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ABSTRACT

In this paper we describe the procedure for
establishing a robust set of phoneme prototypes
suitable for Speaker Adaptable Isolated Word
Speech Recognition (IWSR) systems. The
procedure is based on a K-Means cluster analysis
of a large multispeaker phoneme data base. The
prototypes were tested on a large vocabulary
IWSR system for Greek developed in the
framework of the ESPRIT 2104 project,
POLYGLOT-I [1], and the results obtained
showed a significant improvement in the
accuracy of the system.

1. INTRODUCTION

Generally, phoneme based recognition systems
use the whole phonetic alphabet of the language
or some appropriately modified set as basic
recognition units. These units are treated as
phoneme prototypes. Nevertheless several
factors such as phonetic context, speaking rate
and speaking style cause acoustic variation of
the phoneme prototypes. It has been
demonstrated that the specific phenomena which
cause the same phoneme to be pronounced in
different ways according to the phonetic context,
can be successfully modeled by context-
sensitive speech units [2][3].

This paper deals with the problem of
determining the optimal number of prototypes
and the contextual environment required to
represent the different pronunciations of each
phoneme. To this end, a procedure based on
cluster analysis is performed on a large data base
containing the phoneme prototypes which are
manually extracted from a wide variety of
words. The result of this analysis is a word set
which includes the prototypes extracted for each
speaker. The accuracy of the extracted set of
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prototypes has been evaluated wusing the
Preselection module [4] of the IWSR system
mentioned above.

Another set of prototypes ‘has also been
extracted from the data base analysis. This set is
composed of the phonemes with the smallest
distance from the corresponding cluster centre
and is used as a bootstrap to include a new
speaker to the speech recognizer (adaptation
process).

2. DESCRIPTION OF THE PHONEME
DATABASE

A 500-word set was used to construct the
phoneme database. This database covers all the
Greek phonemes and their most frequent
contextual combinations. It contains words of
assorted lengths and syllabic structures in
various positions. The 500 words were spoken
in an isolated manner by eight Greek native
adult speakers (four male and four female).
Every phoneme was labelled manually and
analyzed using a process based on LPC
analysis. For every labelled phoneme two
parameter vectors (20 Cepstrum and 20
Autocorrelation coefficients) were estimated
following the next three-step process:

° Estimation of the Weighted Likelihood
Ratio (WLR) [3] distance between
adjacent frames of the same phoneme.

° Filtering of the above distances with 5-
point Median Smoothing [5].

° Locating the stable frame from which
the two parameter vectors were
extracted.

The resulting phoneme database contains a total
of 17000 entries. Each entry consists of a) the
current phoneme label, b) the word from which
it was extracted, c) its phonetic context (left and
right context), d) the speaker's name, c) the
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name of the speech file and f) two fields with 20
Cepstrum and 20 Autocorrelation coefficients.

3. OVERVIEW OF THE PROCEDURE

The procedure for establishing the prototypes is
based on a K-Means cluster analysis using a
specific clustering criterion. The clustering
method was applied to the above phoneme data
base. The data processed by the K-Means
algorithm were the two LPC vectors of each
phoneme prototype. As clustering criterion a
WLR distance was used. This was chosen
because the recognizer uses the above distance
to implement the frame labelling.

The prototype extraction procedure is an
iterative process, targeting to a) the cluster
centre determination and b) the quality control
of the cluster centres, as shown in Figure 1.

The procedure requires the initial parameters
to be defined. These include a) a threshold
which specifies the maximum number of cluster
centres which can result from the K-Means
execution and b) the initial centres. The
parameters are described in the next paragraph.

A K-Means cluster analysis is performed to
determine the cluster centres. These centres
represent the acoustic events which are produced
by the phoneme context and describe the
contextual (predecessor or successor phoneme)
influence on the phoneme pronunciation. To
guarantee that the above clusters include all the
acoustic occurrences, we use as a threshold a
larger number than the actual language's
phonemes. In the Greek language, the threshold
used is 100 centres while the phoneme set
includes 35 members, taking into consideration
the stressed vowels and the allophones as
separate phonemes. The initial centres are
selected as follows: 35 are the Greck phonemes
and the remaining 65 are phonemes randomly
selected from the database.

Following the K-Means analysis a quality
control of the determined cluster centres is
performed. For each cluster centre, a set of 10
phonemes with the minimum distance from this
cenfre is extracted. The evaluation takes into
account two criteria a) the convergence of the
cluster phonemes on the cluster centre and b) the
empty cells. We consider that a specific
phoneme of a cluster converges when it
represents the majority of the 10 cluster
phonemes (more than 70%). As example for
convergence, cluster centre no. 46, is
demonstrated in Table I. Table I gives a serial
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number (sn) indicating the order of the prototype
in relation to the distance from the cluster centre,
the serial number of cluster (clu), the word
(word), and the phoneme (phon) from which the
prototype was extracted. The phoneme [s]
converges to the cluster centre because it covers
80% of the total of the cluster phonemes. When
a specific phoneme is associated with a cluster
centre, the corresponding words of this phoneme
in the cluster form a set of words (Evaluation
Set) each one of which includes a different
context of the phoneme. From this context the
corresponding phoneme prototype is extracted.
When the members of a cell are less than 0.15%
of the entries of the database (26 members) then
it is characterised as an empty cell.

If no phoneme of a cluster represents more than
70% of the cluster phonemes, this cluster is
rejected (rejection of inferior clusters) and
new initial cluster centres are defined. As initial
cluster centres in this case the accepted centres
of the previous cluster analysis are used. After
that the K-Means cluster analysis is performed.

The iterative process lasts until the resulting
centres become acceptable. Then the context
dependent prototype extraction is performed.
The Evaluation Set of words (extracted after the
K-Means process) determines the context from
which the prototypes are extracted for each
speaker. During the above analysis another set
of prototypes is also extracted. This set results
from the words which include the phonemes
with the minimum distance from each centre
(note that this set includes phonemes from all
the speakers of the database). It is used as a
bootstrap prototype set in order to include a new
speaker in the recognition system (speaker
enrolment process) [1].

The result of the above procedure was 60
centres. These centres represent the different
acoustic events for the Greek language. An
example of prototypes extracted gives phoneme
/o/ which is represented by 13 prototypes as
shown in Table II. This table gives the serial
number of cluster (clu), a score indicating the
distance from the cluster centre (dist), a serial
number indicating the order of the prototype
used in relation to the distance from the cluster
centre (sn), the word from which the prototype
was extracted (word), and finally the left (left
con) and the right context (right con).

Useful information can be obtained from the
table of each phoneme; e.g. for phoneme /o/
(Table II): when in the final position it creates a
separate cluster (last row). It must be noted that

928



although the contextual environment is the same,
the polysyllabic word of row 8 creates a
different cluster from that of row 7. A general
observation is that the stressed vowels produce
different prototypes from the unstressed ones.

4. PERFORMANCE EVALUATION
4.1. SYSTEM PERFORMANCE

For performance evaluation we compared the
preselection results of the IWSR system using
the prototype set which resulted from the
described procedure (Set 1) and the prototype
set of Polyglot (Set 2). The last set was extracted
by averaging three phonemes obtained from
three different utterances randomly selected. In
both cases, the system was trained using a set of
4000 strings which resulted from 500 utterances
of 8 speakers.

Five speakers were used in the preselection test.
In Table III the inclusion rate for both Set 1 and
Set 2 for 40 and 200 candidates (words) is
presented. The recognizer uses a vocabulary of
2000 and 8000 words.

4.2. SPEAKER ADAPTIVE PERFORMANCE

Preliminary results were obtained from the
speaker adaptation as well. We used two
speakers for the adaptation of the recognizer and
we performed two evaluation tests. In the first
test, the recognizer was adapted using as a
bootstrap prototype set the prototypes of the best
speaker which is already familiar to the
recognizer (polyglot process). For the second
test, we used as a bootstrap prototype set the
prototypes of the cluster which resulted from
this work. The results have shown that the
recognition performance was improved by at
least 4% in the second evaluation test. That is,
the average recognition performance for the two
speakers was 85.5% using the Polyglot bootstrap
prototype set and 89.9% using the proposed
bootstrap set for a vocabulary of 8000 words
and 40 word candidates.

5. CONCLUSION

We have presented a new method for
establishing a robust set of phoneme prototypes
suitable for an IWSR system. The procedure is
based on the iterative process of K-Means
cluster analysis and the quality control of the
cluster centres. For the performance evaluation
we compared recognition accuracy using both
the established prototype set and the prototype
set which was used during the ESPRIT 2104
project, POLYGLOT-I. The results (Table IIT)
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were improved significantly using the first set.
Using 40 candidates we had a considerable
average improvement of 2% for 2000 words and
an improvement of 2.3% for an 8000 word
vocabulary.
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Table I: The evaluation set of words for cluster number 46. The
table gives the serial number (sn) indicating the order of the
prototype used in relation to the distance from the cluster
centre, the serial number of cluster (clu), the word (word) and

the phoneme (phon) from which the prototype was extracted.

sn clu word phon
1 46 tul'aCi*s*.ton s
2 46 kO*s* kinO S
3 46 'EDO*s*E s
4 46 *s*Oma.t'ia s
5 46 Elin*i*.k'is i
6 46 *s* kO.p'Os s
7 46 ana.p.ti.k*s*i s
8 46 kal'umas. *t*E t
9 46 D'O*s*i s
10 46 E.k*s*isu s
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Fig. 1. Prototype extraction procedure

Table 11:The context dependent prototypes for the phoneme /o/. The table gives the
serial number (sn) of cluster (clu), a score indicating the distance from the cluster
centre (dist), a serial number (sn) indicating the order of the prototype used in relation
to the distance from the cluster centre, the word from which the prototype was
extracted (word), and finally the left (left con) and the right context (right con).

=
=]

clu__|dist word left con.  [right con.

1 3 p242 2 f[pik*O*us top vowel

b Bo .87 P [k*O*pOs. Etop ktop

3 |58 R231 3 p*O*1'Es. top liquid

4 P6 0670 B D*O*si. fricative [fricative
5 R9 |1.225 R [pOs*O*s.tO. fricative  [fricative
6 39 BS54 M4 P*O*.tOGrafi.k'i fricative  [stop

7 W7 (0497 A4 . X*O*m'Eni fricative [nasal

g 10 [1.098 3 E.pi. kOD*O*mi.ti.k'O [fricative |nasal
9 Bl 0693 |1 Xr*O*n/a. liquid

10 38 [1.271 |1 LUEI*O*s. liquid icative
11 59 B.0s2 |1 Ol*O*s. liquid icative
12 |58 R231 |l nTr*O*.pc'as liquid top

13 3610728 3 I(a).p'i*O*. inal

Table I1I: Preselection results for five speakers using the proposed prototype set (Set 1) and the

prototype set of Polyglot (Set 2).

Speaker 2000 words vocabulary 8000 words vocabulary

40 Cad. words 200 Cad. words 40 Cad. words 200 Cad. words

Set 1 Set2  |Setl Set 2 Set 1 Set 2 Setl Set2

speakl 97.00 9587 |99.81 |98.95 8891 186.21 [97.23 96.78
speak2 96.97 9448 [99.72 |98.86 [89.50 [86.46 {98.07 96.69
speak3 94.84 93.92 19845 9822 (9032 ([89.58 [95.16 94.42
speakd4 93.76 92.02 {9822 |98.04 {83.74 [82.18 [93.99 92.76
speaks 93.64 90.82 197.83 [97.15 |81.80 [78.51 }98.07 91.01
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