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Abstract A learning system with a neural network whose inputs are visual sensory signals and state of a manip-
ulator, and whose outputs are joint torques, obtains the hand reaching movement by reinforcement learning. This
paper shows some simulation results in the case of (1)variable link length and in the case of (2)external force which is
loaded at the hand. In the former, a hidden neuron’s representation is similar to the postcentral neurons of a monkey
in Iriki’s experiment. The neuron activates when the food is located at the place where the hand can reach it, and
the range is extended to the range where a tool can reach when the monkey uses the tool. In the latter, it is shown
that the system obtains inverse dynamics of its hand and environment. When it learns in the random force at evexy

trial, the system becomes to use feedback control mainly to control its hand.
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4 1 The change of the visual receptive
field of a postcentral bimodal neuron
by tool use. [24]

EEMRAANE. F - PO BEER O ZS BRI 72
MEZAEN, BEEAERICT, BRICKS3)E
HFICHEARL 72 2 E2RL T3 [23][24]. 512,
BRZEHFNVFEOEOLDIZHD, FOFHELED
CE2ABLBHTLI -0 OESHEERL . F
DONMENH TRABNEDIRTEL TS, fHE2
BHNFOBEELEBIIBHLEZ &, 2 YL
WCHEEZF-ET, FEEEZEZANS BN
L2l BERORHOMBEL TEEHERICHZS
KOICT 2L, ZRBNEROLWMIIBE TSI &
73 E DRBRENEERERL TS [25]. £L T, b
ONDFFDFEA A—T EBE DT TRl T 5,

1.3 FMROEM

EEST. HOETIIZEAL ThWiznwe, 4
HROETINEL TRATHREANZNHOD, T
I SR HER LMEA. AEEOBREANE
LT, FENEHEMCBRLLEZITHEZONSH
B2 s, 2 BRIV Al —INFEEDY —F
BB ERBTAEM NV EBRILFEE D2 —T
Wxy FOMEDE THETEZIEEIIal—
a3 & o TRLUZ, 2L T, hand-eye coordina-
tion DHERENBRILFEBIC L > THETEB &, &
S5, FINBHBHOD. FLROYEITHEL CTHEER
WIE < BV BN E N T & %R L T, [26],
X7, Bk ETHEYE T EBKBIMN DN IR
THYU—F O ITMTEBZE, 512, FHROYH
MEPHBONMIHZH5ETH U —F 2 TNARET
HO. D, FENEFLSBEFORIZABES .,
EPEONTH D ZEERLE.

AREGTIE. AIROARS OEBRFER & O LlkE 1T
O, BROMEHEY I EROELELTES
. BT LI I EEREESE. U7 EDE
e —a—I)0 Ry hOAIO—DEL TEHML T,
FENHEMEDBRWHEELED TEEETR-

TEHEGOREEORCREZBRTS, Zhicko
T, PV OHEEREREEN O =2 — 0> OIEE 23
L., 20L& a—OriseEsick- T8
FENDHTEERT, KT, X8|Itk B LD
75 FHROEBITHL THE S ZE T 2R
57 &, FEHPIMNIEEE L. FEBIIMT
THAEEBRL T, MEPHICEoT, 7L EE
BOYAFIVAEBETESHE, 3BT, &5
W2, P SO NTHENTBZET, KR
IR Ty 74—R 74 T7—ROHE5T, 74—R
Ny JHIEOEE S ETH S I EERT, 2720 .
Z 2T, BREIREEL WED ., 7— A0
BAFEC TS, BEOAH BG5S HIENET
BIEETA—=RNwIERR, —a—F) Ry %
HAWEHERIZE ST, YATFLMT 4 —R T3 T—
RET4—=RNy 7 Z2#EICHICHAE DR HEH %2
BHRTEDZ LT TIIRENTNBN[27]. ABF
FKTHE, BICIbEEETSRETT, 74—KR 7%
T—=R&ET 44—\ 7 ZF S HlAEDE N
ATy Rzl &2 HET 2RENDH B 2 EERT.

INSOHEREEL . EKOY—F 2 THEL
FERPITON TSR ERT EEHIT. HERE
BRIIBWTH, BEEHEERICBNTS., L%
IR DHENIRNT &, B2, T4—RN\wo b
BEC L THEBTELIEA2TET S, PLEEHE
RO DBENIRNFIEELL T, BRlEHHE -2 —
Ity M EMAEDETIE28] BIREIATY
LIV, AR TI, BEEEEANDIET, &0
B, ESE., XML EIEZENTES
E#EZ D, £z, hand-cye coordination, 7 — L
BREOWTAFIVA, I5121E. T4—RN\w Il
H2E OBEENRILFHIC L > THETELZ &%
R ZEWTED, EESNTET S, bt B
BRABTENOT 527 DR D¥FE TR, &
CHMOLE—FETOITXRTOTOEADD D
HTHEENWDFREBRFL THZLE2HMNET S,

2. k¥ H

Z 2T, HEEEEMEICIEL TWA Actor-Critic
7 —F T F v 2] R, Critic OFEITIE. K
WA L—2 2 7% (TS) [29] IKEDW=¥E 21772
S [9]. TD % E T, Critic O H7HME BTSN
MTBEIITFERTH—H, TSHH T, Critic ®
HI N EARPNC T B L DI EE T 5 50 12 5,
Critic, DF DIREEFHE D FHIL.

Av;detu,l = (‘/’mu,w - "rm.'in )/]Vm.a.:zt (1 )

— 109 —

NI | -El ectronic Library Service



Institute of Electronics,

I nf ormati on,

EUT. 72720 0 Vi, : REEFHMBED EFR, 22T
W 0.4, Vi REEFHEED FIR. 22T -0.40
—a—I)V Ry hOEEIE. 050505 L7, K
REFEME ORI E 2 BIGIC B LS8 5720, O—
NWIZHEEDENZETZ AT, Npwr ZROEDITH
FHIEB,

Npnaali] = { ]

ANmau[t — 1] otherwise

ZZT. N[ i BEORIFICBIDREZT v T,
S EIH (0.0 < < 1.0, ZZTi. 0.9996). /=72
U N[i] > Numaeli — 1] x 1.5 OFEITIE. Nowas[i]
L EEY. ZOBRLIES <M. TP HE
YEDL T ORRBITIED Tz, I OREIHEEDR
BEEIE. TD 2E BT 2E5IRICHS T, £
LT, EBOIREFMEDEA & Z O AEE % Hhg
U. 1 BATEERIATORRERIMEME V(e —1) &

Vit =1) = V(t = 1) = n(AVigear — AV(2)) (3)

WLENSTEETS, 20, AV(t) = V() —
V(t— 1), n: ZERE. FEVHEITEET M.
AN LREBA S8, ThTh 04 & 04
EEREETSE L TREBIHMEEZFE 5,

BEET RV 271, actor DI TH BEMEEH LT
RO TH D EK O HHE 5, BLEIL. —
BELEZE 3ELZHOEHN., TOEKOMEIX. K
BESFAIME DA IR BB AV/AVigew WL 720D
TEbSE, BEEH m L.

m, = m+ (rndAV (4)
WS HEEBIC Lo THEE S, L. ¢ %
BERE LT,

3. [ &%

FRSCTIE, 2DE ST, 2 UL T — AR

U, FEEEEL -~ HEMCEEI RS &
WHY AV EEEHIBTE, B HIE, 5x5=25
DY EETIHEELREREE S EBEL I,
BV OZEFIX. EAREL. TEEHA—
N=T9v 7 HR< 2RCRICEEZIN TS, HH
. ZABPICFEE BEYN D3 EROEA &
L. FEBIO0BEMT. 1 HOEHRILERD
KEXEL. MEIHEL Y ETRTEANE
REL=, ZL T, Za—F)bxy bAld, 25 D
BELOHEBE 2 DOBEABIOAEESE AN
ELF, EEL, Bfif, AdEEBIC, —DOHE

if N[i] > 8Nmaeli — 1]

joint1 00 visual sensor X
(2) input
~ visualsignals : 5x5=25 total
joint angles 61,62: 10x2 25
joint angular velocities 61,82: 10 x 2

and Conmuni cati on Engi neers

l1=l2 b =7}
=0.3m ~EU

01 Frhalnd

>
>

output
joint torques 71,12

K12 The robot hand-reaching task.
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# 1 Parameters used in the dynamical ar-
m model.

Parameter | linkl | link2
Mi (kg) 2.0

Li (m) 03

i (m) 1if2

Li (kg m?) Mi*1i2/3.0
Bi (kg m*/s) 0.4 0.2
Tmax i (N m) 400r5.0 1 2.00r3.0

Length of the link_2 is varied (0 < /< 1)

I: added to the inputs 7
g I.O’Iim . 0.15m
& Uy
<073 n\%ﬁ 3 \
U 1 4t goal area
N -
oal (=
oint 0 035 FE : (=
joint_ . 1 q I =0 —boundary of
A= the reach area

0.45m 0.38m

K 4 The task setting in the case of vari-
able link length.
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(a) I=0.0 start

(b) I=1.0 start

B4 5 The difference of the hand traject;o—
ries depending on the link length.
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K6 The distribution of the neurons’ out-
puts as a function of the target loca-
tion.
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X7 The force field loaded to the hand.
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| do.13n]

i

] t-goal area
start: ' L
randomly chosen £ goal|| o 0.13m
in the visual field 2 0

Jmjoint_1
target: start J/
located randomly 3 01
in the visual field /
F= o
goal; 033m 57
hand is in the goal area B [
<

hand velocity < 0.1 m/s O; floint_0

B 8 The task setting in the case of the
external force load.

Test
Normal Force_Field
B,
& Q**'h-
o o>
g .
[ T N
xfz *
_ N *.’ .& ® ‘x,?‘ F K
= PE 4 Qg L% 0 w.:
E » & ® s x ]
:2 & ot %
? - M L3
d - o5
. .
4 fe
‘.) o] A
g o1
K

=

gl

= i

Elg

d15
54
Q
2
(=}
A5
EI 2 3
: A}
= P s, H
< ¥ 7, r
X o ﬁy

o]

)]

B9 The examples of the trajectories.

SNEMIU 7l o 72356 SR8 & [ 7235
BOYEDH Z K 9RT, HEHOMEE F D
INEZ . P OsE AT Bk ETFO 41
ﬁéghﬁpwﬁﬁAhﬁ’OWT%btolﬂi

CFEEER, TR MR EBITHM IS ENT R o
7’&75'3 &L EBIENT GG OWEIE LA AR
EL<, TAMFOANT =0 DIE, Witk hGoRE

0.5 §3

: f‘*"m

5,
A

Ny

0.0 0.2

041(s) 00

0.2 04 1(s)06

B 10 The examples of velocity shape.
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Learning results. The 3 numbers in-

dicate the number of success-out-fail

respectively.

The number in paren-

thesis indicates the average time.
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learning -

no force field

force field

no force_field

2071- 5- 4

(0.324)

1139-926- 15
(2.03)

force_field

1869-193- 18
(0.793)

2035- 38- 7
(0.467)

random_force

2038- 5- 37
(0.546)

1833-227- 20
(0.909)

random_force
(no past state inputs)

1887- 0-193
(0.896)

1165-853- 62
(2.12)
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