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ABSTRACT

This paper presents a novel method for vowel quality assess-
ment which is based on the analysis of distinctive features.
A sub-set of the features proposed by Jakobson, Fant and
Halle are used. The acoustic features associated with each
selected feature are encoded in the weights of a multilayer
perceptron. The processing of an individual vowel sound by
guch feature-detecting perceptrons yields an estimate of that
vowel’s position in a distinctive feature space. The relative
positions of one speaker’s monophthongal vowel set within
both a two-dimensional and a three-dimensional distinctive
feature space are compared with vowel spaces based on ar-
ticulatory considerations. The extent to which articulatory
descriptions of acoustic vowels can be estimated using this
method is discussed.

Keyword: Distinctive features; Artificial neural networks,
Articulatory features, Vowel quality assessment.

1 INTRODUCTION

The vowels within any dialect or even idiolect are nor-
mally phonemically labelled according to their relative posi-
tioning and the established phonological structure of vowels
in the language. To enable rigorous analysis of vowel sounds,
it is necessary to use the skills of a well-trained phonetician
who is able to locate any individual vowel within an es-
tablished vowel reference system such as the cardinal vowel
chart of Daniel Jones [3]. The two major dimensions of this
chart comprise the open—close dimension which is a relative
measure of the openness of the oral cavity, and front—back
dimension which is a relative measure of the longitudinal

position of the highest point of the tongue. A further dis-
tinction, rounded—unrounded, which is a relative measure of
roundedness of the lips, is notoriously difficult for even well-
trained phoneticians to make independently of the other two
dimensions [4].

This paper presents a novel method for vowel quality
assessment which is based on the analysis of distinctive fea-
tures. The features used are a sub-set of those proposed by
Jakobson, Fant and Halle [2], namely “compact” (vs “dif-
fuse”), “acute” (vs “grave”), and “flat” (vs “plain”) repre-
senting the open—close, front—back and rounded-unrounded
dimensions of the cardinal vowel chart respectively [7].
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2 METHOD

A pilot data corpus comprising five repetitions of [stop][vwl]d
utterances by four speakers of Australian English was se-
lected, where [stop] represents the six voiced and unvoiced
labial, alveolar, and velar stop consonants of English ([b, p,
d, t, g, k]), and [vwl] represents the eleven Australian nomi-
nally monophthongal vowels ([1,1,&, 2, a, D, 3, U, u, A, 3)).
The [stop][vwlld utterances had been manually segmented
and labelled previously [7]. Ounly the pseudo steady-state
vowel interval was of interest for this study.

The pseudo steady-state vowel intervals were processed
in “frames” of 12.8ms, with adjacent frames having a 6.4ms
overlap, by passing them through a Hamming window, then
deriving 13 Linear Predictive Cepstral Coefficients (LPCCs)
for each frame. The LPCCs were used as input to three 2-
layer multilayer perceptrons (MLPs) on a frame-by-frame
basis where each MLP was trained to detect the presence of
one distinctive feature using its complex interpolative trans-
formation ability [5].

The acoustic features associated with each selected fea-
ture were encoded in the weights of a multilayer perceptron.
The processing of an individual vowel sound by such feature-
detecting perceptrons then yielded estimates of that vowel’s
position in a distinctive feature space (Figure 1).

3 EXPERIMENT

As an initial assessment of the viability of this approach,
the feature detectors were trained using three reference vow-
els from an existing data corpus. The reference vowels were
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Figure 1: Global view of the design.
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front-close | back-open | back-close
I ksl U
compact 0 1 0
acute 1 0 0
flat 0 0 1

Table 1: Description of reference vowels in terms of features
and articulatory description.

chosen according to their relatively extreme positions on the
cardinal vowel chart and their stability within Australian
English; repetitions of these vowels can thus be used to con-
struct viable models of their relevant features. These ref-
erence vowels were [I, », 8], where /I/ was described as a
front-close vowel, /D/ as a back-open vowel, and /U/ as a
back-close vowel. Table 1 is a description of these vowels
in terms of these approximate articulatory descriptions and
their corresponding distinctive feature patterns [2].

Fach MLP feature detector was trained by comparing
its output value to the model values for each vowel-feature
combination as shown in table 1 then adjusting its inter-
nal weights using the back-propagation algorithm. Training
was concluded when the error could not be reduced further.
The inputs for this training comprised five repetitions of the
three pseudo steady-state reference vowels from all six con-
sonantal contexts. Feature detectors were trained and tested
independently for the four speakers but the results of only
one typical speaker are presented in this paper due to space

limitation.

In order to test the performance of the trained feature
detectors, all the 11 vowels in the data corpus were presented
as input to the system. The output of each detector was the
“activation level” of the single output layer node. This value
represents the degree of presence of the feature, on a scale
of [0,1], for the current input “frame”.

4 RESULTS

The original view of the cardinal vowel system was of a
two dimensional space formed by the open-close and front-
back articulatory dimensions as described by Daniel Jones
[3]. Another view of the cardinal vowel system involves a
three dimensional space formed by open-close, front-back
and rounded-unrounded dimensions. Daniel Jones’ two di-
mensional cardinal vowels are represented by vowel positions
indicated in Figure 5 [4]. In this section, we report the re-
sults of this study in two parts which relate to these two and
three dimensional spaces.

4.1 Two Dimensional Space Formulation

The two dimensional distinctive feature space is gener-
ated by combining the output from the compact feature de-
tector with that of the acute feature detector. Compactness
ranging from a value of 1 (compact) to 0 (diffuse) is rep-
resented by the vertical axis and aculeness ranging from a
value of 1 (acute) to 0 (grave) is represented by the hori-
zontal axis. The position of each vowel in the test set as
determined by the feature detector outputs is represented
by a point in this two-dimensional space (Figure 2).

In order to make a comparison with an existing cardinal
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vowel description of Australian vowels, we choose Mitchell’s
cardinal vowel plots for Australian English [6] illustrated in
Figure 4 which can be directly related to a distinctive feature
space using the axis labels in parentheses. The relative post-
tion of the vowels was modified by Bernard [1] who analysed
Australian English vowels on basis of acoustic data more re-
cently. The outcome of Bernard’s study indicated that the
vowel /u/ for the average Australian speaker is more cen-
tralised than Mitchell’s early study. We therefore ignore
differences in the position of /u/ from that in Figure 4.
Observing Figure 2, we can see that clusters of vowels
represented in this generated feature space generally pre-
serve their relative position in the different stop consonant
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Figure 2: IM’s 11 pseudo steady-state vowels on Aculeness
versus Compaciness plane in the context of siz stop conso-

nants: (a) [b]; (b) [d]; (c) [g]; (d) [P]; (e) [t]; (£) [K].

contexts. Absolute positions of individual vowels do change
according to the context, with /3/ being the most variable.
The intermediate position of /2e/ on both dimensions is well
maintained in five of the six consonant contexts. The lack of
afront-open model is most evident in the absolute placement

of /=/ and /e/.
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4.2 Three Dimensional Space Formulation

The three dimensional space is formed by using the two
dimensional space as a base plane and adding a vertical axis
representing the output of the flat feature detector yielding
the dimension of “flatness”, ranging from 1 (flat) to 0 (plain).

The position of each vowel in the test set as determined
by the three feature detector outputs is represented by the
top of a line rising vertically from the base plane {Figure 3).
The length of the lines representing flatness (or in articula-
tory terms-roundedness) for each vowel may be compared
with the roundedness estimates for cardinal vowels (Figure
5) proposed by Ladefoged [4].

The relative high flatness of /6/ and /o/ (with mean
flatness equal to 0.68) and the relative low flatness of /i/,
/1/, and /e/ (with mean flatness equal to 0.035)correlate
well in general terms with their proximity (see Figure 4) to
the cardinal vowels 7 and 2 respectively (see Figure 5). The
flatness of /a/, /o/, and /A/ (with mean flatness equal to
0.085) would be expected to take intermediate values due to
their proximity to the cardinal vowel 5. The much lower flat-
ness measured here is due to the fact that the reference vowel
/o/ was taken as unrounded (plain) according to Mitchell
[6]. A better model for flatness is expected to be created if
only /I/ and /8/ are taken as reference vowels.

5 DISCUSSION AND CONCLUSION

This pilot study has shown that multilayer perceptrons
operating on a cepstral representation of the vowel space
on a speaker dependent basis can encode the rudimentary
characteristics of the distinctive features of all vowels when
trained with a subset of ‘extreme’ vowels. Although broad
inter-vowel relationships are preserved in the generated fea-
ture domain, to gain a more precise measurement which is
comparable to the articulatory phounetic vowel quality assess-
ment by well-trained phoneticians a more refined set of ref-
erence vowels and reference vowel descriptors in the feature
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Figure 3: IM’s 11 pseudo steady-state vowels in an Acute-
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text of siz stop consonants: (a) [b]; (b) [d]; (c) [g]; (d) [P);
(e) [t]; () K.

space are required. Two further developments are therefore
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proposed.
Tt is proposed that the speaker should produce the four

articulatorily defined cardinal vowels for use by the system
as references for training instead of using three reference
vowels from the existing data corpus. This should have at
least two effects: first, naturally extreme vowels should be
placed more accurately as they will not then be so close to
the boundaries of the “trained” feature space, and second,
the front-open corner of the articulatory vowel space will
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have a reference model which was missing from the experi-
ments reported in this paper.

It is further proposed that the natural vowels of the
speaker be carefully placed on a cardinal vowel chart by
a suitably trained phonetician so that a quantitative assess-
ment of the technique proposed in this paper can be made.

If both of these proposed refinements can be achieved
then it is likely that the method presented in this paper can
be effectively tested as a tool to provide an objective mea-
surement of phonetic quality for vowel quality assessment
on acoustic data alone.
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Figure 4: Two dimensional cardinal vowel system ({6], p. 63.
Numbers are used to represent the cardinal vowels in order
to avoid confusions between those Australian English vowels
and cardinal vowels which use the same phonetic symbols.)
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Figure 5: Three dimensional cardinal vowel system ([4], p.
140. Phonetic symbols for cardinal vowels are replaced by
cardinal vowel numbers for compatibility with Figure 4.)
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