go0oooooo00  Vol.17 No. 1, pp.105, 1999 1

g o

Jododooogouogd

Toward Cognitive Robotics

o0 o* oo o*2

00 O00*+'gooooooooooo

0000000000000 *0000000000000000

Minoru Asada*l, Hiroshi Ishiguro*2 and Yasuo Kuniyoshi*3*10saka University *2Kyoto University *3 Electrotechnical Laboratory

1. 0O 0O 0O O

SFOOO0O000000O0DOooOO0ooDoooOooooo
cooooooboooobooocoOooOooOoooobooooao
coooOooooOoooOoooOooooOobooooboooo
cooooooboooobooocoOooOooOoooOobooooa
cooooobooboboboobobbooboooboobOoond
coooooobooooboooooooOooobooooo
cobooooboobooooboooooobooooono
coooooobooooboooooooooobooooo
coooooobooooboooooooooobooooo
cooooooboooooooooobooooobobooooo
cooooboooooooooooooooooooo
oooobooooobooooooooooboooobobooooo
ooooooooboooon

goooooooooobooooooooooooo
ooooooooooooooooooooobooooo
cooboooboobooboooobooooooooooonod
cooooooboooobooooooooooooooon
cooobooooboooobooocoOoooOooboooooao
cooobooooboooobooocoOoooOooboooooao
cooooooboooobooocooooOoooboobooooao
coooooooooOooOoOooOoOoOoooOooOoOooOooooao
cooooooboooobooocoOooboOoobobooooo
cooooooboooobooocoOoooOoooOobooooo
coooooobooooboooooooOooobooooo
cooooooboooobooooooboooobobooooo
coobooooobooooooooooobooooobooon
cobooooobooooooooooooooooooonod
cooooooboooooooooobooooobobooooo

oooo 19980 90 40
go0o000obO0oo0obOoooooooooo
*10 565-0871 000000 2-1
*2[0 606-8501 00O O0O00DOOOO
*0 305000000000 1-1-4
*12-1 Yamadaoka, Suitashi, Osaka 565-0871
*2Sakyo-ku, Kyoto 606-01
*31-1-4 Umezono, Tsukuba, Ibaraki 305-8568

gooooboooogil7o1o

gbooooooboooboboboboooooobooobgoobon
gboooooobobobobooooooboooboooboon
gbobooooooooooooogobobobgoboon
gbooooooobooboboboooooooogooboon
gboooooobooboboboooooooobooboo
00000000 (0Ob0o000DU0DO0ObOOoUDOoO
0)0O00OD0OO0oOO0oO0oOoO0oDbOOooOOoUooOOoUoOooo
gbooooooboobobobooooooooooboo
agoo
gobooboobbooboobboobooboo
goboooboobobooobooobboobboo
gobooboobbooboobooobooboon
gobooboobobooboobooobooboon
gobooboobbooboobooobooboon
gobooboobbooboobooobooboon
gobooboobboobuooboooboobooon
gobooboobboobuooboooobooboon
gboooooooboboboboooooobooobogoobon
gboooooooooooooboobooobobobon
gboooooobobobobooooooboooboooboon
gboooooobobobobooooooboooboooboon
OooOoOo0oDbOOoOobOoOoOooOoOoOo200000D000D0
gboooooobooboboboooooooogooboon
gbooboobobobooboooobobooooooo
gboooooobooboboboooooooooboo
oood
oboboooooobooboboboboooogoog
goboobbooboooobobboobboonoboon
oooooooooobooooooooobobbb
gboboboobobooboboboboboooon
gobooboobobooboobooobooboon
gobooboobobooboobooobooboon
goboboooboobobooboboboboobooon
gogooooooooboooooooboboobbbbbb
gobooboobboobuooboooobooboon
gobooboobboobuooboooobooboon

19990 10



2 oo o oo

gobgooboobbooboobbooboobboo
goboobbooboo
ggboobobooboobboobooboooboobda
goboobboobbooboobbooboobboo
googboboboobboobobuooboboboon
goboobboobbuoobooboboobooobboo
ob0obO0oboooOooOobooobooDb2000b00DOD
goboobboobobuoobooboboobooobooboo
gobobobboboboboboobobobgoobgon
gboboooooboboboboboooooooogo
gbobooooobooboboboboooooogogon
gboooooobooboboboooooo

2. OJOO0oOoOooobooobooo

gbooobooobooboooboooboobooooo
gobobooobooboobooobooboooboooooo
gobgoooooboooboobooboobooboo
gboboooooboobooooooooooobooooooon
gobgooboobbooboobbooboobboo
gobooboobbooboobbooboobboo
gobgooboobbooboobboobooboboo
gogooooooooooooooooobbbbbbb
goboobboobbuooboobbooboobboo
goboobboobbuoobooboboobooobboo
googbobooboboobobobbooouoooo
goboobboobobuoobooboboobooobooboo
goboobboobobuoobooboboobooobooboo
gbooooooboboboboooooon
gbobobooooooobooboboboo
gljoocooooooboOooooOooooooooooo
gbobooooooooooooooooooogon
goooooogo
020000000 (D000O0)D0DDOO0OOODODDOO
0000000000000 0oOoooOOoooOoo (o
0000000)000oo0ooOooOooo
0300 000000000000000O00O0O0O00O00O0A0
00000000000O000oOoD(o)oooo
googn
gobooboobbooboobbooboobboo
gooobobobooobooboooooboobooo
goboobboobbooboobbooboobboo
goboobboooboobboooboon

3. Jobooboobobooboobooboooboon
oogd

obooboobooboboooooooooooooangd
cooboooboooobooooboooooooooooan

JRSJ Vol. 17 No. 1

oo oo

gbobooboobobooboobooobooboon
00000 (Mark Johnson) 0O DO [1]J0000000ODO
0000000000000 000(0ooooo)ooo
gooobboooobbbooobobbooooboo
(00)0D0DO0O0DO0O000D0O00ODOOObODOOO
gobooboobboobooobobooboon

gogbooboboobobuooboobobooboobooboo
gobooboobboobuooboooobooboon
gboooooooboboboboooooobooobogoobon
gbooooooboooboboboboooooobooobgoobon
gboooooobobobobooooooboooboooboon
gbooooooobooboboboooooooobogooboon
gboooooobooboboboooooooogooboon
gboooooobooboboboooooooobooboo
gbooooooboobobobooooooooooboo
gboooooobooboboboooooooooboo
gbooooooboobobobooooooooooboo
000 (00000D)0000000OUOOooUooDoO
gbobooboobbooboobooobooboon
gbobooboobobooboooboob

gobooboobbuooboobboobooboo
ooooooo0o0obo()ooobDooObDOoOooooo
gobooboobbooboobooobooboon
000000000 (D0)bbb0o0ooobbOUoOoooo
gobooboboobbooobooooboooboon
gobooboobboobooboooobooboon
gbooobdobooboboobobuooboboooo
gboooobooboboboboooooobooobgoobon
gooo

4. O0O0D0OO0oO0ODOOOOOO

cooboooooOooooboOoobooOoooooooon
ocoocoooocooooooooOoooboobooobooboOooon
cobobooooooooobocoOoboooooooooon
coooooooboooooooooooboobooobooboooon
ooboboooooooooboooboboooooooooon
ooboboooooooooboocoboboooooooooon
ooboboooooooooboooboboobooooooooon
oobobooooboooooobooooobooo
4.1 0OO00O0OO0OO0OOOOOOODOOOO
eJJI0D00D0O00OLDDOODODOOULUDOOUODLDOO
goobooooboooooobooooobooobooDo
oobooooooooooooooooooooon
goboooooooboooooooooooooon
oobooooo0oooooooooooooOooon
goboooboooobooooooooooooon
gobooooooobooooooooooooon

Jan., 1999



gooooooooooooo 3

000000000000000000000000
000000000000000000000000
0ooo0ooo

e00000000000D0000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000D000000000000000000000
000000000000000000000000
000000000000 O00000(000000
0)0000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000000000

4.2 00000000O0OD0OO0OOO0

0000000000000000000000000

00000000000000000000000000

00000000000000000000000000

00000000000000000000000000

00000000000000000000000000

0000000 (000002000 [3)00)00000

00000000000000000000000000

00000000000000000000000000

0000000000000000000000000

00000000000000000000000000

00000000000000000000000000

00000000000000000000000000

00000000000000000000000000

000000000

5. JOoooobbooobbooobbgao

uoboooooooooboocOooboocooboooooa
cobooOoobooOooobOooooboOooOooobooOooooo
cobooobooooooooooooooooooooao
coooooobooooboooooooOooobooooo
coooooobooooboooooooOooobooooo
coooooooocoocooooooooobooobooonad
coooooobooooboooooooooobooooo
coooboooooboooooboooooooooooboooon

5.1 00O0O0O0O0O0OOO0OOOO0OO

ooooooboooooooooobooooDbbobooboOoog
ocoooooooooooooobobOooOooDoooDOoDgd
oo0ooOo00ooooooooooooOooobooooo
cooooooooobooooboobooooooond
coooboooooooobooooooboboooooo

gooooboooogil7ro1o

0000000000000000000000000
00000 (45000000000 (MO00000)00
000D00000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
000000000000000000000000
000000000000000000000000O0
00000000000D000000000D00000
060000000 [7]000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
000000000000
0000000000000D000000000000
000000000000000D00000000000
00000000000000000000000000
000D00000000000000000000000
000000000000000000000000000
00000000000000000000000000
00000000000000000000000000
000000000000000000000000000
5.2 00000000000000000
0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000
0000000000000000000000000
000000000 @3000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
000000000000000000 (80000000
000D00000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000
000000000000000000000000
0000D0000000D00000000000000
0000000000000000000D0000000
00000000000000000000000000

19990 10



4 oo o oo

000000000000000000000000000
Uchibe et al. [9)00GPOD0O000D0000000000
00000000000000000000000000
00000000000000000 (100000000
00000000000000000000000000
000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000
5.3 00000000000
0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0000000000000000000
0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0000D0DD00000000000 (700000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
000000000000000000000000 [11]0
0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
000 [12]0
000000HewODOOODOODOODOOO0D000
00000000000000000000000000

JRSJ Vol. 17 No. 1

oo oo

0000 [5)[13J0000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0000000000000000000000000 (O
00000000000)000000
0000000000000000000000000
00000000000000000000000000
000000000000 (0000000000000
0000000000000)000000000000
00000000000000000000000000
000000000 (@MO0000000000000)(50
00000000000000000000000000
00000000000000000(@0O0000)000
00000D0000000000000 (14000000
00000000000000000000000000
000000000000000000
0000000000000000000000000
0000000000000 000000000000
0[1000000000000000000000000
0000000000000 (000000000000)
00000 (00000000000000000000)
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
000000000000000000000000000
Uchibe et al. [9]0 002000000000000000
00000000000 (000)00000000030
000000000000000000000300000
00000000000000000000000000
00000000000000000000000000
000 (000000000000000)0000000
0000000000 (140000000
0000000000000000000000000
0000000D0000000000000000000
00000000000000000000000000
000000000000
0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
000D00000000000000000000000
00000000000000000000

Jan., 1999



gooooooooooooo 5

gogboobbooboobboobooboobbd
gobboooobbooobboooboobbooo
gobgooboobbooboobboobooboboo
goboobboobbooboobbooboobboo
goboobboobboobooboboobooobboo
goboobboobboobooboboobooobboo
goboobboobbuooboobobooboobooboo
goboobboobobuoobooboboobooooboo
gobobooooooooobgoboboboboooon

6. 0O 0O 0O O

oooooooooobooooboooooooooboodond
cooooooboooobooocoOoooOoobooboOoooa
cooooooboooobooocoOooboOoobobooooo
cooooooboooobooocoOooOooOoooOobooooa
cooooooboooobooocoOoooOoooOobooooo
coooooobooooboooooooOooobooooo
cooooOOoobOOoobOOoOoOoOoooobbooooOon
cooooooobooobooooooooooooooon
cooboooboboooobooooooooooobooooo
oooboooooooooooooooboooooooo
cooooooooooobooboboooboooooog
ooooooobooooooooooboOooobooooo
oooooooboboooooooooboooobobooooo
ooo

o o o O

[1] Mark H. johnson. Developmental Cognitive Neuroscience.
Blackwell Publisher Inc., Cambridge, Massachusetts 02142,
USA, 1996.

[2 O.0D000D0O0O0ODOOOODOOOOOODO. ODODOODOOO
0, Vol. 17, No. 1, 1999.

[3) bO,000000. 0000D00O0ODODOODOOOOODOOO.
ooooooooo, Vol. 17, No. 1.

[4] J. H. Connel and S. Mahadevan, editors. Robot Learning.
Kluwer Academic Publishers, 1993.

[5] M. Asada, S. Noda, S. Tawaratumida, and K. Hosoda. Purpo-
sive behavior acquisition for a real robot by vision-based rein-
forcement learning. Machine Learning, Vol. 23, pp. 279-303,
1996.

[6] M. Asada, S. Noda, and K. Hosoda. Action-based sensor s-
pace categorization for robot learning. In Proc. of IEEE/RSJ
International Conference on Intelligent Robots and Systems
1996 (IROS ’96), pp. 1502-1509, 1996.

[7] H. Ishiguro, R. Sato, and T. Ishida96. Robot oriented state s-
pace construction. In Proc. of IEEE/RSJ International Con-
ference on Intelligent Robots and Systems 1996 (IROS96),
pp. 1496-1501, 1996.

[8] Jun Tani and Stefano Nolfi. Learning to perceive the world as
articulated: An approach for hierarchical learning in sensory-
motor systems. In Proc. of the 5th Int. Conf. on Simula-
tion and Adaptive Behaviors — From animals to animats 5
-, 1998.

[9] Eiji Uchibe, Masateru Nakamura, and Minoru Asada. Co-

evolution for cooperative behavior acquisition in a multiple

gooooboooogoil7olo

mobile robot environment. In Proc. of IROS’98.

[10] Y. Miyake and J. Tanaka. Mutual-entrainment-based internal
control in adaptive process of human-robot cooperative walk.
In Proc. of 1997 IEEE International Conference on Systems,
Man, and Cybernetics (SMC ’97), pp. 293-298, 1997.

[11] Y. Kuniyoshi and H. Inoue. Qualitative recognition of ongoing
human action sequence. In Proc. of IJCAI-93, pp. 1600-1609,
1993.

[12] Y. Kuniyoshi and L. Berthouze. Neural learning of embodied
interaction dynamics. Neural Networks, vol. 11, no.7-8, pp.
1259-1276, 1998.

[13] B.-H. Yang and H. Asada. Progressive Learning for Robotic
Assembly: Learning Impedance with an Excitation Schedul-
ing Method. In Proc. of IEEE International Conference on
Robotics and Automation, pp. 2538—-2544, 1995.

[14] Eiji Uchibe, Minoru Asada, and Koh Hosoda. Environmental
complexity control for vision-based learning mobile robot. In
Proc. of IEEE Int. Conf. on Robotics and Automation, pp.
1865-1870, 1998.

go g

198200 000000000000O00OO
oboooooooooobooooooboooo
19890 0000000000019% 000
oo1roooooooooOOoOoOoOoOon
ooooooooobocOooooboOoooon
ooosebool10ooooooooon
oooooooooooOoboooOoOoOooosboooooo
00000019920 OIEEE/RSJ IROS’92 Best Paper Award
o001 oooobooooooooooooooooono
goooboooboobboobooobboobboooboobo
goboobooooooooooooooooooooooOon
000000000000 00000000O0O0IEEE R&A,
CS, SMC societies0 0O OO gobooooooooboogao

go g

19910 000000000000000O
oooooooooobooooooOoooon
ooooooooo2booooooboon
O00o00oooooomv4nooooboon
oooooooooooooobooiggsnod
obooboooooooooooooooooo
gboboooboooboobooooobooooooobOoobooon
OOO0OOIEEEDAAAIOOOOOOOOOOOOOOOOCOO
ooooooo oooooooocooooo

og oo

19910 000000000000000C00
gbooooooooboobobooboooon
ooooooooooooooooigend
gloooooooooooobooooooon
gbooooobooooboboboobooo
ooooo,b0b00000000000000
gooobooooooooooboooooooboboOooooooo
gboooooooboboobooooooooboooooooon, o
goooboobooboooobob,00b00b00000Db00Db
O00lJcAI3 000000 Ooooooooooooooo
gooo gbooboooobooboooo

19990 10



