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4 Profi le of the Institute

Preface

In good time for its tenth anniversary, 
the ITWM has moved to a new building 
in the Fraunhofer Center Kaiserslautern 
at the end of 2005 – together with 
the Fraunhofer IESE. Much money has 
been invested into the construction of 
this fantastic center by the Fraunhofer-
Gesellschaft, the EU, the Land Rhine-
land-Palatinate, the Federal Ministry of 
Education and Research (BMBF), and 
the city of Kaiserslautern. However, it is 
not only the money that counts, since 
you can also construct ugly concrete 
buildings requiring very much  money. 
The creativity of architects and planners 
is at least as important: they have cre-
ated a magnifi cent combination of aes-
thetics and functionality. A building 
with manifold aspects looking forward 
into the future: a beautiful, elegant, 
and transparent architecture, a house 
that offers and even requires commu-
nication, an environment where re-
search can be enjoyed, a center improv-
ing the profi le of the Technical Univer-
sity of Kaiserslautern, a stunning new 
building for the city of Kaiserslautern, a 
building which encourages the people 
living in this city and represents a shin-
ning example also for the Fraunhofer-
Gesellschaft, a building refl ecting the in-
novation and creativity of Fraunhofer re-
search. It is also a building where our 
personnel is obviously feeling good; its 
 differently structured details form an in-
teresting overall impression, as you can 
see in our pictures.

Ten years ago, everything of course 
looked very different: one research 
group, which was relatively small 
in those days and whose members 
worked in different locations on the 
campus of the Technical University. In 
1995, the year of the foundation of the 
ITWM, nobody could imagine that a 
large and successful Fraunhofer insti-
tute of mathematics would develop 
from the germ cells of industrial math-
ematics at the university within such a 
short time. Our vision of taking mathe-

matics out of the ivory towers and ca-
thedrals of pure science and transform-
ing it into a key technology for innova-
tion in technology and economics did 
not always meet undivided approv-
al. Warnings were of the sort: “ Modern 
technology needs mathematics, but 
it does not need mathematicians; en-
gineers and scientists will do the job.” 
Meanwhile, the skeptics have fallen si-
lent, and the vision has in large parts 
become reality. Since its foundation, 
the ITWM has worked on projects with 
an overall worth of more than 45 mil-
lion Euros. Within the last three years 
alone, our personnel – consisting of 
more than 80 % mathematicians – has 
successfully worked on more than 300 
projects, most of which were industrial 
cooperation projects.

The initial number of 26 colleagues has 
meanwhile increased to a team of 150 
scientists and PhD students who will 
work with a budget of more than 11 
million Euros next year, more than half 
of which will be fi nanced by  industrial 
projects. The ITWM has thus become 
one of the largest institutes worldwide 
in the fi eld of applied and industrial 
mathematics.

Industrial enterprises highly estimate 
and need the modeling competence, 
the algorithms, and the software prod-
ucts of the ITWM. High economic re-
turns in combination with a strong ori-
entation towards research – 40 PhD 
students alone are currently working 
on their PhD theses at the institute – 
are the basis of lasting success and con-
tinuous growth. The good reputation 
of the ITWM has certainly also contribu-
ted to the fact that the department of 
mathematics of a relatively small univer-
sity has always received one of the best 
results in the rankings which have been 
carried out in the last few years.

Of course, all this decisively depends 
on the competence and commitment 

of the ITWM personnel. In spite of the 
restrictive payment conditions of the 
BAT (Federal employees collective sala-
ry agreement), many exquisite scientists 
have resisted the fi nancial temptations 
of industry and have remained at our 
institute. Their knowledge and strong 
identifi cation with their work are the 
real basis of our success. A good work-
ing climate guaranteeing high auton-
omy of our colleagues, decentralized 
structures, hardly any friction due to 
hie rarchies, and a climate of mutual re-
spect and acknowledgement have cer-
tainly contributed decisively here. If 
you visit the ITWM today, you will feel 
the commitment, curiosity, and vital-
ity everywhere. Open doors, ringing 
telephones, working groups in discus-
sion, well-dressed people in important 
meetings as well as more or less absent-
minded, prototype mathematicians 
writing on blackboards or working on 
their computers, many young people, a 
brightly colored mix of nations. The in-
stitute’s international orientation is very 
important for us.

In Gothenburg, the Fraunhofer-
Chalmers Centre for Industrial Mathe-
matics (FCC) was successfully founded 
during the last few years as a joint ven-
ture of the Chalmers Technical Univer-
sity and the ITWM. Today, 25 scientists 
are working there, and the FCC has de-
veloped into a renowned center for in-
dustrial mathematics in Sweden.

The projects of the ITWM cover a wide 
range of clients from low-tech to high-
tech enterprises, from SMEs to big in-
dustry, from regional companies to cli-
ents in Europe and overseas. In this re-
spect, the regional basis is very impor-
tant for us. A decisive aspect is the 
demand for simulation software. Simu-
lations make complex processes easier 
to comprehend, and invisible relations 
become visible. Expensive and time-
consuming experiments can be substi-
tuted by simulations. In other and may-
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Prof. Dr. Dieter Prätzel-Wolters, Director

be more provoking words, one could 
also formulate, according to “a picture 
tells more than a thousand words”: “A 
good simulation program offers more 
insight than a thousand experiments.” 

Companies with more restricted fi nan-
cial resources clearly see the advan-
tage on the hardware side that com-
puter performance can be bought at in-
creasingly lower prices. It is not the in-
vestment into new computers which 
represents a bottleneck here, but the 
comparably expensive software. A very 
nice example of cooperation with a me-
dium-sized enterprise is a recently start-
ed project with the company Paul Wild 
GmbH in Idar-Oberstein. The ITWM de-
velops the software for the control of 
a system where robots are to take over 
the handicraft processes of cutting and 
polishing gemstones, which have almost 
remained unchanged for centuries.

Of course, we are also cooperating with 
large enterprises in many  projects. One 
example is the ITWM  visualization soft-
ware PV-4D, which can turn  extremely 
large amounts of data into  easily-com-
prehensible animations. In October, 
Carsten Lojewski received the Fraunhofer 
Award for this work, and during Super-
Computing 2005 in  Seattle, the soft-
ware was selected by IBM for the world 
premiere of the company’s new cell pro-
cessor.

We are sometimes asked whether the 
work at our institute has any direct ad-
vantage for consumers. It certainly has 
an indirect one. Consumers buy pro-
ducts which do not show whether they 
have been developed and produced 
with the help of simulations. However, 
simulation increasingly becomes a qual-
ity feature; there are discussions wheth-
er by labels like “developed by simula-
tion” or “simulation-based” products 
might become more attractive. This can 
refer to a better reliability, failure safe-
ty, or robustness. New materials which 

are more environmentally and consum-
er friendly are increasingly found and 
produced with the help of simulations. 
And, last but not least, products can 
become cheaper because companies are 
able to produce at lower prices due to 
the application of simulation software.

Which are our plans for the future? 
Nothing sensational: further intensifi -
cation of research and training of ex-
cellent PhD students, working on new 
subjects with industrial enterprises, fur-
ther reinforcing of cooperation with 
regional companies, extension of our 
European activities by new coopera-
tion projects, higher investments into 
the marketing of software products 
(and hoping for an MP3 success sto-
ry), encouraging spin-offs on a con-
trolled scale, and also trying to en-
courage more companies to move to 
Kaiserslautern. The region needs new 
economic impulses, and the Fraunhofer 
institutes can make a modest contribu-
tion here.
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6 Profi le of the Institute

Computer simulations have become an 
indispensable tool for the design and 
optimization of products, services, and 
communication and working processes.

Real models are substituted by virtual 
models. As a raw material for the mod-
els and a key technology for  computer 
simulations, mathematics represents 
the foundation of the bridge towards 
this second world – the world of simu-
lation – which has been established in 
almost every fi eld of society and econo-
my. The enormous pressure by compe-
tition also induces an increasing num-
ber of small and medium-sized enter-
prises to use simulation for cost reduc-
tion. The Fraunhofer ITWM especially 
supports these companies, who often 
have only small R&D departments, by 
consulting and computer performance. 
The companies are profi ting on the 
market due to the application of sim-
ulations as a sign for innovation and 
quality assurance of their products. 

Of course, we are also cooperating 
with large enterprises, mainly in the 
fi elds of automobile construction, engi-
neering, textile industry, microelectron-
ics, banks, and computer industry, just 
to mention only a few branches.

It is the mission and task of the ITWM 
to meet complex challenges in techno-
logy, logistics, communication, and fi -
nances by the application of modern 
mathematical methods and to further 
develop applied mathematics by inno-
vative ideas, creating practical solutions 
in cooperation with industrial partners. 
Integral components of these solutions 
are consulting with respect to R&D 
problems, support with respect to the 
application of high performance com-
puter technology, and the development 
of especially tailored software solutions.

The intention of the ITWM is not only 
to build the bridge between the real 
and the virtual world, but also to pro-

Profi le of the Institute

Contact:
Dr. Marion Schulz-Reese
Head of Administration
✆ +49 (0) 6 31/3 16 00-45 12
marion.schulz-reese@itwm.fraunhofer.de

vide a connection between mathe-
matical research at the universities 
and the practical application of the re-
sults. Therefore, close cooperation with 
the Department of Mathematics of the 
Technical University of Kaiserslautern is 
especially important for the ITWM.

The ITWM is one of the leading part-
ners for mathematics in industry. We 
intend to strengthen and expand this 
position.
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Competences and Main Subjects

Transport Processes

■ fl uid-structure interaction
■ grid-free methods
■ radiative transfer and parameter 

identifi cation
■ continuum mechanical product and 

process design

Flows and Complex Structures

■ microstructure simulation and 
virtual material design

■ hydrodynamics
■ complex fl uids
■ structure optimization in 

mechanics and acoustics

Models and Algorithms in Image 
Processing

■ analysis of volume images and 
 modeling of microstructures

■ surface inspection
■ signal analysis for railway systems
■ sequence analysis and stereovision

Adaptive Systems

■ CAD for analog circuits
■ monitoring and control
■ biosignal processing and diagnosis 

support
■ prognosis of material and product 

properties
■ multiscale structure mechanics

Optimization

■ interactive therapy planning
■ optimization in virtual engineering
■ hospital logistics

■ supply chain management and 
traffi c planning

■ material fl ow planning and 
 production control

■ knowledge-management and 
e-commerce

Financial Mathematics

■ option pricing
■ credit derivatives
■ interest rate models
■ credit risk
■ portfolio optimization

Mathematical Methods in 
Dynamics and Durability

■ simulation of fl exible structures
■ fi nite element computations and 

multibody simulation
■ simulation of mechatronic systems
■ casting simulation

Competence Center 
High Performance Computing

■ molecular dynamics
■ visualization
■ parallelization
■ benchmarking
■ grid computing
■ cluster computing

Fraunhofer Chalmers Research 
Centre for Industrial Mathematics 
FCC

■ geometry and motion planning
■ material fatigue and load analysis
■ computational electromagnetics
■ bioinformatics and systems biology
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�  Profile of the Institute

Customers and  
Cooperation Partners

For many years now, the ITWM has successfully cooperated with enterprises from many branches  
and of different sizes. In the year 2005, these were, among others:

n  Adam Opel AG, Rüsselsheim und  
Kaiserslautern

n	 ARNOLD & RICHTER Cine Technik,  
Stephanskirchen

n	 Audi AG, Ingolstadt

n	 BASF AG, Ludwigshafen

n	 Berlin-Brandenburgische Akademie  
der Wissenschaften, Berlin

n	 Biotronik GmbH, Berlin

n	 Blue Order AG, Kaiserslautern

n	 BMW AG, München und Landshut

n	 BorgTec Systemhaus GmbH, Dresden

n	 Cadence Design Systems GmbH,  
Feldkirchen

n	 COMEXAR Engineering AG,  
Lachen (Switzerland)

n	 DaimlerChrysler AG, Stuttgart

n	 Deutsche Apotheker- und Ärztebank,  
Düsseldorf

n	 Deutsches Forschungszentrum für  
Künstliche Intelligenz, Kaiserslautern

n	 Deutsches Krebsforschungszentrum,  
Heidelberg

n	 Eberspächer GmbH & Co. KG, Esslingen

n	 EKF diagnostic sales GmbH, Barleben

n	 Elmo Leather AB, Svenljunga (Sweden)

n	 Energie-Control GmbH, Wien (Austria)

n	 ESI-Group, Paris (France)

n	 Eurofilters AG, Overpelt (Belgium)

n	 Fachhochschulen Aschaffenburg, Darmstadt, 
Kaiserslautern, Landshut, Zwickau

n	 Faurecia, Sassenburg

n	 FCC Göteborg (Sweden)

n	 Freudenberg Vliesstoffe KG,  
Weinheim und Kaiserslautern

n	 FSM! GmbH, Landstuhl

n	 ganiMed GmbH, Villingen

n	 GE Global Research, München

n	 GE Transportation Systems, Bad Dürkheim

n	 Gebrüder Gienanth-Eisenberg GmbH,  
Eisenberg

n	 Gießerei-Institut Technische Universität  
Bergakademie Freiberg

n	 HegerGuss GmbH, Enkenbach-Alsenborn

n	 Hüttenes-Albertus, Chemische Werke GmbH, 
Düsseldorf

n	 HypoVereinsbank, München

n	 IBS Filtran GmbH, Morsbach

n	 Infineon Technologies AG, München

n	 Institut für spanende Fertigung,  
Universität Dortmund

n	 Institut für Verbundwerkstoffe IVW,  
Kaiserslautern

n	 Johnson Control GmbH, Burscheid

n	 Landesbank Baden-Württemberg, Stuttgart

n	 Landesbank Rheinland-Pfalz, Mainz

n	 Lima-Lto spa, Medical Systems,  
Villanova di San Daniele (Italy) 

n	 Linux NetworX, Salt Lake City (USA)  
und Kaiserslautern

n	 MAGMA Gießereitechnologie GmbH,  
Aachen

n	 Mann + Hummel GmbH, Ludwigsburg

n	 Maschinenfabrik Rieter AG,  
Winterthur (Switzerland)

n	 Massachusetts General Hospital,  
Boston (USA)

n	 Max-Planck-Institut für Plasmaphysik,  
Garching

n	 MiniTec GmbH & Co KG, Waldmohr

n	 Mobotix AG, Kaiserslautern

n	 müllers büro, Erzenhausen 

n	 NEUMAG GmbH, Neumünster

n	 Odenwald-Faserplattenwerke GmbH,  
Amorbach 

n	 Paul Wild GmbH, partu lapidaries GmbH, 
Kirschweiler

n	 Procter & Gamble, Schwalbach im Taunus  
und Cincinatti (USA)

n	 ProTurbo Überwachungssysteme GmbH,  
Ratingen

n	 psb GmbH, Pirmasens

n	 Rayonex Schwingungstechnik GmbH,  
Lennestad

n	 Robert Bosch GmbH,  
Stuttgart und Waiblingen

n	 Roche Diagnostics, Mannheim

n	 Römheld & Moelle, Mainz

n	 Ruck Ventilatoren GmbH, Boxberg

n	 RWE Power AG, Biblis

n	 Saint-Gobain, Auberville (France)

n	 SAP AG, Walldorf

n	 Schott Glas, Mainz

n	 Shell International, Den Haag (Netherlands)

n	 SIEDA GmbH, Kaiserslautern

n	 Siemens AG (Medical Solutions OCS),  
Heidelberg, und Siemens AG (Power  
Generation), Mülheim

n	 Städtische Kliniken Frankfurt am Main-Höchst

n	 Stryker Leibinger GmbH, Freiburg

n	 Tehalit GmbH & Co. KG, Heltersberg

n	 Ultrafilter international AG, Haan

n	 Universitäten Freiburg, Graz, Hannover,  
Kaiserslautern, Karlsruhe

n	 Universitätskliniken Heidelberg, Homburg,  
Tübingen

n	 URSA International GmbH, Neu-Isenburg

n	 Verein Deutscher Gießereifachleute (VDG), 
Düsseldorf

n	 Volkswagen AG, Wolfsburg

n	 Zentrum für Europäische Wirtschafts- 
förderung, Mannheim

n	 ZF Lemförder Fahrwerktechnik, Lemförde

n	 Zimmermann Formtechnik GmbH,  
Weilerbach

n	 Horst Zimmermann Modell-/Formenbau,  
Kaiserslautern 
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Director Prof. Dr. Dieter Prätzel-Wolters  +49 (0) 6 31/3 16 00-10 01

Scientifi c Advisory Board Prof. Dr. Axel Klar  +49 (0) 6 31/3 16 00-44 17

 Prof. Dr. Ralf Korn  +49 (0) 6 31/3 16 00-46 58

 Prof. Dr. Helmut Neunzert  +49 (0) 6 31/3 16 00-43 10

 Prof. Dr. Stefan Nickel  +49 (0) 6 31/3 16 00-46 42

Competence Center “High Performance Computing” Dr. Franz-Josef Pfreundt (CIO) +49 (0) 6 31/3 16 00-44 59

Central Services Administration Dr. Marion Schulz-Reese +49 (0) 6 31/3 16 00-45 12

 EPD Dieter Eubell +49 (0) 6 31/3 16 00-42 43

 Public Relations Ilka Blauth +49 (0) 6 31/3 16 00-46 74

  Dipl.-Math. Steffen Grützner +49 (0) 6 31/3 16 00-44 00

Departments Transport Processes Dr. Raimund Wegener +49 (0) 6 31/3 16 00-42 31

 Flows and Complex Structures Dr. Konrad Steiner +49 (0) 6 31/3 16 00-43 42

 Models and Algorithms in Image Processing Dr. Ronald Rösch +49 (0) 6 31/3 16 00-44 86

 Adaptive Systems Dr. Patrick Lang +49 (0) 6 31/3 16 00-46 39

 Optimization Priv.-Doz. Dr. Karl-Heinz Küfer +49 (0) 6 31/3 16 00-44 91

 Financial Mathematics Prof. Dr. Ralf Korn +49 (0) 6 31/3 16 00-46 58

 Mathematical Methods in Dynamics and Durability Dr. Klaus Dreßler +49 (0) 6 31/3 16 00-44 66

Organizational Chart

Board of Trustees

Dr. Jürgen Amendinger
Bayerische Hypo- und Vereinsbank AG,
München

Prof. Dr. Achim Bachem
German Aerospace Center DLR, Köln

Dr.-Ing. Erwin Flender
MAGMA Gießereitechnologie GmbH, 
Aachen

Dr. Werner Groh
Johns Manville Europe GmbH,
Bobingen

Wolfgang Habelitz
Member of the Ministry of Science, 
Further Education, Research and Cul-
ture in Rhineland-Palatinate, Mainz

Prof. Dr. Wolfgang Hackbusch
Max Planck Institute for Mathematics 
in the Sciences, Leipzig

Prof. Dr. Peter Jagers
Chalmers Tekniska Högskolan, 
Göteborg (Sweden)

Dr. Wilhelm Krüger
tecmath AG, Kaiserslautern

Dr. Martin Kühn
SAP AG, Walldorf

Kurt Lechner
Member of the European Parliament, 
Kaiserslautern

Dr. Ulrich Müller
Executive Member of the Ministry for 
Economy, Traffi c, Agriculture, and Vini-
culture in Rhineland-Palatinate, Mainz

Dr. Bernd Reuse
Member of the Federal Ministry for 
Education and Research, Bonn

Dr. Werner Sack
Hilti AG, Schaan (Liechtenstein)

Prof. Dr. Helmut Schmidt
President of the University 
Kaiserslautern

Dr. Jörg Steeb
Tehalit GmbH & Co. KG, Heltersberg

Prof. Dr. Wolfgang Wahlster
German Research Center for Artifi cial 
Intelligence, Saarbrücken

Renowned representatives from science, economy, and politics could be won as members of the board of trustees, among 
which are:
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10 Profi le of the Institute

The Institute in Numbers

Budget development (thousand ¤) 2001 2002 2003 2004 2005

Operating budget  5 866 7 267 7 872 8 844 9 560

Investments  756 878 563 376 499

Total  6 622 8 145 8 435 9 220 10 059

Budget

The budget of the ITWM has again 
strongly increased also in 2005. The 
operating budget showed a growth 
rate of 8 per cent, and the growth rate 
of economic returns was a sensational 
22 per cent. The ITWM was able to fi -
nance 50 per cent of the overall oper-
ating budget by returns from industri-
al projects. Thus, it is again occupying 
one of the fi rst places in the Fraunhofer 
internal ranking with respect to the de-
cisive criterion for the success of an in-
stitute. However, the development of 
returns from publicly funded projects 
still remains problematic. As already ex-
pected, there was a persistent down-
wards movement also in 2005. Overall 
returns in this area have decreased by a 
further 15 per cent, or in absolute num-
bers by approximately 300,000 Euros. 

Nevertheless, bottom appears to have 
been touched by now. Already now, 
considerable growth rates for 2006 
have been secured in the fi eld of pub-
lic projects, also funded by the BMBF. 
Particularly within the excellence pro-
gram “Wissen schafft  Zukunft” (“Sci-
ence is the Knowledge that Creates the 
Future”) of Rhineland-Palatinate, which 
provides funding for the support of 
high-tech research at universities and 
research institutes, participation in a 
prestigious excellence cluster and signi-
fi cant funding could be acquired in co-
operation with the Technical  University 
of Kaiserslautern. We have reason to 
hope that a mean-term change of direc-
tion has started by now with respect to 
returns from publicly funded projects. 

The further development of  economic 
returns, on the other hand, can be 

industry
public projects
base funding and 
Fraunhofer internal programs

Operating budget development in million ¤

1

2

3

4

5

6

7

8

9

46 %

41 %

13 %

41 %

39 %

20 %

43 %

34 %

23 %

50 %

17 %

33 %

2001 2002 2003 20052004

44 %

23 %

33 %

10

considered very optimistically. Due 
to the wide range of the ITWM’s 
competences, a large number of new 
clients could be acquired also in 2005; 
additionally, further cooperation proj-
ects with already long-term industrial 
partners could be initiated, leading to a 
signifi cant increase of economic returns. 
All the signs indicate that this will also 
be the case in 2006. Further returns 
from industrial projects can particularly 
be expected from the recently founded
 “Simulation Center Rhineland-Palatinate 
(SRP)”, in cooperation with the Depart-
ment of Mathematics of the University 
of Kaiserslautern, in the fi eld of nation-
wide and especially also regional auto-
mobile industry and its suppliers.

All in all, there is a well-founded suspi-
cion of a further positive development 
of the ITWM also in 2006.
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Personnel development

In 2005, 145 colleagues were working 
at the Fraunhofer ITWM, among who 
were 85 scientists, 42 PhD students, 
and 18 colleagues in administration, 
EDP, and public relations.  Additionally, 
there were 117 research assistants, 16 
interns, and 4 trainees, a fact which 
shows that the support of young scien-
tists has remained exemplary,  especially 
in cooperation with the Department 
of Mathematics of the University of 
Kaiserslautern. The relatively moderate 
increase of scientifi c personnel in 2005 
can of course also be explained by the 
scarce room resources in the offi ces 
which had to be rented. After the move 
to the new Fraunhofer Center, a signifi -
cant increase of the scientifi c personnel 
can already be observed by now.

In November 2005, the ITWM invited 
all of its former scientists and PhD stu-
dents to a fi rst alumni meeting in Kai-
sers lautern on the occasion of its 10th 
anniversary. At least 20 of an overall 
number of 60 alumni accepted the in-
vitation of Prof. Helmut Neunzert, the 
former director of the institute. Inter-
esting insights into their new research 
areas were offered, and of course an 
intensive exchange of ideas took place. 
We plan to turn this meeting into a per-
manent event.

Personnel development
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other employees
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First ITWM-alumni meeting on the occasion of the institute´s 10th anniversary
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12  Profile of the Institute

Ten Years of ITWM

Previous history

1980  Introduction of the courses in techno-mathematics and business mathematics at the University of Kaiserslautern

1983  Volkswagen Foundation finances a larger project (beginning of research cooperation with industry)

1986  1st spin-off: “tecmath” founded by former members of the research group techno-mathematics

1991  Foundation of the “Center of Techno- and Business Mathematics” (ZTWM)

1994  Evaluation of scientific research groups in Rhineland-Palatinate with respect to their Fraunhofer qualification, 
among which there is also the ZTWM

Foundation 

Nov. 9, 1995  Foundation of the Institute of Industrial Mathematics e. V. with locations in Kaiserslautern and Trier

Jan. 1996  ITWM Kaiserslautern starts with the departments “AdAptive SyStemS”, “trAnSport proceSSeS”, “computAtion, 
viSuAlizAtion And imAge proceSSing”; director: Prof. Helmut Neunzert

Oct. 1997  Move to the new building on the campus

Jan. 1998  Spinning off of the location in Trier, introduction of the department “optimizAtion” in Kaiserslautern

Dec. 1998  Move of the department “modelS And AlgorithmS in imAge proceSSing” to rented rooms in the PRE-Park

March 1999  Foundation of the department “Flow in complex StructureS”

1999 / 2000  Further growth and successful evaluation by the Fraunhofer-Gesellschaft

Jan. 2001  ITWM accepted as a member of the Fraunhofer-Gesellschaft (as the first mathematical institute), directed by 
Prof. Dieter Prätzel-Wolters

Oct. 2001  Presentation of the Fraunhofer Award to the research group “Microstructure Simulation”

Nov. 2001  Prof. Helmut Neunzert is awarded the “Akademie-Preis” of the Land Rhineland-Palatinate

March 2002  Move of the department “Flow in complex StructureS” to the PRE-Park

Sep. 2002  Foundation of the “Fraunhofer Chalmers Research Centre for Industrial Mathematics FCC” in Gothenburg (S)

Feb. 2003  Meeting of the board of trustees: in 2002, the ITWM was the institute with the highest returns from 
 industrial projects among Fraunhofer ICT group

May 2003  Mathematical research platform for regional enterprises introduced at the ITWM

March 2004  Move of the department “optimizAtion” to the PRE-Park

Oct. 2005  Presentation of the Fraunhofer Award to Carsten Lojewski for the visualization software PV-4D

Jan. 2006  Move to the new Fraunhofer Center Kaiserslautern
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Looking Back at the Year 2005

February Topping-out ceremony at the Fraunhofer Center

March Federal Innovation Award for NESPRI

July Cooperation of the ITWM in the excellence cluster “Dependable Adaptive Systems and Mathematical 
 Modeling” of Rhineland-Palatinate

September ITWM participates in the exhibition “Mathematik begreifen”

October Prof. Helmut Neunzert becomes honorary member of the Austrian Mathematical Society

 Fraunhofer Award presented to Dr. Carsten Lojewski, CC HPC, for the visualization software PV-4D

November PV-4D runs for the first time on an IBM cell cluster prototype during SuperComputing in Seattle

  Stainless steel sculpture “Hyperboloid” erected in front of the new Fraunhofer building

 Foundation of the SME-IT network – with participation of the ITWM

 First meeting of ITWM alumni

 ITWM celebrates its tenth anniversary

jb2005_vorwort_profil_en.indd   13 28.08.2006   14:51:26



14 Profi le of the Institute

Josef-von-Fraunhofer Award

During the Fraunhofer Annual  Meeting 
in Magdeburg, Dr. Carsten Lojewski 
from the COMPETENCE CENTER HIGH PER-
FORMANCE COMPUTING was presented 
one of the three awards for “excellent 
scientifi c results for the solution of ap-
plication problems”. The subject of his 
work is the acceleration of the visualiza-
tion of large amounts of data by espe-
cially fast computing instructions. The 
ITWM has received this award already 
for the second time now since its accep-
tance as a member of the Fraunhofer-
Gesellschaft in 2001.

How does petrol fl ow through subter-
ranean deposits? What happens with 
the liquid metal during the casting of a 
component? The software PV-4D can 
turn the enormous amounts of data 
of such complex processes into easy-
to-comprehend animations, thus facil i-
tating their interpretation.  Simulations 
help to understand complex process-
es, resulting however in enormous 
amounts of data – several gigabytes 
and terabytes. One problem is to turn 
the data into a comprehendible visua-
lization. The software PV-4D, which is 
able to function completely without 
any graphic hardware, provides perfect 
images. If complex simulations are to 
be visualized, the graphic cards which 
are mainly designed for the comput-
er game market reach the end of their 
performance – in contrast to the soft-
ware of the ITWM: it processes volume-
oriented data, i. e. data with three di-
mensions. This is especially interesting 
if you don’t want to restrict yourself to 
the observation of the surface of an ob-
ject, but you want to see instead what 
is beneath and how that changes. Im-
portant examples are the casting pro-
cess of metals or the analysis of seis-
mic data for petrol exploration. PV-4D 
stands for parallel visualization in four 
dimensions and makes simulation data 
comprehensible and accessible for inter-
pretation. Within the resulting anima-
tions, objects can be turned, cut, and 

fl own through arbitrarily – with special 
glasses even stereoscopically.

The development is based on  strongly 
optimized algorithms in the software, 
which do the work of the graphic card. 
All the work and storage units of the 
computer can thus be used for visuali-
zation. The software works especial-
ly effectively if running on a cluster of 
several computers. Already now, com-
puter clusters are frequently used by 
enterprises because simulations be-
come faster, nevertheless remaining at 
reason-able prices. Such a grid solution 
has the additional advantage that us-
ers have access to the data from each 
connected computer. The software is 
the tool with the highest performance 
worldwide for a fast and interactive vi-
sualization of the gigantic volume data. 
This has also convinced pilot clients 
such as DaimlerChrysler, Shell AG, or 

Profi le: Joseph-von-Fraunhofer Award – 
Research for Practical Applications

Since 1978, the Fraunhofer-Gesellschaft 
annually presents awards for excellent 
scientifi c results to those colleagues 
working on the solution of application 
problems. More than 200 researchers 
have meanwhile been presented this 
award; in 2005, three awards were pre-
sented with a worth of 10,000 Euros 
each.

the Berkeley Labs in California. Our lat-
est development is the parallel PV-4D 
Ray Tracing Kernel, which has especial-
ly been developed for the cell processor 
of IBM, Sony, and Toshiba. After a suc-
cessful test during the Fraunhofer meet-
ing in Magdeburg, it was also present-
ed during the SuperComputing 2005 in 
 Seattle and CeBIT 2006.

Faster computation on a cluster: Carsten Lojewski in front of the ITWM cluster 
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Offi cial Opening of the Fraunhofer Center Kaiserlautern

Satisfaction and above all joy is visible on the participants’ faces during the offi cial opening of the Fraunhofer Center Kaiserslautern on February 21, 2006. 
Everybody appears relaxed: the investors, the people who provided ideas, and, of course, the directors of the ITWM and the IESE. According to the 
 President of the Fraunhofer-Gesellschaft, Hans-Jörg Bullinger, the colleagues working at both institutes should also feel obliged to their new address 
 “Fraunhofer-Platz 1”…
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16 Profi le of the Institute

The Fraunhofer-Gesellschaft at a Glance Fraunhofer Group
Information and Commu-
nication Technology

The Fraunhofer ICT Group is the larg-
est European research alliance for infor-
mation and communication technolo-
gy (ICT), thus representing a coordinat-
ing body for in-dustrial customers and 
media who are looking for an appropri-
ate partner. The competences of the 17 
member institutes are pooled in strate-
gic networks and marketed in common. 
This network allows for specifi c, branch-
typical, and entire solutions from ap-
plied research: especially tailored IT so-
lutions, competent technology con-
sulting, as well as preliminary research 
for new products and services. Periodic 
economic summits provide a platform 
for the appropriate partners from in-
dustry and research.

An entire number of 3,000 employees 
of 17 institutes, as well as an annual 
budget of more than 190 million Euros 
turn the ICT Group into the largest re-
search alliance in Europe. Therefore, the 
technologies in our ten research areas 
cover the entire chain of value creation:

■ e-business

■ e-government

■ medicine and life sciences

■ traffi c and mobility

■ production

■ digital media

■ security

■ culture and entertainment

■ software

■ communication systems and interdis-
ciplinary applications

The Fraunhofer-Gesellschaft is the larg-
est organization of applied research in 
Europe. As a non-profi t organization, it 
currently maintains approximately 80 
research units – including 58 institutes – 
at more than 40 locations through-
out Germany. A staff of approximate-
ly 12,700 employees – mainly qualifi ed 
scientists or engineers – works for the 
annual research budget of more than 
one billion Euros. More than half of in-
dustrial profi ts stem from projects with 
small and medium-sized enterprises.

The Fraunhofer-Gesellschaft deals with 
research and development projects or-
dered by economy, the state, and the 
public sector. International cooperation 
is supported by Liaison Offi ces in the 
USA and in Asia.

Research areas of the Fraunhofer-
Gesellschaft:

■ material technology, component 
behavior

■ production technology, manufactur-
ing technology

■ information and communication 
 technology

■ microelectronics, microsystem 
technology

■ test engineering, sensor systems

■ process engineering

■ energy technology and  constructional 
engineering, environmental and 
health research

■ technical-economic studies, informa-
tion transfer

Nuthetal

Potsdam

Leipzig

Locations of the 
Fraunhofer-Gesellschaft 
in Germany

Central adress

Fraunhofer-Gesellschaft zur Förderung 
der angewandten Forschung e. V.
Hansastraße 27c
80686 München

Phone:  +49 (0) 89/12 05-0
Fax:    +49 (0) 89/12 05-75 31
Internet: www.fraunhofer.de

jb2005_en.indb   16jb2005_en.indb   16 24.08.2006   23:58:4524.08.2006   23:58:45



Fraunhofer ITWM Annual Report 2005 17

Prof. Dr. Dieter Prätzel-Wolters, Prof. Dr. Helmut Neunzert, Brigitte Williard, Prof. Dr. Axel Klar, Dr. Marion Schulz-Reese, Prof. Dr. Stefan Nickel, Sandra 
Leugner, Steffen Grützner, Manuela Hoffmann, Ilka Blauth, Markus Pfeffer, Gesa Ermel 

Direction and Administration
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18 Transport Processes

Transport Processes

The department TRANSPORT  PROCESSES 
develops mathematical models for com-
plex industrial problems and effi cient 
numerical algorithms for a simulation-
based solution of these models. The 
problems stem from technical-scien-
tifi c areas, such as fl uid dynamics, radi-
ative transfer, acoustics, and structur-
al mechanics. They lead to mathemat-
ical models which are based on  partial 
differential equations; in most cases, 
these are to be characterized as trans-
port equations. Particularly the coup-
ling of different problem areas and so-
lution methods is one of the main 
competences of the department. 

In the last few years, contract research 
has mainly focused on technical stud-
ies, for example with respect to the op-
timization of products or the design of 
production processes. The department 
has developed software primarily in or-
der to carry out such studies, i. e. to be 
used exclusively within the department. 
However, a long-term concentration on 
several main subjects in the fi elds of

■ fl uid-structure interaction

■ grid-free methods

■ radiative transfer and parameter 
 identifi cation

■ continuum mechanical product 
and process design

has meanwhile resulted in the develop-
ment of specifi c software tools, depen-
ding on the different subjects. The de-
velopment of ready-to-use software so-
lutions is hence becoming increasing-
ly important, apart from the technical 
studies. This trend is supposed to grow 
even stronger within the next few years. 
Therefore is why the department is fo-
cusing on the generation and further 
development of software solutions es-
pecially on the basis of publicly funded 
and Fraunhofer-internal projects. The 

following examples will provide more 
information on this aspect.

The year 2005 was again a very success-
ful one from an economic point of view. 
We worked on an overall number of 
approximately 40 projects; 44 % of the 
department’s budget was  represented 
by industrial projects. For reasons of 
confi dentiality, however, this annual re-
port can only give a weak impression of 
the large number of industrial coopera-
tion projects.

Contract research is continuously en-
hanced by basic research; an extensive 
PhD program has primarily remained 
responsible for the realization of this 
objective. In 2005, four PhD projects 
have successfully been concluded in co-
operation with the department.

Head of Department: 
Dr. Raimund Wegener
✆ +49 (0) 6 31/3 16 00-42 31
raimund.wegener@itwm.fraunhofer.de
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Work in the main subject Fluid-Struc-
ture Interaction is increasingly concen-
trating on the interaction of fi laments 
and air fl ows. The research group has 
focused on the development of the 
simulation tool FIDYST (Fiber Dynam-
ics Simulation Tool), which has already 
been applied massively within the pro-
ject work and will also be installed for 
the fi rst time at the companies of sev-
eral industrial clients at the beginning 
of 2006. The research with respect 
to FIDYST is closely connected to the 
Fraunhofer-internal project SR-PRO (see 
following example).

Currently, FIDYST is able to simulate 
the dynamics of elastic and viscous fi -
bers in air fl ows, simultaneously ac-
counting for the complete interaction 
of the fi bers with machine components. 
 FIDYST allows for the exchange of fl ow 
data with commercial CFD tools such 
as  FLUENT and ANSYS-CFX, in order to 
represent the effect of the air on the fi -
bers. Besides, the processing of data 
about the fi ber dynamics by a CFD tool 
also allows accounting for the effect of 
the fi ber movement on the air fl ow. An 
iterative process subsequently will result 
in a complete coupling of both types of 

dynamics. Simulations with FIDYST are 
currently mainly used for a large num-
ber of industrial projects with respect 
to the production of nonwovens and 
spinning processes.

In the year 2005, the range of indus-
trial clients and the volume of industri-
al cooperation projects could strongly 
be expanded. The medium-term objec-
tive of the research group is to extend 
FIDYST in such a way that it will be-
come a fl exibly applicable tool as com-
prehensive as possible. This means the 
integration of further material models 
(viscoelasticity, crystallization, etc.) and 
the effi cient algorithmic handling of the 
problem of interacting fi bers. The ex-
tended functionalities of FIDYST will 
also lead to a growing range of appli-
cations. For the year to come, we are 
planning projects with respect to aero-
dynamic spinning and yarn formation.

Fluid-Structure Interaction

Contact:
Dr. Dietmar Hietel
✆ +49 (0) 6 31/3 16 00-46 27
dietmar.hietel@itwm.fraunhofer.de
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20 Transport Processes

SR-PRO – Simulated Reality for the 
Design and Optimization of Prod-
ucts and Production Processes

SR-PRO is a large joint project fi nan-
ced internally by the Fraunhofer-Gesell-
schaft in the framework of a market-
oriented strategic preliminary research 
program – shortly called MAVO. The 
term “Simulated Reality” means the 
combination of technical simulation 
and optimization with visualization and 
decision support. The essential founda-
tions are laid within SR-PRO, headed by 
the ITWM. The overall concept is real-
ized for the two pilot applications ve-
hicle bodies (SCAI and IGD) and pro-
duction of nonwovens (ITWM and IGD). 
The problem-specifi c foundation for the 
 production of nonwovens is represent-
ed here by the modeling and simula-
tion of fi lament dynamics. The for ces 
occurring along a fi lament are balanced 
by the application of the Kirchhoff-
Love theory. The internal forces (stress, 
strain, bending) are decisively infl u-

enced by the material properties (elastic, 
 viscous, viscoelastic). Apart from grav-
itation, the effect of air plays an im-
portant role among the external forc-
es. It is accounted for by an experimen-
tally supported aerodynamic resistance 
model. The breakthrough with respect 
to the correct integration of turbulence 
effects was achieved within a PhD the-
sis. If the developed model is applied 
within a numerical method, it leads to 
the local evaluation of the characteris-
tic turbulence parameters k and ε for 
the determination of a stochastic force 
to which a small part of the fi lament is 
subject at a certain time. The fi ber dy-
namics are simulated by the software 
tool FIDYST, the development of which 
has been pushed forward  decisively 
within SR-PRO by the research group 
Fluid-Structure Interaction. The follow-
ing example shows a concrete applica-
tion of FIDYST for the simulation of the 
production of nonwovens. The respec-
tive fl ows are simulated by commercial 
tools such as FLUENT or ANSYS-CFX.

Examples

A large number of industrial projects 
in the fi eld of the production of non-
wovens have already been successful-
ly concluded on the basis of FIDYST. 
The range of applications is continuous-
ly expanding, meanwhile including a 
series of projects with respect to yarn 
production and the subsequent pro-
cessing steps. The combination with a 
systematic optimization is very impor-
tant here, and it is carried out in coop-
eration with the department OPTIMIZA-
TION. The already available demonstra-
tor is based on a simplifi ed model of 
the deposition of the nonwoven. Apart 
from the forward engineering, i. e. the 
comparison of simulated alternatives, a 
reverse engineering has already been 
implemented; a systematic optimization 
on the basis of given, desired target pa-
rameters provides the appropriate oper-
ational parameters.

Superposition
stoch. Processes

FIDYST
Observables

Nonwoven Material

Virtual
Nonwoven Material

Properties
Nonwoven Material

Reverse
Engineering

Identification
stoch. Processes

Production
Parameter

Identification
Production Process

Reverse Engineering
Nonwoven Production

From left: infl uence of turbulence on the deposition of individual fi laments; typical deposition of a fi lament with 
respect to the spin nozzle; typical deposition structure of an individual fi lament

Reverse engineering for the production process 
of nonwovens
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Innovative Development of Machi-
nes for Nonwoven Spunbond Plants 
supported by Simulation

The company Neumag | Saurer is an im-
portant strategic partner for the proj-
ect SR-PRO with respect to the devel-
opment of spunbond machines. Long-
term plans concern the application of 
the simulation tool FIDYST by Neumag, 
including an interface to the  company’s 
commercial CFD tool FloWorks. Indepen-
dently from this objective, the ITWM is 
al ready now supporting the machine 
development. Simulations are on the 
one hand applied for a previous evalu-
ation or development of new ideas; on 
the other hand, they are closely con-
nected with real applications on the 
machine for a better understanding 
and optimization of the process.

An entire series of simulations has al-
ready been carried out accounting for 
these criteria. Taking a specifi cally in-
tended infl uence on the deposition pro-
cess is very important for the quality of 
the nonwoven. A typical problem due 
to the spunbond process of nonwovens 
is a different material strength in ma-
chine direction and crosswise (MD / CD 
relation). Many ideas in this area are ex-
tremely complex to be applied and test-

ed, so that the support by simulation is 
an important instrument for an innova-
tive and thus also effi cient machine de-
velopment.

Apart from the simulation-based evalu-
ation of new ideas with respect to tak-
ing infl uence on the MD / CD relation, 
we are also examining the problem of 
how to best modify the deposition area. 
In the case of an open process, a mul-
tiple amount of additional air is sucked 
off by the open jet, whereas in the case 
of a closed process, this amount can 
be controlled by specifi c openings. Ba-
sically, a better control of the deposi-
tion process is possible in such a way. 
The graphics show the fl uid fl ow and fi -
ber dynamics for an open deposition 
region. For a closed deposition region 
several aspects like the Coanda effect 
resulting in a defl ection of the fl ow to-
wards the nozzles are considered to en-
large the deposition with machine di-
rection (MD).

In combination with further measures 
in order to infl uence the deposition in 
crosswise direction (CD), the MD / CD 
relation is supposed to be improved 
and also to be made specifi cally adjust-
able to a certain amount.

Air velocities in a Neumag spunbond plant on 
different sectional planes

Simulation fi lament curtain in deposition region 
under drawing nozzle
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Spinning of Glass Fibers

In cooperation with the company URSA 
International GmbH, different aspects 
of glass wool production are examined 
by mathematical methods. Research es-
pecially concentrates on the fi ber for-
mation process. Liquid glass is pressed 
through a disk rotating at high  velocity 
in order to produce individual glass fi l-
aments. The resulting fi laments are 
drawn by the air fl ows and the rota-
tional movement to which they are sub-
ject. An individual fi lament will thus be-
come very thin and break. In such a 
way, thousands of nozzles produce an 
immense number of individual short 
glass fi bers, which are collected on a 
belt and fi xed by a binding agent, re-
sulting in glass wool. 

Within a specifi c project in close coop-
eration with the company URSA, the fi -
ber formation process is modeled and 
simulated. The original drawing pro-
cess is simulated by the software tool 
FIDYST, accounting for the effect of the 
air on the fi lament and the tempera-

ture-dependent properties of the glass. 
The temperature decreases with the 
length of the fi lament, so that the glass 
becomes more viscous along the fi la-
ment and fi nally cannot be drawn any 
longer. The effect of the fi laments on 
the air cannot be neglected due to the 
large number of fi laments. A homoge-
nization approach accounts for the 
fl ow resistance and the thermal loss 
of the fi laments. The numerical appli-
cation is carried out by the CFD tool 
 FLUENT within a so-called UDF (User 
Defi ned Function) in the form of a 
source in momentum and energy. The 
entire process is simulated by a cou-
pling of the fl ow simulation ( FLUENT) 
and the fi ber simulation (FIDYST), inter-
action being accounted for by mutual 
iteration – only very few iterations are 
required here. Despite the high com-
plexity of the problem, a simulation 
of the process has become possible in 
such a way. The process has been stud-
ied by systematic parameter modifi ca-
tions and can be further optimized on 
this basis.

Interaction between fl ow and movement of the 
fi laments with respect to the temperature distri-
bution: convergence over the number of iteration 
steps, beginning with a fl ow without fi laments.

Example
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The department TRANSPORT PROCESSES 
is developing FPM (Finite Pointset Meth-
od), an individual software tool for the 
simulation of continuum mechanical 
and particularly fl uid dynami cal prob-
lems. FPM is a particle method, i. e. a 
grid-free method which does not re-
quire any grid or mesh, in contrast to 
classical numerical methods such as Fi-
nite Elements or Finite Volumes. There-
fore, FPM has advantages in the case of 
all problems where grid-based methods 
come up against their limits because of 
the ne ces sary remeshing. Examples in 
the fi eld of fl uid dynamics are problems 
with free surfaces, multiphase fl ows, 
and fl uid-structure interactions with a 
strong modifi cation of the computa-
tional domain.

FPM is meanwhile available as a com-
pressible and incompressible fl ow solv-
er with continuously growing function-
alities in the fi eld of pre- and postpro-
cessing. Especially in the case of clearly 
defi ned applications, the ITWM pre-
pares the software in such a way that it 
can directly be used by industrial clients 
after a respective training. A number of 
licensees could thus be acquired dur-

ing the past year; usually, the software 
was installed during or directly after in-
dustrial projects. Examples are simula-
tion projects with FPM with respect to 
the production of fl oat glass, different 
process steps during glass production 
or the refueling of motor vehicles. Be-
sides, cooperation with the company 
ESI-Group in Paris, which was original-
ly initiated for the simulation of airbag 
deployment, has been extended to the 
whole range of applications of FPM. 
In the fi eld of research, fi rst  successes 
with FPM with respect to elastic solid 
bodies could be achieved within a PhD 
thesis.

Grid-free Methods

Contact:
Dr. Jörg Kuhnert
✆ +49 (0) 6 31/3 16 00-44 48
joerg.kuhnert@itwm.fraunhofer.de
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Dynamics of Flexible Structures  
Interacting with Flows

During many production processes and 
applications, the dynamics of flexible 
structures, such as sheets, foils, tissues, 
filaments, or droplets, is determined 
by the interaction with flows. The pro
ject described here, which is funded by 
the “Stiftung RheinlandPfalz für Inno
vation”, has the objective of develop
ing software solutions for the simula
tion of the interaction between flows 
and lineshaped and flat structures (fil
aments and sheets of paper). Due to 
their completely different effects on 
the flow, the dynamics of filaments and 
sheets can only be handled adequate
ly by different strategies. Whereas the 
effect of a filament on the surround
ing air can mostly be neglected, a sheet 

of paper urgently requires the complete 
coupling of the dynamics of fluid and 
structure. The research work with re
spect to the field of filaments is there
fore mainly focused on the develop
ment of force models accounting for 
the influence of turbulence. These force 
models are integrated into the ITWM 
software FIDYST, which is developed 
into an extensive tool within the proj
ect SRPRO (see page 20). A complete 
transient coupling between sheet dy
namics and flow has been realized for 
flat structures within the gridfree CFD
code FPM, which has also been devel
oped at the ITWM. The decisive step 
towards this important success of the 
project was the development and re
alization of a stable FPM kernel for the 
simulation of incompressible flows. 
During the coupled computation, the 

Example

gridfree flow code generates at each 
time step the pressure data on both 
sides of the sheet, which are integrat
ed into the sheet dynamics in the form 
of a force term in order to generate the 
modified new geometry of the flow 
area after the respective movement of 
the sheet. The FPM solution has shown 
to be extraordinarily efficient compared 
to gridbased methods of flow com
putation. The flexible structure is con
sidered as a geometric obstacle in the 
flow; its movement does not represent 
any relevant higher complexity with re
spect to the flow computation. Grid
based methods, in contrast, must ac
count for the dynamics of the flexible 
structure by grid deformations, remesh
ing, or cutting of the grid cells.

Position of the flow and the sheet particles (above), 
pressure distribution (middle) and velocity field (be
low) at a certain time
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The work of the Fraunhofer ITWM 
with respect to radiative transfer start-
ed with the modeling and simulation of 
the cooling process of glass, in cooper-
ation with the company Schott Glas in 
Mainz. Thermal radiation in semi-trans-
parent materials such as glass is a high-
dimensional nonlinear problem; its 
computation in complete three-dimen-
sional geo metries is extremely complex 
and thus almost unjustifi able. Scientists 
of the ITWM have developed RADEFF, 
a method for the numerical approxi-
mative solution of the radiative trans-
fer  equation. RADEFF is based on a for-
mal integration of the radiative trans-
fer equation, which yields a new ap-
proximation of the source and diffusion 
terms in the energy balance equations. 
Generally speaking, the method is a 
good compromise between fast, but 
rough methods (e. g. Rosseland approx-
imation) and exact, but complex meth-
ods (e. g., DOM – Discrete Ordinate 
Method). It accounts for wavelength-
dependent absorption as well as for the 
entire geometry information. RADEFF is 
up to ten times faster than the classical 
DOM at a suffi ciently good exactness. 
The method has been implemented in 
 FLUENT in the form of a UDF (User De-
fi ned Function), thus offering to com-
panies a basis for tailor-made simu-
lation solutions with respect to heat 
transfer in semi-transparent materials.

On the basis of its competences with 
respect to the modeling and simulation 
of radiative transfer problems, the re-
search group has considerably expand-
ed the range of subjects into the fi eld 
of optimization problems and inverse 
problems (for example, indirect mea-
surement of temperatures and oth-
er identifi cation problems) in the past 
few years. Recently, general problems 
of energy and temperature manage-
ment in diverse machines and plants 
have also become increasingly interest-
ing. Such problems frequently result in 
a combined consideration of problems 
of heat conduction, radiation, and fl ow. 
The following description of a typical 
industrial project is a good example.

Radiative Transfer and 
Parameter Identifi cation

Contact:
Dr. Norbert Siedow
✆ +49 (0) 6 31/3 16 00-42 47
norbert.siedow@itwm.fraunhofer.de
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© Heraeus, Hanau

Example

During the production of tubes and 
rods made of quartz glass, quartz sand 
is molten in a crucible at a temperature 
of 2,000 degrees Celsius. The crucible 
is heated externally by electric heating 
elements. At the bottom of the  crucible, 
there is a nozzle through which the 
quartz glass melt extrudes and is drawn 
in the shape of a rod or a tube. In order 
to protect the heating elements from 
corrosion, a mixture of protective gas 
fl ows around them. This gas mixture 
is supposed to prevent the contact of 
oxygen from the surrounding air with 
the heating elements and the crucible. 
The glass melt superfi cially evaporates 
at the moment of passing through the 
nozzle, generating soot which may ad-
here to the heating elements and the 
crucible wall. This adhesion is also sup-

posed to be prevented by the fl ow of 
the gas mixture.

However, the prevention of soot ad-
hesion is only insuffi cient in the case 
of the currently used quartz glass fur-
naces. The furnaces must therefore 
be cleaned on a regular basis, which 
is very expensive. The objective of the 
project was the simulation of the gas 
fl ow in a typical quartz glass furnace, in 
order to understand the actual state of 
the gas dynamics and of the respective 
soot transport.

On the basis of the CAD fi le of a fur-
nace, a model was developed with 
 FLUENT which simulates the entire 
gas dynamics of the mixture of prote-
tive gas and the surrounding air. The 
 simulation results show very clearly that 
the fl ow of the gas mixture is not opti-
mal. Several of the gas inlets are struc-

tured in such a way that the protective 
gas does not at all fl ow around the cru-
cible wall and the heating elements; in-
stead, the heavy gas mixture leaves the 
crucible space towards outside on the 
shortest path. Besides, the simulation 
shows that the surrounding air, which 
is heated by the glass rod, can move 
upwards into the crucible space due to 
buoyancy. This air transports the soot 
very effectively into the crucible space, 
where it is subsequently adhering to 
the walls.

Many aspects of the gas fl ow could be 
examined in detail with the help of the 
simulation, and weak points of the cur-
rently used furnace design could be 
identifi ed. These results serve as a ba-
sis for improvements resulting in an op-
timized gas fl ow. The project partner of 
the ITWM was the company Heraeus 
Quarzglas GmbH & Co. KG.

Gas Dynamics in the Production of 
Quartz Glass
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This main subject includes those pro-
jects of the department which concen-
trate on the technical design and op-
timization of products and  production 
processes. The common basis of the 
projects is generally represented by 
continuum mechanical models (i. e. fl u-
id dynamics, heat conduction, radiative 
transfer, structural mechanics, acous-
tics, etc.). Industrial problems are solved 
by the application of analytical and nu-
merical methods. The simulations are 
carried out with commercial software 
products (MATLAB, FEMLAB, FLUENT, 
ANSYS-CFX, ANSYS), software devel-
oped by the ITWM, and hybrid soft-
ware solutions. Naturally, the main sub-
ject shares common interests with the 
other research areas of the department; 
basically, it includes those projects 
where a combination of the different 
modeling and simulation competences 
of the department is required. Particu-
larly such projects frequently require an 
appropriate model reduction for rea-
sons of complexity. Asymptotical and 
system theoretical methods in combi-
nation with numerics are very impor-
tant here. An example is the task of the 
ITWM in the framework of the Europe-
an project InMAR (see page 58), which 

concentrates on problems of adaptro-
nic noise reduction. 

Research with respect to “Simulated 
Reality” is increasingly gaining impor-
tance for product and process design. 
The Fraunhofer-internal project SR-PRO 
has already been mentioned above 
(see page 20) in the section about the 
work of the research group Fluid-Struc-
ture Interaction. The following exam-
ple is dedicated to the subject “Acous-
tic Simulated Reality”. A long-term ob-
jective of the department with respect 
to “Simulated Reality” is the develop-
ment of software tools for the design 
and optimization of very different pro-
ducts and processes. The Fraunhofer-
Gesellschaft has defi ned “Simulated 
Reality” as one of the twelve areas of 
technologies with an outstanding po-
tential for innovation.

Continuum Mechanical Product and 
Process Design

Contact:
Dr. Jan Mohring
✆ +49 (0) 6 31/3 16 00-43 93
jan.mohring@itwm.fraunhofer.de
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Acoustic Simulated Reality

This research project in cooperation 
with the research group Graphic Data 
Processing of the Department of Com-
puter Science of the University of Kai-
serlautern, which is supported by the 

“Stiftung Rheinland-Pfalz für Innova-
tion”, deals with the development of a 
system of virtual reality representation 
by which a room to be planned can 
previously not only be entered optical-
ly, but also acoustically. Supplied with a 
space mouse and 3d glasses, a test per-
son can immerse himself / herself into 
a scene projected before him / her onto 
the power wall. A high-quality sur-
round system provides the sound field 
synthesis. The main research subjects 
of the project are the physically correct 
computation of the sound field in the 
virtual room and the intuitive visualiza-
tion of acoustic quality criteria.

A series of criteria (reverberation time, 
localization quality, etc.) have been de-
veloped in sound engineering in order 
to evaluate the acoustic properties of a 
room. The software programs for the 
simulation of room acoustics which are 
available on the market can provide a 
computation and visualization of a cer-
tain quality. However, the client of an 
engineering service or a student of ar-
chitecture are mostly lacking experien-
ce with these parameters, thus finding 
they are hardly capable of following the 
arguments of an acoustic engineer. The 
VR system, on the other hand, will also 
enable clients without sufficient expe-
rience to weigh up the requirements 
with respect to acoustics, illumination, 
and aesthetics of, e. g., a concert hall. 
In contrast to already existing methods, 
the approach we are proposing is char-
acterized by the fact that low frequen-
cies, that are important for industri-
al applications, are regarded as wave-
acoustically. Besides, it offers a high-
quality natural visualization, real-time 
movement of the listener in the virtu-

al room, realization of the principle of 
 error-oriented adaptivity with respect 
to all simulation aspects, and the intui-
tive visualization of complex quality cri-
teria. 

During the current project year, the 
software kernel for the sound field sim-
ulation and synthesis and the optical 
rendering has been developed. The 
high-frequency section of the sound 
field can be simulated by geometric 
methods, such as the phonon tracing 
implemented by the research group 
Graphic Data Processing; distinctive res-
onance and diffraction effects, how-
ever, require a wave-acoustic descrip-
tion of the low-frequency section. The 
ITWM has developed methods for an 
automated reduction of large acous-
tic FE models to real-time state-space 
models showing a comparable trans-
mission behavior. Further main sub-
jects were the sound field synthesis and 
comparative measurements. Two cen-
tral research activities – efficient simula-
tion methods for the medium frequen-
cy range and adaptive level of specifica-
tion – will be continued after the con-

Example

Powerwall in the Democenter

clusion of the project in March 2006 
within the framework of two projects 
of the Land Rhineland-Palatinate ex-
cellence cluster “Dependable Adaptive 
Systems and Mathematical Modeling”.
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Dr. Dietmar Hietel, Dr. Raimund Wegener, Dr. Jörg Kuhnert, Dr. Ferdinand Olawsky, Sergiy Pereverzyev, Dr. Sudarshan Tiwari, Dr. Jan Mohring
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Flows and Complex 
Structures

Head of Department: 
Dr. Konrad Steiner
✆ +49 (0) 6 31/3 16 00-43 42
konrad.steiner@itwm.fraunhofer.de

For many years now, the activities of 
the department have concentrated on 
the modeling and simulation of  fl uid 
dynamical and structural-mechanical 
processes for the virtual design of ma-
terials and components. One of our 
main competences is the effi cient nu-
merical handling of occurring multiscale 
and multiphysical problems. Problems 
in the fi eld of fi ltration are typical for 
the development and the application 
of mathematical and software-based 
methods for a multiscale material and 
product design by a combination of the 
competences from the main subjects of

■ microstructure simulation and virtual 
material design

■ hydrodynamics

■ complex fl uids

■ structural optimization in mechanics 
and acoustics

A fi lter simulation requires the integra-
tion of several scales, from nanopartic-
les and the microstructure of a fi lter 
layer to the mesoscale of the folded 
multilayer fi lter material and the com-
plete fi lter component. Depending on 
the different requirements of a fi lter 
design, it is necessary to describe dif-
ferent scales and scale transitions and 
to account for the diverse physical phe-
nomena simultaneously.

The year 2005 was an extraordinarily 
successful year; cooperation with many 
long-term customers was  intensifi ed, 
and new industrial contacts were also 
initiated. The company IBS Filtran GmbH 
is successfully applying our simulation 
tool SuFiS for the design of fi lter sys-
tems, and we use our software tools 
GeoDict and FilterDict for the design of 
diesel particulate fi lters in cooperation 
with Robert Bosch GmbH. We are cur-
rently cooperating with the company 
MAGMA Gießereitechnologie GmbH 

with respect to the simulation of gran-
ular fl ows for the core shooting process, 
and we are using miscellaneous simula-
tion methods for the optimization of 
insulation materials for the company 
URSA International GmbH.

Research activities were strongly ex-
panded by new joint projects in coop-
eration with the University of Kaisers-
lautern, other institutes within the 
Fraunhofer-Gesellschaft, and the Max-
Planck-Institute for Mathematics in the 
Sciences in Leipzig. The department will 
thus have a very sound scien tifi c and 
economic basis for the next few years.
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 “Microstructure Simulation and  Virtual 
Material Design” means the optimiza-
tion of three-dimensional geometric 
structures of porous media and com-
posite materials on the computer. The 
material properties are computed in 
the 3d structures, the model parame-
ters are modifi ed subsequently, and the 
computation of properties is repeat-
ed in order to fi nd an improved materi-
al on the computer. There are two im-
portant applications: fi ltration process-
es and the improvement of fuel cells.

Filtration processes are important in al-
most every area of everyday life and 
technology: cell walls fi lter nutrients 
from the blood, diesel particulate fi l-
ters clear exhaust gas of pollutants. In 
most cases, there are only a limited 
number of mechanisms. One diffi cul-
ty is to assess how strong the different 
effects are for the fi ltration result. Our 
research mainly concentrates on fl ows 
and electrostatic loads from the range 
of possible mechanisms. The subject is 
considered as a sector of strong long-
term growth due to many industrial 
 contacts and public projects; solutions 
are worked on and software is devel-
oped and sold.

The second application is the computa-
tion and improvement of the properties 
of fuel cell layers. Material models and 
fl ow simulation produce synergy effects 
with the fi ltration simulation. These are 
supplemented by important develop-
ments in the fi eld of two-phase simu-
lation and diffusion simulation, which 
now allow for an effi cient problem so-
lution in several publicly funded pro-
jects and projects fi nanced by industry. 
It is very diffi cult to judge how far the 
simplifi cations are justifi ed and provide 
correct results. This area is also a strong-
ly growing one.

Further essential developments in the 
main subject “Microstructure Simula-
tion and Virtual Material Design” were 
the generation of an anisotropic closed-
cell foam module and the computation 
of effective thermal conductivities, as 
well as of 3d structures on the basis of 
initial, intermediate, and fi nal states of 
the sintering process.

Contact:
Andreas Wiegmann, PhD
✆ +49 (0) 6 31/3 16 00-43 80
andreas.wiegmann@itwm.fraunhofer.de

Microstructure Simulation 
and Virtual Material Design
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Examples

Simulation-based Design of Fuel 
Cells 

Hydrogen will become more and more 
important in the future as an alterna-
tive fuel due to an increasingly decen-
tralized energy supply and decreasing 
petrol supplies. 

The energy stored in the hydrogen can 
be transformed to electric energy by 
the application of fuel cells. In simple 
words, such a cell works as follows: the 
hydrogen which comes in contact with 
the anode is divided into H+ ions, re-
leasing two electrons. The electrons are 
used for energy production via an ex-
ternal circuit, whereas the protons dif-
fuse through a membrane to the cath-
ode, where their reaction with the oxy-
gen in the air produces water. In order 

to guarantee an optimum supply of ox-
ygen for the cathode and the simulta-
neous transport of the resulting water, 
there is a so-called gas diffusion layer 
between the cathode and the air sup-
ply channel. This layer usually consists 
of carbon fi ber nonwovens and is hy-
drophobized in order to guarantee the 
transport of the water.

Within the joint research project “PEM-
Design”, which is funded by the BMBF 
(Federal Ministry of Education and Re-
search), the Fraunhofer ITWM is work-
ing on the modeling of gas distribution 
layers with the software GeoDict and 
the computation of material pro perties 
such as fl ow resistance and diffusion 
resistance. In particular, the material 
properties are examined for different 
water saturations of the diffusion lay-

er, as they occur during the operation 
of a fuel cell. These saturation-depen-
dent material parameters can be deter-
mined simply and effi ciently with the 
pore morphology method. 

The objective of the joint research pro-
ject is to facilitate the computer-aided 
design of fuel cells. In cooperation with 
the project partners, methods are de-
veloped which allow for the scale tran-
sition between microstructure, fuel cell, 
and fuel cell stack. In such a way, the 
material parameters of the different 
gas diffusion layers computed at the 
ITWM can be used for CFD simulations 
of the fuel cell. The infl uence of a dif-
ferent component design on the entire 
cell can thus be examined, and the re-
spective component can be optimized 
accordingly.

Synchrotron tomography image of a gas 
diffusion layer

Water fl ows into the gas diffusion layer, thus restricting the pore space 
necessary for oxygen supply
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Diesel Particulate Filters – Simulation 
Supports the Development of Mod-
ern Emission Control Systems

In cooperation with the Robert Bosch 
GmbH, the Fraunhofer ITWM is work-
ing on the development of the  latest 
particulate fi lter systems for the exhaust-
gas system of diesel vehicles. Research 
is mainly focused on sintered metal fi l-
ters covered by a layer of cera mic fi bers, 
which are to be optimized with respect 
to their fi lter lifetime. 

Considerations start with the  virtual 
 geometry generation of the sintered 
substrate and the fi ber layer by the 
structure generator GeoDict, which has 
been developed at the institute. The 
substrate is modeled on the basis of a 
virtual packing of spheres and cylinders; 
the size distribution is similar to that of 
the real sinter grains. The application of 
morphologic dilation and erosion pro-
vides structures with properties  – such 
as porosity or chord length distribu-
tion – which are then compared with 

and adapted to micrographs of the real 
samples. The fi ber layer is generated by 
the nonwoven generator of GeoDict. 
The necessary input parameters such as 
porosity or fi ber orientation are also ex-
tracted from micrographs of real sam-
ples and are guaranteed within  certain 
limits in the virtual structure by the ge-
neration process.

The fi ltration simulation of the virtual 
materials is carried out by the GeoDict 
module FilterDict. The fl ow fi eld and 
the particle movement are  computed it-
eratively after the specifi cation of the 
particle size distribution and various pro-
cess parameters. The Lagrangian de-
scription of the particle movement ac-
counts for friction between particles 
and fl uid, inertia, and the infl uence of 
the Brownian motion. Deposited par-
ticles are recorded and modify the ge-
ometry for the next iteration step. A 
large challenge for the simulation is 
due to large scale variations between 
the fi lter and the soot particles. Typical-
ly, the resolution of the actual fi lter is in 

the range of a few micrometers. How-
ever, the smallest particles have a size 
of only several nanometers. Therefore, 
deposited particles are modeled as po-
rous structures where a further deposi-
tion can take place. The fl ow  simulation 
accounts for these structures using per-
meabilities in a Stokes-Brinkmann mod-
el. A special feature is that the compo-
sition of the porous structures is stud-
ied previously by high-resolution  single 
fi ber simulations, and the respective 
model parameters are derived for the 
actual micro simulation. The simula-
tions are generally very complex and re-
quire a several-day operation of the in-
stitute’s parallel computer.

A comparative simulation of two fi lters, 
one with and one without a fi ber layer, 
showed a slower increase of the pres-
sure drop in the case of the fi lter with a 
fi ber layer, which corresponds to a lon-
ger lifetime. This behavior is also con-
fi rmed by experiments.

Particulate fi lter with a fi ber layer Deposited soot in the particulate fi lter Deposited soot particles in the single fi ber 
experiment
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Already for several years now, the main 
subject “Hydrodynamics” has success-
fully dealt with the examination of  fl uid 
dynamics phenomena in the fi elds of 
multiscale and multiphysics, and with 
their simulation for industrial and eco-
logical applications. In close coopera-
tion with the other working groups of 
our department, we are developing al-
gorithms and simulation software for

■ fl ooding in urban areas and neigh-
boring watersheds

■ the coupling of freely fl owing fl uids 
with fl ows through porous media, as 
they occur, e. g., in the case of fl ows 
through oil fi lters, the interaction of 
water fl ows on the surface and in 
the soil, or fl ows through perforated 
walls

■ the interaction between fl ows and 
deformable structures, as can be ob-
served in the case of fl ows through 
fi lters

■ fl ows through porous media with 
structure interaction on a  macroscopic 
(poroelasticity) and microscopic (fl uid-
structure interaction) scale

Stability and effi ciency of the implemen-
ted algorithms are the result of our tar-
get-oriented research work in the fi elds 
of Finite Volume Methods, lattice Boltz-
mann methods, and optimal iterative 
methods. We are also  especially con-
centrating on the development of nu-
merical upscaling methods for the solu-
tion of multiscale problems. The devel-
oped algorithms are used for the analy-
sis and process optimization in the case 
of

■ the production of glass wool by 
 machines

■ the production of fi lters, particularly 
oil fi lters

■ fl ooding protection in urban areas.

In the fi eld of “Floodwater Manage-
ment”, the software RisUrSim, which 
already includes the coupling of the 
run-off behavior on the surface and in 
the sewer network, is expanded with 
respect to the coupling with ground-
water fl ows and thus to the simulation 
of the entire urban water budget; this 
is part of the joint research project 3Z-
Grimex, funded by the BMBF. The ap-

Contact:
Priv.-Doz. Dr. habil. Oleg Iliev
✆ +49 (0) 6 31/3 16 00-42 29
oleg.iliev@itwm.fraunhofer.de

Hydrodynamics

plication of modern laser scanning data 
records meanwhile allows for the gen-
eration of very detailed elevation mod-
els of the urban surface, so that hydrau-
lic simulations can be carried out very 
realistically, for example in order to 
prove inundation risks.
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Example

Optimization of Spin Nozzles

The Fraunhofer ITWM participates in 
several projects in cooperation with the 
company URSA International GmbH 
with respect to the simulation, analy-
sis, and optimization of the glass fi ber 
spinning process for the production of 
heat insulation materials. The objective 
of the current project is the optimiza-
tion of the size and distribution of the 
spin nozzles in the fi berization machine. 
We examine the coupled fl ow process-
es in the glass reservoir and in the spin 
nozzles.

The central tasks of the project are:

■ deformation analysis of the rotating 
disk due to mechanical and thermal 
stresses

■ detailed study of the infl uence of 
temperature gradients in the nozzles 
on the temperature distribution in 
the fi bers

■ a study on the coupled nonisother-
mal fl ows through the nozzles, as 
well as on the fl ow within the glass 
reservoir

■ optimization of size and distribution 
of the nozzles

The spin nozzles are small in compar-
ison to the rotating disk due to the 
large number of holes. A direct sim-
ulation including all the details of the 
fi berization machine is therefore not yet 
possible on modern computers.

For this reason, a multiscale approach 
has been chosen for the solution of the 
problem. Initially, the fl ow is computed 
for a small but representative number 
of nozzles. On this scale, all the noz-
zle details are represented on the se-
lected computational grid, so that ve-
locities, pressure, and temperature can 
be determined precisely. These results 

are used for the identifi cation of effec-
tive properties of the rotating disk by 
an “upscaling method”; the disk is thus 
considered as an effective porous medi-
um. These properties are then included 
in a simulation of the fi berization ma-
chine on a macroscopic scale, where 
the individual nozzles cannot be re-
solved in detail any longer. The macro-
scopic simu lation is embedded in an 
optimization algorithm. The target, i. e. 
the optimization of size and distribu-
tion of the nozzles, is achieved by an 
iteration of the simulation steps de-
scribed above on the micro- and the 
macroscale.

Temperature and velocity distribution at 
the nozzle outlet are critical parameters 
for the quality of the produced glass fi -
bers. The temperature distribution in 
the liquid glass in a part of the  rotating 
disk can be seen in the fi gure below, 
including several nozzles. The slice ma-
terial is not shown for a better visuali-
zation.

Temperature distribution in the 
liquid glass in the nozzles
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This main subject deals with fl ows of 
fl uids whose fl ow behavior  strongly 
differs from that of ordinary fl uids. 
Among these are, e. g., fl uids or sus-
pensions the viscosity of which can de-
pend on the direction, as in the case of 
honey or polymers, or which can be-
have like a solid body, as well as plas-
tically or elastically, according to fl ow 
conditions. Especially interesting for ap-
plication are granular media, polymer 
fl uids, colloidal fl uids, fi ber-reinforced 
plastics, glass melts, as well as biologi-
cal fl uids.

The possibilities of simulation available 
through commercial software are insuf-
fi cient for many industrial applications 
of complex fl uids, because either the 
mathematical-physical models or the 
numerical methods which have been 
applied are not adapted to the appli-
cation. Within the main subject “Com-
plex Fluids”, special solutions are devel-
oped for these cases. Currently, we are 
developing models and algorithms for 
the simulation of granular fl ows within 
a project supported by the Federal Min-
istry for Education and Research. These 
models are used in cooperation with 
the company MAGMA Gießereitech-

nologie GmbH for the simulation of the 
production process of sand molds. Oth-
er industrial applications where models 
of granular fl ows can be used are the 
design of feeding hoppers or process 
simulations in food production or phar-
maceutical industry, e. g., for the pro-
duction of tablets.

Already for a long time now,  plastics 
have been among the most impor-
tant materials of modern industry. If 
the production processes of plastic pro-
ducts are to be optimized, it is neces-
sary to simulate the fl ow of polymer 
melts and polymer-fi ber suspensions. 
We develop individual fl ow solvers for 
rheologically complex polymer fl uids 
and the behavior of short and long fi -
bers in polymer melts. In order to be 
able to react quickly to industrial re-
quirements, we have combined the in-
dividual modules for granular fl ows, 
polymer fl ows, and fi ber suspensions 
within the ITWM software CoRheoS – 
Complex Rheology Solver.

Developments additionally focus on the 
simulation of suspensions where the 
dynamics of electrically of magnetically 
polarizable particles can be controlled 

Complex Fluids

Contact:
Priv.-Doz. Dr. habil. Arnulf Latz
✆ +49 (0) 6 31/3 16 00-43 01
arnulf.latz@itwm.fraunhofer.de

by external fi elds. Applications of this 
technology are e. g., the simulation of 
dielectrophoretic traps (see page 37) or 
of the behavior of ferrofl uids.

Formation of a vortex in a polymer melt

jb2005_en.indb   36jb2005_en.indb   36 25.08.2006   00:02:1725.08.2006   00:02:17



Fraunhofer ITWM Annual Report 2005 37

necessity of resolving individual parti-
cles. This approach has already been 
applied very successfully to the simu-
lation of Diesel particulate fi lters (see 
page 33).

In the framework of a joint research 
project funded by the German Research 
Society (DFG) with respect to lattice 
Boltzmann methods, Level Set Methods 
for interface representation are com-
bined with the lattice Boltzmann meth-
od for a robust handling of free surfac-
es and multiphase fl ows.

Parallel Flow Simulation by ParPac

The development of the parallel fl ow 
solver ParPac (Parallel Particle Code) has 
already started in 1998. Since then, the 
software has been continuously fur-
ther developed and adapted to addi-
tional applications. The most impor-
tant upgrades of the last few years are 
the handling of viscosities depending 
on the shear rate, the exact description 
of the fl ow domain by a better repre-
sentation of boundaries, the integration 
of fl uid-structure interaction, and the 
modeling of porous obstacles.

In the case of fl uids consisting of com-
plex molecules, and particularly in the 
case of liquid polymers, the viscosity – 
i. e. also the fl ow behavior – very often 
depends on the local shear rate. The 
lattice Boltzmann algorithm on which 
ParPac is based allows avoiding the nu-
merical differentiation, which is required 
by other methods for the determination 
of local shear rates and reacts very sensi-
tive to disturbances. The local shear rate
 – and the viscosity – can thus be directly 
computed on the basis of already known 
parameters for every point of the fl ow 
domain. Such an algorithm has been 
implemented in ParPac and successfully 
applied for the simulation of the forming 
of liquid composite materials.

A recently published new method for 
the handling of boundaries in lattice 
Boltzmann simulations has facilitated 
the exact representation of the shape 
of walls and obstacles in the fl ow area; 
required computations are not very 
complex. The application of this meth-
od in the framework of ParPac has, 
e. g., allowed for the modeling of mov-
ing obstacles in the fl ow domain. Cur-
rently, the new algorithm is successfully 
applied for the simulation of dielectro-
phoretic traps in cooperation with the 
Institut für Mikrotechnik Mainz GmbH, 
within a project supported by the “Stif-
tung Rheinland-Pfalz für Innovation”. 

During the simulation of fi ltration pro-
cesses, a frequently occurring problem 
is the adhesion of particles in the fl ow 
area which are so small that they can-
not even be resolved by the most mod-
ern computers. In order to account for 
this phenomenon, ParPac has been ex-
tended by a module allowing for the in-
terpretation of parts of the computa-
tional domain to be interpreted as po-
rous media and a respective modeling 
of the fl ow in these areas. Even the ti-
niest adhering particles can now be ac-
counted for by this method without the 

Example

Flow fi eld and particles in a channel pri-
or to the activation of the electric fi eld, 
after the adhesion of several particles, 
and in the fi nal state (from above)

Simulation of particles in a curved tube, 
accounting for particle-particle and 
particle-wall interaction
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In the last few decades, considerable 
progress has been achieved in the de-
velopment of mathematical methods 
for the automatic shape optimization of 
components with respect to individual 
physical properties, such as mechanical 
stiffness, heat conduction, or fl ow resis-
tance. The respective methods are in-
creasingly accepted in industry.

In this area, the ITWM is working on 
the problem of rendering this technol-
ogy available also to smaller companies 
which do not have their own comput-
ing departments; additionally, several 
criteria are to be accounted for simulta-
neously with respect to structural opti-
mization, such as the production pro-
cess, material properties, or the shape 
of the component. The work is fund-
ed, e. g., by the project “MIDPAG - In-
novative Methods for Integrated Sizing 
and Process Design”, supported by the 
Land Rhineland-Palatinate and the Euro-
pean Union. 

The objective of structural optimization 
is an improvement of the entire  pro d-
uct/component, in contrast to a one-
sided improvement of only one prop-
erty to the disadvantage of other crite-
ria. The diffi culties are the appropriate 
weighting of the individual properties 
in a objective function and the complex 
simulation of, e. g., the production pro-
cess and the  operational behavior for 
the computation of the objective func-
tion and its sensitivity.

During the period covered by this re-
port, mathematical methods for the au-
tomatic topology and shape optimiza-
tion of cast parts have  continuously 
been further developed. The resulting 
software was installed and tested on 
CAD workstations of our cooperation 
partners.

The desires and requirements of the 
project partners with respect to the 
software were discussed in detail on 
a regular basis bilaterally and in larg-
er project meetings. A tool for practi-
cal applications can only be developed 
step by step in such a way.

Contact:
Priv.-Doz. Dr. habil. Heiko Andrä
✆ +49 (0) 6 31/3 16 00-44 70
heiko.andrae@itwm.fraunhofer.de

Structure Optimization in Mechanics and Acoustics

From left: position and load of the original structure; topological gradient of an intermediate 
result of the optimization; Von Mises equivalent stress of the optimized structure
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Biomechanical Simulation Software 
for the Preoperative Planning of 
Knee Prostheses

Knee prostheses are used as artifi cial 
knee joints in the case of extreme wear 
or a heavy degeneration of the knee 
joint. The bones of patients have differ-
ent sizes and a different internal struc-
ture; the surgeon must therefore  select 
the appropriate type of prosthesis for 
each individual patient and determine 
the optimal position of this type of pros-
thesis with respect to the bones. Of 
course, the surgeon cannot test all the 
prostheses directly at the patient; it is 
therefore necessary to test all the types 
of prostheses virtually by computer sim-
ulation. The respective algorithms and 
software packages are developed at 
the Fraunhofer ITWM in cooperation 
with scientists from Catania and the 
company Lima-Lto spa (Italy).

The objective of this project is the de-
velopment of methods and algorithms 

which make easier and improve the se-
lection and positioning of the prosthe-
sis in close cooperation of physicians, 
engineers, and mathematicians, thus 
improving the patient’s quality of life. 

The respective models must account 
for the individual properties of the pa-
tient’s bones and of the prosthesis as 
exactly as possible. These properties 
are integrated into the biomechanical 
models via the respective material laws 
and their parameters. Particularly im-
portant is the contact area between 
bone and prosthesis. The local mechan-
ical load to which the contact area is 
subject results in biological stimuli lead-
ing to the generation of bone material, 
i. e. to the growing of the bone around 
the prosthesis. Highly exact models 
which account for the microstructure of 
the prosthesis surface and of the bones 
are developed especially for the analy-
sis of this area. The so-called mechani-
cal contact problems for the prosthesis-
bone system are solved numerically by 

Example

the Finite Element Method. A high ex-
actness of the FE simulations can only 
be achieved in the case of a suffi ciently 
fi ne triangulation of the bone and the 
prosthesis. However, fi ne grids result in 
large systems of equations, in this case 
with several million unknowns. The so-
lution of the linear systems of equa-
tions is essentially accelerated by do-
main decomposition methods especial-
ly developed for (cost-effective) paral-
lel computers and multiprocessor PCs. 
In such a way, a large number of varia-
tions of the prosthesis-bone system can 
be simulated in short time.

A userfriendly graphical interface is sup-
posed to help the surgeon fi rst to real-
ize the operation of the bone and the 
positioning of the prosthesis  virtually, 
and to test the mechanical load to 
which the prosthesis-bone system is 
subject afterwards by computer simula-
tion. Such virtual operations can be car-
ried out several times in order to take 
the best decision.

Tibial plateCruciate retaining component of the prosthesis belonging to the femoral 
bone
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Example

Models and Properties of Sintered 
Structures 

If a mesoscopic simulation of produc-
tion processes and physical properties 
of components is to be carried out, ef-
fective material properties are necessary 
which can be computed on the basis 
of the microstructure of the used ma-
terials.

In the framework of the project “MMM 
tools”, the Fraunhofer ITWM has de-
veloped the microstructure generator 
Sinter Dict for sintered materials, accord-
ing to criteria specifi ed in cooperation 
with partners of the Fraunhofer insti-
tutes EMI, ISC, and IWM. The software 
generates models of sintered struc-
tures for the initial green bodies, the 
partial ly sintered structures of interme-
diate states, and for the fi nal states, ac-
cording to qualitative and quantita-
tive target parameters, such as densi-
ty, grain size distribution, single-phase /
multiphase structures, type of grains, 

shape factors and chord lengths, 3d pe-
riodicity, void fractions and agglomer-
ations. The generated structures are 
available as triangular grids of the sur-
faces and the slice planes of overlap-
ping bodies, as volume tetrahedral 
grids, and as voxel geometries, so that 
further computations of properties by 
different methods can be based on the 
respective adequate format. Individu-
al grains of the structures are ellipsoids, 
platelets, and spheres; due to the ana-
lytical handling possibilities of the slice 
planes, the latter allow for the gener-
ation of complex polyhedral structures 
for intermediate and fi nal states. De-
spite the simplicity of spherical original 
bodies, skilful arranging of the sphere 
packing and of the derived tessellations 
results in a good correspondence of 
the geometric properties of the gener-
ated structures and those of real Al2O3 
micrographs (see page 45).

The department has developed a large 
number of effi cient solution  methods 

for the computation of the  effective 
material parameters of sintered struc-
tures within a suffi ciently large repre-
sentative section of hundreds of sinter-
ed grains; these computations take only 
a few minutes. The processes which are 
applied within the pro jects have been 
multiply validated and optimized with 
respect to  effi ciency. Among these are 
the computation of fl ow and diffusion 
properties in the pore space and the 
computation of effective coeffi cients 
of heat conduction and stiffness ten-
sors, even in the case of extremely con-
trasting material components. Apart 
from absolute permea bility tensors un-
der Stokes and Navier -Stokes conditions, 
capillary pressure curves and saturation-
dependent relative parameters can also 
be computed, as well as fi ltration prop-
erties (see page 33). Solution methods 
for the thermo mechanical parameters 
can be  applied on the basis of the voxel 
and of the tetrahedral grids.

0

0.01

0.02

0.03

0.04

0.05

Quality triangular grid of the surfaces of a generated intermediate state of a sintered struc-
ture, three-phase, 25 % porosity with void fractures and agglomerations, 3d periodic

Stress distribution for a tensile load to 
which the sample is subject

Flow in z-direction, pressure distribu-
tion in bar within a 2d slice
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Models and Algorithms 
in Image Processing

The department MODELS AND ALGO-
RITHMS IN IMAGE PROCESSING develops 
especially tailored solutions in the fi eld 
of image and signal processing in close 
cooperation with partners from indus-
try and research institutions. The work 
is particularly focused on

■ analysis of 3d microstructures

■ signal analysis for railway systems

■ surface inspection

■ sequence analysis and stereovision.

We can consider the year 2005 as an-
other very successful one from an eco-
nomic point of view. On the basis of 
our extensive experience concerning 
the development of effi cient complex 
algorithms and their integration into in-
dustrial production processes, we have 
continuously expanded and improved 
the range of our services by our own 
research work and cooperation projects 
with other research groups.

The order situation with respect to sur-
face inspection systems is  developing 
very well. Last year, those systems 
which had already been installed be-
fore were developed further, and new 
plants were taken into operation. Sev-
eral projects for the examination of tex-
tured surfaces (e. g., leather, paper, fi -
ber plates, metal stampings, and fi ber 
materials) are also planned for 2006. In 
the fi eld of railway systems, many pro-
ject-oriented developments were made 
last year. For the year to come, the soft-
ware modernization will be one of the 
central subjects.

The domain of 3d image analysis is in-
creasingly gaining importance due to 
improved technical possibilities with re-
spect to three-dimensional imaging. 
Our work concentrates on the determi-
nation of geometric features of materi-
al microstructures. MAVI is a commer-

cial software package for the analysis 
of volume images which has exclusive-
ly been developed at our institute and 
introduced on the market. In 2006, ex-
tended versions will be available in or-
der to meet customer requirements 
even better, e. g., by the introduction of 
a user interface for programming.

Within the main subject Sequence 
Analysis and Stereovision, the further 
development of the search engine for 
databases and video sequences, which 
has been developed in cooperation 
with our partners, was continuously 
pushed forward.

Head of Department: 
Dr. Ronald Rösch
✆ +49 (0) 6 31/3 16 00-44 86
ronald.roesch@itwm.fraunhofer.de
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The development of new materials and 
their application, e. g., in lightweight 
construction, bring up new problems 
with respect to characterization and 
quality control. Do the occurrence of 
large pores and the remains of foaming 
agents in aluminum foams correlate? 
How are shrinkage cavities distributed 
within a plastic cast part and which size 
and shape do they have? Occur hairline 
cracks in ceramics due to the produc-
tion process or are they artifacts result-
ing from the preparation of planar sec-
tions? How do sintered particles move 
at the beginning of a sintering process? 
How are mineral foam grains foamed 
and how are they distributed within the 
composite material? Does the spatial 
arrangement of inclusions of air provide 
any  information about the age of polar 
ice? Modern 3d imaging methods, par-
ticularly computer tomo graphy, com-
bined with the processing and analysis 
of the resulting 3d image data, give an-
swers to these and many other ques-
tions. The software system MAVI was 
developed at the Fraunhofer ITWM – a 
platform-independent complete system 
for the analysis of volume images; it is 
based on analysis methods which have 
also been developed at the ITWM.

Analysis of Volume Images and Modeling 
of Microstructures

Contact: 
Dr. Katja Schladitz
✆ +49 (0) 6 31/3 16 00-46 25
katja.schladitz@itwm.fraunhofer.de

MAVI
Modular Algorithms for Volume Images

Apart from the application-specifi c ana-
lysis of very different 3d structures, the 
combination of methods from stochas-
tic geometry, 3d statistics, and  image 
analysis also allows for the simulation 
and adaptation of geometric models as 
a basis for the numerical si mulation of 
macroscopic material properties. This 
approach is not only interesting for vir-
tual material design (see page 31), but 
also for materials of such a fi neness 
(nanometer scale) that no volume im-
ages are yet available of their micro-
structure.
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MAVI – Modular Algorithms for 
Volume Images

MAVI is a modular software system for 
the processing and analysis of volume 
images as they are provided by, e. g., 
micro-computer tomography.

MAVI is especially apt for the quanti-
tative analysis of very different materi-
al microstructures, for example, foams, 
fi ber composites, nonwovens, ceram-
ics, or concrete. However, MAVI can 
also be applied immediately for three-
dimensional images of other structures, 
such as bones or snow, due to its mod-
ular structure. The software offers an 
easy-to-handle graphical user interface 
which enables also unpracticed users to 
gain fi rst results rapidly. MAVI concen-
trates on functions for the characteri-
zation of the complex geometry of mi-
crostructures. Volume, surface, curva-
ture integrals, and the Euler number are 
determined for the entire structure or 
for individual objects. Anisotropies and 
preferred directions are not only detec-
ted, but also quantifi ed. Besides, differ-
ent fi lters and transformations are avail-
able which are known from 2d image 
processing, such as fi lters, morphologi-
cal transformations, arithmetic and log-
ic operations, or the Fourier transfor-
mation, as well as different methods 
of segmentation and object isolation 
and functions for the manipulation and 
preparation of data records.

The combination of the functions allows 
for, e. g., the determination of the num-
ber and thickness of percolating pores 
or of the average coordination num-
ber of connected particles, as well as 
for the image-analytical measurement 
of tortuosity. Several complex appli-
cations which are frequently required, 
such as the removal of noise particles 
or the separation of connected objects 
are available as user-friendly modules. 
Open foams can be examined by an in-
dividual analysis function.

Apart from its own image format for 
volume images, MAVI can read image 
data in different data formats. Possibil-
ities range from the import of raw data 
and the reading of AVS data records to 
the import of batches of 2d images and 
DICOM data records. Images can be 
saved in MAVI’s own image format or 
exported as 2d image slices. Measure-
ment results can be exported as CSV 
fi les (Character Separated Values: the 
individual values are separated by a spe-
cial separator). MAVI offers three visual-
ization possibilities for volume images.

The analysis of microstructures is also 
offered as one of the ITWM’s services. 
The range of examined materials covers 
metal and polymer foams, ceramic ma-
terials, concrete, fi ber nonwovens for 
vacuum cleaner dust bags, and snow.

Examples

Graphic interface of MAVI
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Modeling of Sintered Structures

There is a considerable demand for 
mathematical models of the geome-
try of sintered structures in the fi eld of 
material research. These models facili-
tate a focused material and process de-
sign and thus also the optimization of 
the properties of materials and compo-
nents. Within the subproject “Sintered 
Materials” of the Fraunhofer-internal 
MAVO project “Development of Com-
prehensive Multiscale Material Model-
ing (MMM tools)”, the department has 
developed models for the description 
of the geometric structure of sintered 
materials at different stages of the sin-
tering process. The material structures 
ge nerated by the model then serve as a 
starting confi guration for the computa-
tion of material properties  (see page 40). 

Dense packing has turned out to be an 
appropriate model for the initial state. 
The used algorithm allows for the gen-
eration of systems of spheres or ellip-
soids with different size and shape dis-
tributions; volume densities of more 
than 60 % are possible. The fi nal state, 
when the material completely fi lls the 
space, is described by a spatial tessella-
tion. The Laguerre tessellation is espe-
cially apt here, a weighted generaliza-
tion of the Voronoi tessellation. Inter-

mediate states, during which the po-
rosity is not completely sealed yet, can 
be continuously generated from the ini-
tial state by a growth process.

The models are adapted by using geo-
metric parameters of the materials, 
such as the mean grain size or the po-
rosity; these parameters are determined 
by the analysis of material images, pref-
erably volume images. However, the 
generation of three-dimensional imag-
es is sometimes impossible due to the 
materials’ fi neness. The resolution limit 
of microcomputer tomography (μCT) 
cur rently is at approximately 1 μm. 

Mean particle sizes in sintered alumina 
(AL2O3), however, are approximately 
0.1 – 0.15 μm in the initial state and 
0.4 – 0.7 μm in the fi nal state. Although 
these resolutions can be reached by mi-
croscopic methods, the results can only 
be represented by two-dimensional 
section images here. On the basis of 
these images, the required information 
is determined by stereological methods. 
Further characteristics, such as the pair 
correlation function of the particle cen-
ters or the chord length distribution, 
serve for the validation of the generat-
ed structures.

From left: AL2O3 microscopic image of a planar section (Fraunhofer IKTS, Dr. A. Krell); corresponding 
edge image; section through a 3d model

Simulated dense packing: a) rotation ellipsoids, anisotropic b) spheres  c) rotation ellipsoids, isotropic

a) c)b)
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In many cases, there is a direct relation 
between the quality of a product and 
the quality of its surface. The customer 
expects fl awless optics; scratches on car 
doors, stains on paper, or color defects 
in wood surfaces are undesirable. Be-
sides, properties of the material surface 
frequently also have a direct infl uence 
on the functionality of the product. 
Cast parts with cracks are discarded, 
defect rubber coatings spoil the sealing 
behavior, and accessories for medical 
measurement systems must be fl awless 
in order to guarantee reliable results.

Many companies rely on manual quality 
control carried out by especially trained 
personnel. Even if a person is able to 
take care of such control tasks in a very 
fl exible manner, manual control does 
not only have advantages. Control re-
sults may differ depending on the dai-
ly state of the person, and a compro-
mise must be found between a random 
sample control directly during produc-
tion and a one hundred per cent con-
trol – the latter, however, with a certain 
delay in time.

The department MODELS AND ALGO-
RITHMS IN IMAGE PROCESSING develops 
systems for an automatic online surface 
inspection of very different materials 
and products. These systems enable a 
company to examine one hundred per 
cent of its production objectively and 

directly during the production process 
and to intervene early, if necessary.

Application possibilities cover a wide 
range of areas with respect to the ex-
amined materials as well as with re-
spect to the interesting surface prop-
erties. MASC (Modular Algorithms for 
Surface Control) is a modular system 
comprising a large number of ready-to-
use tools and system components, thus 
offering an adequate basis for fast and 
fl exible solutions for a large number of 
applications.

The following two examples present 
current developments of the ITWM.

Surface Inspection

Contact:
Dipl.-Inform. Markus Rauhut
✆ +49 (0) 6 31/3 16 00-45 95
markus.rauhut@itwm.fraunhofer.de
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Quality Control of Ceiling Panels

Ceiling panels can be used in buildings 
for fi re protection, heat insulation, or 
for the improvement of room acoustics. 
They are available in a large number of 
surface designs which all have different 
acoustic properties – apart from their 
optic differences.

The varying quality of raw materials or 
irregularities during the production pro-
cess may result in a wide range of dif-
ferent defects visible on the panels: 
nicks or edge damages, peaks, inden-
tations, or stains on the surface, and 
missing or wrong patterns are only a 
few examples. A further diffi culty is 
that the above mentioned defects are 
mainly situated between the desired 
surface pattern, so that their detection 
is very hard even for the human eye. 
Besides, rough production conditions 
with dust and heat development repre-
sent a special challenge to the robust-
ness of the hard- and software with re-
spect to environmental disturbances.

After a research and development phase 
of several years, an  automatic inspec-
tion system for ceiling panels was suc-
cessfully put into operation last year in 
cooperation of the ITWM with the Uni-
versity of Applied Sciences Aschaffen-
burg and a large German producer.

System Structure and Image Processing

The system consists of eight high-reso-
lution cameras which together con-
trol a production of a width of 2.50 m 
with velocities of up to 45 m / min. The 
data are evaluated by nine computers – 
eight for image analysis and one  server 
as control unit. Two different types of 
lighting (top light and oblique light) are 
applied for image acquisition because 
certain surface defects (e. g., scratches 
and roughness of the surface) are visi-
ble only from certain perspectives.

A modular and freely confi gurable 
framework has been developed for the 
detection software allowing for effi cient 
operations (e. g., convolutions, fi lters, 
segmentations) on the basis of the cam-
era data. The images are examined with 
respect to defect regions by especial-
ly optimized algorithms in a multi-stage 
process. The surface design of the ceil-
ing panels is faded out for the  analysis. 
The system software is realized as a 
component of the MASC system and 
will be further developed  continuously 
for a high detection quality at an in-
creased velocity.

Example

Graphical interface of the inspection system

Ceiling panel with defect (above) and result of 
the inspection
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Quality Control of Leather

In the year 2005, the work on an in-
spection system for natural leather was 
continued. A prototype system has 
been installed at the plant of our cus-
tomer, so that we are now able to test 
and optimize the system behavior un-
der almost real conditions. Due to the 
proto type system larger amounts of im-
age da ta is available, so that the neces-
sary conditions for an optimization of 
the evaluation  algorithms are given.

The large amounts of data require a 
computer cluster for computation. This 
is especially challenging for the system 
software, which does not only have to 
guarantee a fast and reliable image ac-
quisition, but also an optimal adaptive 
distribution of the computing load to 
the individual cluster nodes. The fi rst 
experiments with the entire system pro-
vided positive results. Initial diffi culties 
were solved very quickly; the system 
is now working stable. Repeated tests 
have demonstrated that the software is 
able to work in real time; detection re-
sults are available simultaneously with 
the end of image acquisition. The de-
tection algorithm is working fast and re-
liably with almost satisfying results. Oc-
casional small defects remain undetect-
ed, and the number of detected regions 
which do not correspond to defects 
but to natural leather structures instead 
must still be reduced. A fi rst version of 
the grading method could be realized 
and tested. This component does also 
provide very reasonable results already.

In the next phase, large amounts of im-
ages will be collected as well as eval-
uated and sorted together with the 
specialists at the company. This large 
data basis is necessary in order to ac-
quire any possible appearance of leath-
er structures. An electronic system will 
only be able to compete with human 
experts under these conditions.

The large number of different natural 
patterns of leather which are very dif-
fi cult to quantify represents a special 
challenge to the algorithms to be de-
veloped. Nevertheless, the successful 
partial results which have already been 
reached and the experience which we 
have made up to now strengthen our 
conviction that we will be able to real-
ize a well-functioning inspection sys-
tem in the near future.

The objective of the project – the devel-
opment of a system for the  automatic 
evaluation of natural leather – has come 
very close to realization by now.

Example

Naturally dried leather (above) and leather 
during the drumming-off process (right)
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Overheated axle bearings and station-
ary brakes on passenger and freight 
trains may cause considerable expenses 
through material damages. In order to 
detect critical states and to avoid prob-
lems, it is therefore necessary to control 
these components during operation. 
The solution is provided by the mea-
surement of the thermal radiation of 
the passing chassis by sensors mounted 
in the track and the subsequent analy-
sis of the data by mathematical meth-
ods.

In the framework of a long-standing 
and successful cooperation with the 
company GE Transportation Systems, 
the Fraunhofer ITWM has developed 
the software for the chassis monitoring 
sleeper (FÜS), which is already running 
in more than 600 systems throughout 
Europe.

The software analyzes radiation profiles 
which are registered by infrared sensors, 
detects overheated components, and 
transfers the respective data to the re-
sponsible department of the railway 
company. Special classification algo-
rithms determine the type of chassis 
and brakes on the basis of the measure-
ment data, thus allowing for the defini-
tion of individual alert parameters for 
individual types of vehicles. Besides, un-
desired foreign radiation, e. g., caused 
by brake blocks, is detected and filtered 
in order to avoid false alerts.

The evaluating computer consists of an 
industrial PC with special additional 
components and is running under 
Linux. Data evaluation is carried out in 
real time, so that critical operation tem-
peratures can be reported without de-
lay to the respective department of the 
railway company or, e. g., by radio, to 
the engine driver in order to initiate 
countermeasures.

In order to allow for permanent opera-
tion without human control, a series of 
self diagnosis and correction systems is 
integrated for a permanent monitoring 
of the hardware, which can guarantee 
continuous operation even in the case 
of a failure of individual subsystems. 
Creeping changes such as variations of 
the measurement values due to ageing 
hardware can also be compensated in 
such a way.

Signal Analysis for Railway Systems

Contact: 
Dipl.-Inform. Thomas Redenbach 
✆ +49 (0) 6 31/3 16 00-45 37 
thomas.redenbach@itwm.fraunhofer.de
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Past year, the FÜS system has newly 
been installed in several European coun-
tries. Frequently, special adaptations and 
extensions of the system become nec-
essary due to the different requirements 
of the respective railway company.

An important task of the software de-
velopment is to integrate extensions 
and modifi cations into the overall sys-
tem as consistently as possible, so that 
customers in other countries may also 
be able to profi t from the new func-
tions. The FÜS-system therefore con-
sists of modular components, which 
 enable us to administrate regional ad-
aptations together with the basic gen-
eral functionality within a uniform soft-
ware database and to activate or deac-
tivate special adaptations for  individual 
customers by simple modifi cations of 
the confi guration.

New Developments of the Software

Especially on declivitous tracks, as they 
are to be found in mountain regions, 
trains must frequently be slowed down 
over long distances. Subsequently, the 
brakes are often heated to a temper-
ature of several hundred degrees Cel-
sius. Disk brakes do not have any prob-
lems with this situation, whereas block 
brakes quickly reach critical operating 
temperatures.

In order to avoid damages to the mate-
rial and, on the other hand, false alerts, 
the system must be able to distinguish 
reliably between the used types of 
brakes and to adapt its alert limits re-
spectively. A new classifi cation module 
has therefore been developed last year 
working with the method of discrimi-
nance classifi cation and reaching rec-
ognition rates of almost one hundred 
per cent.

The developed module can also recog-
nize the interfering solar radiation to 

which the measuring sensors may be 
subject. It mainly occurs in the case of 
a certain geographic direction of the 
FÜS system and a low position of the 
sun in spring or autumn and may neg-
atively infl uence the measurements. If 
the classifi cator recognizes such an oc-
curring radiation, special algorithms 
can fi lter the data due to solar radiation 
from the rest of the data.

Further improvements were carried out 
in the fi eld of vehicle recognition. Indi-

Example

FÜS systems in Europe

FÜS measuring sleeper with control unit

vidual types of vehicles – but also en-
tire units – can basically be identifi ed 
on the basis of the distance of their ax-
les. The quality of this identifi cation 
could be improved considerably during 
the past year. Distances can now be de-
termined with an exactness of up to a 
few millimeters by improved methods 
for the computation of the acceleration 
and velocity of a train. A further new 
possibility is the defi nition of allowed 
options of carriages, which additionally 
helps to avoid false classifi cations.
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I-Search: Development of a Content-
based Image Search Engine on Dis-
tributed Systems

Most of the currently existing image 
analysis systems work very slowly and 
are subject to restrictions with respect 
to their application possibilities. Our in-
tention was the development of a new 
high-performance system based on the 
cooperation with partners from the 
fi elds of content-based image analysis 
and parallel online image processing, as 
well as from medium-sized enterprises.

Algorithms and a parallel software ar-
chitecture were to be developed for this 
system in order to facilitate the genera-
tion of a high-performance and content-
based image search engine. Methods of 
fast online image processing on distrib-
uted systems had to be combined with 
high-performance algorithms and linked 
to database and internet technology.

A central aspect of this project is based 
on the following application scenarios:

■ internet search engine

Internet search engines have become a 
tool of extraordinary high  performance 

in many areas. A search for  certain 
terms and texts is possible on a world-
wide basis in an extremely short amount 
of time. Search engines with respect to 
images or image information are how-
ever mostly restricted to a search of the 
accompanying texts of the image data. 
Therefore, future internet search en-
gines also ought to facilitate the search 
for similar images.

■ camera-based monitoring systems

Solutions for distributed camera sys-
tems which are able to provide event-
controlled object localization at high 
velocity had not been developed yet. 
The special requirements in this area 
concern the process synchronization 
and fast computing of the analysis pro-
cesses. The amounts of data to be ex-
pected therefore represent a large chal-
lenge with respect to an early data re-
duction and the system performance.

The main task of the Fraunhofer ITWM 
was the development of an architec-
ture for distributed systems which can 
be applied as a basic platform of the 
necessary image processing and data-
base modules in order to facilitate the 
above mentioned application scenarios. 
Further tasks were:

■ integration of the partner compo-
nents into the entire system

■ quality assurance

■ realization of automatic optimization 
methods within the system

Sequence Analysis and Stereovision

Contact:
Dipl.-Inform. Markus Rauhut
✆ +49 (0) 6 31/3 16 00-45 95
markus.rauhut@itwm.fraunhofer.de
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I-Search: Results 

The I-Search project was successfully 
concluded in June 2005.

The main task of the Fraunhofer ITWM 
within the project was the  development 
of a high-performance architecture for 
a specialized distributed  image analysis 
system (camera monitoring, search for 
image similarities). The developed archi-
tecture was implemented and tested 
on a real computer cluster consisting of 
15 nodes. Besides, mechanisms for the 
optimization and stabilization of image 
processing algorithms were developed 
and implemented.

Within the project, a complete testing 
environment has been installed at the 
ITWM, consisting of the computer clus-
ter, several different cameras, and an 
especially adapted lighting system. All 
the developed methods can be  tested 
online in the testing environment. A 
further task was the integration of a 
large number of individual solutions 
from the fi elds of search for image sim-
ilarities and camera  monitoring, as well 
as the development of new methods 
for the improvement of suitability in 
practice.

The partners of the I-Search project 
provided different modules which were 

combined within an overall system by 
uniform interfaces. The University of 
Freiburg, for example, developed a face 
recognition module which fi lters imag-
es showing faces. The company Mobot-
ix implemented a stereo image analy-
sis module for the determination of dis-
tance, size, and movement of persons 
and objects.

A further important component was 
the content-based search for image 
similarities of the University of Freiburg, 
which enables the user to fi nd imag-
es within a database that are similar to 
a given image. All the image data were 
stored in the media archive developed 
by the company tecmath AG.  Within 
this media archive, the user can then 
search for image metadata, e. g., the 
date of an image.

The following individual objectives have 
successfully been reached at the time 
of conclusion of the project:

■ development of a failure-proof and 
distributed system architecture for 
image analysis systems

Example

■ development of new organization 
structures for distributed systems 
guaranteeing an effi cient utilization 
of computer clusters

■ new methods for the static schedul-
ing of image processing algorithms

■ new methods for the combination of 
different image analysis methods for 
the improvement of image recogni-
tion rates

■ development of an overall concept 
suitable in practice for the monitor-
ing of public locations, consisting of 
hardware, camera technology, system 
architecture, data administration, and 
image processing software

■ new concepts and tools for the par-
allelization of image processing algo-
rithms

■ new scientifi c results in the fi elds of 
scheduling, optimization of image 
processing algorithms, load distribu-
tion, and failure-proofness of distrib-
uted systems

Switch 

Database
Server

Server

Camera System

Infrastructure of the I-Search hardware

User interface for stereo image analysis
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Adaptive Systems

Head of Department:
Dr. Patrick Lang
✆ +49 (0) 6 31/3 16 00-46 39 
patrick.lang@itwm.fraunhofer.de

The activities of the department ADAP-
TIVE SYSTEMS concentrate on the data- 
and knowledge-based modeling of 
complex technical and biological sys-
tems and processes. The resulting mod-
els subsequently allow for the simula-
tion and classifi cation of the process 
behavior, the derivation of new knowl-
edge about the respective process, or 
the prognosis about future process de-
velopment. Besides, the identifi ed mod-
els also represent the basis with respect 
to the development of effi cient moni-
toring and control methods.

The individual main subjects of the de-
partment are the following:

■ CAD for analog circuits

■ monitoring and control

■ biosignal processing and diagnosis 
support

■ prognosis of material and product 
properties

■ multiscale structure mechanics

The mathematical main competen ces 
of the department refer to sys tem and 
control theory, stochastics and statis-
tics, data mining, symbolic computa-
tion, and asymptotic homo ge nization. 
These competences are further devel-
oped by a large number of graduation 
and PhD projects.

In 2005, the following essential devel-
opments were achieved within the dif-
ferent main subjects: in the fi eld of 

“CAD for Analog Circuits”, the trans-
fer of the know-how about symbol-
ic system analysis and of the Analog 
Insydes technology to prob lems which 
are not directly connected to the de-
sign of analog circuits was continued; 
such problems are e. g., the analysis of 
enzyme kinetic reaction networks and 
 electric power networks. Within the 

main subject of “Biosignal Processing 
and Diag nosis Support”, we started a 
very promising cooperation in the con-
text of home monitoring, and we de-
veloped a network-version of the soft-
ware CENA for nutrition consulting. In 
the fi eld of “Monitoring and Control”, 
controller concepts accounting for non-
linear actuator behavior were devel-
oped in the framework of the European 
project InMAR. Scientists dealing with 
the “Prognosis of Material and Prod-
uct Properties” consistently further de-
veloped the grey- and black-box identi-
fi cation methods for the repre sentation 
of a hysteretic system behavior. In the 
fi eld of “Multiscale Structure Mechan-
ics”, we started the development of a 
tool for the decision support with re-
spect to the optimal selection and 
placement of knee prostheses, in coop-
eration with research partners from Ita-
ly and the company Lima Industries.
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This main subject deals with methods 
and tools for the modeling, analysis, 
and sizing of linear and nonlinear an
alog circuits by symbolic methods; for 
these purposes, the department is de
veloping the EDA tool Analog Insydes® 
(www.analog-insydes.de). The objective 
is the integration of symbolic methods 
into the industrial design flow, in order 
to support the circuit designers in their 
daily work. There is a wide range of in
dustrial application possibilities for sym
bolic methods, from classical circuit un
derstanding to error analysis, and from 
circuit sizing and optimization to the 
automated behavioral modeling on the 
mixed signal or system level.

The mathematical foundations are 
mixed symbolic / numerical algorithms 
for linear and nonlinear differential al
gebraic systems of equations (DAE sys
tems), which can also be applied for 
the modeling and analysis beyond the 
microelectronics domain. Examples are 
the automated modeling of region
al and national gas pipeline networks 
for the optimization of the gas flow, 
as well as the analysis of complex bio
chemical reaction networks.

The possibility of an automated mod
eling of systems from different physi
cal areas opens up new perspectives for 
the simulation of heterogeneous sys
tems (system simulation). System simu
lation is increasingly gaining particular 
importance for industrial hardware de
velopment. Although the behavior of 
the individual components can frequent
ly be represented very well by simu
lation, the mathematical modeling of 
their interaction currently still remains a 
special challenge. A very promising ap
proach for the solution of this problem 
is the application of symbolic model re
duction methods, which are a central 
research subject within “CAD for Ana
log Circuits”.

User Seminars

For professional users, the Fraunhofer 
ITWM organizes a seminar of sever
al days offering theoretical and practi
cal knowledge with respect to the ap
plication of Analog Insydes® for circuit 
design.

CAD for Analog Circuits

Contact: 
Dipl.Ing. Thomas Halfmann 
✆ +49 (0) 6 31/3 16 0045 26  
thomas.halfmann@itwm.fraunhofer.de

Symbolic methods for IC design
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Enzyme Kinetic Reaction Networks

Due to the high complexity of bio-
chemical reaction networks (e. g. signal 
transduction or metabolic pathways), 
symbolic methods and approximation 
techniques are promising approaches 
for identifi cation or analysis tasks. In 
this context – in cooperation with the 
Fraunhofer-Chalmers Research Centre 
for Industrial Mathematics – the ITWM 
developed an interface between the 
enzyme kinetic simulator PathwayLab 
(www.innetics.com) and Analog Insydes 
(www.analog-insydes.de).

Starting with a PathwayLab model, the 
interface allows for setting up the un-
derlying model equations in terms of a 
symbolic differential algebraic equation 
system in the Analog Insydes format. 
All Analog Insydes functionality (e. g. 

Interval Arithmetic

During the analysis of the infl uence of 
production-dependent component tol-
erances on the behavior of analog cir-
cuits, the symbolic analysis  frequently 
reaches its limits due to complex for-
mulations. The results of numerical 
methods, however, do not always ac-
count for the entire range of possible 
parameter deviations.

By interval arithmetic, reliable bound-
aries can be determined for the circuit 
behavior, thus closing the gap between 
symbolic analysis and numerical simula-
tion. In order to yield fast and exact so-
lutions, special methods have been de-
veloped which account for the typical 
structures of the systems of equations 
for analog circuits, as well as making 
sophisticated use of them.

It is an essential feature of this strategy 
to make use of fi ll-in patterns with re-
spect to those parameters correspond-
ing to uncertain components. These 
patterns result from linear circuit anal-
ysis, where they are used for an effi -
cient formulation of equations. Con-
cernig the integration of the methods 
into the industrial design process, pro-
cedures have been developed which al-
low for simultaneous handling of sev-
eral components subject to tolerances. 
Alternative approaches have been gen-
erated which enable the user to select 
between exactness and computation 
time, depending on the requirements. 
The functionality for a seamless integra-
tion of interval methods into the circuit 
analysis tool Analog Insydes has been 
created in order to guarantee an effi -
cient application.

the symbolic model reduction tech-
niques) can now be applied to the 
model equations. Moreover, functions 
for the automatic detection of conser-
vation relations and for the application 
of common chemical approximation 
techniques (rapid equilibrium approxi-
mation) have been implemented. These 
methods replace differential equations 
by algebraic ones. Applying the meth-
ods to a Wnt/β-catenin signal transduc-
tion pathway, eleven of the original 15 
differential equations of the model 
could be replaced by algebraic equa-
tions automatically, substantially reduc-
ing the size and computational burden 
of the original model. During the ap-
proximation process it has been auto-
matically taken care of, that the gener-
ated approximation error lies below 
one per cent.

Examples

betaCateninTot t 100. m$x10 t 100. m$x11 t 100. m$x14 t 100. m$x15 t 100. m$x8 t 100. m$x9 t
betaCateninTot‘bcatenintot0

1. r12‘V12 1. r17‘K17 r17‘kp17 m$x15 t m$x11 t 1. r13‘k13 1. r17‘kp17 m$x7
r16‘kp16 m$x11 t 1. ic$x13 1. ic$x14 1. m$x14 t 1. r16‘K16 m$x14 t 0
1. r11‘k11 m$x10 t 1. r8‘K8 r8‘kp8 m$x8 t 1. m$x10 t 1. m$x9 t 1. r8‘kp8
1. r11‘k11 m$x10 t 1. r10‘k10 m$x9 t

1. r15‘k15 m$x12 t m$x12 t 1. r14‘V14 1. 1. r6‘kp6 1. r14‘V14 m$x12 t 1. r15‘k15 1.

1. r9‘k9 m$x8 t 1. r10‘k10 m$x9 t
m$x7 t 1. r12‘V12 1. r14‘V14 1. r11‘k11 m$x10 t 1. r13‘k13 m$x11 t 1. r

1. r5‘k5 m$x3 t m$x3 t m$x8 t m$x9 t 1. r4‘k4 1. ic$x15 1. ic$x3 1.

1. r11‘k11 m$x10 t 1. r13‘k13 m$x11 t m$x10 t m$x11 t m$x14 t m$x15
m$x1 t 1. ic$x1 r2‘k2 1. ic$x2 r2‘k2 1. t 20 r1‘k1 1. r2‘k2 m$x1 t
m$x7 0 1. ic$x7
m$x3 0 1. ic$x3
m$x15 0 1. ic$x15
m$x1 0 1. ic$x1 200 400 600 800 1000

t

110

120

130

140

150

160

170

Approximation
Exact

Interface PathwayLab / Analog Insydes

interface

symbolic 
approximation

jb2005_en.indb   56jb2005_en.indb   56 25.08.2006   00:07:5325.08.2006   00:07:53



Fraunhofer ITWM Annual Report 2005 57

Contact:
Dr. Andreas Wirsen
✆ +49 (0) 6 31/3 16 00-46 29
andreas.wirsen@itwm.fraunhofer.de

This research area concentrates on the 
development and implementation of 
mathematical methods for system mod-
eling, as well as for system monitor-
ing and controller design. Main applica-
tions are technical systems e. g., turbine 
generator shaft lines.

Modeling and Simulation

A mathematical model frequently is a 
fundamental component of the simula-
tion, control, or monitoring of the be-
havior of a technical system. Depend-
ing on the available system information 
and the respective interesting system 
aspects, different modeling and identi-
fi cation methods are applied. If an ex-
act physical model is unavailable, lin-
ear and nonlinear identifi cation meth-
ods are used with respect to time and 
frequency. In the fi eld of modeling, we 
are mainly concentrating on the ap-
proximation of complex nonlinear sys-
tems by so-called Local Model Net-
works (LMN), which consist of mostly 
linear overlapping subsystems.

System Monitoring

In the fi eld of monitoring, we focus on 
the development of model-based ob-
servers which can be used online e. g., 
for the prediction of the torsional be-
havior of elasto-mechanical systems at 
inaccessible positions, as well as on the 
further development of methods from 
signal processing with respect to the 
system monitoring and characterization.

Controller Design

Primarily robust control strategies, such 
as methods of H∞-control theory, are 
applied with respect to controller de-
sign. Stability and performance require-
ments can be met in the best possible 
way by this approach, also in the case 

of model uncertainties and system dis-
turbances.

The application of further control strat-
egies, such as adaptive control, precom-
pensation and control, gain schedul-
ing, neural control, and iterative learn-
ing control, are complementing the 
competences of the research group. 
Methods from the fi eld of iterative 
learning control have for example been 
expanded to the application with LMN 
models.

Monitoring and Control

jb2005_en.indb   57jb2005_en.indb   57 25.08.2006   00:07:5825.08.2006   00:07:58



58 Adaptive Systems

Intelligent Materials for Active 
Noise Reduction – InMAR

In the framework of the European pro-
ject InMAR - Intelligent Materials for 
Active Noise Reduction and in cooper-
ation with 41 well-known institutions 
from 13 countries, the research group 
is working on the development of new, 
intelligent material systems and their 
application for the reduction of noise 
especially in the fi elds of building tech-
nology, automobile traffi c, and railway 
traffi c. 

Intelligent material systems, such as pie-
zoceramic actuators, can be deformed 
in a well-defi ned way by the input of 
energy e. g., if they are subject to a vol-
tage. Depending on the working area 
and the strength of the respective vol-
tage, piezoceramic actuators show a 
linear or nonlinear transfer behavior.

The research group analyzes and fur-
ther develops different concepts of 
controllers which are able to account 
for the nonlinear effects, such as hys-
teresis and saturation, occurring with 
piezoelectric actuators subject to high 
voltages. 

Good performance and robustness 
were achieved by the method of pre-

compensation and control. The idea of 
this method is, for example, the com-
pensation of hysteresis by the  previous 
application of an inverted hysteresis 
model; the control is executed by a lin-
ear controller. We have developed stra-
tegies for the controller design which 
improve the robustness with respect 
to nonlinearities which have not been 
compensated, or modeling uncertain-
ties during the minimization of the 
sound performance.

We have additionally examined the ap-
plication of neural controllers. This 
method fi rst identifi es the hysteresis 
behavior by a neural network. Based 
on the identifi ed neural network and 
the application of stability criteria stem-
ming from NLq-theory, a neural control-
ler has been designed which is able to 
achieve a signifi cant damping of oscil-
lations.

Besides, we have examined the applica-
tion of a local controller network. Ac-
cording to this method, a robust linear 
controller is designed on the basis of 
identifi ed local models for each of the 
models. Depending on the system state, 
the controller for the nonlinear real sys-
tem consists of a linear combination of 
the individual controllers varying with 
respect to time.

Examples

Systems for the Monitoring of 
Torsional Behavior 

In the last few years, the software pack-
ages TorStor, TorFat, and TorAn have 
been developed within this research 
area. In combination with a contactless 
torque sensor which is exclusively mar-
keted by the ITWM, they represent dif-
ferently focused individual systems for 
the monitoring and analysis of torsional 
oscillations. The online monitoring sys-
tems are applied to rotating shafts. Par-
ticularly in the case of a long-term mon-
itoring of turbine generator shaft lines 
in power plants, they have proved to be 
very effective in practice.

Contactless torque sensor at a shaft with a di-
ameter of 450 mm, belonging to a power plant 
turbine generator shaft line of 400 MW

Steps for the design of a model-based 
robust controller

sensors actuators

disturbances

controller
robust, linear, nonlinear

vibratingvibrating
technicaltechnical
systemsystem

active damping
noise reduction

reference signal tracking

model
updating

model
reduction

Fraunhofer
ITWM

controller
design

system
analysis

modeling
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✆ +49 (0) 6 31/3 16 00-44 28
hagen.knaf@itwm.fraunhofer.de

The analysis of signals generated by liv-
ing organisms is a very challenging 
and interesting task from a mathemat-
ical point of view. The signal-generat-
ing systems, e. g., the heart in the case 
of an electrocardiogram (ECG), are very 
complex and thus very diffi cult to mod-
el. It is frequently necessary to do com-
pletely without any modeling and to 
work with purely data-based methods 
from the fi elds of multivariate statistics 
or data mining instead.

Biosignal analysis is relevant in practice 
because each medical diagnosis, for ex-
ample, is based on the evaluation of 
human biosignals, such as the concen-
tration of certain chemical substances 
in the blood. Increasing medical know-
ledge also results in an increasing num-
ber of diagnostic methods. This explains 
the trend towards supporting the phy-
sician with respect to his / her diagnosis 
by specialized software products, and 
opens up a wide range of applications 
of biosignal analysis.

Data-based methods such as time se-
ries analysis or classifi cation trees are 
also applied in the fi eld of systematic 
data mining within medical databases. 

The objective is the recognition of rele-
vant patterns and the achievement of 
new insights into the functions of the 
human organism in such a way.

On the basis of the background de-
scribed above, the year 2005 was char-
acterized by the extension of already 
existing competences in the fi eld of sig-
nal analysis with respect to biosignal 
processing and diagnosis support.

The large number of different contacts 
in the area of medical engineering was 
expanded, resulting in a series of dif-
ferent projects with respect to the di-
agnostic evaluation of ECGs, parts of 
which are currently not yet concluded.

The software CENA sana for nutrition 
analysis and consulting, which was de-
veloped in 2004, is now available as a 
network-version; the new version has 
been introduced on the market in the 
second quarter of 2005.

Biosignal Processing and 
Diagnosis Support
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Relevant data for cardiologic diagnostics 
are increasingly not only produced at a 
physician’s practice or at the respective 
wards of hospitals, but also in the fi eld 
of so-called home monitoring: wireless 
measurement devices attached to the 
body, e. g., transmit the heart frequen-
cy to a base station. This station regu-
larly transfers a compressed version of 
the collected measurement data by tele-
phone to a medical monitoring center, 
where the data are evaluated diagnosti-
cally by medical personnel. Signal anal-
ysis and pattern recognition software 
can be applied in the basic station as 
well as in the monitoring center in or-
der to examine the measured signals 
with respect to special,  diagnostically 
relevant patterns. The result can be 
used for an automatic alert in the mon-
itoring center, if necessary, or for the 
support of the diagnosis itself.

In the year 2005, cooperation was initi-
ated with a well-known company from 

the medical engineering area with re-
spect to the home monitoring sector. 
The current project is dedicated to the 
problem of an automatic evaluation of 
a combination of cardiologically rele-
vant parameters with respect to the oc-
currence of events leading to the hospi-
talization of the respective person.

Classifi kation

Mathematically speaking, the medical 
diagnosis of a disease on the basis of 
observed symptoms and measurement 
data is a classifi cation problem: a given 
object is to be sorted into one of sever-
al classes according to the values of giv-
en features. The classes are not always 
exactly characterized; a frequent part 
of the problem particularly is the deter-
mination of suffi ciently exact class de-
scriptions on the basis of the data.

It is fascinating that the  mathematical 
classifi cation theory can be applied to 
very different areas: apart from the ap-

Examples

Analysis of Cardiologic Data plication with respect to the analy-
sis of cardiologic data described above, 
we have continued our work on an im-
proved evaluation of electroencepha-
lograms by anharmonic Fourier analy-
sis in 2005.

In the framework of the “Mathematical 
Research Platform for Regional, Small, 
and Medium-Sized Enterprises”, we 
have examined the use of data mining 
technologies for the typing of clients 
of insurance companies in 2005 in or-
der to expand our competences in the 
fi eld of classifi cation and general data 
mining methods. Our cooperation part-
ner was the consulting company teck-
pro AG, who supported the workshop 

“Data Mining im Einsatz – Methoden, 
Anwendungen, Nutzen”, which took 
place in March 2005; participants were 
representatives of companies from the 
fi elds of medical engineering, insurance, 
and automobile construction.
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Prognosis of Material and Product Properties

Due to a lack of adequate physical 
models or due to their extreme com-
plexity, it is frequently completely un-
clear for many complex systems and 
processes at fi rst on which ones of the 
potential infl uence factors a selected 
performance parameter eventually de-
pends. In particular, the existing de-
pendences are often nonlinear, varying 
with the state of the considered dyna-
mic system.

In many cases, however, suffi cient re-
presentative data are either already 
available e. g., from systematic series of 
experiments with respect to the input-
output behavior, or can be produced 
by experiments very effectively with re-
spect to time and costs. Under these 
circumstances, a system description in 
the form of a black or grey box model 
can be formulated by adequate meth-
ods of system identifi cation, data min-
ing, and mathematical statistics. These 
models can then be used for purposes 
of prognosis, classifi cation, and simula-
tion, especially allowing for the deriva-
tion of system sensitivities with respect 
to selected infl uence parameters.

Depending on the problem wheth-
er the considered system is time-de-
pendent, the activities of the main sub-
ject Prognosis of Material and Product 
Properties can be divided into the fol-
lowing two areas:

Static System Identifi cation

Examples of a static identifi cation pro-
blem are the prognosis and  sensitivity 
analysis of the crash performance of a 
composite material, the classifi cation 
of surface defects of a cast component 
on the basis of simulated local casting 
parameters, and the prognosis of the 
Wöhler curve of welded vehicle compo-
nents on the basis of characteristic ma-
terial and geometry parameters. The 
basic nonlinear regression and classifi ca-
tion problems were solved, for example, 
by response surface models and special 
problem-adapted neural network struc-
tures. Especially the nonlinear sensitivi-
ty curves of the individual signifi cant in-
put variables were estima ted consistent-
ly and visualized in a user-friendly way 
(graphics on the following page, below).

Dynamic System Identifi cation

Appropriate model classes for the iden-
tifi cation of multivariate dynamic sys-
tems are delayed feed forward models 
and recurrent neural networks, as well 
as different Preisach models and hybrid 
model variants motivated by system 
theory. On the basis of such models, 
long-term predictions were successful-
ly carried out for different time-depen-
dent industrial production processes 
and dynamic mechanical systems.

Besides, effi cient MATLAB tools were 
developed during a series of industrial 
cooperation projects for the static and 
the dynamic case; these were success-
fully applied for the adequate solution 
of different sub-problems, such as vari-
able selection, model selection, and pa-
rameter identifi cation.
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Hysteresis Identification

Within the project “Nonlinear Dynamic 
Models of Components for Vehicle Sim-
ulation”, which is funded by the “Stif-
tung Rheinland-Pfalz für Innovation”, 
we are developing new and purely data-
based as well as semi-physical mod-
els for the simulation of processes sub-
ject to hysteresis, in cooperation with 
our industrial partner LMS Deutschland. 
During the work on the project, clas-
sical, nonlinear, and dynamic Preisach 
models have been examined among 
others with respect to their adequate-
ness for the modeling of selected hys-
teretic processes. Additionally, methods 
based on local linear models have been 
developed for the identification of the 
Preisach model parameters. We have 
also developed models for the represen-
tation of time-dependent hysteretic be-
havior, especially dynamic memory stor-
age structures based on Preisach mod-
els. Such models enable the user to 
identify and to model the (hysteretic) 
aging process of a component which 
might occur. A higher mean-term objec-
tive of the project is a considerable im-
provement of the quality and reliability 
of the multibody simulation of com-
plex mechanical systems in the case of 
strong external excitation.

A physical model of a mechanical sys-
tem with an integrated Mooney-Rivlin 
material model, which has been devel-
oped simultaneously, provides insights 
into the nature of the nonlinear proces-
ses and allows for their integration into 
the data-based models; on the other 
hand, arbitrary types of hysteresis can 
be generated in order to validate the 
developed models.

Example

Prediction of the behavior of a vehicle spring 
damper system subject to hysteresis

-80 -60 -40 -20 0 20 40 60
-5

-4

-3

-2

-1

0

1

2

3

0 50 100 150 200
-6

-4

-2

0

2

4

displacement

da
m

pe
r 

fo
rc

e

identification signal prediction

da
m

pe
r 

fo
rc

e

time

measurement
prediction

distribution of defect classes
1 2 3 4 5 6

Distribution of defect classes of a flat cast component

Performance of the classificator, deviation of the estimated 
with respect to the real defect class

|estimated − real defect class|
0 1 2 3

jb2005_as_en.indd   62 28.08.2006   15:44:14



Fraunhofer ITWM Annual Report 2005 63

This research area primarily deals with 
the development and application of nu-
merical algorithms for the computation 
of solid body mechanical problems con-
cerning materials which show a compli-
cated material structure with different 
size scales, as well as complicated time-
dependent material laws. The research 
group has special knowledge and com-
petences with respect to asymptotic 
homogenization methods, the handling 
of contact problems with micro-rough 
surfaces, and the consideration of time-
dependent processes of homogeneous 
or composite components; the (macro-) 
strength and durability of these are ex-
amined with respect to fatigue, creep, 
impact load, and wear.

Homogenization becomes necessary for 
composite materials and porous media 
as soon as two or more different size 
scales occur in their micro and macro-
structure; these prevent a direct numer-
ical computation or render it far too 
complicated. Asymptotic homogeniza-
tion algorithms allow for the computa-
tion of macro-stresses and an entire se-
ries of average (effective) properties of 
composite or porous materials on the 
basis of already known properties of 

their components and their micro-geo-
metry. The mean properties are stiff-
ness, relaxation parameters, free shrink-
age, free swelling, free temperature dis-
tortion, strength, durability, and wear.

Examples of technically interesting pro-
cesses which can be computed by the 
application of the homogenization 
meth od are corrosion, degradation, 
desiccation, fatigue, and wear of fi lled 
resin, concrete, and wood. Concrete 
applications in the framework of re-
search pro jects of the department were, 
for example, the computation of the ef-
fective viscoelastic and shrinkage prop-
erties of particle-reinforced dental fi ll-
ings and resins, as well as the computa-
tion of contact problems in the case of 
hip prostheses.

Multiscale Structure Mechanics

Contact:
Dr. Julia Orlik
✆ +49 (0) 6 31/3 16 00-43 30
julia.orlik@itwm.fraunhofer.de
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Modeling of Filled Thermosetting 
Resins

The objective of the project was the 
derivation of statements with respect to 
the fi rmness and the durability of inte-
gral viscoelastic composite materials on 
the basis of the properties of their micro-
structures. Numerically, the project re-
sulted in a series of spatial FE computa-
tions with ANSYS, which were coupled 
in time by a collocation method. During 
the fi rst phase of the pro ject, homogeni-
zation algorithms were developed for 
integral viscoelasticity with weakly sin-
gular kernels; during the current phase 
continuing the project, these algorithms 
have been applied numerically. First, 
the spatial dependence was eliminated 
within the entire system of integro-dif-
ferential equations by the Finite Element 
Method. The infi nite dimensional sys-
tem of integral equations with respect 
to time was thus reduced to a fi nite di-
mensional system, which was subse-
quently solved by a collocation method 
modifi ed for singular kernels.

Decision Support with Respect to 
the Selection and Placement of 
Knee Prostheses

This three-year research project is car-
ried out within a consortium of several 
Italian research partners and the com-
pany LIMA Industries; partners at the 
ITWM are the departments “FLOWS 
AND COMPLEX STRUCTURES” and “ADAP-
TIVE SYSTEMS”. We intend to develop a 
software solution which is able to com-
pute the effective contact properties 
of a knee prosthesis with the bone on 
the basis of the micro-roughness of the 
prosthesis coating. A reliable determi-
nation of the elastic stress fi eld in the 
bone will then become possible, so that 
an optimum shape and positioning of 
the prosthesis, as well as an optimal 
material for each patient can already 
be selected in the pre-operative phase. 
The surgeon can thus be supported 
with respect to his / her decision.

Examples

Those parts of the kernel which are 
nonsingular with respect to the time 
variable, as well as the out-of-integral 
coeffi cients, were discretized with re-
spect to time at the collocation points 
in order to enable the application of 
the FEM. Both were used as elastic co-
effi cients for each time step in a pure-
ly elastic spatial FE computation by 
ANSYS. Each computation yielded the 
global stiffness matrices, which were 
inserted into the system of equilibri-
um equations instead of partial spa-
tial derivatives. The FE computation at 
each collocation point requires a rela-
tively large numerical effort; therefore, 
a kernel approximation was addition-
ally carried out by a piecewise poly-
nomial spatial interpolation, resulting 
in a complete decoupling of time and 
space dependence. The respective er-
ror estimaties were done in the frame-
work of an accompanying Master’s 
thesis. The entire algorithm was inte-
grated into an already existing homog-
enization routine for viscoelastic com-
posites.

Two-scale contact modeling

[100 μm]

Polymer matrix with inclusions of glass particles
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Optimization

Head of Department:
Priv.-Doz. Dr. Karl-Heinz Küfer
✆ +49 (0) 6 31/3 16 00-44 91
karlheinz.kuefer@itwm.fraunhofer.de

The core competence of the department 
of OPTIMIZATION is to develop individu-
al solutions for planning and decision 
problems in logistics, engineering sci-
ences, and life sciences in close coopera-
tion with customers. The applied meth-
odology is based on the coupling of

■ simulation
building models and data based virtu-
al structures taking into account con-
straints, design parameters, and qual-
ity measures to be optimized

■ optimization
development and implementation of 
customer-specifi c optimization meth-
ods to calculate best possible solu-
tions

■ decision support
development and implementation of 
interactive decision support tools

Core competences of the department:

■ Interactive Therapy Planning

■ Optimization in Virtual Engineering

■ Hospital Logistics

■ Supply Chain Management and 
 Traffi c Planning

■ Material Flow Planning and Produc-
tion Control

■ Interactive Knowledge Management

2005 was an extraordinarily successful 
year for the department. The highlights 
include 

■ kick-off of a new project in “Interac-
tive Therapy Planning” funded by the 
German Cancer Aid in cooperation 
with the German Cancer Research 
Center DKFZ

■ commissioning of an industry project 
over several years for gemstone cut-
ting by the company Paul Wild GmbH 
in the research group “Optimization 
in Virtual Engineering”

■ installation of the “Hospital Logistics” 
software Opti-TRANS® for pilot cus-
tomers to plan patient transports

■ commissioning of a new “Supply 
Chain Management” research project 
in the framework of the Excellence 
Cluster funded by the Land Rhine-
land-Palatinate

■ beginning of two industry projects 
in  “Material Flow Planning and Pro-
duction Control”, one in cooperation 
with the company psb Materialfl uss 
GmbH for confi guration of material 
fl ow processes, and the other in co-
operation with the company SIEDA 
GmbH for integration of mathemat-
ical optimization and constraint pro-
gramming methods

■ approval by the Fraunhofer-Gesell-
schaft of a project in “Interactive 
Knowledge Management”
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Newly developed complex clinical treat-
ment methods are frequently glorifi ed 
at an early stage by tabloids and relat-
ed media as the ultimate salvation from 
disease and death after the fi rst success-
ful treatments. Several months later, 
however, they will be condemned be-
cause their side effects become known. 
How do we explain such a behavior?

If we take a closer look, in most  cases 
this phenomenon can be explained by 
a too thin statistical basis for reliable 
prognoses of therapy chances and prob-
abilities of side effects. The human or-
ganism is a very complex and individu-
ally structured system, and the clinical 
studies describing the introduction of 
new medicines or invasive therapies are 
frequently extremely insuffi cient for the 
derivation of signifi cant confi dence in-
tervals with respect to the probabilities 
of cure or complications. Further human 
or animal experiments are usually ex-
cluded for ethical reasons, so that new 
therapies are bound to have an experi-
mental character in the fi rst few years.

A big chance of bringing more reliabi lity 
into the prognostics of therapy effects 
is the virtual, simulative description of 
a therapy. Mathematically speaking, an 
input-output model must be derived 
that describes the probabili ties of cure 
and complications in the form of func-
tions of therapy parameters, such as 
medicine dosage or application time, 
based on individual patient data. It is a 
challenge for the interdisciplinary coop-
eration of physicians, biologists, physi-
cists, and mathematicians to develop 
simulations of therapy effects on the 
basis of hybrid physical-biochemical and 
data-based models. If such a virtual sim-
ulation is available, therapy planning 
can be described as a multi-criteria op-
timization problem for the evaluation 
of chances and risks. The responsible 
physicians can then be provided with 
an interactive planning support system 
at their disposal which will help them 

to make sound and optimally balanced 
therapy proposals for each patient.

The objective and core competence of 
the research group “Interactive Therapy 
Planning” is the integration of simula-
tion and multi-criteria optimization into 
interactive planning support systems for 
complex therapy scenarios, such as ra-
diotherapy with ionizing radiation for 
the treatment of malignant tumors.

Interactive Therapy Planning

Contact:
Dipl.-Math. Michael Monz
✆ +49 (0) 6 31/3 16 00-43 27
michael.monz@itwm.fraunhofer.de
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In intensity-modulated radiation therapy 
(IMRT), the probabilities of tumor con-
trol and side effects can be described 
as statistical functions of the applied 
physical dose, which can be simulated 
by pencil beam models or Monte- Carlo 
methods. The research group “Inter-
active Therapy Planning” has been co-
operating with the German Cancer Re-
search Center and the University Hospi-
tal in Heidelberg since 1999 and with 
the Boston Massachusetts General Hos-
pital since 2002 in publicly funded pro-
jects supported by the federal govern-
ment, the Mildred-Scheel Foundation 
German Cancer Aid e. V., and the US 
government. The aim of these projects 
is to solve the multi-criteria IMRT plan-
ning problem and to develop a new in-
teractive planning system for clinical use. 
Since 2004, Siemens Oncology Care 
Systems has been the commercial part-
ner for the introduction of a new soft-
ware solution for IMRT planning in hos-
pitals. Running projects in 2005 are:

Optimization of Intensity-Modu-
lated Radiation Therapy

Within this project funded by the 
American National Institute of Health, 
the infl uence of model-specifi c aspects 
on multi-criteria radiotherapy planning 
is examined systematically in coopera-
tion with a research group of the Mas-
sachusetts General Hospital belonging 
to the Harvard Medical School in Bos-
ton. Central tasks are the extension 
of the modeling by local and further 
global quality indicators, the integra-
tion of treatment requirements into the 
planning, the examination of the rela-
tion between mathematical model and 
medical quality, and the development 
of a freely available planning software 
for scientifi c clinical studies. 

Multi-Criteria Radiotherapy 
 Planning

The objective of the project commis-
sioned by and in cooperation with Sie-
mens Medical Solutions – Oncology 
Care Systems is the development and 
implementation of a multi-criteria plan-
ning component for the radiotherapy 
workspace COHERENCE®. In 2005, re-
search concentrated on the develop-
ment of a prototype, which was posi-
tively evaluated at the end of the year 
by an international consortium of clin-
ical experts. For 2006 we plan to ex-
tend the planning possibilities, increase 
the fl exibility of the workfl ow, and offer 
a new suggestive user interface for in-
teractive therapy selection.

Examples

Development and Testing of a 
 Clinical System

The applicability and large potential of 
multi-criteria planning concepts in radi-
ation therapy was demonstrated in the 
project “A Real-Time Tool for Conform-
ing Radiotherapy” funded by the Ger-
man Cancer Aid. Objectives of this suc-
ceeding research project, which is also 
funded by the German Cancer Aid and 
is carried out in cooperation with the 
German Cancer Research Center and 
the University Hospital in Heidelberg, 
are the coupling of a multi-criteria plan-
ning stage with sequencing and verifi -
cation, the testing of the multi-criteria 
real-time planning tool in clinical prac-
tice, and the extension of the modeling 
to enable the integrated optimization 
of irradiation directions.

Complex skull-base case discussed by experts during the evaluation meeting
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When designing products and process-
es, usually a large number of param-
eters must be considered. These have 
an infl uence on the costs, the quality, 
the benefi ts for clients, and other tar-
get parameters. A mathematical mod-
eling of the frequently very complex re-
lations between design parameters and 
target parameters already presents a 
challenge in itself. Besides, the true re-
lations can often only be determined by 
an approximative simulation model. A 
computer-aided model can support a 
comfortable forward engineering.

In a second step, optimization meth-
ods are applied for the computation of 
optimal design parameters for a pro-
cess or a product on the basis of the 
mathema tical model. For example, evo-
lutionary algorithms adapted to the 
specifi c problem are used as a fl exi-
ble and high-performing tool. Further 
methods, such as an adaptive refi ne-
ment of the optimization problem al-
low for faster and better solutions.

Finally, a user-friendly application of the 
results requires the integration of mod-
el and optimization into a decision sup-
port system. Especially if several criteria 

Optimization in Virtual Engineering

Contact:
Dr. Thomas Hanne
✆ +49 (0) 6 31/3 16 00-44 22
thomas.hanne@itwm.fraunhofer.de

are to be considered (for example quali-
ty and cost parameters), such a system 
helps to fi nd a compromise solution. 
The user will then be informed about 
the corresponding design parameters 
for a specifi cally desired solution (virtu-
al engineering).
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MAVO SR-PRO

The activities of the department OPTI-
MIZATION within the market-oriented 
preliminary research project (MAVO, 
funded by the Fraunhofer-Gesellschaft) 
SR-PRO of the Fraunhofer Institutes 
IGD, ITWM, and SCAI with respect to 
simulated reality, concentrated in 2005 
on the virtual engineering approach to 
the design and control of systems for 
the production of nonwovens. The sim-
ulation model of the production pro-
cess (see page 20), which has been de-
veloped by the department TRANSPORT 
PROCESSES, was integrated into a frame-
work of multi-criteria global optimiza-
tion and interactive decision support. 
The software demonstrator now allows 
for the real-time evaluation of an arbi-
trary selection of plant parameters (for-
ward engineering), as well as for the se-
lection of a desired set of parameters 
according to given quality criteria of the 
process (optimization). The software 
component of evolutionary algorithms 
for multi-criteria optimization, which 
has been developed by the department, 
is used for the pre-processing of the 
model. Research especially focused on 
the trade-off between the quality pa-
rameters of the produced nonwoven 
and the process stability in the case of 
small technical variations with respect 
to the system setup.

Optimal Utilization of Colored 
Gemstones

The company Paul Wild GmbH near 
Idar-Oberstein plans the construction 
of a machine for the automated cut-
ting of colored gemstones which guar-
antees an improved utilization of the 
material. The machine should produce 
maximum volume gemstones from the 
raw gemstones and cut the stones with 
a higher geometric precision than pre-
viously. The department OPTIMIZATION 
is developing a software which is able 
to determine a gemstone design opti-
mized with respect to the volume for a 
given raw gemstone. After an optical 
measurement of the raw gemstone, the 
software computes which type of cut-
ting fi ts best into the geometry of the 
raw stone or, if the type of cutting is 
given, how the gemstone must be em-
bedded into the raw gemstone in or-
der to lose as little material as possible. 
The software additionally takes into ac-
count which cuts are in stock and the 

Examples

current market prices for the different 
shapes. If an expensive jewel can be 
produced that is in great demand, there 
is no problem in losing a little more of 
the precious material.

Mathematically, the problem of volume 
optimization can be modeled as a semi-
infi nite optimization problem, which 
represents a considerable computation-
al challenge. The optical measurement 
of the raw gemstones produces large 
amounts of data, which are  accounted 
for during optimization by a  clustering 
and adaptive refi nement scheme. Fur-
ther reduction of the complexity is 
achieved by replacing the multitude of 
possible faceted cuts with embedding 
parametric calibration bodies. Aesthetic 
aspects are also considered during op-
timization by the integration of design 
proportion constraints into the  model 
as well as by establishing rule-based re-
lations between the optimal solution 
and specifi c facet images.

Optimized design for a raw gemstone
Planning tool for the production of nonwovens with 
a virtual reality component of the Fraunhofer IGD

jb2005_en.indb   70jb2005_en.indb   70 25.08.2006   00:11:1025.08.2006   00:11:10



Fraunhofer ITWM Annual Report 2005 71

Hospital Logistics

Patient care is the primary concern of a 
hospital. Hospital logistics contributes 
to this mission by ensuring that all re-
quired resources (personnel, operating 
rooms, beds, materials, medicines, etc.) 
are available on time, so that patients 
can be cared for optimally.

Due to increasing pressure for health 
care cost containment, the effi cient use 
of these scarce resources has become 
very important. In the last few years, 
hospitals have therefore started to in-
crease their investments in information 
technology. Hospital information sys-
tems cover the areas of medicine, nurs-
ing, patient management, and account-
ing, thus facilitating decentralized ac-
cess to the available information from 
the nursing wards and service units. 
However, a basic requirement for a suc-
cessful application of IT in hospitals is, 
apart from the collection of data, the 
availability of high-performance plan-
ning algorithms which support the per-
sonnel during their daily work. 

We develop decision support tools for 
planning and dispatching hospital pro-
cesses. Especially in the fi elds of oper-
ating theatre management and hospital 

Contact:
Dr. Teresa Melo
✆ +49 (0) 6 31/3 16 00-44 38
teresa.melo@itwm.fraunhofer.de

transportation services, the application 
of the developed approaches has re-
sulted in organizational improvements 
and cost reduction without deteriora-
tion of the quality of medical care.

The applied mathematical  methods in-
clude exact as well as heuristic combi-
natorial optimization methods.
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Planning Support for Operating 
Theatre

The operating theatre suite is the most 
expensive service unit in the hospital. 
Efficient planning and coordination of 
the entire workflow result in improved 
patient care and lower costs. The ope
rating theatre manager schedules sur
geries, coordinates the available person
nel and material resources, organizes 
staff work schedules, ensures cost ef
fectiveness of the operating theatre 
suite, and implements quality manage
ment standards.

Within the scope of a research project, 
we developed a mathematical model 
for shortterm planning of surgical pro
cedures. The model does not only ac
count for the availability of the required 
resources (e. g. operating rooms, per
sonnel, equipment), but also for staff 
preferences (e. g. surgeons, anesthe
tists, nursing staff) and several com
peting planning requirements. On the 
one hand, the operating theatre man
ager is interested in a high utilization 
of the operating rooms; on the other 
hand, the medical staff would like the 
planned work schedules to be respect
ed without overtime work. The patients 
are in turn interested in keeping their 
surgery appointments. Combinatorial 
optimization methods allow for the 
computation of balanced schedules. 
The new methods are further devel
oped to support midterm planning 
(approximately for one up to three 
weeks). Research work also focuses on 
the development of strategies for modi
fying planned schedules as a result of 
unexpected events (e. g. emergencies or 
unavailability of resources).

Optimized Transport Planning in 
Hospitals

A hospital stay often includes long wait
ing times. These occur, for example, at 
service units when scheduled appoint
ments are delayed or when the hospi
tal’s transportation service does not pick 
up the patient at the desired time. In 
large hospitals, several hundreds of pa
tient transports are daily required; these 
are provided by staff operating on foot 
or driving ambulances.

Although transport planning does not 
belong to the core activities of a hospi
tal, it has a strong impact on many ser
vice areas. For example, the delivery of 
a patient to an operating theatre after 
the scheduled begin time of his surgery 
results in equipment and staff idleness, 
and therefore, impacts negatively on 
hospital costs. 

In cooperation with the companies 
 SIEDA GmbH in Kaiserslautern and 
 COMEXAR Engineering AG in Lachen 
(Switzerland), we developed the plan
ning software OptiTRANS® for dis
patching patient transports. Transport 
requests are booked in OptiTRANS® by 
the hospital departments (nursing wards 

Examples

and service units) via a web interface. 
The requested transports are assigned 
to the transport teams according to a 
twophase optimization method. First, 
open requests are clustered with re
spect to their spatial and temporal prox
imity, assigned to individual teams, and 
routes are built for each team. In the 
second phase, stops within one route 
or between two routes are swapped in 
order to improve the individual routes. 
The objective is to simultaneously min
imize the operational costs (e. g. trans
port costs) and to maximize the service 
quality (e. g. by shorter waiting times for 
the patients). Studies in several hospitals 
have shown that the application of this 
method considerably shortens the wait
ing times for patients and leads to a bal
anced workload distribution among the 
transport teams.

The Municipal Hospital Frankfurt / Main
Höchst and the Central Hospital Augs
burg started working with OptiTRANS® 
in 2005. Both hospitals have more than 
1,000 beds and used to organize several 
hundreds of daily patient transports 
over telephone in a central dispatch of
fice. The new software led to improved 
transparency of the entire workflow.

Transport requests in OptiTRANS® including their respective statuses
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Supply Chain Management and Traffi c Planning

Due to the continuous growth and net-
working of international enterprises 
as a result of globalization, planning 
tasks are becoming larger and increas-
ingly complex. Mathematical optimiza-
tion offers decision support tools for all 
planning levels, ranging from the stra-
tegic design of the supply chain net-
work to scheduling the daily operations 
in the supply chain.

In the framework of the Excellence 
Cluster “Dependable Adaptive Systems 
and Mathematical Modeling” that is 
funded by the government of the Land 
Rhineland-Palatinate, a new project 
started in 2005. It deals with the plan-
ning of long-term decisions concern-
ing procurement of materials, produc-
tion, facility location, and distribution 
of goods. Discrete optimization meth-
ods are developed for decision sup-
port. The project especially focuses on 
the development of a robust model al-
lowing the representation of different 
complex network confi gurations and 
including important planning parame-
ters (e. g. nonlinear transport costs, cus-
toms tariffs).

The development of new mathematical 
methods for the design of supply chain 
networks for the distribution of spare 
parts also started in 2005 within the EU 
project “System for Mobile Maintenance 
Accessible in Real Time” (SMMART). The 
objective of the SMMART project is to 
develop a system which makes impor-
tant information available in real time 
from so-called “smart tags” (i. e. RFID 
tags) fi xed to the components of heli-
copters, airplanes, and trucks, in order 
to support the planning and realization 
of maintenance activities. Network de-
sign is the basis for the generation of 
distribution plans which guarantee the 
availability and timely delivery of spare 
parts.

A cooperation project with the Univer-
sity of Catania (Italy) focuses on the de-

livery of goods on time at lowest cost. 
Effi cient heuristic methods were deve-
loped to obtain high-quality vehicle 
routes in real time.

The core area “Traffi c Planning” prima-
rily deals with planning tasks of local 
public transport companies. Mathemati-
cal optimization methods and software 
tools are developed for decision support. 
In 2005 we focused on the problem of 
synchronizing the schedules of different 
transport companies. The complexity 
here stems from the network-wide in-
terdependencies of connections: in the 
case of manual planning, an improve-
ment of connections at one node may 
yield an unintended and unregistered 
worsening at another node. Multi-crite-
ria discrete optimization is applied in or-
der to fi nd a planning method account-
ing for these trade-offs.

Contact:
Dr. Teresa Melo
✆ +49 (0) 6 31/3 16 00-44 38
teresa.melo@itwm.fraunhofer.de

Facilities

Distribution

Delivery
Service

Customer 
Demand

Supply Chain 

Model-based planning of supply chain networks
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Modern highly automated plants are 
characterized by a complex structure of 
material and information fl ows and a 
dynamic nature of the control decisions. 
This concerns, in particular, production, 
material fl ow, and organizational pro-
cesses.

For such systems, we offer effi cient 
strategies of scheduling, load balanc-
ing, and routing. We develop optimal 
control algorithms which prevent bot-
tlenecks and deadlocks. On the basis 
of simulation and optimization, we pro-
vide a comprehensive support at every 
phase of a system life cycle.

Due to the complexity of the problems 
to be solved, a systematic application of 
combined methods is a necessary pre-
condition for improving the  effi ciency 
of a system. The tasks mentioned above 
essentially represent a natural applica-
tion fi eld for mathematical optimization. 
Extensive simulations are carried out for 
a validation and refi nement of the elab-
orated solutions. 

In a typical project, an item assignment 
strategy developed in such a way can in-
crease the throughput by several  dozen 

Material Flow Planning and Production Control

per cent. The proposed online-optimiza-
tion-based control strategies for a slid-
ing carriage, in combination with the 
decision to do without the original-
ly planned and time-consuming inter-
mediate buffering yields an essential in-
crease of the overall performance. Fur-
thermore, a combined order-picking 
strategy, accompanied by an adaptive 
order sequencing strategy, results in a 
considerable reduction of the loss-time. 
A joint use of optimization and simula-
tion thus represents the basis for the 
decision support during both the sys-
tem development and the operation of 
a real system.

Contact:
Dr.-Ing. habil. Alexander Lavrov
✆ +49 (0) 6 31/3 16 00-43 25
alexander.lavrov@itwm.fraunhofer.de
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Examples

Extended Simulation Platform 
for the Planning and Control of 
Material Flow

Extensive experience in the fi eld of sim-
ulation and optimization of  material 
fl ow systems shows a large demand for 
an advanced simulation platform for 
the support of the planning phase. First, 
such a platform should improve the in-
formation exchange between the sys-
tem designers and the developers of 
the control system; secondly, an exten-
sive simulation should become a natu-
ral part of the development process, es-
pecially by shortening and simplifying 
the path from the design to the simu-
lation model. In addition, it should pro-
vide generic and extendable modules 
which facilitate an easier adaptation 
to specifi c functionalities of a concrete 
system.

In this respect, for example, the risk of 
collisions in material fl ow will also be 
accounted for. The coordination of ac-
celeration and velocity over different 
spatial dimensions for typical elements 
of transport units allows for the devel-
opment of deadlock- and collision-free 

control algorithms; these are tested by 
simulation or emulation connected to 
the real control. The resulting addition-
al requirements are integrated as re-
strictions into the online optimization 
problems. A further level offers param-
eterized model templates where even 
the model structure and the contents 
of individual modules are generated 
 automatically.

Constraint Methods in Scheduling

In the last few years, discrete mathe-
matical optimization has increasingly 
been combined with constraint meth-
ods stemming from artifi cial intelli-
gence. Hybrid methods consisting of 
components from both “worlds” have 
led to a breakthrough for a series of 
applications. We have applied con-
straint methods within two projects 
from the fi eld of scheduling, which of-
fers a wide range of applications. 

The development of the ITWM Schedul-
erLab, a project in cooperation with 
the company proALPHA Software AG, 
is intended to facilitate the develop-

Entry area of a high-bay warehouse

ment of scheduling systems for produc-
tion planning at an expenditure as low 
as possible. Algorithms based on con-
straint methods can be added to the 
Scheduler Lab like plug-ins.  Interfaces 
based on XML allow for an easy inte-
gration into the enterprise software. 
SchedulerLab enables the engineer to 
effi ciently realize prototype systems 
of production planning which account 
for the specifi c requirements of a com-
pany. The most successful algorithms 
are subsequently transferred from the 
Scheduler Lab to the target system.

The constraint solver ConSolve® of our 
project partner SIEDA GmbH, which is 
currently primarily applied within the 
personnel scheduling software of hos-
pitals, will be further developed with 
respect to the realization of schedul-
ing applications within a strategic proj-
ect. Algorithms are implemented which 
carry out the logical conclusions on the 
basis of typical scheduling constraints. 
The search for the best possible solu-
tions is thus supported effectively and 
effi ciently.

Module of the ITWM SchedulerLab, a platform for the development of prototype 
scheduling systems for production planning
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XML Input
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Scheduling
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Model
Builder
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Knowledge-Management and E-Commerce

Almost all practical problems are charac-
terized by numerous criteria and mostly 
competing objectives. Nevertheless, 
methods of multi-criteria decision mak-
ing (MCDM) are not very wide-spread 
yet in company operational processes. 
The main reason may be that an em-
ployee doing practical work is afraid of 
using these methods because he / she 
considers them as too diffi cult or com-
plex. It is probably the man-machine in-
teraction which is responsible for this 
situation because it is regarded as be-
ing too complicated. Obviously, there is 
a strong demand for user-friendly soft-
ware which renders the application of 
MCDM methods attractive for a large 
group of very different users.

These practical requirements are met by 
knowCube®, an innovative  method for 
decision support. It is focused on the 
transparent visualization of knowledge 
contexts and the generation of ergo-
nomic interaction possibilities. Thus, 
persons who are not experts are also 
able to evaluate alternatives effectively 
and effi ciently in complex decision situa-
tions. Different types of criteria – quanti-
tative or qualitative, objective or subjec-
tive, active or passive, dependent or in-
dependent, deterministic or statistical – 
can be considered simultaneously; each 
user can navigate in the decision space 
according to his / her special strategy 
and accounting for current restrictions. 

Special fi elds of application are  virtual 
product design, production, logistics, 
marketing, and the sales sector. The 
combination of multi-criteria methods 
and concepts of SixSigma quality philos-
ophy is increasingly gaining importance 
here. A project together with the com-
pany Tehalit, which had started in 2003, 
concentrated on the development of a 
company-specifi c “Process Memory”. 
On this base, the module “Process Anal-
ysis” was developed in 2004. In the year 
2005, it was followed by the develop-
ment of the module “Process Control”.

Contact:
Dipl.-Math. Hans Trinkaus
✆ +49 (0) 6 31/3 16 00-42 11
hans.trinkaus@itwm.fraunhofer.de
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Financial Mathematics

In 2005, the Department of FINANCIAL 
MATHEMATICS was able to maintain its 
level acquired during previous years, to 
provide further innovative ideas, and 
to begin new projects in our main sub-
jects

■ option pricing

■ credit derivatives

■ credit risk

■ interest rate models

■ portfolio optimization.

Projects begun during the previous year 
were continued; besides, new compe-
tences were developed mainly in the 
fi elds of asset liability management 
(ALM) and credit derivatives.

Our cooperation with the FCC has again 
turned out to be very succesful in the 
fi eld of ALM (main subject  Portfolio 
Optimization). New aspects from com-
mon projects have resulted in the prod-
uct ALMSim, a scenario generator to be 
used for general ALM simulations. We 
hope that this together with our repu-
tation acquired in Sweden will enable 
us to show a stronger presence on the 
German insurance market in 2006. In 
the fi eld of credit derivates, we have in-
creasingly enlarged our knowledge by 
projects and workshops. We are curr-
tently working on the development of a 
CDO pricer and hope to be able to en-
ter into the rapidly growing CDO mar-
ket in 2006.

A scientifi c highlight in the fi eld of op-
tion pricing was the research project to-
gether with Prof. Leonhard C.  Rogers 
(Cambridge) on modeling of dividend 
fl ows, which had already started in 
2004. A diploma thesis was written at 
the ITWM on the basis of this project 
and was awarded the Gauß Prize of the 
DAV / DGVFM (German Association of 

Head of Department: 
Prof. Dr. Ralf Korn
✆ +49 (0) 6 31/3 16 00-46 58
ralf.korn@itwm.fraunhofer.de

Actuaries / German Society of Insurance 
and Financial Mathematics) for the sup-
port of young scientists. A further high-
light was the organization of the fi rst 
Fraunhofer – HypoVereinsbank Finance 
Workshop for excellent young scientists 
in German-speaking countries, where 
Paul Wilmott (London) was invited as a 
guest lecturer.

For 2006, we expect new scientifi c in-
put by our new projects in the frame-
work of Excellence Cluster “Depend-
able Adaptive Systems and Mathemat-
ical Modeling” funded by the Land 
Rhineland-Palatinate; we intend to fur-
ther strengthen our position as an in-
novative research and consulting unit of 
fi nancial mathematics.
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Our work in option pricing consists of 
the pricing of complex derivatives. The 
main objective is the development of 
pricing formulae and numerical algo-
rithms for the computation of prices 
and sensitivities. Derivatives are derived 
securities whose actual payment de-
pends on the price development of an 
underlying security. Banks increasingly 
launch innovative credit derivatives with 
complex payment structures. 

There are three main reasons for the 
continual introduction of new cred-
it derivatives. Firstly, they are used for 
hedging against credit risks. Secondly, 
investors can realize high returns with 
derivatives (even in a weak market). 
Thirdly, credit derivatives which are sold 
over the counter (OTC) can be tailored 
to the needs of a customer.

These models must be able to replicate 
the market prices of standard products 
(credit default swaps, for example) as 
well as to realistically model basic secu-
rities (bonds, for example).

The pricing of collateralized debt obliga-
tions (CDOs) was a major topic in 2005. 
A CDO consists of several underlying se-
curities. Thus, an important requirement 
is that the market model represents corre-
lated defaults as realistically as possible.

Option Pricing

Payoff of a Target Redemption Note in a two-factor Hull-White short rate tree
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Modeling of Dividends

Most classical option pricing theory 
(based on the Black-Scholes model) and 
even more general continuous-time 
models (stochastic or local volatility 
models, for example) ignore the pres-
ence of dividends altogether or account 
for them in a very simplifi ed manner. 
An example of the latter is a model 
where the continuous dividend rate is 
represented as a payment proportion-
al to the stock price or in the form of 
known future payments. 

This might be considered as a suffi -
ciently good approximation for short-
dated options. However, it is insuffi -
cient for long-dated options. This ap-
proach is unrealistic, especially from an 
economic point of view, since the val-
ue of a stock corresponds to the actual 
cash value of the future dividends and 
does not change independently from 
the dividends.
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In order to remedy this defect, Korn and 
Rogers have developed a new mod-
el for the time-dependent development 
of dividend fl ows. The basic model as-
sumes that the dividends, paid at dis-
crete times ti, are proportional to the 
value of an exponential Lévy process, 
i. e. that they are of the form Dj = λ X(tj). 
If we assume that the model already 
accounts for an appropriate pricing 
measure and that E(X(t)) = X(0)exp(μt), 
the respective stock price results from

(for t ∈((k–1)h, k h)), with h representing 
the time between two dividend pay-
ments. This yields an equation, similar 
to the classical Black-Scholes equation, 
for the price of a European call option

where Φ(.) is the standard normal cu-
mulative distribution function and is as-
sumed for t ∈((k–1)h, k h)). 

However, such an equation only holds 
for European calls and is not valid for 
American options. Further theoreti-
cal examinations can solve this prob-
lem and modify the model for the case 
where dividends have been announced 
but not yet paid. Portfolio optimization 
with this stock price model, calibration 
methods and further practical aspects 
can also be examined. The applicabil-
ity of the model was proved in a real-
world project.
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The pricing of credit risks has  strongly 
developed in the last few years. In the 
past, mainly intuitive methods were 
used in practice, whereas recent devel-
opments have lead to considerably 
more mathematical approaches. This is 
principally due to the development of 
credit derivatives, which now allow for 
an active trading of credit risks on the 
fi nancial markets, whereas the classical 
credit business was characterized by a 
buy-and-hold strategy. Particularly the 
effi cient and simple transfer of stan-
dardized products opens up numerous 
new possibilities with respect to risk 
management, portfolio optimization, 
investment, and speculation, which is 
confi rmed by extreme growth rates on 
the market for credit derivatives and the 
continuously growing number of new 
products. This growth will again be re-
inforced when the new Basle Capital 
Accord (“Basle II”) will come into effect.

Mathematical modeling is focused on 
the pricing of credit products with re-
spect to their risk of default. From the 
point of view of a credit trader, an es-
sential difference with respect to clas-
sical trading products (e. g., stock op-
tions) is the disequilibrium between a 

relatively small chance of profi t (up-
side chance) and a considerably higher 
loss and probability of loss (downside 
risk). Therefore, mathematical credit 
risk models must meet very complex re-
quirements. In contrast to market risk, 
no standard model has yet been estab-
lished on the market of credit deriva-
tives; their modeling still is the subject 
of intensive research.

In 2005, our work on credit derivatives 
was expanded by several long-term 
projects. These were mainly focused on 
the pricing of basket default swaps, for 
example collateralized debts obligations 
(CDOs).

Credit Derivatives

Contact:
Dr. Ulrich Nögel
✆ +49 (0) 6 31/3 16 00-43 07
ulrich.noegel@itwm.fraunhofer.de
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Pricing of Basket Default Swaps

Since the introduction of credit deriv-
atives in the middle of the Nineties, 
these comparably young derivatives 
have also been one of the most strong-
ly expanding markets of fi nancial prod-
ucts. This is not only refl ected by an ex-
ponentially growing trading volume 
and an increasing interest of numerous 
hedge funds, but also by an increasing 
standardization of simple derivatives 
and a simultaneously rapidly growing 
demand for exotic and structured deriv-
atives. However, the problem of trading 
with credit derivatives is that there is no 
standard model for the default proba-
bility of a credit yet, i. e. for the pricing 
of simple and structured products.

An example for a strongly standard-
ized product based on only one under-
lying fi nancial instrument subject to a 

risk of default is the so-called  credit de-
fault swap (CDS). Meanwhile, the trad-
ed CDS have formed a suffi ciently  liquid 
market, so that their market prices can 
be used for the calibration of a credit’s 
probability of default. The credit spread 
curve resulting from this calibration is 
the foundation for the pricing of further 
products. The ITWM tests and devel-
ops different methods for the determi-
nation of this spread curve (e. g., boot-
strap, parameterization, etc.) and for 
the evaluation of historic CDS spread 
data (e. g., descriptive distribution anal-
ysis, test with respect to normality, ad-
aptation of mixture distribution), as well 
as for the determination and calibration 
of appropriate stochastic models with 
respect to these historic data.

In contrast to these simple CDS, so-
called basket default swaps (BDS) are 
based on a portfolio of underlying fi -

Example

nancial instruments. Typical products 
are fi rst-to-default swaps (FtD),  second-
to-default swaps (StD), or collateral-
ized debts obligations (CDO). The dif-
fi culty in pricing such BDS is the mod-
eling and calibration of the correlated 
default probabilities of the basket port-
folio. The ITWM develops and tests 
models exceeding the usual Gauß cop-
ula methods, in order to reproduce the 
base or implicit correlation observed on 
the market and allow for a pricing of 
BDS (mainly CDOs, as well as new and 
more complex products such as CDO2) 
conforming to the market.

In 2005 for example, the ITWM has im-
plemented, tested, and further opti-
mized different new models especially 
for the pricing of CDOs.

Transaction Structure

Reference
Portfolio

Long 100
Reference

Entities
(Baa3)

Short
Reference

Entities

Super Senior
Risk

Mezzanine
Risk

Equity Risk

Tranching of
Risk

Issued
Note

Interest and
Principal
minus

losses due to
Credit Events

Interest and
Principal
minus

losses due to
Credit Events

Proceeds

Purchase Price

Investor

Management of
Portfolio

Synthetic Long/Short CDO “Silver Lake” (with kind permission of Montana Capital AG)
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Everybody who wants to invest  money 
or raise a credit knows that interest 
rates are not constant. In contrast to 
the private client’s business where in-
terest rates change relatively  slowly, 
the fl uctuation within the business be-
tween banks is much stronger. The 
reasons are economic developments. 
Compared to the fl uctuations on the 
stock market, however, the changes of 
interest rates are moderate. Neverthe-
less, the modeling of these fl uctuations 
is of basic importance for the pricing of 
each fi nancial instrument, because gov-
ernment bonds are for example often 
applied as a reference instrument. Be-
sides, there are derivatives whose pay-
off structure directly depends on the 
future interest rate development. These 
products are not only niche products – 
on the contrary, their trading volume is 
very high.

All the derivatives refer to the future 
development of the basic fi nancial in-
struments. However, the future is not 
deterministic, which is why economical-
ly based stochastic models are required 
for the modeling of interest rates. Opin-
ions among experts differ very much 
here, because there is no “standard” 
model; instead, there are spot interest 
rate models, LIBOR models, and swap 
models which are all better adapted for 
certain kinds of problems than for oth-
ers. It is therefore necessary to decide 
on one of the available models adapted 
to each new problem.

The department mainly focuses on the 
pricing of complex interest rate deriv-
atives. Examples are constant  maturity 
swaps, venture development bonds, 
 infl ation-bound bonds and  Bermuda 
swaptions, as well as the Black-Der-
man-Toy model with binomial tree, the 
Cheyette model, and LIBOR models 
with risk of default.

Interest Rate Models

Contact:
Dr. Gerald Kroisandt
✆ +49 (0) 6 31/3 16 00-42 38
gerald.kroisandt@itwm.fraunhofer.de
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Currently, the application of the reg-
ulations of the new Basle Capital Ac-
cord (Basle II) and the respective evalu-
ation by the bank supervisory author-
ities (Federal Institute for the Supervi-
sion of Financial Services BaFin, German 
Central Bank) are almost concluded for 
many banks. Typical problems requiring 
a consultation by the Department FINAN-
CIAL MATHEMATICS are the statistical 
evaluation of rating weights, the vali-
dation of default probability estimates, 
and the modeling of loss-given defaults.

The qualitative assessment estimation of 
a rating method is based on the analy-
sis of individual rating factors as well as 
on the examination of the rating scores. 
With respect to individual factors, we 
preferentially consider the discriminato-
ry power between default and non-de-

fault. For that purpose, a series of de-
scriptive analyses is carried out. Explor-
atory methods such as density estima-
tion or boxplots may give hints with 
respect to problematic features lead-
ing to a decreasing discriminatory pow-
er. Apart from the latter, the calibration 
of the estimated probabilities of default 
must also be assessed to evaluate the 
rating scores.

We use special regression models for 
the weight optimization within the rat-
ing scores and the analysis of the prob-
abilities of default, particularly the Logit 
model (logistic regression) for the case 
that defaults can really be observed. 
This year, we also dealt with the calibra-
tion of an internal rating with respect 
to external risk estimates (e. g., ratings 
of external agencies) for the fi rst time. 

Credit Risk

Histogram and Density Estimate
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Descriptive analysis of credit default data

Contact:
Priv.-Doz. Dr. Marlene Müller
✆ +49 (0) 6 31/3 16 00-43 46
marlene.mueller@itwm.fraunhofer.de

Ordered Logit models are applied here 
which use ordered categories as depen-
dent regression variables.

The implementation and application of 
statistical test methods is also new with 
respect to the testing whether the rat-
ing weights calibrated during earlier ex-
aminations are still relevant for current 
data. Supplementary fl uctuation areas 
for the criteria of discriminatory pow-
er and calibration can be computed by 
resampling methods. 
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Portfolio Optimization

Portfolio optimization is mainly focused 
on the determination of an optimal in-
vestment strategy in a fi nancial mar-
ket. More precisely: the investor must 
decide how many shares of which se-
curities to hold at what time, in order 
to maximize his / her utility of wealth at 
the end of the planning period. In con-
trast to option pricing, where time-con-
tinuous models of fi nancial mathemat-
ics have been applied in practice for 
decades, the more than 40-year-old 
single period model of Markowitz, in-
cluding several variations, is still repre-
senting the foundation of fund man-
agers’ investment decisions. In the 
meantime, the development of mod-
ern, time-continuous portfolio optimi-
zation – the main research area of the 
research group of fi nancial mathemat-
ics at the Department of Mathematics 
of the University of Kaiserslautern – has 
advanced so far that many algorithms 
now suggest themselves for practical 
application and implementation, which 
has meanwhile also been carried out 
at the ITWM. A respective project is 
the development of an online consul-
tation tool, which is the subject of the 
POKER project in the framework of the 
ITWM’s activities in Catania and will be 

initiated in 2006. The development of 
simulation tools for Asset Liability Man-
agement (ALM) has meanwhile be-
come a main subject of portfolio opti-
mization. Our currently successful proj-
ects on the Swedish market are proj-
ects with the AP2 fund and with KP (in 
cooperation with the FCC), which we 
intend to use as a basis for further de-
velopments in the fi eld of ALM, espe-
cially also with respect to the insurance 
industry in Germany. Simultaneously, 
the know-how acquired in the fi elds of 
portfolio optimization and ALM will be 
useful for the research project “Simula-
tion of Economic Processes” within the 
Excellence Cluster “Dependable Adap-
tive Systems and Mathematical Model-
ing” of the Land Rhineland-Palatinate 
for the development of a simulation 
and decision framework for complex 
economic and political problems.

Contact:
Prof. Dr. Ralf Korn
✆ +49 (0) 6 31/3 16 00-46 58
ralf.korn@itwm.fraunhofer.de
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ALMSim

Within the main subject Portfolio Opti-
mization, two projects with respect to 
asset liability management have suc-
cessfully been realized last year. Insur-
ance companies are obliged to check 
their assets and liabilities on a regular 
basis, e. g., annually, on the grounds of 
company regulations or of “Solvency II” 
in the future. This task is traditional-
ly delegated to business consultants. 
However, the products of these consul-
tants mainly concentrate on the mod-
eling or simulation of different fi nancial 
instruments in different markets. Liabil-
ities resulting from insurance contracts 
are merely represented by a restricted 
selection of standard products or even 
not at all. Consequently, the result of 
such an examination does not in the 
slightest way account for dependenc-
es between the asset development and 
the development of liabilities.

Within the project cooperation with 
AP2 (the second Swedish pension fund 
of the state pension system), we have 
developed the fl exible tool “ALMSim”, 
which does not only allow for the mod-
eling of assets, but also of liabilities. An 
important aspect was that the custom-
er should be able to adapt the models 
to his  /  her own requirements. Therefore, 
the simulation models are written in a 
text fi le which is subsequently read by 
the simulation tool, so that the respec-
tive (Monte Carlo) simulations can then 
be carried out. The results are again 
available in a text fi le which can be fur-
ther processed by Excel, SAS, S-Plus, 
Matlab, or similar systems.

This open architecture also allows for 
an adaptation to the individual liability 
situation. In the case of AP2, this meant 
the modeling of “Medel Svensson” (an 
average citizen) during his working and 
pensioner’s life; beginning at the age of 
16, the acquired pension claims are sim-
ulated until the retirement age of 65, as 

well as the subsequent payments. Dif-
ferent processess were coupled with 
the development of the assets (for ex-
ample income development with infl a-
tion), which allowed for a modeling of 
the dependences between assets and 
liabilities.

Apart from the payment fl ows, all the 
quantities necessary for the computa-
tion of the so-called “balance number” 
were also modeled. This number indi-
cates an estimation of the liquidity of 
the Swedish state pension system. As 
soon as this number drops to less than 
one, a so-called “brake effect” will on 
the one hand slow down the increase 
of pensions, and on the other hand de-
crease the payment of interests with re-
spect to the pension claims already ac-
quired by wage and salary earners.

The objective was to fi nd an optimal 
trading strategy for a horizon of 10 – 15 
years which avoids the “brake effect” 
as far as possible or at least restricts its 
effects.

Example

Analysis with ALMSim
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Dr. Gerald Kroisandt, Beatriz Clavero Rasero, Dr. habil. Jörg Wenzel, Evren Baydar, Priv.-Doz. Dr. Marlene Müller, Melanie Hollstein, 
Johan de Kock, Stefan Lorenz, Dr. Ulrich Nögel, Tin-Kwai Man, Kalina Natcheva, Sarp Kaya Acar, Prof. Dr. Ralf Korn
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Mathematical Methods in 
Dynamics and Durability

The department MATHEMATICAL METH-
ODS IN DYNAMICS AND DURABILITY deals 
with the modeling and simulation with 
respect to the durability and reliability 
of mechanical systems. The year 2005 
was characterized by further develop-
ment and growth of the department, 
especially on the basis of successful in-
dustrial cooperation projects. In the 
course of the year, the department 
grew from six to ten persons.

Modeling and computation methods 
for the simulation of mechatronic sys-
tems have remained the main subjects; 
the methods combine fi nite element 
methods, multibody simulation, and 
system simulation. Our objective is to 
guarantee as far as possible by simula-
tion that already the fi rst prototype of a 
system to be developed meets the ba-
sic requirements. No surprises ought to 
occur during this phase any more, e. g. 
of the type that desired functions are 
not available or an early breakdown oc-
curs during operation. Besides, meth-
ods of load statistics are developed and 
applied for the generation of an as-
sessment basis. Another main research 
subject is the combination of durabili-
ty simulation during operation with the 
previous simulation of manufacturing 
processes such as casting or welding.

Practical applied research and develop-
ment of methods requires a constant-
ly high level of communication with 
the world of industrial applications. We 
therefore offer seminars for engineers 
working in industry: the interdisciplin-
ary subjects on which we are working 
in research are explained attractively in 
the context of their practical applica-
tions, relevant basic knowledge is pre-
sented, and current technical limits are 
explained.

This concept is very well accepted. The 
three-day seminar “Load Data – Analy-
sis, Measurement, and Simulation”, 
which had been offered for the fi rst 

time in 2004, took place two times 
in 2005 (once as an in-house event 
at the company DaimlerChrysler) and 
was completely booked out. The same 
holds for the workshop “Statistical 
Methods in Durability”, which was of-
fered for the fi rst time. Both seminars 
will be held again in 2006.

Head of Department:
Dr. Klaus Dreßler
✆ +49 (0) 6 31/3 16 00-44 66
klaus.dressler@itwm.fraunhofer.de
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Simulation of Flexible Structures

The software package IPS, which has 
been developed at the Fraunhofer 
Chalmers Center (FCC), is applied for 
example in the automobile industry for 
automatic path planning of the move-
ment of robots during production. In 
order to compute the robots’ kinemat-
ics as effi ciently as possible for the path 
planning and to predict collisions with 
the environment, it is useful to  model 
the robots as far as possible by elements 
from rigid-body geometry.

Robots working in industrial production 
are frequently equipped with exterior 
fl exible pipes which hold, e. g., hydraulic 
or pneumatic tubes or service cables for 
tools. These cables are deformed de-
pending on the movements of the ro-
bots; they take up defi ned positions in 
space during the movement, and they 
are subject to mechanical loads of dif-
ferent strength depending on the kind 
of deformation.

Within a common research project in 
cooperation with the Quality Engineer-
ing Group at the FCC, a cable  model 
has been developed which allows for 
the computation of the cable deforma-
tion depending on the boundary con-

ditions given by the robot’s movements 
in real time; the model has been inte-
grated into the IPS software. The path 
planning for production robots thus 
can not only be carried out interactive-
ly at the PC for rigid-body geometries, 
but also for fl exible objects.

VR simulations (VR = Virtual Reality) 
mainly use so-called mass-spring mod-
els for the visualization of the move-
ment of fl exible objects. Such discrete 
models describe the object to be repre-
sented as a set of mass points connect-
ed with each other by “imaginary” spi-
ral springs. The primary advantage of 
these models is that object deforma-
tions can be computed very fast due 
to the extremely simple model struc-
ture. The model parameters (masses 
and spring constants) are set in such a 
way that the visualized object deforma-
tion appears to be as close to reality as 
possible. However, such simple models 
are not appropriate for an exact com-
putation of the deformation of an ob-
ject in space or of the occurring stress-
es (or forces and moments).

The cable model developed at our in-
stitute, on the other hand, is based on 
continuum mechanical equations. All 
the parameters of the derived discrete 
model completely result from the mate-
rial properties assumed for the continu-
um model and from the  discretization 
parameters. The model thus does not 
include any “free” parameters – in con-
trast to the mass-spring models men-
tioned above – and yields the  cable de-
formation, as well as the forces and 
moments occurring within the cable, as 
exactly as possible depending on the 
selected fi neness of the discretization. 
In particular, the model correctly repre-
sents the complex interaction between 
torsion and bending. It includes on the 
one hand the “correct mechanics”, and 
on the other hand it is also able to com-
pete with simpler VR models with re-
spect to computing time. Simple mass-

Contact:
Dr.-Ing. Joachim Linn
✆ +49 (0) 6 31/3 16 00-42 98
joachim.linn@itwm.fraunhofer.de

Simulation of a bending and twisted cable

normal vector  d1
normal vector  d2
tangent vector t

spring models are only fast, whereas 
the ITWM model is “fast and correct”!
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How long does a component live? The 
answer essentially depends on the 
problem to which loads the  component 
is subject and which are the resulting 
loads in the interior of the component. 
However, in many cases the loads to 
which a component is subject cannot 
be measured directly. The measuring 
points are either inaccessible or the ap-
plication of the respective sensors is too 
expensive, or no prototype is available 
yet at an early stage of development.

Multibody simulation can help to com-
pute the forces in the interior of the 
system by a model refl ecting the me-
chanical system with its masses, inertias, 
and stiffnesses. For example, measured 
wheel forces or a given road profi le are 
integrated into a multi-body model of 
a car; on this basis, the interior loads to 
which the axle is subject can be com-
puted. The subsequent coup ling with fi -
nite elements allows for the identifi ca-
tion of potential points subject to a risk 
of default, and for the optimization of 
the construction in such a way that the 
components are able to bear operation-
al loads. Another important main sub-
ject of the department is the parame-
ter identifi cation respectively the de-

velopment of parameter identifi cation 
methods; the parameters to be identi-
fi ed are to be used as sensible input pa-
rameters for models of not yet existing 
prototypes. Inverse methods in combi-
nation with iteration methods allow, for 
example, the computation of road pro-
fi les on the basis of measurement data 
of already existing vehicles; these pro-
fi les can then be used as input for the 
simulations of future vehicles.

In the case of a simulation of vehicles 
on a test track, the tire is at the begin-
ning of the chain of loads. The model-
ing of tires is therefore very important 
in the framework of the simulation of 
entire vehicles; particularly for the case 
of highly dynamical load situations, 
for example bad tracks, road holes, or 
events of misuse, it has not yet been 
solved satisfactorily. We are dealing 
with tire models on the basis of fi nite 
elements as well as on the basis of mul-
tibody models.

Finite Element Computations 
and Multibody Simulation

Contact:
Dr.-Ing. Gerd Bitsch
✆ +49 (0) 6 31/3 16 00-44 78
gerd.bitsch@itwm.fraunhofer.de

A tire in multibody simulation (below left) and as 
an FE model
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Example

Model of a Forage Harvester for the 
Load Determination by Multibody
Simulation

The focus with respect to the  modeling 
of agricultural machinery  essentially 
differs from the modeling of passen-
ger cars and trucks. In the case of com-
bine harvesters and forage harvesters, 
for example, the tire takes over the task 
of the entire suspension of the vehicle. 
A system of springs / dampers compara-
ble to that of a passenger car axle does 
not exist.

Besides, the usual tire models from 
the area of passenger cars and trucks 
do not provide any satisfactory results, 
rendering the situation even more diffi -
cult. The lugs, which are overlarge with 
respect to those of other tires, have an 
essential infl uence on the tire behav-
ior. The currently available solutions on 
the market of tire models do not yet ac-
count for this fact.

The simulation of entire vehicles in the 
case of agricultural machinery is ren-
dered even more complex by the fact 
that the description of the interaction 
between tire and soil must also account 
for the fl exibility of the soil due to the 
usual range of applications of agricul-
tural machinery.

The above mentioned aspects are 
among others examined within the re-
search project “Simulation of Opera-
tional Loads for the Design of Mechan-
ical Systems”, which is funded by the 
Land Rhineland-Palatinate, and respec-
tive solutions are developed.

The company John Deere – one of the 
leading producers of agricultural ma-
chinery worldwide – is carrying out ex-
tensive measurements on test tracks 
and in the fi eld. Test vehicles are so-
called forage harvesters, as they are de-
veloped and produced at the factory in 
Zweibrücken. During the test drive, ac-

celerations, paths, forces, stresses, and 
the position of the vehicle are continu-
ously measured at the test vehicle. 

The data resulting from the experiment 
with the real vehicle are subsequent-
ly used for the optimization of the tire-
soil model developed at the ITWM and 
of the model of the entire forage har-
vester. Construction modifi cations can 
now be carried out relatively easily by a 
model verifi ed in such a way, and their 
effects can be analyzed and evaluate.

Forage harvester by John Deere and its model

Photo: John Deere
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“Virtual prototyping” by computer simu-
lation often is the best method for com-
panies to plan and design their new de-
velopments according to requirements, 
simultaneously saving time and  money. 
The foundation of the new research lab
“Simulation of Mechatronic Systems” 
in autumn 2005 extends the “Mathe-
matical Research Platform for Region-
al SMEs” of the ITWM by one further 
subject which is of considerable impor-
tance for many companies residing in 
the region. 

Machines or entire plants mostly are 
complex mechanical systems contain-
ing a large number of electronic and 
mechatronic components; their opera-
tional behavior is controlled by complex 
electronic systems. A servo-hydraulic 
test rig (see fi gure on page 93) is a very 
good example. The simulation of such 
a mechatronic system methodically re-
quires a combined application of dif-
ferent CAE technologies such as multi-
body simulation, durability computa-
tions by fi nite element methods (FEM), 
and the modeling of electronic and me-
chatronic components combined with 
control algorithms by appropriate soft-
ware tools allowing for the simulation 

of the entire system. The combined ap-
plication of such methods of system 
simulation currently takes place almost 
exclusively in big industry (above all in 
automobile industry), representing the 
spear-head of the application of CAE 
technologies during the development 
process.

The basic idea of the new research lab 
is to guarantee the regional SMEs (par-
ticularly also those who do not belong 
to automobile industry) increasing ac-
cess to such “high-end” simulation 
technologies by close cooperation be-
tween the ITWM and SME employees.

Simulation of Mechatronic Systems

Contact:
Dr. Michael Speckert
✆ +49 (0) 6 31/3 16 00-45 65
michael.speckert@itwm.fraunhofer.de
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Example

Multibody Simulation of an Entire-
Vehicle Test Rig for Vans

A vehicle is typically driven over test 
tracks or tested on laboratory test rigs 
subject to operation-similar loads in or-
der to identify possible weaknesses al-
ready during the development process 
of the vehicle, or in order to prove the 
reliable design of the vehicle respective-
ly. However, the fi nal criterion for the 
clearance of a development level usu-
ally is the test track. In contrast to test 
drives, test rigs have several advantages:

■ they are weather-independent

■ experiments can be reproduced very 
well

■ semi-automatic operation is possible 
(24 hours a day)

■ fl exibility with respect to the desired 
loads, etc.

If the advantages of the test rig are to 
be combined now with the design cri-
terion of the test track, the results of 

both kinds of tests ought to coincide 
and be transferable as far as possible. 
The objective of developing a better 
understanding of the respective com-
plex processes is one of the reasons for 
the modeling of an entire-vehicle test 
rig for vans existing at the company 
DaimlerChrysler in the department of 
commercial vehicles. 

This test rig principally consists of four 
pans movable in all directions by a sys-
tem of pistons and cylinders, upon 
which the four wheels of the van to be 
tested are positioned. A drive on the 
test track is now reproduced in the lab-
oratory by a respective dislocation of 
the van’s wheels due to the movement 
of the pans. 

The model of the entire test rig system 
developed at the ITWM in this case 
comprises: 

■ test rig with all masses and joints (pis-
tons, cylinders, pans, connections)

■ hydraulic model (with servo valves, oil 
fl ow, compressibility of the oil)

■ control (modifi ed PID controller)

■ entire-vehicle model of the van in-
cluding tires

Examinations with this overall model 
 allow for, e. g.:

■ statements with respect to the vari-
ance of different test runs with slight-
ly different initial situations (e. g., due 
to the jumping and bumping of the 
tires in the pans)

■ comparison of the occurring loads in 
the vehicle to those occurring during 
test drives

■ optimization of test rig settings

■ examinations with respect to the ef-
fects of more or less extensive con-
cept variations on the test rig

■ pre-iteration of the test rig control 
signals

Entire-vehicle test rig for vans at the company 
DaimlerChrysler ... … and as a model

Photo: DaimlerChrysler

jb2005_en.indb   93jb2005_en.indb   93 25.08.2006   00:16:5825.08.2006   00:16:58



94 Mathematical Methods in Dynamics and Durability

Casting Simulation

Contact:
Dr.-Ing. Joachim Linn
✆ +49 (0) 6 31/3 16 00-42 98
joachim.linn@itwm.fraunhofer.de

Already since 1996, we are “casting vir-
tually” with MAGMASOFT at the ITWM. 
The traditional focus in this area lies on 
the consulting of foundries with respect 
to the application of the simulation soft-
ware during practical operation.

The company HegerGuss is an experi-
enced user of MAGMASOFT and has 
successfully applied the software for 
approximately ten years now. The 
ITWM has continuously accompanied 
the introduction of CAE technologies 
at HegerGuss, supporting the found-
ry with respect to the solution of com-
plex simulation problems. Past year, 
 HegerGuss was especially interested in 
the computation of residual stresses in 
the solidifying cast part, apart from in 
the use of the high-performance com-
puter hardware of the ITWM (HPC clus-
ter). The ITWM was able to offer valu-
able support here due to its interdis-
ciplinary competences in the fi elds of 
thermomechanics and fl ow dynamics.

The company Gienanth has also long-
term experience with respect to the ap-
plication of MAGMASOFT. The interest-
ing problems in the fi eld of hand-mold 
casting with respect to an optimized 
mold fi lling for the casting of large en-
gine blocks require simulation compu-
tations with a high resolution with re-
spect to time and space. It is a real ad-
vantage for Gienanth to be able to carry 
out such computations very effi cient-
ly on the PC cluster and, subsequently, 
to evaluate interactively the extremely 
large amounts of data produced by the 
simulation results with the help of the 
visualization software PV-4D magmaVR. 

Both foundries are actively participat-
ing in the publicly funded research proj-
ect MIDPAG (see page 38), which deals 
with the integration of component siz-
ing and process design for cast compo-
nents. The combination of production 
and function simulation by the integra-
tion of casting simulation results (struc-

ture, porosities, and residual stresses) 
into the subsequent durability compu-
tations for the sizing and structure op-
timization of the cast parts is also an 
essential aspect for the foundries here.

Casting simulation of a crankcase: snapshot 
of the solidifi cation process (mean solidifi ca-
tion level approximately 50 %), simulated by 
MAGMASOFT®, visualized by PV-4D magmaVR
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Dr. Albert Marquardt, Ilker Nikelay, Sascha Feth, Dr. Klaus Dreßler, Thomas Stephan, Dr.-Ing. Joachim Linn, Dr.-Ing. Gerd Bitsch, Dr. Michael Speckert, 
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Competence Center High 
Performance Computing

Division Director:
Dr. Franz-Josef Pfreundt
✆ +49 (0) 6 31/3 16 00-44 59
pfreundt@itwm.fraunhofer.de

A few years ago, parallel computing al-
most exclusively took place in public re-
search, meteorology, and at a small 
number of large enterprises. Meanwhile, 
the commercial use of parallel systems 
has also become possible today due 
to the growing importance of simula-
tion and the availability of the respec-
tive software in industry. The increasing 
performance of PCs and their connec-
tion in the form of PC clusters have es-
sentially contributed to this process.

The ITWM is one of the pioneers with 
respect to the application of PC clus-
ters in the case of industrial simula-
tion problems. First systems with ap-
plications developed at the Fraunhofer 
ITWM were already delivered to our 
customers in 1995. Today, the ITWM 
maintains a coupled system of three PC 
clusters with an overall number of 240 
processors for the development of par-
allel software and the computation of 
industrial application problems.

The strategic cooperation with Linux 
Networx (Linux Networx Research Lab 
at the Fraunhofer ITWM), a leading 
supplier of cluster solutions, joins the 
know-how of the ITWM with respect 
to application and parallel computing 
with the cluster know-how of Linux 
Networx. The result is a competent 
partner for industrial customers.

Technological problems have stopped 
the continuous performance improve-
ment on the basis of a clock rate in-
crease. Today, the keywords for a fur-
ther improvement of the performance 
are dual core, quad core, and more. 
Software parallelization has thus be-
come a key technology. The cell pro-
cessor produced in cooperation by IBM, 
Toshiba, and Sony, which will be inte-
grated into the new Playstation, is a 
prototype of this new generation of 
CPUs. In cooperation with the IBM Re-
search Laboratory in Böblingen, appli-
cations are developed at the CC HPC, 

and the cell platform is analyzed with 
respect to its adequateness as a HPC 
system.

The research work of the COMPETENCE 
CENTER HIGH PERFORMANCE COMPUTING 
is mainly focused on

■ parallel algorithms

■ development of parallelization frame-
works

■ performance analysis, benchmarking, 
code optimization

■ HPC architectures, grid computing

■ visualization of large amounts of data

■ molecular dynamics

The visualization software PV-4D, which 
is the fi rst one world-wide to realize 
the interactive handling of very large 
amounts of data without special hard-
ware, was presented very successful-
ly during several international fairs. 
Dr. Carsten Lojewski has received the 
Fraunhofer Research Award for its de-
velopment. 

The development of new, strongly par-
allel computation codes in the fi elds 
of molecular dynamics, structure me-
chanics, and fi nancial mathematics rep-
resents three subjects for the CC HPC 
which will be very important for the 
future.
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From Web to Grid Computing – 
Fraunhofer Resource Grid

Up to now, the internet has most-
ly been providing information. In the 
future, it is also supposed to provide 
computing power. In the same way as 
today a notebook is connected to the 
power supply network, we will in the 
future be connected to world-wide 
grids, being able to make use of the 
power of large computers and high-
performance software. Increasing com-
puter networks enable us to use, e. g., 
free computers in Indonesia during the 
nighttime there.

The Fraunhofer Grid Alliance (FhGA), 
consisting of the ITWM and seven oth-
er Fraunhofer institutes, is developing 
an individual Fraunhofer grid infrastruc-
ture. The Fraunhofer Resource Grid 
(FhRG) is intended for industrial users; 
therefore, user friendliness is a very im-
portant aspect. A web portal devel-
oped by the Fraunhofer IAO leads the 
grid user to the applications, and sup-
ports him / her in their execution. The 
workfl ow system, which is based on 
Petri networks and has been developed 
at the Fraunhofer FIRST, allows for the 
modeling of very complex simulation 
processes.

The contribution of the Fraunhofer 
ITWM is Calana, a distributed schedul-
er for grid environments based on auc-
tions, which is able to select the fast-
est or cheapest computer for the re-
spective application. The preferences of 
the users as well as the interests of the 
computer operators are simultaneous-
ly accounted for. A further main subject 
is the ITWM’s development of Jawari, 
a software platform for benchmarks 
in a grid environment. Phast Grid is a 
new, service-oriented, and light-weight 
middleware developed at the CC HPC 
which has already been successfully ap-
plied in practice, particularly in the case 
of high throughput requirements.

The ITWM participates in national and 
international grid projects: the EU proj-
ect EGEE is intended to provide to sci-
entists of different disciplines an infra-
structure for problems requiring extra-
ordinary amounts of computing power. 
Within the German D-Grid, the ITWM 
participates in the integration project.

The ITWM intends to provide grid tech-
nologies to enterprises in the frame-
work of a common initiative  together 
with the Fraunhofer partners at the 
institutes IAO, FIRST, and SCAI. The 
Fraunhofer-Gesellschaft will fi nancial-
ly support the strategic alliance “En-
terprise Grid” for three years in  order 
to support this initiative. Within the 
Enter prise Grid Project (EGP), the insti-
tutes will offer consulting services to 
interested enterprises. In-house solu-
tions will be implemented and comput-
ing ser vices in the framework of the 
Fraunhofer Resource Grid will be of-
fered.

Experience collected on the basis of 
these projects and the Fraunhofer Re-
source Grid is also integrated by the 
ITWM into research and standardiza-
tion, for example in the frame-work of 
the Global Grid Forum. The work con-
centrates on the fi elds of scheduling 
and operating.

Contact:
Dr. Franz-Josef Pfreundt
✆ +49 (0) 6 31/3 16 00-44 59
pfreundt@itwm.fraunhofer.de

Grid Computing
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Contact:
Dr. Dirk Merten
✆ +49 (0) 6 31/3 16 00-46 16
dirk.merten@itwm.fraunhofer.de

The combination of a large number 
of computers in the form of clusters 
and grids today results in high-perfor-
mance parallel computers which are 
able to compute more and more com-
plex problems with continuously grow-
ing storage requirements.  However, 
the increasing complexity of proces-
sors and memory hierarchies also re-
sults in an increasing complexity of the 
optimal usage of the available system 
performances. Each specifi c problem 
does not only require the distribution 
of computing jobs to the individual pro-
cessors; the communication between 
the nodes and the access to the differ-
ent memories of the system must also 
be especially considered.

The main subject “Parallelization and 
Performance Analysis” deals with the 
effi cient parallelization and code opti-
mization of the institute’s own and our 
customers’ software. Within several 
projects, existing MPI codes were made 
considerably faster, applications were 
parallelized, and also non-parallel codes 
became very much faster due to op-
timization. Among our customers are 
different weather services and several 
enterprises from the fi nancial sector.

The development and application of 
benchmarks for the performance deter-
mination of hardware and software is 
a further competence of the main sub-
ject. Only if the properties of all the 
system components and the resulting 
computing power of the entire system 
are known precisely, we are able to de-
velop software which is optimally tai-
lored to the respective computer, thus 
making full use of the available perfor-
mance. Within a project supported by 
the BMBF, the ITWM is developing an 
extensive benchmarking environment 
for parallel computers in cooperation 
with its partners.

The efforts of the ITWM concerning 
software parallelization and perfor-

mance analysis are also based on exten-
sive competence and experience due to 
the operation of the institute’s own PC 
clusters. Different computer systems, 
high-speed communication networks, 
and storage solutions can be combined 
and tested in the form of customer-
specifi c test systems. The Parallel File-
system Lab provides special equipment 
for the testing of high-performance fi le 
systems.

Parallelization and 
Performance Analysis
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Performance Analysis and 
Prediction

Due to the increasing complexity of 
modern processors and architectures, 
it is becoming more and more diffi cult 
to understand or even to predict the 
performance and run-time behavior of 
complicated applications. Models have 
proved to be valuable instruments here. 
They particularly allow for a realistic es-
timation and prediction of the effi cien-
cy and scaling behavior on inaccessible 
or not yet existing systems. This kind of 
information can for example  support 
the user of commercial software pack-
ages with respect to the decision about 
system upgrades or the purchase of 
new components. In the framework of 
the joint research project IPACS (Inte-
grated Performance Analysis of Com-
puter Systems), which is funded by the 
BMBF, we are developing such mod-
els of performance prediction. They are 
based on an abstract characterization 
of the hardware by low-level bench-
marks and of the software by an exact 
run-time analysis with respect to cache, 
memory, and network accesses. These 
models have successfully been devel-
oped and applied within different proj-
ects, as well as with respect to diverse 
commercial software packages (FLUENT, 
STAR-CD, PowerFlow).

Parallelization Framework ParMC

Together with a customer from the fi -
nancial sector, we have developed a 
parallelization framework in the form 
of a manager-worker system, which al-
lows for a parallel computation of many 
Monte-Carlo simulations for portfolio 
evaluation on a PC cluster. The applica-
tion of performance prediction meth-
ods guarantees that the performance 
of the system is utilized optimally and 
that the response times of the individ-
ual computations simultaneously re-
main short. Another important factor is 
a high availability which is able to tol-
erate faults or total failures of individ-
ual cluster nodes and, interacting with 
a redundant design of hardware com-
ponents, leads to a fault tolerance of 
the entire system which is as high as 
possible. On the basis of the system, 
which is meanwhile running very sta-
bly in operation, we are working to-
gether with our customer on the ex-
pansion of ParMC also with respect to 
the solution of other problems requir-
ing extensive computing power; we in-
tend to develop a universally applicable 
parallelization framework.

Shape Optimization with DDFEM

DDFEM is a parallel fi nite element code 
for three-dimensional linear elasticity. 
It calculates stresses and deformations 
within an elastic body subject to exter-
nal loads. The parallelization is based 
on the concept of domain decomposi-
tion: the three-dimensional body is di-
vided into subdomains which are pro-
cessed independently. The resulting 
large-size linear systems of equations 
are solved in parallel by using the PETSc 
library. DDFEM uses its own input lan-
guage for the description of the tetra-
hedral meshes and the boundary con-
ditions of the particular problem. Due 
to its object-oriented design and a very 
effective parallelization, the code has 
a very high performance. DDFEM has 
been applied at the ITWM as a stand-
alone solver for the investigation of the 
elastic properties of fi ber structures, 
as well as within a shape optimization 
loop during structure analysis in combi-
nation with other codes.

Examples
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Contact:
Dr. Carsten Lojewski
✆ +49 (0) 6 31/3 16 00-42 36
carsten.lojewski@itwm.fraunhofer.de

Many applications from the fi elds of 
simulation technology, medicine,  fl uid 
dynamics (CFD), material sciences, or 
seismology produce volume data which 
no current visualization system is able 
to render interactively due to their size. 
This restriction has occasioned the 
ITWM to develop an individual visual-
ization system. Today, PV-4D (www.pv-
4d.com) is the most powerful software 
in the fi eld of volumetric rendering of 
complex, multi-dimensional data. The 
high performance of PV-4D enables the 
user to move through four dimensions 
(x, y, z, t) in stereo. The performance of 
this pure software solution with respect 
to space and time surpasses all other 
hardware and software systems by far.

The direct volume rendering method 
computes the resulting 2d image di-
rectly on the basis of the volume data. 
In contrast to a pure surface rendering 
of the 3d data (iso-valued rendering), 
this method is able to render consider-
ably more information. Moreover, the 
lacking approximation of the iso-value 
towards a geometric primitive further 
increases the exactness of this method.

The software, which has received the 
Fraunhofer Research Award, reach-
es its performance by algorithms op-
timally adapted to the architecture of 
modern CPUs, and by a multi-stage 
parallelization. From the parallel units 
of one CPU and several CPUs on one 
board to large distributed memory sys-
tems, the whole range of performance 
possibilities of modern cluster  systems 
is exploited for visualization. Beyond 
the graphics card – meaning that PV-4D 
does not depend on the performance 
of modern graphics cards in order to 
reach its performance; instead, it is 
based on effi cient software. Graphics 
cards have been developed a priori for 
the market of computer games and are 
therefore not optimized with respect 
to the visualization of large amounts 
of data. In 2005, the ITWM was able 

to realize a PV-4D implementation on 
the new cell processor – the prototype 
of a new generation of hybrid multi-
core CPUs.

PV-4D is a complex parallel visualization 
tool supporting Ethernet, Myrinet, and 
In-fi niband as connecting networks. It 
is however presented to the user as an 
easy-to-use Windows or Linux  viewer. 
Today, PV-4D is available as a  generic 
visualization tool and in the form of 
special adaptations for MAGMASOFT 
users, for the seismic industry, and for 
the visualization of CT data in medicine.

Visualization
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Examples

PV-4D MAGMAVR

As a fi rst application, the software 
package ParPac, which has been devel-
oped at the ITWM, and the parallel ver-
sion of MAGMASOFT, the leading cast-
ing simulation package, were support-
ed by PV-4D. The large amounts of 
data resulting from parallel simulation 
can now be visualized really interactive-
ly for the fi rst time in the form of mov-
ing fi lms. The representation in the VR 
Lab of the ITWM, which is meanwhile 
available, allows for completely new in-
sights and overwhelming images. The 
generation and effect of vortices in a 
fl ow can now be experienced in three 
dimensions by high-resolution images. 
A solidifi cation process can be analyzed 
precisely in detail as a time-dependent 
process for the fi rst time.

PV-4D CTPRO

PV-4D CTPRO serves for the interac-
tive processing, analysis, and 3d vi-
sualization of CT data from medicine 
and materials sciences. The continu-
ously increasing data volumes (up to 
4000 × 4000 × 4000) cannot be han-
dled any longer by classical visualization 
methods. Only the application of par-
allel algorithms and hardware allows 
for working interactively again. PV-4D 
CTPRO provides new insights by new 
methods. The interactive high-resolu-
tion stereo visualization of a beating 
heart at a full illumination of the object 
was a special challenge here. The in-
teractive fi lters of PV-4D are mainly re-
quired with respect to the detection of 
porosities in metal materials.

PV-4D SEISMICPRO

The visualization of extensive seismic 
data still is a very complex and expen-
sive process in industry. It is defi nitely of 
considerable importance for the inter-
pretation of reservoirs and thus for the 
detection and the improved utilization 
of oil and gas resources. The special-
ly adapted version of PV-4D supports 
widely used data formats, can also vi-
sualize extremely large depth-migration 
data records and velocity fi elds, and ad-
ditionally offers interfaces for the users’ 
individual adaptations. The viewer-serv-
er structure enables the user to apply 
the tool globally in joint cooperation 
without any considerable loss of per-
formance. As a PC-based tool, PV-4D is 
leading on the market with respect to 
price and performance.

Detection of “hot spots” during solidifi cation: 
140 million cells, 100 time steps

Three-dimensional visualization of seismic 
prestack data

The human heart
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Contact:
Dr. Peter Klein
✆ +49 (0) 6 31/3 16 00-45 91
peter.klein@itwm.fraunhofer.de

The virtual experiment on the  computer 
has become an essential tool in many 
areas of industrial research and devel-
opment. Mathematical methods of sta-
bility analysis (fi nite element methods 
FEM) have nowadays become standard 
e. g., during the construction phase of 
vehicle bodywork. The situation in the 
fi eld of materials design is,  however, dif-
ferent. What does happen during coat-
ing processes? When do cracks occur? 
When not? Which oil mixtures do pro-
vide an optimal lubricating behavior? 
Physical and chemical processes at an 
atomistic scale are to be considered for 
the solution of this kind of problems; 
since these processes are, beyond the 
scope of continuum models. Molecular 
simulation models which describe the 
 material on an atomistic scale are able 
to close this gap. The Fraunhofer Mate-
rials and Components Alliance has real-
ized this potential and initiated the de-
velopment of a simulation toolbox for 
material modeling in the framework of 
the MAVO project MMM; its modules 
can be combined with each other via 
interfaces. In the last three years, the 
ITWM has developed a massively paral-
lel molecular dynamics code within this 
MAVO project.

The scheme on the next page shows 
the structure of this code. Arbitrary 
short-range and long-range loads can 
be coupled with the molecular dynam-
ics kernel via plug and play  interfaces; 
the parallelization is realized entire-
ly within the MD kernel. A fi rst release 
of the complete software package was 
deployed at the end of 2004.

In 2005, the developments of the 
ITWM on the one hand concentrated 
on the improvement of the serial and 
parallel performance of the MD ker-
nel, succeeding in an increased perfor-
mance by the factor 2. On the  other 
hand, the functionalities of the molecu-
lar dynamics code were upgraded in 
such a way that we are now able to 

simulate many technical problems very 
fast. We can do a simulation of external 
loads and stresses applied to materials, 
in order to study failure or the forma-
tion and propagation of cracks. Besides, 
we are able to determine transport co-
effi cients, such as diffusion constants, 
viscosities, and thermal conductivities 
of materials by simulation. Additional-
ly, our simulation toolbox has been ex-
panded with respect to force modules 
by a classical force module for the simu-
lation of polymers and by a tight-bind-
ing force module accounting for quan-
tum mechanical effects; the latter is re-
quired, e. g., for the simulation of semi-
conductors.

An important parameter for the mea-
surement of parallel performance is the 
so-called scale-up. It is defi ned by the 
required CPU time on one processor di-
vided by the CPU time on N processors 
times the number of processors, the 
simulation volume increasing in pro-
portion with the number of proces-
sors. The left fi gure on the next page 
shows this parameter for the molecular 
dynamics kernel on the IBM Power3 at 
the NERSC in Berkeley. A high parallel 
effi ciency of 80 – 85 per cent was mea-
sured there.

Molecular Materials Design
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Copper atoms (red), deposited on a silicon waver 
(tight-binding quantum mechanical potential)

Simulation of Copper Coatings on 
Silicon

Apart from pure software development, 
the ITWM also directly deals with prob-
lems of materials sciences by molecular 
dynamic simulations. Within a mean-
while concluded DFG (German Research 
Foundation) project which has been 
carried out in cooperation with the In-
stitute of Industrial Manufacturing and 
Management of the University of Stutt-
gart, the coating of silicon surfaces by 
copper was simulated.

The project and its sequel are focused 
on research with respect to the enor-
mously important residual stresses in 
thin layers, which are generated dynam-
ically during the coating process. It is 
known from experiments that residual 
stresses are a main reason for the fail-
ure of coatings. However, their correla-
tions with experimental process param-
eters are still unclear to a very large ex-
tent. Residual stresses and their dynam-
ics therefore represent the engineering 
target parameters which we have sim-
ulated. In correspondence with experi-
ments, we have found a tensile residual 
stress in the coating.

Simultaneously, a PhD thesis examines 
the coupling of atomistic and continu-
um description for the reduction of the 
system size. Both models are valid on 
different scales; therefore, a description 

by partial differential equations ade-
quate for the system of ordinary differ-
ential equations of molecular dynamics 
is required fi rst. Finite elements were 
selected as the appropriate method for 
the numerical discretization of the con-
tinuum mechanical differential equa-
tions, also in order to guarantee a pos-
sible coupling with standard compo-
nent simulations. In the current 2d for-
mulation, the fi nite element description 
has been derived from the atomistic 
description by accounting for the con-
dition of energy conservation, which 
especially also facilitates the controlled 
derivation of the coupling conditions 
between molecular dynamics and fi nite 
elements.

Example

Structure of the MMM molecular dynamics toolbox

Scaling behavior of the parallel MD kernel

Short range
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Contact:
Martin Vogt
✆ +49 (0) 6 31/3 16 00-43 56
martin.vogt@itwm.fraunhofer.de

I / O Performance Increase with Inex-
pensive Hardware and Parallel File 
Systems

The development of hard disk technolo-
gy does not show any considerable im-
provement of I / O performance, com-
pletely in contrast to chip  technology. 
Therefore, current hard disk systems 
cannot provide the throughput of data 
required by the connected components. 
The demand for hard disk memory is si-
multaneously doubled every 15 months; 
the clock rate of available CPUs is 
growing at the same velocity. The low 
I/O throughput of the hard disk mem-
ory is thus restricting the performance 
of the entire system, which reduces the 
productivity of cluster systems.

In the framework of the research plat-
form “Distributed Computing”, the dis-
tributed fi le system “Lustre” (from Linux 
and cluster) is evaluated with respect to 
a media archive in cooperation with the 
companies Linux Networx and tecmath 
AG. Lustre is a performant future stor-
age system; an especially important as-
pect is the available I / O bandwidth. The 
system was fi rst developed as open 
source and is now commercially handled 
by the company Cluster File Systems, Inc. 
Its development was induced by the re-
quirements of the large US research 
 laboratories with respect to high-per-
formance computing storage systems:

■ capacities of several 100 Tbyte

■ high availability

■ constant on-load throughput

■ scaling of up to several thousand 
 clients

These storage systems are necessary in 
clusters, for the storage of satellite im-
ages and CAD / CAM data records, and 
in the fi eld of high-resolution video 
data (HDTV).

The data throughput of the distribut-
ed fi le system is improved in two steps: 
fi rst, individual hard disk drives are 
connected in the form of a RAID sys-
tem. Subsequently, several of these ob-
ject storage target computers (OST) are 
combined to a joint system. The combi-
nation of several OSTs forms the Lustre 
fi le system. In such a way, Lustre reach-
es the scaling of the disk I / O bandwidth 
by simply joining further OSTs. A Gbit 
Ethernet technology is used within the 
joined system, each OST server being 
provided with two Gbit Ethernet ports.

Five Linux clients were used for a fi rst 
measurement of the throughput. Mea-
surements were carried out with a par-
allelized IOzone benchmark and the 
benchmark PRIOmark, which is devel-
oped within the IPACS project. The in-
expensive RAID servers which are ap-
plied are running at full load.

Currently, a Parallel Filesystem Lab is 
developed at the ITWM for a compar-
ison of different parallel fi le systems 
with respect to performance and reli-
ability on the latest hardware systems. 
The Lab will be available as a test sys-
tem for the porting of complex custom-
er applications and the testing of new 
fi le system technologies.

Research Lab Distributed 
Computing: Lustre

Service Offers of the Competence 
Center

■ development and porting of parallel 
applications

■ performance analysis and tuning

■ benchmarking of cluster systems and 
applications

■ consulting with respect to the intro-
duction of cluster systems and the 
entry into grid computing

■ visualization of very large amounts 
of data

■ HPC system consulting

■ software design for parallel applica-
tions

Technical Equipment of the 
Fraunhofer ITWM

■ production cluster: PC cluster with 
128 CPUs, Dual XEON, 256 Gbyte 
main memory

■ benchmarking and visualization 
 system:
32 CPUs Dual Opteron, Infi niband, 
128 Gbyte main memory

■ dedicated Fraunhofer Grid system:
32 CPUs Dual Opteron, Infi niband, 
128 Gbyte main memory

■ Parallel Filesystem Lab

■ VR laboratory

■ PC cluster for the testing of new 
technical concepts
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Fraunhofer Chalmers Research 
Centre for Industrial 
Mathematics FCC

Director of FCC: 
Dr. Uno Nävert
✆ +46 (0) 31/7 72-42 85
uno.navert@fcc.chalmers.se

Since its foundation in 2001, the FCC 
in Gothenburg, Sweden, has success-
fully concluded its start-up and its con-
solidation phase. It is closely cooperat-
ing with the Fraunhofer ITWM and the 
Chalmers University of Technology, thus 
occupying a special position among 
the Swedish and European institutes 
of applied research. The Fraunhofer-
Gesellschaft and Chalmers have decid-
ed in 2005 to continue cooperation at 
least until the year of 2010.

The income of the past year  amounted 
to 2.4 million Euros, distributed as fol-
lows: 44 per cent industrial projects, 
24 per cent public projects, and the re-
maining 33 per cent basic funding by 
Chalmers or project funding by the 
Fraunhofer-Gesellschaft. The number 
of employees has meanwhile increased 
to 24; thus, the FCC now has approxi-
mately the size of a  department of the 
ITWM.

Up to date, more than 100 projects 
in cooperation with companies of dif-
ferent size and from different branch-
es have been initiated; more than 80 of 
these projects have already been con-
cluded successfully. The number of in-
dustrial partners has meanwhile in-
creased to more than 50, which has 
not remained without effects for the 
ITWM because of the growing volume 
of common projects of FCC and ITWM.

Four main subjects dealt with at the 
FCC will be described on the following 
pages:

■ geometry and motion planning

■ material fatigue and load analysis

■ computational electromagnetics

■ systems biology
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Geometry and Motion Planning

Path Planning and Sealing of  Car 
Body Seams

This project in cooperation with the 
Volvo Car Corporation has lead to the 
development of a simulation software 
for the automatic path planning of ro-
bots with respect to sealing applica-
tions. At the sealing station, robots 
spray a sealing compound e. g., along 
the spot-welded seams. The sealing 
prevents the penetration of dirt and 
water, thus protecting from corrosion. 
Additionally, it is also sound-absorbing. 
As a fi rst step, the algorithm fi nds dif-
ferent collision-free movements for the 
application of the sealing compound 
along the individual seams. In a second 
step, a collision-free movement is gen-
erated which includes an optimal se-
quence of solutions for a seam.

Contact:
Dr. Johan Carlson 
✆ +46 (0) 31/7 72-42 89
johan.carlson@fcc.chalmers.se

The visual appearance and the function-
ality of many products, such as auto-
mobiles, dentures, or mobile phones, 
depend on their geometry, which in 
turn infl uences the functionality of the 
products. Since geometric deviations 
are unavoidable, large efforts must be 
undertaken with respect to design, veri-
fi cation, and production, in order to 
keep these deviations as small as pos-
sible and to enable an easy production 
of quality products. Production require-
ments, such as short ramp-up times 
and high throughputs, result in an in-
creasing demand for optimized path 
planning during assembly.

The FCC has developed successful meth-
ods, algorithms, and tools for the sup-
port of activities within virtual product 
realization. Projects are divided into the 
main subjects “Geometry Assurance“,

“Path Planning and Robotics”, as well as
“Surface Inspection”.

The automatic path planning software 
has been improved with respect to 
storage requirements, rendering, and 
speed performance. This allows our 
partners in the automotive industry to 
solve geometrically complex manufac-
turing problems in a few minutes in-
stead of days. A special challenge with 
respect to the path planning is the han-
dling of the geometric quality and the 
production throughput. A fi rst step 
here was to account for the geometric 
tolerance and the sequence and coordi-
nation of operations into the path plan-
ning technology.

Other geometric algorithms have also 
been developed, e. g. swept volume 
generation of motions, triangle model 
reduction, and healing. Our implemen-
tation meets the high demands of man-
ufacturing engineering with respect to 
computing times and complexity of the 
geometric models.

In the sealing station, robots spray the sticky 
sealing mass along spot welded seams. The soft-
ware of FCC fi nds in shortest time optimal colli-
sion-free motion of the robots.

© Volvo Car Corporation

© Volvo Car Corporation
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Contact:
Dr. Thomas Svensson 
✆ +46 (0) 31/7 72-42 84
thomas.svensson@fcc.chalmers.se

Material Fatigue and Load Analysis

Since its foundation fi ve years ago, the 
research group has developed new 
methods for fatigue assessment in in-
dustrial applications. These methods 
are based on two foundations: the sci-
entifi c knowledge and skills  within the 
research group in close cooperation 
with academic partners, and the knowl-
edge about current industrial applica-
tions and capabilities.

During the past year, good results have 
been achieved in many industrial proj-
ects. The research group has grown, 
which has resulted in increasing statisti-
cal applications with respect to  material 
fatigue. Besides, there are new scien-
tifi c progress and cooperation activi-
ties with respect to joint future projects 
with academy.

Scientifi c efforts in 2005 were  directed 
towards new methods of reliability in 
industry. As a result of seminars, meet-
ings, and discussions with  industrial 
partners, the new reliability concept 

“Uncertainty Weighted Safety Method” 
has been formulated. This method is al-
ready applied for the design of  safety 
components in trucks. The already ex-
isting method for spectrum fatigue-
assessment has been supplemented by 
new research results. We have now the 
possibility of combining old and new 
experimental results, leading to com-
mon strength measurements.  Several 
years of experience within measure-
ment uncertainty were collected in a 
statistical handbook for engineers. 

Examples

Four projects with respect to the reli-
ability and analysis of fatigue strength 
for two large customers have dominat-
ed the work in the year 2005. These 
projects partly resulted from earlier ef-
forts in the fi eld of reliability, seminars 
held for industry, and the discussion 
with different industrial contacts. One 

project is the result of our continuous 
work within the ESIS Committee TC20 

“Inclusions”. Other successful industri-
al projects deal with two load analyses, 
the implementation of the new reliabil-
ity concept, and statistical support for 
measurement uncertainty.

The FCC supports the process of load 
data analysis and operational strength 
in the four steps represented above.

Field measurements

Rainflow matrix

Load analysis

Spectrum testing
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Computational Electromagnetics

An electric power supply via a thin wire at the nose of the aircraft SAAB 2000 simulates a lightning 
stroke. The fi gure shows the induced surface current at the aircraft fuselage and the magnetic fi eld 
in a cutting plane with respect to the wings.

The simulation of  electromagnetic wave 
propagation and interaction is a tech-
nology of growing importance with re-
spect to applications such as wireless 
technology, antenna analysis, electro-
magnetic compatibility, microelectron-
ics, and radar signature. The participa-
tion in the Swedish research and soft-
ware development program GEMS 
(General ElectroMagnetic Solvers) has 
brought the center to the forefront 
in electromagnetic simulations. The 
FCC has concluded contracts with the 
Swedish telecommunication and air-
craft industry in order to push forward 
further developments and to maintain 
the software. Besides, the FCC will also 
be able to acquire new clients and con-
sulting projects with the GEMS soft-
ware, which is state-of-the-art with re-
spect to antenna design, electromag-
netic compatibility, radar signature, and 
microwave applications.

A key feature is the application of hy-
brid methods not only with respect to 
time, but also with respect to frequen-
cy. In the frequency domain, a bound-
ary integral solver is coupled with a 
physical optics solver. In the time do-
main, a fi nite element method is cou-

pled with a fi nite differences method. 
The basic idea of these hybrid  methods 
is to make use of the advantages of the 
individual methods without having to 
account for their disadvantages; the 
range of solvable problems can be en-
larged in such a way.

Contact: 
Dr. Fredrik Edelvik 
✆ +46 (0) 31/7 72-42 46
fredrik.edelvik@fcc.chalmers.se
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Contact:
Dr. Mats Jirstrand
✆ +46 (0) 31/7 72-42 50
mats.jirstrand@fcc.chalmers.se

The recent progress in measurement 
engineering, in combination with the 
demand for more effi cient alternatives 
with respect to traditional empirical 
methods for the development of med-
icines, has increased the experts’ inter-
est in bioinformatics and systems biol-
ogy. FCC offers an integrated method 
for the examination of biochemical and 
physiologic processes, from the analysis 
of the sequence data to the analysis of 
the dynamic phenomena at system level.

An important progress is represented 
by the development of the Systems Bi-
ology Toolbox for Matlab, which offers 
an effi cient environment for applied re-
search with respect to system identifi -
cation and computer-aided analysis of 
biochemical systems. It has partly been 
developed within the project BioSim; 
the public version has experienced a far-
ranging distribution within the BioSim 
network as well as outside of it.

The BioSim project has started in 2005 
as a “Network of Excellence”  funded 

by the EU; participants are  academic 
and industrial partners. It is therefore 
an ideal framework for the FCC, which 
is able to contribute its applied research 
experience with respect to computing 
tools and the methods of biological sys-
tems. Our participation can be divided 
into three areas:

■ system identifi cation – generation 
of mathematical models for dynamic 
systems, based on measurement data

■ model reduction – reduction of the 
size and application domain of the 
models, in order to be able to work 
with models on the basis of parame-
ters which can be estimated and vali-
dated by available measurement data

■ software tools – support of the mod-
eling process and of the computer-
aided analysis of the resulting models

Within a common project together 
with the Fraunhofer ITWM, we have 
continued our efforts to transfer meth-
ods of numerical-symbolic model re-
duction from the area of analog circuit 
design to biochemical network models. 
Besides, we have succeeded in acquir-
ing new clients for our applied research 
in the framework of industrial projects.

Bioinformatics and Systems Biology

Some screenshots of the Systems Biology Toolbox
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Talks

Acar, Sarp Kaya

Optimal Capital Structure with a Jump-
Diffusion Process
Recent Developments in Financial and Actuarial 
 Mathematics, November 2005, ETH Zürich

Andrä, Heiko; Matei, Iuliana; 
Teichmann, Emanuel

Zur Strukturoptimierung von Gussteilen unter 
Einbeziehung der Erstarrungssimulation 
Arbeitskreis Strukturoptimierung, Karlsruhe, March 
2005

Bach, Harriet; Knaf, Hagen

Data Mining-Methoden im Überblick
Workshop Data Mining im Einsatz – Methoden, 
Anwendung, Nutzen, Kaiserslautern, March 2005

Baydar, Evren

Introduction to Credit Risk: Reduced Form
Models 
Bilgi University, Istanbul, October 2005

De Kock, Johan

CDOs und NtD Baskets: Die Methode von Hull 
und White
HVB, München, August 2005

Dreßler, Klaus

MKS-Simulation eines neuartigen Prüfsystems 
für Achserprobungen 
Würzburg, June 2005

Godehardt, Michael

Verarbeitung von Volumenbildern – wichtige 
Werkzeuge

and

Trennung von Regionen oder Objekten
Workshop Computertomograpie und Analyseverfahren 
für industrielle Anwendungen, Fürth,
December 2005

Godehardt, Michael

Verarbeitung von Volumenbildern des 
Mikrostruktur von Werkstoffen
Control, Sinsheim, May 2005

Godehardt, Michael

MAVI – Konzept und Möglichkeiten
Workshop Analyse von Volumenbildern der Mikro-
struktur von Werkstoffen, Kaiserslautern, February und 
April 2005

Günther, Marco

A posteriori Analysis of Cake Shapes in Candle 
Filters
FILTECH 2005, Wiesbaden, October 2005

Halfmann, Thomas

Symbolic Methods in Industrial Analog Circuit 
Design
Summer School on Computational Methods for Micro-
electronics, Capo D‘Orlando, September 2005

Hanne, Thomas

On the Scheduling of Construction Projects 
 Using Single- and Multiobjective Evolutionary 
 Algorithms
MIC2005 – The Sixth Metaheuristics International 
 Conference, Wien, August 2005

Hanne, Thomas

Interactive Decision Support Based on 
Multiobjective Evolutionary Algorithms
International Scientifi c Annual Conference Operations 
Research 2005, Bremen, September 2005

Hietel, Dietmar

Modeling and Numerical Simulation of Fiber 
 Dynamics
GAMM-Jahrestagung, Luxemburg, March 2005

Hietel, Dietmar

Process Optimization based on Fiber Dynamics 
Simulation
Index 05, Exhibitor Presentation, April 2005

Hietel, Dietmar

Process Optimization based on Fiber Dynamics 
Simulation
CIRFS, Research Committee Meeting, Brüssel, 
October 2005

Hietel, Dietmar

FIDYST – Fiber Dynamics Simulation Tool: 
Innovation durch Simulationsunterstützung
Hofer Vliesstofftage, November 2005

Hollstein, Melanie

Portfolio-Optimierung und Commodity Derivate
ITWM-ETH Zürich-Workshop zur Finanzmathematik, 
Kaiserslautern, October 2005 

Hollstein, Melanie

Asset Liability Management: A simple Example
Padua, November 2005

Iliev, Oleg

Applications of Upscaling in Simulation of 
Filtration Processes 
Workshop on Numerical Upscaling: Theory & 
Applications, Oberwolfach, May 2005

Iliev, Oleg; Popov, Petr; Rybak, Irina

On numerical upscaling of certain multiscale 
problems 
European Multigrid and Multiscale Conference, 
Den Haag, September 2005

Iliev, Oleg

On Certain Challenges in Modelling and 
Simulation of Hydrogeological and 
Geo-Environmental Problems
Joint Conf. On Math. Modeling & Analysis and on 
Comp. Meth. in Appl. Math., Trakai, Litauen, June 2005

Iliev, Oleg; Rybak, Irina

On Upscaling of Fow in anysotropic porous 
Media 
Workshop on Numerical Upscaling: Theory & 
Applications, Oberwolfach, May 2005

Knaf, Hagen

Mustererkennung in Biosignalen
Einführungspressekonferenz SRA II – Stroke Risk 
Analyser, Frankfurt, February 2005

Korn, Ralf

Moderne Methoden der Portfolio-Optimierung: 
Verallgemeinerungen, Probleme und 
Gegenbeispiele
Universität Karlsruhe, February 2005 

Korn, Ralf

The Mathematical Tool Box for the Financial 
Engineer ( Workshop mit Elke Korn)
METU Ankara, March 2005

Korn, Ralf

Mathematische Modelle für Infl ation: Bewertung 
infl ationsgebundener Produkte und optimales
Investment
Universität Ulm, June 2005

Korn, Ralf

Grundlegende Prinzipien der Finanz- und 
Versicherungsmathematik

and
Mathematische Modelle für Infl ation: Bewertung 
infl ationsgebundener Produkte und optimales
Investment
Oberwolfach, June 2005

Korn, Ralf

Mathematische Modelle für Infl ation: Bewertung 
infl ationsgebundener Produkte und optimales
Investment
DAA-Nachwuchs-Workshop, Reisensburg, 
September 2005

Korn, Ralf

Worst-Case Portfolio-Optimierung in Finanz- 
und Versicherungsmathematik

and

Anwendung des Malliavin-Kalküls bei der
Berechnung von Optionspreissensitivitäten, 
ITWM-ETH Zürich-Workshop zur Finanz mathematik in 
Kaiserslautern, October 2005
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Korn, Ralf

Fraunhofer Finance – The Bridge between 
Academia and Industry
Fraunhofer-HVB-Finance-Workshop, Kaiserslautern 
October 2005

Korn, Ralf

Portfolio Optimization and Statistics in stochastic 
Volatility Markets 
Chalmers University, Göteborg, November 2005

Korn, Ralf

Algorithmen und Software für moderne 
Finanzmathematik
Dagstuhl, November 2005

Kroisandt, Gerald

ALM-Sim: Anwendung beim staatlichen 
 schwedischen Rentenfond
Oberwolfach, June 2005

Kroisandt, Gerald

Redesigning Ratings: Assessing the Discriminatory 
Power of Credit Scores under Censoring
3rd IASC world conference on Computational Statistics 
& Data Analysis, Limassol, Zypern, October 2005

Küfer, Karl-Heinz

Strahlentherapieplanung – Modellfall eines meh-
rkriteriellen Therapieentscheids im Krankenhaus
Jahrestagung “OR im Gesundheitswesen” der GOR, 
TU Wien, February 2005

Küfer, Karl-Heinz

Reverse Engineering using Multiple Criteria Op-
timization
FCC Göteborg und ABB Västeras, Schweden, April 2005

Küfer, Karl-Heinz

Mehrkriterielle Entscheidungsfi ndung im klinisch-
en Umfeld – Projekte und Lösungskonzepte bei 
Therapieplanung und -management
Jahrestagung “Praxis der mathematischen Optimierung” 
der GOR, Siemens, München, April 2005

Küfer, Karl-Heinz

Multcriteria Optimization in Intensiy Modulated 
Radiotherapy Planning
SIAM Optimization, Stockholm, Schweden, May 2005

Küfer, Karl-Heinz

Multikriterielle Optimierung und Reverse 
Engineering
ABB Baden, Schweiz, June 2005

Küfer, Karl-Heinz

Multikriterielle Optimierung und Reverse 
Engineering
Universität Paderborn, July 2005

Kuhnert, Jörg

FPM for Stationary Flow Problems
3rd International Conference on Meshfree Methods, 
Bonn, September 2005

Latz, Arnulf

On numerical Simulation of viscoelastic Fluids
Grenoble, Annual European Rheology Conference, 
April 2005

Lautensack, Claudia

Zufällige Laguerre-Mosaike
Seminar Stochastische Geometrie, Friedrich-Schiller-
Universität Jena, September 2005

Lautensack, Claudia

Modellierung von Sinterstrukturen
Workshop Zufällige Mosaike und ihre Anwendungen, 
Karlsruhe, December 2005

Lorenz, Stefan

Anwendung des Malliavin-Kalküls bei der
Bewertung amerikanischer Optionen
ITWM-ETH Zürich-Workshop zur Finanzmathematik, 
Kaiserslautern, October 2005

Melo, Teresa

Integrierte Modellierung von Logistikprozessen 
in Krankenhäusern
Jahrestagung “OR im Gesundheitswesen” der GOR, 
TU Wien, February 2005

Melo, Teresa

A two-stage heuristic Approach for a dynamic 
Multicommodity Facility Location Problem
X International Symposium on Locational Decisions, 
Sevilla, June 2005

Melo, Teresa

Heuristics for Dynamic Dial-a-Ride Problems for 
In-House Hospital Transportation
Universität Lissabon, September 2005 und Universität 
Catania, October 2005

Melo, Teresa

Neue Optimierungsan sätze zur strategischen 
Supply Chain-Gestaltung
Jahrestagung “Supply Chain Management” der GOR, 
Wiesbaden, October 2005

Müller, Marlene

Nichtparametrische Komponenten in Discrete-
Choice- und Generalisierten Linearen Modellen
Biometrisches Kolloquium, DKFZ Heidelberg, January 
2005

Müller, Marlene

Nonparametric Components in highdimensional 
generalized Regression Models
3rd IASC World Conference on Computational Statis-
tics & Data Analysis, Limassol, Zypern, October 2005

Naumovich, Anna; Iliev, Oleg; Gaspar, Francisco

On numerical Solution of Poroelasticity Equations
Joint Conf. On Math. Modeling & Analysis and on 
Comp. Meth. in Appl. Math., Trakai, Litauen, June 2005

Naumovich, Anna; Iliev, Oleg; Gaspar, Francisco

On a multigrid solution for three dimensional 
poroelasticity equations with discontinuous 
 coeffi cients
European Multigrid and Multiscale Conference,  
Den Haag, September 2005

Nickel, Stefan

Simulation und Optimierung zur Planung und 
Steuerung von Kommissioniersystemen
VDI Seminar, Karlsruhe, March 2005

Nickel, Stefan

Logistikmanagement: Effi zienzsteigerung durch 
moderne Planungsverfahren
Unternehmertag der Universität des Saarlandes, 
September 2005

Nickel, Stefan

New Approaches for the discrete OMP
Jahrestagung der GOR, Bremen, September 2005

Nickel, Stefan

Patient Transports in Hospitals
UPC Barcelona, November 2005

Nickel, Stefan

Ordered Median Problems
X International Symposium on Locational Decisions, 
Sevilla, June 2005

Nickel, Stefan

Simulation und Optimierung zur Planung und 
Steuerung von Kommissioniersystemen
VDI Seminar, Karlsruhe, March 2005

Nickel, Stefan

New Approaches for the discrete OMP
International Scientifi c Annual Conference Operations 
Research 2005, Bremen, September 2005

Nickel, Stefan

AnSiM – Anschluss-Sicherungsmanagement im 
ÖPNV
Workshop IT für den ÖPNV, Dortmund, September 2005

Niedziela, Dariusz

Numerical Study of Preconditioners for 
Discretized Non-Newtonian Flow Equations
Sozopol, 5th International Conference on Large Scale 
Scientifi c Computations, June 2005
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Pereverzyev, Sergiy

Regularized fi xed-point Iteration for nonlinear 
Inverse Problems
RICAM, Linz, February 2005

Pereverzyev, Sergiy; Pinnau, René; 
Siedow, Norbert

Initial Temperature Reconstruction for a 
nonlinear Heat Equation
5th International Conference on Inverse Problems in 
Engineering, Cambridge (UK), July 2005

Peters, Stefanie 

Automatische Segmentierung mittels 
evolutionärer Algorithmen
13. Arbeitstagung Quantitative Bildanalyse, Darmstadt, 
June 2005

Romero, Eric; Siedow, Norbert

Radiative Heat Transfer in fl at Glass Tempering
Glass Days 2005, Kaiserslautern, April 2005

Rösch, Ronald

Industrielle Anwendungen der 2D- und 3D-Bild-
verarbeitung für die Qualitätssicherung in der 
Fertigung
Messe Continental Teves, Frankfurt, November 2005

Sarishvili, Alex

Data Mining in der Modellierung der 
Materialeigenschaften
Workshop Data Mining im Einsatz – Methoden, 
Anwendung, Nutzen, Kaiserslautern, March 2005

Schladitz, Katja 

Analyse der Teilchenbewegung während des 
Sinterns anhand von Volumenbildern
13. Arbeitstagung Quantitative Bildanalyse, Darmstadt, 
June 2005 

Schladitz, Katja 

Geometrische Charakterisierung von Segmenten 
in Volumenbildern

and

Geometrische Charakterisierung von Objekten in 
Volumenbildern
Workshop Computertomograpie und Analyseverfahren 
für industrielle Anwendungen, Fürth, December 2005

Schladitz, Katja

Einführung in die Analyse von Volumenbildern 
Workshop Analyse von Volumenbildern der Mikros-
truktur von Werkstoffen, Kaiserslautern, February and 
April 2005

Schröder, Michael

IT-Unterstützung für Fahrplanabstimmung und 
Anschlusssicherung in Verkehrsverbünden
Traffi c Day, Darmstadt, May 2005

Schulz, Volker

Flow, Heat Conductivity, and Gas Diffusion in 
Partly Saturated Microstructures
2nd NAFEMS CFD-Seminar, Simulation of Complex 
Flows (CFD), Niedernhausen b. Wiesbaden, April 2005

Schulz, Volker

Strömung, Wärmeleitung und Gasdiffusion in 
teilgesättigten Mikrostrukturen – 
Anwendungsbeispiel: Brennstoffzelle
Institut für Wasserbau, Stuttgart, April 2005

Schulz, Volker

Diffusion Media in a Fuel Cell: Simulation of Flow, 
Heat Conductivity, and Gas Diffusion
The Electrochemical Engine Center, Penn State 
University, Pennsylvania, USA, September 2005

Schulz, Volker

Computersimulation of Non-wovens for 
Automotive Acoustic Trims
TechTextil Kongress, Frankfurt, June 2005

Siedow, Norbert

Heat Transfer in Glass
Glass Days 2005, Kaiserslautern, April 2005

Sommer, Ralf; Halfmann Thomas ; Platte, Daniel

Symbolische Schaltungsanalyse und 
automatische Verhaltensmodellgenerierung
Tutorial, Analog 2005, Hannover, March 2005

Speckert, Michael

MKS-Simulation eines neuartigen Prüfsystems 
für Achserprobungen 
Würzburg, June 2005

Steiner, Konrad

Multiskalensimulation: Vom Atom zum Bauteil
Kuratoriumssitzung Fraunhofer ITWM, February 2005

Steiner, Konrad

Virtual Non-Woven Design of Saturation 
Dependent Objective Functions
TechTextil Kongress, Frankfurt, June 2005

Steiner, Konrad

Benefi ts, Limits and Risks of the Lattice 
Boltzmann Method 
Fluid Dynamics Application in Ground Transportation, 
Lyon, October 2005

Steiner, Konrad

Material- und Prozess-Simulation textiler 
Produkte
Fraunhofer ITWM Alumni-Treffen, Kaiserslautern, 
November 2005

Steiner, Konrad

Simulation of Saturation dependent Material 
Properties
Schlumberger Research Center, Cambridge (UK), 
December 2005

Süss, Philipp

A dual algorithm to obtain highly practical 
solutions in static multileaf collimation
International Scientifi c Annual Conference Operations 
Research 2005, Bremen, September 2005

Sych, Tetyana

Analyse offenporiger Schäume
Workshop Analyse von Volumenbildern der 
Mikrostruktur von Werkstoffen, Kaiserslautern,
February und April 2005

Sych, Tetyana

3d image analysis of open foams using spatial 
tesselations
Workshop Zufällige Mosaike und ihre Anwendungen, 
Karlsruhe, December 2005

Tiwari, Sudarshan

Meshfree method for simulations of the 
interaction between fl exible structure and fl uids
3rd International Conference on Meshfree Methods, 
Bonn, September 2005

Tiwari, Sudarshani

Meshfree Method for Simulations of 
Multiphase Flows
Workshop on Multiphase Flows, Rossendorf, June 2005

Trinkaus, Hans 

knowCube – Navigation in Entscheidungsräumen 
Martin-Luther-Universität, Halle-Wittenberg, May 2005 

Trinkaus, Hans 

Interactive Analyzing, Optimizing, and 
Controlling of Multi Criteria Processes 
IFORS Triennial Conference, Honolulu, USA, July 2005 

Trinkaus, Hans 

knowCube – a Spreadsheet Method for DM in 
Multi Criteria Scenarios 
OR 2005, Bremen, September 2005 

Velásquez, Rafael

An LP-based heuristic Approach for strategic 
Supply Chain Design
und

A set packing Approach for Scheduling elective 
surgical Procedures
International Scientifi c Annual Conference Operations 
Research 2005, Bremen, September 2005
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Teaching Activities 

Wiegmann, Andreas

Fast Structural Topology Design
GAMM Seminar, MPI Leipzig, January 2005

Wiegmann, Andreas

Filter Effi ciency and Filter Life Time of Nonwovens
Workshop Fibers in Industrial Flow, Göteborg, March 
2005

Wiegmann, Andreas

Virtual Material Design and Air Filtration 
Simulation Techniques inside GeoDict and Filter-
Dict
Annual Conference der American Filtration and 
Separation Society, Atlanta, April 2005

Wiegmann, Andreas

Fast iterative Solvers for virtual Material Design
International Conference on Scientifi c Computing, 
Nanjing, June 2005

Wiegmann, Andreas

Some industrial Challenges to Level Set Methods
Workshop on Level Set Methods for direct and inverse 
Problems, Linz, September 2005

Wiegmann, Andreas

Computer Simulation of Air Filtration including 
electric Surface Charges in three-dimensional 
fi brous Microstructures
Filtech Europe 2005, Wiesbaden, October 2005

Wirjadi, Oliver

Segmentierung
Workshop Computertomograpie und Analyseverfahren 
für industrielle Anwendungen, Fürth, December 2005

Wirjadi, Oliver

Segmentierung
Workshop Analyse von Volumenbildern der 
Mikrostruktur von Werkstoffen, Kaiserslautern, 
 February and April 2005

Andrä, Heiko

Einführung in die Boundary-Element-Methode
Universität Kaiserslautern, Summer term 2005

Andrä, Heiko

Kontaktmechanik
TU Kaiserslautern, Winter term 2005/2006

Dreßler, Klaus; Speckert, Michael

Statistische Methoden in der Betriebsfestigkeit
DaimlerChrysler, Stuttgart, September 2005

Dreßler, Klaus; Speckert, Michael; Bitsch, Gerd

Lastdaten – Analyse, Bemessung und Simulation
ITWM Kaiserslautern und DaimlerChrysler, Roggen-
beuren, June 2005

Iliev, Oleg

Modern Methods for Linear and Nonlinear 
Equations
TU Kaiserslautern, Winter term 2005/2006

Knaf, Hagen

Einblicke in die Biosignalanalyse
Kaiserslautern, winter term 2005/2006

Korn, Ralf

Continuous-time portfolio optimization in 
fi nance and insurance 
Gastprofessur an der L’Université Louis Pasteur in 
 Strasbourg (France), Winter term 2004/2005

Kroisandt, Gerald

Applied Stochastic Processes
TU Kaiserslautern, Summer term 2005

Küfer, Karl-Heinz

Probability Algorithms
TU Kaiserslautern, Winter term 2004/2005

Küfer, Karl-Heinz

Scheduling Algorithms
TU Kaiserslautern, Summer term 2005

Küfer, Karl-Heinz, Lavrov, Alexander, 
Melo, Teresa, Schröder, Michael

Seminar ”Optimization for Industrial 
Applications”
TU Kaiserslautern, Winter term 2005/2006

Latz, Arnulf

Theorie granularer Medien
Johannes-Gutenberg-Universität Maynz,
Sommersemster 2005

Melo, Teresa

Optimization Methods for Logistics Systems 
Planning
TU Kaiserslautern, Winter term 2005/2006

Müller, Marlene

Multivariate Statistical Analysis I
Humboldt-Universität zu Berlin, 
Winter term 2005/2006

Müller, Marlene

Non- and Semiparametric Modelling I
Humboldt-Universität zu Berlin, 
Winter term 2004/2005

Nögel, Ulrich

Montana Capital Credit Derivatives/CDO 
Workshop
Montana Capital AG Wien, November 2005

Schulz, Volker

Technische Mechanik I und II
Hochschule Mannheim, Summer term 2005, 
Winter term 2005/2006
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Publications

Ambrust, Ove; Berlage, Thomas; Hanne,  Thomas; 
Lang, Patrick ; Münch, Jürgen; Nickel, Stefan; 
Rus, Iona; Sarishvili, Alex; Von Stockum, Sascha; 
Wirsen, Andreas

Simulation based software process modeling and 
evaluation
Handbook of software engineering & knowledge engi-
neering, Volume 3, Recent advances, World Scientifi c, 
August 2005

Amstutz, Samuel; Andrä, Heiko

A new algorithm for topology optimization using 
level-set methods
Berichte des Fraunhofer ITWM, Nr. 78, 2005

Andrä, Heiko; Girlich, Dieter; Rief, Stefan; 
 Schladitz, Katja

Open metal foams – geometry of the 
microstructure and material properties
CELLMET 2005 - Cellular Metals for Structural and 
Functional Applications. 1st International Symposium, 
May 2005

Andrä, Heiko; Linn, Joachim; Matei, Iuliana; 
Shklyar, Inga; Steiner, Konrad; 
Teichmann, Emanuel

OPTCAST - Entwicklung adäquater 
Strukturoptimierungsverfahren für Gießereien 
Technischer Bericht (KURZFASSUNG)
Berichte des Fraunhofer ITWM, Nr. 80, 2005

Andrä, Heiko; Rief, Stefan; Schladitz, Katja; 
Girlich, Dietrich

Open metal foams - Geometry of the 
microstructure and material properties
CELLMET 2005 - Cellular Metals for Structural and 
Functional Applications, Fraunhofer IRB Verlag, 2005

Andrä, Heiko; Schulz, Volker; Steiner, Konrad; 
Wiegmann, Andreas; et al.:

Innovative Simulationstechniken als Werkzeug 
einer integrierten Produktpolitik am Beispiel von 
Formpressteilen im Automobilbau
StMUGV, 2005

Bertram, Martin; Deines, Eduard; Mohring, Jan; 
Jegorovs, Jevgenij; Hagen, Hans

Phonon Tracing for Auralization and 
Visualization of Sound
Proc. IEEE Visualization, Minneapolis, S. 151-158, 2005

Ettrich, Norman

Generation of surface elevation models for 
urban drainage simulation
Berichte des Fraunhofer ITWM, Nr. 79, 2005

Ettrich, Norman; Steiner, Konrad; 
Thomas, Martin; Rothe, Rene

Surface models for coupled modeling of runoff 
and sewer fl ow in urban areas
Water Science & Technology, Vol. 52, S. 25-33, 2005

Godehardt, Michael; Schladitz, Katja; 
Sych, Tetyana

Analysis of volume images – a tool for under-
standing the microstructure of foams
Cellular Metals and Polymers: R. F. Singer, C. Körner, V. 
Altstädt, H. Münstedt (Eds.): Trans Tech 
Publications, Zürich, 2005

Goettlich, S.; Herty, M; Klar, Axel

Network models for supply chains
CMS 3(4), S. 545-559, 2005

Gugat, M.; Herty, M; Klar, Axel; 
Leugering, G.
Adjoint Calculus for traffi c fl ow networks
JOTA 126(3), 2005

Halfmann, Thomas; Lang Patrick; Mohring, Jan; 
Wirsen, Andreas

Systemsimulation zum Design nichtlinearer 
Regler für integrierte aktive Materialien
and

Systemsimulation zum Design nichtlinearer 
Regler für integrierte aktive Materialien
Proceedings Adaptronic Congress, Göttingen 2005

Hanne, Thomas

Eine Übersicht zum Scheduling von Baustellen
Berichte des Fraunhofer ITWM, Nr. 74, 2005

Hanne, Thomas

Application issues for multiobjective 
evolutionary algorithms
Branke, K. Deb, K. Miettinen, R. E. Steuer (Eds.): 
Practical Approaches to Multi-Objective Optimization, 
Dagstuhl-Seminar 04461, 2005

Hanne, Thomas, Nickel, Stefan

A multi-objective evolutionary algorithm for 
scheduling and inspection planning in software 
development projects
European Journal of Operational Research 167, 
S. 663-678, 2005

Herty M.; Klar, Axel; Pareschi, L. 

General kinetic models for vehicular traffi c fl ow 
and Monte Carlo methods
Computational methods in applied mathematics 5(2), 
S. 155-169, 2005 

Hietel, Dietmar; Junk, Michael; Kuhnert, Jörg; 
Tiwari Sudarshan

Meshless Methods for Conservation Laws
Analysis and Numerics for Conservation Laws, 
Warnecke Gerald (Ed.), Springer, S. 339-362, 2005

Hietel, Dietmar; Marheineke, Nicole

Modeling and Numerical Simulation of Fiber 
Dynamics
Proc. Appl. Math. Mech. 5, S. 667-700, 2005

Hietel, Dietmar; Wegener Raimund

Simulation of spinning and laydown processes
Technical Textiles, 3, 2005

Jancke, Roland; Böhme, Sandra; Clauß,  Christoph; 
Halfmann, Thomas; Schwarz, Peter; 
Sommer, Ralf; Trappe, Peter

Modellierungsunterstützung für Mixed-Signal-
Systeme durch symbolische Vereinfachung 
nichtlinearer Blöcke
Proceedings Analog 2005, Hannover, March 2005

Keck, Rainer; Hietel, Dietmar

A projection technique for incompressible fl ow 
in the meshless fi nite volume particle method
Advances in Computational Mathematics 23, S. 143-
169, 2005

Kehrwald, Dirk

Lattice Boltzmann Simulation of Shear-Thinning 
Fluids
J. Stat. Phys. 121, 223, 2005; DOI: 10.1007/s10955-005-
5963-z

Klar, Axel; Lang, J; Seaid, M.

Adaptive solutions of SP_N-Approximations to 
radiative heat transfer in glass
Int. J. Thermal Sciences, 44, S. 1013-1023, 2005

Klar, Axel; Seaid, M; Pinnau, R.

Numerical Solvers for Radiation and Conduction 
in High Temperature Gas Flows
J. Flow Turbulence and Combustion, 75, S. 173-190, 
2005 

Knaf, Hagen; Lang, Patrick; 
Prätzel-Wolters, Dieter

Expert Systems in Complementary Oncology
J. Beuth (editor), Complementary Oncology, Thieme, 
Stuttgart, 2005

Kohrt, Kristina

Automatische Qualitätskontrolle – 
Bildverarbeitung in der Industrie 
Keramische Zeitschrift 2-05, March/April 2005, S. 90-92

Korn, Ralf

Worst-Case Scenario Investment for Insurers 
Insurance: Mathematics and Economics 36, S. 1-11, 2005

Korn, Ralf

Optimal Portfolios with a positive lower Bound 
on fi nal Wealth 
Quantitative Finance 5(3), S. 315-321, 2005

Korn, Ralf; Menkens, Olaf 

Worst-Case Scenario Portfolio Optimization: 
A New Stochastic Control Approach
Mathematical Methods of Operations Research 62 (1), 
S. 123-140, 2005
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Korn, Ralf; Rogers, Chris

Stocks paying discrete dividends: modelling and 
option pricing
Journal of Derivatives 13 (2), S. 44-49, 2005

Lampert, Christoph; Wirjadi, Oliver

An optimal non-orthogonal separation of the 
anisotropic gaussian convolution fi lter
Berichte des Fraunhofer ITWM, Nr. 82, 2005

Lautensack, Claudia; Sych, Tetyana 

3d image analysis of foams using random 
tessellations
Proceedings of 9th European Congress on Stereol-
ogy and Image Analysis and 7th STERMAT Zakopane, 
 Volume I, S. 147-153, 2005

Marheineke, Nicole; Wegener, Raimund

Fiber Dynamics in Turbulent Flows, Part I: 
General Modeling Framework, Part II:  Specifi c 
Taylor Drag
Berichte des Fraunhofer ITWM, Nr. 81, 2005

Melo, Teresa; Saldanha da Gama, Francisco; 
Silva, Margarida

Solving a Dynamic Capacitated Phase-in/Phase-
out Location Problem by Benders Decomposition
Technical Report 9, Zentrum für Operations Research, 
Universität Lissabon, 2005

Naumovich, Anna; Iliev, Oleg; Gaspar, Francisco; 
Lisbona, Francisco; Vabishchevich, Peter

On numerical solution for poroelasticity 
equations in a multilayered doMayn
Math. Modelling and Analysis, Vol. 10, Nr. 3, 2005, S. 
287-304

Nickel, Stefan; Dominguez-Marin, Patricia; 
 Hansen, Peter; Mladenovic, Nenad

Heuristic Procedures for Solving the Discrete 
Ordered Median Problem
Annals of Operations Research 136, 2005

Nickel, Stefan; Hanne, Thomas

A Multi-Objective Evolutionary Algorithm for 
Scheduling and Inspection Planning in Software 
Development Projects
European Journal of Operational Research 167, 2005

Nickel, Stefan; Kalcsics, Jörg; Schröder, Michael

Towards a Unifi ed Territorial Design Approach – 
Applications, Algorithms and GIS Integration
Sociedad de Estadistica e Investigacion Operativa 13, 
2005

Nickel, Stefan; Kalcsics, Jörg; Schröder, Michael

Towards a Unifi ed Territorial Design Approach – 
Applications, Algorithms and GIS Integration
Sociedad de Estadistica e Investigacion Operativa TOP 
13, S. 1-74, 2005

Nickel, Stefan; Puerto, Justo; 
Rodriguez-Chia, Antonio; Weissler, A.

Multicriteria Ordered Median Problems
Journal of Optimization Theory and Applications 126, 
2005

Nickel, Stefan; Puerto, Justo.; 
Rodriguez-Chia, Antonio

MCDM Location Problems
in: J. Figueira, S. Greco and M. Ehrgott (Eds.): Multiple 
Criteria Decision Analysis – State of the Art Annotated 
Surveys, Berlin u.a., Springer 2005

Nickel, Stefan; Puerto, Justo

Location Theory: A Unifi ed Approach
Berlin u.a., Springer 2005

Nickel, Stefan; Puerto, Justo; Rodriguez-Chia, 
Antonio; Weissler, Ansgar

Multicriteria Ordered Median Problems
Journal of Optimization Theory and Applications 126 
(3), S. 657-683, 2005

Nickel, Stefan; Dominguez-Marin, Patricia,
Hansen Pierre; Mladenovic, Nenad

Heuristic Procedures for Solving the Discrete 
Ordered Median Problem
Annals of Operations Research 136 (1), S. 145-173, 2005

Ohser, Joachim; Schladitz, Katja; Koch, Karsten, 
Nöthe, Michael

Diffraction by image processing and its 
application in materials science
Zeitschrift für Metallkunde (96), Nr. 7, S. 731-737, 2005 

Orlik, Julia

Homogenization of strength, fatigue and creep 
durability of composites with near periodic 
structure 
Mathematical Models and Methods in Applied Sciences, 
Vol. 15, Nr. 9(15), S. 1329-1347, 2005 

Pereverzyev, Sergiy; Pinnau, René; 
Siedow, Norbert

Initial temperature reconstruction for a nonlinear 
heat equation: application to radiative and 
conductive heat transfer
In D. Lesnic (Ed.): Proceedings of the 5th 
International Conference on Inverse Problems in 
Engineering: Theory and Practice, P02, S. 1-8, 2005

Rauhut, Markus

Alles dicht? – Vollautomatische Oberfl ächen-
inspektion von Dichtungen
Qualität und Zuverlässigkeit, Vol. 2, S. 41-43, 2005

Repsch, Matthias; Huber, Ulrich; Rief, Stefan; 
Kehrwald, Dirk; Steiner, Konrad

Investigations on impregnation effects on a non 
crimp fi ber bed
Proceedings IMECE 2005, Orlando, 2005

Rief, Stefan; Latz, Arnulf; Wiegmann, Andreas

Computer simulation of air fi ltration including 
electric surface charges in three-dimensional 
fi brous micro structures
Filtech, Wiesbaden, 2005

Rutka, Vita; Wiegmann, Andreas

Explict Jump Immersed Interface Method for 
virtual material design of the effective elastic 
moduli of composite materials
Bericht des Fraunhofer ITWM, Nr. 73, 2005

Scherrer,Alexander; Küfer,Karl-Heinz; 
Bortfeld,Thomas; Monz,Michael; 
Alonso,Fernando

IMRT planning on adpative volume structures - 
a decisive reduction in computational complexity
Physics in Medicine and Biology, 50, S. 2033-2053, 2005

Schladitz, Katja

Qualitätskontrolle für die Vliesstoffproduktion 
mit Hilfe von 3D-Bildern
Taschenbuch Textil-Industrie, S. 297-303, Schiele & 
Schön, Berlin, 2005 

Schladitz, Katja; Peters, Stephanie; 
Reinel-Bitzer, Doris; Wiegmann, Andreas; 
Ohser, Joachim

Design of acoustic trim based on geometric 
modeling and fl ow simulation for non-woven
Berichte des Fraunhofer ITWM, Nr. 72, 2005

Schröder, Michael; Solchenbach, Isabel

Optimization of Transfer Quality in Regional 
Public Transit
Berichte des Fraunhofer ITWM, Nr. 84, 2005

Schulz, Volker; Kehrwald, Dirk; Wiegmann, 
Andreas; Steiner, Konrad

Flow, Heat Conductivita, and Gas Diffusion in 
partly saturated Microstructures
Tagungsband des NAFEMS-Seminars “Die Simulation 
komplexer Strömungsvorgänge (CFD)”,Niedernhausen 
bei Wiesbaden, April 2005 

Seaid, M.; Klar, Axel

Multigrid Solution of Three-Dimensional 
Radiative Heat Transfer in Glass Manufacturing 
Proceedings of ECMI 2004, Progress in Industrial 
Mathematics, 8, S. 283-287, 2005 

Siedow, Norbert; Lochegnies, D.; 
Grosan, Theodor; Romero, E.

Application of a New Method for Radiative Heat 
Transfer to Flat Glass Tempering
J. Am. Ceram. Soc., 88 [8], S. 2181-2187, 2005
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Speckert, Michael; Dreßler, Klaus; Mauch, Heiko; 
Lion, Alexander; Wierda, G.J.

Simulation eines neuartigen Prüfsystems für 
Achserprobungen durch MKS-Modellierung 
einschließlich Regelung
VDI-Berichte Nr. 1900, 2005

Sudarshan Tiwari; Jörg Kuhnert

A Numerical Scheme for solving incompress-
ible and low Mach number fl ows by Finite Point-
set Method
Springer Lect. Notes Comp. Sci. Eng. ,Vol 43, 
S. 191-206, 2005

Trinkaus, Hans L., Thomas Hanne

knowCube: a Visual and Interactive Support for 
Multicriteria Decision Making
Computers & Operations Research 32, S. 1289-1309, 
2005

Velásquez, Rafael; Ehrgott, Matthias; Ryan, 
David; Schöbel, Anita

A set-packing Approach to routing Trains 
through Railway Stations
Proceedings of the 40th Annual Conference of the 
Operational Research Society of New Zealand, 2005

Vogel, Hans-Jörg; Tölke, Jonas; Schulz, Volker; 
Krafczyk, Manfred; Roth, Kurt

Comparison of a Lattice-Boltzmann Model, a 
Full-Morphology Model, and a Pore 
Network Model for Determining Capillary 
Pressure Saturation Relationships
Vadose Zone Journal, Vol. 4, S. 380-388, 2005, 
doi:10.2136/vzj2004.0114

Wiegmann, Andreas; Latz, Arnulf; Rief, Stefan

Virtual Material Design and Air Filtration Simula-
tion Techniques inside GeoDict and FilterDict
American Filtration & Separation Society, Atlanta, 2005

Wirjadi, Oliver; Jablonski, Andreas; Schladitz, 
Katja; Nöthe, Michael

Volumetric Analysis of a Sinter Process in Time
Proc. 27th Annual meeting of the German Association 
for Pattern Recognition (DAGM), S. 409-416, 2005

Wirjadi, Oliver; Breuel, Thomas

Approximate separable 3D anisotropic Gauss 
fi lter
IEEE International Conference on Image 
Processing 2005, Band II, S. 149-152

Ahmed, Danish

Parameter Estimation of Nonlinear Systems using 
an Extended Kalman Filter
Master Thesis, TU Kaiserslautern, FB Mathematik

Ali, Muhammed

Effi cient Techniques for Computing Principal 
Logarithm of a Real Matrix 
Master Thesis, TU Kaiserslautern, FB Mathematik

Bedolla, Diana

Using Epipolar Geometry in Stereo Image 
Analysis
Master thesis, ICTP Trieste (Italy), FB MCR

Bornhofen, Sandra

The waveform-relaxation method for the numeri-
cal solution of differential-algebraic systems
Diploma thesis, TU Kaiserslautern, FB Mathematik

Decker, Till

Datenklassifi kation mittels Bayestechniken
Diploma thesis, TFH Berlin, FB Mathematik

Dhadwal, Renu

Fibre spinning: Model Analysis
Promotion, TU Kaiserslautern, FB Mathematik

Dreyer, Alexander

Interval Analysis of Analog Circuits with 
Component Tolerances
Promotion, TU Kaiserslautern, FB Mathematik

du Moulinet d‘Hardemare, Adrien

Statistical classifi cation and programming for 
 Microarrays
Master thesis, Humboldt-Universität zu Berlin, 
Wirtschafts wissenschaftliche Fakultät

Duve, Britta

Network Voronoi diagrams as a tool to model 
retail trade areas
Diploma thesis, TU Kaiserslautern, FB Mathematik

Frank, Martin

Partial moment models for radiative transfer
Promotion, TU Kaiserslautern, FB Mathematik

Gerkhardt, Sascha

Bewegungschätzung und Signalrekonstruktion 
in der Wavelet-Domäne
Diploma thesis, TU Kaiserslautern, FB Mathematik

Halim, Siana

Räumliche adaptive Erkennung von Störungen in 
Zeitreihen und stochastischen Prozessen auf 
Gitter Z2
Promotion, TU Kaiserslautern, FB Mathematik

Heng, Yi

Spectrum Estimation with Dynamical Networks
Master Thesis, TU Kaiserslautern, FB Mathematik

Hirschenberger, Falco

Schnelle Volumenvisualisierung großer 
dreidimensionaler Bilddaten unter Verwendung 
von OpenGL
Diploma thesis, FH Oldenburg/Ostfriesland/
Wilhelmshaven, FB Informatik

Maag, Volker:

Parametric Shape Optimization – Convexifi cation 
Schemes for global Optimization Problems
Diploma thesis, TU Kaiserslautern, FB Mathematik

Marheineke, Nicole

Turbulent Fibers
Promotion, TU Kaiserslautern, FB Mathematik

Ortrovska, Arina

Space-Time Finite Element Approximation and 
Numerical Solution of Hereditary Linear 
Viscoelasticity Problems
Diploma thesis, TU Kaiserslautern, FB Mathematik

Panda, Satyananda

The Dynamics of viscous Fibres
Promotion, TU Kaiserslautern, FB Mathematik

Pop, Raresh

Modeling and Simulation of the Float Glass 
Process
Promotion, Universität Kaiserslautern, FB Mathematik

Ratish Koppireddy, Venkata

Robust H∞-Control of a Piezoceramic Actuator
Master thesis, Universität Siegen

Rief, Stefan

Nonlinear Flow in Porous Media Numerical 
Solution of the Navier-Stokes System with two 
Pressures and Application to Paper Making
Promotion, TU Kaiserslautern, FB Mathematik

Rutka, Vita

Immersed Interface Methods for Elliptic 
 Boundary Value Problems
Promotion, TU Kaiserslautern, FB Mathematik

Salzig, Christian

Controller Design for a nonlinear Plant by 
NLq-Theory
Diploma thesis, TU Kaiserslautern, FB Mathematik 

Scheerer, Christian

H∞-Control for Sound Power Reduction of 
Vibrating Plates
Diploma thesis, TU Kaiserslautern, FB Mathematik

Scientifi c Graduation
Theses
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Schuster, Eva

A Method to reduce stable discrete and continu-
ous linear Systems preserving their Stability
Diploma thesis, TU Kaiserslautern, FB Mathematik

Spies, Hendrik

Kostenfunktionen und Scheduling von 
(2D-)Bildverarbeitungsalgorithmen
Diploma thesis, TU Kaiserslautern, FB Informatik

Steeg, Jörg

Hybrid Heuristics for Earliness / Tardiness 
Scheduling Problems
Diploma thesis, TU Kaiserslautern, FB Mathematik

Süss, Philipp

A dual network simplex algorithm for an 
extended transshipment problem – fl exible algo-
rithms for IMRT delivery
Diploma thesis, TU Kaiserslautern, FB Mathematik

Unverzagt, Katharina

Spectral Analysis of Random Closed Sets - 
The surface measure associated with a Random 
closed Set
Diploma thesis, Uni Siegen, FB Mathematik

von Nida, Markus

Meshfree Methods for the Dynamics of Solids
Promotion, Universität Kaiserslautern, FB Mathematik

Wagner, Björn

Entwicklung eines Ansatzes zum 
hochperformanten Zugriff auf große, verteilte 
n-dimensionale Bilddaten am Beispiel zweier 
Kernalgorithmen aus der 3D-Bildanalyse
Diploma thesis, TU Kaiserslautern, FB Informatik

Wolf, Claudia

Erstellung eines webbasierten Leitstandes für die 
industrielle Oberfl ächeninspektion
Diploma thesis, FH Zweibrücken, FB Informatik

Adaptronic Congress 2005
Göttingen, May/June 2005

Analog 2005
Hannover, March 2005, Software presentation Analog 
Insydes

Annual European Rheology Conference
Grenoble (France), April 2005, Lecture

13. Arbeitstagung “Quantitative Bildanalyse”
Darmstadt, June 2005, Vorträge

Ausstellung “Mathematik begreifen”
Kaiserslautern, September – October 2005, 
Exhibitor and Lectures

automotive testing expo
Stuttgart, May/June 2005, Participant

Cellmet
Dresden, May 2005, Lecture and Poster

Control 2005
Sinsheim, April 2005, Exhibitor

27. DAGM
Wien (Austria), September 2005, Poster

DVM AK BF “Fügen+BF”
Darmstadt, October 2005, Participant

67th EAGE Conference & Exhibition
Madrid (Spain), June 2005, Participant

9th European Congress on Stereology and 
Image Analysis
Zakopane (Poland), May 2005, Poster

14. Fachtagung “Kommunikation in verteilten 
Systemen”
Kaiserslautern, March 2005, Participant

FilTech Europe 2005
Wiesbaden, October 2005, Exhibitor

Finance Day
Universität Maynz, January 2005, Participant

Foundation of Computational Mathematics
Santander (Spain), July 2005, Poster

Glass Days 2005
Kaiserslautern, April 2005, Organizer and Lectures

27. Heidelberger Bildverarbeitungsforum
 “Thermographische Bildaufnahme und 
Bildanalyse”
Oberkochen, March 2005, Participant

28. Heidelberger Bildverarbeitungsforum 
“Automatische visuelle Inspektion komplizierter 
Oberfl ächen”
Weinheim, July 2005, Participant

29. Heidelberger Bildverarbeitungsforum 
“3D-Bildanalyse”
Darmstadt, November 2005, Participant

20. Hofer Vliesstofftage
Hof, November 2005, Exhibitor und Lecture

3rd IASC world conference on Computational 
Statistics & Data Analysis
Limassol (Zypern), October 2005, Vorträge

IEEE International Conference on Image 
Processing
Genua (Italy), September 2005, Lecture

IFAT: Internationale Fachmesse für 
Wasser-Abwasser-Abfall-Recycling
München, April 2005, Participant

Index 05
Genf (Switzerland), April 2005, Exhibitor und Lecture

Internatiol Symposium on Locational Decisions 
(ISOLDE)
Sevilla (Spain), Lecture

International Symposium on Mathematical
Morphology
Paris (France), April 2005, Participant

44. Internationale Chemiefasertagung
Dornbirn (Österreich), September 2005, Exhibitor

Jahrestagung der Deutschen Gesellschaft für 
Finanzwirtschaft
Augsburg, October 2005, Participant

Jahrestagung der GOR
Bremen, September 2005, Lecture

2. Landshuter Leichtbau-Colloquium
Landshut, February 2005, Exhibitor

MAGMASOFT-User-Meeting
Aachen, October 2005, Poster

Material Innovativ
Nürnberg, March 2005, Exhibitor

Netzwerke Grundlagenforschung erneuerbare 
Energien und rationelle Energieanwendung
Stuttgart, December 2005, Presentation NetMod

Participation on Fairs and
Conferences
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Powder and Grains 2005
Stuttgart, July 2005, Participant

Reifen-Fahrbahn-Fahrwerk
Hannover, October 2005, Participant

Schüler-Technik-Tag der TU Kaiserslautern
Kaiserslautern, May 2005, Exhibitor

Seminar “Lastdaten – Analyse, Bemessung und 
Simulation”
Kaiserslautern and Roggenbeuren, June 2005, 
Organizer and Lectures

Summer school “Open Software for Algebraic 
and Geometric Computation”
Sophia Antipolis (France), September 2005, Participant

Symposium on structural durability
Darmstadt, June 2005, Participant

TechTextil 2005
Frankfurt/Main, June 2005, Exhibitor und Vorträge

4. Thüringer Geometrietag
Jena, September 2005, Participant

VDI “Erprobung und Simulation”
Würzburg, June 2005, Lecture und Exhibitor

Workshop “Analyse von Volumenbildern der 
Mikrostruktur von Werkstoffen”
Kaiserslautern, February und April 2005, Organizer and 
Lectures

Workshop “Computertomographie und Analy-
severfahren für industrielle Anwendungen”
Fürth, December 2005, Co-Organizer and Lectures

Workshop “Data Mining im Einsatz – Methoden, 
Anwendung, Nutzen”
Kaiserslautern, March 2005, Organizer and Lectures

4. Workshop “Entwurfsplattformen komplexer 
angewandter Systeme und Schaltungen 
(EkompaSS)”
Hannover, April 2005, Software presentation Analog 
Insydes

Workshop “Fibers in Industrial Flow”
Göteborg, March 2005, Organizer, together with FCC

Workshop “Optimierung der IMRT”
Kaiserslautern, January 2005, Organizer

Workshop “Stochastik Geometry and Spatial 
Statistics”
Freudenstadt, February/March 2005, Organizer and 
Lectures

Workshop “Zufällige Mosaike und ihre 
Anwendungen”
Karlsruhe, December 2005, Organizer and Lectures

Zulieferer-Innovativ
Ingolstadt, July 2005, Exhibitor
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Guests

Ahmad, K. (Aligarh, Indien)

Anwendung von Wavelets in der Elektrokardio-
grammanalyse
May-July 2005

Bortfeld, Thomas (Massachusetts General 
 Hospital, Boston, USA)

4D-Optimierung der Strahlentherapie-Planung
January 2005

Brandt, Achi (Weizmann-Institut, Israel, and 
UCLA, USA)

Mehrgitter- und Multiskalenmethoden
July 2005 

Chen Jin (China)

Nichtharmonische Fourieranalyse von Elektro-
enzephalogrammen
January – December 2005

Ciegis, Raimondas (TU Wilna, Lithuania)

Strömung in porösen Medien und Parallelisierung
March 2005

Cleary, Paul (CSIRO, Australia)

Partikelmethoden
May 2002

Craft, David (Massachusetts General Hospital, 
Boston, USA)

Optimization in IMRT: new ideas
January 2005

Ewing, Richard (Texas A&M University, College 
Station, Texas, USA)

Multiskalen- und Multiphysikprobleme im Zu-
sammenhang mit porösen Medien
May 2005

Gasser, Ingenuin (Hamburg)

Mathematische Modelle zur Beschreibung von 
Tunnelbränden
June 2005

Hinze, Michael (Technische Universität Dresden)

Simulationsmethoden in der Optimierung mit 
partiellen Differentialgleichungen
February 2005

Jenkins, David (CSIRO - Commonwealth Scientifi c 
and Industrial Research Organisation, Mathemat-
ical and Information Sciences, Australia)

Optimal spacing and penetration of regular crack 
arrays in shrinking solids
June 2005

Klöppel, Susanne (ETH Zürich, Schwitzerland)

Duale Methoden in der Portfolio-Optimierung
October 2005

Kopfer, Herbert (Universität Bremen, Lehrstuhl 
für Logistik)

Transportation Optimization by Freight Consoli-
dation and Vehicle Routing
September 2005

Krause, Rolf (Institut für numerische Simulation, 
Universität Bonn und DFG Forschungszentrum 

”Matheon“, Berlin) 

Effi zienz durch Lokalisierung – Diskretisierungs- 
und Lösungsmethoden für Variationsungleichun-
gen
February 2005

Krumke, Sven (Technische Universität Kaisers-
lautern, Arbeitsgruppe Optimierung)

Optimierung für die Gelben Engel
January 2005

Kudryavtsev, Alexey N. (Russische Akademie der 
Wissenschaften, Novosibirsk, Russia)

Numerische Simulation kompressibler Strö-
mungen
December 2005

Lazarov, Raytcho (Texas A&M University, College 
Station, Texas, USA)

Numerische Methoden für partielle Differential-
gleichungen
December-July 2006

Margenov, Svetozar (Institut für Parallele Daten-
verarbeitung, Sofi a, Bulgaria)

Mehrskalenmodellierung menschlicher Knochen
December 2005

Osterrieder, Jörg (ETH Zürich, Switzerland)

Diverse Portfolios
October 2005

Popov, Petr (Teaxs A&M University, College 
 Station, Texas, USA)

Modellierung und Simulation von Strömungen in 
deformierbaren porösen Medien
April-June 2005

Rascle, Michel (University Nice Sophia- Antipolis, 
France)

Coupling of Systems of Hyperbolic Equations
June 2005

Rybak, Irina (Institut für Mathematik, Minsk, 
Belarus)

Numerisches Upscaling
February 2005, May 2005, November- December 2005 

Särkkä, Aila (Chalmers University of Technology, 
Göteborg, Sweden)

Lecture: Analyzing spatial mapped point patterns
October 2005

Schweizer, Martin (ETH Zürich, Schwitzerland)

Zusammenhang zwischen Assets und Zinsen 
October 2005

Starikovicius, Vadimas (TU Wilna, Lithuania)

Simulation granularer Strömungen
April-June 2005

Stein, Oliver (Rheinisch-Westfälische Techni-
sche Hochschule, Lehrstuhl C für Mathematik, 
 Aachen)

Design centering from a semi-infi nite perspective
November 2005

Strömberg, Ann-Brith, Hooks, Erik ( Fraunhofer- 
Chalmers Centre for Industrial Mathematics, 
 Göteborg, Sweden)

Übersicht über FCC-Projekte 
January 2005

Tammer, Christiane (Martin-Luther-Universität 
Halle-Wittenberg, Institut für Optimierung und 
Stochastik)

Ein Proximal-Point-Algorithmus zur Lösung von 
Approximationsproblemen
October 2005

Wagner, Peter (Institut für Verkehrsforschung, 
DLR, Berlin)

Microscopic traffi c fl ow models for large  traffi c 
networks
June 2005

Wilmott, Paul (London, Great Britain)

Volatility Arbitrage
October 2005

Wissel, Jörg (ETH Zürich, Switzerland)

Implied term structure models for volatilty
October 2005
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Ettrich, Norman

Geophysics (Appraiser)

Geophysical Prospecting (Appraiser)

Hanne, Thomas

Member of Programme committee of:

EMO 2005, Third International Conference 
on Evolutionary Multi-Criteria Optimization, 
March 9-11, 2005, Guanajuato, Mexico

ISC’2005, Industrial Simulation Conference 
2005, June 9-11, 2005, Berlin, Germany

GECCO 2005, Genetic and Evolutionary Com-
putation Conference, June 25-29, 2005, Wash-
ington, D.C., USA

Kehrwald, Dirk

Journal of Statistical Physics (Appraiser)

Wissenschaftlich-Technischer Rat der 
Fraunhofer-Gesellschaft (Assistant Member)

Klar, Axel

SIAM J. Numerical Analysis (Editor)

Journal of Applied Numerical Analysis and 
Computational Mathematics (Editor)

Annales de la Faculte des Sciences de 
Toulouse (Editor)

Korn, Ralf

Board member DGVFM

Mathematical Methods of Operations 
Research (Associate Editor)

Mathematical Finance (Associate Editor)

Excellenz cluster “Dependable Adaptive Sys-
tems and Mathematical Modeling” of the Land 
Rhineland-Palatinate
(Speaker)

Head of Department of Mathematics of 
TU Kaiserslautern

Küfer, Karl-Heinz

Working Group “OR im Gesundheitswesen”
of GOR (Chairman)

Mathematics of Operations Research 
(Appraiser)

Medical Physics (Appraiser)

OR Spectrum (Guest Editor)

Zentralblatt für Mathematik (Reviewer)

Mathematical Programming (Appraiser)

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

Latz, Arnulf

Journal of Physics (Appraiser)

Journal of Chemical Physics (Appraiser)

Lavrov, Alexander

Working Group “Praxis der mathematischen 
Optimierung” of the GOR (Assistant Chairman)

Technical Committee “Modellbildung” of the 
VDI (Member)

Müller, Marlene

Computational Statistics (Associate Editor)

Member des BoD der European Regional 
Section der International Association for
Statistical Computing (IASC)

Neunzert, Helmut

European Journal of Applied Mathematics 
(Editorial Board)

Monte Carlo Methods and Application
(Editorial Board)

Springer Series on Industrial Mathematics 
(Editorial Board)

International Jury for Wittgenstein and 
Start Prizes, Wien, Austria (Member)

International Jury of the program 
“Mathematik und ...” des Wiener 
Wissenschafts-, Forschungs- und 
Technologiefonds WWTF (Chairman)

Evaluation commission for mathematics in the 
procekt “Evaluierung der Lehre” of the TU 
Kaiserslautern and of the ETH Zürich, Switzer-
land

Fellow of the Royal Society of Edingburgh,
since June 2003

Nickel, Stefan

European Journal of Operational Research 
(Appraiser)

OR Spectrum (Appraiser)

Mathematical Programming (Appraiser)

Zentralblatt für Mathematik (Reviewer)

Mathematical Reviews (Reviewer)

IEEE Transactions (Appraiser)

Annals of OR (Appraiser)

Omega (Appraiser)

Networks (Appraiser)

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

Operations Research Letters (Associate Editor)

Computers & Operations Research 
(Editorial Board)

Oleg, Iliev

J. Comp. Meth. Appl. Math. (Editor)

Math. Modelling and Analysis (Editor)

LNCS, Springer (Appraiser)

Prätzel-Wolters, Dieter

ECMI – Council

GAMM technical committee “Dynamik und 
Regelungstheorie”

MACSI-net – Executive Committee

Member: of Graduiertenkolleg 
“Mathematik und Praxis” of the 
University Kaiserslautern

Member of: Landesschwerpunkt 
“Mathematik und Praxis”

Member of: Hauptkommission der
Fraunhofer-Gesellschaft

Rösch, Ronald 

Fraunhofer Network “Vision” (Member)

Working group “Bildanalyse und Mustererken-
nung” Kaiserslautern (Member)

FIT Leichtbau (Member)

Master study course “Computer Vision and 
Computational Intelligence”, FH Südwestfalen 
(Appraiser)

Schladitz, Katja

Leichtbau-Cluster (Member)

Journal of Microscopy (Appraiser)

Image Analysis & Stereology (Appraiser)

Advances of Applied Probability (Appraiser)

Steiner, Konrad

European Journal for Applied Mathematics, 
“Surveys on Mathematics for Industry” 
(Appraiser)

Wenzel, Jörg

Zentralblatt für Mathematik (Reviewer)

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

Collaboration in Boards,
Editorships
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Wiegmann, Andreas

Numerical Algorithms (Appraiser)

Numerical Methods for Partial Differential 
Equations (Appraiser)

SIAM Journal on Numerical Analysis 
(Appraiser)

Wiener Wissenschaftstransfer (Appraiser)

•

•

•

•
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