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Design of Self-Organizing Symbol Acquisition Model
based on Dynamics-based Information Processing System

o Daisuke NAKAMURA (Univ. of Tokyo) , Masafumi OKADA (Univ. of Tokyo),
Yoshihiko NAKAMURA (Univ. of Tokyo,CREST)

Abstract— It is important for intelligent systems to acquire symbols not in a top-down way but in a self-
organizing way. We designed Dynamics-Based Self Organizing Map(DBSOM) that can not only acquire a
topological preserving map but also generate a learned signal. In addition, we aim at developing Dynamics-
based Information Processing System so that it can acquire symbols in a self-organizing way by means of

DBSOM.

1. 0oOooo

ggboboboboboobobooboooooaon
gbooboobooboboobobooboboboagood
gbboogbogbobooooobobobobooon
gogbboouoooobooooooooooabogd
oboobooboooboobobobooobooon
goooooobooooobooboboobooogogao
gboooooooboboobooooobooooon
O00U0oOo0oooOoo (bBsOM)OOoooooOoO
gbodgbboooobobbooooaobogooon
gbooobbobooooooaaoad

2, OJoooooooooood

00000000 (Self-Organizing Map : SOM)Y)
D00000000000000000000000
O000000D00000000000000000
000000000000000000000000
Oooo000ooooooooooosoMOOOOn
000000000000000000000000
0 (Recurrent SOM : RSOM)? 0000000000
000000000000000000000000
000000000000000000000000
0000000000000000000000000
000000000000 000000000000
0000000000000000 (Dynamics Based
SOM : DBSOM)O0 OO 00O

DSOMO 02000000 LxLOOOOO0O0OO
0000000000000000 4000 k000
z, 0000 k+10000000 &, 000000
000000 e,000000000®»0000000
Fig.1l0OOODDOO0000D00000000 10
0000000000000 20000000000
000000000000000000 00000
000 #,,,0000000 0000000000
kPr (1)

¢, 000,00 mOOOO0OOODOODOOOOO

i
LTpt1 =

FARIS AT DAL T T — Tz A A 22 (S12003) (20034512 H 19 A ~21 H « )

Al A2 AL
prediction Xj+7 Xk+7 = = * Xk+]

1

Xk

input

Fig.1 Architecture of DSOM
DD@};DDDDDDDDDDDDDDDDDDDD

by, = ¢(xr) (2)
db(m):[1,m1,m2,---,xlwz,---,m{”,mg’,---,m%]T (3)
[Il:]l:l[I[Il:l[ll:l[l[Il:ll:ll:ll:ll:ll:l|:||:||:||:||:||:||:|®§c
doodoobobooooooooobooooooon
ogoooooood

gogoooood

DbmuO0O0O:

gboogobooboboboobobobobooon

O00O00O0OD0OOOOO0DOOOO00O4d best-matching

unit(bmu) 0 00O Dbmu[l[lklj[l bOoOOoOoDOoODOOO
b=argmin Y |lz; - & (4)

j=k—ko+1

O0O0OO0ObmuO0O0O kKOOOCOOODOOOCOODOO

gobobooobobobobboboboboboboooon

2)000o00o0n:

bmuOO00O0O0O0OODOOOOODOOOOODOOOOOO

oood

D00000000000 @,000000 P,OOO
000000000000 000000000000
000000000

k1 = O+ hieia (5)

—341—

SY0014/03/0000-0341 © 2003 SICE



b T pi
1+ ¢ P,
2-5-1 = P;c-&-l /0‘ (7)

0(MO0a0<a<1)00000000000000
000 ©e000000000000000000000
000000000 e000000 «i00000 A
0000000000000

i _ i
k+1_Pk_

€p = Tpt1 — Lppy = Tir — O Py (8)
.
¢ Py,

aj, = ———L
1+ ¢y Pioy,

;2
hi = exp (— ;jo?) (10)
0 = aexp (ﬁt f ) (11)

00000 P,O0D0DODOO ¢,0000 & =
[¢1¢2¢k] ooo
P, = (®,9]) 1 (12)

0000000 (10)0 0 bmuOOOO000O0O i0O
0000000000 ADbMuODODO 100004
0000000000000 O000O0OOO0ooon
00000000 0000000 ¢t00000O0
00o0O0o0oooo
00000000000000000000000
000000000000 000000000000
0oo0ooOoooooon

3. oot oooouooboobn

bBSsoMOIOOOOOOODO 60O OOOOOOO
oobodoboooob 2000000ooobooon
ggooobobOobooboooooobooooooogo
gboboooboooobooboboobooboooon
0000040000000 %00000000000
ooobOgox100200000000000 m=3
oooo

OOo0o0ooo bSsOMO 300000000000
(400)00000000000O0O0O Fige0oOoOooO
oo 1gbo0b0oobo1oooooobaoooboboon
00000 s000000000

R - (13)
LD ik korn 1T — 25|

0000000000000000000000000
000D0000000000000000.Fig20
0000000000000 00000000000
0000000000 000000 Figdd (1)000
000000000000000000000000
goooooooooooooooboooonoooo
godoooooooobouoooobooooooooao

punch

gbobobooodboooobooobooooooobaon
gbooobOoooooooboboobooooboon
000000000 0O0000O0000O0 Fig3O (2)
00 squatOpunch 0000 bmuOO0OOOO00DOO
00 (400)003000000000000000
0000000 ()ooooooooooooooo
ooboooooboooboooooboooooooboo
ooboooboobooooboobooboooOooooD 20
gooobooooobooooboooooboooon
gboobooooboooooobooooooon

2 2
throw punch

kick

Fig.2 Degree of activity of each motion

ashibumi  (2)

a2h A b o N & o

o e 0006 0600C¢C
Oe® o0 00000
DOOODOe 000
00000O0ODODON
P O0OO0OO0OO0OOOMDOMDOHE

A Ooooononoan
o Oooooooano

P OOOOOe OOk

throw banzai kick
Fig.3 (1)Plot of motions that activated each unit
each point means each unit, and the type

of points means input motions. (2)Trajectories

generated by bmus of ’squat’ and ’punch’

4. 0000

gbooodoboobooobooboooooaab
goboooboboobooboooboooobooanon
goooooboobobbooobooboaboooao
gboboobooboooboobobbbgbooabad
gboooboodooooboooooooooooban
goaodad
good

1) T.Kohonen: Self-Organization and Associative Mem-
ory, Spinger-Verlag, Berlin, Heidelberg, 1989.

2) T. Koskela, M. Varsta, J. Heikkonen, K. Kaski: Tem-
poral Sequence Processing using Recurrent SOM,
KES’98, 2nd Int. Conf. on Knowledge-Based Intel-
ligent Engineering Systems, Adelaide, Australia, Vol
1., pp. 290-297, April 1998.

3) M. Okada, D. Nakamura and Y. Nakamura: ”Hi-
erachical Design of Dynamics Based Information
Processing System for Humanoid Motion Genera-
tion” ,Proceedings of the 2nd International Sympo-
sium on Adaptive Motion of Animals and Machines,
Kyoto, March.4-8, SaP-III-1, 2003.

—342—



