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Flexible Dialogue Management for Generating Efficient Confirmation
and Guidance Using Confidence Measures of Speech Recognition Result
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KAZUNORI KOMATANIT and TATSUYA KAWAHARA'

In order to realize a robust spoken dialogue system, it is inevitable to handle recognition
errors, and it is desirable that the system can make confirmation and guidance if necessary.
We present a method to realize mixed-initiative dialogue, in which the system makes con-
firmation and guidance using confidence measures (CMs) derived from speech recognition
scores. We define word-level confidence measure as a posteriori probability using 10-best
outputs of speech recognizer. Using this confidence measure, the system can efficiently make
confirmation. We also define confidence measure of semantic categories, which makes effective
guidance even when successful interpretation is not obtained. We evaluate our method on
the hotel information system using data collected with 24 novice users, and also on ATIS and
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Communicator system.

1. 0000

0000000000000000000000
00000000000000000000000
g1, nDoooo0000000o0onon
00000000000000000O000000O0
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000000000
000000000000000000000000
00000000000000000000000O0
000000000000000000000000
000000000000000000000000
000000000000000000000000

fO000oooO0o0oooooooooooooD
Graduate School of Informatics, Kyoto University

3078

000000000 D0O00O00O0O
00000000000000000000000
010000000000000000000000
000000000000000000000000
0000000000000000000000 00
000000000000000000000000
0D00000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000 00000000000000
0000000000 000D00000000000
000000000000000000000000
Ooooooooo
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000 mixed-
initiative dialogue®* 000000000000



Vol. 43 No. 10

gooooooooboocobooboboooooobooooo
gbobooooooboooooboooooobooon
gooobooooooobooooooooooooo
oboooooboooooon
00o0oU0o0o0oooooUuooooooo/oo
oooooooooOoooOoooooooooo 17)
00000000000 10)000oo0oood
ooooo0oOooooOooOoo0oooooo 18)0
o000 1moo00o0ooooooooooooo
goooooboooobooooooooobocooooo
gboboooooooobcboooooooobooooo
gooobooboooooooooooboooooo
gooboobooooboooocooooobooooboooon
gboooooooboooooboooooooooooo
obooooooobooboooooooooboboooo
goooooobooboooooobooooobooooon
goooboooooooooooobooooooon
gooog
goobooooooooooobooooboboaon
oo00/o00o0oU0oo0oooooooooooo
00000000000000000Y0000000
dboooooooboooooobocoooboooooo
gooobooooooooo 20000000000
gbobooooooooobooobooooooooobooon
gbooooboooooboooobooboooooooon
goooooooboboooooooobooobooDbo
gooooboboooooobobooobooDbobo
gbooooobooooood

2. D0oOOoDoOooOoOoobooceMOoOoon

000000000000 00 Confidence Mea-
sure000 CMOOOOODO0OO0OO0OO0OOO0OOO
0000000000/000000000 utterance
verification00 0000 0000D0O0O0Y00000
0000000000000 0000D0O000000
00000000000 0000000000000
00O000000000000000000000
000000000000000000000000
000000000000 000000000000
00000000 000000N-bestODODOOOOO
O00O00000000000YY0000000on
N-best 0000000000 OOOD

2.1 O00O0OOOOCMOOO

N-best 100000000 N-best 000000 O
0000000000000 00000000000
CMODDOO0OOOODOO CMODODOO0OO0O0O00

000000000000000000000000000000 3079
/
000000000000000000000
i|oooo Pi
1| 0000000000 0000 | 24
2| 0000000000000 24
3|/ 00000000000 000 | .20
4| < 00000000 OOOO | .08
5| <> 0000000000 08
6 | <>000000000000 | .06
7| 0000000000 0000 | .05
8 | <xgx00 0O000LO0 DO OOO | .02
9 |<>000000000000 | .01
10 | <xg>000000000 00 01
O<g>00000000000O00OO0O0
CM, | 00000 e 0DO0ODOO0OOD
1 0oood e OO0
0.33 000 e OO
0.33 g e OO
0.25 oog e OO
0.07 000 e OO
N )

01 JooooooocM,00000
Fig.1 An example of confidence measure calculation.
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Fig.2 An example of multiple content words recognized
in a sentence.
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Fig.3 An example of getting high semantic attribute
confidence in spite of low word confidence.
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Table 1 Distribution of CM,, (hotel task).

CM, 000 | 000 | 000 (%)
0.0-0.1 158 2 13
0.1-0.2 39 2 5.1
0.2-03 25 2 8.0
0.3-0.4 24 1 4.2
0.4-0.5 20 6 30.0
0.5-0.6 29 10 34.5
0.6 - 0.7 20 9 45.0
0.7-08 27 13 48.1
0.8-0.9 39 19 48.7
0.9-1.0 137 110 80.3
1.0 530 455 85.8
oo 1,048 629 60.0
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Table 4 Comparison of methods (ATIS).

FA+SErr | FA(%) | SErr(%)
01000000000 10.9 3.7 7.3
cMOOooooooo 11.1 4.1 7.0
cMOOooooooo 9.2 2.2 7.0
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Table 5 Comparison of methods (Communicator).

FA+SErr | FA(%) | SErr(%)
01000000000 39.7 19.4 20.3
cMOoOoOoooooo 36.8 15.1 21.7
cMOoooooooo 34.0 12.3 21.7

gbOos00000000000000000000
goooooooooboooooobooobooooboo
4.5 0O000OO0OOOODOO
goooooooooooooooeMoooono
000 CMOUOOO FA+SEr 00000 80000
ooooOooooocMOOooooooooo cM
gboooboooooooooobooooooobood
ooocMOO0OO0O000O000O0O000O0O00O0O
oo0oooooooooococMOOoOooooooo
goooboooooboboooooooooo
ooooooooo 6, =09060, = 06000
ooooobooooooooooooboooboooon
oooooobeé, >CM, 000000000000
0p>CM,>600000000000000000
goooooooob0o 142000000000000
gbbooooooooobooooboboobobooa
goboooboodooboooooboooooooon
0000 CM.,00000000000000 CM,,
ooOoooooooooooooooocM:0 100
O0o0o0ooooooodl>CM.>050000
gboboooooooboooboooooooooooo
gbooooooobboooooi2zoeococononomon
goooooooboooDboooobboooooo
goobooboooboooobooboooOobOOon
gobobooooooooooooooooooooo
goboooooobooooboooooooobobbooon
gooooodoooooooooooooooooon
gooooobooooobooobooboooboobooDo
oo0oO0oo0oUo 1420000000 1"%00000
goooobooooboooobobooobooooboooooo
goboooooobooooocoooboooooboooo
gboooooboooooocoooobooboboboooDo
ATISOO0ODOOOOOOOCoOOOOooOoOoooo
0000000 66000000000 4000 61%00

ooooooooboooooooOoooooooObooooooooo 3085

100
(BFA+SETT)*2/4(word) ——
(BFA+SETrT)*2/4(category) -+ -

@
o
T

FA+SErT (%)
(2]
o

ey
o

N
o
T
L

0 02 0.4 0.6 08 1
threshold

08 JOOocCMOUOOOOoOO CMUODDODODODOOOOO
gooo
Fig.8 Performance of word-level and concept-level CMs
(hotel task).

000000000D0000000000000000
00000 [FROM.TIME|0 0000000 [TIME]
00000D00000000000000000000
000000000000000000000000
0oooooooo

5. 0 0O O

gooooboooooooobobobobooooooo
gooooooooobOoooooooooooo 2
0000 DDOO0 Confidence Measure; CMOO OO
J00o0oo0oooOO0ooOooboooDOooboOogoo

00000ooooooooooooooooooo
J0o0oooO000oooooooooooooooo
gooodoOoooUopoOoo 20000000ooocM
gooooooOobobooooobooOooooobooDo
obooboOob0 45000000000000O00OCO 8.7
gooboooooooooboobOoooooooo
ATISOOOOOOCMUOUOOOOOOoOouUoooo
0170000000 0Communicator 00000
5700000000 DOODODOO0ODOOODOOOO
0o000oooDoooooooooooooooon
000o00oo0oD0ooOoooooooooooooon
J0dodoooooooooooooDoooooo
goooobooooboOoooboboOooooboobooD
gdooooooo ecMUOOooooooooooo
goboOooObOOo0obOOoOooUooooOobobooooo
gooooooooooooo

g o0 0 0O

1) Allen, J., Miller, B., Ringger, E. and Sikorski,
T.: A Robust System for Natural Spoken Dia-
logue, Proc. ACL, pp.62-70 (1996).



3086 goooooooo Oct. 2002

2) Bennacef, S., Devillers, L., Rosset, S. and
Lamel, L.: Dialog in the RAILTEL Telephone-
Based System, Proc. ICSLP (1996).

3) Bouwman, G., Sturm, J. and Boves, L.: In-
corporating Confidence Measures in the Dutch
Train Timetable Information System Devel-
oped in the ARISE Project, Proc. ICASSP
(1999).

4) Goddeau, D., Meng, H., Polifroni, J., Seneff,
S. and Busayapongchai, S.: A Form-Based Di-
alogue Manager for Spoken Language Applica-
tions, Proc. ICSLP (1996).

5) Kawahara, T., Lee, C.-H. and Juang, B.-H.:
Flexible Speech Understanding Based on Com-
bined Key-Phrase Detection and Verification,
IEEE Trans. on Speech and Audio Processing,
Vol.6, No.6, pp.558-568 (1998).

6) Pieraccini, R., Levin, E. and Lee, C.-H.:
Stochastic representation of conceptual struc-
ture in the ATIS task, Proc. 4th Joint
DARPA Speech and Natural Language Work-
shop (1991).

7) Potamianos, A. and Kuo, J.: Statistical Recur-
sive Finite State Machine Parsing for Speech
Understanding, Proc. ICSLP (2000).

8) Potamianos, A., Ammicht, E. and Kuo, H.-
K.J.: Dialogue Management in the Bell Labs
Communicator System, Proc. ICSLP (2000).

9) Sturm, J., Os, E. and Boves, L.: Issues in
Spoken Dialogue Systems: Experiences with
the Dutch ARISE System, Proc. ESCA IDS’99
Workshop (1999).

10) Watanabe, T., Araki, M. and Doshita, S.:
Evaluating Dialogue Strategies under Commu-
nication Errors using Computer-to-Computer
Simulation, Trans. IEICE, Info & Syst.,
Vol.E81-D, No.9, pp.1025-1033 (1998).

11) 0000000 OOoOooOoUOoOoooooo
0000000000000 000000o0o0d
00000 Vol.39, No.5, pp.1248-1257 (1999).

12) 000000000000 O00000000ODbit
40000000 (2000).

13) 000000 0DoO0oO0ooUoooUoooa
000000000o000ooooooooooo

oboooooooooooooocoooogod

Vol.40, No.4, pp.1491-1498 (1999).

14) 000000 0OO0OOOOOOooOoooOoooo
Jo0o00oo0o0oboobOooboobo oooobg
0odoooooooooboOoboOooooooo
J0009si0fd0dmbbObO0O00O0Oggdvol.bse,
No.4, pp.255-259 (2000).

15) 000000000000 OoOooUooooo
ooooooOo0ooo booobo gooTvod

00000000000000000000000
0000000000 098-SLP-22-8 (1998)
16) 000000000000 000000000O
0000000000000000000000
0000000000000 0SIG-SLUD-A001-2

(2000).

17) 0000000 0O0000O0O0O0O0O0O000
0000000000000000000000
0 095-SLP-5-7 (1995).

18) 0000000000 0000000O0000
00000000000000000000000
0000000000099-SLP-27-17 (1999).

19) 000000000000 000 TOSBURG
II-000000000000000000000
0000000000000000000Vol.J77-
D-II, No.8, pp.1417-1428 (1994).

20) 0000000000000D00000000
0000000000000000000000
00000000SP98-109, NLC98-45 (1998).

21) 0 000O0O0D0OOOOOOO0OOOOOOO
0000000 A*0000000000000
0000000000000000Vol.40, No.4,
pp.1491-1498 (1999).

(00120120 21000)
(00140 90 5000)

U0 oooooooo

1998 0 000Ooonoooooo
gbooo2o000000000A0
obooooocoobobooooo
goboooooooooooooo
ooboooooooDo

o0 ooooooao
1987 00oooooooooo
obooo19800ooogooon
& goo1oo000oooooooo
\\'/' ooooooooooodness o
: gboooomsooooaoon
ooooboobooooooboonooigsoon 960
O00oU0oooooooooo1998unond ATRO
ooooolevoooooboocoooooooooa
20010000000000000000O0O0 2100
ooooooooooobooooooobooooooO
1970000ooooooooonoz2c0000000
gooobobooooooooboooboooooooo
gobooooboooooooooobooooboooDo
OoooooooooooooO0oO0O0IEEEODOOO0




