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Exhibition Guide Robot: Effective Behavior to Involve Human in Interaction
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This paper proposes a robot communication strategy that enables a human context to be incorporated into a
robot’s context. The strategy’s fundamental principle is that a robot will show awareness of a human context.
In our pilot study, many participants did not actually start interacting with a robot, but tested its functionality.
According to the results of the pilot study, we implemented a robot with behaviors that showed awareness of such
peculiar human behaviors. We conducted a field experiment to verify the effectiveness of the robot’s behaviors for
showing awareness. The results indicated that showing awareness can be a method for involving humans in an

interaction with a robot.

1. O0O0oOd

gooooooooooooooobooboooooooboobooo
Oooo0oooooUooOo ,200oooouououoou
goooboooobooooooooooooooooooon
goooboooooooooooooooooooooooon
goooooooooooooooooooooooooon
gboooooooboocoooooboocoboooooooooboo
goboooooooooobooooooboooOooooboooo
gobooooooooooo

Shiomi 00 0000000000000 0O0OO0O0OOO
00000000o000o0O0 BUooooooooooo
RrFIDOOOOO00OO0OOOOOOOODOOOODOOOOOO
o00o0000o0oOo0O0O00O0ORFIDOOODOOODODOOO
gboboooobooooooooooboooboooooboooooboo
gooooboboooboooooooooooooooooon
000o0o00o0O0oo0o0ooOoooOooUOoD 4oooooo
gooooooooooooooooobobooooooooon
good

udoooooooooooooooooooboooooo
gooooobobooooooooooooooooobooooon
O0O0OShiomi 0000000000000 O0O0O0OO0O00OO
gooooooooooooooooooooooooooon
oooooOo0O0000oooOOOO0OO0OORFIDOODODODOO
gboboooobooooobooooo220000000000
goooboobobooooooooboooooooooooon
geotd 2000000000000 00O0OO0OOOOO
gooooooooooooobooooooooDo 20000
gooooooooobiboooooooooooooooon
gooooooooooooocooooooooooooon
gobo200000C000000O0C000O0DOOOOOO
goooboobodobooooooboooooooboooboooo
gooooooobooobooooogoooobooboboooD

O00: 00000000000 0oooooooooog
O0O0ooo0OoOo 3-14-10 TEL/FAX: 045-560-10700
hato@ayu.ics.keio.ac.jp

gboooboboobbooobobooobooboobooo
doddooDoObOoOoO0oO0o0ooooobObOooooooooma
gooobooboooooooboouoboobooooo
gboobooobooobooboboooboobooooboo
gbooobooobooboomooooboobooboooboo
gbooooooboobooboobooboooboooboooboo
goodobobooboooooboooooooboooooon
gooo
goooboooboooobooboooboobbooobo
goobooobooboboooooooboboooboboooboo
gobobooooooboboboooboboboboobooo
goboobbooboooboobobbooobbooobo
000000000000000000000000 showing
awareness (SA)0 0000000000000 OOOOOO
gboobooooboobbooboooboobobooooboo
gooo
gobooooboobooboobooooooooboo
000000oDO0ooO0o0oDOoDOooooosADOOOog
gooooobobooobooooobooboobboboobo
O000000000SAODOOOOOD 20000000000
0000000o000o0o000ooooUn (a)oooooo
O0o0oooooooUoOoooooUoooooooon (b)
0o0ooooooooooooooo

2. 00O

2.1 0O0O0OO

HayashiOOOODOOOOOOOOOOOOOO [plOooOO
0o0DO00dooooooodooooooooogooooono
00000000 1000000 200000 no-interactive
behavior(JOOO0OOODDO0O0O0O0O0OODOOOOOODODO)
O interactive behavior(D OO OO ODO0O0O0O0ODOO0O0OOODO
00)00o0o0oooo4000000000000O000
0 20000 no-interactive behavior 0000000 OOO
O0000O0OO0OHayashiOODODOOOOOOOOODOOODOO
0J000o0o0oooooooooooooooooogoooo
ooooo



The 28rd Annual Conference of the Japanese Society for Artificial Intelligence, 2009

gobooooooooobooooooboobobooo
gooooooooobooooooooboooooooboooo
0000000o0ooooooo e0Dono00OUOUOO
00ooOooo0oooOoooooooo pCOO CGOOOO
gooooooooooooocooobooooooooooo
o0ooooooOdoOno00O0OOOOOODOOOOOOO
goboooooooooooobooooboooooooooo

2.2 0J0O0OO

ooooooooooooooooobooooooboooboooo
goooooboooooooobooboooooooooboobooo
gbooooboooboodoooooobooobooboooboooooboo
goooooobooooooooooboboboooooooo
gooooooooooobobooooooooooooooD
0000000000000 0000047T% 0000000
gbooooboboooooooboobo 20000000
goooooo

1. 00oobOOoobooooooboOoOooOoOooboOooobooa
gooooooooon

2. 00000bO00bOooboobooobbOOoboOoDo
goboooooooboboooooo

goboooobooooooobbooooooboooobod
goooobooooooooobooooooooooooon
goooooooooooon

23 0O00OoOoOoOoO
oooooooooooooooooooooobooboobooo

gboobooooooboobooooooobOobooOooooaon

gobooooooo2000000000000000000

WB: Waving BehaviorODOOOOOODOOOOO0OOOOODO
gooddoooobbobuodoooboboboooooo
000000000000 000oooooooooog
oooooooon

NIB: No-Inteaction BehaviorD O OO OO OOD0OOOOO
J000d00o00o0DoOo0oooooooooooooo
O000OONo-Interact 000000000 DOOOOCDOO
ooooooooooood

lgooooooobooocboobt 2000000000
goooooo

e JO0OOODODOOOOODOOOOODOOOOODOOO
e JJ0DOOODODOOODOOUDLOOOODDOO

3. 0Dogo

bobooobooboboooooooooboobOoooooo
oooooobooboooboooboobooboouooOn showing
awareness (SA) 0000

3.1 ODUOOobOooboboobooobg

WBOUOO NIBOOOOOOOOOOOOOOOOOOO
gboooobooooboooooooboooboooooboooooboo
0000000000 oo0o0ooooooooooSAOO
gooooooooooboooooooooooooooon
00000000000 0OO0SA0OOOODOOOO (SAO
0)0oooooooooooooo0ooooooooooo
goooooboooooboobci100o000o0o

State 1: 00 000000000000 0OOOOOOOOO
gobooooooobobooooo

Human context

Human context

Robot's context

State 2

Human context

i
l ---------------------- _
—

Robot’s context

State 1

Robot’s context
State 3
0O 1:SAO000O0O0OOOOCOCOOOO

[caicssmmazas [ Star
[ prLoszzgunennsr |

[ commosmLEs |
I )| COLRBEOHRELHYE
[ zercemsmey memo [« T

ITCIFZCZDILA—ETHT 10
IS T2 TLIZE W (RTER AT 1
J)

[Famsan—nteies |
[7rzsre=ssorcrs |

=]

BHoBIZIETREVNI VB HY
FI(EZERK)

ERELLETT, IODSHIL
1 FI BREERD)

HOEHBALETH (HEBREEZR
&

_
[=5ern |

[mymeszanzr |
[ 16 |

0200000:000UNIO0OO0OO0ODOOOOOOO0
gobooo0obOuNIOOoOoooooooooooooooo
gooooooooooooboo

State 2: 00000 SAOOOOOOOOOODOOOOOO
gboooooooooocobooobooobooooooaon
gboboooooooooooboooooooooooao
goboooooooo

State 3: 00000000000 ODOOOOODOODOOO
Oo0ooOoooo [rooo0ooooooooooon
gobooooooooooboooboboobooooooon
gooooooooo

WBONIBOOOOOOOOOOOO 200 SAOOOO
gooao
(a) D00D0O0DOOO0OODOOOODOOODOO
(b) DODOOODOODODOOODOODOOOO
3.2 O0O00O00OOO0OOOOOOOO
gobooooooooooob 2000000000000
goooooooboobobooooodoooooboboooobboooo
goooooooooobobooooooobooooooooo
goooboooooooooobooooooboboooooo
goboooooooooooboooobooooooo
gboooooooobooooooooboooooo
000000 () D0D00000O0000OUooooooo
Oooo0ooOoooOoUooOoUoOoOoooooon (b) O
oooo



The 28rd Annual Conference of the Japanese Society for Artificial Intelligence, 2009

03 0000000000:UNI

Library

Entrance

Experimenter

L B N B R
Elevators %\\O\
Camerasé’ bot Guide board
e —
Entrance
040000
4. OO0
3100000 SAOO0OOOODOOO0OOoOoOooooa
4.1 00O

goooooooooooooobobooooooooboobo
ooooooooooooooooobooocbooooooooon
00oo0oOo (SA)ooooouooo

4.2 0000

ocooooooooooOO0OO00 400000000000
UNIOOOO0OD0O0O0O0ooOooooooooo (o 3)0oo
gooooooooooooboooogoooooobooon
gooooooooooooooooobooooooboboo
goooooooooooboooobOobocbooooooooon
gooooooboobooobooobooooboooobobooo

ocoboooo40000000000C00O0O0O0O0O0G0COO
gooooooooooobooooo200b00b0000o0on
goooooooooiroooboooooooooocooooon
0000 uNIOOOoOoooooooo 1000000000
gobooooooooooo

4.3 0000

00000000000 Wizard-of-OzOOOOOOOOO
goooooooooooooooboobobbobooboobooboobooo
goboooooooboooooooooboooooooooo

UNIOOOO0OO0O000000000000000 UNIOO
gobooooooooooboooooooobooooooooon
goooooboodoooooooooobooogooon
gobooooooooooo

oooboooooowBO NIBOOOOOO 200000
00000 SAO00OO0O0OOO0OOO0OOO 200000000
goboooooooooooon

4.4 OO
gobooobooooOooooooobooooooooDo

1. 000000000SAOOO UNIOOOOooooooo
gbooboooooobooooooboobobOOOO0O000 UNI
gobooooooo

2. J00000000SAUD () DODO UNIDODOO
goboooooooboooooboooo

3. 000000000SADO0 (b)J0O0O UNIODODOODO
ooboooooooo

ooooo

000200000004 000000 (0740000 21
0000 5s30)00000010000000 2300200
OU0oOooU 210000000000 300 (bs0000)O
0000440 (290000)00000000O0DO0O0ODOO
0000000O000D 2690 (00O 22610000 28.80;
0019360000 2440)00000

51 OO 1
140000000000000000O0O00 (0 200
ocoooooooo uNIOoooooooooooooooo
gooooooooboobobooosonDObOoOooooono
gosiooooooooooooooooooobooooon
goboooooooboooobooooo
SAO0O0O0O0OO0OO0OOOO UNIODOOOoooooood
goooooobodooooobooooooooobooooo
gooooooooboooooboooboobooooooooo
gbobooooboooboooobooooooouNIDoOon
gobooooooobooooboobooooo

5.

5.2 00O 2

gooooowBOOOOOOOOoOoDOoOoDOODOOO
000000000000000(@0 50000 UNIOOO
000000000000 UNIODODDOUOOOOoO(@ 6) 00
oo

SAOD0DOOWBOOOOOOOOOOOOOO900O 30
OSAOOWBOOOUNIOOOODOOOOOO900OOO
0000 UNIO SAOO0OOOO0O0O0OO0ODO0O0Ooooooo
000033% 000000000000 oouoooooo
ocooooooooooooOooOO uUNIOOoOoOoooooo
goboooooobooooooooo

00000000000 67% 0000000000000
oo uNIoooogoooooooooooooo 20000
ooboooooooo

Failure 1: UNIOOOOOOOOOOO0OOOO0COOOOO
goboooobooooboboo

Failure 2: UNIOOOOOOOOOOOOOOOOOCOCOO
gboboooooooocobooobooooooooooaon
goboooooboog

SAOO0O (p)00000000000OO0DOOOOOOOO
OOO0O00OFailure 20 WBOOOOOOOODOOOOO
goooooooooooboooob uNIOOooooooo
goboooooboooboooooooo

000000000000 00000000O0000 UNI
gooooooooooooboobobooobbobooouooooo
goooo

53 0OUO 3
000000 NIBOOOOOOOSAODO UNIOOOOO
goooooooooooobooboooobolroooboooooo
g20000000000000000A0
ggos3poooooboooooebbbbDDOOOOO
o0 uUNIODOOoOOoooOooooooooooooooooo
gooooooooooooooooooooooooooo



The 23rd Annual Conference of the Japanese Society for Artificial Intelligence, 2009

(M

@

©) 4

0 6:UNIODDDODOODOOO

000000600000003000U0OUOSAOO (b)O
goooooooocoooooooobooooooboenOOO
0000000 UNIO SAOOO0OOO0OO0OO0OO00O0O0O0OUNI
oboooboooboobooooooooooooooooon
goboooobo0oobooobbooboooo NIBOOD
0oooOoooos0%00000000oo0ooooooo
good
O000SADO0O0O0OO0O0OO0O0O0O0O0O0O0O0OUNIO
gooooooooooboboooooobobobobooooooo
go0obooooooOo0oO0 uUNIODOOooooooooDooo
gooooooooooooooboooobooooooboboo
O0OSAUO (b)0UO0OD0OO0O0OO0OO00OUOUOOUOONIBO
0000000 Failure20000000000000O

54 HRIOOODOOOOO
goooooooobooboobooooooboboooo
O000oO0oU0opoOoooOosAODOoOOoOoOoOOoOoooOooO
gooooooocooooooobooooooooooooon
goooooboooooobooooboobobooooooooon
gboooooooooobooboooooooboooobobooon
000000000000 0O00000b00O00sSADOOO
gooooobooooooooooooooboooooooon
gobooooooooboooooooboooobobooon

6. 0UOU

gboooobooooooobooboobooboboooooo
000o00oooo0o SAOO0OO0O0OoOooOoooooooo
oboooooooobooooobooooooooobooon
gooooooooooooooobooobobooo

0000000000000 00O000000SAOOOD
000ooo0ooooooOo 3% o00oooooooooa
0000000 s0% 00000o0ooooooooouon
oo00ooo0oooosSAQ0OOoOOO0OooOOO0oOoOO0O0oooOOoO
goboooooooooo

goon

[1] J. Schulte, C. Rosenberg, and S. Thrun, Spontaneous,
Short-term Interaction with Mobile Robots, Proceed-

[4]

[7]

ings of the 1999 IEEE International Conference on
Robotics € Automation, pp. 658-663, 1999

Y. Koide, T. Kanda, Y. Sumi, K. Kogure, and H.
Ishiguro, An Approach to Integrating an Interactive
Guide Robot with Ubiquitous Sensors, Proceedings of
2004 IEEE RSJ International Conference on Intelli-
gent Robots and Systems, Vol. 3, pp. 2500-2505, 2004

M. Shiomi, T. Kanda, H. Ishiguro, and N. Hagita,
Interactive Humanoid Robots for a Science Museum,
Proceedings of the 1st ACM SIGCHI/SIGART confer-
ence on Human-robot interaction (HRI’06), pp. 305-
312, 2006

oooo,000,0000,0000,0000,00
00,0000000000000000O0O0OOOO
-00000000000 -, Human-Agent Interaction
Symposium 2008, pp. 2B-1, 2008

K. Hayashi, D. Sakamoto, T. Kanda, and M. Shiomi,
Humanoid Robots as a Passive-Social Medium - A
Field Experiment at a Train Station Proceedings of the
ACM/IEEE international conference on Human-robot
interaction, pp. 137-144, 2007

T. Ono, M. Imai, and H. Ishiguro, Anthropomor-
phic Communications in the Emerging Relationship
between Humans and Robots, Proceedings of the 2000
IEEFE International Workshop on Robot and Human
Interactive Communication, pp. 334-339, 2000

D. Sperber and D. Wilson, Relevance: Communication
and Cognition, Oxford, Basil Blackwell, 1986



