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Cyt Phvsical Syst | '.
have all the information as a digital model

Cyber-Physical System (CPS) Contains all the information on ...

- Software / Informatics -+ Location,

- Mechanics identity....
- Maintenance

Physical production facility

The digital model is always up-to-date and is extended

over the entire lifecycle
T °

Product Production Production Production
design planning " engineering execution

Source: IoT 2014 International Conference, MIT Boston, USA

Page 56 October 5. 2014  internet of Things Keynole @ MIT R



Many CPS - Multiagent Systems

1. Industry production system control structure
- holarchy

2. basic level - machinery represented by
autonomous units — holons X CPS

3. second level — CPS x holonic swarms
represented by multiribotic systems

4. number of autonomous and flexible
multirobotic units St
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Basic unit - HOLON

Upper level of Control — complex goals
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Communication
goal orientation

CPS — cybernetics physical systems, digital twins
of holons, agents straight connected to machinery —

4 ) 4

HOLON

HOLON

Control & decision

Communication

Control & decision

Communication

Super-
vision

Coope-
ration

Control

Coope-
ration

Super-
vision

Control

.
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Machine
Roboticsystem
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Machine
Roboticsystem




Virtual and Augmented reality

e CPS —visual models of digital twins

 Communication of agents - straight connected multilevel
agents systems — visualization




MAS Advantages

Parallelism — some production/transportation activities can
be realized in parallel that reduces the time of operation
execution.

Robustness —in the case of failure of one production unit
next one unit with the same functionality can take over
original function.

Scalability — in the case of changed production parameters,
it can be changed the number of units used for the task
execution.

Reconfigurations —there can be changed the role of
separate units in production system according the changes
of production goals
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CPS in Industry - Summary

* CPSis the basic part of 14.0 systems
* Autonomous activity

* Communication ability

* Negotiation to production goals

* Digital twins

* Cooperative behavior

* Real time problem solving

* Value chain creation

@
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Summary | - Sources of information

Integration in Digital Supply Chain

Smart sensors — autonomous wireless
communication,

Smart industrial robots - holonic agents x CPS,
Artificial intelligence includes Holo MAS -
* Holonic Multi Agent Systems

Smart Machines share distributed Control model -
distribution of control x edge computing,

CPS - share the model of surrounding world

Digital twins - materials, products and smart
machines communicate to each other in RT

Standards, standards, standards, ...

—




Parties involved

Data

New Business Models Based on Different Data Sources

Pharma Automotive | Commerce Production
T
& LT
™ ) S P i o
ey & S W L W
* Pharmaceutical = Automotive suppliers = Retail = Automobile
companies = Traffic control center = Consumer industry manufacturers
* Pharma. research = Cities and = Logistics provider = Suppliers

» Healthcare Provider
* Physicians

= Diagnostic data,
pathologies

* Therapy
information

municipalities

= Transport vehicle
pools

New Business Models

= Location,
Destination

=\/ehicle data
= Traffic data

/{

Source: Ralf Wehrspohn, Fraunhofer Institute, TACR Day, ZO.M, Prague

= Transport data

= Environmental
data

» Logistics provider

= Product-,
components data

= Planning data
= Transport status




Integration of real and virtual world

New principles of Control model - distribution of
control, systems in systems

Digital factories are on-line connected to global
business chains

Industry 4.0 - total digital interconnection of all
levels of production at added value creation - from
product design to product logistic

New technology for - 3D printing, M2M (machine-
to-machine), M2P (machine-to-person),

Digital Factory, Digital Supply Chain, Cloud
computing, everything is DIGITAL

Internet of Things, Big Data, Smart industrial robots,e
Artificial intelligence includes P2P, etc.

o
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Human Integration

Developing Industrie 4.0 competencies

Challenges:

Utilization of Industrie 4.0 applications for competence development and real-life
learning environments

Requirements

Process understanding, integration and real-time synchronization of processes
throughout the product lifecycle

Transversal skills development and training (IT, electronics, mechanics etc.)
Generic competences about organization, communication and cooperation
High flexibility and decision-making capability

Solutions for competence development: Fraunhofer »FUTURE WORK LAB«

Learning factories 4.0 Participation ramp-up

AR

Source: Ralf Wehrspohn, Fraunhofer Institute, TACR Day, 20.%, Prague




Asistive technology

Intelligent IT-Assistence for everyday life

B Iris-Scan
“  replaces access card (ATM, hotel, appartment)
“  ergonomic adjustment (hotel, workplace, ...)
B Interactive, collaborative Virtual Reality Conference

B Smart Energy Control

B Synchronization of private media library with external media systems

Source: Ralf Wehrspohn, Fraunhofer Institute, TACR Day, 20.%, Prague



Industry 4.0 - New Societal Challenges -

reflection in - Society 4.0

IoT - new way of life- interconnection of smart sensors networks
and ICT, ability to share models, resources and data at human
movement in the space - Augmented reality.

14.0 Hybrid technology: Human — Machine — Introduction of
intelligent interconnected systems, cross connection through
production chains IIoT (loP) — security - standards.

IoT - platform for intelligent technology for Society 4.0 -
but thetre is a lot of questions: @

* User - privacy protection, Machinery )

Logistics

« Standards and technology limits, %

Building Energy

Management

* Redundancy/reliability of information ...

Devices

E]

= g Healthcare
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Horizontal integration in entire life cycle

Vertical integration of control hierarchy
Engineering processes integration (idea — product)
Communication standards and semantic problem
Integration protocols — reference architectures
Platforms for Service Oriented Architecture

Tools for subsystems login, authorization, ...

& Interconnection of Physical and Virtual world
* Interoperability in production systems

P EE
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Conclusion

. CPS as key elements lloT —14.0

. Connection of real and virtual world

. RT communication and integration

. Understanding of knowledge — semantics
. Sharing of the models - skills, ontology

. Security of the information, knowledge ...

. Real agents in virtual world - created by
artificial agents in real world
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Society 4.0 Outlook

| Challenges and Chances for Implementation of
Economy and Industry 4.0

Innovative
Latency Tactile Internet, Business
Data Rates Intelligent Grids Models

o| €

< ©

Trusted > 5

|-

Networks 3 n

S| 3
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£l £

Compatibilit Standards
P L/ Branches
— B

Economy 4.0

Source: Ralf Wehrspohn, Fraunhofer Institute, TACR Day, 20.%, Prague
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New Societal Challenges- Industry 5.0? -

Japan S&T plan - Society 5.0

* Society 5.0 - new way of life - strong role of R&D and human
resources - strong societal transformation

* Innovation connected to accumulation, processing and
distribution of data from internet, edge computing

* Focusing to R&D, new challenges in economy and business
services

* Responsible to the actual societal challenges and needs Top
quality services to all citizens without selection
* Age - population aging
* Gender
. Society position Su r Smart Somety_

* Region and language




Japan S&T plan - Society 5.0

Super Smart Society

- Strongly promoted by Council for Science, Technology and
Innovation; Cabinet Office, Government of Japan

Super smart society
Service platform &

Advanced security
and social
implementation

Standardization

of interfaces and data stu;,:é:mug ;fa

formats

Sue meni entication. C

dﬂ?ﬁbﬂmﬂﬁtguf Iﬂg’mm Tt o Huiman resource

icaf development
communication platforms Reowineviand "

institutional reform
for new services



Japan S&T plan - Society 5.0 Keidanren

Super Smart SOCiety Policy & Action

() To provide new values and services through reforms with needs
arising from national challenges as a momentum.

) To utilize strength of physical space in the competition of CPS,

) To capitalize on 1) creative capability of “disruptive innovation” and

“Innovation based on social issues”, and 2) "invisible manufacturing”
(software).

Starts from problems of our country A
Takes advantage of the strength of

~Faling ™\ our industry

2,

population Creates a new strength
| Super aging \ Manufacturing | i § 2 | ‘ . ‘
(Hardware) -~ Invisible manufacturing (Software)
" Efastm " Incremental | Di o :
; : = Isruptive innovation
terrorism innovation i P
| E""_“_“m Innovation based on | Y I
problems technology “X -

——
—



Artificial Intelligence -

OECD Science, Technology and Industry Scoreboard 2017

7. Patents in artificial intelligence technologies, 2000-15
Number of IPS patent families, annual growth rates and top inventors’ economies

W Artificial intelligence (Al) patents
Al patents (right-hand scale)

= = = Total patents (right-hand scale) Bl 2010-15 N 2000-05
Number of patents Annual growth rate (%) Top inventors’ economies in Al patents
20000 4 40
17 500 | -1 35
15000 - 30
12 500 25
10 000 20
7500 15
5000 10
2500 |\ j / i ‘ . 5
0 ¥ = L 0
N
i 4 i 'l Il i 'l 'l - Il 'l i Il 'l i L '5 i Il i i Il j
$F & o "3 S P S N & D > S 0 5 10 15 20 25 30
& S F '1.@ & w..é? & & "L'P@ P PP P P P

Source: OLCD, STI Micro-data Lab: Intellectual Property Database, http://oe.cd/ipstats June 2017. StatLink contains more data, See chapter notes.
StatLink g http://dx.doi.org/10.1787/888933616978

e
Source: https://www.keepeek.com//DigitaI-Asset@ment/oecd/science-and-technology/oecd-science-technology-and-industry-scoreboard-
2017_9789264268821-en#.Wq-pwOjOXb0#page23



DIVBrSIty of Approat:hes Social Lab 18
Instruments of H2020

PaiERy
Social Lab 17

Non-Nuclear direct actions -
of the JRC and EURATOM '

=% INST
U H2020
. JRC &
Social Lab 16 EURATOM
European Institute of Innovation and Technology
EIT
Social Lab 15

Science with and for Society SWAFS

i7iiy1  Social Lab 14
Spreading Excellence
and Widening Participation

Social Lab 13
Secure societies — Protecting freedom
and security of Europe and its citizens

i:.'}';-," 1 B SWiaI Lab 12
\ e Europe in a changing world
- Inclusive, innovative and reflective societies

|\ Social Lab 11
' Climate Action, Environment,
Resource Efficiency and Raw Materials

Social Lab 10

Osterreichische Forschungsforderungsgesellschaft | Sensengasse 1| 1090 Wien | www ffg.at

Smart, Green and
Integrated Transport

Social Lab 1
European Research Council

Excellent Science

Social Lab 2
Future and Emerging Technologies
Social Lab 3

o
et
o

Y Social Lab 8

and the Bioeconomy

| Social Lab 9

Marie Sklodowska Curie Actions
Social Lab 4
Research Infrastructures,
- including e-Infrastructures

Social Lab 5
Leadership in Enabling
and Industrial Technologies

Industrial Leadership
Social Lab 6
—_— Access to Risk Finance
& Innovation in SMEs

Social Lab 7
Health, Demographic Change
and Wellbeing

/ Food Security, Sustainable Agriculture and Forestry,
Marine, Maritime and Inland Water Research

/ Secure, Clean and Efficient Energy

Source: NewHoRRIzon, GA:741402, H2020-Swafs, Excellencemce and innovation for Europe by adopting the concept of Responsible Research and Innovation



What's a Social Lab?

How to start it and how it works!

How to start a Social Lab?

Business - . -
Industry Ieaders
Risk finance

Issue: e.g. ;Hnw to
strengthen HEI

Researchers makers
Science and
Technology
Civil society
organizations,

general public

How does a Social Lab work?

N “ NEW
» HORKIZON

The Social Labs will involve
a wide-ranging group of
R&I stakeholders who will
co-create tailor-made pilot
actions to stimulate an
increased use and
acceptance of Responsible
Research and Innovation
(RRI) across H2020 and
each of its parts.

Each Social Lab will involve
15 to 25 participants and
will have a lifetime of 32
months (November 2017 to
May 2020). There will be a
total of three consecutive
RRI stakeholder workshops
in European capitals.

Source: NewHoRRIzon, GA:741402, H2020-SwafS, Excellence WCe and innovation for Europe by adopting the concept of Responsible Research and Innovation



World R&D performance -

OECD Science, Technology and Industry Scoreboard 2017

Researchers, per thousand employment

i .
16 |
14 } ’
@
12 |
E€4 Brazil (Federative Republic of Brazil)
| pm Russia (Russian Federation)
e INdia (Republic of India)
sl Bl China (People's Republic of China)
B South Africa (Republic of South Africa)
&
R&D expenditures in 2010 USD constant prices and PPP O snucs
o] 1 billion :
4} O 10 billion . North America
_ . European Union
e 100 billion @ Other 0ECD members
1.5 20 25 3.0 35 4.0 45 EUREKA

Gross domestic expenditures on R&D as a percentage of GDP

Source: https://www.keepeek.com//DigitaI-Asset”ment/oecd/science-and-technology/oecd-science-technology-and-industry-scoreboard-
2017_9789264268821-ent#.Wq-pwOjOXbO#page23



“ NEW
» HORKIZON

*
|
1
i
H

External - Framework conditions
1. Human resources

‘2. Attractive research systems,
3. Innovation-friendly environment
4. Finance and support

External — RRI keys
1. Public Engagement
3. Science Education
6. Governance

Taxes

(practice)

Internal - Innovation activities
6. Innovators

7. Linkages

8. Intellectual assets

5. Firm investments

Internal — RRI keys
2. Gender Equality
4. Open Access

5. Ethics

Innovation Business EUREKA

Source: NewHoRRIzon, GA:741402, H2020-SwafS, Excellence inscience and innovation for Europe by adopting the concept of Responsible Research and Innovation



Focus of the study

Timeframe

Electnic vehicle _ “ petueis?

2019 2025 2030 2035 2040
Vehicle systems
Market regions

L

e FlY

Hannover Messe 2021

Automotiv advancements

FEWV
CONSUATING

Focus of the study: 2040 timeframe

Until 2030, we expect a strong phase of “battery push® with rapidly increasing battery electric
vehicle sales which ks extended by the introduction of fuel cell vehicles especially after 2030

Further technology trends could have an additional impact on the automotive supply chain,
however, were not investigated in detail

Altarnative huets might jlay a hole. depending on legislatne bounilary conditions
Services & Infrastruciurs are expectod to generale new business potontaby

Facus of the study: Powertrain system

Further vehicle syitems such as Chassis, Body in White, Interior and Exterior ane expecied to change
with future vehicle technalogy trends and the influence of new mability solutions

Key trends: Autonomous diiving, weight reduction, salety, new leatures

Facus of the study: Europe (EU-27 « 3), USA, China

Further markets are expected to transition towards electrified powertraing
Emerging miarket such a4 India are expected 10 become moane relevant

lapan potentially leads the fuel cell development pursuing a “hydrogen society”

IR b i e & ek Trars e reapian - Marvasysr hagae Apnd S0 13

L 1w 189 - ol pogrsty ool | orlwieevid = 1 pgi sea) oo &0 Tl pari e




Hannover Messe 2021

- Automotiv advancements

By 2040, over 40% of world-wide light duty vehicle sales will be using pomep
an all-electric powertrain CONSUATING

WORLD-WIDE LIGHT DUTY" MARKET

VEHICLE SALES FORECAST
Sales in million units » INDUSTRY TRANSFORMATION  * Total market is expected to recover after 2020
- Constant market volumes in Europe, US, Japan
150 - m and South Korea market regions after 2025
128 = Increasing market size for China, India and
@“ 107 .1_1.‘.' B Fuel coll vehicle rest-of-world markets at different growth rates
100 - i * Reduction of global combustion engine-
87 by Battery electric vehicle based powertrains by 16% until 2040

} Gonici

Strong growth of battery electric vehicles
- Until 2030 mainly driven by China and Europe

50
Vahicle with ICE

Fuel cell vehicle sales will increase after 2030

- Until 2030 growth driven by Japan and
Year : South Korea, limited by total market size

- From 2030 onwards strong growth in China,
Europe and the USA

2019 2020 2025 2030 2035 2040

B oy panaasviet CBy B liaght rosvemer i wERICE LD oo B Y o vk e v apal
iniie VLY WO A (b Dl sl B aiuntny Dimeslormagtos - g Bbigge Apind S0 | d



Hannover Messe 2021

Automotiv advancements
Globally, we expect 44% pure electric vehicle in 2040 - largest market for

battery electric vehicle is China with approx. 13 million units G
MARKET SNAPSHOT 2040 =)
WORLD-WIDE SALES" VOLUME PASSENGER CAR POWERTRAIN TYPE FORECAST
Combustion engine based » INDUSTRY TRANSFORMATION  Total sales in melion units » INDUSTRY TRANSFORMATION
powertrain {incl. hybnd) 350
I,!,l Mild Hybrid (MHEV)

@ Full Hybrie (HEV)

15.6
Pure electric I 3%
H2ICE St 4%
I

128 million 15.8 Plug-In Hybrid (PHEV)

Battery Electric (BEV)

B

B Wil e iRl DT (T B gL Comoeres] v e e, up da ) L
LT )
bampie VLV WLHRE - b Lol a8 wiliminy Diamaboreaiaen - Hamrgaesr Migae Apad Q000 |18

owertrain it
;i LY TR | Fuel Coll (FCEV)

Europe® LSA China




Negative business potential impact due to industry transformation on all
mature technology groups beside thermal management is expected

BUSINESS POTENTIAL IMPACT

Mature technology

'}
& BRI u*p -
Legacy Emegsion  Transmission  Theérmal
system  management parts management
2019 total
i billion EUR 28.6 19.3 12.9
CAGR '19 - 30

CEEY
CAGR 30 -
- EEAREN -

"%

2040 total
i billion ELIK
-50 billien EUR business potential
between 2019 and 2040
Al e b elleces | LIR
0L ErpeAad Enrail grissth odie
E5 Barfcss @vrv ey parlommlie @ arad maread wifh shioei- @yerege oo nomen

Epspeead ot o shdwiirg moradi manek =
ot '

Hannover Messe 2021

Industry transformation — Automotiv impact

FEWV
CONSLATING

# INDUSTRY TRANSFORMATION - =

Emerging technology
" % = e
€| & He oD ¢ie
Electric Porwer Electrics & Battery Hydrogen
maotors electronics  Electronics  components  components
11 1.5 0.8 4.7 <01 7.2
+19.9% +18.8% +19.4% +15.2% +309% +2.1%
+1.3% +1.3% +4.6% +3.9% +315% -0.2%
9.3 1.4 9.2 328 13.0 88.4
+68 billion EUR business potential
between 2019 and 2040
e 0
10 . ---
mm



Automotiv transformation

Example:

10,000 km/y

I Diesel F 100 km
- 25kWh /100 km

- Coal: 0,35 kg CO./kWh

Efficiency powerplant: 35%

- Diesel: 10 kWhH/
= Diesel: 0,27 kg CO/K\NWh
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Energy transformation

Renewable energy economy u,&.
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Automotiv advancements FCEV

Mobile Fuel Cells
Fuel Cell Electric Vehicles - Motivation

Fuel Cell Electric Vehicles Driving Range
(FCEV) complements portfolio of Electric m Diesel
Vehicles (EVV) and
Fuel Cell Electric Vehicles
3 offer ultimate solution for zero tail-pipe Bancline (FCEV)
emissions in applications for long
distance transportation of heavy goods m

and/or many people.

Battery

3 remove range anxiety barrier in all e- Electric Vehicle (BEV)

mobillity applications
(refueling time in 3 min, driving range

above 500 km) Vehicle segments

m 2 & & &

ey e —— S LI TR !:.: Buscu
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- Automotiv advancements

Mobile Fuel Cells

Expected market shares 2025-30 for Fuel Cell Electric Vehicles
New vehicles PC New vehicles HD, MD &
ool st flit 8

iy In 2030
B FCEV B FCEV hFI:.rHIj rc:-||
B BEV . BEV - LIS I | .
H.ICE acenanos
. :.ii:“ B H:?- more than 3
W ICE& mio Fuel Cell
Hybnds Vehicles will
bt sold
2030 2026 2030
Powertrain Portfolio in Passenger Cars + Light Comm. Comm. Vehicles Medium-/ Heavy
2030 Vaticie: Duty
(new vehicles »1/3 fully electric tfo 8% FCEV 15% with FCEV powertrain
worldwide) ICE shares shrinking - fuel cell with growth potential

ik | g | BESGTRE 08 1) '1{. Hn'sc-“
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Mobile fuel cell system and components

Mobile Fuel Cells
Fuel Cell System and components

Anodo
Fuel call ' Reclrculation
control unit 1] =
‘I:I:ll{"l

m— Thermal Subsystem
— Al Subsystem
i Electilc Powertraln

o enson

H,0

Al comprassor

COMPONENTS FOR FUEL CELL SYSTEM MODULES AND KITS

? @ & € \NLGVve | & O R

Prezsune fass & Bypass & Fioel Cell Gilachk Anode Fuel Coll Fued Cell

Hydragen froda hbectiic A
Fliaw Wi -Holation Vahvel | Conirol Unes Tul- Modile L] Povedr Lodile

Gl Irgactns Foer- bt Compiesio SenInE
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https://www.youtube.com/watch?v=wCjlkJ1Fyk4&t=16s

https://www.youtube.com/watch?v=rVIhMGQgDkY

Will you be the intelligent agent or Biorobot?

THANK YOU FOR

THE ATTENTION

Mendelova @ Agronomicka
univerzita @ fakulta
v Brné

.. Vladimir Kebo

https://www.youtube.com/watch?v=voNBzul71)4
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