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EFFECTS OF LONG-TERM SPECTRAL VARIABILITY |
ON SPEAKER RECOGNITION '

Sadaoki Furui
Musashino Electrical Communication Laboratorv
Nippon Telegraph and Telephone Public Corporation
Musashino, Tokyo, 180 Japan

Abstract-One of the most difficult problems in speaker recognition is
that the feature parameters frequently vary after a long time interval.
We examined this effect on two kinds of speaker recognition; one uses
the time pattern of both the fundarental frequency and log-area-ratio
parameters and the other uses several kinds of statistical features

derived from them.

Results of speaker recognition experiments revealed

that the long-term variation effects have a great influence on both
recognition methods, but are more evident in recognition using statis-

tical parameters.

In order to reduce the error rate after a long

interval, it is desirable to collect learning samples of each speaker
over a long period and measure the weignted distance based on the long-

term variability of the feature parameters.

Wnen the learning samples

are collected over a short period, it is effective to apply spectral
equalization using the spectrum averaged over all the voiced portions

of the input speech.

By this method, an accuracy of 95% can be obtained

in speaker verification even after five years using statistical parame-
ters of spoken two words based on learning samples over only 10 days.

I. INTRODUCTION

Speaker recognition has recently
received a great deal of attention among
speech researchers. One of the most dif-
ficullL problems in speaker recognition is
that intersession variability for a given
speaker has a significant effect on the
recognition accuracy[1][2]. The author
et al. have made clear the long-term
variability of both statistical and dy-
namical speaker dependent features.
Statistical features are extracted from
longtime averaged spectrum[3] and time
averaged characteristics of log area
ratios and fundamental frequency derived
from voiced portion of spoken words[4][5].
The dynamical characteristics have been
analyzed by the use of dynamic programming
procedure{6].

In this paper, the effects of the
long-term variability of statistical and
dynamical features on speaker recogni-
tion are compared with each other and the
effectiveness of spectral equalization
technique as a method to reduce this
effect is examined.
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I1. METHOD OF FEATURE EXTRACTION
AND SPEAKER RECOGNITION

Two kinds of Japanese spoken words
/namae/ and /baNgo:/ which mean name and
number respectively have been uttered
repeatedly over a long period of five
years by nine male speakers, and are used
as test samples. At first, speech wave
of each sample is transformed into a time
sequence of correlation coefficients by
the procedure presented in Fig.l.
Spectral equalization is applied to the
correlation coefficients, and log area
ratios and fundamental frequency are
extracted from them.

Two kinds of speaker recognition
methods using these parameters are tested;
one uses several kinds of statistical
features derived from them, and the other
uses the time pattern of them, as shown
in Figs.l and 2. Both speaker identifi-
cation and speaker verification experi-
ments with nine registered speakers are
performed.

In order to examine the effect of

_ ;



long-term variability on speaker recogni-
tion, two kinds of learning samples are
collected for each speaker, anda the time
interval between learning samples and
test samples is varied from two or three

days to five years. Long-term learning
samples are collected cver about 10
months, and short-term ones are collected
over about 10 days.
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Fig.l - Block diagram of

METHOD I

analysis and speaker recognition.
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Fig.2 - METHOD I and METHOD II for speaker recognition.
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III. RECOGNITION RESULTS
3.1. Comparison of METHOD I and METHOD IT

Figure 3 shows the results of speak-
er verification experiments based on
METHOD I and METHOD II for various kinds
of time interval between learning and
test samples, Both in METHOD I and
METHOD II, the recognition accuracy de-
creases as the interval becomes long,
especially wvhen the length of learning
period is short.

The accuracy of METHOD II is less
sensitive to the length of learning
period than that of METHOD I, and when
the interval is about three months and
the short-term learning samples are used,
the accuracy of METHOD II is higher than
that of METHOD I.

3.2. Effect of spectral equalization

Figure 4 shows the results of speak-
er verification based on METHOD I with or
without spectral equalization. In the
case of short-term learning, the recogni-
tion error rate is greatly reduced by the
spectral equalization, and it becomes
nearly the same value as that obtained in
the case of long-term learning.

When the learning samples are col-
lected over a long period, the effective-
ness of the spectral equalization can not
been seen. The result makes a difference
whether the spectral equalization is
applied or not, when the interval between
learning and test samples becomes one
year or more, although it is not present-—
ed in Fig.4.

3.3. Effect of words combination

When the feature parameters extract-
ed from different spoken words are com=-
bined and used for recognition, the
recognition accuracy becomes much higher
than that obtained by one word.

Figure 5 shows the results of
speaker verification with spectral equal-
ization procedure in which time interval
between learning and test samples is
varied from three months to about five
years. When two words are combined, the
error rate is reduced to nearly half of
that obtained by one word. The recogni-
tion accuracy by two words using long-
term learning samples 1s about 99% and
96% after one year and after five years
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respectively, and the recognition accuracy
by one word is about 967 and 947 on the
same conditions. Even when the short-term
learning samples are used, an accuracy of
about 957 can be obtained after the inter-
val of five years using two words with
spectral equalization.

‘ Figure 6 shows the results of speaker
identification on the same condition as
Fig.5. When the feature parameters of two
words are combined, the recognition accu-
racy of about 937 can be obtained after
five years using the long-term learning
samples.

IV. CONCLUSION

Based on the above mentioned experi-
mental results, following methods can be
proposed to cope with the long-term
spectral variability in speaker recogni-
tion.

(a) Collect learning samples over a long
period.

(b) Renew learning samples continuously.

(c) Apply spectral equalization.

(d) Use dynamical feature parameters.

(e) Combine feature parameters of sever-
al words.

When the methods (a), (c) and (e)
are applied, 997 and 96% verification
accuracy can be obtained after one year
and after five years respectively, based
on METHOD I using two words.

Speaker recognition experiment based
on the combination of the methods (c¢) and
(d) (METHOD II) is now under consideration.
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Fig.3 - Comparison between the results of the two kinds
of recognition methods; pattern matching and
statistical features.
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Fig.4 - Effectivenecs of spectral equalization on
speaker verification.
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Fig.5 - Results of speaker verification using one word
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or two words with spectral equalization after
long time interval.
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Fig.6 - Results of speaker identification using one

word or two words with spectral cqualization
after long time interval.
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