
thermal engine. And we can learn a lot from the comparison – what 
we find out about Mars will help us to better understand Earth and 
its formation.”

Depth record in the Solar System

This is the first time that a fully automatic penetrometer – which will 
work its way down to a depth of five metres, avoiding small rocks 
and realigning itself along the way – will be used for planetary 
research. In the past, astronauts have performed these kinds of 
measurements on the Moon. During the Apollo 17 mission in 1972, 
Eugene Cernan and Jack Schmitt used a hand-operated drill to 
perform heat flow measurements at a depth of 2.3 metres. The 
previous record for Mars is somewhat lower; using the U.S. Phoenix 
Mars lander, researchers managed to burrow only 18 centimetres 
into the ground.

One last look at the launcher

The lander and its instruments are concealed inside the fairing at the 
top of the Atlas V launcher, which is poised for take-off. On Friday 
evening, just after 23:00, the time has finally come. Centimetre by 
centimetre, the Mobile Service Tower – which had previously hidden 
the launcher from view – rolls back. The workers in their safety 
helmets are dwarfed by the 60-metre-high structure. A crowd of 
onlookers gathers at a safe distance. Film cameras are shooting, 
mobile phones are pulled out, and cameras click away. This is the last 
chance to see the Atlas V launcher before InSight embarks on its six-
month trip to Mars. The temperature in California, which is usually 
rather warm, has dropped considerably after nightfall. The cold rises 
from the ground and seeps into your bones. The white launcher 
towers a majestic 57 metres high on Space Launch Complex 3. Thick 
layers of fog are now billowing across the land from the sea. Bright 
floodlights shine through the dark night like fingers of light pointing 
at the launcher. Just above the ground, the launcher is now flooded 
by the light beams, which shred the fog around the InSight logo at 
the top. It is not looking good for a clear view of the launch. If all 
goes to plan, in just five hours the button will be pressed in the 
control room, launching the mission on its way to Mars.

Up until 8 June, the relative positions of Earth and Mars are particu­
larly favourable, so the flight to the Red Planet will only take six 
months. If InSight has to be delayed until after that date, a new 

Lompoc, near the Californian coast, is a space city – the numerous murals reveal this. More than 2000 launches have taken place at Vandenberg Air Force Base since 
1958.
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The HP3 penetrometer will hammer its way into the Martian surface to a depth of five metres
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launch attempt will not be possible for another two years. The 
mission had already been set back two years, as the French SEIS 
instrument developed a vacuum leak, resulting in the cancellation of 
the launch planned for March 2016. Back then, the scientists feared 
that the whole mission was in jeopardy. The InSight mission is part of 
the Discovery programme and is subject to strict rules that dictate a 
short development time, a timely launch and a tight budget. NASA 
made the decision to waive these stringent requirements for InSight. 
The mission was given a reprieve, SEIS was repaired, and the HP3 
team made the most of this time to optimise the reliability of their 
instrument. 

Waiting in the dark

Overnight, viewers assemble under cover of darkness to wait for the 
InSight launch. Cars line the access roads to Vandenberg Air Force 
Base. Those unable to make it all the way to the launch site park on 
the side streets, stand around at Lompoc Airport, or drive to the 
church, which offers a slightly elevated vantage point. The Air Force 
has allowed the press and scientists onto the base. The places that the 
army has prepared for watching the launch have been dubbed 
‘Hawk’s Nest’ and ‘Gravel Pit’. As the name suggests, the latter is a 
large gravel pit with an almost lunar barrenness, and it is ice-cold 
there. Beyond this lies the place where InSight is set to lift off into the 
sky. Camera lenses point towards it through the gloom. The loud­
speaker booms with voices from the control room. Just before 04:00, 
one “Go” after another echoes across the site. Every part of the 
launch system must give green light. At the end of the procedure, the 
voice of the Launch Director is heard: “We’re GO for InSight!” Tilman 
Spohn briefly clenches his fist in triumph. “Excellent news!” he 
declares. The launch is now tantalisingly close, and the excitement 
reaches fever pitch in the ‘Gravel Pit’. 

A rumbling launch to Mars

The countdown begins right on time. “Six, five, four …” Everyone 
holds their breath and scans the darkness for a first glimpse of engine 
ignition. “Three, two, one …” After a wait that feels like an eternity, 
a muffled rumbling rolls across the gravel-covered ground. On the 
launch platform, the Atlas V rocket ignites in a brilliant wave of fire 
and lifts off, carrying InSight on its way to Mars – right on schedule at 
04:05. The orange glow is reflected by the clouds of fog that envelop 
the launcher. However, this is only captured by the cameras that are 
positioned at the launch complex itself. All remains dark in the ‘Gravel 
Pit’, the ‘Hawk’s Nest’ and on the access roads. The growl of the 
launcher can be heard for 30 seconds, and then silence fills the air. 
For a moment, everyone remains quiet. The InSight mission is now 
under way. Everyone heard it happen, but no one saw it in the coastal 
fog. Only those watching from a long way south of Lompoc would 
have been able to see a small, glowing point of light rising into the 
sky.

The tension starts to abate. At Lompoc Airport, people break into 
applause, mixed with sighs of disappointment. Many of them are, 
however, impressed by the mere sound of the Atlas V launcher. 
InSight now has to travel 485 million kilometres before it arrives at 
the Red Planet’s Elysium Planitia on 26 November 2018. A robotic 
arm will pick up the SEIS and HP3 instruments and set them down on 
the Martian surface. “And then we will begin our measurements,” 
says Tilman Spohn. Standing in the ‘Gravel Pit’, he is freezing cold, 
but happy that ‘his’ Mole is on its way to Mars.

The headline of the Lompoc Record on 6 May says it all: “Launch 
makes history.” It has indeed.

www.DLR.de/en/InSight

Two days before the launch, however, First Lieutenant Kristina 
Williams puts a bit of a dampener on things at a press conference. As 
a weather officer at Vandenberg Air Force Base, she has good and 
bad news to deliver. While the prospects of a successful launch 
remain high, visibility is likely to be only 20 percent. Every morning, 
mist billows from the ocean onto the land, and there is a strong like­
lihood that the sea fog will be particularly dense on 5 May as it surges 
over Vandenberg Air Force Base. 

Mars – inner values

The Atlas V rocket has precious cargo on board in the form of the U.S. 
InSight lander, which is devoted to exploring the interior of Mars, as 
indicated by the full mission title – ‘Interior Exploration using Seismic 
Investigations, Geodesy and Heat Transport’. European organisations 
have contributed the two most important instruments on the NASA 
lander. An international, French-led consortium has developed and 
built the mission’s SEIS seismometer, which is set to record waves 
triggered by ‘marsquakes’ and meteorite impacts directly on the 
planet’s surface for the very first time. The German Aerospace Center 
is also sending a ‘mole’ to Mars – the HP3 (Heat Flow and Physical 
Properties Package) penetrometer that will hammer up to five metres 
into the Martian soil, pulling a flat ribbon cable fitted with 14 sensi­
tive temperature sensors behind it underground.

“On Earth, we have plate tectonics, where slabs of rock collide with 
one another and are constantly being formed anew or swallowed up 
– but this is not the case on Mars,” says Tilman Spohn, the Principal
Investigator for the HP³ project, who is visiting California for the
launch. “Mars is covered by an immovable, solid outer layer, pierced
here and there by volcanoes. So far, we have not been able to ascer­
tain why Earth is different from Mars and all other Earth-like planets
in this respect.” While Earth has undergone many changes due to its
plate tectonics, Mars has changed less dramatically over the 4.5
billion years since its formation. The mole and the sensors on the flat
ribbon cable are intended to measure how much heat flows from the
deep interior of Mars. These findings can be used to estimate the
temperature within the interior, thus providing a better understan­
ding of the ‘Mars thermal engine’. “Just as an engineer can surmise
the power of an engine from its temperature, so can we get a picture
of Mars as a thermal engine, using the heat flow. How does it
compare to a thermal engine? Well, all earthquakes, mountains,
volcanoes and ground movements are caused by the workings of this
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The future of rail transport – fuel cells instead of diesel

In the quest for an efficient and sustainable alternative to diesel vehicles, the DLR Institute of Vehicle Concepts in Stutt­
gart is working together with industry on research into fuel-cell-powered trains specially designed to meet the 
requirements of rail transport. On board the train is the fuel-cell system itself, together with hydrogen tanks, a battery 
and electric motors. A chemical reaction takes place in the fuel cell, where hydrogen reacts with oxygen and electricity 
is generated. This drives the electric motors. The battery stores energy recovered during braking, helps with peak loads 
and ensures that the fuel-cell system can be operated under optimum conditions – meaning efficiently and at constant 
power. “The high power outputs and compact design that are possible today mean that fuel cells have massive potential 
as low-emission, flexible and efficient technology for the rail sector,” says Joachim Winter, a train researcher and Head 
of DLR’s Next Generation Train (NGT) project. With its range of up to 1000 kilometres, Winter sees regional and freight 
transport as the prime area of application for this technology. Purely battery-based concepts can cover short non- 
electrified routes. However, the much higher weight and long charging times involved are drawbacks.

Comprehensive DLR expertise for industry and policymakers

From the conception of the fuel-cell power unit to realistic component tests on special test benches, the installation of 
a new powertrain in demonstration trains and the monitoring of the first test journeys, DLR has already contributed its 
expertise in technological development to support rail vehicle manufacturers in several projects. It also advises deci­
sion-makers from the fields of politics and industry about these matters. There is major interest from industry players 
and regional public transport authorities; most railway companies wish to convert their trains from diesel power to 
fuel-cell propulsion. The state of Lower Saxony has already ordered 14 fuel-cell-powered trains, while Baden-Würt­
temberg, Hesse and Schleswig-Holstein are currently preparing the necessary calls for tender. Two fuel-cell-driven 
trains manufactured as part of the National Innovation Programme Hydrogen and Fuel Cell Technology (NIP), which 
received scientific support from DLR, have already been given green light. These regional trains have been under­
going testing since autumn 2016 and are scheduled to start running passenger services from Cuxhaven and 
Buxtehude to Bremerhaven in summer 2018 – a world first. “A fuel-cell-powered drive train is currently about twice 
as expensive as a conventional diesel system. Prices are set to fall considerably as we get closer to series production. 
At the same time, we have to bear in mind that fossil fuels are becoming more expensive,” says Winter. When it 
comes to the technology, the train expert sees huge potential: “New combinations of materials will enable impro­
vements in capacity and cycle stability, the systems are becoming smaller and the packaging more efficient.”

ON THE RIGHT TRACK
Trains powered by fuel cells are emission-free and do not require overhead power lines. Travelling 

along non-electrified routes, they offer a sustainable alternative to diesel vehicles. Of the almost 
40,000 kilometres covered by Germany‘s rail network, around 60 percent is electrified with overhead 
lines. These provide the train’s electric motors with power. If this electricity comes from renewable 
sources, this means that rail transport on electrified main and high-speed routes can be carbon dioxide 
and pollutant free. The situation is different on regional and branch lines, which often have no overhead 
lines due to the expense of electrification; trains with diesel engines are required to run along these 
sections of track. As with road transport, this causes climate-damaging and environmentally harmful 
emissions in the form of carbon dioxide, nitrogen oxides and soot particles.

Research at the interface between energy and transport

By Denise Nüssle
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Hydrogen infrastructure – avoiding bottlenecks?

Whether for cars or trains, fuel cell technology requires its own 
hydrogen infrastructure. Rail transport has a decisive advantage in 
this respect because routes, train timings and refuelling points can be 
planned with great precision and well in advance. At the same time, 
train transport reliably consumes large quantities of hydrogen – 
around 200 kilograms per unit and day of use, as a rough estimate. 
While road transport requires a network of hydrogen refuelling 
stations that are as closely spaced as possible, rail transport can cope 
with a few, centrally located refuelling hubs. These would also be 
ideal sites for establishing electrolysis plants to generate hydrogen. As 
part of their work, the DLR researchers are developing simulation 
models in order to determine the size of such facilities. “Such infra­
structure hubs could also be located near business parks, which often 
already have a hydrogen infrastructure in place or generate hydrogen 
as a by-product, for instance as part of the chemical processing 
industry,” Winter says. At the same time, he explains, these hubs and 
the hydrogen infrastructure created there for rail transport could also 
be used by fuel-cell-powered cars and buses, resulting in another 
interesting interface. 

Ready for its first fuel-cell-powered trip – the Coradia iLint from Alstom.
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Source: Wolfram Schwab, Alstom Transport Deutschland GmbH, 15th International Rolling Stock Conference, Dresden, 1-3 March 2017 – the Coradia iLint.

Sector coupling – green hydrogen – storage plus fuel

The way in which hydrogen is produced is key to sustainable, climate-
friendly mobility that makes an important contribution towards 
implementing the Energy Transition. Only ‘green hydrogen’, produced 
using electricity from renewable sources such as wind or solar power, 
makes the complete process emission-free. Germany and its federal 
states have been working on solutions for storing renewable energy 
in the form of hydrogen for some time now. “Against this backdrop, 
fuel-cell-powered trains can serve as an example of the successful 
coupling of the energy and transport sectors,” Winter says. At 
present, green hydrogen is not competitive due to high taxes and 
duties. One solution would be to exempt fuel-cell-powered trains 
from the track pricing that generally applies to the use of railway 
infrastructure.
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You are both researching materials that are far more common than one would 
generally think. Where do we find fibre-reinforced ceramics?

: : Koch  Twenty years ago, car brakes became the first commercial product made of fibre-
composite ceramics to be introduced in Germany. The efficiency of high-temperature furnace 
equipment can also be greatly improved by using these composites. Nowadays, wherever one 
needs high temperatures and has to combat corrosion, or wants to build with greater complexity, 
one tries to use fibre-reinforced ceramics.

: : Schmücker   Fibre-reinforced ceramics are a comparatively new material. They were developed 
to take advantage of the positive properties of ceramics, such as resistance to high temperatures, 
corrosion and oxidation – while mitigating their major shortcoming, which is brittleness.

You are dealing with two types of ceramics – black and white. What are the differences?

: : Schmücker   White ceramics are referred to as oxide ceramics. Their advantage is that they 
cannot oxidise further, meaning that they are stable in air- and oxygen-rich atmospheres. One 
drawback is that the chemical bond strength of these oxide materials is somewhat weaker, 
which, among other things, negatively impacts their high-temperature strength. Black ceramics 
consist of carbon, silicon carbide or related compounds. Both groups of ceramics have advan­
tages and disadvantages. White oxide ceramics are ahead in long-term use under oxidising 
conditions; black non-oxide ceramics have the lead at very high temperatures …

: : Koch   … for us, very high means from 1100 degrees Celsius upwards. If we look at 
aircraft gas turbines, which are an absolutely key topic at present, a great deal of effort is 
currently being expended to make use of fibre-reinforced ceramics there as well. People are 
taking a close look at which oxide materials can be installed and where non-oxides need to 
be used. Whenever I am working above 1100 degrees Celsius, I try to use black – meaning 
non-oxide – fibre-reinforced ceramics. However, these need to be coated to protect the 
material from oxidation.

What challenges arise in the manufacturing processes? Professor Schmücker, for 
example, you are developing special winding techniques.

: : Schmücker   The winding technique is a process to produce fibre-reinforced 
ceramics. The principle behind it is that we guide a fibre bundle through a ceramic 
emulsion known as a slurry. The challenge is to have the slurry impregnate the fibre 
bundle homogeneously. This is not easy, because a fibre bundle of this type consists 
of up to 1200 individual fibres and each fibre has to be surrounded by ceramic 

The many facets of ceramic materials

A TALE OF BLACK 
AND WHITE  

Martin Schmücker 
is a qualified lecturer in materials 
science, an associate professor at 
Clausthal University of Technology 
and an honorary professor at Kob­
lenz University of Applied Sciences. 
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since 1992 and Acting Head of the 
Structural and Functional Ceramics 
Department at the DLR Institute of 
Materials Research since 2017.

Dietmar Koch 
has headed the Department of 
Ceramic Composites and Structures 
at the DLR Institute of Structures 
and Design in Stuttgart since 2011 
and has been Deputy Director of 
the Institute since 2015. 

White ceramic structure using a winding technique

Ceramics are part of our daily lives, and they come in many forms. But we hardly 
pay any attention to them unless they break. This drawback has been an inherent 

property of these materials ever since people first decided to use them thousands of 
years ago. But what do we actually know about the properties of these non-metallic 
materials? What possibilities do modern, high-tech composite ceramics offer? Do 
they help devise solutions to global challenges? And what about black and white 
ceramics? Martin Schmücker from the Institute of Materials Research at the DLR site in 
Cologne and Dietmar Koch from the Institute of Structures and Design at DLR in 
Stuttgart provide some answers.

Black ceramics exhibit a very high tolerance to damage. Shown here, a scanning electron 
micrograph of the fracture surface with exposed fibres after material failure.



particles once the infiltration process is complete. Once the fibre 
bundles have been impregnated, they are wound onto a mandrel. 
The winding program allows us to adjust the fibre orientation; this 
has to correspond with the expected mechanical loads. The winding 
is performed while the fibre bundle is wet. When the wound form is 
completed, it is dried and then subjected to a sintering process at 
temperatures of up to 1300 degrees Celsius, resulting in a solid 
ceramic material.

Does this also apply to black ceramics?

: : Koch  In the development of fibre-reinforced ceramics, we have 
been using the technologies developed for producing fibre-reinforced 
polymers. In both worlds, you have to work with fibres that you want 
to somehow give a targeted form. We are now very intensively 
involved with various textile technologies. We are also borrowing 
from the processing of natural fibres to produce spacer fabrics or 
other complex fibre forms. We then impregnate these with the matrix 
material and apply our high-temperature processes, to end up with 
the fibre-composite ceramic component. This issue of fibre preforming 
is currently also a very important one because you always want to 
achieve the final geometry of the fibre-composite materials directly. 
As finishing should be minimised as far as possible, the correct geom­
etry must already be created during the fibre preforming stage.

That means you have a kind of predetermined shape, a kind of 
model of the later workpiece over which you then lay the fibres.

: : Koch  Not necessarily. We do not always need a negative form. 
They may also be freestanding preforms, which are then impregnated 
by dipping processes or other methods. Or, as my colleague Professor 
Schmücker said of white ceramics, during the winding process you 
take already impregnated fibre bundles, which are then processed 
into a three-dimensional geometry. But before manufacturing, the 
design step is absolutely necessary. I need to know what my compo­
nent will look like and what the loads will be. I have to be able to 
calculate everything in advance. Then I begin production.

: : Schmücker   The winding process is ideal if you want to achieve 
cylindrical shapes. If we need differently shaped components, we 
currently proceed by cutting the wound layups while they are damp 
and then shaping them. However, there is a risk that the fibres will 

The two examples you mentioned are from aviation, but you 
are also active in the space sector …

: : Koch  These were actually the first steps we took when fibre-
composite ceramics were developed at DLR. For example, many years 
ago we developed the nosecap for the then planned successor to the 
Space Shuttle. This nosecap was for NASA, so it needed to be capable 
of flying in space. This topic has, or course, been on our agenda over 
the years. Nowadays we are working with completely new matrices 
that are stable at ultra-high temperatures. These materials are still 
functional at 2000 degrees Celsius and are very interesting for new 
applications, such as hypersonic propulsion systems. Of course, the 
spectrum of applications in spaceflight is wide, especially with regard 
to thermal protection, control surfaces and other components that 
are subject to extreme thermal stress. We are working intensively in 
these areas.

: : Schmücker  Although non-oxide ceramics basically offer better 
performance at extremely high temperatures, there are individual 
applications where oxide ceramics have advantages. We recently 
developed a re-entry capsule, which in addition to satisfying thermal 
and thermodynamic requirements, had to be transparent for radio 
waves. This is only possible with oxide ceramics.

We have discussed aviation and spaceflight, so what about 
energy technology? For example, are there further applications 
in stationary gas-fired power plants?

: : Schmücker   The key term ‘gas turbine’ is an essential point. 
Generally speaking, whatever is advantageous for aircraft gas turbines 
can also be useful for stationary gas turbines. Therefore, we have also 
been working in the field of smaller gas turbines for some years, for 
example in the field of combined heat and power plants. There, you 
can achieve higher efficiencies with components made of fibre-rein­
forced ceramics. Other activities of our ceramics research are being 
pursued in cooperation with DLR’s Institute of Solar Research and 
Institute of Engineering Thermodynamics. Solar thermal energy is an 
area associated with high temperatures, where relevant material 
issues are the focus. Complex monolithic ceramics are used in solar 
absorbers. Here, we are examining durability and stability under 
desert conditions. Another area is functional ceramic materials, for 
example redox materials, which can be used to produce hydrogen 
from water and solar thermal energy, to be used as a synthetic fuel. In 

lose their original orientation. That is why we are developing special 
fibre-laying processes in order to produce even more complex 
components.

It sounds as if the manufacturing methods still require a great 
deal of manual labour. How are you moving your work towards 
automated processes?

: : Koch   Of course, this is an important topic at the moment. How can 
you automate everything? We are trying to accelerate fibre-composite 
ceramic development by focusing strongly on fibre-reinforced poly­
mers and by directly using new automation processes.

Production automation will be the key to widespread use of 
ceramic fibre products ....

: : Koch  ... absolutely, yes, reproducibility is a very important issue. 
The same goes for quality assurance. If you want to use components 
in aircraft gas turbines, they must meet the relevant specifications, 
and this is of course much more difficult with manual production 
methods. It is therefore very helpful if the production line is machine-
assisted and therefore more reproducible.

Where is the use of such expensively produced components 
worthwhile?

: : Koch   Engineering ceramics are already relatively expensive mate­
rials. Fibre-reinforced ceramics are even more expensive. In practical 
terms, fibre-reinforced ceramics will really only be used where they 
offer functional improvement. We can take a large chemical plant as 
an example, where there are high temperature gases and a corrosive 
environment. This system has to be shut down every four weeks to 
replace a metal component. This is a very costly procedure, but the 
component itself is inexpensive. If this component is replaced by one 
made of fibre-composite ceramic, the maintenance intervals can be 
significantly extended. The ceramic component may be considerably 
more expensive than the metal one, but the overall performance 
compensates for this. These fibre-reinforced ceramics will always be 
used where other materials are not able to survive.

A re-entry capsule made of fibre-reinforced oxide ceramic undergoing testing in 
a plasma tunnel

Propeller brake disc for the Airbus 400 M; the friction lining is made of black 
fibre-reinforced ceramic.

Nozzle produced using winding technology undergoing a hot gas test System for winding fibre-reinforced oxide ceramics at the DLR site in Cologne
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this area, we operate as part of a virtual Helmholtz Association insti­
tute. We have been researching these redox materials for five years 
together with two DLR institutes and three university institutes. 

What is happening in Stuttgart?

: : Koch   We are also active in the field of micro gas turbines. We are 
attempting to use fibre-composite technologies to develop compo­
nents that can increase the efficiency of micro gas turbines. Our focus 
is clearly on the design and construction of complex structures. 

36 DLRmaGazine 158 ROUND-TABLE DISCUSSION



Functions such as redox play a subordinate role with us, as non-oxide 
ceramics are not appropriate. In the field of solar energy, highly porous 
structures are also interesting, where large internal surfaces are 
produced to use them as a material for solar absorbers. Although we 
have not yet succeeded in gaining a foothold in cooperation with 
other DLR institutes, we are working on it.

Isn’t  predicting the lifespan of such a new material a big 
challenge? We have decades or centuries of experience with 
other materials, how they degrade and how durable they are.

: : Koch   Yes, that is absolutely right. This is a huge challenge. But 
that also makes it so exciting, to attempt to comply with regulations. 
It must also be noted that we are not alone in the world. Together, 
the two departments here in Cologne and in Stuttgart make up the 
largest research group in the field of fibre-reinforced ceramics in 
Germany. But there are many others. Various research institutions, 
universities and companies are addressing these issues. Of course, 
everyone is striving to tackle the complex issue of lifespan. And what 
I find very exciting is that we are also trying to move forward together. 
That is actually working quite well. I have been leading the working 
group ‘Fibre Reinforced Ceramics’ supported by DGM, DKG and 
CCeV, for some years now. Everyone in this community meets twice 
a year to discuss how fibre-composite ceramics can be introduced 
into use as quickly as possible. Here, critical issues such as lifetime, 
design of components and more are addressed.

We have now talked a lot about materials and the differences 
between the Cologne and Stuttgart locations, but how exactly 
are you working together?

: : Koch  This is easy to summarise. We do not work together on 
colour, but we do on everything else – for example, when we talk 
about coating systems and calculation methods. Earlier, we already 
discussed how the macroscopic properties of fibre-composite ceramic 
components are based on micromechanical changes. This means that 
knowing the whole scale from micro to macro is necessary, so you 
have to understand how the fibre behaves within the matrix, at the 
fibre-matrix interface, what is going on there at an atomic level, how 
cracks propagate, and how these cracks develop. This simulation 
chain is an example of a very important issue that we are tackling 
together. We only have the clear distinction between the colours 
because it makes sense technologically. Besides this, we do not have 
any boundaries. On the contrary, we are trying to collaborate as 
much as possible in order to understand the mechanisms that make 
composite materials more stable and to jointly characterise the 
materials.

: : Schmücker ... very roughly speaking, the tendency is that our 
colleagues in Stuttgart might be somewhat more involved in engi­
neering, whereas we are more concerned with materials science 
fundamentals.

: : Koch   That may be an important aspect. We are at home in design 
methods and structural technology; these are part of the mission of 
our Institute. We think about design methods, we think about 
bonding concepts, we think about lifetime. And if I then have ques­
tions about microstructure, I go to Cologne with my black material 
and Cologne solves these microstructural issues. In return, we solve 
the bonding questions for our colleagues in Cologne. That is how it 
fits together.

In which direction would you like to advance your work in 
future?

: : Schmücker    I would be interested in the microscopic aspects. This 
is actually my original area of expertise. In cooperation with colleagues 
from our Institute, as well as from Stuttgart and other DLR institutes, 
we then look at how our materials and equipment find their way into 
practical applications.

: : Koch   I studied mechanical engineering, so I come from the 
components side. If I had the freedom to arbitrarily define the targets, 
I would like to be able to design the components and then, based on 
this design, make my material really perfect. That means I would 
calculate the component, taking into account all the lifetime aspects. 
Then I would decide on a specific manufacturing process – for 
example a tried-and-tested one from the textile industry – and I 
would make my component using this. I would find it very appealing 
to follow this sequence.

With textiles, I think of a tailor-made suit.

: : Koch   Exactly. A tailor-made suit for an aircraft gas turbine … that 
sounds great.

The interview was conducted by Michel Winand, who works in the 
Department of Public Affairs and Communications at the DLR site in 
Cologne.
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In power technology, ceramic structures enable longer service lives at higher 
operating temperatures. The upper image shows a modular, high-temperature 
heat exchanger with a complex channel structure.

Sandwich structures for use in satellites. Sandwich construction is a widely used 
design principle for producing thin-walled structures with low mass but very 
high stiffness.

Prototype components made of fibre-reinforced oxide ceramics

Above: Two design studies for engine components, produced by the lamination 
process.

In between: burner tubes, manufactured by the fibre winding process.

Below: From a feasibility study on the post-processing capability of the ceramic 
composite.
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Flight experiments, stabilisation fins, rocket motors – Tina Stäbler walks past numerous aero­
space structures as she makes her way across the Technology Hall. On this particular day, she is 
working at the Indutherm, a facility that enables the mechanical testing of materials at tempera­
tures exceeding 1000 degrees Celsius. A porthole provides a good view of the interior. Clamped 
inside is a rectangular panel made of fibre ceramics, glowing with a light orange colour. Stäbler’s 
eyes also light up when she talks about her research work. At the DLR Institute of Structures and 
Design in Stuttgart, the 32-year-old scientist is investigating the behaviour of ceramic matrix 
composite structures upon re-entry into Earth’s atmosphere and the detection of damage to the 
material in the process.

A monitoring system could save lives in extreme cases

“Atmospheric re-entry is one of the most critical phases of a space mission. With intense heat 
and high mechanical stress, spacecraft are subjected to extreme conditions. An intact heat 
shield is essential for a safe re-entry,” Stäbler explains. The importance of identifying damage 
in time was tragically demonstrated in the Columbia space shuttle accident of 2003. A 
damaged heat shield caused the United States space shuttle to break apart while re-entering 
Earth’s atmosphere. It burned up and all seven crewmembers perished.

Stäbler is devoting her doctorate to developing a method for monitoring the condition of 
heat shields to be able to replace critical components of future heat shields before failure, or 
to prevent further damage through adjustment of the flight path. The doctoral candidate 
has been awarded with an Amelia Earhart Fellowship. These are given in memory of the 
eponymous female aviation pioneer and are granted each year to as many as 30 female 
scientists worldwide who are undertaking doctorates in the aerospace field.

In her studies, the engineer is primarily examining the electrical properties of ceramic 
matrix composites in detail, measuring the electrical resistance from which conclusions 
about changes in the material can be drawn. In this way, she can detect mechanical 
stress that can lead to dangerous cracks. The glowing sample, visible through the 
window of the thermionic test facility, consists of CMC. This class of material is highly 
resilient to stress and is characterised by a high resistance to cracks; resistance to 
corrosion, abrasion and oxidation; as well as a high tolerance for temperature and 
damage. It is also electrically conductive.

The panel, which is the size of a small chopping board, has 12 
contacts on each side to measure electrical resistance. Stäbler explains 
how it works: “All contacts of the sample are connected to a test 
stand. Two contacts on opposite sides are always activated and 
impressed with current. The electrical resistance between the contacts 
on the one side and those on the other side is measured one after 
another. With 12 contacts on each side, one normal sample has 12 
times 12 – that is 144 – measurements per cycle. The current test 
stand makes it possible to connect up to 32 contacts per side, 
resulting in 1024 individual measurements per cycle. Since resistance 
and voltage are always measured, the measurements per cycle double 
to 288 and 2048, respectively.” The network of measurement paths 
with 32 contacts per side is more finely meshed, and the accuracy 
significantly increased.

The sample is heated in a vacuum to 1100 degrees Celsius and in 
other experiments up to 1750 degrees Celsius. As in a spacecraft, the 
contacts are in a less hot area. Cyclic tensile tests are carried out while 
the sample cools down. This means: strain, release, wait. What 
happens with the first strain? How does the sample behave with the 
xth strain? “In this way, I can determine whether a critical load condi­
tion has occurred. If that is the case, the tile must be replaced.” The 
advantages of the new test procedure are that it prevents structures 
from failing unexpectedly and lengthens the maintenance intervals of 
the heat shields.

“When measuring, we have to be fast,” Stäbler explains. “It is impor­
tant that damage is detected swiftly.” At present, the data must be 
evaluated after each experiment. In future, they are to be examined 
in real time using a special algorithm, and the critical changes are to 
be reported. Stäbler aims to have her measuring procedure eventually 
used in actual flight operation: “You could also use it in aviation.” 
The prerequisite is that the material to be monitored is electrically 
conductive.

Tina Stäbler is flying high with extremely durable heat shields 

By Nicole Waibel 

BEATING 
THE HEAT

Tina Stäbler
was born in 1986, grew up in Ditz­
ingen, near Stuttgart, and studied 
aerospace engineering at the Univer­
sity of Stuttgart. She successfully 
completed her degree in 2014 and 
has since worked in the ‘Space 
System Integration’ department of 
the DLR Institute of Structures and 
Design in Stuttgart. Within the 
framework of the Helmholtz Young 
Investigators Group ‘High tempera­
ture management in hypersonic 
flight’, she is obtaining her doctorate 
on the topic ‘Electrical health moni­
toring system for thermal protection 
systems in space’. In January 2018, 
Stäbler was awarded an Amelia 
Earhart Fellowship.
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Whether on the climbing wall or in the laboratory, extremes are Tina Stäbler’s 
thing. She enjoys conquering an apparently unscalable precipice. At the DLR 

Institute of Structures and Design in Stuttgart, the doctoral student is developing a 
structural health monitoring system for ceramic matrix composite (CMC) heat shields. 
This system makes it possible to identify damage to materials on space vehicles 
during atmospheric re-entry. The scientist was recently rewarded for her work: She 
was awarded the prestigious Amelia Earhart Fellowship.

Tina Stäbler in the workshop of the Institute of Structures Design in Stuttgart: The attachment of contacts on the sample plate is based on a carefully considered 
system. The network of measuring paths should be as precise as possible.

Effect of an incidence of damage, which was incorporated from second 100 - 
200, shown schematically in the graph on the individual paths of the 
measuring paths from second 200.

Schematic representation of a sample with damage and 12 contacts as well as 
colour grouping of their virtual current paths



Spaceflight – a childhood dream

Spaceflight is Stäbler’s passion. Ever since she was a small child, it has 
wielded a particular fascination. It might be a coincidence that the 
scientist’s middle name is Ariane. “Ariane – like the European launcher,” 
she laughs. The name says it all. “The question of whether there is life 
beyond Earth has intrigued me for a long time.” As a schoolgirl, 
Stäbler took part in the Berkeley University SETI@home project, which 
deals with the search for extraterrestrial intelligent life. For this purpose, 
a telescope scans the heavens for radio signals; the processing load is 
distributed to PCs worldwide for the evaluation of the large amounts 
of data. It also went to the computer in the Stäbler household. The 
prerequisite was simply an Internet connection and the installation of 
free SETI@home client software. “The computer ran the whole day 
trawling through the data packets. I found it exciting to browse 
through the statistics,” Stäbler recounts. Does she still believe in extra­
terrestrials today? – “I think that there is life somewhere. But will we 
ever catch sight of it?” However, why roam in faraway galaxies when 

there are also interesting things to discover so ‘close’ to home. “A 
crewed mission to Mars would naturally be terrific!” Has Stäbler, with 
all her enthusiasm for space travel, thought about becoming an astro­
naut? – “Definitely! But the next objective is first and foremost the 
dissertation,” she says with a wink. So, although there is no going to 
space just now, she can certainly climb higher: Stäbler can be regularly 
seen in the climbing gym and at the cliff face. And when she is not 
working on her doctorate, she is very involved with young scientific 
talent. For several years, she has actively participated in Girls’ Day to 
pass on her enthusiasm. “The book and film ‘Hidden Figures’, has 
raised awareness of women’s significant contribution to spaceflight. 
That should remain so and will hopefully continue to increase.”

Doctorate in a Helmholtz Young Investigators Group

When Stäbler joined DLR in May 2014, she had just earned her 
degree in aerospace engineering. “What convinced me about DLR 
was the opportunity to work on my project from start to finish – from 

the first thoughts on how the system should work, through the tests, 
and up to the prototypes of the test stand. The production of samples, 
the evaluation of data, the development and improvement, and right 
up to the functioning system. At DLR, you do not just see a small part 
of your project – you see the whole, and that is truly fantastic!”

She is still enrolled at Stuttgart University – now as a doctoral candi­
date. What is the challenge with getting a doctorate? “If you get your 
doctorate, you become the greatest expert in your field at some point. 
No one has devoted themselves to this more than you yourself. So 
beyond a certain depth, the points of contact are few and far 
between.” Such a focal point for Stäbler is Hannah Böhrk, the deputy 
head of the department ‘Space System Integration’. Böhrk also leads 
the Helmholtz Young Investigators Group ‘High temperature manage­
ment in hypersonic flight’, where she investigates modern heat 
shields in simulations and experiments, with the help of Stäbler and 
other young scientists. They wish to better understand the thermal 
behaviour of structures during re-entry and hypersonic flight. “In the 

Helmholtz junior research group, we research a comprehensive 
matter intensively in a small team,” Böhrk says. “As a result, we are 
in constant communication with each other.” Stäbler will be the first 
graduate of the group and is now really inspired to complete her 
work and then to further develop her topic in new directions. In addi­
tion to the high-temperature applications from spaceflight, she sees 
the detection and localisation of damage in aircraft structures as an 
area of application. “It is fun to engage in excellent research with 
such focused doctoral students!”

With so much hard work, it is good to take things easy once in a 
while. Almost excitedly, she reports on her latest achievement, called 
‘Terraforming Mars’ – a board game that involves transforming Mars 
into an Earth-like planet. Who knows, perhaps Stäbler will one day fly 
to the Red Planet… You need intact heat shields for this, too.

Nicole Waibel is responsible for marketing and public relations at the Institute for 

Structures and Design in Stuttgart and Augsburg.

A look into the interior of the Indutherm plant: At 
very high temperatures far above 1000 degrees 
Celsius, the sample can be mechanically tested 
here.

Amelia Earhart Fellowship

Amelia Earhart Fellowships are awarded each year to as many as 
30 female scientists worldwide in the field of aerospace engi­
neering in order to strengthen the position of women in aero­
space-related sciences or aerospace-related engineering. The 
US$10,000 fellowship is in memory of the aviation pioneer Ame­
lia Earhart, who in 1932 became the first woman (and the sec­
ond person after Charles Lindbergh) to fly across the Atlantic. 
The fellowship is awarded by Zonta International, an association 
of professional women in responsible positions who help im­
prove conditions for women with respect to legal, political, eco­
nomic, occupational and health matters. The first fellowship 
award dates from 1938.
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Women in astronautics 

Until 14 October 2018, the Universum® Bremen will be 
showing the photo exhibition

‘Space Girls Space Women’

in which women from aerospace are portrayed.

www.universum-bremen.de/space-girls-space-women

DLR researcher Tina Stäbler at the award ceremony 
on 26 January 2018 in Stuttgart. The award was 

presented to her by Sigrid Duden, Governor of 
Zonta District 30 (right).
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High-precision measuring instruments in the air: the 
Channel Sounder in the hangar at the DLR site in 

Oberpfaffenhoffen before its installation in the Falcon 
research aircraft.

The Channel Sounder analyses the propagation of radio signals – for 
the best reception 

Uwe-Carsten Fiebig and Thomas Jost

Everyone has experienced hearing their voice reflected from the face of a nearby mountain, with 
the typically long echo. The mountain scenario is an expanded version of what we hear in an 
empty room. Why is that? Nature provides the answer; these sound waves are reflected off of the 
walls. These types of reflections are greatly dependent on the wall characteristics – including their 
dimensions, the material they are made of and the roughness of their surfaces. If there are strong 
echoes, anyone listening to a spoken voice will have difficulty understanding what is being said.

Similar effects are experienced with the transmission of radio waves. In most cases, electromag­
netic waves reach the receiver not only through the direct path of propagation – meaning the 
line-of-sight connection between the transmitter and the receiver – but also via reflections or 
echoes. At the receiver, the direct signal has the reflected signals superimposed on it; this causes 
distortions of the direct signal and, in turn, an erroneous reception of the transmitted information 
bits. The quality of reception is determined by the transmission channel, which defines the charac­
teristics of propagation between the transmitter and the receiver.

When new radio systems are being developed, it is important to have precise knowledge of the 
transmission channel – that is, the propagation conditions. These conditions are dependent on 
many parameters, such as the frequency and bandwidth of the transmitted signal; the physical 
environment in which the radio system is operated; and the relative speed and separation distance 
between the transmitter and the receiver.

Researchers examine the transmission channel characteristics through the use of a ‘Channel 
Sounder’. This measuring instrument consists of a transmitter that sends out a known test signal, 
and a receiver that records the signal in a highly accurate way. The evaluation of the data acquired 
makes it possible to achieve a precise mathematical definition of the transmission channel. The 
researchers construct a model of the propagation characteristics – the ‘channel model’. This model 
provides the basis for designing and optimising radio systems, as well as for computer simulations 
of their transmission quality.

TRACKING 
RADIO WAVES

When information is transmitted by radio – whether for communications, position 
determination or authentication – it must reach its destination reliably and be 

received correctly. Also, in view of increasing levels of automation, ever-increasing 
importance is attached to having reliable communications links between various  
systems. To open up new frequency bands or make better use of existing ones, DLR 
researchers are surveying radio channels with a special instrument that covers all areas 
of research – the Channel Sounder. Work on the use and development of this indispensable 
measuring instrument began 15 years ago.



From 2008 to 2010, in a range of different measurement programmes, 
DLR researchers expanded the use of the Channel Sounder to investi­
gate the propagation conditions for signals reaching a mobile receiver 
within a building – either from a satellite or from a mobile radio base 
station. Measurements confirmed that signals would pass through 
windows (if not metal-coated), walls and even concrete ceilings to 
reach the interior of the building. But within the building, the signals 
become greatly attenuated and reflect off walls, doors and fixtures. 
Navigation is extremely difficult in such a multipath environment. 
Deeper inside the building, the received signals become so weak that it 
is impossible to achieve reliable position determination on the basis of 
satellite signals.

In a subsequent measurement programme, researchers showed that C 
band signals experience much greater attenuation as they enter a 
building than signals in L band. Accordingly, the advantages of potential 
broadband navigation signals in C band can only be exploited outdoors, 
and not inside buildings. Indoor applications tend to require lower-
frequency signals. A comparison between transmission channels in L 
band and C band is necessary to decide whether the next generation of 
Galileo signals should be broadcast at different frequency ranges.

In 2003, the Channel Sounder was used in an aviation application to 
survey the transmission channels within an aircraft cabin. These trans­
mission channels are important for aircraft manufacturers when they 
wish to replace cable-based communications with radio links. It was 
possible to determine which areas of the cabin could easily receive radio 
signals, learning in the process that there are many points (typically 
surrounded by metal) where the radio signal experiences severe attenu­
ation or is not received at all. In 2007, the scientists investigated the 
transmission channel between the apron control tower and aircraft at 
Munich Airport. What they used was not an aircraft but a measurement 
bus, with which they tested various scenarios on the runway – both 
during the day and at night. A typical airport architecture – with its 
wide-open spaces and large buildings – is a recipe for changing behav­
iour in the transmission channels. This channel exhibits very strong, 
long-lasting echoes, together with signal shadowing near the positions 
where aircraft are parked. The channel model, as developed, takes 
these characteristics into account, with the result that DLR was able to 
adapt the new AeroMACS radio standard, which is designed for trans­
mission between control towers and aircraft or vehicles on the ground, 
to these conditions.

The Channel Sounder’s travels included airborne operations, as in a 
2009 measurement campaign conducted in order to investigate the 

During the first measurement campaign, the transmitting unit was on an airship. The Channel Sounder in DLR’s Dornier Do 228-101 (D-CODE) research aircraft

During a measurement campaign in 2014, during which the researchers examined 
the radio link between a ship and the mainland, the receiving antenna was 
installed on the Warnemünde lighthouse. In 2016, one team recorded the 
transmission channel between two ships (DLRmagazine 148/149 reported about 
this).

In two moving high-speed trains, DLR experts investigated the propagation of 
radio waves for train-to-train communication in Italy.

The Channel Sounder in operation – transmitter (left) and receiver unit (right). In the first satellite Channel Sounder campaign, the receiving unit moved through 
Munich city centre in a measurement bus.
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radio channel between two different aircraft using a carrier frequency of 
250 MHz. The aircraft flew over a range of land surfaces, such as 
bodies of water, fields, forests and conurbations. The signal reflected 
from the ground proved to be exceptionally strong – to such an extent 
that it equalled the intensity of the direct signal. The direction in 
which the antenna was pointed was sufficient to make the reflected 
signal even more powerful than the direct signal in the case of some 
aircraft banking manoeuvres. The disruptive effect caused by the 
reflected signal can be markedly reduced by employing an equaliser. 

Traffic applications

Rail transport is another area of application for the measuring instru­
ment. In addition to a measurement campaign conducted on two 
trains (DLR Magazine 151/152 presented an article on this topic), the 
DLR measurement team investigated the transmission channel 
between two vehicles while both the transmitter and the receiver of 
the Channel Sounder were in motion. On the basis of the results 
achieved, the researchers were able to develop a model that incor­
porated the constantly changing transmission characteristics arising 
between moving vehicles. This model will be used to optimise vehicle-
to-vehicle communications technology.

Future for good reception

Many new questions will await future scientists at the Institute of 
Communications and Navigation. These questions may include inves­
tigating higher bandwidths and other frequency ranges, as well as 
whether it is necessary to survey channel characteristics that were not 
previously relevant or even impossible to examine. Using a new 
Channel Sounder that is scheduled to go into operation in 2018, it 
will be possible to rely on ultra-wideband signals with a bandwidth of 
up to 1 GHz to improve the resolution of echoes. In addition, the 
researchers will be able to increase the measurement rate in order to 
capture higher-frequency Doppler effects. Composite antennas for 
both the transmitter and the receiver will also be supported by the 
new Channel Sounder. As a result, the foundations for good recep­
tion and reliable transmission technology have been laid.

Uwe-Carsten Fiebig heads the Communications Systems Department. One of the 

department’s core competencies is the analysis and modelling of the propagation 

characteristics of radio signals for space, aeronautics, transport and maritime secu­

rity applications. Thomas Jost has been a leading scientist in the field of radio 

wave propagation for many years and has been responsible for the Channel 

Sounder in almost all measurement campaigns.

Travelling across land, sea and air

Whether investigations are needed for satellite navigation, aircraft 
radio, maritime communications, vehicle-to-vehicle communications, 
or radio systems on trains, the Channel Sounder has an extremely 
diverse range of applications. Researchers at the DLR Institute of 
Communications and Navigation have already carried out numerous 
measurement campaigns to record the propagation characteristics of 
many different transmission channels. Modifications had to be made 
to the Channel Sounder to open up new frequencies. The Channel 
Sounder was originally designed only for the measurement of trans­
mission channels with a carrier frequency of 1.51 GHz (L band), with 
a bandwidth of 100 MHz. With time, its range of capabilities has 
been expanded to include several carrier frequencies in the VHF 
frequency range, and in the S band and C band sections of the spec­
trum. Aviation, satellite navigation, as well as road, rail and maritime 
transport are all areas of research in which regular breakthroughs 
have been made in the field of radio transmission thanks to the 
researchers’ campaigns.

In the Channel Sounder’s first practical application in 2002, DLR 
researchers surveyed the propagation conditions affecting satellite 
navigation. The accuracy of GPS receivers is greatly dependent on the 
transmission channel because the signals have to travel over a long 
distance, and can – in cities, for example – experience strong reflections 
off of buildings. The transmission system sent the test signals not from 
a satellite but from an airship that was parked in a position several 
hundred metres above, while the measurement bus carrying the 
receiver unit drove through the streets of Munich and recorded the 
signal. Working on the basis of the measurements gathered, researchers 
were able to achieve an unprecedented level of detail in defining the 
propagation phenomena that satellite navigation signals are subjected 
to. The researchers noticed strong signal echoes in streets with a lot of 
building development; these echoes had a remarkably long duration. In 
such cases, a navigation receiver’s position error may lead to a deviation 
of more than 50 metres from the true location. 

At the Institute, new methods were subsequently developed to signif­
icantly reduce the effects of multiple-path propagation affecting a 
navigation receiver – with the result of providing far more accurate 
position determination. The channel model that was developed has 
been standardised in the Radiocommunication Sector of the Inter­
national Telecommunication Union (ITU-R), a special organisation  
within the United Nations dedicated to the technical aspects of 
telecommunications.



THE MATTERHORN IN THE GASOMETER – 

A TEST OBJECT FOR DATA VISUALISATION

Soaring through the sky at 250 kilometres per hour, the twin-engine DO-228 approaches a restricted military area. Its final destination can be seen 
from afar: the snow-covered pyramid of the Matterhorn, gleaming in the sunshine. The DLR pilots let the aircraft descend to the predefined flyover 
height. Their goal is to fly just 400 metres above the peak. Meanwhile, a camera is set up by a DLR staff member to take photographs from the 
aircraft cabin. A breathing mask provides him with oxygen at an altitude of almost 5000 metres. The 3K camera keeps an eye on the Matterhorn 
through an opening in the floor.

Almost 3000 images, or 60 billion pixels, are brought back to DLR’s Earth Observation Center (EOC) in Oberpfaffenhofen. There, Pablo d’Angelo 
computes a high-precision ground model from the pairs of images. He considers the Matterhorn to be a tough test. With precipitous slopes 
exceeding 2000 metres and extreme exposure differences between expanses of snow and shade, it places high demands on the aerial camera and 
the algorithm, both of which were developed at DLR.

The aerial camera is based on three high-precision professional digital cameras. These are significantly less expensive than specialist airborne 
sensors, and can be replaced quickly by more up-to-date models. As such, the 3K camera benefits from the fast-moving nature of the digital 

Thanks to the virtual copy of the 
Matterhorn, it was possible to define 
the ideal size and precise cut-out for 
the subsequent sculpture in the 
Gasometer.

The installation and overlay of the 
17 projectors were tested weeks 
before construction using a specially-
made 1:8.5 scale polystyrene model 

The sculpture was assembled bit by 
bit from aluminium girders, a 
structure of iron bars and panels, 
and lifted up by heavy duty engines. 
The screen for the animations of the 
DLR Earth Observation Center 
measures over 2000 square metres.

At 43 metres deep, 30 metres wide, 17 metres high and 
weighing eight tons, the Matterhorn sculpture floats in 
the Gasometer.

camera market. The system is particularly notable for its speed, with the images selected and processed on board. For example, in the event of a 
disaster, the images and terrain models can be transmitted almost instantaneously and directly from the aircraft via laser or microwave to a mobile 
ground station up to 70 kilometres away. The system has passed the test, and Pablo d’Angelo is pleased. Details of the summit can be made out 
down to a centimetre scale. The scientist has also managed to spot various mountain routes and the odd climber in the pictures.

The data from the images comes into play again a few weeks later. Hundreds of virtual cameras float above the mountain terrain model displayed 
on the screens of Gregor Hochleitner and Alvaro Chignola. The DLR scientists have further developed their visualisation methods to allow a seam­
less texture to be projected onto the model. The virtual model of the Matterhorn is thus transformed into a realistic sculpture. The body of the 
mountain had to be greatly simplified in order to allow this structure to take shape. The surface then acquires details and a lifelike appearance 
through an animation created at the Earth Observation Center using aircraft and satellite images. Ultimately, it contains 67 million pixels – eight 
times that of a high-definition cinema production. Thanks to the scientific visualisation experts at the EOC, such scales no longer present any 
problem. That said, the DLR staff are still delighted that they have managed to pull it all off. They, too, have proven themselves capable of rising to 
the challenge presented by the Matterhorn.

Nils Sparwasser



The Ars Electronica Center (AEC) is located on the banks of the Danube in the proud 
city of Linz, which was a European ‘Capital of Culture’ some time ago. The AEC sees 
itself as a museum. If we look into that word a little more closely, we discover that it 
means ‘House of the Muses’ – and so it is, if a Muse of Digitalisation exists. Ars Elec­
tronica is also collaborating with the Los Angeles Philharmonic and proponents of 
other art forms for a project involving Ravel’s ‘Mother Goose’. And this then leads to 
the realm of fairy tales... Some advance notice: No road is too far from Linz to forgo 
the amazement of a visit here.  

With a lightness that finds material expression in the architecture, we are absorbed by 
the shifts in light – a passageway formed from emptiness, space and height. Few 
colours are present here – yellow surfaces, warm grey, muted tones. We pause. The 
sense of being in a sacred place is rather soothing. Our eyes seek out anything that 
might allude to the name – to Ars, to Electronica. 

Our gaze remains fixed on a replica of the Nike of Samothrace, in gold-coated wood. 
Gold, rather than white! Classical beauty transmuted. Fortunately, this will be the only 
exhibit here that really pains the eye.

Ars Electronica’s declaration of intent – ‘art, technology, society’ – might seem some­
what modest, but that is certainly not the case in places like the BioLab, the FabLab, 
the BrainLab or the VRLab. Others follow – Futurelab, SoundLab, Deep Space 8K and 
GeoCity. We might also describe it in terms of tangible bits or radical atoms. In these 
globalised times, such words have a veneer of coolness to them. Here, names such as 
Spaceship Earth, New Views of Humankind and the Kids’ Research Laboratory all 
seem poignantly outdated.

A museum listens

What follows is a glimpse of the aesthetic world of the future. Tomorrow is already here, and we can reach out and 
touch it. In part, this is thanks to Scott Ritter and Jakob Edelbauer, “the masterminds of interior design,” as Gerfried 
Stocker, Artistic Director of Ars Electronica, describes them. “Being able to freely use technology here engenders 
respect. We want a museum that can and does really listen to the visitor.” Young people, in particular, have been 
careful not to damage anything precisely because so much can be used here. Art at the AEC encourages design, 
discovery and experimentation. Even the explanatory panels are astounding for the remarkable brevity of their text. 

Always pushing the limits

Having just come out of the lifts, where many virtual jellyfish will have surprised them, visitors turn a corner or 
walk down the long flight of stairs to find the AEC buzzing with life. When have you ever seen so many people 
in one museum? Almost every age group is represented here, with many immersed in (inter)active pursuits. “The 
architects sought to implement the wishes, ideas and requirements for Ars Electronica in a functional and 
aesthetic way,” Stocker says. The space, the expanse – there is plenty of room for your thoughts to wander.

“We point out boundaries, and then break them down,” says Andreas Leeb, Austria Manager at the Euro­
pean Space Education Research Office (ESERO) and an AEC employee. As a biologist, he is interested in what 
is universally applicable; what connects every living being and constitutes the defining factors of life. 
Genetics is wonderful, emerging by chance, he says. But even chance occurrences raise questions. Ars 
Electronica is constantly crossing boundaries.

Can we see thoughts? And hear ideas? Can these be touched? What do we really mean by ‘reality’? 
Do we feel anything when we find ourselves immersed in an ‘augmented reality’? Can the physical 

and digital worlds merge? How do we form our image of all this, and how do we recognise it? Do we 
use science, technology, or art? Can a museum help us with this task? Hang on – what? A museum?

Ars Electronica Linz – A tour around the museum of the future

By Peter Zarth
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The Ars Electronica Center is also an architectural masterpiece
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Not classical ... but beautiful? The gilded 
Nike of Samothrace – Ars Electronica’s prize 
to the festival winners. 
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Essence of a robot

It is a big claim: “More than any other institution, Ars Electronica 
takes an all-embracing approach to addressing techno-cultural 
phenomena,” say the organisers. The Futurelab is seen as a “driving 
force for research and development.” This area “has been designed 
as a think tank for art and science, and as a studio lab or lab studio. 
In the form of futuristic prototype sketches, the innovations dreamed 
up here are intended to serve as a basis for discussion, as well as an 
impetus for society to participate in the discourse on future-related 
topics.” Questions include: “What is the essence of a robot?”; “How 
can people and machines maintain dialogue?”; “How can familiar art 
forms be expanded and shaped?”

Collaborative partners working with the Futurelab scientists range 
from companies such as SAP through to the Japanese telecommuni­
cations group NTT, as well as universities. The discourse is open to all: 
“Depending on the theme of our festival, we invite all sorts of people 
– from philosophers to Zen monks to technology critics – encom­
passing a whole spectrum of thought, not least because we want to
open up a philosophical dimension to this discourse,” Stocker says.
“However, we are not a philosophical colloquium.”

How can we grasp the digital in the physical world? 

We may now leave theory to one side and get our hands on tangible 
bits. The Tangible Media Group at the MIT Media Lab – an offshoot 
of the Massachusetts Institute of Technology – has provided the 
‘SandScape’ exhibit. The AEC has long worked together with MIT, 
according to Stocker. An ‘info trainer’, Armin Pils, makes his way over 
to us. Many of these info trainers are university graduates. Stocker 
refers to them as ‘our heroes’. They bear the brunt of the educational 
communication work.

Pils has a degree in Fine Arts, specialising in painting and graphic 
design. He invites you to stick your hands into a mass of white 
tapioca pearls. What seems like an orange-yellowish sandpit is actu­
ally “a place where magic happens,” he claims. A text panel puts it a 
bit more prosaically: “Tangible Bits is a successful attempt to over­
come the dominion of pixels and make information comprehensible. 
The ‘Tangible User Interfaces’ created by the MIT Tangible Media 
Group provide an intuitive translation of digital content into material 
forms and formats.” Today, Hiroshi Ishii’s ‘SandScape’ is seen as a 
classic of media art. According to Stocker, this has given rise to terms 
such as ‘hybrid identity’ and ‘radical atoms’. The Tangible Media 
Group poses an astounding question: “How can we grasp the digital 
in the physical world?” 

The alchemists of our time

Working closely with Ishii, the AEC is striving to answer this question, 
under the slogan ‘Radical atoms – rethinking materials’. The ‘radical 
atoms’ in question stand for a kind of “digital core meltdown that 
fuses information and matter.” Information is “liberated from the 

SandScapes – the MIT Media Lab wants to free information from 
the ‘pixel universe.’
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confines of the pixel domain, while the atoms are released from their 
frozen state and made to move.” The result is “smart matter that can 
be remodelled over and over again.” Scientists and engineers have 
used this to develop high-tech materials with new properties and 
capabilities. Neuro- and biotechnologies also play an important role, 
as do robotics, hardware, software and craft traditions.

In the meantime, ‘SandScape’ shows the shape that we are making 
out of the tapioca balls as a 3D image on screen. Is this where ration­
ality meets magic? The title of an Ars Electronica programme on this 
topic from 2017 still has a certain charm: “Radical atoms and the 
alchemists of our time.” Armin Pils takes a more down-to-earth view: 
“I hope that a visit here might change the way people think. In any 
case, this is a lifelong kindergarten, where you can always get a fresh 
take on things.” 

Deep Space 8K – utterly unique

We have reached a high point. There is nowhere else quite like this – 
an expanse of wall measuring 16 by 9 metres, with a 16 by 9-metre 
floor projection, in addition to laser tracking and 3D animations – 
entire visual worlds are projected in 8K resolution. There are gigapixel 
images, time-lapse videos, 3D historical images of ancient Rome and 
the like, a trip to the International Space Station and outer space, 
pictures taken inside a human body, and games. The possibilities 
afforded by Deep Space 8K mean that no presentation is the same.

Melinda File, an info trainer and senior presenter, leads a group of 
children and teens into the exhibit. They could soon lose themselves 
in this ostensibly 3D space. File, however, is adept at keeping them 
under control and makes sure her talk is straightforward and to the 
point. Even the liveliest children soon calm down. 

We end the tour thoroughly impressed and enjoy a sojourn in the 
completely glass-walled Cubus restaurant, with its view over the city 
and the Danube river. But the true highlight is yet to come …

Play the façade

It is long past midnight, around four in the morning. Despite the early 
hours, a few scattered young people dance around the main square 
of Linz, surrounded by the dim light of the streetlamps. The sky is 
coloured in dark blue. We walk towards the bridge over the Danube. 
Opposite us is the Ars Electronica Center, seemingly made of light. 
Right where its interior merges with the exterior is a glass membrane 
that now glows in different colours with a transparent lightness. They 
morph from metallic green to light blueish-purple to crimson-red, 
before turning a deep burgundy, gently and silently, without 
eagerness. 

Anyone can programme the lighting of the façade to match the 
rhythm of their favourite music, controlling the change of colours via 
a public terminal and their smartphone. “There is no reason why art 
and technology should be out of bounds to each other,” Stocker says. 

“I was in the future”

Towards the end of her time at the AEC, a visitor asked, “Having 
visited the future, what effect might it have on the way I feel about 
things?” The question remains unanswered. The artistic director 
would no doubt be pleased. 

Does Gerfried Stocker have a favourite fairy tale? He looks completely 
surprised and has a think. “Maybe ‘The Sorcerer’s Apprentice.’ The 
way in which Goethe tells the story really resonates with our preoccu­
pations – even in this day and age. We humans have brought about 
a crisis – professionally, morally and ethically. The question is how we 
are going to deal with it. It is up to us to take responsibility as we look 
towards a new future of technology and machines.”

Can we see thoughts, hear ideas, and touch bits? Ars Electronica 
brings thoughts and the senses closer together. There are no defini­
tive answers, but rather a foray into a building that raises questions.

What does it mean to be a body?

In the BioLab, we can see for ourselves what Leeb means. Judith 
Wittinghofer, an ‘info trainer’, explains the wonders of the human 
retina: “This is where our picture of the world comes to life,” she 
says, traversing the boundaries between biology and Earth as she 
draws a connection between the visitor’s eye and a depiction of the 
Retina Nebula in the constellation Lupus. The two are astonishingly 
similar; there is a cosmos in each of them. 

As we cultivate this vision of our very being, it is fitting to quote one 
of the museum texts, which says it all: “How do I see myself? Who or 
what influences where I turn my gaze? Our bodies think along with 
us. What does it mean to be a body? That is one of the key questions 
that arise in the development of Artificial Intelligence. New technolo­
gies would not exist without a person, to put it in a nutshell.” We can 
sum up our tightrope walk into artificial realms that succinctly.

Festival, Prix, Centre, Futurelab

The boundaries between art and technology are blurred. Discovery, 
research, experimentation and investigation are all encouraged – 
instead of definitions. For Ars Electronica, the key objective is to 
establish how art, technology and science influence society, and how 
they work their way into it. 

Ars Electronica embodies a holistic concept: “The starting point for 
the entire thing – including the ‘Ars Electronica Festival’ (1979) as a 
forum for artists engaged in computer and media art; the ‘Prix Ars 
Electronica’ (1987); the ‘AECenter’ and the ‘Futurelab’ (1996) – arose 
from interest in a discourse that had yet to take shape in the 1970s,” 
says Kristina Maurer, AEC Exhibitions Producer. “Science and art work 
together to break down boundaries. Thinking is a driving force for us 
all – even if it takes us in critical directions.” While media artists might 
have been the target audience back in 1979, today the public, chil­
dren and young people are included, too, she says. “The guiding 
theme of the 2018 Ars Electronica Festival – ‘ERROR: The art of imper­
fection’ – continues the discourse on Artificial Intelligence, which was 
also our focus area in 2017,” Stocker says. “Our question is this: 
Where does our strive for perfection come from?”

Im
ag

e:
 D

LR
/Z

ar
th

Ars Electronica Linz 

Ars-Electronica-Straße 1 
4040 Linz
Austria

www.aec.at

Opening times:
Tuesday, Wednesday and Friday	 09:00–17:00pm
Thursday 09:00–19:00
Saturday, Sunday, public holiday 	 10:00–18:00 
Monday (including public holidays) closed

Price: from 9.50 euro  
Discounts at www.aec.at/center/besucherinfo/

Ars Electronica Center – the art of light.
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RECOMMENDED LINKS

PUBLIC FORUM FOR ALL THINGS 

SPACE

s.DLR.de/d231
In this forum, users post and discuss

space-related news, ventures, ideas,

hobbies and more. It even has its own

rocket launch calendar! The Reddit

format allows open participation by

hobbyists and experts alike and lends

itself well to questionnaire sessions with

professionals.

VISUALISATION OF RISING SEA LEVELS

s.DLR.de/u1c9
Sea levels are on the rise due to global

warming, posing a threat to civilisations. This

interactive site by makers of the National

Geographic documentary ‘Before The Flood’

shows which areas will need to undertake

massive protective measures to prevent

flooding.

STORY OF THE UNIVERSE AND OUR PLANET

s.DLR.de/sv2c
Khan Academy has many excellent free courses

on various subjects. Their Cosmology and

Astronomy course starts with the formation of

the Universe and stars before moving on to the

geological history of planet Earth and of life on

our planet. If you are interested in a simple, but

clear explanation on these subjects, be sure to

check it out!

MAP OF RENEWABLE ENERGY

s.DLR.de/27h1
This handy tool by the Smithsonian Magazine

shows you a global map of energy consumption

and renewable energy production by country. It

includes historical data and the shares of each

type of renewable energy. The tool provides an

easy way to identify the countries that lead or lag 

in the global Energy Transition.

#ASTEROIDLANDING LIVE

 twitter.com/@MASCOT2018
How do an orbiter and lander study asteroids? 

The DLR/CNES MASCOT lander and JAXA 

Hayabusa2 spacecraft arrived at asteroid Ryugu 

and are telling the world about their adventures 

via twitter – @MASCOT2018 and @haya2e_

jaxa. Follow them using 

#asteroidlanding.

DLR INSTAGRAM ACCOUNT

	 www.instagram.com/ 
germanaerospacecenter/
DLR’s Instagram account offers images 

from all of the Center’s research areas. 

During special events, it is used to pub­

lish images in near real-time. Recent 

posts include images of the control 

centre for the MASCOT asteroid 

lander and the interior of the EDEN 

ISS ‘greenhouse’ in Antarctica.
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SONGS FROM 
OUTER SPACE
Deep in the heartlands of eastern 
Louisiana we find a strange 
contraption: two large, hollow 
concrete tubes four kilometres 
long that are joined together in 
an L-shape. Why anyone would 
want to build such a mysterious 
object in an alligator-infested 
swamp could be a mystery – 
unless you have been following 
the developments in gravita­
tional wave observation. 

In Black Hole Blues, Janna 
Levin tells us the inside story of 
the arduous road towards the 
discovery of gravitational waves 
at the Laser Interferometer  
Gravitational-Wave Observatory 
(LIGO). Their existence was first 
predicted by Einstein in 1916, 
but their direct detection would 
not take place until one century later – on 14 September 2015, LIGO detectors made 
the world’s first direct detection of gravitational waves, heralding a new era in astro­
nomical exploration. Levin does an excellent job describing the hardships that the 
scientists faced, but she also emphasises their unwavering optimism throughout. 
Although the depictions of the various principal scientists’ lives can be slightly long-
winded, they do provide some lighter material that helps to create a balance with the 
somewhat more technical descriptions of the experiment. Most of the book was 
written before the first detection was made, which provides an interesting perspec­
tive in which the feasibility of the experiment has yet to be confirmed. Combined with 
the fact that the book requires minimal background knowledge, it is a nice read for 
anyone interested in modern physics and astronomy.

Ruben Walen

HASTE MAKES 
WASTE

Astrophysics for people in a 
hurry (Audible Audiobook) 
requires time and patience. 
Although this contradicts the title, 
author Neil deGrasse Tyson may 
have thought it too optimistic. 
The astrophysicist introduces the 
listener to the formation of the 
Solar System. So you are ready to 
engage in small talk that revolves 
around the Big Bang, black holes 
or even quantum mechanics. The 
author’s efforts to convey all his 
knowledge in a conversational tone are noticeable. Tyson also reads the text profes­
sionally and at a pleasant speed. And yet: Here you can hear technical terms faster 
than neurons can follow the tour of the Universe. Questions like ‘What is the nature 
of space and time?’; ‘How do human beings integrate themselves into the universal 
structure?’; and ‘Is the Universe even inside us?’ cannot be answered so easily and 
do not require haste from the listener – but rather patience and concentration.

Manuela Braun

WHAT ANTS  
CAN TELL US 
Fifty maps of a rapidly changing planet and 
the lives of its inhabitants

A quick flick through the 50 maps in New Views: The 
World Mapped Like Never Before (Aurum Press), most 
of them showing the whole world, might not cause much 
initial excitement. World maps cover double-page spreads 
– often in muted colours – alternating with pages of text,
and the occasional diagram or country outline, many in a
spartan design, sometimes featuring nothing but a single
number. Then comes a brightly coloured map against a
black background. Red areas represent forest loss, while
dark blue stands for growth. Look closer, and you will see
that there is three times as much loss as growth. The
following page features orange for the expanses of North
Africa and the Middle East, denoting water stress. Maybe
this atlas has something going for it, after all. The 224-page 
volume of images and text by Alastair Bonnett offers much 
more than would appear at first glance. What is more, the
text is more than just an adjunct to the maps; it comprises
informative essays that Bonnett, a professor of social
geography from England, has written to accompany the
overview maps, providing plenty of food for thought. They
are invaluable for helping the reader to connect the dots.
Once you have properly dipped into the book, you will find 
yourself returning to marvel at the maps and immerse

yourself in the essays again and again. It covers a surprisingly broad range of topics. 
Their apparent triviality proves provocative, and then you inevitably succumb to 
their charm.

The book is divided into three main sections: Land, Air and Sea; Humans and 
Animal; and Globalisation. While information on diverse phenomena ranging from 
asteroid impacts and lightning strikes to air traffic and undersea cables awakens 
the reader’s interest, the maps and essays about the species diversity of amphibians 
and birds, about neglected tropical diseases, and about obesity and happiness 
soon spark an emotional connection. Meanwhile, the coverage of fast-food chains, 
disappearing languages, gun ownership and sugar consumption practically make 
us wince. Data from Earth observation satellites is used to create images, while 
modern geographic technologies enable complex issues to be presented clearly on 
paper. The images engrave themselves on the reader’s mind, awakening him or her 
to the realities.

One of the surprising themes covered by the atlas is ants. Are people really 
pondering their biodiversity? In actual fact, information about the geographical 
distribution of ants is highly valuable, not merely because they are among the most 
successful creatures on Earth, but also because they are some of the most impor­
tant beings in their ecosystem. They are both disposers and a food source; they 
improve the soil and hunt insect pests. Of all the creatures on which humans are 
dependent, the ant is at the very top of the list, declares Bonnett, quoting the 
famous biologist Edward O. Wilson. We need these invertebrates, but they don’t 
need us. It is a sobering thought.

Alastair Bonnett, whose book Off the Map: Lost Spaces, Invisible Cities, Forgotten 
Islands, Feral Places and What They Tell Us About the World was published in 2015, 
engages readers of ‘New Views’ by calmly drawing them in without lecturing, and 
dispensing with polemical debate in favour of an almost dispassionate objectivity. 
Yet it is a thoroughly thought-provoking experience. After reading it, we find 
ourselves asking: What has been done to our planet? And, more painfully: What 
are we doing to ourselves, our Earth and our descendants? 

Cordula Tegen
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Cover image
6 June 2018: A Soyuz MS-09 rocket brings Alexander Gerst and his team to the 
International Space Station. The horizons mission begins. On the ground, a much 
larger team ensures that the mission is successful.
Image: ESA / S. Corvaja
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ALL FOR ONE, 
AND ONE FOR ALL
horizons mission: the people who make it happen
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EXPANDING OUR KNOWLEDGE OF WATER
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