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Robots need to be able to understand orders from humans when they work in homes and public places.  Such orders are high-
level commands such as "I'd like a cup of tea" or "bring me the newspaper," in which the detailed motion of the robot is not described.
Robots must therefore analyze the human high-level command and break it down into primitive motion commands such as "move the
arm tip to point A." It is also necessary for the robot to recognize and/or measure the concerned object of the task using sensors so
as to accomplish the high-level command.

This paper describes an experiment, in which a robot picks up a ball on the floor upon hearing the human order "pick up the ball,"
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to verity the validity of the high-level commands.
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Functional structure of robot controller

42 0000000000000000
00000000000000® 0000007000
00000000000000000000000000nO
« JU0D000"0000000000000000000
gooooooon
() DoooOoOOO0MO00O0O0O0O0O0om
() Doooooo
(3) DoDoOODOOOO0O0O0O0OO
(4 ooooooOoo
000000000000 0000000000000
0000000000000 0oO0ooo0oo
00000000000MO0000o00oooonooof
0000000000000 O0000000ooonoon
ooooooooooo(MoWooooooooooo
000o0000000000000000000000
421 0O0OO0OOD 0000000000 mon
0000000000000 000MO00nonoo
0000000000000 D000000M00000on
0000000000 Hidden Markov Modell HMMIO O
0000000000000 0000000000000n

18

0000000000 Uooooomoug AKAIOO
do00oO0oO0oO0oO0oO0oO0oO0oO0O00000000O0OO0mMOOg
o000 o0 @mo@oomomoooa.o
000000 0o0U0OoUooOoooUuUoouooooog
Oo UU—0O0O0OXOO—0OOO..OUOOOO0OoOoOO
doooUooooUoUoUoUooOoOoooooOoooooooo

DU0U0osms 0000000000000 OOOO
goooouoboo bo"obouoboboobooa
gfdooooooboooboobooobouobooa
doboddooooooboboOooobooobooooomo
O/AKAlI/OO0O0O00O000O0O/A/O0/K/0/A/0/1/70
oo moooooooooobooooooon
godoobooobooobbooobuoooooooooa
godooobboooobobooooooooooooa
gbobooooooboooooouobobooooooa
gooooboooobobuooboobooobuooboooa
googobooooboooboobbobbobuoooooa
JddddboooooOoDOoooooobOoooomobooon
0oood/A/K/A/1/0/B/0/R/U/D/W/0/0/T/0/R/E/T
Jo000oooooObObo0oobobobOo0o0oooooooo
goooooooooboobobobooobooooa
gdoooobobboobobbbooooobooooaod
doddobomobooooboooboooooooooa

422 000000 goooooooooobooo
gdobodoboooooooboooboboooooooooa
gdodoooooodouobouooobobooooooa
Larm.Movell® [TJRarm.MovellB g,[T1Garm.Movell® ¢,[]
gobooboboobddooooooooooobooooboo

goboooooooboooooobooooobooa
goooooooooooooooboboooonooooa
gdooobouooooobooboooooooooooa
aooooooo

gooooooboobooooooooooooaoooa
JodooobOo00d00odo0moooooooon
gboboooooooooooooooboooooooooa
aood

gooobooooooooooboooooooboaoa
dooooooobooooooooooooooooboa
dfdooooooooooooobodooobooooa
dboooooooooooooobooooooooooa
doooooooooooobodoooooooodgoa
dodoooooooooooooooooboooooa
aoad

423 O0O0OO0O0O0OOOOOOO ogooooodoo
dooooooobooboobooobouoooooooooon
GghObO000OoOoOooooa

cU00dD0d00o0Ooo0ooooOo0bOoOooooobooOoao

000000 Vol.O No.OOTTIO



oooooooOooooooooooooooooooon
00000zbO0O0000OPpick0OOO0DOOOOODOO
O0000000O0OXyDOOOOODOOOOOOoooOOoo
030000 Ooooooooooooo Xxooomo
0000000000 @M Xy OOOOODOOOOOO XOO
000000000 weosO 10000000 OOOOOO
O0o000ooDooo0oooooooooooooooooon
O0o0odooooooooooooogo

Ogooooo Xooooo Xy oooooooog
dO000O0o0D0OoODOddoos Xooooooooooe Xd
OXOXyI/NONOO OO e XO OO OoOoooooooo ca
00000 Oo120300Mme oooda

0 X[ J1o6 010

000o0o00goooJodée Os Xoooooood

ddbdooooooooooobooooD1oooo
50 O0J7% X 020

ddodd2msOddé6 DOODOGOOOOOODOO
00 Garm.Movell6 066 (DO OOW60sO0000OOONO
000000000000 GarmMovell® 066 OO0
gobooobooooooooobbooooooodg Xreod
Ud PpickUULODOOOOOOUOODOOOOOOJON
gdooobooooooboboJgoboooooooooa
d00oOddOoXrdOde ooOoOddnO

000000 Ze
Doo0sc

& XO Xc

Ya
0 X0 X, 0N

AOODOO
gdddza

gooooooo
000 Ppick ™

0ooox
r 0oooooooox

oooo

0oooo0xb
0ooo

JOo00ODO00O0D0O000000bO0ooOO0ooO0obDOooOoooOooOonceeD
Jodooo0omoooPOooooo
Coordinates for visual feedback
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Ball picking up motion expressed by work coordinates
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