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An Investigation of New Subword Models and Subword Phonetic
Distance for Vocabulary-free Spoken Document Retrieval System

KoHED IWATA,* YOSHIAKI ITOH,t KAZUNORI KOJIMA
MASAAKI ISHIGAME, KAZUYO TANAKAt and LEE SHI-WOOK#t

According to the recent spread of personal computers and video hard-disc recorders, a new
function is needed such that it is easy for a user to identify the scene that a user wants to watch
in video data. For this purpose, this paper investigates effective acoustic models for a spoken
document retrieval system by a text and a speech query, and the system is applied to an actual
TV broadcasted program. To deal with out-of-vocabulary words of a large vocabulary speech
recognizer, we adopt a vocabulary-free spoken document retrieval method based on subword
models such as phonemes and some phonetic symbols. The proposed method is characterized
by using new subword models and phonetic distance between the subword models. We use
two types of new models that are more sophisticated models than triphone models on the
time axis. The models are called demi-phone models and Sub-Phonetic Segment models. We
conducted some experiments for evaluating the retrieval performance between these models.
The F-measure of proposed subword model becomes 8% higher than that of traditional tri-
phone models. Furthermore, the introduction of phonetic distances between subword models
improves the retrieval performance becomes 6% higher. We applied the system for retrieving
the safety information in actual TV broadcast news of Niigata-Chuetsu earthquake in 2004,
and confirm the effectiveness and possibility of the proposed system.
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Table 1 Subword expressions for the word “Iwate”.

Subword Expression Num. of subwords
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Oo0ooo#00000000OD00O0oOoOoOoOoood
000000 DOmonophone 000 triphone 0 50

gooooooooooboooooboodooood 10d

SPSO 1200000000000 0O0O0O0OOOO
ooooooboO0o0o HMMOOOOOOOODOOO
goooboooooooobobooobooooooo
goooooooooboooooo

O0DbpPOOCOOOODOOOOOOCDOOOCODOODO

00D00000D00000000 DBOOOOOO
000000000000D0000000000 edit
distance 0000 00000000D00DO0OOO0O
0000000 HMMOOODOOODOOODO
00000000000D0000000000000
0DO0o00oOo0ooon
0000000000000 D0O00000000
000000000000 00000000
2.2 0000000O0O00DOOOO
00000000000000000000000
oD00o0O00O00
2.2.1 0O00O0OOOOODOOOO
(1) triphone 000000000000 ODOO
0000000000000 0000000
0000000000000 0000000
000000000000000000000
0 21,0000000000000000000
8,000000000000O0YOO000OO0O0
090 7,9560
(2) 00DDO0O0OOOODOODOOOOOOOOD
00000000000000 100000 tri-
phone0 00000 200000000000
000000000 20000000000
0000000D0000000 triphone OO
00000000000 2000000000
0000000 20000000000000
00000000000000000 3000
triphone 0 L1-X4R10L1-X+R20L1-X4R3

Y 000000000 3.1 00000000000000000
goooooooo

02 000000000

Fig.2 Illustration of a new subword (demi-phone).
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Table 2 Conditions of feature extraction.

Sampling 16 KHz0O 16 bits

Feature vector | MFCCO 12dim0O 4+ A MFCCO 12 dim0O
-+ power

Window
Window length | 256 points (16 msec)
Frame interval |10 msec / 5 msec

Hamming window
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Table 3 Perplexity of language model and recognition
rate for each subword model.

triphone | 00O SPS
Perplexity 4.73 2.97 2.65
Recognition Rate 55.89 65.08 77.84
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Table 4 F-measure of each evaluation condition.

Query triphone 0ooo SPS
Text (phonetic) 65.0 73.1 81.3
Text (edit) 478 | 632 | 753
Speech (phonetic) 53.3 64.8 71.3
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Year General dictionary | Web dictionary
2003 36% 34%
2004 40% 38%
2005 50% 48%
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