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Editorial

Dear readers,

25 years of software-, systems, and innovation
engineering — with this anniversary edition

of our annual report, we cordially invite you

to look back with us and review the exciting
development of IESE. But above all, let es look
ahead, because with our applied research, we
always have the future in mind! Therefore, we
would like to take you along into the digital
future in our cover story or in the chapter
“IESE in Trend"!

When IESE was founded in the 1990s, the
focus was on software engineering, and at
the institute also on the topic of software
processes. After that, the requirements shifted
successively, because there was a return to
more technology-oriented issues. Today we
primarily deal with very large, networked
systems that can no longer be unambigu-
ously assigned to one discipline. And net-
working is a central component of the digital
transformation.

In addition, innovation engineering is taking
on a whole new meaning, because our
customers’ requirements are also becoming
increasinly complex, so we first work together
with companies in creativity workshops to
determine what the real issues are and which
challenges exist. Always with the goal in

mind of putting together an optimal service
package and making the customer fit for their
digital future!

Of course, this large topic complex of “sys-
tems engineering” with its nove technologies

and novel business processes — cutting
across a multitude of disciplines — cannot be
addressed satisfactorily by a single institute.
Therefore, we have to set priorities and

it makes sense to base these on existing
competencies.

We have chosen the four focus topics “Digital
Ecosystems”, “Dependable Al”, i.e., depend-
able Artificial Intelligence, “Virtual Engineer-
ing”, i.e., virtualization in the development of
systems,and “System Modernization”. With
these, we are addressing a relevant topic in
each case, which we believe has both scientif-
ic challenges and markets that are waiting for
appropriate solutions to be made available. In
other words, these systems engineering topics
suit us because they incorporate our expertise;
but they also fit the challenges of what will
happen in systems engineering in the future!

Learn more about this in our cover story or in
our podcast series “MORGEN DENKER".

Best regards
et Lﬁma_ﬁ

Peter Liggesmeyer
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Engineering Disciplines
Viewed Holistically

Innovations are increasingly based on software. Today,
software controls highly complex processes and is highly
networked. But if it is to be relied upon, it must meet high
quality standards. However, its quality is difficult to grasp and,
at the same time, software whose quality is inadequate is very
problematic. The more critical the intended use, the higher the
demands on quality and its verifiability. Ultimately, quality is a
mix of numerous, differently weighted quality attributes and
their concrete attainment.

This is why quality in software, systems and innovation engi-
neering is a goal with many facets, which must be considered
in all engineering disciplines in an engineering-style manner.
Dependable quality statements require modern methods and a
systematic approach.

Fraunhofer IESE supports its customers holistically. This covers
the entire spectrum from strategic decisions in management to
technical issues in the areas of architecture, implementation, or
testing. Depending on their customers' needs and wishes, the
experts of IESE accompany their customers either comprehen-
sively from the first steps over the entire lifecycle of a project

— or only for selected issues.

It's the interaction that counts!

Many problems faced by companies have to be viewed sys-
temically and holistically. This characterizes the approach of
Fraunhofer IESE: The starting point is always the respective
individual situation for which effective solutions are developed
together with the customer. The great advantage: as an inde-
pendent institution, evaluations by Fraunhofer IESE are neutral
and objective. The IESE researchers bring expertise and passion
to the engineering of innovative software-based systems. They
are very familiar with all necessary engineering disciplines and
their interaction.

Special focus areas:

Creativity and Requirements Engineering

System and Software Architecture

Data Science, Data Analytics, and Data Engineering
Development Processes

With a focus on the following quality features:

= User Experience
m Data Security and Data Sovereignty
m Functional Safety



Bundling services according to requirements

Fraunhofer IESE places the focus on current, urgent, and
complex challenges in the area of software and bundles its

corresponding services:

Digital Ecosystems

IESE supports customers in
positioning themselves with
regard to Digital Ecosystems
and the Platform Economy
and in establishing successful
Digital Ecosystems.

Dependable Al

Making it possible to use Al
technologies even in critical
applications — IESE works
with its customers to find the
right use cases and develop
dependable Al systems.

Digital Twin (VE)

With Virtual Engineering (VE)
and Digital Twins, IESE helps
companies create virtual test
environments that address
the increasing complexity of
systems more flexibly and
cost-effectively.

System Modernization
|IESE supports companies in
making their systems fit for
the future: from independent
analysis to the introduction of
new technologies to strategic
re-alignment.



Software is the
innovation driver
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Innovation Engineering

Dr. Marcus Trapp, Department Head Digital Innova-
tion Design at Fraunhofer IESE, has already gained a
lot of experience in the area of innovation engineer-
ing, having completed more than 100 projects. He

is also the IESE expert when it comes to conducting
creativity workshops. In this interview, he provides
insight into what constitutes an innovation and how
the engineering process can be used to implement an
idea.

First of all, it is important to clarify what “innovation" actual-
ly means. This term is often confused with the English word
"invention". But a great idea for an invention is not automat-
ically an innovation! In the case of a true innovation, a large
group of people has recognized a benefit in the invention,
accepts it, and uses it. Only then does the invention become
an innovation.

Which types of innovations are there? On the one hand, exist-
ing products or services can be made one dimension better.
On the other hand, there is "radical innovation". This includes
innovations that can revolutionize an entire industry and which
are often characterized by new business models. In both types
of innovations, we at Fraunhofer IESE accompany businesses

in turning their idea into an innovation. Of course, this is much
more complex in the case of a radical innovation.

What is done with the help of innovation engineering is to
approach the process in an engineering-style manner. Vari-
ous professional principles, techniques, methods, and tools
support the finding and selection of suitable ideas as well as
the implementation of the innovation. The goal is to actually
turn an idea into an innovation and to accelerate the process
of getting there through innovation engineering.

In the digital world, the innovation cycle — that is, the speed at
which new innovations are expected by society — has become

much faster. As a result, companies are also under pressure
to bring new products and services to market with increasing
frequency.

This question can be answered quite clearly, because inno-
vation engineering plays a role in almost every one of our
products, even if it is not always explicitly named as such. For
more than ten years, we have already been dealing with this
topic area systematically because it forms the basis for many
software products. This means that innovation engineering
plays just as important a role as pure software engineering.

However, there are many customers who do not associate this
development of ideas with classic software and systems engi-
neering. Since we want to make clear to these customers that
we at Fraunhofer IESE can already support them in the early
phase of the engineering process, we have explicitly included
the term "Innovation Engineering" in our overarching service
portfolio.

Innovation engineering is completely independent of any
industry. We have already carried out projects in many differ-
ent industries, e.g., in the finance or automotive industry, but
we have also worked in the areas of refrigeration technology,
agriculture, aviation, chemical industry, and retail.

In these early phases of idea development, there is not only no
dependence on any particular industry, but also no depen-
dence on software. But in today's world, the likelihood that we
will end up with an innovation that has at least some software
content is close to 100 percent. Software is the number 1
innovation driver of all!



Your contact

Dr. Marcus Trapp
Department Head

Digital Innovation Design
Phone +49 631 6800-2186
marcus.trapp@
iese.fraunhofer.de

Often, the first major hurdle for companies
is to develop suitable ideas in the first place.
The important thing is to create added value
for their customers with the innovation. This
sounds obvious, but unfortunately it is not.

If, for example, a product is manufactured at
a lower price, but this price reduction is not

passed on to the customer, then the benefit
initially lies only with the company.

In order to become aware of what the benefit
is for the customer, in innovation engineering
we try to use concrete scenarios to under-
stand how a product or service actually helps
the customer, or what the risks are. We
discuss such scenarios with companies in cus-
tomer workshops, among other things.

We use a wide variety of methods and tools
in our customer workshops. These workshops
usually last between one and two and a half
days and are individually adapted to the cus-
tomers' requirements.

One concrete method is, for example, the
"6-5-3 Brainwriting" method, which we have
developed further in many different ways and
which is used in many different variants. We
also like to use scenario-based methods or
"Forced Fit" approaches as well as evaluative
methods such as "Buy-a-Feature". We usually
base our workshop design on the work pro-
cess of designers. Sometimes we also conduct
specific "Design Thinking" workshops.

Of course, there are many other creativity
techniques, such as the "Design Sprint"
method or the "Hackathon" method, which
help to develop new solutions within a short
period of time. Mostly, however, our work-
shops are put together completely individually
for our customers.

Needless to say that we also use the creativity
method we developed ourselves, the "Tangi-
ble Ecosystem Design" method. This makes
the design of Digital Ecosystems tangible for
our customers with the help of Playmobil®
figures.
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The goal is to elaborate suitable solution ideas
for the customer's problem in the project
team. But | would also like to emphasize:
Innovation engineering is about more than

a pure workshop; it is more about actually
accompanying the customer — from the devel-
opment of an idea to the market launch of the
innovation.

After the workshop, the work is not over,
because now the ideas that have been
worked out have to be driven forward in

the company. Depending on the product in
question, the innovation engineering process
can take months or even years — especially

if a completely new business model is being
established.

But the advantage for the customers is obvi-
ous: By implementing innovative solutions,
they remain competitive and fit for the future
in the long term.

The more the implementation idea has
something to do with software, the more
intensively we experts from Fraunhofer IESE
can support the companies all the way to their
final solution.

This could mean, for example, that we set

up a Digital Twin or develop an Al algorithm
that checks whether the designed solution
actually does what the customer really wants,
or whether the right data is available. But we
also help companies design a user interface
or build a new platform for a Digital Ecosys-
tem. We cover the whole lifecycle in software
engineering!

How to playfully design a Digital Ecosystem?
With the TED method of Fraunhofer IESE!

Digital Ecosystems are complex constructs that'are
difficult to grasp for many companies. With the “Tan=
gible Ecosystem Design" (TED) method, the designiof
Digital Ecosystems literally becomes tangible:

In an interactive workshop with various platform
players (stakeholders), Fraunhofer IESE supports the
modeling of an ecosystem with the help of Playmo-
bil® figures — including the platform, its services, and
its actors. This is a first important step in thinking
holistically about new digital services.

So what does such a workshop on designing a Digital
Ecosystem look like in detail?

Find out in episode 7 of our

MORGEN DENKER podcast!

Listen on
Apple Podcasts

© Spotity
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Digital Ecosystems

Interview with Dr. Matthias Naab,

Division Manager Digital Ecosystem Engineering at Fraunhofer IESE

Digital platforms such as Netflix,
Booking.com, or Amazon Marketplace
have turned their respective industries
upside down. Currently, however, the
majority of the most successful Digital
Ecosystems come from Silicon Valley and
increasingly also from China. What is
more, most of them are aimed directly
at end customers (B2C). But there is a
lot of potential for more Digital Eco-
systems — especially in business-to-busi-
ness (B2B). This is precisely where the
strength of the German economy tradi-
tionally lies. Fraunhofer IESE provides
holistic support to companies to estab-
lish themselves as players in this field in
Germany as well.

What is a Digital Ecosystem and what
elements does it consist of?

Digital Ecosystems are socio-technical systems.
This means that a Digital Ecosystem is more
than a pure IT system. It is the networking
between IT systems, organizations, people,
and data that is the focus and and nature of
Digital Ecosystems.

The core of a Digital Ecosystem is a service
that — optimally — delivers added value for
many people. This ecosystem service is offered
on a digital platform through which compa-
nies and people can interact. In this context,
the term "platform economy" is also used
often. It is important that the participants
have easy access to this platform and can
derive personal benefit from the Digital Eco-
system. Only then will it be successful.

What would be a concrete example
of a Digital Ecosystem?

Airbnb is a good example — the platform of
Airbnb acts as a kind of marketplace around
which a large ecosystem of providers and
consumers has formed. Airbnb brokers
accommodations between private providers
and travelers. This central service is provided
exclusively via the digital platform.

Do Digital Ecosystems make sense in
all industries?

As a matter of principle, the answer to this is:
Yes! Digital Ecosystems can be initiated in any
industry, and several can even coexist as com-
petitors in one industry. As with Apple and
Google, who have built two competing Digital
Ecosystems with iOS and Android.

Within an industry, many different types of
Digital Ecosystems can emerge. In the area of
mobility, the Digital Ecosystem Uber provides
a ride service, while data ecosystems — such as
those of Caruso or Otonomo — are concerned
with delivering telematics data to data con-
sumers via the Digital Ecosystem.

What opportunities does this create
for companies?

On the one hand, there are companies that
build Digital Ecosystems and offer their ser-
vices. On the other hand, there are companies
that participate in a Digital Ecosystem as
participants.

We not only
give good
advice — we
also roll up our
sleeves to help
give our cus-
tomers a com-
petitive edge.«

Your contact

Dr. Matthias Naab

Division Manager

Digital Ecosystem Engineering
Phone +49 631 6800-2249
matthias.naab@
iese.fraunhofer.de



The first category of companies has a huge amount of creative
freedom and also the opportunity to completely reposition
itself with a disruptive business model. That means they can
reshape entire markets. The proof is Spotify, because very few
people today still buy a CD to listen to music.

The second category, i.e., companies that participate in Digital
Ecosystems, benefit from very easy access to a large number of
providers or consumers with whom they can do business. The
digital marketplace enables so-called network effects, which
makes participation increasingly attractive.

What challenges do companies face?

To be honest, it does take a lot of effort to implement a Digital
Ecosystem. It is not only the IT system that has to be devel-
oped; many organizational, business, and legal aspects also
have to be taken into account in order to achieve the desired
network effects. After all, without participants, a Digital Eco-
system will not be successful.

Apart from that, another obstacle is that there is no predefined

guidance on how to develop this innovation, only advice and
methods that companies can follow.

Which support does Fraunhofer IESE provide?

Fraunhofer IESE supports companies from strategic planning
to technical implementation. Over the entire lifetime of Digital
Ecosystems, from initiation to the establishment of the system,
we stand by the companies as a partner.

Especially the strategic positioning and the adaptation of the
business model are real challenges for many companies. As
experts, we have already gained experience in a wide range of
different domains, which we can now put to good use for our
customers. We not only give good advice, but also roll up our
sleeves to give our customers a competitive edge.

More on the topic of Digital Ecosystems

Find out more on
our website!

MORGENNKER

Listen on
) Apple Podcasts

Listen on

Spotify

This is what industry says!

Caruso GmbH developed its open and neutral data and service marketplace for the automotive

aftermarket with the support of Fraunhofer IESE.

"Thanks to its experience with the topic of Digital Ecosystems, its prag-
matic approach, and especially its neutrality, Fraunhofer IESE is a very

important technology partner.”







From lab to application

Together with partners, Fraunhofer IESE developed
a B2B service platform for Mobility as a Service and
implemented it by way of example in the cities of
Aachen and Kiel.

Smart Maa$ improves collaboration in the B2B
mobility sector

Already today, some major cities and regions in Germany offer
their passengers the option of switching between different
means of transportation via an app. In some cases, services
such as carsharing, e-scooters, or rental bicycles are already
networked with the respective public transport system, but the
integration into a system encompassing various public trans-
port associations is missing.

In order to bundle mobility offers in the sense of a Digital
Ecosystem, Fraunhofer IESE collaborated with partners in the
research project Smart MaaS (Mobility as a Service) to develop
an open, modular, and service-oriented B2B platform through
which mobility is offered as a smart service. This enables both
established and up-and-coming companies from the mobility
industry to combine their offerings. The aim is for passengers
to get from door to door with the best possible and fastest
connection.

In Smart Maas, the service platform was implemented by way
of an example in cities such as Aachen and Kiel for testing pur-
poses. The project was funded by the German Federal Ministry
for Economic Affairs and Energy in the technology program
“Smart Service World 11",

Fraunhofer IESE designed a Digital Ecosystem for
Mobility as a Service

In Smart Maas$, Fraunhofer IESE contributed, in particular, its
competence in the conception and design of Digital Ecosys-
tems. For this purpose, the project team followed a com-
prehensive modeling methodology that, on the one hand,
flexibly addresses the requirements and constraints of the
mobility industry and, on the other hand, takes into account
the different aspects of an ecosystem. Relevant decisions and
core activities provided the framework for the design, e.g., the
definition of the ecosystem actors, the business strategy, the
required technical infrastructure, the openness strategy, as well
as the implementation of the business strategy in services and
applications.

In a business strategy, value flows, dependencies among
services, contractual relationships, and money flows are taken
into account, while an openness strategy determines the




Cover Story

Im Projekt »Smart MaaS« wurde ein Digitales Okosystem fiir Mobilitdtsangebote entwickelt.

exchange of information between the partners and the openness of the eco-
system for new partners.

Once the contributions of the individual ecosystem partners had been defined
and aligned, Fraunhofer IESE evaluated the overall concept. In doing so, both
the value of the ecosystem for all involved stakeholders and the consistency of
the decisions made were examined.

New Digital Ecosystem facilitates the implementation of
innovative business models

The concept of a Digital Ecosystem for Maa$S on the basis of the B2B platform
now enables companies from the mobility sector to build on the applications of
the respective other platform participants. This allows new business models to
be created on an ongoing basis. The platform allows previously largely isolat-
ed data to be securely networked and marketed as standard-compliant web
services.

All important information is contained in the developed concept and can be
further processed and implemented by software architects, contract depart-
ments, or product management.

With the new service plat-
form, everyone can find a
suitable mobility offer.

About Smart Maa$S

Funded by:

German Federal Ministry for
Economic Affairs and Energy
Budget:

approx. 3.8 million €
Duration:

04/2018 — 03/2021

Project Partners:
Fraunhofer IESE, FIWARE,
Cleopa, Better Mobility, DFKI

DO YOU HAVE A
CHALLENGE FOR US?

Talk to us!

Dr. Karina Barreto Villela
Project Manager
karina.villela@

iese.fraunhofer.de
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Dependable Al

Interview with Dr. Jens Heidrich,

Division Manager Smart Digital Solutions at Fraunhofer IESE

Artificial Intelligence (Al) is something
that we will encounter much more
frequently in the future, especially in
critical application areas such as auton-
omous systems, Industrie 4.0, or medical
technology. Here, Dependable Al — that
is, controlling the risk of unaccept-
able failures — plays an important role.
Fraunhofer IESE supports companies

in engineering dependable Al systems
and accompanies them throughout the
entire lifecycle.

What does the qualifier "Depend-
able" mean in relation to AI?

Dependability of an Al system describes its
ability to avoid unacceptable failures. Consid-
er, for example, an autonomous vehicle: One
would, of course, want to avoid at all costs
that the vehicle does not correctly recognize
a child who suddenly appears in traffic, with
fatal consequences. So we want a safe Al that
reacts correctly in such a situation. That is,

by dependability we mean all the properties
related to the dependability of the Al system.
Dependable Al thus refers to all Al systems
that are constructed in such a way that they
are actually dependable in the sense of this
definition.

What is the focus of IESE in the topic
area of Dependable Al?

At Fraunhofer IESE, we place a special focus
on safety assurance of Artificial Intelligence,
resp. functional safety, i.e., the safety of the Al
system. The goal is to avoid failures that pose
a danger to life and limb.

What are potential uses of depend-
able Al systems?

There are a great many opportunities and
possibilities in this area. For example, Al is an
enabler for new products that could not even
be implemented without Artificial Intelligence.
Without Al, there would be neither auton-
omous driving nor Industrie 4.0. Many Al
systems are based on Machine Learning. This
method offers numerous possible applications:
In medicine, for example, Al can be used to
analyze image data in order to carry out some
preliminary diagnostics.

The possibilities of using Al systems are almost
unlimited — essentially, this includes every-
thing that is Smart X. This is what we call it at
IESE; the X can be replaced in any way: Smart
Mobility, Smart Health, Smart City, Smart
Farming, or much more. All these systems
from different domains can be equipped with
a certain intelligence.

Apart from new products for smart
application areas - how else can Al
systems be used?

There is also Al that optimizes existing
processes, as in the case of Predictive Mainte-
nance, for example. By intelligently predicting
when a machine will fail, the entire produc-
tion process runs much more efficiently.

This shows that dependable Al systems also
provide many opportunities for industrial
companies.

Dependable
Al requires
multi-disci-
plinary exper-
tise. And that
is what we at
I[ESE bring to
the tablel«

Your contact

Dr. Jens Heidrich

Division Manager

Smart Digital Solutions
Phone +49 631 6800-2193
jens.heidrich@
iese.fraunhofer.de



What exactly are the benefits for industry?

Companies will save real money. By making processes more
efficient, of course. If, for example, a production machine fails,
the company incurs a huge loss. However, if a defective part is
replaced on time during non-load times of the machine — be

it on the weekend or in the evening hours — before the failure
even occurs, the company will naturally save money. In addi-
tion, Al systems offer the advantage that companies can gain a
competitive edge by developing new products that would not
have existed without dependable Al.

How can Fraunhofer IESE support companies in
this?

First of all, we approach problems holistically. On the one
hand, as an applied research institute, we are always informed
about the latest developments in this topic area. On the other
hand, we have implemented such Al systems in practice in
numerous industry projects.

Which experts are necessary to realize a depend-
able Al system?

This topic is very multi-disciplinary in nature, which requires
expertise in many different fields, which we can offer. On the
one hand, expertise in innovation engineering is needed to
clearly work out the possibilities offered by Al; for example,
how a product or service can change through Artificial Intelli-
gence. On the other hand, competencies from classic software
and systems engineering are needed to really "build" the Al
system. This starts with designing the system and reasoning

about what risks exist for the dependability of the system.

This is followed by the architecture of such a system to ensure
that the Al will work safely. And during operation, its reliability
should be permanently monitored to make sure that it does
not make a wrong decision. Apart from that, other experts are
also very relevant: the so-called data scientists. These experts
are very good at handling Big Data and developing Al models
from it.

This trio is ultimately decisive in determining whether a
company can implement a dependable Al system and thus
gain a competitive advantage. This is exactly what we offer to
companies!

More on the topic of Dependable Al

Find out more on
our website!

Listen on
e Spotify

This is what industry says!

"The cooperation with Fraunhofer IESE regarding a multi-aspect safety
engineering method with safeTbox brought about substantial success for
Hitachi R&D. We implemented the design method of the functional archi-
tecture for autonomous driving systems and analyzed the safety aspect

simultaneously. Many thanks for the effort."

Listen on
Apple Podcasts

Ve N R\ B\ TN



In a bilateral technology transfer
project with IAV GmbH, the “Uncer-
tainty Wrapper” of Fraunhofer IESE was
applied to an existing Al component to
reliably estimate the situation-specific
degree of uncertainty.

Dealing with unavoidable residual
uncertainty in Al models

To cope more effectively with control engi-
neering tasks, IAV product solutions from the
field of automotive engineering increasingly
include components based on Machine Learn-
ing methods and Artificial Intelligence (Al).
Such methods are used, in particular, when
interrelationships cannot be fully specified in
advance, but must be learned on the basis of
data. Therefore, even after intensive testing of
such components, some residual uncertainty
remains regarding the occurrence of faulty
results in certain situations.

Use of the "Uncertainty Wrapper"
of Fraunhofer IESE for dependable
uncertainty estimates

The “Uncertainty Wrapper” architecture

and analysis methodology developed at
Fraunhofer IESE allows estimating this situa-
tion-specific degree of uncertainty reliably and
und thus lays a dependable foundation for
decisions made at development time as well
as at runtime.

For example, certain types of situations

with increased uncertainty can already be
identified during development and can be
mitigated by concrete design decisions. At
runtime, dependable and at the same time
situation-specific uncertainty information can
be used, for example, as part of dynamic risk
management. In this way, higher performance
or availability of the normal function can be
achieved, as it is not always necessary to rely
on worst-case estimates to provide safety
assurance for it.

Here, the “Uncertainty Wrapper” architec-
ture addresses all three types of uncertainty
sources in the corresponding shell model, i.e.,
uncertainty factors related to the model, the
input, and the application context.

Transfer of the know-how into
industrial practice

As part of a bilateral transfer project, the
project team applied the IESE methodology
to an existing Al component together with
IAV GmbH. In a series of workshops, the
corresponding know-how was successfully
transferred into industrial practice based on
customer-specific questions and many hands-
on training opportunities for the participants.

About IAV GmbH

Headquarters: Berlin
Number of employees:
approx. 8,000 (2019)
Industry:

Engineering service provider
of the automotive industry

DO YOU HAVE A
CHALLENGE FOR US?

Talk to us!

Dr. Michael Klas
Data Scientist
michael.klaes@
iese.fraunhofer.de






Virtual Engineering

Interview with Dr. Thomas Kuhn,

Division Manager Embedded Systems at Fraunhofer IESE

In the world of embedded systems,
which, for example, control the emer-
gency braking function of a vehicle, the
testing of new software architecture
concepts plays a fundamental role. This
testing would normally be done using
expensive prototypes. With Virtual
Engineering, these are replaced by Dig-
ital Twins — which enables companies to
save real money.

What is meant by Virtual
Engineering?

In Virtual Engineering, digital images of
systems are created. This encompasses all
devices, including the software functions, the
environment, or the users. | can explain this
using the example of a braking car: When
you apply the brakes, many different systems
interlock. One of these is the antilock braking
system, which ensures that the tires do not
lock up when braking. But when you hit the
brakes on your car, it must be assured that the
car actually brakes and does not keep going
because of a software defect. All these sys-
tems and scenarios are digitally mapped with
the help of Virtual Engineering.

How are such digital images created?

We use Digital Twins for this! This allows the
systems to be tested virtually. Data is collected
from the real world and then fed back into
the virtual world. This makes it possible to
examine and evaluate complex systems at an
early stage.

This is particularly important for critical
functions, such as highly automated or

autonomous driving functions. These func
tions must be tested with a high number of
kilometers driven — around 10 million kilome-
ters are assumed here per software modifica-
tion. Of course, this cannot be done with real
vehicles. The solution are Digital Twins with
simulated environments.

In which industry are Digital Twins
used most widely?

At the moment, Digital Twins are very much
present in the area of production. There, digi-
tal images of production processes are created
in order to optimize them. For example, this
makes it possible to recognize early on when
maintenance is required on a system.

Digital Twins can also provide support in
fulfilling documentation obligations. Errors
that occur can be traced back with pinpoint
accuracy if the manufacturing steps, including
all devices and processes, have been recorded
in a digital image. This makes it possible to
ensure, for example, that a screw on the driv-
er's seat was fastened correctly and that the
seat therefore will not break loose in the event
of an accident.

Apart from production - what would
be other possible uses?

There are now very many possible uses,

e.g., in the area of building management or
infrastructure. There, Digital Twins are used to
monitor the condition of bridges or buildings.

In the automotive industry, Digital Twins are
used to record software statuses. This makes it
possible to know exactly which configuration

With our vir-
tual testbeds,
companies
save real
money.«

Your contact

Dr. Thomas Kuhn

Division Manager
Embedded Systems

Phone +49 631 6800-2177
thomas.kuhn@
iese.fraunhofer.de



At a Glance

This is what our customers achieve
with Virtual Engineering:

Realize digital images of real systems with
the help of Digital Twins

Identify optimization potential

Reduce downtimes of production plants
Create virtual test environments
Improve system quality

Control and optimize processes

Use virtual testing methods for new
functions

Develop suitable safety concepts

Save time and money!

a car is running in, whether the vehicle needs a particular soft-
ware update, or whether it would be vulnerable to attack.

Of course, Digital Twins are also used to develop new systems
— automotive manufacturers, in particular, are leading the way
here. They are already testing their new vehicles and driving
functions virtually to discover potential defects.

How are Digital Twins actually implemented
technically?

We have various tools at our disposal for this purpose. Among
other things, we use the Industrie 4.0 middleware Eclipse
BaSyx, which was largely developed by us and which imple-
ments the Industrie 4.0 asset administration shell. The asset
administration shell, in turn, forms the technical basis for the
very efficient creation of Digital Twins.

We have developed yet another tool: FERAL. With it, we can
implement Digital Twins of complex systems, for example to
build virtual testbed:s.

Another tool of IESE is DRAMSys. DRAMSys is a tool that sim-
ulates accesses to DRAM memories and simultaneously allows
optimizing them. This is very important because in the area of
embedded systems, DRAM is not used so often yet; we can
change that with our tool!

Independent of the tools - how exactly does IESE
support companies?

We provide comprehensive consulting on the digitalization

of systems and test environments. In production, we provide
support, for example, in digitalizing a production process with
the help of a Digital Twin, or we develop asset administration
shells for production and products.

In the area of autonomous driving, we also realize virtual test-
beds and setups so that highly automated and autonomous
driving functions can be tested better.

Moreover, we support our customers in creating their own
simulation solutions for company-specific challenges.

What benefits do companies gain from these
solutions?

Companies can save real money with virtual testbeds. They
are much less expensive than real testbeds because there is no
need for expensive hardware.

In addition, virtual testbeds can also be instantiated much
more easily, so they are available to developers much faster.
Testing is performed earlier and time-to-market —i.e., the
time until a product is ready for the market — is reduced
enormously.

Production is another area where virtual commissioning can
save important time. Today, the conversion of a production
line to a new product is usually still tested on a real production
line. This leads to downtimes and is therefore expensive. With
virtual commissioning, we can shorten these times and save
money as well.

More on the topic of Virtual Engineering

Find out more on
our website!
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Listen on
Apple Podcasts
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This is what industry says!

Together with Robert Bosch GmbH,
Fraunhofer IESE realized the virtual
integration and validation of electronic
control units (ECUs) using the Fraun-
hofer technology FERAL.

The potential of virtual validation of
electronic control units

FERAL (FramEwork for Simulator Coupling
on Requirements and Architecture Level) is a
co-simulation platform for the virtual testing
of electronic control units (ECUs). In addition
to the functions of the ECU, the influences
of the bus communication and the target
platform can also be tested. Various buses,
processors, and gateways are supported for
this purpose. Robert Bosch GmbH commis-
sioned an interface to FERAL from Fraunhofer
IESE in order to use this platform in future
tests during ECU development.

The challenges here mainly concerned the
integration of the individual system compo-
nents into a single simulation model. In addi-
tion to simulation models for vehicle dynamics
and communication buses, real ECU code with
an adapted AUTOSAR driver as well as mock-
ups of additional ECUs were used. Together,
the project team created a simulation model
that can provide valuable information on
quality aspects, such as vehicle bus utilization
and response times.

Bosch secures electronic control units
with FERAL

To integrate the system into the overall model,
Bosch first equipped the virtual ECUs with

an interface. For the AUTOSAR components,
these were implemented in the MCAL layer,
so that the application code did not have to
be changed. Simulators for vehicle dynamics
were loaded by means of existing Simulink
and FMI interfaces. Simulation models for
vehicle buses (here, CAN and Flexray were
used) are already included in FERAL and could
be used directly.

The resulting simulation system can be exe-
cuted accordingly and is stimulated with input
data from the simulation runtime environ-
ment. The integrated simulation system, in
turn, realizes a co-simulation that simulates
the vehicle dynamics, while the driving func
tions are executed in the simulated environ-
ment. Such a setup has the advantage that
the system behavior can be observed at any
point by means of “virtual terminals”. This
data can be exported and analyzed.

Due to the virtual setup, even critical system
states or those that are hard to generate in
the real environment can be easily recreated
and evaluated. Bosch has licensed the FERAL
framework in order to implement further
virtual engineering tasks with it.

»)

FERAL is char-
acterized by its
high flexibility.
This enables

us to cope
with numerous
tasks.«

DO YOU HAVE A
CHALLENGE FOR US?

Talk to us!

Dr. Thomas Kuhn
thomas.kuhn@
iese.fraunhofer.de



Bottom picture: Dr. Pablo Oliveira
Antonino (left) and Dr. Dominik Rost
(right) make legacy systems fit for
the future.
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System Modernization

Interview with Dr. Dominik Rost and Dr. Pablo Oliveira Antonino,
Department Head Architecture-Centric Engineering and Department Head Virtual

Engineering at Fraunhofer IESE

Successful software often lives longer
than originally thought. Despite con-
tinuous maintenance, a state is often
reached that practitioners refer to as
"historically grown". This also mani-
fests itself in rising maintenance costs
and a lack of innovativeness. Then such
systems should be modernized. But how
can this be done? This is where the IESE
experts support companies.

What is meant by system
modernization?

Rost: System modernizations often focus

on more and different aspects than just the
functional further development of a system:
If, for example, a technology used is no longer
maintained, it has to be replaced, or if the
system no longer meets expectations, it must
be revised internally and externally, or you
can change even fundamental paradigms. So
if the user interface is redesigned, if produc
tion plants are equipped with data collection
capabilities, or if even the business model is
to be changed to Software as a Service, this is
always system modernization. There are many
different reasons for modernizing a system,
but the reason is always to make the system
fit for the future.

For which companies are system
modernizations relevant?

Antonino: In principle, almost all companies
are highly dependent on software — either
they offer software-based services as their
main business or they run another business,
but the systems are embedded in the core
of their business and they rely on software.
Accordingly, all companies from any industry

have to deal with the topic of system modern-
ization sooner or later.

What are the challenges of system
modernization?

Antonino: | would first summarize it in this
way: System modernization is definitely more
difficult than building systems from scratch.
It is often a challenge for companies to move
away from things that they have become
accustomed to — even if they do not work
optimally. A major obstacle also lies in clearly
defining a strategic goal. Does a company
only want to implement some technological
changes, or improve the user experience, or
even optimize its business model? Companies
need to think about this fundamental objec-
tive in advance.

The implementation of system modernization
is often also complicated because something
new has to be developed and integrated in
parallel, while existing components are con-
tinued at the same time. In terms of software
engineering, this is more difficult than devel-
oping software from scratch.

What are the various activities in
system modernization?

Rost: After defining the modernization goal,
an as-is analysis should be performed at the
beginning of the modernization in order to
become aware of the current state of the
system and to find out where possible prob-
lems actually come from. A good way to do
this are interviews with the various stakehold-
ers. To go into even more depth, architecture
reviews, quality analyses of technical artifacts
(code, hardware, electronic parts), or even

Improvement
versus new

development
— as part of

system moder-
nization, our
sound analy-
ses help you
make the right
decision.«
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Engineering
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3 Methods for System Modernization

. Refactoring: By continuously rebuilding
the code, it becomes more understandable
and maintenance effort is minimized. This
"small" improvement is important and
useful, but not sufficient for comprehensive
system modernizations.

. Re-architecting: This means redesigning the
basic structure of a system. This allows even
risky changes or new ideas to be realized
and far-reaching system modernizations to
be implemented.

. Renewing: In this case, the legacy system is
replaced by software developed completely
from scratch.

software analytics, i.e., data-driven code analyses, can be
used.

Once a good overview of the current state has been obtained,
a targeted modernization strategy should be designed. The
entire range of software engineering disciplines may be
relevant for this, from requirements engineering to software
architecture to quality assurance.

After the strategy has been executed - i.e., once the system
modernization has been implemented — a migration from
the legacy system to the new system typically still has to be
performed.

Is it worthwhile for companies to modernize a
system instead of introducing a new one?

Rost: This is a very common question. Companies must be
aware that high costs can arise. In some cases, it takes years

to complete a modernization. Whether it is still worthwhile to
modernize a system or whether it is better to draw a line under
it is something that every company has to weigh up for itself.
There is no right or wrong here. A sound analysis in advance
creates an appropriate basis for making the right decision.
Here, too, we at Fraunhofer IESE can provide support.

What are the main things to look out for when
modernizing a system?

Rost: When it comes to system modernization, many compa-
nies initially only think about the technology, but this is a good
opportunity to also look at aspects such as user experience or
feature usage. What customers want and expect changes over
time; not all features may be needed in a system anymore.

Streamlining the system can save costs in the long run. In
principle, software should not serve an end in itself, but should
contribute to the business objective. That is why it is very
important to also rethink the business model as a whole.

Where does Fraunhofer IESE provide support?

Antonino: We can provide support in many activities because
we are an institute that addresses software, systems and
innovation engineering holistically. First, we analyze together
with the company what the system should be able to do in the
future. In this context, | would like to emphasize, in particular,
that we as Fraunhofer IESE act completely neutrally and are
not under any obligation to products or service providers. In
the next step, we find suitable solutions for our customers'
requirements — even if these are very specific. In doing so, we
always keep an eye on the strategic issues in addition to the
technical ones.

Listen to our podcast episode
with two company examples:

© Spotity

Or take a look at our website!

Listen on
Apple Podcasts
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This is what industry says!

FibuNet offers a very successful soft-
ware for financial accounting, which
has been developed successfully over
many years and is used by more than
1,000 customers. While the software is
characterized by high user satisfaction,
its visual appearance is kept rather
conventional and functional. For these
reasons, FibuNet decided to modernize
their software together with Fraun-
hofer IESE by developing a web client.

Fraunhofer IESE optimized technical
and visual components of the
FibuNet software

In order to create a basis for the migration

to a web client, Fraunhofer IESE supported
FibuNet both from a design and a technical
perspective. The basis for the elaboration of
corresponding concepts was a walkthrough
with real users of the software. Based on this,
the team of experts from Fraunhofer IESE
developed a user experience (UX) concept
with interaction design and visual design for
the new web client.

In addition, Fraunhofer IESE prepared the
migration to the web client from a technical
point of view. By deriving suitable criteria,
collecting background information, and
prototyping and evaluating the technologies
in question, Fraunhofer IESE created the basis
for the dependable selection of a suitable web
technology.

Furthermore, Fraunhofer IESE considered the
impact of the migration on the architecture
concepts of the client in order to ensure that
the most important quality requirements will
be met sustainably.

Safe basis created for the implemen-
tation of a web client

FibuNet completed the evaluation of the can-
didates for the technical framework on their
own and thereby selected a technology. Based
on this and on the UX concept developed,
FibuNet and Fraunhofer IESE jointly started the
modernization of the successful software.

"We cannot imagine who could

have supported us as well as Fraun-
hofer IESE did, with a comparably
well-founded understanding of tech-
nology, such multi-layered application
experience, and a neutral point of
view all at the same time."

About FibuNet GmbH

Headquarters: Kaltenkirchen,
Germany

Number of employees: 36
Industry: Financial software

DO YOU HAVE A
CHALLENGE FOR US?

Talk to us!

Dr. Dominik Rost
dominik.rost@
iese.fraunhofer.de
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BaSys uberProd —
from research to

practice

Establishing Industrie 4.0 applications
across the board in industry — that is
what 21 partners from research and
industry are working on in the research
project “Basic system for cross-company
production support” (BaSys UberProd
for short). By funding BaSys UberProd,
the German Federal Ministry of Edu-
cation and Research (BMBF) has been
committed since the beginning of 2021
to creating reusable solutions for the
transformation to digitalized, flexible
Industrie 4.0 production.

The research project led by Fraunhofer IESE

is designed to run for two years and builds

on the successful results of the two previ-
ously funded projects BaSys 4.0 and BaSys
4.2 — and develops them further. By using

the Industrie 4.0 middleware Eclipse BaSyx,
which was developed in these projects, in
concrete application areas in industry, new
solutions for cross-company production are to
be created and made available to all interested
companies.

Industrie 4.0 users are the focus of
BaSys liberProd

With BaSys UberProd, the project series is
being continued. In order to provide as com-
prehensive an insight as possible into the most
diverse industrial domains, the cooperating
companies were specifically selected from

economically relevant industries. They range
from companies from the automotive industry
to the pharmaceutical industry and software
companies.

A customer example: How ZF saves 30
percent of time with BaSyx

ZF Friedrichshafen AG has been involved in
the BaSys research projects since the very
beginning. The automotive supplier is already
testing the Eclipse BaSyx middleware on an
industrial system prototype in their production
hall at their Saarbrticken site. The technology
carrier is completely modeled on a typical
workstation of a pre-assembly line — meaning
itis a “hard industrial use”. When industrializ-
ing the next product, ZF also plans to equip a
real pre-assembly line with the middleware.

In this way, ZF is providing valuable informa-
tion in the project “BaSys UberProd” regard-
ing industry requirements and the practical
suitability of Industrie 4.0 applications.

Gerhard Schaller, Director Digitalization
Operations at the ZF Division Electrified
Powertrain, describes his experiences
with BaSyx as an enabler of changeable
production:

What is the overriding goal in using
BaSyx?
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The most important thing is the changeability
of production. If you are actually prepared
for changeability, you will also manage the
restructuring from a classic product to a new
product more quickly.

The project “BaSys UberProd” now enables
“Plug & Produce”. This means that manufac
turing systems that previously had to be com-
missioned at great expense for the production
of a new product can be converted within

a very short time with the help of the asset
administration shell. The asset administration
shell provides all device information at the
push of a button, so that the device can first
be simulated in the Digital Twin and then be
activated immediately afterwards.

How does this affect production in
concrete terms?

The middleware enables us to digitalize the
entire production — from product modifica-
tion via virtual commissioning to production
execution. The advantage is that this makes
the commissioning of a new production line

about 30 percent faster. And time is money!

An example of this time savings: Our system
prototype, which is located in our SaarbrUck-
en plant, illustrates this development. For a
system like this, which we used to commission
with conventional technology in the past, we
normally needed 14 days because we needed
PLC programmers and had to integrate the
system. Recently, this took us ten minutes —
and then the system was up and running. This
is like switching from the classic Nokia cell
phone to the iPhone.

How can BaSyx contribute to ensur-
ing competitiveness?

Customers are also demanding new product
variants ever more quickly. The cycle in which
these are to be manufactured is becoming
shorter and shorter. Instead of standardized
production, the trend is toward custom-

ized mass production. Without changeable
production and innovative technologies, it is
no longer possible to survive in international
competition.




BaSyx makes
the commis-
sioning of a
new produc
tion line about
30 percent
faster.«

What will be made easier or possible
at all with BaSyx in the future?

Let me give you an example from transmission
production: If a customer presents a modifica-
tion and asks about the costs, many docu-
ments would have to be reviewed to find out
whether the system can even implement the
modification. Assuming that a new compo-
nent is to be added that has to be tightened
with a screwdriver with 40 Newton meters,
the systems engineering department has to
look at the specifications of the system and
check where the technical limit of said screw-
driver is.

But in BaSyx, the technical descriptions are
stored and | can query the system at the push
of a button to find out whether something is
possible or not. Without looking at manuals
or making many phone calls. This is new!
Because there are currently no systems where

you can find out from “the system'’s operating
system” what it can do by simply pressing a
button.

HOW DOES BASYX WORK?
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Watch our
explanatory film! [
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About the background of
the BaSys research series

The current BaSys UberProd research project was pre-
ceded by several projects — some of which have been
completed - including the core projects BaSys 4.0 and
BaSys 4.2. The former started in July 2016 and was com-
pleted after three years; the latter is currently still ongo-
ing. In addition, there were and are numerous satellite
projects focusing on specific application contexts.

What the two projects are all about

While uniform standards and norms have long been
part of everyday life in the world of physical machines,
the digital world is still a long way from such principles.
Production data is structured differently from company
to company and is therefore not compatible with each
other.

IESE in Trend

Fraunhofer IESE addressed this problem together with 14
other partners from industry and research and devel-
oped the open-source middleware Eclipse BaSyx as part
of the BMBF-funded project BaSys 4.0. This basic tech-
nology enables companies to provide and link all services
required in manufacturing with the help of the asset
administration shell. In this way, production steps can be
tested virtually well before they are carried out in order
to eliminate possible sources of error at an early stage.

In addition, production can be optimized in a targeted
manner, more precise forecasts can be made, and manu-
facturing can be permanently monitored and controlled.

Building on this success, the German Federal Ministry of
Education and Research launched the BaSys 4.2 project
in summer 2019, immediately after the completion of
the BaSys 4.0 project. BaSys 4.2 encompasses the over-
arching modeling and optimization of manufacturing

— from processes to devices to products. Here, one focus
is on the development of submodels that serve as digital
models to define production.




Our project goal
was the compre-
hensive network-
ing of systems
and the automa-
tion of construc
tion processes
— analogous to
Industrie 4.0.«

Digital Ecosystem
revolutionizes construction sites

Intelligent, networked, and always up
to date — what has long been common-
place in areas such as Industrie 4.0 is
also to become a reality in infrastruc-
ture construction projects. But how
exactly to achieve this? As part of the
research consortium “Infra-Bau 4.0",
Fraunhofer IESE was involved in the
development of a digital integration
platform.

Short-term process changes, delayed dead-
lines, exploding costs: Infrastructure projects
such as road and bridge construction are
complex and expensive construction projects.
The more complex the project, the more chal-
lenging it gets to meet the agreed deadlines,
quality goals, and cost targets. It is therefore
undisputed by now that digitalization is an
essential factor for increasing effectiveness
and efficiency in the construction industry.
The aim of “Infra-Bau 4.0” was to develop

a platform on which all partners involved in

a construction project are digitally mapped
with their resources and processes, and

are networked with each other in a Digital
Ecosystem. This enables effective and efficient
planning as well as replanning at construction
sites.

The open and intelligent integration platform
developed in this research project connects all
organizations, systems, and people involved

in a construction project, enables end-to-

end data exchange, and provides quick and
well-founded decision support for problems at
a construction site at any time. This improves
transparency for all stakeholders involved

in the construction project, the underlying

processes in infrastructure construction proj-
ects are optimized, and the processes at the
construction site are accelerated.

An example: If an excavator at a construction
site unexpectedly delivers less output, this
information can be transmitted in real time
via the platform to the responsible process
stakeholders. Planning changes can also be
transmitted in this way without time delay and
media breaks. This prevents planning back-
logs and allows resources to be used sensibly
throughout. To check whether the current
status of a construction site corresponds to
the original plan, so-called “Digital Twins” are
also used. With their help, problems can be
identified at an early stage and construction
processes can be better replanned digitally.

As the technical-scientific project lead, Fraun-
hofer IESE took care of ecosystem modeling
and platform design, in particular — but also of
the integration of Digital Twins and end-to-
end data security.

Comprehensive linking of data — as well as
continuous comparison of the planning with
the actual situation — offers a great opportuni-
ty for infrastructure projects. In Infra-Bau 4.0,
planning data was linked and supplemented
by extensive construction process data reflect-
ing the current construction situation. Thus,
the platform simulates a real-digital construc-
tion site and the construction process can be
recorded, analyzed, and optimized without
delay.

For road builders and civil engineers, this is
good news. After all, more efficient construc-
tion planning and implementation can give
them more time — and thus more orders — in
the long term.



Mass testing platform to
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improve the fight against

pandemics
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In the project OPEN-POCT, the Fraunhofer Institute for
Microtechnology and Microsystems IMM in Mainz and
the Fraunhofer Institute for Experimental Software
Engineering IESE in Kaiserslautern are jointly develop-
ing an optimized test ecosystem for the detection of
the coronavirus. The goal is to enable on-site testing
(point-of-care, POC) at the PCR level and to make it
practicable for mass application. The research project
is being funded by the state of Rhineland-Palatinate
within the framework of the European Regional
Development Fund (EFRE REACT-EU).

Back in March of 2021, the project OPEN-POCT “Establish-
ment of an administrative and regulatory ecosystem for a
scalable, intelligent, and digitalized open-access rapid testing
platform for the detection of pandemic infectious agents”
was launched. Taking a long-term perspective, the focus of
the work is on developing a broadly applicable, cost-effective,
and sensitive testing option for everyone. In contrast to rapid
antigen tests, PCR tests have a higher degree of sensitivity and

thus provide more accurate test results. Together with secure
and rapid data transfer of positive test results to appropriate
authorities, this new platform will offer the possibility for
mass testing and will be an important step in the fight against
pandemics.

The two Fraunhofer Institutes are contributing their expertise
from different research areas to this project: Fraunhofer IMM
focuses on aspects in the field of analytical systems and sensor
technology. This includes the technical implementation of

a simplified and safe sample preparation method in combi-
nation with fully automated process flows on the POC PCR
test system as well as the implementation of alternative test
materials such as saliva and pharyngeal rinse water. The areas
of software and systems engineering methods of the project
are in the hands of Fraunhofer IESE. The experts from Kaisers-
lautern will ensure automated and data-protection-compliant
data transfer.






Research project SPELL —
Managing crises with Al

The aim of SPELL is to enable emergency response, emergency aid, and supply
measures for the population to be initiated more quickly and in a situation-appro-
priate manner in crisis situations. This is to be achieved with the help of Artificial
Intelligence (Al).

In June 2021, the research project “SPELL” was launched. Funded by the German Federal
Ministry of Economic Affairs and Energy, it will run for three years and includes twelve partners.
One of the project partners is Fraunhofer IESE from Kaiserslautern, which is responsible, among
other things, for the topics “Al-supported value-added services”, “Evaluation of the platform”,
and “Data usage control in the ecosystem”.

“SPELL” stands for “Semantic platform for intelligent decision and operations support in control
centers and situation centers”. In crisis situations such as major incidents, pandemics, natural
disasters, or widespread power outages, resources must be distributed correctly and the best
decision must be made on the basis of the available information. A prerequisite for this is a
data-based overview of all relevant information as an overall picture of the situation, and the
networking of all those involved. This is also demonstrated by the COVID-19 pandemic currently
underway. Artificial Intelligence can create this basis and significantly support decision-making
and implementation in order to minimize wrong decisions.

In the project SPELL, Fraunhofer IESE is responsible for the dependable assurance of the planned
Al-supported value-added services and for the evaluation of the platform. Al-supported services
process incoming sensor data to predict, for example, the spread of pollutant clouds. Due to
the resulting consequences, the Machine Learning methods applied in this context must always
deliver reliable results. This is where Fraunhofer IESE comes in with its methodology, providing
statements with respect to the dependability of the expected results of the algorithms.

In the course of the evaluation, which is a standalone work package in the project, the require-
ments of the project itself as well as those for the evaluation will be elicited first, and informa-
tion about the (potential) users of SPELL will be compiled. In the further course, the technical
implementations will be evaluated from the perspective of the users. In addition, a didactic
design will be developed to enable targeted training and instruction measures for the users.

Some of the data fed into the platform is security-relevant, valuable, relevant in terms of data
protection law, and ultimately belongs to the data donor. For this reason, the “MY DATA
Control Technologies” framework developed by Fraunhofer IESE will be part of the research
project. The developed software will be primarily used to assess, enforce, and manage security
and privacy regulations. For example, the owner of the data can specify exactly which platform
service is allowed to use their data for what purpose and for how long.



Agile instead of fragile

In view of the study results of an online survey from
the research project “Smarte.Land.Regionen”, Steffen
Hess, Department Head Digital Society Ecosystems

at Fraunhofer IESE, is convinced that agile working
must be part of the working culture in German public
administrations in the future. At the same time,
however, he also cautions: “A county administration is
no hyper-agile start-up” — in other words: Agility and
digitalization only make sense up to the point where
they provide a real benefit. Steffen Hess explains
more about this in this interview.

Public administrations are not really known for
being agile. Is that a misconception?

In any case, there is quite a bit of truth behind this image. We
cannot yet speak of nation-wide agile public administration in

Germany — in fact, agility seems to be a foreign word in most
public administrations. This is also confirmed by the results

of our current online survey among the public administration
staff of the seven model regions of the project “Smarte.Land.
Regionen”. 45 percent of the respondents stated that they had
not heard of agile working methods at all.

At the same time, however, it must be pointed out that in

discussions with public administration staff, we repeatedly
discover how great their desire is for the use of new digital
solutions.

... so less a question of wanting to?
Absolutely — an open attitude can definitely be seen. At the

same time, however, we are facing major challenges, because
strong hierarchies, explicitly predefined processes, and a high



Agile public
administrations
can respond
well even in
times of crisis!«

degree of bureaucracy often still make our
public administrations sluggish and inflexible.
Agility, on the other hand, requires flat hier-
archies, collective decision-making processes,
and de-bureaucratization.

But restructuring the entire administrative
apparatus takes time. To be fair, though, it
must also be mentioned that quite a lot has
happened over the past Corona year — at
least as far as the digitalization factor is con-
cerned. We are definitely moving in the right
direction.

What do public administrations want
from digital solutions?

For public administrations, the focus is always
on accessibility and that such solutions are as
easy to use for their staff as possible. Smart
solutions that simplify, streamline, and accel-
erate processes are a real improvement for
both citizens and public administration staff.
People’s concerns can be processed much
faster in this way.

Where are the biggest obstacles?

The digital transformation often fails because
of internal processes that require both a
technical and a mental transformation. A
sophisticated strategy is needed based on
which everyone pulls together and welcomes
the change instead of fearing it.

In addition, financial and personnel bottle-
necks frequently occur. To avoid these, avail-
able and required resources must be calculat-
ed realistically. Practicable nationwide solution
standards would also be of great benefit for
the digitalization of public administrations.

How about a concrete example: How
do mayors get their public adminis-
tration to become more agile?

For example, the Agile Manifesto could be
consulted as a basis for agile development.

It conveys the four basic values of agility

that every public administration should take
to heart: Individuals and interactions come
before processes and tools, working soft-
ware comes before extensive documentation,
collaboration with customers — or citizens

— comes before contract negotiation, and
embracing change comes before following a
plan.

Mayors should question the status quo in
terms of the following questions: Are the four
basic principles being followed? Where might
there still be areas where catch-up is needed?
They should provide food for thought and
assistance where needed. Change is always
teamwork.

And what advantages does this
bring?

The advantages of an agile public administra-
tion are obvious: It is flexible and responsive,
even in times of crisis. The Corona pandemic
has shown us impressively that this is urgently
necessary.

How was this complex situation handled?
Were developments communicated trans-
parently and in a way that was accessible to
all? These are questions that can be used to
determine whether the public administration
has responded to the crisis in an agile and
flexible mannner. Too many German public
administrations are focusing on stability in
their structures and are thus losing the poten-
tial to remain capable of acting in complex
situations.

How does Fraunhofer IESE provide
support?

With our expertise, we drive the digital trans-
formation forwards and accompany munici-
palities on their way to becoming agile, digital
public administrations.



Embracing Smart Farming
as an opportunity

Growing demands for sustainability
and environmental protection coupled
with limited farmland: If the agricul-
tural sector is to meet the increasing
demands and regulations, digitalization
can be an important tool. However,
more applied research is needed before
the full potential of “Smart Farming”
can be unlocked.

]

“Digitalization can serve to protect crops
more precisely and to improve animal welfare
— based on data, facts, and research” — what
German Federal Minister of Agriculture Julia
Kléckner (CDU) is talking about is certainly
nothing new for the vast majority of farmers.
But why is it then that so many farms are still
so far from fully exploiting the potential of
“Smart Farming”?

We are talking, in particular, about small and
medium-sized farms. Unlike large farms, they
often do not have the necessary financial
resources to press ahead with digitalization in
all areas of operation. For example, depending
on the areas they have to cultivate, the obsta-
cles to investing in autonomous agricultural
machinery are often too high for them.

In addition, a lack of user acceptance that is
sometimes encountered and, on the tech-
nological side, a lack of compatibility of the
applications with the individual requirements
on site can be cited as reasons. Nevertheless,
Smart Farming can also make a valuable con-
tribution especially to small and medium-sized
farms. After all, digitalization does not always
imply high costs.

Digitalization is not an end in itself

But how can the challenges in digitalizing agri-
culture be mastered successfully? Before we
present possible solution approaches in more
detail, it is important to mention one more
thing: Digitalization is never an end in itself!
Only if the goal pursued with it or the solution
to a problem can be described accurately will
Smart Farming also provide the desired bene-
fits in the long run.



In contrast to the digital transformation of
industry, the agricultural sector is character-
ized by enormous heterogeneity. From the
resources and implements used on the farms
to different soil types to weather conditions:
Due to the great differences in local condi-
tions, it is by far not enough to have only
one Smart Farming solution. Rather, software
solutions must be developed in such a way
that they can be flexibly adapted to a wide
variety of conditions — an extremely important
topic in research, for example, the variation
management of configurable systems.

Data interoperability is necessary

For a smooth exchange of data in the agricul-
tural sector to become a reality, it is crucial to
establish data interoperability — i.e., to agree,
for example, on common technologies or a
standardized language. While the steadily
increasing number of digital solution providers
is encouraging, the networking of the individ-
ual applications as well as their seamless use
on different devices would certainly be a key
to even greater acceptance.

In this context, various activities play a role,
such as the research of Fraunhofer IESE with
the lighthouse project Cognitive Agriculture
(COGNAC) on concepts for an Agricultural
Data Space as well as the GAIA-X initiative
with the two large agricultural projects
NaLamKI and Agri-Gaia funded by the
German Federal Ministry of Economic Affairs
(BMWi). Furthermore, the development of

a common government-run data platform,
which is currently being pursued by the
German Federal Ministry of Food and Agricul-
ture (BMEL), should be mentioned here. The
latter aims to make a wide variety of public
data and information available to both people
and machines at a central location.

Realizing such end-to-end interoperability
requires, on the one hand, uniform data man-
agement guidelines. Creating such guidelines
and agreeing on them is certainly not easy.
The high number of different codes for winter
wheat alone makes it clear how much work
goes into developing such a set of guidelines
even at a very low level of interoperability. On
the other hand, the introduction of standards

alone is not enough — complementary to this,
machine-readable interface specifications are
needed, for example, that allow making a
digital service readable and understandable
on different devices.

In addition to such interfaces, open-source or
Farming-as-a-Service solutions also hold great
potential for digitalization in agriculture. They
expand the spectrum from fee-based to free
offerings, especially in the technology area.

Creating acceptance, recognizing
potential

And yet: regardless of how quickly the
development of networked data platforms

or uniform data standards will progress, it is
ultimately the farmers themselves who must
be open to digitalization. Without their accep-
tance as users, Smart Farming will otherwise
remain a mere pipe dream.

Here, too, research can provide a boost to the
development. With a better understanding of
the requirements on Smart Farming solutions
and the opinions on existing solutions, prod-
uct developers in the field of Smart Farming
can be given significant support. In addition,
innovative crowdsourcing methods — such as
evaluations of contributions and comments
of farmers in social media — can be used
effectively. In this way, their requirements
regarding digital solutions can be elicited and
new product ideas and prototypes can be
evaluated at an early stage.

In addition, the development of an appro-
priate network of experts can contribute to
answering open questions from agronomists,
to understanding possible negative attitudes,
and to countering these, if necessary. Dig-
italization should not hang over farms and
businesses like the sword of Damocles; rather,
it should be embraced as an opportunity.

The estab-
lishment of
interoperability
is crucial for
smooth data
exchange.«




IESE in Trend

Smart Farming
3 questions for...

] .

... August Altherr, Retired Director — John Deere f;\ @ @ !
European Technology Information Center t\"

What are the greatest challenges in agriculture for you?

At the moment, several conflicting goals are hitting farms: Customers expect
low-cost, high-quality food; society expects ecological, sustainable, diversified
agriculture; and, of course, it must be possible to manage a farm profitably.
The key to mastering these challenges lies in sensors, data, algorithms, and the
segmentation of fields into the smallest possible units.

Could Agriculture 4.0 be the solution?

Similar to Industrie 4.0, agriculture will also have a Digital Twin of a field

that controls the processes on the field and relating to the crops. Compared

to Industrie 4.0, the challenge is that the Digital Twin of a field is subject to
variables caused by natural disturbances. The biggest disruptive factor is the
weather, especially precipitation during the growth period. A second challenge
is the time requirement of calibration, as only one cycle can be produced per
year. A third major challenge is the inhomogeneity of the field. A field must be
segmented into many small plots down to individual plant plots. However, this
also means that the smaller the partitioning into plots, the larger the data set of
the entire field.

In your view, how can IESE contribute to solving these conflict-
ing goals?

Not least with its “Agricultural Data Space” developed in the COGNAC project,
IESE is well prepared to take on these challenges and solve the conflict of
goals between economy and ecology for agriculture. With the Agricultural
Data Space, a digital platform has been created in which a wide variety of data
formats from agriculture, such as weather, nutrient maps, soil conditions, pest
infestation, fertilizer requirements, and even nitrogen removal during harvest-
ing, can communicate with each other. Based on this data, recommendations
for actions can be derived for farmers in order to optimize the value chain
ecologically and economically.




Moji says more than

a thousand words

I[ESE’s study on
understanding
emojis is still ongo-
Ing. Participate at
emoiji-poll.de!
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If you send a text message including
an emoji and the recipient misinter-
prets it, misunderstandings are the
result. Fraunhofer IESE has investigated
exactly this perception of emojis in a
survey. The preliminary results show:
The majority of emojis are understood
by the users in the same way; however,
some emojis cause confusion because
young people understand them differ-
ently than older people.

Simon André Scherr, Senior Digital Innovation
Designer at IESE in charge of the study, sum-
marizes the purpose of the study as follows:
“Emojis are often used in the digital world to
express emotions. We want to find out for
which of them there is a common understand-
ing in our society, and for which of them this
consensus does not exist yet and which are
therefore misleading in our communication.
Here we are interested in factors such as age,
demographics, or context of use, which lead
to different perceptions.”

Over 700 emojis were polled in the study. One
emoji, in particular, was correctly understood
by almost all of the approximately 6,750
participants. The emoji laughing tears of joy
was perceived as positive by 98 percent of the
respondents. So when it comes to humor, the
generations are in agreement.

Different age, different emoji
perception?!

On the other hand, emoticons, the precursors
of emojis from the early days of the Internet,
are misunderstood more often by younger
people.

The broken heart string (</3) is mistakenly
interpreted as a waffle ice by younger partic-
ipants. Other misunderstandings were also
revealed in the case of the mischievous emoji
and the sweaty face, as well as in the case of
the supervillain and the superhero.

Emojis also trigger different moods among the
generations. A teddy bear clearly evokes more
joy in people born in the 1960s than in those
born in Generation Z (1995 to 2010). The IESE
experts suspect that older people feel that this
emoji reminds them of the time when they
only had this one precious stuffed animal that
accompanied them for many years.

Regardless of age, 95 percent of
the participants rated the moods

of many emojis similarly, including
cat face (most common: positive),
thumbs down (negative), beaming
face (positive), angry face (negative),
and the party hat emoiji (positive).

There is, however, a clear difference between
the different generations: Younger people
undoubtedly use more emojis and also use
them more individually than older users. On
the other hand, the study found no gender-re-
lated differences in perception.
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IESE Highlights

29 YEARS OF
FRAUNHOFER [ESE

In 2021, Fraunhofer IESE is celebrating its 25-year anniversa-
ry! Since its foundation, the institute has been conducting
research and collaborating with its partners on trendsetting
key technologies — always with the goal of strengthening the
economy and providing added value for society in mind.

With their research topics and solutions, the experts from
Kaiserslautern not only address what is happening today, but
always think about how they can shape the digital world of
tomorrow. In the new podcast series “MORGEN DENKER",
they take all fans of the digital future on an audio journey into
the world of software and systems engineering!

Have you already met ISA? ISA is the anniversary ambassador
of Fraunhofer IESE. ISA stands for Innovative Systems Engi-
neering. As a virtual companion, she acts as a guide through
all anniversary actions and, of course, does not pass up the
opportunity to conduct the podcast interviews in this special
year.

More about the anniversary on the web:

= |
7 Hi, lam ISA,
the virtual anniversary

ambassador of
Fraunhofer IESE!«
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Anniversary Messages
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Whether Digital Farming, Smart Rural
Areas, or Industrie 4.0:

tific excellence through 25 years of

cutting-edge research on dependable

Di ital Ecos Stems" Prof. Dr.-Ing. habil.
Congratu atlons « Reimund Neugebauer

President of the
Fraunhofer-Gesellschaft




Dear ladies and gentlemen,

As a leading institution for applied research,
Fraunhofer bears a fundamental responsibility
in the worlds of research, industry, policymak-
ing, and society. Particularly in the context

of the realignment of the German economy,
Fraunhofer is rising to the challenge of pro-
moting the transformation toward sustainabil-
ity demanded by society and politics, while
strengthening Germany’s competitiveness at
the same time.

In the spirit of sustainable value creation, the
Fraunhofer Institute for Experimental Software
Engineering IESE in Kaiserslautern has been
conducting research on dependable Digital
Ecosystems as well as cross-cutting research
in the areas of smart medicine, food industry,
and energy for 25 years. Through its scientific
excellence, Fraunhofer IESE has acquired a
leading international position in the area of
software and systems engineering methods
and has established itself as a recognized
research partner for industry as well as for the
research community.

Particularly noteworthy is the cutting-edge
research within the topics Smart Rural Areas,
Industrie 4.0, and Digital Farming. With the
project “Digital Villages”, Fraunhofer IESE has
shown that digitalization offers enormous
potential and serves the good of all. During
the Corona pandemic, for example, the Dorf-
Funk app was rolled out across Germany and
brought citizens of numerous communities
together digitally under the motto “digital
becomes social”. As a notable service to soci-
ety, the project received recognition from the
German President, among many others.

Prof. Dr.-Ing. habil. Reimund Neugebauer

But Fraunhofer IESE also provides innovative
solutions in the context of Industrie 4.0, for
example with the projects “BaSys 4.0” and
“BaSys 4.2", which enable small and medi-
um-sized enterprises to engage in digital
manufacturing.

The interconnectedness and complementary
strength of our Institutes is crucial for the
long-term success of Fraunhofer — especially
in increasingly complex times when new ways
of solving central societal challenges such

as climate change or the energy transition

are required. Here, too, the commitment of
Fraunhofer IESE is exemplary, for example in
its management of the Fraunhofer lighthouse
project “Cognitive Agriculture”, in which eight
Fraunhofer Institutes are conducting research
on how to produce agricultural products in a
way that is as environmentally friendly as it is
resource-efficient — an important step on the
way to efficient digitalized agriculture.

I would like to extend my heartfelt congratu-
lations to the Fraunhofer Institute for Experi-
mental Software Engineering IESE on its 25th
anniversary and have high hopes for many
more ideas and projects that will determine its
success in the future!

Your

Q Peé/mx
Prof. Refmund!Neugebauer

President of the Fraunhofer-Gesellschaft



More Anniversary Messages

)

Thanks to the vision and fund-
ing from the major research
organizations, especially the
Fraunhofer-Gesellschaft, we

were able to develop an eco-
system here that could not
be realized by one university
alone.«

),

A Digital Ecosystem can only
work if boundaries between the
respective systems and silos open
up — and this is impressively
demonstrated and proven by the
Digital Villages approach of
Fraunhofer IESE.«




)

We are glad to have Fraunhofer IESE at our side as a compe-
tent and dependable partner to shape the digitalization of our
state in such a way that technical innovation becomes social
and societal progress.«

Digital instruments must be conceived
from a practical perspective, from that of
the needs of the people, the municipali-
ties, the local stakeholders.

With our model project “Smarte.Land.
Regionen”, we are researching what this
can look like in concrete terms. With
Fraunhofer IESE, we have the ideal part-
ner for this.«

ElzdiE
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Our Journey Into
the Digital Future!

2015

Transfer of institute
management
from Prof. Rombach

to Prof. Liggesmeyer

1996 —

Foundation of
Fraunhofer IESE

-; added Sys' ems - > -‘“g
Software Enginee’

2005

Move to new
institute building

........
.......
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New Work -
new work models

Digitale
Derfer

Dependable Al

------- Digital Healthcare

Autonomous Systems

Smart Region Smart City Smart Energy
Smart Farming Digital Twin

Industrie 4.0
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Promotion

Dr. Jorg Dorr was appointed
to the post of Chair of Digital
Farming at the Technical Uni-
versity of Kaiserslautern (TUK)
at the beginning of April.
Among other things, Dorr will
focus on the digital transfor-
mation in agriculture, research
new technologies, and devel-
op these in an application-ori-
ented manner. The main

objective will be to build dig-
ital agricultural ecosystems,
with a focus on software and
systems engineering: manag-
ing and administering data
and supporting agricultural
processes with automation
technologies. In addition to
holding the new Chair, which
is part of the Department of
Computer Science, Profes-
sor Dorr's responsibilities as
a member of the extend-
ed institute management of
Fraunhofer IESE include the
research program Smart Farm-
ing. The association Friends of
Digital Farming made it pos-
sible to establish this Chair at
TUK, which will be supported
in the long term by the Fraun-
hofer-Gesellschaft and the
state of Rhineland-Palatinate.

wm

Award

In 2021, the Computer Society
of the international engineer-
ing association IEEE (Institute
for Electrical and Electronics
Engineers) awarded one of the
highest honors for profession-
al lifetime achievement — the
Harlan D. Mills Award 2021
— to Prof. Dr. Dr. h.c. Dieter
Rombach, in recognition of his
many years of sustained and
impactful contributions and

leadership in research, teach-
ing, and technology transfer
in the field of empirical soft-
ware engineering. Prof. Rom-
bach has been a Fellow of the
IEEE Computer Society since
2003. The award has been
given since 1999 and is one of
the most prestigious awards
in the field of computer sci-
ence and information technol-
ogy. As founder of Fraunhofer

Selection

On 12 March 2021, the
members of the Research
Council elected Prof. Peter
Liggesmeyer as scientific
spokesperson and Gisela
Lanza as his deputy. The
Research Council of the Platt-
form Industrie 4.0, which
is coordinated by acatech,
is a strategic and indepen-
dent body that advises the
Plattform  Industrie 4.0,
its working groups, and the federal ministries
involved, in particular BMBF. With its currently 32
representatives from research and industry, it is
committed to the successful further development
and pre-competitive implementation planning of
Industrie 4.0 in the German economy. Prof. Lig-
gesmeyer has been a member of the Research
Council of the Plattform Industrie 4.0 for more
than seven years.

I[ESE, Prof. Rombach was
Executive Director of the Insti-
tute until 2014, when Prof.
Liggesmeyer took over the
operational management of
the Institute. Until 2018, he
was part of the institute man-
agement as Director Business
Development. And even after
his retirement, he will remain
closely associated with [ESE in
an advisory capacity.




Demonstration

Under the umbrella of the German Feder-
al Ministry of Education and Research, IESE
demonstrated at the Hannover Messe DIGITAL
2021 from 12 to 16 April 2021 how the project
BaSys 4 contributes to the changeable produc-
tion of the future.

In a live stream followed by an exchange among
experts as well as at the virtual booth, visitors
from all over the world received information
about the service portfolio of Fraunhofer IESE.
The focus was on the many challenges in pro-
duction, for example on how to counteract the
high costs associated with changes in the man-
ufacturing process. The experts of Fraunhofer
IESE demonstrated how to identify optimiza-
tion potential with the help of BaSys 4 and thus
react quickly to changing demand situations.
"Accepting challenges and bringing about pos-
itive changes” — true to this year’s motto of
IESE for the trade show, BaSys 4 enables even
smaller and medium-sized enterprises to take a
step towards Industrie 4.0!

Exhibit

The Fraunhofer Solution Days
took place in October 2020,
for the first time in a new dig-
ital format. In addition to vir-
tual exhibition halls with inno-
vative projects presented by
the Fraunhofer experts, there
were exciting presentations

on current technology high-
lights and significant solu-
tions. Fraunhofer [ESE also
took part in the event: For
the theme day “Plant and
Mechanical Engineering”, the
Institute presented talks and
virtual exhibits on “BaSys 4,

Exchange

On 26 November 2020, the
Fraunhofer Center in Kai-
serslautern  streamed  the
European digital conference
"TRUSTInAI. Responsible Al
for Science and Society” as a
virtual event. With this event,
the state of Rhineland-Palati-
nate, together with universi-
ties and research institutions
in the state, made a contribu-
tion to the German Presidency
of the Council of the Europe-
an Union. Minister President
Malu Dreyer served as the
patron of the conference. The
organizers and contributors
included the two Fraunhofer
Institutes IESE and [TWM,
DFKI, as well as the Rhine-
land-Palatinate Initiative for
the Future (ZIRP).

With numerous players from
Rhineland-Palatinate, the
conference demonstrated
that the state is an important

the enabler for flexible pro-
duction in Industrie 4.0" -
such as the explanatory film
“Industrie 4.0 — making it easy
with the BaSyx middleware”.

In summer 2021, the success
story of the Solution Days
entered its second round. At
the theme day "Quantum &
Trusted Computing”, IESE pre-
sented “Challenges and solu-
tions for engineering depend-
able Al systems — Dependable
All”. In presentations and

Al nucleus for Germany and
Europe. The focus of the con-
ference was on the ethical
development and use of Al.
The target group comprised
the European scientific com-
munity, representatives of
government and society, as
well as users from companies
and public administration.

PO e

seminars, IESE experts showed
examples of how they can
advise companies on the engi-
neering of dependable Al sys-
tems and support them across
the whole lifecycle: from Al
strategy via Al development
to the assurance of Al incl. Al
validation/auditing and com-
pliance with legal and norma-
tive requirements.




Stopover

Daniela Schmitt, the Minister
of Economic Affairs of the
state of Rhineland-Palatinate,
visited Fraunhofer IESE in Kai-
serslautern in mid-July 2021
to learn about research proj-
ects on the topic of “Economy
and work in rural areas”. Insti-
tute director Prof. Peter Lig-
gesmeyer and Steffen Hess,
Department Head Digital
Society Ecosystems, presented
the projects “Digital Villages”
and “Smarte.Land.Regionen”
to her. The aim of both proj-
ects is to advance digitaliza-
tion in rural areas.

Minister Schmitt emphasized
the opportunities for the busi-
ness location that are created
by these research projects:
“With its applied research,
Fraunhofer IESE makes it pos-
sible to realize mobile and
digital work concepts in rural
areas. These modern worlds
of work create a variety of
new opportunities for com-
panies and employees. This is
an important building block
for further strengthening the
future viability and competi-
tiveness of Kaiserslautern as a
business location.”

Communiqué

The consequences of the Corona pandemic
and the global competition among systems
are presenting new challenges for industry. For
this reason, leading industry representatives
met on 16 June 2021 to exchange views at a
top-level dialog on the future of Industrie 4.0.
The invitation came from the Research Council
of the Plattform Industrie 4.0, which advocates
that Industrie 4.0 should continue to be sup-
ported by policymakers in order to unleash its
full potential regarding digital sovereignty and
a sustainable economy. The two spokespersons
of the Research Council, Prof. Peter Liggesmey-
er, Institute Director of Fraunhofer IESE, and
Harald Schéning, Vice President of Software
AG, opened the panel discussion.

The Research Council summarized the results
of the top-level dialog in twelve points in the
form of a written communiqué.




Foundation

The newly founded Fraunhofer Center for Digital Diagnostics
at the Potsdam Science Park focuses on the targeted devel-
opment of digital diagnostic solutions. In the Potsdam model
region, new solutions and application areas for digital diagnos-
tics are being researched and developed in order to effectively
support patient care and realize value-adding potential in the
region.

One special focus in this endeavor will the development of
telemedicine solutions in order to be able to ensure optimal
medical-diagnostic care in rural Brandenburg. Analogous to
the Fraunhofer IESE project “Digital Villages”, which has been
tested in Rhineland-Palatinate, the findings and solutions of
the new Center for Digital Diagnostics will subsequently be
transferred extensively to the other federal states and will be
used there as well.

For the development of digital diagnostic solutions, the effec-
tive linking of competencies for diagnostic instrumentation,
data sciences, and medicine is crucial for success. Accordingly,

pPOTSDAM
SCIENCE
PARK

the center initially bundles the competencies of three core
institutes in terms of institutions: those of the Fraunhofer Insti-
tute for Cell Therapy and Immunology, Division Bioanalytics
and Bioprocesses IZI-BB (instrumentation), the Fraunhofer Insti-
tute for Cell Therapy and Immunology I1ZI (medical needs), and
the Fraunhofer Institute for Experimental Software Engineering
IESE (digitalization).

Other Fraunhofer Institutes from the Groups Health, ICT Tech-
nologies, Microelectronics, and Materials will be integrated

as project-specific partner institutes in order to make the best
possible use of the strong interdisciplinary competencies within
the Fraunhofer-Gesellschaft.

The Center for Digital Diagnostics, which has been funded
since 1 July 2021, will thus create an institutional crystallization
core for the fusion of interdisciplinary expertise in order to sys-
tematically bundle the synergies of all players in a sustainable
regional network.
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Projects from Research

and Industry

BaSys 4.2

BaSys 4.2 continues to
develop the open-source
Industrie 4.0 middle-
ware Eclipse BaSyx, which was
developed with significant
contributions from Fraunhofer
IESE. The focus is on process
models and submodels that
enable complete digitalization
of the manufacturing process.
Together with IESE’s partners,
work is therefore being done
on submodels that describe
essential  components  of
manufacturing processes and
make these available with a

ExamAl

uniform interface. Together
with  open-source applica-
tions, software containers
that are aligned with each
other are being developed to
enable even small companies
to implement Industrie 4.0
applications. Tutorials describ-
ing the application of the mid-
dleware are being created for
this purpose.

These are made available on
the wiki page of Eclipse BaSyx.
A joint, cross-project demon-
strator ensures that the con-
tributions of all partners are
continuously integrated with
each other.

(Al Testing & Auditing)

The increasing use of sys-
tems that use Artificial Intel-
ligence (Al systems) entails
far-reaching changes for the
world of work, particularly
regarding the use of systems
in the areas of human-ma-
chine cooperation in industri-
al production and in human

resource management. What
can procedures look like that
ensure safe, traceable, con-
trollable, and non-discrimi-
natory use of AlI? How can
these be implemented, and
what institutional require-
ments must be observed in
this regard? For this purpose,

et

CRANIMAX GmbH

CRANIMAX GmbH from Zweibrlicken offers
its customers highly specialized software
solutions for professional use. The software
is appreciated by its users for its precise and
detailed calculation results and is currently
available as a pure desktop application. The
further development of the software is to be
simplified in order to strengthen the orienta-
tion towards the needs and tasks of the users.
CRANIMAX and Fraunhofer IESE are work-
ing together on the migration of the exist-
ing software to a cloud-based SaaS solution.
From requirements elicitation via design to
implementation, the two partners are work-
ing hand in hand. With the system modern-
ization, new opportunities arise to meet the
needs of the users even better.

j"

the interdisciplinary team in
the project ExamAl is deriving
recommendations for action
— from a legal and technical
perspective for the use and
further development of stan-
dards and guidelines as well as
testing, control, and certifica-
tion practices for Al systems.

Fraunhofer IESE is responsible
for the area of human-ma-
chine cooperation in industrial
production.

.



Fujitsu Labs

In the future, we will encoun-
ter Al systems much more
frequently, especially in crit-
ical application areas such as
autonomous driving, produc
tion automation/Industrie 4.0,
or medical technology. The
construction and operation
of reliable Al systems poses a
challenge in practice because
many classic quality assurance
procedures cannot be applied
to Al components or can only
be applied to a limited extent:
In Machine Learning (ML), for
example, functionality is cre-
ated by applying algorithms to
data and is not programmed
in the classic way; the result-
ing model is hard to under-
stand for humans.

Fujitsu Laboratories Limited
is one of the leading com-
panies when it comes to
research for explainable Al,
so that the reasons for deci-
sions are easy for people to
understand. In a project,
Fraunhofer 1ESE and Fujitsu
Laboratories Limited jointly
developed a quality model

for ML-based components in
a software system. We iden-
tified critical quality require-
ments from different phases
in a Data Science lifecycle and
defined relevant quality prop-
erties of different entities in
an ML-based system (such as
the robustness of the trained
model, the balancedness of
the used data, or the suit-
ability of the infrastructure).
We also proposed example
measures for quantifying crit-
ical properties and proposed
a process for systematically
evaluating measurement data.
Such a quality model helps in
objectively evaluating adher-
ence to quality requirements.
Furthermore, the process we
developed for constructing
and tailoring a quality model
can be used in different appli-
cation scenarios.

The production sector

ATMP is experiencing signif-
Reallabor ant changes today

which are driven by
— extensive digitalization,

networking, and fur-
ther advances in automation. One area that
can benefit greatly from these trends is the pro-
duction of so-called Advanced Therapy Medic-
inal Products (ATMPs). ATMPs show promising
results in the treatment of serious diseases,
but are currently very expensive to produce.
ATMPs are individually tailored therapeutics
whose production and quality assurance are
largely manual today. A total of eight Fraun-
hofer Institutes are working across alliances in
the research project ATMP Reallabor to make
ATMP production more efficient by transfer-
ring concepts and solutions from Industrie 4.0
to the pharmaceutical sector. In parallel, the
consortium is addressing the automation of
the manual quality assurance process. In this
context, Fraunhofer IESE is developing a frame-
work for the automation (of parts) of the quality
assurance of ATMPs using two basic concepts:
(a) Digital Shadows or Digital Twins based on
the BaSyx middleware of Fraunhofer IESE and
(b) assurance cases for quality proof. The suit-
ability of the approach has been demonstrated
by means of a prototypical application as part
of a case study on CAR T-cell products for the
treatment of certain types of cancer.



Smarte.Land.Regionen

The aim of the model project
“Smarte.Land.Regionen”, in
which Fraunhofer IESE plays
a central role, is the digitaliza-
tion of basic services (services
of general interest) in rural
areas. With the model proj-
ect “Smarte.Land.Regionen”,
the German Federal Minis-
try of Food and Agriculture
is promoting digitalization in
rural areas. The use of dig-
ital technologies is intend-
ed to improve the living and
working conditions for the

population significantly. The
use of new technical possibil-
ities is crucial for keeping the
living and working environ-
ment attractive, particularly in
rural areas. For this purpose,
Fraunhofer IESE is establish-
ing a digital platform (“Dig-
ital Ecosystem”) on which
new prototype services will
be developed and existing
services will be networked. In
this context, research will be
conducted, for example, on
the role that a county can play

V&V Methods

The goal of the project V&V Methods (Ver-
ification & Validation Methods) is to devel-
op test procedures and provide systematic
methods to engineer safety cases for auto-
mated vehicles. The VVM project is working
on the use case of urban intersections and
focuses on driving functions up to the com-
plete automation of vehicles (SAE Levels 4
and 5). It builds on the results of the project
PEGASUS, which dealt with the identifica-
tion and description of critical scenarios and
their transfer into generally applicable test
cases for highly automated vehicles (Level
3) using the example of the highway pilot.
The V&V Methods project extends the PEG-
ASUS method to Level 4 and Level 5 driving
in urban environments using the example
of urban intersections. In addition, the V&V
Methods project works on integrating the
development of safety cases as an integral
part of the development process.

in a Digital Ecosystem and on
how the transfer of knowl-
edge between the stakehold-
ers can succeed best. The
platform in its central function
as an open-source Digital Eco-
system will ensure the future
transferability of digital ser-
vices into broad use — beyond
the use in the model regions.

In order to be able to active-
ly involve the population and
other stakeholders in the
developments in the model
regions, the counties are also
given opportunities for par-
ticipation via a participation

platform. Process support
commissioned by Fraunhofer
IESE serves as a link between
the counties and the research
project. Among other things,
the counties are being advised
on the implementation of
their digital solutions as well
as on the design of processes
for citizen participation, com-
petence transfer, and strategy
implementation.

Japan Manned Space Sys-
tems Corporation (JAMSS)

The Japanese company
JAMSS has gained experience
in manned space flights as a
leading company in the oper-
ation of the Japanese module
“Kibo” on the International
Space Station. Their technol-
ogies and experience in reg-
ulated systems development
are also used in other domains
such as Automotive. JAMSS
has recognized the trend of
agile development approach-
es and wondered if and how
agile approaches can be rele-
vant or helpful in safety engi-
neering as well as in quality
assurance. In a three-day sem-
inar, Fraunhofer IESE conveyed
the basics of agile work and
provided insights into scaled
agility and the application of
agile approaches in regulat-
ed domains. In particular, the
challenges were discussed in

each case, the advantages and
disadvantages were present-
ed, and solution approaches
were shown. As a focus topic,
the combination of safety
engineering or independent
verification and  validation
with agile approaches was
addressed. Following the sem-
inar, Fraunhofer IESE provided
support to JAMMS in setting
up a roadmap and planning a
case study in which incremen-
tal agile work can be tested in
the context of independent
verification and validation as
well as safety engineering.



Gebr. Pfeiffer

Gebr. Pfeiffer supplies innovative plant solu-
tions for cement, coal, lime, gypsum, and
ceramics. Due to the harsh environment and

the different areas of deployment, situational
maintenance is indispensable. The idea was
therefore to offer a new cloud-based service to
plant operators to identify the need for main-
tenance/repair at an early stage. In the reali-
zation of this goal, Fraunhofer IESE supported
the company by developing, prototyping, and
evaluating corresponding algorithms. Within
the scope of the collaboration, various meth-
ods for analyzing time series data were realized
for different types of mills. For the detection
of error patterns, Al-based algorithms that
enable the detection of anomalies were con-
sidered in addition to expert-based algorithms.
The results of the collaboration were incorpo-
rated into the modular GPpro Service, under
which Gebr. Pfeiffer provides the operators of
its plants with innovative functions in the areas
of preventive maintenance, mill protection, and

operational optimization.

City of Ulm

ulm.macht.zukunft. With
numerous projects and activ-
ities, Ulm has embarked
on the path to becoming a
“Smart City”. In the project
“Ulm4CleverCity”, the city of
Ulm with its “Digital Agenda”
office is taking on the chal-
lenge of how to shape a
growing and changing city in
such a way that sustainability
and the quality of life of the
people of Ulm take center

stage. The project is funded
by the German Federal Minis-
try of the Interior, Building and
Community (BMI) and by KfwW
as part of the program “Smart
Cities made in Germany” and
aims at shaping the digital
future together with the citi-
zens of Ulm. Fraunhofer IESE
is playing an active role in
this endeavor. In the project
“Ulm4CleverCity”, Fraunhofer
IESE is providing scientific
support, comprising, among
other things, a research status
analysis and the development
of visions and implementation

.

Mercedes-Benz AG

The amount of data that
needs to be processed in
real time in modern vehi-
cles is constantly increasing.
At the same time, there are
requirements for low power
consumption as well as great
cost pressure, which leads to
the increased use of compo-
nents originally developed
for the consumer market.
The result are heteroge-
neous computing platforms
consisting of GPUs, dedi-
cated accelerators, CPUs, as
well as DRAM memories, in
particular. In a collaboration

concepts. As part of the fund-
ing project “Digitale Zukunfts-
kommune@bw” (Digital
Community of the Future@
bw; where bw stands for
the state of Baden-Wirt-
temberg), the focus of the
collaboration is on the intro-
duction of a data platform
to enable easy exchange of
data between providers and
consumers of data and to
create a first urban loT data
basis. In this way, data can be
used better and new services
can be developed. Fraunhofer
IESE supports the city of Um

between Mercedes-Benz
AG, TU Kaiserslautern, and
Fraunhofer IESE, the selec-
tion of concrete memory
modules for a future gener-
ation of vehicles of the Stutt-
gart-based company was
supported with concrete
measurement data: Using its
own highly specialized mea-
surement platform DRAM-
Measure, the project team
measured the performance
parameters of different pos-
sible target architectures in
order to lay the foundation
for future optimizations.

in the implementation of the
"Data Hub” as a technical
contact in defining require-
ments, designing functional
and technical concepts, and
performing quality tests and
acceptance tests. By working
together, the city of Ulm and
Fraunhofer IESE are creating
the basis for the development
of innovative solutions for a
digital, smart, and, above all,
livable city for all citizens.
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About the Fraunhofer Institute
for Experimental Software
Engineering IESE

—
The Fraunhofer Institute for Experimental institute has transferred cutting-edge research
Software Engineering IESE in Kaiserslautern into sustainable business practices and inno-

has been one of the leading research institutes  vative products, with the current focus topics
in the area of software and systems engineer-  being “Dependable Al”, “Digital Ecosystems”,

ing as well as innovation engineering for 25 “Digital Twin / Virtual Engineering”, and
years. With its applied research, the institute “System Modernization”.

develops innovative solutions for the design

of dependable digital ecosystems, thereby Fraunhofer IESE is one of 75 Institutes and
accelerating the economic and social benefits  research units of the Fraunhofer-Gesellschaft.
for its customers. Together they have a major impact on shaping

applied research in Europe and worldwide,
Fraunhofer IESE provides support in mastering  and contribute to Germany's competitiveness
challenges in a wide variety of application in international markets.
areas, with particular expertise in the areas of
“Automotive & Mobility”, “Production”, “Dig-
ital Business”, “Smart City & Public Sector”, as
well as “Smart Farming” and “Digital Health-
care”. In over 2,000 customer projects, the

&
</>

Software, Systems and
Innovation Engineering

Focus Topics

-
Digital Ecosystems Dependable Al Digital Twin (VE) System Modernization
Business Areas Research Programs
- Automotive & Mobility - Smart Farming
- Production - Digital Healthcare

- Digital Business - Autonomous Systems
- Smart City & Public Sector



Fraunhofer |ESE

makes companies fit for
the digital future!

With its research approaches, solutions, and competencies, Fraunhofer
IESE supports commercial enterprises from all industries. The IESE experts
research new technologies and methods for them and together with them.
After all, software is the key to innovation and business success.

For some applications, Fraunhofer IESE has special domain
competencies and experience. The institute therefore bundles
its offerings and research competencies into corresponding
business areas and research programs.

Business Areas of Fraunhofer IESE
Automotive & Mobility

In recent years, vehicles have increasingly become “computers
on wheels”, with complex software on board. Trends towards
higher levels of automation and digital networking with ser-
vices in the automotive industry continue to drive this devel-
opment. But how do companies from this domain ensure that
their software is highly dependable?

Fraunhofer IESE develops innovative software and systems
engineering solutions for the automotive and commercial
vehicle industry that can be depended on in every respect. Its
experts support companies in the implementation of safety
concepts, the development of new architectures, virtual
integration and qualification, and the design of innovative
products. Measurability, transparency, and quality are always
at the forefront in all these endeavors.

Production

Automation in production, coupled with dependable and
high-precision plants, has guaranteed the success of the
German economy for many years. Digitalization in this indus-
try (Industrie 4.0) and the resulting innovation impulses are
continuing this trend. Digital Twins enable easy and flexible
access to data and services and open up new possibilities for
optimization and flexibilization, all the way to completely new
business models.

At Fraunhofer IESE, an important building block for the future
has been created with the reference implementation of the
open-source middleware BaSyx, which makes it possible to
support companies in an easy way to exploit the potential of
digitalization and enable participation in Digital Ecosystems.
Application examples include virtual commissioning, flexibili-
zation of processes, or Al applications for process monitoring,
product quality assessments, and plant optimization.

Digital Business
The key to solving many problems and optimizing existing

structures lies in the cross-sectional networking of value chains
in Digital Ecosystems. This is the only way to make information



available in a quantity, speed, and quality that will enable not
only new business models but also solutions to problems.

Digital Ecosystems and the platform economy will change
every industry in many ways. Platform business differs signifi-
cantly from traditional business and may require companies
to completely rethink their own positioning and their own
business model.

This is why Fraunhofer IESE has developed methods that pro-
vide companies with customized solutions and support them
on their way from the business idea to implementation in the
context of existing systems.

Smart City & Public Sector

Digitalization in rural and urban areas is important in order to
benefit from the possibilities of networked data and services
in these areas of life as well. Digital platforms make it possible
to make services easily and quickly accessible to millions of
citizens.

The “Digital Villages Platform” developed at Fraunhofer IESE
is characterized by the fact that it is tailored particularly to the
needs in rural areas. For communication, trade, and mobility,
customized solutions exist that already have many tens of
thousands of users.

In cities and municipalities, however, there are many other
opportunities to offer improved infrastructures and services
with loT (Internet of Things) devices — examples are smart
street lamps or parking services.

Research Programs of Fraunhofer IESE
Smart Farming

Due to the growing demands regarding environmental pro-
tection and sustainability with limited land areas and fossile
resources, agricultural technology is facing ever greater chal-
lenges, also in Germany. To master these successfully, opti-
mized processes with high efficiency are indispensable. As in
many other areas, software is a key technology in the agricul-
tural domain as well. In modern Farm Management Infor-
mation Systems (FMIS), but also in tractors and implements,
software-based innovations bring crucial competitive advan-
tages. Data and its intelligent interpretation for the purpose of
automating, optimizing, and simplifying agricultural processes
is an essential element of the digital transformation.

With its research program “Smart Farming”, Fraunhofer IESE
supports companies in this process and conducts research into
innovative technologies and solutions for Smart Farming.

Digital Healthcare

The healthcare sector is in a state of upheaval and is facing
complex challenges. The shortage of public funds coupled with
rising demand for healthcare services from a steadily aging
population and the rapidly advancing digitalization in the
healthcare industry are important drivers in this context.

The research program “Digital Healthcare” at Fraunhofer IESE
supports all stakeholders in the healthcare sector on their way
to shaping the future of healthcare through digitalization.
With the help of Artificial Intelligence and digital innovations,
we contribute to increasing the efficiency of the system and
improving patient care, while at the same time reducing

or streamlining the costs in healthcare and the healthcare
industry.

Autonomous Systems

Autonomous systems offer enormous potential to solve acute
ecological, social, and economic challenges. For example, field
robots can reduce the use of herbicides through mechanical
weed management. Cobots and autonomous mobile robots
(AMRs) can be used in a variety of ways in production and
healthcare to increase efficiency and counteract the shortage
of skilled workers. Robotaxies and drones that fly autonomous-
ly are further examples of the potential and diversity of use
cases.

With its competencies and its network, the research program
“Autonomous Systems” of Fraunhofer IESE helps suppliers,
manufacturers, and operators to move from prototypes and
application ideas to market-ready autonomous products,
dependable applications/services, and innovative business
models.
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We approach New
Work holistically

In order to remain viable as a research institute
and as an employer in the long term, a new
mindset regarding the factors work/life bal-
ance, flexible work arrangements, employee
responsibility, and creative cooperation play an
increasingly important role.

This is also the case at Fraunhofer IESE! For
this reason, we pursue a holistic approach,
because for us, New Work is more than just
working remotely. For our joint success, we
focus above all on people and on mutual
trust. It is important to us that our employees
can freely develop and evolve both personally
and professionally thanks to modern forms of
work. Digital tools and agile methods enable
more efficient collaboration within teams as
well as with customers and partners. This is
precisely what constitutes the fertile breeding
ground for successful innovation.

We see New Work as an opportunity to bring
the personal goals of our employees even
more in line with the goals of our Institute.
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Bundling Fraunhofer Power

Since the beginning of 2021, Fraunhofer IESE has been
a member of the Fraunhofer Alliances Traffic and
Transportation, Food Chain Management, and Energy.

The mission of the Traffic and Transportation Alliance is to
develop suitable technical and conceptial solutions for public
and industry customers by conducting research relevant to
traffic and transportation and to transfer them into applica-
tion. Fraunhofer IESE is involved in the area of Automotive

& Mobility through the main topics “Autonomous Systems”,
“Dependable Al”, and “Virtual Development”. In addition, it
contributes mobility solutions for rural areas.

www.verkehr.fraunhofer.de

Likewise, Fraunhofer IESE is a member of the Food Chain
Management (FCM) Alliance. The goal of the Fraunhofer
FCM is to work together to develop and transfer novel
approaches in food safety, microelectronics, and logistics that
can be easily integrated into the entire food chain and ensure
the highest possible value creation at low cost. In the topic
area of Food Chain Management, the focus is on supporting
companies and businesses in the digitalization of the entire
chain of food production, food technology, logistics, process-
ing, and trade. Here, Fraunhofer IESE contributes its compe-
tencies in the fields of “Smart Farming”, “Digital Ecosystems”,
“Industrie 4.0", and “Dependable Al".

www.fcm.fraunhofer.de

The vision of the Energy Alliance is to make Germany and
Europe the innovation leader in the transition to a sustainable
energy system. With their research and development work,
the member institutes are shaping the transformation to an
economical, environmentally compatible, secure, and social-
ly accepted energy supply for electricity, heat, and mobility.
Here, Fraunhofer IESE is particularly involved in the research
area "Digitalization of the Energy World” and contributes its
competencies in the areas of software architectures, design of
Digital Ecosystems, data usage control, safety, and security to
the alliance.

www.energie.fraunhofer.de

Other selected networks

bitkom e.V.

Working groups: Arbeit 4.0, Projektmanagement, Qualitats-
management, Plattformen, Smart City/Smart Region, Digitale
Landwirtschaft, Digital Design, Open Data/Open API
www.bitkom.org

Commercial Vehicle Cluster Stidwest (CVC)
WwWW.cvc-suedwest.com

DLG e.V. (Deutsche Landwirtschafts-Gesellschaft)
www.dlg.org

Fraunhofer Big Data and Artificial Intelligence Alliance
www.bigdata.fraunhofer.de

Fraunhofer ICT Group
www.iuk.fraunhofer.de

Fraunhofer Segment for Defense and Security VVS |
www.vvs.fraunhofer.de

Gesellschaft fiir Systems Engineering e.V. (GfSE)
Working group System Architecture Framework | www.gfse.de

Gl e.V. — Gesellschaft fiir Informatik
Different groups, incl. Board Task Force “Data
Science / Data Literacy”, Fachgruppe Software-Messung

und -Bewertung | www.gi.de

ISERN - International Software Engineering Research
Network | isern.iese.de

Plattform Industrie 4.0 | www.plattform-i40.de
ProSTEP ivip e.V. | www.prostep.org

SIAK - Science & Innovation Alliance Kaiserslautern
www.science-alliance.de

Softwareforen Leipzig | User Group Requirements
Engineering | www.softwareforen.de

VDI - Verein Deutscher Ingenieure e.V. | www.vdi.de

ZD.B (Zentrum Digitalisierung Bayern) — Plattform Digitales
Landmanagement | www.zentrum-digitalisierung.bayern
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Project Grant Numbers

BaSys 4.2 | basys40.de
Grant number 011S19022A (BMBF)

BaSys UberProd
Grant number 011S20094A (BMBF)

Digitale Dorfer | digitale-doerfer.de

Grant number 56:382 Digitale Dorfer

(Ministry of the Interior, for Sport and Infrastructure
of the Land Rhineland-Palatinate)

Digitale Zukunftskommune@bw
Order/Grant number LZBW-2018-0006

ExamAi | testing-ai.gi.de
Grant number DKI00.0002_5.20 (BMAS)

Infra-Bau 4.0 | www.infra-bau.com
Grant number DG 25 - 836.7/12 (BMVI)

Locations

OPEN-POCT | sofort-open-poct.de

Preliminary notice of measure, grant number 84009429
(Ministry of Science, Continuing Education and Culture of the
Land Rhineland-Palatinate)

Smarte.Land.Regionen
Grant number 2818SL001 (BMEL)

Smart Maa$ | smart-maas.eu
Grant number 01TMD18014B (BMWi)

SPELL
Grant number 01MK21005B (BMWi)

V&V Methoden | vwm-projekt.de
Grant number 19A19002K (BMWI)
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The Fraunhofer-Gesellschaft

The Fraunhofer-Gesellschaft is the world's leading applied
research organization. With its focus on developing key
technologies that are vital for the future and enabling the
commercial exploitation of this work by business and indus-
try, Fraunhofer plays a central role in the innovation process.
Based in Germany, Fraunhofer is an innovator and catalyst

for groundbreaking developments and a model of scientific
excellence. By generating inspirational ideas and spearheading
sustainable scientific and technological solutions, Fraunhofer
provides science and industry with a vital base and helps shape
society now and in the future.

At the Fraunhofer-Gesellschaft, interdisciplinary research teams
work together with partners from industry and government in
order to transform novel ideas into innovative technologies, to
coordinate and realize key research projects with a systematic
relevance, and to strengthen the German and the European
economy with a commitment to creating value that is based
on human values. International collaboration with outstan-
ding research partners and companies from around the world
brings Fraunhofer into direct contact with the key regions that
drive scientific progress and economic development.

Founded in 1949, the Fraunhofer-Gesellschaft currently opera-
tes 75 institutes and research institutions. The majority of our
29,000 staff are qualified scientists and engineers who work
with an annual research budget of 2.8 billion euros. Of this
sum, 2.4 billion euros are generated through contract research.
Around two thirds of Fraunhofer’s contract research revenue

is derived from contracts with industry and publicly funded
research projects. The remaining third comes from the German
federal and state governments in the form of base funding.
This enables the institutes to work on solutions to problems
that are likely to become crucial for industry and society within
the not-too-distant future.

Applied research also has a knock-on effect that is felt way
beyond the direct benefits experienced by the customer:
Our institutes boost industry’s performance and efficiency,

promote the acceptance of new technologies within society
and help train the future generation of scientists and engineers
that the economy so urgently requires.

Our highly motivated staff, working at the cutting edge

of research, are the key factor in our success as a scientific
organization. Fraunhofer offers researchers the opportunity for
independent, creative and, at the same time, targeted work.
We therefore provide our employees with the chance to deve-
lop the professional and personal skills that will enable them to
take up positions of responsibility at Fraunhofer, at universities,
in industry and within society. Students who work on projects
at Fraunhofer Institutes have excellent career prospects in
industry by virtue of the practical training they enjoy and the
early experience they acquire of dealing with contract partners.

The Fraunhofer-Gesellschaft is a recognized non-profit
organization that takes its name from Joseph von Fraunhofer
(1787-1826), the illustrious Munich researcher, inventor and
entrepreneur.
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