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B
RoboCup (www.robocup.org)
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B Number of teams in RoboCups
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- JoiTech got the best humanoid
award!

* In RoboCup 2013, "JoiTech", a RoboCup joint team with
Osaka University and Osaka Institute of Technology got a
win!
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http://www.flickr.com/photos/robocup2013/9177211488/in/photostream/




B RoboCup2013 Digest!
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https://www.youtube.com/watch?feature=player_embedded&v=zcDsYD6GJos




[ From the web ISSA summer school

We are using the notion of awareness in a broad sense: we
include consciousness in general as well as self-awareness,
and responsiveness of autonomous agents in complex
systems to each other and to their environment. We thus
include neuroscience; cognitive science; artificial
intelligence; artificial life and robotics; logic and philosophy,
in particular phenomenology. We also include high
performance computing and other techniques and
methodologies, useful in the areas mentloned above.
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B What does robotics mean in my talk?

1. Design theory: constructive
approaches to the cognitive issues by
utilizing virtual and real robots.

2. Developmental aspects: not given a
priori but obtaining through learning
and development as much as
possible!

3. Robots as tools for studying humans’
behaviors and minds

» Cognitive vs. Affective issue §
towards artificial empathy




B Outline of my talk

1. Cognitive Developmental Robotics

— What's development?

— Developmental Robotics,
Cognitive Developmental Robotics

Increased Self/Other Discrimination

2. Towards Artificial Empathy
— Self/other cognition

— A developmental model

— Cognitive vs. Affective
3. Brain-Body Interaction
4. Mind Holder and Mind Reader -

5. Future issues




B What’s human’s development ?
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B What’s going on in the womb?

[through the courtesy of Dr. Yukuo Konishi@Doshisha Univ.]




Infant development and learning
_ targets (1)

5 hand regard forward and inverse
models of the hand

6 finger the other’s integration of visuo-
face tactile sensation of
the face
7 drop objects and causality and

observe the result permanency of
objects




- Infant development and learning
targets (2)

8 hit objects dynamics model of
objects

9 drum or bring tool use |
a cup to mouth =

10 imitate imitation of unseen :&t -
movements movements N
11 grasp and carry action recognition
objects to and generation,
others cooperation

12 pretend mental simulation




B Nature vs. Nurture ?

Nature Via Nurture: Genes, Experience
and What Makes Us Human, Matt Ridley.

Matt Ridley

No longer is it nature-versus-nurture, but nature-
via-nurture.

[From Scientific American]

* A balance between nature (embedded) and
nurture (learning and development) sides is an
iIssue in designing humanoids.




B Outline of my talk

1. Cognitive Developmental Robotics

— What's development?

— Developmental Robotics,
Cognitive Developmental Robotics

Increase d Self/Other Discrimination

2. Towards Artificial Empathy

— Self/other cognition

— A developmental model

— Cognitive vs. Affective

3. Brain-Body Interaction

4. Mind Holder and Mind Reader =~ - = . VW@
5. Future issues v




B Cognitive Developmental Robotics (1)

[Asada et al., 2001]
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B Developmental Robotics (1)

[Lungarella et al., 2003]

Connection Science, Vol. 15, No. 4, December 2003, 1 51-190 TaY‘Of&Fra"dS

Taylor & Francis Group

Developmental robotics: a survey

*Neuroscience Research [nstitute, Tsukuba AIST Central 2, Japan
tLIRA-Lab, DIS T. University of Genova, Italy

Artificial Intelligence Laboratory, University of Zurich, switzerland
email: max.lungarella@aist.go Jps pasa@dist.unige.it

Max Lungarella®, Giorgio Metta', Rolf pfeifert and Giulio Samdinff

Abstract. Developmental robotics is an emerging field located at the intersection of robotics. cognitive
science and developmental sciences. This paper clucidates the main reasons and key motivations behind
the convergence of fields with seemingly disparate interests, and shows why developmental robotics
might prove 0 be beneficial for all fields involved. The methodology advocated 1S gynthetic and
two-pronged: 0D the one hand, it employs robots 10 instantiate models originating from
developmental sciences; on the other hand, it aims to develop better robotic systems by exploiting
insights gained from studies on ontogenetic development. This paper gives @ survey of the relevant

research issues and points to some future research directions.

Keywords: development, embodied cognitive science, Tobotics, synthetic methodology




Coaniti
B Cognitive Developmental Robotics (2)

[Asada et al., 2009]
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I Developmental Robotics (2)

[Cangelosi A. & Schlesinger M., 2014]




m What’s cognitive developmental
robotics?

* Cognitive developmental robotics aims at
understanding human cognitive developmental
processes by synthetic or constructive approaches.

* |ts core idea is "physical embodiment” and “social
interaction” that enable information structuring
through interactions with the environment

including other agents.

5 ocial interaction |

5

| Embodimen

V




B Physical Embodiment

e To understand the mind, begin with patterns of
motor activities and derive the underlying mental
structures from them. [Sperry, 1952]

NEUROLOGY AND THE MIND-BRAIN
PROBLEM

By R. W. SPERRY
Hull Anatomical Laboratory, University of Chicago

THE discrepancy between physiological processes in the brain and

the correlated psychic experiences to which they give rise in con-
gciousness has ever posed a baffling puzzle to students of psychology,
neurology, and the related sciences. Despite steady advancement in our
knowledge of the brain, the intrinsic.nature of mind and its relation to
cerebral excitation remains as much an enigma today as it was a hundred

Vears ago.




B Social Interaction

e The mind cannot be understood except in terms
of the interaction of a whole organism with the
external environment, especially the social
environment. [Noe, 2009]
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B Approaches of CDR

A: construction of computational model of cognitive
development

1) hypothesis generation
2) computer simulation
3) hypothesis verification with real agents, then go to 1)

B: offer new means or data to know human developmental
process -» mutual feedback with A

1) measurement of brain activity by imaging methods
2) verification using human subjects or animal ones

3) providing the robot as a reliable reproduction tool in
(psychological) experiments
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From physical interaction to social
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Platforms for Cognitive Dev

10M crawl
T Pneumorn-7Il (84%)
9M stand supported by furniture | s.euon 13 @ -

8M stand W|th help
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-------
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B Robot platforms

il




B Outline of my talk

1. Cognitive Developmental Robotics
— What's development?

— Developmental Robotics,  Cognitive
Developmental Robotics

2. Towards Artificial Empathy
— Self/other cognition
— A developmental model

— Cognitive vs. Affective
3. Brain-Body Interaction
4. Mind Holder and Mind Reader ~ .

5. Future issues




B Our current project

Towards Constructive Developmental Science:
Understanding and designing the process from
neural dynamics to social interaction

"(de)Synchronization”
Neural dynamics
MNS

* Self/other discrimination

Toward constructive understanding of

Development-of

Self-Other
Recognition




Il Development of self/other cognition

(1) ecological self  (2) interpersonal self  (3)s0cial self
self/other‘identification Self/other

sprouting  (\NS infrastructure) separation
of self
Synchronization Synchronization desynchronization
with environment from caregiver from others

Physical body in synchronization = self/other identification
Desynchronization = self/other separation
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B An Overview of our current project

Understanding and designing the self/other cognition process
through the observation and computational modeling

Brain Develop
(de)synchronlzatlon

Data for S|mulat|on Data for simulation

Behavior
observation
Psychological

experiment

Method for analyzing
kinematics of rhythmic
movement

Platforms for
experiment under
controlled conditions

am
Functional
Data of

ag% adult’s brain

Platforms for experiment
under controlled conditions

Data of
infant's




Increased Self/Other Distinction

B The Evolution of Empathy

Empathy

Perspective-

/ taking, targeted

helping

A Imitation

True imitation
emulation

Sympathetic
concern,
consolation

Coordination,
Shared goals

Emotional

Motor contagion

mimicry E’

[Adopted from de Waal, 2008]




Evolution and development of
_ empathy

 We follow the definition of the empathy in a
review of neuroscience of empathy from
viewpoints of ontogeny, phylogeny, brain

mechanisms, context and psychopathology by

Gonzalez-Liencres et al.

Direct
ntents lists available at Science

avioral Reviews \




Schematic depiction of the
_ terminology

Physical/Motor

Conscious +
Unconscious Self-Other

EMOTIONAL Distinction

EMPATHY

COGNITIVE
EMPATHY

[C. Gonzalez-Liencres et al. / Neuroscience and Biobehavioral Reviews 37 (2013) 1537-1548]
D OREREBEBBRBGEESEGESEESEESESSESSSSSGSSGSGSSGSSGGSGSGSGSESSESSSEe



- Developmental (Evolutionary?)
Pathway of Empathy

[C. Gonzalez-Liencres et-al., 2013]

.. Emotional/Mental
Sympathy
. Cognitive COMPassio
Emotional Empathy
nal Empathy Imitation

fon

g
»n
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Mimicry

Physical/Motor [Asada, 2014 (to appear)]
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Develogment of empathy and
self/ot ers discrimination

Emotional
Empathy

\4

Motor Emotlona .

Embodiment sprouting

‘ of self
Iy ‘ ‘ ' (2) interpersonal self

Cognitive self/other

Develobpment identification

Sympathy & ‘ .(MNS (
Compassion - infrastructure)

/ (3) social self

Vicarious Soci .
: ocial minds
Fmotion via social Self/other
Envy and interaction Seéparation

Schadenfreude [Asada, 2014 (to appear)]




Russian Model for Empathy
_ Development

Increased Self/Other Discrimination

>
Felt
Emotion
Sympathy & 7
| Compassion @
Emotiona g Coanitive
Contagion El:{:’n‘ggzsl Emi)athy Perceived
g R o Emotion
o W2 m
B "3
> 3 Q
s 2V s f® Q =
T PVEH = E
3 A E 3
o N B Q
¥ o B 5
Mimi SHES a
imicry[— protor J & S

Resonance Imitation

[Asada, 2014 ,2015]




B Outline of my talk

1. Cognitive Developmental Robotics

What’s development?

Developmental Robotics,
Developmental Robotics

2. Towards Artificial Empathy

Cognitive

Self/other cognition

A developmental model
— Cognitive vs. Affective

3. Brain-Body Interaction =

. . ? E....'.f’.‘."."f’.....E :,_'_‘1‘:?_5___E T | ®
4. Mind Holder and Mind Reader ~ - . e
5. Future issues ;




B Cognitive vs. Affective in Empathy

1. Evolutionarily (and developmentally,
too) , emotional empathy is included
by cognitive empathy!

Cliopojnbay uopows3

Based on [Preston & de Waal, 2002]

2. Two systems for empathy:
differences in function, brain region,
and period of development =2
independent structure!

[Shamay-Tsoory et al., 2009]

3. Cognitive and emotional influences
in anterior cingulate cortex: two
different systems!

[Bush et al., 2000]
TG




B Cognitive vs. Affective ?

e Sad music induces pleasant

emotion!
— Perceived emotion: cognitive? (% o
- . , / o
— Felt emotion: affective? Poroaived as sad JEaNE )\ et &
pé‘,qcé_/ 1/505 ~ | \
—The relationship is not a simple Moron S/
inclusion nor a complete separate [Kawakami et al., 2013a, 2013b, 2014]

one. But, more complicated!

Felt
Emotion

—>The perceived emotion itself is a
target of the felt emotion, and
the situation itself is organized by ~
a cognitive process
(metacognition).

Perceived
Emotion




B Cognitive vs. Affective ?

THE COGNITIVE-

 Developmental changes: EMOTIONAL BRAIN

SSSSSSSSSS

Inclusion = separation =2

>
= behavior
§ E w
VY

\ behavior
o

metacognition?!

O

behavior
behavior

* The cognitive-emotional brain
— from the dichotomy to
dynamic network structure (D)

[Pessoa, 2013]

> Attempt to build such a
structure through constructive
approaches!




I Approaches at individual stages

1. Fetal and neonatal simulations [Kuniyoshi &
Sangawa 2006, Mori & Kuniyoshi 2010, Mori et al., 2013]

2. Early development of MINS [Nagai et al., 2011]

3. Intuitive Parenting for empathy
development [watanabe et al., 2007] (3

4. Vowel Acquisition by Maternal Imitation

[Yoshikawa et al., 2003, Ishihara et al., 2009, Miura et al.,
2013]

5. Social brain analysis [Takahashi et al,, 2014];§l

2
1
0
1
2
a
!

----------------

6. Sad music induces pleasant emotion
[Kawakami et al., 2013a, 2013b, 2014]




B 2. Early development of MINS

[Nagai et al., 2011]
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- 3. Intuitive Parenting for
empathy development .ouseea., 201

4 :human facial expression
corresponding to robot state

Internal state _and exressnon

Visual space
1:External stimulas

SOM of human $

Robot racia

s taclil exbrasalon - 2: change of internal state
P by the external stimulas

= | Internal state space |
4’- |

Motor area \ |_ cortex
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- 4. Vowel Acquisition by Maternal
Im’tatlon [Yoshikawa et al., 2003, Ishihara et al., 2009, Miura et al., 2013]

The caregiver

S/
Hebbian
learning

Learning
module

microphone

Saocial engagement
of caregiver

Articulatory
development




B Outline of my talk

1. Cognitive Developmental Robotics

— What's development?

— Developmental Robotics,  Cognitive
Developmental Robotics

2. Towards Artificial Empathy

— Self/other cognition

— A developmental model

— Cognitive vs. Affective

3. Brain-Body Interaction
4. Mind Holder and Mind Reader
5. Future issues




u Constructive approach toward human
development from fetus to infant

e Fetus and infant whole body musculoskeletal model
[Kuniyoshi and Sangawa, 2006, Mori and Kuniyoshi
2010]

* The fetus simulation = reflexive human fetal
behavioral development in first half of pregnancy.




B Fetal Brain Development (1)

* Mori and Kuniyoshi (2010) = behavior generation
through the interaction among (1) neural oscillators, (2) a
muscleskelton system of the whole body, and (3) the
external world based on [Kuniyoshi and Sangawa, 2006].

) |
rear<——fore right -1|—b-v left

» Arrow (filled circle) = excitatory
(inhibitory) connection.

> Thick broken lines = learning . . ®
targets. =




B Learning methods

* Hebbian learning:
— Fire together,
Wire together!

e Self-organizing map:

— Data reduction,
usually 2-D map like
cerebral cortex X=(X001X )

11\

— As aresult, clustering
is done.

Wi=(Wig, W

ComEetitive Laxer



B Fetal Brain Development (2)

- [Kunijyoshiet al., 08]




B Fetal Brain Development (3)

[Kuniyoshi and Sangawa 06]

S0 to S1 Ml to ALFA M1 to GAMMA M1 to CPG

IR & N




M Fetal Brain Development (4)

[Kuniyoshi and Sangawa 06]




B Fetal and neonatal simulations

 Top: normal fetus with heterogeneous tactile distribution.
 Bottom: abnormal on with homogeneous one which
biologically dose not exist.

Two point discremination

Even tactile distribution
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[Mori & Kuniyoshi 10]




BN '
eural dynamics vs. Body dynamics?

e Observ i
e and anal : [Mori et al., 20
Ze the . / 13]
complex nonli yze the interaction b
onlinear oscillator netWOste;\r,]Vdee”
a

musculosk
B e eletal system from a perspecti
e of diverse behaviors Pectiiens

Emergence of diverse behaviors

from interactions between nonlinear oscillator complex networks
and a musculoskeletal system

1 and Minort Asada®

Regular

Random

Hiroki Mori', Yuzi Okuyama

1 Department of Adaptive Machine Systems Graduate Schoot of Engineering. Osaka University, Japan.
himki@sms.cng.nsak:\—u.ac Jp

Network structure

Abstract
v p=0

To understand the relationship between brain structure and
pehavior in the general movements of fetuses and infants
from a complex systems perspective, We investigated how be-
haviors emerge from interactions petween complex networ!
of nonlineat ascillators and i

ared a snake-like robot and

estimating the nU
a gualitative Adifference between
other complex networks.



B More conceptually, ...

Chaotic itinerancy to understand mechanism to
emerge versatile behaviors from a interaction between
body, brain and environment

e Sequence of quasi-attractor in a high-dimensional
state space of neural activity [Tsuda, 2001]

/ wironment
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B Previous studies

* Adaptive behaviors are emerged from a interaction
between environment and body using body constraint as

ChaOt|C |t|nera ncy [Kuniyoshi & Suzuki, 2004]

Chaotic elements [Yamada & Kuniyoshi, 2012]
* Diverse

behaviors are Chaotic elements

spontaneously Chaotic elements  Jwes,

emerged by Chaotic elements

complex network ﬂ l"-‘ Chaotic erements ]—:;

connected to a (Chaotic elements ("‘

Sensor Actua‘tor
®

musculoskeletal

. N~ e Body .
‘Ié)osly aclcordlr:cg Chaotic elements A reToaTer
o topology o
T

network.

[Mori et al., ECAL2013] Environment




B Approach

 Conduct a simulation using nonlinear oscillator network
and musculoskeletal body

e Estimate an emerged network structdre within behaviors
by causality between neurons.

Information Structure

o B

Regular network Random network

Causality
Network

Scale free network

Small world
network

Physical Structure

Wired Network




- Analysis oy Causaility
M [Park et al., ECAL2015]

Three major questions: Stable Motion  Unstable Motion

1. How and what type Local Interaction Global Interaction
of neurons are

interacted?

2. What’s structural Less Complex More Complex
property of causality Network Network
network?

3. How much Influence Weak Influence Strong Influence
from the body?

(e




B A nonlinear network and a

musculoskeletal model
Nonlinear Bonhoeffer—van der Pol (BVP) equations
oscillator network as neuron
Hidden | oscillator dx 1
T— = ¢(x — §x3—y+z)—|—5(5f—x)‘
oscillator ot dy 1
oscillator J =7 — ~(y _ by + a) +[S;
oscillator dt ¢
ol +(1—a)= Z;VZU# wj;x;  if output neuron
Sp = € ZN P 1
. : K 2uj=1,j#i Wjil; else
oscillator oscillator : :
0 if no connection
Wi =
Link {1 else

Sensor value (length of

& muscle fiber) is used
Muscle fiber Hinge joint as input to neurons

D OREREBEBBRBGEESEGESEESEESESSESSSSSGSSGSGSSGSSGGSGSGSGSESSESSSEe




B Behavior Analysis

Stable movement

To find repetitive movement patterns

Feature vector

Joint angles

Duration: 430[sec]

Unstable movement

Index of correlation vector

Correlation between
joint angles within time
window




B Causality Network Analysis

Estimate a causality network by
transfer entropy using neuron’s
activation for each movement pattern

Index of neuron

Idx of neuron:
1. Cluster and extract subnetworks by IRM: To know and
visualize an interaction in a causality network




B Infinite Relational Model (IRM)

[Kemp et al., 2006]

* Nonparametric Bayesian model that discovers
system of related concepts

* Rearrange matrix which consist of relational data
to make clusters

Relational data Clustered data

Variables Variables
145

2 | 3

Variables

Variables
W N (9, ] i =Y =




B Causality Network Analysis

S 1°  Estimate a causality network by
2 il transfer entropy using neuron’s
S I activation for each movement pattern
2 8= | 1. Cluster and extract subnetworks by IRM:
Index of neuron To know and visualize an interaction in a
causality network
Index of neuron A‘Index of subnetwork Index of neuron Index of subnetwork
c S E
3 2 o 2
5 E B I'J']:“sx E
0 © > =
Binaries mutual £  Extract Causality B _
information subnetwork network Clusteredicausality

_ network
2. Complex network theory: Topological property




- Index of Complexity: Clustering
coefficient and shortest path length

Clustering coefficient Shortest path length

Density of groups in a network  Distance among the nodes
C = Number of closed triangles

Number of possible triangles




B Causality Network Analysis

S g* Estimate a causality network by
2 transfer entropy using neuron’s
S I activation for each movement pattern
Q :
2 0= = 2 1. Cluster and extract subnetworks by IRM:
Index of neuron To know and visualize an interaction in a
causality network
Index of neuron Index of subnetwork Index of neuron Index of subnetwork
- 5 4 -
o 3 o 2
5 B w 3
: E :
“Binaries mutual £  Extract Causality & |
information subnetwork network ClusiEEree el

2. Complex network theory: Topological property network

3. Averaﬁe transfer entrogx: Influence from a bodx to network



B Experimental setting

Wired network

Hidden | oscillator

oscillator -
oscillator

oscillator

oscillator oscillator

p-

:1'?1_ =

Muscle fiber

Hinge joint

Snake-liked robot

Number of link: 15

Number of output neurons: 26
Number of hidden neurons: 174
Topology of wired network:
Randomly distributed network
Simulation time: 2000[sec]

No learning mechanism




- (a) Causality network: How and what
type of neurons are interacting?

Duration: 11[sec]

Subnetwork Index

Subnetwork Index

Subnetwork Index

# of neurons

# of neurons

Number of neurons in
each subnetwork

Index of subnetwork

B Hidden neuron
HEE Output neuron

L

sl

I

?.0 1.5 2.0 2.5 3.0 3.5 4.0
Index of subnetwork

» Causality networks when the most stable movement
pattern has the least and local interaction with a
subnetwork that has many output neurons to another

subnetwork.




N (b) Complex network properties: Structure
property in a causality network?

Duration of repetitive

o
2400
2350

Duration of
o)

movement pattern

2

4 6 8 10
Movement pattern

Clustering
coefficient

Shortest
path length

Average clustering coefficient

2 4 6 8 10

Movement pattern

Average shortest path length

= [

=

2 4 6 8 10

Movement pattern

» Causality network during longer stable repetitive
movement has a smaller clustering coefficient and

longer shortest path.



N (c) Average of transfer entropy between
hidden and output neurons: influence of body?

Duration of repetitive hidden neurons Output neurons
movement pattern -> output neurons ->hidden neurons

0.14

0.14

400
350

©
=
N

©
-
S

0.04

Transfer entropy

0.02

Duration of
repetitive movement [sec]

2

0.00

2 4 6 8 10 2 4 6 8

Movement pattern Movement pattern Movement pattern

» Lower values of transfer entropy between hidden neurons
and output neurons are observed during longer repetitive
movements



B Discussion

 Emergence of functional module in a subnetwork

— Role of body and wired network to make functional
module

* Goal oriented movement patterns are emerged by
constraint of body [Kuniyoshi and Suzuki, 2004]

* More complex structure? Appropriate constraint?
— Other type of sensor
* Emergence of visual, sound, tactile sensor area?

Structure

Function

https://en.wikipedia.org/wiki/Cerebral_cortex




B Summary of network analysis

 We estimate a emerged causality network within
behaviors and analyze interaction and structure property
of the causality network

e Stable (unstable) movements are emerged from

* Local (global) interaction in subnetworks that had
more output neurons

e Less (more) complex network property
 Weak (strong) interaction between body and network

Future issues

* Different body structure and wired network
e Other sensors

e Other property of complex networks
D OREREBEBBRBGEESEGESEESEESESSESSSSSGSSGSGSSGSSGGSGSGSGSESSESSSEe



B My desire or speculation is ...

e Consciousness comes from unstable state
- more interaction with physical
environment through sensorimotor
systems. =2 Exploration = Motivation

e Unconscious level is at stable state = less
interaction with physical environment
through sensorimotor systems. 2 DMN?

e Chaotic itinerancy between both states
with a huge diversity of behaviors is a
phenomenon of robot self?




B Fetusoid

[Mori et al., 2014 (to appear)]




B Outline of my talk

1. Cognitive Developmental Robotics

— What's development?

— Developmental Robotics,
Cognitive Developmental Robotics

Increase d Self/Other Discrimination

2. Towards Artificial Empathy

— Self/other cognition

— A developmental model

— Cognitive vs. Affective , A:_.‘_'
3. Brain-Body Interaction Tz, DD
- Ly |

] ] A 2| ®
4. Mind Holder and Mind Reader * - VW o

5. Future issues




B Social Brain Analysis

[Takahashi et al., 2014]

CORTEX XXX (2014) 1—12

Available online at www.sciencedirect.com

ScienceDirect

postst T S T ises
ELSEVIER Journal homepage: www.elsevier.com/locate/cortex

Special issue: Research report

Different impressions of other agents obtained
through social interaction uniquely modulate
dorsal and ventral pathway activities in the social
human brain

Hideyuki Takahashi®"‘, Kazunori Terada?, Tomoyo Morita *<,
Shinsuke Suzuki®/, Tomoki Haji >, Hideki Kozima?,
Masahiro Yoshikawa ", Yoshio Matsumoto', Takashi Omori®,

Minoru Asada ® and Eiichi Naito “*
OKEKEREBEBEBESEESEESESSESSGESGSSGSGSGSGSGSGSGSGSGSGSGSESGSESSSSESSESESE



B Abstract
[Takahashi et al., 2014]

1.Social interaction with E o %
five kinds of different ‘ T,
' S ! |

Opponents (16 SU bJeCtS)' Human Actroid F I?anoid

|
W
5

2.Matching-pennies game

in fMRI scanner. L o
LorR? CpponenR
. o o ‘/'j\‘ B L -50yen i 50yen
3.Analysis of impressions o =
and brain activities

affected by 1.

- Mind holderness

[Takahashi et al., 2013]

- Mind readerness Cenmy 8l




B Basic idea of behavior Analysis

[Takahashi et al., 2014]
e Evaluation of decision-making tactics 2 entropy

1
Hs=—==> > Pldls)log, P(dls)

" ses de{L,R}

* Larger Hi = complex! Smaller Hg = simple!
0'95 N Human opponent (HO) Computer opponent (CO) | 2000
. = & O - Gotten reward
0.9 -
(R 1000
P
—_ M
2085 - <
= NSNS 0 Q
> O - ol
o 08 | <
o ® ® )
= -
c ] = ~—
S o075 - e 1000
HO CO HO CQ HO CO

o
|
|

[Takahashi et al., 2013] 2000
hOEREBEEGESEGEEESEESSSEHSSSSSSGSGSSGSSGSGSSESESSSE



N Social interactions with five kinds of
— dijferent OppONeNts uoeta, i




B Task: procedures

e Participants were required to select either left or right.

 The panel: the opponent = its "right" and the participant
-2 his/her "right", 22> -2 the participant lost this game.

e 20 timesin each block, 16-sec break before next block
where participants played with a new opponent.

[Takahashi et al., 2014]

Game period
(2 sec x 20 trials)

Instruction Decision period Outcome Total reward
(2 sec) 1 sec (1 sec) (2 sec)

£y,

+ resting period

Infanoid +200yen (16 sec)




B Behavior Analysis

[Takahashi et al., 2014]

e Grand means of entropy for the five opponents across

participants. Error bars indicate standard errors of means.
* p<.05 * p<.05

J5

.65

Mean entropy

Human Actroid F Infanoid Keepon Computer




B Questionnaire Analysis: PCA

[Takahashi et al., 2014]

The impression questionnaire from all participants.

1. a mental function score 2> How much the
participants explicitly attributed mental functions
to each opponent

2. Correlation between PCA values obtained from the
two questionnaires across the five opponents.

3. Correlation between the PCA and entropy values.

4. Transform the correlation to z-scores within each
participant.

5. Determine which PCA component better reflected
1. the mental function
2. Entropy



B Questionnaire Analysis: PCA

[Takahashi et al., 2014]

Table 1 — Loads of questionaries’ items for each PCA

component.

1st 2nd 3rd
Human-like 3345 —.0081 .3498
Intelligent .0745 4607 2512
Ethical .0398 4523 1508
Nice 1751 .0867 .0029
Cute .2846 —.0619 —.281
Friendly 3243 —.0007 -.3127
Active 2078 166 —.3477
Positive 1671 1705 -.3017
Kind 19 .042 —.0562
Warm 2748 .0066 —.1688
Curious 1749 .0718 —.2756
Thoughtful 164 127 .0819
Emotionally stable 0231 .348 —.0972
Rational —.0748 4174 —.0638
Responsible .108 —.026 2067
Biological 3322 —-.1024 412
Conscious .329 —.1184 1665
Regular —.1018 .0284 —.0017
Natural 2841 .0633 .0812
Simple 1265 —.4033 —.1303
Emotional .2838 —.0642 1071

D




B Questionnaire Analysis: PCA

[Takahashi et al., 2014]
The 1t PCA component = the mental function score

The 3@ PCA component = entropy
2 »
@g m 1st = 3rd
E 15 - (mind-holder) (mind-reader)
=
s ]
S
e 5 |
O
g T l
O -
= i
L)
-5 4

Mental-function score Entropy




B Questionnaire Analysis: PCA

[Takahashi et al., 2014]

@niﬁ@ )

Mind-reader

-4 .
10 .8 . Emotional < A

>

Mind-holder
s



B fMRI Scan

 We prepared four regressors per participant:
1. one regressor was game-related used to
specify the game period.
2. the other three regressors, which were

constructed based on the three PCA
components.

* The parametric modulation analysis for each
PCA component = each participant separately.

 The estimated blood oxygen level dependent
(BOLD) signal change obtained from each of
the 16 participants.

[Takahashi et al., 2014]




B fMRI Scan

"mind-holderness" = red

[Takahashi et al., 2014]

'mind-readerness” =2 blue)

a. regions are superimposed on a lateral view of the MNI
standard brain.

b. regions are superimposed on a sagittal section, x=+1.




B fMRI Scan

(c) and (d) = regions activated during the game.

[Takahashi et al., 2014]

The purple section in panel (c) represents a TPJ
section where activity was modulated both by
“mind-holderness” and by “mind-readerness”.




B Summary of social brain analysis

[Takahashi et al., 2014]

* The opponent = an anthropomorphic mind-holder,
perspective taking to mentalize their intention, tactics,
and even emotion < the dorso-medial cingulum
network.

* The opponent = categorized as a mind-reader, mindful
of the possible gaze of the opponent < the anterior-
ventral TPJ/pSTS.

* Social interaction with mindholder or mind-reader may
distinctly shape the internal representation of our
social brain, which may in turn determine how we
behave for various agents that we encounter in our
society.



B One more recent publication

[Hirata et al., 2014]
frontiers im METHODS ARTICLE
HUMAN NEUROSCIENCE doi: 10.3389/inhum 2014 00118 %

Hyperscanning MEG for understanding mother-child
cerebral interactions

Masayuki Hirata*, Takashi lkeda’?, Mitsuru Kikuchi®, Tomoya Kimura*, Hirotoshi Hiraishi?,
Yuko Yoshimura® and Minoru Asada’

! Department of Neurosurgery, Osaka University Medical School, Suita, Japan

? Department of Adaptive Machine Systems, Graduate School of Engineering, Osaka University, Suita, Japan

3 Research Center for Child Mental Development, Graduate School of Medical Science, Kanazawa University, Kanazawa, Japan
* Yokogawa Electric Corporation, Kanazawa, Japan

Edited by: Child development is seriously affected by social interactions with caregivers, which
Hans-Jochen Heinze, University of may lead to forming social minds in our daily life afterward. However, the underlying
Magdeburg, Germany neural mechanism for such interactions has not yet been revealed. This article introduces

Reviewed by: . : . b .
Guillsume Dumas, Forids Atkric a magnetoencephalographic (MEG) hyperscanning system to examine brain-to-brain

University, USA Interactions between a mother and her child. We used two whole-head MEG systems
Ivana Konvalinka, Technical placed in the same magnetically-shielded room. One is a 160-channel gradiometer system
University of Denmark, Denmark for an adult and the other is a 151-channel gradiometer system for a child. We developed
*Cormrespondence: an audio-visual presentation system, which enabled a mother and her child to look at

Masayuki Hirata, Department of
Neurosurgery, Osaka University

each other in real time. In each MEG system, a video

1 r " r * 1 ¥

camera was placed behind a

1 [ ror | Tl



B Hyper Scanning MEG (1)

[Hirata et al., 2014]

B Magnetically—shielded room
Child-sized MEG  Standard MEG
_
| Camgra 1 | | Camlera 2 | —
Carpiera 3 \ | ) W - hotjc [sehsor 2 —
; | b 1 410
Photic sensor 1 Half-mirror | |
Trigger $ignal display Delay detectign| | — EE
| | | signal | 7T -
| T T I
I
| ey
P ‘ N I
. ET_ﬁ_____I iy :
rigger signa | | ” N
Delay detection|signal | % Pushtbuttong
(R o ) ] R /|ECGs
: Synchro-
dignals
; Delayj
/@ signaIF » Child-sized
> | MEG
Trigger signal il
Delay detection signal ysmay = > Standard
(from camera 3) ey | MEG
controller ‘
o [ | -
carntel'alI 3 J.L
controller :
- o

: 0 %3 —
Workstation s ol .17
Delay time wazon @ -

= 90 ms ame Total delay time

Image proccessing board = 150 ms
Delay time = max.33.3 ms




B Hyper Scanning MEG (2)

[Hirata et al., 2014]




B Hyper Scanning MEG (3)

[Hirata et al., 2014]

Child’s view MEG waveform: Child




B Outline of my talk

1. Cognitive Developmental Robotics

— What's development?

— Developmental Robotics,  Cognitive
Developmental Robotics

2. Towards Artificial Empathy
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— A developmental model

— Cognitive vs. Affective ==

3. Brain-Body Interaction TE=

4. Mind Holder and Mind Reader ~ —- . VA){@
5. Future issues




B Future issues (1)

1. How to design robot emotion?

— A lack of homeostasis in the body  [pamasio & carvalho, 2013]
— adaptive behavior via brain networks

— Robot homeostasis =2 self-preserving
architecture > a pioneering work
WAMOEBA [Ogata & Sugano, 1997]

Fig.2 WAMOEBA-1R

2. How to design intrinsic motivation?

— Falling is a leading cause of accidental
injury and death in children under five. jon & adolph, 2006]

— ML and developmental robotics
communities [Lopes & Oudeyer, 2010]



B Futureissues (2)

3. Language?
— Studies assessing severe aphasic patients have
reported normal ToM processing. [Varley, 2001]

— However, language faculty is needed in higher
empathic social contexts. Rather, empathy and
motivation may accelerate language learning.

4. Hormones and neurochemical compounds

— oxytocin (OT) =2 emotional empathy, and dopamine
(DA) > cognitive empathy [Gonzalez-Liencres et al., 2013]

— EE sensitivity and CE capability to characterize
empathic disorders = Gain control in our model.

[Smith, 2006]



B Future issues (3)

5. Expressions AFFETTO: [Ishihara and Asada,
A child robot with realistic facial expressions
. §11z11t devel'(;)p_srba}SUd on affective attachment 2011, 2013]
— Facial and gestural R
expressions are key [REERERE R

Minoru Asada

ifici Osaka Univ., Japan/. ERATO Asada Projec
a S peCt Of a rtlfl C I a | /.Jsalpaln Slz)léiety1 z)Int{le Promotion 0} S q : lq'].ut
empathy.

6. Many more issues!

— Towards Artificial

Empathy (to appear in the Int.
Journal of Social Robotics)

X athy ptal pat
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