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ABSTRACT

This paper describes a robust speech documents retrieval
system that uses voice input keywords. To solve the in-
evitable problems which arise when the input to the system
is speech, i.e. misrecognition, a novel method was devel-
oped, where, before the retrieval processing, unproductive
keyword candidates are discarded by a grouping process-
ing using the similarity between words and the recognition
score of keywords. In retrieval experiments, we used the
proposed method to retrieve Japanese broadcast news doc-
uments through voice keywords input to the system and
showed its e�ectiveness.

1. INTRODUCTION

Recently, an enormous number of news articles have been
made available through the internet, and a large number
of TV news programs are broadcast all over the world.
The needs of people who want to access interesting news
documents are growing [1],[2]. We can retrieve old news
documents using a Web browser, but we can see only text-
based documents. However, people generally prefer the old
broadcast news with speech and video images more than
those with only text and still pictures. To retrieve interest-
ing broadcast news documents from among an enormous
number of TV news programs, all the broadcast news doc-
uments must be transcribed automatically and stored in
a database if no indexing on the news is done and word-
based retrieval is required. This task can be done only by
using a Large Vocabulary Continuous Speech Recognition
(LVCSR) system.

In this paper, we experimentally compared the retrieval
performance of a system using some databases automat-
ically transcribed by the two LVCSR systems (called
DB(speech)) and one using a manually transcribed database
(called (DB(text)). Since speech database was transcribed
with various LVCSR systems, DB(speech) has a variety of
speech recognition rates. In the experiment, the retrieval
performance was compared among various DBs(speech)
and DB(text). When keywords are input by spoken voice
(in isolation), the input keywords may not be recognized
correctly, but the system cannot judge whether the recog-
nized results are correct or not. Although the recognition
rate of the keywords may be increased using several words
listed in the N-best candidates, unnecessary keyword can-
didates grow with the value of N, and thereby retrieval
performance will get worse. To solve this problem, a novel
method was developed, where, before the retrieval process-

ing, unproductive candidates are discarded by a group-
ing processing using the similarity between words and the
recognition score of keywords. The validity of the proposed
method is also shown.

2. A NEWS SPEECH RETRIEVAL

SYSTEM

2.1. Overview

Figure 1 gives the outline of the broadcast news document
retrieval system [3]. First, news speech was passed to the
Large Vocabulary Continuous Speech Recognition System
(LVCRS) [4], then, the DB(speech) was created. Keywords
(typing or speech) are input to either database, and some
related documents are retrieved by a retrieval module.

The retrieval module executes the full-text retrieval us-
ing an indexing method. The documents containing most
of the keywords are retrieved. By the way, keywords are
expanded using the Japanese thesaurus before retrieving
process. If an entered keyword is OOV(out-of-vocabulary),
syllable-based DP matching is done against a transcribed
syllable sequence.
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Figure 1: Overview of the retrieval system

2.2. Grouping of Keywords

When keywords input via voice are recognized, there are
the following three cases:

1. The keyword is correctly recognized.
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2. The keyword is correctly recognized as a syllable se-
quence, but incorrectly recognized as a word, i.e. a
homophone word.

3. The keyword is incorrectly recognized as a word or
as a syllable sequence.

In any of the three cases, the system cannot judge whether
the recognized result is correct or not. This means that
the system has to execute the retrieval processing using
the recognized results. If the recognized result has a ho-
mophone, all the homophones of the result must be consid-
ered in parallel. Moreover even if there is no homophone,
several words listed in the N-best candidates of the speech
recognizer have also to be used as the input keywords to
the retrieval system. In any case, since a larger number of
keyword candidates than those uttered by the user should
be regarded as the input, irrelevant documents might be
retrieved by the system. To solve this problem, we pro-
pose a novel method, where, before the retrieval process-
ing, unproductive candidates are discarded by a grouping
processing technique using the similarity between words
and the recognition score of keywords.

The similarity is a measure that shows to what degree any
two keywords are related to each other. We used mutual
information as the measure, which objectively shows the
collocation and the relation of the words, and is calculated
by:

I(W1;W2) = log
f(W1;W2)

N

f(W1)

N

f(W2)

N

where f(Wi) is the number of documents in which Wi

exist(i = 1; 2), f(W1;W2) is the number of documents in
which both W1 and W2 exist, and N is the total number
of document.

The similarity was trained separately for the DB(speech)
and DB(text). In the experiments, we compared the re-
trieval performance for di�erent training for calculating
the similarity.

Using the measure which was trained from the database,
the keyword candidates with a high similarity were grouped
together as shown in Figure 2. The words located in a
lower rank of the N-best hypothesis had a low con�dence
measure, so a penalty was given to these words according
to the score (likelihood) of the speech recognition result.
The similarity was represented as the sum of the weighted
recognition score and mutual information measure as fol-
lows:

�(L1 + L2) +MI � TH 1

where L1, L2 are the recognition scores of words W1 and
W2 respectively, MI is the mutual information measure
between the two words, and � is a weight parameter. This
formula calculates the similarity between the two words.
When the score became larger than a given threshold,
words W1 and W2 were grouped together.

Figure 2 illustrates an example of keyword candidates in
the case of three words uttered in isolation. Several key-
word candidates connected by an arrow have a high simi-
larity to one another and they form a group. In Figure 2,

three groups are formed, among which group G1 that has
the most number of keyword candidates is used to retrieve
documents. When plural groups with the most number of
keyword candidates were created, the group that had the
best similarity score was used in the retrieval process.
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Figure 2: Grouping of keyword candidates

2.3. Retrieval Methods

We experimented with the following input methods:

1. Text input

2. Voice input (N-best, with grouping)

3. Voice input (N-best, without grouping)

The \N-best" is the case in which the N-best hypothesis in
the keyword recognition is used. In this case, we compared
the retrieval performance with the grouping method with
that without the method.

In the case of voice input, it is dangerous to retrieve only
those documents that agree with all of the keyword can-
didates, because the constraint is too strong. Therefore,
a threshold by which we can retrieve plausible documents
with the accuracy of more than TH 2 was set (however,
the transcribed news database is assumed to be correct).
In short, the threshold requires the maximum number N
which satis�es the following inequality:

MX

i=N

MCip
i(1 � p)M�i � TH 2

whereM is the number of input keywords,N is the number
of the keywords which should exist in a document, and p
is the speech recognition rate of keywords (see Figure 4).
In the experiment of Sections 3.2 and 3.3, various values
of TH 2 were used.

3. RETRIEVAL EXPERIMENT

3.1. Databases

Japanese NHK1 broadcast news (June 1 to July 14, 1996)
were used as the speech database for this experiment. The
total number of documents was 976 (7,099 sentences), half

1Japan Broadcasting Corporation.



of which were utterances with noise such as background
music and so on.

Table 1 shows the recognition rate of the speech databases
obtained from the two LVCSR systems with the vocabulary
size of 20000 (IPA project [5] for (A)�(E)type and our
LVCSR for (F)type). As a result, six kinds of DB(Speech)
were prepared.

Table 1: Recognition rate of DB(Speech)

DB(Speech) Cor.[%] Acc.[%] noun keyword
rec.[%] rec.[%]

(A)type 51.3 46.3 75.4 85.4

(B)type 58.6 51.6 82.2 93.4

(C)type 55.8 49.3 81.2 93.0

(D)type 62.0 51.9 83.9 94.2

(E)type 61.7 54.2 84.0 94.2

(F)type 54.5 38.6 79.8 93.0

A set of 50 keywords (a set consisting of from three to
�ve keywords) was input to both the DB(text) and the
DB(speech) systems, and the following measures (the re-
call, precision and F-measure) were calculated from the
retrieved documents.

Recall: Note that the documents retrieved from the
DB(text) using a set of typed-input keywords were
assumed to be \correct". Then, when the documents
in the DB(text) or DB(speech) were retrieved using
the same set of keywords input via voice, this mea-
sure indicates how many \correct" documents were
able to be retrieved.

Precision: This measure is the ratio of the number of
\correct" documents to all the retrieved documents.
The larger the number of incorrect retrieved docu-
ments, the lower the precision.

F-measure: The F-measure, a common measure in in-
formation retrieval, was used as a measure of perfor-
mance:

F =
(�2 + 1)PR

�2P +R
(1)

where P is the recall, R is the precision and � is a
weight parameter for the precision. We use � = 1
which gives no preference to either recall or preci-
sion.

3.2. Retreieval Experiment Using Type-

input Keywords

Figure 3 shows the experiment result for the various
DBs(speech) using voice-input keywords. As the recogni-
tion rate increases, the retrieval performance is also im-
proved. This is related to the word correct rate(Cor.)
rather than the word accuracy(Acc.). On the other hand,
a comparatively high recall rate in spite of the low recog-
nition rate was obtained. This was because the recogni-
tion rate of the nouns(about 13000 nouns) in the tran-
scribed database was about 83% (see Table 1), which was
for higher than the total recognition rate.
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Figure 3: Result for various DBs(speech) using type-
input keywords. The value in a parenthesis de-
notes the maximum of F-measure.

3.3. Retrieval Experiments Using Voice-

Input

(a) Speech Recognition of Keywords

The keyword sets uttered by three males were recognized
by the LVCSR system. The total number of keywords used
in the experiment was 175 words.

In some cases the keywords were uttered continuously and
contained many compound nouns, so the LVCSR system
(the vocabulary size was 20,000 words) was used for key-
word recognition. However, the language model was ar-
ranged to recognize voice-input keywords as follows:

� The concatenate probability of \noun)stop word"
and \stop-word)noun" was set very low. A \stop
word" means a word which cannot be a keyword.

� If the concatenate probability of \noun)noun" ex-
ceeds the set threshold, this probability is taken as
it is. However, if it dose not, this concatenate prob-
ability was set to the threshold. The threshold was
10�4 in the experiments.

In accordance with the change in the concatenate probabil-
ity of the language model, the bigram probability was used
to recognize the compound nouns. If there was no gram-
matical concatenation between the keywords and voice-
input keywords uttered in isolation, the unigram probabil-
ity was applied in the language model.

Figure 4 shows the recognition result of the voice-input
keywords. As the value of N was increased, the word
recognition rate improved. It may thus be inferred that
we should use the N-best hypothesis for retrieval.

(b)Retrieval Experiment

We conducted retrieval experiments using the recognition
result of keywords as input. Figure 5 show the retrieval
result using the voice-input keywords with the grouping
technique as mentioned above.

If both the recall and precision are high, the retrieval per-
formance is superior. So, the best performance was ob-
tained by using up to the 3-best keyword recognition re-
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Figure 4: Keyword recognition result

sults. But, using 5-best and 10-best, conversely the per-
formance became worse than the 1-best. The performance
was improved using N-best better than only 1-best, but
larger N impaired the performance.

To investigate whether the grouping technique is e�ective
or not, the performance was compared between the result
with grouping and that without grouping. The result is
shown in Figure 6. Using the grouping technique, the pre-
cision was improved.

The same as Figure 3, Figure 7 shows the result for the var-
ious DBs(speech) using voice-input keywords. The result
is just like the tendency of Figure 3.
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4. Conclusion

We developed a broadcast news speech retrieval system,
and showed that the retrieval performance was improved
when the word correct rate of the automatically-transcribed
databases rose.

The performance was improved using N-best candidates of
keyword recognition results compared to only 1-best, but
larger N impaired the performance. Using the grouping
technique, the precision was improved.

In future work, though the keyword candidates were lim-
ited before the retrieval process was carried out, we will
attempt the method using acoustic similarity, etc. for fur-
ther reducing the retrieval results. We will also investigate
how to handle synonyms and proper nouns.
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