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Abstract— This paper investigates the distribution of inter-
speaker distances for the “training™ speakers of the TIMIT
speech database. The analysis is based on a speaker verifi-
cation paradigm with 8 speakers serving as customers and
the remaining speakers serving as impostors. The distance
measure used is an average variance-weighted vector quan-
tisation (VQ) distortion. It is found that the interspeaker
distances correlate significantly with the differences of fun-
damental frequency (F0) between the speakers. Moreover,
the shape of the distribution of impostor distances is largely
determined by the customer’s F0. A distinct asymmetry
of VQ distances is observed between low-F0 customers and
high-F0 impostors on the one hand and high-FO0 customers
and low-F0 impostors on the other. The type-II error func-
tion is estimated from a sample of impostors with similar
FO to the customer. Dialect difference within TIMIT is not
found to contribute significantly to VQ distance.
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1. INTRODUCTION

While a number of studies have reported on the per-
formance of speaker recognition systems under a speaker
identification paradigm, it is more difficult to evaluate the
performance of such systems under a speaker verification
paradigm. For a speaker verification system it is necessary
to estimate both the type-I (false rejection) and type-II
(false acceptance) error rates which depend on the vari-
able distance threshold that separates the acceptable ut-
terances for a given speaker from those that the system will
reject. Since-the population of “impostors” is essentially
open, speaker verification studies based on small groups of
speakers often lack réliable estimates of the type-II error.

This study aims at estimating the type-II error function
for a speaker verification system assuming that impostors
may originate from the entire population of native speakers
of American English. Ideally, distances would have to be
computed for utterances by every possible impostor against
the training data of each of the enrolled “customers” of the
verification system — a proposition which is clearly infea-
sible. In practice, it is essential to be able to estimate the
type-II error function for a given speaker from comparisons
of that speaker with a small group of impostors drawn from
the general population.

Questions therefore arise about how impostor distances
are distributed in the general population, whether such dis-
tances form clusters for certain subsets of the population,
e.g. gender or dialect groups and whether it is possible to
select a “close” group of impostors in order to estimate the
important low end of the type-II error function.
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TABLE 1
EXPERIMENTAL DATA.

Spkr | Dialect | Sez Fo
dcm dr7 male 87

beg dr8 male | 111
Iwa dr3 male | 138
bmy) dr4 female | 160
reg drl male | 187
pif dr2 female | 212
Imk drd female | 236
sbk dr6 female | 263

This study investigates a customer set drawn from the
TIMIT database [1]. The TIMIT data are not often used in
speaker recognition or speaker verification experiments as
the database does not contain repeated recordings of speak-
ers for adequate characterisation of intra-speaker variance.
Because this study investigates the type-II error alone, only
inter-speaker variance is of interest, and TIMIT does pro-
vide limited material for a large range of speakers.

2. METHOD

The speech of each of the 462 “training” speakers in
the TIMIT corpus was analysed by firstly computing mel-
frequency cepstral coefficients (MFCC), comprising 20 co-
efficients derived by cosine transform of energy in 110 mel
bands spaced 55 mel apart over the range 55 to 2310 mel,
for all 10 sentences spoken by that speaker, and secondly,
computing the average F( for the sentence SA1 spoken by
all speakers.

Eight reference speakers, or “customers”, comprising 4
females and 4 males, were chosen with each of the eight
TIMIT dialect regions being represented. In addition, the
speakers were selected such that their average fundamental
frequencies represented a cross section of the range of fun-
damental frequencies found in TIMIT as shown in Table L.
A VQ codebook of size 128 was built for each of the ref-
erence speakers, using the algorithm documented by Linde
et al. [2] on the 20 MFCCs.

The remaining 454 speakers were taken as test speak-
ers, or “impostors”. An average variance-weighted distor-
tion was computed for the sentences SA1 and SA2 of each
impostor against the codebook of each of the 8 reference
speakers, resulting in a matrix of 8 times 454 inter-speaker
distances. The 8 intra-speaker distances were also deter-
mined for purposes of comparison.
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Figure 1a-d. VQ Distance Distributions Figure 1e-h. VQ Distance Distributions
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Figure 2a-d. VQ Distances vs FQ Differences

Figure 2e-h. VQ Distances vs FO Differences
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3. RESULTS

The distributions of impostor distances for the 8 cus-
tomers are shown in histogram form in Figure 1. The distri-
butions of male impostor distances are shown by the white
bars and the distributions of female impostor distances are
shown by the black bars.

It can be seen that male impostors exhibit lower dis-
tances to low-pitch customers (Fig. la-c) and that female
impostors exhibit lower distances to high-pitch customers
(Fig. 1f-h). Figure 1 also shows that the distributions of
male impostor distances are unimodal and approximately
Gaussian for all customers while female impostors have
such distributions only for high-pitch customers. For low-
pitch customers, female impostors show very wide distance
distributions with distances extending to large values. No
such large distances are recorded between male impostors
and high-pitch customers.

The relation between VQ distance and average FO was’

further explored by recording the VQ distances between
impostors and customers as they depend on the F0 dif-
ferences between impostors and customers. The resulting
scatter plots for the 8 customers are shown in figure 2.

Figures 2a-e show that VQ distances that are larger than
about 20 only occur for customers whose average FO is
more than about 50Hz higher than that of the customer.
There is a steep increase of VQ distance for FQ differences
between 50Hz and 200Hz. In contrast, the distribution of
VQ distances is comparatively flat for negative and small
positive FQ differences between impostors and customers.
Interestingly, Figures le-h show that there is only a small
increase of VQ distance for FQ differences of -50Hz to -
200Hz between impostors and customers.

These results are shown cumulatively by the scatter plot
in Figure 3 which shows all VQ distances against all FO
differences between impostors and customers.

In contrast, dialect differences within TIMIT were not
found to contribute significantly to interspeaker differences.
The 440 VQ distancés between speakers of the same dialect
(DRI to DR7 in TIMIT) were distributed with a mean of
13.43 and standard deviation of 4.19 while the 3080 VQ
distances between speakers of different dialects had a mean
and standard deviation of 13.77 and 4.73 respectively.

Finally, the type-II error functions were determined for
each customer from the distribution of VQ distances. For
practical speaker verification systems, only that part of the
type-II error curve representing low levels of false accep-
tance is of interest. The results show that this range of
the type-II error curve can be determined by considering
a sample of impostors with an average fundamental fre-
quency close to that of the customer.

Figure 4 shows the low error range of the type-II er-
ror curve for speaker 2 as it was determined from all 461
impostors. It can be seen from figures 4 and 2b that all
impostors within that range have an average fundamental
frequency within 35Hz of that of the customer. This range
of the error curve can therefore be accurately estimated
using a sample of impostors whose average fundamental
frequencies are within 35Hz of that of the customer.
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Work is currently underway to investigate further the
asymmetry of the dependence of VQ distance on the FO
difference between impostor and customer.
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4. CONCLUSIONS

This study has shown that interspeaker distances in a
speaker verification system based on a variance-weighted
average VQ distance measure depend critically on F0 differ-
ences between impostor and customer. It is further shown
that this dependence is asymmetric with large distances be-
tween high-pitch impostors and low-pitch customers while
no such large increase in VQ distance was found between
low-pitch impostors and high-pitch customers.

As a practical consequence, it was demonstrated that the
important low error range of the type-il error function for
a customer can be determined from a moderate sample of
impostors having fundamental frequencies similar to that
of the customer.
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