, [o], [5], [a]

The same basic idea as above is used, and the

normalisation coefficients are deduced from those of

[u] and [a] with a logarithmic interpolation, as a

function of the conétriction position within the vocal

tract.

The last step of our normalisation procedure consists
in using the normalisation coefficients for the
calculation, via the main affiliation, of normalised
formant patterns corresponding to the projection of the
speaker's own formant patterns into the formant space of
Maeda's model.

3. METHODOLOGY USED FOR
EVALUATING THE NORMALISATION
PROCEDURE

Five reference normalisation procedures

The quantitative evaluation of the normalisation
procedure described above is carried out by comparing its
performances to those of 5 other techniques, among
which 4 are currently quoted in the literature : Gerstman
[7], Lobanov [12], Nearey [13] and Di Benedetto
& Liénard [8].

Gerstman [7] proposed to normalise the first two
formants in reference to the minimum and maximum
values of each of them calculated for all vowels together.
Note however that normalised formant values are thus in
the range O to 1. Therefore in order to be able to compare
the variance reduction obtained with this method, with
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the one with our method, it is necessary to adjust the
dimension of the normalised vowel space to the one of
Maeda's model.

We also proposed a modified version of this method
consisting in calculating the minimum and maximal
formant values only for the three extreme vowels [i, a,
u]. Here again the dimension of the normalised vowel
space is adjusted to the space of Maeda' model.

Lobanov [12] calculated the normalised values of F1
and F2, first by substracting to the formant value Fi the
mean value estimated for all vowels together, and then
by dividing this difference by the standard deviation of
the considered formant calculated for all vowels together.
The dimension of the normalised vowel space was
adjusted to the space of Maeda's model.

Nearey's suggestion [13] is to define normalised
formant values by the distance between the logarithm of
the normal formant value and the logarithm of a giobal
mean value calculated for both formants F1 and F2
together, and for all vowels together. The resulting
normalised values are in the range O to 1, and like for
Gerstman's original procedure, it is necessary to adjust
the dimension of the normalised vowel space to the one
of Maeda's model.

More recently, Di Benedetto and Liénard [8] proposed
to express F1 and F2 of each vowel for a given speaker
as a weighted sum of the corresponding formant values
of [i], [a] and [u] pronounced by the same speaker. The
normalised value of formant Fi is then calculated as the
same weighted sum of the corresponding normalised
formant values of [i], [a] and [u].

Acoustic corpus

All these procedures were tested on 5 French native
male speakers, who produced the corpus :
"Clest zizi ¢a 7" ([i]); "Clest juju ¢a ?" ([y]); "C'est
gougou ¢a 1" ([u]); "Clest zézé ¢ca 7" ([e); "Clest jeujeu
ca?' ([]); "Cest gaugau ¢a " ([o]); "C'est zéz& ¢a ?"
([e]); "Cest troc ¢a 7" ([0]); "Clest rara¢a 7" ([a])
Speakers were recorded in an anechoic room, with a
20kHz sampling frequency. Formant values were
calculated with an LPC analysis of the signal (window
length: 20ms; windows overlap: 10 ms; preaccentuation
with a first order high-pass filtering; LPC order : 24).

For each speaker the formant-to-cavity affiliations
were essentially determined from Fant's vocal tract
nomograms [2]. However in case of ambiguity, like for
instance F3 affiliation for vowels [i] and [a], or F2/F3
affiliation for vowel [y], the solution leading to the best
normalisation effects was chosen.

Comparison method
In order to compare the different normalisation
procedures, the method proposed by Ferrari-Disner [14]
was adopted:
— before normalisation, the variance of formants
F1 and F2 is calculated across speakers, and for each
vowel separately;
— after normalisation, the variance of F1 and F2 is
again calculated across speakers, for each vowel
separately;
— the efficiency of each procedure is evaluated by
considering the reduction of the variance before and
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after normalisation for each vowel.

4. RESULTS

Proposed formant-to-cavity affiliations

The formant-to-cavity affiliations proposed for the
five studied speakers are summarized in Table 1. Note
that in one case the affiliation is not the same for all
speakers. This kind of ambiguity essentially arises in
vocal tract parts where formant convergences are
observed, and where a small difference in vocal tract
constriction induces a change in the affiliations.
Affiliation differences between speakers seem thus to
attest for our hypothesis that not only anatomical but
also controlled gestural specificities are the origin of the
observed interspeaker variability.

vowel R1 R2 R3
[e] F1 F3 F2
[0] F1 F2 F3
[a] F1 F2 F3
[e] F1 F3 F2
[i] F1 F3 (F4) F2
fo] F2 F1 F3
[u] F1 F2 F3
[¢] F1 F2 F3
[y] F1 F2 F3

Table 1: Formant-to-cavity affiliations as proposed for
the five considered speakers. R1 corresponds to the low
Helmholtz resonance of the set back cavity + constriction;
R2 is the quarter wavelength resonance (for spread lips) and
the half wavelength resonance (for rounded lips) of the front
cavity; R3 is the half wavelength of the back cavity.

Comparison between procedures

An objective evaluation of the respective
performances of the different procedures is proposed, by
establishing, for each formant and for each vowel, a
grading of the procedures. In each case, the best tool
will be the one, which presents the smallest standard
deviation after normalisation.

Table 2 summarizes the classification of the
procedures : evaluation “1” is the best one, evaluation
“6” the worst. If the reduction of the global standard
deviation is similar for several procedures, they are
identically evaluated.

Over the whole vowel space, if F1 and F2 are
considered together, our method is clearly not the most
efficient one: its median value is 3, whereas two
methods (Lobanov [12] and Di Benedetto and Liénard [8])
have respective mean values of 2 and 2.5.

EUROSPEECH ’95, Madrid, Spain, September 1995

Q
Z

G L D N P
[a}- F1 2 2 4 1 5 6
[a] - F2 6 5 4 1 3 1
[e]- F1 5 5 2 4 1 3
{e]- F2 5 6 2 4 1 3
[e]- F1 5 5 1 4 2 3
[el- F2 5 6 1 4 3 2
[i]- F1 2 2 4 1 6 5
fil - F2 4 3 6 1 5 1
[0]- F1 5 5 2 4 1 3
[o]- F2 6 5 3 4 1 2
[o] - F1 5 5 i 2 3 4
[o] - F2 5 4 1 3 6 2
[u] - F1 4 4 2 1 6 3
[u] - F2 3 4 5 1 6 1
[g] - F1 5 5 1 4 2 3
(@] - F2 4 3 2 1 5 6
[yl- Fl 3 3 2 1 6 5
[y]- F2 5 6 3 4 2 1
median 5 5 2 2,5 3 3

Table 2: Grading of each procedure for each formant and
each vowel. GM = Modified Gerstman Method; G =
Gerstman ; L = Lobanov ; D = Di Benedetto & Liénard ;
N = Nearey ; P = Payan et Perrier.

However the normalisation capability of our procedure
is not identical for both formants. Actually, over the
whole vowel space, if F2 only is considered, our method
appears to be the best one (median value 2 versus 3 for
Lobanov’s or Di Benedetto’s method). However, this
very interesting feature is negatively compensated with
the bad results obtained for F1: the median value is 3
versus 2 for Lobanov’s or Di Benedetto’s method.

It seems possible to explain this results by the
acoustic origin of formant F1, which is a Helmholtz
resonance of the set back cavity and constriction. This
type of resonance is actually not only sensitive to the
length of the cavity, but also to the size of the
constriction, which is not taken into account in our
procedure. The good results obtained for F2 actually
tends to support the idea that the concept of affiliation is
powerful in terms of normalisation, as long as all
geometric parameters influencing the value of the cavity
resonance are considered in the normalisation. And this
is the case for F2 which is essentially a halfwavelength
or quarterwavelength resonance of one cavity of the vocal
tract, and which then only depends on the length of this
cavity.
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CONCLUSION

By taking into account the physical phenomena,

which are the origin of speaker variability, i.e. the

anatomical and gestural differences characterized in terms
of differences in size of the vocal tract cavities, we hoped
to sensibly enhance the performance of a speaker
normalisation procedure. The results that we present in
this paper- are from this point of view clearly
disappointing : our procedure is not the best one,
compared to others classical normalisation techniques.

However the very good results obtained in this way
for the normalisation of F2 are encouraging and the basic
principle of our procedure seems to be relevant in the
normalisation of vowels. It must however be refined to
account for the variability of the constriction size in the
vocal tract.
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