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Speaker-Dependent Large Vocabulary Word
Recognition Using the SPLIT Method

Noboru SUGAMURA and Sadaoki FURUI

This paper describes the results of applying a vector quantization technique to an
isolated word recognition system. The basic idea underlying this system is to represent a
speech spectral sequence using several discrete spectral symbols. In this system, word tem-
plates are represented as sequences of discrete phoneme-like templates which are auto-

matically generated from a training set of word utterances by a clustering technique.

The

new word recognition system and its advantages in speaker-dependent large vocabulary word
recognition are explained through reference to several experiments.

1 Introduction

Isolated word recognition systems are used on limited
conditions: they are speaker-dependent and involve
only a few hundreds of words etc. Isolated word rec-
ognition methods are divided into two categories: tem-
plate matching using dynamic programming (DP) xa,
and phoneme recognition using feature parameters
extracted from speech®™. Pattern matching techniques
based on DP are used in most isolated word recognition
equipment, since DP matching is very effective for
speaker-dependent word recognition. With these meth-
ods, the entire vocabulary is usually uttered in advance
to provide word templates. Feature parameters, such
as bandpass filter output or LPC parameters, are extract-
ed from. the training utterances and stoted frame-by-
frame as word templates, However, the amount of
Vé'pectral distance calculation in executing DP matching
is nearly proportional to the number of word templates,
and thus becomes very large in large-vocabulary word
recognition.

This paper proposes a new word recognition method
where the amount of spectral distance calculation is
independent of the number of word templates. Further-
more, an automatic word template generation method
is described which reduces training utterances for gen-
erating word templates.

2 New Isolated Word Recognition Method,
SPLIT

Isolated word recognition methods using DP match-
ing are divided into two types according to how the
word templates are represented. These two methods are
shown in Fig. 1(a) and (b). In the first method (a),
word templates are represented using the extracted
parameters themselves.®” In the recognition stage, the
time sequences of feature parameters extracted from

input speech are directly compared with every word
template. This method is called *“direct-matching” in
this paper. In the direct-matching method, since spec-
tral information for every frame is precisely represented
using the extracted parameters themselves, high recogni-
tion accuracy can be obtained. However, when the
vocabulary increases to a very large scale, the spectral
distance calculation volume for dynamic time warping
and memory size for word templates become very large.
This is because the spectral calculation must be execut-
ed at every frame for every template.

Another recognition method® has been reported to
avoid these problems. This method employs phoneme
spectral templates and word templates represented by
phoneme sequences, which contain the duration time
for each phoneme as shown in Fig. 1(b). This method
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Fig. 1—Recognition methods based on DP matching.
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is called “indirect-matching.” With this method, how-
ever, generation of the phoneme spectral templates
and representation of word templates are rather diffi-
cult, Furthermore, high recognition accuracy cannot
be expected, since the spectral dynamics cannot be
represented precisely.

This paper presents a new word recognition method
located between these two methods. With this method,
every word template is represented using a few hundred
discrete spectral patterns. These patterns are called
phoneme-like templates, since they do not correspond
precisely to phonemes. These templates are generated
automatically by a vector quantization technique ¥®.
The method is called SPLIT, since word templates are
represented using Strings of Phoneme-Llke Templates®.
The name SPLIT is also derived from the concept of
SPLITting the multidimensional spectral space to pro-
duce the phoneme-like templates. Using these tem-
plates, the work templates can be represented more
precisely than in the case of using phoneme templates.
Therefore, the new method has the advantages of “‘in-
direct-matching” while also making possible high rec-
ognition accuracy.

2.1 Word Recognition Procedure in SPLIT

The word recognition procedure using the SPLIT
method is outlined in Fig. 2. The training and recogni-
tion processes are:

(1) Generation of phoneme-like templates,

LARGE VOCABULARY WORD RECOGNITION USING SPLIT

(2) Generation of word templates and
(3) Word recognition.

2.1.1 Generating Phoneme-like Templates

In the first stage, phoneme-like templates are auto-
matically generated using training utterances. Phoneme-
like templates do not exactly correspond to real pho-
nemes. They are only used as symbols representing
discrete speech spectra. The procedure for selecting
discrete spectral patterns is as follows.

Training speech utterances are analyzed, and 1st
through 13th order autocorrelation coefficients and
LPC cepstrum parameters are extracted every 16 ms.
A clustering technique is used to generate the phoneme-
like templates.

[ Vector Quantization Algorithm]®

Ey,= (g1, g2,- - - -, gu) is a training spectral vector
set, consisting of a few thousand frames which are ar-
bitrarily selected from training utterances. Phoneme-
like templates set F'= (f4, f2, - - -, fx)is generated from
E, as follows, where d (g;, g;) is spectral distance be-
tween g; and g,.

(1) Initialization: Set @ (distance threshold for re-
garding vectors as in the same cluster) and K (the num-
ber of phoneme-like templates to be generated). Set
k=0.

(2) Compute the spectral distance d (g g;) for
every combination of 7 and j.

(3) Extract vector g, which satisfies d (g, g,)< @ for
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Fig. 2—Isolated word recognition system using phoneme-like templates (SPLIT).
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each i. This vector set is represented as B (g:, §)and the
number of vectors is represented as N (i).

(4) Find vector g; which has the maximum N (i).

(5) Generate speech spectral patterns: The mean
vector is calculated by averaging the autocorrelation
coefficients of all vectors which belong to B(g:, 8).
This mean vector is stored as one of the phoneme-like
templates.

(6) Eliminate the vector set B (g;, #) from FEx; then
E..n= Ek_B(gis 3)

(7) If Ev.i= ¢ (empty set) or k=K, stop, other-
wise replace £ by £ + 1 and go to step (3).

Only K and 4 must be given in this algorithm. A set
of spectral distances between each pair of vectors is
calculated only once. After step (3), only the number
which satisfies d (g:, &)< @ is calculated, using the
vectors left at step (6).

The clustering method proposed here is based on the
minimax criterion. Spectral patterns in high density
space are extracted earlier than those in low density
space. This method can suppress the maximum spec-
tral distortion at a given threshold.

2.1.2 Generating Word Templates

Word templates in the SPLIT method are represented
as sequences of phoneme-like templates, not using
exact spectral parameters. Each training word utter-
ance is divided into frames with 16 ms duration, and
the spectral distance between each frame and each
phoneme-ike template is computed. The code for the
phoneme-like template, which leads to a minimization
of the spectral distance, is stored in every frame.

2.1.3 Word Recognition

Phoneme-like templates and word templates are
stored at (c¢) and (d), respectively, in Fig. 2. Word
recognition is carried out as follows.

The input word utterance is analyzed every 16 ms,
and the autocorrelation coefficients and LPC cepstrum
parameters are extracted at (e) in Fig. 2. The spectral
distance between the individual input word frame and
individual phoneme-like template is stored as an element
of distance matrix (f) in Fig. 2. The total spectral dis-
tance between an input word and each word template
is calculated by summing up the elements of the spectral
distance matrix, referring to the sequence of the word
template. At the final stage, the minimum matching
distance word is selected as the recognition result.

2.2 ‘Several Advantages to SPLIT
The SPLIT method has the following significant

advantages over the conventional direct-matching meth-
od.
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221 Word Template Memory Savings

In the SPLIT method, word templates are represent-
ed by sequences of phoneme-like templates.. Thus,
drastic memory savings for word templates can be
achieved when compared with the direct-matching
method. The savings ratio is calculated approximately
as a function of the number of word templates.

Assume the vocabulary size is L words and the j-th
word has M: frames. Each frame has N dimensional
feature vectors, and its accuracy is N, bits. Denote the
number of phoneme-like templates as N;. Using these
notations, the memory size for word templates in the
direct-matching (R.) and SPLIT (Rs) methods is given
as

Rd=(;z'lM,.)-N-N,, (1)

:x M) No. (2)

i

RS:NS-N-NG+<

Here, n, = log.Ns.
The reduction ratio for SPLIT to direct-matching is

N, N N+ ( 5 M> N,
i=1

Ru(L)= (3)

( i‘l M;)< N- N,

2.2.2 Spectral Distance Calculation Savings
for DP Matching

Using SPLIT, the spectral calculation amount de-
pends only on the number of phoneme-like templates.
The savings ratio can be calculated as follows.

The frame number for input speech is M,. The
window length for DP matching is assumed to be N..
Spectral distance calculation amounts are

Ce=M-Nu-L (4)
Cs: All'Nc. (5)

Here, C. is the spectral distance calculation amount
for the direct-matching method, and C, is the calcula-
tion amount with the SPLIT method.

The reduction ratio is

M]’Ns . Ns
Ml'Nw'L B Nw'L ‘

R.(L)= (6)

The reduction ratios for spectral distance calculations
and memory size for work templates are shown in
Fig. 3 as a function of vocabulary size, and a compari-
son is made with the direct-matchinc method. In Fig. 3,
parameter values are assumed to be:

M: = 50 frames (for all i, for simplicity),

N =16 parameters,
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N. =16 bits,
N = 256 templates and
Ny = 8 bits.

The figure shows that the reduction ratios for both
spectral calculation and word template memory size
are drastic. That is, the SPLIT method involves only
a few percent of what the direct-matching method
requires for 1000-word recognition.
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Fig. 3—Relationship between number of words and
reduction ratio, from the viewpoint of
memory size and amount of distance
calculation for dynamic programming.

3 Large Vocabulary Speaker-dependent
Word Recognition

3.1 Recognition Conditions
In order to verify the effectiveness of the SPLIT

method in large vocabulary word recognition, 641 Japa-
nese city-name utterances by four male speakers were

used. Every speaker uttered each word twice over a
two-week period. Experimental conditions were as
follows.

Input speech was band-limited to 4 kHz, sampled
at 8 kHz and then converted into digital signals by a
12-bit AD converter. After passing through the 32 ms
Hamming window, thirteen auto-correlation coeffi-
cients were derived every 16 ms, and 10th order LPC
analysis was executed. The first utterance set for each
speaker was used in generating phoneme-like templates
and word templates. The second utterance set was
used for evaluation in the first experiment. In the
second experiment, the combination of test and refer-
ence utterances was inverted. In these experiments, 256
phoneme-like templates were generated from 2048
frames for every speaker. In the experiment, Weighted
Likelihood Ratio (WLR) " was used as spectral distance
measure. WLR can be defined as

WLR = 23 (CY'—C@) (VI-V#®). ()
=1

LARGE VOCABULARY WORD RECOGNITION USING SPLIT

Here, C and Cf® are LPC cepstrum parameters,
and V. and V¢ are autocorrelation coefficients.
Suffixes (f) and (g) correspond to input word utterances
and phoneme-like template, respectively, The number
of parameters, p, used in the experiments was 16.
Comparison of recognition accuracy was performed
between the SPLIT method and direct-matching meth-

od.
3.2 Recognition Results

Experimental results are shown in Fig. 4. Based on
these resuits, the following conclusions were arrived at.

(a) An average 96.3% recognition accuracy for four
speakers can be obtained for 641-word recognition
using the SPLIT method. Degradation from the direct-
matching method was only 0.4%. These results mean
that spectral information can be roughly quantized in
each frame without resulting in a large decrease in
recognition accuracy.

(b) A 99.1% recognition accuracy can be obtained
for the top five choices.

(¢) Words that were not recognized correctly in
the experiments can be classified into five categories:
(1) Endpoint detection error (ex. SAKU — KUSATSU),
(2) Vowel confusion (ex. UOZU — OQZU), (3) Begin-
ning consonant error (ex. SAGA — KAGA), (4) Middle
consonant error (ex. OOGAKI — OOMACHII) and (5)
others (ex. MINOO — MINO).

Endpoint detection error was only 1% of all data
and vowel confusion was also very small.
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Fig. 4—Experimental results in speaker-dependent
word recognition for 641 city names using
WLR spectral distance measure.




N. SUGAMURA AND 8. FURUI

4 Automatic Generation of Word Templates

The SPLIT method is very effective in speaker-
dependent word recognition, especially for large vocab-
ularies. That is, the amount of spectral distance calcu-
lation and memory for word templates can be reduced
drastically using the SPLIT method without degrading
recognition accuracy obtainable by direct-matching.
However, even using the SPLIT method, all words must
be uttered at least once in advance for generation of
word templates. Therefore, the number of training ut-
terances required is large, especially in the large vocab-
uraly word recognition field where the SPLIT method
has many advantages. In order to solve this problem,
a method for automatic generation of word templates
was developed based on the connection of CV syl-
lable templates represented as sequences of phoneme-
like templates.

4.1 Automatic Word Template Generation
Method by Connection of CV Syllable
Templates

Several automatic generation methods have been
proposed to reduce the number of utterances for gen-
erating word templates ®*. Here, an automatic gen-
eration method based on CV syllable connection is pro-
posed, since Japanese is ‘composed of about 101 CV
syllables. The configuration of this method is shown in
Fig. 5. The generation procedure of word templates
consists of four steps.

(1) Determination of the duration time for CV

syllable in a word (Fig. 5-a)

Every word templale in a word dictionary is repre-

sented as a sequence of Kana characters (which cor-

Spectral analysis

¥
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respond to CV syllable). An automatic extraction
method proposed for speech synthesis by rules"” is
applied for calculating the duration time of each CV
syllable in every word template. The duration time of
phonemes in a CV syllable is also determined consider-
ing the number of CV syllables and the effect of adja-
cent phonemes in a word.

(2) Generation of CV syllable templates (Fig. 5-b)

CV syllables represented as sequences of phoneme-
like templates are prepared in advance using training
utterances. CV syllables located in the front, middle
and end of a word are prepared for each CV category.
In the experiment, three kinds of CV syllable sets were
generated manually in the experiment,

(3) Pre-selection (Fig. 5¢)

The number of words for DP matching is reduced by
pre-selection using the vowel sequence in an input
word. That is, the vowel sequence contained in an
input word is estimated using phoneme-like template
sequences, The correspondence between these tem-
plates and 5 vowels (/a/, /i/, fu/, /e/, /o/) is determined
in advance. DP matching is executed only for the words
which coincide with the vowel sequence in a word
dictionary,

(4) Adjustment of duration time (Fig. 5-d)

A duration time difference usually occurs between
input words and automatically generated word tem-
plates. DP matching sometimes cannot be executed
because of this difference, since the DP matching path
is outside the matching window. The difference in
duration time is distributed to vowel and consonant
parts by a 2:1 ratio. The duration time of each word
template is made to coincide with that of an input word
through this process.
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templates | KA 11422

i

Training speech

Fig. 5—Automatic word template generation method using CV syllable templates.
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4.2 Features of Proposed Method

The automatic word template generation method
proposed here has the following features,

Spectral change in CV syllables is conserved, because
each CV syllable is segmented from real speech data.
Fewer spectral distance calculations are required, since
the method is based on the SPLIT. Furthermore, word
templates can be represented as sequences of Kana
characters. Thus, addition of new words for recogni-
tion is very easy. On the other hand, DP matching can-
not be executed until the endpoint is detected owing
to preselection and adjustment of the duration time.
Moreover, training speech data are needed for generating
CV syllable templates.

4.3 Experimental Conditions and Results

128 CV syllable templates and phoneme-like tem-
plates were generated using 120 words from the first
utterance set. Furthermore, correspondence between

“several phoneme-like templates and vowels was deter-
mined. Recognition experiments were executed using
the following speech data:

(1) 641 words in the first and second utterances,

(2) Six sets of 100 words from the 641 words.

Experimental results are shown in Table 1. About
90% and 97% recognition accuracies were obtained for
641 and 100 words respectively. Degradation from
using word templates generated by speech data was
6% in 641-word recognition. Most errors were caused
by confusion of consonants.

Table 1 RECOGNITION RESULTS USING AUTOMATICALLY
GENERATED WORD TEMPLATES.

100 Words 641 Words
1st Utterances 98.0% (average) 91.9%
2nd Utterances 96.7% (average) 89.2%

5 Conclusion

This paper has proposed a new word recognition
method, SPLIT. The efficiency of this method in
speaker-dependent large vocabulary word recognition
was shown through several experiments. The experi-
mental results show that spectral information used in
isolated word recognition based on DP matching can be
roughly quantized in each frame without a large de-
crease in recognition accuracy.

A 96.3% recognition accuracy was achieved for
recognition of 641 city names spoken by four male
speakers using 256 phoneme-like templates. In this
case, the spectral distance calculation volume and
memory size for word templates were respectively 0.6%
and 3% that for the conventional direct-matching meth-

LARGE VOCABULARY WORD RECOGNITION USING SPLIT

od. In addition, an automatic word template generation
method has been proposed for providing initial word
templates, to reduce training utterances. A 90% rec-
ognition accuracy for 641 words was obtained.
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