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ABSTRACT

Most speech synthesiseasid reognisers forEnglish
currently use pronunciation lexiconsstandard British

or American accents, but as use of speechnology
growsthere will be more demarfdr the incorporation

of regional accents. This papedescribesthe use of
rules to transform existing lexicons sffandard British
and American pronunciations to set of regional
British and Americanaccents. The papebriefly
discusses some features describes thed regional
accents in theproject, and theframework used for
generating pronunciations. Certain theoretical and
practical problemsre highlighted;for some of these,
solutions are suggested, but it is showthat some
difficulties cannot beresolved by automatic rules.
However, although the methoddescribed cannot
produce phonetic transcriptions with 100% accuracy, it
is more accurat¢han using letter-to-sound rules, and
faster than producing transcriptions by hand.

1. INTRODUCTION

For some applications of speech synthesisifor some
users, output in standard accents is inappropriate, and
as theuse of speech systerrereases there will be an
increase in demand for regional accentsEoflish.
Access toregional pronunciation variants will also be
of value for speech recognition systems. A labour-
efficient way of producing these is needettis paper
describesthe production by rule of pronunciation
lexicons for fiveaccents oEnglish, using as input the
information already contained in a lexicon of standard
British and American pronunciations. There is the
added benefithat since many linguistic rules aresed

by morethan one accent, the ground-work is laid for
producing further accents.

2. REGIONAL ACCENTS

Three British accentsvere chosen(as spoken in
Edinburgh, Cardiffand Leeds, to represent Scottish,

IThis work was supported by France Telecom CNET under the

Welshand Northern English), ansvo Americanones
(New York and South Carolina, to represent Eastern
and Southern American); regionf@atures were based
primarily on the descriptions in [1], with native-speaker
input where possible. The regional accents are
abbreviated inthis paper asBr(Sc) = Edinburgh;
Br(W) = Cardiff; Br(N) = Leeds; Am(E) #New York;
andAm(S) = South Carolina. For the standard accents,
Br(RP) = RP, and Am(Gen) = General American.

The accents generated represefatrly educated
regional speech, thouglkome optionalrules were
included which produce broader acceritee division
between 'obligatoryand 'optional' rules is somewhat
artificial, as theremay be speakers frothe region who
have a noticeably local accent but mat useall of the
‘obligatory' rules asheir speech is somewhat closer to
the standard accertlowever, it enables us to produce
pronunciation lexicons which represent thmain
features of the regional accents, while allowsane
freedom of variation.

Some examples ofhe regional characteristics to be
included in a lexicon, i.e. excluding such features as
rhythm and intonation, argiven below. (Throughout
this paper, transcriptions are given IRA unless
otherwise specified.)

Feature Example| Br(RP) |Br(Sc)
Rhoticity 'horse' |/hos/ /hois/
Vowel length/ 'tide' /tard/ /taid/
quality distinctions |'tied' /tard/ ftared/

Figure 1: Some features of Edinburgh English
Feature Example| Br(RP) [Br(W)
Presence ot/ 'llewelyn' |/lue.lm/ |/Au'e.lin/
Full vowel in final |'endless'|/end.las/ |/end.les/
syllables

Figure 2: Some features of Cardiff English
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Feature Example| Br(RP) (Br(N)
Different use ofx/ - |'hat' /hact/ /hat/
/a/ (realised in Leeds'dance’ |/dans/  |/dans/
as/a/ - /a/) ‘part’ /pat/ /pat/
Optional/h/-dropping 'hot' /hot/ /ot/

Figure 3: Some features of Leeds English

Feature Example| Am(Gen)] Am(E)
Presence aofiu/ 'new' /mu/ /mm/
Optional use ofgg/ |'clingy’ |/klm.i/ |/klm.gi/
for certain instances

of /y/

Figure 4: Some features of New York English
Feature Example| Am(Gen)] Am(S)
Non-rhoticity ‘heart'  |/haxt/ /hait/
Use of/i/ rather than|'happy' |/he.pi/ |/hz.py/

/i/ in certain
environments

Figure 5: Some features of South Carolina English

3. RULE FRAMEWORK

Previous workhad produced a pronunciation lexicon
containing over 110,000 words, for use in diphone
synthesis. These weteanscribed in RRand General
American, using machine-readable phonetic alphabets,
and parts ospeech were also included ihe entries.
This lexicon was used &he basis forthe currentvork.

The RP transcriptiongrere used athe basicinput for
generating the British accents, while the General
American transcriptionsvere used togenerate the
American regional accents.

3.1.Alignment Rules

A number of the rulesrely on descriptions of
relationshipsbetweenthe original pronunciation and
the spelling. For example, part of the rtde producing
Ix/ in Edinburgh English can be stated as follows:

Replace gk/ or /g/ which represents 'ch' ogh',
and is not part of a syllable-initial cluster, wiji.

We thenneed an alignment to distinguibletween the
/k/ in RP 'lochside’, which represents orthographic ‘ch’
and should be converted to Br(3xz), and thek/ in RP
‘dockside’, which represents orthographic @kt so
remains as/k/ in Br(Sc). It is easy to see the
correspondence betweethe orthographyand the
pronunciation, but lesseasy to formulate rules to
express this accurately (see[2]). An alignment
algorithm was designed forthe existing lexicons,
grouping letters or shorsequences of letters with
phonemes or sequences of phonerttesputput of this

was used adhe input to the transformation rules.
Syllable boundarieandstress patternsereretained in

the alignment asthey were often useful for
transformation rules.
3.2.Remapping Rules
The first and simplest step in creating regional

pronunciationswas to remap the correspondences
betweenmachine-readablsymbolsand phonemes for
each accent, to allow for different phonemic
inventories. These remappings acentext-free. In
many casedhis allowedthe regional accents tgse the
same machine-readable transcription as the standard
accent. For example,Leeds English does not
differentiate betweeyu/ and/a/, whereas Rmasboth.
The symbols'u’ and 'uh'which represenfu/ and /a/
respectively for RPganboth be remapped to represent
/u/ in Leeds English. This gives us:

Word Machine- Br(RP) | Br(N)
readable
transcription
‘put’ p*ut /put/ /put/
putt’ p*uht /pat/ /put/

Figure 6: Remapping of 'u' and 'uh’ for Leeds English

3.3. Rewrite Rules

The second method useahd themost important one,
was context-sensitive rewriteules, based on the
existing transcriptions but also permitting other
information in the lexicon, such gart ofspeech, to be
used asnput. The rewrite rules fall into a number of
categories, as described below. Somehefexamples
have been simplified here due to lack of space.

For some of the rules a number ofdifferent

formulations would be possible. Forinstance,
glottalisation of/t/ may vary by phonetienvironment
and social context as well as speaker, withal /t/

being transformed to a glottal stop more readilgn

medial /t/. For this project, a typical set of
environments was used for such cases.

3.3.1. Pre-lexicon Transformations

These are rulesor producing a basic pronunciation
lexicon for each accent.

a) Obligatory rules - a set of rules which are always
applied, for example non-rhoticity in South

Carolina:
'start’: Am(Gen)staxt/ - Am(S)/stait/

b) Obligatory lexical features - isolated words which
have unpredictable regional pronunciations, for
example 'with' in Edinburgh English:

‘with": Br(RP)/wid/ - Br(Sc)/wib/



c) Optional rules - a set of rules whiotay optionally
be applied. These rules give ‘broader
pronunciationghan theobligatory rules alone, for
example, use ofin/ rather than/m/ to represent

'-ing" in various accents, including Cardiff:
‘thinking": Br(RP)/6mk.i/ - Br(W) /0mgk.mn/
Optional lexical features - isolated words which for

some speakers have unpredictaptenunciations

in the regional accentor example 'make' iheeds
English:

'make": Br(RP)meik/ - Br(N) /mek/

d)

3.3.2. Post-lexicon Transformations

These rules apply tdhe output of the pre-lexicon
transformations, andoncern allophones, which it is
not necessary to include in a lexicon. Some allophone
ruleswere included irthe pre-lexicon transformations

if they had complex contextual descriptionscluding

for example morphological information.

The allophones are variants of a single phoneme
(though in afew cases, such as Edinburfie/ - /ai/, it

is not clear whether a given alternation is allophonic or
phonemic). Allophones araused in all specified
contexts, with no lexical exception§ome of these
would be producednaturally by subjects recording
diphones, but others rely on wide context (for
example, in South Carolinsowels may beconditioned

by thevowel in the nextsyllable). Rulesare therefore
needed to specify the contexts of these allophones.

a) Obligatory - innatural speech, these would be
produced byall subjectswith the given accent, for

example use of taps in various American accents:
‘catty”: Am(E)/ka.ti/ - /kae.ri/

Optional - in a natural situatiothese mayvary
according to thesubject orthe formality of the
situation, for example Edinburgh glottal stops:

'hot': Br(Sc)/hot/ — /ho?/

b)

3.3.3. Connected Speech Rules
As some accents havales which apply in connected
speech, these have been included in the framework.

a) Obligatory rules - these include removal of pre-
consonantal word-finat/ in Cardiff English. (This
has been transcribed in non-rhotic accents to allow
for linking 'r'.)

‘car park': Br(WYyka: patk/ — /ka: pak/
Optional rules - Leeds English may usgénstead
of pre-vocalic worefinal /t/:

'shut up': Br(NY[ut uvp/ - /[u1 vp/

b)

4. RESULTS

The remapping rulesover afair number of cases, and
are straightforwardMore interesting issues aridée®m
the rewrite rules.

4.1. Relationship between British and American
Pronunciations

Sometimesthe most accurate resuleése obtained by
taking a feature of one of the transcribed accents for use
in one of the generated accents of the other country. For
example, in Br(RPhe ASCIl combination |[i@| has
been used to represent bty (or /ia/) in words such

as 'happier’, 'topiary', ‘fearinghd 'fear'.However, for
Cardiff English thisneeds to be split thresays - /is/

for 'happier' andtopiary', /i/ for 'fearing’, andjs/ for
‘fear'. Some generalisations can be madéout the
phonetic environments in which they occur, but a more
accurate transformation can be made by including the
Am(Gen) transcriptions in the rule environment. We
then have, for |i@| preceding orthographic 'r":

Rule i): where Am(Gen) ha&o/, /i, /ja/ or fig/,
transform Br(RP)1s/ to Br(W) /ia/
Examples!happier', 'topiary’'

Rule ii): in the environment precedirig plus a
vowel, where Am(Gen) hag not preceding a
geminate’r/, change Br(RP)s/ to Br(W)/i/
Example:fearing'

Rule iii): other cases of Br(RPip/ before
orthographic 'r become Br(Wja/.
Example:fear’

No explicit alignmenthadbeen produced famatching
the Br(RP) and Am(Gen) transcriptions with each
other, andthey sometimeshad different numbers of
syllables, or different stregsatterns,for example the
alignments for 'topiary’ were as follows:

Br(RP) orthog.| t| o p|iaj|r y
phon. | t| *ou| .p| i@| .r | ii

Am(Gen)| orthog| t| o pl i a r{y
phon. | t| *ou| .p| ii | .~e| .r| ii

Figure 7: Alignments between the orthography
and the machine-readable phonetic alphabet
for 'topiary' in Br(RP) and Am(Gen)

However,nearly allcases were covered by looking for
the relevantsequence athe same location irboth
transcriptions, and if thisfailed, comparing the
previous and following segments.

4.2. One-to-Many Relationships

Some one-to-manyrelationships, like the Cardiff
example described above4ri, can be predicted on the



basis of information in the lexicorlowever,otherone-
to-many relationshipsare problematic. For example,
both Edinburgh and South Carolina distinguish
between'hoarse’ and 'horsethich in RPand General
American are homophones. Tligference cannot be
predicted from the spelling, as there is no consistent
correspondence betwedhe different spellings of this
set of wordsand thedifferent vowelsand nor can it be
predicted from the part of speech tags. The ofsplit

is the main problem in generating regional
pronunciations by rule, as it cannot tesolved except
by hand-tagging of individual lexical items, which is
not a linguistically satisfactory solutionand is not
practical in the current framework.

4.3.Missing Information

Certainfeatures of the various accemte predictable,
but rely on informatiomot currently contained in the
lexicon.

4.3.1. Morphology

The primary type of missing information is
morphological. Someules for phonemes or allophones
depend on morphological boundaries, but theasenot
explicity marked in the lexicon. Some of this
information can be deduced from the current format, for
example by reference tparts of speech, orthography
and thephonetic environment, or by lists of affixes. For
Edinburgh English we canuse the spelling,
pronunciation and part okpeech to differentiate
betweenthe past tensgerb 'mooed'which contains a
morphological boundarand so has a longowel, and
the noun 'mood', which does not.

'mooed": Br(RP)mud/ - Br(Sc)/mu:d/
'mood": Br(RPYmud/ - Br(Sc)/mud/

Not all cases, howevesre so transparent, particularly
compounds. In SoutRarolina,/nt/ may optionally be
reduced tgn/, following a stressed vowel and preceding
a vowel ([1], Vol. 3, p. 552).Syllable boundaries are
irrelevant, but thet/ should not be the firgyllable of a
free morpheme. So, we have:

‘winter': Am(Geny'wn.to/ — Am(S)/win.o/2

Unfortunately, the rule as formulated cannot be
prevented from applying to compounds such as
'meantime’, wrongly giving us:

'meantime’: Am(Gen)min.tamm/
-~ Am(S)/min.aim/2

4.3.2. Other

It has been suggested ([3], p- 16&)at lexical items
which are 'learned’ arkess prone tosomekinds of
casualisation or reduction processes, sucthasse of

20ther processes would subsequently applth&se strings,
such as allophonic adjustments.

glottal stops fort/, than more frequent ones. This factor
has notbeen investigated fahe current work, but it is
possiblethatword-length might be an approximation to
this. More likely is that word frequency in spoken
language (not currently included in the lexicevguld
provide a basis for distinguishing such groups of words.

More detailed semantic or etymological information
would also be of assistance. For examfilén Welsh is
only used in native Welsh names or loanwoeds] this
information is not available in the lexicon.

5. EVALUATION

Large-scale evaluation of the outpués unfortunately

not possible due tthe lack of comparableork in this
area,but native speakers of the accewere consulted
where possibland the transcriptionsere compared to
descriptionsand examples in other sourcehe rules
used seemed to produce acceptable output for the
different accents, but some were more succesbau
others. Particularly problematiwere SouthCarolina,
with its large number of allophoneand Edinburgh,
which has a very different vowel system from RP.

The discussions with native speakewere invaluable,

as thisenabled checking of a wideange ofexamples
than are commonly available in the literatudewever,

it should be notedhat native speakers from theame
region did notalways agree with each other on the
lexical incidence of features, or even in some cases on
the phonemic inventory. Whilsomeregional features
have been studied sociolinguistically (for example, see
[3]), others have not, makingpnsistency difficult. One
solution tothis is to model each accent on a single
speaker; another is giudy several speakers ander to
produce an integrated model of the regional variation.

6. CONCLUSIONS

It is possible to developegional pronunciations by rule
from existing standard pronunciations, andost
systemic differencescan be covered in this way.
However there are certain featurdsy some accents in
particular, which cannot be accurately generatethisy
method.
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