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ABSTRACT

In this paper we analyse and compare a low dimen-

sional linguistic representation of vowels with high dimen-

sional prototypical vowel templates derived from a native

Australian English speaker. We further perform the same

analysis on Lebanese and Vietnamese accented English to

investigate how di�erences due to accents impact on such

a representation. In a low dimensional linguistic represen-

tation a vowel is characterised by articulatory tract pa-

rameters. To simplify the problem, the study is restricted

to vowels that, notionally at least, involve a steady state

articulation i.e. a stable target con�guration of tongue,

lips and jaw between preceding and following articulatory

transitions. Vowels are represented by the horizontal and

vertical position of the part of the tongue involved in the

key articulation of a particular vowel, e.g., high or low

and front or back. To this is added lip posture, spread

or rounded. Prototypical vowel templates are derived as

follows. The sound pressure signal is parametrized by 12

mel-frequency cepstrum coe�cients. At the centre of each

phonetically labelled segment, 180 dimensional phone tem-

plates are extracted. For the group of short (/I/, /E/,

/A/, /O/, /V/, /U/, /@/) and long vowels (/i:/, /e:/,

/a:/, /o:/, /u:/, /@:/) we obtain vowel clusters by aver-

aging over all templates of each vowel class and accent.

The speech materiaThe speech material is taken from the

Australian National Database Of Spoken Language (AN-

DOSL). For a comparison of high dimensional vowel clus-

ters derived from speech samples with low dimensional pro-

totypical vowels in the articulatory tract representation we

perform a reduction in dimension by a multidimensional

scaling transformation in a two dimensional space. Here,

a linear transformation maps a high dimensional space on

a lower dimensional sub space by optimising the relative

distances between data vectors. As an important result we

�nd. i) /@/ and /@:/ are surrounded by the remaining

vowels; ii) the overall structure and the relative distances

between the prototypical vowels are very similar. Varia-

tions in the structure can be explained by the in
uence

of native Australian English, Lebanese Arabic and South

Vietnamese accents.

1. INTRODUCTION

Clark and Yallop (pp. 311) [1] trace the use of distinc-

tive phonological features in modern times to Jakobson

[2, 3], who drew on earlier phonological concepts of de

Saussure and Hjelmslev. Subsequent important elabora-

tions appeared in Jakobson, Fant and Halle [4] and Jakob-

son and Halle [5] Articulatory features { as well as acoustic

and perceptual features { have been employed by a wide

range of phonological theories at various levels of abstrac-

tion ever since. These articulatory parameters were used

to divide the phonemes of English into 'sets' where bundles

of features could be used to describe phoneme types. For

example, for vowels, the mouth was viewed in a 2 dimen-

sional plane based on the position of the part of the tongue

involved in the key articulation of a particular vowel. The

front to back axis related to the section of the tongue which

was raised; and the high low axis related to the height of

that part of the tongue in the mouth. To this was added

lip posture, spread or rounded. For English, lip rounding

is associated with vowels produced with the back part of

the tongue raised.

This is the most basic view of the structure of the En-

glish vowel system, but if this can be demonstrated to

represent some valid assumptions about this system, then

it should be possible to compress information about the

vowel system into a simpler format such that knowledge

of the articulation of the vowels would be su�cient. To

investigate this, we determined to compare the 3 dimen-

sional linguistic representation of vowels with the real data

MFCC output. We also performed the same analysis on

Lebanese and Vietnamese accented English to investigate

whether the output of the speech data can indicate the

types of in
uences that produce the accent, for example,

the �rst language phonology, language learning strategy,

gender etc. The comparison is between 3 male speakers

only.

The study is restricted to vowels that generally involve

a steady state articulation{ a stable target con�guration

of tongue, lips and jaw { between preceding and following

articulatory transitions [1](pp. 73). That is, we focus on

short (eg /I/) and long monophthongs (eg /i:/), and ex-

clude diphthongs (eg /au/) since these are complex vocalic

sounds whose articulation requires two target con�gura-

tions of tongue, lips and jaw (ibid: 73, 102). Monoph-

thongs do involve onglides and o�glides because of coartic-

ulation, but the central portion of the vowel is assumed to

be constant.



2. ARTICULATORY TRACT

PARAMETER

Vowels are represented by the horizontal and vertical

position of the part of the tongue involved in the key ar-

ticulation of a particular vowel, e.g., high or low and front

or back. To this is added lip posture, spread or rounded.

The parameter set for di�erent short vowels are shown in

Table 1.

Vowel tongue posture lip posture aperture

/I/ front spread high

/E/ front spread middle

/A/ front spread low

/O/ back round middle

/V/ back spread low

/U/ back round high

/@/ back spread middle

Table 1: The three articulatory tract parameters for the
seven short vowels /I/, /E/, /A/, /O/, /V/, /U/, /@/

The parameter set for di�erent long vowels are shown in

Table 2.

Vowel tongue posture lip posture aperture

/i:/ front spread high

/e:/ front spread middle

/a:/ back spread low

/o:/ back round middle

/u:/ middle round high

/@:/ back spread middle

Table 2: The three articulatory tract parameters for the six
long vowels /i:/, /e:/, /a:/, /o:/, /u:/, /@:/

3. SPEECH CODING AND SPEECH

VISUALIZATION

3.1. Speech Coding and Phone Repre-

sentation

The speech material of native and accented Australian

English speakers are taken from the Australian National

Database Of Spoken Language (ANDOSL), see e.g. [11].

The database comprises a set of phonetically rich, read

sentences. For each accent group we use a set of phonet-

ically manually transcribed sentences taken from �ve dif-

ferent speakers. The sound pressure signal sampled at a

rate of 20 kHz is parameterized by 12 mel-frequency cep-

strum coe�cients by applying a Hamming window of 16

msec duration and 5 msec step size. The mfcc spectrum is

pre-emphasised by a �lter coe�cient of 0:97. At the centre

of each phonetically labelled segment, phone templates are

extracted. For the group of short vowels (/I/, /E/, /A/,

/O/, /V/, /U/, /@/) templates comprising 15 time steps

(75 msec) are extracted. For the long vowels (/i:/, /e:/,

/a:/, /o:/, /u:/, /@:/) we extracted 30 time steps (150

msec) and averaged two preceding time steps. As a result

long and short vowels are represented by 180-dimensional

vectors. We obtain vowel cluster by averaging over all tem-

plates of each vowel class. (The vowel /e:/ is undergoing

change, - it is a diphthong for older Australians and a long

monophthong for younger Australians.

A representation of vowels according to the three artic-

ulatory tract parameters tongue posture, lip posture and

aperture might be achieved by assigning an integer number

to each value, e.g., front => +1, back => �1, spread =>

+1, round => �1, high => +1, middle => 0, low =>

�1. Thus each vowel is then coded by a three dimensional

vector.

3.2. Multidimensional Scaling

Visualising high dimensional data sets is a challenging

problem in data analysis. Vector Quantization and clus-

tering algorithms (see e.g. [8]) may give insights in the

structure of high dimensional data sets. Another useful

visualisation of a set of N n-dimensional data vectors is

Multi Dimensional Scaling (MDS). Here, a linear trans-

formation maps a high dimensional space on a lower di-

mensional space in such a way, that the relative distances

between data vectors are preserved as well as possible. For

a closer explanation of MDS see Mardia et. al. [10]. MDS

has been successfully applied in investigating a high dimen-

sional space of phone templates [7]. For a better compar-

ison of vowel cluster and vowels in the articulatory tract

representation we perform a MDS transformation in a two

dimensional space. The results are shown in the next sec-

tion.

4. RESULTS

4.1. Short vowels

Figure 1: Result of a MDS transformation for the prototyp-
ical short vowels.

Figure 1 shows the result of a MDS transformation

of prototypical phones based on articulatory tract pa-

rameters and Figures 2-4 give the mean values of phone

clusters for the seven short vowels for native Australian

English (AuE), Vietnamese accented Australian English

(VAE) and Lebanese accented Australian English (LAE).

We found that the four plots exhibited a similar overall

structure. In each Figure, /@/ is surrounded by the re-



Figure 2: Result of a MDS transformation for short vowel
cluster centre taken from native Australian English speaker.

Figure 3: Result of a MDS transformation for short vowel
cluster centre taken from South Vietnamese accented speaker.

maining six short vowels. The relative next neighbour re-

lationship between the phones is equal in each Figure. The

LAE is closer to AuE than VAE. These vowels are repre-

sented in all 3 languages, Classic Arabic has a 3 vowel

system with long and short vowels, and modern regional

Arabic dialects have evolved to include a variety of other

vowels. Lebanese Arabic is in this category. Vietnamese

has a similar pattern of distribution of vowels but in con-

trast to the other 2 languages, has rounded and unrounded

back vowes [6]. Figure 3 shows that the distance between

/E/ and /A/ is quite small which may refelct the fact that

Vietnamese has 4 front vowels and /E/ and /A/ are mid

and low. For the short vowels then the results indicates

that a 3 dimensional linguistic description can be used to

represent them.

4.2. Long vowels

Figures 5 { 8 show the results for the long vowels. Figure

5 represents the proto-typical AuE phoneme distribution,

Figure 6 the actual speech data AuE, Figure 7 the VAE,

and Figure 8 the LAE. There are greater di�erences here.

Duration: The prototypical long vowels are similar in po-

Figure 4: Result of a MDS transformation for short vowel
cluster centre taken from Lebanese Arabic accented speaker.

Figure 5: Result of a MDS transformation for the prototyp-
ical long vowels.

sition to their prototypical short vowels. However, this is

not fully re
ected in the speech data of any of the 3 speak-

ers. The Vietnamese speaker comes closest to this pattern.

Again the VAE speaker has his vowels well distributed in

the vowel space, but not as an exact mirror of the short

vowels. /@:/ /u:/ and /o:/ come closest to mirroring /@/

/U/ and /O/ - their short counterparts. Such a well dis-

tributed vowel set may re
ect the fact the Vietnamese is

a tone language and relies on clear vowel distinctions on

which to allocate tone. For the LAE speaker, the /e:/ and

/@:/ are clustered and separate from all other long vowels.

This may represent a distribution based on orthography,

as the 2 clustered vowels are both orthographically written

as 'e'. This then would make it possible to describe the

distribution achieved by the MDS for the LAE speaker as

potentially the result of the fact that this speaker learned

English from reading.

The relative next neighbour relationship between the

phones is equal in each Figure, except for the native Aus-

tralian English speaker where the relative distance between

/u:/ and /e:/ appears to be much smaller than that be-

tween /i:/ and /e:/. However a comparison of the dis-



Figure 6: Result of a MDS transformation for long vowel
cluster centre taken from native Australian English speaker.

Figure 7: Result of a MDS transformation for long vowel
cluster centre taken from South Vietnamese accented speaker.

tances in the 180 dimensional phone template space shows,

that the di�erence in the distance is only in the range of

�ve percent. That means, that the low dimensional MDS

transformation corrupts the true distances for these vowels.
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