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Human-Robot Cooperative Sweeping using Embedded Interaction in a Task
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This paper describes effective interaction design for a cooperative task in which a mobile robot sweeps over a
table and a human can help it by picking up an obstacle. For an efficient cooperation, we introduce behaviors
of a robot to sweep a region under an obstacle when a human picks up it, and design it based on interaction
embedded in a human’s operations to achieve a task. This interaction enables a human to easily cooperate with a
robot without additional and explicit commands. We made experiments to evaluate the interaction embedded in a
task by comparing with other explicit interaction, and the experimental results show our cooperative sweeping is
more efficient than autonomous one and our interaction embedded in a task needs less cognitive load than other

interaction such as voice or leading the robot by hand.
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TI(Task)

VI(Voice)

HI(Hand)

06 ODOODOOOOOO30OO00O0DO0O0O0O0

BEZHY (a=0.01)
p<0.001, s=21.9
| ]
BEMARSHY («=0.1)
p=0.065, 5=5.5
018 1= BEMEH Y (0 =0.1)
0.14 | lMTS.S
[; 0.12 |-
X o010
5 0.10
En 0.08 [~
0.06 |-
0.04 |-
0.02 I~
0
Tl VI HI

07 000 (0D0D0OOD0D0O0O00ODODOOOOOO)ODOOOO

goboooooooon
ubobooooobooobooooobooooboooboooon
coooooooooooooooobobo0O0OOTLVILHIO
goooooboooobboOoooboooboobOooooo
goboooooOo0oooooooobooobobobo sbbobobooDbo
gooo0 30obooooboooooobooooob 3soooooo
goboooooboooobooboooo

4.4 00 2000

gopooO 70002000000 300000000DODO
7000000000 (0000000000000 0O0OO0OO0
00)0000o0O0000 (oooo)ooooooooOoo
oo0o0oboOooOooOOooOoobDOobOoO0OOobobOogooooo
goboobooOoooooooooOoooboDbboooooDbOoo
goboooobo100Db0000 TLVLHIDODO nOO0ODO
ooon0 zi,ze,....x,,, 000000000 y1,y2, ..,y O O
gooobo..0000booboob yizxi/zjx]’ gooo
TIODODOOODOOOOOODODOOODOOoOoboooooog
oooooooooobOOoOooOoOoTLVLHIDOOOOOO
0000o0oodoooooooooooooooooonooo
0000000000 =2.195,df =2,p < 0.001(a = 0.01)
gooooooo0oo0oDoDoOoO0oDODOOoO0O0gTLVLHIODO
000 2000000000000000000DOOOO (O
TO0000O0D)0(TLHHOOOOOOO (e=0.01)0000
(TIO VI),(VILH)OODOOOODOOOO (e=01)00000

5. 0O

ob010000b0o0oooo0oooooo0ooooobooo
oboooooooooobooOooooooooooooon

goooobooooboooooooooobooooobooobooon
goooooobooobooobooooobooooooooooo
oooooooooboooboboboooooobobooooooooo
gooooooooooooboooooboooboboooobooooo
ubooboododooooooboboooooboobboouoooo
gooooobooobooooOoboOooooooooooooon
gooobooboooobooboooobooooooboooboon
gooobooboooooooooooooboooboboobooDo

ub200000000000000o00 20000040
ooooboboooboooboooboooobooobooooboooa
gboooooooooooooboooooboooboooo
gobooooooboooobooobooobooooboooo
goooooooooooboooobooobooboooboooon
ubbobooooobooooooboooooooooooooo
gbooooobooooocbooobooooooboooboooooo
gobooooooboobooooooobooooooobooao
goooooooboooobobooboboobobobooobo
gbooooooobooobobooooobooooboooo
gbooobooooobobooocooooboobOobOobobobooOon
oooooooooooooboooboobobooooobooooo
goooobooooboooboooboooobooooooooboo
gbooooboobooobooooooooboooooo
ooooooooooooboboooboboooooooon
goobooooooo

6. UOO

gobooooobooboooooooooooboooboooon
goboooooboobooooooboooobooobooooo
gobooooobooobooooooboooooobooboooooo
goooooooooboooboooooobooobobooboooooo
goooad

gogd

[Brooks 86] Brooks, R. A.: A Robust Layered Control System
for a Mobile Robot, IEEE Journal of Robotics and Automa-
tion, Vol. 2, No. 1, pp. 14-23 (1986)

[Choset 01] Choset, H.: Coverage for robotics - A survey of
recent results, Annals of Mathematics and Artificial Intelli-
gence, Vol. 31, pp. 113-126 (2001)

[Condron 02] Condron, J. E. and Hill, K. D.: Reliability and Va-
lidity of a Dual-Task Force Platform Assessment of Balance
Performance : Effect of Age, Balance Impairment, and Cog-
nitive Task, Journal of American Geriatrics Society, Vol. 50,
pp. 157-162 (2002)

[Crandall 02] Crandall, J. W. and Goodrich, M. A.: Char-
acterizing Efficiency of Human-Robot Interaction: A Case
Study of Shared-control Teleoperation, in Proc. IEEE/RSJ
International Conference on Intelligent Robots and Sys-
tems(IROS02) (2002)

[Marrone 01] Marrone, F. and Strobel, M.: CleaningAssistant -
a service robot designed for cleaning tasks, in Proc. Advanced
Mechatronic Systems (AIM‘01) (2001)

(00 02] OO0 00,00 00,00 00,00 000000000
000000000000 000000000000000000
00000000,00000000000, Vol. 68, No. 667, pp
906-913 (2002)

[00 03] OO0 0OO,00 00,00 0,00 00,00 00000
00000000000000000000000 DR HelperdO
0000000000000000,000000000, Vol. 21,
No. 7, pp. 80-88 (2003)



