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Interactive humanoids and androidsInteractive humanoids and androids



Interpersonal human-

Development of 

Interpersonal human-
robot Interaction

interactive robots Social robots and the 
field testsSensor network



Robots getting close to humanRobots getting close to humang gg g
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Interactive humanoids
that can play with children

• Autonomous interactive robots that have various sensors
300 b h i

Robovie developed by ATR IRC

• 300 behaviors
• 700 rules for deciding execution order of the behaviors



Studies on interactive robots
f  d l i  i t ti  d i l b t

ManipulationManipulation NavigationNavigation

for developing interactive and social robots

Cognitive science, Psychology, and 

ManipulationManipulation NavigationNavigation

InteractionInteraction

Android Science

g y gy
Social science using robots as test beds

InteractionInteraction

Robots interact with humans
based on knowledge about the human

Robot HumanCognitive Cognitive g
developmental
robotics

Cognitive 
science

Psychology

Humans interact with robots by anthropomorphizing them



What is the ideal media?What is the ideal media?

Globalization
Information transfer

I f i  i
InternetGlobalization

Deliver massive and 
uniform information

Information processing

Human society
Generation ofGeneration of
information

Representation ofRepresentation of
information

Localization
I/O of information 
adapted to the 
i di id l d 

Computers
Robots

individual and 
situation Computers

Robots

• A human anthropomorphizes the 
object for conversation.

A h id b t i  b tt  th  • A humanoid robot is better than 
others for the anthropomorphizing. 
• Robots generates information by 
i t ti  ith hinteracting with humans.



Appearance and BehaviorAppearance and Behavior

• Which is more important for interactive robots, 
  b h i ?appearance or behavior?

• What is the ideal design for humans?



Humanlike AppearanceHumanlike AppearanceHumanlike AppearanceHumanlike AppearanceHumanlike AppearanceHumanlike Appearance
Development of the child android

Humanlike AppearanceHumanlike Appearance
Development of the child androidDevelopment of the child android

and the uncanny valley
Development of the child android

and the uncanny valley

Humanlike AppearanceHumanlike AppearanceHumanlike AppearanceHumanlike Appearance



Child androidChild android
•120cm, 5years old 
•Sili  ki•Silicon skin
•Sensitive Piezo sensor
•DOF

- Eys:5, Mouth：1, Neck：3

The first contactThe first contact



Uncanny valley Uncanny valley 
[Mori et al. ’97]

Human
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ty

Toy robot

Uncanny 
valley

Human
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Doll

Toy robot

5 years 
old

Similarity
Moving corpse

100%

Child android

1week 2weeks 18-24monthes 90
years old?

Child android

Another uncanny valley
with Itakura, Kyoto University

Original uncanny valley

The humanlike robot needs to have 
humanlike movements.

Mechanical-looking robots can have 

Subjects from different ages 
(2 weeks to 5 years)

Record subjects’ behaviors and eye 

y y

Mechanical-looking robots can have 
robot-like movements.

Record subjects  behaviors and eye 
motions



Lateral Inhibition HypothesisLateral Inhibition Hypothesis
+-

+-
+-

+-
+-

Lateral inhibition is perhaps the most 
fundamental operation of brain 
circuitry and integral to the operation of 

Response

circuitry and integral to the operation of 
all structures. Neural network

0

Basal ganglion

Face recognition?

Human identification?
G i  

Familiarity
Age-dependent uncanny valley

Familiarity
Uncanny valley

Growing process

3-4 years 

FamiliarityFamiliarity

old

18-24monthes 90 years old?
Toy robot Human



Humanlike MovementHumanlike MovementHumanlike MovementHumanlike MovementHumanlike MovementHumanlike Movement
Development of the female android

Humanlike MovementHumanlike Movement
Development of the female androidDevelopment of the female android

Integrated with sensor network
Development of the female android

Integrated with sensor network

Humanlike AppearanceHumanlike Appearance

Humanlike MovementHumanlike Movement

Humanlike AppearanceHumanlike Appearance



Making of the adult androidMaking of the adult android
ith KOKORO C  Ltd

Inside mechanism • 43 DOF with pneumatic actuators 
(17 DOF f  h  h d)

with KOKORO Co., Ltd.

(17 DOF for the head)
• Humanlike shoulders and chest 

movements



Subconscious and reactive movementsSubconscious and reactive movements
Android HumanAndroid Human
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complicated.
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em • Human uses multiple 
modalities. 



Humanlike movementsHumanlike movements
Motion generation by CPGs and neural networksMotion generation by CPGs and neural networks

Each neuron
controls each actuator

CPG 

Sensors

l

kMeasurement 
by a motion 

il

z

by a motion 
capture systems

Human zHuman



Humanlike PerceptionHumanlike PerceptionHumanlike PerceptionHumanlike PerceptionHumanlike PerceptionHumanlike Perception
Development of the skin sensor and the 

Humanlike PerceptionHumanlike Perception
Development of the skin sensor and the Development of the skin sensor and the 

sensor network for the android
Development of the skin sensor and the 

sensor network for the android

Humanlike PerceptionHumanlike Perception

Humanlike AppearanceHumanlike Appearance

Humanlike MovementHumanlike Movement

Humanlike PerceptionHumanlike Perception

Humanlike AppearanceHumanlike Appearance



Robots with soft sensor skinRobots with soft sensor skin
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An adult hugs Robovie-IIS



Improvement of the soft sensor skinImprovement of the soft sensor skin
with Suganuma and Inoue (Osaka Univ )

Soft material (Silicone)

with Suganuma and Inoue (Osaka Univ.)

Piezo film

Wiring with conductive 
silicone adhesive

Conductive silicone adhesive

IC Sensor element (Piezo)
silicone adhesive

Silicone substrate 

•High-density arrangement of sensor elements
•Simple wiring to the host PC
•Robust wiring against ripping Conductive silicone adhesive•Robust wiring against ripping

Wiring with conductive silicone adhesive

Conductive silicone adhesive

Wiring with conductive silicone adhesive
& Self-organizing sensor network



Sensor networkSensor network
- Perceptual Information Infrastructure -

Sensor network in the lab.

Omni cam., Microphone

Images from ODC Outputs of FS

Omnidirectional cameras, floor 
sensors, microphones and infra-

Tracking a person and recognizing the 
behaviors with omnidirectional cameras.p

red motion detectors covers the 
whole laboratory.



Very stable tracking by laser range finders Very stable tracking by laser range finders 
and camerasand camerasand camerasand cameras

ATR知能ロボティクス研究所



Human behavior recognitionHuman behavior recognition
by the sensor networkby the sensor networkby the sensor networkby the sensor network

PositionDistributed touch sensors Position
model

BehaviorDistributed vision
Gesture recognition by vision

Behavior
model

Dialogue
Distributed audition
Dynamic formation of 
Microphone arrays

Dialogue
model



Uncanny valleyUncanny valley with T. Chaminade 
and A. Saygin



Android Science

Mechanical Mechanical 

Robotics and Cognitive Science

EngineeringEngineering

SystemsSystems
EngineeringEngineering

RoboticsRoboticsDevelopment of
mechanical humans

S i

Engineering Pattern Pattern 
RecognitionRecognition

Hypothesis 
and 

ifi ti

g gg gEngineeringEngineering

Science
gg

Understanding onUnderstanding on

verification

BrainBrain
CognitiveCognitivegg

Human behaviorsHuman behaviors
BrainBrain

sciencescience
PsychologyPsychology

sciencescience

Scientific issue
Human likeness (appearance , movement, perception)

E i i  iEngineering issue
Simple and interactive communication tasks



Bottleneck of autonomous robotsBottleneck of autonomous robotsBottleneck of autonomous robotsBottleneck of autonomous robots

Humanlike appearance
Humanlike behavior
Humanlike perception
Humanlike conversation?

• People expect that p p
humanlike robots can 
talk.

• However, it is a very • However, it is a very 
hard problem…



Humanlike ConversationHumanlike ConversationHumanlike ConversationHumanlike ConversationHumanlike ConversationHumanlike Conversation
Development of the geminoid 

Humanlike ConversationHumanlike Conversation
Development of the geminoid Development of the geminoid 

that is a tele-operated android of an existing person
Development of the geminoid 

that is a tele-operated android of an existing person

Humanlike PerceptionHumanlike Perception

Humanlike ConversationHumanlike Conversation

Humanlike AppearanceHumanlike Appearance

Humanlike MovementHumanlike Movement

Humanlike PerceptionHumanlike Perception

Humanlike AppearanceHumanlike Appearance



An approach for solving
th  b ttl k f t s b tsthe bottleneck of autonomous robots

Tele-interaction by using
i t  d id  d h idsemi-autonomous androids and humanoids

Android

Operator
Internet

• Long term interaction and conversation
• More precise cognitive/psychological tests by using own androids• More precise cognitive/psychological tests by using own androids
• Exist different places simultaneously



Development of the Development of the geminoidgeminoid
--TeleTele--operated android of an existing personoperated android of an existing person --gg

Skull MRI image



TeleTele--operation system operation system 
th h th  I t tth h th  I t tthrough the Internetthrough the Internet

n
et

In
te

rn
• Motion capture system for measuring the rip movements• Motion capture system for measuring the rip movements
• Behavior selection by using GUI (6 behaviors)



Definition of geminoidDefinition of geminoide t o o ge o de t o o ge o d
Humanoid = Humanlike robot
A d id  R b t th t h  h   d b h iAndroid = Robot that has human appearance and behavior
Geminoid = Tele-operated android of an existent person 

Humanoid            Android              Geminoid



Touch by someoneTouch by someone

rn
et

In
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r

Adaptation to the different body 
• While I operate the geminoid, I unconsciously adapt p g , y p

my movements to the geminoid’s movements.
Sharing of information through the geminoid

Wh  th  i it  t h t  th  G i d  I t  f li  • When the visitor touch to the Geminod, I get a feeling 
to be toughed (demeaning). 



Meeting by using the geminoidMeeting by using the geminoid

Strong entrainment in the conversation
B h f I d h  i i   i kl  l  h  5 i  • Both of I and the visitors can quickly, less than 5 minutes, 
adapt to the conversation through the geminoid.



Android Philosophy (?)

UserUser

Robotics and Philosophy

InterfaceInterface

Media Media RoboticsRobotics
Development of

mechanical humans

S i

Engineering Hypothesis 
and 

ifi ti

& Art& Art
CognitiveCognitive

iiScience

Principles ofPrinciples of

verificationsciencescience

SocialSocial
PhilosophyPhilosophypp

biological systemsbiological systems SocialSocial
sciencescience

Scientific issue
Human presence (self and others’ observations, ego, adaptation to the 
different body, body and minddifferent body, body and mind

Engineering issue
Tele-presence technologies using the Geminoid



Necessity of humanlike mechanismsy

Humanlike appearance
Humanlike behavior
Humanlike perception
Humanlike conversation
H lik  h i ?Humanlike mechanism?

• The robot needs to 
have more humanlike 
mechanism for more 
flexible movement.

O t
Android

• How to control the 
complicated system?

Operator
Internet



Humanlike developmental Humanlike developmental 
ftft h ih i

Humanlike developmental Humanlike developmental 
ftft h ih isoftwaresoftware--mechanismmechanism

Development of the CB2

softwaresoftware--mechanismmechanism
Development of the CB2Development of the CB2

that has complicated mechanisms
Development of the CB2

that has complicated mechanisms

Humanlike DevelopmentHumanlike Development

Humanlike PerceptionHumanlike Perception

Humanlike ConversationHumanlike Conversation

Humanlike DevelopmentHumanlike Development

Humanlike AppearanceHumanlike Appearance

Humanlike MovementHumanlike Movement

Humanlike PerceptionHumanlike Perception

Humanlike AppearanceHumanlike Appearance



A new issue for  A new issue for  
li t d h idli t d h idcomplicated humanoidscomplicated humanoids with Prof. Asada

CB2 - a growing humanoid -CB a growing humanoid 
•Height: 130cm, Weight: 33kg
•56 actuators on the whole body
•Artificial vocal cord•Artificial vocal cord
•197 tactile sensors, 2 cameras, 2 microphones
•Self-organizing sub-processor network

Behavior

Deliberative behavior

Abstraction
Tree

Self-organizing 
controller/computer 

Reaction

BehaviorTree controller/computer 
networks
for sensory motor 
mapping

•It is not easy to develop the software for the complicated 
Sensors Actuators

y p p
hardware.
•The hardware system is going to be more complicated.



Human developmental process
Development in the 

mother’s body
Development in the 

external worldy

Developmental process Developmental processDevelopmental processp p
as a biological system

p pp p
as a social systemas a social system

•Learn from the human 
developmental process and the p p
cognitive model.
•Focus on the social development.



The growing humanoidThe growing humanoid

Variations
of the Combinations of of the 

movements
the elemental 

behavior

General 
movements

Identification of 
the elemental 

Age

the elemental 
behaviors

U-shape development

Age

of infant



Development of the multiple modalities

•Development of 
multimodalities.
•The robot integrates the 
multiple modalities through 
interactions with people.
•Study the developmental 

ss f th  process of the 
communication ability

Perspective 

Egocentric

Semi-egocentric
Perspective 

transformation Social

Eye movementBody movement

Shared attention

VisionTactile sensation

Human developmental process 

Shared attention

Language



Development of the social relationship

Action Perception

A BFeeling

Perception Action

FeelingA B

Action

Feeling

Perception

C
•Self-other distinction
•Cascades among action , •Cascades among action , 
perception and feeling.
•Interaction cascade, such as turn 
taking, influence to the internal 
cascades or rhythmic generator.



Learning of physical interaction

• The robot leans how to use and organize the complicated 
mechanism for  standing up and walking through interactions 
with the care giver.



Cognitive Developmental Robotics

Mechanical Mechanical 

Robotics and Cognitive and Brain Science

EngineeringEngineering

SystemsSystems
EngineeringEngineering

RoboticsRoboticsDevelopment of
mechanical humans

S i

Engineering Pattern Pattern 
RecognitionRecognition

Hypothesis 
and 

ifi ti

g gg gEngineeringEngineering

Science
gg

Understanding onUnderstanding on

verification

BrainBrain
CognitiveCognitivegg

Human behaviorsHuman behaviors
BrainBrain

sciencescience
PsychologyPsychology

sciencescience

Scientific issue
Human likeness developmental process

E i i  iEngineering issue
Development of complicated software



Life
Science

Life
Science

Information
System

Information
System

H lik  i i lH lik  i i lH lik  i i lH lik  i i l

ScienceScience

Nano
Material

Nano
Material

SystemSystem

Humanlike principleHumanlike principle

Bi i i d i i l  f  b t b t

Humanlike principleHumanlike principle

Bi i i d i i l  f  b t b t

RoboticsRobotics

Bio-inspired principles for robust robotsBio-inspired principles for robust robots

Humanlike DevelopmentHumanlike Development

Humanlike PrincipleHumanlike Principle

Humanlike PerceptionHumanlike Perception

Humanlike ConversationHumanlike Conversation

Humanlike DevelopmentHumanlike Development

Humanlike AppearanceHumanlike Appearance

Humanlike MovementHumanlike Movement

Humanlike PerceptionHumanlike Perception

Humanlike AppearanceHumanlike Appearance



Differences between Differences between 
biological systems and artificial systemsbiological systems and artificial systems

N l t k f th  h  b l
Energy PrincipleBrain and computer

biological systems and artificial systemsbiological systems and artificial systems

Neural network of the human cerebral

1
Using noise 

1watt (biological 
fluctuation)?
Clever control?

Ul  li d  Ultra complicated system 
with 14billion neurons
50trillion connections

Can it suppress the noise?Can it suppress the noise?

Super computer
50 000

Accurate and 
high speed 50,000

watts10billion transistors

control by 
suppressing the 
noise

Activate by suppressing noiseActivate by suppressing noise



YuragiYuragi (attractor switching by noise)(attractor switching by noise)
in the molecular motor for human musclein the molecular motor for human musclein the molecular motor for human musclein the molecular motor for human muscle

by Prof. Yanagida

•Myosin moves on the actin 
with the thermal noise and 
th  h i l t t  f the mechanical structure of 
the myosin decides the 
moving direction.

Ishijima,  et al.,  Cell 92 (1998)
Kitamura et al.,  Nature (1999),  

moving direction.

Biophysics (20005)

Molecular Molecular 
motor



The mechanism to use thermal noise The mechanism to use thermal noise 
i  l  l l  ti  l  l l  tin muscle molecular motorin muscle molecular motor

Strain sensor determines Strain sensor determines 

Potential

the velocity, power and 
displacement according to 
the situation

the velocity, power and 
displacement according to 
the situation Yuragi formula 

(Bi d B i  )Potential
U (x )

(Biased Brownian movement)

1 ( , ) 2 ( )dx U x t B kT tη∂
+

Actin
( )B t

dt x
η

ρ ρ
=− +

∂
Potential Bias + Yuragi

Bias Yuragi 
h

The moving distance and the power 
is determined by modulated 

Potential Bias Yuragi

search

Displacement
x

y
potential according to the internal 
and external states. (Bias by strain 
sensor)x sensor)
Langevin equation (Stochastic 
differential equation)



Adaptation to the environment by thermal fluctuationAdaptation to the environment by thermal fluctuation
in gene expression (Cell level in gene expression (Cell level YuragiYuragi) ) by Prof. Yomoby Prof. Yomo

Environment1
← Environmental change ← Original environment → Environmental change →

Environment2

Glutamine deficiency Tetrahydrofolate deficiency

ia
l

Attactor1 Attrator2 Attractor2

Activity
Enviornemnt1
Is comfortable

Activity
Environmental2 
is comfortableP

ot
en

ti

Attactor1 Attrator2 Attractor2Is comfortable
Attractor1

アトラクター１と２の混在
Attractor1 Attractor2Generalized Generalized Yuragi Yuragi formulaformula

PtrcPtrc

テトラヒドロ葉酸
還元酵素

PtrcPtrc
rfp tetR folA

l I f l A

遺伝子

Ptrc

Ptet

Ptrc

Ptet

rfp tetR folA

lacI gfp glnA dx
dUxf −=)(η+⋅= activityxfx

dt
d )( ,   here

Ptrc

Ptet

Ptrc

Ptet

rfp tetR folA

lacI gfp glnA

PtetPtet
lacI gfp glnA

ｸﾞﾙﾀﾐﾝ合成酵素
It select the best situation (attractor) by maximizing 
activity (Yuragi search) in the gene expression



YuragiYuragi in visual cognition of human brain in visual cognition of human brain 
(System level (System level YuragiYuragi) ) by Prof. Yanagidaby Prof. Yanagida

Cognition of 

Necker cube Face or cup

Cognition of 
ambiguous
figure

MEG

Discrete 
brain states

Y i
Yuragi of 
brain activity

Yuragi
search

( )d x f x activity η+

y

( )x f x activity
dt

η= ⋅ +Distribution 
of the discrete states

Potential Consistency + Yuragi



YuragiYuragi FormulaFormulagg

+ti itfd )( η+⋅= activityxfx
dt

)(

Thermal fluctuation, 
Spontaneous

Condition of 
the system

D  f 

The control structure
that has attractors

Structure that accepts
fluctuation

Structure of Yuragi

Degree of 
comfortable 

feeling

Structure that accepts
use of Yuragi

f(x)=－dU/dx

State variable xPotential
U(x)

YuragiYuragi SearchSearch

SelectionSelection

Activity Attractor



Simple artificial creatureSimple artificial creature
like an insectlike an insect

High activityHigh activity Simulation 
resultsplanexrAction is entrained Action is entrained 

by the attractor

Robot takes the 
same action

Attractor

Low activityLow activity
planexrAction changes at 

Robot trajectory

g
random

R b t h  
The robot can reach to the goal 

Robot changes 
the action by using the noise and changing 

the activity



Si l  tifi i l tSi l  tifi i l tSimple artificial creatureSimple artificial creature

One motor and one light sensor Microphone and sound source



Complicated bioComplicated bio--mimetic arm robotmimetic arm robot

Structure
H  b  •Human bone 

structure
•Human muscle Human muscle 
structure

ActuatorActuator
•26 DOFs
•Pneumatic 
artificial muscle

How do we control the very complicated robot?
The robot finds how to move the attractors with noise.



Complicated robot controlComplicated robot control
for which the previous method cannot applyfor which the previous method cannot applyfor which the previous method cannot applyfor which the previous method cannot apply

Take Put Throw Selection of Take Put Throw Selection of 
objective taskPrevious

robot
Robot that has 

complicated joint 
structure and muscle 

structure

Organism

StretchBend Grab Selection of 
b i  b h i

？？？？ activityactivity=task achievement=task achievement

basic behaviors

Motor 
movements 

d 

Muscles movements do not simply 
correspond to the joint movement

(N≧26)
activityactivity=behavior achievement=behavior achievement

Control of 26 
actuators

Suppose it has 26 actuators 
that has binary states, on or off. 

There are 2    combinations.26 26 dimension

correspond 
to the joint 
movement

(N=1)

(N≧26)

Find the structure f (x) of the unknown problem space with Yuragi in each 
layer and perform flexible selection.

There are 2    combinations. 26 dimension
control space

layer and perform flexible selection.
Upper layer determines the activity of the lower layer. 
Memorize the found attractor structure f (x) and efficiently use by learning



Complicated robot controlComplicated robot control
R l  h i   lti l  b t  i  d i l i tR l  h i   lti l  b t  i  d i l i tRole sharing among multiple robots in dynamical environmentsRole sharing among multiple robots in dynamical environments

Cleaning Guide Rest
Task
selection

Broom Baume Mop Tool

activityactivity=Task achievement=Task achievement

cleaner Tool
selection

activityactivity=Tool use achievement=Tool use achievement

Sensor
selection

activityactivity=Tool use achievement=Tool use achievement
Infrared

sensor
(distance)

Image
Sensor
(edge)

Image
Sensor
(color)

selection

The upper layer automatically determines the activity of the lower 
layer by giving an activity, such as “comfortable”, to the top layer.



YuragiYuragi is a new basic methodis a new basic method
Traditional control methods  neural networks and Fuzzy control cannot Traditional control methods, neural networks and Fuzzy control cannot 
handle dynamically changing problems and unknown problems. 

Yuragi can obtain (sub) optimal solution without precise modeling.
Traditional 

control method 
(PID)

Neural
network Fuzzy Yuragi

Precise and quick ◎ ○ △ △

Complicated 
problems × ○ ○ ○p

Adaptation to 
dynamically 

changing problems
×

△
Online learning × ○

Adaptation to  new 
or rare cases ×

△
It cannot learn △ ○

Non-Partially non-Problems Problems Non
describable 
problems

Coverage
Partially non
describable 
problems

describable with 
linear models

describable with 
nonlinear models

Simulated annealing (SA) is a parameter optimization method by reducing the temperature g ( ) p p y g p
(reducing the noise). It can be applied to problems represented with models. On the other 
hand, Yuragi is a search method for situations where the dynamically changing activity is 
maximized.



Biological Robotics
R b ti  d Bi lRobotics and Biology

MaterialMaterial
E i iE i i

SensorSensor
A t tA t tEngineeringEngineering ActuatorActuator

RoboticsRoboticsDevelopment of

Engineering Complex systemsComplex systems
Ch i   Ch i   

Hypothesis 
and 

ifi ti

Artificial LifeArtificial Lifemechanical humans

Science

Engineering Chaotic systems Chaotic systems 

CognitiveCognitive BiologyBiology

verification

CognitiveCognitive
sciencescience

BiologyBiology
Principles ofPrinciples of

biological systemsbiological systems

Scientific issue
Principles of the biological systemsp g y

Engineering issue
Humanlike robust and energy conservation systems



Our future life with robotsOur future life with robots
•Robots give services through simple communication
•R b t  k   t  f h•Robots works as partners of humans



Conclusion
Robotics is science for understanding humans.

Robotics is engineering for developing our future lifeRobotics is engineering for developing our future life.
Various research areas are integrated in robotics.



CollaboratorsCollaboratorsCollaboratorsCollaborators
Development of the androids KOKORO
Development of the humanoids Mitsubishi Heavy Industry
Development of the androids KOKORO
Development of the humanoids Mitsubishi Heavy Industryp y y

Vstone
Soft skin sensor Prof. Suganuma and Prof. Inoue, Osaka University
Linear actuator Prof  Hirata  Osaka University

p y y
Vstone

Soft skin sensor Prof. Suganuma and Prof. Inoue, Osaka University
Linear actuator Prof  Hirata  Osaka UniversityLinear actuator Prof. Hirata, Osaka University
HRI studies Dr. Kanda, Dr. Miyashita, Dr. Ishii, Mr. Nishio, 

Dr. Hagita,  ATR IRC
P f  I i  K i  U i it

Linear actuator Prof. Hirata, Osaka University
HRI studies Dr. Kanda, Dr. Miyashita, Dr. Ishii, Mr. Nishio, 

Dr. Hagita,  ATR IRC
P f  I i  K i  U i itProf. Imai, Keio University
Prof. Ono, Future University Hakodate
Prof. Kahn, Univ. Washington

Prof. Imai, Keio University
Prof. Ono, Future University Hakodate
Prof. Kahn, Univ. Washington
Dr. Movellan, Univ. California, San Diego

Cognitive studies Prof. Hiraki , Tokyo  University
Prof. Itakura , Kyoto University

Dr. Movellan, Univ. California, San Diego
Cognitive studies Prof. Hiraki , Tokyo  University

Prof. Itakura , Kyoto Universityy y
Dr. Chaminade, Dr. Saygin, UCL

Cognitive Robotics Prof. Asada, Osaka University
Dr. Yoshikawa, Dr. Minato, Osaka University

y y
Dr. Chaminade, Dr. Saygin, UCL

Cognitive Robotics Prof. Asada, Osaka University
Dr. Yoshikawa, Dr. Minato, Osaka UniversityDr. Yoshikawa, Dr. Minato, Osaka University

Bio-inspired Robotics Prof. Matsumoto, Prof. Koizumi, 
Prof. Nakamura, Osaka University

Dr. Yoshikawa, Dr. Minato, Osaka University
Bio-inspired Robotics Prof. Matsumoto, Prof. Koizumi, 

Prof. Nakamura, Osaka University


