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ABSTRACT 2. HMM-BASED VERIFICATION

In speaker verification the world model based approach and theVerification is a decision-making process that for a given sample
cohort model based approach have been used for better HMMand a claimed identity, the verification system gives a value for
score measurements for verification comparison. From acceptance or rejection. The system should have knowledge for
theoretical analysis these two approaches represent two differenany claimed identity and for some systems the knowledge of
paradigms for verification decision-making strategy. Two other identities may also be available. Metbe a verification
techniques could be combined for a better solution. In the papeiprocess and be a claimed identity and represent knowledge.
we present a hybrid score measurement which combines thd-or an input sampl8 the verification process can be defined as
world model based technique and the cohort model based
technique together. The method is evaluated with the YOHO Vi(SILK) - {03 @)
database. The results show that the combination can lead a betteirhe verification .

process may consist of a measureivieot the

score measurement which improves speaker verlflcatloninput sample with pre-stored templat@s and a verification

performance. An experimental comparison between the World_%ecision based on the obtained measurement and a pre-defined
model based approach and the cohort model based approach W"thresholde Thus

the YOHO database can also be found in the paper.
(0 M(SI,T9<0
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1. INTRODUCTION
There are generally two basic measurements for verification
One of challenges for moving HMM from speech recognition to decision-making, qualifier-based measurements and competition-
speaker verification (SV) and utterance verification (UV) is 0 paced measurements. With qualifier-based measurements, the

understand the HMM score variation and to define a prOpersystem makes a decision based on a calculation using the claimed

measurement which is comparable across speech sampl? . ) .
. T - - emplate only and no other templates are directly involved in the
domains. This is different from recognition as recognition tasks
measurement, so the measurement becomes

require only score comparison across templates. Some
approaches have been proposed for better HMM score M (S,1,Ts) = P(S,1,Ti) 3)
measurements using score normalisation techniques in both SV

[2113][4][5] and UV [6][7]. In SV the world model based Wwhere P(S,1,Ti is a measurement between sam@eand
normalisation and the cohort model based normalisation are tweoclaimed templateTi . With this method, the robustness of the
most popular techniques. In [1] two basic verification measurement over samples as well as across speaker templates is

measurements, qualifier-based measurements and competitiorimportant for the success of the verification system.

based measurements, are introduced to analyse these two SCYith competition-based measurements, the system makes its

normalisatlior) techniques from theoretical point of view. From decision based on calculations using the claimed template and
the analysis it can be seen that the cohort mo_del approa(_:h an_d thseome other templates. The system takes a relative value of scores
world model approach are based on two different verification

) . from the claimed template and some other templates as a
measurement paradigms. Theoretically two methods could be

combined for a better solution for SV. In this paper we present ameasurement for decision. With this method, the measurement
. . . ) pap PreSeNt & efiects how well the claimed template matched with the sample
hybrid method which combines the two score normalisation

. . ompared to other templates either using the ratio
techniques together. The evaluation results demonstrate that suc% P P g

a combination can lead to a better score measurement which P(S,1,Ti)
_ " . M(S,1,Ts) = —
improves SV performance. In addition, a comparison between FAP(S,1,T) ] %)

the world model approach and the cohort model approach can n

also be found in the paper. The comparison results are based Afnerer is a function over a set of scores, or the difference
the YOHO database using both the speaker specific (SS)

threshold and the speaker independent (SI) threshold method. M(S,1,T9) =P(S,I,Ti) —F{P(S,1,Tj))|j #i}) (5)
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A typical example is to measure the scores from the template of Reohort = P(OM (S W))
the claimed speaker and most competitive template(s) e.g. cohort max P(O[M (§ W))}
model approach for SV [2][4], and second best in UV [6][7]. As J#

the measurement depends on other templates to measur_?hi leads an HMM e m rement without estimatin
competitiveness, this method requires available selected S leads a score measureme out estimaling

templates that are somehow representatives of possible testind3 (O) and the measurement fits well in theory for verification in
samples so that the measurement becomes reliable. a close set. However, for an open set it needs a collection of

] ) speakers from which the cohort speaker can be selected. The
In the HMM approach., the speech utterance is coq5|dered aS Qelection of the competitive speaker does not depend on the
sequence of observatio® generated by a production model claimed speaker but depends on test sample (imposter).

M (S,W) associated with a speak®and a wordVN. For a given Therefore thi llecti f Kers i ired. i
sampleO, a measurement between sample and model is defined eretore this coflection of speakers IS required, in some way,

as thea posterioriprobability for modelM (S,W )to generat®, representing  the testing populatio.n. Consequently  the
P(M(S,W)|O) . Using Bayes’ Rule the following equation can Performance may depend on the collection of speakers for cohort

9

be derived selection.
PM(SW) | 0) =FOMEW)RMEW)) ®) The world model approach uses a set of text-dependent speaker
PO independent word models as world models. The score of test

utterance from the world models is used to normalise the score
In speech recognition, speaked becomes irrelevant and from speaker template P(O|M(SW )) Assume that
P(M (W)) is also reasonably assumed as a constant. Thus theM (Sworld, W) is a world model for wordV the normalisation

recognition task becomes the solution to this equation leads a measurement

P(OIM (V\ﬁ))}
P(O)

Rworld = < O (S.W))

" POIM (Sworld W)) (10)

w =argmax P(M (W) | O)} = argmax

. . . . The set of world models is often generated from a large number

Since P(O) is the same in comparison across the models

M th t be simplified RGO M of speech samples from a large number of speakers. As the SV
(W), the measureme{w can be simpiite Rﬁ. I .(\M ) system is often combined with speech recognition the acoustic

The HMM approach provides a framework of estimating a model moqels, used for speaker-independent speech recognition, can be

M (W) and measur®(O|M W )) used as world models for SV. In [3], the score from the world

In SV, the measurements are required to compare on the samplg10de| was explained as an approximationR¢D  injequation

domain O. In such cases,P(O can not be removed from 8. Thus with this approach the verification process takes the
calculating measuremeRtM (S,W)|O fyfom equation 6, a® qualifier-based measurement of an approximation of
is variable in the verification comparison. Given the testing P(M(SW)|O) for the verification decision-making
speaker in the verification task is often an open set therefore theomparison.
probabilityP(O)
From theoretical analysis the cohort model method and the world
hd model method are based two different basic verification
PO) = z P(OIM(S))P(S) (8) measurement paradigms. Two measurements could be combined
I and a balance of two measurements could lead a better solution
for speaker verification measurement. Here a hybrid approach is
proposed which combines these two measurements together. A
simple way of the combination can be defined as

is not possible to be calculated fully. The measurement
P(O|M(S,W)) has been proved not robust for verification from

experimental evaluation [3]. Thus finding robust measurements
have been one of most challenge tasks in HMM-based speaker Reomb= Reohort” x Rworld ™ (11)
verification. A number of approaches have been proposed to

. <a< i inati
normalise the scor®(O|M (S,W )pr better measurement. where O<a'<1.When a is equal to zero the .comblnatlon
becomes the world model measurement and wheis equal to

one the measurement becomes same as cohort based. The key
issue is to find out if there is a balance point which gives better
measurement for SV.

4. EXPERIMENTAL RESULTS

3. SCORE NORMALISATION

In SV two most popular score normalisation techniques are the
world model based approach and the cohort model based
approach. The cohort model approach adopts a competition-
based measurement. For a simple form of this method a . ..
measurement is defined as a ratio of the score from the claimedt-1 EXperimental Conditions
speaker template with the score from most competitive speake

; The experiments were carried out on the YOHO corpus [10]. The
template, i.e.

YOHO is an American English speaker verification database



which consists of speech data from 138 speakers 106 males angksults over cohort size are presented with both the speaker
32 females. The YOHO vocabulary consists of two digits number specific (SS) threshold and the speaker independent (SI)
spoken in sets of three (e.g. thirty-six forty-five eighty-nine). For threshold method. The SS threshold method has been widely
each speaker there are 4 enrolment sessions of 24 utterancesed for SV performance measurement as suggested in [9].
each, and 10 verification sessions of 4 utterances each. In ouHowever lack of proper way to set the threshold for individual
experiments only 106 male speakers are used as this gives momgpeaker leads a significant gap between laboratory result and real
speakers to evaluate the variation over number of speakers irapplication system. Therefore the Sl threshold method remains
cohort based normalisation. A single enrolment session of 24attractive for real SV applications. In this paper the evaluation
utterances is used for creating a speaker template. For eachesults are presented using both SlI threshold and SS threshold
enrolment session we select 80 speakers to calculatemethod. For cohort size 80 the results are derived from 8320
normalisation factor for the cohort approach and the rest of 26testing utterances of 104 speakers as described in Section 4.1.
speakers are used for testing. Within the database each speakEor cohort size 20 and 40 the set of 80 cohort speakers is divided
provides 40 independent test utterances. In order to estimate thato four and two groups respectively. For each group an
false acceptance rate for each speaker another 40 test utterancesperiment is conducted. The results in the figure represent an
are randomly drawn from the test utterances of other 25 speakersaaverage EER of four sets of tests for the size 20 and an average
This gives an equal ratio of impostor testing and claimed testing.of two sets of tests for the size 40 to cover all 80 of cohort
For each of four sessions a different selection of testing speakerspeakers being used. With the world model approach a set of
is applied so that the total number of testing speakers for eactspeaker-independent speech recognition models is used so the
experiment is equivalent to (261). The total number of testing  results from this approach does not change over cohort size.
utterances for each experiment is equal tox(28 80).

25
In the feature extraction a filter bank process is used to produce - - - —=—world-SlI
32 filter bank coefficients every 15 ms and these filter bank 2 s s
coefficients are then transformed to 12 cepstral coefficients by - world-SS
cosine transformation. The 12 delta cepstral coefficients are S157 -
derived from cepstral coefficients every 5 frames. The dynamic % P cohort-SI
cepstral normalisation technique (also referred as cepstral mean = \\*\\,\\
subtraction), which was developed by Vocalis (former Logica) in o5l ~x __|| —x—cohort-SS
EU SUNDIAL project [8], is applied to cepstral coefficients to
remove long time shift on individual cepstral coefficient. Thus, 0
the overall feature vector consists of 12 normalised cepstral 20 40 80

coefficients and 12 delta cepstral coefficients. Cohort Size

The world models are produced using a large number of speech
tokens from a large number of speakers, separately from YOHO.
The modelling process was optimised to produce speaker-

independent word models for speech recognition. Each modelrrom the figure it can be seen that the cohort model approach
compromises 8 states with 10 mixtures per state. For each digijepends on the size of population from which the cohort speaker
two models are produced to represent male and female. is selected. With SI threshold the cohort model approach gives

A set of speaker-dependent word models is used to represent tht erzirhoﬁ)grrﬁ;mci)nhccif n?é(cej:elaz! o:O;ZLee . C:sh%réttzlrzesérfx\ﬁlgniis
speaker template. In enrolment this set of word models is pp g P

generated from 24 enrolment utterances. Each digit modeI]cor cor}ortthsmehm?re tI;aln 40, bUIh nqt for Icohort sflze 20. In
compromises 12 states with a single mixture per state. m?heneral,d egol ort mo ﬁ etlp%roatc %'Vis ¢ 052% perdorm?ngettas
verification a silence model is applied on the matching in the € world model approach at about conort size 2U, and gets better

beginning and end of the sentences and between two words. FSt> th? co_hort Siz€ Increases. However _the increase of cohort size
also implies the increase of computation for the cohort model

the world model method as both male and female speaker- L .
independent digit models are used the one with better score i%ased normalisation. The refsults. also suggest that the comparison
selected for score normalisation. etween .two approache; with d.n‘fer.ent threshold methods coyld

lead to different conclusions. This gives another reason for using
both threshold methods for our evaluations.

Figure 1. SV performance using the cohort model
approach and the world model approach

4.2 Baseline Results

Figure 1. shows the verification EER of the world model 4.3 Evaluation of Hybrid Approach

approach and the cohort model approach. This gives a

comparison between two approaches and also defines abaselirﬁeigure 2. shows SV EER using the hybrid approach with

performance for the evaluation of the hybrid approach. As variation of combination parameter . The experiment is to

described in Section 4.1 the experiment is based on an open Sé?cate an optimal value of parameter. The results in the figure

scenario in which all the test speakers are not used in the?'® the average EER of cohort size 20, 40 and 80, and they are

enrolment and normalisation factor calculation. In the figure SV calt_:ulated_by using Sl thre_shold method. In the figure _the
optimal point for parametesr is equal to 0.6 where the hybrid



approach show about 15% error reduction from the cohort modelbetter balance of two measurements. In the paper a hybrid

method and about 20% reduction from the world model method.
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Figure 2. Average SV EER using the hybrid approach
versus combination parameter

method has been described that combines two score
normalisation techniques together. The results demonstrate that
the hybrid combination can lead to a better HMM score
measurement for verification, which improves SV performance.
As the SV system is often combined with speech recognition the
world models are available in the system such approach can be
easily applied. A comparison between the cohort model approach
and the world model approach is also given in the paper. The
results indicate that SV performance by the cohort model based
approach significantly depends on the cohort size. It gives close
performance as the world model approach for cohort size 20,
better performance as the cohort size increases.
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