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Utterance from Robot: Attention Expression Mechanism
for Spontaneous Utterance Generation

MicHITA IMAL L3 TETSUO ONO,t2 HIROSHI ISHIGURO, 214
RYOUHEI NAKATSU2 and YUICHIRO ANZAIt3

This paper proposes an attention expression mechanism for a robot to generate a situated
utterance spontaneously. The crucial factor to make it easier for the person to interpret the
situated utterance is to develop joint attention between the person and the robot. To develop
joint attention with the person, the attention expression mechanism draws person’s attention
to the same real world information where the robot pays attention by turning its head to-
wards the target of the attention and carrying out eye-contact with the person. In addition,
an utterance generation mechanism Linta-III was developed with the attention expression
mechanism. Linta-III adapts an utterance text in response to developing joint attention.
Also, this paper conducted an experiment to confirm the effect of the attention expression
mechanism on developing joint attention.
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Fig.5 Externalization of attention with head motion.
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Fig.8 Experimental environment.

6. 0 O00O0O3

6.1 0O O
gooboooobooooobobboboooboo 1100
jJ0000pb0o0ooobooooooooobobooog
goooobOoooouoobobooboobobD 100
j00000000bObO00o00bO0ooobobooo
act(R,P,0) 000 eyecon(P,R) 00000000
goobooobbooboooooobooboobooooo
gogoooboobooooobooboooooobo
gbooogoooobobooboobobobbooo
goooboboboooooboboboobooboo
gpooo
6.2 O O
oooob 1102000000 8sOU0boOooodo
gooooobooboobooooboooosgobooo
gb1dbo0ooooboobobooboboboboobbooo
goooobooboOoobooboboboob10bboobo
g20000000
gooobob 100 300b0oooooooo
gooboooboooooboooboob 100o
goooooo
Oo0oO01 0000 ect(R,PO)000O00OOODO
0000 a(R,P) 0000 20000 at(R,O)
gooo
00002 000020000 a(R,0)0000
00oo0o0oo0o e(R,P)ODOOODOO
00003 0D0OO0DO0o0oO00 at(R,P)ODOO
00020000 et(R,0)000000
000020 et(R,O0)000000000DO0OOOO 3
0 at(R,P)0000000000000 ack(R, P,0)
gooboobobooboboobboobooboo 30O
eyecon(P,R) 0000000000 ODOOOOOO
00 Oact(R,P,0) 000 eyecon(P,R) 00000
goobooooobooobooooobuobbobo
goobobooooo 10b 30oboobbooooobo
ooooobooogoboooobooboobooo

Nov. 2001

03 000000000000 10200000
Table 3 Result of comparison between experimental
condition 1 and 2 about selection of boxes.

02000 010 20000000
oooo1 9 1
oooo 2 2 8

04 0O0000O0O0OOO0OO010300000
Table 4 Result of comparison between experimental
condition 1 and 3 about selection of boxes.

02000 01020000000
oooo1 9 1
oooos 3 7

05 0000000O000O0O00O010300000
Table 5 Result of comparison between experimental con-
dition 1 and 3 about interpretation of demonstra-
tive pronoun.

oooo oooooo
oooo1 9 1
oooo 3 2 8

001 000000000 ect(R,P,O)0000O
oboooo1ooo0o02000000
gooboobooooo 20 3bbobo0oooooo
ob01000b0coooooooooogon

ooboooooooooooooboooobooobooo
gbooooooosboooooboooooboooooo
goobooooooooooooboboooboobooooo
gooboooooooooboobobooooobooooDo
goobooooooomoooooobooboooobooo
goooboooboobobobooobooooboooon
gbooboooooooooooooooboboboboooo
goooooooodob 1000000004000
gbobooobooboooobooobobobooooobooo
gooOd

goooobobooooooooobooboooon

goo0bo0ooobO0o0oooooooooooooDo
goooobooobooooooooooobob oo
goooobboooooooooooboobbbobo
goooboobooooooobooobobooboobooboa
gooooooboil1oboboooooooo

6.3 0O 0O O

uooooobocooooboooboooosoboboon
gooooboobooo ooooboobobooboboooo
gooooooooon

6.4 0000

ooboo01g20000000300000300
g200000000000000000 10 20



Vol. 42 No. 11 gooboooooooboooooooobooooOOo0oOooooooooboo 2627

00000000000000000

03000000000000000000000
00 x3(1) =7.2730p < 0.01000 30000000
000000000D000000000000000
000000000D000000000000000
0000000020000 e(R,0)000000
00000 100000000000 2000000
00000000000D00D00000000000
0000D0D0000030000000000000
0000000000000 00000000000
000000000000000000000000
0000000000000

000010 300000004000 0500
000400020000000000000000
010 200000000000000000005
0000000000000000000 10000
0000000000000

04000000000000000000000
00 x3(1) = 5.2083330p < 0.0500 4000000
030000000000000000000000
0000000000 ef(R,P)00000000D0
00 100000000000 200000000
000000000000000000000000
000000000000000002000000
0000000000000000000000000
050000000000000000000000
0000 x3(1) =7.2727270p < 0.01M 000000
at(R,P) 00D00000000D00O0D0D00
0000D000D0000000D0400000000
000000000000000000000000
oooo

000000002000 30000000000
000000000000000000000000
020300000000000000000000

7. O O

goooboooobooooooooooooooo
goooooo

00000000 Oaet(R,P,O0) 00000ODOO
goooooboobooobooobooo 14000 20
300act(R,P,0) DO0O0O0OOOOOOOOO
gooobodooooOoooobooobooooooo
00 20at(R,0) 00D 0O0D0O0ODO 10 20000
00 act(R,P,O)000000O0OOUOOUDOOODO
00000000000 3Wat(R,P) 00 DOOOO
01000 203000000 act(R,P,0) OO

0 eyecon(P,R)00000000000000000
at(R,0) 0 at(R,P) 0000000000000
000000000000000000000000
act(R,P,0) 0 00000000000000000
000000000

0000000 act(R,P,0) 0000000000
000000000000000000000000
000000000000000000000000
00000000000 0000000000000
000000000000000000000000
000000000000 000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000000

000000D00000000000000000
000000000000000000000000
0000D00000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000

00000000000000000000000
0000000000000000000000000
000000000000000000000000
000000000000 000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000 D0000000000000
00000000000000D0000000000
0000000000000 00000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000



2628 goooooooo

gooooooocobooooon
OO0DLinta-lIIOO00O0000O0O0O0OCODOOO
gobooobooooooobooooooboooooon
gbooooooooooboooboooboooooooo
goboooooooobooooooobobobooooo
goooobooooooOooobbOoooobobo
gooboooooooboooooooooooooon
gooooooooboooooooooobooobod
ooooooo
uboooooooooooooooooooooon

gboboooooooooboooooboooobooooa

goobooooouooooboooocboooooooboo
goooooooooboboobooooooonoooboo
oobooOooooooocoooocoooobooon
oobOooboooooobooooooooboooo
000000000000000%00000000
gbooooooooooboboooooooobooo
goooboooooobooooooooooooon
gboooooooooooooooobooboooboo
gooobooooooooooooooogooon
gooboobooooboooooooboooobooon
goooooooboboboooboobooooobooooo
gooooooooooooooooooobbooo
gooooooobooobooooooooooooon
gooooobooboooooboooooooboooboo
goooboooooooboooboboobooDbboo
goooooobooboooooooon

8 0 0O O

obooobooobooboooobooobobOooobooon

goboooboooooobooocobooocooboobooo

goobooodooooooboooooooooooo
goooobooboooboooboobooboooooo
oobooooboooboobooooooooooooon
gbooooooooooboobobboooobooobooDo
gooooboooooooooooobooooooDooo
gobooooooboooobooo
ubobooooobooobooobooooooooon
O Linta-IIIO 000 OO Linta-III0D 0000000
goooboooooooooboobooooooobooo

gooooooooooobooooobOOoOoOobOOoooo

goooboboobuooooobooooooooobo
goooooooooobooooooooooooon

gboooooooobooobooobooooboooo

gooooooooooobobooO0o0ooooDboo
gooboooDooo

Nov. 2001

o oo o

1) Fujita, M. and Kageyama, K.: An open ar-
chitecture for robot entertainment, Proc. Au-
tonomous Agent 97, pp.435-442 (1997).

2) Grosz, B.J.: The Representation and Use of
Focus in a System for Understanding Dialogs,
IJCAI-77, pp.67-76 (1977).

3) Halpern, J.Y. and Moses, Y.: Knowledge and
Common Knowledge, J. ACM, Vol.37, No.3,
pp.548-587 (1990).

4) Tmai, M., Hiraki, K. and Miyasato, T.: Phys-
ical Constraints on Human Robot Interaction,
IJCAI99, pp.1124-1130 (1999).

5) Kozima, H. and Ito, A.: Towards Mindreading
by an Attention-Sharing Robot, Proc. 3rd Int.
Symp.on Artificial Life, and Robotics (AROBO
111 ’98), pp.478-481 (1998).

6) Moore, C. and Dunham, P.J.: Joint Attention:
Its Origins and Role in Development, Lawrence
Erlbaum Associatcs, Inc. (1985).

7) Nagao, K. and Takeuchi, A.: Social Inter-
action: Multimodal Conversation with Social
Agents, AAAI’94, pp.22-28 (1994).

8) Shibata, T., Tashima, T., Arao, M. and Tanie,
K.: Interpretation in Physical Interaction be-
tween Human and Artificial Emotional Crea-
ture, IEEE RO-MAN’99, pp.29-34 (1999).

9) 0000000000000 0O0OO0D00O0
O000oooooooooogoooooog
000O0ooooooo’yr, pp.135-142 (1997).

10) 0000000 oOOooOOoOooUoooUUooo
0000000000000000 D-ITMVol.J77-
D-II, pp.1447-1456 (1994).

11) 00000000000 OooUooOooooo
0000000oo0o0ooooooooooooog
0000 50000000000000pp.80-85
(2000).

12) 0OO0O0O00OK.ROOOOOODOODOOODOOO
O00oooooooOooOoOooOooOoOoOooo
097, pp.41-42 (1997).

(0D 1207021000)
(00 13090 12000)



Vol. 42 No. 11

oo oo

1992 000000000000
ooooooo14ooooog
goooooooooooooan
OONTTOOOODDOODODOOD
O0ooooO19970d ATRO OO
00000000000 0o0ATROOOOOOOOO
goooooooooooboboooooooboooo
gobooooooooboooooovrROOODOOO
gobooooooboobobooobooooboobooo
goobooobooobobooboDbooooDboo
gobboooooooboooobooooooooon
goooooooooooood

o0 0ooboooooboo

1997 00o0o0O00o0O0ooboon
gooooooooooooooon
0000000 O0O0OATROOOO
ooooooocoooooboooon
obomm20010 110000000
gbooooooooobooocooooooboooono
gbooooooobooooobooooooooo
gooooooooboobooooooboobDbOooo
gbooooobooooboooobOooboobOoo
goooobDoooboboboooO20100000
goooooooooobooooooooobooboo
gooooo

oo gooooo

1991 0000000000000
goooooooooooooon
gbobobOoooocooboooboooo
1992 0000000000000
gboooooo4ooooon
00ooo0oooooooooooooooo01998d
gol1ooooooooooooooooooooboo
goofz2oo0000000000000000OOOO
gooboooooobz2e0100000000019990
goooooobooboooooboo 21000000
ATROODOOOOODODOOOOODOD20000000O
OO00VstoneOOOOOOOOOOOOOOOOOOO
goooooooooboooooon

gooboooooooboooooooobooooOOo0oOooooooooboo

2629

o0 0ooboooooboo

1969 000000000000
obooorioooooooood
gooooooooooooooan
NTTOOOOOOOOOOODOOO
198000o0o00000oooaon
0000000000000 00019900 NTTOO
O0000000001994 000 ATROODOOOO
OO00ATROOOOOOCOODOOOOOOOOOO
gooobooooooooooboboobooobbooo
goooobooooooOoO0omIEEEDDODODODODOO
0000000001997 00n0ononiggon 2000
gobooboodooooobooooooobooooon
gooooboboyooooooooooon
goodoz2001000000000000

gooooooogd
194600000001974000
oooooooooooooooon
oooooooocooooooo
‘ ooooooooooooooon

ooooooooooooooon
gosio2000000000000000000
gooooboobooooobooO0oooobooOooDbo
gbooooooooooooooboobooboooo
oobooooooomoooomooooomao
ooomoooooooomooooomoon
go0moooooooomoooooooooo
gmooooooooooobooobooomoo
goooocoooo




