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Design of Software Toolkit for Anthropomorphic Spoken Dialog
Agent Software with Customization-oriented Features

SHIN-ICHI KAWAMOTO,? HIROSHI SHIMODAIRA,! TSUNEO NITTA,2
TAKUYA NISHIMOTO,?* SATOSHI NAKAMURA, KATSUNOBU ITOU,t5
SHIGEO MORISHIMA,¢ TATSUO YOTSUKURA,? ATSUHIKO KAI,t7
AKINOBU LEE," YOICHI YAMASHITA,?* TAKAO KOBAYASHI, 10
KEericur TokuDA, 1t KEIKICHI HIROSE,* NOBUAKI MINEMATSU, 14
ATSUSHI YAMADA, "2 YASUHARU DEN, 12 TAKEHITO UTSURO"?
and SHIGEKI SAGAYAMA*14

This paper discusses the design and architecture of a software toolkit for building an eas-
ily customizable anthropomorphic spoken dialog agent (ASDA). Human-like spoken dialogue
agent is one of the promising man-machine interface for the next generation. Simply com-
bining, however, the existing software modules for speech recognition, speech synthesis, face-
animation synthesis and dialogue control do not lead to a satisfying agent system as might be
expected. ASDA requires more sophisticated functions of the modules than those when the
modules are used independently, as well as the integration mechanism. Another problem with
ASDA was that it required great customization effort for any user-system interaction task.
Therefore, developing an easy-to-customize software platform for ASDA is quite meaningful,
though it is still a great challenge in both research and development aspects. This paper
discusses basic and essential requirements for ASDA systems, and software modules for the
system are designed to fulfill the requirements. Using this software toolkit, A prototype agent
system has been developed on a UNIX-based system using this software toolkit. Finally, we
discuss current achievements of the toolkit.
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Fig.1 Configuration of anthropomorphic spoken dialog

agent.
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Fig.2 Speech recognition module.
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Fig.3 Speech synthesis module.
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Table 1 Conversion table from phonemes to mouth
shapes.
000 No. | 0O0OO0DOOODOOOOOOODOOD
/s [/, /e, [pau/, [sil/
/r/, [ry/
/m/, /b/, [p/, /my/, [by/, [py/
/t/
/n/, /d/, /ny/
/k/s /g/s /ky/, /hy/, [gy/, /N/
/t/
/s/, /sh/, [ch/, [ts/, [/, [i/, [dy/
/w/
/a/, |A/
/i/, 11/
/a/, /U/
e/, /E/
/o/, /O/
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Fig.4 Facial image synthesis module.

goooooooooboooobOOooooooooo
gooooooooooboooooooonooooboo
gooooboobooooooobooooooooooo
goooooDoo0o0ooooooobooooooDboo
goobooooboooooooboooboooooa
gbobooooooooboooooboboooooon
goboboooooooboooooobooooooooo
gooboooooooboooooooooooooo
000000000 LipSynceOOOOOOOOOO
gooooooooobooocoooooboobooooo
gooooooboooooboboooooboo
goooobooobooobOooboo1000000o0
goooooobooooooooobooooboooDboo



Vol. 43 No. 7

Task Manager (TM)

Macro Control Layer
(AM-MCL) Agent
Manager

(AM)

Direct Control Layer (AM-DCL)

Speech
Recognition
Module
(SRM)

Speech
Synthesis
Module
(SSM)

Facial image
Synthesis
Module
(FSM)

05 O00000000O00O0ODOOOOO0OO00ODOO
Fig.5 Basic configuration of agent manager and modules.
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Fig.6 Communication protocol between agent manager
and virtual machine model.
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02 DO0O00000DO0O0O00O0OO0000000O00000O0
Table 2 Names and functions of basic operation
commands in virtual machine model.
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Table 3 Identifiers preceding slot values reported from
function modules.
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agent speaks.
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: STARTREC
: ENDREC
: Result:

: STARTREC
: ENDREC
: Result:
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Fig.8 Screenshot of anthropomorphic spoken dialog
agent.

go0ooooooooboooo 1gooooboooo
oooooooa

00000000000 UNIXOO 10o0oo o
O0000DO0DOO0D0DOOUNIXOO rshd Remote
ShellDO OO0 O sshd Secure ShellJO OO0 OO
goboboboobo0oboooobouobobboobooo
ooobooooooood

3.4.5 ODO0OOOOOOOODOO

Jo0o00o0o0o0obooooobooooobooboo
0 O Galaxy Communicator®® 000000000
godo0ooooooooooooboooooooo
O000HubOOO0OO0OD0O00D0ODOO0O0OD0OO0DO0O0OO
0o00o0o0oooooooooobooooooooa
goooodbobobooooboobboboboobon
Galaxy Communicator 0 000000000000
gdoooboooobobooobbobooboooobo
Jobobooooooooooooo1ooobooo
goobodooooboobbobooboooboooo
gooo0oobooooboboobobobooooo
000000 UNIXOOOOoDooooooooo
0od0dd0oodoboboooboOobooboooooa
0go0obOoO00bO0o0obOOobOOoOobDoOobooooo
00000000 0HubODOODOODOO0ODODOOO0
goboooooboobooboooobboooono
gdoboooobbooobbooeocoobooog
gboodoobobooobobboooooboobooo
Oooooooooooboo 2000000000 8
gdooooooboboobbobuooooboooo
0o0oooooobooooooooobooobooo
JO00o00d00o0o0oobOOoooooooboooono
oooag

gooooooboooooooooooOooOoObOObOO0OOoOoOooooooooboOoo 2257

09 DO00OO0O0OO0ODOODODOOOODOO
Fig.9 An example of user-system interaction.

4. J0oooooooooobboood
go

goo0ooobooo0oo0oobooooobooooooo
oboooooooooooooooooooooboo
gooooooooboooooooooooooood
ooboboobooodoooooobooooobooooo
gboooodooooooooooobooooooa
gooos8pooooboenodd

uoooooooooooooooboooooooo
gobooooooooooobooooooooooo

OSRMIMIOOOO0000O0O0O0SSMMOooooOoOO

00000 FrSMOIOOOOOOO0OO0OOOOO AMO
ooobDOooobOobOoboooooob0o4000
goboooooooobooooooooboooDoobo
ljooddooooooooooboloobooooooo
gooooooooooobooooooooooa
googoo
()00 O000000 COUoUOooDUboOooOoo
oobooooooobooobooobooooon
00000 LipSyncOOO0OO0DODO
(b)DOUOODOOODOU OOoOoooOoooOoo
gooooooooooooboooobooobooon
ooooooobooobooooobOoooooo
oooooooboo
(c)OOO0OO0DOOO0OODO DODODOOOODOO
goboooooobooooooooooon
goooooooooboooboboooooobo
(d)D00000O0 ODOOOoOooODoUOOoOooOOOo
goboooobOoooooboboooooooon
obooooooooooooobooobooonoon
O000O0o0ooUoooo0 AMOOOOOOOOO
gobooooooooooboboooooboobobo
ooooOoooooooo AMOOOOOOOOOO



2258 goooooooo July 2002

04 Julian 0000000000220 CPU: Pentium I1T 866 MHz0
Table 4 Recognition accuracy and average processing time22) (CPU: Pentium III 866 MHz).

oo ooo 00 perp. oooooo oooooo oooooo
PG-M 806 91.6 800 93.7 0.4xRT
PG-L 4,439 257.1 2000 88.8 0.8xRT
SG-M 833 28.7 1000 97.6 0.5xRT
SG-L 5,023 76.0 3000 95.3 1.8xRT
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