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EDITORIAL

Creating knowledge – Communicating knowledge

For a modern university whose teaching is orientated towards 
the future, applied research and development is a very decisive 
success factor on the road towards this future. For this rea-
son, the continuous development and profiling of research is 
greatly encouraged at Munich University of Applied Sciences.
 
Our research activities stretch from projects in the “classical” 
technical areas such as mechanical engineering and electrical 
engineering to those in the social sciences or design. In certain 
areas Munich University of Applied Sciences has a unique 
selling point, such as in Tourism or Packaging and Paper Tech-
nology. The results of these multifaceted activities are the 
cooperation with business and industry. For this reason com-
petence centres in the areas of technology, business and social 
affairs were created in order to bundle competences and bring 
together ideas and know-how.

In the foreground of our research are projects which serve to 
train our students. They are actively integrated in research 
projects in which professors from our university are active, 
and the experience and knowledge the professors gained in  
the various projects flow directly into their teaching.

In order to clarify the scope of our projects for you we have 
assembled some research projects in which we have cooper-
ated with industries, other universities or research institutions 
and public funding bodies. 

Wishing you an inspiring read,

Prof. Dr. Christiane Fritze
Vice President of Munich University of Applied Sciences
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The decision was not easy. When 
asked which research project this 
article should address, Prof. Dirk 
Burth already had several sugges-
tions. The most recent is concerned 
with research work on an electron 
beam printing system, and this is 
the one he chose. For good reason. 
“Whilst it is not actually a new sys-
tem, since electron emitters already 
existed in the seventies,” explains 
Professor Burth, “at the moment 
everyone is interested in the topic 
again. And besides, in the last few 
decades technology has developed 
somewhat.”

And it’s true. While back then there 
were massive rooms filled with mon-
strous machines, at Munich Univer-
sity of Applied Sciences the current 
focus is not only on refining the tech-
nology, but also on reducing the size 
of the electron emitters. “If an old 
emitter was standing in this office, 
we would barely have any room left,” 
laughs Burth as he measures the 
room with his eyes. “Our electron 
emitter should only be as wide as the 
table at which we are sitting, that is to 
say approximately half a metre.”

Electron beam hardening is used 
in the chemical drying of lacquers, 
paints and adhesives in the printing 
industry. Professor Burth would like 
to develop this energy-saving and

What do an electron emitter 

and a television have in 

common? The answer can be 

found in the laboratory of 

Professor Dirk Burth, where 

the focus is on electron beam 

hardening. This energy-saving 

and environmentally-friendly 

technology is used in the 

chemical drying of lacquers, 

paints and adhesives in the 

printing industry.

Electrons – Small energy carriers

with a large impact

Prof. Dr. Dirk Burth 

Department of Building Services Engineering, Chemical Engineering 

Paper and Packaging, Print and Media Engineering
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environmentally-friendly technology 
further in the context of the research 
proposal with the help of 21 co-opera-
tive partners drawn from all relevant 
areas of the process chain. The project 
is currently in the important phase of 
emitter construction. Tests are con-
stantly being carried out. How strong 
does the electron emitter have to be at 
different speeds? How can potential 
damage to the substrate be prevented? 
How can the consistency of the elec-
tron emission window be improved? 
Which raw materials should be used for 
the printing colours? In order to be able 
to answer these questions, an emitter 
is being built in the laboratory which 
is linked to an analytical device. This 
allows for all reactions to be observed 
and evaluated on site.

But what would such a high-precision 
and technically sophisticated device 
look like? “In principle, the way in 
which an electron emitter works is no 
different to a television,” explains Dirk 
Burth. The goal of the research project 
is to develop an integrated electron 
emitter printing system that, for the 
first time, will be able to use electron 
beam hardening technology in all 
flexo, screen and reel-fed offset print-
ing processes. This requires a wafer-
thin, extremely chemical- and tem-
perature-resistant film (e.g. one made 
of titanium). At Munich University of 
Applied Sciences it is now possible to 

Electron beam printing machine
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produce films with a thickness – or 
rather thinness – of 7μm. Work is 
progressing at full speed on further 
developments involving innovative 
materials such as glass. At its location, 
the electron emission window, the film 
determines how high the smallest pos-
sible acceleration voltage is. This varia-
ble is called the minimum acceleration 
voltage and is necessary for the elec-
trons to be able to reach the material to 
be hardened after passing through the 
emitter window and in turn the air gap. 
The energy that the electrons release 
there is the radiation dose measured 
by special measuring film.

Professor Burth thinks that the future 
of this technology lies, in particular, in 
the printing of packaging and labels. 
It has various advantages in compari-
son with other processes such as UV 
hardening; paints or lacquers that are 
hardened by electron beams are excep-
tionally chemical-resistant and hard, a 
positive attribute in industrial applica-
tions. In addition, the energy usage is 
70 % lower than with UV hardening. 
As a result of the reduced heat during 
the process, even very temperature-
sensitive substrates can be used, such 
as shrink-wrap film or very thick films 
made of directional polypropylenes. In 
addition, extremely dark and/or thick 
layers can be thoroughly hardened, 
something only partially possible with 
UV rays. Indeed, these are barely able

www.hm.edu

to harden layers thicker than 8 μm. An 
extremely significant advantage of the 
electron beam hardening equipment is 
its durability and very limited mainte-
nance requirements. Relatively frequent 
emitter changes, as with UV equipment, 
are unnecessary in this case.

The main problem at the moment is 
still the cost of such a device. Nonethe-
less, Burth is certain that, “they can also 
be significantly reduced by revising 
individual factors such as the trans-
former or the lead coating (necessary 
because of x-rays).” If the acceleration 
voltage can be reduced then the coating 
does not have to be as expensive and 
the emitter can be much more compact 
overall. The transformer can also be 
purchased on the market as a stand-
ard component and no longer has to 
be an expensive piece of custom-built 
machinery. Nothing would then stand 
in the way of the general deployment of 
this highly-intelligent technology.
Annette Glaswinkler
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Furthermore, individual measurements 
do not provide comprehensive data, but 
in fact are used to calculate statistical 
distributions of the forest parameters. 
This method is particularly ill-suited to 
extensive and difficult-to-access areas 
such as the Bayerischer Wald National 
Park, which Krzystek and his team use 
as their “research subject”.
Airborne laser scanning and 
full waveform
Airborne laser scanning has been used 
to automatically record geodata for 
approximately 15 years. This method 
was originally only used for the cost-
effective measurement of forest floors. 
However, the technology was soon 
employed in other areas. For example, 
the latest full waveform scanners are 
able to present all reflections as results, 
whereas conventional laser scanning 
technology only displays the first and/
or last impulse received. The measure-
ment density is thereby doubled or 
tripled and an improved dispersal of 
measurement points is achieved. With 
an enormous density of approx. 25 
points per m², even smaller trees that 
are located below their larger fellows 
can be precisely measured and scanned. 
Even when faced with denser forests or 
relatively impenetrable foliage during 
the summer months, the full wave-
form method achieves reliable results. 
A square kilometre can be scanned in 
about 15 minutes from an altitude of 
approximately 400 m. In this process 
the corresponding areas of forest are 
scanned up to a maximum angle of 60°.

Ecological matters constantly 

require more data about environ-

mental damage. For the particu-

larly challenging issue of damage 

to forests, Professor Peter Krzystek, 

by means of interdisciplinary 

co-operation, has developed a 

highly-effective system using 

laser scanning.

 
One can’t see the wood for the trees. 
It’s a well-known saying. If Prof. Peter 
Krzystek of the Department of Geoin-
formatics had not spent so long already 
on research projects such as airborne 
laser scanning, he would have had to 
turn the idiom around – one can’t see 
the trees for the wood. Thanks to the 
latest technology and his research 
work, however, Professor Krzystek no 
longer has to worry about it. A method 
now exists that can use airborne laser 
scanning to identify and categorise an 
individual tree from the air with a high 
degree of certainty. Nonetheless, what 
sounds so simple when described in  
one sentence is a little more complex  
in reality.

The method until now
Up to now, forest inventories were car-
ried out on foot at selected sites. The 
forest area was divided into square grids 
measuring 200m x 200m. Within these 
areas, so-called test circles were estab-
lished in which relevant parameters 
such as tree position, tree height, tree 
type and age, regeneration, etc., have 
been recorded by means of actual on-
site inspections. The results of record-
ing forest structures are important for 
cultivation, planning and management, 
the evaluation of forest diversity and 
for further forest research. In contrast 
to the amount of effort required, this 
type of forest inventory is only able to 
achieve a relatively limited level of effi-
ciency as it requires substantial man-
power, which in turn entails high costs. 

Example for good segmentation results

Mapping of tree trunk positions
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The greatest challenge was to develop 
methods that could benefit from 
the large quantity of information 
included in the new data. Conven-
tional methods reduce the complex 
3D forest to a 2D model and do not 
entirely take advantage of the full 
waveform technology. Only the domi-
nant trees can be recognised and char-
acterised. Smaller trees and cultiva-
tion are ignored.

A solution was even found to this 
problem, however. Professor Krzys-
tek received support from his own 
ranks, namely from the Department 
of Computer Science and Mathemat-
ics at Munich University of Applied 
Sciences. Together with Prof. Claudius 
Schnörr and graduate engineer Josef 
Reitberger, who has been advising the 
research project for three years and is 
completing joint doctoral studies in 
this area at the Technical University 
of Munich, he has developed a new 
3D segmenting process. This makes it 
possible to separate individual trees, 
minimising the similarities between 
the segments and maximising those 
within the segments. “The resound-
ing success in the detection rate of 
individual trees has allowed us to have 
this amazing system patented. Inter-
disciplinary co-operation has borne 
impressive fruit here,” says Peter 
Krzystek happily. Two presentations 
by Krzystek and Reitberger on the 
topic in Beijing in July 2008 made a 
great impression. “I think,” says the

scientist with a smile, “that our inter-
national colleagues immediately got 
rid of the conventional watershed 
algorithm, which of course only uses 
the surface information.”

Professor Krzystek already knows 
precisely what is next at Munich Uni-
versity of Applied Sciences. In close 
co-operation with the Bayerischer 
Wald National Park, the method will 
be applied to a larger surface area in 
order to establish definite proof of its 
universal applicability. In addition, 
the initial airborne laser scanning 
and full waveform technologies will 
be developed further and applied to 
other areas. In the future, types of 
trees may be easier to differentiate or, 
with the help of the relevant sensor 
technology, for example, it may be 
possible to establish their condition. 
In any case, Krzystek and Reitberger 
are already working on a follow-up 
project aimed precisely at this devel-
opment: the combination of full 
waveform laser scanning and hyper-
spectral data. The future has already 
begun.   
Annette Glaswinkler

Project partners 
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The smartphones carried by many 
businessmen and businesswomen 
allow them to check the stock 
exchange, emails or production figures, 
but are often lacking in terms of ease 
of use. In addition, an overview of the 
most important news often takes too 
long, according to computer scientist 
Peter Mandl. In the “Mobile Enterprise 
Cockpits” project, this professor from 
the Competence Center for Business 
Informatics at Munich University of 
Applied Sciences is working to make 
access to information while on the go 
much simpler.

In the future, the mobile manager 
will be able to access vital informa-
tion needed in any given situation by 
means of a single, easy-to-use pro-
gramme on his mobile phone. Peter 
Mandl is working to implement this 
idea with doctoral candidate Ralph 
Löwe and Munich company XT AG. 
Founded in 2005, this company pro-
duces information management pro-
grammes for businesses.

Whilst on the move, businessmen and 
businesswomen are often forced to 
scroll through laborious menus on 
their smartphones in order to read 
through emails sequentially or to 
access stock market prices or client 
information from their company’s 
own CRM system. In this project, which 
has been running since October 2006, 
computer scientists have developed an 
“Information Player” that requires only 
a single press of a key to access and dis-
play data from many different sources.

Today’s manager: always on  

the move, under time pressure 

and in need of current informa-

tion from his company and the 

business world. For this purpose 

a programme was developed 

in Professor Peter Mandl’s 

laboratory making it possible 

to present data from different 

sources and in different formats 

on a display, and to evaluate 

them according to urgency.

Mobile Enterprise Cockpits

Prof.  Dr.  Peter Mandl

Department of Computer Science, Mathematics

Nikolai Bauer of XT AG already has the 
prototype operating on a smartphone. 
Using the left and right keys he is able 
to click back and forth between a pie 
chart with company figures, an article 
from the online version of a newspaper 
and an email. The player has no other 
functions. “It’s ideal for a manager who 
does not want to have to deal with a 
complicated system,” says Bauer.

Regardless of whether it is dealing with 
text documents or PDF files, the infor-
mation player displays various formats 
in a manner adapted to the device’s 
screen. This was a challenge at first, 
as the screens of individual mobile 
phones have widely varying sizes and 
resolutions.  Using the Java program-
ming language as a basis, the project 
team was finally able to develop an 
application that presents the data leg-
ibly on all current devices.

The actual centrepiece of the mobile 
cockpit is, however, not actually in 
the smartphone. Behind the client, 
the programme for receiving data on 
the mobile device, an ingenious pro-
gramme is at work on XT AG’s server. 
The “I-CEE” programme searches for 
information from various sources in 
real time via previously determined 
interfaces. These may be news portals 
on the internet, online weather fore-
casts or the company’s client database.

I-CEE had to learn even more for the 
Mobile Enterprise Cockpit. In the 
future, the software will be able to 
decide which information is important

APPLIED RESEARCH BULLETINS
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for the manager at what times. Experts 
call this “context sensitivity”. “This 
should make it possible to select infor-
mation based on the user’s situation,” 
explains Peter Mandl. “Managers do 
not have a lot of time and are over-
whelmed with information.”

The context sensitivity was “taught” 
to the programme by Ralph Löwe. In 
the context of his doctoral work, he 
developed algorithms which the soft-
ware uses to evaluate information. For 
this to work, managers must inform 
the device of their status, for example: 
In Hamburg on business. “The utility 
value of certain information for the 
user at that time can be established 
from the situation, time and location,” 
explains Löwe. The information is then 
sorted according to this value, and the 
most important items are presented 
first.

I-CEE should become more and more 
accurate over time. When going 
through the downloaded packet of 
data, the user must key in how impor-
tant the information really is for them. 
This rating is then used to adjust the 
weighting of the programme. Follow-
ing repeated use, the system is able to 
recognise particular patterns.

If, for example, a company manager 
marked the information relating to the 
nearest taxi rank to the hotel as very 
important during business trips to 
Hamburg, then this information will 
appear first when the manager clicks 
through the information on the next 

trip to the city. This should even work 
if, as an exception, a representative 
takes the manager’s place at a meeting 
in Hamburg. Field trials will determine 
how well the system actually recognises 
the requirements of mobile managers. 
The computer scientists also hope to 
establish whether it would make sense 
to limit the amount of information 
accessed in the interest of shortening 
the time required to review it.

Meanwhile, computer science profes-
sor Mandl is considering a large-scale 
test of the Mobile Enterprise  Cockpit at 
Munich University of Applied Sciences. 
Students could use a simple press of a 
key on their mobiles to see if a lecture 
has been cancelled or if the results of 
the latest examinations are available. 
Certain insights from the research 
project have already been applied in the 
educational arena: students can now 
attend a lecture on the topic of “Infor-
mation Management”.              
Nicolas A. Zeitler

Project partner

XT AG

Executing organisation

VDI/VDE/IT

Funding programme

FuE Programme “Information  

and Communication Engineering” 

of the State of Bavaria

Funding body

Bavarian State Ministry of Economics, 

Infrastructure, Transport and Technology

Nikolai Bauer (l), Ralph Löwe (c) and  

Prof. Dr. Peter Mandl (r)

Various formats on a screen
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Figures change continuously on the 
giant black display board next to which 
the graph of the German DAX stock 
exchange is slowly developing. On the 
floor below the board at the Frankfurt 
Exchange, traders follow the changes in 
the market attentively. What they see 
are price fluctuations resulting from 
the corporations’ business operations.
“These numbers are without doubt 
important indicators for the valuation 
of corporations and market trading, 
but they only offer limited insight into 
the actual value of a company,” says 
Professor Winfried Schwarzmann. “The 
potential of a company is much more 
important than just its official balance 
sheets,” continues the business gradu-
ate from Munich University of Applied 
Sciences. “Intangible assets are as deci- 
sive for the future prospects of the 
company.”

However, how can one determine 
business values that are not based on 
figures? This question has been taken 
on by the “Influence of intangible 
assets on company performance and 
success” research project. The team 
from the University is focussing their 
company valuation on so-called “extra 
financials”. This includes indicators for 
a company that are not included in any 
profit and loss calculation. “We are ana-
lysing the intangible value drivers and 
success factors of a company, which are 
as important in deciding the potential 
of a company as the hard figures,” 

In the “Influence of intangible 

assets on company performance 

and success” research project, 

business experts from Munich 

University of Applied Sciences 

are determining the immaterial 

worth of companies.

Values hidden behind the balance sheet

 Prof. Dr. Winfried Schwarzmann

Department of Business Administration

explains Martina Dürndorfer, Manag-
ing Director of the Value Group.

Value Group GmbH is Munich Univer-
sity of Applied Sciences’ business-sec-
tor partner for this research project. 
The company primarily advises 
institutional investors who would like 
to be able to examine the long-term 
profit potential of companies as early 
as possible when making investment 
decisions. In addition to the Value 
Group, the research network also 
includes the University of Regensburg 
and the Berlin University of Applied 
Sciences.

The team is examining a total of six 
groups of extra-financial indicators 
and using these to develop valuation 
models for company analysis and per-
formance prediction for corporations. 
These include capacity for innovation, 
quality of management (corporate 
governance), the image and brand, 
corporate risk, the competitive envi-
ronment and human capital. These six 
factors are the result of 120 analysis 
criteria which have been proven in 
empirical examinations to be very 
important, performance-related influ-
ences on corporate development.

These indicators are not so simple for 
the business scientists to determine. 
“We primarily use publicly available 
data that the company has released, 
and use external data providers and
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databanks,” explains Dürndorfer. “For 
example, we include the number of 
patents that a company has registered 
or the amount of money it invests in 
the training of its employees in the 
valuation.” Company press releases 
also play a role.

Companies’ interest in an analysis 
of extra financials varies widely. 
“Medium-sized companies are usually 
less interested,” says Winfried Schwarz-
mann. Publicly traded companies, 
however, particularly service provid-
ers, are very interested. They want to 
include the soft criteria in the valua-
tion of their potential. In this way, the 
quality and quantity of company com-
munication and targeted preparation 
of extra-financial information for the 
capital market has increased greatly 
in recent years, in particular for large 
companies. This demonstrates their 
great interest and the corresponding 
need for information from partici-
pants in the market. “This is primarily 
the result of increased pressure from 
investors who want to establish as clear 
a picture of the company as possible 
before investing their money,” says 
Schwarzmann.

Since 2006, the Munich Research Net-
work has been analysing the “extra 
financials” of numerous companies on 
the European stock market in the con-
text of the research project. By means 
of long-term empirical observation, 

the business experts can document 
whether their past valuations have 
proven to be accurate and, based on 
this, produce improved predictions. 
Classical statistics play an important 
role in the valuation of extra-financial 
factors. The statistical approach to 
the analysis is the responsibility of 
doctoral candidate Manuel Wittmann, 
a scientific research fellow at the Uni-
versity. He is trying to transform the 
findings of intangible indicators back 
into tangible numbers and thereby to 
develop a model for the correlation  
of “extra financials” to the value of a 
company and its market value.

“Our results up to this point have 
shown that the intangible worth of a 
company includes information that 
is extremely important to the inves-
tor and substantially complements 
classical financial analysis,” conclude 
Martina Dürndorfer and Winfried 
Schwarzmann. “These should always be 
considered when making investments.”
Thorsten Naeser

Project partners

n The Value Group

n Berlin University of Applied Sciences 

n University of Regensburg

Executing organisation

Consortium for Industrial Research 

Associations “Otto von Guericke” e.V. (AIF)

Funding programme

Research at Universities of Applied 

Sciences with Companies (FHprofUnt), 

Funding round 2006

Funding body

Federal Ministry of Education 

and Research

Dr. Martina Dürndorfer (l), Manuel Wittmann 

(c) and Prof. Dr. Winfried Schwarzmann (r)
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Two days’ work is destroyed in less than 
five minutes. Colleagues of Professor 
Ömer Bucak from the Department of 
Civil Engineering have assembled two 
sheets of steel and two of glass into 
a cubic support column more than 
two metres high using a UV adhesive. 
Elements such as this construction, 
which is transparent from two sides, 
may one day be used as supporting 
structures in buildings. “Architects are 
constantly demanding more transpar-
ency,” explains the professor. Whereas 
today massive steel columns support 
buildings, in the future components 
of steel and glass will provide the 
necessary stability. The resilience of 
such a column is to be demonstrated 
by a pressure test in the University’s 
laboratory for steel and light alloy 
construction. Set vertically between 
two slabs, the slim column is exposed 
to continuously increasing pressure. 
Graduate engineers Martin Bues and 
Marcus Illguth wear protective goggles 
as they watch the load increase on the 
screen of a laptop. At 1,800 kilonew-
tons – equivalent to a load of approx. 
180 tonnes – the glass cracks audibly. 
Shortly thereafter, thousands of glass 
shards crash to the ground before one 
of the sheets of glass breaks from the 
structure completely and falls with a 
muffled sound.

The test is part of the project named 
“Partially transparent, load-bearing, 
steel and glass connecting compo-
nents”, a joint project between Munich 
University of Applied Sciences and Kai-
serslautern Technical University. The 
project is one of the first to use glued 
steel-glass connecting structures. 

Transparent supporting structures 

are the current trend in construction. 

Professor Ömer Bucak is developing 

glass and steel components in his 

laboratory that are simultaneously 

translucent and very resilient. The 

peculiar thing about it: the materials 

are bound together with glue.

Steel-glas support beams 

– resilent and transparent

Prof. Dr. Ömer Bucak 

Department of Civil Engineering

project is one of the first to use glued 
steel-glass connecting structures. It 
is supported financially by the Fed-
eral Ministry of Economics and by a 
consortium of twelve companies. Pro-
fessional support is provided by the 
Research Association for Steel Applica-
tion in Dusseldorf (FOSTA). “It seems 
that the glue joint between the glass 
and the metal has failed,” determines 
Martin Bues with slight disappoint-
ment after inspecting the remains 
of his test structure. In any case, as 
Marcus Illguth explains, the test on 
the column was merely an addition to 
the project: “We have already found 
an adhesive that fulfils all the require-
ments, but having a second candidate 
would not have been bad.”

Engineers Bues and Illguth are cur-
rently working part-time on the 
completion of their Master’s Degrees 
in Steel Construction and Structural 
Engineering. In addition to their stud-
ies, they both work part-time in the 
laboratory for steel and light alloy 
construction alongside two other Mas-
ter’s students. This part-time Master’s 
course is a distinctive feature, which 
laboratory head Ömer Bucak claims 
is at least partially a result of the 
demands of engineering companies. 
Thanks to this part-time possibil-
ity, even engineers who have already 
found employment following their 
first degree are able to pursue their 
Master’s degrees. And those who, like 
Bues and Illguth, work in a laboratory 
alongside their Master’s studies are 
able to gain first-hand experience of 
new developments in many areas of 
steel and glass construction.

Design for a transparent façade 

structure with glued steel-glass 

connecting supporting structure

Steel-glass columns before 

and after the load test

APPLIED RESEARCH BULLETINS



13www.hm.eduresearchNEWS   l

Professor Bucak’s team conducts its 
tests on the futuristic components in 
a former factory in Kissing, a town of 
11,000 inhabitants more than an hour 
away from the seat of the Faculty in 
Munich’s Karlstraße. Stacks of glass 
sheets and steel components are stored 
in the courtyard in front of the factory. 
They have mostly been donated by 
companies. Bucak says that he receives 
20 to 30 tonnes of steel pipes from 
Mannesmann alone every year.

The components and adhesives with 
which the engineers constructed the 
novel steel-glass column were also 
donations. They first made a prelimi-
nary selection of adhesives that were 
used, for example, in electronic or air 
and space travel technology. Assem-
bling steel and glass into supporting 
components using adhesives is a new 
process – there are no special adhesives 
for this purpose. The designers had to 
consider more than just strength and 
workability when making their selec-
tion. Another important factor was the 
question of how the adhesive aged; 
whether it lost strength or changed 
colour, for example. Their selection 
included, amongst others, a single-
component UV acrylate and a two-
component polyurethane adhesive. The 
engineers used these to make columns 
out of glass and steel. The initially small 
test structures continued to increase 
in size. The latest was a 10.5 metre long 
double T column, a hybrid component: 
two sheets of safety glass are glued 
between two sheets of steel by their nar-
row edges. The behaviour of the compo-
nents is predicted by Bucak’s colleagues 
using the finite element method.

Project partners 

n Kaiserslautern Technical University

n DELO Industrie Klebstoffe

n Sika Deutschland GmbH

n 3M Deutschland GmbH

n Henkel AG

n Dow Corning GmbH

n BGT Bischoff Glastechnik AG

n Glas Trösch GMbH

n Interpane Glas Industrie AG

n Flachglas Wernberg GmbH

n Glas Seele GmbH

n Josef Gartner GmbH

n Stahlbau Wegscheid GmbH

n Verroplan GmbH

n A. Hagl Ingenieurgesellschaft mbH

n GP Innovation GmbH

Executing organisation

Consortium for Industrial Research 

Associations “Otto von Guericke” e.V. (AIF)

Development programme

Industrial Joint Research and Development 

(IGF), Proposer: Research Association for 

Steel Application in Dusseldorf (FOSTA)

Funding Body

Federal Ministry of Economics and  

Technology

They developed an analytical calcula-
tion model with which the compo-
nents can be pre-dimensioned rela-
tively simply. After construction comes 
the practical test: all components must 
survive a four-point bending test in 
which the column rests at two points 
and is subjected to a load at two points.

The tests were able to demonstrate that 
steel-glass columns are fundamentally 
capable of bearing loads. Martin Bues 
emphasises, however, that they are still 
far from series production. The project 
is just a pilot. Many tests will have 
to be performed before approval for 
steel-glass columns can be granted by 
the German Institute for Construction 
Engineering. 

Seven further research projects are 
running simultaneously in Profes-
sor Bucak’s laboratory with a total of 
seven colleagues. Four of these were 
first approved this year. One of these 
is a new two-year research project that 
continues the work on glued glass-
steel connections. The partners in this 
project are Kaiserslautern Technical 
University and the Rhineland-West-
phalia Technical University in Aachen. 
Martin Bues and Marcus Illguth would 
also like to work on it. In September, 
both are planning to conclude their 
Master’s studies. Thereafter they want 
to continue researching construction 
components made of steel and glass. 
The engineers are currently consider-
ing whether to add doctoral studies to 
their Master’s.

Nicolas A. Zeitler

Prof. Dr. Ömer Bucak at the test stand



14 www.hm.edu l   researchNEWS

New measurement process for paper engineering 

Prof. Dr. Stephan Kleemann

Department of Building Services Engineering, Chemical Engineering 

Paper and Packaging, Print and Media Engineering

better,” says the graduate engineer. He 
measures their diameter using a laser 
beam in a particle measurement device. 
Martorana is satisfied when the ASA 
particles measure approximately 1 μm. 
This gives the best results when later 
adding it to paper.

The percentage of ASA in paper deter-
mines how hydrophobic, that is to 
say fluid-repellent, the finished pages 
are. The sizing agent is usually added 
at the beginning of the paper produc-
tion. Graduate engineer Jürgen Belle, 
director of the ASA research project, 
points at the tub at the front end of the 
paper machine standing in the paper 
engineers’ laboratory on the campus at 
Lothstraße 34. “You can add ASA to the 
surface at a later point, but in general 
the paper is sized in bulk, at the wet-
end,” he explains. At the wet-end, the 
first part of the machine, the paper is 
still a suspension consisting of 99 % 
water and only one percent cellulose. 
This fibre suspension then passes 
through the moving screen of the paper 
machine. There, the percentage of water 
is reduced to 80 %. “At thispoint most  
of the ASA is lost,” says Belle.

The loss of ASA is a major problem for 
paper producers and not only because 
the synthetic sizing agent is expensive. 
It is supposed to react with the cellulose 
fibres. At the same time, however, it 
reacts with the water of the fibre sus-
pension. “Hydrolysis results in sticky 
residue,” says Professor Stephan Klee-
mann. This may lead to stains or holes

Paper is only really describable by 

the actual amount of sizing agents. 

The dosage of sizing agents such 

as ASA must therefore be preci-

sely measured. In Prof. Stephan 

Kleemann’s laboratory, a measure-

ment process is being developed 

that would allow the previously 

costly and tedious task of determi-

ning the amount of ASA in paper 

to be completed in a matter of 

seconds.

The letters look bloated, melted and 
frayed at the edges. Anyone who has 
written in ink on a pad of blotting 
paper knows what this looks like. It is 
different with writing paper: here, as 
well, the ink is partially absorbed and 
dries in a few seconds, but the hand-
written lines appear clean and clearly 
defined. What determines the speed at 
which paper absorbs fluids is the sizing 
agent that is added to the fibres dur-
ing production. Today, paper factories 
usually use alkenyl succinic anhydride 
(ASA). However, this synthetic sizing 
agent is very difficult to dose accu-
rately. Professor Stephan Kleemann 
and his colleagues from the Depart-
ment of Building Services Engineering, 
Chemical Engineering Paper and Pack-
aging, Print and Media Engineering 
have now developed a new measure-
ment process that can determine the 
amount of ASA quickly and simply.

ASA is a red-brown, oily liquid. It 
becomes a sizing agent for paper when 
Emanuele Martorana mixes it into an 
emulsion with a starch solution in a 
special laboratory mixer at 20,000 
revolutions per minute. Martorana is 
writing his doctoral dissertation in the 
context of the “Quantitative determi-
nation of ASA for the optimisation of 
paper production” research project. 
He has examined the emulsification 
process closely. Factors such as emulsi-
fication time, concentration, tempera-
ture or the ratio of starch to ASA all 
influence how large the ASA particles 
become. “The smaller they are, the 

Measurement of the ASA content of paper

Calculation of the ASA content

APPLIED RESEARCH BULLETINS
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in the paper. As build-up in the 
machine, the hydrolysis residue can 
also endanger its operation. “If some-
thing sticks in the machine when it’s 
running at 100 km/h, the wet paper 
web will tear immediately,” explains 
Martorana. A half-hour pause in oper-
ation means a loss of approximately 
10,000 euros for a paper factory.

This problem is the reason for the 
research in Kleemann’s laboratory. 
On the one hand, the paper engineers 
want to know what they can adjust 
during ASA emulsification in order to 
make the sizing agent less prone to 
undesired reactions with water. Pri-
marily, however, they want to measure 
how much of the ASA initially added is 
later contained in the finished paper. 
It can take up to an entire day to deter-
mine this with the measurement pro-
cedures currently in use.

With near-infrared spectroscopy (NIR), 
however, determining levels of ASA 
content now only takes between ten 
seconds and a few minutes. Emanuele 
Martorana demonstrates how this 
works one floor above the laboratory 
floor, in the so-called conditioning 
chamber. Here, the temperature is at a 
constant 23° Celsius and the humidity 
at a constant 50 %. This consistency 
is necessary in order to be able to 
compare the properties of the paper 
samples stored in the room. The NIR 
spectrometer is in an adjoining room: 
a grey, unassuming box with a light 
source. Martorana places a sheet of

paper on it. Infrared light passes 
through the paper, and shortly thereaf-
ter the device displays the ASA content 
of the paper as a percentage.

For this simple measurement to work, 
however, a certain amount of prepara-
tion was required. “The calibration was 
difficult,” says Martorana. Almost 300 
paper samples with precisely defined 
ASA content had to be measured with 
the NIR spectrometer and fed into the 
connected computer along with the 
results. Once prepared, the spectrom-
eter is able to determine the ASA con-
tents of any other paper samples.

Kleemann thinks that what works in 
the laboratory could also work in paper 
factories. The measurement procedure 
could be directly integrated into paper 
production; of this the expert in paper 
engineering is convinced. The ASA con-
tent could be continuously monitored 
via a closed loop. The manufacturer 
could then immediately react to any 
deviations from the desired value.
Nicolas A. Zeitler

Project partners 
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Graduate engineer Jürgen Belle (l) and 

Prof. Dr. Stephan Kleemann (r)
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In German companies, women earn 
on average one fifth less than their 
male colleagues. This already takes 
into account their sometimes shorter 
working hours. Explanatory factors 
such as lower education or less experi-
ence do not explain even half of this 
gender wage gap. These figures are 
based on a representative sample of 
establishments and their employees 
and result from ongoing research by 
Economics Professor Elke Wolf from 
the Department of Business Adminis-
tration and Engineering on the basis 
of data from thousands of businesses. 
The differences in wages must there-
fore primarily be the result of other 
factors. Elke Wolf is investigating these 
in co-operation with scientists from 
the Berlin School of Economics and 
Law in the “Quantification of wage dis-
crimination in the sense of the General 
Antidiscrimination Act (AGG)” project. 
It is supported in the context of a DFG 
focus programme entitled “Flexibility 
potential in heterogeneous labour 
markets”. The novel about this project 
is that the researchers link information 
about establishments with informa-
tion about all their employees who are 
subject to social security contributions. 
These data are collected by the Institute 
for Employment Research, Nuremberg 
(IAB) and provided by the Research Data 
Centre (FDZ) of the Federal Employment 
Agency. The sample includes about 
10,000 establishments and represents 
all German employers with at least one 
employee subject to social security  
contribution. The data  includes, for 
example, information about the

The differences in salary between 

men and women in Germany are 

more than twice as high as they 

should be for objective reasons. How 

much less a woman earns depends 

not only on her qualifications or 

experience, but also on factors such 

as the size of the company and the 

existence of a works council.

The “big small” difference on the pay slip
Prof. Dr. Elke Wolf

Department of Business Administration and Engineering

industry, number of employ ees, year 
founded or legal form of the businesses.

In practice, the actual wage rate pri-
marily depends upon the professional 
qualification. Women are therefore 
often paid less than men because they 
have a lower level of education, and 
the interruptions to their employ-
ment history are usually longer. For 
example, women who must return to 
work following the birth of their first 
child and the ensuing interruption 
in employment are faced with wages 
that are 19 % lower than those of their 
male colleagues in the same company 
who have been constantly employed. 
“The fact that a woman receives less 
money after an employment break is 
rational from the point of view of the 
company and not necessarily based on 
discrimination because she then usu-
ally brings less experience to the table 
and is therefore less productive,” says 
Elke Wolf. She found, however, that the 
actual wage gap was often larger than 
was objectively justified. As shown by 
her analyses, only eight or nine per-
centage points of the average wage gap 
of 20 % between men and women is 
based on objective grounds. The IAB 
data allow one to determine the gender 
wage gaps within establishments that 
cannot be explained by differences in 
qualifications or professional experi-
ence. Further analysis show that there 
are evidently connections between par-
ticular firm characteristics and the size 
of the wage gap between the genders. 
Elke Wolf speaks of the “business deter-
minants of gender wage gaps”.

Wage gaps within companies in Western Germany
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Wage gaps within companies in Eastern Germany
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Her investigations have shown that the 
wage gaps between men and women 
are smaller where unions negotiate 
wages. In large companies and those 
with works councils, the wage gaps are 
also smaller on average. This is par-
ticularly true for companies that were 
founded after 1990. At that time, the 
equal treatment of men and women 
in society was already more accepted. 
“The notion of equal opportunities is 
partly reflected in the business cul-
ture, decision-making processes and 
organisational structure of younger 
companies,” explains Wolf. The latest 
results of the project show how far 
reality is lagging behind the require-
ment of the AGG that no employee is 
paid less on account of his/her gender. 
Consequently, Elke Wolf, who is the 
women’s representative for her faculty 
and acting women’s representative 
for Munich University of Applied Sci-
ences, is also pursuing a political goal. 
“Our figures should give politicians 
an idea of the scale of the actual wage 
gaps within firms,” she says. She refers 
to the “Logib-D” wage calculator that 
the Ministry of Family Affairs, Senior 
Citizens, Women and Youth recently 
released on the internet. Companies 
can use it to enter their personnel data 
and see how large the wage differences 
are that cannot be justified objectively. 
However, female employees who are 
subject to discrimination could only 
benefit from this tool, if her boss is 
willing to do something as a result of 
the analysis. “In order to increase pres-
sure on private companies, they must 
be monitored to ensure that they are

carrying out purposeful research and 
are seeking advice on what can be done 
to avoid unequal treatment,” says the 
researcher. There is some evidence 
showing that such a strategy can work 
as demonstrated in Switzerland: the 
alpine country implemented an anti-
discrimination law similar to that in 
Germany and is already more advanced 
in its implementation. In Switzerland, 
public contracts are only given to com-
panies that can prove that they do not 
significantly disadvantage women. 
Elke Wolf notes that their procedure 
to determine the degree of unjusti-
fied wage gaps within establishments 
could also be used as evidence in legal 
proceedings on wage discrimination. 
There has already been such a case in 
Switzerland.

Beyond gender-based discrimination 
the researchers are also investigating 
the roles of nationality and age in the 
wage setting process. So far, there is 
very little research done on the ques-
tion whether foreign employees are 
paid lower wage than expected based 
on their qualification and experience 
level. Her initial assessment is that the 
nationality wage gaps are smaller than 
the wage differences between men and 
women. The researchers also want to 
determine whether there are connec-
tions between the different dimensions 
of discrimination. The project will con-
tinue until the end of 2010.
Nicolas A. Zeitler

Projektpartner
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Prof. Dr. Elke Wolf (r) discusses wage gaps

Curve 1 indicates the observed wage gap 

between men and women in one company. 

Curve 2 indicates the gender-specific wage 

gap assuming the same characteristics for 

men and women.
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The fibres on the table in front of Pro-
fessor Alexander Horoschenkoff are 
paper-thin and barely ten centimetres 
long. “The components are made of 
carbon and are each made of approxi-
mately 1,000 individual carbon fila-
ments,” explains the engineer from the 
Department of Mechanical, Automo-
tive and Aeronautical Engineering of 
Munich University of Applied Sciences. 
“Each filament is only seven microme-
tres thick,” he adds.

The researchers working with Horo-
schenkoff have attached electrical con-
tacts to the ends of the carbon fibres. 
In this combination, they are testing 
whether, given its electrical properties, 
carbon is suitable as a sensor for moni-
toring changes in materials under high 
stresses.

“Carbon is actually a lightweight build-
ing material,” says Horoschenkoff 
while carefully turning the fibre in his 
hand. As a lightweight building mate-
rial it has been thoroughly researched, 
but its electrical properties are less 
well-known. “Until now we were only 
interested in the mechanics of carbon 
as a lightweight building material, and 
we are now shifting the focus onto its 
electrical conductivity and its interplay 
with the mechanical stresses.” Horo-
schenkoff’s team is investigating the 
electrical properties of carbon in the 
context of the CAFAS (Carbon Fibre 
Sensors) research plan. To this end, the 
team has already carried out 

In the context of the CAFAS 

(Carbon Fibre Sensors) research 

plan, Prof. Alexander Horoschen-

koff and his team are looking 

into the electrical properties of 

carbon as a lightweight buil-

ding material. The scientists are 

using it as a sensor for strains 

and cracks in materials that are 

under stress.

New task for a lightweight building material
 

Prof. Dr. Alexander Horoschenkoff

Department of Mechanical, Automotive 

and Aeronautical Engineering

many promising tests on containers 
under high pressure. The engineers 
applied an entire network of carbon 
fibre sensors to the cylindrical vessels. 
The individual sensors, each approxi-
mately ten centimetres long, were 
arranged in such a way that they could 
detect changes in the materials in 
every direction. The engineers applied 
a voltage to each of the carbon sensors. 
They then placed the container under 
increasing pressure. As soon as the first 
tears formed in the coating, the con-
ductivity of the carbon fibres changed: 
their electrical resistance increased. 
The change in electrical resistance was 
of particular interest to the research-
ers. “The change in electrical conductiv-
ity resulting from expansions or tears 
in the material is very noticeable in 
comparison to the resistance when it is 
at rest. In can be up to 100 % of the ini-
tial value,” explains Horoschenkoff.

Until now, tests of load limits in the 
development of materials have been 
carried out with sensors that only 
measured intermittently. Using the 
carbon fibres, the researchers from 
Munich have now developed a system 
that makes it possible to locate changes 
over large areas. The individual sensor 
fibres are electrically insulated and 
measure directionally. “Under high 
pressure, materials can expand by 
approximately 0.7 percent,” explains 
Horoschenkoff. “With the carbon sen-
sors we are able to locate the smallest 
changes.”

APPLIED RESEARCH BULLETINS
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The Munich engineers’ new measure-
ment system has many applications in 
automobile or aircraft construction. It 
is also suited for use as a test method 
for containers which are under high 
pressure, such as gas tanks. Medical 
engineering, too, is already interested 
in the invention.

“Our technique can primarily be 
applied in the development phase of 
fibre composite structures and help 
to accelerate the process, and thereby 
reduce costs and save time. The cur-
rent engineering processes for fibre 
composite structures are still too 
complex. Material-specific issues, such 
as the influence of production and 
assembly tolerances on damage mech-
anisms can be addressed much more 
quickly,” summarises Horoschenkoff. 
In the neighbouring laboratory, his 
colleagues are already preparing a new 
cylinder with a network of carbon fibre 
sensors for the next load test.
Thorsten Naeser

Project partners
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Prof. Dr. Alexander Horoschenkoff during 

the demonstration of a carbon-fibre sensor
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Potentials of carbon-fibre sensors 
Examination of a hexagonal 

sensor network of carbon fibres 

for identifying structural 

distortions

 

Calculation of the sensitivity 

to expansion k

Construction of a pressure vessel 

from carbon fibres

Carbon fibres in the expansion 

test stand 

Damage analysis:
active thermography and shearography

Carbon-fibre sensor

Damage detection:
tears, delaminations Expansion measurement 

via sensor networks with 
evaluation algorithms:
n  Piezoresistance
n  Sensitivity to lengthwise or
 widthwise expansion 
n  Temperature dependence
n  Long-term stability

Frequency analysis
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A fist-sized, silvery device gives Prof. 
Hauke Clausen-Schaumann a glimpse 
of a hidden world. The physicist and 
his team at the Department of Preci-
sion- and Micro-Engineering, Engi-
neering Physics at Munich University 
are researching how atoms, molecules 
and cells behave in the nanocosmos. 
For this purpose the scientists are 
working in the minute scale of bil-
lionths of a metre. The small machine 
which allows the researchers access 
to the tiny building blocks of nature 
is the atomic force microscope. It was 
developed by Gerd Binnig in 1986. The 
technical principle is comparable to 
the sound pick-up of a record player: 
a fine needle (cantilever), whose point 
is only one atom wide, passes over a 
sample. The tiniest ridges and valleys 
cause a change in force which has 
an effect on the needle, which then 
moves up or down. A laser beam is 
directed at the mirrored reverse side 
of the cantilever. The beam is reflected 
from there onto a sensor and displays 
the surface of the sample with nano-
metre accuracy.

Hauke Clausen-Schaumann and his 
team are primarily interested in the 
forces of chemical bonds. “This ques-
tion is important in documenting the 
tensile strength of materials,” explains 
Clausen-Schaumann. If, for example, 
a bungee rope rips or a tyre goes flat, 
the consequences could be fatal. In 
order to be better able to determine 
the maximum loads for materials, one 
must first understand what changes

Individual molecules, healthy cells 

or cancerous cells; nothing is safe 

from Professor Hauke Clausen-

Schaumann and his team. Every-

thing is subjected to a load test on a 

nanometre scale.

Molecules under pressure

Prof. Dr. Hauke Clausen-Schaumann

Department of Precision- and Micro-Engineering, Engineering Physics

are undergone by molecules in the 
nanoscale when under stress. 

In order to examine individual mol-
ecules, Clausen-Schaumann’s team 
first had to develop the atomic force 
microscope further, in order to achieve 
the desired sensitivity. The first load 
tests of a polymer have recently been 
carried out with this self-developed 
device. For the test, the researchers 
fixed a single molecule to the tip of 
a cantilever by means of a chemical 
bond. The other end of this molecule 
was bound to the glass plate of the slide 
below. The researchers then pulled on 
the tip of the cantilever until the mol-
ecule ripped apart at one point. “We 
were able to show that the stability of 
the (molecular) chain was destroyed 
even by limited, but continuous force,” 
explains Clausen-Schaumann. The force 
applied for split seconds appeared to 
have reduced the bonding force of the 
molecule so much that it was thermally 
destroyed even at room temperature. 
Sebastian Schmidt, a doctoral candidate 
working for Clausen-Schaumann, came 
to the same conclusion by means of 
theoretical calculations in collaboration 
with the Institute for Physical Chemis-
try at Kiel University.

A further focus of the research is the 
investigation of human cells and their 
interaction with their environment. In 
this context the researchers are working 
with the surgical clinic and the Chair of 
Biophysics at the Ludwig Maximilian 
University in Munich.How an atomic force 

microscope works

Mirror

Segmented 
photo diodes

Leaf spring with 
integrated tip

Piezoelectric 
adjustment 
mechanism

Sample

Laser Diode
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“In order to develop bone replacement 
material from the body’s own stem 
cells, for example, one has to under-
stand, among other things, how these 
cells interact with their environment,” 
says Clausen-Schaumann.

With the atomic force microscope 
and optical microscopy technologies 
the researchers are investigating this 
interaction and are helping to establish 
requirements for the application of  
the cells in regenerative medicine.

Project partners

n Australian Research Council Centre of
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n Elite Graduate Programs (EGP)

n Elite Master Courses (EMC)
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n International Doctoral Programme (IDK)

n Ludwig-Maximillians University (LMU)

n Marie Curie Training Site “Manipulation

 of Matter on the Nanoscale” (MANAS)

n Munich Center for Advanced 

 Photonics (MAP)

n National Center of Competence in 

 Research (NCCR)

n Technische Universität München (TUM)
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n Walter Schottky Institut (WSI)
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German Research Foundation (DFG)

Funding programme
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Funding body

German Research Foundation (DFG)

A further thesis is focussed on the 
structure of cancer cells and their 
effect on healthy cells. For this purpose 
the researchers have carried out load 
tests on cancer cells under the atomic 
force microscope. “Based on the cell 
shape and its hardness, we were able 
to establish that cancer cells are sig-
nificantly more comfortable on matrix 
components made of the original tis-
sue than on other substrates,” explains 
Master’s student Daniela Padula. A dis-
tinctive feature of Professor Clausen-
Schaumann’s team is its collaboration 
with the Centre for NanoScience (CenS) 
and the Cluster of Excellence “Nano-
systems Initiative Munich” (NIM). This 
gives his colleagues the best opportu-
nities for interdisciplinary collabora-
tion with the universities. Clausen-
Schaumann’s graduate students receive 
a Master of Science from the Faculty 
and may then study for a doctorate at 
a university or, in co-operation with 
a university, at Munich University of 
Applied Sciences. “It is important for 
me that my students have the oppor-
tunity to earn a doctorate,” says the 
physicist.

In any case, the young scientists are 
well prepared for the labour market 
with or without a doctorate, since after 
their first degrees they have not only 
learned how to carry out scientific 
work, but also gained the know-how 
needed to develop technologies in 
order to better explore the nanocos-
mos. The (nano) world is in their hands.
Thorsten Naeser

Prof. Dr. Hauke Clausen-Schaumann dur-

ing the demonstration of his self-developed 

atomic force microscope

Examination of the strength of chemical 

bonds by monomolecular load test using an 

atomic force microscope
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“Incubator” for young entrepreneurs

Prof. Dr. Klaus Sailer

Strascheg Center for Entrepreneurship

entrepreneurship. Since 2005, the SCE 
has also offered advice on founding a 
company. Within the context of MORE, 
the University is developing the exist-
ing opportunities for promotion and 
wishes to make them a permanent 
feature.

One new programme is the two-semes-
ter further training programme at the 
SCE, “ape -Innovation and Entrepre-
neurship”, which students and gradu-
ates of the University may attend. In 
addition to attending seminars, par-
ticipants complete projects in co-oper-
ation with a company. This certificate, 
newly introduced within the context 
of MORE, complements the lectures on 
business topics, which are meanwhile a 
solid feature of the curricula of courses 
such as Design or Tourism. There are 
also summer schools on business top-
ics and a monthly “innovation-café” 
where well-known company founders 
speak about their work as entrepre-
neurs. 

Since 2008, the Strascheg Center 
has been located in a new building 
at Heßtraße 89, directly adjacent to 
the university campus. The first floor 
houses the “Start-up League”, also 
financed by the project. Teams of 
entrepreneurs may establish them-
selves here for six months in order to 
seek help in implementing their idea. 
The Start-up League is an “incubator” 
in which students can allow their busi-
ness concept to mature with the sup-
port of the SCE staff. 

Students who have business ideas receive 

excellent support at Munich University of 

Applied Sciences. At the Strascheg Center 

for Entrepreneurship businessmen and 

businesswomen of the future can seek 

advice and apply for financial support.

When students with a business idea 
want to go it alone, they are usually 
missing some of the necessary equip-
ment. Professor Klaus Sailer knows the 
problems of young company found-
ers: “Students from the Social Sciences 
often first need to learn how to earn 
money from an idea. Engineers tend 
to develop a product quickly, but they 
are frequently lacking in vision. And 
business graduates may have a busi-
ness vision, but often have no innova-
tive ideas.” As managing director of 
the Strascheg Center for Entrepreneur-
ship (SCE), Klaus Sailer wants to sup-
port them all. 

In order to help students and gradu-
ates take the first step towards inde-
pendence, the university has created 
the “MORE” project. The abbreviation 
“MORE” stands for Motivation and 
Responsibility. The Federal Ministry of 
Economics is supporting the project 
for three years within its “Exist III” 
programme, whose goal it is to pro-
mote entrepreneurial independence 
within universities.

The SCE, which Sailer leads as manag-
ing director, is a partner in the MORE 
project. It was founded in 2002 by 
businessman Falk F. Strascheg. As 
a private research institute within 
Munich University of Applied Sci-
ences, the SCE has committed itself to 
encouraging students’ enthusiasm for 
entrepreneurship. Since the founding 
of the Institute, students have been 
able to  attend lectures on the topic of 

…became a product-capable invention for 

successful entrepreneurs Matthias Nagel and 

Attila Helm of the Limata Group.

…until, after many small steps, the idea…

At the beginning, there was (only) the light…
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The first step is to write a funding 
proposal for their business idea. The 
advisers from the Strascheg Center 
then decide whether the idea could 
survive on the market. The criteria 
for this decision, according to Sailer, 
should not only be the degree of 
innovation, but primarily the social 
utility of an idea. The applicants may 
then receive up to 10,000 euros in 
sponsorship. They may use the money 
for technical equipment or property 
rights, for example. In a room at the 
Start-up League, the entrepreneurs 
can tinker with their product. When 
special equipment is needed, the SCE 
can arrange for its use in the faculties’ 
laboratories.

However, at the heart of the Start-up 
League concept is, above all, intensive 
advice. “I think it is particularly inter-
esting to see the commitment with 
which people try to achieve something 
with a few thousand euros,” says Klaus 
Sailer. To date, the SCE has assisted 
18 start-up teams during their time 
in the “incubator”. This has led to the 
founding, for example, of Artificial 
Technology GmbH, which is working 
to make characters in video games 
more lifelike, and the Child Care Com-
pany, which offers a franchise system 
for childcare centres.

During the first six months in the 
Start-up League, the Strascheg Center 
also helps the founders to obtain 
further funding. Eight of the projects 
have so far received so-called Exist

Foundation grants from the Federal 
Ministry of Economics. The “Secumem” 
Team, which produces secure data stor-
age devices, also received funding from 
the Bavarian “Flügge” foundation pro-
gramme and won the third round of 
the Munich Business Plan Competition.

The third pillar of MORE, next to edu-
cational opportunities for entrepre-
neurs and support for the founding 
of companies, is a network of found-
ers. This is intended to aid exchanges 
between prospective entrepreneurs 
and ex-students of Munich University 
of Applied Sciences, start-ups and 
companies. One part of the network is 
a support program. In the long term, 
the entrepreneurial activities of the 
University are to be funded by spon-
sors. The federal funding for MORE will 
expire at the end of 2010, but the first 
sponsors are already under contract. 

Their money is to establish the founda-
tion on which the university can build 
what Klaus Sailer calls a “culture of 
innovation.” He is convinced that, “we 
need to make innovation fun, and in 
time students will come and try their 
hand at entrepreneurship.” Sailer con-
siders the opportunities for success to 
be quite good, so long as the following 
conditions are met: “readiness to take 
risks and the motivation to achieve, 
paired with enthusiasm and the con-
viction that the project will succeed.”
Nicolas A. Zeitler

Project partners 
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Prof. Dr. Klaus Sailer explains the secret of 

successful entrepreneurship
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If the power should fail or an emer-
gency situation should arise in the 
underground, the “ELA” system then 
comes into play. Passengers at a sta-
tion can be asked to leave the platform 
or can receive warning messages via 
ELA – an electro-acoustic system – as 
long as the devices are provided with 
emergency power and all loudspeakers 
are operational.  

Public address systems for public areas 
are the focus of Professor Christian 
Münker, from the Department of Elec-
trical Engineering and Information 
Technology, and his colleagues in the 
“Energy-efficient intelligent Class D 
amplifiers for flexible ELA systems” 
(EifflELA) project. The business partner 
in the project, the medium-sized com-
pany Stemin GmbH in Königsdorf, has, 
among other things, equipped many 
Munich underground stations with 
public address systems and installed 
conference systems in the German 
Federal Parliament.

The goal of the experienced engi-
neers and their student assistants is 
to develop a system that needs less 
electricity than current systems. Fur-
thermore, the system must meet strict 
safety requirements. The entire signal 
path from the amplifier to the loud-
speaker must be permanently moni-
tored. If a connection to the loudspeak-
ers is defective or if some other error 
occurs in the system, the system must 
report this to the control centre within 
100 seconds. If the power fails,

Announcements in public areas 

such as underground stations can 

save lives in emergencies. To ensure 

that the messages actually reach 

people, Professor Christian Münker 

and his colleagues are revolutioni-

sing public address systems.

New sound on the underground
Prof. Dr. Christian Münker

Department of Electrical Engineering and Information Technology

regulations require a standby system 
with the capacity to make announce-
ments for more than 24 hours. “We 
are still a long way from that at the 
moment,” says Professor Christian 
Münker.
 
In addition to durable and energy-
efficient systems, operators are asking 
for smaller and lighter devices that are 
nonetheless compatible with the exist-
ing infrastructure. In an underground 
station, this usually means approx. 100 
loudspeakers in five groups connected 
to one central amplifier. “Replacing the 
infrastructure was never an option,” 
says Münker. A system that requires an 
entirely new infrastructure would not 
be accepted by transport services due 
to the high costs involved. The audio 
industry’s proposals to connect loud-
speakers to amplifiers individually are 
therefore out of the question. 

The EifflELA team is therefore concen-
trating on the central amplifier. In the 
new system, a so-called “ClassD ampli-
fier” will control the loudspeakers. With 
an efficiency of more than 90 %, it is 
considered very efficient; other types 
of amplifiers only partially achieve an 
efficiency of 50 %. As Class D amplifiers 
also produce significantly less heat, 
they do not require any massive fins or 
ventilators for cooling.

A metal plate on the bottom is enough 
to dissipate excess heat. The amplifier 
component with which Münker’s team 
is working is smaller than a DIN A5

Weathered loudspeaker after 35 years 

of service in a railway station

Modern loudspeaker on the 

measurement test stand
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(148 x 210 mm) sheet of paper and 
less than three centimetres thick, 
including the installed chips. The next 
step is to further develop the ampli-
fier for use in public address systems 
in public places. For this purpose, 
Münker and his crew must, among 
other things, add a transformer capa-
ble of taking the emergency power 
supply (24V battery) and transform-
ing it into the operational voltage 
of the amplifier (150V) with as little 
loss as possible, since ELA technology 
requires 100V to transmit signals over 
several hundred metres. “The volt-
age is then reduced at the individual 
loudspeakers. The system resembles 
a high voltage line,” explains Münker. 
Conventional amplifiers use a heavy 
transformer to increase the voltage 
at the amplifier itself. This expensive 
component is no longer necessary 
with the new technology. 

In the new system, the connection 
between the amplifier and the loud-
speaker should also make it possible 
to determine quickly whether a loud-
speaker has gone out of service. Up 
to now, operators have mainly tested 
their systems with test sounds, usu-
ally only outside of operating hours 
since the sounds disturb passengers in 
the station.

The system on which the electrical 
engineers from Munich University of 
Applied Sciences are working should 
make it possible to monitor them 
without interruption. It measures the

impedance, that is to say the alternat-
ing current resistance, of the individual 
loudspeakers. If there is a change, it 
shows that a loudspeaker is defective.

In order to increase energy efficiency, 
it is also planned that the amplifier will 
switch itself to a sleep mode when it 
does not receive any signals for a sub-
stantial period of time. The sound of 
the messages in the underground will 
not be improved by Münker’s system, 
however. “That’s the result of the dif-
ferent types of loudspeaker,” says the 
scientist. In any case, the sound quality 
that the amplifier will deliver should 
be “hi-fi capable”. The next step in the 
development of announcement sys-
tems will be to meet the needs of con-
ference systems, in which energy effi-
ciency is the most important aspect.
Nicolas A. Zeitler
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n Stemin GmbH
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Graduate engineer Josef Klugbauer (l), 

Prof. Dr. Christian Münker (c) and Prof. Dr.  

Hans Leonhard Zapf (r) demonstrate their  

new amplifier

Circuit board with a digital Class-D 

amplifier and multi-layered cooling plate

Multi-layered circuit board with a digital 

class-D amplifier and cooling plate
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Minturnae (Manderscheid, 2009)

The centre of the ancient Roman town  
of Minturnae in southern Latium has 
been uncovered for more than 70 
years. Until now, however, there have 
been no plans to map the excava-
tions in sufficient detail. Professor 
Hansgeorg Bankel of the Department 
of Architecture is working on the task 
of presenting the town in 1:100 scale. 
“It has long been the dream of many 
archaeologists to make Minturnae 
accessible for research,” says the archi-
tectural historian.

He spreads out the DIN A2 (420 x 594 
mm) colour printout of an aerial photo 
of the town on the table in his office 
in the Faculty’s building on Karlstraße. 
The picture is assembled from 40 indi-
vidual photos taken by a GPS-guided 
drone hovering 100 metres over the 
ruins. In order to be able to assemble 
the pictures, ground control points 
had to be calibrated and marked in 
the area over which the drone flew in 
such a way as to be visible from the air. 
This task was carried out by Kathrin 
Landmann of the Faculty of Geoinfor-
matics as part of her degree project. 
For the actual overflight, a specialist 
company from southern Germany 
was contracted, which then turned the 
aerial photographs into rectified, true-
to-scale images, so-called orthophotos. 
The next step was to have at least two 
thirds of the town sketched in 1:50 
and 1:100 scale by nine architecture 
students from Munich University of 
Applied Sciences, based on the aerial 
photographs. Minturnae must have 

Architectural historian Professor 

Hansgeorg Bankel and his 

colleagues measure and chart 

the remains of the ancient 

Minturnae. The work forms 

the basis of research into the 

urban development of this 

Roman town and of the graphic 

reconstruction of individual 

buildings.

Maps of a Roman town
 

Prof. Dr. Hansgeorg Bankel

Department of Architecture

had up to 10,000 inhabitants at one 
point. This is the conclusion the sci-
entists have drawn from the size of 
the town and the semicircular theatre 
visible to the north of the excavations 
in the photo. The town lies directly on 
the Appian Way, built in 312 B.C., which 
stretched from Rome to Brindisi. Ini-
tially, it was the site of a military camp 
which was later expanded. According 
to Bankel, Minturnae was primarily 
settled by veterans who worked as 
fishermen and shipbuilders. The archi-
tectural historian is investigating the 
ruins of the buildings to the southwest 
of the theatre. During the Republican 
period, this was the site of the forum 
and a temple, next to which a second 
was built during the early Imperial 
period.

The older of the two temples was the 
Capitol Temple, which was dedicated 
to Jupiter, and the other probably to 
Tiberius, the second emperor of Rome. 
In 2008, even before the aerial photos 
were taken, Hansgeorg Bankel and four 
students examined the layout of the 
temple and measured its foundations. 
The foundations of Roman temples 
during the Imperial period consisted of 
opus caementitium, a type of cement. 
In order to save material, non load-
bearing sections were often left out. 
This is also true of the newer temple. 
Bankel points to the photo of the tem-
ple floor plan and indicates a vaulted 
hollow space in the foundations. “So 
there could not have been any columns 
standing here,” he explains.  

APPLIED RESEARCH BULLETINS
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of Jotham Johnson of the University of 
Pennsylvania in Philadelphia, who was 
the first to excavate Minturnae in the 
1930s. He assumed that the oldest tem-
ple in the town had been completely 
overbuilt and renovated.

Currently, architecture students from 
Munich University of Applied Sciences 
are drawing the outlines of the town 
map that were photographed in Sep-
tember for publication. Meanwhile, 
Hansgeorg Bankel is evaluating Jotham 
Johnson’s photos and drawings, which 
he brought back from a trip to Phila-
delphia in March 2009. 

Even if his area of work at the Faculty 
of Architecture is somewhat out of the 
ordinary, Bankel does not want to be 
considered an eccentric. “Architectural 
history is part of a comprehensive edu-
cation,” he emphasises. Furthermore, 
an architectural survey is an important 
first step for any modification and res-
toration work – a construction task that 
has meanwhile become more common 
than erecting new buildings in a state 
like Bavaria. Nor can he complain of a 
lack of interest. His students are fasci-
nated by the expeditions to Minturnae. 
The next research trip is planned for 
the final three weeks of September.
Nicolas A. Zeitler
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Prof. Dr. Hansgeorg Bankel with students 

measuring ancient building pieces…

Such findings and knowledge of the 
typical construction of other temples 
help him to find out where walls, the 
entrance and the row of columns in 
front of the building used to stand.

Hardly anything still stands of the 
towering constructions. Around 500 
pieces of the temples, halls and the 
theatre façade litter the site. Bankel 
wants to measure them during the next 
expedition. “Chances are good that the 
buildings we have examined can be 
reconstructed on the basis of the pieces 
that have been recorded,” he says. The 
dimensions of a single section of col-
umn can, for example, provide an indi-
cation of how high the column once 
stood. Whether a comprehensive recon-
struction of all the temples of Mintur-
nae is possible, however, remains to be 
seen.

Bankel is also interested in the urban 
development of the town. Minturnae is 
a prime example of a Roman town. The 
architectural historian again points to 
the aerial photo. “We can see various 
orientations, one from the Republi-
can period and one from the Imperial 
period,” he says. Thus, for example, two 
different phases of construction can be 
seen in the baths. And when, during the 
early Imperial period, a new forum was 
built southwest of the Appian Way, the 
façade of the ancient Capitol Temple 
was hidden by a row of columns. This 
observation is one of the most impor-
tant results of the first year of the 
project. It contradicts the assumption

…and at the return of the drone after the 

final fly over
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