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Effect of Long-term Variations on Talker Recognition

by Averaged Speech Spectrum®

Sadaoki Furur, Fumitada ITaxura and Shuzo Sarro™

(Musashino Electrical Communication Laboratory, N. T. T.)

Long-term variations of speech spectral energy
patterns are studied from the viewpoint of talker
recognition. The averaged frequency spectrum of
speech uttered by each of 9 talkers is investigated
during a period of more than 18 months, and the
effect of its long-term variations on a talker recog-
nition is examined.

Speech signal is recorded in a sound-proof room,
and is bandlimited to 3. 4kHz, sampled every 1.25
% 10-t seconds, and converted into a 11-bits value.
The averaged frequency spectrum of a talker is
obtained by analyzing an utterance of about 10
seconds. In order to treat overall and detailed st-
ructures of the spectral pattern separately, the ave-
raged frequency spectrum is converted into the ce-
pstrum, the Fourier transform of the logarithmic
power spectrum.

The recognition of the talker identity is made
on the basis of various distances in a multidimen-
sional space of the cepstrum as defined in the follo-
wing formulae.

1) Weighted distance between the unknown samp-
le and the mean of reference samples of each talker.
S(CAD D=V AN(C—DV,H(C~D) (1)

where C: cepstrum of the unknown sample (N-

dimensional vector)
D,;: cepstrum of j-th reference sample of
r-th talker
&
Br:‘i—;D[j : mean of reference samples by
r-th talker
k : the number of reference samples of

individual talker
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V. : covariance matrix of cepstrum for 7-th
talker
Equation (1) implies that the the matrix V. be.
nonsingular, and this requires the condition £>N to
be satisfied. Since it is very difficult to satis{y this
condition when N is large, the following matrices
are used in place of V..
[Method 11 V= (V,u

0
Ve (@)
0 ..
( Vewn
Vyi; : diagonal clements of the matrix V.
m
(Method 113 V11=;1,;T§=I}VIP @)

m : the number of talkers
m
[Method 111} V’”:ﬁ?g}v" @

2) Nearest-neighbor method [Method IV
KY(e {Dr/}:)—'_—MiinHC—Drj“ (5)

3) Squared Euclidian distance between the unk-
nown sample and the mean of the reference samples
(Unweighted]

S(CAD=NC—Dx| (6)

In the case of talker identification, the unknown
talker is identified on the basis of proximity to
reference samples founded on either one of these
distances, while in the case of talker verification a
two-class recognition is made as to the talker's
purported identity. In the talker identification exper-
iment, a population of 9 male talkers are used,
and in the verification experiment 8 or 26 casual
impostors are pitted against 9 true talkers. Dimen-
sion of the cepstrum N is selected from 21 to 64
for each recognition method.

Two kinds of talker recognition experiments are
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Fig. 1 Identification and verification accuracy,
Reference utterances are collected over a short
period (about ten days).
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made to examine the effect of the number of refer-
ence samples and the period over which these refer-
ences are collected, and to sze the effect of the
time interval between reference and test samples.
In the first experiment, the reference sambles
are collected in three or four sessions over a period
of about ten days, and the time interval between
the last refence sample and the test sample is varied
from scveral days to three months. In the second
experiment, the reference samples are collected in
one to six sessions at intervals of about three mon-
ths and the time interval between the last reference
sample and the test sample is three months.
Results of talker recogniticn for 9 talkers are
shown in Figs. 1 and 2. From these results, the
following conclusion is obtained for the case where

the reference samples are collected at one sitting or
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Fig. 2 Identification and verification accuracy.
Reference utterances are collected over a long |
period, and the time interval between reference
and test utterances is three months,
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over a short period of time. When the time interval |

between the reference and test samples is short,

‘the accuracy of talker recognition is very high,

but when the time interval becomes longer, the
accuracy drops even by the use of weighted distances. :

When the reference samples are collected over a

period of about a year, however, very high accuracy

is obtained for test samples taken three months '
after the last reference sample. In such a case an
accuracy of 939 is obtained in separating a talker °
from impostors, and 90 % for the identification.
The differences of the recognition rate among
individual talkers is fairly significant, and verifica- !
tion errors between talkers are highly correlated °
with identification errors. Among the four methods -
of weighting, Mecthod II and III lead to better

results.




