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Our future life with robots

ol am not a commentator. I cannot see our future.
oMy role is to develop the world with my imagination.
e Information and robot society will come.
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Sustainable Robotics

Sensor networks
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Tele-operation
(Practical systems)

Autonomous systems




Learning

in sustainable robotics




Robotics for understanding humans
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Bio-mimetic mechanisms
Learning and Development of the software

Conversation

Perception
Movement
Appearance




How much human likeness
does the robot need to have?




Subconscmus and reactive movements
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Subconscious movement Reactive movement

® The subconscious movement gives human likeness to the
android. However, professionals find the difference.

® Reactive movements of a human is more complicated since it
has mental states.

® Studies on cognitive and brain science improve the android.




Learning

for humanlike behaviors




Overcoming the uncanny valley

Human
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Neuroscience
study on
uncanny valley
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Moving corpse

® The female android is not uncanny anymbre.
® Cognitive science and neuroscience with androids
® Android Science: Integration of human studies and robotics




Android Science

mechanical humans

Development of ! !MI“ “ Robotics

Fngineering

Science

Understanding on
Human behaviors

Scientific issue

Human likeness (appearance , movement, perception)
Ingineering issue

Simple and interactive communication tasks




Can we develop androids

that talk like humans?




Gieminoid
Teleoperated android of an existing person
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Virtual tactile sensation
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We do not know ourselves
as much as we know others.




Geminoid will be new media
that transfer our presence
to distant places




Meeting with Geminoid




Learning

for adaptive control
of Geminoid




Conference with Geminoid
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Conversation with blind people




Geminoid in the cafe




Chat and dinner with Geminoid




Intelligence supported

by the large data base




Cleverbot on both androids and humanoids




What is the human identity?




Learning for

Noisy brain signal




Three Geminoids
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Are androids
more humanlike than humans?




Sorrowful (crying) android




The perfect android
with humanlike appearance, humanlike

movements and humanlike talking
It exceeds a human in a particular situation.




Android theater

with Oriza Hirata

® Messages for the
dying person

® The poem sounds like
the original messages

of the android.
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Situated Intelligence




Android in the show window |
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® Tokoshiauys

Twitter: @Geminoid




Android in the show window
in Hong Kon
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The perfect android/human

is not so humanhike.

What is more humanlike?




Humans do not recognize
others by appearance. .
One photo does not represent &

the person.

Humans recognize others
based on the imagination.




Humans interact with
others by using the
imagination.

The minimum design
maximizes the
imagination.




The minimal design of human

1t obviously looks a human
But gender and age are unknown
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Telenoid

The imagined face is mentally projected
onto the neutral appearance.
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Learning

for autonomous conversation










How to develop

the complicated robots?




Difference
between human and machine

Biological systems robustly control the
complicated systems with very small energy by
utilizing "Yuragi (biological fluctuation/ noise).

Super computer Human brain

10 billion
T = transistors

50,000 watt Energf




Biological system utilize Yuragi
in all levels from molecule to brain

Molecular motor by Prof. Yanagida

~ Random move> Sensor

dx 1 oU (x,t) 2kT
Molecular e B+ n(t) e
level B p Ox ’\/ 0 Yuragi formula

Potential Bias Thermal noise

d e .
Alllevels | - X = f(x)-activity +n Generalized

t .
Control structure Qptimization Ywragi/ Yor age formula

with attractors measure noise

® Biological systems obtains flexibility and
adaptability by utilizing Ywragi.




Engineering explanation

of Yuragi formula

Current d
control (i

Control model

X = T(x)

Yuragi [

formula p
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Control model with attractors

I()ptimization measure




Engineering explanation
of Yuragi formula

d
Currenfl d o iio —x = f(x)-activity +1

— X =
control dt _l_ At

Control model

® When aclivity is small, Yuragi n becomes relatively large, and it searches
semi-optimal solution based on Yuragi. Then, activity becomes large and it
stays there.

® It can be applied for complicated cases where proper models do not exist.

® It does not compute all combinations, but it rather searches by Yuragi and
drastically reduce the computational cost/energy.

Potential
State valuable ¥ -
wu(r) > / u(r) does not have to be precise

or accurate

f(x) = - uX) .
dx . u(x)  activity is minimized by the

yuragi formula

activily u(x) - activity Attractor




Control of complicated robots
based on the biological principle

Bacteria robot with one

motor and one sensor
Robotic arm that has humanlike bone

structure and muscle arrangement




Learning

based on the biological principle




Humanlike developmental mechanism
with Asada (Osaka Univ.)

Variations
of the Combinations of
the elemental

movements .
behavior

General
movements

Identification of
the elemental
behaviors

U-shape development of infant

® Yuragi simulates the infant
developmental process.




Humanlike developmental mechanism

with Asada (Osaka Uniyv.

Perspective
transformation Social
Semi-egocentric

Bodymovement  Eye
Tactile sensation }
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Egocentrie

Shared attention

Language
Human developmental process

Learning of multiple modalities

® Yuragi and advanced learning
algorisms inspired by cognitive
and neuroscience may realize
very humanlike developmental
mechanisms.




Learning

for multiple modalities




Someday, we may build
artificial humans.




Trans Humanity

Someday, the boundary
between human and machine
disappears.




What is the remained thing

for humans after replacing
the bodies with machines?




What is human?

What is heart/mind?







