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Bl - EHh  HINERIEE

#ril-EE 05-06
s BOTRENEA A FTEVT — T4—F/\ VI HIfEHIE
« MEEDHEEER — ETILIE- FRIDEEE.
s BAEAEFAFZDOEREINKEVEHANAAIR.
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BIDINAF A D= L

Hl-EEH 05-06
» BAREE>BARGTHE

= ZRBAEEA (Bi-Articular Muscles)

« ZSFEATLF (McKibben
pneumatic actuators)

» FEDTE-BEESM

INLARY Y
(FRRE)

Bi-Articular
Muscle
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Jumping & Landing: MOWGLI

Nilyama & Kuniyoshi 05-06

SN LS, BEER B EERO, A D= ORI A OB
| ¥ F11EORTAIR DRI T, 1C1, pp.50-55, £, March, 2006.
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“Roll-and-Rise” Motion

-- An example emphasizing "knacks”
BIERX RARRE §Ti$ THHE, mzlsfui JKEE—BR 1996--2005

b &

s BARENFEFHNL, HASHERINS.

s TEELEETIVIEDNARTEE (LERE), 5820V44EL)
» HEHDOYYIRZ NN E(EHMIAFIIX)

s JIYRHADILTHL. FEED. BIEZ|ESR.




Non-Uniform Trajectory Bundle

T. Yamamoto and Y. Kuniyoshi 02

MHZEM (CCTIXR—EEE AZER) BhaEh
INER I HFRIBENENT HFEENHS.

DR LEITF-IRTAL
780
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Sparse Convergence

K. Terada and Y. Kuniyoshi 04

160
Average
140 \Variance .i. .......

Hip Angle[degree]
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Success! — Rising In 2secs.
Ohmura, Terada & Kuniyoshi 03

Yasuo Kuniyoshi, Yoshiyuki Ohmura, Koji Terada, Akihiko Nagakubo:
I Dynamic Roll-And-Rise Motion By An Adult-Size Humanoid Robot,
International Journal of Humanoid Robotics, vol.1, no.3, pp.497-516, 2004.




Trials (painful... ;-)

Ohmura, Terada & Kuniyoshi 03

Points:
1.Faster
2.Timings
3.Balance

KBEFFDEIE
MNAEILGLS
=EDODIEH
M2

h:f [www.isilimiiu-tokyo.acjp




et H XA, EAIR B

B 2005

Yoshiyuki Ohmura, Yasuo Kuniyoshi, Akihiko Nagakubo:Conformable and Scalable Tactile Sensor
Skin for Curved Surfaces, Proc. IEEE Int. Conf. on Robotics and Automation, pp.1348-1353, 2006.
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Temporal focuses In

understanding actions

iTENERE D! B O IFFr

Yasuo Kuniyoshi, Yoshiyuki Ohmura, Koji Terada, Akihiko Nagakubo,
Shin'ichiro Eitoku, Tomoyuki Yamamoto: Embodied Basis of Invariant
Features in Execution and Perception of Whole Body Dynamic Actions ---
Knacks and Focuses of Roll-and-Rise Motion, Robotics and Autonomous
Systems, vol.48, no.4, pp.189-201, 2004.

Intelligent System and Informatics Lab.
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When do you know it's action X?

Temporal localization of action information

Intelligent System and Informatics Lab.
http://www.siimiiu-tokyo.ac.jp



When do you know It's action “X”?

Temporal localization of action information
Eitoku&Kuniyoshi 04

= 30S’s(M23,F7)
s 64 trials

=2 performers x (2
succ.+ 2fail.) x 8
samples (diff.
Length).

= Random display
s Guess succ./fail.

Intelligent System and Informatics Lab.
http://www.siimiiu-tokyo.ac.jp



m.\ﬂ] %L 7|':7_'47Z
Developmental Cognitive Robotics

RNomES) - MR FE=E

SED -0 EED. .
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s BF1EFH)(Generalized movement):
s ZRRE2AH 5. (Kisilevsky&Low98,Joseph00)
n RE:

= BHAR : B 20:E H 5 (Lecanuet&Schaal96), 341 TR HE] 2240%
(Birch&Q’ Conner01).

s J5 5V (FR) D10% A RERNIZfEL (BT, Jacques et al.87)
I ZRBTATEHEER A, 308 THMEDREF A HEEERIE.
n *E?MI 28BFE TIZHRX.

saa: 3218 (8 H) MR AR TEIFIER

o ﬁﬁJ'L'T\(%E"’)

o %JIHI:.HH?IH BEESITNT OB ED B A ER Rt TE 2 (Madison
et al 86

« BBIREADFFEE N HERIZEHELE(Lecanuet&Schaal96).
» AEEREOHEEKEE:

« BEDOKTIE, 20T FLEEHY. HEEFHEIZE—2S. (Rakic
et al.86)




Sangawa & Kuniyoshi 06

Gestational  Fetal movement Spinal circuit & Cortical
Age (weeks) (Kisilevsky’ 98, Taga’ 02) Projections (Sarnat’ 03)
%H‘cﬁﬁ
3 fin General Movement (GM) begins.
10 §;-=mmmmmrmmme T .
Intensive GM. Periodic and
Y specific patterns.
20 FYoo T .
Inhibition of GM. Completion of stretch reflex circuit.
30 Myelination of corticobulbar tract.
Myelination of corticospinal tract
Differentiated motor patterns
y appear.
T Y s

I‘E Intelligent System and Informatics Lab.

http://www.isiimii.u-tokyo.acjp
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Two-Factor Model of Motor

Development

Sangawa & Kuniyoshi 06

= Spontaneous Exploration of Motor Patterns
= Emergence of body-afforded movement patterns

= Driven by chaos-generating Medulla-Spine
(Bulbospinal) system (Small ‘99).

= Learning of Sensory-Motor Patterns

= Re-usable units from emergent patterns.
= Controllable units : sensory-motor correlation.
« Learning of signaling patterns.

= Self organization of motor-somatosensory areas.

Intelligent System and Informatics Lab.
http://www.siimiiu-tokyo.ac.jp




Fetus - Baby

Sangawa & Kuniyoshi 05

e

= Musculo-Skeletal system (198 muscles) - = 18.8496(m - g)
= Muscle model (He et al. 01, Hill 38) L

= Size / mass / inertia / muscles accurate L

= Joint limits and neutral positions. z = 20 -05layu=-a)

= Growable (Parameter: week age).

. I
rear <+——fore right *Il—l--left

bone Df shoulder

”’“d‘*

~ | Breast |

I
I
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S
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The Nervous System Model

Sangawa & Kuniyoshi 06

SomatoSensory-Motor Area Model

Medul [a Model

Spine Model

Sensory Organs Models

Intelligent System and Informatics Lab.
http://www.siimiiu-tokyo.ac.jp



Left/right hemispheres...

Sangawa & Kuniyoshi 06

= Left/right neural systems
= 20x10 neurons each for S1, M1 ™ e,

Q - t‘“ -
= 99 neurons for Spine and s
Medulla. s 2
B A = RN
= Corpus callosum connects M"; -
left/right S1's and M1's S
J | A R S |
= Fully connected (excitatory)] = control signak S >
- . > =
= Modified Hebbian learning. | = I "*Q y =
: >
= Control Inputs S (s0) (a) () h

. b
= Uniform value (0.5) tendon ®
= Smooth motion. ' =
la \— Ib
spindle tendon @.
muscle

P;i Infell =) |35, BESEX BR-FERODBK- NEHETILLAEBREE BEHE
- Y o a o, E24EBADRyY A% ES, CD-ROM, 2124, 2006.




Fetal & Neonatal Environments

Sangawa & Kuniyoshi 06

= Fetus(35 wks. aft. Gestation)

= Uterine environment: Gravity,
buoyant force, fluid resistance,
umbilical cord (pivot).

= Uterine wall: Nonlinear spring
(&damper) model.

= Neonate (0 wk. of birth)
= Normal gravity
= Flat floor
= Surrounded by fences.

i@,ii Intell 22)1|%°5, BEmEXx 140 -H4 B D BE- WNEHTT LLALRES BT
Y o a o, E24EBADRyY A% ES, CD-ROM, 2124, 2006.




BiDZEERERDE—1]

T ERREDENF

Yasuo Kuniyoshi,Yasuaki Yorozu, Masayuki Inaba and Hirochika Inoue,
From Visuo-Motor Self Learning to Early Imitation -- A Neural
Architecture for Humanoid Learning, Proc. IEEE Int. Conf. on Robotics
and Automation, pp.3132-3139, 2003.

RER, BEEE: DRYMMUTFUSIVR
£ RMEEOR YN, ERENE, 2006.(75)

Intelligent System and Informatics Lab.
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Andrew Meltzoft:

Neonatal Imitatio

= Neonates (15min.—day)

= No prior visual
experience of tongue-
protrusion.

= This specific imitation
cannot be innate. e | _ ey

u Even ad aptive_ ADULT Reprinted with permission from: Fig.1 Sample photoglaphs from videotape recordings of 2- to 3-week-

TARGET old infants imitating (a) tongue protrusion, (b) mouth opening, (c) lip protrusion demonstrated by an adult
/ experimenter. A. N. Meltzoff and M. K. Moore: Imitation of Facial and Manual Gestures by Human

Neonates, Science, vol.198, pp.75-78, 1977. copyright 1977 AAAS.

- — op | [/

TIME 1 3 4
= Intel Figure 3. A diagram of infants’ correction process. Infants who are shown a novel gesture of tongue-protrusion-to-
] the-side (‘adult target’) progress through an ordered series of tongue movements (indicated by ‘1-4’). The direction

and extent of the arrows depict the corresponding dimensions of the infants’ tongue protrusion responses. The



s BF1EFH)(Generalized movement):
s ZRRE2AH 5. (Kisilevsky&Low98,Joseph00)
n RE:

= BHAR : B 20:E H 5 (Lecanuet&Schaal96), 341 TR HE] 2240%
(Birch&Q’ Conner01).

s J5 5V (FR) D10% A RERNIZfEL (BT, Jacques et al.87)
I ZRBTATEHEER A, 308 THMEDREF A HEEERIE.
n *E?MI 28BFE TIZHRX.

saa: 3218 (8 H) MR AR TEIFIER

o ﬁﬁJ'L'T\(%E"’)

o %JIHI:.HH?IH BEESITNT OB ED B A ER Rt TE 2 (Madison
et al 86

« BBIREADFFEE N HERIZEHELE(Lecanuet&Schaal96).
» AEEREOHEEKEE:

« BEDOKTIE, 20T FLEEHY. HEEFHEIZE—2S. (Rakic
et al.86)




Visuo-Motor Babbling

Kuniyoshi&Yorozu 01

= Robot generates self movement patterns.
= Spatio-temporal pattern learning of self-movement and
corresponding visual stimuli.

= After learning, observes human movements for the first time.

Assomates with past experiences and qenerate self ﬁ)tlon

d Informatics
-tokyo.ac.jp




Visuo-Motor Association Learning System

Kuniyoshi & Yorozu 2001-3

- Sensory-motor sequences learned as a high-dim trajectory attractor.
_-Sensory input -> entrainment -> Motor trajectory remembered.

OO TNRIERE X PIOn Motor //

:.» ’,“- J1J2J3J4J5J6J7JngJlo\]ﬂle n
(\ﬁé’ ° to Motor

wig £ERE S SN Joint Angles I
g . e Commands.

""""""" ALTO—DEE -
2175 Vision 000111111000 0

\J Conversion

Optical Flow Processing Learn Remembe# ~ Sensory Layer 850
Trajectory Attractor in the Motor Layer 150
State Space of the Neural Net

Connection 499

Morita’s NN
SHEAT /)
¥y J
A
’ j:l Y
yl’l
SMERADH 5 L

(ER)ZEEE (1997) 3% - BEOHRERET L.
_ SHUEAY, LR (R) B EET B, p. 54-69, BRAEE.
Temp. Seq. Learning by Non-monotonic Neural Net:

a8 - Inseparable Structure of Sensory-motor representation.



Learning

Kuniyoshi&Yorozu 01

Intelligent System and Info
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Learning

Kuniyoshi&Yorozu 01

Intelligent System and Info
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Learning

Kuniyoshi&Yorozu 01

Intelligent System and Info
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Imitation

Kuniyoshi&Yorozu 01

= Never seen a human
hand. Its apperance &
movement different. But
overall pattern is similar.

= Visual pattern input to
the learned net.

= Spatio-temporal pattern
falls into a closest
trajetory attractor.

= This “recognition” process
Inevitably generate motor
response.

Intelligent System and Informatics Lab.
http://www.siimiiu-tokyo.ac.jp




Imitation

Kuniyoshi&Yorozu 01

= Never seen a human
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trajetory attractor.
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Imitation

Kuniyoshi&Yorozu 01

= Never seen a human
hand. Its apperance &
movement different. But
overall pattern is similar.

= Visual pattern input to
the learned net.

= Spatio-temporal pattern
falls into a closest
trajetory attractor.

= This “recognition” process
Inevitably generate motor
response.
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Mirror

Neuron

« FEDITH. TD
HARE] BT R N
(1T &R 5eEA)

: 1111%0) TR EL SR

TDITAZELT

E#LX%"J&(%A
s F5E7 GEEHIET)
= Broka's area(Ek

Niza)

Gallese V., Fadiga L., Fogassi L.,
Rizzolatti G. Action recognition in
the premotor cortex.

Brain 119: 593-609, 1996

@ Intelligent System |
http://www.isiim

Spikes per bin

Reprinted from Trends in
Cognitive Sciences, Vol.12 ,
Gallese V. & Goldman A.,
Mirror neurons and the
simulation theory of mind-
reading, 493-501 Fig.1,
Copyright (1998), with
permission from Elsevier
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