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ABSTRACT

Vowel system normalization does not
succeed, in general, in totally cancelling
the scattering areas of vowels. Conside-
rable variations remain, which are due to
the speaker and context peculiarities. [n
the present study we consider all types of
information as equally important in the
analysis of speech structures. Using the
Peterson and Bamey data we show that,
by matching vowel systems, linguistic
information can be associated with an
average system considered as reference,
while non-linguistic information lies par-
tly in the parameters of the transform
which gets an individual system close to
the reference, and partly in the deviation
of the transformed system with respect to
the reference.

GENERAL PRESENTATION
Previous work on Vowel Systems
(VS) normalization from three cardinal
vowels resulted in some reduction of the
non-cardinal vowels scattering areas, but
failed in eliminating all classification er-
rors [1]. The very notion of normaliza-
tion implies some limitations : imposing
too close a match between two VSs
vields to neglect some relevant discre-
pancies among languages. dialects or
individuals [2]. We propose here to com-
pare VSs to each other as wholes, and to
look into the parameters of the matching
transformation for what corresponds to
linguistic information (i.e. the explicit
phonetic code of the language) as well as
for what corresponds to non-linguistic
information (i.e. the identity and vocal
gender of the talker, the type of voice,
etc.). This approach is an illustration of
the Speech Pattern Processing paradigm

[3], according to which all aspects of the
perceptive information of the signal must
be taken into account simultaneously.

From Peterson and Bamey's vowel
formant measurements [4] we determine
a Reference Vowel System (RVS) : then
we define several transforms aiming at 3
“best match” of the RVS with the indivi-
dual VSs. For each transform we com-
pute the error-rate obtained in the classi-
fication of the vowels, speakers, and vo-
cal gender (male, female, child). Finally
we discuss the ability of each transform
to provide an adequate representation of
the relevant information.

CORPUS AND TRANSFORMS

Peterson and Bamey's data comprise
10 American vowels uttered twice by 76
speakers (33 males, 28 females and |5
children). We only use the F| and F2
measurements. The RVS is arbitrarily
obtained by averaging the male VSs,
which are the most represented in the
database, and the less subject to formant
trequency measurement errors.

We look for a transform which achie-
ves an optimal matching of two sets of
homologous points RVS and VS in the
(F1,F2) coordinates (fig 1). In order to
get some generality this transtorm must
be simple - it is made of scalings and
transiation. Thus both systems cannot be
exactly mapped onto each other: the
direct transform changes RVS into a new
system which best approximates VS ; the
inverse transform changes VS into a new
system, called Inverse Vowel System
(IVS), which best approximates RVS.
The quality of the approximation refers
to the mean quadratic distance between
homologous points of both systems,
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measured in the (F1.F2) u.p:m. ;:.: a
weight of 2 in favor ofro Fi aia:v._c:.
to compensate for the interval (in Hertz)
between extreme values, which is about

F2{
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haif for F1 than it is for F2. The transla-
tion which gets a system as close as pos-
sible to the other is detined by the vector
joining both centers of mass.

Individual

System
- Reference
System
Transformed =
Indiv. Syst F1:

fig 1 : Vowel systems and transform

Such a translation, done with Fl and
F2 replaced by their logarithms, corres-
ponds to the multiplication of all formant
frequencies by the same factor. It looks
quite natural, in view of the perceptual
theories based on the constancy of the
formant frequencies ratio for a given vo-
wel (cf, among other authors, Zo.wnn«.m
log-mean normalization reported in (2]
and the formant-ratio theory evoked by
Miller [5]). This transform, ﬁ::an
"Simple Log", is defined for each VS 3.
the value of a single parameter (log of
the best scaling factor in F1 and F2).

The "Double Log" transform aoom not
presuppose this constancy : it wvvm_nm a
translation according to the F1 dimen-
sion, and another one in the F2 dimen-
sion. Thus it is defined by two parame-
ters (logs of the best scaling factors in F1
and in F2).

Two other transforms, "Simple Bark”
and "Double Bark", are similarly defined
by replacing the log by the mﬁ# func-
tion - close to the linear scale in the low

frequency range and close to the log
scale in the high frequency range.

We also used the Gerstman transform,
which consists of linearly mapping the
interval between extreme values in the Fl
dimension of both systems:. the same
process holds independently in the .oz_ﬁ
dimension [6]. This transform requires 4
parameters. . .

The case for which the original n.:zw is
used, i.e. no transform is applied, is cal-
led the Nuil transform.

For a given transform we Ewwo the
following calculations. Each VS of the
database transformed into an IVS as
close as possible to the RVS. The para-
meters are kept, as well as the set of aw-

viations (in both coordinates) that remain
between homologous points of W<m and
[VS. Thus there is no loss of informa-
tion : each VS can be exactly reconstruc-
ted knowing the RVS, the parameters
and the set of deviations. Then ma<o_.w_
erTor-rates are computed, concerning the
vowel identity, vocal gender and talker
identity (table 1).
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table 1: error-rate in the classification according to several kinds of information and

several transforms

transform vowel err. from | gender.err. talker err. talker err. |
distances from params | from params | from dev. sets

random 920.0 63.7 99.3 99.3

Null 33 - - 1738

Simple Log 135 86 36 8 289 |
Double Loy s 92 658 368 |
Simple Bark 14.6 79 80.3 276

Double Bark 1.2 79 69.7 375

Gerstman 16.6 99 73.0 507
RESULTS result (8 to 10%), which seems good as

Errors on vowel categories

Each token of the [VS is compared to
the RVS tokens (computation is based on
the distances after transtormation) The
closest one is selected. [f the vowel labels
do not match an error is counted. Com-
putation is extended to the whole data-
base.

All the transforms improve the imtial
situation, which is normal. Double Log
and Double Bark, with two parameters
each, perform best. Simple Log and
Simple Bark yield slightly degraded re-
sults but remain surprisingly etlicient
given the fact that they use one single
parameter. Finally Gerstman seems less
efficient despite its 4 parameters. This
can be attributed to the tact that only 3
or 4 vowels, out of 10. contribute to the
determination of the transtorm., making it
non optimal for the whole VS. The same
remark holds true in the turther experi-
ments.

Errors on the vocal gender computed
from the transform parameters

First three average values of the pa-
rameters are computed, each one relating
to a vocal gender, on the whole database.
Then tor each VS a quadratic distance is
computed (on the parameters) to the
three gender representatives, and the
closest one is selected. An error is coun-
ted when the gender labels do not match.
All transforms practically give the same

compared to random gender allocation
(63.7°). The most interesting observa-
tion is that one parameter is sufficient to
charactenze this aspect. adding other
parameters does not change anvthing.

Errors on talker identification from
the parameters

For each VS the parameter values are
compared using a quadratic distance to
the parameter values of the I51 other
systems of the database. The closest one
is selected. [f the talker labels do not
match an error is counted.

Globally the error-rates are high,
which shows that the parameters do not
capture much talker-specitic intormation.
Double Log and Double Bark pertorm
slightly better than their single-parameter
conterparts

Errvors on talker identification from
the deviation sets

For each VS the dewviation set ([0
components in FI, 10 in F2) is compared
using a quadratic distance to the dewvia-
tion sets of the 151 other systems of the
database. The closest one is selected. If
the talker labels do not match an error is
counted.

Contrary to the previous experiment it
appears that the deviation set captures
most of the talker-specific informaton
Compared to the others, the one-parame-
ter transtorms leave more room to ex-
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pressing the individual talker peculiarities
in the proper shape of the transtormed
systems and consequently in the devia-
tion sets.

On the relative merits of the trans-
forms

Leaving aside the Gerstman transtorm

for the above-menuoned reason, our ex-
peniments show that

- most of the gender information lies
in a single parameter. namely the
log-mean or bark-mean ratio,

- using two parameters instead of one
results in assigning more talker-
specific information to the parame-
ters, more vowel-specific intorma-
tion and less talker-specific informa-
ton to the transtormed systems.

- the log and bark scales vield compa-
rable results.

CONCLUSION

By considering the matching ot vowel
systems as wholes we showed, using the
Peterson and Bamey data, that linguistic
and diagnostic kinds of information could
be - at least partially - decorrelated.

Linguistic information, common to a
group of talkers, lies mostly in the rela-
uve disposition of the vowels after some
taiker- or gender-specific transtormation.
This disposition may be matenalized in
the Reference Vowel System by vocalic
categories defined by their prototypes.
When a particular Vowel System is
transformed so that it best approximates
the Reference Vowel System the vowel
error-rate drops below 15%.

Diagnostic information. related to the
talker or voice specification, can be
tound partly in the transform parameters.
partly in the set of deviations of the
transformed system with respect to the
Reterence Vowel System. The propor-
tions vary according to the number of
parameters, that is the ability of the
transtform to match both systems more
closely. It is remarquable that a single
parameter, namely the scaling factor or
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its logarithm, conveys most of the infor-
mation about the vocal gender.
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