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Analysis of Temporal Variation of Talker

Dependent Features

Sadaoki FURUI

Two kinds of feature parameters related to the exciting source and vocal tract characteristics of
speech sound are analyzed from the viewpoint of temporal variation within and between talkers. It is
made clear that the longer the time interval becomes, the larger the variation of exciting source
parameters becomes within a talker, although its variation is rather small in a short time interval.
Consequently, the variation in exciting source parameters between talkers becomes small over a long
time interval. Results of talker recognition experiments reveal that the removal of exciting source
characteristics from original speech signal improves talker recognition rate.

1 Introduction

A speech wave conveys information about talker
differences, in addition to linguistic information.
How to extract the personal information from a
speech wave and how to represent it by some
objective parameters is a problem which is closely
related to the advanced machine recognition of
speech and to the synthesis of high quality speech,
as a part of the study of the man-machine system
using speech. In the future, the results of the
study may be applied to the machine recogni-
tion of talkers. ™

In general, one of the most difficult problems
in extracting personal information from speech
wave and represent it by objective parameters
is that the feature parameters frequently vary
after a long time interval, even if the same sentence
is pronounced by the same talker. As parameters
representing personal information, the author et
al. have been investigating the cepstrum of the
long-time averaged speech spectrum computed
from a short sentence, and statistical features of
fundamental frequency and partial auto-correla-
tion coefficients (PARCOR coefficients)® in
voiced portion of spoken words, and have made
various analyses on the characteristics of long-
term variation and effectiveness of these parame-
ters. @~ [t has been made clear that, although

these parameters are stable for a short period of
about ten days or less, they vary slowly but largely
for a long period. For this reason, in the talker
recognition experiments based on the statistical
parameters of spoken words, the following results
were obtained for unknown samples 3 months
later than the last reference samples. When the
period of collecting reference samples is as long as
10 months, the recognition accuracy of 99% is
achieved. However, when the period is as short
as 10 days, the accuracy becomes very low.

A parameter which is stable for a short period,
but shows large change over a long period, cannot
be said to be truly rcpresentative of talker indivi-
duality. And, in the practical talker recognition
system, it is undesirable that reference samples
must be collected over a long period for every
registered talker. Very few investigations have
becen made on the factors of the temporal varia-
tions of the talker dependent parameters and on
the method of how to remove these effects. In
this paper, exciting source (glottal) and vocal
tract characteristics are extracted separately from
the speech wave, based on the mechanism of the
vocal system, and primary factors of the temporal
variation of the speech parameters are analyzed.
The results of the analysis are applied to the talker
recognition procedure.
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2 Acoustic Analysis

2.1 Separation of Glottal and Vocal
Tract Characteristics

The speech waveform s(¢) can be regarded
approximately as the output of the electrical
circuits characterized by the glottal character-
istic, the vocal tract characteristic and the radia-
tion characteristic, having impulse responses
¢(7), t{r) and r(r), respectively, driven by the
source signal e(t), composed of the outputs of
an impulse generator and a white noise generator.
This system can be represented in the frequency
domain by

S(w)=R(w) T(w) Clw) E(w), n

where S(w). E(w), C(w), T(w) and R(w) are
the Fourier transforms of s(¢), e(?), (1), t(7)
and r(r) respectively. In actual speech, E(w),
C(w), T(w) and R(w) vary with time.

In actual practice, it is extremely difficult to
accurately separate from the speech waveform
s(t) or its Fourier transform S(w). the glottal,
vocal tract and radiation characteristics, but an
approximate separation can be achieved by making
some assumptions. It is known that the radiation
characteristic can be approximated by about a 6
dB/octave curve in frequency domain. Consequent-
ly, if either the glottal characteristic or the vocal
tract characteristic is determined approximately,
the other can be deduced. Here, we consider
several methods of separating the glottal and
vocal tract characteristics to clarify the time-
varying characteristics of speech parameters.

[Method I]

In this method the vocal tract is regarded as
being formed by extremely small changes from a
uniform, smooth, lossless, semi-infinite acoustical
pipe, and poles are considered to be distributed
almost uniformly in the frequency domain, so
that it is assumed that the general outline of
frequency transfer characteristic is flat. In other
words, it is assumed that the general outline of
the spectral pattern of the speech signal repre-
sents the glottal characteristic including the radia-
tion characteristic. Based on this assumption,
the combined radiation and glottal character-
istics are estimated in every 10 ms. By means of
the inverse filter of that characteristic, the vocal
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tract characteristic is extracted from the speech
waveform.?

[Method 1]

The averaged speech spectrum over a long
time period may be considered to approximately
represent the glottal characteristic, including the
radiation characteristic, since the vocal tract
characteristics for the various phonemes are
averaged. In this method, the glottal character-
istic with the radiation characteristic is estimated
from the shape of the long-time averaged spectral
pattern and, by means of the inverse filter of
this characteristic, the vocal tract characteristic
is extracted from the speech waveform. Spoken
sentences, about 10 seconds long, are used as
long-time speech samples, based on the results
of the analysis of long-time averaged spectrum.®®

[Method III]

This method is intermediate between Methods 1
and Il. The glottal characteristic with the radiation
characteristic is estimated from the time-averaged
spectral pattem of a spoken word. By means of
the inverse filter of this characteristic, the vocal
tract characteristic is extracted from the speech
waveform.®

A blockdiagram of each of the three methods
is shown in Fig. 1. In all cases, the glottal char-
acteristic is approximated, for simplicity, as a
Ist-order system or a 2nd-order critical damping
(CD) system. The transfer function of the inverse
filter can be expressced as follows:

’ Ist-order system: 1+82Z
] \ 2)
\ 2nd-order CD system: | + yZ + % VAN

where Z=e ’*and A =radian/unit time.

For the speech wave after the inverse filtering,
PARCOR analysis is applied. The glottal spectral
characteristic, including the radiation character
istic, is represented by a parameter 8 or y, and
the vocal tract characteristic is represented by
PARCOR coefficients {K.}. PARCOR coeffici-
ents can be interpreted as reflection coefficients
of the vocal tract, so that vocal tract area func-
tion can be estimated from PARCOR coeffici-
ents. Additionally, fundamental frequency (fo) is
extracted from the speech wave after the inverse
filtering. The same analyzing methods are applicd

to 2. v. (K=} and f, parameters.
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Fig.1— Glottal and vocal tract characteristics separating methods.

2.2 Speech Samples

5 vowels and several words are uttered in an
anechoic chamber. The speech is passed through a
3.4 kHz low-pass filter and is converted into a
discrete sequence by 8 kHz sampling and 11-bit
quantization. From this sequence, 32 ms long
blocks (frames) are extracted every 10 ms and
multiplied by the Hamming window. The glottal
and vocal tract characteristics in the speech wave
are separated, and B, y, fo and {Kna} parameters
are extracted. The average value over the whole
voiced portion in the utterance is measured for
each parameter. The following several analyses
are applied to this value.

5 vowel samples of /i/, e/, /a/, [o/ and [u/,
uttered separately, and 2 word samples of /bango:/
and /namae/ are used in the experiment. They
are spoken by 9 male talkers repeatedly at many
sessions over a long period, ranging from about
10 months to 3 years.

3 Method of Evaluating Temporal
Variation Characteristics

Let Xix denote the kth (1= k=3) sample,
which is onc of the 3 samples uttered in repeti-
tions at session j (1 = j< »n: 2 or 3 day to 3 month
intervals) by talker i (1£/=9). This is either a
parameter (scalar) of 2, 7 {Ka} or fo. or N-
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dimensional vector composed of these values.
Xie = (Xismr, Xiswz, 7 Xian)- (3)

The average value of the 3 samples at a given
session is denoted as X;.:

3
X = (X Xija, v, X:JN): E} erk/3 (4)

We define the simultaneous variation parameter
as the squared Euclidian distance between the 3
samples spoken at the same session, averaged
over the »n sessions, the 9 talkers and 3 times,
which is the number of combination of 2 out of
3. Dy(l), the simultaneous variation parameter
of [th component, and D,, the simultaneous
variation parameter of the vector, are given as

Doz(,) - g,; {(Xl'jkl_Xijk'l)z}

= é é (Xime— X /270
i=l J—1 lzk<k'23
(5)
Dy = ,ZI Dou(/). (6)

In the same manner, we determine the distance
between samples separated by time interval 7. and
call it the temporal variation parameter. In order to
remove the effect of simultaneous variation, the
temporal variation parameter is defined as the
average of the distance between the average value
of the 3 samples spoken at the samc session:

I)[([, T) = E {(Xz'j-l_Xi.i"l)z} (7)
N
D(7)= LZ. Du(l. 7) (8)
r=1(j)—1{j’),
where #(j) is the real time corresponding to ses-
sion j.
The temporal variation parameter, divided by

the simultaneous variation parameter, is called
the temporal variation ratio and is given as

Vill, vy = Dull, ©)/ Dol D) 9)

V(t)= D(7)/D. (10)

It has been experimentally determined that the
tcmporal variation ratio is practically constant
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over the range where z is more than or equal to
6 months, independent of the kind of parameter.
The long-term variation ratio is defined as the
averaged value of the temporal variation ratio
over this range. The long-term variation ratio of a
component of X.. is denoted as Vu(/), and
that of the vector is denoted as V..

Vu(D= E

T= 6 months

{vul, o)} (1n

Vo= E (V(D) (12)

726 months

A parameter whose temporal variation ratio
or long-term variation ratio is small can be called
a stable parameter whose variation does not
increase with the length of the collecting period.
Parameters to be used for representation of the
talker differences or for talker recognition should
have small long-term variation ratio.

4 Measured Results for Temporal
Variation Ratio and Long-Term
Variation Ratio

For two cases of interest — one using an inverse
filter to separate the glottal and vocal tract char-
acteristics for the speech signal and the other
without the filter — the temporal variation ratios
and the long-term variation ratios have been
studied.

4.1 Temporal Variation Ratio

Figure 2 shows temporal variation ratio ¥ (r) of
the vector composed of the Ist to 12th PARCOR
coefficients, extracted without inverse filtering,
with the values being averaged over thc 2 words

Long-term
variation
ratio

V(o)

Simultaneous
valriatic‘m parameter ) . ) ‘

o 3 6 9 12 15 18 21 22 27 30 3R
Months

r
»»»»» . Approximate exponential curve
Fig.2— Temporal variation ratio of vector which

consists of PARCOR coefficients averaged
over voiced portion of spoken word.
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and 9 talkers. When 7 is less than 6 months, the
ratio increases exponentially. When r is more
than 6 months, the ratio is nearly constant. The
dashed line is an exponential curve fitted approxi-
mately to the result.

Figure 3 shows the temporal variation ratio of
coefficient £ of the Ist-order inverse filter (Method
I), averaged over 2 words and 9 talkers. In com-
parison with the variation ratio of the total vector
in Fig. 2, it can be seen that the variation ratio of
parameter 8, which represents the general shape
of the glottal spectrum, is quite large.

10

!
- /”’—' \/ /
7/

0 I 1 1 1 1
0 3 6 9 12 15 18 21 24 27
Months

T

----- . Appraximate exponential curve

Fig.3— Temporal variation ratio of coefficient g,
parameter of 1st-order inverse filter.

4.2 Long-Term Variation Ratio

Figure 4 shows the long-term variation ratio of
the vector composed of the Ist to 12th PARCOR
coefficients for each of the vowels. Results are
given for the various types of filtcrs, as well as for
the case with no inverse filter. It can be seen from
these results that, by removing the glottal char-
acteristics and thus approximating the vocal tract
characteristic alone, the long-term variation ratio
is greatly reduced for all the vowels. The result-
ant long-term variation ratios arc almost equal in
all the vowels. This effect varies slightly with the
type of inverse filter.
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Fig.4— Long-term variation ratio of § vowels.

When the glottal characteristic is not removed,
the long-term variation ratio is strongly dependent
on the phoneme, and phonemes having large dis-
persion in formants or phonemes having the arti-
culation point near the lips seem to have large
long-term variation ratio. It might be considered
that this is due to the fact that the contribution
of the glottal spectrum is modified by the shape
of the vocal tract, but this has not been firmly
established.

Figure 5 shows the long-term variation ratio of
the 1st to 12th PARCOR coefficients, with the
values being averaged over the 2 words and 9
talkers. The results, with or without inverse filter-
ing of Method II., are shown. It can be scen from
these results that, with the inverse filtering the
long-term variation ratio is reduced for all the
coefficients, especially for 1Ist and 2nd ones.

Table 1 presents long-term variation ratios of
all the parameters. Results for 5 vowels and 2
words are presented. In every case, the long-term
variation ratios of parameters 3, y and f,, which
are related to the glottal characteristic, are greater
than those of parameters K, to K... which are
related to the vocal tract characteristic. The
results for the 5 vowels and 2 words are quite
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Fig.5— Long-term variation ratio of each PARCOR
coefficient.

similar. These results indicate that the glottal
characteristic changes more slowly and in a larger
way than the vocal tract one with the time passage.
In other words, the property wherein the amount
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of variation increases with the length of the period,
over which the speech samples are collected, is
more evident for the glottal characteristic than
the vocal tract one.

From the results shown in Fig. 3 to Fig. 5 and
Table 1, it can be concluded that the temporal
variation of the speech wave or speech spectrum
is mostly due to variation in the glottal spectrum.

5 Analysis of Variance

5.1 Analysis of Variance for Each
Parameter

An analysis of variance was conducted in regard
to talker factors for each of the parameters,
B. 7. fo and {K=n). which were extracted from
the speech samples of 2 words using the inverse
filter of Method II. Two sets of samples, which
cover about 10 days and 10 months, respectively,
both taken at 4 different sessions, are analyzed
and the effects of the length of the period are
examined. Talker effects, divided by significance
level F, at the probability of 1% of false rejec-
tion, are shown in Fig. 6. The results for glottal
parameter &, y and fo are presented in part (a),
and those for vocal tract parameters, K; to K.,
obtained after passing through the inverse filter
of 2nd-order CD system, are presented in part
(b). From these results, we make the following
observations. Glottal spectrum parameters 2 and
7 show extremely strong talker effects over a short

Table 1 FEATURE PARAMETER LONG-TERM VARIATION RATIOS

Long-Term Variation Ratio
Speech Sample | Inverse Filter Parameter
Method I Method II
1st-order yei 5.7 278
system Jo 4.6 4.6
Ki~ K 2.0 1.9
5 Vowels
2nd-order Y 4.2 24.8
CD system fo 4.6 4.6
K~ Ky, 1.9 1.9
I'st-order B 6.9 278
system fo 4.9 4.9
Ki~ K, 2.6 2.1
2 Words
2nd-order Y - 248
CD system Jo 4.9 4.9
Ki~ K, - 2.0
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{a) Glottal parameters (b) Vacal tract parameters (PARCOR coefficients)

Fig.6— Relations between talker effect and period over which samples

are taken.

period of only 10 days, but the effect decreases
to about 1/8 the magnitude over a period of
10 months, affected by the increase in variation.
On the other hand, vocal tract parameters of
PARCOR coefficients K, to K do not show
much of these characteristics and, for the long-
term, show about the same magnitude of talker
effect as B and 7.

5.2 Multivariate Analysis of Variance

A multivariate analysis of variance was per-
formed with regard to phoneme factors, talker
factors and phoneme-talker interaction for vec-
tors composed of PARCOR coefficients K, to
K. obtained with or without inverse filtering.
5 vowels spoken at 12 sessions over a period of
about 3 years by 9 male subjects are used. Figure
7 shows the magnitude of each effect divided by
the significance level at the probability of 1% of
false rejection. From these results it can be seen
that, for long-term samples, both the phoneme
effect and the talker effect show little change,
even if the glottal characteristic is eliminated.

6 Recognition Tests
From the results discussed above, it has been

revealed that, when the radiation and glottal
characteristics are approximately removed from

X
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speech wave by the inverse filtering, and only the
vocal tract characteristic is extracted, the temporal
variation of the feature parameters is reduced
but the personal information in the parameters
is scarcely reduced. This effect is ascertained by
talker recognition experiments in this section.
In the usual talker recognition, when the reference
samples are taken only at one session or over a
short period of about 10 days for each registered
talker, the recognition accuracy extremely drops
for unknown samples uttered after a long time
interval of 3 months or more, as mentioned in
Section 1.

In this section, the effect of eliminating the
glottal characteristic on the recognition accuracy
is investigated by means of a talker rccognition
system which uses the statistical parameters
(average, standard deviation, correlation matrix)
of the fundamental frequency and the Ist to 12th
PARCOR coefficients in the voiced portion of
spoken words.®®  From the components of
the standard deviation and the correlation matrix,
20 components are selected, based on the analysis
of variance using the reference samples, and are
used together with the average values as com-
ponents of a feature vector. Two words, /bango:/
and /namae/, are used, and recognition tcsts are
conducted by means of the 1-word method and the
2-word combination method.

The period over which reference samples for
registered talkers are collected and the interval
between the last reference sample and unknown
samples are varied in a series of experiments.
These effects on recognition accuracy are investi-
gated.

6.1 Recognition with Short-Term
Reference Samples 1
—Glottal Characteristic Elimination
Effect—

As shown in Fig. 8, reference samples were
collected at 3 or 4 scssions at intervals of 2 or 3
days. Following the last reference samples, re-
cognition tests were made 2 or 3 days later, 3
weeks later, 6 weeks later, 3 months later and 10
months later. The results of the talker verification
(with 8 impostors), with or without the inverse
filtering of methods I to III, are presented in Fig.
9to Fig. 11.

From these results, it is seen that, by climinat-
ing the glottal characteristic, which has a strong
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ot oG
2~-3days
———a—— 0

3 weeks
———

~|—6 weeks

———

|——3 months ——=
—— . e e o -0

10 months —=

* Reference sample
© Unknown sample

Fig.8—Relations between reference and unknown
samples in recognition experiment using
short-term reference samples.

and gradual temporal variation trend, the re-
cognition errors can be reduced by about 1/2.
This means that the temporal variation of feature
parameters is greatly reduced by the above-men-
tioned method. Comparing the resulis for Methods
I, I1 and III, the differences are small, but Methods
Il and III give relatively good results, compared
to Method 1.

6.2 Recognition Using Long-Term
Reference Samples

As shown in Fig 12, reference samples were
taken at 4 sessions separated by intervals of 3
months. The recognition tests were made on un-
known samples taken 3 months after the last
reference sample. The results are presented in
Fig. 13. As can be seen from this figure, there
is practically no difference between the recogni-
tion rate with the inverse filter and the rate with-
out the filter. [t may be considered that this is
due to the fact that the variation in parameters
over a long term of about 10 months is essentially
random, and that, over the long term, the talker
effect (personal information) in the glottal spect-
rum is quite small. This result is consistent with
the results of the analysis of variance presented
in Fig. 7.

6.3 Comparison of Results with Long-
Term and Short-Term Reference

Samples

As shown in Fig. 14, using unknown samples
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Fig.11—Results of talker verification using short-term reference samples.
(Effects of inverse filter of Method I11).

— ()
-

T

—

|

3 months

* Reference sample
o Unknown sample

Fig.12—Relations between reference samples and un-
known samples in recognition experiment
using long-term reference samples.

A, ..... . F) of the same 6 sessions, a compari-
son was made between the case with the reference
samples covering a short period of about 10 days,
short-term case, and the case where the reference
samples covered a long period of about 10 months,
long-term casc. The inverse filter of Method II
was used. In the short-term case, the reference
samples were fixed and the time interval between
reference and unknown samples were varied from
3 months to 21 months. In the long-term case,
the time interval between reference and unknown
samples was fixed at 3 months and the reference
samples were varied. It has already been found,
in the recognition experiment without inverse
filtering, that, ¢ven if the time interval between

reference and unknown samples is varied over
the range of 3 to 12 months, there is practically
no change in recognition rate when the reference
samples are collected over about 10 months.@®

From the recognition tests, it was found that,
in short-term case, recognition errors do not in-
crease monotonically as the time until the un-
known samples is varied from 3 months to 21
months. Therefore, recognition results are aver-
aged over unknown samples of 6 sessions, both
in short-term and long-term case, and presented
in Table 2. The results show that, even if short-
term reference samples are used, recognition
rates of about 99% can be achieved (see the under-
lined part of Table 2), using 2-word combinations
with the glottal characteristic elimination tech-
nique. These recognition rates are about equal to
the performance with long-term reference samples.
It is ascertained that the inverse filtering method
reported in this paper is highly effective to reduce
the influence of the temporal variation of the
parameters on the talker rccognition and to short-
en the period over which reference samples should
be collected.

6.4 Recognition with Short-Term
Reference Samples 2
—Reference Samples Number Effect—
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Fig.13—Results of talker identification and verification using long-term

reference samples.

Table 2 COMPARISON OF RESULTS WITIl SHORT-TERM AND LONG-TERM
REFERENCE SAMPLES (INVERSE FILTER: METHOD 1D

) ) Taker [dentification Talker Verification
Reference Time Until Inverse Filter (9 indiv.) (8 impostors)
Samples Unknown
1 Word | 2 Words 1 Word | 2 Words
Short-Term | 3~21 1st-order sys. 908 %| 994 % 974 %| 990 %
(10 days) months
2nd-order CD sys. 923 99.4 97.2 98.9
None 88.3 94.5 92.7 92.8
Long-Term 3 Ist-order sys. 97.2 99.4 97.6 99.5
(10 months) months
2nd-order CD sys. 96.0 98.8 97.1 98.8
None 98.2 994 97.9 99.5

In the tests discussed above, the short-term

reference samples were taken at 4 sessions with
2 or 3 day intervals over a period of about 10
days. The following supplemental tests were per-
formed to determine at how many sessions the
reference samples must be taken to achieve a

good recognition rate when the unknown samples
are taken after a long time. The time separation
between the reference samples and unknown
samples was varied between 3 months and 21
months, as shown in Fig. 14(a). The number of
sessions at which the reference samples are taken
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(a) [Short-term case]
A

———— -0

10 days 3 months __'8

=6 months-=l c
——————————— -0
_._._[-‘—10 months——
e -2
F————14 months——— .
————""57 months———— .
——————— e -0
| 21 months !
(b) [Long-term casel
I
—_— e -]
[ —
10 months 3 months B
——0
(o}
P S ——"
D
—— e — — —=0
£
— e — —=C
F

¢ Reference sample
o Unknown sampel

Fig.14—Relations between reference and unknown
samples in recognition experiment about the
effects of period over which reference sam-
ples are taken.

was varied from 1 to 4 with 2 or 3 day intervals.
The filter of Method Il (2nd-order CD system)
is used in the recognition tests.

Results are shown in Fig. 15. Although the
error rate is extremely high, when the reference
samples are taken only at one session, it becomes
lower with the increase in the number of sessions
and is almost saturated at about 3 or 4 sessions.
These results show that, even in the short-term
case, it is both necessary and sufficient to use
about 4 reference sample sessions.

6.5 Adding Inverse Filter Coefficients
B and 7 to the Feature Vector

Recognition tests were performed with para-
meters 3 and y, which estimate the shape of the
glottal spectrum, added to the feature vector.
It was found that the effect is very small. With
short-term reference samples, there is even a
slight loss in recognition rate and, with long-
term reference samples, there is little change in
recognition rate. This may bc considered to be
mainly due to the very small talker effect and
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Error Rate (%)

Number of Sessions (at 2~ 3 day interval)

=~0-— Talker identification (1 word)
-—@-- Talker identification
(2 word combination)
Talker verification with 8 impostors
(1 word)
—®— Talker verification with 8 impostors
(2 word combination)

—_——

Fig.15—Relations between the number of sessions of
short-term reference samples and error rate.
(Inverse filtering by 2nd-order CD system of
Method IT).

short personal information of @ and y for a long
period, as having been made clear previously in
the analyses of variance and the recognition
experiments.

6.6 Discussion

From the several talker recognition experi-
ments, it was ascertained that the inverse filter-
ing to approximately remove the radiation and
glottal spectral characteristics in speech wave
is highly effective to reduce the temporal varia-
tion of the feature parameters of speech and to
extract the stable personal information.

Among the 3 methods of the inverse filter-
ing, Methods II and III give relatively good results,
compared to Method 1, and differences between
the results of the 2 methods are very small. In
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Method I, the general shape of the vocal tract
frequency transmission characteristic is assumed
to always be flat, but this assumption is not
always adequately satisfied in the narrow band-
width of about 0-3.4 kHz, as considered in this
study. Because of the impact of the formants,
the glottal characteristic determined by this
method varies quite widely from phoneme to
phoneme or from frame to frame. This defect
may affect talker recognition accuracy.

There is no such defect in Method 1I. In the
sense of approximate glottal and vocal tract
characteristics separation, this method may be
the most reasonable, but it involves a problem
wherein a long speech sample is necessary in
addition to the sample words to be analyzed.
This problem may be an obstacle to its applica-
tion to the talker recognition system. From this
point of view, Method III can be said to be the
most practical and best mcthod. In Method 111,
the inverse filter can be constructed by the aver-
aged spectrum of the sample word to be used in
recognition, and the same result as Method 11
can be obtained. The resemblance of the results
of Methods II and III may be due to the fact
that only the general features of the glottal
spectrum are considered.

7 Conclusion

Exciting source (glottal) and vocal tract char-
acteristics were extracted separately from the
speech wave based on the mechanism of the vocal
system. and temporal variation of the parameters
was analyzed, from the viewpoint of the personal
information in the speech wave. “Temporal varia-
tion ratio” and “‘long-term variation ratio’’ were
defined and measured in order to evaluate quanti-
tatively the amount of temporal variation in
talker dependent parameters. It has been found
that the glottal characteristic shows a stronger
long-term variation trend than the vocal tract
characteristic. An analysis of variance was then
made for the talker factor. It was found that,
although the talker effect of the glottal character-
istic is quite large for samples over a short period,
it becomes very small over a long period, because
of the increase in variation.

Based on thesc results, talker recognition ex-
periments were conducted. It was ascertained that
inverse filtering, to approximately remove the
radiation and glottal characteristics. is very ef-
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fective to extract from short-term speech samples
reliable personal information which is stable over
a long period. It was found that a recognition
accuracy of about 99% could be achieved in talker
identification or verification, using reference
samples collected over a period of about 10 days
and unknown samples taken 3 to 21 months
later, when 2 words were used in combination.

The above results show that the temporal
variation of the spectral pattern mainly comes
out about its broad outline and the stable feature
is maintained in the relatively detailed structure,
in agreement with the results obtained in the
study of the long-time averaged speech spect-
rum.“® Human listeners can recognize talkers by
voice after a long time. Therefore, it is difficult
to say that parameters which represent individual
differences only over a short period and exhibit
large changes over a long period truly represent
speech individuality. That is, individual differences
in the glottal spectral characteristic are said to be
unessential. In listening tests, even with glottal
individuality removed, high talker recognition
rates have been reported. @

In order to determine whether or not the
method used in this paper is appropriate to separ-
ating glottal and vocal tract characteristics, the
vocal tract area function was determined from
the PARCOR coefficients, which were obtained
in Method II after elimination of the glottal and
radiation characteristics. The result was com-
pared with the observations of vocal tract shape
during speech using X-ray photography by Chiba,
Kajiyama® and Fant,"? and it was found that
the results were quite similar. Details will be
presented at some other time, Further studies
are planned in regard to methods of separating
the glottal information and the vocal tract inform-
ation and on individuality analysis.
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