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ABSTRACT

In this paper, we investigate a way to
improve formant extraction reliability by
using a cooperative approach. The basic
motivation is that extraction methods
based on different principles should not
fail simultaneously when evaluating the
same quantity. Therefore, we propose to
combine independent formant extrac-
tors. Each method provides a set of for-
mant candidates. These candidates are
then combined with a vote mechanism in
order to keep those that most probably
correspond to a formant and to reject the
majority of spurious values.

INTRODUCTION

Problems in formant frequency esti-
mation are due both to the difficulty of
estimating the resonances of the vocal
tract at any given time (formant extrac-
tion), as well as to the difficulty of obtain-
ing reasonable contours (formant
tracking). Most formant tracking algo-
rithms use the output of the extraction
algorithm for successive segments and
try to detect and correct extractor mis-
takes by using speech knowledge
expressed, for example, by heuristic
rules {1] or statistical models [2].

People are faced with many difficul-
ties when trying to estimate the formant
frequencies. A first problem is related to
the coupling between the excitation and
the vocal tract. For a given vocal tract
configuration, the complexity of the esti-
mation of the formant frequencies
depends on the acoustic excitation and
on the position where this excitation
takes place; the difficulties encountered
for high pitched voices are well known.
A second problem is related to the preci-
sion with which the formant frequencies
can be determined. Lindblom [3] esti-
mated the accuracy of spectrographic
measurement to be approximately equal
to a quarter of the fundamental fre-
quency. Monson et al. {4] compared the

accuracy of spectrographic techniques
and of linear prediction analysis in mea-
suring formant frequencies on synthetic
speech tokens. They observed that, “for
fundamental frequencies between 100
and 300 Hz, both methods are accurate to
within approximately +60 Hz for both
first and second formants. The third for-
mant frequency can be measured with
the same degree of accuracy by linear
prediction, but only to within +110 Hz by
spectrographic means. The accuracy of
both methods decreases greatly when
fundamental frequency is 350Hz or
greater”. This study clearly illustrates the
degree of accuracy that can be expected
from a given extractor.

In order to improve the general per-
formances of the extraction, we propose
to combine formant candidates provided
by different basic extractors.

BASIC EXTRACTORS

The speech signal was passed through
a 5 kHz cutoff low-pass filter, and sam-
pled at 10kHz. The signal was then
preamphasized (1 - 0,95 z°1) before fur-
ther processing.

We have used three well documented
basic extractors. We have chosen the lin-
ear prediction 1], the cepstrum [6] and
the group delay functions [7].

* Linear prediction (LPC): The LPC coef-
ficients were computed with the auto-
correlation method on a 25,6 ms frame
multiplied by a Hamming window.
The number of poles of the predictive
filter was fixed to 12. The formant fre-
quencies can be estimated from these
coefficients by different means (see
Christensen et al. [5] for a discussion)-

¢ Cepstrum: The second method is based
on cepstral smoothing [6]. The cepstral
coefficients were computed from a
16 ms frame multiplied by a Hamming
window. The parameters of the ceps-
tral filtering have been chosen as sug-
gested in [6] and[8]. In order t0
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enhance the formant resolution in the
smoothed spectra, we used the Chirp-Z
transform [6]: this transform consists in
evaluating the spectrum on a circle of
radius a<1.

¢Group Delay Function (GDF): The
group delay functions are the negative
derivative of the Fourier transform
phase. We used the method proposed
in [7]. This method involves deriving a
signal with the characteristics of a min-
imum phase signal. The peaks of the
GDF derived from this phase function
correspond to formants.

COOPERATIVE APPROACH

The basic motivation is that extraction
methods based on different principles
should not fail simultaneously when
evaluating the same quantity.

We adopted a majority vote among M
methods based on the following princi-
ple. Let C'(f) be the set of candidates
provided by the i " method. C'(f) is dif-
ferent from zero only for the values of
corresponding to a candidate of the i
method. The procedure consists in six
stages:

1. Let F,m.’l =0.

2. Search for the first candidate such as
f>F,_. . The procedure stops if no
candidate is found.

3. LetN = 0.

4. For each method i, look between the
frequencies f and f+AF (with AF
the length of the search interval) for
the candidate with the lowest
frequency. If it does exist, put its
frequency and amplitude respectively
in f. and < and increment N.
Otherwise let fi=0andc; =0.

5.1 N2 N_.. then a candidate of
frequency F is proposed by the
cooperative approach:

Faizl (1)

voie

and its amplitude C
by:

(F) is given
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M
vote
¢ = Y, 2
i=t
Let F "=F+8F, with 8F the

L. i A
minimal frequency difference
between two successive formants.

HN<N_ . thenletF = =f.
min

6. Back to step 2.

Two iterations of this procedure are
presented graphically in figure1 for
M = 72 and in the case of an unanimous

vote (N, .. = 3).
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Figure I: Example of two iterations of the combi-
nation mechanism for formant frequency estima-
tion.

The parameters of the cooperative
approach have been chosen as follows.
The window length AF is related to the
precision of the evaluation by the differ-
ent methods; we fixed AF = 200Hz. SF
correspond to the minimal distance
between two consecutive formant fre-
quencies; we chose 8F = 100Hz. The
choice of N, depends on the perfor-
mances of the basic extractors: if the
extractors tend to propose too many can-
didates with the formants among them,
an unamimous vote could be a good
choice. On the contrary, if the extractors
tend to miss formants, a vote at the abso-
lute majority could be more adequate.
We will thus come back on the choice of
this parameter during the evaluation.

We have chosen M = 3 and used the
three basic extractors described above.
The different set of candidates are
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derived from the basic methods as fol-

lows:

o “(f) is created by finding the poles
of the LPC transfert function and by
taking the corresponding amplitudes
of the LPC spectrum.

o C“P*"(f) is obtained by picking
peaks of the Chirp-Z transform and by
taking the corresponding amplitudes
of the smoothed spectrum.

o (f) is obtained by picking peaks of
the group delay function.

EVALUATION

The basic extractors and the coopera-
tive approach have been evaluated on a
corpus of VCV logatomes, with V a
vowel among [a, e, 1, u, y] and C a plo-
sive among [p, t, k, b, d, g]. The corpus
has been produced by three male speak-
ers and segmented manually, in order to
locate the segments with formantic struc-
ture. A measurement of the first four for-
mants has then been made every 10 msec
giving a total of 11385 measurements.
The reference has been obtained manu-
ally on the basis of different representa-
tions of the speech signal. We focussed
on two sets of rough errors: the insertion
errors (see table1) and the omission
errors (see table 2).

Table 1: Notations used for insertion errors,

Location of the insertion Notation
before F1 xF1
between F1 and F2 F1xF2
between F2 and F3 F2xF3
between F3 and F4 F3xF4

Table 2: Notations used for omission errors.

Omission of one formant  Notation

F1 »
F2 ¥
F3 po
F4 »

The experiment has been conducted
for two versions of the cepstrum depend-
ing on the value of the Chirp-Z transform
coefficient: & = 0.95 and @ = 0.8.
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Figure 2: Omission and insertion errors for the
different  basic methods LPC, cepstrum
(o = 095 and a = 0.95 ) and GDF.

The figure2 shows the results for
basic  extractors: LPC, cepstrum
(a0 = 095 and a = 0.8) and GDE.

It can be seen that LPC is the most reli-
able of the four methods, in every error
category. GDF turns out to give very sat-
isfactory results with reasonable error
rates both for omissions and insertions
(except for the category x F1). For cep-
strum, the lowering of the omission error
rates related to the use of o =038
instead of a = 0.95 is quite clear, but
causes an important increase of the num-
ber of insertions. The reliability of this
method remains quite low.

Given the important amount of inser-
tion errors caused by cepstrum and GDF,
we chose a unanimous vote (N, . = 3)-

The method VOTE1 is obtained by
combining the candidates of the extrac-
tors LPC, cepstrum with o = 0.95 and
GDEF. VOTE 2 is obtained by combining
the candidates of the extractors LPC, cep-
strum with o = 0.8 and GDE.

The results for the individual extrac-
tors and the cooperative approach are
presented on table 3 and table 4 respec-
tively for the omission and the insertion
errors.

It can be seen that the insertion error
rates of the cooperative approaches are
extremely low in comparison with the
individual extractors. The lowering var-
ies from a factor 10 with the LPC to 100
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Table 3: Comparison of omission errors for LPC,
cepstrum (0 = 095 e a =08) GDE
VOTE 1 and VOTE 2 on the whole corpus.

Method F{ P X K
LPC 46 235 146 810
Cepstre 0,95 21 1032 1261 949
Cepstre 0,8 142 487 982 1411
GDF 42 432 741 911
VOTE 1 76 1050 1220 1054
VOTE 2 170 589 878 1051

Table 4: Comparison of insertion errors for LPC,
cepstrum (o0 = 0.95 et o = 0.8), GDF,
VOTE 1 and VOTE 2 on the whole corpus.
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Method xFl1  FIxF2 F2xF3 F3xF4

LPC 14 95 177 407
Cepstre 0,95 825 845 2315 970
Cepstre 0,8 1626 1712 3328 1974

GDF 1845 697 497 481

VOTE 1 6 4 22 40
VOTE 2 2 3 32 67

for cepstrum with & = 0.8. This result
clearly confirms the main hypothesis of
the cooperative approach.

Unfortunately, the use of a unanimous
vote has an important drawback: the
Omission error rates are comparable with
those of the less performant extractor
participating to the vote. The gain in per-
ormance of VOTE2 compared to
VOTE 1 directly reflect the lowering of
omussion errors of the cepstrum with
@ = 0.8 instead of o = 0.95.

CONCLUSION

The results show that the use of a
Cooperative approach allows the sup-
pression of most of the insertion errors.
Indeed, the number of insertion errors is
Teduced by a factor 10 to 100, depending
on the individual method chosen as ref-
erence. This clearly illustrates the basic
advaptage of cooperative approach: the
Candidates proposed by the vote mecha-
nism are likely to correspond to formant
values, However, we have noted that the
results for omission errors are compara-
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ble to those obtained by the least success-
ful method used for the vote. Therefore,
the individual methods have to be cho-
sen so as to have a low omission error
rate even if the insertion error rate is rel-
atively high, since most of the insertion
errors are eliminated by the vote mecha-
nism.
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