National institute of EU SCIENCE COUNSELORS" MEETING @

A ot DR. LORENZ GRANRATH, 17.07.2020 <
AIST NIRC

Industry 4.0 to Society 5.0: Research on Cyber
PhyS|caI Systems at AI Resegrch Center of AIST

\[ »'; 1 aisr=—

T FENY \
o ﬂt o
. A Y- -
" YO .,(
-
Fy 724 SR TR
i R T -~ ORGSR
) - > ! -
o ' \ A " "‘ b ’4 .
I\ ‘, b b
R A :
! ) '




Content

= Industry 4.0 to Society 5.0
= AIST Research in Al and CPS
= Discussion

nationat instirute oF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)



e i ;
Lemever - TRAdUsStrial Revolutions C’

and Technology

** - Industry 4.0 iRe

Part of German High-Tech Strategy, introduced at Hannover Messe 2011

Mechanization, Mass production,
water power, steam assembly line,
power electricity

Computer and Cyber Physical
automation Systems

Source: Prof. Christian ROSER, KIT nationaL instirute o ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)
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What is Society 5.0?

With the integration of cyberspace and physical space, realize the solution of
social problems and economic growth and create a human-centered society
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Advanced Fusion of CPS (Cyber and Physical Space)

@ This massive _*‘?-'ff o ; ‘ @ Big data will be
amount will be RIS L~/ N analyzed by Al that
accumulated in ey | ““ | “ \Big I;ata | .2{ ? exceeds the capabilities
cyber space B e | /% % . of humans
' L 4

| Ahalysis Artificial [ @The results will be fed
D AIl types of data 91 DB "te”ence S back in physical space in
willbe gathered from P S5 il robots, automatic-driving
sensors throughout b A A 2P RS T cars, etc.
physical space | b | high-value-added irformation, proposals, or

" ' equipment operating instructions, etc.
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Solution of Social Problems and Economic Growth

Current society

Knowledge and information are not shared
and cross-sector value is difficult to create. ’

Current society

A variety of constraints exists with
respect to social problems such as the
aging society and regional
depopulation making a sufficient
/7 responsgdifficult.
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Social issues will be overcome and
humans will be liberated from various
types of constraints.

all sorts of knowledge and information
will be shared, and totally new value

will be born.
Society 5.0
Deliver supplies to evacuation The possibilities open to humans will
centers with drone or automatic expand through the use of robots,

delivery car. automatic-driving cars, etc.

0<E %

Current society

Damage Information cannot be enough

: abilities had limitations, and the behavior of
\\gathered and evacuation/rescue are delayed.

1 People do a large amount of work, their
) the physically challenged is constrained.

Courtesy of CAO Cabinet Office



Japan’s Al Strategy Towards Society 5.0: R&D

» Making Japan an attractive base for researchers from around the world.
» Strategic promotion of next-generation Al technologies and enabling environment
for innovative emerging research.

Advanced enterprise
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o Natl_onal Research organization
=S Institute Establishment of Al research and development network

Next-generation Al > Middle range : Al to coII_aborate with people, Trusted Al, etc |
technologies » Long range : Co-Evolution of Al to understand context and meaning and to
enhance people's abilities beyond current Al technologies.

[ [N A0 5 BT \YET(= > Ultra-low-power loT chips > Ultra-large storage and memory
for Al > innovative Al chip » Brain information based computing
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Al for Inclusion » Complement and extend human capabilities, support the disabled, the elderly and
Technologies non-native Japanese speakers (Multilingual processing, etc.)
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oz, Fraunhofer — R&D for Industry C’

and Technology

AIST AIRC

& Founded 1949 N ,
& /0 Institutes P " e ——
& > 25.000 staff O | |
& Budget: 1/3 Basic
/Public/Industry

AIST @ Fh-IPA 9/2018
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Advanced Industrial Science
and Technology

2= _ AIST National Institute for Advanced (.
ast”  Industrial Science and Technology AiRC

(Supervisory Innovation Coordinator since 2014)

Staff: 10.000 (incl. 5.000 visiting researchers)
Founded 1948 »x#«-xasazan .
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National Institute of

Advanced Industrial Science

and Technology
AIST

AIRC Organisation & 13 Teams C;\jg

Department of Information Technology and Human
Factors(Director-General: Satoshi Sekiguchi)

Artificial Intelligence Research Center
(AIRC) Director: Jun-ichi Tsujii

Knowledge and Information Research

Team
Team leader: Hiroya Takamura

Probabilistic Modeling Research Team
Team leader: Yoichi Motomura

Data Platform Research Team
Team leader: Kyoungsook Kim

Artificial Intelligence Applications

Research Team
Team leader: Hidenori Sakanashi

Artificial Intelligence Cloud Research

Team
Team leader: Hirotaka Ogawa

Machine Learning Research Team
Team leader: Jun Sese

Intelligent Media Processing Research

Team
Team leader: Jun Ogata
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aF NEC-AIST Al Cooperative

-

Research Laboratory
' /| Leader: Takashi Washio

Service Intelligence Research Team
Team leader: Takuichi Nishimura

Social Intelligence Research Team
Team leader: Masaki Onishi

; Living Intelligence Research Team

Team leader: Yoshifumi Nishida

Geoinformation Science Team
Team leader: Ryosuke Nakamura

Computational Omics Research Team
Team leader: Totai Mitsuyama

Intelligent Bioinformatics Research

Team
Team leader: Kentaro Tomii



@ @
-z Strategy for AI Research C’

AIST NIRC
Al embedded in the Real World

Mobility Productivity Health, Medical Safety/ Security
[Manufacturing] Care, Welfare Disaster prevention
_ Efficient Mobility Prediction Al-aided Diagnosis Disaster Response
Institutes Quality of Mobility Efficient Production personalized medicine Estimation of affected
Companies | Autonomous Car [Services] Risk prediction area

Metrics & Visualization Disease identification Evacuation Plan
Support improvement Drug development

(@Shared Tasks and Benchmark Data

Constructing Geo-Spatial Modeling Phenomena Robot For Manufacturing

Information Platform . in Daily Human Life

Accelerating
Scientific Research

and Daily Life Support

Observation, :Ie(::(:)elr:?tgi;n Planning, Natural Language ®A| _Framewor'k”énzd'
Data Acquisition Predigction ! Control Understanding Advanced Modules

(DLarge-Scale Fundamental Research

Core Center of Al for Industry-Academia Co-operation

AATNAL nsfitld 6 ADVABNCED INDUSTRIALSCIENCE AND FECHNCLOGY I(ATSTY
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AIST

Core of Al
Sensing  Recognition Modeling

Copyright © Nakiwhal kefitise @ ADVANCED INDUSTRIALSCIENCE AND TECHNOLOGYI(AIST) reserve :
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Advanced Industrial Science
and Technolog,

== AT Technology for a physical &
ast”  s@rvice by robots, etc. ATRC

« Al technology has been used mainly for information services.

« In the future, it is necessary to develop Al technology for
physical service using a robot as an edge device.

« For physical service via a robot, Al learning according to the
physicality of the robot is necessary.

« From the sensing information based on the robot's
physicality, AI should learn for that robot.

 Furthermore, Al should learn from actual data of the
environment in which the robot is servicing.

« We build three packages.
1. a physical robot platform
2. a physical test environment

3. its virtual environment (Cyber Physical System: CPS) for Al learning
acceleration simulation on the AI cloud.

ot st ADVANCED INDUSTRIALSCIENCE AND FECHRCGLOGY I(AIST
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Construction of CPS for physical C’
service of Al

Environmental

-

( Sensor data
N

(Robot platforms

«>

Simulation platform

NIRC
High-performance cloud computer for Al learning
Al Bridging Cloud Infrastructure
Al for legged Al for industrial
robot robots Al for wheel
type robot
learning data Knowledge data
v.
Sensor data task
A~ N

[ Legged robot )

[ |Industrial robots

| i =
Sensor actuator

rwhee] type robot]

.h
-8
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[ Legged robot |

(wheel type robot)

—( Environment data )_( Physical service task

)ji

Model generation,
Model accuracy check

Testing environments
4 N[ N( N\
Logistics service Manufacturing Bio Efficient learning by parallel
Egﬁtg:{gﬁ?; factory experimental learning using multiple robot
stores etc environment environment and simulator
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Advanced Industrial Science
and Technology

== ICPS Industrial Cyber Physical (.§)
System Research Center AiRC
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and Technology

AI x Robotics

« Formalization study of craftsmanship
« Cooperating Autonomous Working Robot
« Intelligence and robots for human cooperative work

Demonstrated improvement of drug

Bio research discovery productivity through Al

Retail store mock
environment

robotics robot bio-scientist development
Goal: R & D expenses such as
Repeated ~ drug discovery to 1/10!
expert skill o ~ _
work by robot ¥ | T % ! - Fa,
- ' ~
e UE) - : S Target: Labor saving of store
R N 4 Al provides multiple cooperative tasks management
Factory ngonstrate advanqed moc:lel of distribgtion of p-roducts and
Robotics information by linking various processing machines and robots
and optimizing them bx Al technology.
i in W : “Sh 3
il R e ared testing
o5 & 5 8 factory"
=t .. — + » that enables
] verification of
= "connecting factory"
Processing Manipulation optimizing by AI

\_(Bending, cutting etc.) (Assembly, picking, transport.)/
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National Institute of
Advanced Industrial Science

= AI for Human-Machine Cooperation C’
st Utilizing Cyber Physical System AiRC

= Understanding of human intention
Cyber world - Knowledge structuring

Operation information from

the machine
(Al) dic
e __ Selection of machine support
"/ " " 0 " "
ﬂ‘ | Improving learning efficien¢y using
4 simulation teehnology,
Cyber world ‘
(CPS) A Simulation of work support
- Data acquisition from the real world, = -.-.-.. Data acquisition from the real world, .-. Control command
. visualization of data on CPS visualization of data on CPS based on simulation
Physicai result
world =

n Machine operation . F -. ,
_ Work support from machine - .
‘ Human ‘ Machine
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==  Research Contents in Testbed Factory C’

Advanced Industrial Science
and Technology

ast”  — Factory CPS and Al applied target AIRC

Efficient learning using
simulation technology

Factory process optimization

loTHEAMT (1T &
BBIET — X

Processing
machine

Cyber world

- Al application to human /
machine cooperative work

- Teaching less by imitating
human work

Skilled knowledge
structuring

Worker

NATIONAL INSTITUTE or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)



D
i

>

=
W

AIST

.

National Institute of - - O: 4
- Learning from demonstration C;“R
- ‘ { Twvy

eor ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)



S

National Institute of

- Research Contents in Testbed Store Q;;R :

AIST

Utilization in other fields
logistics
Caregiver
home

Product database construction

Skill Datz - Advanced material handling technology

Physical world of - .
testbed store - Supply and demand matching - Safe autonomous mobile

- Customer analysis technology
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Al utilization for cell culture recognition and culture automation in drug discovery
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- Culture state recognition - Teaching less by
technology using Al imitating human work

Worker
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Advanced Industrial Science
and Technology

AIST Syste m AIRC

==  Society 5.0 created by Cyber Physical C’

Various industries are connected, and the whole
social system is optimized. (Society 5.0)

Building distributed production system by linking
each factory on Cyber Physical System

Matching supply and

demand
~\

4.
J 1 2
< > = Cyber Physical
: L M System in a farm
__ L S|

Cyber
environment

Cyber Physical System
in the factory A

Cyber Physical System
in the factory C

\

Cyber Physical System
in the factory B

Cyber Physical
System in a store

Physical
environment
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