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The development of the Fraunhofer
Institute for Computer Graphics IGD was
characterized by an ongoing positive
trend in 2000. This year, this develop-
ment was once again based on coop-
eration with the various institutions of
INI-GraphicsNet – a cooperation which
enabled the Fraunhofer IGD to react
extremely quickly and flexibly to market
requirements, namely by conducting
an increasing number of projects by
means of both national and interna-
tional cooperation. This enables project
teams to be made up in such a manner
that customers have optimal benefit.

It is not only the successfully-conducted
joint research activities of the branches
of the Fraunhofer IGD which reflect this
cooperation. Last year these branches
further extended their significance in
the INI-GraphicsNet, and they are
increasingly contributing towards the
budget as a whole.

These positive contributions meant that
the INI-GraphicsNet – with locations in
Darmstadt and Rostock (Germany),
Providence (USA), Coimbra (Portugal)
and Singapore – was able to further
extend its international lead in the
field of applied research on subjects
concerning Computer Graphics. In
2000, more than 300 members of
staff were employed by the network.
Together with more than 450 research
assistants, a budget amounting to more
than Euro 36 million was generated.

Another factor contributing towards this
success is the INI-SC (International Net-
work of Institutions – Service Center),
which supports the infrastructure of the
individual INI-GraphicsNet locations
and promotes communications
between the various locations. The sig-
nificance of the tasks performed by
this department continued to grow
last year. The functionality of the net-
works (the »central nervous system«
of an institute which operates globally),

continues to gain in significance in
view of the ever-increasing networked
implementation of projects.

The close cooperation between the
Fraunhofer IGD and local universities,
the Technische Universität Darmstadt,
the University of Rostock, the Johann
Wolfgang Goethe University in Frank-
furt, the Nanyang Technological Uni-
versity in Singapore, Brown University
and the Rhode Island School of Design
in Providence, is another factor which
contributed towards the success
achieved during the past year.

The link between the Fraunhofer IGD and
the universities ensures a permanently
high degree of potential for basic
research, the required technological
up-front tasks and an effective transfer
of technology in the world of eco-
nomics by means of applied R&D.

In 2000, nine PhDs were obtained and
more than 40 theses were supported
at the Fraunhofer IGD alone.

Close cooperation with universities in
the USA is also reflected in the qualifi-
cation of graduates in the fields of
information science and design. The
ICPNM Program, within the framework
of which the fields of information tech-
nology, the media, design, marketing
and management are addressed,
recorded an unchanged high demand
in 2000.

The ongoing development of the
Fraunhofer IGD is also reflected in new
appointments to leading positions. Dr.
Volker Luckas took over the position of
Department Head of the »Animation
and Image Communication« depart-
ment from Prof. Reinhard Klein, who
was offered a chair at the University of
Bonn. In the Rostock branch of the
Institute, Jörg Voskamp was appointed
new Head of the »Visualization and
Interaction Techniques« department.
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He replaces Dr. Erhard Berndt, who,
due to the growth of the location, has
become more involved in the adminis-
trative side and has assumed a coordi-
nating function there. Furthermore, a
fourth department was established in
Rostock. Holger Diener assumed the
post of Head of the new »Entertain-
ment Technologies« department,
which focuses on the development of
innovative technologies for edutainment
and entertainment systems, as well as
their application in production and
education. In Singapore, too, there
was a change in staff in 2000. Dr.
Wolfgang Müller-Wittig was appointed
new Director of CAMTech, replacing
Dr. Wolfgang Felger, who had most
successfully headed this branch in the
previous three years.

This smooth transition in management
structure is also due to further education
measures for the staff. These further
education measures are constantly being
reinforced and employees are, among
other things, given a basic knowledge
of economics and marketing, so that,
besides their special qualifications, they
are also skilled in these increasingly
vital fields. The success of this strategy
is, however, not only reflected among
management, but also in the Fraun-
hofer IGD spin-off activities. By means
of employee promotion, additional
spin-offs could be envisaged or actually
implemented. In this respect MediTEQ,
among others, deserves mention. The
company was hived off from the
Fraunhofer CRCG. Among ideas for a
spin-off currently in the planning stage
are Xyberscout, Reverse Prototyping,
Depot and GIStec.

The Fraunhofer IGD is also playing a
major role in the projects promoted by
the German Ministry of Education and
Research (BMBF). In the VR/AR concept
competition run last year, the Fraun-
hofer IGD was able to give proof of its
leading position in the field of research
by means of several successful illustra-
tions of ideas. A new type of informa-
tion system is being developed in the
GEIST project, with elements of Digital
Storytelling being linked to GIS and
Augmented Reality (AR), in order to
enable tourists to directly experience
history. In MEDARPA, an intuitive med-
ical AR tool is being developed to sup-
port doctors while they are providing
treatment. They are able to have the
necessary patient data (for example,
CT or MR data) within view, so that
they are directly transposed onto the
patient. Among other areas, the fields
of biopsies and brachytherapy are
being examined as possible areas of
application for this particular type of
technology. In Virtual-Try-On a com-
plete 3D simulation and visualization
of diverse articles of clothing are trans-
posed onto a virtual figure. The special
feature here is the fact that this figure
is a »virtual twin« of the user, drawn
up by means of a 3D scan. Under the
OpenSG Plus project, several of the
most significant Computer Graphics
groups in Germany will integrate their
latest developments into the OpenSG
System. This means that, by means of
the OpenSG Forum supported Open-
Source Initiative of the Fraunhofer
IGD, they receive widespread support
in the field of research in Germany.

By means of these research projects,
and others as well, the Fraunhofer IGD
creates a Foundation for itself, in order
to be in a position to develop innovative
ideas in the future too – ideas which
are the basis of being able to react
quickly and flexibly to changing
requirements in the economy. This
approach, as well as strategic coopera-
tion with universities, is another measure
undertaken by the Fraunhofer IGD in
order to continue its targeted develop-
ment. This means that in the future
too, it will continue to be a strong
partner in the field of applied research,
and will be able to provide its customers
with optimal support in the face of
upcoming challenges.

Prof. Dr.-Ing. Dr. h.c. Dr. E.h.

José L. Encarnação
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Computer Graphics 

is the technology with which pictures
– in the general sense (synthetic
graphics as well as greyscale and color
images) – are generated or acquired,
managed, displayed, and processed in
an application-oriented manner by
means of computers, and with which
pictures are also correlated with non-
graphical application data. The term
»Computer Graphics« also implies the
computer-aided integration and handling
of these pictures synchronized with
other data types; e.g., audio, text, and
video (multimedia systems), and the
advanced dialogue techniques associated
with these data types.

Our Aims

These days it is impossible to imagine
industry, trade, and the traffic and
service sectors without computers. The
PC’s triumphal procession has not
stopped at the private sector either.
Today, everyone can access the World
Wide Web – modern information soci-
ety’s global data pool – with just a
computer and a tele-communications
connection. But these new opportunities
are also accompanied by massive usage
problems caused by the continually
growing capacity of computers and
the explosion in the size of available
data: How do I use complex software
packages? How can I use computers
and networks for tele-cooperation and
further education? How do I find a
specific item of information in this
ocean of data? The Fraunhofer Insti-
tute for Computer Graphics IGD aims
to help its customers in industry and
business to find a solution to these
everyday questions. In addition, we
have now been involved in »traditional«
areas, such as document imaging, CAx,
animation, visualization, information
systems, image processing and new
technologies, such as virtual reality,
augmented reality, mobile computing
and digital security technologies for
several years.

The rapid development of technology
brings about changes in the areas of
information and communication. Hard-
ware components are getting smaller,
cheaper and more efficient. New tech-
nologies and innovative applications
for taking advantage of these oppor-
tunities need to be developed. The
Fraunhofer Institute for Computer
Graphics does exactly this within the
context of industrial and contract
research. Prototypes and innovative
applications currently being developed
in new areas include:

– Human Media Technology
– Augmented Reality
– Digital Storytelling
– Integrated, Interactive (Inter) Net

Broadcasting
– Multimedia Workplaces
– Interactive Information Appliances

The Fraunhofer IGD strives to place the
individual as user at the focal-point of
all these areas and help simplify the
task of working with computers and
other individuals using computers. The
simple and intuitive use of new tech-
nologies represents a key task at the
Fraunhofer IGD, with individual
departments approaching this task
through various research and develop-
ment projects.



Core Competencies and Application
Areas

Core Competencies
– Agent Technology
– Animation
– Augmented Reality
– Avatars
– Computer Supported Cooperative

Work (CSCW)
– Computer Vision
– Data Exchange
– Graphical Information System (GIS)
– Graphical User Interface
– Human Computer Interaction (HCI)
– Imaging
– Image Processing
– Internet, Intranet
– IT based Learning and Training
– Knowledge Management
– Mobile Computing
– Modeling
– Multi/Hyper Media
– Multimedia Databases
– Networking, Tele-communication
– Neuronal Nets and Evolutionary

Algorithms
– OO-Framework and Compound

Document Architecture
– Perceptual Computing
– Printing & Publishing
– Product Data Technology (PDT)
– Radiosity & Raytracing
– Secure Image Communication
– Security Technology
– Simulation
– Tele-work, Tele-cooperation, 

Tele-learning
– Video Computing
– Visual Computing
– Virtual Engineering
– Virtual Reality
– Visualization

Application Areas
– Automotive industry
– Architecture, interior decoration,

design
– Banking and insurance business
– Biotechnology
– Air and space travel systems
– Chemical and pharmaceutical

industry
– Cultural heritage
– E-Business
– Education and training
– Entertainment
– Facility management
– Marketing and advertising
– Mechanical engineering
– Medicine and medical technologies
– Microelectronics
– Mobile information systems
– Online services and new media
– Pollution control
– Print machines
– Public administration
– Publishing trade
– Ship construction
– Social and public health, support of

elderly and disabled persons
– Software industry
– Tele-communications, networking

and service providers
– Telematics
– Tele-work Technologies
– TV Stations
– Tourism
– Transport and Traffic

Short Portrait

The Fraunhofer Institute for Computer
Graphics IGD was formed in 1992
from the Workgroup for Computer
Graphics Darmstadt AGD, which was
founded by the Fraunhofer-Gesell-
schaft in 1987. Since its Foundation
the Fraunhofer IGD cooperates closely
with the Technische Universität Darm-
stadt and the Computer Graphics 
Center (ZGDV), which was founded in
1984. The number of employees has
increased and the expertise spectrum
upgraded continuously. Besides the
expansion of the institute in Darmstadt
with now more than 100 employees in
nine departments this has been
achieved by:

– Opening of an external division in
Rostock (IGD-R) in 1992,

– Foundation of the Fraunhofer 
Center for Research in Computer
Graphics CRCG in Providence, 
USA in 1993,

– Foundation of the Centre for
Advanced Media Technology
CAMTech in Singapore 
in 1998,

– Foundation of the Fraunhofer
Applications Center for Computer
Graphics in Chemistry and 
Pharmaceutics Industry AGC 
Frankfurt in 1999.

Through the Fraunhofer CRCG it is
possible to recognize promptly new
technical trends and developments in
the USA and to transfer them to the
European market. CAMTech ensures
the representation on the important
markets in Asia.

All these institutions of the Fraunhofer
IGD are partners in an international
network of institutions for Computer
Graphics – the INI-GraphicsNet. They
collaborate closely and cover the com-
plete spectrum from basic research,
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applied research and application devel-
opment, up to the production and
marketing of products.

The spectrum of the work conducted
by the Fraunhofer IGD involves appli-
cation specific basic research (i.e. algo-
rithmic and system concepts) as well
as realization of prototypes of applica-
tions and systems (hard- and software)
and their adaptation to specific needs
of customers. The institute contributes
through its R&D-activities to establish
the Computer Graphics in Germany as
a technology, tool and development
base and to emboss it with own prod-
ucts and techniques. The R&D-projects
have a direct reference to current
problems in industry, commerce, traffic
and service.

Since its Foundation the Fraunhofer
IGD has been managed by Prof. 
Dr.-Ing. Dr. h.c. Dr. E.h. José Luis
Encarnação, who is also director of 
the ZGDV and holds the chair for
Interactive Graphics Systems Group at
the Technische Universität Darmstadt. 
The Fraunhofer IGD is structured as 
follows:

Fraunhofer Institute for Computer
Graphics Darmstadt IGD with the
departments:

– Integrated Publishing and 
eBusiness Solutions

– Industrial Applications
– Animation and Image Communication
– Visualization and Virtual Reality
– Graphic Information Systems
– E-Learning & Knowledge 

Management 
– Cognitive Computing & Medical

Imaging 
– Security Technology for Graphics

and Communication Systems
– Communication and Cooperation

Fraunhofer Institute for Computer
Graphics, Division Rostock, IGD-R with
the departments

– Multimedia Communications
– Visualization and Interaction 

Techniques
– Mobile Multimedia Technologies
– Entertainment Technologies

Fraunhofer Applications Center for
Computer Graphics in Chemistry and
Pharmaceutics Industry AGC Frankfurt
am Main

Fraunhofer Center for Research in
Computer Graphics, Inc. CRCG Provi-
dence/RI with the departments

– Global Visualization Services
– Collaborative Global Environments
– Digital Security Technology

Centre for Advanced Media Technology
CAMTech, Singapore

INI-GraphicsNet

Together with other Computer Graphics
organizations, the institutions of the
Fraunhofer IGD in Darmstadt, Rostock,
Frankfurt, Providence and Singapore are
organized within the International Net-
work of Institutions for advanced edu-
cation, training and R&D in Computer
Graphics technology, systems and
applications: the INI-GraphicsNet.

Based on the technical and scientific
synergy and the advantage of a global
presence, the INI-GraphicsNet is a key
player in the area of Computer Graphics,
and information and communication
technology. The Fraunhofer IGD itself
plays a leading and integrating role
within the network.

As well as the institutions of Fraunhofer
IGD, the following institutions form
the INI-GraphicsNet:

– The Computer Graphics Center
(ZGDV) in Darmstadt and Rostock

– Forums associated with ZGDV
– The Forum for the Transfer of

Information- and Communication-
Technologies IKTT, Erbach

– The Forum for Information Services
Mecklenburg-Vorpommern ISMV,
Rostock

– The Information and Cooperation
Forum for GeoData of ZGDV
e.V. InGeoForum, Darmstadt

– The Multimedia Support Center
Hessen mmsc, Darmstadt

– The CAST Forum Competence
Center for Applied Security 
Technology, Darmstadt

– The INI-Graphics-Alumni Forum
– Centro de Computação Gráfica,

Coimbra, Portugal
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– Commercial spin-offs
– CAPCom Technologie Beratung

Entwicklung und Vertrieb AG
– MedCom Gesellschaft für medi-

zinische Bildverarbeitung mbH
– MediaSec Technologies LLC
– VRCom Gesellschaft für immer-

sive Visualisierungslösungen
mbH

– INI-Graphics Investitions Holding
GmbH

Cooperation agreements exist with the
following institutions:

– Technische Universität Darmstadt,
Germany

– University of Rostock, Germany
– Johann Wolfgang Goethe University

Frankfurt, Germany

– Universidade do Minho, Portugal
– Brown University, Providence, RI,

USA
– Rhode Island School of Design

(RISD), Providence, RI, USA
– Nanyang Technological University

(NTU), Singapore

With more than 300 employees and
460 research assistants, and a budget
of more than DM 70 million, the INI-
GraphicsNet today comprises one of
the largest centers for Computer
Graphics and graphical-interactive
information and communication tech-
nology in the world. 

On 17 June 1999 the Fraunhofer Insti-
tute for Computer Graphics IGD and
the Computer Graphics Center (ZGDV)

signed a Contract of Basic Coopera-
tion (Grundlagenvereinbarung) with 
T-Telematik Venture Holding GmbH 
(T-Venture), a 100 percent subsidiary
of the Deutsche Telekom AG. The con-
tract constitutes the promotion of
spin-off activities in order to commer-
cialize new products and systems
developed by the institutions organ-
ized in the INI-GraphicsNet.

The INI-GraphicsNet institutes very effi-
ciently transfer applied research into
innovation for the benefit of the
industry. To increase our contribution
to innovation of products and services,
the framework for applicable research
and realization of the results has to be
extended. This is to support the forma-
tion of young, technology-oriented,

Locations of the INI-GraphicsNet

INI-GraphicsNet

INI-GraphicsNet

Members of

The International Network of Institutions
for advanced education, training and R&D in Computer Graphics technology, systems and applications
Germany  (Darmstadt, Rostock, Frankfurt),  Portugal (Coimbra), USA (Providence, RI),  Singapore

Forums of ZGDV

Forum für Informations- und
Kommunikations-Technologie-
Transfer des ZGDV e.V.

Competence Center for
Applied Security Technology
Forum des ZGDV e.V.

CAST

CAM
Tech

ISMV

Forum für
Informations-Services
in Mecklenburg-Vorpommern
des ZGDV e.V.

InGeoForum
Informations- und
Kooperationsforum für
Geodaten des ZGDV e.V.

Multimedia Support
Center Hessen
Forum des ZGDV e.V.

mmsc
Multimedia Support Center

INI-GraphicsNet

Foundation
Stiftung

OpenSG Forum
Forum des ZGDV e.V.

Anwender- und Entwicklerforum für
VR-Technologien in der Entwicklung,
Konstruktion, Fertigung und im
Marketing – ProVR Forum des ZGDV e.V.

INI-Graphics-Alumni
Forum des ZGDV e.V.

Kompetenzzentrum für
Multimedia-Technologien
des Landes Mecklenburg-
Vorpommern
Forum des ZGDV e.V.



expanding spin-off businesses based
on new marketable products and serv-
ices. With the support of external
investors, young scientists will be able
to start their own businesses to realize
the marketing of their developed tech-
nologies. This is in direct commercial
accompaniment of the activities of the
INI-GraphicsNet institutes. It is also the
intention that the institutes of the INI-
GraphicsNet should benefit from the
profit of their developed technologies,
intellectual property rights and know-
how. 

On 17 September 1999, the INI-
GraphicsNet Foundation was estab-
lished and incorporated with legal
standing under civil law. The purpose
of the Foundation is the advancement
of scientific research and development
in the field of Computer Graphics
(information processing). The Foundation
pursues this purpose by supporting
research and development institutions
in the area of Computer Graphics with
grants earmarked exclusively for the
implementation of charitable projects.
This means that resources of the Foun-
dation are used for

– Projects of INI-GraphicsNet member
institutes, 

– Stability against changes in leader-
ship and political changes,

– Continuity: harmonic development
of mutual functions,

– Synergy: use of international
expense and market structures in
order to support the institutions,

– Consolidation: continuous dialogs
for further synergy development,

– Observation of general tasks,
obtaining funds e.g. for marketing
and promotion, supporting soft-
ware re-use in INI-GraphicsNet
members,

– Increasing the innovational effect
while using the same resources.

The INI-GraphicsNet Foundation is also
important from a social and economic
viewpoint. Because of the large number
and size of individual institutes in the
INI-GraphicsNet Foundation, profiled
images of all activity fields are crucial,
which results in a substantial contribu-
tion being made to support initiatives
for innovation and employment.

The Foundation was established with
assets of 374.000 DM in cash. ZGDV,
Fraunhofer-Gesellschaft and Prof. 
Encarnação each transferred their two
percent shares in the CAPCom AG to
the Foundation at the end of 2000.
For ongoing financing, every member
of the Foundation pays one percent of
its annual budget. These funds are
used for increasing Foundation’s assets
as well as for directly carrying out the
Foundation’s tasks.
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Spin-offs

Sales
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Sales
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Technische Universität
Darmstadt

Johann Wolfgang
Goethe-University,
Frankfurt

University of Rostock

Brown University

Rhode Island School
of Design

Nanyang Technological
University

Universidade do Minho

Foundation
Stiftung
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From these recurring funds and rev-
enues from the Foundation’s assets,
several successful projects for realizing
the Foundation’s purposes were carried
out in the last part of 1999 and in
2000. Among other things the Foun-
dation supported the project »One-
stop Shopping« and a study for an
evaluation of existing document man-
agement systems. Also, comprehensive
projects for increasing software re-use
inside the INI-GraphicsNet and for
developing global quality management
were initiated. International student
exchange was supported by financing a
»Researcher Fellowship« at Fraunhofer
CRCG and by the granting of two
scholarships for taking part in the
International Certificate Program for
New Media. This program offers students
a special qualification by combining
Web design, layout and computing
courses.

To promote and support the Founda-
tion of spin-offs in the institutes of the
INI-GraphicsNet, the INI-GraphicsNet
Foundation formulated an extensive
set of measures, i.e.:

– Realization of a qualification pro-
gram, in which employees of the
INI-GraphicsNet participate free of
charge. They acquire basic knowl-
edge on questions of tendering of
accounts and cost computing.
Potential future employers are
intensively trained in creating and
judging business plans and con-
cepts.

– Creation of a network of partners,
which consists of Foundation advisers,
marketing agencies, market research
companies and universities, which
have a scientific knowledge on the
subject of problems of business
Foundation and -management.

– Development of an incubation con-
cept for structuring start-up compa-
nies. In this context the INI-
GraphicsNet Foundation rented
some premises near the House of
Computer Graphics in Darmstadt
and offered them to young compa-
nies at a low price.

The activities of the INI-GraphicsNet
Foundation are very important for
increasing innovation and developing
new markets and possibilities for
acquiring financial support. The INI-
GraphicsNet Foundation serves as a
framework for promoting the syner-
getic fruits of work performed by INI-
GraphicsNet member institutes. In co-
operation with participating universi-
ties, the INI-GraphicsNet establishes
the necessary links for the industrial
use of research results. In future, the
complementary role of transferring
technologies will be placed increasingly
in the hands of spin-off companies.
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Support of Spin-offs

INI-Graphics Investitions Holding
GmbH
The INI-Graphics Investitions Holding
GmbH is a joint enterprise of the INI-
GraphicsNet and the T-Telematik 
Venture Holding GmbH (T-Venture)
which supports start-up businesses
that are based on technologies devel-
oped in the INI-GraphicsNet regarding
management, financial support and
consulting. It manages a fund for the
financial outfitting of start-up businesses.

The contract agrees to support spin-offs
by employees of the INI-GraphicsNet
founded with the goal to commercialize
products developed inside the research
institutions. For this purpose T-Venture
provides, together with a financing
consortium, 10 million DM as initial
capital to finance the framework for
the new business. 

T-Venture further supports the cooper-
ation by providing venture capital and
management know-how for founding
start-up companies while the institu-
tions organized in the INI-GraphicsNet
have the scientific know-how. By
founding autonomous companies by
scientific employees, a useful private
industrial supply of the research insti-
tutes and their development of tech-
nologies and concepts should be

established. The INI-GraphicsNet Foun-
dation and INI-Graphics Investitions
Holding GmbH were established to
support the founding of new companies.

While the Foundation is coordinating
the work of the institutes involved, INI-
Graphics Investitions Holding GmbH
finances and supports the founding of
the new companies and commercial-
ization of technologies, know-how
and patent matters of the institutes
organized in INI-GraphicsNet. Partners
of INI-Graphics Investitions Holding
GmbH are T-Venture, INI-GraphicsNet
Foundation and an employee share
company. This company was founded
by leading employees of the institutes
organized in the INI-GraphicsNet as a
German Gesellschaft bürgerlichen Rechts
(INI-GbR).

INI-GraphicsNet Foundation places
great emphasis on accompanying spin-
offs from the moment of conception.
Most founders need help while config-
uring their new business, for instance
because they have no one with business
qualifications on their management
team. INI-GraphicsNet Foundation pro-
vides support in cooperation with INI-
Graphics Investitions Holding GmbH.

To enter into a contract with INI-
Graphics Investitions Holding GmbH or
any other reputable venture capitalist,
the innovative company founders must
present a business plan to satisfy profes-
sional requirements. For the first contact
the presentation of a two-page prelim-
inary Executive Summary Plan should
be sufficient. The final business plan of
approximately 100 pages is submitted
later, outlining future concepts and
technologies, marketing ideas, as well
as risks and any unforeseen problems.
At INI-Graphics Investitions Holding
GmbH the process of this information
is shown in the following picture.

This process is the basis for a decision
to be made for or against participating
in the company. It provides the links
for successful cooperation between
INI-GraphicsNet Foundation, young
company founders and INI-GraphicsNet
Investitions Holding GmbH led by Dr.
Georg Schwegler since August 2000.

CAPCom AG
CAPCom Technologie Beratung Ent-
wicklung und Vertrieb AG was the first
INI-GraphicsNet spin-off. Founded on
1 July 1996, the corporation exists to
support the market-related distribution
of research and development achieve-
ments at INI-GraphicsNet institutes.
CAPCom’s activities focus on market-
ing, distribution, system integration,
consulting, and holdings.

From a technological base concept to a successfull exit
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Marketing and distribution activities
specifically target the launching of pre-
viously dormant innovative developments
into the market. In the fields of system
integration, CAPCom creates highly
integrated, user-oriented turnkey solu-
tions. In addition, the company provides
qualified consulting and training for its
innovative software products, thus
providing partners and consumers with
a transparent interface to their services
and requirements. 

MediaSec Technologies LLC 
Providence and
MediaSec GmbH Essen
Founded in 1996, MediaSec specializes
in data security issues in the multimedia
sector. Its patented watermarking tech-
nology is aimed at emerging markets in
enterprise content security and privacy,
document authentication and integrity
and E-Commerce. This innovative tech-
nology can be easily integrated or con-
nected to other products, such as 
E-Commerce servers, DVD devices and
digital cameras. The company’s latest
product, »MediaSign«, allows access
authorization to be appended to docu-
ments (similar to signatures on cheques)
via digital watermark encryption. The
SpiderCop system has also been devel-
oped as a response to the large
demand for copyright and document
security on the Internet. This allows
copyright violations and the correct
finalising of sales contracts to be
reconstructed at a later date.

MedCom GmbH
MedCom was founded in October 1997
to provide professional support to Fraun-
hofer IGD activities in Darmstadt in the
field of medical software. MedCom’s
goal has been to develop »InViVo«
Software to the point of commercial
viability. InViVo comprises a general
platform for processing medical imaging
modalities such as those which result
from tomographic data (CT, MR).
Another project EU-TeleInViVo comprises
a portable, telemedical, 3D ultrasound
workstation, which allows the simple
recording of 3D ultrasound data.
Recorded 3D datasets can then be
transferred to, for example, outlying
experts for teleconsultation via the
Internet.

vrcom GmbH
vrcom is the first spin-off to be realized
within the framework of the coop-
eration between T-Venture and the
Fraunhofer Institute for Computer
Graphics IGD. The organization pro-
vides a broad spectrum of services
such as interactive work with digital
prototypes and their diverse visualiza-
tion options, which can be efficiently
employed in industry. vrcom sells state-
of-the-art technology which has already
progressed from the research to the
production stage. vrcom focuses on the
marketing and development of their
VR-system »Virtual Design«, which was
originally developed at the Fraunhofer
IGD. The main area of application of
this system is the creation of digital
prototypes as used, for example, in the
automobile industry or in virtual factory
planning.

MediTEQ Inc. Providence, RI, USA
Founded in January 2000, MediTEQ is a
telemedicine company whose mission
is to capture, structure, and network
medical multimedia for the enhance-
ment of diagnostic medicine. MediTEQ’s
initial product offering includes a
portable 3D ultrasound system that will
play a major role in ambulatory care,
ambulance services, home healthcare,
disaster relief, emergency medical
departments, and rural clinics, and a
standalone medical imaging system
with collaborative and remote 3D
image access and novel visualization
and navigation capabilities.
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The Institute in Numbers

Also in 2000, the personnel and financial
development of the Fraunhofer IGD,
its institute sections and offices was
characterized by growing staff contin-
gents and increasing budgets. In total,
194 staff members were administered
in Darmstadt, Rostock, Providence,
Singapore and Frankfurt, resulting in a
cost-effective quota of 185 staff years.

Out of these 194 staff members, 59%
work at the Fraunhofer IGD Darmstadt,
16% at the Fraunhofer IGD Rostock, 16%
at the Fraunhofer CRCG Providence,
5% at the CAMTech Singapore, and
3% at the Fraunhofer AGC Frankfurt.
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Including the employment of external
staff (research assistants, student
assistants, guest researchers, and
trainees) at the respective institutions,
a total of 543 staff members were
employed in 2000.

The figures show the continuous
growth of the staff contingents over
the last years, as well as the expected
growth for 2001. Proceeding on the
plans for the year 2001, the total
contingent in this financial year will
grow by another 6% to a total of
576 staff members.

In 2000, the sum of all operational
budgets totaled Euro 25 million. Of
that, Euro 16.3 million (ca. 65%) went
to the Fraunhofer IGD in Darmstadt,
Euro 2.2 million (ca. 9%) to the Fraun-
hofer IGD in Rostock, Euro 4.6 million
(ca. 18%) to the Fraunhofer CRCG in
Providence, Euro 1.1 million (ca. 5%)
to the CAMTech in Singapore, and
Euro 0.8 million (ca. 3%) to the Fraun-
hofer AGC in Frankfurt. According to
plan, the budgets will increase to a
total of Euro 28.7 million in the year
2001.
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The Fraunhofer IGD in Darmstadt is
financed at 53% from external revenue,
22% from institutionally funded
strategic projects, and about 24% from
basic funding of the Fraunhofer-Gesell-
schaft. The lion’s share of external
financing comes from industry with
approximately 36% of the total budget.
In addition, the profits from public
projects have a great impact on
financing. The main reason lies in a
stronger involvement in BMBF-Lead-
projects such as MAP, EMBASSI and
ARVIKA. Because of the participation
in the public financed GMD merger
projects, a further increase is expected.
Considering the time development of
the financial structure, it shows that
the increasing staff contingents are
mainly a result of the increasing eco-
nomic success of the institute.

Equally positive developments can be
seen in Rostock. Since the Foundation
in 1992, the budget has increased to
Euro 2.2 million. Growth in personnel
volumes also determines budgetary
development here: in 2000, the share
of the staff contingent in the opera-
tional budget was about 55%. After the
first years with a mainly basic-funded
organization, the share of financing
from institutional support is now
declining. Instead, the Fraunhofer IGD
in Rostock participates in direct public
project funding. Above all, Mecklenburg-
Vorpommern is an important customer.
In addition, the increasing share of
industrial revenue also acts as an indi-
cator for the economic relevance of
the R&D activities here.
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Organization and Points of Contact

Director

Areas of operation in Darmstadt, Germany

Areas of operation in Rostock, Germany

Area of operation in Frankfurt, Germany

Areas of operation in Providence, USA

Area of operation in Singapore

Web-Presences

Prof. Dr. J. L. Encarnação +49 (0) 61 51/1 55 1 00
Jose.L.Encarnacao@igd.fhg.de

Representative Committee: R. Kimeswenger, W. Kniejski, Prof. Dr. D. Krömker, 
Dr. J. Rix, Dr. J. Schönhut, Prof. Dr. B. Urban, 
Dr. M. Unbescheiden

Integrated Publishing and Dr. J. Schönhut +49 (0) 61 51/1 55 2 20
eBusiness Solutions (A1) Juergen.Schoenhut@igd.fhg.de

Industrial Applications (A2) Dr. J. Rix +49 (0) 61 51/1 55 2 20
Joachim.Rix@igd.fhg.de

Animation and Dr. V. Luckas +49 (0) 61 51/1 55 1 40
Image Communication (A3) Volker.Luckas@igd.fhg.de

Visualization and Dr. S. Müller +49 (0) 61 51/1 55 1 24
Virtual Reality (A4) Stefan.Mueller@igd.fhg.de

Graphic Information Systems (A5) Dr. U. Jasnoch +49 (0) 61 51/1 55 4 13
Uwe.Jasnoch@igd.fhg.de

E-Learning & Knowledge Management (A6) Dr. Ch. Hornung +49 (0) 61 51/1 55 5 60
Christoph.Hornung@igd.fhg.de

Cognitive Computing & Prof. Dr. G. Sakas +49 (0) 61 51/1 55 4 13
Medical Imaging (A7) Georgios.Sakas@igd.fhg.de

Security Technology in Graphics Dr. Ch. Busch +49 (0) 61 51/1 55 4 13
and Communication Systems (A8) Christoph.Busch@igd.fhg.de

Communication and Cooperation (A9) Dr. S. Noll +49 (0) 61 51/1 55 2 30
Stefan.Noll@igd.fhg.de

Head of Division Prof. Dr. B. Urban +49 (0) 3 81/40 24 1 10
Bodo.Urban@rostock.igd.fhg.de

Multimedia Communication (AR1) Prof. Dr. B. Urban +49 (0) 3 81/40 24 1 10
Bodo.Urban@rostock.igd.fhg.de

Visualization and Dipl.-Ing. J. Voskamp +49 (0) 3 81/40 24 1 10
Interaction Techniques (AR2) Joerg.Voskamp@rostock.igd.fhg.de

Mobile Multimedia Technologies (AR3) Dr. T. Kirste +49 (0) 3 81/40 24 1 10
Thomas.Kirste@rostock.igd.fhg.de

Entertainment Technologies (AR4) Dipl.-Math. H. Diener +49 (0) 3 81/40 24 1 10
Holger.Diener@rostock.igd.fhg.de

Head of Division Prof. Dr. D. Krömker +49 (0) 69/97 995 140
Detlef.Kroemker@agc.fhg.de

Head of Division Prof. Dr. B. Herzog +1 4 01/4 53 63 63
(Vice Presidents) Dr. L. Karle bherzog@crcg.edu

Dr. D. Zeltzer (CTO) lkarle@crcg.edu
dzeltzer@crcg.edu

Global Visualization Services (PA1) Dr. J. Coleman +1 4 01/4 53 63 63
jcoleman@crcg.edu

Collaborative Global Environments (PA2) R. J. Barton +1 4 01/4 53 63 63
rbarton@crcg.edu

Digital Security Technologies (PA3) Dr. J. Zhao +1 4 01/4 53 63 63
jzhao@crcg.edu

Head of Division Dr. W. Müller-Wittig +65 7 90/69 88
mueller@camtech.ntu.edu.sg

Dr. T. Chan +65 7 90/69 49
tonychan@camtech.ntu.edu.sg

Fraunhofer IGD Darmstadt http://www.igd.fhg.de/
Fraunhofer IGD Rostock http://www.rostock.igd.fhg.de/
Fraunhofer AGC Frankfurt http://www.agc.fhg.de/
Fraunhofer CRCG Providence http://www.crcg.edu/
CAMTech Singapore http://www.camtech.ntu.edu.sg/
INI-GraphicsNet http://www.inigraphics.net/



Advisory Board

Members

Chairman
Dr. Hans-Peter Kohlhammer
Hanse Venture Services GmbH i.Gr.

Vice-Chairman
Prof. Dr. Peter Stucki
University of Zurich

Prof. Dr.-Ing. Reiner Anderl
Technische Universität Darmstadt

Dr. Rolf-Eckart Bandl
BURDA-SYSTEMS GmbH

Prof. Dr. Klaus Bender
University Munich

Ekkehart Gerlach
Medienakademie Köln GmbH

Prof. Dr. Karl Hantzschmann
University of Rostock

Prof. Dr. Sorin Huss
Technische Universität Darmstadt

MinR Gerd Mangel
Ministry of Science and Art of the
State of Hessen

Prof. Dr. Helmut Merkel
Institute, Management and Consulting
Inc.

Dipl. Math. Hartmut Raffler
Siemens AG

MinR Dr. Bernd Reuse
German Ministry of Education and
Research (BMBF)

Dr. Konrad Röntgen
dvg Hannover

Richard Roy 
Microsoft GmbH

Prof. Wolfgang Strasser
University of Tübingen

Dr.-Ing. Trac Tang
Volkswagen AG

Dr. Igor Varsek
LHS-Holding GmbH

Fraunhofer-Gesellschaft Board

Prof. Dr. Hans-Jürgen Warnecke
President of the Fraunhofer-
Gesellschaft

Dr. Dirk-Meints Polter
Fraunhofer-Gesellschaft Board

Dr. Hans-Ulrich Wiese
Fraunhofer-Gesellschaft Board 

Institute’s Advisor
Dr. Georg Rosenfeld
Fraunhofer-Gesellschaft 

Guest
Dipl.-Ing. Peter Kraemer
Commerzbank
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Customers and Cooperation 
Partners

– 1822 S iNFORM
– 3Com GmbH, Aschheim/Munich
– A&C 2000
– A.R.T.
– a.s.k. 
– ABB
– Acta Print Oy
– ADA-Das SystemHaus GmbH,

Mönchengladbach
– Adobe
– Advanced Technologies in Business,

United Kingdom
– AEROSPATIALE, France 
– Agentsheets 
– Agfa
– Agrar Online GmbH
– Agro Marches Internationaux
– aicm, Wolfratshausen
– Akiyama Printing Machinery
– Alcatel SEL AG
– Alenia
– ALFAMICRO Portugal
– Allied Resources Corp, Hartford, CT
– ANOVA Multimedia Studios GmbH
– Archetypon S.A. Greece
– Architekturbüro Faerber 
– ARETEION University Hospital
– Aristotele University of Thessaloniki
– ARTEC Group G.E.I.E.
– ATIP GmbH
– ATM Group Europe AB
– AUDI
– Axiva
– Baldwin Technology Company 
– Barco Graphics 
– Barski Design
– Bayerisches Forschungszentrum für

Wissensbasierte Systeme (FORWISS),
Erlangen

– Benntec
– Bertelsmann Stiftung 
– Berufsbildungs- und Technolo-

giezentrum des Handwerks Lingen
– Berufsbildungszentrum Iserlohn der

Kreishandwerkerschaft Märkischer
Kreis

– Best GmbH

– Bildungszentrum Rostock
– BIOS Dr.-Ing. Schaffner media 

consulting
– B-K Medical, Denmark
– BMW AG
– BMW Group
– Bosch Telecom GmbH 
– Bremen Institute of Industrial 

Technology and Applied Work 
Science 

– Bundesanstalt für Arbeitsschutz 
und Arbeitsmedizin

– Bundesministerium für Bildung,
Wissenschaft, Forschung und 
Technologie (BMBF) 

– Bundesministerium für Wirtschaft
und Technologie (BMWi)

– CADpartner GmbH, Schwerin
– CADSI
– CAPCom AG
– CASA
– Casa Ricordi, BMG Ricordi
– Catalogic, Hoppenstedt Bonnier

Information GmbH
– Catholic University of Louvan 
– c-cop
– Centre For Distance-Spanning 

Technology 
– Centro de Alta Tecnologia en 

Analisis de Imagen (CATAI), 
Teneriffa, Spain

– Centro de Computação Gráfica
(CCG), Coimbra, Portugal 

– Centro Stadi e Laboratori 
Telecomunicazioni (CSELT)

– Cescom, Montreal, Canada
– CESVIT (Agenzia per l’alta 

tecnologia)
– Channel NewsAsia, Singapore 
– Chrystal Vision
– CoCreate Software GmbH
– Compaq Computer GmbH 
– Computer Graphics Center (ZGDV)

Darmstadt
– Computer Graphics Center (ZGDV)

Rostock
– Context Media, Providence, RI, USA
– Cooperative Computing & 

Communication Laboratory 
– CreoScitex
– Crowson Stone Printing Co.

– Dados Novos Portugal
– Daedali Networks, Providence, RI,

USA
– DaimlerChrysler Aerospace 
– DaimlerChrysler AG
– DALiM Software
– Dassault Systems
– DCS – Dialog Communication 

Systems AG, Erlangen
– DCT-CH
– Debis Systemhaus
– Defence and Civil Insitute of 

Enviromental Medicine-Canada 
– Design Zentrum Hessen 
– Deutsche Bank AG
– Deutsche Forschungsgemeinschaft

(DFG)
– Deutsche Messe AG, Düsseldorf
– Deutsche Messe AG, Hannover 
– Deutsche Messe AG, München
– Deutsche Telekom AG
– Deutsche Telekom Berkom GmbH 
– Deutsche Telekom Innovations-

gesellschaft mbH 
– Deutscher Wetterdienst 
– Deutsches Krebsforschungszentrum

(DKFZ)
– DiK – Institut für Datenverarbeitung

und Konstruktion der Technischen
Universität Darmstadt 

– DIMEDIS, Köln 
– DLR PT-IT, Berlin
– DLR PT-MM, Berlin
– DLR, Oberpfaffenhofen
– DS Technologie
– DSC, Dr. Staerk Computer Systeme

GmbH, Langen
– DSI – Dipartimento di Sistemi e

Informatica
– DVZ – Datenverarbeitungszentrum

Mecklenburg-Vorpommern, 
Schwerin

– EADS
– EasyBrowse EP-Service GmbH
– Eberhard-Karls-Universität Tübingen
– EDAG, Fulda
– Ekotrading-Inkflow
– Elenac
– Eltromat Polygraph
– EML
– e-Motivation, Providence, RI, USA
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– EPFL
– EPM Technology, Norway
– ERCO
– Ergon Consulting & Systems SA
– Ernst Moritz Arndt University of

Greifswald
– Esaote, Italy
– EST 
– EUPRIMA European Print 

Management Association
– EURECOM
– European Media Laboratory GmbH,

Heidelberg
– European Rotogravure Association

(E.R.A.) e.V.
– Ewert Ahrensburg Electronic
– Ewha Womans University, Seoul
– EX-CELL-O
– EXPO2000 GmbH, Hannover 
– Expo-Büro der Deutschen 

Wissenschaft, Stuttgart
– F&C Gülzow
– Fast Search & Transfer ASA
– FH Neubrandenburg
– FH Wiesbaden
– FileFlow Inc.
– FOCUS Online, Munich
– FORD AG
– Forum Soziale Technikgestaltung
– Foundation Saaremaa University

Center, Estonia
– Founder Electronic Lim
– Fraunhofer-Anwenderzentrum

Großstrukturen in der Produktions-
technik AGP Rostock

– Fraunhofer Institute for Applied
Optics and Precision Engineering
IOF

– Fraunhofer Institute for Factory
Operation and Automation IFF

– Fraunhofer Institute for Information
and Dataprocessing IITB

– Fraunhofer Institute for Integrated
Circuits, Applied Electronics 
Department IIS-A

– Fraunhofer Institute for Laser 
Technology ILT 

– Fraunhofer Institute for Manufac-
turing Engineering and Automation
IPA 

– Fraunhofer Institute for Material
Flow and Logistics IML

– Fraunhofer Institute for Micro-
electronic Circuits and Systems 
IMS Dresden

– Fraunhofer Institute for Physical
Measurement Techniques IPM

– Fraunhofer Institute for Production
Systems and Design Techology IPK 

– Fraunhofer Institute for Production
Technology IPT

– Fraunhofer-Vision
– Friendly way, Munich
– FTB Forschungsinstitut Technologie-

Behindertenhilfe der Evangelischen
Stiftung Volmarstein, Wetter

– Fujifilm Electronic Imaging
– Gallus Ferd. Rüesch AG
– GECKO Gesellschaft für Computer-

und Kommunikationssysteme mbH
– Gemplus France
– German Centre for Industry and

Trade Pte Ltd, Singapore
– Gesellschaft für Medizintechnik

(GFM)
– Gintic, Institute of Manufacturing

Technology, Singapore
– Giunti Multimedia 
– GMD FOKUS
– Graphic Communications Association
– Graphics Microsystems
– Gretag-Macbeth AG
– Grundig Fernseh-,Video-Produkte

und Systeme GmbH
– Gühring
– Guinti Multimedia SRL Italy
– Hamada Printing Press Co., Ltd
– HandyTech GmbH, Horb
– Harlequin
– Heidelberger Druckmaschinen AG
– Heinz Nixdorf-Stiftung
– HelloBrain, Cupertino, CA, USA
– Hewlett Packard GmbH 
– Hiiumaa County Government, 

Estonia
– HLVA
– Hochschule Vechta
– Hochschule Wismar

– Horizon International Inc.
– Hospitaal Lindendreef 
– Hospitais da Universidade de 

Coimbra (HUC), Coimbra, Portugal
– Hospital de Ponta Delgada, Portugal
– Hospital de São João, Porto
– HPD, Hospital de Ponta Delgada,

Azores, Portugal
– HTS GmbH
– Humboldt Universität zu Berlin
– IAMG Holdings, New York, NY,

USA
– Ifra
– ILSP Institute for Language and

Speech Processing
– IMAWIS GmbH
– Imetric SA
– Impresse Corporation
– INA
– Index
– INEB
– INESC
– Ingenieurbüro Dr.Seveke/Computer

für Behinderte
– InGeoForum
– InnoTech
– INRIA
– Institut für Arbeitswissenschaften,

IAW
– Institut für neue Lehr- und 

Lernmethoden VIRTUS
– Institut für Neue Medien (INM)

Frankfurt/Main
– institut für neue medien. freie 

bildungsgesellschaft mbH (ifnm)
Rostock

– Institut für Neurobiologie, 
Magdeburg

– Institut für
Sicherheitstechnik/Verkehrs-
sicherheit e.V.

– Institut für Sozialwissenschaftliche
Forschung e.V.

– Institut für Wissenschaftlichen Film
– Institute of Communication and

Computer Systems, National 
Technical University of Athens 

– Intergraph GmbH Deutschland
– Intracom SA
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– iPublish, Munich
– Ircam – Institut de Recherche et de

Coordination Acoustique/Musique
– IRD
– Johannes Gutenberg-University

Mainz, Department of 
Ophthalmology 

– John P. Robarts Research Institute,
Canada

– Jost 
– Karl Storz
– Koenig & Bauer AG
– Kolbus
– Kommunales Rechenzentrum 

Minden-Ravensberg/Lippe
– Komori
– Kövesdi Presse Agentur GmbH
– KPNQwest Norway AS
– Kreishandwerkerschaft Nordwest-

mecklenburg-Wismar
– Kreishandwerkerschaft Rostock-Bad

Doberan
– Kultusministerium des Landes

Mecklenburg-Vorpommern
– Kunde
– Kunsthochschule für Medien

Cologne
– Läänemaa County Government,

Estonia
– LAAS-CNRS, France
– Lab 3S
– Labein
– Lesswire AG, Frankfurt/Oder
– Life Imaging Systems, Canada
– Light Work Design GB
– LiNK MV e.V., Rostock
– Loewe Opta GmbH, Kronach
– London Health Service Centre,

Canada
– Ludwigs Maximilian Universität

München, Polyklinik für Zahn-
erhaltung und Parodontologie

– Lund University of Technology
– MA&T 
– MAN Roland
– Mannesmann VDO AG, 

Babenhausen
– MarineSoft Entwicklungs- und

Logistikgesellschaft mbH

– Marratech 
– McKinsey&Company, Düsseldorf

and Switzerland 
– MedCom GmbH
– MEDEOCOM Gesellschaft für 

Informations- und Kommunikations-
systeme mbH, Rostock

– MediaSec, Providence, RI, USA
– Medintec
– MediTEQ, Providence, RI, USA
– MeMIC
– METALogic n.V. 
– Microsoft GmbH
– Mitsubishi Corporation
– Mitsubishi Heavy Industries
– Mitsubishi Paper Mills Ltd.
– Motorola GmbH 
– Müller Martini
– Multimediastudio Klein
– Municipality of Kirkkonummi, 

Finland
– Municipality of Norrtälje, Sweden
– Municipality of Paldiski, Estonia
– Museum für Angewandte Kunst,

Frankfurt/Main
– MVweb GmbH & Co. KG, Schwerin
– Nanyang Technological University,

Singapore 
– National Centre for Software 

Technology, Mumbai, India 
– National Science & Technology

Board, Singapore 
– National Technical University of

Athens – Institute of Communica-
tion & Computer System (ICCS)

– NEBS
– Nemetschek AG
– NETC International
– Netimage
– NexPress Solutions LLC
– Noosh
– Nucletron BV
– O/R/T
– Océ Printing Systems GmbH
– Ogilvy
– Optimus
– Osakidetza – Hospital de Basurto 
– ÖsthandelsForum, Norrtälje, 

Sweden

– Otenet Internet Provider
– Palm Germany GmbH, Munich 
– Pape+Partner Media GmbH
– ParaRede Information Communica-

tion Technology
– Parsytec Computer GmbH
– Paul AG
– Peak Software
– Petzold Druck
– Philips Research
– Pie Medical BV, Maastricht, 

Netherlands
– PLANET GmbH, Schwerin
– PLANET S.A (PL, Greece)
– Point Balance, Inc.
– Polar-Mohr
– Post Reality
– PrePress Consulting
– PrintCafé
– PrintDay.com
– PrintTalk
– Propad Shop GmbH, Taufkirchen
– ProSTEP e.V.
– Purup-Eskofot A/S
– QS Communications, Cologne
– QTI
– R.R. Donnelly & Sons Company
– Renault
– RESOFLEX Portugal
– Rhode Island School of Design

(RISD), Providence, RI, USA
– Robert Bosch GmbH, Hildesheim
– Ryobi
– Saaremaa County Government,

Estonia
– SACD
– Sakurai Graphic Systems
– Samtech
– SAP, Heidelberg 
– Scenic Soft
– Schenck AG 
– Screen
– SEMA Group 
– Shell International Exploration and

Production B.V. 
– SHELMAN S.A. Greece
– Shinohara Machinery Company
– Siemens AG
– Siemens Corporate Research
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– Siemens Nixdorf
– SIGpack GmbH, Switzerland
– Sikom Software GmbH, Cadolzburg
– Silicon Graphics
– Singapore Telecom 
– Sirona Dental Systems GmbH
– Slater Center for Interactive 

Technologies, Providence, RI, 
USA

– SMF Scuola di Musica di Fiesole
– SMI Cognitive Software GmbH
– softTECH GmbH
– Sonalysts, Waterford, CT
– Sony International (Europe) GmbH
– St. Petersburg Institute for 

Informatics and Automation
– Städtische Kliniken Offenbach,

Chirurgische Klinik I
– Städtische Kliniken Offenbach,

Strahlenklinik
– Standard Register
– Studiengemeinschaft Darmstadt

(SGD)
– SUGAR (Suvini Zerboni)
– SundData GmbH Stralsund
– SVB – Studie-en Vakbibliotheek

voor visueel en anderszins 
gehandicapten

– Swedish Educational Broadcasting
Company 

– Symah Vision
– TAN Projektionssysteme
– Technical University of Delft
– Technik für Menschen GmbH,

Hamm
– Technische Universität Darmstadt
– Technische Universität München
– Technische Universität Prag
– Technology PEI, Prince Edward

Island, Canada
– Telab Wien
– Teleglobe Canada Inc. 
– Television Corporation Singapore
– Telia Research AB, Applied Systems 
– Tertio GmbH
– Thomson CSF Communications

France
– THOMSON multimedia, R&D France

SNC 

– Tim GmbH
– T-Mobil
– T-NOVA
– Toshiba Machine Co., Ltd.
– Toshiba Medical Systems
– Tourismusverband Mecklenburg-

Vorpommern
– T-Telematik Venture Holding GmbH 
– Typografik Werbeagentur, 

Unterhaching
– UCL (Universite Cattholique de 

Louvain)
– UCS-Universidade de Caxias do Sul,

Brazil 
– UI Design
– UNESCO, United Nations Educational,

Scientific and Cultural Organization,
Paris, France

– Universita’ degli studi della 
Calabria, Italia, Dipartimentodi 
Meccanica

– Universita’ degli Studi di Milano
»Bicocca«, Dipartimento di Neuro-
scienze e Tecnologie Biomedicine
(UNIMIBI) 

– Universita degli Studi di Milano,
Dipartimento di Medicina, Chirurgia
ed Odontoiatria (UNIMI) 

– Universita di Parma
– Universitätsklinik Frankfurt
– Universitätsklinik für Strahlen-

therapie-Radioonkologie 
Innsbruck

– Universitätsklinik München
– Universiteit Antwerpen (UIA), 

Dienst Oogheelkunde
– University of Bonn
– University of Cologne
– University of Edinburgh
– University of Geneva
– University of Kassel
– University of Oxford
– University of Rostock
– University of Vigo
– University of Würzburg, 

Department of Ophthalmology 
– Viewrope 
– Virtual Global Teams 

– Volkstheater Rostock
– Volkswagen AG
– vrcom GmbH
– Wella AG
– Wenk Systems GmbH
– WinLinx Systemhaus GmbH, 

Martiensried
– Wirtschaftsberatung Dr. Pieper 

und Partner
– Wirtschaftsministerium des Landes

Mecklenburg-Vorpommern
– Wismut GmbH
– Wohlenberg
– WZL
– Xerox
– Yamatoya
– Zenon SA
– ZN Vision Technologies AG
– Zuendel&Partner, Nettetal
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Fraunhofer Institute 
for Computer Graphics IGD

Darmstadt, Germany
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Area of Operation
Integrated Publishing and eBusiness Solutions

The department »Integrated Publishing
and eBusiness Solutions« aims at the
integration of two essential areas of
modern communication: Database
Publishing and Electronic Business. We
strive for solutions that allow the fully
automated ordering, production, dis-
tribution, and billing of printed and
electronic documents, including online
documents, through networks, especially
the Internet. In our understanding, not
competition but mutual enrichment is
the most important aspect of the rela-
tionship between the different media.

Additionally, we survey the actual pro-
cess of print production. Due to the
development of several data formats
and applications, we have had a
considerable share in the worldwide
endeavors for standardization and
implementation of Computer Integrated
Manufacturing (CIM) for the Graphic
Arts industry.

Other main areas of our work include
computer based training and digital
holography.

Contact
Dr. Jürgen Schönhut
Fraunhofer IGD Darmstadt, Germany
Tel.: +49 (0) 61 51/1 55-5 73
Fax: +49 (0) 61 51/1 55-2 99
Email: a1info@igd.fhg.de
URL: http://www.igd.fhg.de/igd-a1

Projects

– CIP3 Print Production Format
– Computer-generated Holograms
– eManual
– Job Definition Format
– OfficePlus-Extension
– Training Center PDF/PPF
– web2press
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Area of Operation 
Industrial Applications

The aim of the department is to support
Virtual Engineering through modern
Information and communication tech-
nology. The coordination, communica-
tion and cooperation of the people,
products and processes involved in the
product development process is the
key for realizing Virtual Engineering.
Main components are integration,
tele-cooperation, and digital proto-
types (DMUs) using high quality visual-
ization and virtual reality techniques.

Research and development topics are:

– Innovative 3D interaction and mod-
eling techniques in styling and
design,

– New visualization techniques in
Computer Aided Engineering (CAE),

– Support of tele-cooperation for 
distributed users and systems,

– Integration of CAx, VR and simula-
tion through product data tech-
nology/PDM/STEP.

Contact
Dr. Joachim Rix
Fraunhofer IGD Darmstadt, Germany
Tel.: +49 (0) 61 51/1 55-2 20
Fax: +49 (0) 61 51/1 55-2 99
Email: Joachim.Rix@igd.fhg.de
URL: http://www.igd.fhg.de/igd-a2

Projects

– ARCADE
– ARCHE
– Architecture Visualization
– CAE/CFD-Visualization
– CAx/VR-Integration
– Cooperative Engineering
– DMU-Cabeling
– iViP – virtual testbed
– MASP
– MiroWalk
– COWORK
– OrgTech
– SmartSolids – towards parametric

data exchange using STEP
– TeZeD – Teleservice Zentrum Design
– India Co-operation Large Model

Viewing (LMV)
– JOST
– TransFIT
– Application research Brazil



The main expertise of the department
lies in the areas

– Intelligent User Interfaces and
Multimedia

– 3D Web design and 3D Web appli-
cations

– Animation and simulation as well as
in

– Visualization and Rendering.

In the area of Intelligent User Inter-
faces and Multimedia Animation we
focus on the development of a useful
»virtual secretary«. With the strong
support of multimedia technology and
mobile agents this system will assist the
user on every days tasks in the office.
Non-wimp interaction techniques and
visual programming are the main topics
to improve human computer interaction.

New releases of 3D catalogues are
used in many application areas in the
Internet. We are working on intuitive
user interfaces and authoring tools to
allow fast and efficient creation of 3D
Web content and 3D E Commerce
applications, even for novices.

In the area of animation and simulation
we are focusing on object oriented
frameworks and system components
for 2D and 3D animation. Among the
behavioral description of animation
elements we support physically based
modeling for realistic animation in new
areas, like fluid dynamics and cloth
craping Services include consulting,
design and production of applications.

In the area of Visualization and Rendering
we have great expertise in real-time
rendering techniques using different APIs
(OpenGL, Direct3D, Java3D), volume
visualization techniques as well as in
global illumination.

Contact
Dr.-Ing. Volker Luckas
Fraunhofer IGD Darmstadt, Germany
Tel.: +49 (0) 61 51/1 55-6 46
Fax: +49 (0) 61 51/1 55-1 39
Email: Volker.Luckas@igd.fhg.de
URL: http://www.igd.fhg.de/www/igd-a3

Projects

– CASUS System
– neonCAD – Computer based design

of neon luminous advertising
– Object centered navigation in 

virtual worlds
– OfficePlus 
– ProLite 2.1
– Simplification of CAD data
– Real-time CFD visualization
– Index simulation of Head-Up 

Display Systems (HUD)
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Area of Operation
Animation and Image Communication



Within the framework of applied
research projects, the »Visualization
and Virtual Reality« department pro-
vides technology competency and
innovative solutions in the fields of: 

– Scientific Visualization 
– Virtual Reality 
– Augmented Reality 

This comprises the development of
special software solutions, the integra-
tion of innovative hardware and soft-
ware technologies, the prototypical
realization of solutions for new appli-
cation areas and consulting and con-
cept support for innovative visualiza-
tion solutions. 

Contact
Dr. Stefan Müller
Fraunhofer IGD Darmstadt, Germany
Tel.: +49 (0) 61 51/1 55-1 88
Fax: +49 (0) 61 51/1 55-1 96
Email: Stefan.Mueller@igd.fhg.de
URL: http://www.igd.fhg.de/www/igd-a4

Projects

– AIT-DMU-VI
– Archeoguide
– ARVIKA 
– Augmented Man
– Cathedral of Siena
– CUMULI
– DMU-FS
– FEK
– iViP force-feedback-system
– JavaMAP
– LAHYSTOTRAIN
– Light simulation BMW
– RoMed
– SEF-Study Augmented Reality
– SpEnvCoat
– Urolotrainer
– Video »Hochschule Bremen«
– Virtual Articulator
– Visualization of restoration objects

of the Wismut GmbH
– VISUAL-Server
– VW-Study shadows
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Area of Operation
Visualization and Virtual Reality
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Area of Operation
Graphic Information Systems

Graphic Information Systems are com-
puter systems integrating databases
with interactive components for
recording, visualizing, processing and
analyzing data. These systems include,
e.g. Geographic Information Systems
(GIS), Facility Management Systems
(FMS), or Network Documentation 
Systems (NDS). 

Key working areas of the department
are:

– GIS
– Web based Information Systems
– Geo-Information Management
– Location based Services

Within these areas, the work covers
research aspects as well as services 
relevant to users and system suppliers,
e.g.

– The development of problem solutions
based on requirement analyses,

– The conception and development of
WWW-GIS, as well as, Wearable-GIS
solutions in different application
areas,

– Data structuring and data integration,
– Analysis of existing technologies

and commercial systems and

– The implementation of special 
solutions and/or the extension of
commercial software systems.

Future developments in the field of
Graphic Information Systems comprise
distributed solutions for Internet/Intranet
applications, information management,
metadata handling and access to multi-
media data stocks. Furthermore a
technology transfer to further applica-
tion areas such as environmental man-
agement and traffic management is
due to play a major role in the future.

Contact
Dr. Uwe Jasnoch
Fraunhofer IGD Darmstadt, Germany
Tel.: +49 (0) 61 51/1 55-4 13
Fax.: +49 (0) 61 51/1 55-4 44
Email: Uwe.Jasnoch@igd.fhg.de
URL: http://www.igd.fhg.de/www/igd-a5

Projects

– Analysis DTAG-Fachschale
– Bodeninformationssystem
– CommonGIS
– Development of a Multidata 

Manager
– Habitat analysis
– Immobilienatlas
– InGeo InformationCenter
– Integration of external data 

in Deep Map
– KogiPlan
– Metadata adaption for the 

Terramap server
– Stiftskirche
– Synergies in Entertainment and 

Production
– Wearable GIS – GEIST



The department »e-Learning & Knowl-
edge Management« focuses on concepts,
development, and implementation of
e-Learning systems, the modeling and
visualization of knowledge domains
and the development of intelligent
assistance systems. Moreover, the
department runs the e-Qualification,
Training and Qualification (e-LTQ) Lab,
offering authoring seminars and indi-
vidual consultancy in courseware
development.

E-Learning 
The basis is the ubiquitous access to
knowledge modules, which can be
shared and processed by virtual teams.
The focus of the works is on the design
and implementation of e-Learning 
systems.

e-LTQ Lab
The goal of the e-LTQ Lab is the de-
velopment of generic templates and
patterns for reuse in multimedia
courseware development as well as
the offering of authoring seminars and
individual consultation in setting up
and running e-Learning systems.

Knowledge Management/Knowl-
edge Domains
This field comprises the conceptualiza-
tion, modeling and implementation of
knowledge domains. The work con-
centrates on the implementation of
scenarios for the integration of knowl-
edge utilization in teaching and training
as well as in network based, knowledge
based working.

Another focus of work is the development
of Web based visualization components
for the role-specific presentation of
knowledge networks.

Intelligent Assistance 
The methods of Intelligent Assistance
support the user in diverse training
and application situations. Based on
expert systems, experience databases
and agent technology, a framework
will be developed which integrates dif-
ferent methods of assistance and sup-
ports situation-driven assistance in
Web based environments.

Contact
Dr. Christoph Hornung
Fraunhofer IGD Darmstadt, Germany
Tel.: +49 (0) 61 51/1 55-5 60
Fax.: +49 (0) 61 51/1 55-5 69
Email: Christoph.Hornung@igd.fhg.de
URL: http://www.igd.fhg.de/www/igd-a6

Projects
– CORONET
– EMBASSI
– e-Qualification Framework (e-QF)
– FhG/GMD-Knowledge Management

Portal
– Fraunhofer Knowledge Network

(FKN)
– INI-OSS
– Knowledge Management in the 

INI-GraphicsNet (INI-KM)
– Medi@Train
– Modular Training System for SGD

(sgd-MTS)
– Multimedia-Werkstatt (MMW)
– Realit@ain
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Area of Operation
E-Learning & Knowledge Management



The department holds expertise in
three different areas of scientific focus:
visual computing, medical imaging,
and content based image retrieval.

Visual Computing includes topics such
as image processing, image segmenta-
tion and Computer vision & 3D imaging.
The focus here is to create 3D models
of existing objects of any size. Depending
on the application, we employ either
closerange photogrammetry or active
sensors. Application areas include:

– architectural applications, building
and terrain modeling 

– CAD, reverse engineering
– »Virtual cloning« of pieces of art,

museum objects, archaeological
cites etc. 

– creating environments for Virtual
and Augmented Reality applications 

– automatic reconstruction of dental
inlays and crowns

In the area »Medical Imaging« we
employ several basic technologies to
support processing of medical images:

– Classical imaging of 2D & 3D medical
data (volume rendering, CT, MR,
PET, SPECT, nuclear medicine)

– Laser Confocal microscopy 
– 3D ultrasound
– Cardiology (angiography, 3D, 4D,

5D echocardiography) 
– Cancer treatment (brachytherapy,

external beams, virtual simulators,
medical training simulators) 

– Telemedicine

Content based Image retrieval (CBIR) is
enabling the indexing and search of
pictorial (images) or multimedia (video)
information stored in unstructured
databases or the Web by analyzing the
content of the information, thus not
requiring manual indexing.

Contact
Prof. Dr.-Ing. Georgios Sakas
Fraunhofer IGD Darmstadt, Germany
Tel.: +49 (0) 61 51/1 55-1 53
Fax: +49 (0) 61 51/1 55-5 55
Email: Georgios.Sakas@igd.fhg.de
URL: http://www.igd.fhg.de/igd-a7

Projects
– 3D Product Models
– CAMERA
– Cipress-2000
– COBWEB
– EMBASSI
– ENREVI
– GlauCAD
– LIVE@WEB.COM
– Med-SANARE
– MITTUG
– New Roentgen
– NewCOS
– PISTE
– RF-Processor
– TeleInViVo
– Virtual Simulation
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Area of Operation
Cognitive Computing & Medical Imaging
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Area of Operation
Security Technology in Graphics and Communication Systems 

The department »Security Technology
in Graphics and Communication Systems«
is working on the realization of security
services (confidentiality, integrity, digital
signature etc.) and their integration in
information and communication systems.

Of special interest is the development
of security mechanisms and protocols
adapted to the particularities of multi-
media communication and coopera-
tion, including access control for multi-
media broadcasting systems (Pay-TV,
Video-on-demand, etc), copyright pro-
tection and management for multime-
dia data, usage of voice and face
recognition for authentication, security
mechanisms for multimedia, and secu-
rity in electronic commerce. Current
research areas include:

– Security mechanism
– Access control
– Trusted third parties
– Electronic marketing and electronic

commerce
– Secure mobile agents
– Copyright protection
– Digital watermarks for multimedia

data (image, video, audio, geo-
metry)

– Biometric authentification 

Contact 
Dr. Christoph Busch
Fraunhofer IGD Darmstadt, Germany
Tel.: +49 (0) 61 51/1 55-1 47
Fax.: +49 (0) 61 51/1 55-4 44
Email: Christoph.Busch@igd.fhg.de
URL: http://www.igd.fhg.de/igd-a8

Projects

– BONA FIDE – BrOker based Net-
work Architecture for Fail-safe IPR
Clearance of Digital ContEnt

– CERTIMARK – CERTIfication of
WaterMARKing Techniques

– CIPRESS – Cryptographic Intellectual
Property Rights Enforcement 
SyStem

– EBIZ – Electronic Business 
Innovationszentrum

– EMBASSI – electronic multimedia
serving and service assistence

– FILIGRANE – FlexIbLe IPR for 
Software AGent ReliANcE

– FTC – Firewall Technology Center
– GeoMark
– MAP – Multimedia Workplace of

the Future
– Online-Ticket
– SeMoA – Secure Mobile Agents
– WEDELMUSIC – Web DELivering of

MUSIC Scores
– CERTIMARK
– Copyright protection VRML
– HLVA Study
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Area of Operation
Communication and Cooperation

The department »Communication and
Cooperation« provides solutions in the
area of computer supported coopera-
tive work (CSCW), groupware and
communication in digital networks.
Key issues are multimedia communica-
tion and user interfaces for cooperative
work in distributed environments as
well as agent technology. 

CSCW supports and enhances the 
collaboration between people by
improving their ability to share infor-
mation with the help of computer
technology. It allows communication
between individuals independently of
location and time. Our developments
in this area improve the information
flow between teams or groups and
make it more flexible and efficient.

Contact
Dr. Stefan Noll
Fraunhofer IGD Darmstadt, Germany
Tel.: +49 (0) 61 51/1 55-2 30
Fax: +49 (0) 61 51/1 55-5 59
Email: Stefan.Noll@igd.fhg.de
URL:http://www.igd.fhg.de/www/igd-a9

Projects

– CIPRESS – Cryptographic Intellectual
Property Rights Protection SyStem

– CVE – Cooperative Virtual 
Environment for T-Nova 

– eduPort
– Electronic Business Innovations-

zentrum
– Global IT based Qualifying
– Net_Quality
– OrgTech
– Roxy – Internet Live
– VMR FutureLab
– Visual Programming Environment

for MAP



Fraunhofer Institute 
for Computer Graphics IGD

Rostock, Germany



The main objectives of research of the
department »Multimedia Communica-
tion« are Internet technologies and
their application.

Research and development include
conception, implementation, and
application of methods and tools to
support the exchange of multimedia
information and the multimedia com-
munication and cooperation in global
networks.

Applications focus on Open Learning
Environments in the Internet and on
personalized services and delegation
concepts based on agent technologies.

Current research areas include:

– Multimedia information systems in
the Internet

– Management systems for IT based
learning and training

– Open and adaptive learning and
training environments

– Integration and personalization of
services and information by agents

– Cooperative applications (T.120,
CORBA)

Contact
Prof. Dr.-Ing. Bodo Urban
Fraunhofer IGD Rostock, Germany
Tel.: +49 (0) 3 81/40 24-1 10
Fax: +49 (0) 3 81/40 24-1 99
Email: Bodo.Urban@rostock.igd.fhg.de
URL: http://www.rostock.igd.fhg.de/
fhg_igd/abteilungen/a1.html

Projects

– BABS: Business Around the Baltic
Sea

– Business-MV: Agent based Services
for B2B and B2C

– CMS-W3: Course Management 
System for WWW

– Fraunhofer Knowledge and 
Learning Network

– IKTUS: Internationalization of an
Auction System

– Investor Portal: Internet Portal 
for Investors in Mecklenburg-
Vorpommern

– MIS-Browser: Multiple Image Stack
Browser

– MUBIS-Toolbox: Multimedia Editors
for Digital Media Broadcast

– MMLK: Multimedia Concept for
Mecklenburg-Vorpommern

– MV-Info: Information System of
Mecklenburg-Vorpommern 

– OfficePlus: Field Trial of the 
Multimedia Workplace of the
Future

– QTOP: Qualification Project
– TeCoMed: Tele Consultation System

about the Health Situation in 
Mecklenburg-Vorpommern

– Tele Courses for IT based Further
Education

– T-Nova – Qualification
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Area of Operation
Multimedia Communication



Strategic goal of the department »Visu-
alization and Interaction Techniques« is
an independent development of tech-
nology in the fields of visualization,
innovative interaction techniques and
imaging. Procedures and products can
be used in a broad area of application:
shipbuilding, culture, architecture and
town planning, education and training,
administration and work with disabled
and handicapped people, among others.

The research works of the department
include:

– Innovative interaction techniques
research on the creation of appli-
cation-conform user interfaces by
using virtual reality interaction tech-
niques

– Creation of virtual worlds (modeling,
simulation, visualization, animation)

– Investigation into facilitating biological
signals for communication

– Special solutions in imaging con-
centrate on 3D reconstruction

– Establishment and utilization of
image data structures and image
data bases

The department operates a special lab
in order to support the application
dependent development of innovative
interaction techniques. 

Contact
Dipl.-Ing. Jörg Voskamp
Fraunhofer IGD Rostock, Germany
Tel.: +49 (0) 3 81/40 24-1 20
Fax: +49 (0) 3 81/40 24-1 99
Email: Joerg.Voskamp@rostock.igd.fhg.de
URL: http://www.rostock.igd.fhg.de/
fhg_igd/abteilungen/a2.html

Projects

– 2D Gelelectrophoresis
– Dunhuang-EXPO
– EVRES
– Gesture based interaction
– IT-DICOM-Manager
– PDM-Backbone 
– T-Nova – Qualification
– Telebuddy
– Networked Metadata-InfoSys
– VIRTUOS – Virtual Reality and 

Multimedia for SMEs
– xVR-proposal sketch
– your-guide.de-proposal sketch
– Zauberflöte – Online
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Area of Operation
Visualization and Interaction Techniques



The goal of the department »Mobile
Multimedia Technologies« is the devel-
opment of personal digital assistants
and interactive multimedia applications
utilizing mobile computing hardware
and wireless networks. Main focus is the
development of intelligent, situation-
controlled assisting conceptions for the
seamless integration of computing
support in individual daily business. 

The research activities concentrate on
the fields of

– Development of intelligent personal
assisting systems,

– Development of innovative user
interfaces and operating concepts
for mobile information systems,

– Offerings of solution concepts for
mobile multimedia middleware,

– Sensor technology for navigation
and orientation,

– Technologies and applications for
intelligent appliances.

Applications are realized among others
in the following fields:

– Location management systems for
fairs, museums and exhibitions, 

– mobile medical/clinical information
systems, 

– mobile facility management, 
– field service, maintenance and

installation, 
– staff information management, 
– workflow management and staff

coordination. 

Contact
Dr. Thomas Kirste
Fraunhofer IGD Rostock, Germany
Tel.: +49 (0) 3 81/40 24-1 25
Fax.: +49 (0) 3 81/40 24-1 99
Email: Thomas.Kirste@rostock.igd.fhg.de
URL: http://www.rostock.igd.fhg.de/
fhg_igd/abteilungen/a3/

Projects

– eGuide – Electronic Exhibition
Guide

– EMBASSI – Electronic Multimedia
Operating and Service Assistance

– e-ssist- Electronic Assistance
– MAP – Multimedia Workspace of

the Future
– MOIN – Mobile System for 

Inventory
– MoVi – Mobile Visualization
– Telebuddy
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Area of Operation
Mobile Multimedia Technologies



The department focuses on the devel-
opment of innovative technologies for
entertainment and edutainment systems
as well as their transfer to applications
of production or learning.

The department’s main topics include

– Game based Interfaces
– Media Asset Management 
– Intelligent Systems

The field »Game based Interfaces«
covers development and transfer of
game based concepts for the use of
everyday work applications. Additionally
it involves the design of system archi-
tectures and basic systems for learning
and gaming environments.

The subject »Media Asset Management«
concentrates on synergetic technologies
for the production and entertainment
industry. Concepts and solutions are
developed for multiple use in different
application areas based on experience
and skills of both industries.

The topic »Intelligent Systems« deals
with the support of users during their
daily work. The usage of expert systems
or neural networks in intuitive authoring
tools and computer generated characters
makes it possible to delegate routine
tasks or complex inquiries to virtual
assistants and agents.

Contact
Dipl.-Math. Holger Diener
Fraunhofer IGD Rostock, Germany
Tel: +49 (0) 3 81/40 24 1 26
Fax: +49 (0) 3 81/40 24 1 99
Email: Holger.Diener@rostock.igd.fhg.de
URL: http://www.rostock.igd.fhg.de/
fhg_igd/abteilungen/a4.html

Projects

– SEF-Strategic Project: Presentation
and data management: Multiple
usage of leading-edge technologies
in industry and entertainment

– 2D Gelelectrophoresis
– Optimization of gel matching and

protein quantification in 2D gel
electrophoresis image data
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Area of Operation
Entertainment Technologies



Fraunhofer Applications Center
for Computer Graphics in Chemistry and Pharmaceutics AGC

Frankfurt, Germany



A new knot in the INI-GraphicsNet has
been constructed according to the
proven model of close cooperation
between a Fraunhofer institution and
a university, in this case, the Johann
Wolfgang Goethe-University, Frankfurt
am Main.

For the first time in the INI-GraphicsNet
history there is a clear orientation to a
specific branch. A focus of the applica-
tions center is to adapt and specialize
INI-GraphicsNet base technologies by
providing individual solutions or branch
solutions to our customers. Customers
and Partners will have all the resources
of the worldwide network available.
The new Fraunhofer Applications Center
offers the chemical and pharmaceutical
industry a strategic partnership for the
new millennium.

The Fraunhofer AGC is focussing its
activities in three areas:

– E-Learning and Training: Applica-
tions in the Life Sciences

– Visualization of chemical and bio-
chemical processes, plants and
devices

– Visualization in Bio Informatics

Contact
Prof. Dr. Detlef Krömker
Fraunhofer AGC Frankfurt am Main,
Germany
Tel.: +49 (0) 69/9 79 95-1 40
Fax: +49 (0) 69/9 79 95-1 99
Email: Detlef.Kroemker@agc.fhg.de
URL: http://www.agc.fhg.de

Projects

– 3D Beanbox
– ETOILE
– Process- and System Visualization
– Virtual Glove Box
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Fraunhofer Applications Center for Computer Graphics in 
Chemistry and Pharmaceutics AGC



Fraunhofer Center 
for Research in Computer Graphics, Inc. CRCG

Providence, USA



42 Fraunhofer IGD Annual Report 2000

Fraunhofer Center for Research 
in Computer Graphics, Inc. CRCG

Global Visualization Services

»Global Visualization Services« is
engaged in scientific visualization with
major emphasis on medical imaging
modalities and informatics. Our research
interests include the acquisition, display,
interaction, and analysis of data and
the process of information refinement
whereby lower order primitives (i.e.,
raw data) are transformed into high-
level semantic primitives (i.e., symbols).

While the major activity has been in
the area of tele-medicine, significant
efforts have also been made in non-
medical applications, such as image
data mining, non-destructive evaluation
and underwater acoustics.

Contact
Dr. John Coleman
Fraunhofer CRCG Providence, RI, USA
Tel.: +1 4 01/4 53-63 63
Tel.: +1 4 01/4 53-04 44
Email: jcoleman@crcg.edu
URL: http://www.crcg.edu

Collaborative Global Environments

The »Collaborative Global Environ-
ments« focus area is dedicated to the
development of networked software
platforms that permit several users to
jointly observe, interact with, share
information, and manipulate represen-
tations of the real world to solve diffi-
cult or complex problems. While these
collaborative environments vary widely
in the application areas that they target,
there are also a number of research
problems related to the user interface,
inter-process communication, and
aspects of the system and network
architecture that they have in common.
Fraunhofer CRCG’s program is focused
on identifying and solving these common
problems and applying those solutions
to the various specific applications.

Contact
Robert J. Barton III
Fraunhofer CRCG Providence, RI, USA
Tel.: +1 4 01/4 53-63 63
Tel.: +1 4 01/4 53-04 44
Email: rbarton@crcg.edu
URL: http://www.crcg.edu

Digital Security Technologies

»Digital Security Technologies« focuses
on the research and development of
innovative security technologies that
enforce data confidentiality, integrity,
authentication, and non-repudiation.
Our main research areas include the
development of mechanisms and pro-
tocols to secure mobile code for trusted
use on the Internet, development of
frameworks and tools for trust man-
agement in electronic commerce trans-
actions, and development of water-
marking methods for copyright protec-
tion and rights management after the
secure delivery of digital media.

– Mobile Code Security
Our patent-pending Java bytecode
obfuscation and watermarking
technologies provide effective tech-
niques for protecting mobile code
from various threats, as well as pro-
tecting host computers from malicious
mobile agents.

– Trusted Electronic Commerce
Our mobile agent based approach
provides electronic transactions with
strong security and new models of
Internet commerce.



– Copyright Protection and Security
Policy Enforcement
We have developed intelligent and
robust watermark technologies, and
the Fraunhofer CRCG mobile agents
can be used for effective content
tracking, and the enforcement of
copyright and security policies.

Contact
Dr. Jian Zhao
Fraunhofer CRCG Providence, RI, USA
Tel.: +1 4 01/4 53-63 63
Tel.: +1 4 01/4 53-04 44
Email: jzhao@crcg.edu
URL: http://www.crcg.edu

Projects

– Web Portal Development
– TRANSFIT
– Java Trust
– Mobile Code Security
– Sensorspace Awareness
– Perivision
– Decision-Centered Visualization
– Platinum 2000
– M5 Distance Learning
– Virtual Table 2000
– MediDesk
– ALVIN 
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CAMTech
Fraunhofer Centre for Advanced Media Technology 

Singapore



CAMTech is the joint research and
development center established by the
Fraunhofer Institute for Computer
Graphics IGD, Darmstadt, Germany
and Nanyang Technological University
(NTU), Singapore. Currently, the center
is located on the campus of NTU and is
hosted by the School of Applied Science.

Close collaboration with the Interna-
tional Network of Institutions for Com-
puter Graphics (INI-GraphicsNet) will
provide instant access to years of R&D
effort and leading edge technology.
The center contributes to the realization
of Singapore’s vision of becoming a
world-class hub of innovative technology
with strong R&D capabilities.

CAMTech is established to conduct
research and development activities in
the broad technology area of
advanced media. The focus is on
applied R&D projects that are relevant
to the immediate and future needs of
Singapore and the Asian region.
CAMTech’s competency includes the
following areas: 

– IT in education, 
– virtual prototyping, 
– virtual and augmented reality, 
– digital publishing, 
– 3D visualization & interaction, 
– animation, 
– visual computing, 
– multimedia, 
– CSCW, 
– document management & database

applications, and 
– digital media security.

Contact
Dr. Wolfgang Müller-Wittig
CAMTech Singapore
Tel.: +65 7 90/69 88
Fax.: +65 7 92/41 17
Email: mueller@camtech.ntu.edu.sg 
URL: http://www.camtech.ntu.edu.sg

Projects

– Electronic Document Management
for the Office of the Future

– MM Office Environment
– Unified Terrain Modeling
– Video Authoring Toolset
– Virtual Engineering
– Virtual Factory & Logistics
– Virtual Product Design & 

Development
– Visualization of Financial Data
– Visualization of Head and Neck

Tumors
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Technical Infrastructure

International Network of 
Institutions-Service Center

The INI-SC is a global organization
jointly founded by Fraunhofer IGD,
Technische Universität Darmstadt GRIS
and the ZGDV. Its main purpose is to
provide services such as network man-
agement, file services and manage-
ment of client workstations at the loca-
tions Darmstadt, Rostock, Frankfurt,
Coimbra, Providence and Singapore.

Network 
In the second half of 2000 the extension
of the network was in progress at
Darmstadt. The concept used proved
to be simply expandable and so the
new components could be easily inte-
grated. The existing network was
extended by two floor distributors. 

In the area of WAN the change of DFN
to UUNET/Worldcom occurred at the
turn of the year. In December 2000
the implementation of the 34 MBit
connection should have taken place.
However, this was impossible due to
problems of supply by Deutsche Telekom
AG. Together with MANDA network
(Metropolitan Area Network Darm-
stadt) three providers will be available,

so that the failure of an ISP can be
counterbalanced. As well as
UUNET/Worldcom there are also Lev-
el3 and KPNQwest. 

The INI-SC Rostock installed a new
WWW proxy and cache server. At the
end of the year the whole HTTP traffic
will be routed over it by the multi-layer
switching function of the Cisco catalyst
switches, to increase the efficiency of
the Internet connections. The target is
to separate the traffic. Also, additional
reliability has been created by the pro-
vision of another 2 MBit Internet con-
nection via an alternative Internet service
provider. 

As well as the above concepts, the
application of a hardware based fire-
wall solution offers still more security.
This solution, which is provided with
automatic fail-safe, has been operating
in Darmstadt since the end of 2000
and will also be implemented at Rostock
and Frankfurt next year. 

Server (UNIX) 
For library retrieval, a Web front-end was
provided by the INI-SC. The necessary
disk space extensions were established
in Rostock by a new SUN server with a
hardware raid and a link to the gigabit

backbone. Thus, additional disk space
could be provided to the developers.
This technology was preferred to a
SAN (Storage Area Network) solution,
since the data accesses take place in
the network via numerous computers,
which are not centrally located. 

In Frankfurt, the construction of the
server infrastructure has been concluded.
All central services are controlled by
SUN Unix computers. 

Personal computers (Windows) 
The construction of two Microsoft
clusters began towards the end of
2000. In one domain ASP applications
are evaluated concerning integration
and functionality, in the other the
introduction of the Active Directory
Concept is analyzed and prepared. Thus,
the path to a successful conclusion in
2001 is established.

Miscellaneous
The seminar rooms in Rostock were
newly furnished and mostly re-equipped
with new PC technology. The reliability
in the whole building has been in-
creased by installing a central uninter-
ruptible power supply (UPS). This
became necessary because of the
unstable power supply situation in
Rostock. 

Perspective
In the future, a close examination of
the existing safety precautions will
take place. This ranges from the fire
protection and admission controls up to
measures of the encoding of sensitive
data. Due to the installation of new
equipment in the building, which was
completed this year, the computer
infrastructure is now up-to-date. It
must now maintain this high standard
in the future. 

WAN connection 
Darmstadt

6 MBit/sec 2 MBit/sec

MANDA

155 MBit/sec

34 MBit/sec



INI-GraphicsNet Library

The INI-GraphicsNet Library is a joint
service of Fraunhofer IGD, ZGDV and
Technische Universität Darmstadt, GRIS.
Its main purposes are to provide an
appropriate information infrastructure,
and to document all scientific publica-
tions and reports produced in the INI-
GraphicsNet.

New Library Automation System
The new library automation system STAR,
installed in 1999, supports document
indexing as well as loan organization
in a user-friendly way, and facilitates
the library catalogue use for all library
users. The library database is connected
to the Internet, and the web-opac is
accessible all over the INI-Graphics
Intranet. Using this interface, library
users can display their user account
and reserve media lent by other users.

In 2000, the library contributed to the
system’s further optimization by defining
requirements and getting proposals
accepted at STAR user meetings.

New Website
Since January 2000, the new library
website is available in the Intranet. As
it is supposed to be used by all INI-
GraphicsNet members, the library
developed it as a comprehensive infor-
mation tool containing communication
components.

All pages are available in German and
English. Therefore, employees at external
divisions and non German-speaking
guests can easily access the information
provided.

Reorganization
In 2000, the library started a reorgani-
zation of its collections and the loan
organization. The aim is to present the
media collections in a clear and user-
friendly way, as well as to organize
charging and return of media more
efficiently.

Every medium is being provided with a
location mark to facilitate its retrieval
on the bookshelf. A barcode label on
every loan medium makes charging
fast and easy. 

As every book has to be handled, the
library takes the opportunity to adapt
the present classified shelving system
to the updated ACM Classification
System. With regard to its shelf loca-
tion, every book is being checked, and
classified to the proper section if nec-
essary. At the end of 2000, the library
had processed 1900 books in this way.
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Intakes and Catalogue
Entries 2000: Statistics

Library Stock 2000:
Statistics Library Stock 2000  8886 Documents

299

154

2627

5806

Monographs

CD-ROMs

Journals

INI-GraphicsNet Publications

Intakes 2000  957 Catalogue Entries

115

491302

14 35

Monographs

Journals

Reference Sources without Copies

CD-ROMs

INI-GraphicsNet Publications



Furthermore, the library has transferred
about 1200 books of rather historic
interest to the archives. They remain
recorded in the catalogue, and are
available if needed.

Information service
In 2000, users borrowed 1354 media
from the library. For staff members,
the library ordered 113 articles and
books from other libraries, and down-
loaded about 100 articles from digital
libraries. Furthermore, the librarian
performed several extensive thematic
searches in databases for staff members.

Contact
Dipl.-Bibl. Ingrid Bechtold
Fraunhofer IGD Darmstadt, Germany
Tel.: +49 (0) 61 51/1 55-2 19
Fax.: +49 (0) 61 51/1 55-2 22
Email: Ingrid.Bechtold@igd.fhg.de
URL: http://www.inigraphics.net/biblio
(Intranet)

Technology Labs and Competence
Centers

Darmstadt
– 3D Communication Competence

Center
– Agentsheets Demo and Support

Center Europe
– Communication and Cooperation

Lab
– Lab for e-Learning, Qualification

and Training (e-LTQ Lab)
– Demonstration, Consulting, Train-

ing Center for Multimedia Commu-
nication (MMK-Lab)

– Distributed Lab for Publishing
– E-Business Innovations Center (EBIZ)
– Firewall Technology Center (FTC)
– KADENZ – Competence and Appli-

cation Development Center for
Multimedia-Content-Production

– Lab for Innovative Interaction 
Techniques

– Lab for Mobile Applications and
Interaction

– Lab for Multi-modal Communica-
tion

– Lab for Pre-Press and New Media
– Microsoft Lab
– Mobility Lab
– Office Plus Lab
– On-Demand Center
– Perceptive Computing Lab
– Showroom
– Technology and Application Center

GIS/FM
– Virtual Engineering Lab
– Visual-Computing Lab
– VR Technology Lab
– Windows NT Development and

Solution Center – NT Dev’n’Sol

Rostock
– Lab for Innovative Interaction Tech-

nologies
– Mobile Application and Interaction

Lab
– Multimedia Communication Lab

Providence
– Fraunhofer CRCG Technology 

Incubator
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Applications

Electronic Business

Electronic Business describes business relationships via digital
electronic media between

– enterprises and consumers (business-to-consumer, B2C),
– business partners (business-to-business, B2B),
– enterprises and public authorities (business-to-public

authorities, B2A),
– consumers (user-to-user).

Its most important features are: 

– the support of integrating cross-business procedures and
– the connection between existing and the creation of

new added value chains.

Respective partners in the E-Business are: enterprises, con-
sumers, public authorities.

Technically, E-Business is based on standards and systems
of information and communication technology. This includes
WWW technologies and standards, Electronic Data Interchange
(EDI), GroupWare, document management, workflow man-
agement, security technologies, protection of intellectual
property, payment and clearing systems, Smartcards, etc.
Depending on the individual application, they can be realized
either in the Internet or in Intra- or Extranets specifically
designed for this purpose.

For further information refer to the
thematic brochures »Electronic
Commerce«



LIVE@WEB.COM

LIVE@WEB.COM allows consumers to
perform on-line purchase by directly and
real-time interacting with the running
videos. Consumers can perform their
searches and selections of products by
clicking on brand names, product samples,
etc. while they appear in the running
video. Once selections are made, pur-
chases can then be finalized on-line by,
e.g., comparing side-by-side products,
getting more information on the
selected products, ordering and paying,
using traditional E-Commerce techniques.
LIVE@WEB.COM combines state-of-
the-art technologies for interactive TV
over the Web and advances in the
area of image processing to create an
innovative E-Commerce platform,
allowing:

– Companies to promote brands and
products using live TV programs
broadcast over the Web. Videos can
range from live transmission of, e.g.,
sport events (in which products and
brands are advertised through, for
instance, posters around a tennis
court, brands on the T-shirts of soccer
players, etc.), to films (where products
and brands may appear in some
shot), to fashion shows, to TV
advertising spots. 

– Consumers to perform on-line pur-
chase by directly and real-time
interacting with live TV programs
broadcast over the Web. Consumers
can perform selection of products
and searches for information by
clicking on images while they appear
on the screen during program
broadcasting. The system will under-
stand the consumer’s selection by
comparing images extracted from
the live TV programs with sample
images of advertised products
stored in the product database. 

From a technical point of view, in order
to get the above, major advances in
the techniques to capture and analyze
moving images are necessary.
LIVE@WEB.COM is composed by three
modules:

– E-Commerce Storefront enables the
user/customer to interact with
broadcast TV programs over the
Internet, to select frames in the
video and to store them for further
examination, to match the relevant
Web pages.

– Product Database is a database
which includes images related to
those products which are sold via
LIVE@WEB.COM, and a URL to link
to typical traditional E-Commerce
systems.

– Matching Engine is the core of the
system and the main task is to
match images selected by the
user/customer with images in the
database and finally to return a rel-
evant URL of an E-Commerce site to
the customer. In order to match the
images, advanced image processing
techniques like histogram, wavelet,
coherence, and correlogram are
used.
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The components of the
LIVE@WEB.COM 
system

User interface

WAN

Firewall

Client

Client-N

Client-1

Backend
Server

WEB Server

WAM

( c )

Broadcast System

( b )

Broadcast
 Server

LIVE@WEB.COM
Server System

( a )

Database
Population



LIVE@WEB.COM could be applied to
many applications such as:

– Search through a very large
database for similar videos to a
sample video (»query video«).

– Search a video database formulating
queries using a picture painted by
the user.

– Object recognition in the database:
identify videos containing an object,
e.g. Coca-Cola can, Pepsi can, or
Adidas logo.

During the year 2000 the consortium
of LIVE@WEB.COM developed a full
functional system. The end-user is able
to watch a video from a broadcast
server in real time using the Storefront.
In addition modules for add, remove
and modify videos in the database
have been developed. The Backend
Server, which includes the Matching
Engine, has already been completed
and our aim is to develop sophisticated
methods for matching videos.

Contact
Prof. Dr.-Ing. Georgios Sakas
Fraunhofer IGD Darmstadt, Germany
Phone: +49 (0) 61 51/1 55-1 53
Fax: +49 (0) 61 51/1 55-4 45
Email: Georgios.Sakas@igd.fhg.de

OnlineTicket

The conventional ways to acquire an
eligibility voucher like a ticket for a
cultural event are well known. Equally
known are the unpleasant circum-
stances connected with the acquisition.
Tickets ordered in advance must be
collected early. If you want to buy a
ticket at the box-office or the ticket-
office you must queue.

For quite a time now, some organizers
are presenting information about their
events on the Internet. The client can
get some information about current
theatre performances or films. The
transfer of the voucher, however, is
still performed in the way described
above.

The project OnlineTicket aims at using
the Internet for the complete transac-
tion. The client chooses and pays for
the ticket electronically in interaction
with the ticket server of the organizer.
The ticket is then transmitted electron-
ically and then makes a printout on
ordinary paper to the customer’s desk-
top printer. So the customer gets up

to date information about the event
and receives the ticket instantly. The
event information and the ticket-selling
transaction are completed in one step.
There is no more need to arrive early
for collecting tickets ordered in
advance or for queuing up at a ticket-
office, because every customer has his
own ticket office at home, his Web
browser.

Contact
Dr. Christoph Busch
Dipl.-Inform. Henning Daum
Fraunhofer IGD Darmstadt, Germany 
Phone: +49 (0) 61 51/1 55-1 47
Phone: +49 (0) 61 51/1 55-530
Fax: +49 (0) 61 51/1 55-4 44
Email: Christoph.Busch@igd.fhg.de,

Henning.Daum@igd.fhg.de
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TeZeD Teleservice Zentrum Design

The project TeZeD was funded by the
European ADAPT-initiative. The goal of
this project was to develop an Internet
based information and knowledge
management system as a prototype to
support industrial designers and engi-
neers in their acquisition of information
and knowledge. 

Features of TeZeD are: 

– Fast acquisition of important project-
relevant information and knowl-
edge,

– Knowledge acquisition during the
product-development process,

– Goal-oriented search for suitable
partners, customers and suppliers,

– Medium for cooperation and com-
munication,

– Platform for offering information
and services.

This Internet service that provides
access to information especially adapted
to the needs of designers and engineers
was realized as a demonstrator. 

The technological components comprise:

– The conception of the system archi-
tecture,

– The implementation of a user inter-
face that can be accessed via the
Internet,

– The realization of user-specific navi-
gation possibilities,

– The creation of an interface to a
database that was designed for the
project,

– The design of an information struc-
ture and the implementation of the
database as a prototype,

– The conception of Internet agents
to enable user-specific queries,

– The development of security concepts.

Another focus in TeZeD was the devel-
opment of the TeZeD-contents. Knowl-
edge bases, giving relevant information
about design and engineering, were
developed and made accessible.

The information and knowledge require-
ments for the design and engineering
branch were analyzed. The results
served as a basis for the constitution
of an expert group from several design
companies, rapid prototyping and
model-making suppliers, design insti-
tutions and engineering associations.
The object was to estimate the market
potential, the acceptance and the will-
ingness for cooperation of target
group representatives as well as the
economical capacity of the planned
system. The systematical usage of the
Internet as a source of information and
its transformation into a structured
network for designers and engineers is
a focal point of the TeZeD concept.
The participants of the expert group
see this approach in a very positive
way. The German engineering associa-
tion »VDI« for example pointed out
that the project enables a strengthening
of cooperation between design and
engineering. Future plans include fur-

ther technological development by
using Internet, database and agent
technology as well as specific but
widespread knowledge from the
design and engineering area to realize
a prototype as a basis for the commer-
cialization of the system.

Contact
Dr. Joachim Rix
Fraunhofer IGD Darmstadt, Germany
Phone: +49 (0) 61 51/1 55-2 20
Fax: +49 (0) 61 51/1 55-2 99
Email: Joachim.Rix@igd.fhg.de
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User interface of TeZeD
with a retrieval result: 
A stereo lithographic
machine from the 
category rapid proto-
typing products



WEDELMUSIC – WEb DELivering of
MUSIC

WEDELMUSIC is an innovative idea to
allow the distribution of interactive
music via Internet totally respecting
the publisher rights and protecting
them against copyright violation.
WEDELMUSIC enables publishers and
consumers (theatres, orchestras, music
schools, libraries, music shops, musicians)
to manage interactive music in various
ways. It supports preparing perform-
ances, studying music, analyzing
music, learning instruments, distributing
music at low cost, etc. The same music
objects will be available for traditional
media and Braille. These innovative
features are possible thanks to the
definition and implementation of:

– a unified XML based format for
modeling music including audio,
symbolic, image, documentformat,
etc.,

– reliable mechanisms for protecting
music in symbolic, image and audio
formats,

– a full set of tools for building, con-
verting, storing, distributing music
on the Internet.

Business Model
The business model of WEDELMUSIC
includes different parties reflecting 
different roles during the distribution
and interaction of the music objects:

– WEDELMUSIC Server database: A
server database for collecting music
in WEDEL format which is located in
the plant of the publisher or second-
level publisher.

– Local Distributor: The Local Distributor
plays the role of client towards the
WEDELMUSIC Server(s), and the role
of local Server on the music con-
sumer site.

– Music editor/Music viewer and listener:
Applications running on the client
machines at the Local Distributor
site to interact with the music in a
variety of ways.

Protection Model
The available mechanisms for protecting
digital objects are under continuous
restructuring. Security in the context
of the WEDELMUSIC project consists
of two principle components. Encryp-
tion and decryption as the active com-
ponent prevents the unauthorized
access to the delivered data. Water-
marking in turn acts as a passive com-
ponent, intended to evaluate the misuse
of data. Encryption, watermarking and
decryption are basic security operations.

Securing the transmission of music
via Cryptography
Typically, security mechanisms such as
symmetric or asymmetric encryption
techniques have been in use: RSA,
DES, triple DES, etc., also according to
cryptography regulations and laws
which are defined at the European
and national levels. In WEDELMUSIC
project customizations for protecting
images of music sheets, audio files,
and music in symbolic formats will be
defined. This will set up a specific solu-
tion to guarantee the protection for a
number of years comparable to the
duration of rights for music publishers
in both symbolic and audio formats.
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WedelMusic Business
Model

Server
Publisher I

WM Publisher I
WM Library ID
WM School ID,...

LibrarySchoolTheatre

Internet

Server
Publisher II

WM Publisher II
WM Library ID
WM School ID

Server
Publisher III

WM Publisher III
WM Library ID
WM School ID



Watermarking for IPR protection
The watermarks embedded in WEDEL-
MUSIC serve different purposes:

– copyright watermarks, identifying
the publisher by embedding a 
publisher ID code (WM Publisher 
I, II, III) and

– fingerprint watermarks, identifying
the client by embedding a local 
distributor ID code (WM Library ID,
WM School ID etc.).

After the specification phase during
the first six months the second half of
the year was mainly devoted to the
research of watermarking techniques
of audio files and images of music
scores. 

Contact
Dr. Christoph Busch
Fraunhofer IGD Darmstadt, Germany 
Phone: +49 (0) 61 51/1 55-1 47
Fax: +49 (0) 61 51/1 55-4 44
Email: Christoph.Busch@igd.fhg.de
URL: http://www.wedelmusic.org/
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Security Technologies

Security is preserving an important role in the Internet.
Confidentiality of information and protection from unau-
thorized access to information as well as data protection
and protection of the intellectual property have to be
ensured to use the enormous potential of the Internet for
industry and trade, service and utilization optimally. Unau-
thorized individuals or organizations should not be able to
gain access to confidential data, and misuse of confidential
information should be provable in case it cannot be prevented. 

Of vital importance is Internet data security in the area of
public service. The future citizen’s online-visit of his virtual
city hall has to guarantee personnel data protection, has 
to verify the identity of the respective citizen and the 
citizen’s presented electronic document has to obtain legal
significance. 

E-Business has to ensure that the online-ordered products
are paid by the client, that the paid products can only be
received by the legitimate client, that the salesman does
not apply a user’s profile without the client’s agreement,
and that the protection of property and utilization rights is
respected. New technologies like the agent technology
open new possibilities of electronic commerce, but they
also include security risks.

The ongoing digitizing of conventional media such as
images, sound, and video data enables new marketing and
sales channels such as the Internet. However, security prob-
lems arise especially with regard to property and utilization
rights.

For further information refer to 
the thematic brochures »Security
Technology«



CIPRESS – Cryptographic Intellectual
Property Rights Enforcement 
SyStem

Spectacular hacker attacks directed at
organizations like Microsoft, research
laboratories or the Pentagon, make the
headlines again and again. However,
not only these well-published attacks
involving viruses or Trojan horses from
the Internet are dangerous, internal
sources of security problems including
careless or malicious employees repre-
sent a significant source of security
problems, e.g. by using non-licensed
software, by infiltrating viruses, misusing
network access rights or stealing infor-
mation or complete storage modules.
Therefore an overall security concept

preventing the misuse of sensitive
information and the violation of copy-
rights – internally and externally – is
required.

Flexible access and use control in a
high-security environment is offered by
the so-called »ReEncryption™ System«,
known under the project name
»CIPRESS«. This security system has
been presented at the CeBIT 2001
computer fair. »CIPRESS« (Cryptographic
Intellectual Property Rights Enforcement
SyStem) has been developed by Fraun-
hofer IGD researchers on behalf of
Mitsubishi Corporation,Tokyo which
will offer the ReEncryption™ product
commercially after CeBIT 2001. The
system enforces mandatory encryption
at all times while presenting a normal
view of operations to users. Further-
more, security administrators can trace
and control the use of data. Even illegal
analog copies of digital data can be
identified and the perpetrator can be
prosecuted. Even theft of complete
storage devices or computers does not
endanger the security of sensitive data
contained therein. This high security
level is achieved by combining two
advanced technologies: The ReEncryp-
tion™ method patented by Mitsubishi
Corporation and the Digital Water-
marks patented by Fraunhofer IGD are
directly embedded into the operating
system and can therefore provide over-
all security for all applications available
on the operating system. The version
of the system released at CeBIT 2001
supports Microsoft Windows NT 4.0.
During 2000, a version supporting
Microsoft Windows 2000 was created
along with a number of improvements
for cross-platform usability, most
notably an XML/SOAP based commu-
nication mechanism for all communi-
cation between CIPRESS nodes.

User identification and authentication
is handled by extending the regular
operating system mechanisms for this, at
the same time permitting the chaining
of advanced authentication mechanisms
as may be found in heterogeneous
environments. All network traffic is
controlled and can be encrypted trans-
parently without users and application
programs noticing. The same is true
for all operations relating to file systems.

Contact
Dr. Christoph Busch
Fraunhofer IGD Darmstadt, Germany 
Phone: +49 (0) 61 51/1 55-1 47
Fax: +49 (0) 61 51/1 55-4 44
Email: Christoph.Busch@igd.fhg.de
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Geomark

The Geomark-system provides water-
marking-technology for the general
applications labeling and copyright-
protection of 3D models and virtual
scenes in the fields of modeling, ani-
mation- and visualization. Labeling
enables the embedding of additional
model- and scene related information,
e.g. links to related textures or render-
specific information. Further applica-
tions are the embedding of version-
and history-related information to sup-
port the workflow in collaborative envi-
ronments, supporting automated
indexing of 3D content through embed-
ding of (symbolic) categorization infor-
mation and integrity checks. In the field
of copyright protection watermarks
enable the following applications: 

– Transmission of license information
to users,

– Authentication of content,
– Tracing of copies (fingerprinting), 
– Proving copyright-/ownership-

claims. 
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Retrieval of a label with
watermark-carriers 
(vertices) highlighted 
in red

Retrieval of a water-
mark (bitmap) from 
an affine transformed
polygonal model



The Geomark-system is implemented
as a 3D Studio MAX plugin and pro-
vides the following functionality:

– Labeling and integrity-checks of
polygonal models through public
readable fragile watermarks,

– Local secret and public readable
watermarks for polygonal and
NURBS based models with robust-
ness against affine transformations, 

– Secret watermarks robust against
more complex transformations, e.g.
polygonal simplification or
freeform-deformation. 

All algorithms are blind, which means
the original model is not required in
the extraction process of a watermark,
and can be applied to general manifolds.

Contact
Dr. Christoph Busch
Fraunhofer IGD Darmstadt, Germany 
Phone: +49 (0) 61 51/1 55-1 47
Fax: +49 (0) 61 51/1 55-4 44
Email: Christoph.Busch@igd.fhg.de
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Retrieval of a robust
watermark from complex
transformed models
(heads from left to right:
original, watermarked
copy, polygon simplifica-
tion, free-form deforma-
tion, fragment)

Retrieval of a watermark
from an affine trans-
formed NURBS model



Mobile Code Security

Mobile code that migrates from host
to host on a computer network has
advantages over the traditional client-
server distributed computing model.
However, mobile code may also cause
severe security problems that threaten
both mobile code and host computers.
At Fraunhofer CRCG, as a novel solu-
tion to these security problems, our
patent-pending mobile code obfusca-
tion and watermarking technologies
provide effective techniques for pro-
tecting both mobile code and host
computers against various threats.

Complete Obfuscation and Code
Watermarking Technologies
Code obfuscation is a technology to
hide or remove symbolic information
in mobile code so that a software
developer’s source code can be pro-
tected even if a program is decompiled.
Our complete obfuscation technology
can further manipulate Java system
classes, which traditional obfuscation
approaches cannot touch. Complete
obfuscation can also greatly reduce
the size of a program.

Code watermarking is a technology to
embed a secure and invisible label in
mobile code. Our Java bytecode water-
marking techniques can embed a
sensitive, »fragile watermark« into
Java software and this feature can be
used for authentication by easily
detecting modifications of the original
Java bytecode.

Benefits and Applications
Our mobile code security technologies
have the following three remarkable
benefits on intellectual property, net-
work bandwidth and transaction
authentication:

– We protect intellectual properties
by hiding meaningful symbolic
names. Now it is much harder for a
competitor to find trade secrets in a
Java software.

– By significantly reducing the size of
Java programs, our technologies
greatly save network bandwidth for
telecomm operators and bankers. 

– We support secure B2B applications
using our end-to-end authentica-
tion technology. This is the security
beyond secure network transmis-
sions.

Besides these features and benefits,
the cost of our technologies is very
low and our technologies have excellent
scalability because it is easy to integrate
them with standard Internet security
technologies, such as PKI and SSL.

For business applications, we have
identified mobile Internet, B2B applica-
tions and developer community as our
initial targets, and started the com-
mercialization process by seeking
investors.

Contact
Dr. Chenghui Luo
Fraunhofer CRCG Providence, RI, USA
Phone: +1 4 01/4 53 63 63
Fax: +1 4 01/4 53 04 44
Email: cluo@crcg.edu
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Printing & Publishing

In recent years, the new electronic media- above all the
Internet – have turned out to be new challenges for the
publishing industry. There is an increasing desire of cus-
tomers to present their publications on paper, on CD-ROM,
and on the World Wide Web in parallel. This has led to
media service providers who not only produce documents
for just one but also for a variety of media. The goal is to
convert data – once recorded and processed – for various
media with the least possible effort. This concept is known
as »Cross Media Publishing«. 

Technical achievements of the past include CTP (Computer-
to-Plate) and digital printing. CTP has been the last building
block for the complete digitization of the pre-press work-
flow from text and image recording through plate making.
Digital printing goes one step further, carrying digitization
beyond pre-press; in combination with database systems,
entirely new possibilities of extensive personalization and
customization of print products are created. Another trend
in the Graphic Arts industry is to adopt Computer Integrat-
ed Manufacturing (CIM) for Print; i.e. to digitally connect all
machines and work-stations in pre-press, press, post-press,
delivery, and administration to one big network. 

By means of databases and Markup Languages like SGML
and XML, data can be stored and structured according to
their content and dynamically compiled to up-to-date docu-
ments and customized electronic or paper publications as
required. Conversely, database publishing systems enable the
users of the Internet and other on-line systems to efficiently
search for, retrieve, and compile very specific information. 

Not competition and even rivalry but mutual enrichment is
the most important aspect of the relationship between the
print media and the electronic media. Our goal is to build a
bridge between those media by offering solutions that
combine their specific advantages.

For further information refer to the
thematic brochures »Printing and
Publishing«



eManual

The project »eManual« realized ideas,
concepts and prototypes in the area of
technical documentation. Our focus was
the improvement of understandability
of product documentation for end
users by applying a product specific
preparation of the information material.
The starting point for this project was
the insight that today’s operating
instructions are overloaded with infor-
mation by the many product options
and variants, which in turn makes
finding the right information increasingly
difficult. Methods of cross-media pub-
lishing (CMP) and document individu-
alization are applied to generate auto-
matically and »just-in-time« a product
or user specific operating instruction for
multiple output media from a common
data pool.

A multi-lingual, individualized cross-
media publishing system was imple-
mented; as a demonstration of the
functionality we published a part of an
original operating instruction of a large
automobile corporation, which was
individualized to a single customer for
diverse media. Potential output media
are print (FrameMaker/PDF), Internet
(HTML) and CD-ROM (Director). Lan-
guage versions can be selected from
German, English or Chinese. The CMP
system is realized in a way that further
applications and output media can
easily be added through layout
descriptions and plug-ins.

Contact 
Dr. Jürgen Schönhut
Fraunhofer IGD Darmstadt, Germany
Phone: +49 (0) 61 51/1 55-5 73
Fax: +49 (0) 61 51/1 55-2 99
Email: a1info@igd.fhg.de
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Job Definition Format 

The department »Integrated Publishing
and eBusiness Solutions« of the Fraun-
hofer IGD Darmstadt has achieved
world-wide recognition in the area of
automation of print production (CIM
for Print) through its activities for the
CIP3/CIP4 Consortium (currently more
than 40 industry members, cf.
www.cip4.org). The CIP3 Print Produc-
tion Format (PPF), specified by the
department already today has reached
the status of a standard for print pro-
duction to achieve high quality preset-
ting of presses and postpress equip-
ment.

Building on that situation four members
(Adobe, Agfa, Heidelberg, MAN Roland)
of the CIP3 Consortium have initiated
the development of the Job Definition
Formats (JDF). JDF was specified by
these four companies together with
our department, and it forms a signifi-
cant extension of the concepts of PPF.
The goal of the specification of this
format, based on XML, was a continu-
ation of the efforts to automate all
processes contributing to print produc-
tion.

This does not only mean calculation of
preset values of specific equipment,
but also the possibility to link those
values to Management Information
Systems (MIS) using the Job Messaging
Format (JMF). JDF will also cover the
whole area of workflow, so that not
only the areas of print and postpress
are involved, but also processes in pre-
press (creation, technical prepress) as
well as distribution. JDF also offers
extensions in the areas of press and
postpress. The diagram shows how the
different components will be linked in
the future using this technology.

JDF as well as PPF will be freely available
to everybody. After the aforementioned
four companies have handed over the
document to CIP3/4, version 1.0 of the
JDF document will be published shortly.
As a consequence JDF compatible
products are expected to surface at
the market.

Contact 
Dr. Jürgen Schönhut
Fraunhofer IGD Darmstadt, Germany
Phone: +49 (0) 61 51/1 55-5 73
Fax: +49 (0) 61 51/1 55-2 99
Email: a1info@igd.fhg.de

JDF in the Workflow
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web2press

web2press, the Internet based E-Com-
merce system for individualizing,
ordering and production of high quality
printed products has been refined con-
tinually. 

web2press allows users without know-
how in print production to generate
production quality files that can be
processed by digital or conventional
printing systems. In this process, com-
pany-specific design guidelines (corpo-
rate design) are enforced. web2press
can be utilized via a user-friendly inter-
face, that can be presented through a
standard Web browser. The system
can achieve an enormous reduction of
production time in pre-press by reuse
of information, without sacrificing
quality.

Contact 
Dr. Jürgen Schönhut
Fraunhofer IGD Darmstadt, Germany
Phone: +49 (0) 61 51/1 55-5 73
Fax: +49 (0) 61 51/1 55-2 99
Email: a1info@igd.fhg.de
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Virtual and Augmented Reality

A growing complexity of data sets, process interactions and
digital information environments requires new technologies
in the field of data visualization and man-machine-commu-
nication. Virtual reality (VR) stands for this type of technology.
The user is immersed in a computer-generated 3D data world
and is able to interact with data and processes intuitively
and efficiently with the help of new interaction mechanisms.

While VR technologies have established themselves for a
variety of industrial applications,»Augmented Reality«
describes a technological development whose breakthrough
is to be expected very soon, as it shows enormous potential
for practical use. The user observes a real environment
through a semi-transparent display (e.g. data glasses) which
augments reality with virtual representation.

For further information refer to the
thematic brochures »Virtual Reality
Augmented Reality«



ARVIKA – Augmented Reality for
design, production and service

ARVIKA, sponsored by the German
Ministry of Education and Research
(BMBF) and supervised by the DLR
(German Aerospace Center), uses Aug-
mented Reality (AR) technologies to
research and create a user-oriented
and system-driven support of opera-
tion procedures. It focuses on the
development, production, and service
of complex technical products and sys-
tems. Augmented Reality technologies
improve your working environment by
merging real objects with computer-
generated virtual objects to allow for
detailed engineering and processing
instructions.

The project ideas are realized in various
application areas of German industry,
such as automobile manufacture and
aircraft construction, mechanical en-
gineering and system development.
Particularly mid-sized enterprises can
use these technologies to improve and
facilitate analysis and maintenance
operations to become more efficient
and flexible in the global business
competition.

The main application-related topics of
ARVIKA aim to verify Augmented Reality
in the development, production and
service cycles of the products being
used. This also includes the service of
the machines and systems required for
the production environment. The
scheduled project concentrates on the
following areas: development (auto-
mobile and aircraft), production (auto-
mobile manufacture and aircraft con-
struction), service (system techniques,
in this case power stations and the
tools and machines required for the
production). This covers the major
application areas of AR, avoids duplicate
developments, and enables a profound,
application-oriented verification of this
novel technique. The project phases go
along with user-centered system design
that is based on scientific methods. 

All applications in this research are
based on AR base technologies sup-
porting both the high-end/power
applications in the development pro-
cess and the low-end activity of the
skilled worker using belt-worn equip-
ment in the real production and ser-
vice environment. This is realized by an
open platform that allows for different
performance grades and especially for
true wearability. This project is geared

to support market requirements in
production, manufacturing, and ser-
vice-oriented information and commu-
nication technologies to be used by
skilled workers, technicians and engi-
neers. The whole project will comprise
of four years (7/1999 - 6/2003) and is
divided into two parts. For each part
of the project, prototypes will be pro-
vided.

Contact
Dr. Stefan Müller
Fraunhofer IGD Darmstadt, Germany 
Phone: +49 (0) 61 51/1 55-1 88
Fax: +49 (0) 61 51/1 55-1 96
Email: Stefan.Mueller@igd.fhg.de
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Augmented Man

»Augmented Man« presents a vision
of a new media technology, blending
real and virtual world and has been
developed in the context of an artistic
exhibition. The audience enters the
installation room of about 6x6 meters
that contains a big projection screen
of 4x3 meters on one side. Two stereo
cameras close to the projection screen
record the scene at eye level. A third
camera at the ceiling analyses the
position of the visitors from above.
The images of the stereo cameras are
projected in a stereoscopic view. The
visitor sees himself like in a 3D mirror
but with a new virtual person – the
»Augmented Man« – walking at his
side.

The »Augmented Man« reacts to the
real people on the video screen by
possessing a repertoire of predefined
behaviors. He tries to find a path
through the room, avoiding collisions
with visitors and walls. Textures are
selected at random intervals, postures
are activated when the »Augmented
Man« has approached a visitor. Thus,
the visitor meets a virtual man, who
seems to have emotions and who tries
to get in contact by talking and asking
questions.

The »Augmented Man« has been
implemented in cooperation with the
Institute of Media Design and Media
Technology at the University of
Applied Sciences Wiesbaden and has
been presented at the exhibition
»Gutenberg 2000« in Mainz.

Contact
Dr. Stefan Müller
Fraunhofer IGD Darmstadt, Germany 
Phone: +49 (0) 61 51/1 55-1 88
Fax: +49 (0) 61 51/1 55-1 96
Email: Stefan.Mueller@igd.fhg.de

The installation of 
»Augmented Man«

Postures of 
»Augmented Man«



CAx/VR Integration 

Tools to support DMU and Virtual
Prototyping processes
In 2000 the realization of tools to
improve the integration of VR-systems
into the product development processes/
chains was one of the core activities of
the department »Industrial Applica-
tions«. These activities aim at more
effective Digital Mock-Up (DMU) and
Virtual Prototyping (VP) processes.
Today, their productive and beneficial
use is hampered by a time-consuming
transition from CAD or simulation
(CAE) data stored in product data
management systems (PDM) to VR
data/systems. To ease the transition
from CAD to VR data and to improve
the integration of VR into the product
development process several comple-
mentary projects were carried out in
2000.

»Digital Mock-Up VIsualization in
product conception and down-stream
processes« (DMU-VI) was a European
project finished in August 2000. The
developments within DMU-VI improved
the seamless integration of software

components along the digital product
development and optimized the product
development process through innovative
DMU tools. The department »Industrial
Applications« developed a CAD server
as a link between the engineering
environment (CAD/CAE/PDM) and VR
which serves as an immersive visualiza-
tion tool for a design review of complex
product models. Within the project
»Integrated VR interface« (IVR) in
cooperation with vrcom GmbH the
CAD server was further developed to a
commercial off the shelf product
(VDDP – Virtual Design Data Prepara-
tion). Core of VDDP is a graphical
interactive editor to prepare part and
assembly models for VR. The editor
allows to import parametric 3D CAD
models and to tessellate as well as to
optimize them regarding the required
rendering precision and performance.
Furthermore, models can be corrected
in a semi-automatic manner, e.g.
wrongly oriented faces can be flipped,
multiply defined faces can be deleted,
etc. An important component of VDDP
is a converter that allows the importa-
tion of CAD models from CATIA. The
CAD system, CATIA, is heavily used in
the automotive and aerospace industry.

Additionally a CORBA based interface
to a PDM system was introduced. The
online PDM connection allows the user
to navigate product structures and to
select parts and assemblies for conver-
sion. For BMW the PDM interface was
mapped to the PDM system in use
(PRISMA). VDDP´s unique features
expedited the tasks needed to generate
digital prototypes – even without specific
VR knowledge on the user’s side. In
some cases it reduced the data prepa-
ration phase from days to a few hours. 

Another project that is tightly linked to
Cax/VR integration is DKM-STEP/VR,
which was carried out for Volkswagen
AG (VW). Starting from an analysis of
the creation process of virtual proto-
types of a car body and interior, the
requirements for a completely STEP
based (Standard for Exchange of Product
data – ISO 10303) process have been
analyzed. On that basis a concept was
framed that supports and improves
especially the integration of the VR
system. It is intended that an extension
to VDDP will be a follow-up activity for
2001. 

The integration topic will be extended
towards CAE/FEM and innovative
approaches for visualizing simulation
results from stress analysis and thermo
dynamics in the future.

Contact
Dr. Joachim Rix
Fraunhofer IGD Darmstadt, Germany
Phone: +49 (0) 61 51/1 55-2 20
Fax: +49 (0) 61 51/1 55-2 99
Email: Joachim.Rix@igd.fhg.de
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ENREVI

ENREVI (Enhanced Reality for the
Video) an IST project, aims at the
development of new techniques for
the mixing of broadcasting video
streams with artificial, virtual objects in
real time. Developments carried out by
several partners are concentrated on
improvement of chroma keying tech-
nologies, improvement of speed and
quality of rendering systems using
low-cost platforms and also on
improvement of algorithms for tracking
of camera movements in unconstrained
environments using a hybrid approach.
The development of the tracking system
is carried out at Fraunhofer IGD.

The system to be developed will be
based on a hybrid approach. It will
combine a vision component consisting
of a stereo system and an inertial
3 DOF Tracker from Intersense 
(IS300 pro).

In the first step of the operation the
complete system is calibrated. The
vision component is calibrated using a
combination of pattern based and self-
calibration techniques. The inertial
tracker is then calibrated to the vision
system using rotation measurements
from the vision and the inertial tracker.
The vision system uses automatically
selected, tracked and replaced natural
features for rotation measurements.
During tracking, the drift of the inertial
tracker will be compensated by using
measurements from the vision system.
Position tracking is performed by cal-
culating the 3D coordinates of the
tracked image features. 

The tracking system is especially
designed to work on standard low
cost systems like off-the-shelf PCs. A
highly optimized, scalable approach
has been chosen to allow real time
performance on different types of
computers. Parallel architectures are
also supported. 

Contact
Prof. Dr.-Ing. Georgios Sakas
Fraunhofer IGD Darmstadt, Germany
Phone: +49 (0) 61 51/1 55-1 53
Fax: +49 (0) 61 51/1 55-4 45
Email: Georgios.Sakas@igd.fhg.de

Sample of a sequence of point features tracked
and reselected in real time
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Medical Technology and Application

Today it is not possible to think about medicine without
modern Information Technology. Especially imaging methods
such as X-rays, CT, MRI, ultrasound, Angiography or
Microscopy, play an important role. New methods like IR
Imaging or Laser Imaging become alternatives in special cases
of application. All imaging methods become meaningful
only in connection with powerful image processing methods.
In this field we can see a trend from simple 2D applications
into very exact 3D images and models. Therefore it becomes
possible for medics working with data much more intuitively.

Exact 3D models make it possible to develop completely
new applications in medicine. For instance, today optimize
operations and treatments are planned on a virtual body or
organ. That makes it possible to optimize the procedures
for doctor and patient. Additionally we can test and train
complex situations or unexpected incidents intensively by
using simulations and VR environments. For navigation and
control during the operation the support by imaging methods
together with simulations, VR environments and robotics,
are increasing. For instance, in neuro-surgery the operation
can be performed very accurately, which was unthinkable
some years ago.

Computer networks connecting the medical facilities make it
possible to develop completely new working procedures.
Specialists from all over the world can be consulted just by
being connected to a virtual conference network. Watching
and observing operations or treatments can be made over
special network connections. Surely in future it will be pos-
sible to perform medical operations without a surgeon
being present, who could be connected by a network
instead.

The Fraunhofer IGD is developing innovative IT techniques
in medicine since it was founded and surely will continue to
develop this field actively in the future too.

For further information refer to the
thematic brochures »Medical Tech-
nology and Application«



MediDesk – Interactive Volume
Exploration on a Virtual Table for
Medical Diagnosis and Treatment
Planning

Volume data is becoming increasingly
important in the scientific and medical
fields because of the growing use of
MRI, CT and ultrasound imaging tech-
niques. Volume data are usually very
large and difficult to handle, but need
to be analyzed in an efficient way. It is

therefore important to think about easier
and more natural ways to interact with
volume data. 

Collaboration between Vienna Technical
University and the Rostock branch of
the Fraunhofer Institute for Computer
Graphics IGD resulted in the develop-
ment of an interactive tool which
enables complex bulk data to be ana-
lyzed and processed intuitively in
three-dimensional space. In medical
diagnosis and the analysis of multi-

dimensional, scientific data records it, is
important for such data to be evaluated
swiftly and inexpensively. The so-called
MediDesk system is a combination of
an interaction-rich VR system (Study-
Desk) and a volume-rendering system
(SGI’s OpenGL Volumizer), and is
designed to enable several users to
view and discuss the data in stereo-
scopic projection. The virtual reality
interactive techniques which have
been developed enable users to process
the parameters of data records directly. 

The Fraunhofer CRCG’s solution com-
prises a powerful interaction system
for exploring volume data that allows
the user to drag, scale, or cut the vol-
ume in a very natural way using two-
handed interaction. It also gives users
the ability to extract arbitrary slices out
of the volume data and provides
methods for posting (»freezing«) and
unposting (»unfreezing«) cutting planes
into different displays.

Future work will focus on analyzing
the application behavior with large-
scale data visualizations on high-end
graphics engines and studying the
interaction improvements achieved by
integrating speech command input
and force feedback.

Contact
Robert J. Barton III
Fraunhofer CRCG Providence, RI, USA
Phone: +1 4 01/4 53 63 63
Fax: +1 4 01/4 53 04 44
Email: rbarton@crcg.edu
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MITTUG – Minimal Invasive Therapy
for Tumors 3D Ultrasound guided

The traditional treatment for cancer is
surgery. A modern and very rapidly
growing alternative is radiation treatment.
At present, brachytherapy radiation
treatment, i.e. a technique where the
radioactive sources are inserted in the
patient’s body, is conducted by two
principal methods:

– Either by implanting radioactive
seeds of low activity (LDR) and 
leaving them in the tumor forever, 

– Or by a short-duration treatment
using a computer-driven single
high-activity radioactive source
(HDR) and catheters or needles
inserted temporarily into the tissue.

The aim of this project is to create a
dual-usage brachytherapy system
employing seeds or catheters using 3D
ultrasound images rather than CT
scans in order to overcome the short-
comings of present treatment condi-
tions. In the first step we are concen-
trating on the treatment of prostate
cancer.

Herewith the following components of
the systems were developed at the
Fraunhofer IGD during the last year:

– Patient modeling system based
mainly on 3D ultrasound (U/S)
rather than on CT scans: In this
connection we developed a semi-
automatic segmentation tool based
on active contours to segment the
patients prostate (as the planing
target volume) in 3D ultrasound
images. Due to the pure contrast
and the speckle of the ultrasound
images we used different prepro-
cessing algorithms to emphasis the
edges while rejecting a noisy back-
ground. We then used the resulting
image to segment the prostate.

– Active Immobilization Algorithm: A
new active immobilization was
designed to compensate the move-
ment and change of orientation of

the patient tissues which will guar-
antee the relative position and ori-
entation between the patient tissues
and treatment tools such as needles,
catheter etc. Algorithms for the
accurate and precise registration
between the tissues and tools were
developed.

During the further process we will
concentrate on the development of
the following items: 

– Free hand navigation: Our purpose
is to develop a navigation system for
catheters; i.e. a navigation system
based on the 3D data set(s) and
tracking the location of the needle
by trackers. This system is based on
magnetic tracker information which
will give doctors, for the first time,
the possibility of seeing the result
of their action in real time and will
enable them to position implants
accurately in the positions defined
by the pre-planning. This will
increase the effectiveness of the
treatment and enable accurate
records to be kept.

– Algorithms for CT & U/S using the
anatomical structures of prostate,
urethra and bladder: The aim is to
develop algorithms for automatic
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fusion between two sets of patient
data from the two imaging modalities
CT and U/S. In several cases where
a CT device is available, and
depending on the anatomic region
(e.g. head & neck), a combination
of the information provided by CT
and U/S images offers advantages
in recognizing the borders of the
lesion and delineating the region of
treatment. For these applications
the CT and U/S scans have to be
registered and fusion in a multi-
modal dataset. This 3D ultrasound
and CT Registration can become a
stand-alone tool with application
possibilities in other medical areas
such as cardiology.

Contact
Prof. Dr.-Ing. Georgios Sakas
Fraunhofer IGD Darmstadt, Germany
Phone: +49 (0) 61 51/1 55-1 53
Fax: +49 (0) 61 51/1 55-4 45
Email: Georgios.Sakas@igd.fhg.de

RoMed – Robots and Manipulators
for Medical Application

In a cooperation project of several
Fraunhofer Institutes an exemplary
application of robot-aided spine
surgery is being developed. The system
consists of a robotic component and
planning software. The surgeon selects
the appropriate implant types and
positions the implant into a model of
the spine derived from the patient’s
CT scans. According to the specifica-
tion done with this planning software
the robot is driven. The benefit of
robot-aided surgery should be higher
precision and a better surgical outcome. 

The use of Virtual Reality and Medical
Imaging techniques can support the
surgeon in pre-operative planning.
Before performing a surgical procedure
on a real patient, the surgeon is able to
practice on a virtual patient to simulate
the intervention. In this manner, the
safest and most effective surgical
approach may be selected requiring
less time in the operating room.
Furthermore, a decrease in the rate of
complications is expected. Even indi-

vidual implants can be created based
on the patient-specific tomography
data. 

To further support the pre-operative
planning process a finite element
framework is used to simulate the
patient specific bio-mechanics. Given
the finite element models derived from
the patient’s CT/MRI scans, new diag-
nostic possibilities are offered to the
surgeon, for example the load sharing
in the patient’s spine can be examined.
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Ideally this framework will also be
used to simulate the bio-mechanical
situation after the pedicle screws are
placed, allowing an approximate pre-
diction of the expected outcome.

In addition, Augmented Reality tech-
nique is evaluated to give the surgeon
inter-operative support. Registration of
the patient is very important for the
Augmented Reality application.

Contact
Dr. Stefan Müller
Fraunhofer IGD Darmstadt, Germany
Phone: +49 (0) 61 51/1 55-1 88
Fax: +49 (0) 61 51/1 55-1 96
Email: Stefan.Mueller@igd.fhg.de

TeleInViVo – 3D Ultrasound
Telemedical Workstation

TeleInViVo is a transportable tele-
medicine workstation for application
worldwide which can be used in isolated
areas such as islands, rural and crisis
situation areas. It integrates a portable
PC with telecommunication capabilities
and a light, robust, portable 3D ultra-
sound station in a custom-made
device. The system has low price and
weight, is easily transportable and is
non-radiating. It is therefore an excellent
example of how modern medical
imaging, combined with advanced
telecommunications, can provide better
health care and diagnosis, improve
patient handling, reduce health service
costs and save lives effectively every-
where in the world.

With TeleInViVo a physician collects 
3D ultrasound data of a patient. By
means of the built-in flexible telecom-
munication channel (phone line, ISDN,
Internet, GSM, satellite) these 3D data
are transferred to a remote expert,
who can be virtually everywhere in the
world. After data transmission both
parties are linked online over the
telecommunication channel performing
»virtual echography« on the 3D data
replicated in each site and viewing
identical images on their screens in real-
time and practically without time-lag,
even through narrow-band telecommu-
nication channels. The system has
been tested with hundreds of patients
in three continents.

Medical care can be provided through
this system almost anywhere at any-
time. The physicians and Health Care
organizations will be able to guarantee
high quality care, without patient
transportation over long distances.

Contact
Prof. Dr.-Ing. Georgios Sakas
Fraunhofer IGD Darmstadt, Germany
Phone: +49 (0) 61 51/1 55-1 53
Fax: +49 (0) 61 51/1 55-4 45
Email: Georgios.Sakas@igd.fhg.de
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Applications

Virtual Engineering

Manufacturing industry is an important factor of our mod-
ern economy. Companies are in permanent competition for
improved quality products for ever-lower prices. Innovative
information technologies become more and more a key
factor for companies to face the growing competition. 

Virtual engineering offers several different approaches, like
immersive visualization of products and processes, the use
of virtual reality environments for digitally assisted proto-
typing, the visual simulation of assembling processes, multi-
media product catalogues, and cooperation platforms for
distributed engineering. Very soon it will be possible to
develop a product purely digitally in a virtual environment,
as successful pilot projects demonstrate. Currently, the
tools for virtual engineering are being improved and refined,
and platforms for cooperative and distributed work are
being developed.

Based on the innovative interaction techniques, the Fraunhofer
IGD developed new tools, which open unique opportunities
for product development and engineering. Other fields of
activity with important results were visualization of processes
and professional training of employees. Some of the current
projects are presented in the following section.

For further information refer to 
the thematic brochures »Virtual
Engineering«



Cooperative Engineering

In the past years the product develop-
ment process has developed from a
more sequential process to an increas-
ingly parallel process which requires a
higher degree of cooperation, commu-
nication and coordination. In 2000 the
department for »Industrial Applica-
tions« carried out different projects
and developments on various topics in
the field of cooperative engineering. 

Within the strategic cooperation with
CoCreate Software GmbH a solution
for assembling CAD part models to
assembly models in an intuitive and
intelligent way was developed; patent
pending for Germany and the U.S. The
models can stem from different CAD
systems and can be assembled in the
distributed engineering environment
OneSpace by simply assigning topological
entities meaningful to the designer. In
each step the system checks whether
the assembly can be performed while
maintaining the already existing con-
straints introduced by preceding
assembly steps. If not, the system
prompts a message to the user which
tells him exactly where the inconsistency
comes from. Parts of an assembly
model can be dragged interactively to
show possible assembly problems to a
partner in a conference session. For
2001 it is planned to work in the
direction of streaming and geometry
compression. 

With ARCADE we go a step beyond
what is available to the market today,
e.g. CoCreates OneSpace, in coopera-
tive modeling. ARCADE offers the pos-
sibility to simultaneously model and
design in a spatially distributed virtual
design space. The direct-manipulative
actions of the dispersed users are visu-
alized in real-time to all participants. In
2000 the prototype was extended
towards heterogeneous environments.

MASP is a conferencing system for
Wearable Computers. Wearable Com-
puters are completely independent from
any wiring (power as well as commu-
nication network). They are so small
that they can be worn on the body
allowing real tasks to be performed
with both hands. Wearable Computers
have very specific requirements to the
user-friendliness of applications which
also have to consider the instabilities
of wireless networks. The conferencing
system MASP fulfils these requirements.

The projects CoWork and OrgTech had
a different focus: here the main topic
was the development of end-user
applications. The European project
CoWork mainly dealt with tele-co-
operation support for SMEs working

asynchronously. For this end, the
department developed a communication
tool based on STEP. Within the project
OrgTech synchronous forms of tele-
cooperation between SMEs were ana-
lyzed, introduced and evaluated. To
solve the specific problems of online-
communication between SMEs, soft-
ware components have been adapted. 

Contact
Dr. Joachim Rix
Fraunhofer IGD Darmstadt, Germany
Phone: +49 (0) 61 51/1 55-2 20
Fax: +49 (0) 61 51/1 55-2 99
Email: Joachim.Rix@igd.fhg.de
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EVRES – The Use of VR Technologies
to Achieve Better Efficiency in Ship-
building

The aim of the EVRES project was to
show the general feasibility of new ways
of working which makes it possible to
achieve better efficiency concerning
the interaction between human and
computer with the help of VR tech-
nologies as a key technology in ship-
building. 

During the EVRES project the examina-
tion of the processing chain, beginning
with the offer phase via construction
outsourcing up to the construction of
subsystems of a ship, concentrated on
the value intensive and technologically
challenging machinery space of a ship.
Primarily we concentrated on the
development of robust and inexpensive
hardware and the adaptation of soft-
ware. Having in mind a wide field of
use of the necessary hardware, we
focused on PC technique. We developed
a system which is based on standard
components for computer- and projec-
tion technique and which makes possi-
ble the immersive visualization of three
dimensional construction data on PCs
as well as on a huge screen. The latter
projection on the screen is more inter-
esting for the user, especially if there

are several people who wish to have a
meeting on design issues and talk
about the actual state of the virtual
model.

In cooperation with the Swedish com-
pany TRIBON-Solutions AB, Malmö, we
developed several interfaces to the
TRIBON system. Hence, the partici-
pating industry partners can use the
VR presentation directly in their ship-
construction systems.

EVRES, as a pilot project, is supported
by the German Ministry of Education
and Research (BMBF).

The following partners participated in
the project:

– Aker MTV Werft GmbH
– Meerestechnik Engineering GmbH
– Schneller System Technik GmbH
– Fraunhofer IGD Rostock
– ZGDV Rostock

Contact
Dipl.-Ing. Jörg Voskamp
Fraunhofer IGD Rostock, Germany
Phone: +49 (0) 3 81/40 24-1 20 
Fax: +49 (0) 3 81/40 24-1 99
Email: Joerg.Voskamp@rostock.igd.fhg.de

Virtual Factory and Logistics

Funded by the Singapore National 
Science and Technology Board (NSTB),
CAMTech is collaborating with a
Singaporean research institute and
two industry partners with the objective
of improving electronics assembly pro-
cesses. The goal of this project is to
visualize the behavior of an electronics
assembly industry by simulating and
visualizing the discrete events of the
entire manufacturing processes, and
by observing the flow of materials, size
of buffers, and line balancing. It is
required to have: 

– A system for modeling virtual proto-
types, verifying the existing manu-
facturing processes by animating
the behavior, and to make improve-
ments of the necessary processes to
avoid costly errors. 

– Information from existing real man-
ufacturing systems and use it to
model, analyze, test, evaluate, and
simulate the main electronics
assembly process. The criteria to
compare can be minimal processing
time and overall cost for various
cases.

The traditional scenario – from the
customer placing an order for a product
to delivery – goes through various
phases including manufacturing the
product. Several major electronics
manufacturing stages can be addressed:
fabrication, assembly, testing, and
packing. Each of these stages account
for setup, process, failure, and waiting
periods. A delay in one process will

Part model of a 
machine room 
(without shipcover)



accumulate and increase future delays.
To simulate the discrete events a general-
purpose simulation system has been
employed, and for modeling and visu-
alization the CASUS system has been
used. In this work, the prototype inter-
face between simulation trace file and
CASUS animation scripts has been
implemented. The animation script
created using this interface is converted
into a scene file and finally visualized.
These discrete-event simulation soft-
ware systems are adopting an object-
oriented approach for performing
effective simulation. 

The focus of this work is to provide an
automatic pipeline starting with the
conversion of simulation trace files
into animation scripts and ending with
the visualization of the simulation.
Moreover, the complex assembly pro-
cess has to be considered divided in
inbound, sub assembly, testing, packing,
and outbound process. Based on the
simulation and visualization results the
refinement of existing processes like
minimal process time, reduced waiting
time or buffer size can be made. Cur-
rently, the animation of 3D objects is
working along with static objects from
a layout file. This uses a simulation
trace file containing a single assembly
line with plates moving on the top.
Future work will focus on the realization
of complex manufacturing processes.

Contact
Dr. Wolfgang Müller-Wittig
CAMTech Singapore
Phone: +65 7 90/69 88
Fax: +65 7 92/41 17
Email: mueller@camtech.ntu.edu.sg 
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Applications

IT Based Learning and Training

Education and further education are of increasing importance
in today’s society. In contrast to yesteryear, today’s employees
have to update their knowledge and keep learning through-
out their whole working life. However, employees are so
involved in the work process that extensive qualification
measures are difficult to put into practice. Hence it is nec-
essary to tailor the classes to the individual needs of every
single attendee. This concerns time and location, as well as
the content of the courses.

One approach is using modern IT-technologies. These appli-
cations allow time- and location independent learning, but
usually it is not possible to tailor the content of lessons or
for the tutor to monitor the learning process. 

Another approach is the provision of integrated course
management systems. These allow a dynamic adaptation of
the content of the course to the individual needs of the
course attendee (student tracking), as well as individual
tests and integrated solutions for cooperative learning and
tutoring in groups. Two of the few existing products in this
field are the modular training system MTS from the Fraun-
hofer IGD Darmstadt and the CMS-W3 course management
system from the Fraunhofer IGD Rostock.

For further information refer to 
the thematic brochures »IT-based
Teaching & Training«



e-Qualification Framework

The FhG/GMD collaboration project 
e-Qualification Framework (e-QF) aims
at the harmonization of the e-Learning
activities in Fraunhofer-Gesellschaft
and GMD. The goal is to develop a
uniform e-Learning methodology,
infrastructure and portal. The e-QF
partners are the Fraunhofer institutes
IGD, IAO, IESE and IIS as well as the
GMD-institutes FIT, IPSI and SIT. The
project will last for 24 months, run-
ning from 1 November 2000 until 31
October 2002. The first prototype is
planned for October 2001.

The technical work in e-QF comprises the
development of a uniform e-Learning
methodology, the implementation of
an e-Learning platform, the develop-
ment of uniform templates and patterns
for e-QF courseware, as well as the
implementation of a qualification net-
work. e-QF concentrates on technical
development and forms the basis for the
content projects FKN and Medi@Train,
which run in parallel. It is planned that
the content projects use and evaluate
the results provided by e-QF.

The Fraunhofer IGD is responsible for
the coordination of the project.
Furthermore, in the workpackage
»Methodology«, a knowledge domain
model, in the workpackage »Infra-
structure« an intelligent help system,
and in the workpackage »Templates«,
templates and patterns for navigation
and interactive tests will be developed.

The work in the area knowledge
domain model concentrates on the
development of a methodology for
structuring the FhG/GMD knowledge
used in e-QF. Knowledge domains are
a concept that allows knowledge to be
structured according to different
aspects and to define different forms
of relations between the knowledge
elements. This enables, for example,
the branch-specific structuring of
knowledge or to correlate added-value
components like online consulting or
presence seminars to a knowledge
topic. The technical basis of the
knowledge domains to be developed is
the ISO-standard »Topic Maps«. Topic
Maps are based on XML and allow a
provider-neutral definition of knowl-
edge structures. The work of the
Fraunhofer IGD concentrates on the
development of knowledge domains
for different branches and the devel-
opment of different forms of visualiza-
tions for knowledge domains. The
management of the knowledge
domains will be based on commercial
topic map systems.

In the workpackage »infrastructure«,
Fraunhofer IGD develops an intelligent
assistance- and help system. In the first
phase of the project, will be devel-
oped. i-FAQ, an intelligent FAQ-system.
Based on traditional FAQ-systems, 
i-FAQ offers the learner the possibility
to introduce feedback (e.g. by annota-
tions). Moreover, group- and topic-
related FAQs will be supported. The
system will be complemented by an
FAQ-agent, which customizes FAQs
according to user preferences (like his-
tory or registration information).

In the workpackage Templates and
Patterns, Fraunhofer IGD develops nav-
igation patterns and templates for
interactive tests. Uniform navigation
patterns provide the learner a common
look and feel across the different
courseware offers of FhG/GMD. The
goal is the development of different
templates according to the different
needs of learners (beginners, experts).
This work is closely related to the
didactic model to be developed in e-QF.
In the area of interactive tests, templates
for different forms of knowledge
checking (multiple choice tests, con-
struction of test ensembles, search for
solutions in images) will be developed.
The transfer of the test results to the
e-Learning system will be based on
established e-Learning standards 
(ADL-SCORM, IMS). The separation
and independence of courseware and
platform protects the investment in
courseware development.

The work described will be integrated
in a first prototype in October 2001.

Contact
Dr. Christoph Hornung
Fraunhofer IGD Darmstadt, Germany
Phone: +49 (0) 61 51/1 55-5 60
Fax: +49 (0) 61 51/1 55-5 59
Email: Christoph.Hornung@igd.fhg.de
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Fraunhofer Knowledge Network
FKN

The MAVO project Fraunhofer Knowl-
edge Network (FKN) aims at the devel-
opment of the business sector educa-
tion and training of the Fraunhofer-
Gesellschaft. In 1999, the FKN-consor-
tium carried out a state of the art
analysis on the activities in this sector
in different Fraunhofer institutes. The
main project FKN, planned for a period
of 30 months, has been running since
1 July 2000.

In the first phase of the project
(1 July 2000 - 30 June 2001) four
demonstrators will be developed. The
Fraunhofer IGD is responsible for hori-
zontal activities in the area of technology
infrastructures and cooperates with
the Fraunhofer IAO in horizontal activi-
ties in the area of didactics. These
activities form a link to the project e-
Qualification Framework, which runs
in parallel. The Fraunhofer IGD will
offer seminars for courseware authors
in order to provide a uniform layout of
the FKN courseware to be developed.
The Fraunhofer IGD is involved in the
demonstrator provided by the Fraun-
hofer IESE (UML for managers). This
demonstrator will be developed based
on the e-Learning system MTS-2000.

In the second phase of FKN
(1 July 2001 - 31 December 2002), the
Fraunhofer Knowledge Network will be
installed and the FKN-courseware will
be provided via a FhG-wide e-Learning
portal. The Fraunhofer IGD will be
responsible for the link to e-Qualifica-
tion Framework and continue to devel-
op the prototype UML for managers
later on. Moreover, the Fraunhofer
IGD will develop the demonstrator »vir-
tual media house«.

Contact
Dr. Christoph Hornung
Fraunhofer IGD Darmstadt, Germany
Phone: +49 (0) 61 51/1 55-5 60
Fax: +49 (0) 61 51/1 55-5 59
Email: Christoph.Hornung@igd.fhg.de

A Web based Distributive Simulator
for the ALVIN Deep Submersible
Vehicle 

The Woods Hole Oceanographic Insti-
tution (WHOI) research submersible
»ALVIN« is used for civilian scientific
research at extreme ocean depth for
oceanographic research. The duration
of underwater missions can last from
six up to nine hours. The key element
that determines the length of a dive is
efficient energy budgeting in order to
get the most out of the two batteries’
overall capacity. Energy consumption is
mainly determined by the use of out-
side lights, propulsion tasks and use of
experimental devices. Since the ALVIN
submersible is completely reserved for
years into the future, and inherits a
unique technical design, mission training
until now had to be achieved »on the
job.« In 2000, Fraunhofer CRCG devel-
oped the ALVIN Web based distribu-
tive simulator that will allow scientists
to plan and rehearse their dives in an
efficient way in the future. WHOI
experience shows that through the
familiarization and training of new sci-
entists, an increase of up to 40 min-
utes bottom time will result, which can
lead to a significant decrease of overall
mission costs.
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The simulator
In addition to full mission planning for
WHOI scientists, the ALVIN simulator
was intended to provide applicability
as a public relations tool so that users
at home would be able to find out
about WHOI research. For that reason
a broad range of requirements had to
be achieved: 

– Photo realistic interface,
– 3D look and interaction,
– Full electrical and logical evaluation

of experimental and navigational
operations,

– Visual feedback for ongoing 
processes,

– Analog and digital rendering of 
crucial variables,

– In-depth scientific applicability,
– Distributive operational collabora-

tion, 
– Web delivery with state of the art

performance,
– Fun interaction opportunities for

public use,
– Visual appeal for marketing reasons.

Web delivered simulation and 
collaboration
Most of today’s simulators are limited in
terms of local and time-wise availability
to the user. In contrast, we built the
ALVIN simulator as a slim interface
that can be delivered ubiquitously via
the Internet and be launched in a
standard browser like Internet Explorer
5 or Netscape 4.7. Scientists as well as
public users are allowed to collaborate
in teams of up to three persons – just
like in the real ALVIN cockpit where a
team consists of one pilot and two 
scientists. Every member’s actions of a
joined session will influence the virtual
dive and will be reflected on all the
team-members systems. 

Future considerations
Due to its extendibility, the ALVIN 
simulator can accommodate future
adaptations to design changes of the
submarine. Application testing has
proven that scientists consider it a 
very helpful tool for mission planning,
particularly since online accessibility
makes it easy to use it anytime in most
regular working environments. The
ALVIN simulator is one of the first
Web based simulation tools for ocean
scientists, and we expect that future
need for Web based training simula-
tions will increase significantly.

Contact
Robert J. Barton III
Fraunhofer CRCG Providence, RI, USA
Phone: +1 4 01/4 53 63 63
Fax: +1 4 01/4 53 04 44
Email: rbarton@crcg.edu
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Tasklists in the ALVIN simulator interface

Meters-panel displaying crucial variables of the
simulation

Cockpit view of the ALVIN simulator 
Web-interface



ETOILE – Environment for Team,
Organizational and Individual
Learning in Emergencies

The trainings of emergency scenarios
have often focussed on operational
issues while communicative, decision-
making and team aspects are more or
less neglected. The reason is not
because communication is unimportant
(on the contrary, avoiding misunder-
standings and having the correct infor-
mation policy is vital) but dedicated
training methods and tools are missing.
In addition, agreeing on a common
training date is difficult because many
of the people involved may belong to
different companies, institutions and
authorities. Obstacles for communica-
tion and management training of
emergency situations also involve high
costs associated with the training, 
disruption of the regular operation
and potentially dangerous usage of
expensive equipment and machinery.
To improve this situation and raise the
frequency and quality of the training we
propose to jointly apply the following
solution strategies:

– Using intelligent agents who
assume the roles of participants in a
training scenario,

– Enabling a distributed training via
computer networks where trainees
do not necessarily meet at the same
location,

– Using virtual environments,
– Raising frequency and quality of

training for individuals, teams as
well as organizations,

– Supporting the construction, acqui-
sition and development of shared
mental models. 

As a major goal of ETOILE is to reduce
costs, a set of tools is provided that is
designated for authors of the end user
domain. The tools allow a cost efficient
construction of training scenarios at a

high quality level. This is especially true
for the virtual reality and the agents
included in a training scenario. With
the ETOILE tools two training scenarios
were made by the end user project
partners. One scenario deals with an
incident in a nuclear power plant, the
second scenario concerns a fire in a
Metro tunnel. Experts in the field of
pedagogy and psychology have evalu-
ated the training and it was possible
to successfully feed back their findings
in the tool and training scenario devel-
opment.

Contact
Prof. Dr. Detlef Krömker
Dipl.-Inform. Ralf Dörner
Fraunhofer AGC Frankfurt am Main,
Germany 
Phone: +49 (0) 69/97 9 95-1 40
Phone: +49 (0) 69/97 9 95-1 52
Fax: +49 (0) 69/97 9 95-1 99
Email: Detlef.Kroemker@agc.fhg.de, 

Ralf.Doerner@agc.fhg.de
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Virtual Subway station
of the Metro training
scenario

Control room with
agent and human 
training participant
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Modular Training System MTS-2000

The Modular Training System MTS-
2000 has been under development
since the beginning of 2000 in close
cooperation with the Studiengemein-
schaft Darmstadt (SGD), one of the
biggest correspondence schools in
Germany. The goal of this project is
the conceptualization and implementa-
tion of an Internet based e-Learning
system, implementing the special pro-
cesses of a correspondence school.
MTS-2000 has the following high-
lights: e-Learning curricula, support of
different roles, integration of learning,
communication and information as well
as the support of learning hierarchies
and context sensitivity.

MTS-2000 supports two forms of curricula
structures: organizational structure
and topic structure. The e-Learning
offers are organized in courses. A
course is a self-standing learning unit
which is correlated with a degree/cer-
tificate. A course consists of several
learning materials or learning material
groups (which can be tested separately
and ease the structuring of large and

complex courses). A learning material
itself consists of a content and an
optional test. Additionally, learning
material can be categorized according
to topics. This allows a grouping of
learning material across courses. 

A unique feature of MTS-2000 is the
support of individualized courses. A
learner can, based on his learning 
history and success, skip parts of a
course he has already approved or buy
valued added components in order to
improve his learning settings. This con-
cept allows for a highly individualized
and optimized setup of e-curricula.

MTS-2000 supports different e-Learning
roles by individualized GUIs: adminis-
trators, topic tutors, curriculum tutors,
curriculum managers and learners. All
these roles are supported by individu-
alized GUIs with special functionality.

MTS-2000 supports e-Learning hier-
archies. The MTS-system can be inte-
grated in a publicly available e-Learning
portal, providing general functions. By
logging on to the MTS-system, the
user reaches the MTS-layer. This layer
provides an overview of all booked

courses as well as communication
capabilities with an MTS tutor and
general learning groups. By selecting a
course, the learner enters the course
layer. This layer presents the internal
structure of a course, consisting of
learning material and learning material
groups, as well as communication
facilities with a course tutor and
course-related learning groups. The
information provided concentrates on
news and FAQs about the selected
course. By selecting a learning material,
the learner enters the material layer.
This layer provides a description of the
material (like online, download, off-
line, test available) as well as access to
a topic tutor and material-specific
information. This concept delivers the
learner an optimized, context-sensitive
learning environment. The learner
always has the necessary information
to hand.

MTS-2000 has been developed in close
cooperation with Studiengemeinschaft
Darmstadt (SGD). SGD uses a commercial
version of the system under the trade-
mark waveLearn. 

Contact
Dr. Christoph Hornung
Fraunhofer IGD Darmstadt, Germany
Phone: +49 (0) 61 51/1 55-5 60
Fax: +49 (0) 61 51/1 55-5 59
Email: Christoph.Hornung@igd.fhg.de
URL: http://www.wavelearn.de

The waveLearn user
interface
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One problem of increasing importance in chemistry and life
sciences is the rapidly growing amount of data needed for
research and production purposes. In recent years, tech-
niques for simulation, process control and imaging has very
quickly developed with the result that increasingly more
data have been produced. This data »explosion« leads to
completely new or drastically refined opportunities for
applications on the one hand, but also to the need for
innovative procedures to analyze and classify those data
and to interact with them for acquiring new and better
results.

Due to the fast development of computer hardware it is now
possible to simulate and visualize, even in virtual reality,
very exact models, which was not even dreamed of a few
years ago. Novel interaction techniques allow a totally new
way to work with the acquired data.

Fraunhofer IGD has dealt with chemistry- and life sciences
related problems for several years. New concepts for the
visualizing and electronic publishing of data were developed.
Another field of intensive scientific activity is interactive 3D
visualization of simulations in virtual reality environments.
By using new technologies impressive results were subse-
quently achieved. But of course Fraunhofer IGD also works
in improving conventional image processing algorithms.

Well-used slogans such as »New Media«, »Visualization« or
»Knowledge Management« are not just buzzwords, but are
a reality at the Fraunhofer IGD.

For further information refer to the
thematic brochures »Visualization
and IT Concepts in Chemistry and
the Life Sciences«
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2D Gelelectrophoresis

Image Processing
2D gelelectrophoresis is a standard
method for the analysis of the proteins
of living organisms and human beings.
The two-dimensional method allows
the separation of different proteins,
according to their polarity (horizontal
diffusion) and their molecular weight
(vertical diffusion) on a polyacrylamide
gel substrate. By application of different
staining methods the separated proteins
visually appear in the form of a spot
pattern, which allows the measurement
of characteristic features, like isotropy,
size, and density for quantitative analysis.

The efficient use of proteom analysis
strongly depends on the development
of automatic image processing proce-
dures for spot-identification and quan-
tification. In order to master this chal-
lenge, the Computer Graphics Center
Darmstadt, together with the Fraun-
hofer IGD Rostock, developed a proce-
dure for automatic identification and
quantification of protein spots from
2D electrophoresis gels on behalf of
Aventis Research & Technologies.

After protein diffusion and staining, the
gels are scanned by means of a special
flat bed scanner. In the subsequent
automatic image analysis stage, the
images are LP-filtered, background
and protein regions are segmented
and saturated regions identified. The
final quantification and modeling of
the protein spots leads to parametric
representations of each spot. Besides a

compressed, quantitative description of
the image content, they also provide a
more suitable means for following
studies such as spot matching between
any number of similar gels.

This year’s advancements include the
handling of exceptional cases in the
segmentation and modeling stage.
Amongst others, the advancements
cover the modeling of drop-shaped
spots as well as saturated spots. Sporadic
occurrences of twin models resulting
from image defects are predicted
using image segmentation features.
This allows their elimination before the
modeling.

Matching
Multiple repetitions of electrophoresis
experiments allow the minimization of
common gel defects (e.g. dust particles
or gel deformations). The resulting
gels show big structural similarity. A
similarity based automatic matching
makes it possible to give reliable statis-
tical statements about the distribution
and measurements of proteins.

In order to support an automatic
matching, the Fraunhofer IGD Rostock
developed matching methods, which
allow the simultaneous matching of
more than two gels. The result is a 
single representation of the complete
test series.

3D visualization for the matching of two gels
(parallel view, perspective view, detail view with
yellow highlighted spot pair)
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Starting from the gel models provided
by the image processing module, the
matching correlates corresponding
spots from different gels by means of
a flexible cost function. In certain sce-
narios, however, a structural similarity
between two spot-patterns cannot be
assumed. One form of mycoses, for
instance, leads to a resistance whereas
another form is still sensitive to a
therapeutic drug. In order to determine
these differences a comparison of the
mycotic structures is necessary. This
requires the identification of a deter-
mined partial pattern. A study con-
cerning the evaluation of methods
matching arbitrary partial patterns was
conducted. Its result showed the ability
of the studied method to also match
incomplete patterns.

Contact
Dipl.-Ing. Jörg Voskamp
Fraunhofer IGD Rostock, Germany
Phone: +49 (0) 3 81/40 24-1 20
Fax: +49 (0) 3 81/40 24-1 99
Email: Joerg.Voskamp@rostock.igd.fhg.de

Multiple Image Stack Browser

In the last few years the progress
made by neuro scientific science has
been tremendous. The development of
new, productive microscopy hardware
is one of the main reasons for this.
Confocal laser scanning microscopes
are able to scan stacks of layers into a
microscopic preparation without cutting
it into slides. This means we can view
real image volumes. New color tech-
niques allow the marking of interesting
substances. It is even possible, using
several markers simultaneously, to
detect them by different lasers and
assign them to different channels of
the image.

Most recently the scientists were espe-
cially interested in investigating intra
cellular features by looking at the
interaction between different cells of
the population at the same time. For
that they need an overview over the
whole large scanning volume and a
very high resolution of the details at
the same time. But dependent on their
construction, microscopes can either

View of the testbed during the inspection of a
gel 

Result of the modeling step with saturation-
and collision-handling

Maximum Intensity Projection of a single 
neuron (64 Planes of 3072 by 4096 Pixels)



scan large areas with small resolution
or small areas with high resolution at a
time.

For solving this contradiction the Multiple
Image Stack Acquisition (MISA) was
developed at the Leibniz Institute for
Neuro Biology Magdeburg. By this
technique the microscope is connected
with a motorized stage. Therefore it is
possible to scan large regions with
high resolutions by dividing the whole
volume into several image stacks which
are scanned one after the other. This
results in many single images belonging
to the scanning volume. The single
image stacks can be scanned over-
lapped for aligning the whole volume
exactly. In order to use the scanning
volume all the single images of the
multiple image stacks (MIS) have to
assemble to one large single image
stack (SIS).

For assembling and post processing
the SIS the Multiple Image Stack
Browser (MIS Browser) was developed.
This is a program running under Win-
dows, which performs the assembly
and post processing of the image data.
Users of the application can browse
through the whole image volume
almost without time lag. The browser
handles post processing of different
image parameters up to adjusting the
individual color curves. It is possible to
measure distances inside the image
volume. Any part of the volume can be
exported into different file formats, for
instance for using it in a foreign 3D
visualizing tool.

The largest problem while implementing
the browser was dealing with very
large data amounts. Today we are
using scans with a size of about 2 GB.
We expect even larger scans in the
near future. To show these data as
fast as possible we use several caching
and mapping strategies. 

In future the MIS Browser will be
extended into a base platform for
working with large microscope data. For
users requests we will develop several
plug-in interfaces for different fields of
use. Although a plug-in interface for
alignment algorithms already exists we
are developing interfaces for working
on the real image data. In addition we
are working on a generic module for
steering different microscopes and
motorized stages from the browser.
This will result in one solution that the
user can use for image acquisition and
image processing.

Contact
Prof. Dr.-Ing. Bodo Urban
Fraunhofer IGD Rostock, Germany
Phone: +49 (0) 3 81/40 24-1 10
Fax: +49 (0) 3 81/40 24-1 99
Email: Bodo.Urban@rostock.igd.fhg.de
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Screenshot of the MIS
Browser
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Process- and Plant Visualization 

Computer Graphics is a key technolo-
gy for rapid product development
especially in chemistry and life sci-
ences. Visualization of information and
correlations is one of the major topics.
The project of the Fraunhofer AGC
»Glass reactor«, which is conducted
by order of the companies Elenac and
Axiva, comprises the visualization of
the polymerization process for high-
density polyethylene. The data for the
visualization are calculated using a sim-
ulator. The experiences of Elenac with
the production process combined with
the know-how of Axiva in the area of
process optimization and simulation,
allowed the construction of a simula-
tion model, which can also be utilized
directly in the production process for
monitoring and regulation tasks. 

During an exhibition visitors with no
previous knowledge were supposed to
be able to use the simulation model.
So a visualization had to be found,
which allows easy operation of the
model without prior instructions. The
result is a computer-generated, inter-
active operable, three-dimensional
model of the reactor. The output,
either on a common computer screen,
a laptop or a »Virtual Table«, shows
an interactive model of a synthesis
reactor in three stages. The first stage,
the closed reactor, represents the link
to the real world. The user recognizes
the familiar reactor, without special
explanations being necessary. When
the reactor is open in the second
stage, new insights in the functioning
of the reactor are revealed, which are
usually invisible in reality. This impression
is further increased by a dive into the
microscopic view of the polymer particles
in the core of the reactor in the third
stage. There the most important re-
acting substances can be observed, i.e.
the visibly growing polymer particles,

Three stages of the »Glass reactor« (closed, open, microscopic view)



and also the gaseous substances,
which are part of the reaction, as well
as catalyst particles. 

There are numerous application areas
for plant visualization. In the preliminary
stages of planning a first impression of
the new plant can be gained. During the
planning, the acceptance of services
rendered, for instance the acceptance
of the piping, can take place in a virtual
showroom with the planning engineers
and the customer. Even before com-
pletion of the plant future operators
can be trained, and during the opera-
tion of the plant the virtual model can
be used as an advertising medium for
the plant. The Fraunhofer AGC devel-
oped, in cooperation with the Fraun-
hofer IGD Darmstadt, techniques to
visualize complex plants directly from
the planning process. Key issues were
techniques on the reduction of the
extraordinary high complexity of indus-
trial plants to enable the realization of
interactive solutions. Together with
Axiva a general agreement on plant
visualization has been reached. Virtual
acceptance of services is now a fixed
part of plant planning.

Contact
Prof. Dr. Detlef Krömker
Fraunhofer AGC Frankfurt am Main,
Germany
Phone: +49 (0) 69/97 9 95-1 40
Fax: +49 (0) 69/97 9 95-1 99
Email: Detlef.Kroemker@agc.fhg.de

Virtual Glove Box

A glove box is an apparatus used in
chemistry or biology to work on targets
in a closed atmosphere, without con-
taminating the substances or endan-
gering the user. A glove box usually
consists of a transparent hull in which
the experiments can be performed.
The user can reach into the box
through gloves that are attached to
the inside of the box. The gloves can
be reached through corresponding
holes in the box.

Since glove boxes are well known in
our domain of interest, the glove box
is used as an interaction metaphor for
visualization applications. The Virtual
Glove Box consists of a stereoscopic
display using passive stereo technology
(i.e. a two projector system with polar-
ized lenses which continuously display
images for each eye; the user views
the scene through matching polarized
glasses) and two CyberGrasp haptic
exoskeleton displays for the hands.
The user can reach through holes into
a box, wearing the exoskeletons while
the visual display shows the virtual
hands and the virtual objects (atoms,
molecules etc.).

There are several use-case-scenarios
for the Virtual Glove Box. Our first
focus is on the virtual manipulation of
chemical reactions on the molecular
and atomic level. In this case we will
be able to demonstrate the benefit of
a new over conventional devices used
in chemistry or biology. The second
focus will be the manipulation of virtual
»real life« laboratory objects. In this
case the aspect of teaching and training
is important.

Contact
Prof. Dr. Detlef Krömker
Fraunhofer AGC Frankfurt am Main,
Germany 
Phone: +49 (0) 69/97 9 95-1 40
Fax: +49 (0) 69/97 9 95-1 99
Email: Detlef.Kroemker@agc.fhg.de
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Usage of a conventional glove box

The mechanical force-feedback exoskeleton
CyberGrasp by Virtual Technologies, Inc.



Applications

New Media for Cultural Heritage

Who has not (yet) heard the slogans of our modern infor-
mation society like Internet, multimedia, hypermedia, tele-
communication, virtual reality. New technologies are indeed
gaining ground in our living, working, and leisure habits. 

This also applies to the management of cultural assets.
Museums and galleries, curators and artists, they all – with
increasing success – make use of digital technologies for
collecting, preserving, exploring, and conveying art and
human culture.

Museums present themselves on the Internet. Invitations
are given to visit virtual museums. By means of a simple
mouse-click the »cyberspace« museum visitor can get a
multimedia visualization of special historical, art, archaeo-
logical, or engineering issues composed of video and sound
documents, images, and text. In a »Memorandum of
Understanding« some European museums have engaged in
digitalizing a great part of their stock. In this way digital
artifacts and works of art will become accessible to every-
body. 

Digital technologies are also used for a virtual reconstruction
of architectural monuments. They can also effectively support
the simulation of historical work techniques and the scientific
work of art historians, archaeologists, historians, or restorers.

So the new media technologies open up entirely new appli-
cation scenarios. Important challenges are:

– Passing-on of knowledge, 
– Global access to cultural heritage, 
– Permanent preservation of cultural assets, 
– Efficiency of cultural research. 

Furthermore, multimedia presentations are an excellent
instrument for marketing purposes or acquisition of sponsors.

For further information refer to the
thematic brochures »New Media for
Cultural Heritage«



ARCHEOGUIDE – Augmented Reality
Based Cultural Heritage On-site
GUIDE

ARCHEOGUIDE (Augmented Reality
based Cultural Heritage On-site
GUIDE) is the acronym of a project
pursued by a consortium of European
organizations: Intracom S.A. (Greece),
Fraunhofer IGD Darmstadt (Germany),
the Computer Graphics Center (Ger-
many), the Centro de Computação
Gráfica (Portugal), A&C 2000 (Italy),
Post Reality (Greece) and the Hellenic
Ministry of Culture (Greece). Funded
by the EU IST framework (IST-1999-
11306), the consortium aims to design
and develop a system that will funda-
mentally change the way visitors view
and learn about a cultural heritage
site. In particular, we are in the process
of designing a system that will give
the visitors a feeling of how the site
was in the past. 

As a first trial site, we have selected
ancient Olympia in Greece, the famous

birthplace of the Olympic games. The
project’s consortium envisions a multi-
user distributed computing system that
will operate as follows: visitors, upon
arrival on the site, will be given a
Mobile Unit (MU), i.e. a wearable com-
puter including a see-through Head
Mounted Display (HMD) equipped
with a camera and speaker and a very
lightweight portable computer with
sufficient hard disk space, processing
power and wireless connectivity to the
system server. The visitor will provide a
user profile indicating their interests
and background, and they will be
invited to choose a tour from a set of
pre-defined tours. The system will then
guide them through the site, acting as
a personal intelligent aid giving them
audio-visual information suitable for
them according to their profiles.
Whenever and wherever appropriate,
the system will render images of 3D
models of the monuments of the site
and display them to the user’s HMD.
Correct object registration and occlusion
handling of course requires having
adequate position and orientation

tracking systems and a detailed model
of the site’s static environment. This
will be obtained by accurate photo-
grammetric techniques and through
the use of accurate site maps. Through
intelligent adaptive system behavior,
we plan to tailor the visitor’s tour to
closely match their interests. 

Contact
Dr. Stefan Müller
Fraunhofer IGD Darmstadt, Germany 
Phone: +49 (0) 61 51/1 55-1 88
Fax: +49 (0) 61 51/1 55-1 96
Email: Stefan.Mueller@igd.fhg.de
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Augmented View of the temple of Zeus



City-historic Information System 

In the year 2001 Germany celebrates
the Romanesque year. For this celebra-
tion the Aschaffenburg Stiftsmuseum
starts an exhibition that focuses on the
various remains of the Romanesque
period in the town. The interest cen-
ters on the collegiate church St. Peter
and Alexander, one of the oldest
Romanesque churches in Germany.
The collegiate church was probably
erected during the Foundation of the
collegiate St. Peter and Alexander in
Aschaffenburg circa 957 AD. Over the
centuries, many more or less important
building projects changed the appear-
ance of the church according to the
architectural style of the particular
epoch. The church as a whole was
never destroyed. Therefore many of
these changes still exist and the variety
of the components has become char-
acteristic of the church. 

The church will be virtually reconstructed
in the three main epochs of its evolu-
tion: Romanesque, Gothic and Baroque.
The aim of the church’s reconstruction
in different epochs is to create an
access to its history and to visualize
the development of the architectural
styles. The tourist on site will be able
to see the virtual reconstruction in the
museum. Another way to acquire
information is through the Internet.

Publishing the models via the WWW
helps to achieve broad public access 
to the results. Hopefully this work will
encourage people to visit the church
and enhance their visit by providing
them with extra knowledge of the 
significance of the site. 

A common problem of historical build-
ings is the lack of documentation.
Rarely is a complete set of plans avail-
able; often none at all. If the building
does not exist anymore, drawings or

paintings may help to reconstruct the
plans. Often, only a comparison with
similar buildings of the particular
epoch is possible. A complete set of
plans of the collegiate buildings of 
the church of St. Peter and Alexander
was available. For the church itself,
plans of the ground floor, some sec-
tions and facades – but only of the
18th century – and photographs
helped to complete the plans of the
present state. In order to reconstruct
the model of the church in the Gothic
epoch many parts were copied from
drawings, but the model of the

Romanesque epoch could only be
reconstructed in accordance with the
architectural style of the epoch.

Contact
Dr. Uwe Jasnoch
Fraunhofer IGD Darmstadt, Germany
Phone: +49 (0) 61 51/1 55-4 13
Fax: +49 (0) 61 51/1 55-4 44
Email: Uwe.Jasnoch@igd.fhg.de
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Reconstruction of the
collegiate church St.
Peter and Alexander,
Aschaffenburg



VR-Presentation of the Cathedral of
Siena at EXPO 2000

Funded by German Ministry of Educa-
tion and Research (BMBF), Fraunhofer
IGD developed a computer graphics
model of the Cathedral of Siena,
including all interior parts and the
famous library of Piccolomini. In addi-
tion, a lighting simulation had been
performed to improve image quality.
This 3D model was integrated in a
newly developed VR environment in
order to prototype new concepts for
the integration of historical, architec-
tural, and cultural data related to a

cultural heritage site, into an immer-
sive Virtual Reality environment.
Stereoscopic projection and 3D sound
had been used for the presentation of
the new system.

In comparison to computer-animated
movies, the digital cathedral of Siena
enables the visitor to interact with the
3D model. An ancient book (realized
through a touch-screen) serves as an
input device, displaying a 2D map of
the cathedral and providing easy-to-
use navigation paradigms and infor-
mation access. In addition, a 3D avatar
»Luiggi« – a virtual tourist guide –
assists the visitor by explaining the his-
tory of the cathedral and supporting
the orientation through the virtual
building. 

The VR system has been shown at
EXPO 2000 in the theme park »basic
needs«.

Contact
Dr. Stefan Müller
Fraunhofer IGD Darmstadt, Germany 
Phone: +49 (0) 61 51/1 55-1 88
Fax: +49 (0) 61 51/1 55-1 96
Email: Stefan.Mueller@igd.fhg.de
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The virtual avatar »Luiggi«

The Interface

A view of the cathedral with a radiosity 
simulation, rendered in real-time

Liberia Picolomini
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Innovative Handling- and Interaction Techniques

An increasing part of our daily life is influenced by modern
information technology. Whilst the use of computers was
restricted to classical areas such as accountancy or text pro-
cessing in the past, completely new application areas have
now emerged. Mobile information systems allow data entry
and -analysis independently of stationary technique, high-
speed networks allow mobile access to large amounts of
data and the Internet. The use of modern sensor- and sim-
ulation techniques generates immense quantities of data,
which are almost impossible to handle.

These new applications ask too much of the classical inter-
faces between man and machine. Completely new concepts
of interaction with innovative applications are required to
enable their efficient usage. Digital personal assistants can
help the user by adjusting themselves to his habits.
Equipped with facilities for geographic positioning, the
assistant is able to provide useful information and help for
a specific situation; thereby effectively supporting the user
in his work without distracting him with secondary tasks.
An application area for these assistants are electronic visitor
information systems, which can significantly ease the orien-
tation in an unknown environment.

New communication technologies allow data transmission
and influence to real situations almost everywhere. Real
scenes can be combined with virtual worlds to increase the
immersivity for remote participants. Using real or virtual
avatars, remote and present users can now communicate
and interact with each other.



eGuide

eGuide is a new mobile visitor infor-
mation system, basing on PDA hand-
held devices. The system has been
used by more than 40.000 users on
trade shows, conventions or exhibi-
tions, (e.g. CeBIT 2000, EXPO 2000,
Systems 2000, DRUPA 2000, MEDICA
2000, SAP-Congress »mySAP.com« in
Paris, SAP-Congress »SAPHIRE« in Las
Vegas, McKinsey-Tage in Nizza, Palm-
Source Europe 2001 in Amsterdam).
This has resulted in the eGuide system
being the most successful information
system on the European market. 

The eGuide combines textural and
graphical information such as objects,
products, product groups, exhibitors,
speakers or lectures and supports the
navigation by graphical interaction and
sights. The user can create and select
personalized tours. In addition the
eGuide provides situation aware infor-
mation to the user. Special infrared-
beacons (IrDA-Beacon®, research prod-

uct by the Fraunhofer IGD) can give
the spatial information of objects or
exhibits to the eGuide system. Through
this the user can check which session
is going on behind the closed doors of
the convention or the location of the
user’s present position and which
exhibit is in front. The application can
be provided by the Internet or at data-
stations locally at the conference or
trade show. The user can download
the application via infrared without
any need of configuration. 

Contact
Dr. Thomas Kirste
Fraunhofer IGD Rostock, Germany
Phone: +49 (0) 3 81/40 24-1 25
Fax: +49 (0) 3 81/40 24-1 99
Email: Thomas.Kirste@rostock.igd.fhg.de
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eGuide overview map

Downloading station at
the CeBIT



EMBASSI – Electronic Multimedia
Serving and Service Assistance

The Challenge
The networking of audio/video elec-
tronics progresses inexorably; enter-
tainment electronics, home computers
and Internet merge in the near future
into a common platform for Multi-
media and Infotainment. Thus the
question urgently arises: how can the
difficult-to-understand variety and
functionality of these future platforms
be made accessible to the user? How
can these systems be used efficiently,
intuitively and playfully? What is nec-
essary, so that such infrastructures 
correspond to the non-standard 
needs and desires of the user? 

Targeting
The target of the master project EMBASSI
– »electronic multimedia serving and
service assistance« – is the develop-
ment of a global assistance concept,
which supports the user with assistance
during the operation of everyday life
technology. EMBASSI does not direct
thereby at a purely punctual solution
from control problems. Rather from
the outset the center of attention is
the statement that the user must inter-
act with a dynamically interconnected
system of individual components, in

order to hit his desires. The basis is
thereby a user-centered beginning.
Instead of asking how the user could
best control the functions of a system,
e.g. his domestic Infotainment infra-
structure, EMBASSI first asks for the
requirements and goals of the user.
On this basis EMBASSI supplies proce-
dures to assist the user to express his
requirements and which allow the 
system to fulfil these requirements.
The user does not have to say: »switch
the television on around quarter past
eight and select channel 7«, if he
actually means: »I would like to see
the news«. 

Technological Background
Regarding the available broad techno-
logical fundamentals, the inclusion of
existing standards and models plays an
important role for EMBASSI. Thus in
the area of the private household the
HAVi-protocol forms an important
platform for the current work; in the
area of motor vehicles this is MOST.
Basically for communication between
system components TCP/IP is used, on
which knowledge based modules use
KQML. As the common content lan-
guage for all communication between
EMBASSI components XML is used. For
the definitions of the relevant ontologies
in EMBASSI the description logic is
used (ALCF). For the dynamic declara-

tion of the operators offered in an
EMBASSI system of the individual com-
ponents Action-Description-Language
(ADL) is used, on whose base planning
processes take place.

Planning Component
The function of the used planning
assistant is to develop independently
strategies for the fulfillment of user
goals with the help of the available
technical infrastructure and the opera-
tors offered by this infrastructure. The
special feature of the planning assistant
is situated in the fact that its concept
enables the dynamic adding of new
components. If a new component is
integrated into the infrastructure, the
additional functions offered by this
component can be used directly for
planning. 

Assistants have the function to develop
a »program« (xprog) based on the
operations supported by the available
devices aimed to fulfill the user’s goal
by its execution. In order to be able to
plan thereby on complex infrastruc-
tures, a co-ordination algorithm is nec-
essary, which coordinates the distribut-
ed execution of the »program«. So
that each component does not have to
support this co-ordination individually,
which would make also resource man-
agement difficult an X-Scheduler was
conceived and implemented, which
can take over the scheduling of all 
X-components in the system.

Contact
Dr. Thomas Kirste
Fraunhofer IGD Rostock, Germany
Phone: +49 (0) 3 81/40 24-1 25
Fax: +49 (0) 3 81/40 24-1 99
Email: Thomas.Kirste@rostock.igd.fhg.de
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e-ssist 

The goal of the Fraunhofer Innovations
Initiative e-ssist is the development of
a technology platform for the mobile
electronics of the future aiming for the
following key points:

– Body area networks
– Intelligent transponders (iTag)
– Low power concepts in circuitry
– Flexible materials and foil for system

integration (MCMFlex)
– Flexible application generator for

situation aware mobile assistance
systems (MapGen)

In e-ssist we proceed those technologies
and integrate it in a framework with
attractive and forward-looking func-
tionality. E-ssist will be handled jointly
from the Fraunhofer Institutes IGD, IIS,
IMS and IZM. The Fraunhofer IGD Ros-
tock is concentrated in the period from
October 2000 to December 2001 par-
ticularly to the application generator
(MapGen). It is a matter of the follow-
ing one-in-one aspects:

Mobile Shopping Scout: Routing

e-ssist Architecture
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– Development of a generic applica-
tion framework (»universal browser«)
as the basis for the appropriation of
a specific application in a mobile
infrastructure,

– A toolkit, a suite of software-plugins
for the interaction with typical data
structures, that may be required in
the context of mobile location and
situation aware applications (e.g.
map and topology management),

– An application definition language
to define a specific application on
the basis of functions of the generic
framework,

– An authoring tool for graphical
interactive production of an appli-
cation definition.



e-ssist shopping
In cooperation with the institutes con-
cerned in e-ssist an »electronic shopping
list« has been developed as a functional
demonstrator for the »e-ssist«-consor-
tium. eShop – a mobile shopping scout
– is a system, which extends the classic
model of pen and notepad. Among
the simplest extensions additional
functionality is enabled by the dedica-
tion of mobile micro computer:

– non-standard settings for the shopping
list (conceivably a learning shopping
list),

– automatic generation of the shopping
list or automatic home replenish-
ment,

– help for orientation in the shopping
environment,

– actual information on products, e.g.
advertisements.

Contact
Dr. Thomas Kirste
Fraunhofer IGD Rostock, Germany
Phone: +49 (0) 3 81/40 24-1 25
Fax: +49 (0) 3 81/40 24-1 99
Email: Thomas.Kirste@rostock.igd.fhg.de
URL: http://www.e-ssist.fhg.de

Multimedia Workplace of the
Future

The target of the leading project
»Multimedia Workplace of the Future«
(MAP) is to relieve the computer user
from time-consuming routine activities
by innovative agent and assistance
concepts. Increased productivity as
well as a larger action radius of the
user will be obtained by special consid-
eration of the mobile activities and by
the integration of mobile terminals.
Such activities for example are inte-
grated administration of messages
such as letters, faxes, email, tele-
phone, automatic reaction to standard
inquiries, provision of information and,
in particular, administration and pursuit
of task and time schedules. A mobile
MAP workstation relieves the user of
such work and completes it indepen-
dently, without influencing control of
the user. Thus the computer does not
provide only common direct-manipula-
tive tools. MAP permits the user to
automate his activities individually and
to delegate tasks to his electronic
assistant. 

MAP is promoted by the Federal Minis-
try for Economics and Technology
(BMWi). As a leading project it demon-
strates how to achieve more efficiency
and mobility of labor in the age of 
M-Commerce. The implementation of
the project’s vision »pocket-sized
office« is mainly focused on security,
man-machine interaction and agents
as well as mobile assistance. 

MAP includes nine enterprises of econ-
omy as well as six institutions of trade
union and science, in which are
involved several departments of the
Fraunhofer IGD. Project coordinator is
the ALCATEL SEL AG. 

Within the scope of MAP the task of
the AR3 department of the Fraunhofer
IGD is focused on the development of
a personal task management assistant
on the base of mobile devices and
sensor based perception of the envi-
ronment, supporting the user in the
administration of his personal daily
activities – especially with regard to
increasing the importance of fast, flexible
reaction to unplanned events. The A9
department is developing a visual pro-
gramming environment. It determines
the program logic or the behavior of
the base agents by means of graphic
methods and components (metaphors)
which enable the user to control the
agents behavior by condition/action
rules (i.e. too CA-Rules or »if-then«-
rules). The A8 department is involved
particularly in the subproject »safety
technologies« and, among others, is
charged with the development of a
secure mobile agent infrastructure.
Based on previous work in the current
project, SeMoA special safety architec-
tures for agent servers are developed,
as well as scalable mechanisms for a
transparent communication of mobile
agents among themselves, and crypto-
graphic logs for the protection of
agents. 

Contact
Dr. Christoph Busch
Fraunhofer IGD Darmstadt, Germany 
Phone: +49 (0) 61 51/1 55-1 47
Fax: +49 (0) 61 51/1 55-4 44
Email: Christoph.Busch@igd.fhg.de
URL: http://www.map21.de 
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Telebuddy

Telebuddy is the result of a BMBF-
funded project shared jointly between
the Fraunhofer IGD Rostock and the
ZGDV Darmstadt. The aim of this pro-
ject is to develop a »physical avatar«
to give Internet users a physical pres-
ence in remote locations. An avatar is
a »surrogate« – body which lends it’s
sensors and actuators to the Internet
user.

For the first time the avatar was used
to present German research institutes
at the »Global Dialogue« event during
the EXPO 2000. Here, the avatar was
embedded in a virtual research scene.
The user then could discover the
whole spectrum of research in Ger-
many and visit labs of some institu-
tions live through the Telebuddy. This
project also demonstrated a new
dimension of multimedia presence and
active participation through new inter-

action and control concepts, use of
wireless multimedia technologies and
the Internet.

Other successful presentations of the
Telebuddy were the BMBF/DLR Open
Day in Berlin and in the »Kindercampus«
event of ZDF television.

The system is available permanently
giving a regular, efficient and attractive
presentation of German research and
its results in the Internet. Beside using
it for interactive demonstrations and
exhibitions, it can also be used for cul-
tural events, games, or educational
purposes. A model for further use of
the service will be developed in this
project as well as strategies for the
step from a prototype to a commercial
product.

The realization of the Telebuddy system
comprises work in the three major
fields of 

– the avatar (Telebuddy),
– the stationary computer as a link

between the avatar and the central
system,

– the central server as access point to
the Telebuddy system with its navi-
gation and retrieval elements.

The prototype of the avatar looks like
a crossbreed of a teddy bear and a
muppet puppet, but inside it is full of
high-tech components. The puppet is
in permanent radio contact with the
server, allowing the Internet user to
access its communicational parts. In
one eye the Telebuddy has a camera
delivering a video stream, the other
eye accommodates an infrared (IR-)
sensor to identify its current location
from IR-beacons (IrDA-Beacon® trans-
mitter). The user can also chat with
other participants and even talk to the
outside world through Telebuddy’s
computer generated voice.
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The integration of trend concepts like
Internet chat, mobile Webcam, and
electronic toy connects previously
sovereign fields of telepresence, mobility
and human-machine communication
to anthropomorphic avatars. This new
way of interaction and communication
will give interesting insights into group
processes.

Contact
Dr. Thomas Kirste
Fraunhofer IGD Rostock, Germany
Phone: +49 (0) 3 81/40 24-1 25
Fax: +49 (0) 3 81/40 24-1 99
Email: Thomas.Kirste@rostock.igd.fhg.de
URL: http://www.telebuddy.de
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Events

Forum Founded for a Cross-plat-
form Development of a Standard
for 3D Graphics Applications 

The Open Source Scenegraph (OpenSG)
forum was founded in Darmstadt on
28 January 2000. Initiated by researchers
of the Fraunhofer Institute for Com-
puter Graphics IGD, leading German
industrial companies of various
branches joined this forum. They aim
to create a cross-platform standard for
3D graphics applications focusing on
applications in the field of virtual reality.
The realization will base on the Open
Source model to secure long-term
availability and sustainability of the
result. The OpenSG forum will co-
ordinate this project.

Best Paper Award 

On 16 November 2000 the award for
the best publications from the INI-
GraphicsNet took place in Darmstadt.
This year the jury voted for the con-
tributions »Texturing 3D Models of
Real World Objects from Multiple
Unregistered Photographic Views« by
Peter J. Neugebauer and Konrad Klein,
»Using Transparent Props for Interac-
tion with the Virtual Table« by Dieter
Schmalstieg, L. Miguel Encarnação and
Zsolt Szalavári, as well as »Reducing
Memory Requirements for Interactive
Radiosity Using Movement Prediction«
by Frank Schöffel and Andreas Pomi.

User Day »Computer Graphics in
Chemistry and Pharmacy«

On 23 February 2000 the user day
»Computer Graphics in Chemistry and
Pharmacy« took place at Fraunhofer
IGD in Darmstadt, organized by the
newly founded Fraunhofer AGC and
supported by Silicon Graphics (Munich).
On this occasion visualization and sim-
ulation methods were demonstrated,
which permit a significant improve-
ment of quality and efficiency both of
the complicated planning and produc-
tion processes in the chemical and
pharmaceutical industry, and the training
of the staff. 

Communicating Via Pictures – 
25 Years GRIS

On 16 November 2000 the department
Interactive Graphics Systems Group
(GRIS) at Technische Universität Darm-
stadt celebrated its 25th anniversary
which was attended by high-ranking
representatives from politics and science.
From small beginnings, Darmstadt is
now a world-class player in the area of
Computer Graphics. The focus of
teaching and research activities of
GRIS – until 1978 called Graphic Data
Processing – was from the start to
establish Computer Graphics as com-
munication interface between human
and machine. With only three assis-
tants the founder of GRIS, computer
science Professor Encarnação, started

Numerous guests from
home and abroad
attended the Festival 
of Sciences

Prof. José L. Encarnação
welcomes the guests at
the Jubilee Celebration
25 Years GRIS



to transfer the digital world into pic-
tures and aimed to establish Computer
Graphics as a discipline in Germany and
Europe. Meanwhile Computer Graphics
developed to a key technology, which
changed almost all areas of life and
which is the impelling force for the
innovations of the future. 

Opening of the E-Business Innova-
tion Center at the Fraunhofer IGD
(E-BIZ)

On 16 November 2000, the offices of
the E-BIZ (E-Business Innovation Center)
opened at the Fraunhofer IGD in
Darmstadt. The official opening was
accompanied by an E-Business sympo-
sium on the topic of »Technological
Aspects, Applications and Trends«. At
the symposium, experts from the areas
of research and economics gave an
overview of the activities of E-BIZ,
examined security aspects, and reported
on their experiences with electronic
commerce technologies. Finally Professor
Encarnação, head of the Fraunhofer
IGD, addressed the audience about
»Information Portals – Innovation by
Knowledge Access«. 
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Dr. Stefan Noll presents
an overview of the 
E-Business Innovation
Center
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Award of the Design Prize 
Mecklenburg-Vorpommern

On 20 October 2000 the Design Prize of
the State of Mecklenburg-Vorpommern
was awarded for the sixth time by the
Minister of Economics Professor Dr.
Rolf Eggert, at the Fraunhofer IGD
Rostock. From a total of 81 submitted
works, 17 exhibits for the Design Prize
and five exhibits for the Design Promo-
tion Prize were chosen. 

Award of the Alwin-Walther-
Medals 

Alwin-Walther-Medals were awarded
at the Fraunhofer IGD in Darmstadt on
17 June 2000 on the occasion of an
academic ceremony of the Computer
Science and Mathematics Departments
of Technische Universität Darmstadt.
This year the medals were awarded to
Prof. Dr. Dr. h.c. mult. Willi Jäger of
Heidelberg University and Prof. Dr.
Eng. Robert Piloty of Technische Uni-
versität Darmstadt. With the Alwin-
Walther-Medals, founded by Computer
Graphics Center and Fraunhofer IGD,
the Technische Universität Darmstadt
honors outstanding achievements in
the fields of Mathematics and Com-
puter Science. The Alwin-Walther-
Medals were awarded in 2000 for the
second time since 1997. They are a
memorial to Professor Dr. Dr. h.c.
Alwin Walther, a pioneer of the devel-
opment of electronic calculating
machines. 

The prize-winners Prof. Dr.-Ing
Robert Piloty and Prof. Dr. Willi
Jäger discussing with Dr. Hans-
Peter Kohlhammer, winner of
the Alwin-Walther medal 1997

Prof. Dr. Johann-Dietrich Wörner,
Prof. Dr. Jost Bernhard Walther
and Prof. Klaus Keimel at the
event

Prof. José L. Encarnação 
welcomes the guests at 
the Alwin-Walther award

Above:
Prof. Dr.-Ing Robert Piloty receives the
Alwin-Walther medal

Right: 
Prof. Dr. Willi Jäger receives the Alwin-
Walther medal
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TeleInViVo wins IST-Prize 2001

The three winners of the highest Euro-
pean technology prize »Großer Preis
für ein Europa der Informationstech-
nologie 2001«, also known as the
»Oscar of Information Technology«,
include the telemedicine project
»TeleInViVo«. Initiated by the Fraun-
hofer IGD, an interdisciplinary research
group developed a transportable
telemedical workstation that allows for
medical teleconsultations. Integrated
into the workstation, which fits into a
light aluminum suitcase, is a 3D ultra-
sound unit with a PC, which can
exchange data via any telecommunica-
tion channels. A doctor can use the
equipment to scan a patient’s data –
ultrasound or radiology – and relay it
to an expert thousands of miles away.
Both doctors can then view the three-
dimensional visual data and discuss a
diagnosis and possible treatment
methods online. The integrated
wavelet data compression allows a
loss-free compression of the data. So
the patient information can be trans-
mitted quickly and easily via Internet,
ISDN, or even analog modem or satellite.
Results, pictures, and specific expert
knowledge are thus quickly available
to the doctor in attendance or the
medical assistant. This can save lives.

Meanwhile, the usefulness of the system
has been impressively confirmed by
hundreds of successful teleconsultations.

The Fraunhofer IGD Darmstadt realized
the TeleInViVo project in cooperation
with Computer Graphics Center
(ZDGV) Darmstadt and the Centro de
Computação Gráfica (CCG) in Coimbra,
Portugal. Further consortial partners
are: UNESCO, DSC Dr. Stärk Computer
GmbH, PIE Medical, CATAI, Hospitais
da Universidade de Coimbra and Hos-
pital de Ponta Delgada. 

Hessian Culture Prize awarded to
Prof. José L. Encarnação

Professor José L. Encarnação, head of
the INI-GraphicsNet, was awarded the
Culture Prize 2000 of the State of
Hesse for his outstanding successes in
the area of Computer Graphics. The
awards ceremony took place on 12
November 2000 in the Mathildenhöhe
exhibition hall in Darmstadt, Germany.
The Hessian Prime Minister Roland
Koch took the laudation. The Prime
Minister attested Prof. Encarnação a
visionary feeling for the future. In his
talk »Deception or Reality« Prof.
Encarnação presented among others
the virtual cathedral of Siena. Prof.
Encarnação plans to introduce the 
digital key technologies of the new
millennium to all interested people. His
vision is a so-called »Cybernarium«,
which will hopefully be developed in the
Rhine-Main-area and is intended to
playfully present culture to the people
using modern information technology. 

Prof. Georgios Sakas during the Award 
Ceremony

The Hessian Prime Minis-
ter Roland Koch pre-
sents Prof. José L. Encar-
nação the »Culture Prize
2000 of the State of
Hesse«



INI-GraphicsNet produces Award-
Winners in the Virtual and Aug-
mented Reality Competition

To encourage the development of new
simulation technologies, the German
Ministry of Education and Research
(BMBF) initiated a project proposal
competition for virtual and augmented
reality. In the first round of selections
in July 2000, the German Ministry of
Education and Research (BMBF)
awarded 25 of the 173 draft project
proposals that had been submitted.
Institutions of the INI-GraphicsNet
research network are substantially
involved in eight of these proposals,
and the Fraunhofer IGD or the Com-
puter Graphics Center (ZGDV) are con-
sortium leaders for six of the selected
project proposals. This result shows the
capabilities and incredible range of the
INI-GraphicsNet in the areas of virtual
and augmented reality. 

High-Tech for Cancer Treatment 

Researchers from the Fraunhofer IGD
are among the winners of the »Inno-
vation competition for the promotion
of medical technology«. Along with
eleven other prize-winners, they were
honored by the Federal Ministry of
Education and Research on the occa-
sion of the MEDICA congress on
24 November 2000. An international
jury honored their innovative research
method jointly followed by researchers
of the Institute and the Dr.-Horst-
Schmidt hospital in Wiesbaden, Germany.
The aim is to »upgrade« the estab-
lished white light endoscopy by a new
image processing software to allow a
novel analysis and information pro-
cessing of the endoscopic picture. If
successful, diagnosis and therapy of
bladder cancer could be considerably
improved. Within less than two years,
a prototype will deliver revealing
tumor pictures for doctors. 

Participation in Committees

Fraunhofer IGD employees participate
in the following national and interna-
tional committees, often in leading
roles:

– Anwender- und Entwicklerforum
»VR Technologien in der Entwick-
lung, Konstruktion, Fertigung und
im Marketing« – ProVR

– Arbeitsgruppe 4 im VDI-Fachaus-
schuss Simulation und Visual-
isierung

– Arbeitsgruppe GIS des Facharbeits-
kreises IuK 

– Association for Computer Machinery
(ACM)

– Advisory Council INI-GraphicsNet
Foundation

– German Ministry of Education and
Research (BMBF) Board of Advisors
»EXIST – Existenzgründer an
Hochschulen«

– CIP4 Advisory Board
– Deutsche Vertretung im IFIP TC5

(Computers in Industry)
– DIN NABAU Metadaten
– DIN NAM 430.4. – Transfer und

Archivierung von Produktmodell-
daten (TAP)

– Editoral Board »Computers &
Graphics« (Pergamon Press) – seit
1983 »Editor-in-Chief«

– Editoral Board Computer Aided
Geometric Design (North Holland)

– Editoral Board INFORMATIK-F&E
(Springer Verlag)

– Editoral Board Visual Computer
(Springer Verlag)

– EUROGRAPHICS Association
– Expertenkreis »Hochschulent-

wicklung durch neue Medien« der
Bildungsinitiative der Bertelsmann-
Stiftung

– Facharbeitskreis Informations- und
Kommunikationstechnologien der
Innovationsagentur Mecklenburg-
Vorpommern
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– Fachgutachter der DFG (Deutsche
Forschungsgemeinschaft)

– Fraunhofer Vision
– Geschäftsführung CAST Forum im

ZGDV e.V.
– Geschäftsführung des Forums für

Informations-Services Mecklenburg-
Vorpommern des ZGDV – ISMV

– Geschäftsführung Informations-
und Kommunikationsforum für
Geodaten des ZGDV

– Geschäftsführung OpenSG Forum
im ZGDV

– Gesellschaft für Informatik, IFIP-
Beirat

– GI-Fachausschuß 4.1 Graphische
Datenverarbeitung und ver-
schiedene Untergliederungen 
4.1.1 – 4.1.6

– GI-Fachausschuß 4.8 Peripherie und
Kommunikation

– GI-Fachbereich 4 Informations-
technik und technische Nutzung
der Informatik

– GI-Fachgruppe 2.5.1 Datenbank-
systeme

– Interministerieller Ausschuss für
Geoinformationswesen des Bundes

– Board of Trustees INI-GraphicsNet
Foundation

– Kuratorium des Forschungszentrums
Informatik (FZI) in Karlsruhe

– Lenkungsausschuss Umweltdaten-
katalog

– Lenkungskreis GI-Fachausschuß 4.9
Publikationssysteme

– Lenkungskreis GI-Fachgruppe 4.9.2
Multimedia

– Multimedia-Beirat des Landes
Mecklenburg-Vorpommern

– Münchener Kreis
– Nationaler Arbeitskreis IT-Sicher-

heitskriterien des BSI
– Programmbeirat, 7. Deutscher 

IT-Sicherheitskongress, Bonn-Bad
Godesberg

– Senior Editor, Presence Teleopera-
tors & Vertical Environments

– Stellvertretender Vorsitz im IFIP WG
5.10 (Computer Graphics)

– Stiftung Deutsch-Amerikanisches
Akademisches Konzil (German-
American Academic Council Foun-
dation), DAAK/GAAC

– VDI Arbeitskreis Simulation und
Visualisierung 

– Board of Directors INI-GraphicsNet
Foundation

– Board of Directors Innovations-
agentur Mecklenburg-Vorpommern

– Board of Directors ProStep Verein
– Membership in several national and

international program committees
for the organization of congresses,
workshops and seminars on Com-
puter Graphics topics

– Membership in several boards.

Workshops

Die digitale Signatur – der »Schlüssel«
gegen Dokumentenfälschung, 
Darmstadt, 14 January 2000

Symposium »Zukunft der Biometrie«, 
Darmstadt, 14 January 2000

Workshop »Public-Key-Infrastrukturen«,
Darmstadt, 28 January 2000

BioIS Technikfolgen-Abschätzungs-
Symposium, 
Darmstadt, 9 February 2000 

Firewall-Workshop,
Darmstadt, 17 March 2000 

Workshop »Zahlungssysteme und
sichere E-Commerce Anwendungen«, 
Darmstadt, 27 April 2000 

Workshop »Web-Security«, 
Darmstadt, 29 June 2000

Workshop »Advanced 3D Visualization
Technologies for Industrial Applica-
tions«,
Singapore, 15 August 2000

Workshop »Telemedicine – Present
and Future«,
EXPO Hannover, 6 September 2000

Workshop »IT-Sicherheits-Engineering«,
Darmstadt, 22 September 2000

Workshop »SmartCards – Technik und
Anwendung«, 
Darmstadt, 20 October 2000

Workshop IMC 2000 »Intelligent 
Interactive Assistance and Mobile
Computing«,
Rostock, 9-10 November 2000

Workshop »Kryptographie mit 
Elliptischen Kurven«, 
Darmstadt, 16 November 2000
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E-Business Symposium zum Thema
»Technologische Aspekte, 
Anwendungen und Trends«, 
Darmstadt, 16 November 2000

Workshop »3D Stadtmodelle«,
Darmstadt, 17 November 2000

Workshop »Lighting Simulation in 
Virtual Environments«,
Darmstadt, 17 November 2000

Workshop »Data Hiding«, 
Darmstadt, 24 November 2000

Best Practice Seminar »Elektronische
Kataloge«,
Darmstadt, 4 December 2000

Fairs and Exhibitions

Also in 2000 the results of the Fraun-
hofer IGD research activities could be
seen at numerous fairs and exhibitions.
In addition to other events, we were
present at the following occasions: 

Achema
Frankfurt, 22-27 May 2000 

Analytica und Analytica Symposium
Munich, 11-14 April 2000

Ausstellung »Village Gutenberg«
Mainz, 14-15 May 2000

CeBIT 2000 
Hannover, 24 February - 1 March
2000

drupa
Düsseldorf, 18-31 May 2000

EUROMOLD 2000
Frankfurt, 29 November - 2 December
2000

EXPO 2000
Hannover, 1 June - 31 October 2000

Hannover Industriemesse 2000
Hannover, 20-25 March 2000

IBM Partnercamp
May 2000

ispo
Munich, 6-9 August 2000

Medica
Düsseldorf, 22-24 November 2000 

Medientage
Munich, 6-8 November 2000

Photokina
Cologne, 20-25 September 2000

Promotiontour Schiff M-V
April-May 2000

SAP mySAP.com
Paris, April 2000

SAP SAPPHIRE
Berlin, June 2000

SAP TechEd
Hamburg, April 2000

SAP
Las Vegas, June 2000

Systems 2000
Munich, 6-10 November 2000
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Visitors 

In 2000, again, we were glad to wel-
come to our institutes numerous guests
from the fields of science, commerce,
industry and politics. The following is a
selection of some of our guests:

Guests from the Fields of Science
and Research: 
Manuel Cendoya, Parque Tecnologico
de San Sebastian, Spain

Professor H.K. Chang, President of
City University Hong Kong

Lino Fernandes and Delgado Domingos,
IST

Professor Marcelo Gattass, Catholic
University of Rio de Janeiro, Brazil

Professor Mario Rui Gomes, INESC,
Instituto de Engenharia de Sistemas,
Portugal

Dr. Paul ten Hagen, CWI, Netherlands

ITG-Fachausschuss

Dr. Se Ho Kang, President of UNITEL

Professor Kim, Korea, EWHA

Professor H.S. Lee of EWHA

Sergej Lesovoy, Institute for Informatics,
University of St. Petersburg

Stephen Oliver, Microsoft Research,
University Relations Group, Cambridge

Professor Picot, University of München

Professor Reiser, GMD St. Augustin

Dr. Mohamad Salleh Ismail, Technology
Park, Malaysia

Professor Skiera, University of Frankfurt

Jürgen Stauder, Thomson multimedia
R&D France

Jim Thomas, Battelle Pacific Northwest
National Laboratory, Richland, USA

Participants of the national contest
»Jugend forscht« 2000 

Professor Vöge, BMW Munich

Guests from the Field of Politics:
David R. Wilkinson, European 
Commission Ispra, Italy

Neil Edwards, State Government of
Victoria

Schulz, CDU 

Siebel, SPD Darmstadt

Guests from the Fields of Commerce
and Industry:
Ahle, Siemens Business Services EBS,
Paderborn

Janos Avramopoulos, Intrasoft, 
Greece

Professor Barth, Dresdner Bank 
Frankfurt am Main

Basile Dimitriou and Gikas, Intrasoft,
Greece

Dick Bultermann, Oratrix BV

Luise Büchner, Lions Club Darmstadt

Delegation of managers of the food
industry

Erb, Krischer, Arbeitskreis IT der IG
Metall, Kommunikationsforum

Jaffe and Bendiek, Fa. Early Bird

Jaksholt, Norwegian National Insurance
Administration

Jost Stollmann, create-it

Hövel, CMC Cologne

Kotthaus, Wenz and Körner, 
Commerzbank

Kramer, Commerzbank, Frankfurt am
Main

Makita, Mitsubishi – Germany

Meurer, Bertelsmann

Mr. Okuma, Mitsubishi – Tokio

Saito, Mitsubishi-Management

Sasaki, President Mitsubishi Corporation,
Tokyo

Dr. Schwegler, T-Venture

Wilfried Straub, Director Deutscher
Fussballbund
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Scientific Publications



Lectures and Seminars

Benölken, P.:
Projekt Systementwicklung – 
3D Java für verteiltes Viewing.
Seminar, University of Applied Sciences
Darmstadt, SS 2000

Bimber, O.:
Computer Graphics Aspects.
University of Rostock, Department of
Computer Science, January/February
2000

Bimber, O.:
Image based Rendering.
International Certificate Program for
New Media (ICPNM), Providence, USA,
March 2000 

Encarnação, J. L.; Gerfelder, N.; 
Neumann, L.:
Mobile Multimediale Kommunikation.
Seminar, Technische Universität 
Darmstadt, WS 1999/2000, SS 2000, 
WS 2000/2001

Encarnação, J. L.; Göbel, S.:
Informationssysteme für Geodaten
im WWW.
Seminar, Technische Universität 
Darmstadt, WS 1999/2000, 
WS 2000/2001

Encarnação, J. L.; Hornung, C.:
E-Knowledge System für Lernen,
Training und Wissensmanagement.
Practical, Technische Universität 
Darmstadt, SS 2000

Encarnação, J. L.; Klein, R.; Lindner, R.;
Müller, W.:
Graphische Datenverarbeitung I.
Lecture+Tutorial, Technische Universität
Darmstadt, WS 1999/2000, 
WS 2000/2001

Encarnação, J. L.; Klein, R.; Lindner, R.;
Müller, W.:
Graphische Datenverarbeitung II.
Lecture+Tutorial, Technische Universität
Darmstadt, SS 2000

Encarnação, J. L.; Klein, R.; Lindner, R.;
Müller, W.:
Graphische Datenverarbeitung III.
Lecture+Tutorial, Technische Universität
Darmstadt, WS 1999/2000, 
WS 2000/2001

Encarnação, J. L.; Lindner, R.:
Programmierung eines graphischen
Systems.
Practical, Technische Universität 
Darmstadt, WS 1999/2000, SS 2000,
WS 2000/2001

Encarnação, J. L.; Lindner, R.:
Themen zu Graphisch-Interaktiven
Systemen.
Seminar, Technische Universität 
Darmstadt, WS 1999/2000, SS 2000,
WS 2000/2001

Encarnação, J. L.; Müller, W.; 
Spierling, U.:
High Definition Multimedia 
(Agenten und Avatars).
Seminar, Technische Universität 
Darmstadt, WS 1999/2000, SS 2000,
WS 2000/2001

Encarnação, J. L.; Schöffel, F.; 
Kresse, W.:
Radiosity und Ray-Tracing.
Seminar, Technische Universität 
Darmstadt, WS 1999/2000, SS 2000,
WS 2000/2001

Encarnação, J. L.; Schönhut, J.:
Grundlagen der Informatik II.
Lecture, Technische Universität 
Darmstadt, SS 2000

Jasnoch, U.:
Graphische Datenverarbeitung.
University of Heidelberg, 2000

Jasnoch, U.:
Graphische Informationssysteme. 
Lecture, Technische Universität 
Darmstadt, WS 1999/2000, 
WS 2000/2001 

Jasnoch, U.:
Offene, verteilte Informations-
umgebungen.
University of Applied Sciences 
Aschaffenburg, 2000

Krömker, D.:
Animation und Multimedia.
Goethe-University, Frankfurt a. M., 
WS 2000/2001

Krömker, D.:
Animation und Visualisierung.
Goethe-University, Frankfurt a. M., 
WS 1999/2000

Krömker, D.:
Computergraphik mit VRML und
JAVA 3D.
Goethe-University, Frankfurt a. M., 
WS 1999/2000, WS 2000/2001

Krömker, D.:
Ergänzungen zur Graphischen
Datenverarbeitung.
Goethe-University, Frankfurt a. M., 
SS 2000

Krömker, D.:
Graphische Datenverarbeitung.
Goethe-University, Frankfurt a. M., 
SS 2000
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Krömker, D.:
Informationsvisualisierung und 
Scientific Visualization.
Goethe-University, Frankfurt a. M., 
SS 2000

Krömker, D.:
Multimedia und 3D Animation.
Goethe-University, Frankfurt a. M., 
WS 1999/2000

Krömker, D.:
Visualisierung.
Goethe-University, Frankfurt a. M., 
WS 2000/2001

Müller, S.:
Augmented Reality.
Seminar, Technische Universität 
Darmstadt, WS 2000/2001

Müller, S.:
Visualisierung und Virtuelle 
Realität.
Lecture, Technische Universität 
Darmstadt, SS 2000 

Sakas, G.: 
Bildverarbeitung.
Lecture, Technische Universität 
Darmstadt, SS 2000

Schönhut, J.:
Color in Display and Printing.
International Certificate Program for
New Media (ICPNM), Providence, USA,
18.-20. January 2000

Urban, B.:
Aspekte der Computer Graphik: 
IT based Learning and Training.
Lecture, University of Rostock, 
Department of Computer Science, 
WS 1999/2000

Urban, B.:
Encoding and Compression 
Techniques for Multimedia 
Communication.
Lecture, International Certificate 
Program for New Media (ICPNM),
Providence, USA, 08.-12. December
2000

Urban, B.:
Multimediale Kommunikation.
Lecture, University of Rostock, 
Department of Computer Science, 
WS 1999/2000, WS 2000/2001

Urban, B.; Hambach, S.; Sander, U.;
Malo, S.:
Didaktik für Neue Medien.
Interdisciplinary Seminar, University 
of Rostock, Department of Computer
Science and Department of Educational
Sciences, WS 2000/2001

Graduations

Bauer, Klaus M.:
Automatische Generierung multi-
medialer Präsentationen für Elec-
tronic-Commerce-Anwendungen.
Supervisors:
Prof. Dr.-Ing. J. L. Encarnação, Technische
Universität Darmstadt
Prof. Dr. P. Mertens, Universität 
Erlangen
Prof. Dr. H. J. Hoffmann, Technische
Universität Darmstadt
Graduation, Technische Universität
Darmstadt, Department of Computer
Science, FG GRIS, 14 April 2000

Cai, Wenli:
Interactive Volume Visualization in
the Context of Virtual Radiotherapy
Treatment Planning.
Supervisors: 
Prof. Dr.-Ing. J. L. Encarnação, 
Technische Universität Darmstadt
Prof. Jiaoying Shi, Zhejiang University
Prof. Dr.-Ing. G. Sakas, Technical 
University of Athens
Technische Universität Darmstadt,
Department of Computer Science, 
FG GRIS, 19 May 2000

Luckas, Volker:
Elementbasierte, effiziente und
schnelle Generierung von 3D Visual-
isierungen und 3D Animationen.
Supervisors: 
Prof. Dr.-Ing. J. L. Encarnação, 
Technische Universität Darmstadt
Prof. Dr. A. Kuhn, University of 
Dortmund
Graduation, Technische Universität
Darmstadt, Department of Computer
Science, FG GRIS, 23 February 2000
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Lux, Miriam:
Ein offenes Rahmensystem zur 
Wissenskristallisierung ökono-
mischer Daten.
Supervisors:
Prof. Dr.-Ing. J. L. Encarnação, 
Technische Universität Darmstadt
Prof. Dr. Chr. Schlueter-Langdon, 
University of Southern California
Graduation, Technische Universität
Darmstadt, FG GRIS, 27 October 2000

Müller, Wolfgang:
Effektiver Einsatz grundlegender
Darstellungsprimitive zur Informa-
tionsvisualisierung.
Supervisors:
Prof. Dr.-Ing. J. L. Encarnação, 
Technische Universität Darmstadt
Prof. H. Schumann, University of 
Rostock
Graduation, Technische Universität
Darmstadt, Department of Computer
Science, FG GRIS, 1999

Müller-Wittig, Wolfgang:
Kopplung von Objektverhalten
anatomischer Strukturen mit hap-
tischen Displays und dazugehörige
Interaktionsmöglichkeiten.
Supervisors:
Prof. Dr.-Ing. J. L. Encarnação, 
Technische Universität Darmstadt
Prof. Dr.med. M. Börner, BG Unfall-
klinik Frankfurt
Graduation, Technische Universität
Darmstadt, Department of Computer
Science, FG GRIS, 8 December 2000

Neugebauer, Peter:
3D Digitalisierung und Rekonstruk-
tion realer Objekte unter Berück-
sichtigung der Sensorgeometrie.
Supervisors:
Prof. Dr.-Ing. J. L. Encarnação, 
Technische Universität Darmstadt
Prof. Dr. G. Sakas, TU Athens
Prof. Dr. C.-E. Liedtke, University of
Hannover
Graduation, Technische Universität
Darmstadt, Department of Computer
Science, FG GRIS, 24 November 2000

Schiffner, Norbert:
Entwurf eines multimedialen 3D
Konferenzsystems für geographisch
verteilte Arbeitsgruppen.
Supervisors:
Prof. Dr.-Ing. J. L. Encarnação, 
Technische Universität Darmstadt
Prof. Dr. Alexander Schill, University 
of Dresden
Graduation, Technische Universität
Darmstadt, Department of Computer
Science, FG GRIS, 30 June 2000

Stork, Andre:
Effiziente 3D Interaktions- und 
Visualisierungstechniken für be-
nutzer-zentrierte Modellierungs-
systeme.
Supervisors:
Prof. Dr.-Ing. J. L. Encarnação, 
Technische Universität Darmstadt
Prof. Dr.-Ing. F.-L. Krause, TU Berlin
Graduation, Technische Universität
Darmstadt, Department of Computer
Science, FG GRIS, 29 September 2000

Zachmann, Gabriel:
Virtual Reality in Assembly Simula-
tion- Collision Detection, Simulation
Algorithms, and Interaction 
Techniques.
Supervisors: 
Prof. Dr.-Ing. J. L. Encarnação, 
Technische Universität Darmstadt
Dr. C. Cruz-Neira, IOWA State 
University, USA
Graduation, Technische Universität
Darmstadt, Department of Computer
Science, FG GRIS, 10 July 2000
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Theses

Abawi, Daniel F.:
Visuelle Meta-Komponenten.
Supervisors: Dörner, R.; Grimm, P.
Study thesis, Technische Universität
Darmstadt

Bach, Holger:
CAD-Datenaustausch und -Visual-
isierung im Internet: Evaluierung
und Vergleich unter Berücksichti-
gung von ISO 10303 (STEP).
Supervisors: Brunetti, G.; Elcacho, C.
Study thesis, Technische Universität
Darmstadt

Barreiros Morais, Angel:
Investigation of Hybrid Tracking
Basics in the Context of Augmented
Reality.
Supervisor: Stricker, D.
Diploma thesis, Technische Universität
Darmstadt

Beinhauer, Wolfgang:
Concept and Development of an
On-line Information Repository.
Supervisor: Felger, W.
Diploma thesis, University of Singapore

Bieniek, Markus:
Aufbau und Kalibrierung eines
hybriden Tracking Systems.
Supervisor: Schumann, H.
Diploma thesis, University of Applied
Sciences Darmstadt

Bork, Markus:
Konzeption und Realisierung der
Integration einer komponenten-
basierten virtuellen Umgebung in
ein Trainingssystem.
Supervisors: Grimm, P.; Dörner, R.
Diploma thesis, Technische Universität
Darmstadt

Brossler, Andreas:
Visualisierungstechniken zur
Darstellung von 3D Wolken für
Anwendungen in Augmented
Video.
Supervisor: Trembilski, A.
Diploma thesis, University of Applied
Sciences Darmstadt

Daum, Henning:
Methoden zur Erkennung von
Manipulationen an graphischen
Zugangsberechtigungsausweisen.
Supervisor: Busch, C.
Diploma thesis, Technische Universität
Darmstadt

Dingel, Thomas:
Authoring von interaktiven
Verhaltenskomponenten für 
3D Modelle im WWW.
Supervisor: Elcacho, C.
Diploma thesis, University of Applied
Sciences Darmstadt

Duran Sanchez, Miguel Angel:
Design and Implementation of a
Library of Functions for Hybrid 
Volume Rendering Using OpenGL.
Supervisor: Walter, S.
Diploma thesis, Technische Universität
Darmstadt

Ehnes, Jochen:
Immersive Sketching as a Tool for
the Evaluation of CAD Data – A
new Approach to the Design Process.
Supervisors: Unbescheiden, M.; 
Felger, W.
Diploma thesis, Technische Universität
Darmstadt

Eichenauer, Peter:
Modellerstellung und Program-
mierung eines Avatars in 3D.
Supervisor: Fröhlich, T.
Diploma thesis, University of Applied
Sciences Darmstadt

Euler, Magnus:
Analyse von Alternativen für eine
integrierte Produktentwicklungs-
umgebung.
Supervisors: Anderl, R.; Rix, J.
Study thesis, Technische Universität
Darmstadt

Flick, Andreas:
Optimierung und Vergleich ver-
schiedener inkrementeller und 
hierarchischer Kollisions-
algorithmen.
Supervisor: Zachmann, G. 
Diploma thesis, Technische Universität
Darmstadt

Frotscher, Thilo:
Entwicklung von Methoden und
Konzepten für den Einsatz von
skalierbaren und erweiterbaren
Middleware-Technologien für
verteilte Geo-Metadaten-Informa-
tionssysteme im WWW.
Supervisor: Göbel, S.
Diploma thesis, Technische Universität
Darmstadt

Grune, Christian:
Lernen in Computernetzen: Analyse
didaktischer Konzepte für IT-
basierte multimediale Lern-
umgebungen.
Supervisors: Nieke, W.; Sander, U.;
Hambach, S.
Diploma thesis, University of Rostock

Hess, Uwe:
Visualisierung der Relationen inner-
halb wirtschaftlicher Daten.
Supervisor: Lux, M.
Diploma thesis, University of Applied
Sciences Darmstadt
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Hinz, Oliver:
Konzeption und Realisierung der
Integration von realen Kommunika-
tionsendgeräten in virtuelle Umge-
bungen.
Supervisors: Dörner, R.; Grimm, P.
Diploma thesis, Technische Universität
Darmstadt

Hou, Ping:
Mobile Computing und Mobile
Agenten.
Supervisors: Schirmer, J.; Roth, V.
Diploma thesis, Technische Universität
Darmstadt

Huang, Zongwei:
Simultanes Einbetten mehrerer
Wasserzeichen in Audiodaten.
Supervisor: Arnold, M.
Study thesis, Technische Universität
Darmstadt

Huber, Matthias:
Merkmalsbasierte Erkennung von
Videosequenzen in einem kon-
tinuierlichen Datenstrom einer 
digitalen Videoquelle.
Supervisor: Volmer, S.
Diploma thesis, Technische Universität
Darmstadt

Huch, Tassilo:
Videobasiertes mobiles Tracking-
system in einer urbanen Umgebung
unter Nutzung eines 3D Stadt-
modells.
Supervisors: Coors, V.; Kretschmer, U.
Diploma thesis, Technische Universität
Darmstadt

Koglin, Ilona:
Konzeption eines Seminars zum
Thema PDF.
Supervisors: Heuer, J.; Daun, S.;
Krieger, K.-O.
Diploma thesis, University of Applied
Sciences Leipzig

Krafzig, Urs:
Telepresence by Spatial Audio-
Visual Output.
Supervisor: Chodura, H.
Diploma thesis, Technische Universität
Darmstadt

Leukel, Oliver:
Web based Artifact Exchange.
Supervisors: Noll, S.; Repenning, A.
Diploma thesis, Technische Universität
Darmstadt

Mussel, Jan:
Integration psychoakustischer 
Modelle in Wasserzeichenverfahren.
Supervisor: Arnold, M.
Diploma thesis, University of Applied
Sciences Bingen

Neidhardt, Jennifer:
»Grafische Datenformate« – Aus-
arbeitung eines Schulungskonzeptes.
Supervisor: Koch, R.
Diploma thesis, University of Applied
Sciences Berlin

Peters, Jan:
Namensdienste für Mobile Agenten
Systeme.
Supervisor: Roth, V.
Diploma thesis, Technische Universität
Darmstadt

Pfeiffer, Nina:
3D Animation von 2D Bauplänen.
Supervisor: Luckas, V.
Diploma thesis, University of Applied
Sciences Darmstadt

Pinsdorf, Ulrich:
Entwicklung eines Dialogsystems
zur multimodalen Interaktion 
zwischen Mensch und Agenten
unter besonderer Berücksichtigung
der natürlichen Sprache.
Supervisor: Jalali-Sohi, M.
Diploma thesis, University of Applied
Sciences Bingen

Plößer, Michael:
Haptische Simulation minimal in-
vasiver Eingriffe zur Integration in
einen VR-basierten Trainings-
simulator.
Supervisor: Müller, W.
Diploma thesis, Technische Universität
Darmstadt

Schulmeyer, Sven:
Interaktive Segmentierung und
Nachbearbeitung in einem 3D
Viewer auf der Grundlage 
registrierter Tiefenbilder.
Supervisor: Gürke, S.
Diploma thesis, University of Applied
Sciences Darmstadt

Tittel, Stephan:
Visuelles Roboter-Interface zur
Steuerung des Manipulationsarmes
Lynxmotion.
Supervisors: Sauvonnet, B.; 
Hellenschmidt, M.; Schweighofer, G.
Study thesis, Technische Universität
Darmstadt

Weimer, Jörg:
Erstellung eines Moduls zur Planung
der Tumorzugangswege in der
Brachytherapie.
Supervisor: Walter, S.
Diploma thesis, University of Applied
Sciences Wiesbaden

Weyer, Christian:
Entwurf und Implementierung einer
skalierbaren Applikationsarchitektur
für ein verteiltes komponenten-
basiertes System zur sicheren Über-
tragung und Speicherung von Multi-
mediadaten im Internet.
Supervisor: Preß, C.
Diploma thesis, Technische Universität
Darmstadt
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Monographs and Journals

Anderl, R.; Frick, C.; Katzenbach, A.;
Rix, J. (Eds.): 
ProSTEP Science Days 2000. 
Proceedings.
ProSTEP e.V., Stuttgart, 2000

Encarnação, J. L. (Ed.):
Computers & Graphics: An Interna-
tional Journal of Systems & Applica-
tions in Computer Graphics. 
Vol. 24/2000, Elsevier Science, 
Amsterdam, 2000

Encarnação, J. L. (Ed.):
Selected Readings in Computer
Graphics 1999.
Fraunhofer IRB Verlag, Stuttgart, 2000

Encarnação, J. L. (Ed.); Lukacin, B. (Red.):
Computer Graphik Topics: Reports
on Computer Graphics.
Vol. 12/2000, Darmstadt, 2000

Encarnação, J. L. (Ed.); Lukacin, B. (Red.):
Computer Graphik Topics: 25 Jahre
Fachgebiet Graphisch-Interaktive
Systeme.
Special Edition, Darmstadt, 
November 2000

Encarnação, J. L.:
Fachgebiet Graphisch-Interaktive
Systeme, Fachbereich Informatik,
Technische Hochschule Darmstadt:
Jahresbericht 1999.
Forschungs- und Arbeitsberichte des
Fachgebietes »Graphisch-Interaktive
Systeme« GRIS 99-11, Darmstadt,
2000

Glotz, P. (Ed.):
Das digitale Universum: Propheten,
Nutznießer, Verächter: Hans 
Magnus Enzensberger im Disput 
mit Peter Glotz, José Encarnação,
Michael Giesecke, Jo Groebel,
Jochen Hörisch, Wolfgang 
Langenbucher.
Sutton Verlag GmbH, Erfurt, 2000

Heuer, A.; Kirste, T. (Eds):
Proceedings of Intelligent Interactive
Assistance & Mobile Multimedia
Computing (IMC 2000). 
Fraunhofer IGD, Rostock, 2000

Kipphan, H.; Schönhut, J. et al.:
Handbuch der Printmedien: Techno-
logien und Produktionsverfahren.
Springer-Verlag, Berlin, Heidelberg,
2000

Urban, B. et al. (Red):
Achievments and Results: Annual
Report 1999.
Fraunhofer IGD, Darmstadt, 2000

Urban, B. et al. (Red):
Leistungen und Ergebnisse: Jahres-
bericht 1999.
Fraunhofer IGD, Darmstadt, 2000

Weber, A.; Küchlin, W.: 
Einführung in die Informatik.
Objektorientiert mit Java.
Springer, Berlin, Heidelberg, 2000
(Springer Lehrbuch)

Patents

Bimber, O.; Encarnação, L. M.:
Reflecting graphics in curved 
mirrors. 
U.S. provisional patent application
#60/252296, 21 November 2000 

Bimber, O.; Encarnação, L. M.:
Virtual Showcases.
U.S. provisional patent application
#60/224676, 11 August 2000 

Bimber, O.; Encarnação, L. M.; Stork, A.:
The Extended Virtual Table.
U.S. provisional patent application
#60/209672 and #60/210315, 
6 June 2000 and 8 June 2000 

Kirste, T.; Bieber, G.:
Personentracking.
German patent application 
#100 59 153.1, 
29 November 2000

Müller, W.; Bockholt, U.; Voß, G.; 
Lahmer, A.; Börner, M.: 
Vorrichtung und Verfahren zur 
Bestimmung von Daten für das 
Einpassen einer Knochen- und
Gelenkprothese.
German patent application 
#100 03 533.7, 
27 January 2000

Stork, A.; Kehrle, K.: 
Ein Verfahren zum interaktiven
Zusammenbau virtueller 3D Bau-
gruppen-Modelle bei visueller
Echtzeitrückkopplung der Freiheits-
grade in einer kooperativen Um-
gebung.
German patent application 
#199 63 025.9
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Papers

Arnold, M.:
Audio Watermarking: Features,
Applications and Algorithms.
Proceedings of IEEE International Con-
ference on Multimedia and Expo 2000,
2000, CD-ROM, pp 1013-1016

Arnold, M.; Funk, W.; Busch, C.:
Technische Schutzmaßnahmen 
multimedialer Daten.
In: Dittrich, R. (Ed.): Beiträge zum
Urheberrecht: VI. Internationales 
Urheberrecht, One stop-shopping,
Kollektive Rechtevergabe für Online-
Nutzungen, Technischer Schutz. 
Manz, Wien, 2000, pp 67-74

Barton, R. J. III; Chodura, H.:
Maintaining High Quality IP Audio
Services in Lossy IP Network
Environments.
Proceedings of SPIE Aerosense, 
Orlando, FL, USA, April 2000

Barton, R. J. III; Encarnação, L. M.;
Shane, R. T.; Drew, E.; Mulhearn, J. F.:
Virtual Command Center for Dis-
tributed Collaborative Warfare.
Proceedings of SPIE Aerosense, 
Orlando, FL, USA, April 2000

Barton, R. J.; Rowland, R. J.; 
Encarnação, L. M.:
»EZ-Gram« Sonar Display Tools:
Applying Interactive Data Visualiza-
tion and Analysis to Undersea Envi-
ronments. 
Proceedings of MTS/IEEE Oceans 2000:
Where Marine Science and Technology
Meet, IEEE Computer Society, Los
Alamitos, USA, 2000, pp 921-925

Behr, J.; Choi, S.-M.; Großkopf, S.;
Hong, H.; Nam, S.-A.; Hildebrand, A.;
Kim, M.-H.; Sakas, G.:
3D Modellierung zur Diagnose und
Behandlungsplanung in der Kardio-
logie.
Der Radiologe, 40 (2000) 3, 
pp 256-261

Behr, J.; Choi, S.-M.; Großkopf, S.;
Hong, H.; Nam, S.-A.; Peng, Y.; 
Hildebrand, A.; Kim, M.-H.; 
Sakas, G.:
Modeling, visualization, and inter-
action techniques for diagnosis and
treatment planning in cardiology.
Computers & Graphics, 24 (2000) 5,
pp 741-753

Benedens, O.:
Affine Invariant Watermarks for 
3D Polygonal and NURBS based
Models.
In: Pieprzyk, J.; Okamoto, E.; Seberry,
J. (Eds.): Proceedings of Third Interna-
tional Workshop on Information Secu-
rity (ISW) 2000 Berlin. Springer-Verlag,
Heidelberg, 2000, pp 15-29

Benedens, O.:
Wasserzeichen für Polygon basierte
3D Modelle.
In: Schumacher, M.; Steinmetz, R.
(Eds): Sicherheit in Netzen und
Medienströmen. Springer- Verlag,
Berlin, Heidelberg, New York, 2000,
pp 191-201

Benedens, O.; Busch, C.:
Towards Blind Detection of Robust
Watermarks in Polygonal Models.
Proceedings of Eurographics 2000,
Computer Graphics Forum, 19 (2000)
3, NCC Blackwell, Amsterdam; Nether-
lands, 2000, pp C-199-C-208

Benölken, P.; Ott, T.; Maurer, H.:
iViP-Teilprojekt 4.4 – Virtueller 
Prüfstand.
ProduktDaten Journal, 7 (2000) 2, 
pp 38-41

Berndt, E.; Teixeira, J. C.:
Cultural Heritage in the Mature Era
of Computer Graphics.
IEEE Computer Graphics and Applica-
tions, 20 (2000) 1, pp 36-37

Bieber, G.; Giersich, M.:
eGuide: Der persönliche digitale
Assistent für die Navigation durch
den Alltag.
In: Cleve, J. (Ed.): Proceedings of
2. Wismarer Wirtschaftsinformatiktage
(WIWITA 2000), Wismar, 
15-16 June 2000

Bieber, G.; Giersich, M.; Kirste, T.:
Personal Mobile Navigation Systems
– Design Considerations and 
Experiences.
Proceedings of Intelligent Interactive
Assistance & Mobile Multimedia Com-
puting (IMC 2000), Rostock, 2000

Bieber, G.; Voskamp, J.: 
Mobile Kommunikation unter Blue-
tooth für Messen und Ausstellungen.
Proceedings of Kommunikationstage
2000, Stralsund, 21-22 September
2000

Biesenbach, T.:
Individualisierte Bedienungsan-
leitungen.
Proceedings of Tekom Jahrestagung
2000: Zusammenfassungen der 
Referate, Tekom, Stuttgart, 2000, 
pp 177-181
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Bimber, O.; Encarnação, L. M.; 
Schmalstieg, D.:
Augmented Reality with Black-
Projection Systems using Trans-
flective Surfaces.
Proceedings of Eurographics 2000,
Computer Graphics Forum, 19 (2000)
3, NCC Blackwell, Amsterdam; Nether-
lands, 2000, pp C-162-C-168

Bimber, O.; Encarnação, L. M.; 
Schmalstieg, D.:
Real Mirrors Reflecting Virtual
Worlds.
In: Finer, S.; Thalmann, D. (Eds.): 
IEEE Virtual Reality 2000. Proceedings,
Vol.1, IEEE Computer Society Press,
2000, pp. 21-28

Bimber, O.; Encarnação, L. M.; Stork, A.:
A Multi-layered Architecture for
Sketch based Interaction within 
Virtual Environments.
Computers & Graphics, 24 (2000) 6,
pp 851-867

Blum, T.; Zhao, J.; Karle, L.:
Next-Generation E-Commerce:
Semantics + Trust + Mobile Agent.
In: Nadin, M.; Becker, L.; Eicher, T.
(Eds): Trust – Das Prinzip Vertrauen.
Synchron Wissenschaftsverlag der
Autoren/Synchron Publishers GmbH,
Heidelberg, 2000

Bockholt, U.; Mlynski, G.; Müller, W.;
Voß, G.:
Rhinologische Funktionsdiagnostik
mittel Computersimulation der
nasalen Atemströmung. 
Proceedings of 4. Wissenschaftliche
Sitzung der Arbeitsgruppe Respira-
torische Funktion der Nase, Jena,
2000, pp 26-29

Bockholt, U.; Mlynski, G.; Müller, W.;
Voss, G.:
STAN – The simulation tool for 
airflow in the human nose.
In: Lemke, H. U., Vannier, M. W.; 
Inamura, K.; Farman, A. G. (Eds.): 
Proceedings of Computer Assisted
Radiology and Surgery (CARS) 2000.
Elsevier, Amsterdam, Lausanne, 2000,
pp 285-289

Bockholt, U.; Voss, Gerrit; 
Müller-Wittig, W.:
Innovative Approaches in
Computer-Assisted Surgery.
Proceedings of Sixth International 
Conference on Control, Automation,
Robotics and Vision (ICARCV 2000):
Intelligent Automation In The New
Millenium 2000, Singapore, 
5-8 December 2000

Braun, G.; Cap, C.; Diensberg, C.;
Giersberg, M.; Hamre, H.; Heuer, A.;
Schenk, C.; Schröder, S.; Siebert, J.;
Slawinski, U.; Thiesen, H.-J.; Urban, B.:
High Tech meets Culture in a Natural
Environment: Ein Entwicklungs-
konzept für die periphere Region
Mecklenburgische Ostseeküste im
Dreieck Wismar – Rostock –
Güstrow.
Rostocker Arbeitspapiere zu Wirtschafts-
entwicklung und Human Resource
Development, Nr. 15. Universität 
Rostock, 2000

Brunetti, G.; Benölken, P.; Rix, J.:
The Role of Product Data Technology
in the Integration of PDM/CAD with
Virtual Reality.
In: Anderl, R. et al. (Eds.): SMART
Engineering: STEP, Methods, Applica-
tions, Research & New Technologies.
Proceedings, ProSTEP, Darmstadt,
2000, pp 169-180

Brunetti, G.; Golob, B.:
A feature based approach towards an
integrated product model including
conceptual design information.
Computer-Aided Design, 32 (2000)
14, pp. 877-887

Brunetti, G.; Graf, H.; Santos, L.:
Virtual Reality Techniques Support-
ing the Product and Process Devel-
opment.
In: Schützer, K. (Ed.): Anais do 5 Sem-
inário Intenacional de Alta Tecnologia:
Inovações Tecnológicas no Desenvolvi-
mento do Produto. UNIMEP, Piracicaba,
2000, pp 83-98

Bryborn, M.; Klein, R.; May, T.; 
Schneider, S.; Weber, A.:
A Portable, Parallel, Real-Time Ani-
mation-System for Turbulent Fluids.
In: Guizani, M.; Shen, X. (Eds): IASTED
International Conference on Parallel
and Distributed Computing and 
Systems. Proceedings, IASTED/ACTA
Press, Anaheim, 2000

Busch, C.; Graf, F.; Wolthusen, S.; 
Zeidler, A.:
A System for Intellectual Property
Protection.
Proceedings of 4th World Multiconfer-
ence on Systemics, Cybernetics and
Informatics, Volume IV – Communica-
tions Systems and Networks, Interna-
tional Institut of Informatics and 
Systemics, Orlando, Florida, 2000, 
pp 225-230

Busch, C.; Rademer, E.; Schmucker, M.;
Wolthusen, S.:
Concepts for a Watermarking 
Technique for Music Scores.
Proceedings of Visual 2000, Mexico
City, 2000, CD-ROM
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Cai, W.; Walter, S.; Sakas, G.:
Collaborative Virtual Simulation
Environment for Radiotherapy
Treatment Planning.
Proceedings of Eurographics 2000,
Computer Graphics Forum, 19 (2000)
3, NCC Blackwell, Amsterdam; Nether-
lands, 2000, pp C-379-C-390

Cao, P.A.; Chan, T.; Prakash, E. C.:
Database Architecture to Support
VRML Streaming in Geographic
Information System.
Proceedings of First IEEE Pacific-Rim
Conference on Multimedia, 2000

Cavalcanti da Silva, A.; Ohishi, T.;
Mendes, A. S.; Franca, F. A.; 
Delgado, E. A. R.:
Using Genetic Algorithm and 
Simplex Method to Stabilize an 
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Straßmann, G.; Kolotas, C.; Heyd, R.;
Walter, S.; Baltas, D.; Martin, Thomas;
Vogt, Hans; Ioannidis, G.; Sakas, G.;
Zamboglou, N.:
Navigation system for interstitial
brachytherapy.
Radiotherapy and Oncology, 56 (2000)
1, pp 49-57

Straßmann, G.; Walter, S.; Kolotas, C.;
Heyd, R.; Baltas, D.; Debertshäuser, D.;
Nier, H.; Tonus, C.; Sakas, G.; 
Zamboglou, N.:
Reconstruction and navigation 
system for intraoperative brachy-
therapy using the flab technique
for colorectal tumor bed irradiation.
International journal of radiation
oncology, biology, physics, 47 (2000)
5, pp 1323-1329

Stricker, D.; Fröhlich, T.; 
Söller-Eckert, C.:
The Augmented Man.
Proceedings of IEEE and ACM Interna-
tional Symposium on Augmented Reality
2000, IEEE Computer Society, Los
Alamitos, CA, USA, 2000, pp 30-36

Thorwirth, N. J.; Horvatic, P.; Weis, R.;
Zhao, J.:
Security Methods for MP3 Music
Delivery.
Proceedings of Asilomar Conference
on Signals, Systems and Computers,
IEEE Press, New York, 2000, 
pp 1831-1835

Thorwirth, N.; Horvatic, P.; Weis, R.;
Zhao, J.:
Secure Methods for High Quality
Audio Codec.
Proceedings of Asilomar Conference
on Signals, Systems and Computers,
IEEE Press, New York, 2000

Trembilski, A.:
Two Methods for Cloud Visualisa-
tion from Weather Simulation Data.
In: Skala, V. (Ed.): Proceedings of
WSCG 2000. University of West
Bohemia, Plzen, 2000, Vol. 1, 
pp 192-196

Urban, B.:
Abschlußbericht der Arbeitsgruppe:
Telemedizinische Informations- und
Kommunikationssysteme.
Proceedings of Fachtagung Telemedizin
in Mecklenburg-Vorpommern, 
Greifswald, 22 September 2000

Urban, B.:
Education on demand – the way to
the flexible education.
Proceedings of Workshop »Structures
of Learning – Shaping the Transition«,
Technologiestiftung Schleswig-Holstein
(Kiel) and European Regional Informa-
tion Society Association (Bussels),
Lübeck, 3-4 July 2000

Urban, B.:
Möglichkeiten und Grenzen des
Einsatzes von Virtual Reality (VR)
und Augmented Reality (AR) in 
der Konstruktion.
Proceedings of 4. Wissenschaftliche
Tagung des Fachbereiches Maschinen-
bau/Verfahrens- und Umwelttechnik
der Hochschule Wismar, Wismar, 
23-24 November 2000

Urban, B.; Braun, T.:
TeCoMed: Telekonsultationssystem
zur aktuellen Gesundheitssituation
in MV.
Proceedings of Fachtagung Telemedi-
zin in Mecklenburg-Vorpommern,
Greifswald, 22 September 2000

Voskamp, J.:
Architekturmodell für IT-basierte
Kursverwaltungssysteme.
Rostocker Informatikberichte, 25/2000,
pp 131ff 

Voss, G.; Bockholt, U.; Los Arcos, J. L.;
Müller, W.; Oppelt, P.; Stähler, J.:
Lahystotrain: Intelligent training
system for Laparoscopy and 
Hysteroscopy.
In: Westwood, J. D. et al. (Eds.): 
Proceedings of Medicine Meets 
Virtual Reality 2000: Envisioning 
Healing – Interactive Technology 
and the Patient-Practitioner 
Dialogue. IOS Press, Amsterdam,
Ohmsha, 2000, pp 359-364

Voß, G.; Bockholt, U.; Müller, W.:
A Computer Assisted Planning 
System for Pedicle Screw Insertion.
Proceedings of The Society for Minimal-
ly Invasive Therapy 12th International
Conference (SMIT 2000), Witten, 
6-9 September 2000 
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Voss, G.; Ecke, U.; Müller, W.; 
Bockholt, U.; Mann, W.:
How to Become the »High Score
Cyber Surgeon« – Endoscopic 
Training Using the Nasal 
Endoscopy Simulator (NES).
In: Lemke, H. U., Vannier, M. W.; 
Inamura, K.; Farman, A. G. (Eds.): 
Proceedings of Computer Assisted
Radiology and Surgery (CARS) 2000.
Elsevier, Amsterdam, Lausanne, 
2000, pp 290-293

Walter, S.; Straßmann, G.:
InViVo-Brachy – Ein System zur 
Navigation bei der Plazierung von
Hohlnadeln in der Brachytherapie.
In: Lehmann, T.; Horsch, Alexander
(Eds.): Proceedings of Bildverarbeitung
für die Medizin 2000: Algorithmen,
Systeme, Anwendungen. Springer-
Verlag, Heidelberg, 2000, pp 259-263

Walter, S.; Straßmann, G.; 
Zamboglou, N.; Kolotas, C.; 
Sakas, G.:
In ViVo-Brachy: A Navigation 
System for Interstitial Brachy-
therapy.
In: Lemke, H. U., Vannier, M. W.; 
Inamura, K.; Farman, A. G. (Eds.): 
Proceedings of Computer Assisted
Radiology and Surgery (CARS) 2000.
Elsevier, Amsterdam, Lausanne, 
2000, pp 701-706

Weber, A.; Küchlin, W.; Simon, G.;
Hoss, J.:
Lessons Learned from Using CORBA
for Components in Scientific Com-
puting.
In: Mayr, E. W.; Ganzha, V. G.;
Vorozhtsov, E. V. (Eds.): Proceedings
of the Third Workshop on Computer
Algebra in Scientific Computing.
Springer-Verlag, Berlin, Heidelberg,
2000, pp 409-422

Weber, G.; Heuer, A.; Herzig, C.:
Das Zusammenspiel von Agenten-
und Föderationstechniken inner-
halb von BUSINESS-MV.
In: Klein, H.-J. (Ed.): Proceedings of 12.
GI-Workshop »Grundlagen von Daten-
banken«, Bericht Nr. 2005. Plön, 
June 2000, pp 106-110

Wohlfahrter, W.; Encarnação, L. M.;
Schmalstieg, D.:
Interactive Volume Exploration on
the StudyDesk.
Proceedings of Fourth International
Immersive Projection Technology
Workshop, Virtual Reality Applications
Center, Fraunhofer IAO, 2000, CD-
ROM

Zhai, S.; Chan, T.:
A Novel Data Placement Scheme 
on Continuous Media Servers with
Zone-Bit-Recording Disks.
Proceedings of High Performance
Computing in the Asia-Pacific Region
2000, IEEE Computer Society, Los
Alamitos, CA, USA, 2000, pp 682-687

Zhai, S.; Chan, T.:
A Novel Data Placement Scheme on
Continuous Media Servers with ZBR
Disks.
Proceedings of IEEE International Con-
ference on Information Technology:
Coding and Computing 2000, IEEE,
2000, pp 278-283

Zwiesele, A.; Munde, A.; Busch, C.;
Daum, H.:
BioIS Study – Comparative Study of
Biometric Identification Systems.
In: Sanson, L. D. (Ed.): Proceedings of
34th Annual 2000 IEEE International
Carnahan Conference on Security
Technology, Ottawa, Canada, 2000,
pp 60-63

IGD Reports

Beinhauer, W.:
Information and Communication
Technology in Singapore: A Market
Survey from a German Perspective.
BMBF-Projekt GRA0001.
CAMTech Singapore, 2000 
00i008-CAMT

Berndt, E.; Hambach, S.; Lutz, B.;
Mader, S.:
Evaluierung und Weiterentwicklung
der Virtual Dunhuang Art Cave-
Prototypen. Schlussbericht.
Fraunhofer IGD Rostock, 2000
00i006-FEGD

Daun, S.; Koch, R.; Schönhut, J.:
Addendum to the Specification 
of the CIP3TM Print Production 
Format.
Fraunhofer IGD Darmstadt, 2000 
00i014-FIGD

Felger, W.:
Aufbau einer Außenstelle des FhI
für Graphische Datenverarbeitung
an der Nanyang Technological Uni-
versity in Singapur: BMBF-Projekt
GRA0001: Abschlussbericht.
CAMTech Singapore, 2000 
00i011-CAMT

Hambach, S.:
Evaluationsstudie: Dunhuang
InfoWeb: BMBF Forschungsvor-
haben DAC 0001: Anlage zum
Abschlussbericht. Interne 
Projektnr. 920215.
Fraunhofer IGD Rostock, 2000
00i005-FEGD
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Kirste, T.:
Das SAMoA-Framework: Interne
Projektnr. 930180.
Fraunhofer IGD Rostock, 2000 
00i007-FEGD

Klein, R.; Weber, A.; Straßer, W.;
Hahn, U.; Eberhardt, B.: 
Dynamic Implicit Surfaces for Fast
Proximity Queries in Physically
based Modeling.
Fraunhofer IGD Darmstadt, 2000
00i013-FIGD

Krömker, D. et al:
Integrierte Simulationssysteme für
verfahrenstechnische Industrie.
Schlussbericht der Gemeinsamen
Studie.
Oberhausen, 2000
00i016-AGC

Kruczynski, C.:
Setting up a Company in Singapore:
BMBF-Projekt GRA0001.
CAMTech Singapore, 2000 
00i010-CAMT

Kruczynski, C.:
Vergütungsvergleich: Deutschland –
Singapur: BMBF-Projekt GRA0001.
CAMTech Singapore, 2000
00i009-CAMT

Posada, J.; Brunetti, G.:
COWORK Final Report. ESPRIT-
Projekt 25360.
Fraunhofer IGD Darmstadt, 2000
00i015-FIGD

Talks

Barton, R. J. III; Brutzman, D.; 
Macedonia, M.; Rhyne, T.:
Beyond Roadblocks and Bottlenecks
– Internetworked 3D Graphics.
ACM SIGGRAPH 2000, Educators 
Program, New Orleans, LA, USA, 
July 2000

Barton, R. J. III; Chodura, H.:
Maintaining High Quality IP Audio
Services in Lossy IP Network Envi-
ronments.
SPIE Aerospace/Defense Sensing, Simu-
lation, and Controls (AeroSense) 2000,
Orlando, FL, USA, April 2000

Barton, R. J. III; Encarnação, L. M.:
Collaborative Work Environments,
Research and Development Pro-
grams for the Next-Generation 
Engineering and Design Systems.
APD 2000, Providence, RI, USA,
September 2000

Barton, R. J. III; Encarnação, L. M.;
Shane, R. T.; Drew, E.; Mulhearn, J. F.:
Virtual Command Center for Dis-
tributed Collaborative Warfare.
SPIE Aerospace/Defense Sensing, Simu-
lation, and Controls (AeroSense) 2000,
Orlando, FL, USA, April 2000

Barton, R. J. III; Rowland, R. J.; 
Encarnação, L. M.:
»EZ-Gram« Sonar Display Tools:
Applying Interactive Data Visualiza-
tion and Analysis to Undersea Envi-
ronments.
OCEANS 2000 MTS/IEEE Conference,
Providence, Rhode Island, USA, 
11-14 September 2000

Bieber, G.:
Personal Mobile Navigation Systems
– Design Considerations and 
Experiences.
International Mobile Computing 
Conference (IMC) 2000, Rostock-
Warnemünde, 9 November 2000

Bieber, G.:
Mobile Kommunikation unter 
Bluetooth für Messen und Aus-
stellungen.
Kommunikationstechnik 2000, 
Stralsund, 21-22 September 2000

Bieber, G.:
Mobile Inventarisierungssysteme.
KoopA, TU Berlin, Berlin, March 2000

Bieber, G.:
eGuide: Der persönliche digitale
Assistent für die Navigation durch
den Alltag.
Wismarer Wirtschaftsinformatiktage
(WIWITA) 2000, Wismar, 15 June
2000

Biesenbach, T.:
Individualisierte Bedienungsan-
leitungen.
Tekom Jahrestagung 2000, 
Wiesbaden, 23 November 2000

Bimber, O.:
Mensch-Maschine Interaktion der
nächsten Generation.
Ausstellungsschiff »Mecklenburg-
Vorpommern«, Cologne, 
19 May 2000

Bimber, O.:
Extended VR and VR Extensions.
DaimlerChrysler Virtual Reality Compe-
tence Center, Ulm, 12 July 2000

Bimber, O.:
Projection based AR: Real Mirrors
Reflecting Virtual Worlds.
Fraunhofer CRCG, Providence, USA,
1 December 2000
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Bimber, O.:
Extended Virtual Reality.
Fraunhofer CRCG, Providence, USA,
1 March 2000

Bimber, O.:
Real Mirrors Reflecting Virtual
Worlds.
GMD, Bonn, 8 February 2000

Bimber, O.:
Real Mirrors Reflecting Virtual
Worlds.
IEEE Virtual Reality 2000, New
Brunswick, USA, 20 March 2000

Bimber, O.:
Projection based AR: Real Mirrors
Reflecting Virtual Worlds.
Princeton University, Princeton, USA,
27 November 2000

Bimber, O.; Encarnação, L.M.; 
Schmalstieg, D.:
Augmented Reality with Back-
Projection Systems using Trans-
flective Surfaces. 
EUROGRAPHICS 2000, Interlaken,
Switzerland, 2000 

Bockholt, U.:
STAN – The Simulation Tool for 
Airflow in the Human Nose.
Computer Assisted Radiology and
Surgery (CARS), San Francisco, 2000 

Bockholt, U.:
Innovative Approaches in Computer-
Assisted Surgery.
Sixth International Conference on
Control, Automation, Robotics and
Vision (ICARCV 2000), Singapore,
2000

Bockholt, Uli:
How to Become the »High Score
Cyber Surgeon« – Endoscopic 
Training Using the Nasal 
Endoscopy Simulator (NES).
Computer Assisted Radiology and
Surgery (CARS), San Francisco, 2000

Brunetti, G.:
The Role of Product Data Technology
in the Integration of PDM/CAD with
Virtual Reality.
ProSTEP Science Days 2000: SMART
Engineering, 14 September 2000

Brunetti, G.:
Interfacing CAD with VR – Integration
of VR into the PDM/CAD system
environment.
TGS User Days, Darmstadt, 
18 May 2000

Brunetti, G.:
Virtual Design Data Preparation:
Integration von VR in die PDM/CAD
Systemumgebung.
VR-Anwendertag bei Firma TAN, 
Düsseldorf, 10 May 2000

Brunetti, G.:
Augmented Reality in Wartung und
Service.
Xyberdays Manufacturing, Manage-
ment-Seminar zu Mobile Computing,
CAT Engineering 2000, Stuttgart, 
26 May 2000

Coors, V.:
Zukünftige Entwicklungen in 
3D GIS. 
Workshop 3D Stadtmodelle, 
Darmstadt, November 2000

Dörner, R.:
ETOILE – An Environment for Team,
Organizational and Individual
Learning in Emergencies.
9th IEEE International Workshops on
Enabling Technologies: Infrastructure
for Collaborative Enterprises, 
Gaithersburg, 15 June 2000

Dörner, R.:
Agents and VR for Communication
Training in Emergency Situations.
ACHEMA 2000 – Internationales Treffen
für Chemische Technik, Umweltschutz
und Biotechnologie, Frankfurt am Main,
24 May 2000

Dörner, R.:
ETOILE – An Environment for Team,
Organisational and Individual
Learning in Emergencies.
Online Educa 2000 – 7th International
Conference on Technology Supported
Learning & Training, Berlin, 
30 November 2000

Dörner, R.:
Agentenbasierte Simulation
menschlichen Verhaltens in Notfall-
situationen für Trainingszwecke.
Simulation und Visualisierung 2000,
Magdeburg, 23 March 2000

Dörner, R.:
Three-dimensional Beans – Creating
Web Content Using 3D Components
In a 3D Authoring Environment.
Web3D – VRML 2000: Fifth Sympo-
sium on the Virtual Reality Modeling
Language, Monterey, 
22 February 2000

Encarnação, J. L.:
Challenges and Frontiers of Com-
puter Graphics – A Vision for an
Applied Research Agenda.
Commissione European Joint Research
Centre, 50th anniversario della
dichiarazione Schuman, Ispra (Mailand),
13 May 2000
IST Conference, Nizza, 
06 November 2000

Encarnação, J. L.:
Digital Storytelling.
Jahresempfang der Gemeinde 
Langenargen, Langenargen, 
10 January 2000
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Encarnação, J. L.:
Multimediale Techniken zur
virtuellen Produkt- und Prozeß-
entwicklung.
7. Umformtechnisches Kolloquium
Darmstadt: Das produktionstechnische
Umfeld in Deutschland
Anforderungen – Innovationen – 
Perspektiven, Darmstadt, 
14 March 2000

Encarnação, J. L.:
New Business with Electronic 
Business.
CAMTech-Workshop GBA, Singapore,
1-3 February 2000

Encarnação, J. L.:
Venture@Research-Network.
KOCI, Korea, 22 June 2000

Encarnação, J. L.:
Virtual and Augmented Reality –
Potentials and Perspectives for the
Product Development Process.
Conference on Principles and Applica-
tions of Virtual Reality, Barcelona, 
21 September 2000

Encarnação, J. L.:
Virtuelle Realität – Perspektiven 
für den Einsatz in der Produkt-
entstehung.
VDI-Innovationsforum Virtuelle
Produktentstehung, Berlin, 
12 May 2000

Encarnação, J. L.:
Virtuelle und Erweiterte Realität
(VR und AR) – Potentiale und 
Perspektiven für den Einsatz 
in der Produktentstehung.
Tag der Fakultät am Lehrstuhl für
Informationstechnik im Maschinen-
wesen (itm) der TU München, 
Munich, 14 July 2000

Encarnação, J. L.:
Was kommt nach dem Desktop
Paradigma? Visualisierungstechniken,
visuelle Interaktion und intelligente
Assistenten für den Alltag und ihre
Anwendungen.
Festkolloquium, Darmstadt, 
22 January 2000
Informatik-Forum Passau, Passau,
8 February 2000
LAKO 2000 Darmstadt: Willkommen
im Übermorgen, IHK-Wirtschafts-
junioren, Darmstadt, 20 May 2000

Encarnação, L. M.:
Augmented & Extended VR: Tools
and Techniques for Next-generation
3D Interaction and Data Manipula-
tion.
AFRL Rome Labs, Rome, N.Y., USA,
9 March 2000

Encarnação, L. M.:
Arcade/VT – A Virtual Table-centric
Modeling System.
Fourth International Workshop on
Immersive Projection Technologies,
Iowa State University, Ames, Iowa,
USA, 20 June 2000

Encarnação, L. M.; Barton, R. J. III;
Bimber, O.; Schmalstieg, D.:
Walk-up VR: Virtual Reality beyond
Projection Screens.
IEEE Computer Graphics and Applica-
tions, November/December 2000

Encarnação, L. M.; Bimber, O.; 
Schmalstieg, D.; Barton, R. J. III:
Seamless 3D Interaction for Virtual
Tables, Projection Planes, and
CAVEs.
SPIE Aerospace/Defense Sensing, Simu-
lation, and Controls (AeroSense) 2000,
Orlando, FL, USA, April 2000

Encarnação, L. M.; Müller, W.; 
Osterweis, L.; Thornton; P.:
Developing a Curriculum on »The
Arts and Mechanics of New Media«
for an International Post-graduate
Audience.
ACM SIGGRAPH 2000, Educators 
Program, New Orleans, LA, USA, 
July 2000

Fröhlich, T.:
Integration of Multidimensional
Interaction Devices in Real-Time
Computer Graphics Applications.
EUROGRAPHICS 2000, Interlaken,
Switzerland, 2000

Giersich, M.:
eGuide/e-ssist/eShop – Persönliche
Mobile Navigationssysteme –
Architekturbetrachtung und
Erfahrungen.
2. Workshop BMBF-Förderinitiative
WLAN, Berlin, 10 November 2000

Hambach, S.; Urban, B.:
Vom Kursverwaltungssystem zur
offenen Lernumgebung.
10. Arbeitstreffen »Intelligente Lehr-
und Lernsysteme«, Hamburg, 
1-2 December 2000

Hein, O.:
Aufbau eines verteilten Metadaten-
informationssystems für Geodaten
mit dem Kommunikationsprotokoll
Z39.50.
12. GI-Workshop »Grundlagen von
Datenbanken«, Plön, 16 June 2000

Hein, O.:
Aufbau eines verteilten Metadaten-
informationssystems mit XML.
4. Darmstädter XML Kongress – XML
und Datenbanken, Darmstadt,
6 December 2000
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Herzig, C.:
Agentenbasierte Moderations- und
Hilfsdienste für die Kooperations-
plattform Business-MV.
Wismarer Wirtschaftsinformatiktage
(WIWITA) 2000, Wismar, 15 June
2000

Jantz, D.:
Controlling Networked Multimedia
Appliances Within an Open Envi-
ronment – a Plan Based Approach.
International Mobile Computing 
Conference (IMC) 2000, Rostock-
Warnemünde, 9 November 2000

Jantz, D.:
Elektronische Multimediale Bedien-
und Service-Assistenz: Das BMBF-
Leitprojekt EMBASSI.
Wismarer Wirtschaftsinformatiktage
(WIWITA) 2000, Wismar, 15 June
2000

Jantz, D.; Heider, T.:
Controlling Networking Multimedia
Appliances Within an Open Envi-
ronment – a Plan Based Approach.
SPIE Aerospace/Defense Sensing, Simu-
lation, and Controls (AeroSense) 2000,
Orlando, FL, USA, April 2000 

Jasnoch, U.:
Nutzung von Metadaten. 
AG-GIS Mecklenburg-Vorpommern,
December 2000

Jasnoch, U.:
Internettechnologien für GIS. 
ATKIS Forum Mecklenburg-Vorpommern,
Rostock, May 2000

Jasnoch, U.:
InGeo-IC: Portal für Metadaten. 
Geo-Forum, Darmstadt, June 2000

Jasnoch, U.:
3D GIS. 
GISNet, Essen, February 2000

Jasnoch, U.:
InGeo Information Center: an
Infrastructure for Communicating
Meta Data. 
IGUG, Huntsville, USA, May 2000

Jasnoch, U.:
Technologische Rahmenbedingungen
& Entwicklungsperspektiven für GIS
im Internet.
Workshop »Stadtplanung und
Verkehr«, Darmstadt, January 2000

Jasnoch, U.:
Anwendung und Perspektiven für
3D Stadtmodelle. 
Workshop 3D Stadtmodelle, 
Darmstadt, November 2000

Jasnoch, U.; Göbel, S.:
InGeo-IC: Metadata Information
System for Geospatial Data in the
WWW. 
VIRGO Workshop, February 2000

Jasnoch, U.; Kretschmer, U.:
CommonGIS: The Data Characteri-
zation Language.
EOGEO-Conference, April 2000

Koch, B.:
An Internet Based Information Service
to Support the Product Develop-
ment Process in Design Offices.
10th International Conference on 
Flexible Automation and Intelligent
Manufacturing (FAIM) 2000, 
26 June 2000

Koch, M.; Koch, B.; Rix, J.:
Teleservicezentrum Design – 
TeZeD, Abschlusspräsentation am
Fraunhofer IGD in Darmstadt.
Vorstellung der ADAPT-Projektergebnisse,
Darmstadt, 26 September 2000

Kontaxakis, G.:
EU-TeleInViVo: An Integrated
Portable Telemedicine Workstation
Featuring Acquisition, Processing
and Transmission over Low-band-
with Lines of 3D Ultrasound Vol-
ume Images.
2000 IEEE EMBS International Confer-
ence on Information Technology 
Applications in Biomedicine (ITAB),
Arlington, Virginia, USA, 
9-10 November 2000 

Kontaxakis, G.:
Telemedicine: Present and Future.
Invited talk, Workshop – EXPO 2000,
Hannover, 29 September 2000

Kontaxakis, G.:
Telemedicine: Current Technological
Status, Applications and Future
Aspects. 
Invited Juneor Lecturer, 4th IEEE EMBS
International Summer School on
Biomedical Imaging, Ile de Berder, 
Bretagne, Frankreich, 17-24 June 2000

Kresse, W.:
An Autocalibration Tool for the
Photometric and Colorimetric 
Consistency of IPTs.
Fourth International Workshop on
Immersive Projection Technologies,
Iowa State University, Ames, Iowa,
USA, 20 June 2000

Krömker, D.:
Neue Technologien für Kommu-
nikations- und Teamtraining im
Sicherheitsmangement.
4. Frankfurter Sicherheitstag, Frankfurt,
6 September 2000

Krömker, D.:
Frontiers in Visualization for 
Chemistry and Biochemistry.
Beilstein International Workshop:
Chemical Data Analysis in the Large:
The Challenge of the Automation 
Age, Bozen, 2000
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Krömker, D.:
Technologien für die Kommunikation
der Zukunft.
Internet Marktplatz, Merck KGaA,
Darmstadt, 5 June 2000

Krömker, D.:
Informatik und Computergraphik –
Die neue Rolle des Computers.
Ringvorlesung Kognitionswissen-
schaften, Frankfurt, 
19 December 2000

Krömker, D.:
Neue Wege zur Bewältigung von
Ausnahme- und Notfallsituationen
auf Management-Ebene – Ein EDV
Trainingssystem.
Security-Kongress 2000 – Krisen- und
Notfallmanagement, SIMEDIA, Essen,
9 October 2000

Linnert, C.:
Virtual Building Life Cycle.
8th International Conference on Com-
puting in Civil & Building Engineering,
Stanford, California, 16 August 2000

Lutz, B.:
Virtuelles Geschichtenerzählen –
Der Dom von Siena.
GI Workshop Digital Storytelling 2000,
Darmstadt, 16 June 2000

Lux, M.:
The Iceberg Metaphor to Support
the Knowledge Crystallization
Cycle.
IEEE International Conference on Infor-
mation Visualization, Los Alamitos,
CA, USA, 2000

Lux, M.:
PROSECO – A Framework Architecture
to Provide Services for Economic
Data.
IFIP Working Group 5.10 on Computer
Graphics and Virtual Worlds; European
Association for Computer Graphics,
Plzen, 2000

Lux, M.:
How E-Commerce Can Benefit from
Visualization.
Second International Workshop on
Advanced Issues of E-Commerce and
Web based Information Systems, Los
Alamitos, CA, USA, 2000

Müller, W.:
Computer Assisted Preoperative
Planning System for Total Knee
Replacement.
Fourth Annual North American 
Program on Computer Assisted
Orthopaedic Surgery (CAOS) 2000,
Pittsburgh, Pennsylvania, USA, 
15-17 June 2000

Müller, W.:
Planning System for Computer
Assisted Total Knee Replacement.
Medicine Meets Virtual Reality, 
Newport Beach, CA, USA, 
27-30 January 2000

Müller, W.:
Computer Assisted Preoperative
Planning System for Total Knee
Replacement.
Western Pennsylvania Institute for
Computer Assisted Surgery (ICAS),
Pittsburgh, Pennsylvania, USA, 2000

Müller, W.:
Visualization in Life Science Appli-
cations: Medical Training.
Workshop on Advanced 3D Visualisation
Technologies for Industrial Applications,
German Centre, Singapore, 
15 August 2000

Müller-Wittig, W.:
The Virtual Reality Arthroscopy
Training Simulator.
World Congress of High-Tech Medicine,
Hannover, 16-20 October 2000

Rix, J.: 
Virtual Engineering: Integrated
Product Development Using
Advanced Information and 
Communication Technology.
Conference of the Portugiese Chapter
of Eurographics 2000, 
18 February 2000

Rix, J.: 
Potentiale der Virtuellen Produkt-
entwicklung.
IIR-Seminar Virtuelle Produktentwick-
lung, Darmstadt, 3 May 2000

Rix, J.:
Vecpredstavnost zu virtualni razvoj
izdelkov in procesov.
Industrijski Forum 2000 Maribor:
Fakulteta zu strojni tvo, 2000

Sakas, G.:
EU-TeleInViVo.
81. Deutscher Röntgenkongreß, 
Wiesbaden, 31 May - 3 June 2000

Sakas, G.:
TeleInViVo.
Eingeladener Vortrag, 12. Forumsge-
spräch, Gesellschaft für Medizinische
Technologien in Ulm e.V., 
17 November 2000

Sakas, G.:
TeleInViVo: portable Telemedizin-
station auf Basis v. 3D Ultraschall.
Telemed 2000 – 3. Forum für moderne
Medizin, Braunschweig, 20 May 2000

Santos, L.:
Virtual Reality Techniques Support-
ing the Product and Process Devel-
opment.
Anais do 5 Seminário Intenacional de
Alta Tecnologia: Inovações Tecnológi-
cas no Desenvolvimento do Produto
Piracicaba, UNIMEP, 5 October 2000
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Schöffel, F.:
Innovative Ansätze zur virtuellen
Beleuchtungsplanung.
Licht 2000, Goslar, 2000

Schönhut, J.:
Die zweite Medienrevolution nach
Gutenberg.
Fulbright Alumni Welcome Meeting,
Frankfurt, 4 November 2000 

Schönhut, J.:
Publishing Workflows and the Role
of eBusiness.
Workshop on Advanced 3D Visualisation
Technologies for Industrial Applications,
German Centre, Singapore, 
15 August 2000

Schönhut, J.:
Digitaldruck – Ein Baustein für in-
dividuelle, flexible und schnelle
Kommunikation.
Indigo Forum, Wiesbaden, 
6 April 2000 

Schönhut, J.:
Präsentation und Prästentations-
techniken.
Interner Workshop, Darmstadt,
18 April 2000 

Schönhut, J.:
CIM for Print – Computer-integrierte
Druckproduktion.
O/R/T, Frankfurt, 21 September 2000 

Schönhut, J.:
CIM for Print – Computer-integrierte
Druckproduktion.
O/R/T, Krefeld, 26 August 2000 

Schönhut, J.:
Workflow-Integration mittels Job-
tickets – Die vollautomatisierte
Druckerei: Wunschdenken oder
Realität.
Verband Druck und Medien Nordrhein,
Düsseldorf, 13 December 2000 

Schwarz, M.:
CIP3-Workflow.
Fachhochschule München, Munich,
18 May 2000 

Schwarz, M.:
CIM for Print mit CIP3 PPF und JDF.
Fachveranstaltung für Weiterverar-
beitungsexperten des Bundesverband
Druck und Medien e. V., Mainz,
29 June 2000

Seiler, C.:
Virtual Reactor – Interactive Visual-
ization of Process Control Mecha-
nisms.
ACHEMA 2000 – Internationales 
Treffen für Chemische Technik,
Umweltschutz und Biotechnologie,
Frankfurt am Main, 26 May 2000

Seiler, C.:
Agents and Virtual Environments
for Communication and Decision
Training for Emergencies.
Fourth International Conference on
Autonomous Agents, Barcelona,
5 June 2000

Seiler, C.:
Ein komponentenbasiertes Basis-
system für Digital Storytelling.
GI Workshop Digital Storytelling 2000,
Darmstadt, 16 June 2000

Stork, A.:
Sketching Free-Forms in Semi-
Immersive Virtual Environments.
2000 ASME Design Engineering 
Technical Conferences & Computers
and Information in Engineering 
Conference, 13 September 2000

Stork, A.:
Interaktive Zusammenbausimulation
mittels implizit generierter Assembly-
Attribute.
CAD 2000: Kommunikation, Koopera-
tion, Koordination, 3 March 2000

Stricker, D.:
The Augmented Man.
IEEE and ACM International Symposium
on Augmented Reality, Munich, 2000

Trembilski, A.:
Two Methods for Cloud Visualization
from Weather Simulation Data.
IFIP Working Group 5.10 on Computer
Graphics and Virtual Worlds; European
Association for Computer Graphics
(WSCG), Plzen, 2000

Urban, B.:
Information and Communication
Technologies to support Trade 
Business.
1. Internationale Konferenz zur Ent-
wicklung des Exports mittelständischer
Unternehmen, Rostock-Warnemünde,
29 November 2000

Urban, B.:
A Flexible Framework for the
Knowledge based Generation 
of Multimedia Presentations.
11th International Conference of the
Information Resources Managment
Association (IRMA) 2000, Anchorage,
Alaska, USA, May 2000
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Urban, B.:
Möglichkeiten und Grenzen des
Einsatzes von Virtual Reality (VR)/
Augmented Reality (AR) in der 
Konstruktion.
4. Wissenschaftliche Tagung des Fach-
bereiches Maschinenbau/Verfahrens-
und Umwelttechnik der Hochschule
Wismar, Wismar, 23-24 November
2000

Urban, B.:
Das Kursverwaltungssystem 
CMS-W3.
Arbeitsgruppe Telelernen, Rostock,
15 June 2000

Urban, B.:
Multimedia und Bildung.
Facharbeitskreis IuK, Rostock, 
5 July 2000

Urban, B.:
Konzepte und Lösungen für adap-
tive rechnerbasierte Ausbildung
und Training.
Herbstworkshop des Graduierten-
kollegs, Göhren, 2-4 November 2000

Urban, B.:
Internetdienste im Landesinforma-
tionssystem MV-Info.
Stammtisch Unternehmerverband 
Rostock und Umgebung, Rostock,
12 April 2000

Urban, B.:
Angewandte Forschung und Ent-
wicklung im IT-Bereich – drei Bei-
spiele aus dem Fraunhofer IGD 
Rostock.
Workshop »Multimedia in Mecklen-
burg-Vorpommern« im Rahmen der
Promotion-Tour M-V 2000, Offenbach,
10 May 2000

Urban, B.:
Education on Demand – the Way to
the Flexible Education.
Workshop »Structures of Learning –
Shaping the Transition«, European
Regional Information Society Associa-
tion and Technology Foundation of
Schleswig-Holstein, Lübeck, 
3-4 July 2000

Urban, B.:
TeCoMed: Telekonsultationssystem
zur aktuellen Gesundheitssituation
in MV.
Workshop »Telemedizin in Mecklenburg-
Vorpommern«, Greifswald,
22 September 2000

Urban, B.; Brozio, L.:
Der Multimediastandort Mecklenburg-
Vorpommern.
Gründungsveranstaltung Forum
KOMM-MV des ZGDV e.V., Rostock,
14 June 2000

Urban, B.; Haßinger, S.:
Nutzen und Potentiale des Einsatzes
neuer IuK-Technologien für Unter-
nehmen in MV.
Stammtisch Unternehmerverband 
Rostock und Umgebung, Rostock,
8 November 2000

Voskamp, J.:
Graduiertenkolleg »IT-basierte 
Ausbildung und Training«.
Fachbereich Informatik der Universität
Rostock, Rostock, 26 January 2000 

Voskamp, J.:
Course Management System for
WWW – CMS-W3.
PROMETEUS SIG-DESIGN Hands-On
Workshop, Darmstadt, 21-22 May
2000

Voskamp, J.:
Learning and Training 
Technologies.
Virtuos Workshop, Prag, 14 June 2000

Voss, G.:
Lahystotrain: Intelligent training
system for Laparoscopy and Hys-
teroscopy.
Medicine Meets Virtual Reality, New-
port Beach, CA, USA, 27-30 January
2000

Walter, S.:
EU TeleInViVo – 3D Ultrasound
Telemedical Workstation.
Bildverarbeitung für die Medizin 2000,
Klinikum rechts der Isar der Technis-
chen Universität München, Munich,
12-14 March 2000 

Wohlfahrter, W.; Encarnação, L. M.;
Schmalstieg, D.:
Interactive Volume Exploration on
the StudyDesk.
Fourth International Workshop on
Immersive Projection Technologies,
Iowa State University, Ames, Iowa,
USA, 20 June 2000
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The Fraunhofer-Gesellschaft at a
Glance

The Fraunhofer-Gesellschaft is the
leading organization for institutes of
applied research in Germany, under-
taking contract research on behalf of
industry, the service sector and the
government. Commissioned by cus-
tomers in industry, it provides rapid,
economical and immediately applicable
solutions to technical and organiza-
tional problems.

Within the framework of the European
Union’s technology programs, the
Fraunhofer-Gesellschaft is actively
involved in industrial consortiums which
seek technical solutions to improve the
competitiveness of European industry.
The Fraunhofer-Gesellschaft also
assumes a major role in strategic
research. Commissioned and funded
by Federal and States ministries and
governments, the organization under-
takes future-oriented research projects
that contribute to the development of
innovations in key technologies and
spheres of major public concern, such
as energy, transport and the environment. 

The global alignment of industry and
research has made international col-
laboration imperative. Furthermore,
affiliated Fraunhofer institutes in
Europe, in the USA and Asia ensure
contact with the most important cur-
rent and future economic markets.

At present, the organization maintains
48 research establishments at locations
throughout Germany. A staff of some
9,600, the majority of whom are quali-
fied scientists and engineers, generate
the annual research volume of around
 760 million. Of this amount,  650

million is derived from contract
research. Approximately two thirds of
the Fraunhofer-Gesellschaft’s contract
revenue is generated through research
contracts funded by industry and pub-
licly-financed research projects.

Fraunhofer scientists specialize in com-
plex research tasks involving a broad
spectrum of research fields. When
required, several institutes pool their
interdisciplinary expertise to develop
system solutions.

The Fraunhofer-Gesellschaft was
founded in 1949 and is a recognized
non-profit organization. Its members
include well-known companies and
private patrons who contribute to the
promotion of its application-oriented
policy.

The organization takes its name from
Joseph von Fraunhofer (1787-1826),
the successful Munich researcher,
inventor and entrepreneur.
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How to Find us in Darmstadt

On Foot
From »Luisenplatz«, follow the pedes-
trian zone (Rheinstrasse) past Ernst-
Ludwig-Square with its statue and past
the castle. At the end of the pedestri-
an zone follow »Landgraf-Georg-
Strasse«, and take the second turning
on the left. Follow this street. The next
street on the right hand is »Runde-
turmstrasse«, where you will find our
institute.

From the Freeway (A5, A67)
Freeway intersection (Autobahnkreuz)
Darmstadt – freeway exit »Darmstadt
/Stadtmitte« (city): Follow »Rhein-
strasse« through the city tunnel. At
the end of the city tunnel, turn left
and follow the »Cityring«. At the first
large crossing turn left into »Kirch-
strasse«. At the next large crossing,
turn right into »Landgraf-Georg-
Strasse«. Shortly before the next traffic
lights turn left into »Merckstrasse«;
the next side street on the left is
»Rundeturmstrasse«.

From the Central Station
Take Bus F (direction »Oberwaldhaus«)
to »Alexanderstrasse/TU« and exit
here. Going back along »Merck-
strasse« a little turn right in »Erich-
Ollenhauer-Promenade«, which will
lead you straight to our main entrance.
Or take Bus D (direction »Ostbahn-
hof«) to »Teichhausstrasse«. and exit
here. Going back along »Landgraf-
Georg-Strasse« a little, turn right at
the second turning. The next street on
the right »Rundeturmstrasse«.

From the Airport (Frankfurt) 
The Airline provides a bus transfer
every (half an) hour from bus stop #14
at Frankfurt airport to Darmstadt/
Luisenplatz. From here you can either
walk (see »On Foot« above) or catch a
bus (see »From the Central Station«
above):

✈
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How to Find us in Rostock

From the Freeway (A19)
Exit the E55 (A19) freeway at »Rostock
Ost« or »Rostock Süd« and follow the
signs to »Zentrum/Hauptbahnhof
(main station)«. At the main station,
turn right and follow »Goethe-Strasse«.
Turn left at the next crossing (Goethe-
Platz) and follow the »Südring«. Turn
right at the first crossing and follow
»Erich-Schlesinger-Strasse«. At the first
crossroads turn left into »Rudolf-
Diesel-Strasse«. The »Rostocker Inno-
vations- und Gründerzentrum (RIGZ)«
is located at the end of this street. Our
institute is located at the rear of the
RIGZ – please follow the signs.

From the Main Station
Take the #23 bus (direction Mensa).
Exit the bus at »Erich-Schlesinger-
Strasse« (2 stops). Follow »Erich-
Schlesinger-Strasse«, and turn left at
the first crossroads (»Rudolf-Diesel-
Strasse«). The »Rostocker Innovations-
und Gründerzentrum (RIGZ)« is locat-
ed at the end of this street. Our insti-
tute is located at the rear of the RIGZ
– please follow the signs.

From the Airport
There are flights to Berlin or Hamburg.
From here you can either take a train,
rent a car or take a shuttle service to
Rostock. There are also direct flights
from Berlin, Hamburg, Bremen, Dort-
mund and some other German cities
to Rostock-Laage airport available.
From the airport, take a train or a taxi
to Rostock.
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How to Find us in Frankfurt

From the Freeway
No matter which direction you travel
from, always take the A5 freeway and
exit at »Autobahnkreuz West«. Then
follow the sign for »Stadtmitte/Messe«
(City Center/Exhibition Center). You
are now on the »Theodor-Heuss-
Allee«. Carry on until you reach the
»Ludwig Erhard Anlage« roundabout.
Take the exit leading onto »Hamburger
Allee« and then the second right into
»Varrentrappstrasse«. The Fraunhofer
AGC is located on the right of the
street (house no. 40-42). 

From the Main Station
Go to the tram station in front of the
main railway station. Either take the
#16 (direction Ginnheim) or #19
(direction Westbahnhof) tram. Exit at
»Varrentrappstrasse« (4th stop). The
Fraunhofer AGC is located on the right
hand side of the street (house no. 40-
42).

From the Airport
Go to the regional railway station on
the lower level of the airport. Take the
train to the main station (Frankfurt
Hauptbahnhof, e.g. S-Bahn S8 for
Hanau Hauptbahnhof) then follow the
tram instructions.
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How to Find us in Providence

By Car from the North or South 
Most people travelling to Providence
take Interstate 95. Regardless of
whether you are starting from I-95
North or South, get off at Exit 20 onto
I-195 East. (Northbound travelers will
note the absence of an exit 19 and
should take exit 20, one mile after exit
18.) From I-195 East, get off at Exit 1
(downtown exit). Follow the ramp and
road along the river and take the first
right (go over bridge) onto Crawford
Street. This becomes S. Water Street.
Follow S. Water Street along the river,
keeping left as the road forks, to
Williams Street. Go left at Williams
Street; then left onto So. Main Street.

By Car from the East 
Take Interstate 195 West. Get off at
Exit 2 (S. Main St). 321 is in the sec-
ond block on your left. You can park
on S. Main Street (2 hour meters) in
front of the building. You can also
park in the paid parking lot at the rear
of the building on S. Water Street. 

By Train or Bus 
Amtrak runs almost all of its northeast
corridor trains through Providence on
their way to Boston or New York City.
Bonanza and other bus companies run
regular buses to Kennedy Plaza in
downtown Providence. From Boston,
there are also »T« commuter trains
running to Providence and South
Attleboro. If you are arriving here by
train or bus, simply take a taxi and ask
the cab driver to take you to 321 S.
Main Street. We are on the second
floor. 

By Plane 
Providence (officially, T.F. Green) Air-
port is located off exit 13 on Interstate
95. If you are traveling by airplane,
you can ask a cab to take you to 321
S. Main Street. The fare is about $25-
30. We are on the second floor. If you
are driving from the airport, simply fol-
low the instructions above under »By
Car from the North or South.« Alter-
natively, the Airport Van shuttle leaves
the airport every hour on the hour. For
$9.00 (cash only) it will take you to
the RISD (Rhode Island School of
Design), just a few blocks from our
office. 
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How to Find us in Singapore

Our offices are located on the campus
of the Nanyang Technical University
(NTU), Jurong. The NTU is situated in
the south-western part, approximately
25 km from Singapore city center.

By Bus
Take Bus 199 at Boon Lay Bus Inter-
change. Exit at the 3rd bus stop from
the NTU entrance. Walk briskly for 5
minutes through Canteen A & and
across Carpark A (Keep to the right of
Carpark A). Take Lift NS1-1 to the 5th
floor. Use the intercom to request
entry to CAMTech.

By Taxi
The taxi fare from the airport is about
15-20 Singapore Dollars. The ride
takes about 30 minutes. Ask the taxi
driver to stop at the Administration
Building. Walk towards Carpark A
(Keep to the left). Take Lift NS1-1 to
5th floor. Use the intercom to request
entry to CAMTech.

By Car
Car owners, please park at Carpark A
and take Lift NS1-1. Use the intercom
to request entry to CAMTech.
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Areas of Interest

❐ Integrated Publishing and eBusiness
Solutions

❐ Industrial Applications

❐ Animation and Image 
Communication

❐ Visualization and Virtual Reality

❐ Graphic Information Systems

❐ E-Learning & Knowledge 
Management

❐ Cognitive Computing & Medical
Imaging

❐ Security Technology in Graphics 
and Communication Systems

❐ Communication and Cooperation
(CSCW)

❐ Multimedia Communication

❐ Visualization and Interaction 
Techniques

❐ Mobile Multimedia Technologies

❐ Entertainment Technologies

❐ Global Visualization Services

❐ Global Work Environments

❐ Digital Security Technology

❐ Applications Center for Computer 
Graphics in Chemistry and 
Pharmaceutics AGC

Periodica and Brochures

❐ another Annual Report

❐ Computer Graphics Software 
Katalog

❐ Computer Graphics topics

❐ Computer Graphics topics
Special Edition

❐ Selected Readings in 
Computer Graphics

❐ Electronic Commerce

❐ Virtual Reality Augmented Reality

❐ Security Technology

❐ New Media for Cultural Heritage

❐ Medical Technology and 
Application

❐ Visualization and IT Concepts in
Chemistry and the Life Sciences

❐ IT based Teaching and Training

❐ Tourism and Traffic

❐ Virtual Engineering

❐ Printing and Publishing

❐ further Information

_______________________________

For further information, please tick the
according boxes and send or fax a
copy of this page to our Darmstadt
address. More information is also pro-
vided on our Website.
http://www.igd.fhg.de.

Return Address

Last Name, First Name

Company

Position

Department

Address

ZIP Code/City

Telephone

Fax

Email

Date/Signature

Fraunhofer Institute for
Computer Graphics IGD
Corporate Communications
Rundeturmstrasse 6

64283 Darmstadt
Germany

Information Service
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