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Summary

The symbol acquisition and manipulation abilities are one of the inherent characteristics of human
beings comparing with other creatures. In this paper, based on recurrent self-organizing map and dynamics-
based information processing system, we propose a dynamics based self-organizing map (DBSOM). This
method enables designing a topological map using time sequence data, which causes recognition and gener-
ation of the robot motion. Using this method, we design the self-organizing symbol acquisition system and
robot motion generation system for a humanoid robot. By implementing DBSOM to the robot in the real
world, we realize the symbol acquisition from the experimental data and investigate the spatial property of

the obtained DBSOM.

1. 0 O 0O O

gbooooboooobooobooobboobbobo
000 100000000000000000O0 [Donald
9100000000000 DO00O0OOODOOOODOOD
gooooboooboooboooboooboooboo
gopooooobooboobooobooboboobooboo
gooooboooboooboooboooboooboo
000000O00O0OD0OO0000000OO [SICE 03|00
gooooooobooobooooboobboooboo
gooooooobooobooooboooboooboo
0 [Harnad 90000 000000CO0O00OOOOOO
goooooboooboooboooboooboooboo
gooooboooboobooobooboboooboo
gooooboooboooboooobooboboooboo
goooobooobooobooooboooboooboo
gooooboooboooboooooooooboooboo
googoooooboooboooboooboooboo

x1 OO :00000000000000

gooooo

O00Deacon 00000000 ODOOOODOO
gopooobobooobooobooobooooboooboo
0000000000000 [Deacon 97000000
gopoooboooboobooooooooboooboo
gopoooobooobooobooooooooboooboo
goobooooboboobboobbooboboobboo
gopooobooobooboooobooooboooboo
gboobobobooboboboboboobobon
goooobbboobboooboooboooooo
gooboboobogbboobboobbooobobo
goobooooboooobooooboooooo

gbooobooooooobobooboboobooo
goooooboooboooboooboooooboooboo
gooooobooboboobboobboobbooboo
goooooboooboooboooboooooboooboo
gooooboboooboooboooboooooooboo
gooobooboobboobboobbooboo
goooooooboooboooobooooooboo



178

gooboobbooboboobbooboboooboo
gobooobobobooboooboboobobon
0000000000000 00Kohonen 0O OO
0000000000000 (SOM : Self-Organizing
Map) 000000 [Kohonen 89000000000
oo buoooobLobo
goooobboobbobboobbooooboboo
ydoddooooooboboboboboobobooo
00000000 Heikkonen 00000000000
000000000000 (RSOM : Recurrent Self-
Organizing Map)[Heikkonen 98] 000000000 DO
goooboobboobboobboobbooboo
goboooboobbuobbooboooboooboo
gooboobboobbooobboobboooboboo
goboooboobooboboooboooooooboo
gopooboboooboooboooooboooooooboo
0000O000b00o0Ob00obOobOoDOoooooDooD o
0 040000000000000DO00D0DO0ODOOO
goooobooboobbooobooooboooboo
goooobboobbooboobboobboobo
gobooobooboobboooboooooooobooo
gobooobooboobbooooooooooboo
gooboobboobboooboooboooooo
gooooboooboobboobooooboooboo
00000000000000 [Giese 03, Tani 96, Tani
03b, Kuniyoshi 98, Shimozaki 03, Omori 99|0 00 O
goboooboobbobbooboooboooboo
goooobooboobboooboooboooboo
goboooboobbobbooboooboooboo
gooooboobooboboooboooooooboo
gooooboboobbooboboobbooboboo
goboooboobooboboooooooooboo
goboooboobooboboooooooooboo
gboboobbobboobboobooobo
Oooooooooooooo RSOMOOOOOOO
00000o0oooooDnD (DBSOM : Dynamics-based
Self-Organizing Map) 00 0000000000000
goooobooboobbooobooooboooboo
goooobooboobbooobooooboooboo
goboooboobbuobbooobooooboooobooo
gooooboobooobooooooooboooboo
gopoooboooboobobooobooooboooboo
gooooboobobooboobboobbooobobo
goboobobobboobboboboobo
gogoboobboobooobooobbooboon
00000000000 DOO0Ob0O0OO0 0o oo4jooooo
0000000000000 0O0oOoOoO oo 03|00
0000000000 (HMMOOOOOO)O0DDOOO
goooobooobooboboooboooooooooo
goboooboooboobobooobooooboooboo

ooooooooo 200 30 SP-A002005 00

gdboobooboobboooboooooooooo
gdboobooboobboooboooooooooo
gogboobbobooboooboobboooboo
gdbooboobbuobbooobooooboooobooo
gdbooboobbuobbooobooooboooobooo
goood

2, 0O0OoOoOobobobbooOooobooo

211 DO000O0D00O0O0O
gooooobooooboooooboooboooo
oodoooboooobooooooooboooooo
oodoooboooobooooooooboooooo
oodooobooooboooooobooboooooo
oodoooboooobooooooooboooooo
oodoooboooobooooooooboooooboo
Oo0dooooooooooooooooboooonoo
O0000oO0ooDoO0O0Clancey0O0O0OO 1000 40
ogoooooood [ClanceyQ?]DDDDDDDDDDD
Oodooooooooooooooooboooonoog
oodoooboooobuooooooboobooonboog
00000 Virtual Structure 00000000000
oodoooboooobooooooooboooooboo
oodooooooooooooooooboooonboo
oodooobooooboooooobooboooooo
000000 SteelsO0O0OO0O0OO0D0ODOOCOOOO

Virtual Phisical
Structure Pattern

Term in Linguistic
Expression

Symbolic Thing
in World

3 >

concrete abstract

0O 1 The variety of symbols [Clancey 97]

0000000000000 D0O0O00OOO0O0 [Steels
0000000000000 DOO0bOD0DO00OOOoOoOD
gdbooboobbuobbooobooooboooobooo
gdbooobooboobboooboooooooooo
gdbooobboobboobbboobboooboboo
godboooboobbuobboooboooooooobooo
O0OFreeman 0000000000000 O0OOOOO
godboooboobbuobboobooooboooobooo
[Freeman 82|00 0000000000000DOOOO
godboobooboobboooboooooooobooo
godbooboobbuobboooboooobooooboo
godboobooboobboooboooooooobooo
goboogboobooon

000 2000000000000000D00O
(1) OODDOO0ODOOOO0ObOOOOObOObOOOooD
(2) O0DODODO0OOODOOODOODODOOOOOOOD

ERN



goooboooooboboooboobooobbooboooo

dodoooobobobobboboboobooooooooa
dodoooooooooa

(3 DOODODODOODODOOODOOODOOOOOD

gooooga

godooboobobobobboboboboobooooooa
0000000000 000000000000 Deacon
000 Deacon 97| 0000000DOO0O00ODODOOO
Jodooooboboobboboboboboobooooooa
dooooooooooooboobobboboooooa
Jodooooboboobboboboboboobooooooa
godoobooboboobboboboobooooooooa
Jodooooboboobboboboboboobooooooa
godooooboboobboboboboobooooooa
godooooboboobboboboboobooooooa
00000 [Touretzky 9400000000000 0O0
godooboobobobobbobobooboobooooooa
dodooooboboobbobobooboobooooooa
00000000000 DoyadO [Doya 02]MOSAIC
0000000 (bOo0D0D0O0)00O0O0D0O0O0DOOOo
000000000000 Tani O [Tani 03] 000 0O
Jodooooboboobboboboobooooooooa
dodooooboboboobobobobobooooooooa
Jodooooboboobboboboboooooooooa
dodddodoooooooooooooog

272 J0O00O00OOooooooooo
§1 ODOOOOOO

0000000000 [00 o40000oooooo
goooobooobooobooooboooboooboo
gopoobobooobbuoobbbbooboobboo
gooooooobooobooooboooboooboo
0000o0oooooooooooooNOOoOOoOoOoono
000000000 MOOODODOOOOOOOOOO
000000000 0000000 ¢k0DDDOOO
=00ooooo

—_
—
—

[ &) €2 - g | e R ()

| &l &l

T
€Ik enlk] | € RN (2)
O0d0OmOO0O0O0OOOOO0OOOoOooOoODMOOOOO
0000000 E0 NOOODOOOooo cogo
Jodoooobobooboboboobooooooooa
gooooooa

zlk+1] = z[k] + f(z[k]) 3)

000000000 cCcoouoooooooooooog
000002000000 2k]0000D00O kKOOO
O ¢k|0D0ODO0O0O0OOODDO0OOOOODOOOMODO
00000 ZO000Doooooooooooooooo

179

0000000000000 (3)0 f(xk])0 0 £0
0000000000

x[k + 1] = z[k] + 2O(z[k]) (4)
0000000000000 0O00DODOOO0O0l(x)

O20000000000000000000 N=20O
¢=2000

P — a20 ai1 Qo2 aipo aor Qoo (5)
bao b11 bo2 bio bor  boo

0(:13)2[30% r1T2 T3 11 X0 1}T (6)
oooooooooooa (3)DDDDDDDDD(4)D
0000000000 DODOODODODOOOO Y0000
O0o0oo0ooooooooooooooooooon
0/000000000D0O000DO0O0ODODOO0ODOOO
00o0000ooooooOOooooe0nOOO0nDOnD AO
oo
§2 OJOOOOoOOoOO
O0o0o0o0oooooooooooooooooo
O0o0o0oo0oooooooooboooooooono
O0o0o0oo0ooooooooooooooooono
O0o0o0oo0oooooooooboooooooono
O0o0o0oo0ooooooooooooooooon
gooooooooooooooooooooboooon
O0ooooooooooooooboooooooon
O0ooooo0ooobooooooboooooooon
oooo
(1)DDDDDDDDD ooooooooo é0 10

Jdd0d0o0o0oooooooooooooooog @

do0oooooboooobooboobooooooden

ooooo
(2)DDDDDDDD Od0oOoooooooooon

Ooo0o0ooooooooooooooooooon
(3)DDDDDDDD Od0oOoooooooooon

ooooooboOoO0oo0oOo é0o0oO0OO00Ooooooa

oodé00000oOoOooboOobobobobOOonooOooag

O0o00oo0oo0ooooooooooooooon

godo0oooooooooooooooooon

DDDD(].)DDDDDDDDDDDDD 1000

Odoooooooooooooooooo
O0o0o0o0oooooooooooooooooo
g0o00oo0oo0ooooooooooooooooon
O0o0oo0ooooooooooooooooooono
O0ooooooooooooooboooooooon
go0ooooooooooooooooa

3. DODhOOOOobooDbDbOo

311 00Ooogoooogoo
gogbooobobooobooobooobbobboon
0oOooo (bBSOM)OOOOODOOOOODOOOOOO



180

dooodboobboooobuobooood (SOM)DD

ddddooooobobobobobobobobooooooa

dddddoooooobobobobobobobooooooa

gooooobooboooooooobooooooa

doooooogooood

goddd ooboboobbobobooobooog
dododoooooooooooobooobo
0 (BMU : Best Matching Unit) 00000000
dododoooobobobobboooooood
dooooooboboooobooooboooooa

00000 OOoooooooBMUOOOOOOOOO
dododooooboobobboboboobooood
doooooobobooboboboooooood
ddddddooooooooooooooooa
00000ooo0oooooooo200000000
dododooooboobobbobobooooood
dooodooooboobobboboboobooooda
gooooooooobooooooooooooa
goood

ooooodoo soMOOooooooooooooo

dodooooooooooa

312 D0000DO0O00O0O0O0O0D [Heikkonen 98]

OoooooooooSsoMOOOooOooooood
gopbooobooboobboooboooooooboo
00000000000o0oOooooooo (RSOM)O
0000000000000 0 BoOoOoooo BOOO
gopooobooobooobbooobooooboooboo
gobooobooboobboooboooooooobooo
gopooobooobooobbooobooooboooboo
gobooobooboobobooooooooooboo
gboboobobooboboo

303 000000000000000000
0DO0O0DBSOMOOOOODOOOODOODDBSOM
0 SOMO RSOMOOOO 2000000 LxLOODO
000000000000 U, 000000 ;= (i, §)
00 (40 @,;000000000000000000
0000 RSOMOOOOODOO000O0O0OOOO0
0 kOO0 2k|000 k+1000 zk+1]00 &
000000ORSOMOOOOOOO0O0OO0O0OO0
00000000000000000000 &,000
000000000000000000000 DBSOM
0000000000000
Stepl LxLOOOO0D0D0D000000O0O0O0 Uy
0®,00000 (0000000000000)0
Step2 0000000 KOOO x[k]000

iij [k + 1] = il:[k] + (I>”0(a:[k]) (7)

oo0oooooooo0oo vU,;000 k+1000

ooooooooo 200 30 SP-A002005 00

0 zk+1)0000 2,5k+1] 0000000000
6(x[k))00 (6)0000 (k] 000000000
0000000000

Stepd 0000000 «k+1)00000 20000
BMU U*0000000000000

U’ = argmin J;; (8)
Uq,j ]
Jij = YaJis +pJh, 9)
k
Jih = E:Hﬂq+ﬂ—£MM+UH (10)
q=k—ko+1

: (Az[q))" ATy q]

Ji = qzkgﬁlﬂAm[q]llHA@'J‘[Q]HJFE )
Az[q) = z[g+ 1] - z[q] (12)
AZyla) = Bylg+1] - 2lg (13)

00004 >00v,<0000000000000

BMU
b\ Q P
1 12 1L
&jfz%ﬂ] 5?‘2[{1?1] X (k1]
Y
- I <Y
x[k] :: X[k 1] | k1] X [k+1]
x[k+1] . . .
BN - R D
X ] | %k LS|

0 2 Calculation of the best matching unit

O00000e>0000000000000000O0O
DDDDDDDDDDDDD(H})D JideDDDD
godooobooooboooooooo (ll)D ij
godooobooooooooboooobooooo
0000000k 0000000000000 0O0
DDDDDDDDDDDD:E[k]DDDDDDDDD
godooobooooooooboooobooooo
JdoodoOoboOoboooooooooOo 2000
godooobooooooooboooobooooo
000000000 BMUOODODOOOOOOOO
00 [Tani 99]0 [Wolperta 98] 0 00000000
goddoobooooooooboooobooooo
ogoooooooon

Step4 0 (B9)OOOO0D ALK OO0O0OOO0D
ogoooooood (I)ijDDDDDDDDDD(Aﬁ)
0000 0000000000000 00000
godooobooooooooboooobooooo
0odoooooo cooao

aT(nq)P’i j
1+6"(n,)P;;0(n,)

(I)ij — cI)ij + h,i)] [k]X (14)



goooboooooboboooboobooobbooboooo

X = a[k+1] - ;0(n,) (15)
ij a? P ity + 0T(77q)Pz'j0(?7q)
(16)

0000P,;00 (C13)0 P, 00000« (0<
a<1)000000000000n, (¢=1,2,-,p)
00300000000 «[k]00000000 Ox[k]
00000 (15000 (16)0 pO00000000
D0«k)0000000000000000000
000000 0000 (1500 400000BMU

x[k+1]

0 3 Calculation of ®

00000000000000000000000
00000000000000000000000
D0OBMUOOOOODOODOOD AYk0O00O
00®;,; 00000000

b
ht/’

0 4 Learning of DBSOM

Steps 0000000 z[k+1]00000Step200
gobbooboobboobbonbo
gbooooboooobooobooobboobbobo
gooooobooobooobooooboooboooboo
goooooogog

4. J000O0ODOO0ODDOOODOO

411 O000O0O0O0OO0O0OODOOooOooOoo
O000ooOoOoDbBSOMOOOOOOOOOOOO
goooobooobooboooboobboooboo
gooooboooboooboooboooboooboo
goooobooobooboooboobboooboo
gbobobooboboobuobooboboooboboo
goo0o0oOos0000obooboobooooooooo

181

0 5 Humanoid robot

000 OO0OO0obOoOOoooo2200b0b00booooo
000 HOAP-1OOOOOOODOOODOOOOOOO
0 O kicingO @ throwingO M punchingO @ squattingd O

O walkingOO raising handsO 0 6 0000000000

goooobooobooobooooboooboooboo
gooooboooboooboooooooooboooboo
0020000000 40000000000 000O
goboobobooobooboooooooboooboo
0000000000000 00Ob0O0DO0DO0O0OD o
0 0400040000000000000DBSOM O
10x1000000000O0000O0OOgn

412 O0O00000O0O0O00OOOOO

0000 @¢=099000000 (400000000
000 ¢=2000 DBSOMOOOOOOOOOOOO
DBSOMO 60000000000000O0O00O00O0OO
goooooe00Ob0OO 200yODOOOODOODOO

1
squatting walking

raisinlg hands

0 6 Activation index of the designed DBSOM for the learned
motions

dddzO0O00OoODoOoooooooboboobooooa
O'ijD

1

(17)

045 =

k
1+ Y elg+1]—ailg+ 1]
q=k—ko+1



182

% |

ooooooooo 200 30 SP-A002005 00

g
4

0 9 Generated motion of the humanoid robot
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0 11 Activation map for unlearned motion
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