N

x

b=
Bl
ot

Vol. 43 No. 7 BN EFE R July 2002

NAZIAXEEEZERL I
BACEEREY 7727V —Ib¥x v b DFFE

i = B —1 F AL == =R
(i N AL SO 7w o B x® ED
x B % EY m g & X6 B 2 x B
% S LT A N - S
moHEE MR #E O HEM & B F M
1 H g2 (x R g
FEE RIP OBERWL A

AT, BMEEENFEL -V b2 RO 2 — 2 AV ¥ 72— ADBEELHMER L
LCHED, MIERREOBT Sy b 74—L B DI BE IR A AWM ML=V 7 b
TxT7V =¥y bOEREFBEERL, TNILELRERL ZOERBMIOVWTHE L. 4%DL 21—
YAV T 2= AFEMIBNWT, AV 2— 50 Hhb—BOABE L TIRAE:, AROBER
LEFEDL, - HEEFSETHETLIEINCTAI LI, KELZBED12THE. COLILH
RHRELEDLIZHI-> T, ERBTOHIVLETH ), MERELZEREL TV ODLET T v
F7 4 —LWBLETHE., £1UIE, EFERHE, BFAK, BGEEAM, WEfEL2E0REEAEY 2 —
Ve, ENoEKEERHHTAIAMANLETH S, E612, BAHEORBERLLEVIGHALZED-OICI,
BEV 2 VEBVERBEREOA L LT HA YA ATREMNEETH L. T8, EE613, HE
RSB IKRIFET, EFARIHEBICTRET, MEFERHHOGBERNES T, E6I12Ihb
DT 2 —VEHEEFNDEY 2 —WIIELBRZ LI LENEHTH LR EOEHr HOBALEE
WL -V 2V VAT LARBEL, EEL. WOPDOEELNFEI X IionwT—Y v b
*REL, LELRBEICHET A ERELMEEL .

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

SHIN-ICHI KAWAMOTO,t* HIROSHI SHIMODAIRA,t! T'SUNEO NITTA,t?
TAKUYA NISHIMOTO,t* SATOSHI NAKAMURA,t KATSUNOBU ITOU,s
SHIGEO MORISHIMA,t® TATSUO YOTSUKURA,t® ATSUHIKO KAI,t7
AKINOBU LEE,*® YOICHI YAMASHITA,t?* TAKAO KOBAYASHI, 10
KEIICHI TOKUDA,t KEIKICHI HIROSE,t* NOBUAKI MINEMATSU,t14
ATSUSHI YAMADA,12 YASUHARU DEN,? TAKEHITO UTSURO1?
and SHIGEKI SAGAYAMA 114

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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agent.
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Table 1 Conversion table from phonemes to mouth
shapes.
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Fig.4 Facial image synthesis module.
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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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set Speak = BEANE
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K2 RETY VY EFNOEKRECBEVLIT Y FEEFOHKEE
Table 2 Names and functions of basic operation
commands in virtual machine model.

e HEhE

set NS A—%20y b DEDRE

ingq A0y + DEDENEDE

prop | ATy FDFHEDHKE

save | BEED AT v b DfEE %% O TEHR
rest save TEHEHEN- 20 v + DIEDIEIF

del save THIM SN/ AT v b DIEDIEL

def Y700y b OEDEE

do v/7uAuy b OfE

bL 77 A VOARBEDED

£33 AUy MEREEY 2=V 6 DHDOEIAINE N BT
TFhE 20tk
Table 3 Identifiers preceding slot values reported from
function modules.
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5 F&FK2IIRT. A0y MEGZEZ2E  2—
Wb RET A, RIIWCRT L)% 2EEDH
WF%T7—ZIMmT 5.

3.4.3 EFEEH - EBEBERORY (LipSync)

NDEH ,
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EV 2V EBEGREREY 2 -V OFPERL T
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WEETHh A, T/, MPEHOE 2 -V EHICE
FT-EETAILDEZONS, L2L, YVATLR

b ANEA
- = Al A B
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0 I-Yrr hbOREEAMOYIO2YL KEAVTICETR
(BEER) (T-Y 1> M)

(PRSI & )

SSM AM FSM

(2 BRLEFMEROMMERE---

(3) OHRT = 2 — 2 3 L8l
EHER

(4) OIR7 = A — ¥ 3 VRRRET
) #3E
(5) EEAMEMET 2 8/E ------

(6) SEEEMIERS R Z4ER - --------

(7) IBTERSRNICFEERRSE - --------

(8) RERT

5P i) &)

S TERSALY T0L T
©0I-JxrbDREEZAMOTI2027 2 FEBVTIER
set Speak = I3\,

(1) BE SRR € 18R
to 0SSM set Text = 3L\,

(2) EEEBRURRONH L HE X ) )
From #SRM rep Speak.pho = sil(200) h(60) a(75] i[120) paul(25] sil(255)
(3) AT = * — & 3 L ikfa € I57R
to @FRM set LipSync.pho = # 200 h 60 a 75 i 120 # 280
() ORI = A= a SRRRT 24045
From wFSM rep Speak.stat = READY
5) BRRMET &
”Eprﬁn‘uﬁfpﬂeﬁﬁsmx.m: = READY glﬁzg&ﬂii-;’;—gl:;ﬁ{;eaéaiﬂ;ienm
- BERE Y 2 —NOTXRRE 5l & lpav/ &
6) SREBMISERTRY € JER » 3
(6] REEEea St sodax = 100 ELHLLOTRENS EVUT 3.
to “SSM set Speak = 4425

B7 A7 AERERICBIT S AM, SSM, FSM DAL O
Fig.7 Processing flow between AM, SSM and FSM when
agent speaks.
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Va—NVIZHWEbEAZ L TEBTESL, T, E

BRICEF AR EERAROME Y 2 -V O RIEER
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$ Result:

: Result: Hv ¥Y—#HizL TF X0

8 RALEFMFEL— =¥ b OWMHEERG
Fig.8 Screenshot of anthropomorphic spoken dialog
agent.
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WMTOT Ny FEEN BRI THBEHES TR 5D
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W BEmEH B, T2, BIFEIZIE 600 FEEL EICO
FAEBPHEEL T2 7V BRTHEDIIHL
T, BEBERERIYFRE2IZHHLIHIIIHOTHIS
BHETHY, VAT LARBEVBEAFNEHFT LD
BEHTHD. T2, REY AT LI/NFHEDE
BRY AT L% FRRICHEST LI ENTELEWV)FIA
Marb.

A2 AR MR EEL BN LEFL

JEEV TR 2T Y= Fy DS 2257

e

9 BMLEFEXAFFT—Y =¥ b & DOXEHME
Fig.9 An example of user-system interaction.
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AT a— Ve TH5Ar., a<vr NEEIC
0, WERIZ)TIVE L LIKEERLSED
NHZ L EMERL .

(c) EMEEMAE Z XY | BEOBBREDEREE
VWEbEs sy A7, %KY 5O IEDEHY
YRR BN ER SN TWAE T & B HERL 7.

(d) N\BEE2 X7 : NEBEBRTHATLIHX - RY%
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% 4 Julian ORkM:AE & L15#)E22) (CPU: Pentium III 866 MHz)

Table 4 Recognition accuracy and average processing time22) (CPU: Pentium III 866 MHz).
Wik PR | S perp. | oMY — AR | HGEILMRSE | THAIEE
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
LSPEN T EPSRET ) L7, 2k aid, BEOREICHAY y FEENE

TM: 2 X 7 EI1888 pc #1 CPU: Pentium IIl Xeon 1GHz x 2

AM: T—3 1 > MEIRES MEMORY: 512MB

SRAM: BEBME 2 -1 .

pit CPU: Pentium Il 600MHz x 2

SSM: EEERE Y 2~ PC¥2 \lemory: s12vB

FSM: BREHRERE S 2 —

AUTO: SRBBERBIMEE S 2~ pgya CPU: Mobile Pentium Il 1.2GHz
MEMORY: 512MB

2 A5 LEMEIRIE

| ayfemsn o1 i T ostems o2 i

| PC #1 PC #2 | | PC #3 |

| il

H Ethernet (AUTO) ! | (A.LI,J’\TAO) !

| ™ 1! i

i FSM AM 2 AM ‘

! sem | | ¢ saM | |

i 10Base-T SSM i | SSM

: i FSM |

= 1

E 10 BWAMLEFEHEL -2 =~ b OBEBSE

Fig.10 Hardware configuration of anthropomorphic
spoken dialog agent.
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