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Printable batteries
For a long time, batteries were bulky and heavy. Now, a new cutting-
edge battery is revolutionizing the field. It is thinner than a millimeter,
lighter than a gram, and can be produced cost-effectively through a
printing process.

Virus-resistant grapevines
Viruses can cost winegrowers an entire harvest. If they infest the 
grapevines, even pesticides are often no use. What’s more, these che-
micals are harmful to the environment. Researchers are growing plants
that produce antibodies against the viruses and are thus immune.

A search engine for TV programs
The journalist recalls more or less what Ulla Schmidt said regarding the
health reform, but needs the exact wording to be able to cite her. A
new speech recognition system helps to search TV broadcasts. It does
not need to be updated and so does not entail any running costs. 

DIY production in “Second Life” factory
Anyone who wants to can now produce their own vehicle in a factory
on the “Second Life” Internet platform. They can program the indu-
strial robots, and transport and assemble the individual parts themsel-
ves. Learning platforms provide relevant background information.

Virtually engineering power plants
Photovoltaic and wind energy plants, hydroelectric power stations and
biogas plants supply energy without polluting the environment. 
However, they are complex to design and maintain. Virtual reality (VR)
makes planning and operation easier.

Design tool for materials with a memory
Shape memory alloys can “remember” a condition. If they are defor-
med, a temperature change can be enough to bring them back to
their original shape. A simulation calculates the characteristics of these
materials.

Safely on the move
How can rescue units be better protected during disaster operations or
avalanche victims be found quicker? A new localization system
connects satellite-based positioning systems with terrestrial locating
aids and situation-dependent sensory systems.
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The small, thin battery comes out of the printer and can be
applied to flexible substrates.
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Printable batteries
In the past, it was necessary to race to the bank for every money trans-
fer and every bank statement. Today, bank transactions can be easily
carried out at home. Now where is that piece of paper again with the
TAN numbers? In the future you can spare yourself the search for the
number. Simply touch your EC card and a small integrated display
shows the TAN number to be used. Just type in the number and off
you go. This is made possible by a printable battery that can be pro-
duced cost-effectively on a large scale. It was developed by a research
team led by Prof. Dr. Reinhard Baumann of the Fraunhofer Research 
Institution for Electronic Nano Systems ENAS in Chemnitz together
with colleagues from TU Chemnitz and Menippos GmbH. “Our goal is
to be able to mass produce the batteries at a price of single digit cent
range each,” states Dr. Andreas Willert, group manager at ENAS.  

The characteristics of the battery differ significantly from those of con-
ventional batteries. The printable version weighs less than one gram
on the scales, is not even one millimeter thick and can therefore be 
integrated into bank cards, for example. The battery contains no 
mercury and is in this respect environmentally friendly. Its voltage is 1.5
V, which lies within the normal range. By placing several batteries in a
row, voltages of 3 V, 4.5 V and 6 V can also be achieved. The new type
of battery is composed of different layers: a zinc anode and a man-
ganese cathode, among others. Zinc and manganese react with one
another and produce electricity. However, the anode and the cathode
layer dissipate gradually during this chemical process. Therefore, the
battery is suitable for applications which have a limited life span or a
limited power requirement, for instance greeting cards.

The batteries are printed using a silk-screen printing method similar to
that used for t-shirts and signs. A kind of rubber lip presses the print-
ing paste through a screen onto the substrate. A template covers the
areas that are not to be printed on. Through this process it is possible
to apply comparatively large quantities of printing paste, and the indi-
vidual layers are slightly thicker than a hair. The researchers have 
already produced the batteries on a laboratory scale. At the end of this
year, the first products could possibly be finished.
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Model plants: The plant on the left is unmodified and
therefore susceptible to viral infections. The other two were
modified – the one in the center is 59 percent resistant to
the virus, while the one on the right is 100 percent 
resistant.
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Virus-resistant grapevines
A good wine needs to ripen. But it’s a long way to the barrel. Even 
before the harvest, the grapevines have to overcome all kinds of obsta-
cles. Extremely hot or rainy periods can destroy entire crops, not to
mention the wide variety of pests that can appear on the scene. Bugs
such as the vine louse or the rust mite, fungi such as mildew, or viruses
such as the “Grapevine fanleaf virus” (GFLV for short) can give the
vines a hard time. The GFLV infects the grapevine and causes fanleaf
disease, resulting in deformed and very yellowed leaves, smaller grapes
and crop loss.

However, there will soon be a cure for GFLV infections: Researchers at
the Fraunhofer Institute for Molecular Biology and Applied Ecology
IME in Aachen are making certain plants resistant to the GFLV by ge-
netic engineering. “Our modified plants produce antibodies,” explains
Dr. Stefan Schillberg, head of department at the IME. “These antibod-
ies ‘recognize’ the viruses and prevent them from spreading in the
plant and causing damage.” To enable the plant to produce the anti-
bodies, the scientists have to modify its genotype and channel genetic
information for the antibodies into it. This task is performed by tiny
helpers called agrobacteria, which genetic engineers have been using
for over twenty years. These are soil bacteria that inherently transfer
parts of their own genome to that of the plant. Using simple routine
processes, the researchers introduce the antibody gene into the bacte-
ria, which then act as a transport vehicle and carry it over to the vine.

The researchers are still testing this process on model plants, and the
first results show that their modified versions are up to 100 percent 
resistant to the virus. “The antibody is produced very effectively inside
the plants,” says Schillberg. “The next step on the agenda is to test the
method on actual grapevines and then to carry out field tests.” The
scientists’ long-term goal is to curb the use of pesticides. “Certain pes-
ticides are necessary to fight GFLV infections,” Schillberg explains. But
they often only have a limited effect. They are also harmful to the envi-
ronment and therefore banned in many regions. Countries like Chile,
for example, which depend strongly on their winegrowing business,
could benefit enormously from the pathogen-resistant grapevines and
improve their crop yields.
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A search engine for TV programs
When was the financial crisis first mentioned in the news? What was it
that Angela Merkel said concerning the presidential elections? Until
now, journalists, archivists and media observers have had to search
painstakingly to find a specific section in a TV recording – or have had
to invest heaps of money in speech recognition software. The systems
currently available to take over the search have to be regularly updated
by specialists and therefore entail high running costs. These systems
are based on a kind of thesaurus containing all the words they can 
recognize. However, new topics and personalities bring along new
words like “financial crisis” or names such as “Obama”. These terms
need to be transferred to the thesaurus so that they can be found.

Researchers at the Fraunhofer Institute for Intelligent Analysis and In-
formation Systems IAIS in Sankt Augustin have developed a speech
recognition system that does not require expensive updating mea-
sures. “Our system is based on a syllable thesaurus instead of a word
thesaurus. Conventional speech recognizers can only discern a limited
number of words, while the total number of words in existence is too
vast to handle. The number of existing syllables, on the other hand, is
manageable. With about 10,000 stored syllables we can make up any
word,” says IAIS scientist Daniel Schneider. The program can even ac-
quire new words independently by composing them from the stored
syllables: fi-nan-cial cri-sis. It does not need to be updated and so does
not entail any running costs.

For each search, the programs are first of all split into segments.
Whenever a new speaker starts to talk or a film contribution begins –
in which case the content of the audio track changes – the program
saves the following scene as a new segment. The user can then 
navigate from speaker to speaker, and can choose to watch only the
contributions of one particular interview partner. In a second step, the
individual words are analyzed by speech algorithms. Users can apply
the program just like a conventional search engine. You simply enter
the search term, and a few milliseconds later the program has scanned
10,000 hours of processed data. Just like an Internet search engine, it
displays the results in context in their given sentences. The user then
simply clicks on a word to play back the relevant section of film materi-
al. The system can find over 85 percent of the spoken words in a pro-
gram, and 99 out of a 100 located contributions are correct. A license
model of the program is already available.
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Visitors to the new factory on the “Second Life” Internet
platform can produce their own vehicles.
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DIY production in “Second Life” factory
In the “transparent factory”, car enthusiasts can watch vehicles being
assembled part by part, and a new system set up by researchers of the
Fraunhofer Institute for Manufacturing Engineering and Automation
IPA even enables users to try their own hand at producing a quad bike,
a four-wheeled motorbike. They can switch on conveyor belts, pro-
gram industrial robots, and paint the frame themselves. At the end,
they can zoom out of the factory hall with their finished product with-
out paying a single cent. How is this possible? Because the factory
does not exist in the real world but on the Internet platform of 
“Second Life”, a virtual world through which users can move in the
form of a virtual figure known as an “avatar”.  

“With the ‘factory of eMotions’, we want to familiarize people with a
modern, technically advanced factory. We also want to demonstrate
how the latest media can set things in motion,” says IPA scientist 
Stefan Seitz. “Second Life has grown steadily: While in 2007, between
20,000 and 40,000 people were simultaneously online at any given
time, this number has now risen to between 50,000 and 80,000.”  In
the factory, users first of all indicate which quad model they would like
to produce. Powerful or fuel-saving? Black, silver or red? What type of
wheel rims? They can choose from a variety of models as they please.
Once their avatar has made a choice, production can begin. The parts
list is sent out, and all components are manufactured, assembled and
subjected to a quality inspection. The avatar can watch the production
process and interact at certain stages. Learning platforms located at
various points in the factory hall provide users with relevant back-
ground information. How is the production process controlled? How
does a press work? 

“The main challenge lay in reproducing the control logic for produc-
tion – in other words, teaching the system how to produce a part on
Machine A, transport it to Machine B and mount it there. Until now,
the ‘Second Life’ platform has offered no support for this,” says Seitz.
The researchers have developed a modular system which also enables
any other product to be made. Industrial companies and private users
can use the building blocks to set up their own virtual factories. The
scientists have even integrated a speech recognition system, so the
machines and robots can also be controlled by telephone. The factory
will be revealed to the public in early July on the occasion of the IPA’s
50th anniversary.
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Engineers developing a combustion plant use a new VR
model to study the direction in which gases will flow
through it.
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Virtually engineering power plants
The design engineer’s head is spinning. He has been analyzing data on
his computer for hours, with no end in sight. Designing a hydroelectric
power station, he would like to know what the pressures, tempera-
tures and fluid flows will be in the facility. He may simulate them with
simulation software. However, this only delivers vast columns of num-
bers or a one-dimensional representation which he will have to analyze
bit by bit – a laborious task.

This will get easier in the future. Researchers from the Fraunhofer 
Institute for Factory Operation and Automation IFF in Magdeburg have
developed a method that visualizes the processes inside energy conver-
sion plants, e.g. such as photovoltaic, wind, biogas and hydroelectric
power stations. To do so, they have coupled 3-D plant engineering and
simulation results with a virtual reality (VR) program developed at the
IFF. “A special software tool has enabled us to visualize all the motion
sequences  for the first time ever – at  just the push of a button,” ex-
plains Dr. Matthias Gohla, Manager of the Process and Plant Engineer-
ing Business Unit. 

Arrows that move through the VR model show engineers the direction
in which and speed at which fluids and gases flow through a plant.
Colored markings indicate potential weak points such as areas where
critical temperatures, deposits or erosions could occur. Is there a poten-
tial for collisions when the plant components are moving? The virtual
insights facilitate engineering and should therefore ensure that plants
become more efficient and have lower emissions.

“Our VR model also helps plant operators in day-to-day operation,”
says project manager Dr. Martin Endig. For instance, extensive docu-
mentation may be implemented in the system. Instead of hunting
through thick instruction manuals for desired information, a technician
merely needs to click on the appropriate representation to obtain data
on a certain plant component. Moreover, personnel can be trained to
handle a plant before it is operational. Even critical situations can be
simulated without endangering employees. Currently, the developers
are working on another tool that notifies operators when a compo-
nent is due for maintenance.
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Simulation of the forceps for medical endoscopy: the colors
of the almost closed forceps represent the given forces
(high pressure: red, no pressure: blue).
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Design tool for materials with a memory
It seems like a magic trick. A man takes a paper clip and bends it in
such a way that it merely resembles a crooked piece of wire. Then, he
throws the clip into a bowl of hot water. Within a fraction of a second,
the metal wire returns to the shape of a paper clip. This phenomenon
is called the shape memory effect. It can be observed in certain metal-
lic alloys, known as shape memory alloys. These kinds of materials are
ideal for many applications. For instance, in aerospace technologies:
solar sails can unfold in outer space thanks to shape memory alloys.
The medical sciences, too, rely on their characteristics. One example is
cardiology: stents are small tube-shaped, metal grid frameworks. They
are folded together and inserted into blood vessels where they expand
and prevent the vessels from becoming blocked.

However, it is a long road towards achieving a fully developed product.
The characteristics of shape memory alloys are complex and therefore
difficult to predict. Engineers must produce many prototypes before
they achieve a fully operational component with the desired character-
istics. Researchers at the Fraunhofer Institute for Mechanics of Materi-
als IWM have found a quicker way to reach their goal: “The numerical
simulation which we have developed already answers many questions
upfront, long before a prototype exists,” explains IWM project 
manager Dr. Dirk Helm.

With the help of these simulations, the scientists have developed vari-
ous objects, including a minuscule forceps for endoscopy. Normally,
such micro forceps can only be created with joints. How can a compo-
nent be produced that has such small dimensions, is elastic, can be
thoroughly sterilized and has no joints? The computer supplies the an-
swer: with the help of numerical simulation models, the researchers
could calculate in advance the most important characteristics of the
component, such as its strength and clamping force, and efficiently 
develop and manufacture the elastic component. “Normally, many
tests with various prototypes would need to be conducted,” Dr. Helm
explains. “By using simulations, we can avoid producing most of these
prototypes. This saves costs because the raw materials for the shape
memory alloys are very expensive and are sometimes difficult to work
with.” In addition, the researchers can estimate through simulations
how durable the modern materials are.
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Safely on the move
Firemen are exposed to various dangers during their missions: poiso-
nous, harmful gases, blocked escape routes and the threat of buildings
collapsing. The head of the operation needs to know where the men
are currently located. Experts rely on global navigation satellite systems
(GNSS) – which, in addition to GPS, include Europe’s Galileo and the
Russian GLONASS – to help them locate rescue units and all the neces-
sary rescue equipment und devices. Fraunhofer scientists have set up a
Galileo Lab in which new GNSS-based localization technologies are
being developed.  

The researchers use the satellite navigation system Galileo, which, in
contrast to GPS, is not controlled by the military. This way it is possible
to implement special services for civil applications, for example in 
rescue missions. In the Fraunhofer Galileo Lab, researchers from nine
Fraunhofer Institutes, together with the Fraunhofer Traffic and Trans-
portation Alliance, are working on locating people and goods in indus-
try, commerce, transportation and mobility. “When analyzing various
target groups such as logistics, travel assistance or security services, it
quickly becomes clear that the tasks of the system architecture are sim-
ilar. Similar structures and contents are always required on similar ter-
minals – for instance, data on where a person is located, sensors which
indicate specific values such as the concentration of harmful gas, or
terminals which act as clients. It is our goal to offer a universal soft-
ware architecture which allows application profiles to be configured
like in a modular construction system,” states project manager Werner
Schönewolf from the Fraunhofer Institute for Production Systems and
Design Technology IPK. Take for example travel assistance. A person
traveling by train in the future could be directed to the right connect-
ing train at a railway station via cell phone or PDA without having to
explicitly operate the device. “This is possible through context recogni-
tion in the mobile device. We connect the travel plan details with the
positioning system, allowing people to navigate to the correct train
through even the most complex train stations,” Schönewolf explains.
“In the event of an emergency, we link the location with harmful-gas
sensors and can detect dangers at an early stage.”

The experts not only use the Galileo data, but are also testing com-
bined receivers for various satellite systems because the most precise
navigation and, above all, the highest positioning accuracy in cities and
canyons, etc., can be achieved by using the collective data of all the
satellites in the sky.
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