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Reading Human Relationships from an Interactive Humanoid Robot

TAKAYUKI KANDAt and HIROSHI ISHIGURO® 1

This paper reports our novel approach to developing a social robot. Such a robot reads hu-
man relationships from their physical behavior. We have developed an interactive humanoid
robot that attracts humans to interact with it and, as a result, induces their group behaviors
in front of it. In our approach, the robot recognizes friendly relationships among humans by
simultaneously identifying each person in the interacting group. We conducted a two-week
experiment in an elementary school, in which Robovie demonstrated proved reasonable per-
formance in identifying friendships among the children. We believe this ability to read human
relationships is essential to behaving socially.
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Fig.1 Robovie and wireless tags.
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Fig.2 Mechanism of reading humans’ friendly
relationships.
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Fig.3 Environment of the elementary school where we
installed the robot.
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Fig.4 Transition of interaction between the robot and
children.
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Fig.5 Distribution of simultaneously interacted children.
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Table 1 Estimation results with various parameters.

coverage Tru

reliability 0.3 0.2 0.1 0.05 | 0.01 0.001

2 0.01 | 0.02 | 0.03 | 0.04 | 0.04 0.04
1.00 | 0.93 | 0.79 | 0.59 | 0.54 0.54

5 0.00 | 0.02 | 0.06 | 0.11 | 0.18 0.18
STH 1.00 1.00 | 0.74 | 0.47 | 0.29 0.28

10 | 0.00 | 0.00 | 0.04 | 0.13 | 0.29 0.31
- 1.00 | 0.74 | 0.46 | 0.23 0.20
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Fig. 6 Illustrated estimation results with various
parameters.
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Table 2 Gender effects.

reliability Tru

0.3 0.2 0.1 | 0.05 | 0.01 | o.001
Male-Male - | 1.00 | 0.81 | 0.60 | 0.45 0.44
Female-Felame 1.00 1.00 0.80 0.61 0.43 0.41
Male-Female - - 0.20 0.03 0.01 0.01
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Fig.7 Illustration of gender effects.

ooooOoooOoOoDOoOoOoOooooooooood
00002000070 Srgp=500000000
O0Srg=20Srg=10000000000000
0000000000000 00O0Omale-male
000 female-female 00000000 O0O0O00ODOO
O0OOtotal00O0O0O0O0OD0ODOOOOOOOOOOO
male-female 000 00000000000O0OOOO
00000000000000ooooooooog
ooo0oOoOooooooooooooooooood
230000000 000000000goooooo
oodoooo0oUooooooooOooooooog
o0o0o0O0oUoooooooooooooooooog
O000O0o0o0ooooDooooooooooooog
O000000o0oooDoOoooooooooood
ooooo

5. 0OO0Od

gooooooooooooooboooooooo
gooooboooooooooboooooobooon
goooooboooooooooooooooooon
goooooooooooooobooooooooo
gooooboooooooooboboooboooooo
O000O0O0ooooooo s5%0 80%Uoooun
00 15%000 50%0 0000000000000
gooooooooooooooooocoonoooo
goooobooooooooooooooooooo
gooboooooooboooooooooboooooDo

oooooooooooooooooooooOooboooooooooon 2103

gbobooooobooooooobooooooboooo
goboooooooooooobocoouooooooo
gboooooboooooooooooboooooo
OU0000oo0ooooooooOoo 1s%00000
050%000000000000000000O0O0OO
gooooooooobooooooooobooobo
gooooooooooobooobo0ooooobooDoboo
gbobooodooooooooooooooooad
gobooooboooooooooboooooooooa
goboooooooooooooooooooooa
gobooooooooooooboooouooooboooo
gobooooooobooboooboooobooboooboo
goooooOoooooooocobooooooboooo
goboooooooooooocboOooooooboo
gboooobooooooo
gboooooboooooooooooboooooDo
gooooooooooooobooooooobonoo
gobooooooooobooboodoogoooooa
gbobooooooooobooooooooobooaod
goboooooooooooooooooooobod
goooooooo
obooooboooooooobooooooooo
gbobOoooboooooooooooooooboooo
goboooooooobooobooooooooboooo
gbobooooooooooocoooooooboooo
goooooooooooooooooooobonoo
gooooooooobooboobooooooooooo
000000000 30%00000000oooon
goboooooooooooobooooooooa
gobooooooooooocoOoooooooooo
goboooooooooboooboobcOoooooboooboo
gooooobooooooooobocooooooooo
gooooooobooooooobooooooboooo
goooobooooooooobooooooooboooo
goooooooooooboooobooooooboDboboo
goooooooo
gobooooooooooooooooooooo
gobooooooooobooooooooooooa
goooboooobooooooobooooooa
gobooooooooooocoOooouooooboooo
gobooooooooooocoOoooooooooo
gobooooooooboooooooooooboooo
gooooooooooooooocoooooooo
goooooOooooooooboooooooooo
goooooooooobooooooooooDbonoo
gooooooooooobooooboooooobooDoboo



2104 goooooooo

gobog

U0 OoOooooooobooobocoooooooo
gooooooooooooooooooonoooo
gobobooooooooooooobooooooooo
goooboooooooooooboooooooo
goooobooooooooooooooooooo
00000000000o00ooOoO ATROOOO
oooOObOOoOoOooObOoOOoOoObODboDbO Eaton Daniel O
gobooooooood

o o o o

1) Fujita, M.: AIBO; Towards the era of digi-
tal creatures, Int. J. Robotics Research, Vol.20,
No.10, pp781-794 (2001).

2) Breazeal, C. and Scassellati, B.: A context-
dependent attention system for a social robot,
Proc. Int. Joint Conf. on Artificial Intelligence,
pp.1146-1151 (1999).

3) 000000 UO0OoOoooOooOoooooo
Jo0ooOoooOoooDooooooooooobao
000000000 “Robovie’ D0OOODODOOO
0000000 D-I0Vol.J85-D-I, No.4, pp.380—
389 (2002).

4) Moore, C. and Dunham, P.J. (Eds.): Joint At-
tention: Its Origins and Role in Development,
Lawrence Erlbaum Associates (1995).

5) Scassellati, B.: Investigating Models of So-
cial Development Using a Humanoid Robot,
Biorobotics, MIT Press (2000).

6) 0000000 0OO00D00O0OOD0O0ODOOO0OO0
gobodb0 —oooobooboooboboboo
00000000000Vol16, No.6, pp.812-818
(2001).

7) 000000o0oooooooooo ooo-O
goboobbooobboobbooobooboga
00000000 Vol.4d, No.11, pp.2699-2709,
(2003).

8) Watts, D.J. and Strogatz, S.H.: Collective
dynamics of ‘small-world’ networks, Nature,
Vol.393, No.6684, pp.440-4429 (1998).

9) Eveland, J.D. and Bikson, T.K.: Evolving
electronic communication networks: an empiri-
cal assessment, Proc. 1986 ACM Conference on
Computer-Supported Cooperative Work, pp.91—
101 (1986).

10) 00000000 000000000 OO0
WEBOOOOOOOOODOOO HITSOOOO
0odoooboO0ooooooooooooo b-10
Vol.J85-D-1, No.8, pp.741-750, (2002).

11) Kanda, T., Hirano, T., Eaton, D. and
Ishiguro, H.: Person Identification and Interac-
tion of Social Robots by Using Wireless Tags,

Aug. 2004

IEEE/RSJ International Conference on Intel-
ligent Robots and Systems (2003).

12) Kanda, T., Ishiguro, H., Imai, M., Ono, T. and
Mase, K.: A constructive approach for devel-
oping interactive humanoid robots, IEEE/RSJ
International Conference on Intelligent Robots
and Systems, pp.1265-1270 (2002).

13) Heider, F.: The Psychology of Interpersonal
Relations, Wiley (1958).

14) Ladd, G.W., Price, J.M. and Hart, C.H.:
Preschooler’s behavioral orientations and pat-
terns of peer contact: Predictive of peer sta-
tus?, Peer Rejection in Childhood, Asher, S.R.
and Coie, J.D. (Eds.), pp.90-115, Cambridge
University Press (1990).

15) Kanda, T., Hirano, T., Eaton, D. and
Ishiguro, H.: Interactive Robots as Social Part-
ners and Peer Tutors for Children: A Field
Trial, J. Computer Interaction, Vol.19, No.1-2,
pp.61-84 (2004).

(OO0 160 10 19000)
(0016060 8 000)

00 ooooooo

19750 120 7000199800
ooooooooboooofo?2000
gooooooocoooooooo
gboooooooooozo003 00
gobooocooooocoooobood
O0O0DATROOOOOOOOOOOOOOOOOO
gooooboooooooobooboooboooooooo
oooooo

og oooooo

19630 100 230001991 0
gooooobooooooooooo
goooooooooooobooo
gbooooooobobooooo
1992 0000000000000
oooooobo1v40o0o0ooo00ooooooo
gboooboooooboobz200r1ob000oocobooon
ooooboooooooboooooooooooo
00000000000 0000000000ATRO
ooooooboooooooobooocoooooooon
oooooobooooooooooooooooooon
goobooboooooooooooboooooooo
O0OO0UOODIEEEODOAAAIOOOO




