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PREFACE




Dear readers,

The Fraunhofer Institute of Optronics, System Technologies and Image Exploitation was estab-
lished ten years ago, on January 1, 2010. Despite being a young institute, we can nonetheless
look back on a long and successful history. This is because Fraunhofer 0SB is the product of a
merger between two previously existing institutes: Fraunhofer IITB and FGAN-FOM.

Our first major milestone presents an ideal opportunity to preface this report with a special
anniversary section devoted to tracing this process of development. We take a quick look at
our roots, recall the events and circumstances attending the merger, and outline some of the
key ideas and success stories accompanying the first ten years of Fraunhofer IOSB. Each one
of these is testament to the huge potential stored within the comprehensive and unparalleled
range of expertise that was created by the merger. On the strength of these resources, we
have already achieved major technological advances in many of these fields.

This introductory section is followed by the customary report — in a new and substantially
more compact form — covering the reporting period of 2018/2019. This contains basic facts
and figures about our institute, its structure and its place within the Fraunhofer-Gesellschaft.
Selected highlights from our wide range of activities illustrate the dynamism and versatility of
our institute. We are much in demand as a partner in our specialist fields and as a player who
helps shape future technological developments in areas such as security, defense, Industrie 4.0
and digital infrastructure. The report concludes with a presentation of our business areas and
departments.

To give at least a flavor of the full scope of our activities, we deliberately report on a large
number of individual topics and projects. These are therefore presented in a concise and con-
densed manner. We trust that you will understand this in the spirit intended: as a stimulating
read — and, above all, an invitation to enter into dialogue with us!

Karlsruhe, Ettlingen, llmenau, Lemgo and Goérlitz
February 2020

FoJoph”

Prof. Dr.-Ing. habil. Jirgen Beyerer
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Prof. Dr.-Ing. habil. Jirgen Beyerer has been Executive
Director of Fraunhofer IITB/IOSB since 2004. At the same
time, he was appointed Chair of the Vision and Fusion

Laboratory, Department of Computer Sciences, Institute
for Anthropomatics and Robotics, at the Karlsruhe Insti-
tute of Technology (KIT).

When were you confronted with the idea of a merger?

Jirgen Beyerer: | joined Fraunhofer IITB in March 2004, and
learnt in the fall of 2004 that an evaluation by the German
Science Council was in the offing. Hartmut Wolff, at the time
undersecretary at the German Federal Ministry of Defence
(BMVg), was the driving force behind this process. In view of
how close IITB and FGAN-FOM were in terms of content and
locations, he saw the possibility of merging the two.

Prof. Dr. rer. nat. Maurus Tacke took over as Executive
Director of FGAN-FOM in 2000. After the merger, he
headed up Fraunhofer I0SB alongside Jiirgen Beyerer
until retiring in 2013. He teaches physics at the University
of Wiirzburg.

“IN THE END, IT ALL COMES DOWN TO TRUST"

JUrgen Beyerer and Maurus Tacke steered Fraunhofer IITB and the Research Institute of Optronics and
Pattern Recognition FOM — at the time part of the Research Society for Applied Natural Sciences (FGAN)
— through the merger that formed Fraunhofer IOSB. In this interview, they look back on the events.

| saw the signs of the impending merger even
earlier than that. Soon after | joined FOM in 2000, | registered
that Mr. Wolff sought to provide base funding to Fraunhofer
IITB out of the defense ministry’s budget, because he already
funded substantial defense-related activities there. A merger
seemed to be a logical step in this direction. The two institutes
had a lot in common — both in terms of research focus and the
low level of base funding they received from the ministry of
defense. IITB received none, and FOM received less than other
research institutes in the defense sector because its strongest
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growth happened to coincide with a base funding freeze.
So, unlike the two other FGAN institutes, we were already
strongly acquainted with the world of contract research with
its uncertainties and need for project acquisition.

What was your reaction?

Beyerer: Straightaway, | was delighted with the idea of a
merger. Together, we would be able to cover a vast range
of topics, from the physics of signal
generation to the way humans and
machines use the information con-
tained in these signals. At the time,
FOM’s spectrum leaned more towards
physics. [ITB took it up from there to
address everything from computer science to human-machine
interaction and questions about the interoperability and avail-
ability of this data. Just imagine the possibilities that would
come of combining this spectrum from end to end in one in-
stitute! No one else in Europe offered such a broad spectrum,
so we would have a unique selling proposition.

Tacke: | liked the idea too. Before joining FOM, | had headed
up a department at the Fraunhofer Institute for Physical Meas-
urement Techniques IPM in Freiburg. | soon saw the structural
disadvantages in the FGAN, which had been working exclu-
sively for the ministry of defense. The more open Fraunhofer
model was in many respects preferable. The only thing |
found problematic about FGAN's integration into Fraunhofer
was that it was up in the air for so long. | had recently been
appointed chairman of FGAN, so | had to make sure that it
would come out of the process unscathed, even if the integra-
tion might not come to pass. This is why we worked separately
until the moment the merger was definite.

What happened after 2004?

Beyerer: The German Science Council carried out its evaluation
in 2006. | advocated recommending a merger for the reasons
mentioned earlier. In its report in late 2007, the German Science
Council made an unequivocal recommendation to integrate
FGAN into Fraunhofer and to merge our two institutes. Then it
was up to the ministries and Fraunhofer to decide if they would

Beyerer: “Straightaway,
| was delighted with
the idea of a merger”

,ﬁ jl\' YEARS OF
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act on this recommendation. The integration took place in mid-
2009 and the merger took effect at the beginning of 2010.

Tacke: However, this was preceded by protracted debate.
Fraunhofer and the German Federal Ministry of Education and
Research (BMBF) voiced concerns that quality might suffer as
a result. | suspect that an ingrained aversion to supporting
military research also played a role here. Ultimately, though,
the Science Council’s verdict persuaded everybody that the
merger would be a good thing. On the
other hand, some at FGAN feared that
working along the lines of the Fraun-
hofer model would bring on too much
economic pressure, with the thinking
being that this would strip us of our
academic freedom and scientific autonomy.

What kind of relationship existed
between the institutes and yourselves?

Beyerer: We were always aware of each other’s existence, of
course. | was at FOM with former IITB director Hans-Achim
Kuhr in 2004 for my inaugural visit. When the talk turned

to the merger, we debated it, and there were certainly some
opposing viewpoints. We held many discussions about the pros
and cons and grappled with the question of how it could be
done. Then, when it became clear that the integration and
merger were going to happen, the question was how do we
come together on an equal footing without this feeling like

a takeover? The departments had their reservations. After all,
they had been rivals to some extent in the past.

Tacke: Despite there having been some collaboration and joint
projects, the feeling of being competitors prevailed because
both institutes were working in the defense market and in
image exploitation.

Beyerer: And suddenly there we were, sat at the same table,
talking about how to work together in a future joint institute,
about how to bridge divides. In the end, it all comes down
to trust. It is my firm conviction that the merger was only
successful because the two of us, as persons, managed to
work well together.
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Tacke: When the decision stood, it was clear that we would
have to unite this house. And we did exactly that — together.

Beyerer: Yes, once the decision to integrate and merge had
been made, we both put the pedal to the metal and worked
on the structures and on building trust between our people.

What did this work toward the merger entail?

Beyerer: We started off with regular strategy seminars,
which are still held today. And we launched initiatives with
a communicative touch to build trust — for example, a cook-
ing course that paired one person from FOM with another
from IITB for the two to cook as a team. It was during this
phase that ideas for IOSB’s struc-

ture emerged — that the specialist
departments ought to be the insti-
tute’s actual constituents, and that
the heads of department ought to
remain second-tier managers with the
authority to embed their departments in the science and engi-
neering communities and take budgetary responsibility. At the
same time, we decided to set up business areas to present

a unified, readily identifiable face to the markets. However,
the departments support this added structure without being
subservient to it. To both of us it was important to involve all
the department heads in this process so that everyone can get
behind the result.

And how did the workforces feel about it?
Wasn't there tension?

Tacke: It gradually became clear to everyone that a merger
was growing more and more likely. Thanks to my history at
Fraunhofer, | was able to explain to the FOM staff what was

in store for them. | had the impression that they accepted

it — they didn’t break out in cheers, but they weren’t overly
concerned either. There were some reservations in the works
council that the pressure might be too great and that there
would be financial drawbacks. And some in IITB feared that
defense research would dominate. But both of these concerns
were put to rest over time.

Tacke: “The more open
Fraunhofer model was in
many respects preferable”

Beyerer: | never had any hard arguments pointed out to me.
People were curious. Some may have had a concern or two, for
example, if their jobs were going to be relocated to Ettlingen.
The works council wanted a severance scheme, but we ex-
plained to them that this merger is not at all about downsizing.
It was about two successful institutes seeking to join forces to
stride forward into the future even more vigorously. Growth
could certainly be part of this.

So did the newly-formed I0SB get off to a good start
without any teething troubles?

Tacke: Absolutely. We had enough seed funding to pursue
market-driven projects that would move us even closer to the
Fraunhofer world. And the benefits of
our structure soon became apparent.
The business areas provided anchor
points in various fields of application
for the departments, so they had the
support they needed when they set
out to explore new use cases. The merger turned out to be a
success even though the base funding from BMVg was not
reorganized as we had hoped it would be.

Beyerer: From day one, we have been working within a
complex organizational framework, which — on top of that —
also varies from site to site. But as you can gather from the in-
stitute’s positive development, we have managed to make the
best of it. What has always been important to us is that we
refuse to let surrounding circumstances hinder our research
work, and that we pool our strengths, focusing them in a
goal-driven way to jointly achieve the best possible results.

Are there any projects or topics that highlight
how the merger has created opportunities in science
and engineering?

Tacke: Cross-pollination and mutual support are common-
place — for example, when one department provides data

that proves another department’s project is important and
worthy of funding. On the other hand, in my experience large
cross-departmental projects are more the exception than the
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rule. This is to be expected when the dividing lines between
departments and groups are set properly in terms of content.
This way, individual units can work on a problem from end to
end. It is tremendously helpful to be able to communicate in
an atmosphere of trust within an interdisciplinary institute.

Beyerer: | see the synergy evident in underwater vision, for
example. It is a hot topic at llImenau, Karlsruhe and Ettlingen,
even if each site addresses different aspects of it. Another
example is drone detection and defense. This would not have
been possible without the collective expertise of the colleagues
in Ettlingen and Karlsruhe. And looking ahead, | see the min-
istry of defense pursuing major long-term projects — Future
Combat Air System, or FCAS, and Main Ground Combat
System, or MGCS — where | believe our broad spectrum as an
institute will be very useful indeed.

Speaking of looking ahead, what are your hopes and
expectations for the IOSB’s next ten years?

Tacke: | hope that the structure of base funding for defense
research will become more coherent and systematic. The fact
that we have managed to handle the situation without it
negatively impacting our work is a great success. And things
could be even better given an optimized funding and regula-
tory framework. Apart from that, | believe the institute is in a
good position. | expect to see some nice and profitable results
in the next ten years, without being able to say what exactly
they will be.

Beyerer: Having a first-rate infrastructure at all sites is impor-
tant. We are well on our way with various building projects.
As far as content goes, | hope and expect that we will make
visible and substantial contributions to the two major defense
projects mentioned earlier and to the resolution of the chal-
lenges facing civil society. There are a number of topics for
which | hope we will be the partner of choice and be able to
maintain our competitive lead. Examples include embodied
machine intelligence, digitalization in the context of industrial
manufacturing and automation technology, and the question
of how to turn artificial intelligence and machine learning into
an engineering discipline.

) YEARS OF
JFRAUNHOFER IOSB

This is a translated and (slightly) abridged version of the original
interview with Prof. Beyerer and Prof. Tacke, which was led

by Ulrich Pontes. The full interview in German can be found at

iosb.fraunhofer.de/10-years-interview
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https://www.iosb.fraunhofer.de/servlet/is/106210/

SUBMARINE DRONES FOR DEEP-SEA INSPECTION AND

EXPLORATION

Lightweight, production-ready diving robots are able to operate
independently and dive to depths of several thousand meters
to collect observation data. These autonomous underwater
vehicles (AUVs) could serve to inspect deep-sea cables, discover
natural resources, locate sunken wrecks and simply reconnoiter
the largely unexplored deep sea. However, there were only
expensive, heavy and complex one-off products. This is why
Fraunhofer I0SB researchers in lImenau and Karlsruhe set out
to develop and test new designs.

They chose an open architecture where water flows through
much of the structure. A very light shell made of syntactic
foams provides buoyancy. Electronic components, impervious
to pressure, are cast in watertight silicone resin. The researchers
also drew on the institute’s expertise in the areas of underwater
sensors, sensor data fusion, environmental sensing, autono-
mous navigation and remotely operated underwater vehicles.

Their efforts culminated in DEDAVE, short for Deep Diving
AUV for Exploration (see photo). Presented to the public

in 2016, it is pictured here hovering above the Fraunhofer
IOSB-AST test pool. Kraken Sonar, Inc., a Canadian company,

S
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licensed DEDAVE and deployed it in 2017 to find several

test models of a hypersonic interceptor aircraft called the
Avro Canada CF-105 Arrow at the bottom of Lake Ontario.
Canada stopped this aircraft's development in the 1950s

for strategic reasons. All documents and components were
destroyed. There is now a great interest in reconstructing the
details of this historic project. The models’ discovery attracted
enormous attention and buzz in the media, particularly in
North America.

Fraunhofer I0SB also took up the challenge of the Shell
Ocean Discovery XPRIZE, a global technology competition
launched in December 2015. The competition’s goal was to
invent highly autonomous yet affordable new technologies to
map the ocean floor in great detail and to demonstrate their
ability to do this. The ARGGONAUTS team from Fraunhofer
IOSB developed tandems comprising lightweight autono-
mous surface vehicles and a swarm of torpedo-shaped diving
drones. The only German entry among 32 competing teams,
the ARGGONAUTS were one of the best five finishers.

e



CONNECTED AUTONOMOUS SYSTEMS IN HOSTILE ENVIRONMENTS

Autonomous, networked robots such as flying drones,
unmanned ground vehicles (UGV) and semi-autonomous
machines are predestined to tackle dangerous tasks such as
reconnoitering hazardous or poorly accessible environments in
the wake of an earthquake or an industrial accident in order
to provide an accurate situation report. They can also clean
up contaminants, sparing humans the need to work in areas
with health hazards. But these applications present a host of
technical challenges. The robots have to be able to navigate
unknown and irregular terrain, extract information from a
wide range of sensor data to provide a standardized situation
report, and plan and execute complex motion sequences to
perform manipulation tasks. They should also be able to cope
with unexpected events and make independent decisions.

Fraunhofer IOSB has pursued many projects over the years

to advance these technologies. One result is a toolbox of
algorithms for localization, mapping, obstacle detection and
motion planning. Another is a retrofit kit for machinery

to equip standard tractors and excavators with autonomous
functions.

IOSB.BoB, the “excavator without operator” (see photo),
has been attracting attention at many demonstrations since
2017.In 2018, these efforts culminated in the founding of
the Fraunhofer I0SB-led competence center ROBDEKON on
robotic systems for decontamination in environments hostile

to humans (cf. also page 24).

i
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LASER TECH - A STRATEGIC
ADDITION TO THE INSTITUTE’S
PORTFOLIO

Since its inception, Fraunhofer IOSB’s skill-set has covered
most of the optronics evaluation chain: from signal genera-
tion, sensors, image acquisition, processing and exploitation
up to user-oriented reports. On the other hand, the genera-
tion of light suitable for active sensor systems and other pur-
poses such as optical communication did not belong initially
to the research spectrum of the institute. With the head of the
division Photonics and Optronic Systems poised to retire, the
institute was able to follow through on the long-held strategic
aim of appointing a laser specialist as division manager.

In April 2018, the physicist Prof. Marc Eichhorn took up the
management position in Ettlingen and was appointed profes-
sor for optronics at the Department of Electrical Engineering
and Information Technology of the Karlsruhe Institute of Tech-
nology (KIT). Immediately after, he began the establishment
of a new science department devoted entirely to components
and systems that generate and amplify light for optronics
applications — the Department of Laser Technology (LAS). The
institute’s skill-set now covers the entire optronics chain.

2020
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ETTLINGEN AND KARLSRUHE -
CONNECTED AT THE SPEED OF
LIGHT

The tower on our building in Ettlingen offers an unobstruct-
ed view towards Karlsruhe — and thus the pre-requisite for a
special cross-site experiment: a seven-kilometer laser meas-
uring range to study optical communication in free space
under real-world conditions.

The atmosphere causes scattering, refraction, dispersion,
absorption and other interferences. Some of this is attrib-
utable to the physical properties of gases; but most is due
to suspended particles, turbulence and the like. All interfer-
ence impedes robust communication and limits bandwidths,
which is why adaptive optics have to compensate for these
disruptive factors. We started equipping the tower room to
this end in 2017. The laser measuring range will be up and
running around the time of the institute’s tenth anniversary.
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CYBERSECURITY TRAINING LABS

The digital transformation in our living and work environ-
ments makes us more vulnerable to cyber attacks. Our insti-
tute has been investigating IT security issues for many years.
As part of an in-house research project launched in 2014, we
started building a demonstrator to simulate and investigate
real-world threat scenarios using standard components for
production control. The IT security lab was received with great
interest at the Hannover Messe in 2015.

Soon after, we began to hear of growing demand for
comprehensive training to qualify specialists in this field. The
Fraunhofer Academy, various Fraunhofer Institutes and associ-
ated universities of applied sciences heeded the call by setting
up the Cybersecurity Training Labs. Their hands-on seminars
for professionals have been very successful. Fraunhofer IOSB
was instrumental in developing the concept behind these
labs and is responsible for two of the six subjects on the
training agenda: cybersecurity in industrial production at
Fraunhofer IOSB in Karlsruhe and Lemgo together with the
University of Applied Sciences Ostwestfalen-Lippe and cyber-
security in energy and water supply at Fraunhofer IOSB in
lImenau and Gorlitz with Fraunhofer IDMT and the University
of Applied Sciences Zittau/Gorlitz.

ENGINEERING Al METHODS FOR
MANUFACTURING PROCESSES

Impelled by digitalization and rapid advances in machine
learning, data-driven methods are becoming more important
for manufacturing. Often replacing or augmenting modelling
and knowledge-based approaches, these data-driven methods
serve many purposes. They can help optimize individual steps
in the workflow and control complex processes to minimize
waste and maximize productivity. They can detect anomalies,
enable predictive maintenance and optimize the logistics of
complex supply chains. Computers can use sensors and actua-
tors to learn how process parameters and outcomes are related.
This enables engineers to develop and roll out ‘immature’
processes — that is, production processes that are not yet fully
understood in terms of the physics or engineering.

Fraunhofer I0SB in Karlsruhe and Lemgo has realized artificial
intelligence (Al) applications like this in many projects with
industry. Seeking to take an even more systematic approach
with an ideal infrastructure, we joined forces with Fraunhofer
ICT and the Karlsruhe Institute of Technology to build the
Karlsruhe Research Factory. Its mission is not limited to
optimizing production steps and processes, but will go beyond
to establish a comprehensive methodology for applying Al to
industrial manufacturing. Our aim is to develop an engineer-
ing-based approach to reliably predict the operational behavior
of manufacturing processes even in the planning phase.
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DETECTING AND DEFENDING
AGAINST MINI DRONES

Miniature drones can be useful or a potential danger. Afforda-
ble, easy to operate and fast, these unmanned aerial systems
(UASs) can endanger air traffic near airports. Attack scenarios
are not far-fetched. It is high time to develop detection and
defense systems that can reliably detect UASs to allow security
forces to make informed decisions with sufficient reaction
time.

Fraunhofer IOSB is pursuing various projects to investigate
issues relating to detection, classification and potential
defense measures. The institute has award-winning Al-based
algorithms to distinguish between drones and birds in video
images in real time. Since 2016, we have invested our own
resources towards developing MODEAS, a modular drone
detection and assistance system. Its distributed sensor sta-
tions detect flying objects in a multimodal way, for example,
by using radar, detection of remote-control radio signals,
high-resolution panoramic sensors, tele-zoom cameras and
laser rangefinders. A stationary or mobile control center pro-
cesses all data and presents it in a user-friendly format. The
system references a database containing many drone models
to identify the device. It also derives other parameters such
as the payload from sensor data. This enables security forces
to properly assess the threat potential and opt for the right
response.
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BETTER DATA PROTECTION WITH
SMART VIDEO ANALYSIS

Privacy and data protection are growing concerns amid
increasing process digitalization and in particular capturing
of video data. We develop methods that ensure compliance
with data protection regulations to alleviate these justified
concerns and foster acceptance for such technologies. The
underlying idea in our privacy by design approach based

on the "need to know" principle is for systems to withhold
certain information from the user if not needed, or to disclose
it only in clearly defined cases. We can make surveillance sys-
tems mask certain areas based on the camera’s exact position
and line of sight. In medical care use cases where cameras
serve strictly to monitor patients, these systems can replace
images of marked staff with background images.

Human pose estimation and activity recognition algo-
rithms, paired with digital abstractions of people filmed (see
image), could take this a step further in the future. For ex-
ample, the view of a hospital corridor on the monitor would
be blacked out until the algorithm detects a person falling

or lying on the floor. Live images of public places streamed

to police operation centers could remain pixelated until the
system detects suspicious patterns of movement that point to
criminal activity.
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HOLISTIC INFORMATION MANAGEMENT FOR
SECURITY AND DEFENSE

The security context may be military or civilian, but in both
use cases, sensors and information systems generate vast
amounts of data. The relevant information has to reach the
right decision makers quickly. And that requires a network of
interoperable systems, connected across organizational and
national boundaries. It also requires smart analysis algorithms
and a user experience designed to help these people do their
jobs effectively.

We have been working on corresponding standards for many
years, for example, at the NATO level. We develop concepts
and architectures and concrete hardware and software
systems to put these standards into practice and operation-
alize collaborative processes such as Joint ISR (Intelligence,
Surveillance and Reconnaissance) in the best way possible.
This is how the idea of Coalition Shared Data (CSD) came
about. It affords rights-based access to data (such as images,
reports, streams, tasks) from arbitrary sites in near real-time.
The system normally distributes only metadata to save net-
work resources, but actual information may be retrieved on
demand. The German armed forces use our CSD technology
on various missions.

Our ABUL system provides automated image exploitation
for unmanned aerial vehicles and has many features to

4.0

lighten the operators’ workload. This system can feed in video
streams from many drone types, stabilize them live, show
them in a freely configurable representation, and store them
in a database. Features include the merger of images into a
georeferenced image mosaic, change detection, and tracking
of marked objects even when they are temporarily obscured,
stereo images and super resolution.

We commenced the development of the Digital Map Table
to bring the many benefits of digital information flows to
strategic and tactical operations centers. It is compatible
with all relevant data sources and is tailored to the needs of
command staff and operation control centers. The Bundes-
wehr Command and Staff College, among others, puts it to
good use. We have continued to improve the Digital Map
Table, adding features and interaction techniques in many
projects since. Command and field staff can work not only
with conventional devices such as smartphones, tablets and
the large physical Digital Map Table, but also in virtual space.
The participants can see each other with VR headsets and

a 3D representation of the scenario and can interact quite
naturally despite being widely separated in reality.

10 YEARS OF FRAUNHOFER 10SB




THE INSTITUTE IN PROFILE

10SB: A UNIQUE SPECTRUM
OF SCIENTIFIC EXPERTISE

Developing new types of visual sensor systems; utilizing and connecting sen-
sors in an optimal way; processing and evaluating the resulting data streams;
helping people, on this basis, to make sound decisions; enhancing processes
and controlling autonomous systems intelligently: this fully integrated process
and value chain draws on the three core areas of competence enshrined in
our name — the Fraunhofer Institute for Optronics, System Technologies and
Image Exploitation IOSB.

Our institute is Europe’s largest research establishment in the field of image capture, processing
and analysis. Our activities focus on a wide spectrum of areas, from the physical principles of
signal generation to the algorithmic extraction of valuable information from sensor data. We
also have wide-ranging expertise in systems engineering, which means we always have an eye
for the full picture. In other words, we not only develop algorithms and individual components;
we also build complete, ready-to-use systems that utilize sensor data to support people,
automate processes and open doors to new forms of human-machine interaction. In everything
we do, we implement the highest standards in terms of interoperability, IT security and data
protection/privacy.

The institute’s Karlsruhe and Ettlingen sites both cooperate closely with the Karlsruhe Institute
of Technology (KIT), where Fraunhofer IOSB director Prof. Jirgen Beyerer heads the Vision and
Fusion Laboratory at the Institute for Anthropomatics and Robotics (Department of Informatics),
and Prof. Marc Eichhorn, director of the Photonics and Optronic Systems division at Fraunhofer
IOSB, holds the Chair in Optronics at the Institute of Systems Optimization (Department of
Electrical Engineering and Information Technology). In addition, many Fraunhofer IOSB
researchers are lecturers at KIT and Karlsruhe University of Applied Sciences. By the same token,
professors from these institutions are trustees of Fraunhofer IOSB or act as consultants to the
institute. The institute’s other sites in lImenau, Lemgo and Gorlitz maintain similarly close ties

to local universities, resulting in a Chair in Energy Usage Optimization at the lImenau University
of Technology, a newly created, still-to-be-filled Chair in Cognitive Automation at Bielefeld
University, and various other chairs at the universities of applied sciences of Schmalkalden,
Zittau/Gorlitz and Ostwestfalen-Lippe.
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The institute’s core

areas of competence

are spread among 15
scientific departments.
In addition, a further
research group links the
institute with the uni-
versity chair occupied by
our institute director. The
competence triangle of
expertise represented in
the graphic to the right
shows how individual
departments are positi-
oned in relation to the
three core competences
specified in the institute’s
name.



CORE COMPETENCES AND STRUCTURE

OPTRONICS SYSTEM TECHNOLOGIES IMAGE EXPLOITATION

Understanding and control of Ability to analyze, understand, Preparation and real-time

the generation of light, its beam model, develop and control processing of images and videos
forming, propagation and complex systems as well as automatic and inter-
conversion into electronic signals active information extraction

LAS  Laser Technology
OPT  Optronics
SIG  Signatorics

DIS  Digital Infrastructure
IAS  Interoperability and
Assistance Systems

SPR  Visual Inspection Systems ILT Information Management

and Production Control
MIT  Machine Intelligence
MRD  Systems for Measurement,
Control and Diagnosis
NRG  Energy Systems
WMS Water and Mobile Systems

SYSTEM TECHNOLOGIES

SZA

pis LT

MIT IAS
MRD

VBV

OPTRONICS

IMAGE EXPLOITATION

o

IAD Interactive Analysis and
Diagnosis

OBJ  Object Recognition

SZA  Scene Analysis

VID  Video Exploitation Systems

VBV  Variable Image Acquisition
and Processing research

group

The competence triangle positions the
departments of Fraunhofer I0SB in

relation to the three core competences.
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EXPERTISE IN APPLICATIONS AND
MARKET-ORIENTED SOLUTIONS

In order to ensure that our clients enjoy commercial success, we provide them
with services, components and complete systems that are based upon a broad
spectrum of technology, methodology and expertise. Creating best-of-class
solutions demands not only first-class scientific and technical skills but also
an in-depth knowledge of industry.

As an institute committed to applications-oriented research, we source roughly one-third of
our budget from projects for clients from a range of industries, including both private-sector
companies and public-sector bodies such as municipalities or environmental and security
agencies. A further one-third comes from publicly funded research projects, where we often
cooperate with companies and other application partners as well as research organizations.
Such collaboration keeps us in continuous dialogue with a broad range of partners and helps
us constantly deepen our applied know-how in the most diverse of domains. This, in turn,
puts us in a prime position to pursue highly topical, game-changing scientific research and
technological innovation, meaning that we are able to make optimal use of the final one-third
of our financing, which is base funding.

Our business units are the hubs where we concentrate our expertise in each of our various
application domains. They provide solutions, services and products tailored to the needs of
their specific markets. The departments referred to above define our organizational structure.
By contrast, the business units form an additional layer that is superimposed on that
structure and aligned with the various markets that we are addressing. The departments go
through the individual business units to serve their specific markets.

In 2019, we reorganized our business units in order to equip them to tackle the challenges of the future.
Our five business units are now:

Artificial Intelligence Automation and Defense Energy, Environmental Inspection and
and Autonomous Systems  Digitalization and Security Systems Optronic Systems
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BUSINESS EXPENSES

How much money
did we spend?

15 16 17 '18 '19*

. Investment

D Research expenditure

STAFF

How many persons worked at Fraunhofer IOSB? **

19

18

"7

16

‘15

100

200 300 600

FUNDING

Where did the money come from
(in 2019)? *

Industrial sector

fh g

Scientists and engineers

[
[

Other regular employees

Research assistants, student
assistants and interns

* Preliminary figures as of February 2020

** Headcount reporting date: March 31

19



THE INSTITUTE IN PROFILE

HOW TO WORK WITH US

Our range of solutions and services comprises a broad portfolio of subjects
and expertise. Moreover, it also covers the entire spectrum of development
stages — from basic research to the finished product; or, in other words,
from TRL 1 through to TRL 9. On behalf of our clients from the private and
public sectors, we provide or perform the following:

Studies: You have a question? You want to know, for example, what is technologically feasible
in a certain area? We provide you with a well-formulated written answer.

Consulting: You want to build your company or develop a project? We lend you our
know-how and develop concepts, plan facilities, assist with procurement and facilitate other
concrete steps.

Evaluation and certification: You have a system you wish to assess in terms of, for example,
its compliance with security or interoperability regulations? With respect to certain standards,
we can perform the required testing and issue certification.

Demonstrators: You want to illustrate the potential of a specific technology using sample
applications? We find use cases and build functional exhibits.

Prototypes: You need hardware or software that can cope with previously unsolved challenges?
We do the engineering and, if required, deliver fully functional components and systems.

Training courses: You want to train yourself or your colleagues in specific topics that lie within
our field of expertise? We create training courses and events with a high practical relevance.

If you are interested, please contact the relevant business unit or department.
We look forward to talking to you and will be happy to make you an offer tailored
to your specific needs.

In addition to direct contracting, we also make our expertise available via numerous

collaborations and expert networks, either with a thematic or a regional focus,
in partnership with other research organizations or companies (see facing page).

20



SELECTED STRATEGIC COLLABORATIONS, EXPERT NETWORKS
AND PLATFORMS WE ARE PARTICIPATING IN
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ORGANIZATION CHART

Photonics and Optronic Systems

Division
Prof. Dr.-Ing. habil. Jlirgen Beyerer Prof. Dr. rer. nat. habil. Marc Eichhorn
Director Karlsruhe Director Ettlingen
Head of Institute SPR | Visual Inspection Systems OPT | Optronics
Prof. Dr.-Ing. habil.
Jurgen Beyerer Prof. Dr.-Ing. Thomas Langle Dr. rer. nat. Helge Bursing
Deputies ILT | Information Management SIG | Signatorics
Prof. Dr. rer. nat. habil. and Production Control
Marc Eichhorn Dr.-Ing. Thomas Uslander Dr. rer. nat. Karin Stein
Dr. rer. nat. Jiirgen Geisler
Dr.-Ing. Olaf Sauer MRD | Systems for Measurement, LAS | Laser Technology
Control and Diagnosis
Dipl.-Ing. Christian Frey Dr. Christelle Kieleck
IAS | Interoperability and OBJ | Object Recognition
Assistance Systems
Dr.-Ing. Rainer Schonbein Dr. rer. nat. Michael Arens
IAD | Interactive Analysis SZA | Scene Analysis
and Diagnosis
Dr. rer. nat. Elisabeth Peinsipp-Byma Dr.-Ing. Karsten Schulz
Core Competences VID | Video Exploitation Systems
OPTRONICS Dr.-Ing. Markus Miiller
SYSTEM TECHNOLOGIES VBV | Variable Image Acquisition and
Processing (Research Group)
IMAGE EXPLOITATION N. N.




ILMENAU/GORLITZ

Advanced System Technology
branch Fraunhofer IOSB-AST

WMS | Water and Mobile Systems

Prof. Dr.-Ing. habil. Thomas Rauschenbach

LEMGO

Industrial Automation

branch Fraunhofer I0SB-INA

DIS | Digital Infrastructure

Prof. Dr.-Ing. JUrgen Jasperneite

NRG | Energy Systems
Prof. Dr.-Ing. Peter Bretschneider

Deputy director llmenau

MIT | Machine Intelligence

Dr. rer. nat. Oliver Niehorster

ADMINISTRATION

Head of Administration / Commercial
and Technical Management
Dipl.-Betriebsw. (FH) Nicole Keller-Rau

IT-Security

Dipl.-Inform. Birger Kragelin

STAFF DEPARTMENT

Head of Staff department
Dr. rer. nat. Jurgen Geisler

Press and Communications
Dipl.-Phys. Ulrich Pontes

Strategy and
Innovation Management

Dr. rer. nat. Frank Lorenz

BEIJING

Representative Office China
Dipl.-Ing. Hong Mu




HIGHLIGHT EVENTS AND ACTIVITIES

OPENING OF ROBDEKON

New research infrastructure ROBDEKON, a new
competence center to investigate the use of robots for
decontaminating hostile environments, was inaugurated
on June 25, 2019. This new facility was funded by the
Federal Ministry of Education and Research (BMBF) and
will be coordinated by Fraunhofer I0OSB. The opening

ceremony was held in the new research building on the
Fraunhofer I0SB site in Karlsruhe and was attended by
representatives from government, industry, science and
research, and the press. Project partners showcased some

of the latest developments in this field. These included

the I0SB.BoB autonomous excavator, the humanoid

robot ARMAR-6 (Karlsruhe Institute of Technology), a

robot for sorting garbage on a conveyor belt (FZI Re- 5.? :
search Center for Information Technology) and a hybrid :
walking/driving rover (DFKI Robotics Innovation Center).
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AWARD-WINNING Al EXPERTISE

One hundred locations for Industrie 4.0 In an announce-
ment on December 3, 2019, Allianz Industrie 4.0 named
Fraunhofer IOSB as one of the top 100 locations for Industrie
4.0 in Baden-Wirttemberg. It was the second time since
2015 that Fraunhofer IOSB has received the award. In 2019,
the award focused on the use of artificial intelligence in man-
ufacturing, with the jury of experts rewarding companies and
institutions that demonstrate a high degree of innovation and
market relevance.

The award confirms that Fraunhofer I0SB is on the right track,
e.g. with its involvement in the Karlsruhe Research Factory.
It will be opened in 2020 by the Fraunhofer-Gesellschaft in
partnership with the Karlsruhe Institute of Technology. This
new facility will investigate Al applications for manufacturing
in a realistic setting and thereby accelerate the transfer to
industry of, in particular, processes that are still not completely
understood.

Fraunhofer I0SB has made further telling contributions to this
field, including basic research for the Fraunhofer lighthouse
project “ML4P — Machine Learning for Production” and con-
crete development contracts for industry. The institute has
expertise in all the major aspects of Al and machine learning
in production. Here, the key challenge is to extract the relevant
data from machine-control software and sensors, then to
select the right machine-learning methods to generate models
from that data (the “learning” process), and, finally, to create
a suitable IT system architecture that enables fast processing
of the data and models (edge computing). Fraunhofer 0SB
also develops methods and guides describing how typical ML
use cases can be implemented systematically and as easily as
possible in manufacturing.

FRAUNHOFER IOSB-INA
CELEBRATES 10™ ANNIVERSARY

Anniversary and relocation to new premises Fraunhofer
IOSB-INA celebrated its tenth anniversary on October 1, 2019.
Back in 2009, Professor Jirgen Jasperneite, now a member of
the board of directors of Fraunhofer I0SB, started up in Lemgo
with three young and dedicated scientists, all provisionally ac-
commodated in office containers. Their goal? To help shape the
future of industrial communications. The inaugural project? To
develop a chip for high-performance real-time communications.
Today, a 75-strong team pursues top-level applied research un-
der the motto “Empowering our partners for the digital age.”
The focus is on providing knowledge and technology for digital
transformation in manufacturing companies and municipalities.

Over the past ten years, Fraunhofer IOSB-INA has become a
renowned institution in the technology region of Ostwestfalen-
Lippe. An early infrastructure milestone was the construction
of the Centrum Industrial IT in 2010. This was Germany’s first
science-to-business center in the field of industrial automation
and home to I0SB-INA until 2019. In 2012, with financial
assistance from the State of North Rhine-Westphalia, IOSB-INA
expanded to become a Fraunhofer application center — the first
to be established in cooperation with a university of applied
sciences. Since then, Fraunhofer IOSB-INA has been involved in
designing the BMBF cluster of excellence “Intelligent Technical
Systems Ostwestfalen-Lippe (it's OWL)”. It began broadening
its research to include cognitive processes based on connected
embedded systems as well as intuitive interaction technol-
ogies for intelligent technical systems. Before long, artificial
intelligence and big data became part of the portfolio. A high
performance computing cluster was established in 2016. That
same year saw the opening of SmartFactoryOWL, a research
and demonstration facility for Industrie 4.0, run in partnership
with the Technische Hochschule Ostwestfalen-Lippe. Today,
SmartFactoryOWL is a major attraction, drawing several thou-
sand visitors a year. It is directly connected to the new institute
building, to which IOSB-INA relocated at the beginning of 2020.
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HIGHLIGHT EVENTS AND ACTIVITIES

SMART VIDEO SURVEILLANCE

Security and data protection in public spaces December 3,
2018, saw the launch in Mannheim of a project that is unique
in Europe: the use of intelligent, algorithm-based video
surveillance in public spaces in order to combat street crime.
The system aims to automatically recognize certain behav-
ioral patterns indicative of criminal activity — such as kicking
or punching — and alerts police officers in the control and
operations center. The officers can then assess the situation
and decide whether it is serious enough to warrant sending
a patrol to the scene.

The system, which utilizes machine learning, was developed
by Fraunhofer IOSB and is currently in trial operation. At
present, the images are also evaluated by police officers. All
recordings are deleted after 72 hours. To enable the Al-based
system to recognize situations of interest to the police, it
must be fed with training data in the form of images from
similar situations. Since data protection legislation prohibits
the collection of such recordings in the public domain, the
project has a genuine pilot character. The city of Mannheim
and the State of Baden-Wirttemberg are investing 1.6 million
euros in the project over a period of five years. Around one-
third of this sum will go to Fraunhofer 10SB.

Smart video surveillance marks a step towards greater data
protection and privacy. Instead of identifying persons, the
system focuses exclusively on specific movement patterns.
In the future, when the system is able to reliably identify
critical situations, it will be possible to pixelate the images.
Only when the system judges that a situation requires closer
human scrutiny will sharp images be shown.
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TWO SPIN-OFFS

Ampeers Energy and Gixel The year 2019 saw the launch of
two spin-offs from Fraunhofer IOSB. Munich-based Ampeers
Energy GmbH is seeking to capitalize on the transition to a
sustainable — and decentralized — energy supply. The spin-off
provides a cloud-based software ecosystem that helps exploit
new business opportunities and protect the environment. Its
portfolio of solutions comprises software to manage energy
supply to districts, to manage the supply of electricity to ten-
ants, and to manage the controlled recharging of commercial
fleets of electric vehicles. All three solutions are based on an
energy management platform developed at Fraunhofer IOSB-
AST, which integrates artificial intelligence features.

Al-based processes are also part of the portfolio at the
Karlsruhe-based spin-off Gixel GmbH - here, in the field

of machine vision. The company founders are seeking to
leverage the expertise they acquired at Fraunhofer I0SB and
the Karlsruhe Institute of Technology: on the basis of a quick
and simple teach-in process, they aim to make image analysis
systems much more user-friendly, whether for quality control
or automating the processing of lab results. They have also
developed an especially fast 3D optical sensor based on a
new type of confocal chromatic measuring principle.



= - 10SB-AST IN NEW PREMISES

J‘ New institute building in Ilmenau Relocation began in
e the fall of 2019. Little by little, the about 100 employees

of Fraunhofer IOSB-AST moved to the offices and labs of
the newly erected building. It is located in the industrial
park Am Vogelherd within sight of the old building. The
new building is a joint project of Fraunhofer IOSB-AST and
the Electronic Measurements and Signal Processing depart-
ment of the Fraunhofer Institute for Integrated Circuits IIS.

It provides 3,400 square meters of office, lab and training
space for the two research bodies and can accommodate
up to 212 employees. The construction costs of around 25
million euros were funded to 40 percent by the European
Regional Development Fund (ERDF), by the State of Thur-
ingia (30 percent) and by the German federal government
(30 percent).
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MOBILITY OF THE FUTURE

Profile Region Mobility Systems Karlsruhe and Test

Field Autonomous Driving Baden-Wiirttemberg With
the growing demand for mobility, an increase in freight trans-
portation and, above all, the question of sustainability, the
challenges facing the transportation sector are becoming ever
more complex. In response, the State of Baden-Wirttemberg
sponsors the Profile Region Mobility Systems Karlsruhe in which
Fraunhofer IOSB cooperates with other Karlsruhe-based re-
search institutes and universities. It provides companies, plan-
ers and political decision-makers with a single gateway to
the combined mobility expertise of all these institutions. This
covers a wide spectrum, ranging from (fully) automated vehi-
cles and innovative drive systems to the societal impact. The
two-year core phase started on May 10, 2019, with funding
of over nine million euros available for research projects.

Opened in 2018, the Test Field Autonomous Driving
Baden-Wirttemberg works hand in hand with the Profile
Region Mobility Systems Karlsruhe. It is a real laboratory with
the infrastructure to test, in real road traffic, the technology
and services required for automated and networked driving.
It uses a variety of traffic areas, high-precision 3D maps, and
sensors to capture traffic information and influencing factors.

Fraunhofer IOSB contributes its automotive expertise to both
consortia: situation recognition and maneuver planning for
automated and networked driving, Car2X communication,
emissions reduction, interior monitoring, as well as generation
of training data for machine learning. With its privacy-by-
design expertise, Fraunhofer IOSB also develops solutions to
protect data and maintain privacy despite digitalization and
the increased sensor-based capturing of traffic information.
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FUTURE SECURITY 2019

Forum for defense and security research Future Security
2019, the conference of the Fraunhofer Group for Defense
and Security VVS, was held in the Fraunhofer-Forum in Berlin
from March 14-15. Following a break of three years, it
returned with the slogan “Disruptive technologies in defense
and security” and a new format. Instead of the traditional sci-
entific congress there was a compact meet-and-discuss forum
from midday to midday — free of charge, focused on specific
topics with a program of invited speakers only.

The new concept was a hit. Some 170 participants from
science, research, government, public administration and
industry heard keynote addresses from high-ranking officials
from the German federal ministries of defense and the interior,
and from the European Commission. Topics included the stra-
tegic challenges involved in major arms projects, technological
innovation management, the breathtaking pace of develop-
ments in cyberspace, and the planned European Defence Fund
(EDF). There to explain at first hand the rationale behind the
EDF and its current status was Sylvia Kainz-Huber, head of unit
at the Directorate General GROW in Brussels (see photo).

Expert sessions focused on the technology fields of high-
energy lasers, artificial intelligence and autonomous systems,
as well as cyber defense and security, with presentations from
research, development, and from operational divisions in gov-
ernment agencies. Between sessions, conference-goers visited
the accompanying exhibition, which included exhibits from
institutes in the VS Group. Future Security was planned and
organized by Fraunhofer IOSB. The next Future Security will be
held in early 2021.



HARMONIZING 1IOT
ARCHITECTURES

Fraunhofer IOSB builds bridges with Smart Factory Web
On the international level, there are currently