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ABSTRACT

An algorithm for describing speech

spectra in terms of multiple centres of

gravity is compared to traditional

methods for pararneterising fricative

spectra. LPC peak-picking analysis and

single centre of gravity measures are

compared with Multiple Centrotd

Analysis (MCA) and the strengths and

weaknesses of this newer approach are

discussed.

INTRODUCTION

Traditional Spectral Parameters

It has been known for many years that

fricative spectra exhibit forrnants and

anti-formants. It seems likely from the

wealth of research done on vowel

perception that formants play an

important part in our perception of

fricative quality and accordingly,

fricative formant frequencies have been

studied in an effort to correlate them
with articulatory parameters. Formant
estimates have been recorded manually

by visually peak—picking the fricative
spectrum [l][2]. Despite being time
consuming and subjective, hand

labelling Most researchers have held
back from using automatic formant
analysis procedures for parameterising
fricatives. Heinz and Stevens [3] fitted
pole-zero model by hand to spectra.
However, it is well known that automatic

estimation of pole-zero parameters
cannot be solved directly and while there
do exist useful automatic procedures [4]
for estimating these parameters they
have tended to be ignored by researchers
in this field most likely because the
methods are not implemented in speech
analysis packages. Although the fricative
spectrum contains zeros associated with
the source constriction or cavities
posterior to a source of frication, several
researchers have used LPC (which
assumes an all-pole model) to
approximate the spectral contour and
have either identified peaks by eye or
applied automatic peak picking in order

to identify the fricative formant structure
[5]. Due to the varying number of
formants (and anti-formants) it is not
possible to identify an ideal order for the
LPC analysis of voiceless fricatives. A
low order can produce biased or
unresolved formant estimates and poor
estimation of bandwidth. A higher order
reduces this bias but is susceptible to
producing spurious peaks.

The lack of theoretical basis for using
an all-pole model combined with
practical problems outlined above has
lead many researchers to use the simpler
calculation of the centre of gravity as a
“general prOperty detector” [6] for
parameterising fricative and other speech

spectra. The underlying assumption of

this approach to fricative analysis is that
the spectrum can be modelled as a single
normal distribution which may reflect
the dominant front cavity formant. The
mean (lst moment) of this distribution is

termed the centroid and popularly

referred to as the centre of gravity.

Despite this model being underspecified

for fricatives which exhibit two or more

forrnants, the centre of gravity has often

been used to measure relative changes

between fricative productions [7][8]. By

extending the parameters to include

higher moments of this estimated normal

distribution (corresponding to skewness

and kurtosis), the ability of this model to

discriminate between fricatives is

enhanced [9][10].
A natural extension to this model to

cope with fricative spectra containing

more than one formant was proposed by

Jassem [l 1]. To do this the spectrum was

split into two or three partitions. He

investigated several criteria ‘for
automatically determining the partitions

but found that fixed partitions were

sufficient. The purpose, however, was

not to relate each centre of gravity to a

formant but to use them as an abstract set

of parameters which might be fed into a

statistical classifier in order to

distinguish between fricative phonemes.
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Overview of MCA
Aware of benefits of centroid analysis

to the estimation of fricative spectra,
Crowe looked for a method of optimally
fitting multiple centroids to a speech
spectrum intending it as a means of
estimating vowel formants. He
successfully generalised the centre of
gravity calculation using a global least-
squares error criterion to determine the
optimal partitioning of the spectrum and
thus provided a principled method for
determining multiple centroids of a
figgle multi-modal spectral distribution

1 .
In broad terms the algorithm works as

follows. Taking, as an example, dual
centroid analysis: It operates by
evaluating centroids for every possible
partitioning the spectrum into two and
choosing the pair of centroids that result
in best overall fit. For each possible
position of the boundary, the centre of
gravity is calculated for the part of the
spectrum lying in each partition.
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Figure 1. Optimum boundary indicated
by vertical line and centres ofgravity
calculatedfor each partition (shown as
the parabolic apex).

Each centroid is estimated as the
frequency that gives the minimum
squared error value. The two minimum
error values are summed and stored for
each possible boundary position. This
process .is repeated for all possible
partitionings. The output of the analysis
IS the centroid pair corresponding to the
partitioning with the lowest minimum
error score.

The centroid can be thought of as
fitting a Gaussian (normal) distribution
to the power spectral distribution. The
variance of this normal distribution can

thought of as an estimate of
bandwrdth and if the spectral distribution
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Within a single partition contains a single
formant then the centroid and associated
variance represent the formant frequency
and 'bandWidth. Multiple centroid
analySis can be achieved more efficiently
by placmg constraints on how the
spectrum may be partitioned and by bark
scaling the spectrum prior to analysis.
These measures improve the speed and
accuracy of formant estimation when
MCA is applied to vowel analysis [13].

Approach of the study
In this study we will take sustained

examples of three voiceless fricatives
and compare the results of analysing the
speech using:

i) LPC analysis
ii) Single centre of gravity
iii) Multiple Centroid Analysis
Voiceless obstruents were chosen

because they are known to be
differentiated by their spectra alone.

The three speech segments were
selected to contrast two allophones of /s/
(lip-rounded and non lip-rounded) with a
non lip-rounded allophone of /I/. These
examples provide three distinct spectra
which highlight the different behaviour
of the three analysis methods.

METHODOLOGY
Recordings were made by a male

speaker in an office environment using a
Shure SMlOA close-talking microphone
and 16-bit soundcard sampling at ZOkHz.
Background noise levels were measured
to be at least 25dB below the signal at all
frequencies above lkhz.

The frame size used for all analyses
was 6.4ms with a shift of 2 ms. In order
to reduce the spectral variance, which

can obscure the underlying resonant
structure, a lOOms period of analysis was
used. In the case of LPC analysis, the
autocorrelation function was
accumulated for each frame and
averaged over a lOOms segment taken
from the centre of the fricative. The LPC
coefficients and associated spectrum
were then calculated from this averaged
function. Both the centre of gravity and
MCA were based on time averaged
spectra An FFT was performed on each
frame over the same lOOms portion of
the fricative and the resulting power
spectra were accumulated and averaged.
The centre of gravity measure and MCA
were calculated from the averaged power



Vol. 4 Page 462

spectral distribution lying above

lOOOHz. Note that the MCA algorithm

was applied directly to this spectrum and

Bark scaling was not employed.

RESULTS

Figure 2a), b) and c) show the LPC
(order 4) and FFT log spectra for /I/, /s/,

and /s/ respectively, extracted from the

nonsense words ‘eeshee’, ‘eessee’, and
‘oossoo’. The centre of gravity is
calculated from the linear power

spectrum. In order to represent the lst
and 2nd moments the centre of gravity is

shown as the log of the corresponding
normal distribution. Figure 3a), b) and c)
show the same FFT spectra with LPC
(order 6) superimposed and two centres
of gravityestimated using MCA (order
2). Figure 4 a), b) and c) show the same

FFT spectra with LPC (order 8) and
three centres of gravity.

Using the general rule of thumb that
two poles are required for each peak with
two extra poles to model the spectral
gradient, the order of the LPC analysis
was selected to try to equate the
maximum number of peaks with the
number of centroids shown in the same
figure.
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DISCUSSION

We can see that the two-centroid
analysis in Figures 3b and 3c model the
formant structure well. The peaks of the
LPC spectrum by visual comparison are
biased. Increasing the order of the LPC
analysis from 6 to 8 redresses this
discrepancy in performance. In figure 3a
the lower centroid matches the principal
resonance well but, with no clearly
defined second formant the upper
centroid does not correspond to any
feature. LPC, by contrast, models the
spectrum in figure 3a by a single peak.

In formant tracking of vowels it is
generally true that a fixed number of
forrnants will exist within a given
frequency range and having a fixed
number of centroids is an advantage in
that it permits merged formants to be
resolved. In the case of fricative analysis,
where the number of peaks varies as the
length and shape of the cavities from
source to lips changes, this advantage
tums to disadvantage. This is clearly
demonstrated in figure 4. where in each
spectrum two centroids are associated
with a single peak.

It is possible that, as abstract acoustic
parameters, the lst and 2nd moments of
a pair of centroids may correlate well

kHz l0 0 kHz 10

Figure 2. a) /f/, b) /,s/ and c) rounded /,s/ l 00ms segments analysed by LPC (order 4)

and MCA (order 1) i. e. a single centre ofgravity

0 10 0 kHz 10 0 kHz 10

Figure 3. a) /f/, b) /,s/ and c) rounded (3/ 100ms segments analysed by LPC (order 6)

and MCA (order 2) ie. optimisedfit oftwo centres ofgravity.
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Figure 4. a) /f/, b) /,s/ and c) rounded /,s/ 100ms segments analysed by LPC (order 8)
and MCA (order 3) i. e. optimised/it oflhree centres ofgravity

with articulatory parameters just as they
have done for single centroid [9]. A
rigourous comparative study is required
to determine whether such parameters
hold any advantage over the first 4
spectral moments of a traditional single
distribution model or alternatively the set
of centroids provided by fixed partitions
as advocated by Jassem.

CONCLUSION
Unless MCA can be modified so that

it automatically identifies the optimum
number of centroids as well as their
position, it is less useful than peak-
picking LPC for the purpose of
automatically identifying fricative
formant structure. Multiple centroids
may, however, be suitable as abstract
parameters for fricative identification.
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