RSJ2011AC3N1-5

Jobogoboobotuobouobogobouoooonogo

oU0OD OU0OObL OO0 bOoOoUbUbLbbooUo bhbooooobo

1. O0O0O0O0O

00000000000000000000000
00000000000000.0000000000
00000000000000000000 [1]00
000000,000000000000000000
00000000000000,0000000000
00000.0000000000000000000
000000000000000.000000000
000000000000000000000000
0oooooo.

00000000000000000000000
000000000000000000000000
000000000000000000000000
[2)[3.000000000000000000000
0Dooooo

2. JOobbObOooooobo

21 OO0O0OOO

oboboooooooobooooboobobobon
0.0000000000 4 o0oooooooo.o
oboooooooobooboobobobooooon
oboooOoooobooo,cboooboooobooan
0000000 (OoUooooooooo)oooo
ooboooooooooboooobooooo.obo
oboooooboboooooboon.

22 0J0O0O0OO0OOOO0OO0

000000,00000000000000000
0000000000000,00000000000
000000000000000000000000
000000000000000000000000
00000000000 [5)(01.)00000000
000000000000000000000000
00000000000000000 [7J00000
0000.00000000000000000000
oo 6] .

3. 00000

gbobo,0oboboboboooboboboo
g, gbgbobgbouobooboboboboboba
oboooooooboboboobooboooboob 2000
oob.00b000b0o0og03obooooboooobon
gboboobooobooboobooboooog.

Dynamic Forward Model H Output Forward Model

Self-agency

Filter
Muscle Sensory System
Motor

Command

U10bobobobob

F29[E HAOMRY MERPMEES (201159870 ~9H)

31 OO00OO0OO0O0OO0O0O0

00000000 (b0000)0oooooooo
000000 MTRNN(Multiple Time-scale Recurrent
Neural Network) 00000000 .MTRNNOOOO
000 (oooo0ooooooooo)oooooo,
o0ooooooooooooooooooooon.o
ooo00o0ooooO0o0ooooOoOoooooooooo
o0oooO0ooooooooooooOoo.o0obooo
03000000000

o I0:00D0O00DOOODOODOOODOODO
o.000ooooobooosobooooboog
oboboooooooooon.

e JIUD:00UIDDOODUDODOOODUDDO (O
oooooooo)yooooao.

e J00O0:0000O0ODODODODOO,OOO
gbooooboobooooooo.

32 0000

oboboboobooooooooooooooboon
gbobobooooooooobooboboboooon
goooooooobobbooO0oboooooooon
OMTRNNOOOOOOOOOOOOODOOOOO
gbooooboooboobobooooboon.

oooO0 MITRNNOOOOODODODODODOOO
gboooooooooobobobobooooon
gb,b000000b00000b0boooon.

4. 00U

41 00O
gobooboobbooboobooboobo
gbogboooboboboboooobogbo,bobo
gboboboooobobob.oboooobobo
gogogad.

gobog oooboo 3obgoobgooog.

000000000 0D000000oo0oO0o (xy) O
O0000000o0oooooo (xy).

gbooooooooooon.

1.3000000 ABCOOOD ADODOOOO
00.AQ0 BOOOOODOOOOOOOOOOO
oooooooo.

2.3000000000000000000000
00000.A00000000000000.

3.A0000000,ABCO000000O0O00
0000 (000000000)0000000

gbobobosboboobob,boboboo
o0 2000.000000000000D0000OO
gbgbobooobo.obooooobooboobobd
Joob0.0o0oo0oboooon.



RSJ2011AC3N1-5

L < 10 (Joint Angle Speed)
> Training gt figtor Command ™™™
—> Identify Self | i MTRNN
wor ... Error (Internal Model)
. (A :'leoaod ) H Calculation
" - s Self Body, _| HE e U

®< 10 (Vision Coordinate 0)

; HIRO 1 el IS I — -
. (As External World) 10 (Vision Coordinate 1)
™ L]

1 e e
G Nnao [t ®
‘i (As External World) _| Actual Predicted
Vision Vision
- Feedback

10 (Vision Coordinate 2)

Feedback

020000

Robot System
Motion Sequence of visual images
Generator —
Sequence of joint angles >1
A
Neuro-dynamic (_C Sequence of vision coordinate )—

System
(MTRNN) Sequence of joint angle speed )—

y

Convert

og3boooooooon

0 4HIRO(O )0 NAO(O)

42 00000000 - HTIROONAO

gododoooooooobobo,po00ooooo
go00oooooooooooobooooboood
HIRO(D 4D)DDDDD.DDDDDDDDDDDD
0000000 Aldebaran Robotics 00 NAO(O 4
0)ooooo.

00000 HIROOOOOOOOOO0O0O00000O
00000000000000000000.HIROO
000000000 (-180°, +120 °),00 (-90 °,
490 °)00000000 (-160 °,+10 °) 0000
00000.00000000000.0000000
0000000000000 600mm, 0000000
20kg, 000 500mm 00000.00,NAOOOOO
000000,000000000000000000
0O00D00HROOODODOOODOOOOOOOOOO
00000000000000000.

i !
! | another algorithm |
__(NRO) _ i

Assembling

Data Set ) x100

i
| o [T T ni
R | \=RED

|
iAIgorithm for generating self movement (HIRO) i

gsbbooooooooooooo

F29[E HAOMRY MERPMEES (201159870 ~9H)

Input-Output FastContext SlowContext

T Output : t+1 cf Cs

bidirectional
totally-coupled
connection

10(eye) 10(motor)

Input : t

Vision coordinate Joint angle speed
(x,y)*3 = 6 dim. 3 dim.

O 6MTRNNOOOOOO

43 0OO0OO0OO0OO0OOOOOOOOO
uboooobooooboooono 500

l. 0oooboboooooboooooon

2. 000000000 0emd0b000O0O0O5% 5
gboooobooboooooboobooboooobog
goooo.

. 00oooboooobooobooo.

4. 1030 200001 0000000,20000
00000000000,0000000000 (2
ooooooooo)

5. 1030000 NAOOOOOOOoooooooo
go.

6. 1050000000 1w000000000.

000000000 (5°2=62500000000
100000000000000.

00000000000000000000000
0000000000000 OpenCVOOODOOODN
00000000000 (xy)00OOOO00.0000
00000000000 (3),0000000 (6)00
9000000 100000000.000000000
50ims] 000000000 480000000.

44 0O0O0O0OOOO - MTRNN

oo00oo0oooO0o0ooooO0o0o0oooOoo0o00n
00000000 MTRNN 8] 0OOO.MTRNN O
oo0o0oooooo0ooooO0o0ooooo0o0ooo
RNN(Recurrent Neural Network) 000, 00000
00o000oooOo0o0oooooooooooOoooo
OMIRNNOOOOOOOOOOOOOOOOOOO
00ooooOooooooooooooooooo,o
00o000oooOo0o0oooooooooooOoooo
00000ooo0o0o0ooo0o0oooooooooo
00000ooo0o00ooo0o0oo0oooooooo
ooooe00010000000O0O00O00OOOO
0o0o00ooo0o0oooo0o0oooooooooon

ub oboooboooboooooboooooon
ugboooooboobooooboobooooog
Csi—oODO0OO0ODOO

00 JOoOopoopoooooo Csi—e0oooo
gbooooboobooooboobooooog
goog

00 00oO0o0od dsieO0ooooooooonog

ggbgboboboaoboaboad



RSJ2011AC3N1-5

O IMTRNNOODOOOODO

02000000

goooooocsobooooooo
00000000 Cst=o OOOODO
gooobooooooooooobo
oosooono

MTRNNOOOOOOOOOOOOOOOoOO

(1= Puie + X jen wijaje -+~ (£ #0)
0---(t=0andi ¢ Cs) (1)
Csip---(t=0andie Cs)

1
A 2
1+ exp(—uiy) )
Tt = Yje—1 (3)

Ui t+1 =

Yir = sigmoid(u; ) =

t: 0o

w, : 00 t000000i00000
70000010000
z;;:00t000000j0000

yi: 00 t000000i0000

wy; 0 00000 jO0000000i000000
N:O0O0OO0OO0i00Dooooooooooogo

44.1 0O0O0OO0OOOOOO

MTRNNODOOOODOOO RNNODOOO BPTT
(Back Propagation Through Time [9] ) 0000000
Ioo00o0o00000 »;,, 00000000000
goboobooboobgooboooboboo

i =1 —p)*yje1+p*Tji 1 4)

T;,:00t0jOo0000000O0O0O0OOO
p: 000000IOCO0OOO0ODOODOOOOOO

w;; 0 Csi—g=Cs;,o0000000000000O0

OF

— ow;;
OE

YaCsi 0

E = thl € I0(yiy — Ti)? (7)
n: 0000

E:-0000
n,oa: 0000

wzgjr;ﬂ) _ U%(Jn)

n+1 n
ngyo ) — ngyo) —

F29[E HAOMRY MERPMEES (201159870 ~9H)

o000 [t [O0O0 - oooo oooo
IO(mot) | 2 [ 00O00O0D0OO0OC0CODOOO0OOOD oooo 6.00% 1072 | 1.92% 1072
0030000 000 (HIRO) | 277107 " | 8.83% 107
I0(eye;) | 2 | 0000000 D0O0002x3=6 00 000 (NAO) || 1.87x10 " | 4.82% 102
ooQ
Cf 5 | FastContext 00O0O0O0ODODOD prediction Errors
ooDooo400000 ‘ ‘ ‘
Cs 70 | SlowContext 0000000000

cooooooo0
OOFHKFENNWWPHD
ououououno

Body Otherl Other2

o7oo00000

00000000000000000000000
000000000000 Cseee000000000
000000000000000000000000
000000000000000000000 Csi—o
000000000000000000000000
000000000000000I00000000
000000000000000000 (0 (4)0 p)O0
0000000000000 w; 00000 BPTT
0000 Cs;—o0 0000000000000 (3 (6))0
0000I0000000000 (4000000000
0000000000000000 p=00000

45 0000

o0o00oocbooosobooooobog MTRNN
gboboooocoooboobOobobobooooon
gobooooooooobo Ioocoooooooobooon
oon

5. Ugbobuoooobood

51 0000000

o0b20000000000000MTRNNOO
oooo0O00O000000000 Csk—OO0O0OO
0000000o00ooooooooUoooooo ()0
gpbooooog

mazx_t

1 _
max_t Zt:

oooooboooooovrobo2000000000
gboboobooobooobo3seboonoooooon
gbooooboobooooobobooooboon

Eeval =

(yie —Tit)>  (8)
iclo

52 U0O4OOooOgooa
goboobooobboobooboobooobo
goboobooobboobooboobooboo
06.00x1072000000000000000000
gbe0000 3embDOOD00O0O0O0O0O0OD0OO0OO

53 000000000

ggboobooobboobooboobooabo
gobooobooooob 200000000000



RSJ2011AC3N1-5

5 cf space and hand position (step:22)

goboooo-oo0

0O 8ctfoonon

00000000000000000 p=000000
000000000000000000000000
0000000 99910720000 3.19%1072) O
000000000000000000000000
0010000000000000000000

6. JUgoobooooobo

OO0000O0O0O00000o0O0 MTRNNO CsOO
000o000oooooooooooooooo cfo
0 (0000 cfo40000000000000O00O0
0)0000000ooO00ooOoooOoo ctooo
goboodabbooboobobooodobooobada
gbobobobooooboabaobooboooogn

61 0OOOOODOOO

OoOOoCOOoOCOoOoOoOo 10000000000 Csi=o
00000000000 Csi=p200000 000000
gbooooooooooobooboobobooogon
22000000000 xs000000000000
oOo0opooOoOo ccfooogooooopcADOOO
gboboooboobboooooobobooognogn
gbobgo220000000000b0000b00b0
gbobogpoooboboboboooo sgbd
goboobooobooobooboobooboon

o000 cfo0ooooooooooooooog
gobooboobooboobboobooboo
OCfCsO00iDooopooooopoooonpooon
00000000000 O00b0O00bOO0bOO0On
oooooooO cfooooooooooooboooo
gbooagbooaod

62 0OO00O0OODOOOOOOODOO

QLoO00000 cfoooooooooooooo
ooooooooOooopoooooooo ctooo
000ooooosifin4x400000000000
oooOocfooooooooooooooooooo
gboooboooboobooboobobbooboo

O 1oo0opoopo0oOo cfoggooooooood
oo0oooopooooooogoooooooogg cf
goboobooboobboobooboobon
goboobooboooboobboobobod
goo0o0o0ooooooo cfopoooooooooo
goooobooaooo

gbbogbobooboobooobbooobaoaoo
000 CsO CcfODooO0 MTRNNOOOODOOO
ugboboobooboobboobgobooabooa

F29[E HAOMRY MERPMEES (201159870 ~9H)

size percent

0
up-right

up-left down-right down-left

o1ooooooooooooooon

gbobooooooooobooboobobooooon
gboooobooobooboboooooobo

7. gOooO0

gobooobooboobooobbooobobooboo
gogbooboobboobooboobooboo
goooooooboooobooOOo MITRNNOOODO
gobooboobboobooboobooboboo
ggboodgbooobboobgoobuooboabod
gbobooobodgbobobobobooooboon

oo0opoooOoOo MTRNNDO cfoooooood
gboboooogbobobaobobobobooon
oboboooooooooooboobobooooon
obooooooooooooboo

8. 00O

0000000 JSTO0000000000 (S)(B)D
0000D0000GCOEODONODODOOOO

goog

[1] Burton L. White “The first three years of life”, Simon
& Schuster, 1993

[2] Graziano, M.S.A. and Gross, C.G. “Spatial maps for
the control of movement”, Current Opinion in Neu-
robiology - vol.8, No.2, pp.195-201, 1998.

[3] K. Sekiyama “Dynamic spatial cognition: Compo-
nents, functions, and modifiability of body schema”,
Japanese Psychological Research, 2006.

[4] Jordan, M.I. and Rumelhart, D.E. “Forward models:
Supervised learning with a distal teacher”, Cognitive
Science: A Multidisciplinary Journal, vol.16, no.3,
pp-307-354, 1992

[5] R.C.Miall and D.M.Wolpert “Forward Models for
Physiological Motor Control”, Neural Networks,
Vol.9, No.8, pp.1265-1279, 1996.

[6] Frith, C.D. and Blakemore, S.J. and Wolpert, D.M.,
“Explaining the symptoms of schizophrenia: abnor-
malities in the awareness of action”, Brain Research
Reviews, vol.31, No.2-3, pp.357-363, 2000.

[7] S.Gallagher “Philosophical conceptions of the self:
implications for cognitive science”, Trends in Cogni-
tive Sciences - Vol.4, No.1, Jan. 2000.

[8] Y.Yamashita and J.Tani “Emergence of Functional
Hierarchy in a Multiple Timescale Neural Network
Model: a Humanoid Robot Experiment”, PLoS Com-
put. Biol., vol.4, no.11, 2008.

[9] P.J.Werbos “Backpropagation through time: What it
does and how to do it”, Proceedings of the IEEE -
Vol.78, No.10, pp.1550-1560, 2002.



