Vol. 42 No. 11

goooooooo

gobooboboboobbgoboobooood

O o o of o o o of

ooooooooooo0oooOo0O0O0100000000000O0b0000000O0DOO0000O0
o0oooooobooo0o0o0olooooooobooOoboooooooboooOoOoooooOoOoOoOoog
g001ooo0oooooooooooooooooooOoooOoboOoOoOooboOoOOoOO0O0oOoOoOoonoO
go00oo0oo0oooooooooboooooooboobooobOooobooOoO0O00ObOOOO00000000o
0dooooooooboooooooooooooooo0oboo0ooooo0oOoooooooooo
0000000000000 000000000000000000000 94%000 100%000
gooboooo0ooo0ooooooooooooooooooooOoOooOboO00000o000o
gob00O0oooooooooOoOoOoOO0oO0oOooOoOOOoOonoon

The Statistical Language Model for Utterance Splitting
in Speech Recognition

HIDEHARU NAKAJIMAt and HIROFUMI YAMAMOTO"

In spontaneous dialogs, there are utterances containing several sentences. Although speech
recognizers process utterances one by one, language processing such as understanding, trans-
lation or summarization needs to split utterances into sentences. This paper presents utter-
ance splitting by recognizing periods, i.e., sentence boundaries, as well as usual words. We
evaluate the performance of the model in terms of splitting and word (except for periods) ac-
curacy. Experimental results show high recall /precision rates of splitting (the highest scores
are 94%/100%) and no reduction of other word accuracy, proving the applicability of the
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proposed method.

1. 0oo0ao

goboobooobooooooboooolooaon
boooobooooboooobboobobbOoooaon
ooooooOooooooo 1000001000 A
o000 BOOOOOOODOOOOOOOO turnlO
obobO01000000000000000 utt10O
O0O0sentlO0 sent20000 BOOODOOOOO
gooo0o0o00oooDooD turn200000 200
0000000000000 utt40 000 sentd5 O
Osent60000000000000O00000O000OO
ooodol1owtdoggoooooooobooooo
goobooooooooooooboooooooon
gobooooooboooooooooooboooooo
goobooooboooooooooobocooboon
gobooooobobooooooooooboooboo
goobooooooooooooooobooooooon

t ATROOOOOO0O0OO0
ATR Spoken Language Translation Research Laborato-
ries

2681

00000000000 00ooooooY249700
000000000000000000000000
000000000000000®00000000
0000000000000000 10 targetdO O
00000000000000000000000O0
000000000000000000000000

E#Ea turnl .

turn: HEXBE TN
XF=

uttl utt2 B
‘QT—F see: B (BR)
sently’sent.

_ sent: X
R SR#E

| (RgE) | target: ARRTROW

b 1
taréet EH HUEWER
S turn2
utt3 uttd utt5
-~
sent5—~
sentd sent6 sent?7
target
B E RENETAR

01 00000100000000000000000000
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one utterance.
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Table 1 Distribution of period marks in utterances.
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Fig.2 A part of word graph which includes all possible
period marks between all words for the splitting

experiment for text input.
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Table 2 Training and test data.
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Table 3 Language models and their training and test data used in experiments.
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Table 4 Training conditions for acoustical models.
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Table 5 Splitting performance (text inputs).
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Table 6 Recall and precision of splitting (speech input).

000 (%) | 00D (%] | FO
3-SPLT 64.4 100.0 | 78.3
4-SPLT 94.5 100.0 | 97.2
M-SPLT 78.1 90.5 | 83.8
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Table 7 Word accuracy.

ED1 | ED2
M-SPLT 92.9 85.6
M-BASE 93.1 85.3

goooooooboooooooboo
“O0p0O0rogooocoobOOo «ggo”obobooog
orvooooOoooooboobooobooobooboboo
goobooooooooooooooooooo
goooboooooooooooboooobooooo
gboobOoO0ooO0oooooooooooooboooo
obooobooooooodoooooboooooon
ooooooooobooboobob 3ooanoon
gboooobobooboooocoooocooooboboon

o3
0000 0oO00OO0o0o0000O0O00O0000DOoo
0000 0o0ooO0o0o0ooo0ooOO00oo0oooooOom

000000000 00o0oOoOooooooooooo
00o000000oooooooooooooooon
000000000o0oo0oooooooooooo
0000000o0o0oooooooooooooa
00o000o0ooooooooog M-SpLTOODO
oooo0opooooooooooooooooogd
4.4.2 0O0O0O0OOOOO
O00o0oooooooOooooooooooog
o0oooOooooUoU0ooooooooooooo
0ddoo0oooooooooooooooooon
OO0OM-SPLTO M-BASEOODOOOOOOOOO
0000000000000 0000000D0 ED1O
000000000o0o00o0ooooooooooog
OO0 ED20000CO0OOCUOOOOOOOOOOO
0100000000000 %Accuracyl 00O 70
Ooo0 700M-SPLTOOCOOOM-BASECO OO
o0oo0ooooooooOoUooO1oooooood
gooboobOoooooooobooooo roOO
OOM-SPLTO M-BASEOODOOOOOOOOOO
OO00O0OM-SPLTOOOO M-BASEOOOOOO
00000000 00oo0ODOO0OooOOooOoOooooon
0ooooooooooooooooo

5. J0O0OO0O0o0oo

5.1 OOO0OO0O0O0

goooooooooboobooboooooooao
O000o0O0oo0oo0Oos5mO0 3grand] 3-SPLT-SO
00000 4grand 4-SPLT-SO0 FOOOOOOO

gooooooooooooooooooooooo

2687

O0oooooooooOo 2grandd M-SPLT-SO0O
udoooboooooobocooobooooooo
gooooooooooooobooooooooon
00eM@MIOO00000 2gramd M-SPLTODODOOS
gooooooboo9boooobobobobOOoOoooDno
o000 2gramd M-SPLTOOOOOOODOOOO
gboooooz200000000300000000
gbooooooobooooboooooooogod
gboooooooooboooooobOod 2gram
gooooooboboooooooooobooooan
gbooooooobooboobocoboooooooobooo
goooooooooobooooboooooooooo
ooooo
M-SPLTOO0O00O000O0CODOOO0O0O0O0000
00 3gramd 3-SPLTOO 00O 4gramd 4-SPLTOO
gooooooooboboooo1bobo0ob0oooo
00000 Ngramdd N > 3000000000000
O4gram 000 94%0 0000 100%0 0000 F
00 9%0000000000000000ooDoOoO
gooood
5.2 ODOO0OO0OOO0OOOOO
oooobooooooooooorobOoboaon
oooooooooooooooooooooboono
gobooboooboooooooobooocooooboon
gbobooooobooooocoooooboooboooo

6. 0000

goboobooobooooooooooboooogn

gbobooooooooooooobooooooooo

goobooboobooooooobooobobooono

gobooboooooboobooocooobooboobooooo

goooooooooobooooooooooooo

goboooooooooobooooooooooo

oboooooooooboooooooboooobooboo

e JOODOOIDOOOOOODODOODOOODOOD
gooooooo

e JO0OODOODOOOODOODODOODODO
ooad

ogoooooooooooood

e JOODODOOOOOUOOOOCOOODDODOOOO
oooooooooooboooooOobcoboooo
gboooooooooboooboobocoooooo
goooo

e JOIOODOOODOOOOOOOOOOOOO
OO0 NgramODOOOOOOOOODOODOO
gobooooooooooooooo



2688 goooooooo Nov. 2001

obooboooooooboocooboooooon

o OoOoooooooboOoobocobOooobooooon
gbobOoooooboooooooboooboooobooboo
goboooooooobooooboooboooboobooDo
000000000000 ATROOOOOOOOO
gooooooooNTTODOOOOOOOODODOO
gooooo

o o o o

1) Lavie, A., et al.: Input Segmentation of Spon-
taneous Speech in JANUS: a Speech-to-speech
Translation System, Proc. ECAI-96 Workshop
on Dialogue Processing in Spoken Language
Systems (1996).

2) 0000000 O0OUOOOOoOOoOooOoOoO
000o0000o0ooooooooooooooa
0 0 Vol.6, No.2, pp.83-95 (1999).

3) Stolcke, A. and Shriberg, E.: Automatic
Linguistic Segmentation, Proc. ICSLP-96,
pp-1005-1008 (1996).

4) Zechner, K. and Waibel, A.: DiaSumm: Flexi-
ble Summarization of Spontaneous Dialogues
in Unrestricted Domains, Proc. Coling-2000,
pp-968-974 (2000).

5) Gavalda, M., et al.: High Performance Seg-
mentation of Spontaneous Speech Using Part
of Speech and Trigger Word Information, Proc.
5th ANLP, pp.12-15 (1997).

6) Chen, C.J.: Speech Recognition with Au-
tomatic Punctuation, Proc. FEurospeech-99,
pp.447-450 (1999).

7) Furuse, O., et al.: Splitting Long or Ill-formed
Input for Robust Spoken-language Translation,
Proc. COLING-ACL-98, pp.421-427 (1998).

8) U0 OLOO0O0OOO0OOUOOOOUOOOOO
ooooooOoooooooOooooooo 30
0000000000 pp.39-42 (1997).

9) Takezawa, T., et al.: Speech and Language
Databases for Speech Translation Research in
ATR, Proc. 1st International Workshop on
East-Asian Language Resources and Evalua-
tion (EALREW ’98), pp.148-155 (1998).

10) Morimoto, T., et al.: A Speech and Language

Databases for Speech Translation Research,
Proc. ICSLP-94, pp.1791-1794 (1994).

11) 000000000000 000000 ATR-
SPRECOOOOOO0OOOOOOOOCODOODO
00o0oos-1-9, pp.113-114 (1999).

12) Yamamoto, H., et al.: Multi-class Composite
N-gram Based on Connection Direction, Proc.
ICASSP-99, pp.533-536 (1999).

13) 00000000 oO0oooUoo HMMOOO
JoooooooooooooOoooooooo
00 001-Q-3, pp.137-138 (2000).

14) 00000000000 TIPADOOOODODOO
gooooOoooooooooopooOooooog
000—1997 00 (1998).

15) Imai, T., et al.: A language model for recog-
nition of continuously uttered sentences, J.
Acoust. Soc. Jpn.(E), Vol.21, No.2, pp.111-114
(2000).

(0D 1207021000)
(0013090 12000)

o0 0ooboooooboo
19900000000000000
ooom2boooooooooon
gooooooooobooooooo
ooooO0o0ooo0o0o00019970 3
oooooooocooooooon
OATROOOOOOOOATROOOOOOOOOCOO
obooooooooobooooobobooooooooo
gobooobooooooooooooooooobooo
goooooooooooo

oo oo

99 o0o0o0oooocoooan
gboobome1o0o0oooogn
oooooooogoocecskod
001996000 ATROODOOOO
O0000O0O0O0O0O0ATROOO
goooooooobooobooodooobooooon
goooooooooooboboooooooooooo




