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is realized. We use gesture recognition, gesture generation, and speech generation for interaction.

recognition in a coarse level. Thirdly we provide mediators for cooperative interaction. A mediator
is invoked each time interaction is requested in the environment. It can gather and enroll necessary

Secondly, we introduce a software agent called “watcher” to realize loose interaction. Watcher always
looks at the environment to detect whether someone is requesting interaction. It also uses gesture

Abstract: In this paper, we show three types of human-robot intearction which are important com-
ponents to realize ubiquitous human-robot interaction. Firstly, we describe how intimate interaction

agents for interaction by planning and sometimes by consulting other mediators.
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(move (object righthand) (direct up))
(move (object lefthand)(direct down))
(move (object bothhand)(direct left))
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Kappalb))

(in_front_of Human?2)))

(subject Kappalb)

(on Kappalb))

(in_front_of Rack)))
solaris)
Rack))

(object
(from_place (on Rack))

(at Kappalb))

(at

!

((move (subject Kappalb)
(to_place

(subject
(move (subject Kappalb)

(from

(to

(handover
(from

(to

(destination humanl))

(fetch (object solaris)

?human) )

camera)
O 5: Knowledge on task composition

(come (subject kappala)(destination ?human))

((subject camera)
D))

((behavior wave)
(source
(client

)

(define Come_on
(task

(content
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4. Task A iscompleted
and decomposed

move (subject Kappalb)
find (subject Kappalb)
move (subject Kappalb)
handover (subject Rack)
move (subject Kappalb)
tell  (subject Kappalb)

7. Task B iscompleted
and decomposed

tell  (subject (kappala)

5. Task B (Move out move (subject Kappala)

Kappala) is 6. Task Bis
composed delegated
[Mediator ] [Watcher] < [vediator |

2. Task A (Takea
v mannual) is .
Sommoes
3. Tak Ais
delegated

Coffee
maker

Humanl
2
/ 1. Arequest isaccepted =~ camera

move

tell kappala

find
move move

move kappalb

Rack handover

Door

D D D WorkStation

. Possible positions for persons

O 8: An example of cooperative interaction

00000 Kappala O 0000000000000 000000000000
000 KappalaOOO 000000000000 000000000000
0000000 0000000000000000000000000
0000000000000 00000D0O0O0OoOo
voooooooon 000O00O0OO0DDODODODOODOO00O00O0O0OOOO
0000000000000 0000000O0Oooo
0000000000000 0O0DO0O0O0OD0OOOoOooO
ooooooooo dooooo
ggoond

[1] Tim Finin, Don McKay, Rich Fritzson, and Robin

McEntire. KQML: An information and knowledge
Ooooo exchange protocol. In Kazuhiro Fuchi and Toshio
Yokoi, editors, Knowledge Building and Knowledge
Sharing. Ohmsha and [OS Press, 1994.

[2] Hideaki Takeda, Kenji lino, and Toyoaki Nishida.
Agent organization and communication with mul-
tiple ontologies. International Journal of Cooper-
ative Information Systems, Vol. 4, No. 4, pp. 321-
337, December 1995.

[3] Hideaki Takeda, Koji Iwata, Motoyuki Takaai,
Atsushi Sawada, and Toyoaki Nishida. An
ontology-based cooperative environment for real-
world agents. In Proceedings of Second In-
ternational Conference on Multiagent Systems,
pp. 353-360, 1996.

[4 0000, 0000,0000,0000,0000.
0000000000000000000000. O
000000000 (0100)000, pp. 453-456,
1996.



