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How to Encourage People to Listen to a Guide Robot?
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MASAHIRO SHIOMI, ! TAKAYUKI KANDA, !
HirosHI IsHIGUROTHT2 and NoriHiRO HAGITAT!

Guiding people is one of the common tasks of social robots. In guiding tasks,
we are particularly interested in encouraging people to overhear the robot’s
conversation with others, since it has often been observed that even people who
hesitate to interact with a robot are willing to eavesdrop on the conversation.
This paper describes a behavior model for a robot that encourages people to
overhear its tour guidance. In the model, we distinguish two interaction spaces
as defined by a robot’s gaze direction and its movement direction: an area of

audience (AOA) and an area of passing (AOP). When a robot moves forward,
the AOA and AOP overlap, which reduces the size of the AOA; as a result, this
would decrease the chances of people overhearing the robot’s conversation. On
the other hand, when a robot moves backward, the overlap of the AOA and
AOP decreases, which results in a larger AOA, increasing the chance for people
to overhear the conversation. Based on these ideas, we conducted a field exper-
iment to compare the ratios of overhearing in “moving forward” and “moving
backward” conditions. The experimental results revealed that in fact people
more often overhear the robot’s conversation in the “moving backward” con-
dition. Moreover, we confirmed that people often overhear conversation in the
AOA but rarely in the AOP.
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Fig.1 Over hearing an interaction.
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Fig.2 Participation roles in guiding.
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Fig.3 An example of F-formation.
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00o0oooooog Vol 51 No. 2 301-313 (Feb. 2010)

3.3.2 JOOOOQOad

O050000000000000000000 ACGADO AOPOODOODOOOOODOOO
O0000D0O0Q0O0OPedestrian 0 ACGAOODDOODOOOOODOODOOAddressee0000
00 o0U0O0opPO0OO0OOODOOD AOPOOOOODAOCAODDOOOOOOOOODOO
0000000000000 000o000Doo000oo000ooDoDoO00AOCADODDO
0000000000000 000000000D0000000Pedestrian 0 AOA OO
goobooooon

0000000000000 000 5000000000 Pedestrian 00 AOATODOO
0000o0ooooo0oooooACADDODOOOOOOUODODOOOOOOODOOOOO
Pedestrian 000000000000 COOACADOOODOOOOOOOOOOODODOOO
00000000000 0000 5000000000 Pedestrian0000000000O0O
000000 AOAOODOOODOOODODOODOOOOOO0OO0O0O0OOOOO0O0O0OO0OOOog
J0000ddoood0dodo ACADDDOOODOOOOOOOOODOOOOOOOOO

4. OOOOOO

ODdedd00O0O0O0O0O0ODODOOOODDODODOOOOODODODDODODOOODDOOOOOD
00000O0o0d0bO0o0bO0o0obOo0oo0obObOOoDOoOOobOO0o0oOooDoobOoobOoooboOooo
goooooooooood

4.1 Robovie

070000000000000000O00O00O0RobovieD 002900000000
0 120em0 000 40kg000000D00 4000000 300000000D0O0OO 20

Behavior controller

| Idling H Greeting ‘

‘ Advertising H Navigating |

Actuator

Voice

Arms

]

Sensors
sensors
Laserrange
finder 9 -
Person's
sensors
Lai_erdrange Navigation Gesture
inder algorithms controller
06 OoooooOOo

Environmental
Robot's
position
Robot’s
Fig.6 System overview.

(© 2010 Information Processing Society of Japan



306 O00OO0OOOOO0OOOOOO0OOO—0O0000000G0O0000O0

- Omnidirectional vision sensor

Binocular vision sensor

Microphones

A

Ultrasonic range sensors

L s =
7 J Skin sensors
Touch sensor

Ultrasonic range sensors

O 7 Robovie
Fig.7 Robovie.

oooooOOoooOoOO0O00O0O0oooooOoOOoOOoOoOooOOOO 200 cecbooOoO
goboooooooobooboooboooooobobooooooboboOooonoo
O00000OPioneer-3DXO0O00O00O0O00000OOODODODOOCOCOOOOOOO
000000000000 25km/h0700mm/second00000000000O0O0O0O
ooooooooooooooooooooooooooon
ooboboooooooooOobOOoOoOoboOooboOoOoOoooooboooOoOOObOboOODOO
000 LRFOURG-4LXOOOOOOOOOOO0O0ODOO0O0O00O0O0 LRFOOOOOOO
goooboooooooooboooooboooboboooooooooooooooooo
gooboobooodooooooboooooobodoooobooooooboooooboooooo
goboooooooooo
4.2 O0O0OOO
gbooobooooboobdooobooooboooooboooooooboboOobOoOooOoDo
0000000 0000000000000000000000000000USJOO
gboboooobodoooooboooooobooobooooobOoOobooboooboboOoDbo
doooooooobooooobbobo 2ombCbCOO0O0OO0O0OoooooobobOODbOOO 8m
0000000000000 0O0o0o00edd LRFOSICK O LMS-2000000 85cm O
000000000 8O0l 0ULOU0LO0OL00DLDUOULOUODLOODbOOUDUD 21)0O
gboooooooooooboooooboooooboooobOoboboOobOoooOoDo

00o0oooooog Vol 51 No. 2 301-313 (Feb. 2010)

Laserrange finder |

\ with its stand

08 00000 LRFOODODO
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4.4 Gesture controller

Oo00o0ooooooooooooboooooooobooooboooooooooono
0000000000000 C00O0OD000000000oODoOOO0OAddressee0 0000
goooO0OO0oO0o0oooOoOoO0OO0oO0oO000oOoODO0OoooOoOoOODOoOoOoUoOoooooOoOoO
000 £90° 000000

4.5 Navigation algorithms

0000000000 Addressee 000000000000 OODODOOOOOOOOO
0000000000000 0000000000000000000 Addressee 10O
00000 s0cmO000000CCCOOOOOCOOOOCOOOOOOOOOOOOOOOD
O0O0O0OAddressee 0000000000000 O0OO0OOOOO0O0O0OO0O Addressee O
000 15m0i00000000O000O0OO0ODOODOOOOOOOOOOOOO0OOODOO
000000000000 0000 s0emO0000C0O00O0O0ODODOOOOOOOOO
0000000000000 00000000000000000000 Addressee 00O
00000000oooooooooooooooon

000000000000000000000000 Addressee 000000 50cm O
0000000000000 000oo000ooooo0ooo0oooooooooog
O Addressee 00000000000 00DOOO0OO0ODOOOOOOOOOOOOOOO
Addressee 000 1.5mI 0000000000 0ODOOCODOOOOOOODOOODOOOO
0o0o0o0o00oooodoooooooooboooooooooooooooooo

5. Jbhgooooboooboooboo

goobooooooooboobooooobooooooobooooooobooooooooa
goboboobodooooboobooooooooooboooooooOoobOoooboobOooooDoobooo
ooobobooooooobocooooooooobooobooobooOoooobobooooonooz20
goboooooooon

5.1 0O a

5.1.1 0O g
gooooooooboooooooooboooooboobooooboboooOooobooooDoboo
0000 Addressee 000000000000 OOOO0OOO0OOOOOOOOOOOOO
000000000000 AcAD0OO0OO0OODOOOOOO0OOOoOUODOoOoOOoOooOO
gobobooooooooooooooobooobooboboOoooooboooobooooooboo

00o0oooooog Vol 51 No. 2 301-313 (Feb. 2010)

@ :Laser Range Finder
b : Camera

@ : Start position of guiding
@ : End position of guiding

09 0OOooooo
Fig.9 Map of shopping mall.
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(a) Forward condition
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Fig. 10 Guiding scenes under each condition.

(b) Backward condition
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Table 1 Number of each role of participants.
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Fig.11 Robot elicits spontaneous participation in its guiding tast.
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Fig.12 Defined AOA and AOP with stopped positions of Bystanders.

Backward condition

6.2 AOAD AOPOOODDO

000000000000 000000000000000000AOCAD AOPOOD
O000000000000AOCAD AOPOODOOOOOODOOOODOOODOD

012000000AOCAD AOPODOOOODOOOOOOOOORODOOOOODOO
0000000000000000000000000000 ACADODODDODOOOOO
O0D00000OROOOOOODOOOO0O0DO000OO00O00000O000O0O00oooog
000000000 72mO000"O0000000000000000000O000000
0000000000000000000000000000000PO00OODODOO0
Addresseel Side-participant 0 0 0 000000000000 OOOOOOCOOOOO
0000000000000 0000000000000000000000000000
0D000000000036mO00Y0O

0120000000000000 Bystander 00 30000000000000AOAD

(© 2010 Information Processing Society of Japan



311 0O0O0O0O0OOO0O0O0O0O0O0OOO0OOO—0O00o0o0o0o0000000o

AOPOO00DOO0ODDOOODOODODOODOODOOO0O0DOODOODDOODDOForward
condition 00 OBystander 00 000000000000 DOO0O0ODOOOOOOOOO
g0oooQoOoOopopOoOooOoDpDAOCAODO0DOOOOODODOOODODOOOOOOOOOOOO
0000000000000 0000U0UUUUOOoUooOOoooBackward condition O
O00000000o0ooo0oCoC0O0OU0DDoOo0O0O0O000O0Ooon Bystander 0000
o0ooooooooooooo

0000000000000 AGAO AOPOODODODO BystanderOOOOOOOOO
000000000000 Forward condition 00 900 60%0 0 Bystander 00 AOA O
00000000001006.7%00 Bystander 0 AOPO0O0OODO0O0OODOOOOOOOO
Backward condition 0 0000027 0065.9%00 Bystander 00 ACAOOOOOOO
O00O0AOPODOOODOODDOOOO Bystander 00000000000 OOODOOOO
0000000000000 000000000000000000 Bystander D000
00000000000 OBystander 1000000000 ACAO AOPOOOOOOO
0000000000000 0D0D0D0D0DUDUOUOUOAOCAD AOPOODODODODOOOOOOO
0000000000000 00000000o0ooooooooooooooooon
ood

0000000000000 Pedestrian 0 AOAODOOOOOOOOOOOOOOOO
0000000000 25km/h00000000 5km/h0000000OOO0OO YO
000 —1.8mO00 Pedestrian 000D O00000000O0O0OO0O0OO0DOODOODOODOOO
oo0dd0oDoOoOo0o0ooooooObOo0o00o0o0oDoODO 3040000000000
O0000000000000 Pedestrian 000000000 DODOO0O0OO0O0OOOOOO
0000000000000 DO0D0ODO0D0O0OD Pedestrian O Bystander 000000
000000oooooooooooooooooooooo

6.3 AOAODODOOOOOOOOOO

000000000000 AGAOODOUOOOOBystander 000000000 OOOO
00000000 0OBackward condition O 0 O Forward condition 0 0 0 0O OO Bystander
0000000000000 AGADOODOOOODAOADOOOO Pedestrian 000000
0000000000020 0000 BystanderOOOOOOOOOOOO

000000dg ACAOOOODAOCAOOOD AOPOOOOOOOOOOOOOOO
000000o0O0o000oooO000ooooooOO0U0ooooOooooooooooog
0000 8m O000O0OForward Condition 000000 Addressee 000000000

00o0oooooog Vol 51 No. 2 301-313 (Feb. 2010)

0000000000000 0oooooo0ooo0ooAOCADODODODODODODOOOO
0000000000000 ACADODODDODDOODOODODAOCAODDODODOODO
0 000 Backward Condition 00 ACAODOOOOODDOOODOOOOODOOOO
gooooobobobbooooobobobobbbodooooobobbooooooobobo
0000000000000 0ooO0bO0bO0oU00000DOO0D0D0ODOODbD OO Backward
condition 0 0O Forward Condition 000000 ACAOOOOOOOOOOOOO

00 Forward condition O 0O O 0O OPedestrian 0 ACAOODOOOOOODOOOOO
Backward Condition 00 0000000000000 120000000000000
0000000000000 000000000000000 Pedestrian 0 AOAODODO
0000000000 0Backward Condition 0000000000000 OOO0OOOO
000 ACADOODODOOOOOOOPedestrian 0 ACAODODODOOOOOOOOOODOO
000000000000000 Pedestrian 0 ACAOOODOOOOOOOOOOOOO
Backward condition 0000000 Bystander 000000000000

6.4 0O0O0OO

JooodbO0obOo0obobOoobo0obDo0ooOo0obOOo0obDOooDoDooooOooon
d0o0od0bOoobooboobOooobOoobDoOoobOooDobOooDoObooboboooooo
00000bO0o0o0obOo0oOo0obOOo0bOo0obO0oobOoobOooDbOoobooooooo
gooooooooooooooooooooodoooooooooooooooooa
dodddooooooooobobobooobooddooooooooooboooooog
doooooooooboooboobooooooooooooooooooooooooo
goobobooooooboooobbooobbooobbbooobbooobobobo
goobooobooboo

0000000000000 00nD ACGAD AOPOU0DODOOOOODOOOOODOOO
O0OAOCAD AOPUODOCOO0ODOOU0ODOOODOOUOODOOOODOOODOOOOOOO
0000000 ACGAO AOPO0DOOOOOODOOOOCOOOAOAD AOPOODOO
goodoboobboboooooooobobbobooooooobOboooooooboobo
0000000000000 00000000AOCA D AOPOODODOOOODOOOODOO
goobooobobooobobooboboooboooboboooo

0000000000oooo0o000U00oooooonD £90° 00000000000
gooboooobooobobooobObooobobooobboooDbobooobboo
go0o0ob0o0obOoooobooobooobOooooobOobobooooboooooooo

(© 2010 Information Processing Society of Japan



312 O000O0O0OO0OO0O0O00O0O0OOO0OO0O—0O000o0000000000

gboobooooboooobooobooobobobooooobobooobobooboobo
gboooboobooooboooobooboboobbobooboboboobobo
gooooboooooooooobooooboooo

7. 0000

goooboobooboboboooobooboboboboboboooboboboobo
gbooooooooboobooboboooboboooobooboobooobobbooboubo
gbooboooooobooobooboooobobobooboobooboboobouDbo
0O 00O Area of audienced AOAD O Area of passingd AOPO O OO 200000000
00o000o0oO0oO0O0OO0O0O0O0OO0O0O0O0O00OD0O00000000000D0OODOACADDDOO
gobooooooooobooooboooboboobobooooobobooboboubo
oooooo

gooboooooboooboobooboboooboobobooooobDobooooo
gboobooooooboooogoooboobDobooobOobooboOoboobUubo
gbooboooboooobooooobooogbbooboooboobobooboboobo
gobooobooboooooboboooboboogboboboooobobbobooboboobUubo
gbooboooogooobooooooboooboobooDobobooobOoboobobo
gooobdoboobooobobuooboobbooobobooboobboobooo
00000000 AGAO AOpPO0DODOODOOODOOOODOOOOOO

o0 boobooboobooboooooboobobbobboobooboboboo
goooOoO0OO0O0O000OoUOoUooooOoOoOoUDOoOoOoOoOoOOOOOO ATROO
gobooobooboobooobooboooobooboobobooboobobboboobo
gboboooooooooboboboobobobooog

o o 0 o

1) 00O00O0ODylan F. GlasU OO OODOOOOO0OOOOOOOODOOOODOOUOO
0000000000000000000000000Vol.27, No.4, pp.81-91 (2009).

2) Siegwart, R., et al.: Robox at expo.02: A Large Scale Installation of Personal
Robots, Robotics and Autonomous Systems, Vol.42, No.3, pp.203—222 (2003).

3) Thrun, S., et al.: Minerva: A second-generation museum tour-guide robot, Proc.
IEEE International Conference on Robotics and Automation (ICRA), pp.1999-2005
(1999).

00o0oooooog Vol 51 No. 2 301-313 (Feb. 2010)

4) Mutlu, B. and Forlizzi, J.: Robots in Organizations: The Role of Workflow, So-
cial and Environmental Factors in Human-Robot Interaction, HRI2008, pp.287-294
(2008).

5) Burgard, W., et al.: The interactive museum tour-guide robot, Proc. National
Conference on Artificial Intelligence, pp.11-18 (1998).

6) 0000000000000 D O00O00O0U0 OUOODOUOORFIDOOOOOO
0000000000000 00000000000000000oo00OggVol.24,
No.4, pp.489-496 (2006).

7) Shiomi, M., et al.: A Semi-autonomous Communication Robot — A Field Trial at
a Train Station, HRI2008, pp.303-310 (2008).

8) Bergstrom, N., et al.: Modeling of Natural Human-Robot Encounters, IEEE/RS.J
International Conference on Intelligent Robots and Systems (2008).

9) Sisbot, E.A., et al.: Navigation in the Presence of Humans, Humanoids 2005,
pp.181-188 (2005).

10) Sisbot, E.A., et al.: Implementing a Human-Aware Robot System, IEEE Interna-
tional Symposium on Robot and Human Interactive Communication 2006 (2006).

11) Simmons, R., et al.: Grace: An autonomous robot for the AAAT robot challenge,
AI Magazine, Vol.24, No.2, pp.51-72 (2003).

12) Michalowski, M.P., Sabanovic, S. and Simmons, R.: A Spatial Model of Engage-
ment for a Social Robot, Proc. AMC 2006 (March 2006).

13) Hayashi, K., et al.: Humanoid robots as a passive-social medium — A field experi-
ment at a train station, HRI2007, pp.137-144 (2007).

14) Katagiri, Y., Bono, M. and Suzuki, N.: Conversational Inverse Information for
Context-based Retrieval of Personal Experiences, Proc. International Workshop on
Conversational Informatics, pp.1-6 (2005).

15) Goffman, E.: Forms of Talk, University of Pennsylvania Press (1981).

16) Clark, H.H.: Using Language, Cambridge University Press (1996).

17) 0000000 0000000000000 O0DOOO0O0D0O0OD0OOODOODOOOOo
O000000000000000 “Robovie” DODODODODDODOOODODOOOO D-10
Vol.J85-D-1, No.4, pp.380—-389 (2002).

18) Kendon, A.: Spatial Organization in Social Encounters: The F-formation System,
Conducting Interaction: Patterns of Behavior in Focused Encounters, Cambridge
University Press (1990).

19) 000000 TOOOU0OO0mMOUO0oOO0ooo0oomouoooo (1970).

20) Nishio, S., et al.: Robotic Platforms Structuring Information on People and En-
vironment, IEEE/RSJ International Conference on Intelligent Robots and Systems
(2008).

21) Glas, D.F., et al.: Laser Tracking of Human Body Motion Using Adaptive Shape

(© 2010 Information Processing Society of Japan



313 O000O0O0OO0OO0000O0O0OO0OO0O0O—000o0o0o00000000o

Modeling, Proc. Int. Conf. Intelligent Robots and Systems, pp.602—608 (2007).
22) Carletta, J.: Assessing agreement on classification tasks: The kappa statistic, Com-
putational Linguistics, Vol.22, No.2, pp.249-254 (1996).

og gooood

1991 000000000O000DOO00DOOODbOOODOOOobOOO0ODDOD
gboooooboooboooboooboogoooogztooooooooo
oooooooooo1voooooooooooboobooooooon
gobooo2oe0100000b00000ob0o0OooboOoooobooOoOoon
0000000000000 0000000000000000ATRO

oo ooooooo gobooooboboooooooooobooboobooOo0oOobOOoOobOoobOOOoOobbooDoo

20040000000000000000O0000000O0O0O0DOOG oobooooooobo
oo0oQo2007000000000000000C000MOO0OATROO
goooooooooooOooboooooobooOobooooooooDoobooOoo
goboooooooooooooooooooooooobobooooobooo
ooooooooooooo

(00210 402000)
(002100110 6 00O0)

A

o ooobooooo

9 ooobooooooooooooooooocobooooooon
o0ooooooOoooOoONTTOOOOOOO0O0OODODOOO0O0O0000
0000000000000 ONTTOOOODOOOOOOOO ATRO
oobooooooooooooOoOoOobOIEEEDO0DOOOODOOO0DOD
oooooooo

o0 ooobooooo

19980 0000000000000002000000000000A0
goooooooooooobobob203000000000000O0DODODO
O0@MOO0ODATROOOOOOOOOOOOOOOOOOOOOOO
goooooodooooooooooooooobobooooDbooooo
goboooooooboooooobooooDooo

00o0oooooog Vol 51 No. 2 301-313 (Feb. 2010) (© 2010 Information Processing Society of Japan



