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The Fraunhofer-Gesellschaft at a Glance

The Fraunhofer-Gesellschaft undertakes applied research of direct utility
to private and public enterprise and of wide benefit to society.
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Digital Society: Integration Enables Innovation in
Private and Business Life

4 ¥ New business models

'~ B Physical objects go digital
o Machinery, things, living objects

like plants and animals

Usage of Big Data to exploit
opportunities

B Uncertainty at runtime

B From closed systems to highly
integrated systems of systems
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Trend: System Integration towards Smart Ecosystems
BUSINESS PROCESSES

1S Emergent

Information Software
Systems IS-Driven \
0%
_ (P
Mobile 5‘// SMART

Systems Ecosystems

Ccco2A2reiie

ES =& Cyber-Physical

Embedded Systems
Systems ES-Driven

TECHNICAL PROCESSES
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Industrie 4.0

Example for System Integration Trend

z /A Plattform

TRIE 4.0

W Software is the key to innovation and productivity boost

1\

follows introduction of

division of labour

1. industrial revolution
follows introduction of
water- and steam-powered
mechanical manufacturing
facilities

End of

18th century

Start of
20th century

2. industrial revolution

electrically-powered mass
production based on the

r - Dn)) = ﬁD

3. industrial revolution
uses electronics and IT to
achieve further automation
of manufacturing

Start of 1970s

= &

4. industrial revolution
based on Cyber-Physical

Systemss
A
.-g
£
time P
today

Source: DFKI 2011

4.0

g
o

Smart ecosystems and
integrated cyber-
physical systems

SPS-based automation
technology

Assembly-line
organization, electrical
drives

Mechanical production
facilities, hydropower,
steam engines
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Industrie 4.0: Smart Production Example

TODAY

B Which events can
be isolated and

handled by a
service employee?

® Which errors
influence the
operation of a
complete industry
plant?

B |sthere a
correlation
between the
errors?

REACTIVE
@&
) ¢

7/
N

80%

FALSE ALARMS

-l
@&.%

7
/
/

Compare to history,
identify trends, and
predict errors

i
i
i
i
i
i
i

v

20%

QUALIFIED SIGNALS

FUTURE

B Machine-to-
machine
communication

® Analysis of
machine and
surrounding data

B Estimation of
machine’s
condition

B Predict errors &
maintain machine

B Avoid downtime

M Avoid unnecessary
maintenance

[agendaCPS]
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Industrie 4.0: Expected Benefits

Better planning and control
(in the production resp. logistics)

High customer satisfaction

Large flexibility in the products

Short Time-to-Market
(in the product development)

Improvement of quality 49%

Individualization of products 46%

0% 20% 40% 60% 80% 100%

mHigh ®mMedium Low

[PwC 2014]
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Smart Ecosystems:
A Trend across Domains

Smart
Energy

Incustrie
2%0)

/L' SMART —__ [
Ecosystems Smart
/ Mobility

B Individual products
instead of mass
products

m Massive integration of
data into technical
systems of systems

m Self-organization and
re-organization

M Self-optimization:
autonomy

— From static solutions
designed during
development time to

dynamic solutions that
adapt and optimize
autonomously during
runtime!
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Smart Ecosystems anc Needs for
Systams Englnearing

Model-based
Systems Engineering

Smart Data Data-
Usage Drivenness integrated

Systems Engineering

Processes
Data Usage

Control

Scalable and
interoperable
Architectures

_@ﬁMAR

Ecosystem
Quality of Service

(QoS) guarantees

User
Experience Virtual
Engineering
Systems
Requirements Safety and Certification
Engineering Security at
Runtime
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Overview of Related Studies

Model-Based Systems
Engineering Methodologies (by
INCOSE MBSE Focus Group,
2007)

Improving the Integration of
Program Management and
Systems Engineering (by
INCOSE, PMI, 2012)

Systems Engineering in
Industrial Practice (by Unity,
Fraunhofer IPT and Heinz
Nixdorf Institute, 2013)

Survey of Systems Engineering
Effectiveness (by SEI, 2012)

Study on Model Driven
Development (by Fraunhofer

IESE, 2013)

Project Performance

Relationship between Systems Engineering and
Performance (Source: CMU, SEl)

100%

0% % 24%
80%
70%
60%
50%
40%
30%
20%
10%

0%

57%

Lower SEC (n=48) Middle SEC (n=49) Higher SEC (n=51)
Total System Engineering Capability (SEC)

B Lower Performance M Middle Performance & Higher Performance
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Study Motivation and Goals

B Amount of software in products is increasing

B Software becomes an enabler for new services
and business models

B Systems Engineering is an interdisciplinary

Potential
Threads

Low sample
sliz®

approach that considers both business and Sellif-reperted
technical needs (hardware and software) cata

W Establishing appropriate practices is crucial for Questionnalire
developing innovative products on time, clesigm
within budget, and with a high level of quality Trust and

B Goal: Collect the state of the practice OPENNESS
regarding Systems Engineering in the Language
German-speaking region ISSUES
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Stuely Contasdt

B 42 invitations to 34 organizations Domains of Study Participants

W 22 agreed to be interviewed

camLine GmbH

CIBEK technology + trading GmbH
ETAS GmbH

Hella KGaA Hueck & Co.

Robert Bosch GmbH

11%
M 20 interviews with 18 companies, 5%
such as: 39
Airbus DS Electronics and Border Security \
Art of Technology AG
AVL LIST GmbH
Binder Elektronik GmbH 30%

ZF TRW Automotive Holdings Corp. = Production = Healthcare
m Aerospace Automotive
M 6 SMEs and 14 LOs
m Transportation ®m Mechanical Engineering
B 29 questions in 12 groups m Electronics

\

SME = Small or Medium-sized Enterprise
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LO = Large Organization Z Fraunhofer
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Procluct Englineering Treneds

Recent Trends in Product Engineering

Increasing innovational
demands

Shorter product life cycles

Higher integration and
higher interface diversity

Increasing cost pressure

Global product engineering

Increasing product variation

Shorter time to market
(shorter R&D phases)

Requirements become
more complex

0% 20% 40% 60% 80%

Key Outcome #7

B Companies are driven by

Increased complexity of system
requirements

Shorter time to market

Larger number of product
variations

M In future, in addition more cross-
disciplined development is seen
(20%)

® This will in turn increase
complexity of projects
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Importance of Sortware

Key Outcome #2

B 85% stated that software plays a
major role in their products

B Even though 70% stated that they
come from a pure hardware
development world
W 85% stated that they spent 30% or
more (up to 90%) of the

development budget on software
development

B More than half agreed that this
will further increase within the
next five years

Importance of Software in
Product

m Essential/ Important
m Hard to estimate/ Dependent of product

® No answer

October 24 and 26, 2016 19
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Importance of Systems Engineering

50%

40%

30%

20%

10%

0%

Importance of System Engineering

1 2

not
important

in 5 Years

N

—/

3

3 4 5 6 7
B Overall mSME LO

8

9 10

essential
for survival

Key Outcome #3
B Average importance of Systems
Engineering is 7.6

®m Will increase to 8.7 within the next
five years

M Reasons for increase:

Customer demand for higher
quality
Increased product complexity

Requirements related to system
platforms and integration

M Large organizations generally
estimate a higher importance
within 5 years
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Systams Englnesring Challenges

Current System Engineering Challenges

Change management within the
organization

Requirements and interface
management

Modelling and simulation:

Data and information management

Ensuring product quality

Methodological skills

Establishing coherent tool chains  —
Human Resources Management s

Integration of methods and processes

Growing multidisciplinary  m—— ———
——
development

Other EE———

0%

X

20% 40% 60% 80% 100%

H Overall mSME LO

Key Outcome #4

m 80% stated that organizational
change management is top
challenge

B Followed by:

Managing complex
requirements and interfaces

Modeling and simulation

B Future challenges include in
addition:

Human Resources Management

Data- and information
management

\
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Systerms Englnearing Procass

Coverage of ISO/IEC 15288/12207

Agreement
100%
80%
60%
40%
07 .
Technical 0% Proje.Ct_
Enabling
Project
—SME LO

Key Outcome #5

B LOs basically cover whole ISO/IEC

15288/12207, whereas SMEs focus
on technical and implementation
processes

Standards used are quite domain-
specific, except for quite general
approaches, e.g., ISO 9001

40% of LOs explicitly referred to
ISO/IEC 15288

45% of LOs and SMEs follow an
agile model whereas 50% of LOs
follow a waterfall model

80% of LOs provide different
variants of a standard process
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Multlple Disclplines/Stakanoldears

Disciplines involved in Systems
Engineering

100%
80%
60%
40%
20%
0%
& & B

H Overall mSME LO

Key Outcome #6

Many different disciplines and
stakeholders involved in Systems
Engineering

Hardware Engineers or Software
Engineers are still viewed as
“isolated” disciplines within some
organizations

Role of “Systems Engineer” is only
defined in larger organizations

Coordination of stakeholders takes
place by a defined process by 85% of
LOs, but only 20% of SMEs

Between 60% and 70% of the
companies create joint teams and
perform joint workshops and
meetings for coordination

\
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External Suppliers

Criticality of Externally Supplied
Components

80%
70%

60%

50% ]

40% -

30% 1

20% 1

. | 1 nr
1 2 3 4 5 6 7 8 9 10

not highly
critical H Overall mSME LO critical

Key Outcome #7

B Almost 60% get less than 25% of
their product parts supplied from
external sources

M Nevertheless, one third obtain up
to 50% from external suppliers

B Average criticality in terms of
intellectual property of externally
supplied components is 3.5

\
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Systerms Englneering Practicas

Established System Engineering Practices
100%

80% 1 1 1
60% 1 1 1
40% - +
20% 1 1 ‘
o 1N I |

H Overall mSME LO

Key Outcome #8

B Companies largely established
methods, techniques, and
approaches related to

Model-driven development
Requirements engineering
Test-driven development

Verification and validation

B LOs focus on model-driven
development as well as system
verification and validation

B SMEs more focus on test-driven
development

\
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Irnpacied Processas

Key Outcome #9

Impact on ISO/IEC 15288/12207 Process B Engineering process areas (ISO/IEC
Areas 15288/12207) mostly impacted by
100% r 7 Systems Engineering practices are:

80% Technical processes

60% Software implementation

20% pProcesses

20%

0%

X
\QQ/

¥ O

H Overall mSME LO
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Speciflcation Languages and Tools

100%

80%

60%

40%

20%

0%

Specification Languages Used

UML

SysML

H Overall mSME

DSL
LO

Other

Key Outcome #10

80% of the participants referred to
UML as the major specification
language

LOs tend to use SysML for system
modeling

More than 50% of the tools
mentioned were related to modeling
different aspects of the overall
system

30% mentioned requirements and
40% simulation tools as being
relevant

As a future topic, close to 40%
mentioned the adoption of formal
methods and model-based
approaches instead of
informal/textual specifications

\
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Irnprovement Potentlal

Improvement Areas

100%

80%

H Overall mSME LO

60%

40%

. kol a1 1
.

QO

Key Outcome #11

B Greatest improvement potential
for Systems Engineering lies in:

Increased virtual engineering

Better integration of the tool
chains used

B Demand seems to be bigger for
SMEs

® Approx. 40% of LOs mentioned
improved program management
(aka. project portfolio
management)

B Approx. 40% of the SMEs
mentioned higher degree of
automation

\
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Systenms Englinearing Capaollities

Approaches for Improving Capabilities

100%

80% |

60% |

40% |

20% |

0% ¥ I
5 5 o <
. & “.0@ (,Q’ ‘QQJ
¢ §F & & &
<
& &«
& s S
\’\(b Qﬁo\\ .(\Q’Q’
N
-\L& ® &L
< <2

M Overall mSME LO

Key Outcome #12

B Majority of organizations/units rely

on internal and external training
programs to improve the
capabilities related to Systems
Engineering

M Participation in Systems

Engineering conferences was also
mentioned as being beneficial

\
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Organizational Recommendations

©1: Changje Mansgenmmen
Strategy

B 80% stated that organizational
change management is the key
challenge (see outcome #4)

M It is important to openly think
about which organizational
structure and processes are best
suited

M In particular, it is important to
include all stakeholders (see
outcome #6) in that process

02 Systams Enginearing
Commpeitencies

B Creating internal and buying-in
external training programs on
different topics is obligatory (see
outcome #12)

B We would also recommend to:

Participate in Systems
Engineering conferences

Become an active members of
communities for experience
exchange

\
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Organizational Recommendations

033 Sertware Enginearing
Cormmpetencies

85% stated that software plays a
major role (see outcome #2)

Companies should build up /
maintain Software Engineering
competencies depending on:

Amount of software in product
Major IP and USP of company

If IP/USP is in software, companies
should build up own resources

If software is only a means,
companies should build up

competencies for managing software

suppliers (see outcome #7)

04k Project Portielio
Viahacgemelnits

M LOs should place special focus on

Management of the overall
portfolio of projects

Interconnections and
dependencies among projects
(see outcome #11)

IP = Intellectual Property
USP = Unique Selling Point

\
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Technical Recommendations

Fﬁ] Integrated Systams T23 Systen Regquiremens
[Enginecering Approsdn @m@ﬁ%g%?ﬁm@ .
= Time to market is getting shorter B Complexity of requirements and
and product complexity is increasing number of product variants has
(see outcome #1) increased (see outcome #1)

W [t is important to efficiently and
effectively deliver value to the
customers

B Cross-disciplined development will
come into play

B Companies need to deal with (see

= Th : y
This requires a well-integrated and outcome #2):

aligned approach across all

disciplines involved (see outcome #6) How to elicit/develop

® Companies should carefully think requirements on the system
about what impact Systems level and break them down
Engineering has and what a custom- How to manage them

tailored process should look like (see

systematically over time
outcome #5) y y

\
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Technical Recommendations

133 Meclsl-clriven Systerms
Devalepnent

Model-driven development of
systems is seen as a key practice

LOs have implemented it at least
partially (see outcome #8)

An organization should evaluate:

Which aspects of the system
specification should be modelled

What appropriate language and
tool support is available

Tool selection should be influenced
by the degree of integration (see
outcomes #10 and #11)

Tak Sysitam Verliieation amnd
Valication

B Companies should think about
establishing proper techniques and
methods (see outcome #8) for:

System verification and validation
in general

Test-driven system development
specifically

® Additionally, an integrated
development process should ensure
that system verification and
validation is properly linked to other
engineering processes

\
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Technical Recommendations

5 Virtual Systamns Engineering T6: lntegratec Systams

® Complexity of products increases
(see outcome #1) and development ®
is becoming more multi-disciplined
(see outcome #6)

M It becomes more difficult/costly to
compose the system physically =

B Companies should think about
virtual engineering of systems
based on sound models H

M This is seen as a major
improvement potential for
speeding up (see outcome #11)

Enginearing Tool Chalins

Companies have developed their
own tools for particular tasks and
overcoming shortages of existing
tools (see outcome #10)

One major point for improvement
is better integration of the tool
chains (see outcome #11)

Especially when starting to do
Systems Engineering, companies
should therefore put special
emphasis on the interoperability of
their tools

\
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System Engineering is required for Coplng with Trends
relatec to Increased Diglitization and System Integration

Study Outcome Summary

Increased system complexity and
product variations are drivers

Systems Engineering is considered to
be of outmost importance for
companies

Change management is challenging

Model-driven development,
requirements engineering, test-
driven development, and verification
and validation are key areas to
establish

Improvement potential lies in
increased virtual engineering and
better integration of the tool chains

Internal and external training
programs are key for improving
capabilities

Recommendations Summary

Establish change management
strategy

Build up competencies in Systems
and Software Engineering as well as
portfolio management (for LOs)

Work on an integrated Systems
En?(ineering approach including all
stakeholders

Establish practices in the areas of
System Requirements Engineering,
Model-Driven Systems Development,
and System Verification and
Validation

Mature companies should invest into
practices for Virtual Systems
Engineering and integrated tool
chains
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Thanks!

Dr. Jens Heidrich

Division Manager
Process Management PM

Fraunhofer IESE
Fraunhofer-Platz 1
67663 Kaiserslautern

Germany
Phone: +49 (0) 631-6800-2193
Fax: +49 (0) 631-6800-9-2193

jens.heidrich@iese.fraunhofer.de
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