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An approach from motion generation/recognition to intelligence

based on the mimesis principle
0 A developmental model of mirror neurons []

*Tetsunari INAMURA (JST CREST/Univ. of Tokyo),
Yoshihiko NAKAMURA (Univ. of Tokyo)

Abstract— The discovery of Mirror Neurons in human brain shows that the motion recognition and gen-
eration are executed by bidirectional computation model, and the model leads to symbol grounding system
through embodied humanoids. We have proposed mirror neuron models based on Hidden Markov Models. In
this paper, we propose a new method for usual models in order to be developed through behavior observation

and generation.
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Fig.1 A proposed mirror neuron model
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Fig.2 Motion Sequence and Hidden Markov Models
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Table 1 Recognition result of others’ motion using HMMs.

Input Behavior

Proto-symbols

swinging

walking

dancing

kicking

backward walking

crawling

swing

-430

-3915

-4077

-3940

-4114

-4007

walking

-3048

-3071

-1646

-3099

-3019

dance

-1656

-144

-1613

-1683

-1577

kicking

-2519

backward walking

-2372

crawling

unknown behavior

Fig.3 Original humans’ performance (upper) and generated humanoid’s behavior (lower)
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Fig.4 Acquired motion elements without loop structure

gboooOoboobbooooooboooooooo
gooooooooooooog

53 O00OO0O0O0OO00O00

gbobooboooobooooooboooooon
gooboboobooooobobobooouoooo
gbobbooooboboobooooooooogo
gdbooooboooooo4000b00onooooogon
gboooooooooooooobooboooooooo

gooobooboooobooobooooooobooon
o0o000000O000go Fig4,h00000000
gboooooobooooooboooboooooogn
goooooboo3oboooooooooooooa
goboooobooboooobobobooooobo
OO0Fig4d0ODODODOOODOOOODOOFigs0 00O
gbobobOooboobobooboboobobooooniso
gbobooooobobooooobooogbogo

goobooobooboboooboooobobboboon
0000000000000 0O0DO0O00 ADDOO
gbooooBOOOoOoOoOoOoOooDoDOooOOoOogooooo
gooooooobooooobobboooooo
goooooobooboobooooooooooooo
00000000000 0O00O0O0O0OU0O (AoOoo)
0oo0o0o0oo0o0ooOoooooooooo (BO
00)000000000O0O0OO0oOoooOo

54 HMMOOOOOOO

oooEMMOO0OO0O0DOO0O0OCOO0O000400
oboobouobd gp0oogooooboooogooo
Fig6OOUOO OOoOoUooooobooooooooo
gbooodoooobooooooboboobbon
goooboobobooobboobooboobbo
0000000000 Figr000O0DOD0OO Ey
goooooooobooobooboooooooon
gbooooobo200b0b0oo0boooooooog
gbooogoon

OO0 HMMOOOOODODOOOOOODOOOOO
oobobooooobbooooboooooooboooooao
gboooboooboboooboooboogn

-0.45

01 : — — e

1\‘ <ol motion elements aquired [ B :
- | from original human's
- | performance

Anklejoint [rad]

> | motion elements aquired o
"] from generated motion
: | onahumanoid

o
L
%,

Q.05
%

%
>
limit of humanoid's knee joint J

-~ ~ ~ ~ <
© o8 075 07 065  -06

Hipjont[rad]

Fig.5 Acquired embodied self-motion elements using
loop structure

1
# of nodes =20 # of nodes = 24
30.5 IR 0.5 SBE-EN
sl L7
=lo ) g 4 8
time [sec] time [sec]”
# of nodes =25 # of nodes = 40
& los g 05 g
Q
g
0 7 8 0 7 8
A\ N
time[sec]” time[sec]”

Fig.6 Generated motion (shoulder’s yaw joint) for
each number of nodes

6. 00O

gbbooobooooooboobooboooooo
gooooooboooooooooooo BEMMOOO0O
gbooooooboooboooobboboooog
goobobOooooooobooboooobooboooon
goooooooobooobooooobooogo
gboobooooooooooboooooboOob b
gbooooooboooboboobobboobogn
gboooobobooooogobobooooog

goboooooboboooobobobooboooo
ggooboooooobooboooboooooon
000000 ®OHMMOOOOOOOOO0O0OO0O
oooooobooboooboboooooboooooon
gooboobooobooooooboboooogn
uboooooooboooooooooooooon
ggooobobobooooooooooobboooobooo
gboooooogno



1 . . . . .

09 F 4
0.8 1

0.7 + 4

Error

0.6 , i
05} j
0.4} 1
03} 1
02} j
01} ‘ l\
0 L L L

10 15 20 25 30 35 40
The number of nodes

Fig.7 Error value Fy and the number of nodes

gbooOobbooooobooooboooooboooboo
oodoooooooobooboboooooooooon
obooooomoboobooboooboooooooo

good

1) M.J. Mataric. Getting humanoids to move and imi-
tate. IEEE Intelligent Systems, pp. 18—-24, 2000.

2) S. Schaal. Is imitation learning the way to humanoid
robots? Trends in Cognitive Sciences, Vol. 3, No. 6,
pp- 233-242, 1999.

3) M. Donald. Origins of the Modern Mind. Harvard
University Press, Cambridge, 1991.

4) V. Gallese and A. Goldman. Mirror neurons and the
simulation theory of mind-reading. Trends in Cogni-
tive Sciences, Vol. 2, No. 12, pp. 493-501, 1998.

5) 0O.000000O0O0oooUoo.oooo, Vol. 69,
No. 4, pp. 404-408, 1999.

6) T.Inamura, Y.Nakamura, H.Ezaki, and I.Toshima.
Imitation and primitive symbol acquisition of hu-
manoids by the integrated mimesis loop. In the Proc.
of IEEE Int’l Conf. on Robotics & Automation, pp.
4208-4213, 2001.

7) T.Inamura, I.Toshima, and Y.Nakamura. Acquisition
and embodiment of motion elements in closed mime-
sis loop. In the Proc. of IEEE Int’l Conf. on Robotics
& Automation, pp. 1539-1544, 2002.

8) U0,00.000000OLLO0OUOOUOUDOO
000o00o0O0o0O. 020000000000000
0ooo, p. 3H18, 2002.

9) 00,00,00,00. 0000000000000
00000o0oooooooooO0O. ooooooooo
00O, Vol. J85-D-II, No. 1, pp. 90-100, 2002.

10) Y.Kuniyoshi, M.Inaba, and H.Inoue. Learning
by Watching: Extracting Reusable Task Knowl-
edge from Visual Observation of Human Perfor-
mance. IEEE Transaction on Robotics and Automa-
tion, Vol. 10, No. 6, pp. 799-822, 1994.

11) 00,00,00,00.00000000000000
O00ooopDooooO0. 0D 18000ooooooo
Oo00oOoooo, pp- 801-802, 2000.

12) S.Young et al. The HTK Book. Microsoft Corpora-
tion, 2000.

13) 0O0,00,00,00.HMMUOCOOOOOOOOO
O000O0oO0oO. 0000 SP95-122, pp. 35-42, 1996.

14) K.Kurihara, S.Hoshino, K.Yamane, and
Y.Nakamura. Optical motion capture system
with pan-tilt camera tracking and realtime data
processing. In the Proc. of IEEE Int’l Conf. on

Robotics € Automation, pp. 1241-1248, 2002.
15) T. W. Deacon. The symbolic species. W.W. Norton
& Company. Inc., 1997.

g

ggobooooooboobood

gooooooooogoooboog A,BOOOO
ooooog BpOood

(o'} (i)aijbj(ot+1)ﬂt+1 (.7)

W (i,7) = 12

Y2 (7, 5) SV ar() (12)
N

i) = Zwm (13)

ooo0oo0ooOoo EMOOOOODOODOOOODDO
oooooooooooo

’ Zt 1 'Yt()

ggooboboobooboooooboobobag

0000 (14)(15)0o0000ooo
aij = flij (16)
biky = bicr) (17)

gboobooboboooon

goobooobooobobooboelh 0000
ooooon0 B,O0OO0O EMODOODODOODODOO
god

T
N Et:1 L;(t)o;

SRS (18)

r !
3, = i1 L (t)(gt — ;) (0 — pj) 19)

Yo Li(t)
oOood .
Litt) = m QOB (20)
{ Z au‘} bj (o) (21)
N—1

Z j(0e41)B5(t + 1) (22)

=2
ggboboobogood

a(l) =1 (23)

Z

0000000000 (1819000000000

01 ﬂ] ) (24)



