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Self-Organizing Maps of dynamical systems with hidden variables
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Abstract: The purpose of this research is to realize a self-organizing map of dynamical systems. In other
words, the architecture to identify the dynamical systems using the observed time series data set, and to
acquire a self-organizing map based on the degree of similarity between systems is developed. This archi-
tecture can be applied to various fields like the orbit generation of robot arms and electroencephalogram
analyses, etc. In this research, we tried to realize the self-organizing map of the dynamical systems using
mnSOM. However we can not use the conventional mnSOM since its algorithm is not considered the prob-
lem of hidden variables which are necessary for identification of dynamical systems. Then, we developed
the algorithm in consideration of hidden variables, and verified the effectiveness of the new algorithm.
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(a) Training data
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(b) MLP-mnSOM
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(b) MLP-mnSOM

/]
/”
I
e
~
ﬁ/

L/
/]
/]
/
_

2mms

O2MLPOOOOOOOOO mmSOMOOOO —2

gobooboooooboooobooboobooboo
oono

(i) 000 D; 0000000000000 0O0OOO
ooooboooooooboo

00000000000000000000000
000000000000 mnSOM (RNN-mnSOM)
00000000 p;00000000000000
000000000000000000000000
00000000 D;0000000000000000

010000000000 mnSOMOODODODODO
000060000000 y=/fi(x)00000O0O0O0O

gboocobOobooboobooooboobooobooboo
000 (Multi-Layer Perceptron: MLP) 00O 00O
judbgbooobuobuobobuobuoboooobo
goooobobboooouobbbbooooooo
gbooobOooooboboooboobooooboo
goooooooooooosoMOooooooon
gogoobobobboooobbobboooooboobooo
O000o0o0Oo0oOo po0o0o0oooog z0
0000 p(x)000000000O0O0O0OO0OOOO
000000000 p(x)0000000OOOO0OOO
ooo

gobgbooobooboobob 2000000

672



l

s

—

= ==
[ —— — e — —
S@ﬁ@ =——
—_——
o)
I

e == =0 2 ==

O 3: MLP-mnSOMOOOOOOOO

000000000000000000000000
0000000000000 00000000000
000000000000000000000000
000000000000000000 00000
000000000000000000000000
00000000000000¢0000pE) 000
000000000z=¢(5)00000000000
0000000000000 z=g()000000
000000000000000000000000
000000000000000 mnSOMOOO000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000000000000 [6]0

oooobooooboooobooooobooo
goooooooo soMOoOoOoOoOOoOoooooo
oooooooooooboooooooooooooo
oooooooooooobobooobooooooooo
O0000O0O000OoO0U0oOooOoOoDooOO ANN-
mnSOMO0000000000000000000
OO00O000O0DO0O0O0OO0DOO0000000DRNN-
mnSOMOO0O0000D00000D000000DO0O0
goooboboooobooooogo

REILRYH
(FBhZEH)

e —— e s
S e > > Se —e —
[ c————— < =_——

ANN-mnSOM

O 4: ANN-mnSOM OO00000O00O

3 ANN-mnSOMOODOODO

00000000000000000 (Autoassocia-
tive Neural Network: ANN) 000000000 mn-
SOM (ANN-mnSOM) O 0OO0OO 5000 30000
gobooboorbo0oedobobouoOobOobooon
0000040 ANN-mnSOMOOOOOOODOO
00000 ANNOODODOO s00onoooood
uoboobdog 100 20b000booboaon
z00,y00000000 240080003000
ooboooobo1oobon

0000 ANN-mnSOMOOOOOOOOOO 20
gbobl1oo0ooobobobobobobooba
goboobo1l1oobobooooboobooooobooog
oboooboooboooooboooboboooooooon
gboooooooooobooooooobo EMOO
gboooobooobooboooobooooboo
gooooooobooooboboooooooooooo
ooboooobooooooooooboooooboooooo

() 0000000000000 000UOO0OO0o
OANNOOOOOOO0O00O00000ooo
(i) 0000000000000 000O00ooO00

gbooooooooobooobooooooo

673



0.4

03 /
0.2 /

0.1

-0.1

-0.3

04 [t

-0.5
-0.5 -04 -0.3 -0.2 -0.1 0 0.1 0.2 03 0.4 0.5

gs5 go00oo —1

Eﬁjrsjﬁjlﬁjfj ~

(a) 00000 ANN-mnSOM

(b)) 000000000 ANN-mnSOM

g6 2000000000000000 —1

0[-1,+1]0000000000000000
i) 0000000000000 0OU0OOOOOooo
ooboooooooooobooobooobooo
oobooboooobooboobooobobooo
goboobooooboooooo

gobooboooobooooboooooboon
goooboooOooOOo0oooooooooooooog
dooooobooooooooobooooobood
obooobOooooboobooooobooooon
0000000000000 0O0DO0O 60O 80
o0ob00oboooooboooooboboooobooon
ooooboooooboobooboobobooooboooo
gooobooogobooooog

4 RNN-mnSOMOOOOO
0000000000000 Recurrent Neural Net-
work: RNNOOODOOOODODOO mnSOMO RNN-
mnSOMO O OO0000000000O0OO0000O0O0
0000000000 90 RNN-mnSOM OO OODO

674

-0.1

02

-0.3

-04

-0.5

0.4

0.3

0.2 /

0.1

o7ogoooo —2

H

J
X
e

Sl n
RIREEESEIK
o w| o9 L]

)

a) 00000 ANN-mnSOM

0
/\./ — e AN
o
ey
1 5
o — o o
A} \!..‘-\
— - RN e
[
ey
— N e NN
o~ ——— S AN
— —
2 3 4
~ — Ny e
o /‘\J

(b) 000000000 ANN-mnSOM

0.4 0.5

O & 2000000000000000 —2



RNN
SIEDEIES)

\

o0 e
/ \ T4—K\vH
(BhzEz)

x(t): #AIA]
(1) BRFRA

[ ——— N S—
———— ————— < —— < — ‘
o)

S —————
S ————— — —]
——— P

Ear > > > < — b
D

JElElElElEl

— a1

0 9: RNN-mnSOMOO0O0OO0OO0OO

gooooon
gobodbooolbboobboobboobog

UbddebUOb0OODbOODbOODObDOODbOn

00000 RNN-mnSOMOOOOOOOOOOOxz(t)

00000000y O0DO00D0oo0ooooooo

ggn

c(t+1)=1—ax(t)’ +y(t) 1)
y(t+1)=0bx(t)

mnSOM O00000000D00000000000
0d000000000O000O000o00o0o0o0o0o0o00
20 0S51(a=0.40b=0.3)0S2(a =0.80b=0.3)00
000000030 (ML,M?2,M3)DDOOOO0O0O0OO
0oooM,M3O0000O000000000000
0o0oooooM?20 5,5 00000000 (a=
0.6,b=03)00000000000000000O0
RNN-mnSOM OOO00O0000000DO000O0
RNN-mnSOM O000O0000000O000O000
0000000000000000000000000
OORNN-mnSOM O OO0O0O00O0O00O0O0O00000
0000000O00oooon
00000000000000000000000
1000000000000000000000000
000000000000000000000000

2
M 0 5

ZSVVVYVYY.Y

-1.0

M3

I/ UEH
ZED2A—ILDOHAD

0 10: 00000 RNN-mnSOMOOOOOODOODO
goooog

2(1)] 10

l 1 1 1
M 0 5 10 15 t

(1)

ESVVYYYYYY

-1.0

(1)

oiiﬁVAE/\/\Vﬁx/\gaﬁﬁ\/\f

-1.0

I/ EH
BES21—IILOEN

011: 000000000 RNN-mnSOMOOODOO
gbooooooooo

oooooM!'o $,0M30 S,000000000
oboooobooooooboooobobooonog
00000000M?200000000000000
gboooooboooboobooooooboobobooo
gboooooobooboboobooboo 11ooboon
M?0000000000000000000000
gbooooboooooobooboooobobooboonog
oboooooooooooDo

675



5 Uog
soMOOOOOoOOO0OoOooooooOo20000
ooboobooobOobooboooooboobooono
gooob20000ooobooo0ooooooboooog
ooo00oOooopooOooooosoMbOOOoOogoooOo

[ DOO0OO,0000: “00000000000
soMO0O0000000ooooooooooog”,
oooooooooeoooooboooon, pp.
34-35, 2006

0000000000000 mnSOMODDO0000 Hpgg

ooboobooobOobooboooooboooonbo
ooboobooooobooboobooooobooog
000000000000 00O00O0ORNN-mnSOM O
gboobooboooobobooobooboooao
Oo0o0oQoOoOoOoOoOoooO0 RNN-mnSOMOOOO
gbooooboooboobobooobobooooan
gbobooooooooooboboooobooo

00 0O0O0OOO0OO0OO0Ooooogoo210OcoeEOd
00000000000 (C)ooooo 1750019300
gooobobooood

goog
[1] T.Furukawa and K. Tokunaga: “A new develop-
ment of self-organizing maps realized through a
marriage with modular-networks”, Proceedings
of the 2007 IEEE Symposium on Foundations of
Computational Intelligence, pp. 637-644, 2007

[2] T. Furukawa, K. Tokunaga, S. Kaneko, K.

Kimotsuki and S. Yasui: “Generalized self-
organizing maps(mnSOM) for dealing with dy-
namical systems”, Proceedings of International
Symposium on Nonlinear Theory and its Appli-

cations, pp. 231-234, 2004

[3] T. Minatohara, T. Furukawa: “Self-Organizing
Adaptive Controllers: Application to the In-
verted Pendulum”, Proceedings of the 5th Work-

shop on Self-Organizing Maps, pp. 41-48, 2005

[4] K. Tokunaga, T. Furukawa and S. Yasui: “Mod-
ular network SOM: Self-organizing maps in func-
tion space”, Neural Information Processing —
Letters and Reviews, 9, pp. 1522, 2005

[5] T. Furukawa, K. Tokunaga, K. Morishita, S. Ya-
sul: “Modular Network SOM(mnSOM): From
Vector Space to Function Space”, Proceedings
of International Joint Conference on Neural Net-
works(IJCNN), pp. 1581-1586, 2005

676

000

E-mail: tsuji-junichi@edu.brain.kyutech.ac. jp
ooo od

E-mail: ohkubo-takashi@edu.brain.kyutech.ac.jp
o0 oo

E-mail: furukawa@brain.kyutech.ac. jp



