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u Systems of Systems
% Collocation of CPS which intelligently
combine their individual abilities in order to

provide new abilities

¥ Networked intelligent components
u Systems composed of several actors and
sensors with central intelligence
= Central interface outwards
- limited access on subcomponents

Image. GHV
B Active sensors and actors
u Systems with exactly defined,
relatively small range of functions cps:

cyber-physical

= RFID (Passive) o

® Distinct (unique) identification i
u Intelligence of the system can be 'f;:?'::?m

provided only by central services
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The 4th Industrial Revolution

A 4th Industrial Revolution
— Based on
1 3] : \j ki Cyber-Physical Systems

| 3rd Industrial Revolution
Introduction of eletronics and ICT
to further increase production automation

Grade of complexity

End of Beginning of Beginning of 70‘s Today
18th century the 20th century in the 20th century
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iV

Roadmap for ICT Architectures and Services in Manufacturing J-Lf:'”'l—\)oa d 4 FAME

time ,_ - -

> Future vision

. *High volume “"mass customization”;
Short-Term Medium-Term Long-Term «High levels of automation;
*Short reconfiguration cycles;
- +IT literate workers;
Manufacturmg_Needs IT-OT convergence: «Context-relevant information supported
integrated architecture by decision support and self-learning
PLM-MES-ERP systems
= . Customer and demand 5
Flexible manufacturing B atrerigan Recommendations
analysis

Supply-chain flexibility;
attain highest levels of
flexibility at the plant level
and the upstream supply
chain

/

Cost reductions by
improvements in business
processes and in particular
production processes

>

Monitoring and Decision
Making for Performance
Optimisation

Integration of human
worker in manufacturing
process; Increasing hybrid
cross-over products/
embedded IT and
integrated services

Big data analysis and use
for quality control

4 090, Engme.ering plalfo.rm for
O design/ operations
0\9 continuum
k)

Joint cognitive systems
(machine learning/
complex decision

making

Open data and system
integration platform

Product & service co-
design with customer

Security protection
solutions for
collaborative networks
Problem and context —
centric display of only
crucial information to
the users

Supply chain visibility and
decision assistance

Flexible production
equipment and
interconnections

g

N,

Enablers: interoperability & Standards / Establishing of Demonstrator /
Incorporation of psychology into ICT research / Applied, multidisciplinary research
with large scale industrial collaboration / Supporting Education in the field of CPS

Reference Architectures /
Open Architectures

System and Information
Integration Architectures

Data Capture, Storage and
Analysis

Data and Information
Visualisation

Security

Confidentiality

Flexible and Adaptable

New or Improved low-cost,
miniaturized smart sensors

CPPS - Cyber-Physical
Production Systems

Manufacturing

New Algorithms

#
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7
1, ) 7
& &) 0 0 ) 7 ?
0 business cases
Core infrastructure & training
0 7 1 , materials
&) 9
4
) .
8 ; !
4 )
0 4 1
4
I ! mn n
! ?
4 7 |
$ F' 4 ? ?
Solution 1. Open data and system integration platform
Including: (F S ics on dsta/information, Open Flexible for change 0
Methodologses fo dats semarto evichment
v v VISION
Improved decision
making (time, quality)
“"ETONE by means of better
"“‘E?O"E -1-click data use & contextual
X integration for
-Dynamic manufacturing
integration systems
e ~Comprehen-
m sive site-wide
ESTONE system consistency
ML >
-Open plant/ -Context-
= =
STATE OF m consistency
RESEARCH ART o mansgement
PRIORITIES “Legacy N TECHNICAL
dats sources REQ.
o b TECHNICAL
& training L=y e
materials TECHNICAL «Tools for
-Tools for REQ consistency
verification/
s e propagaton ;
. *Easy to
generation L2
m_ Py
iorilqnmi
' 4
State of Art (2014 Short term (2019, Medium-term (2024, Long-term (2029 Vision
/) +4 2) - I+
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Sglution 2. Custom_gr_ and demand data gathering and analysis

ding: Retail ct g and new products
luding (supply chain)
MILESTONE
1
-Draw in data
from social
STATE OF networks
ART -Use Apple
Customer 1b model
00D O how e -Short term
RESEARCH m" it ) demonstrator
PRIORITIES Powell & 24nr P%{:ear max
- on-ine &
-Data mining warmanty data
-Decision ~Deslres:

Ki customer clinics TECHNICAL
-Driven by deslgn gaget oce
customers ::.“ rather Cloud
-Business Informed i

feedback
*Psycho
linkage:
Marketing
linkage.

State of Art (2014

3)

v

Short term (2019,

MILESTONE

Medium-term (2024

VISION
Ensure product
meets
customer
requirements —
what they
want!

Long-term (2029 b
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Willingness of large players to re
co-operate
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Solution 3. IT-OT Convergence

Including: Entire product

product life-cycle; Entire supply chain: Cyberphysueelsystems Lean continuous improvement;

Msjor business spplications — MES PLR. ERP; Information flow

Excluding:

RESEARCH
PRIORITIES
-Make cloud
resilient for the
plant floor

STATE OF
ART
«Information
&

SILOs
~Duplicstion
of BOMs and
routing

State of Art (2014

MILESTONE
1
Bresking
SILOs:
organisation
-information

i

archiecture -
topology

Short term (2019,

)

MILESTONE
2
Unifying
data models
e.g. BOM

v

) +4;-4

VISION

Reduce time to

market, cost of
MILESTONE innovation and
R change, agility.
informaticn Convergence of
:‘;ﬂm ERP, MES, PLR.

Applicable for all
scenarios.

TECHNICAL
REQ.

Medium-term (2024 Long-term (2029 b
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Solution 4. Product & service co-design with customer
Including: Def value T2, T1, End customer; Urban factories near-:

-sharing
(prooessvtew) Mmswt%-mnhmaevdwdmnmm

Okm; Alignment product and service

opﬁm:saﬁon Off-shering and global supply chain: Pure push model out.

il

igé

STATE OF
ART
*Upstream
niche OEM &
supplies
*Quirky
~Socisl
networks
Colisborstiv
e platforms

State of Art (2014

1

MILESTONE

Quirky

stakehoiders In
value chain
~Total product
tracking &
tracing

v’

Short term (2019,

foous: Simulation & p

VISION
Megatrends,
Personalisation
Individualisation
MILESTONE Engagement
s Experience
factories Quality
MILESTONE _Rapge of IT soWns
2 in line with socio-tech
Urban living approach to mfg; not
= a product/technology
TECHNICAL
REQ.
-Standards on
TECHNICAL services & co-
REQ. creation
«Innovation
business
models
service blue v
A

Medium-term (2024,

Long-term (2029 v

?
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Solution 5. Big data foerrgduction

Including: Shop floor D

Y. of p
equipment. t. Architectures, anslytics,

collection.

Excluding: Dsts outside the organi

RESEARCH
PRIORITIES
-Semantic
content of :;‘;TEOF
unstructured
+Isclated data
e “Partal
-Informstion visualisation of
integration data
«Semantic
-New types of of
algorithms for COIR
distributed structured
processing/ data
systems “Expanded
-M2M security storage
I (In-hwse
-Context-aware '.ns'alm'
responsive «Non-scalable
raisalira s “Limi
deta Databases/
-Fusion of S hased
systems: DB .Data
and streams,
event driven
DB/systems State of Art (2014

20)

MILESTONE
1

Data-sided

operation

fitt]

ip

Short term (2019,

v

the company, product, p . logi
ion, storag: rity. dsta ission ->
MILESTONE
3
Data-driven
enterprise:
-close the
gsp between
anslytics and
control
MILESTONE -dsts-driven
2 decision
Intuition and suppert
data-driven S
decision maintenance
TECHNICAL
REQ.
chce
~Distrouted
storage
processing
~Distrbuted,
TECHNICAL sc3lade
REQ. architectures
Data stream ~Configurable,
systems avare,
responshe,
wisualisation
~Unimited
4 Factory loT

).

Medium-term (2024

VISION
Big Data analytics for
production
Full transparency on
the shop floor

Long-term (2029 2

#
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Long term perspective

Quantifiable results/impact, Posit
evaluation of results
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Including: Socio-technical systems

ystems engineering,
machine lesming interaction design; Uanathemmedmodelm
visusl

RESEARCH
PRIORITIES

M R0 4 FAME

Solution 6: Joint cognitive systems for decision support (DSS)

State of Art (2014

22)

Tacit k
guay: on: causality, rules
. 3.3.’"-‘-:" ige / concept mapping
m.sirone MILESTONE
P 2 MILESTONE
of -Evolving DSS 3
ok wcwica Proiem +ighly
o = pese
Hore ntegration &
accessbie -I‘Bes\one 1°‘ evolving
models through T of Dss
— appicatons ~Grey box
m&u and Id of automation
stic moceling solutions
~Taxonomy of -Interaction
Sopoepttie 1 o
Jont cognive m"s“mc TECHNICAL
DSS REQ.
denacation of languages *Selt-leaming
flexpie
adtomated TECHNICAL systems
soltions REQ. *Reslllence
sultable %or Flexibie Engineering
ncusicn. machine “Tustin
archiectures automated
m'w"c"‘ ~User systems
i configuradle
Knowtedge machine
JROSEEN +Flexitie
Wc: ”-IW) neterogeneous
(psychology) .
Visuay'
semantic
languages

Short term (2019

NH

Medium-term (2024

VISION
DSS based on
multiple criteria

combined

machine &
human expertise
and input

Long-term (2029, v
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Solution 7. Flexible production equipment and mterconnectlons

Including: Configurable systems, plugnplay "“Robo( llab Autor P
1s_t:vll.nons(eg AGszdhdynuncnuppmg n igatic geable conveyor sy 3D printing
Excluding A ble P -phoe(eg robot connected to “learning algorithms™); VISION
Internal logistics. Different (types
of) products at
MILESTONE MILESTONE the same time
MILESTONE - ":' ) _m:,m inside the
! L devices production plant
-Servuge ibility to -Self learning -fast response to
Robotics u' se diff t machines demand
TR that are = = -Seif -higher automation >
capable of Ppers - configuration better productivity
ART desling with ‘;.possabd:y L2 -customisation + small
mm different O \ series + niche
e tasks palletor s
RESEARCH = e (manipuiste. box TECHNICAL
PRIORITIES programming st -Human- REQ.
needed) Robot oy
~Short term Gt etc) NS
standardisation oortrcl 303 -Human- Collaborate m
of intra and inter m Robot TECHNICAL processors for
machine producticn Collaborate REQ. eqg. Image
communications plants & m m
TECHNICAL 3
-Medium term ”m REQ. equpment creating a “plant
information computing ~SOA for - zomum :mrma
icdeliog _ e m.m ~Semantscs - dses
s peslicd mg mg transponation
self adapting
(benaviour Human machines
and Dased) acoeptance of -
reconfigurable ~OPC-UA formal coliaborative
and content Work places
manufacturing descrpton +ICT/ Eng tools
environment Cioud (simusaton,
computing. monRoring..) -
4
State of Art (2014 Short term (2019, Medium-term (2024 Long-term (2029 r
2" 3) F [
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to be accessiblé for SMEs

More open innovation acceptan:
change of mindset
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N

= N .- penonmance

in new . et decson Muttmocsl
moedels for dlsplays suppet deoes
interaction D sanices *Sisndardisaticn of “Run-ime ’
oisoop — ==
down approach in comacoents ~Augmented

m:- power
-Research on >
context o teematen 4
awareness, *Reguistion of use —
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