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1. INTRODUCTION

The accurate specification and prediction of
segmental durations in speech has attracted a
large number of research publications over the
years. Such publications may be divided into
two types, those which attempt to catalogue
the various statistical properties of durations
[1] or describe observable duration trends in
speech [2], and those which explicitly attempt
to predict the duration of segments [3]{4][5].
In recent years, many papers attempting to
understand the reasoning behind particular
segment durations have included language
structure in their descriptions [2]. The causes
of variation in the duration of a segment are
now seen as a consequence of higher linguistic
structure rather than just close proximity
contextual effects. This drive to non-linear
phonological descriptions has occurred in part
due to a lack of success in improving upon the
traditional context sensitive segment duration
rules as advocated most notably by Klatt [6].

The great success of statistical analysis in
speech recognition has encouraged a number of
researchers to investigate statistical approaches
in the prediction of segmental durations e.g.
CART trees and HMM's [7][8]. Consequently
a large amount of effort has been invested in
the collection and annotation of speech
databases. Inevitably such approaches suffer
from the problem of sparse exemplar data and
techniques are currently being developed to
compensate for this lack of data. The approach
adopted in this paper does not rely on the
analysis of large bodies of data for the
prediction of durations. Instead it assumes that
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a rich phonological description of the language
is sufficient to describe many of the significant
effects dictating the duration of segments in
speech.

A number of recent papers have suggested that
the syllable rather the phoneme is a more
appropriate structure for the prediction of
durations.  Such papers suggest that the
durations of segments within a syllable can be
simply predicted once the syllable duration has
been derived [9][10]. A few papers have
rejected the segmental approach to the
prediction of rhythm in speech and are showing
promising results [11].

The work described in this paper was
motivated by one reason. Predicting segmental
durations for use in the generation of natural
sounding speech synthesis. No claim is made
that the approach adopted necessarily has any
underling intrinsic  association with the
production of human language. However, the
approach relies heavily on a number of
phonological assumptions about language.

The aim of phonological theory is not the
prediction of segmental durations for synthesis.
In fact many phonological theories would deny
the existence of a phoneme let alone have
anything constructive to say about any
associated acoustic duration.  Theories of
phonology are used here to provide a skeletal
structure onto which pragmatic prediction
models can be fixed. The assertion here is, that,
the more sophisticated the skeletal structure,
the simpler the prediction model needs to be.
In other words, this work assumes that the
structures of rhythm and prominence proposed
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by a number of phonological theories are
correct and that once constructed, provide
sufficient constraints to ensure that any
production model will sound "reasonable",
provided it adheres to these constraints. The
term reasonable is used in the previous
sentence to signify that while the hope is to
employ some quantative metric as to the
goodness of fit of this prediction model to any
given speech signal, its acceptability will be
judged not on such distance metrics but on the
qualitative assessment by human subjects.

2. METHOD

2.1. Motivation

As stated above the sole aim of this work is the
prediction of appropriate segmental durations
for a text to speech system. The prediction
method described in this paper is one of a
number of experimental duration components
used in BT's Laureate text to speech
system[3][4]{12]. As such, much of the
information and definitions used by the
component are supplied by other components
within the text to speech system. For example
a syllable is defined in terms of a sequence of
phonemes passed down from high levels of the
text to speech system. The definition of the
syllable is simple and conforms to the well
understood structure of onset and rime, as
shown below.
c

— T~

Onset Rhyme

N

Nucleus Coda

The syllable as used by the duration prediction
component has no understanding of
~ ambisyllabicity.

This method, similar to the methods proposed
by Campbell and Isard [9] among others is
based on predicting the duration of a syllable.
That is, it is suggested that the syllable
represents a better unit of language for
mapping to the acoustic signal than the
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complex and ill defined mapping between the
phoneme and the phone. The syllable also has
a place in the latest phonological theories.

2.2. Description

The procedure is a constraint system. Given a
set of constraints the method predicts possible
syllable durations. There are two forms of
constraint used in the method. Phonological
constraints and phonetic constraints.  The
phonetic constraints are simple and are similar
in principle to those proposed by Campbell in
[10]. The maximum and minimum duration of a
syllable is simply derived from the context
independent statistics associated with the
constituent  phonemes of the syllable. The
phoneme statistics were derived from a

transcribed  database of approximately 200

sentences.

The phonological constraints consisted of the
following :

o Lexical primary and secondary stress

o Salience

» Word position within an intonational phrase
* Emphasis

Salience is defined in terms of a normalised
value ranging between 0 and 1 representing the
degree of prominence of the word within a
phrase. Emphasis is related to Salience, but is
used when a word is marked as having some
form of emphatic pronunciation. These
phonological constraints are obtained from a
component  independent linguistic  store
contained within the text to speech system.

Each syllable duration in a phrase is predicted
as a function of the both phonetic and

phonological constraints.

Ds=F(Sl,L,S,P,E)

where
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Ds is the duration of the syllable and is
constrained to lie within the pre-calculated
limits Sl for that syllable.

ie. limg™ Ds

L is the degree of lexical stress. Three levels of
lexical stress are recognised by the duration
predictor. Primary stress, secondary stress and
unstressed.

P is the position of the syllable within an
intonational phrase. Currently an intonational
phrase consists of the following. One or more
intermediate or minor phrases within the
intonational phrase. P specifies whether a
word is phrase medial or
intermediate/intonational phrase final.

E is an optional factor representing the degree
of emphasis placed on a word.

F'is a multiplicative model who's coefficients ¢;
are constrained by the factors given L,S,P,E
above.

N
Ds = 8L, + (S, = SL O] ]
i=1

Where N is the number of coefficients, which
is equal to the number of constraining factors.

2.3. A method of optimisation

Optimal coefficients are derived for the

function F using a simple and very inefficient

optimisation procedure similar in approach to

simulated annealing. The procedure is

described as pseudo code below:

1. Select initial coefficient values

2. For a given maximum perturbation value A,
randomly select M sets of coefficients
Cpp = C+8Cyy and &'s, where Cpy is a set
of coefficients, m =1..M and 6 ranges from
Smin 1o A.

3. Determine the lowest error from all sets of
coefficients

4. While the error is still falling, reduce the
maximum perturbation factor A and repeat
from point 2.
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3. CONCLUSIONS

The phoneme durations predicted by this
method still exhibit known problems, in
particular, the method of deriving phonemes
from the predicted syllable duration is over
simplified.  For example, the duration of
phonemes in phrase final syllables exhibit an
asymmetry in the onset and rime[9]. Clearly a
more sophisticated method of predicting within
syllable durations is needed.

An approach such as this succeeds or fails on
the accuracy and completeness of the
phonological information supplied by the other
components of the text to speech system. For
example, a lack of information concerning the
degree of prominence of words in a phrase
leads to inappropriately short durations being
assigned.

Finally, as mentioned above, this method is
based around the concept of constraints. One
constraint seldom mentioned is the interaction
between the duration prediction method and
the speech synthesis technique.  This effect is
particularly significant for unit inventory based
synthesis techniques.  The duration of a
phoneme segment is only one of a number of
factors leading to the percept of rhythm in
synthetic speech. Factors such as the degree of
vowel reduction, assimilation, elision and the
intrinsic duration of unit elements can all
adversely interact with a predicted duration.
An attempt is made to minimise these effects in
this method through the use of appropriate
constraint values.
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