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The Technology-Network:
Intelligent Technical Systems
OstWestfalenLippe . Germany

Leading-Edge Cluster Competition initiated by the Itfs OWI
Federal Ministry of Education and Research (BMBF)
= BMBF wants to support strong regions in

Germany to increase their global positions

» Leading-Edge Cluster competition were initiated

» Close Alliance between top-level science

and leading industry

= 3 rounds of competition (2007 to 2012)

SPONSORED BY'THE = 15 |leading-edge clusters represent high-tech

Federal Ministry competence ensuring growth and employment
% of Education

and Research = Funding: €40m over 5 years for each cluster

= |n total about €100m for each cluster

(€60m from enterprises)
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The Technology-Network:
Intelligent Technical Systems

OWL —_— Outstandlng Reglon for |nnovat|0ﬂ, OstWestfalenLippe . Germany

Added Value and Employment (1/2) ItIS 0W|

Vibrant Industries
Mechanical engineering, electrical/ electronic and automotive supply industries
Strong brands, hidden champions, independent family-owned companies
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The Technology-Network:
Intelligent Technical Systems

OWL —_— Outstandlng Reglon for |nnovat|0n, OstWestfalenLippe . Germany

Added Value and Employment (2/2) ItIS 0W|

High-Performance Research
Strength: symbiosis of informatics and engineering sciences
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The Technology-Netwaork:
Intelligent Technical Systems

Vision it's OWL 2017:
Top Position in Intelligent Technical Systems Its 0W|

Mission Statement:

= Resource efficiency Vision

it's OWL :
= Usability Intelligent
« Reliability Systems

Objectives:
= 80.000 jobs secured

= 10.000 new jobs

Cluster
it‘'s OWL
2012

= 50 new companies

Mechatronics = 5 new research institutes

= 500 additional researchers

= 4 new courses of study /
Mechanics 500 enroliments (per year)
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The Technology-Network:
Intelligent Technical Systems
OstWestfalenLippe . Germany

Development of Intelligent
Technical Systems

Leading-Edge Cluster it’'s OWL

Intelligent Technical Systems
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The Technology-Network:
Intelligent Technical Systems

Innovation Leap Towards Technical Systems et el

with Inherent Partial Intelligence It,S OWI

Mechanics Mechatronics

Intelligent Technical
Systems

Swarm Intelligence

GAUSEMEIER, J.; TSCHIRNER, C.; DUMITRESCU, R.: Der Weg zu Intelligenten Technischen Systemen. In: Industrie Management, 29, 2013
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The Technology-Netwaork:
Intelligent Technical Systems

Characteristics of Intelligent Technical Systems -S‘W“‘e”“ﬂ”“ma“v |

... interact with the environment and adapting
to it autonomously (adaptive).

.. even manage unexpected situations not
taken into account by the developer in
the development process (robust).

.. anticipate on the basis of experimental
knowledge future effects of influences and
possible states (anticipative).

.. take into account individual user behavior
(user-friendly).
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The Technology-Network:
Intelligent Technical Systems
OstWestfalenLippe . Germany

System-integrated Intelligence — pu
it’s owl’ point of view |tS OWI

Basic structure of a mechatronic system

human-machine-

: interface
______________ Information- :_'_'_'_‘_‘_‘_'_‘_‘_‘_‘_‘_' mmemmmoo--- human
| communica- processing communica- !
! tion system tion system .
v :
ower ;
Eupply >  actuators subsystem sensors <—[enV|ronmentJ
: A T
: _______ _> _________ :
- .
» basic system -
legend -
[ ]internalunit (] external unit -----+=information fow —— energy flow = material flow
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The Technology-Netwaork:
Intelligent Technical Systems

System 'l nteg rated Intel I | g ence — OstWestfalenLippe . Germany

it’s owl’ point of view its owl

Information Processing of Intelligent Technical Systems
reactive system

fixed
stimuli COUpImg» at actions non cognitive regulation
SENSOrS actuators model-based control, e.g. by using
PLC-logic or control algorithms
system

cognitive system I

cognitive
information
processing

associative regulation
learning complex dependacies (off-/
online), which are hard to describe
stimuli

actions by physics
—*™| sensors |----3 actuators > : >
system

cognitive regulation
objective mangament,
like e.g. maximizing productivity or
minimizing energy consumption

Quelle: STRUBE, G.: Modelling Motivation and Action Control in Cognitive Systems. In: Mind Modelling. Pabst, 1998
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The Technology-Netwaork:
Intelligent Technical Systems

System-integrated Intelligence — —

it’s owl’ point of view ItS 0W|

Information Processing of Intelligent Technical Systems
reactive system

Information Processing of

fsed Intelligent Technical Systems
nuli couplin i g i
stimuli Sensors | ey actuators |2oionS non cognitive regulation
model-based control, e.g. by using
PLC-logic or control algorithms

associative regulation

.. learning complex dependacies (off-/
cognitive system online), which are hard to describe
cognitive by physics
information

processing cognitive regulation

objective mangament,
stimuli

actions like e.g. maximizing productivity of
——* sensors actuators > : > minimizing energy consumption

Quelle: STRUBE, G.: Modelling Motivation and Action Control in Cognitive Systems. In: Mind Modelling. Pabst, 1998
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Technology Concept

From mechatronics to intelligent subsystems up to

The Technology-Netwaork:
Intelligent Technical Systems
OstWestfalenLippe . Germany

networked intelligent systems (Cyber-physical Systems)

human-machine-
interface

G gy —[ human ]
oo

1
communication;

system

<—[environment}

>
L

networked Information-
system processing
Cognitive
. regulation
communicatiqn —
Associative
regulation
_______________ Noncognitive
' communication regulation
' system
Y
ower
Eupply > actuators System
-
»| basic system
'
legend

[ 1 internal Unit C__ )

external unit

-----=information flow — energy flow

= material flow
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The Technology-Network:
Intelligent Technical Systems
OstWestfalenLippe . Germany

Technology Concept —
From mechatronics to intelligent subsystems up to |ts QWI
networked intelligent systems (Cyber-physical Systems)

Systems Engineering
Intelligent Information- .
Networking processing Human-Machine
S Interaction
o regulation
communication A =i
SSVGELNE human-machine-
regulation interface
______________ Noncoghnitive :_'_'__ W human
\ communication regulation
Energy- | system
Efficiency Y .
ower _
Eupmy actuators system Sensors <—[enV|ronmentJ
: A T
: _______ _> _________ :
- o
»| basic system -
-
legend -1
[ ] internalUnit (] external unit -----= information flow —— energy flow ———> material flow
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The Technology-Network:
Intelligent Technical Systems
OstWestfalenLippe . Germany

its owl
Global Market for Intelligent Technical Systems

/\ /\ /\ 5 Platform Projects
N creating technology platform for

Operationalization by Projects

etworked . ; )
Subsystems Systems innovation projects and transfer
_ i i Systems
Examples: Examples: Examples: Self-Optimization
|| - intelligent sensors | |» manufacturing equipment| | « smart grids
| « drives |+ household appliances [+ production plants
« automation components | [+ ATMs - cash management Human-Machine Interaction
L U systems
founding the basis for founding the basis for adjustable during run Intelligent Networking
systems partlially geographically | [time
- [ dispersed networked [H
systems o
Energy-Efficiency
= 33 Innovation Projects
fin tr rtners | t rior market performan : :
of industry partners lead to superior market performance Systems Engineering

7 Measures for Sustainability
creating development dynamics beyond funding period

Strategic Foresight " Technology Transfer Acceptance

Prevention of Product Piracy " Education and Training Market Orientation Business Start-Ups
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The Technology-Network:
Intelligent Technical Systems
OstWestfalenLippe . Germany

Self-Optimizing Resource-Efficient
Industrial Laundry

50t of laundry per day (800.000 pieces per week)
900 000l water per day
1.5t of detergents and chemicals

Challanges:
1. Ressource Efficiency
2. Automation and Hygiene

Kannegiesser- 3. Logistics

Quelle: Spitzencluster Intelligente Technische Systeme Ostwestfalen Lippe (it’s OWL
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OstWestfalenLippe . Germany

Development of Intelligent
Technical Systems

Leading-Edge Cluster it’'s OWL

Intelligent Technical Systems

Systems Engineering
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The Technology-Network:
Intelligent Technical Systems

Su rv ey DeS | g N OstWestfalenLippe . Germany

Expert interviews: personal talks with 32 companies in the itls OWI
D-A-CH region
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The Technology-Netwaork:
Intelligent Technical Systems

Challenges in Developing the Products of LT
Tomorrow |tS OWI

— What are the challenges in future product development?

73% | Interdisciplinary

33% | Interface management

30% | Specifications management

27% | Variant management

27% | Shorter life cycle of a product
20% | Product reliability
17% | Development costs

17% | Complexity

The major success factor for the

13% | Risk Management development of complex systems is
13% | Knowledge management a systematic and interdisciplinary
view.

13% | Greater documentation
10% | “Rethinking®
7% Flexibility

-
Number of Times mentioned / interviewees
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The Technology-Network:
Intelligent Technical Systems

On the Way to Intelligent Technical Systems Csestdentpe.Gemany
Enabler: Systems Engineering It’s OWI

System Complexity
Capability of Domain-Specific Methods
Mechanics i Mechatronics , Intelligent Systems
P | ‘
o et

“‘( = ’ ~
’ ~ ¥ | Networked
’4,»- { Systems
¥ ;
’ ' 4 | E. ,

Industry 4.0

= 7w
Self-Optimization —

LY

Cyber-Physical Systems

T2

fay YIRS
Wi

Pl iy
~ L e e
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£
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What is Systems Engineering?
From Systems Thinking to Systems Engineering |t's owl

Bell Laboratories

Bertalannfy

The Technology-Network:
Intelligent Technical Systems
OstWestfalenLippe . Germany

Ropohl

German day of
Engineering: Ehrlenspiel
system technology

500 v. Chr. 1700 1920 1940 ° 1960 0 1980 ® 2000
() ° o X
Smith Daenzer/
Kant Wiener Huber D ) -
Aristoteles Kupfmuller mechatronisation
Sokrates Steinbuch

Paradoxically, neither

Mechatronics promoted SE nor
SE promoted Mechatronics.

Bischoff, Hansen,Bock

First SE course (MIT)

© OstWestfalenLippe GmbH, 28.08.2013 | 22
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Is this Systems Engineering?

The Technology-Network:
Intelligent Technical Systems

OstWestfalenLippe . Germany

Some SE standards
SDCE ... SCE _  People CMM PSP pop- 295
e \ > poDp- STD- - T )
.. N - }f 2167A 2168 Italic = obsolete
~ SW-CMM _ STD- -_Boxed = integrating
/CBA Pl «— P s > TSP 7935A —p Supersedes
K \ A —— based on
SCAMPI — ," X ‘\‘ ‘ISOIIEC === uses/reference/
- J-STD MIL-STD- >
ISO - 155,,04 016 +— /Process Stds\
15939 z Quality Stds
./ SSE- RTCA | I\ggggﬁ.(t);
PSM cmm . DO ZBB Models
5 N \ . [IEEE/EIA Appraisal
IX AN \ " 12207 methods
. SE-CMM . \ ! ) :
Sigma — NV S KGwdellnesj
aldrige ~ \ |
. 1SO 9000 - ISO/IEC
SAM . >
Q9000 «— series 12207
1220 «__ MIL-STD e ."
TL9000 ) v
» ISO/IEC 15288

EIA/IS
632 < 499B*

\
1
1
\
\

ANSI/EIA 632

*not released **based on other Standards #V2 based on others

Source: J. Armstrong, 2005
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The Technology-Network:
Intelligent Technical Systems

SyStemS Englneerlng |n Practlce OstWestfalenLippe . Germany

The concept of Systems Engineering |tls OWI

— Personally, what do you know about Systems Engineering?

79% | Integrated systems thinking

39% | Specifications up until the systems development

36% | Interdisciplinary approach

32% | Methods, Processes, Best Practices

29% | Methodical production

25% | All relevant stakeholder

-
Number of Times mentioned / interviewees

There is no common acceptance of what SE
Is and what it is not.

The term lacks grip and clarity. SE is often
seen as a “generic term”.
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The Technology-Netwaork:
Intelligent Technical Systems
OstWestfalenLippe . Germany

The concept of Systems Engineering (1/2) -/
its owl

=l

Systems
Engineering

Project

Process model

System model

mE am

CIC 0 0]

r—j
* requirements " resources
= architecture = stakeholders
= analysis, simulation = activities
= tests, validation " risks
= optimization " Costs, time
| |

The System to develop and the related project need to be considered in collaboration.
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The Technology-Netwaork:
Intelligent Technical Systems
OstWestfalenLippe . Germany

The concept of Systems Engineering (2/2) -/
its owl

Project
System model ) Process model
| P )}/ Systems qa
Based on the INCOSE definition of Systems 9| | g "_ A ) =
Engineering we deduced following core topics for a e
more detailed analysis. //:, | 2 :ﬂ>

Il | ~ |

Core Topics of Systems Engineering:

. archiocure. |7 Reduirements Management R
- analysis, simulati - Domaln_-Spannlng _System Architecting A
. tests va’li dation » [ntegrative Production System <
R Development o
= optimization 5ts, time

= Model-Based Engineering

= Virtual Verification and Validation
* Product Lifecycle Assessment

* Process Tailoring

in collaboration.

The System to deve
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The Technology-Netwaork:
Intelligent Technical Systems
OstWestfalenLippe . Germany

Conclusion

= Tomorrows systems will be Intelligent Technical Systems

= Cooperation between technical (mechanical, electrical engineering etc.)
and non technical disciplines (biology, cognitive science etc.) has to take place

= The Leading-Edge-Cluster it's OWL enables the innovation leap towards Intelligent
Technical Systemens for enterprises of the region OWL

= Common view in industry and academia:
» Systems Engineering is indispensable to face tomorrow’ s grand challenges

= SE methods and tools need to be carried to a new advanced level to face the
growing complexity along the product lifecycle

» Research has to be done in close cooperation between academia and industry

Thank you for your attention!

© it’s OWL Clustermanagement GmbH | 27 | July, 3rd 2014, Bremen www.its-owl.de



