term
of
tish

.9,

ARD,
our
s o

ker
2¢h
1,

ity

Ing
32,

_;.;' : : .- - . * - .- a . e - -
- QUANTIFICATION OF A MULTI-SPEAKER DATABASE
%7 . ., .OF SPOKEN 'AUSTRALIAN ENGLISH . T .
l L J
J.B.Millar ) .

Department of Engineering Physics
- ~ Australian National University

Canberra, Australia, 2601

ABSTRACT

Measurements for the quantification of the speaker
dimension of a database of spoken language are
presented. These measurements are structured in
two dimensions - utterance extent and acoustic
feature. Utterance extent ranges from the
macro-acoustics of long-term statistics to the
micro-acoustics of the organisation of the
syllable, while the acoustic features cover the
phonetically motivated areas of Energy, Timing,
Excitation, and spectral Colour. Aan example is
given of the application of a small sub-set of '
these measurements to extract representative
speakers from a 33-speaker database of spoken
Australian English for the development of robust
speech processing for a cochlear implant @roject.

INTRODUCTION

The acoustic-phonetic description of the speaker
dimension of speech has received some solid
attention in recent years [2,5]. These studies
have approached the issue from the standpoint of
phonetics with acoustics used to give quantitative
backup to the phonetic judgements. In this paper,
the starting point is acoustics, and the aim is to
Present a hierarchy of measurements that can
specify speaker chazacteristics,with increasing
refinement, and to apply a subset of these
measurements to a specific practical task.

Much work in acoustical speaker characterisation
has in view high resolution speaker discrimination
for a variety of purposes. One route to this goal
is the direct rpute of looking for discriminating
cues. This route however begs the question of the
density of the speaker space from which test
Speakers are selected. My route is to first of all
TAp out the speaker space and, with progressive
refinement, plot out the trajectory of speakers
within that Space as they use language in different
¥ays and over periods of time. This approach is
motivated by the belief that speech technology
needs an adequate model of speaker characteristics
which is compatible with, complements, and
interacts with linguistic models of speech.

; have selected four phonetically motivated
imensions which reflect the roles of diverse
°rgans of the human body that are involved in the
ProduCpion of speech. Variance in speech timing,
energy, excitation, and spectral colour can be
uniquely ang independently individual. Each of

these dimensions may be examined at more than one
level of utterance extent (Figure.l). As speech is
implemented by sets of short-term articulatory
gestures superimposed on longer term breath
resources and even longer term patterns of
articualtory status, my analysis strategy aims to
see the short-term against the background of the
long-term, and to use the long-term to constrain
the short-term descriptions. Analysis across all
the four feature domains and the timescales is in
progress but only a subset are presented by results
of its application to the speakers in a 33-speaker
database of spoken Australian English.

LONG BREATH SYLLABLE
TERM GROUP
ENERGY Long-term Mulﬁsyllnble Contour
Energy Pattern -
Overall
TIMING Duration, and | | Inter-syllabic Duration
Breath Group Intervals
Structure
Long-term
EXCITATIO! Excitation Intonation Conto
CIT. N Frequency Pattern ur
Distribution
COLOUR Long-term Contour
Spectrum

Figure 1. Anaiyais structure for Quantificaﬁion of
of Speakers (see text).

SPEECH TIMING

The timing of speech is influenced by many factors
including the cognitive process of assembling the

message, and the musculature of respiration and

articulation. The way in which these factors
influence speech timing can be measured in
different ways ranging from the macro-timing of
overall duration of utterances, to the micro-timing
of individual articulatory gestures. The overall
duration of a lengthy utterance involving many
respiratory cycles will encompass the summation of
many different timing strategies. Measurement of
overall duration is technically trivial but
provides a foundation on which to build the timing
picture for a speaker. The direct contribution of
pauses for inspiration (respiratory) may be removed
by the decomposition of longer utterances into
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single respiratory cycles or breath grougs.‘
Durations of breath groups and their varlat%on
reveal temporal aspects of speech planning telated
to the. semantics and syntax of the utterapce, and
to the management of breath resources. This

. individually determined,mapﬁlng of linqﬂiq}ic ’ -

- content onto -the: time course of a breath’carrier

will to some degree deternine the repertoire of
prosodic expression which may be used - g;ch with
its own breatlh resource penalty in addition to
prosodic_pattern and pattern continuity
constraints. The complete picture of prosody
management is undeniably complex but is here
jidentified as 2 speaker variable begging
quantification. At the simplegt level sy;labic
rate and intersyllabic interval within breath
groups'provide a more accurate timing descriptien
than ovéraii“syllabic rate. Accurate temporal
jdentification of the syllable provides the
foundation for syllabic modelling. sub-syllabic
temporal segments are not attempted as this area is
best catered for by coarticulatory models of the
syllable.

SPEECH ENERGY

The acoustic energy inherent in speech sounds is
controlled also by a number of organs. The
movement of exhalatory muscles and the variation of
constrictions at the larynx and other vocal tract
sites influence the overall energy of a voice and
the dynamic range of energy that contributes cues
for the perception of stress and certain phonetic
distinctions. The assessment of what constitutes
significant energy to declare that speech is
present, ox of what constitutes significant change
in energy to declare that a particular speech sound
transition is in progress, underlies many speech
measurements. Energy xange characteristics have
been shown to discriminate between a small sample
of Australian and North American adult male voices
(4], and the energy distribution of speech,
non-speech, vowels, nasals, and fricatives have
been shown to be distinctive (7].

In the current study a full-band long-term energy
histogram has been routinely produced for each
one-minute speech passage analysed. As speech
comprises periods of silence, inhalation of breath,
frication, and phonation, the energies of all these
components are included in the histogram. The
major features for most speakers are peaks at
energies roughly corresponding to silence and
phonation.. The ratio of these varies from speaker
to speaker as does the additional contribution of
inhalation, often indistinguishable from silence
energy, and frication, which most often supplements
the low energy skirt of the phonation energy
distribution. For all practical purposes we have a
two-peak histogram (Figure 2). An initial
interpretation of this histogram relates the
overall energy of the voice to the difference
between the two peak positions and may be

" considered a speaker characteristic if all’

recordings were made in the same environment with a
constant ambient noise. Further speaker
characteristics may be attributed to the shape and
relative size of the energy peaks but have proved
to be difficult to extract with any reliability.

'
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Figure 2. Distribution of occurences of energy

levels in One-minute passage.

SPEECH EXCITATION

Speech excitation may be of several forms, a
variety of kinds of phonation, frication caused by
turbulence, or a mixture of frication and some kind
of phonation. In the current analysis only
phonation was measured by detecting excitation via
transglottal electrical impedance. Instants of
glottal closure were determined by a simple
algorithm acting on the impedance waveform.
Histograms of time intervals between closures were
produced. The first order model was to assume
uni-modal symmetrical distributions, and to
parameterise this model in terms of the mean and
standard deviation of the distribution (Figure 3.

SPEECH COLOUR

The acoustic wave at the termination of the vocal
tract reflects the "colouring” of the excitatior
spectrum by the selective absorption of energy 10
the tract. Anatomical and habitual constraints o
the shape of the vocal tract will give rise to
long-term effects, whereas specific muscle gestures

will characterise the articulation of individual
sounds.

Speech colour has been measured at two levels:
Firstly, we measured the long-term spectrum °
one-minute passages of speech and viewed the
results at three levels of resolution £31.
Secondly, we modelled the resonance patterns 31
syllables in order to express, in a
speaker-specific way, the expected resonance "«
trajectories between specific consonants ?"de&

[1]. .
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THE DATABASE

Our database of spoken Australian English (6]
comprises 15 male and 18 female speakers whose
accent may be broadly classified as General
Australian. In this paper we focus on the ana{ysis
of three reading passages, each designed to last
one minute, which were recorded over a period of
approximately 6 weeks from all 33 speaKers. The '
recordings from each speaker were separated by at
least 2 weeks in most cases. Passage A is an
expository discourse from a popular scientific text
. (with some” scientibadwiosmemonit te®r; passage B is
a narrative from a childrens’ book including a fair
amount of dialogue, and passage C comprises two
short passages often used in speech research - the
fable of the "North wind and the Sun" (Cl), and the
"Rainbow" passage (C2).
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Figure 3. Distribution of intervals between

glottal closures in a One-minute passage

POPULATION CHARACTERISTICS

Before looking at individual speaker variation
across the reading passages, we gauge the overall

" population variance in timing and excitation.

The overall durational analysis showed strong
consistency over all passages. The standard
deviation of durations across all speakers was
approximately 10% in nearly all cases. This result
holds separately for the male and female
sub-populations, and there was no significant
difference between the overall durational
characteristics of male and female sub-populations.
The raw data are given in table 1.
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Macro-timing analysis revealed several different

those who are consistently slow
, medium (within 0.5sd of mean),
or fast (>1.2sd below mean) speakers, and those who
vary their speed in a way that is influenced by the

types of speakers -
(>1.2sd above mean)

material.

Table 1.

Overall Durations of reading passages.

Passage MALE Mean

A
B
Ccl
c2

66.24
69.57
32.74
31.19

sec
sec
sec
sec

St .Dev.

9.1%
9.6%
9.5%
10.4%

FEMALE Mean

69.44
70.78
33.28
31.85

sec
secC
sec
sec

St .Dev.

10.3%
12.5%

8.6%
10.3%
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» _emeasured. - The population-wide results for the
“residual-male and female subpopulations are given
-in table 2. This analysis has revealed spedkers

The excitation_anély;is was performed on all those

speakers for whom impedance waveforms could be

who exhibit diverse combinations of mean level of
voice pitch and range of intonation. Within our
sample the females tend to have a proportional
relationship between pitch and intonation range
(Figure 4a). The males however, show a more
complex relationship with the most quantitatively
monotonous voices being in the middle of the mean

that is relevant to this specific application,
‘Other factors such as phonation type and vocal
tract length may well be applied as analysis of the
database proceeds.

SUMMARY AND DISCUSSION

The use of a structured and phonetically motivateq

" set of measurements for quantifying speakers has

“been suggested. The scheme has been applied in
part to a 33-speaker database of spoken Australiap

.

English, and preliminary results have been
outlined. It has also been shown how such a
technique can provide a small number of
representative speakers for the evaluation of new
developments in speech technology.

é pitch range (Figure 4b). The mean standard
’ ' deviation of inter-glottal closure intervals for
males and females over all passages is in the range
15-20%. This is equivalent to a total range of
. less than 1.octave. ’ ; .

-

Such a hierarchy of measurements for progressively
refined quantification of the speaker-space are
most important for the development of speech
technology which admits the use of multiple
speakers. Speaker-independent automatic speech

Table 2. Overall excitation characteristics in
terms of parameters of the distribution of
intervals between glottal closures.

MALE : FEMALE~—=mmmmmm——————=— ;
recogniti .

Med- Mean SDof Mean Med- Mean SDof Mean groug: wh::hnii:s to ?e tested against speaker

-ian Mean ofSD -ian Mean ofSD P evenly spread, or which have

defined clustering characteristics. Only in this
way will comparisons between techniques be valid.
Conversely, many distinct voices in multi-voice

(ms) (ms) (ms)' (ms) (msg) (ms) (ms) (ms)

A 9.5 9.6 1.64 1.6 5.0 5.1 0.36 0.9

B 8.9 9.0 1.27 1.8 5.1 5.2 0.37 0.9 speech synthesis may be produced when distributed
ci 9.4 9.5 1.6 5.2 5.2 0.8 evenly over the perceptual equivalent of the

c2 9.4 9.5 1.7 5.2 5.2 0.8 - analytic speaker-space.
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