AR RN

HBEZEA TRRZECENDS D ?

NMAXS
ATRE B EREA ST

Discovery Channel

TR RV EEEE
FiDiEEE., TOMEEERERU
HFETREATES5E#DOTOS
S AHDNIATHSEEZ/EN
SEEEIC, R<AEWICERETS
ZEEBIET 7 IO—FEHER
AR R SRS, -

ALHEHERFE 4O R

;R Ea—< /4K
aOKRy FDOREFR

ATR/SARCOS, NiCT, CMU-JST-ICORP development

TABICKYIEN ?

Ea—</4Kk0O
Ry MRBEDRERS
f<ba))

Q3 =FEid)
*160cm and 60 Kg
FE 5L

o cec,viai|

NI R E DR EIRE - AIEBY - R

Marr-Albus-Itof2& (~1970)
- BHSMOHE (BEES)
- TR T+ S TR0
S FTRAMESTEMICL Y ELL
Bkt FiTHRME

-3

A
"t i@
1

_____

REME - REAIE3E - RP (1982~)
NEAERETIVER (1984~)

- MEEEISNEBET VRS
- BERHIERIERRE




A Ta4— BNy oHIHE

it Rt
B
B o
4 S AR RPN/ WiE
- — —
RN |
ERENLHE | |

B #ETIVICK B HiME &

BEwE EHES
BEFN

RFSh/c#E
IR

~%¥ﬁkﬁé&ﬁt2@?éﬁﬁ@%@

o VFTADGENENENL TREZE
WEZERD

s FHRIIHEFNSNT, BEEHATINS

e DN H D, BEND/=HDEED—
28, EBE, tADKEEDERETSA
METIVEZR

Vg
', P

—

SARCOS Robbtics -

———

7L7 O
BEgE 4 {

P T
BRSSO

(1) FIAEANIZEENEERDT

(2) BERNA U137 4 — R 747 — REBIESERDT
(3) NHEERETT I EERTS

(4) BHRNA VIFEHESOEHTDEEERDT

(BHFR AF. RE. MTH. MASICLDRER)

HHMER,., ) MSTH. 5
SO N

EVWRBFOBEICDO5NT
IRIR DS EN< R GHET) -

RE
RS

/IVBREZ B
| JFoT
HERa 4 HERR

MT MST
LEEEEE

PHAEE

SHaIERE |




movement of large visual field
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Shidara M, Kawano K, Gomi H, Kawato M: Inverse-dynamics model
eye movement control by Purkinje cells in the cerebellum. Narure,
368, 50-52 (1993).

Kawato M: Internal models for motor control and trajectory planning.

SRR Current Opinion in Neurobiology, 9, 718-727 (1999).
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RSB Y TS BRSNS (Takemura et al., 2001).
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#% (Kobayashi et al., 1998).
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(5) FIEBRREOLFIHIERFICEDI<SIalb—2ary
(Tabata et al., 2002).
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+  Learn appropriate actions and sub-goals for the I AN Lomyion
observed situation. ¢ ~
— Database initialized with supervised data; - >
Sub-goul
observes human player. Generation
— Actions: Right bank shot, left bank shot, etc. I
- ) ; "Action
«  Learn by adjusting the distance to the query point = e

within the database.
— Data is retrieved using locally weighted
learning (LWL) techniques.

—  Weights are updated using Q learning
techniques.

« Agent receives feedback (reward and
penalty) while playing.

E==a

Darrin C. Bentivegna (darrin@atr.jp)
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Haruno M, Kuroda T, Doya K, Toyama K, Kimura M, Samejima K, Imamizu H, Kawato M:

A neural correlate of reward-based behavioral learning in caudate nucleus: a functional magnetic
resonance imaging study of a stochastic decision task. Journal of Neuroscience 24, 1660-1665 (2004)

Visual stimuli
and reward sequence

Actions taken
by subject
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« Imamizu H, Miyauchi S, Tamada T, Sasaki Y, Takino R, Puetz B, Yoshioka T, Kawato M:
Human cerebellar activity reflecting an acquired internal model of a new tool. Nature, 403, 192-195
(2000).
« Imamizu H, Kuroda T, Miyauchi S, Yoshioka T, Kawato M: Modular organization of internal
models of tools in the human cerebellum. Proc Natl Acad Sci USA., 100, 5461-5466 (2003).
+ Imamizu H, Kuroda T, Yoshioka T, Kawato M: Functional magnetic resonance imaging

of two modular for switching multiple internal models. Journal of
Neuroscience, 24, 1173-1181(2004).
« Haruno M, Kuroda T, Doya K, Toyama K, Kimura M, Samcjima K, Imamizu H, Kawato M: A
neural correlate of reward-based behavioral learning in caudate nucleus: a functional magnetic
resonance imaging study of a stochastic decision task. Journal of Neuroscience, 24, 1660-1663
(2004).
« Tanaka, S. C., Doya, K., Okada, G., Ueda, K., Okamoto, Y., Yamawaki, S: Prediction of
immediate and future rewards differentially recruits cortico-basal ganglia loops. Nature
Neuroscience, 7, 887-893 (2004).
« Samejima, K., Ueda, Y., Doya, K., Kimura, M: Representation of action-specific reward value in
the striatum. Science, 310, 1337-1340 (2005).
« Haruno M, Kawato M: Different neural correlates of reward ion and reward
error in the putamen and caudate nucleus during stimulus-action-reward association leaming,
Journal of Neurophysiology, 95, 948-959 (2006).
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Behavioral procedure
- Stimulus: colored moving random dots (Red/Green, Expansion/Contraction)
- 3 attention conditions:
(1) attend to color (CO condition)
(2) attend to motion (MO condition)
(3) attend to color and motion (CM condition)
- Task: discriminate attended feature(s) as soon as possible by left or right button press
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1. Classification at Sensor Space with Sparse Logistic Regression

Feature extraction
Classification

Test : 70.4% (40 features)
CV:785+7.7%

Feature extraction
Classification

Test : 85.7% (8 features)
CV:90.7 £ 6.9%

Source localization
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Understanding Hierarchical
Sensory-Motor Control by the Brain
through Robot Control with Neural Decoding
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