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An Integrated Model of Imitation Learning and Symbol Emergence

based on Mimesis Theory

Tetsunari Inamura*!, Yoshihiko Nakamura*'*2, Iwaki Toshima*' and Hideaki Ezaki*3

During the behavior imitation, human being doesn’t practice simple coordinates transformation, but acknowledge

the others’ behavior, understands the behavior after abstraction into symbol information, and generates one’s self

behavior. A framework “Mimesis” in cognitive science and “mirror neuron” found in biology field show that the

behavior generation process isn’t independent of behavior cognition process, but generation and cognition process

have close relationship each other. Focusing on these facts, we propose a new method which carry out the behavior

cognition process and behavior generation process at the same time, and co-evolve these two processes using the

proto-symbol and mimesis framework. We also propose a mathematical model based on Hidden Markov Models in

order to integrate the behavior cognition and generation process, which has an advantage that the model have three

functions; 1) behavior memorization, 2) behavior recognition, and 3) self behavior generation, by itself. Finally,

feasibility of this method is shown through experiment in a humanoid simulator.

Key Words: Imitation Learning, Symbol Emergence, Hidden Markov Models, Dynamics Abstraction, Mirror Neu-

rons
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Fig.5 Generated motion from proto-symbol

Table 1 Recognition result of others’ motion using HMMs.

Input Behavior Proto-symbol
swing | walking | dance kicking | backward walking | crawling | R
swing -429.716 | -3914.88 | -4076.52 | -3939.54 -4113.95 -4006.83 | 3485
walking -3048.29 | -225.048 | -3070.79 | -1645.7 -3099.05 -3018.69 | 1420
dance -1656.08 | -1602.96 | -143.965 | -1612.76 -1683.2 -1577.17 | 1433
kicking -2543.15 | -1573.54 | -2561.72 | -198.866 -2585.34 -2518.53 | 1374
backward walking | -2395.31 | -2317.99 | -2412.72 | -2332.38 -201.504 -2372.13 | 2117
crawling -4083.22 | -3950.63 | -3814.98 | -3975.52 -4151.54 -487.833 | 3327
unknown behavior | -1914.81 | -1853.22 | -1928.48 | -1864.63 -1946.33 -1896.36 | 11

goooooooooooooooboboOoOoooooobooo
gooboooooooooOoobobooboooobooboooooo
gboooooooocoooobooobooooooooooooDoOoo
gooooboooooooooboobooooooboobooooo
goooooooooooocobooobocbooooooobooobo
O00o0[geuoooo0ooooooooooooonoo
goooo
gboooooooooboooooobooOooooobooboboooo
gooooooooooooooooobobobooooooboo
gooobooooooooboooooooboooOooooo2o
gooooooooooboooooobooooboooo3oobooo
Oo00O0ooDo2ej0bobOo00ooooo00oDoooo
gooooooooooooooooooooooooboooo
ooo
gobooooooooooobooooobDobOoobooo
oooooooooocooOoocOoooooobobocooooooDo
gooobooooobooooooooooOobooboboOooooooo
gooocooooooooboooooooOoOoDOOoOooooo
goooooooooooooooooooooobooOoboOooo
oo0oo00o0ooboO0o0oooooooooOoooooooooon
ooooooooooOoO0oO0OOoOoOoOooboooboboboooooo
00000000O0DoOoO0ODooD 212200000000
gooooooooOoooooobooobOoboboboooDo
goooooooooooooooooooooboobOobooo
gooooooooobooboooooooobbooOooooooo
goooboooooooobooooooobooOoooooobobo
goooooooooobooooooobooooboobooooo
gobooooboooooooobooboobOooboooooooo

JRSJ Vol. xx No. xx

gboboooooooboboooboboobooooooo
goboooooooooooooooooboOoboboobooooo
goooooooooooooooooooooooboono
gobobooboboobooooobobboooboooobo
gbobooooooooooooooo

00 0000000000000 (JSToooooooo
0000 (CREST) 000000000 O(@MODODOD O
0yoooooooo0ooUooooooooooooooo
gmoboooo oooooooboobo

U

[1] M. Mataric. Getting humanoids to move and imitate. 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 Cognitive Sciences, Vol. 2,
No. 12, pp. 493-501, 1998.

[5] 00.0000000000DDOO. 0000, Vol. 69, No. 4, pp.
404-408, 1999.

[6] T. W. Deacon. The symbolic species. W.W. Norton & Com-
pany. Inc., 1997.

[7]00,00,00,00.00000000000000000000
gooooooo.oooooooooon, vol. J85-D-I1, No. 1,
pp. 90-100, 2002.

[8]00,00,00.00000000000000000.00, Vol. 71,
No. 6, pp. 839-843, 2001. 000 0.

[9] J. Morimoto and K. Doya. Hierarchical reinforcement learn-
ing for motion learning: learning ”stand-up” trajectories. Ad-
vanced Robotics, Vol. 13, No. 3, pp. 267-268, 1999.

[10] D. C. Bentivegna, A. Ude, C. G. Atkeson, and G. Cheng. Hu-

manoid robot learning and game playing using pc-based vision.

xx, 200x



(1]

(12]
(13]
(14]

(15]

go0D0D0000 xxUO xx O

gooo0ooooboO0O0o00oO0o0OO0OO0O0O00O00D0O0000 7

Fig.9

In Proceedings of the 2002 IEEE/RSJ International Confer-
ence on Intelligent Robots and Systems (IROS’02), pp. 2449—
2454, 2002.

Y. Kuniyoshi, M. Inaba, and H. Inoue. Learning by Watching:
Extracting Reusable Task Knowledge from Visual Observation
of Human Performance. IEEE Transaction on Robotics and
Automation, Vol. 10, No. 6, pp. 799-822, 1994.
O0.00000doooo0ogo. ooogoooo, 1988.

S. Young et al. The HTK Book. Microsoft Corporation, 2000.
K. Ogawara, J. Takamatsu, H. Kimura, and K. Tkeuchi. Mod-
eling manipulation interactions by hidden markov models. In
Proc. of 2002 IEEE/RSJ International Conference on Intel-
ligent Robots and Systems, pp. 1096-1101, 2002.
oo,00,00,00,00.0000000000000000QCO
0oooooo. 0oooooooo (oo), Vol. 65, No. 632, pp.

16]

(17]

(18]

(19]

(20]

Target behaviors (a) tennis swing, (b) walking, (c) Cossack dance, (d) kicking,
(e) backward walking, (f) crawling, (g) unknown behavior.

1565-1570, 1999.
go,00,00.0000000000C000C0O00O0C0.00O0O
0000000 D-II, Vol. J82-D-II, No. 6, pp. 1031-1041, 1999.
J. Yamato, J. Ohya, and K. Ishii. Recognizing human action in
time-sequential images using hidden markov model. In Proc.
of CVPR, pp. 379-385, 1992.
00,00.00000000000000DO0000O0C0DOO0O0OO0
O0.020000000000000000O0A0, p. 3H18, 2002.
T. Inamura, I. Toshima, and Y. Nakamura. Acquisition and
embodiment of motion elements in closed mimesis loop. In the
Proc. of IEEE Int’l Conf. on Robotics & Automation, pp.
1539-1544, 2002.
00,00.00000000000000O0O0O000O0DOO0O0O0
goboooo.0z2o0000000000000000O, p.1C37,
2002.

200x 0 xx O



8 0o 0 o o 0o o o o

[21] 00. 000000, D000, 1996.

[22] Y. Wada and M. Kawato. A neural network model for arm tra-
jectory formation using forward and inverse dynamics models.
Neural Networks, Vol. 6, No. 7, pp. 919-932, 1993.

00 A. DDOOOoOOODOOUOUOOOOoOOO

OO0 A.1 Viterbi OOOODODO
00 P(O|A,B,n) 0000000 Viterbhi D00 OOOO
ooooooo

a1(i) = mibi(o1) 0A.10
N
v () = | Y au(i)ais | bi(ors1) 0 A.20
i=1
N
P(o"|M) =" ar(i) 0 A.30
=1

00 A.2 0000000000
00000 O000000000HMMOOOO0O A=
{a;;},B={b;;},r 000000000

i (1)aijbj(o, 4 1)Be+1(4)

S ar(i)

N
Ye(@) = Y (i, )
Jj=1
Jodooddoo EMOODDOOODOODOOOODODOODOOOO
oooooooo

O A.40

'Yt(l,]) =

0 A50

ﬁi =7 (l) 0 A.GD
T-1 .o
aﬁzz%%ﬁﬂiz 0A.70
thl 'Yt(l)
. o e
bm):z;%ﬂﬂil 0 A.80
2= (D)

0000000000000000000000000000
(A.6) (A7) (A8)0000O0OD

T=7 0 A.90
a;; = Qij 0 A.100
bicky = bigi) 0A.110

000 Baum-Welch 000 0000000 O
O

00 00 (Tetsunari Inamura)

1997 0000000000000 DO (DC1)d2000
gooooooooooooooooooooo
0000 (0Do)oooooooooooo CREST
goood2o0030000000000000000
goooooooooooooooooooooao
goooooooooooobooooooobooooobbobooo

00000000000 0IEEEDDOOD DOOOODODOOoOoooOoO

JRSJ Vol. xx No. xx

19730 10 230001995 00000000000

0o 0o o o 0o 0O o 0o

00 00 (Yoshihiko Nakamura)

19540 90 220001977 0000000000
goooobmeg2000000oobooooond
Ooo00 987o00000oooo1e8700on 91O
3g00000o00O0o0o0ooboooboOoOooOoooo
gooooooo400000000000DO00O0O
oooooooooooooooOOoOoooooo
gooooOooooooooooooOoooOoooOoOoboboOoOooooo
gooooooOoocOooooooooOoooOooboooooooDoo
goooOooooOoOopOoOoooooOoOooOooboOoOoooOooo
gooooOooooO0oO0o0o0oO0ooOoO0oO0ooooOOOboOOooOon
O0O0O0OO0O0IEEE, ASMEOOOOO ODOO0OOOOOOOODOOO

00 OO0 (Iwaki Toshima)

1976 0 40 400020020000000000
gooooooooooooooboooooog
ooooooooOo NTTOOOOOOOOOOO
oooooooooboOoOoooooooooooo
gobooooooooooboboobooooooo
gooooooodo Oooobooooooboo

00 00 (Hideaki Ezaki)

19750 120 2400019980 30000000
oobooooooooozco0000O0O0oogon
gooooooboboooooooooooobooog
goboooooooooooobooobobobogod
gooooooOooOoOoooOoooooooooo

xx, 200x



