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ABSTRACT

A method of speaker-adaptive speech
recognition is presented in which systemic
differences are exploited to identify the
speaker’s gross regional accent: A small
number of "calibration" sentences are spo-
ken by the prospective wuser. 1Intra-
sentence comparisons are made of selected
vowels differing between dialects in their
systemic value, and the speaker is scored
on strength of adherence to one of four
gross regional accents. The regional
accent . decision and the numerical data
derived from the analysis of the calibra-
tion sentences are used to modify values
in the vowel reference tables.

REGIONAL ACCENT DIFFERENCES

Speaker~independent automatic speech
recognition requires a splution to the
problem of regional accent differences.
The accent has first to be identified, and
then the reference values used in the
recognition process have to be adapted
towards the particular accent.

Differences between accents exist at
various levels of description. Firstly,
there may be differences in the phoneme
inventory. For example, many speakers of
Northern British English do not distin-
guish the vowels in "look" and "luck", or
"put" and "putt"; many Scottish speakers

have the same quality vowel in "good" and
"food".secondly, even in those parts of
the vowel system that have equivalent

phonemic oppositions, the lexical distri-
bution of phonemes may differ. This may be
due to different historical development in
a large number of words such as /&/ in
"path", ‘"grass", etc. in American and
Northern British English while Southern
British English has /a:/. Alternatively,
there may be isolated incidences, such as
"tomato", which has sei/ in American and
/az/ in British English. Thirdly,
regional accents differ in the phonetic
quality of functionally equivalent
phonemes. For example, although Southern
and Northern British can both be said to
have a distinctive contrast between the
vowels in "cat" and "cart", that distinc-
tion is not carried to the same extent by
the same phonetic properties. The gualita-

tive difference between /&/ énd saz/ in

some areas of Northern England is very
small, the distinction relying almost
totally on the length difference; in
Southerh British the qualitative differ-
ence is very noticeable.
SYNTAGMATIC COMPARISON
These differences can be exploited

recognition purposes by comparing the
characteristics of selected
vowels within a known text. Two known
words may contain different quality
vowels in one dialect and the same quality
vowel in another. Whether the reason is a
difference in inventory, lexical distribu-
tion, or just a difference in the phonetic

for
acoustic

relationship of functionally equivalent
phonemes, analysis will provide evidence
for or against a particular regional

accent. This principle of text-internal or
‘syntagmatic’ comparison has an obvious
advantage over comparison with any exter-
nal template values. The relational values
are obtained from the individual’s own
realisational framework, avoiding the
problem of having to normalise for non-
dialectal inter-speaker differences.

DELIMITATION OF REGIONAL ACCENT

Although regional accent variation is
strictly speaking non-discrete, both in
geographical terms moving from one area to
another, and in sociological terms within
a given area, some people are categoris-—
able according to their geographical back-
ground. Four gross accent areas were
selected for differentiation: Southern
Standard British (SSB), Northern British
(NB), Scottish (Scot), and General
American (USA). The differences within
these regions may well be regarded by some
(particularly those who live in them) as
being at least as great as the differences
between them. They do, however, constitute
regional accents which are readily recog-
nised in everyday speech communication by
linguistically naive persons, and must
therefore be considered to have some iden-
tity. General American, in particular, is
not a natural regional accent associated
with one geographical area. It is a stan-
dardised accent, roughly equivalent in the
United States to SSB in Britain.
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PHONOLOGICAL DIFFERENCES

These gross accent areas offer phono-
onetic differences 1n their

logical and ph

vogel systems which can be exp101ted. fo;
identification purposes. On the basjs ©
evidence collated in wells (3], the
phonemic differences, tabulated 1n_Ta§le
1, are theoretically sufficient to d}Stln-
guish between them. Words (1n.cap1tal§)
are used to represent the phonemic opposi-
tions because differences in tpe }ex1c§l
distribution of phonemes and variation in
phonetic quality make the choice of one
symbol rather _than another ponfus;ng.
The word. lakels used are those’em

Wells [3, p.127£f.]).

Table 1. Primary vowel comparisons for
dialect separation.
+ : phonemic opposition
- : no opposition exists

SSB NB Scot USA

TRAP-BATH + - _
FOOT-STRUT + - + +
FOOT-GOOSE + + - +

These three oppositions differentiate
the British accents more clearly than the

American accent. Three further vowel com-
parisons provide additional dialectal
definition for American English. They also
provide additional characterisation of
Scottish. These may be considered "secon-
dary" comparisons (Table 2).

Table 2. secondary vowel comparisons
for dialect separation

SSB NB Scot USA

LOT-CLOTH - - - (+)
LOT-THOUGHT + + - (+)
LOT-PALM (+) + + -

The bracketed indication of an oppo-
sition for USA in the LOT-CLOTH and LOT-
THOUGHT oppositions are a necessary ack-
nowledgement of differences within North
America. Although a distinctive contrast
is claimed for both- of them in General
American, there are many speakers who make
no contrast. The bracketed opposition for
SSB LOT-PALM is an indication that the
vowel quality distinction is unreliable;
the opposition relies more strongly on the
length difference of the two vowels.

Another type of difference provides
useful additional sub-grouping, namely the
incidence of the long monophthongs /a:,
3:/. In so-called ’'rhotic’ dialects, that
is in our Scottish and USA speakers, they
do not occur in words spelled with an <r>
following the vowel. In addition, of
course, these dialects do not have /3:/,
which occurs in words such as "bird",

ployed by «~<  accents,

* representative

n rt" or "heard",- nor the center:
hu nd triphthongs (as ~ in .wggizg

diphthongs a "
hag:, tour, hire, hour'eetc.).

CALIBRATION SENTENCES - -

'

The accent classifier operateg o
sentences containing the word Clas“:
given in Tables 1 and 2. Practical usefy].
ness to a speaker—-independent recognitiy
system requires that thg sentences satiss

two conflicting.crlterla: they have to by
as short as possible yet provide all
vowel comparisons,;Tih stressed positijgy,

necessary for differentiating the targd
if possible "more than once f,
reater reliability. Ideally, to provige ,
picture of a™ speakerss
vowel space, they should also contaijp at
least one token of the vowels not requireg

for the comparisons.

The following four sentences satisgy
all these requirements:

After tea father fed the cat.

1.
2. Father hid that awful cart at the
top of the park.
3. Father cooked two of the puddings
in butter.
4. Father bought a lot of cloth.
In sentence 1 we have a difference i
distribution. Although both SSB and ys

have an s&/-/a:/ distinction, /&/ occurs
in many words in USA which have /a:/ i
SSB. Thus, when comparing  "after",
vfather", and "cat", an American speaker
will have a the same vowel quality ip
"after" and "cat" and a different quality
in "father"; the SSB speaker will have the
same quality in "after" and "father" and

different quality in "cat".

In sentence 2 the difference between
rhotic sar/ in "cart" and "park" and the
non-rhotic sa:/ in "father" will signal a
Scottish and an American accent, SSB and
NB have a non-rhotic /a:/ in all thre
words. In addition, less difference
between "awful", and "top" than between
"father" and "top" would be evidence fora
Scottish or a Northern British speaker.

Sentence 3 provides an example of
complete neutralisation. Northern British,
in contrast to SSB has no distinctim
between the vowels in "cook™ or "pudding'
and "butter". A Scottish speaker, on the
other hand, will have the'same quality
vowel in "cook", "pudding" and "two",
strongly fronted, close, rounded vowel,

In sentence 4, minimal differences
between the vowels in "bought", "lot", an
*cloth" would signal Scottish; similarity
between "bought" and "cloth", with bot?
words differing from "lot" would indicats
USA; the same quality in "lot" an
"cloth", and a large difference betwee
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Firstly, a group average F1,/F2 "cen-
troid" value is calculated from, the aver-—
age vowel values, each vowel in the
regional “system being related to the cen-
troid by an Fl and an F2 factor. In addi-
tion, the maximum and minimum F1 and F2
values give the group Fl and F2 "disper~
sion" wvalues. individual "centroid" and
"dispersion” values are calculated from
the calibration-sentence data. Adapted
vowel target values are calculated by
applying the regional grou vowel factgrs
to the individual centroid values, using
the F1 and F2 dispersion factors (= indi-
vidual dispersion / group dispersion) to
stretch or squeeze the vowel space in the
F1 or F2 dimensror.’

-

SUMMARY AND DISCUSSION

The accent classifier is conceived as
a first stage of a complex front-end com-
ponent in a speaker-independent speech
recogniser. The correct classification of
a speaker’s accent is essential
information which will be passed up the
system, enabling, for example, the subse-
quent front-end sub-components to adapt to
the speaker. It may also be needed to
trigger a particular subsection of phono-
logical rules, and to direct accent-
dependent lexical access. dowever, more
than Jjust the accent decision can be
exploited in the speaker adaptation pro-
cess, which can be envisaged basically as
a ‘mapping’ of the acoustic space in which
the particular speaker produces  his
vowels. Analysis data from the calibration
sentences provides an economical basis for
this mapping procedure.

pProblems not addressed by the
approach described here are, male/female
speaker normalisation, and modification
for degree of regional adherence. Pro-
gress in the latter depends to a large
extent on long-term data obtained from the
accent classifier revealing which opposi-
tions most frequently differentiate the
speakers. As data accumulates, statistical
evaluation will determine the relative
frequency of occurrence of particular
regional features. The hierarchy thus
obtained can be used to specify degrees of
regional accent and associate them with
particular vowel features.
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