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ABSTRACT

An extrinsic vowel normalization method is proposed. In the
method proposed, a-priori information refering to the first and
second formant values (F1 and IF2) of three vowels of each
speaker is used. In order to obtain the normalized formant values
of a given speaker's vowels in a given language it is necessary to:
l.gather reference information on three vowels, for example
[i,a,u]. This information corresponds to the F1 and F2 values for
[i,a,u] averaged over a population of native speakers.

2. map the formant values of [1,a,u] of the new speaker, onto the
reference formant values. This operation can be achieved by linear
transformation (isomorphic transformation).

3. the normalized formant values of the other vowels can be
obtained by applying the isomorphic transformation.

Results are presented for vowels of American English, and briefly
reported for vowels of ltalian, and French. Comparison between a
classical F1-F2 and the mapped vowel representations in terms of
statistical parameters are discussed.

1. INTRODUCTION

Vowel normalization can be based on either no a-priori
knowledge on speaker's characteristics (intrinsic vowel
normalization), or on the use of some a-priori knowledge on each
speaker's vowel system (extrinsic vowel normalization). In the
first category of methods, the perception of a vowel is supposed
to be dependent upon the signal itself only, and, in particular,
upon few parameters characterizing it. In particular, the formant
frequencies and the fundamental frequency are crucial factors in
identifying a vowel (1, 2). The normalization consists in finding a
function of these parameters which proves to be invariant with
respect to the speaker and to the phonetic context. Several
functions, having a normalization cffect, have been proposed;
most often, the formant and fundamental frequencies are
expressed in Mels, Barks, or logarithmic units, and formants
ratios or formant differences are considered [3). In the second
category of methods, the perception of a vowel is supposed to be
largely influenced by the context in which it is included, implying
the existence of an adaptation time to the specific speaker (4, 5].

In the present paper, a method which falls in the second
category will be described. In particular, a-priori information
refering to the first and second formant values (F; and F») of
three vowels of a given speaker (for example [i,a,u]) is used in
order to normalize speaker's vowels.

The method proposed will be described in the second

-section. This method is based on a ‘'vowel mapping'
transformation of the vowels of a specific speaker onto an
‘average' vowel space of a given language. The results obtained
by applying this method to vowels of American-English (Peterson
and Barney data-base |6]) will be presented in section I11. These
results will be discussed on the basis of statistical parameters
(Mahalanobis distances and linear discriminant analysis
classification rates) and compared to those obtained with classical
F1 vs F2 representation. In addition, a comparison with the data
obtainable using a procedure derived from the method proposed
by Gerstman [4] will be discussed. Similar investigations for
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vowels of lalian and French will be briefly reported. A
discussion will be the object of section 1V

I1. DESCRIPTION OF THE NORMALIZATION PROCEDURE

The method proposed in the present paper is based on a
criterion which can be generally applied in order to map a first set
of points onto a second set of points. If the points are defined in a
two-dimensional space, and if the coordinates of three reference
points are known, it is relatively simple to find the parameters
characterizing the mapping transformation.

This criterion can be applied to vowel normalization. The
idea is that each vowel of a given speaker can be characterized by
its degree of proximity to three vowels (for example [i,a,u)) of the
same speaker. The proposed method consists in stating the
following three equations: ’
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where Iy and F» are the F-patterns of the three reference vowels,
and Fy™ and F2) are the coordinates of the vowel (v) with
respect (o the three reference vowels, and finding a, B, and y.

In matrix form, the above set of equations can be written
as follows:
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and equivalently:
[A]1B] =V]

It is therefore possible to compute the vector of coctlicients (0]
tfor a given vowel by applying the following rule:

N

O] =[A]" V]
If the reference triangle T corresponds to the set of F, and F, of
the three vowels [i,¢,u], obtained by averaging the formant values
of several speakers, it is possible to find the coordinates of the
point Vi, which will be located with respect 1o T, as was V with
respect to T. In fact, one has:

[Vol = Aol 8]
and theretore:

e | ~

[Vol = [AGI A [V =[S] V]

Knowing the matix [S] = [Ag] [A] Vit is possible to compute the

coordinates of the new point Vg. Vg represents the normalized
speaker's vowel while V is the unnormalized speaker's vowel.
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