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Abstract

This paper describes an efficient method to predict words
whose recognition rates are low. This method is based on the
idea that the minimum value of the word pair recognition
rates corresponds to the word recognition rate. The word pair
recognition rates can be calculated by the measured
distributions of phoneme log likelihood difference. The
proposed method was evaluated by recognition experiments
using about 3000 word pairs. The correlation coefficient
between the predicted and the measured recognition rates
was 0.87 when the phoneme lengths of both words of the
word pair were equal. Furthermore, we also estimated a 95%
confidence interval for the measured recognition rates, and
the percentage of the predicted words that were contained in
the confidence interval was 94.8%. The results showed the
effectiveness of the proposed method for predicting the word
pair recognition rates.

1. Introduction

Recently, for the improvement of safety and driver’s
convenience, a human machine interface with speech
recognition has been widely adopted in in-vehicle
information equipment such as a car navigation system. For
the most of the car navigation systems, an isolated word or
simple network grammar recognition unit is adopted.

In general, degradation of the recognition rate causes an
increase in a total task time for the system operations.
Shimizu et al. showed that the total task time could be
predicted by the recognition rate [1]. Furthermore, even if the
average of the recognition rate was high, words whose
recognition rates are low exist, which cause an increase in
the total task time. However, the vocabulary size of a car
navigation system is hundreds of thousands of words, thus it
is difficult to collect speech data for all words in order to
measure their recognition rates. Therefore, a method to
predict word recognition rates without speech data is needed.

It is generally thought that word recognition performance
could be determined by a word distance, and the distance can
be calculated by the probabilistic distance for HMM [2],
acoustic similarity between subphonemic segments [3] and
so on. However, in fact, the distances would not always
correspond to the word recognition rates. Several methods
for predicting a recognition performance have been proposed
[4-7]. Especially, Abe et al. proposed a method to predict the
word recognition rate by the distribution of a recognition
score. However, on the method, an assumption of the
distribution was not practical and recognition experiments on
an actual decoder had not been carried out. In this paper, we
propose a method to predict the low recognition rate words
for an actual decoder without speech data.

The remainder of this paper consists of the following
sections.� In section 2, an overview of the basic idea and
word pair recognition that is the basis of the idea are
described. In section 3, the method based on a distribution of
the log likelihood difference of a word pair is detailed. In
section 4, recognition experiments to evaluate our proposed
method and the results are shown. The conclusion of this
paper is given in section 5.

2. Word pair recognition rate

2.1. Overview of proposed method

We predict the words whose recognition rates are low by
word pair recognition rates. Word pair recognition is a
recognition used by a dictionary defining only two words.
The basic idea of the proposed method is as follows:

1. Predicting a word pair recognition rate for all
combinations in the word dictionary.

2. The minimum value of the word pair recognition
rates for one word ),...,,min(

,2,1, Miiii wwww rrrrmin = is

used as a representative value of the recognition
performance value of the word.

where M is the number of words in the dictionary.

jiwr ,
denotes the word pair recognition rate of the word

iw for a word pair ),( ji ww .

iwrmin corresponds to the upper limit of the iw

recognition rate without considering the effect of search
errors on decoders. Therefore, we used it as the
representative value of the performance value of the word.
We can detect the low recognition rate words by this
approximation.

2.2. Relationship between word pair recognition rate and
word recognition rate

A word pair recognition experiment was carried out by
HTK [8] in order to clarify the relation between the word
pair recognition rate and word recognition rate. Four
dictionaries (vocabulary size: 100, 200, 400 and 800 words)
were prepared and the smaller dictionary was a subset of the
larger dictionary. Fifty words were used as a test set, which
were included in all the dictionaries. The word recognition
rates and the minimum word pair recognition rates were
measured in each dictionary.
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Fig.1 shows the experimental result. It can be seen that
minimum word pair recognition rate gives not only the upper
limit of the word recognition rate but also a good correlation
with the word recognition rate. Therefore, detecting the low
recognition rate words can be achieved by predicting the
word pair recognition rates.
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Figure 1. Relationship between measured minimum
word pair recognition rate and word recognition rate

3. Prediction of word pair recognition rate

3.1. Log likelihood difference

Let a word w be composed of phonemes
Nwww ppp ,...,,

21
. N

is the phoneme length of w. Let
iwlp denote the likelihood of

the ith phoneme segmentation of word w derived from the
Viterbi forced alignment.

Consider the log likelihood difference 212,1 wwww llld −=

of the word pair (w1, w2). The sign of 2,1 wwld corresponds to

the result of the word pair recognition; if the sign was
positive, the recognition result would be w1. Here, suppose
that the phoneme lengths of both words are equal and the
segmentations of each phoneme are identical (Fig.2),
therefore, the log likelihood difference of a word pair is
given by
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(1)

Figure 2. Log likelihood difference of word pair (w1,
w2)

3.2. Distribution of log likelihood difference

Generally, log likelihood differences are distributed by the
variance of utterances. Assume that the distributions of each
phoneme are independently determined by the other
phonemes, then a distribution of the log likelihood difference
of a word pair can be calculated from the distributions of the
log likelihood difference of the phoneme pairs. Furthermore,
the difference distribution of a word pair is also
independently determined by the phoneme compositions.

Our method can predict the distribution of the log
likelihood difference of a word pair as follows:

1. Previously, measuring the distributions of the log
likelihood difference of a phoneme pair for all
combinations of phonemes by phoneme recognition.

2. Translating the words into phoneme sequences.
3. Calculating the sum of the distribution for all different

phoneme pairs.
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For example, Fig.3 shows that the distribution of
(“home”, “phone”) can be calculated by the sum of the
distributions of (/h/, /f/) and (/m/, /n/).

Figure 3. Prediction of distribution of log likelihood
difference for (“home”, “phone”) and word
recognition rate for “home”

Here, we assume that the distribution of the log
likelihood difference is approximated by a normal
distribution, then the word recognition rate rw is given as
follows:

∫
∞ −−=
0
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22
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exp(
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1
dx

x
rw
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(2)

where
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, 2121

,σµ (3)

qpm , and qps , denote mean and variance of the

distribution of (p, q), respectively.

4. Experiments and results

4.1. Experimental conditions

A speaker independent isolated word recognition experiment
was carried out to evaluate our proposed method. We used
NTT Japanese words databases [9] for speech data, which
consist of control commands (“Open”, “Close”, “Copy” and
so on) and Japanese city names. We arbitrarily chose about
3000 word pairs from the databases, and the word pairs were
used as the test set. HTK was used as a speech recognizer
and the 1997 IPA standard model [10] was used for the
acoustic model. The detailed conditions are shown in Table 1.

The test set was divided into two subsets. Subset 1 was
composed of word pairs whose phoneme lengths of both
words were equal, and subset 2 was the rest of the test set.

The distributions of the log likelihood difference of the
phoneme pair were approximated by a normal distribution.
The distribution was calculated from the Viterbi segmented
speech data of the databases. Thus, the speech data for
measuring the actual recognition rate and predicting the rate
were identical, therefore following results were by close tests.

Table 1: Experimental conditions

Feature analysis Sampling frequency: 16kHz
Frame shift: 10ms
Frame length: 25ms(Hamming)
Feature vector: 12th order MFCC+
12th order ∆ MFCC+ ∆ Pow

Acoustic model #state: 3, left-to-right
#mixture: 4
#phoneme: 43
monophone, male

Speech data #speakers: 113
age: 10-60, male

4.2. Experimental result of subset 1

The relationship between the predicted and the measured
recognition rates of subset 1 is plotted in Figure 4. The
correlation coefficient between the predicted and the
measured recognition rate was 0.87. Furthermore, we also
estimated a 95% confidence interval for the measured
recognition rates. We suppose that the distributions of the
measured word pair recognition rate can be approximated by
a binominal distribution, and the number of speech data used
as the measuring actual recognition rate was about 100 per
word. Under these conditions, the percentage of the words
that were contained in the confidence interval was 94.8%.
These results mean that our method can predict the
recognition rate of a word pair when the phoneme lengths of
both words of the word pair are equal.
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Figure 4. Comparison of predicted and measured
word pair recognition rate (on subset 1)

4.3. Experimental result of subset 2

The result applied to subset 2 is shown in Figure 5. Since it
is postulated that the phoneme lengths of both words are
equal in our method, the lengths were corrected in order to
be applied to subset 2 by DP matching, whose path was
given by
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),( 2
,, jiji σµ denotes the cumulation of the mean and the

variance from
11wP and

12wP to
iwP 1 and

iwP 2 following the

DP path.
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Figure 5. Comparison of predicted and measured
word pair recognition rate (on subset 2)

The correlation coefficient between the predicted and the
measured recognition rate was 0.50 and the percentage of the
words contained in the confidence interval was 97.0%. The
reason why the percentage of the words contained in the
confidence interval was high is that the recognition rates of
most of the words composing subset 2 were above 99.0%,
and the prediction performance of these words was almost
perfect. However, the percentage of the words contained in
the confidence interval was 42.0% for the words for which
the recognition rates are below 99.0%. This result means that
the precision of the prediction is low under this condition. In
this experiment, we tried applying the simple method by DP
matching to different phoneme length word pairs, therefore
more improvement is needed.

5. Summary

This paper has described a method to predict words whose
recognition rates are low.

First, we showed that the word pair recognition is an
efficient way to evaluate the word recognition performance
by word pair recognition experiments. Second, the prediction
method was proposed, which was based on the distribution
of the log likelihood difference. The distribution was
calculated by the measured distribution of the phoneme log
likelihood difference, and then the word pair recognition rate
could be calculated. Finally, experimental results of the word
pair recognition showed that the correlation coefficient
between the predicted and the measured recognition rate was
0.87 when the phoneme lengths of both words were equal.

We will evaluate the prediction performance on an open
test for speech data. Furthermore, more research is needed to
improve the predicted precision when the phoneme lengths
of both words of a word pair are different.
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