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About the institute
The Institute of Communications and Navigation was founded in 1966 as Institute of
Satellite Electronics by Prof. Philipp Hartl. Since 2003, it has been led by Prof. Christoph
Günther.
The institute works on the conception and analysis of communication and navigation
systems involving satellites or designed for applications in aeronautics, transport, and
public safety. The activities range from fundamental research to technology demonstrations. Our aim is to push the boundaries of what is feasible, and to be first in
demonstrating new concepts.
Our projects are focused on five missions that directly benefit society and industry. They
are briefly introduced on the next pages. These missions form the framework for most
of our work. Progress in these missions is achieved by developing the theoretical foundations, by carrying out simulations, and by performing tests and demonstrations using
prototypes. This combination is a particular strength of the institute. The theoretical work
yields new approaches and provides limits for achievable performance parameters, for
example data rates or positional accuracy. Prototypes are used to validate new approaches, and to identify and understand difficulties due to implementation.
The institute pays special attention to the practical use of its results. This is facilitated
by the development of standards, a close cooperation with industry and by supporting
employees in founding start-ups.
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Atmospheric measurements can be performed at any location with the Transportable Optical Ground Station. It is also
used for tests with aircraft and satellites.

Global connectivity
Internet access has become essential for most economic
activities. Furthermore, people have become more dependent on broadband Internet access in their personal life.
In most urban areas, decent broadband access is available.
Many initiatives aim at improving the situation in rural
areas, but costs significantly increase with the distance
from urban centers. The economic disadvantage in areas
without broadband access – the so-called ‘digital divide’ –
is expected to reinforce the migration towards urban
centers. Preventing such migration on a global scale is
thus an important task for society.

The fixed Optical Ground Station is used to characterize atmospheric
effects with a high level of detail, and to test new transmission
methods
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Satellites deliver promising solutions. They provide communications to entire continents with a minimal infrastructure and thus
are an excellent complement to ground-based systems. Today,
developments are evolving along two paths: on the one hand,
towards constellations of several hundreds to several thousands
of satellites in Low Earth Orbits (LEO) and, on the other hand,
towards constellations of a handful of high-performance satellites located in Geostationary Earth Orbits (GEO). The institute
contributes to both concepts.
Communications satellites need to connect the user to the satellite (user link) and the satellite to the Internet (feeder link).
In the design of the user link one uses so-called spot beams

Presentation of new coding
and random access schemes

that are as focussed on the users as much as feasible. This allows to reuse frequencies and to save power. With such technologies, large satellites can support aggregate data rates of
several terabits per second. The same data rate must be transported through the feeder link. Today, feeder links are implemented that use radio technologies similar to those of the user
links. This requires a large number of ground stations, even at
much lower data rates. The number of ground stations grows
beyond reasonable limits in view of the large throughputs considered in the future. This is the motivation for the institute to
work on the development of optical communication technologies, comparable to the fibre optics used in terrestrial transport
networks.

Optical technologies open up
a new dimension in data rates
The frequency windows in which the atmosphere is transparent
is a thousand times wider in the infrared domain than at radio
frequencies (RF). In addition, optical transmit and receive terminals are significantly smaller and lighter than their RF counterparts. Unfortunately, optical signals are absorbed by clouds and
are strongly distorted by the atmosphere. An extreme case of
distortion is seen in the heat shimmer above hot roads. Clouds
may inhibit the use of optical free-space communications. In
satellite communications, there is much freedom in the placement of ground stations. Thus one may select well-suited areas
in order to take advantage of the benefits of optical communications, provided that the impact of atmospheric disturbances
can be overcome. This is one of the tasks that the institute aims
at solving.

Coding and information
theory are key to efficient
communications
This idea has gained acceptance since the 1960s. The institute’s
non-binary LDPC codes are currently the best-performing codes
for medium packet lengths. This type of packets is dominant
in Internet traffic. Since the performance of these codes is
getting very close to the theoretical limit, the focus of further
developments is increasingly shifted towards reduced-complexity
decoding.
Satellite connections are continuously subject to fading. With
data rates of one terabit per second and more, this implies that
large quantities of data are lost in each fade. At the institute,
appropriate packet-level codes have thus been developed. They
mitigate this problem and were designed to ensure an extremely
efficient decoding.
In general, many users aim at accessing the radio channels
simultaneously. This is called random access and was addressed
by a number of protocols, which were all associated with a
significant loss in throughput. These losses could gradually be
eliminated in a series of significant contributions by ESA and DLR.

Information networks
Today’s Internet was developed for remote access to computers
and networks in an essentially static environment. Current applications and infrastructures are no longer operated under such
conditions. The institute is therefore working on new approaches
that are better suited for current scenarios – including in particular
applications in aeronautics, vessel control, rail and road transport,
or disaster management.
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Optical technologies are investigated to
reduce the effect of atmospheric disturbances during data transmission

Data retrieval for science, exploration,
and reconnaissance
Huge quantities of data are collected by interplanetary
probes, Earth-orbiting satellites or flying platforms during science, exploration, and reconnaissance missions.
Due to the ever increasing resolution of the deployed
instruments (optical and infrared cameras, radars, etc.),
data volumes are increasing to a point where they can
no longer be transported by current means. One option
is to process and compress them on board. This, however,
limits the possibility to re-process the data for additional
purposes at a later time. The alternative is to develop
new communication systems. Consequently, the institute
works on such developments, in particular on optical
systems that are optimized in terms of robustness and
compactness.

Accurate pointing is key to
optical communications
All free-space optical communication systems use tightly collimated laser beams. They must remain accurately pointed at the
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receiver. After test campaigns with a stratospheric balloon, the
institute demonstrated the first optical connection between a
propeller aircraft and a ground station in 2008. Corresponding
links are now established in a routine manner over distances of
up to 120 kilometres, with a data rate of 1.25 Gbit/s.
The above experiments were all worldwide firsts. The same applies to the quantum key exchange experiment between a DLR
DO-228 aircraft and the optical ground station in Oberpfaffenhofen, which was carried out in cooperation with the Ludwig
Maximilians University of Munich (LMU).
The first terminal for data transfer from a jet aircraft to the
ground was developed in cooperation with the spin-off ViaLight
Communications on behalf of Airbus. The test flight was conducted on a Tornado at Mach 0.7 in 2013. The tests immediately achieved the nominal data rate of 1.25 Gbit/s – 100 times
faster than with conventional radio systems. Aircraft vibrations
and atmospheric turbulence were the greatest challenges. The
latter were continuously measured and used for modelling the
propagation through the atmosphere in order to further optimize future systems.

Model of the OSIRIS
V3 optical terminal

OSIRIS transmits large data
volumes from Low Earth Orbits
Previous work by the institute has contributed to the development of the Laser Communication Terminals (LCT) by TESAT,
which are deployed on the ESA Sentinel satellites, for example.
These LCTs are used in the European Data Relay Satellite (EDRS),
which is the best performing data relay system ever built so far.
Small satellites and microsatellites, however, require smaller, less
expensive, and lighter terminals. As a consequence, the institute
has developed an alternative approach. In this approach, the terminal transmits the data directly to the ground and is thus bound
to communicate under line-of-sight conditions. In a number of
scenarios, this disadvantage is more than compensated by the
small size, low weight, and low cost of the terminal.
OSIRIS V2 is the first such terminal to fly. It is deployed on
the BIROS satellite and to be launched in early summer 2016.
OSIRIS V2 uses the attitude control system of the satellite to
align itself with the ground station. It weighs 1.65 kilograms,
and is capable of transmitting one gigabit per second from a
Low Earth Orbit. It was built entirely from commercial off-theshelf components. The next generation of OSIRIS terminals is

already under development. It will be equipped with a pointing
assembly, which will allow its use on the International Space
Station.
Due to miniaturization, so-called Cubesats are becoming increasingly performant and interesting for scientific missions,
Earth observation, and component testing. This creates another
opportunity for the use and testing of optical communication
systems in space. Consequently, the institute has developed a
first conceptual design for such a system.

Commercialization of freespace optical communications
Commercial interest in free-space optical data transfer (FSO)
has increased substantially in recent years. With the experience
acquired in the development of optical terminals for balloons
and aircraft, a group of employees from the institute founded
ViaLight Communications GmbH (VLC) in 2009. VLC develops
and sells optical communication products.

This terminal was used
to test the very first
optical link between an
aircraft and a ground
station (2008) and to
demonstrate the first
quantum key exchange
with an aircraft (2011)
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Preparation for testing the
navigation with LDACS in the
event of a GPS outage

Safe and efficient traffic in the air, at sea,
and on land
An increasing number of aircraft, vehicles and ships share transport spaces. This
requires a high degree of coordination. Coordination may be achieved centrally,
which is the mode chosen for railways, or may be rule-based, as implemented
in road traffic. In aeronautics and maritime transport, electronic navigation aids
and radio communications already play a major role today. In the context of
growing traffic and further automation, such aids will be increasingly required
in other areas as well. Today’s electronic systems are, above all, designed to
support pilots and captains. Communications takes place via voice-based systems, for example. Current systems often make use of expensive infrastructures, and do not take full advantage of GPS and Galileo. As a consequence,
the institute is working on navigation and communications technologies that
provide the reliability and availability needed for supporting safety-of-life
operations, while at the same time being independent of expensive infrastructures.

The institute sets standards in
aeronautics
The elimination of a communication bottleneck caused by the increasing traffic as well
as the improvement of all-weather flight capabilities are major challenges in aeronautics.
They will be addressed while reducing costs at the same time.
The communication bottleneck is addressed by the L-Band Digital Aeronautical
Communications System (LDACS). LDACS re-uses frequencies already used by other
systems without disturbing them. It creates a universal interface for data and voice
communications. In addition, it is intended to also provide distance measurement
and emergency positioning. The institute plays a leading role in the development of
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A robust receiver designed for aviation,
particularly for augmentation systems at
airports

LDACS. Its standardization by the International Civil Aviation Organization (ICAO) has
just started and is strongly supported by the institute.
The all-weather flight capability is limited most of all by the current instrument
landing system. In the future, final approach and landing shall be supported by GPS
and Galileo-based systems. The first steps in this direction have already been taken:
thanks to the ionosphere modelling carried out by the institute, the first CAT I system
outside the United States could be made operational in Bremen. It allows an aircraft
to land when the pilot sees the landing strip after a guided descent to 200 feet. The
goal of the institute is to develop future systems that allow completely blind landings.
First tests of such systems were carried out successfully by the institute at the Brunswick
Airport, Germany.

Maritime safety as a new area
of application
Shipping is another area where all-weather capabilities are of crucial importance.
The increasing number of ever larger vessels, which need to maneuver in harbors and
narrow fairways, poses a big challenge. In contrast to aeronautics, massive reflections
of signals from the ships’ hulls and from the environment make positioning difficult.
In some situations it becomes impossible to estimate positions using satellite signals
alone. Captains and pilots do, however, require a reliable source of information about
their position and their surroundings. The institute is working on methods that involve
other sensors to improve accuracy and to detect and compensate potential sources of
error. The results are an important contribution to the standardization by the International Maritime Organisation (IMO).

Characterization of the transmission channel
for a new maritime communications system

Vessel positions are currently shared with nearby ships using the so-called Automatic
Identification System (AIS), but they are not necessarily trustworthy. For this reason,
methods developed by the institute compare positions provided by AIS with own radar
measurements. In this way, even ships that are not equipped with AIS as well as other
obstacles can be located, integrated into maps, and even shared with other ships. In
collaboration with partners, including the US Coast Guard, the institute is developing
a standard for communications between ships, with the coast, and also involving satellites.

Railway Collision Avoidance System
Trains move along one-dimensional tracks. On main routes, expensive infrastructures
ensure collision-free railway traffic. On secondary lines, this is not the case, and sadly
collisions still happen once in a while. The institute has therefore developed the socalled ‘Railway Collision Avoidance System’ (RCAS), which uses satellite positioning
and radio communications to detect dangerous situations without requiring costly
infrastructure. This system was industrialized and is sold by the institute´s spin-off
‘Intelligence on Wheels’. The Harz Narrow-Gauge Railway is the first to be equipped
with this system.

Measurement of the signal propagation between
railway wagons, between trains and towards fixed
infrastructures. This will serve as a basis for the
design of communication systems needed for new
types of railway operations.
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Global navigation systems
Today, more than six percent of Europe’s economic output
is dependent on satellite navigation – and this figure is
continuously increasing. Economies such as the economy
of Germany, with large automotive, energy, and banking
sectors, are highly dependent on navigation services.
Therefore, the logical approach was to support the European effort in developing an independent navigation system, known as Galileo. At present, the first generation of
the Galileo system is being deployed. The satellites are
produced in Germany and one of the control centers is
located in Oberpfaffenhofen. The institute supports these
developments, specifically through the verification of
signals. The first Galileo satellites have already spent 50
percent of their operational life in Earth orbit. Due to the
long lead times, it is thus necessary to start with the development of the next generation(s) of satellites and systems. A particular focus of the institute is on enabling the
use of satellite navigation in safety-critical applications.

Signal verification
In the 1970s, the solar mission Helios required a large antenna,
which was built at the DLR site in Weilheim. Today, this antenna,
featuring a diameter of 30 meters, is a big opportunity for satellite navigation, since it is capable of raising navigation signals

30 m antenna dish at DLR premises in
Weilheim, used for GNSS signal verification
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above the noise floor. This permits a detailed analysis of these
signals, which are otherwise drowned in noise. The institute
has developed processes for measuring many important signal
properties and in particular for characterizing signal deformations. The resulting capabilities are regularly used by ESA during
the in-orbit testing of Galileo satellites. Support was also given
to the US GPS Wing.
A precise understanding of the worst signal deformations is of
particular importance for the use of GPS and Galileo in safetycritical applications, such as the landing of aircraft.

Robust receivers
The extremely weak satellite signals are typically superposed by
interference when reaching the receiver and this interference
can be many orders of magnitude stronger than the desired
satellite signal. To handle such situations, the institute developed
receivers capable of suppressing interference that is 10 orders
of magnitude larger than the desired signal! Furthermore, these
receivers are also able to recognize spoofed signals or signals
transmitted by a repeater (meaconing). Such capabilities are
essential for the use of satellite navigation in safety-of-life
applications.

Discussion about a receiver that measures
changes in the ionosphere to detect solar
flare

Pathfinder for the next
generation – Galileo Evolution
Ionospheric monitoring and
prediction
The ionospheric plasma significantly affects satellite navigation.
In extreme cases, it can cause delays of the satellite signals
by several tens of metres. With the new signals from GPS and
Galileo, this delay can generally be estimated – at least when
the necessary receiver upgrade can be afforded. In all other
cases, the receiver must resort to externally provided correction
data. A corresponding service has been developed at the institute.
It relies on different measurements performed on the ground
and on various satellites. To date, the institute has developed
models for predicting not only signal delays, but also ionospheric
storms. The latter are phases of particularly high fluctuation in
the ionisation caused by solar events. When this occurs, some
signals can become completely unusable. Correspondingly, the
ability to forecast such phases has a direct economic benefit.

GPS is the blueprint for all current satellite navigation systems.
Its architecture has proven its benefits and will therefore not
be changed fundamentally in the two upcoming generations.
In the opinion of the institute, these generations should be
focussed on improving the suitability for safety-critical applications, the availability of high precision, and on the reduction
of operating costs. Measures that are useful to this end include
a robust time system on board the satellites, self-assessment
capabilities for signals on the satellites, inter-satellite links, potentially two-way measurements between the satellite and the
ground, as well as the transmission of a number of parameters
useful for accurate positioning. Some of the additional parameters shall improve the compatibility with other systems. Selected
developments of the signals will also be considered under the
condition that backward compatibility is maintained.
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Testing indoor navigation without
infrastructure

Autonomous navigation and exploration
Autonomous navigation refers to navigating without satellite signals. It is
needed inside buildings and tunnels (shielding) as well as for the exploration
of other planets. The appropriate methods have many commonalities and are
therefore grouped together within one mission.

Simultaneous localization and mapping
Pedestrians in corporate or administrative buildings, shopping centers, and transit
subway stations need guidance to reach their destination quickly. Due to the complex
ownership and business relations in large buildings, it is typically difficult to install and
operate a positioning infrastructure. Even the provision of up-to-date maps is an almost
unsolvable problem. Therefore, the institute has developed methods for infrastructurefree positioning and mapping. The sensors consist of inertial measuring units and
magnetometers, and their measurements are turned into positions and maps through
Bayesian estimation processes. These maps show routes through buildings. They do
not generate a floor plan in a traditional sense but this is not needed. Routes are sufficient for navigation. The accuracy of the mapping increases with the amount of data
reported during the usage of the building. Industry has shown great interest in this
technology as developed at the institute.

A fully autonomous swarm of quadcopters
generating a height profile
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A swarm of rovers maps the magnetic field
autonomously

Swarm exploration
The mapping of unknown territory and the search for water or organic molecules
are typical tasks for exploratory missions. Today, large rovers controlled from Earth
are used for exploration. However, this approach is inherently slow, since the time for
a signal to reach Mars may be up to 20 minutes. It also requires a permanent radio
link between the rover and the controller. The associated constraints prompted the
institute to develop a new concept. It uses many small rovers or crawlers, which cooperate and take decisions autonomously. The individual swarm elements measure their
relative positions using radio signals and possibly other sensors to avoid collisions. In
addition, they sense their environment with cameras, radar, Geiger counters, gas detectors and other analyzers, and exchange their findings. In this way, they develop a
joint model of the environment. Areas where the parameters of interest are essentially
constant are less interesting for further exploration. Exploring them in more detail
would be a waste of resources. As a consequence, the exploration strategies developed at the institute focus on maximizing the entropy. Recently, a swarm could be
programed to perform an exploration task cooperatively but in a completely decentralized manner. This makes for a very robust system in which individual rovers may even
drop out without endangering the mission.
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Work at the institute
We aim at addressing societal and industrial challenges, at finding creative
solutions for relevant tasks and at understanding physical phenomena related
to our tasks. We ensure the international dissemination of our findings by
publishing results in peer-reviewed journals.
Furthermore, we aim at significantly contributing to the technological development
in our area of expertise and thus focus on topics in which we can take a leading role
in Europe or even on a global scale. This requires constant interaction with the best
colleagues from all over the world.

Collaboration and early responsibility
We work with a small core team of internationally recognized scientists. Moreover, we
promote young researchers in their work and encourage them to take responsibility
within projects at a very early stage. We want to capitalize on everyone’s creativity and
commitment at all times.

Getting started
Excellent candidates are welcome for internships during their studies. We also
provide the possibility to write a bachelor or master thesis at the institute. Most
young researchers who join the institute after their master thesis develop their
career with a PhD thesis. We promote such initiatives by ensuring a tight coaching
and by organizing continuity in the projects in the best possible manner.

Successful demonstration projects
require outstanding teamwork
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Networking
We collaborate with many universities, scientific organizations, and companies in
Germany and abroad. We regularly attend international conferences and, as mentioned,
publish our work in peer-reviewed journals. Our participation in standardization is an
important element for supporting the transfer of our results into industry.

Project management as a key
competence
Shaping major lines of technological developments requires leadership. We develop
the skills of project management by encouraging young colleagues, primarily postdocs,
to participate in the educational program of the “Project Management Institute (PMI®)”.
Besides becoming acquainted with project management, they build their network
while leading a major project and furthermore obtain a title, which is highly recognized by the industry. In 2014, the institute’s Alert4All team was nominated for the
GPM German Project Excellence Award.

In search of the best-suited talents
The institute in
animated pictures

Our employees are our greatest asset. They are the key to the success of the institute.
Our educational mission implies a permanent change in the staff. Correspondingly,
we are constantly looking for excellent and highly motivated candidates. Graduates
with a degree in engineering, mathematical, physical or geosciences and outstanding
academic records are kindly invited to submit their application.
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DLR at a glance
DLR is the national aeronautics and space research centre of the
Federal Republic of Germany. Its extensive research and development
work in aeronautics, space, energy, transport, and security is integrated into national and international cooperative ventures. In addition
to its own research, as Germany’s space agency, DLR has been given
responsibility by the federal government for the planning and implementation of the German space programme. DLR is also the umbrella
organisation for the nation’s largest project management agency.
DLR has approximately 8000 employees at 16 locations in Germany:
Cologne (headquarters), Augsburg, Berlin, Bonn, Braunschweig,
Bremen, Goettingen, Hamburg, Juelich, Lampoldshausen, Neustrelitz,
Oberpfaffenhofen, Stade, Stuttgart, Trauen, and Weilheim. DLR also
has offices in Brussels, Paris, Tokyo, and Washington D.C.
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DLR’s mission comprises the exploration of Earth and the Solar
System and research for protecting the environment. This includes
the development of environment-friendly technologies for energy
supply and future mobility, as well as for communications and
security. DLR’s research portfolio ranges from fundamental research
to the development of products for tomorrow. In this way, DLR
contributes the scientific and technical expertise that it has acquired
to the enhancement of Germany as a location for industry and
technology. DLR operates major research facilities for its own projects
and as a service for clients and partners. It also fosters the development of the next generation of researchers, provides expert advisory
services to government, and is a driving force in the regions where its
facilities are located.
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