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Integration of Plural Subword Models for

Open Vocabulary Spoken Document Retrieval
—Introducing a Pre-estimated Index of
Retrieval Performance according to Each Query

Yosniaki Iton, Koner Iwata, ™! Masaakr IsSHIGAME, !
KAzuyo TANAKA'? and LEE SHI-woOK 3

Due to the spread of multi-media environments and digital hard disc
recorders, recently large quantities of spoken document, such as video data, are
being stored. Therefore, a new function to retrieve this spoken data is needed.
Because the query words used for information retrieval are often special terms,
the query words should not be restricted to words available in the dictionaries
of speech recognition systems. We have been developing an open vocabulary
spoken document retrieval system based on subword models, and have already
proposed new subword models and an acoustic distance measure between these
models. We demonstrated the effectiveness of those approaches (Iwata, et al.,
2007). The experimental results showed that the new subword models worked
better than the monophone and triphone models that are the general models
used in speech recognition. The new models are more sophisticated than the
triphone models in the time axis, such as the half-phone model, one-third phone
model and Sub-Phonetic Segment model. This paper investigates a method for
integrating the results obtained from these plural subword models. We first
propose the introduction of a pre-estimated index of retrieval performance ac-
cording to each query word, because the retrieval performance of a given query
depends on the type of subword used. The simple linear integration of the
plural results improved the retrieval performance 4.2% at average precision in
experiments for spoken document retrieval using the Corpus of Spontaneous
Japanese. The introduction of the pre-estimated index of retrieval performance
according to each query word improved the retrieval performance 7.4% at the
maximum average precision when integration weighting factors were optimized
in the experiments. An improvement of 5.3% was achieved when weighting
factors were automatically determined by directly applying the proposed pre-
estimated index to the weighting factors.
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Fig.1 An example of the descriptions for each subword model as for a phone sequence “k a p”.
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Table 1 The number of models and recognition performance for each subword.
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Table 2 Speech analysis conditions.

Sampling 16 KHz0O 16 bits
Feature vector MFCCO 12dim0 + A MFCCO 12 dim0 + ALogPow
Window Hamming window

Window length | 256 pointsd 16 msecl
Frame shift
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Table 3 Appearance frequency (times) and average precision rate (%) for each query (5 samples).

0oooo
oot HEEE hono |t 1/2 1/3 SPS
oooo 8 81.34 | 87.90 | 100.00 | 89.17 | 100.00
ooooo 8 75.71 | 64.08 | 87.95 | 66.67 | 90.89
oooo 48 56.24 | 30.75 | 38.09 | 64.95 | 48.25
nfa)ulafala}uls 3 67.33 | 57.60 | 79.17 | 100.00 | 66.76
0oo 9 39.68 | 19.90 | 19.94 | 50.66 | 75.80
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Table 4 Retrieval performance for CSJ using single subword.
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Fig.2 Retrieval performance by linearly integrating the 1/2 phone model and the SPS model.
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Table 5 Retrieval performance by linear integration (printed for a combination of the best retrieval
performance at N = 2, 3, 4, 5).

N ooooooooo ooooo

2 | 1/2 | sps 70.78
0.6 0.4

3 | 1/2 | 1/3 | sps 71.66
0.5 0.2 0.3

4 mono 1/2 1/3 SPS 71.76
0.1 0.5 0.2 0.2

5 | mono tri 1/2 1/3 SPS 71.76
0.1 0.0 0.5 0.2 0.2
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Fig.3 Retrieval performance by integrating the 1/2 phone model and the SPS model based on
superiority of a pre-estimated index of retrieval performance according to each query.
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Table 6 Retrieval performance by superiority of a pre-estimated index of retrieval performance ac-
cording to each query (printed for a combination of the best retrieval performance at N = 2,

3, 4, 5).
N IEEGEEEEEE 0000D0000000000 | 00000
2 1/20 SPS 0.7 03 73.35
3 1/20 1/30 SPS 0.7 02 0.1 75.03
4 monol 1/20 1/30 SPS 07 02 01 0.0 74.89
5 | monoD tri0 1/20 1/30 SPS | 0.4 0.4 0.1 0.1 0.0 72.48
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Table 7 Retrieval performance by a pre-estimated index of retrieval performance according to each

query.
N oo0ooooooo ooooo
2 1/2 SPS 72.92
3|12 sps 1/3 73.12
4 1/2 SPS 1/3  mono 72.86
5 1/2 SPS 1/3 mono  tri 70.95
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o0o01/3000SpSO0000OO0ODOOO0ODOOODOODO o 0.700.200.1 0000000
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gooooooooooooooboooooobobooooobbooooooboobOooooboonoa
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