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Dear Readers,

Since it was founded on 1992, the Fraunhofer Institute for 

Factory Operation and Automation IFF in Magdeburg has been 

one of the institutions shaping the research and business 

scene in Saxony-Anhalt. It is a professional research provider 

for industry and a consultant for companies and municipali-

ties. Our work also includes supporting promising technolo-

gical developments, assessing potentials and anticipating 

future needs of industry. On this basis, our engineers develop 

new solutions and tools with which companies can operate 

and manufacture better, faster and more cost effectively.

This maxim is the basis for the development of our expertise in 

the � eld of digital engineering. This new � eld was already 

made a priority in Magdeburg early in the 1990s. Today, many 

companies, both large and small, rely on our digital technolo-

gy know-how. The completion of our Virtual Development 

and Training Centre (VDTC) in 2006 once and for all estab-

lished the Fraunhofer IFF’s standing as a top national and 

international center of digital engineering. The equipment and 

plant manufacturing industry as well as the chemical plant 

manufacturing industry have been pro� ting from this. 

This issue of IFFocus takes a good look at all this and more. 

In his guest contribution on “Digital Engineering in Plant Engi-

neering”, Prof. Ulrich Buller, President of the Fraunhofer-

Gesellschaft, points out the institute’s importance for regional 

and national business. Close business partners also have some-

thing to say. In the interview, Wolfgang Liepert, CTO of KUKA 

AG, lays out KUKA’s vision of the future of robotics and 

Dr. Ralf Sick-Sonntag explains digital engineering’s role in 

Bayer AG’s chemical plant manufacturing. 

You will additionally learn about interesting details of current 

projects the Fraun hofer IFF is working on together with indus-

try clients, which concern ef� cient and value added use of vir-

tual realities in industry. For instance, virtual technologies can 

improve welder training and they make it far easier for indus-

try to plan sustainable sites.

As always, in addition to learning the latest news from and 

about the Fraunhofer IFF, you will also be introduced some of 

our up-and-coming researchers and their exciting research 

topics. Much of their current work and studies will provide the 

foundation for successful business of tomorrow.

I would like to thank all the authors who contributed to and 

everyone who collaborated on this issue of our IFFocus and I 

wish you enjoyable reading.

Prof. Michael Schenk

                                                                                                     E D I T O R ’ S  P A G E                                                                   

Prof. Michael Schenk, Director of the Fraunhofer Institute for 

Factory Operation and Automation IFF. Photo: Viktoria Kühne
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MAGDEBURG INTENDS TO 
BECOME A MODEL CITY FOR 
RENEWABLE ENERGIES 

The Federal Ministry of Education and Research is promoting 

municipal energy conservation concepts with its “Energy Ef� -

cient City” competition. Magdeburg was one of � ve winning 

cities – also thanks to the Fraunhofer IFF.’s cleverly devised 

concepts

“With their trendsetting concepts they are pioneering innova-

tions, which will be transferable to other cities and municipali-

ties,” observed Minister of Education and Research Annette 

Schavan when she honored the � ve cities that won the com-

petition against sixty-seven other cities and municipalities. 

Saxony-Anhalt’s capital has ambitious goals indeed: Among 

other things, it intends to cut its carbon dioxide emissions by 

2020 by two thirds over 1990. Over twenty partners from 

business, research and municipal bodies have joined forces 

and developed concepts intended to make the city a model for 

renewable energies.

BANGKOK: FRAUNHOFER IFF 
PRESENTS DIGITAL ENGINEER-
ING

Thailand is facing major challenges. In order to be able to hold 

its own in the globalized economy, government and business 

are working intensively on shedding the image of an “extend-

ed workbench”. Quali� cation, cooperation and innovation are 

extremely important aspects of this transformation into a 

knowledge society.

Intent on supporting this process actively, the Thai Ministry of 

Labor organized an international conference in Bangkok on 

“Mega-Trends in Human Capital and Labour Pro ductivity”. 

Over 2,000 inter national guests attended the conference at 

the downtown United Nations Convention Center, which was 

also prepared and organized by the Fraunhofer IFF’s Regional 

Of� ce in Bangkok, among others.

The Fraunhofer IFF chie� y highlighted digital engineering. Over 

140 representatives from government, industry, research and 

academia attended the Magdeburg institute’s event. The pre-

sentation concentrated on digital engi neering’s commercial 

potentials and prospects as well as the latest tools and meth-

ods. The interest of the attendees of the conference in Thai-

Dr. Eberhard Blümel (l.) and Ralf Opierzynski (r.) greet Thai-

land’s Prime Minister Abhisit Vejjajiva (m.) on behalf of the 

Fraunhofer IFF at the conference “Mega-Trends in Human 

Capital and Labour Productivity” in Bangkok. 

Photo: Fraunhofer IFF

land in the Fraunhofer’s know-how was also readily apparent 

during the accompanying exhibition. Our colleagues were 

especially pleased that Thailand’s Premier Minister Abhisit Vejj-

ajiva stopped by at the Fraunhofer IFF’s presentation booth. 
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To this end, the Fraunhofer Institute for Factory Operation and 

Automation IFF coordinated a feasibility study in which � fteen 

actions were selected from an original thirty ideas for imple-

mentation during the project. It considered technical, organi-

zational, economic and temporal criteria as well as potentials 

to conserve energy and reduce CO2 and transferability to other 

cities and municipalities.

The research institute itself contributed two implementation 

concepts. Its logistics experts formulated plans for so-called 

mini-distribution centers. Among other things, the concept 

relies on state-of-the-art localization systems and an intelligent 

swap body concept intended to make the distribution of low- 

volume urban freight transport more energy ef� cient. In addi-

tion, the Fraunhofer IFF’s process and plant engineers are plan-

ing to construct a plant that recycles all of Magdeburg’s green 

waste and generates power and heat from it. “Anybody can 

burn wood. But the utilization of green waste and foliage in 

conventional systems was dif� cult,” explains Sascha Thomas, 

coordinator of the Fraunhofer IFF’s contribution. New compact 

� uidized bed technology from the Fraunhofer IFF will eliminate 

the problem. At a thermal � ring capacity of three to four 

megawatts, it attains an overall ef� ciency of eighty percent.

The city of Magdeburg successfully relied on its own strate-

gies, technologies and innovative services for the nationwide 

competition. It aims to cover over � fty percent of the city’s 

energy requirements (excluding transportation) with 

renewable energies and low emission incineration of waste 

by 2020. 

MINISTER PRESIDENTS 
CON FERENCE: STATE LEADERS’ 
SPOUSES VISIT THE VDTC 

The annual conference of the minister presidents of the Ger-

man states was held in Magdeburg on October 21 and 22, 

2010. As part of the extensive supporting program, the state 

leaders’ spouses also visited the Fraunhofer IFF’s Virtual Devel-

opment and Training Centre in Magdeburg. 

The tour through the VDTC’s technical facilities and laborato-

ries, which was featured as a “Landmark in the Land of Ideas” 

in 2006, included a stop in the Elbe Dom. With a diameter of 

sixteen meters and a projection surface of three hundred 

square meters, this 360 degree large laser projection system is 

Germany’s largest mixed reality lab for the virtual interactive 

planning and development of factories, plants or entire sites 

on a scale of 1:1.

A virtual stroll through the historic downtown of Lutherstadt 

Wittenberg enabled the visibly fascinated visitors to experience 

� rst hand the possibilities the spectacular system provides 

Fraunhofer engineers and their clients. As a farewell, the VR 

specialists demonstrated how the downtown’s appearance 

changes by integrating modern architecture by clicking a 

mouse. The Fraunhofer IFF has already implemented this sce-

nario for a number of cities. 

The interested visitors learn how virtual reality is used at 

the Fraunhofer IFF  to engineer plants, for instance. 

Photo: Martin Stiller

Magdeburg is already one of Germany’s greenest cities. The metrop-

olis on the Elbe also intends to become a model city for renewable 

energies. Photo: Erich Kasten, pixelio.de
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         N E W S

SAXONY-ANHALT POWERED UP 

What wi l l  future transportat ion with e lectr ica l  ve-

hic les look l ike? One thing is  certa in:  Not only wi l l 

i t  have to funct ion smoothly.  The power needed 

ought to stem chief ly  f rom renewable sources. 

However,  suitable networks and logist ics  systems 

hardly ex ist  so far.  The crucia l  test ing phase for 

the Harz e lectr ic  vehic le network began in Magde-

burg in the fa l l  of  2010. I t  i s  intended to demon-

strate the feas ib i l i ty  of  “c lean transportat ion”.

How we travel our nation’s roads electrically in the future 

depends on many criteria. One of them is the development of 

so-called “smart grids” that � exibly coordinate the supply of 

and demand for energy. One of the major challenges will be 

reliably and securely assuring communication among all the 

elements involved in the grid.

Testing of the Harz Electric Vehicle Network started in Magde-

burg in the fall of 2010. Systems created for grid communica-

tion and energy logistics are being � eld tested. The concept 

and the related technologies were developed in the Federal 

Ministry of Education and Research’s project Harz.EE-Mobility. 

New electric vehicles will not only “� ll up” with electricity but also return it to the grid, thus making them mobile electricity storage systems 

in future grids. Photos: Viktoria Kühne

Lead managed by Otto von Guericke University Magdeburg, 

� fteen top regional and national partners from business, aca-

demia and research are collaborating on the implementation. 

The Fraunhofer IFF is primarily responsible for the development 

of the important lo gistics control center and the integration of 

the necessary communication technologies.

However, electric vehicles themselves play a leading role in the 

overall concept. They are intended to be part of an intelligent 

mobile electricity storage system. The basis for this are new 

vehicle batteries with energy recovery capability. This technol-

ogy enables electric cars both to store energy and return it to 

the grid as required. A central digital control center developed 

for this by the Fraunhofer IFF  continually registers the energy 

level of all registered electric cars and manages their power  

supply while allowing for the electricity supply. If the grid is 

low on electricity, it can draw energy from vehicles parked 

long-term and connected to the system. 

Electric test vehicles have been rolling through Magdeburg 

and the Harz since September 2010. Above all, private individ-

uals, commuters and companies are using the new electric 

vehicles. The test phase in the Harz and Magdeburg regions 

will conclude by the end of 2011. 
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VIRTUAL REALITY AGAINST THE 
SHORTAGE OF SKILLED LABOR

“Day-to-day business without virtual technologies will be dif� -

cult to imagine in the future,” declared Minister of Economics 

and Labor Reiner Haseloff at the launch of the ViReKon proj-

ect in May 2009. The validity of this assessment was demon-

strated by the subsequently great interest in the project 

intended to transfer virtual reality technologies to medium-

sized enterprises in the processing industry in Saxony-Anhalt.

L O O K I N G  B A C K  F I F T E E N  Y E A R S  A G O

CONSTRUCTION BEGINS ON 
THE INSTITUTE’S BUILDING

The Fraunhofer IFF was bursting at the seams: Its research-

ers were working so successfully at three locations that 

continual growth was causing real space problems: In the 

TBZ on Elbstrasse, in of� ces at the Tech nical University 

Magdeburg and in the branch in the Innovations- und 

Gründerzentrum in Barleben. Since its founding in 1992, 

the number of employees had tripled to over ninety. Lucki-

ly, there was a prospect to improve the situation: At the 

end of the year, construction started on a new institute 

building on Askanischer Platz. Alternative locations were 

also discussed, e.g. the present premises of Magdeburg 

University of Applied Sciences, other abandoned former 

Russian army facilities or even the commercial port. 

The impetus for the ambitious project came from the Fraun-

hofer Institute for Factory Operation and Automation IFF, 

which, contracted by RKW Sachsen-Anhalt, is also responsi-

bly for the majority of its implementation. Director Michael 

Schenk especially emphasized the new technologies impact 

on the feared shortage of skilled labor, which should not be 

underestimated in the face of demographic change. He 

underscored the necessity of action since the fundamental 

problems to follow must be counteracted by current 

actions.

The ViReKon project has been running two years. Therefore, 

developers and users gathered for a corporate conference 

at the Fraunhofer IFF’s Virtual Development and Training 

Centre VDTC in Magdeburg in October 2010. The assess-

ment thus far was very positive The goal of not only famil-

iarizing regional SMEs with advanced virtual reality technol-

ogy but also implementing concrete applications has already 

been more than met. The expectation that the resultant 

better quali� cation of skilled labor would improve competi-

tion has also been fully con� rmed according to project coor-

dinator Dr. Hans-Joachim Clobes from RKW Sachsen-

Anhalt. This pioneering work has already been performed 

for six industrial companies and two educational providers. 

Now it is up to other companies to also get on board for 

the future. 

The Fraunhofer IFF construction site in 1996. 

Photo: Fraunhofer IFF

Learning on and with virtual models is increasingly becoming part of 

education for technical professions. Photo: Dirk Mahler
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         N E W S

THE ROBOT CENTURY

Mars researchers, powerful industrial workers, precise assisting 

surgeons or multilingual museum guides – robots can perform 

diverse jobs in our world. Yet, how long will it take until every-

one not only has a PC but also a PR, i.e. a personal robot? 

How far is robotics? What capabilities do robots have today? 

Will robotic pioneers’ visions be ful� lled? The exhibition “The  

Robot Century” at Magdeburg’s Allee Center was intended to 

answer these questions. It ran from October 11 to 23 and dis-

played many extremely interesting exhibits of the history and 

present and future  visions of robotics.

In addition to the exhibition, the organizers also delivered 

action. Spectacular robot competitions, workshops for school 

students and introductory courses for children and youths, 

which were given by Otto von Guericke University and Rober-

taRegio-Zentrum, were intended to make this technology 

more accessible, above all for young people.

Sunday, October 16 was especially exciting when Otto von 

Guericke University Magdeburg’s Department of Automation 

presented interactive research robots under the motto “Robots 

with Feedback”. At the same time, Otto von Guericke Univer-

sity and the Fraunhofer IFF’s joint RobotsLab presented 

“Robots on Two Legs”, speci� cally the so-called walking 

robots “Katharina”, “Anton” and “Rotto”. These multi-

legged, particularly agile robots adjust extremely well to 

uneven terrain. They are able to surmount obstacles and are 

thus especially suited for use in inaccessible environments or in 

danger zones. 

MALAYSIA: FRAUNHOFER IFF 
SUPPORTS TECHNOLOGY
TRANSFER 

The Fraunhofer IFF’s years of establishing and expanding part-

nerships in the ASEAN region are beginning to bear fruit in 

Malaysia, too. Technology transfer is intended to advance the 

utilization of innovative digital engineering tools and virtual 

technologies.

Fraunhofer technology workshop in Malaysia. 

Photo: Fraunhofer IFF

To this end, the Fraunhofer IFF 2010 conducted an indus trial 

user workshop in Malaysia in 2010. A number of top ranking 

representatives from industry, government and research were 

present at the well-attended event. The Fraunhofer IFF pre-

sented its best practice solutions for the petroche mical indus-

try, power engineering, the aviation industry and urban plan-

ning to inform attendees comprehensively about the potential 

bene� ts of advanced virtual reality techno logies. 

Building upon industrial pilot projects, there are plans to build 

and operate a national user center for virtual reality in Malay-

sia in cooperation with the Fraunhofer IFF. 

Virtual reality experts from the Fraunhofer IFF at 

the technology workshop in Malaysia. Left to right: 

Helge Fredrich, Andreas Höpfner, Ralf Opierzynski 

and Dr. Eberhard Blümel. Photo: Fraunhofer IFF
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GROWING SUCCESS 

Saxony-Anhalt is increasingly becoming a center of cutting-

edge research and business innovation. In order to continue to 

foster and support this development, Saxony-Anhalt’s Minister 

of Economics and Labor Reiner Haseloff and Minister of Fi-

nance Jens Bullerjahn started the campaign “Growing Suc-

cess” in Magdeburg’s Fraunhofer Institute IFF on October 27, 

2010. It is focusing on success stories in the state’s innovative 

industries and the systematic support of sustainable sectors of 

the economy with the aid of The European Regional Develop-

ment Fund ERDF.

“Saxony-Anhalt’s potential for innovation has grown tremen-

dously in recent years. Whether traditional industries such as 

equipment manufacturing or young industries such as renew-

able energies – nationally and internationally competitive 

products and process innovations are being produced here. 

The intense efforts to attract companies with research and 

development activities to Saxony-Anhalt is increasingly suc-

cessful. An ef� cient infrastructure for innovations is advancing 

the region’s position in international competition. At present, 

three new research institutes are being established with fund-

ing of € 142 million. The European Union’s development fund 

is a key part of this success. The twentieth anniversary of 

reuni� cation and the midterm evaluation of the current EU 

development fund period are good reasons to draw the pub-

lic’s attention to these achievements,” said Haseloff at the 

kick-off at the Fraunhofer Institute for Factory Operation and 

Automation IFF’s Virtual Development and Training Centre 

VDTC. 

Minister of Finance Bullerjahn emphasized that “Saxony-

Anhalt has been pro� ting from the ERDF since 1991. Between 

2007 and 2013, € 1.93 billion and from 2007 to 2009 over

€ 300 million � owed into 1,283 research and development 

projects. This is not only boosting Saxony-Anhalt’s competitive-

ness but also its tax revenues. With the strategic approach of 

consolidating the budget while simultaneously setting priori-

ties, among other things, for investments in innovative sectors 

and research and development, we are establishing the condi-

tions to create high quality and sustainable jobs.«

The campaign is addressing � ve exemplarily innovative sectors: 

renewable energies, equipment manufacturing and metal-

working, automotive, chemicals and synthetics and biophar-

maceuticals. 

Saxony-Anhalt›s Minister of Economics and Labor Reiner Haseloff 

and Minister of Finance Jens Bullerjahn jointly kicked off the cam-

paign “Growing Success” at the Fraunhofer IFF’s VDTC in Magde-

burg. The campaign is intended to promote particular successes 

in the state’s innovative industries and sustainable sectors of the 

economy. Photo: Peter Förster

The public was keenly interested in the Fraunhofer IFF’s walking 

robot at the robotics exhibition at Magdeburg’s Allee Center. 

Photo: Daniela Martin
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         N E W S

STATE IS SUPPORTING LANXESS 
AND FRAUNHOFER RESEARCH 
PROJECT WITH € 1.93 MILLION

High tech membranes for water treatment systems will be 

developed and manufactured in Saxony-Anhalt in the future. 

In Magdeburg on November 4, 2010, Minister of Economics 

and Labor Reiner Haseloff presented three grants totalling

€ 1.93 mill. for the joint research project between IAB Ione-

Presentation of the three grants totalling 

€ 1.93 million at the Fraunhofer IFF VDTC in Magdeburg.

Photos: Peter Förster

Dr. Michael Schelhaas, Head of Research and Development at LANXESS

naustauscher GmbH in Bitterfeld – a wholly owned subsidiary 

of the specialty chemical company LANXESS – and the Fraun-

hofer Institutes for Factory Operation and Automation IFF in 

Magdeburg and for Mechanics of Materials IWM in Halle. 

Other partners in the joint project are Martin Luther University 

Halle-Wittenberg and the Leibniz Institute of Polymer Research 

IPF in Dresden. The core of the project is the computerized 

optimization of the membrane manufacturing pro cess and the 

development of novel chemical and biochemical methods to 

treat their surface. LANXESS is currently building a new chemi-

cal plant for around € 30 million in Bitterfeld-Wolfen where 

state-of-the-art membrane technology for water treatment 

will be developed and later also manufactured.

“With this grant, we are investing in a technology of the 

future, which will also open good job prospects in the state in 

the medium and long term,” said the minister. Growing 

strongly worldwide, the water treatment sector provides out-

standing export opportunities. Haseloff continued, “it is all the 

more important that we beat out numerous international loca-

tions and brought not only the production but also the devel-

opment of this novel membrane technology to Saxony-Anhalt. 

The involvement of many prestigious research partners is 

promising for very successful research.”

Head of research and development in the Business Unit Ion 

Exchange Resins (BU ION) at LANXESS, Dr. Michael Schelhaas 

emphasized this as well when he said, “the outstanding 

research scene here in Saxony-Anhalt was a decisive factor 

when we decided to locate in Bitterfeld-Wolfen. We consider 

this an opportunity in Saxony-Anhalt to implement results 

obtained from research directly in the improvement of manu-

facturing methods and product quality in Bitterfeld-Wolfen.« 

Professor Michael Schenk, Director of the Fraunhofer IFF in 

Magdeburg, sees the start of the large-budget research project 

as an af� rmation of the strong standing of Saxony-Anhalt’s 

research institutions. “Collaboration between business and 

research is traditionally one of the Fraunhofer Institutes’ key 

tasks. Two Fraunhofer Institutes, one Leibniz Institute and one 

major state university are represented in this joint project. The 

high regard internationally operating corporations have for 

these research partners is proof that Saxony-Anhalt attracts 

companies as a center of research.” 
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FIRST PRIVATE ELECTRICITY 
CUSTOMERS IN 2010

The federal government hopes to see at least one million elec-

tric cars driving Germany’s roads and thus less CO2 emissions 

in just under nine years. The � rst electric cars have been com-

mercially available for a while. Slowly but surely, there will be 

more. “Filling up”has also been made somewhat easier for 

electric vehicle pioneers, albeit the charging stations needed 

are still not available everywhere.

The � rst private customer used the charging station at the 

Fraunhofer IFF’s Virtual Development and Training Centre 

VDTC shortly after it opened. Steffen Krause, a teacher from 

Halle an der Saale, occasionally drives his electric car the dis-

tance of roughly 100 kilometers between his hometown and 

the capital city of Magdeburg.

He learned from the news that one of the � rst electricity 

charging stations had opened in Magedeburg when the test  

phase of the “Harz Electric Vehicle Network” started in the fall 

of 2010. He spontaneously established contact. The teacher is 

happy that he can always rely on one charging station in the 

capital for his electric car on his trips. He does not mind the 

prior registration required in the least. “This way, I know at 

least that the plug isn’t taken whenever I arrive,” he says grin-

ning. When the test phase of the Harz Electric Vehicle Net-

work proceeds as successfully as the engineers from the 

Fraunhofe hope, planning his trips could get even easier soon. 

As close to all electric vehicles as possible will be equipped 

Halle native Steffen Krause was the � rst private electricity “custom-

er” at the new charging station for electric vehicles in Magdeburg’s 

Port of Science. Photo: Martin Stiller

Father Christmas was also at the Fraunhofer IFF and brought some-

thing for all the children. Photo: Dirk Mahler

with state-of-the-art systems that display all the charging sta-

tions located in the vicinity and their own charge. They will be 

able to conveniently announce the best charging stations in 

advance, book them in advance for the next day or be guided 

to alterna tive charging stations. All in all, this ought to simplify 

electric vehicle networks signi� cantly. At any rate, “� lling up” 

will be convenient . At the moment, charging at the charging 

station in Magdeburg’s Port of Science is even free. In the 

future, a complete charge would cost around � ve euros. That 

is currently the normal price for the amount of energy needed 

to drive 100 kilometers with an electric car. 

FATHER CHRISTMAS AT THE 
FRAUNHOFER IFF

This year’s Christmas party for the children of Magdeburg’s 

Fraunhofer Institute’s employees was a wonderful event. Frosty 

temperatures and snow outside and even homemade cake 

and cookies inside made for ideal spirits in the Christmas sea-

son. The children passed the time until Father Christmas 

arrived by playing, painting and dancing together to Christmas 

carols. Then, the wait was � nally over. Father Christmas strode 

into the room and had brought something for all the children, 

which they naturally received only after reciting a poem or 

singing a song. In short, it was a good afternoon for big and 

small.  
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KUKA AG is  one of the world’s  leading manufac-

turers of robot ic  and control  systems. The company 

is  one of the dr iv ing forces behind a European 

strategy for the development of future robot appl i -

cat ions.  Bernd L iepert ,  CTO of KUKA AG, discussed 

the Strategic Research Agenda or SRA for robot ics 

with IFFocus editor René Maresch.

Mr. Liepert, robots are still rather awkward and, forgive 

the expression, dumb helpers for humans. Will they ever 

be able to be our partners in our daily work?

Robots are only as “smart” as we make them. However, with 

the right software, robots are anything but dumb. The age of 

service robotics has long since dawned. Applications already 

exist in which robots work hand-in-hand with humans and 

support them in their everyday work. 

In industry on the other hand, the robot is the quintessential 

universal automation component. After all, it is not specialized 

in one concrete job or one concrete � eld of application. This 

makes it so � exibly implementable. Further development of 

safe robots has made space-saving cell concepts possible here. 

Moreover, this opens the door to human-robot applications in 

assembly operations, for instance.

For some time, KUKA has been developing solutions in which 

robots actively support humans by acting as their “assistant”. 

This technology could, for example, be implemented as a 

manufacturing assistant in assembly and even as a nursing 

robot that enables the elderly to live independently at home 

longer.

With its integrated sensor systems and low deadweight, 

KUKA’s lightweight robot, for example, is suited for just such 

tasks. As part of a design study, it was mounted on a mobile 

platform. The study is a mobile manipulation technology dem-

onstrator and being used to develop and evaluate new tech-

nologies.

KUKA is the lead partner in the formulation of the SRA, 

the Strategic Research Agenda for robotics. A large num-

ber of different European industry and research part-

ners, all leaders in their � eld, has united to collectively 

deliberate on the future of robotics. Why is such a com-

plex initiative necessary?

This initiative is so complex because the technologies and the 

tasks being dealt with are so complex. Issues such as our aging 

society, climate change, security, green production are all chal-

lenges facing our society, which require ongoing discussion 

and call for state-of the-art technological concepts, which can 

         I N T E R V I E W
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only be developed collaboratively. EUROP, a technology plat-

form with 130 members, is  addressing precisely these chal-

lenges. The Strategic Research Agenda for robotics is intended 

to identify potentials in industry. 

The agenda was published in 2009 and contains a mix of 

clear strategy and vision. What’s the situation now?

SRA already began to make an impact during its development. 

Many, who contributed in advance, were already in� uenced 

by the SRA’s content at this early stage. The participants in the 

consensus meetings held to prepare the agenda also estab-

lished many new contacts. First and foremost, this helped 

interrelate the different sectors, namely industrial robotics, 

domestic and professional robotics, service robotics, and space 

and security robotics. Thus, the agenda’s sixth recommenda-

tion (supporting cross-fertilization to maximize the impact of 

R&D) was being tackled before the SRA had been � nalized. 

Furthermore, the � rst stages of the strategy are already being 

implemented in the research project euRobotics (www.euro-

botics-project.eu). It includes work packages that explicitly 

deal with implementing number 4 (Focus on the right research 

and technologies), number 5 (Create new markets through 

SME support and technology transfer), number 6 (Support 

cross-fertilisation to maximise the impact of R&D), number 7 

(Enhance robotics training and education) and number 8 

(Avoid ethical, legal and societal issues becoming barriers) . 

The second work package is intended to enhance the image 

of European robotics and simultaneously also cover recom-

mendation number 1 (Take advantage of robotics technology 

in all aspects of life) as well. 

Given the aims of the SRA, we will presumably be en-

countering robots very soon in many domains, even 

ones hardly imaginable today. Should we get ready for 

surprises? 

How surprising was the arrival of the age of the Internet? How 

much do smartphones still surprise us? All these are routine, 

even though we all literally dialed numbers as children. Robot-

ics is going to help and support us and make life easier in 

many domains. It’s hard to say whether it is going to surprise 

us. But I’m sure, it’s going to get us excited. 

How will future robots differ from present robots?

Future service robots will differ from the robots familiar to us 

from industry in many ways. They will be lighter and more 

sensitive. They will move on mobile platforms and cooperate 

with humans.

What will the key challenges be? What technologies have 

to be advanced?

Autonomous navigation and sensor systems are examples of 

issues we will also be working on in the future. 

How does KUKA envision manufacturing and services in 

2025?

I believe that manufacturing will be inconceivable without robots 

in 2025 and there will be many � elds of application in the service 

sector. By the way, your readers can look at a realistic preview in 

the SRA you mentioned at www.robotics-platform.eu/SRA.

 

B R I E F  C V

Bernd Liepert, CTO of KUKA Aktiengesellschaft

1990, Diplom degree in mathematics from the University of 

Augsburg

1990-1996, staff member, Development Unit, KUKA Sch-

weissanlagen und Roboter GmbH

Development manager at the newly established KUKA 

Roboter GmbH

1998-99, member of the management board, head of 

development and design

2000-2009, executive board spokesman, KUKA Roboter 

GmbH

2010 - present, CTO of KUKA AG and head of technology 

and development for the entire KUKA Group

January 2011 - present, CEO of the newly established 

KUKA Laboratories GmbH.
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Dr. Ralf Sick-Sonntag, Bayer MaterialScience AG

Several  phenomena of global izat ion,  e.g.  rapidly 

growing new markets and increas ingly qual if ied but 

cheaper labor in threshold countr ies,  have thrust 

the chemical  and pharmaceut ica l  industry in Centra l 

Europe into a dynamic compet i t ive s i tuat ion.  They 

lack the proximity to major and growing markets and 

new suppl iers  are taking over the leadership of com-

modit ies markets.  The process industry’s  react ions to 

these chal lenges are to specia l ize,  to boost eff ic iency 

and to bui ld and operate i ts  own plants in these 

markets.  The same mechanisms are at  work when 

these plants are engineered and constructed: Local 

engineer ing serv ices and local  equipment suppl iers 

normal ly  have lower labor costs .  This  i s  a lso plac ing 

plant and equipment manufacturers under pressure. 

Just as the process industry must continuously develop new pro-

ducts and processes to maintain its competitiveness, plant manu-

facturing is also being compelled to boost ef� ciency and pursue 

new directions, which must lower investment and life cycle costs. 

Especially wherever the innova tive process industry cooperates 

with the plant manufacturing industry and equipment suppliers, 

new solutions are being produced, which cannot be imitated very 

quickly and provide everyone involved a competitive edge.

This coordinated approach with plant manufacturers generates 

potentials for value added for a plant’s future operation. At the 

same time, Central European expertise in developing systems and 

processes that conserve resources, e.g. energy and raw materials, 

creates a business advantage over competitors in threshold coun-

tries, which have been relying on economies of scale.

This edge in innovation and ef� ciency is stabilizing Central 

Europe’s industrial structure and generating new sectors of 

growth. The following examples show that this is working.
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New Products Require New 
Concepts

New products, which incorporate nanotechnology for 

instance, require completely new manufacturing concepts in 

new plant, which in turn are managed with new methods. 

Textbook unit operations could no longer be implemented to 

manufacture the carbon nano tubes (Baytubes®) invented by 

Bayer. Traditional process equipment engineering was also 

unable to meet the requirements imposed. Novel components 

based on microreactors were developed in collaboration with 

small and medium-sized enterprises.

Microreactors (Photo 2) have become established and have 

“intensi� ed” different processes for manufacturing common 

chemicals, thus cutting manufacturing cost in half. Thus, for 

example, the new BAYQIK® process for manufacturing sulfu-

ric acid eliminates constraints that have existed for � fty years:

– Emissions have been cut by a power of ten.

– Energy ef� ciency has been increased by 

twenty-� ve percent.

– Catalyst consumption has been cut in half.

– Capital expenditures have been cut in half.

An example from the pharmaceutical industry plainly reveals 

how greatly plant concepts have changed. The development 

of so-called disposables, i.e. inexpensive components that are 

disposed of after one use, is radically affecting construction 

and operation. They require more planning services than clas-

sic plant planning but fewer hours of planning, less space and 

less investment. In addition, implementation times, plant doc-

umentation, manufacturing regulations (standard  procedures) 

and required inspection and monitoring are all reduced.

Photo 4 conveys an impression of how BaySHAKE® can 

replace common 5 m3 chemical reactors. Such radical changes 

in plant engineering make it necessary to modify classic plant 

planning.

Virtual Reality for Planning, 
Construction and Commissioning

More and more, speci� c problems are being worked on with 

high-end and therefore special IT tools, which include simula-

tions of physical targets (process, � uid and reaction dynamics, 

dynamic loads, malfunctions, energy � uxes, etc.) and of eco-

nomic targets (value stream mapping, supply chain optimiza-

tion, availability studies, layout optimization, etc.). However, 

the individual � ndings must be consolidated and the tools 

integrated more greatly. 

         R E S E A R C H  A N D  D E V E L O P M E N T
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Photo 2: Microreactor module, Ehrfeld – Bayer Technology Services. Photo 1: The manufacture of nanotechnology products requires 

new plant concepts that cannot be  devised with common unit 

operations. 
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Here too, Magdeburg’s Fraunhofer Institute for Factory Opera-

tion and Automation IFF has made groundbreaking advances 

in the integration of virtual reality and � ow simulation.

These methods deliver information, which is not only needed 

for plant engineering and construction but also used to man-

age plants more ef� ciently after commissioning. This enables 

operators to develop a potential for value added, which sets 

them apart from competitors. Among other things, this 

includes asset management, maintenance planning and con-

tinuous optimization. Asset management has become estab-

lished among many companies for open and closed loop pro-

cess control components. However, the instrumentation and 

equipment still entail challenges.

Operator Training Optimizes Plant
Operation

The introduction of operator training simu lators (OTS) has had 

the single greatest impact on traditional plant engineering. 

OTS are systems like � ight simulators and are used both for 

basic training and for training and support of plant operators 

during operation. The development of the training simulator 

altered the structuring of projects and planning of decision-

making milestones signi� cantly. More than half of the work of 

process control engineers has been completely restructured. 

The additional work already pays off through virtually perfect 

planning and trouble-free commissioning shortened to a quar-

ter of the time. In later operation, plant operators use the tool 

for continuous optimization. Ultimately, this changes the job 

of plant operators. Instead of being “manual laborers”in the 

control concept, they are in charge of optimizing the operat-

ing results.

These examples demonstrate that plant engineering is now 

fully integrated in the plant life cycle, from an innovation to 

operation, and provides the basis for optimal value added dur-

ing a plant’s entire service life. Thus, Central European industry 

has responded to the challenges of global competition and 

has once again become the leader in inno vation and ef� cien-

cy. Keeping this edge will require rigorously building upon the 

incipient development. Two issues will hold the key to success:

1.  Integration of small and medium-sized enterprises in holis-

tic solutions;

2.  Progress in the integration of digital engineering and simu-

lation systems.

 Dr. Ralf Sick-Sonntag, Bayer MaterialScience AG,

 Head of Contractors Management

Photo 4: Bayer Technology Services’ BaySHAKE® in the 

development lab and in production.

Photos: Bayer Technology Services GmbH

Photo 3: The BAYQIK® sulfuric acid system.
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TOGETHER INTO 
PLANT ENGINEER-
ING’S DIGITAL
FUTURE

Prof. Ulrich Buller

The rapid development of innovat ions in countr ies such as India and 

China is  radical ly  changing the bas ic  condit ions of the global  chemi-

cal  market and thus the plant manufactur ing industry,  too.  German 

chemical  companies are global  leaders.  However,  they wi l l  have to 

prepare themselves and their  p lants for not iceably different new 

market condit ions by 2020. In addit ion to output and plant avai l -

abi l i ty ,  compet i t ive edges such as resource and energy eff ic iency and 

environmental  compat ib i l i ty  and opt imal  p lant maintenance concepts 

wi l l  have to be maintained and ref ined.

Priorities in this development are no longer only maximum 

availability, maximum automation and minimum capital 

expenditure but also altogether optimized plant life cycles. 

German plant manufacturers will need more than innovative 

solutions to stay at the top of international markets. Reaching 

these goals will necessitate engineering plants to be state-of-

the-art and continually optimizing them. In addition to Ger-

man plant engineers’ world famous know-how, new technolo-

gies such as digital engineering and virtual reality (VR) are 

increasingly playing a role. 

“We have to do more.”

Despite the clear advantages of digital engineering and devel-

opment in equipment and plant manufacturing, their broad 

use is still subject to obstacles. Not least, the great diversity of 

the available software tools and the networked structures of 

suppliers, subcontractors and operators are often more of a 

hindrance than a support Thus, industry’s structural problems 

far too frequently hinder the use of digital engineering tools. 

Work still needs to be done on transferring knowledge to 

companies so that data can be used and reused in the plant 

life cycle.

However, if we intend to assure the industry’s success in the 

long term, we will have to do more than just point to the pres-

ent quality and level of development of our research and lead-

ing industrial companies. It is essential that we take small and 

medium-sized enterprises with us into the digital future of 

plant engineering. To do so, we will have to not only enable 

them to work with state-of-the-art software and technology 

and implement them ef� ciently in often extremely complex 

and networked corporate structures. We will also have to pro-

mote the exchange of technical experience among them. After 

all, the smaller companies that attempt to go it alone in global 

competition will have the most dif� culty. However, compre-

hensive using digital development tools and thus increasing a 

plant’s value added by boosting ef� ciency and utilizing data 
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throughout the entire life cycle can become another unique 

selling point for Central European companies and thus a sig-

ni� cant edge in international competition.

Networking to Transfer Knowledge

This know-how transfer and technical support for companies 

through the integrated use of digital engineering technologies 

also plays a major role at the Fraunhofer Institute for Factory 

Operation and Automation IFF in Magdeburg. Very early on, 

its researchers already identi� ed effective company networking 

as elemental to long-term success. Therefore, shortly after it 

was founded in the 1990s, the institute became one of the 

initiators of the Saxony-Anhalt Association for the Promotion 

of Mechanical and Plant Engineering or FASA.

The restructuring of the Eastern German economy and restart 

of the chemical industry necessary at that time confronted 

local companies with tremendous challenges. Given the inter-

nationally nearly unprecedented investments in the Central 

German chemical triangle, the scienti� c and holistic approach 

to engineering, equipping and operating complex technical 

systems and plants pursued by the association’s members was 

a practicable and, as it turned out, a very effective solution for 

regional companies. The Fraunhofer IFF assumed a key role, 

especially in the development and integra tion of new methods 

of digital engineering for equipment and plant manufacturers.

Foundations of Digital Engineering

Effective information architectures, which supported opera-

tions in the bid phase based on requirements, were already 

developed as part of an “integrated engineering system” in 

1996. They also additionally aimed at supplying future opera-

tions structured information in the operator phase. The soft-

ware systems involved in the four levels of data, tool, process 

and user were analyzed. Thus, necessary information from the 

widest variety of applications were integrated on the data level 
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as a common data model. The next task the Fraunhofer IFF 

and its partners and clients worked on was mapping all of a 

process plant’s data for life. This involved their engineering, 

construction and operation by regionally supplying digital 

information on products and services or their providers and 

exchanging data cross-company on the basis of standardized 

interfaces such as STEP or EDIFACT.

Finally, the tool IDAS97 was developed in 1997. It essentially 

supported the reorganization of maintenance units. IDAS97 is 

a maintenance data management system, which can be 

imported to any rapid development application systems and 

thus ideally integrated in individual EDP environments. This 

enabled engineers and operators to estimate future mainte-

nance expenditures based on and in conjunction with existing 

empirical knowledge.

Despite these major advances, the road to today’s digital engi-

neering was still long. Another step in this direction was the 

development of holistic quality control loops based on RFID 

chip systems and advanced service systems. The core of this 

development was diverse industry projects completed by the 

Fraunhofer IFF together with plant operators, engineers and 

suppliers. Past and present partners include companies such 

as DOW, LURGI, Babcock, SAP, Voest Alpine, Weber Rohrlei-

tungsbau, Stahlbau Magdeburg, Lindner Isoliertechnik and 

many others. These projects continually met new challenges 

and developed visions, which constitute the foundation for 

today’s digi tal planning and digital engineering.

Active Support

In addition to its work with FASA, the Fraunhofer IFF launched 

the conference series “Plant Engineering of the Future” in 

2000. These two extremely successful platforms very systemat-

ically put plant manufacturers in the position to act on innova-

tions faster and implement them more promptly. Held every 

two years, the conference “Plant Engineering of the 

future”has even become one of the most important industry 

events at which plant manufacturers from all over Germany 

gather to exchange experiences.

Digital design data was already used early on for product docu-

mentation such as this exploded view of a � aking mill. 
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Beyond these central events, providing companies active sup-

port for quite speci� c challenges as well is extremely impor-

tant. The Fraunhofer IFF is meeting these needs with the 

“Cooperation in Plant Engineering” working group and the 

“Ef� ciency in the Plant Life Cycle” initiative, among other 

things. The engineers are primarily working on ef� ciently 

implementing the latest virtual engineering technologies for 

project management, engineering, sustainable staff quali� ca-

tion and reliable plant operation. However, the focus is 

increasingly shifting from individual companies to the com-

plete chain of development and production. Companies are in 

need of consulting in three points in particular:

1. developing methods of plant engineering, construction 

and operation oriented toward the life cycle,

2. empowering suppliers to pursue the technological 

challenges and

3. extending the use of methods of digital engineering 

to the entire plant life cycle.

The Fraunhofer IFF in Magdeburg has an excellent facility to 

do all this, its Virtual Development and Training Centre VDTC, 

which is unparalleled worldwide in terms of its technical sys-

tems for the digital engineering and 3-D visualization of tech-

nical systems. The combined engineering know-how on hand 

at the institute, its close ties with other research organizations 

such as Otto von Guericke University Magdeburg and the Cen-

ter for Digital Engineering CDE, and the quality of all the envi-

ronments for technical development in Magdeburg has made 

the Fraunhofer IFF one of Europe’s outstanding centers of digi-

tal engineering.

Virtual design reviews have become an integral 

part of plant engineering. At the Fraunhofer IFF’s 

Elbe Dom, virtual plants can be inspected highly 

realistically in a 360 degree projection and on a 

scale of 1:1. Photo: Dirk Mahler

Engineers use virtual design methods to 

quickly and intuitively take a realistic look 

at a plant during development which other-

wise exists only as an abstract model.

Photo: Dirk Mahler
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Fraunhofer IFF as a Hub for 
VR Research Guided by Industry

Given its standing, the institute is playing an important role in 

a number of German development initiatives in the � eld of 

digital engi neering such as the “Virtual Technologies Innova-

tion Alliance”, which is integral to the German government’s 

High  -Tech Strategy ICT 2020. 

It is focused on preparing and intensifying the use of human-

centric virtual technologies for industry. The Fraunhofer IFF in 

Magdeburg is not only a partner but also the research and 

technical hub for two of the Innovation Alliance’s four proj-

ects, AVILUSplus and ViERforES. In AVILUSplus, challenges and 

potential applications of virtual technologies are being 

researched, which, given the present state of development, 

will only be available to industry and thus in the product and 

manufacturing equipment life cycle long range. In ViERforES 

on the other hand, research is being done on current virtual 

and augmented reality applications for safe, secure and reli-

able embedded systems and thus already on concrete applica-

tions for the optimization of products in the widest variety of 

industries. The VIDET Innovation Cluster is yet another step 

forward. The companies and research organizations involved 

are turning the latest � ndings from research on digital engi-

neering and virtual reality into new products and systems. 

Above all, small and medium-sized equipment and plant man-

ufacturers are pro� ting from the cluster, since the implementa-

tion and integrated use of digital development tools keeps 

development work and thus costs and risks low and transpar-

ent. The innovation cluster has established itself extraordinarily 

successfully. Many of the companies involved have recognized 

the potential for other virtual engineering and virtual reality 

A 3-D plant visualization supports design reviews. 

Virtual planning of service tunnels.
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Even before a plant really real exists, its digital design data can be used to create realistic simulations 

for design reviews, service operations or training on its controls. To train staff, a real controller was com-

bined with a virtual interactive model of a heavy machine tool. Photo: Dirk Mahler

applications for themselves during their collaboration with the 

Fraunhofer IFF and intend to collaborate with the institute in 

the future, too, in order to develop these poten tials. 

The Challenge of Full Digitization

The � nal analysis reveals a growing alliance of research organi-

zations, industrial companies and government, which is expe-

diting accessibility to and complete utilization of digi tal tools in 

production and the overall life cycle of products. Integrating 

the many different commercially available software tools and 

bridging the diverse corporate structures will be the key to 

success. German and European companies that want to 

remain globally leading producers and plant manufacturers 

will have to face the challenge of fully digitizing their planning 

and manufacturing operations. This is the only way to already 

identify and take advantage of hidden potentials for ef� ciency 

during development. The accompanying cuts in overall costs 

will enable companies to create another edge for themselves 

in global competition.

Prof. Ulrich Buller, 

Executive Board of the Fraunhofer-Gesellschaft
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PERFECTLY 
ASSEMBLED

OPTICAL ASSISTANCE SYSTEMS 
FOR THE MANUFACTURE OF 
BOOKBINDING MACHINES
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Steffen Sauer

Augmented real i ty  (AR) has long s ince become 

standard for cel l  phones and navigat ion systems. 

V irtual  computer data is  super imposed on real  GPS 

data to determine real  pos i t ion,  a pr inc ip le that 

can also be employed in industr ia l  sett ings.  The 

Fraunhofer IFF developed an augmented real i ty  sys-

tem for a manufacturer of bookbinding machines, 

which supports  assemblers when they are putt ing 

together complex assembl ies.

In the Middle Ages, bookbinding was an art that required 

great dexterity and was mastered by very few. Sheets of paper 

were laboriously � nished, folded, glued and bound in artisti-

cally decorated covers by hand. This work is now performed 

by custom machines like those that Kolbus GmbH & Co. KG in 

Rahden (North Rhine-Westphalia) has been manufacturing for 

over one hundred years. More than thirty types of machine 

collate the sheets, bind them with adhesive, separate and cut 

them and produce and � nish the cover until a book is � nished.

However, manual labor is still being performed to a certain 

extent at the equipment manufacturer in North Rhine-West-

phalia. Kolbus manufacturers its equipment to order and only 

in small quantities. Thus, the machine components manufac-

tured are extremely diverse and repeatedly switching orders 

every day entails time-consuming resetting every time.

Many Variants: Great Potential 
for Errors

Many industrial assembly operations have many variations 

because the products are customized. Whenever assembly is 

executed manually, the quality of the � nished product is in� u-

enced subjectively and may be faulty. Errors made during pro-

duction normally cause increased costs or even complete mal-

functions of equipment.

When Kolbus manufacturers bookbinding machines, one of 

the many steps entails using CNC machining centers to 

machine blanks into � nished components. For each blank, a 

worker must manually assemble a special holder, a so-called 

clamping system, from standard components. Then the blanks 

to be machined are clamped in the system and inserted as a 

unit in the CNC machine for machining.

Until now, workers at Kolbus have copied the clamping sys-

tems from photos. Screenshots of digital assembly drawings 

served as a template. The correctness of the clamping system’s 

construction was not inspected. A trial run had to cautiously 

verify that the machine would not collide with the clamping 

system. This requires utmost precision. In the worst case, a col-

lision could even mean a total breakdown of the machine. 

Only after the trial run, performed at signi� cantly reduced 

speed to protect the system, were workers certain that the 

twenty to sixty individual components were mounted on the 

matrix plates in the correct positions and at the speci� ed inter-

vals. Altogether this was a time-consuming process that lasted 

between � ve and ten minutes depending on the order and the 

machine and signi� cantly prolonged production times.

Together with staff from Kolbus, engineers from the Fraun-

hofer IFF in Magdeburg developed a solution that provides 

assistance and inspects quality during the complex assembly of 

the clamping system: An augmented reality assistance system. 

Visual support by augmented reality compares the real assem-

bly situation with digital assembly drawings in each case, thus 

supporting a worker’s actions and helping prevent errors. 

Assembly assistance system for a workplace where Unisign 

UniPro 5P base plates are tooled. The revolving component 

holder is in the foreground, the touchscreens with camera 

overlay and CAD representation in the background. Photo: 

Kolbus GmbH & Co. KG
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Visual information is provided for the component being 

assembled or an assembly and thus clear instructions as well. 

Even when variants and types of assembly are constantly 

changing, this assures the operation is highly reliable because 

workers are informed exactly where which part must be 

mounted and how.

Camera and CAD Models as 
Assistants

The assistance system has two groups of input data at its 

disposal: the data from a video camera � lming the work-

place and the design data of the assembly being assembled, 

including every individual component in the form of 3-D CAD 

models.

When structures are stationary, an external reference system is 

employed to � rst determine the camera’s spatial position and 

orientation (perspective) in relation to the assembly � eld one 

time and then align the viewing perspective of the 3-D CAD 

model identically with the camera perspective. The thusly gen-

erated virtual image of the real camera view allows superim-

posing the camera image of the real assembly scene on the 

CAD models of the components being assembled in the cor-

rect position and orientation. Thus, the current work step is 

added “virtually” to the view of the real camera image. The 

information on position and orientation provides a worker sys-

tematic support. 

An assembly procedure presented in text form in parallel 

relates the component type and sequence of assembly steps. 

Furthermore, additional information, e.g. bolt tightening 

torques and the like, is displayed for the current work step or 

speci� c information is integrated in the visualization.

Alternative to the set con� guration of the camera to observe 

an assembly scene, other cameras can be installed, which are 

stationary or have de� ned movement. This allows different 

perspectives of the assembly scene. This is advantageous espe-

cially for large and complex assemblies, e.g. by reducing con-

cealment.

In addition to assistance information image overlays and texts, 

workers may be provided other support, which enable them to 

see cutaway views or other viewing perspectives.

Assistance Is Good, Inspection
Is Better

Accompanying inspection of the result of assembly enhances 

process reliability. Once an assembly step has been completed, 

the presence, correct position and orientation of the as-

sembled component and the completeness of the work step 

are veri� ed. An additional camera generates a second view of 

the assembly scene and the object geometry of the assembled 

components is de� ned three-dimensionally in real time. A 

comparison with the CAD data furnishes information on the 

quality of a part’s presence, correctness and correct installa-

tion position. The result is visualized immediately after the 

assembly step has been completed and enables the worker to 

perform a direct inspection.

Easily Generating an Assembly 
Procedure
A standard indus trial computer is installed as the technical 

basis of the system. Depending on the size of the workplace,  

between two and � ve cameras are connected to it. The entire 

assembly operation is planned with a program specially de-

veloped by the Fraunhofer IFF, which is already being used at 

Kolbus for process planning. The sequence of individual steps 

Assembly assistance system for large machining centers (here 

a Unisign UniPro 5L) with three touchscreens. Photo: Kolbus 

GmbH & Co. KG

iffocus_2_2010_engl_final.indd   28 23.08.2011   16:56:49
Prozessfarbe CyanProzessfarbe MagentaProzessfarbe GelbProzessfarbe Schwarz



IFFOCUS 2/2010  29

of an assembly procedure can be speci� ed either by an as-

sembly procedure editor or already when assembly is designed 

in the CAD program. The assembly procedure editor calculates 

and recommends a potential assembly sequence on the basis 

of the assembled components’ CAD data. The user may select 

from among proposed alternatives or specify a sequence 

manually. The assistance and inspection system can be modi-

� ed for assembly scenarios � exibly and quickly by selecting 

one of the assembly procedure data sets.

An Excellent Overview and 
Intuitive Operation

The assistance functions and the results of inspection are 

visualized most easily on a monitor mounted directly in the 

worker’s viewing angle. This makes constant visual inspection 

possible.

An alternative in which a projector projects the assistance 

information directly on the component and thus provides 

workers intuitive support is expedient for speci� c applications. 

When workers need instructions, they can be retrieved by 

touchscreen or hand or foot switches. Alternatively, hand ges-

tures may be used.

Reliable and Efficent for Complex
Essembly Operations

Assistance systems based on augmented reality can be used to 

organize assembly operations, which are not only complex but 

also have numerous variations, ef� ciently and with high objec-

tive product quality. Assisted assembly makes it easier even for 

workers themselves to switch mental gears when the type of 

assembly and even every process is constantly changing. 

This accelerates the steps of assembly. Inte grating real-time 

inspection in the operation assures this and eliminates tedious 

trial runs at reduced speeds. Ultimately, this signi� cantly 

reduces setup times and thus order processing times while 

simultaneously increasing process reliability. Time consuming 

and costly reworking are eliminated and, all in all, the expen-

sive CNC machines  are used signi� cantly more ef� ciently.

“We had been looking for solutions that would complete 

every new production order at full speed starting with the � rst 

workpiece. The shorter setup time is a milestone in the use of 

our CNC machines,” reportss Hans Hasse, Production Division 

Manager at Kolbus, with satisfaction.

The overall system is the outcome of joint development work 

between Kolbus and the Fraunhofer IFF. “Our new develop-

ment is highly interesting for � rms that, like us, have a large 

variety of parts and must produce small order quantities cost 

effectively,” explains Hasse. The system is modi� able for every 

scenario as long as CAD data is available and the cameras 

installed are stationary or at least have de� ned movement. 

Thus, it can be implemented for any complex assembly opera-

tion.

Other � elds of application for stationary AR assistance will be 

developed in the future. At present, the Fraun hofer IFF and 

Kolbus are developing such a system for a portal milling 

machine. The particular challenge here is an enlarged work 

space of around � ve by two meters.

Contact:

Steffen Sauer

Phone +49 391 4090-261 | Fax +49 391 4090-250

steffen.sauer@iff.fraunhofer.de
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BROAD EXPERTISE 
FOR CUSTOM EQUIP-
MENT MANUFACTUR
VIRTUAL REALITY FOR EQUIPMENT
SIMULATION

Daniel Erning

Highest qual i ty  complex automation and custom-

ized solut ions are the niche of many medium-

s ized German manufacturers.  They create ranges 

of products that only few compet i tors are able 

to place on the market.  And they do al l  th is  with 

great f lex ib i l i ty .  The programming of complex 

machine operat ions const i tutes a major chal-

lenge in custom equipment manufactur ing and 

necess i tates quite specia l ized solut ions for this 

n iche market’s  needs.  SM Calvörde takes advan-

tage of the Fraunhofer IFF’s  d ivers if ied expert ise.
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Custom equipment manufacturing lives from products perfect-

ly customized to their customers’s needs. However, the quality 

of an engineered machine stands and falls with the reliability 

and effectiveness of the programming. Hence manufacturing 

with complex machines greatly depends on � awless control.

Commercial Tools Have 
Distinct Limits

NC programming of simpler machines or systems can be done 

with conventional commercial software tools. Equipment man-

ufacturers use them to de� ne the simple operations per-

formed by a machine. However, commercial tools have distinct 

limits. More complex tasks and � exible solutions require a pro-

grammer’s intervention. Individual cycles for speci� c machines 

can only be incorporated with effort and are thus time consum-

ing and costly. Custom solutions can no longer be highly auto-

matic. These circumstances make it more dif� cult to prevent 

collisions by a welding system’s mechanical arm, for instance. 

This, in turn, is costly.

The Fraunhofer Institute for Factory Operation and Automation 

IFF is the contact for custom solutions for high-tech problems. 

Its engineers have been working in the � eld of virtual engineer-

ing for a long time and are specialists in equipment simulation. 

The researchers in Magdeburg are able to three-dimensionally 

describe, model, simulate or commission entire industrial plants. 

Above all, the experts bene� t from years of experience in a vari-

ety of projects and thus have a wealth of knowledge about cus-

tom solutions at their disposal on the spot.

This custom equipment manufacturer from Saxony-Anhalt exports its systems all 

over the world, e.g. to China. Photo: SM Calvörde GmbH
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Solutions from One Source 
Save Time and Money

“The Fraunhofer engineers’ ability to deliver all solutions from 

one source was certainly also crucial to the product’s quality,” 

explains Herbert Kraus, CEO of SM Calvörde. Otherwise, it 

would have been impossible to implement the project with 

such speed. “An approach by the way, which we also cultivate 

as a custom equipment manufacturer and thus greatly value.”

Among other things, SM Calvörde Sondermaschinenbau 

GmbH & Co. KG has specialized in manufacturing systems 

that weld large components for the rolling stock manufactur-

ing industry. With up to sixteen NC axes, as in the project 

overseen by the Fraunhofer IFF, the equipment must effectively 

complete highly complex tasks in short time. Thousands of 

spot welds must be made on components by means of various 

welding and gripper arms with pinpoint accuracy. The chal-

lenge: The components have large, partly bulky dimensions 

and their manufacturing tolerances vary minimally. Neverthe-

less, a maximum of operations ought to run automatically 

without requiring the equipment operator’s intervention. 

Potential collisions, terminations and the like are tabu. They 

consume material and time and thus cost money.

Hence, the custom equipment manufacturer called in the 

researchers and developers from the Fraunhofer IFF with their 

expertise in the simulation and optimization of machine opera-

tions. Their work entails far more than simple 3-D simulations.

Coupling the generated control codes to a machine’s real controller makes it possible to virtually test a 

complete program in real time. This enables the equipment operator to test the complete operation on a 

monitor once more – a realistic dry run.
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“Engineering plays at least just as large a role in our work as 

virtuality,” says engineer Torsten Böhme from the Fraunhofer 

IFF and in charge of the project. “If you don’t understand how 

a machine functions, you can’t simulate it exactly, let alone 

optimize it through simulation.”

Automatic Programming and 
NC Simulation at Machine Level

Crucial elements of the completed work are two new solu-

tions: A tool for effective automatic NC programming and real 

time NC simulation at machine level.

The programming tool fully describes in a 3-D simulation every 

motion sequence and process parameter needed to machine 

the component. It can both import all common CAD formats 

into the programming environment and – this is impossible 

with commercial tools – integrate a machine’s speci� c cycles.

Many contingencies must be allowed for in such a complex 

system with several axes and actions. Therefore, so-called 

dynamic safety zones were created, which protect the 

machine from collisions while it completes its operations. 

Thus, several tool arms are also able to operate 

simultaneously.

All the data captured is used to generate the source code 

intended to coordinate the control of welding of components. 

However, a crucial intermediate step occurs here in order to 

maximize reliability and quality.

Coupling the generated control codes to the real equipment 

controller allows running the complete program in real time 

1:1 on virtual axes. Equipment operators can test the complete 

operation on a monitor once more and thus execute a realistic 

dry run.

If they detect ineffective operations or problems crop up in the 

process, they can revise program yet again.

“This allows production to run at approximately ninety per-

cent, which is extremely advantageous for operators,” explains 

Torsten Böhme, proudly adding that, “the basis for real time 

coupling comes from one of our earlier virtual commissioning 

projects, by the way.”

The developers involved from the Fraunhofer IFF did not have 

to purchase any third party codes for the entire project. A now 

extensive pool of solutions developed for the widest variety of 

specialized tasks means that a custom solution is often within 

easy reach, sometimes only as far away as a � le folder on a 

shelf. This is not only convenient for everyone involved, it also 

saves time and resources.

Create Custom Solutions Today 
and Reuse Them Tomorrow

“Combining the NC programming environment with the NC 

code simulation produced an ef� cient package that supports 

both us as the equipment developer and the equipment oper-

ator,” observes Herbert Kraus, CEO of SM Calvörde.

In turn, the solutions produced in this project could bear fruit 

in follow-up projects as well. The process of resistance spot 

welding implemented in these types of equipment can be 

replaced by laser beam welding in new systems, thus making 

it possible to meet current market and customer demands 

since the basis for this type of equipment has been created. 

“In this case, spot welds would become seam welds or have 

other geometric shapes,” says virtual engineering expert 

Torsten Böhme, looking ahead.

Contact:

Torsten Böhme

Phone +49 391 4090-234 | Fax +49 391 4090-93-234

torsten.boehme@iff.fraunhofer.de

The software can both import all common CAD 

formats into the programming environment and inte-

grate a machine’s speci� c cycles.
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EFFICIENT
ENERGY CONCEPTS
FOR THE FUTURE

Sustainabi l i ty  means prepar ing 
for tomorrow’s chal lenges today.

Whether in urban des ign, factory 
operat ion or transportat ion plan-
ning – eff ic ient use of energy is
becoming a factor crucia l  to 
success.  You need good partners 
for this .

Develop your ideas together with 
us.
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TIME RECORDING 
UP ONE’S SLEEVE
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Martin Woitag

Recording the hours worked in manual  assembly 

operat ions is  a key e lement of planning, control  and 

remunerat ion in companies.  I t  i s  indispensable for 

the management of industr ia l  manufactur ing opera-

t ions.  Unt i l  now, hours of work have been recorded 

by so-cal led t ime recorders.  However,  th is  often 

means stress for employees and imprecise data and 

high costs  for companies.  Automatical ly  recording 

the work t ime of such manual  assembly operat ions 

wi l l  e l iminate this  problem. 

Difficult Data Acquisition in 
Assembly Operations

Recording the times of manual assembly operations facilitates 

the recording and analysis of operations. It provides  a company 

an idea of the amount of time an employee needs for a particu-

lar job on average. This makes it possible to perform calcula-

tions, set cycle times and optimize operations. The more precise 

the data, the better a company can plan. This is essential in 

order to work cost effectively and remain competitive. 

Work steps are broken down into individual elements to opti-

mize and structure time recording. This might entail reaching, 

grasping, preparing, joining or releasing, for example. Such 

structuring helps to record them separately, thus making evalu-

ation at the end signi� cantly easier. An operation can be evalu-

ated objectively and the total time can be optimized iteratively 

by reducing single controllable actions. 

Until now, human time recorders have used mechanical or elec-

tronic time recording systems to record these times. They literal-

ly stood behind employees with a stopwatch in their hand. 

However, the objectivity of such forms of data acquisition is lim-

ited since a subjective element is always in� uencing the record-

ing. Moreover, this form of time recording entails substantial 

labor or technical complexity and high costs.
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Hence, the need for more precise, simpler and cheaper solu-

tions is great. In addition, any new system ought to be as 

small as possible and easy to operate. Ultimately, workers may 

not be hampered during an assembly job if the operation is to 

be recorded as realistically as possible.

Together with the engineering � rm Ingenieurbüro Dr. Gru-

endler in Magdeburg, the Fraunhofer Institute for Factory 

Operation and Automation IFF came up with the idea of devel-

oping a new automatic measuring system. They decided on a 

measuring system based on inertial sensors. Small, light and 

close to an assembly worker’s limbs, they can be used to 

record the duration of a person’s motion sequences objectively 

and highly precisely. 

Self-orienting Inertial Sensors

These microelectromechanical sensors are ideal for the intend-

ed task. The size of a matchbox and attached to a worker’s 

arm, they record acceleration, angular velocities and magnetic 

� elds in three axes directly on a moving object. Accelerometers 

and rate sensors are used to measure the amount of transla-

tional and rotational movement. A data processing unit com-

pensates the undesired shares of gravitational acceleration and 

the earth’s rate of rotation measured by the sensors and sub-

sequently de� nes parameters of movement such as position, 

spatial orientation, velocity and effective acceleration.

The inertial measuring system’s great advantage over other 

systems is its independence from any reference and infrastruc-

ture. Other motion tracking systems such as GPS, camera and 

ultrasound systems always need a reference infrastructure to 

function, e.g. satellites for GPS. In addition, they must be com-

plexly calibrated and often need additional orientation mark-

ers, which are unable to deliver any motion data when 

obscured. Inertial sensors detect practical orientations and 

positions of objects in space without any external reference 

system or other infrastructures. 

The thusly obtained measured data is modeled to reconstruct 

the motion. Various process variables such as length of move-

ment, gripping position and angle of rotation are determined 

from the three-dimensional trajectories. Then, they can be 

assigned to the known actions in an assembly operation and 

analyzed at the same time. 

There is a problem, though. Intertial sensors’ signals normally 

drift during the course of a measurement. The resultant orien-

tation and position errors would cause the measurement 

errors to increase as the measuring time increases. To compen-

sate for these errors, the Fraunhofer IFF developed a mathe-

matical correction algorithm based on a biometric model of 

the human body. The the new algorithm functions perfectly 

when applied and drift no longer occurs.

 

Among other things, the analysis of manual operations and thus 

precise recording of their times is particularly important to compa-

nies to optimally plan operations. Photo: lintje GbR

Inertial sensors for precise time recording are particularly small and light. 

Employees wear them in a specially made sleeve and are thus able to 

continue working unimpeded. Photo: lintje GbR
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Time Recording System Up One’s 
Sleeve

So, how does the new system function? A special sensor 

sleeve, in which three linked sensor modules for the upper 

arm, lower arm and hand were integrated, was developed in 

order to measure the movement of an arm or hand with 

utmost precision – and comfort for the worker. The sensors in 

the snugly yet comfortably � tting anatomically shaped over-

sleeve follow the worker’s movements during an assembly 

operation extremely precisely and assure comfort while being 

worn. 

Altogether, the system consists of two oversleeves with three 

inertial sensors apiece and one computer application, which 

calculates and reconstructs the recorded assembly operations 

and motion structures. The system provides a simple option to 

structure the manufacturing operation and a tool teach in the 

measuring points directly at the assembly workplace. The 

management of the recorded assembly operations and motion 

structures makes it easier for an operator to document and 

analyze the time recording. 

Automatic Time Recording in Detail

So far, the new methods can map logistics (sorting and pack-

ing), manufacturing (manual and mechanical labor) and 

assembly scenarios for sitting workplaces.

Time recording is completed in four steps:

1. Preparation: 

The manufacturing operation is analyzed and the individual 

stages of the operation are entered in the computer applica-

tion.

2. Data acquisition: 

The worker executes the cyclical job. The sensor system in the 

oversleeve captures the data automatically.

3. Analysis: 

The computer application analyzes the motion data automati-

cally and calculates the allowance times.

4. Evaluation: 

The data are exported for statistical analysis and to optimize 

the total time.

Automatic Time Recording Is 
Objective and Cost Effective

Above all, the objective analysis of assembly operations by 

automatically recording time with the inertial sensor system 

and a minimal system structure is particularly advantageous. 

Allowance times can be determined very easily and quickly.

“Time can be recorded even at several workplaces simultane-

ously without additional labor. This signi� cantly reduces the 

labor required for work studies,” according to the work 

designer Gruendler. “This helps us record and analyze hours 

worked quickly and cost effectively for our clients tremendous-

ly.”

Great Potential for Workplace 
Organization

So far, the system is limited to sitting workplaces. Hence, the 

next stages of next development will concentrate on work-

places with an increased radius of action. Then, it will also be 

possible to analyze assembly procedures in which a worker 

moves from one workstation to the next executing different 

jobs.

Measuring the time of manual assembly operations in work 

studies is only one application scenario for motion tracking 

with inertial sensors. When complete postures are determined 

in conjunction with weights handled and forces applied, it will 

be possible to upgrade the developed system and later use it 

for studies of ergonomic workplace design. Then, the addi-

tional measurement of physiological parameters, e.g. pulse, 

blood pressure and heart rate variability, will also make it pos-

sible to also analyze workloads and individual stresses for 

example.

Contact:

Martin Woitag

Phone +49 391 4090-231 | Fax +49 391 4090-250

martin.woitag@iff.fraunhofer.de
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VIRTUAL 
WELDING
VIRTUALLY REALITY ENHANCES 
WELDERS’ TECHNICAL TRAINING
Alexander Kroys and Henry Orlick
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The Schweißtechnische Lehr-  und Versuchsanstalt 

Hal le GmbH (SLV Hal le GmbH) has been tra in ing 

profess ional  welders for many years.  In the past , 

th is  was done in a welding booth with v i r tual ly  no 

changes under an exper ienced teacher’s  intens ive 

guidance.  However,  th is  required large quant i t ies 

of consumables and energy.  The organizat ion de-

veloped a computer ized welding tra iner to remedy 

this .  Tra inees use i t  to pract ice the f i rst  steps of 

their  t ra in ing eff ic ient ly  and, above a l l ,  nonde-

struct ive ly .  Among other things,  they a lso use 

v i r tual  interact ive tra in ing scenar ios.

A trainee’s � rst day of classic welder training initially begins in 

a welding booth. After a brie� ng on the appropriate weld-

ing power source, the � rst welding bead is introduced. Train-

ees attempt to ignite an arc and melt away the � ller material. 

This primarily requires motor skills that enable one to ignite an 

arc and keep its length constant, maintain a certain welding 

speed and guide the torch at the correct approach angle. As 

they make their � rst attempts, beginners use up considerable 

amounts of base and � ller materials as well as tungsten elec-

trodes, shielding gas and, naturally, electrical power. 

SLV Halle GmbH has developed a digital welding trainer in 

order to counter this situation and work more effectively. 

Instead of using real materials and equipment to learn the pro-

fession, trainees are now executing procedures simulated on a 

training unit equipped with digital and optical measurement 

systems – the GSI-SLV welding trainer. Future welders can use 

it when they start their training to learn sequences of move-

ments hands on and also reinforce their theoretical knowledge 

of the material.

Individual Welding Exercises

The welding trainer opens entirely new opportunities, particu-

larly at the very start of practical training. Instead of practicing 

The program introduces trainees to the welding trainer step by step. First, they familiarize themselves with the unit’s components in detail. 

Then, they learn industrial safety. The training follows later. Trainees use this sequence to practice working with the welding trainer vir tually 

before they handle the real unit. Mistakes are detected and displayed immediately.

Put on protective gear.View the presentation of the SLV 

welding trainer’s components.
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on real welding equipment, trainees learn the fundamental 

procedures with a real but weak arc. Thus, the “welding sam-

ples” can be used for a large number of exercises. While their 

work used to be judged based on the results they achieved, a 

computerized camera and measurement system now records 

all the signi� cant parameters. Welding speed, arc length and 

torch angle are all monitored. Mistakes are detected immedi-

ately. Anyone working too quickly or applying an incorrect 

angle or the like during an exercise receives immediate noti� -

cation. In addition, the entire procedure is recorded in detail. 

This enables trainees to review and  trainers to objectively eval-

uate their work on a computer once they have � nished an 

exercise. Since the entire system is designed modularly, the 

particular training level can be customized for the trainees’ 

skills and pro� ciency.

The system is intended to support not only the practical but 

also the theoretical part of training. Therefore, SLV Halle 

GmbH additionally developed educational software for its 

welding trainer. It empirically introduces trainees to practical 

topics of welding training, which are treated in-depth later in 

the theoretical training. Thus, they amass valuable prior 

knowledge on the computer, which they can revert to in later 

practical training.

Integration von Virtual Reality

Despite the new system’s clear advantages over conventional 

training methods, trainees still have to be briefed on the weld-

ing trainer before they start training. This, in turn, consumes 

time and ties up training staff. The same holds true when 

trainees are prepared for the use of welding equipment in 

compliance with industrial safety. Therefore, SLV Halle GmbH 

decided to add a virtual educational program to its welding 

trainer in collaboration with the Fraunhofer Institute for Facto-

ry Operation and Automation IFF in Magdeburg. Once they 

have completed the program, trainees should be able to work 

with the welding trainer on their own.

To this end, the Fraunhofer IFF developed a functional VR 

model of the welding trainer, which trainees use to prepare for 

work. An animated 3-D model was created for the VR model 

from the welding trainer’s design data (CAD data) and the 

trainers’ know-how. Depending on the intended objective, its 

modules can be extended with manipulation functions.

Trainees use the educational modules, which build upon one 

another, to familiarize themselves with the system easily and 

intuitively. An initial exploratory mode introduces the welding 

trainer’s main components. In the process, the virtual model is 

always linked with all relevant design metadata. Thus, a 

description of any of the unit’s functions can be retrieved from 

the user manual at any time with a click of the mouse. In addi-

tion, the virtual welding trainer model can also display infor-

mation on hazards from the user manual.

While saving time and money, this enables welding trainees to 

easily familiarize themselves with the equipment before their 

� rst exercise. The program’s virtual interactive educational 

modules introduce them to the unit’s individual functions step 

by step. Before they use the real system for the � rst time, 

trainees � rst intuitively practice the fundamental basics and 

important actions of its operation in the computer’s virtual 

environment based on their own pro� ciency. 

Pay attention to the welding 

speed.
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The educational medium’s high availability is particularly 

advantageous since it can be used to conduct standardized 

training of entire seminar groups simultaneously. Above all, 

the trainers’ irreplaceable wealth of know-how can be perma-

nently retained once it has been is integrated in the virtual sce-

narios and then provided to a theoretically unlimited number 

of trainees at any time by implementing the functional VR 

model directly on the welding trainer or in a perfectly ordinary 

classroom.

The system greatly aids the welding trainer when basic skills 

are being taught outside of a conventional welding booth. 

This new development is interesting for SLV Halle because the 

model of the real welding process saves considerable amounts 

of mate rial, energy and training time.

Virtual Materials Testing

However, an educational medium supported by VR does more 

than just ease the trainers’ workload and intensify learning. 

Virtual reality is able to make the invisible visible and simulate 

the laws of physics. This also opens other great opportunities 

to further improve the content and quality of welder training. 

The individuals in charge at SLV Halle and the Fraunhofer IFF 

recognized an opportunity to simultaneously use the virtual 

training system to provide training in ultrasonic testing for 

nondestructive materials testing, e.g. to inspect weld seams.

An acoustic method, ultrasonic testing is used in welding to 

detect imperfections in the material, above all in the weld 

seam (discontinuities). The procedure is complex and conduct-

ed in compliance with special standards and guidelines. Exten-

sive training is required to correctly prepare and execute the 

test and also be able to correctly interpret the images generat-

ed. However, at � rst, trainees frequently have dif� culty under-

standing the propagation of the sound wave in a workpiece. 

Nonetheless, they can only decide whether a re� ection is a 

� aw or a normal bond interface between a seam and the sur-

rounding material when they are able to localize it in the 

workpiece.

Accurately Detailed Simulation

Therefore, SLV Halle and the Fraunhofer IFF in Magdeburg 

upgraded the existing software for the welding trainer and 

jointly developed a VR training system that interactively simu-

lates ultrasonic tests. Here too, it was important to design its 

use for trainees and trainers as intuitively and thus as realisti-

cally as possible. Virtual realities have proven especially useful 

in such applications. They can be used to vividly visualize ultra-

sonic wave propagation in a workpiece, simulate various types 

of damage and interactively test virtual workpieces.

The implemented system functions wonderfully. Great value 

was placed on visualizing sound wave propagation in unweld-

ed, welded and � awed metal plates to simulate the real opera-

tions during an ultrasonic test to optimally support training. In 

addition, it reproduces an A scan from a classic ultrasonic 

scanner. Both the workpiece parameters, e.g. dimensions, type 

of material, weld preparation, top seam and root properties, 

and the test head parameters, e.g. refraction angle, oscillator 

dimensions and frequency, are visualized. Different virtual 

workpiece specimens with different types of discontinuities are 

also simulated, including pores, slag, incomplete fusion, cracks 

and root � aws. The system also reproduces scans caused by 

the workpiece and seam, which are interpretable as disconti-

nuities of the type triggered by top seams  for instance.

Virtual simulation of an ultrasonic scan of a pore. The 

simulation of an ultrasonic wave in a workpiece makes 

it signi� cantly easier to understand otherwise invivsible 

processes and correlations.
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Nevertheless, development of this test simulation 

is not � nished. In the future, the VR presentation 

will simulate sound waves on complex assemblies 

and complicated component geometries in order 

to be able to evaluate their inspectability better. 

Outlook

Whereas VR systems were often reserved for pilot 

training in the past, the development of afford-

able computer systems has introduced this tech-

nology to other domains of employee training. 

The development of the welding trainer and its 

continuous re� nement has produced an educa-

tional aid that will change classic welder training 

for good. Use of this unit is not only economical-

ly expedient. This advanced and universally 

usable training unit also arouses interest in weld-

er training among young trainees in particular. 

Given its mobile design, the welding trainer can 

be used � exibly and as an advanced instructional 

aid for more than welder training. Its use for 

welding program entrance examinations or train-

ee aptitude tests or as an industrial safety teach-

ing aid and more is conceivable. The develop-

ment of such systems is still in its early stages. 

Future developments are full of promise.

Contact:

Alexander Kroys

Phone +49 391 4090-724 | 

Fax +49 391 4090-115

alexander.kroys@iff.fraunhofer.de

F R A U N H O F E R  I N S T I T U T E  F O R  F A C T O R Y 

O P E R AT I O N  A N D  A U T O M AT I O N  I F F,  M A G D E B U R G

1 4 T H  L O G I S T I C S  G U E S T  L E C T U R E  S E R I E S

APRIL 6 TO MAY 25, 2011

LOGISTICS AS 
A FIELD OF WORK 
OF THE FUTURE
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  GETTING THE BEST 
VIRTUAL SITE PLANNING

Humans’  most important sensory organ 

is  their  eyes.  We tend to bel ieve what we 

see.  We comprehend abstract  re lat ionships 

faster  and are able to evaluate them better 

when they are v isual ized.  Not surpr is ingly, 

pr ior  s imulat ion in v i r tual  interact ive envi-

ronments has long s ince become a popular 

and proven tool  for  the planning of major 

construct ion and development projects . 

The Fraunhofer IFF has developed a v i r tual 

interact ive 3-D v isual izat ion platform for the 

Industr ie-  und Gewerbepark ( IGP)  Mitte le lbe 

GmbH, which has crucia l  advantages over 

convent ional  methods.

A total area of 500.000 m² like that of the IGP Mittele-

lbe GmbH is hard to imagine. Planners from the widest 

variety of disciplines and � elds of interest normally 

coordinate the development of such an area in innu-

merable consultations: From architects to plant engi-

neers and operators and back. The process is compli-

cated and protracted and planning errors can easily 

occur, resulting in increased expenditures. 

Transferring this process to a vir tu al environment in 

which in all objects are visualized realistically enables 

everyone involved to reach an agreement on all rele-

vant issues equitably and simultaneously. 

Andreas Höpfner, Marco Danneberg and Dirk Jesko
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The Fraunhofer IFF in Magdeburg has been developing such 

visualization scenarios successfully for years. The engineers, 

mathematicians and computer scientists use the technology 

and know-how on hand to visualize not only entire cities, fac-

tories or industrial parks. The Elbe Dom, for instance, enables 

users to preview and evaluate the objects of their planning 

true to scale. Convinced of the potential of the Fraunhofer 

IFF’s innovative visualization methods, IGP Mittelelbe GmbH 

also took advantage of their bene� ts. 

Exploiting Potentials by Virtual 
Planning

The researchers at the Fraunhofer Institute for Factory Opera-

tion and Automation IFF have been established in the � eld of 

virtual reality for years. While the visualization of cities, indus-

trial parks and complex plants is now widespread, every proj-

ect has its distinct requirements.  For instance, geographic 

data, legal regulations and the immediate environment vary 

and must always be incorporated in planning as relevant fac-

tors. The Industrie- und Gewerbepark IGP Mittelelbe to the 

north of Magdeburg is attractive because of its excellent loca-

tion with direct connections to the highway A2 and the Elbe 

River and Mittelland Canal. The operators want to exploit this 

potential optimally and ef� ciently. 

The operators of IGP Mittelelbe not only found the support 

they desired for their planning at the Fraunhofer IFF but also a 

virtual interactive 3-D visualization platform developed there 

and thus an excellent tool to create a digital copy of their 

industrial park. It can model the entire park with its countless 

elements, from various warehouses and buildings to thorough-

fares or even single trees for realism and delivered the basis for 

the ensuing plans to redevelop the plot with its partly decrepit 

infrastructure.

More Efficient Communication 

What sounds like a business management game in 3-D is 

highly scienti� c work. Every construction project must comply 

with architectural, legal and urban development regulations. 

Moreover, companies interested in locating there also bring 

wishes. Last but not least, all relevant factors ought to be opti-

mized logistically to ef� ciently utilize the area and resources. In 

short, different experts from different disciplines have to coor-

dinate their work. All this can be done with VR simulation cost 

effectively and tremendously ef� ciently.

         R E S E A R C H  A N D  D E V E L O P M E N T

“One particular bene� t of this project is the capability to dis-

play problems, which may arise during planning, to all the 

authorities involved in decisions simultaneously on a monitor 

and directly discussing or even resolving them,” emphasizes 

Hendrik Fries, CEO of the IGP Mittelelbe GmbH. A visualization 

enables everyone involved to speak the same language. Mis-

understandings occur more rarely and can be eliminated sig-

ni� cantly more easily. Interdisciplinary communication concen-

trates on the essentials and is thus far more ef� cient. 

The systems delivers even more bene� ts. The 3-D platform is 

not only virtual but also highly interactive. A visualization can 

be navigated and any necessary underlying data and addition-

al information retrieved with childish ease, simply by clicking 

the mouse. Thus, plot sizes, prices, existing infrastructure, 

maximum building height and soil conditions can be uploaded 

from a plot database to a vir tual 3-D model as needed and dis-

played by clicking on the related  3-D object.

A Planning Project Becomes a 
Marketing Tool

However, the quality of a site, such as the premises of the IGP 

Mittelelbe GmbH in this case, is not determined by the charac-

teristics of the open areas alone. Background information on 

companies there, information on the macro location, a nation-

al ranking of the site up through soft facts such as educational 

and supply opportunities, can be retrieved from the visualiza-

tion. Thus, planners or investors obtain a complex yet thor-

oughly meaningful overview that is comprehensible.

This enables operators to present their property to potential 

investors easily, e.g. on a laptop at conferences and trade 

shows. While videos or simple animations are descriptive, they 

cannot compare with the capability to interact with plans in 

3-D and learn all the information worth knowing. A simula tion 

with stereoscopic 3-D displays ultimately immerses any inter-

ested user deeply in the entire environment. Discussions of the 

various alternatives that show planners or investors different 

options for a site’s future development can be conducted as 

desired. Thus, a planning project simultaneously becomes a 

marketing tool and vice versa.

Finally, planners, engineers and operators can use the Elbe 

Dom in the Fraunhofer IFF’s Virtual Development and Training 

Centre VDTC to view planned architecture fully realistically. 

With a diameter of 16 meters and a projection surface mea-
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suring 300 m², the one-of-a-kind Elbe Dom is 

the world’s largest 360 degree laser projection 

systems. It places viewers directly in the simula-

tion, whence they can explore a virtual environ-

ment on a scale of 1:1 and with an all-around 

360 degree view. This is an invaluable advan-

tage when planning major properties and sites. 

The potentials and the exact planning of a proj-

ect can be evaluated realistically and, when 

necessary, revised before any work has begun.

Preventing Image Loss

This advantage is also extremely valuable else-

where. Major or publicly funded projects are 

often the subject of public assessment during 

and after their completion. Experience has 

shown that planners must also deal with the 

risk of a serious loss of image in the wake of 

inadequate preparations or insuf� cient commu-

nication with residents. Realistic visualization of 

such construction projects at an early stage can 

make potential de� ciencies easier to detect and 

thus help prevent high � nancial losses. Consid-

ered thusly, virtual interactive 3-D development 

optimizes planning and saves time and money.

IPG Mittelelbe GmbH is also extremely satis� ed 

with the digital industrial park. Its project with 

the Fraunhofer IFF was brought to a successful 

conclusion in December 2010.

Contact:

Andreas Höpfner

Phone +49 391 4090-116 |

Fax +49 391 4090-774

andreas.hoepfner@iff.fraunhofer.de
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THE TALENT COMPETITION

Fascinating presentations and animated debates among 

         S H A R P  M I N D S

researchers: The research colloquium at the Fraunhofer IFF

celebrated its ten year anniversary in 2010. 

This year too, ten young researchers from the Fraunhofer IFF, 

Otto von Guericke University Magdeburg’s Institute of Logistics 

and Material Handling Systems ILM and their joint competence 

centers presented their current projects. Their work ranged 

widely from new approaches to electric vehicle networks to 

three-dimensional product presentation to simulation models 

for logistical operations.

The open discussion forum is a popular and well attended 

platform for the up-and-coming researchers It enables them to 

present the results and methods of their research to a larger 

audience for the � rst time and directly pro� t from the 

exchange with experienced colleagues and their input. 

The institute’s director Michael Schenk chaired the event per-

sonally, thus underscoring the value attached to supporting 

young researchers at the Fraunhofer IFF. Nearly thirty percent 

of the current full-time staff at Magdeburg’s Fraunhofer Insti-

tute are younger than thirty. Not only the outstanding condi-

tions at the institute and its proximity to Otto von Guericke 

University Magdeburg play an important role. The opportuni-

ties are good to start a career at a well-known company or in 

research. “Fraunhofer is an attractive employer for our excel-

lently educated young engineers,” says the institute’s director 

Schenk and adds that,”in return, research also continually 

pro� ts from the upcoming generation’s fresh idea and new 

ways of thinking. We intend to continue encouraging that in 

the future, too.” 

I N T R O D U C I N G

MATHEMATICAL AND TANGIBLE 
MODELS

The reliability of aircraft engines is one of Sergii Kolomiichukt’s 

� elds of research at the Ukraine National Aerospace University 

in Kharkiv. In 2008, the young engineer, originally from the 

Crimea on the Black Sea, received an offer to take part in the 

European Union’s Marie Curie program and continue his 

career at the Fraunhofer Institute in Magdeburg.

One of the products the maintenance expert has been instru-

mental in helping develop since then is the Fraunhofer IFF’s 

Research always pro� ts from the next generation.

Photo: Daniela Martin 

This year too, ten 

young researchers again 

presented their research 

work to an audience of 

experts.

Photo: Daniela Martin 
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established diagnostic tool Statelogger®. 

He and his colleagues are continually implementing it in new, 

innovative applications. In order to also explain to non-experts 

how this method for analyzing the condition of systems func-

tions, he and his colleagues modi� ed a slot car track. It helps 

them quite easily show interested visitors without technical 

knowledge and even children how their system makes the 

operation of systems more ef� cient and more reliable.

Despite the greater range of his current research work, he has 

not lost his fascination for aircraft. This even affects his per-

sonal life. “I’ve been building model airplanes since my child-

hood. Earlier, my mother worried that we didn’t have enough 

room for them. Space is getting tight in Magdeburg too, even 

though the apartment is bigger.” However, the twenty-eight 

year old has been increasingly curtailing his hobby since the 

birth of his daughter Julia in 2010 and prefers to spend his 

free time with his small family. 

MAKING A CAREER “OFF THE 
BEATEN PATH”

Magdeburg is the scene of international research. The Fraun-

hofer IFF’s staff also comes from all over the world. Yet, one 

doesn’t have to come from far away to work successfully at 

the Fraunhofer Institute for Factory Operation and Automa-

tion. Steve Schneider, a research manager at our institute since 

August of 2010, is a native of Magdeburg. The computer sci-

entist earned his Diplom degree from the local university and 

feels quite happy at Sandtorstrasse where he has been work-

ing at the Fraunhofer IFF since 2008, � rst as an intern and lat-

er as a student assistant. He wrote both his senior and his Dip-

lom thesis here. His area of specialization: Off-road navigation.

The twenty-seven year old recalls that his interest in computer 

science was aroused by the C64 at the latest. His ties to logis-

tics evolved during his undergraduate studies through the 

opportunities at the Fraunhofer IFF’s. What the young 

researcher most likes about his job is the opportunity to 

already transform innovative ideas into action now, which will 

have an impact everywhere in the future. While most drivers 

are navigating paved roads by GPS, Schneider is thinking 

about all the roads and paths in the surrounding forests, 

which have not yet been recorded telematically.

One of the biggest research projects on which Steve Schneider 

has been working is Harz.EE-mobility. In this major project 

designing future transportation concepts for electric vehicle 

networks, he is involved in the development of a vehicle con-

trol center and an intelligent driver information system.

Even though he busies himself with new telematic solutions 

privately, he naturally needs some time off. He likes to use it 

to ski in the Alps. “Surely you could do some things with off-

road navigation in ski areas, too,” ruminates Schneider. 

Computer scientist and 

off-road navigation spe-

cialist: Steve Schneider.

Photo: Dirk Mahler 

With the aid of a converted slot 

car track, the Fraunhofer IFF’s 

maintenance experts playfully 

explain how they monitor a 

system’s condition.

Photo: Andreas Lander

Sergii Kolomiichuk 

is an expert in the main-

tenance of tech nical 

systems.

Photo: Dirk Mahler
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FIVE YEAR ANNIVERSARY
OF THE POWER SYSTEMS 
AND RENEWABLE ENERGIES 
COMPETENCE CENTER

Otto von Guericke University Magdeburg and the Fraun-

hofer IFF collaborate closely on many levels. Their col-

laboration also includes various competence centers in 

which both organizations jointly work on research in 

common � elds. The Power Systems and Renewable 

Energies Competence Center celebrated its � ve year 

anniversary in July of 2010.

         S H A R P  M I N D S

At the event marking the competence center’s � ve year anni-

versary, young engineers demonstrated to guests the extent 

to which they also revert to virtual technologies to plan new 

power systems. Photo: René Maresch

The competence center’s � ve year anniversary provided opportuni-

ties for discussions in a relaxed atmosphere. Prof. Zbigniew Antoni 

Styczynski, Otto von Guericke UniversityMagdeburg (l.), and Prof. 

Gerhard Müller, Deputy Director of the Fraunhofer IFF (r.), in con-

versation. Photo: René Maresch

. . .  W I T H  D O C T O R A T E S

WASTE IS NOT HIS THING

Sebastian Trojahn got his best Christmas 

present from himself quickly in 2010. Shortly 

before Christmas, he successfully defended 

his doctoral dissertation with summa cum 

laude. In his dissertation entitled “Approach 

to Making Decisions on the Structure and 

Site of Distributed Plants”, Trojahn investigat-

ed the economically and ecologically smart 

con� guration of model plants that produce 

power by gasifying biomass in fuel cells. 

Biomass logistics and the resource ef� cient 

distribution of goods are two of several � elds 

Sebastian Trojahn has been working on since 

completing his Diplom degree in industrial 

engineering at Otto von Guericke University 

Magdeburg in September of 2006

. 

“Logistics runs through my entire curriculum vitae,” is Trojahn’s 

comment on his still new carrier. In fact, he has not only opti-

mized operations in numerous companies and implemented 

numerous research projects as a research manager. His high 

school education was shaped by natural sciences. At the latest, 

the now twenty-eight year old realized that his future was in 

logistics when he was the aide to the supply sergeant and a truck 

driver during his military service.

Trojahn came to the Fraunhofer Institute for Factory Operation 

and Automation IFF for the � rst time in February of 2005, � rst for 

half a year as a student assistant. Since becoming a research 

manager at the Fraunhofer IFF in 2008, he could now be called a 

commuter between the institute and the university.

Away from the duties of his job, Sebastian Trojahn has close ties 

to the Freibad Süd in Magdeburg where he earned his way 

through college as a lifeguard. He still works as a lifeguard in his 

free time and now works behind the scenes, too, taking care of 

optimizing operations and orders.

According to him, the time for his dissertation was also “sport-

ing” for his girlfriend and him. In just two and a half years, he 

went from being a Diplom engineer to being a doctor – 

Dr. Trojahn used this time as ef� ciently as possible, too. 
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The competence center has its origins in Otto von Guericke 

University Magdeburg and Wroc�aw University of Technology’s 

dual electrical power engineering degree program. Graduates 

of this program study at both universities simultaneously and, 

after completion of the required � ve years, receive two 

degrees, a Diplom degree in Engineering from Wroclaw and a 

Master’s of Science from Magdeburg. They must write and 

defend their Diplom/Master’s theses in two languages.

The work pays off for budding engineers. In addition to receiv-

ing two degrees simultaneously, students also have the oppor-

tunity to complete an internship at the Fraunhofer IFF. Its Pro-

cess and Plant Engineering Business Unit is the place to go for 

any research questions dealing with electrical power systems. 

Since they are deeply involved in everyday work, it is not 

uncommon for students to � nd exciting and particularly  prac-

tically relevant topics for their Diplom theses at the Fraun hofer 

Institute when they are close to � nishing their degrees. 

Thirty graduates already have the dual German-Polish Diplom 

degree in their pocket and the next are in line. The two univer-

sities’ networking in conjunction with Magdeburg’s Fraun-

hofer Institute has already delivered extremely successful 

results. Work at the competence center has already generated 

some major � agship projects for the region, including such 

prestigious projects as ViERforES, working on the use of virtual 

and augmented reality to safeguard embedded systems, or the 

prominent related projects RegModHarz and Harz.EE-mobility, 

developing new concepts for nationwide ecological energy 

production and reliable electric transportation. 

HONORARY DOCTORATE FOR 
PROFESSOR MICHAEL SCHENK

The Hungarian University of Miskolc awarded Prof. Michael 

Schenk, Director of the Fraunhofer IFF in Magdeburg, an hon-

orary doctorate on June 25, 2010. The diploma was presented 

by the Dean of Economics, Prof. György Kocziszky, whose 

school also includes the Department of Factory Planning and 

Factory Or gani zation there.

Schenk and the department in Miskolc have long had a close 

relationship. During his graduate studies, the logistics expert 

worked as a doctoral student at the Hungarian research insti-

tution. Upon returning to Magdeburg, he chie� y devoted him-

self to establishing and developing the Department of Logistics 

of the School of Mechanical Engineering at the Technical Uni-

versity Magdeburg. In 1992, he also became Head of the 

Department of Logistics and Production Process Control at the 

newly founded Fraunhofer Institute for Factory Operation and 

Automation IFF, the management of which he took over in 

1994. During this time, Schenk continued to maintain his per-

sonal and professional ties with Miskolc. 

The cultivation of this relationship evolved into a story of suc-

cessful research collaboration for both parties. In addition to 

the exchange of researchers  on a regular basis, various joint 

research projects arose, numerous professional publications 

were coauthored and academic events were held The Hungari-

an researchers have also bene� ted from the Magdeburg insti-

tute’s growing reputation and the accompanying, increasing 

technical opportunities.

With the award of the honorary doctorate to Prof. Schenk, the 

Universität Miskolc honored his academic achievements and 

his work establishing the close relationship between it and 

Otto von Guericke University Magdeburg. 

Prof. Michael Schenk (r.) being awarded an honorary doctor-

ate from the University of Miskolc. Photo: Fraunhofer IFF
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Augmented real i ty  (AR) has diverse appl icat ions. 

Super imposing v i r tual  information on a real  envi-

ronment,  b lends both worlds together.  This  tech-

nology is  a l ready rout inely found on cel l  phones or 

other portable terminals  with integrated cameras. 

This  pr inc ip le is  a lso used in industry,  for  instance, 

for  qual i ty  assurance in manual  assembly opera-

t ions.  Users wear AR glasses so that they a lways 

have both hands free.  They project  des i red infor-

mat ion direct ly  before one’s eyes.  Thus,  assemblers 

remain mobi le and f lex ib le.
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Virtual  s imulat ions are becoming an indispensable 

planning tool  in plant engineer ing,  too. P lanners, 

architects ,  engineers,  t radespeople and opera-

tors can enter v i r tual  objects  together even be-

fore ground has been broken. Thus,  for  instance, 

des ign errors can be detected at an ear ly  stage, 

secur i ty  per imeters can be specif ied or systems can 

be opt imized interact ive ly .
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Robots are becoming acceptable:  Long banished 

behind steel  barr iers  in factor ies,  they are be-

coming establ ished in new f ie lds of appl icat ion 

such as manufactur ing,  households and nurs ing 

care.  A tact i le  sensor system, which can be inte-

grated in a f loor or direct ly  appl ied to a robot as 

an art if ic ia l  sk in,  can provide the needed safety. 

In the future,  th is  sensor system developed at 

the Fraunhofer IFF wi l l  enable machines to re l i -

ably detect contact with humans or objects  and 

prevent ser ious col l i s ions.  In addit ion,  the tact i le 

sk in a lso funct ions as an input medium to guide 

a robot,  for  instance,  by convert ing contact into 

movement.
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March 10, 2011

Gliwice

Gliwice, Poland

March 15 – 19, 2011

ISH 2011

Frankfurt am Main

March 20 – 22, 2011

Medical Imaging BVM

Lübeck

March 25 – 26, 2011

8th INPROTECH Sympo-

sium

Aachen

March 31, 2011

19th International Crane 

Conference

Magdeburg

April 4 – 8, 2011 

Hannover Messe 

International

Hannover

April 6 – June 1, 2011 

14th Logistics Guest Lec-

ture Series

Magdeburg

April 7, 2011

2nd Laser Scanning and 

Virtual Reality in Plant En-

gineering Industry Work-

ing Group

Magdeburg

April 13, 2011 

Timber Logistics

Hundisburg

April 14 – 17, 2011

NUFAM 2011

Karlsruhe

April 27 – 29, 2011 

19th European Sympo-

sium on Arti� cial Neural 

Networks ESANN

Bruges, Belgium

May 2 – 6, 2011 

CeMAT 2011

Hannover

May 3 – 4, 2011

XPRESS Status Collo-

quium “Knowledge-based 

Manufacturing – A new 

approach for precision as-

sembly industries”

Stuttgart

May 3 – 6, 2011

Control International Trade 

Fair for Quality Assurance

Stuttgart

May 8 – 11, 201 

ICT 2011

Ayia Napa, Cyprus

May 10 – 13, 2011 

transport logistic 2011 

Munich

May 23 – 26, 2011

SPIE Optical Metrology

Munich

May 28, 2011

Long Night of Science

Magdeburg

May 30 – June 3, 2011 

LIGNA 

Hannover

June 6 – 8, 2011 

3rd iNTeg-Risk Conference 

2011

Stuttgart

June 6 – 9, 2011 

WHISPERS 2nd IEEE Work-

shop on Hyperspectral Im-

age and Signal Processing

Lissabon, Portugal

June 13 – 15, 2011 

WSOM 2011 8th Interna-

tional Workshop on Self-

Organizing Maps

Espoo, Finland

June 28 – 30, 2011, 

14th IFF Science Days

Magdeburg

June 29 – 30, 2011 

32nd VDI/VDEh Forum 

Hamburg

June 29 – 30, 2011

Fraunhofer Vision Technol-

ogy Day 2011

Kaiserslautern

January 26 – 27, 2011 

2nd Virtual Technologies 

Innovation Alliance Status 

Conference

Braunschweig

January 26 – 27, 2011 

Shutdowns and Turn-

arounds: Successful Plant 

Contracts and Inspections

Potsdam

February 2, 2011

German Railway Industry 

Association and Fraun-

hofer Traf� c and Transpor-

tation Alliance Innovation 

Workshop

Dortmund

February 8 – 10, 2011

LogiMAT

Stuttgart

March 1 – 4, 2011 

Z Subcontracting Fair

Leipzig

March 1 – 5, 2011

Cebit

Hannover

March 2, 2011

2nd Resource Ef� cient 

Production Congress

Leipzig

March 2 – 3, 2011

8th Symposium  on 

Computerized Modeling 

Operations in Process Engi-

neering

Frankfurt am Main

Meet up with researchers from the Fraunhofer Institute for Factory Operation and Automation at these events. 

Come talk with us!
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www.wissenschaftstage.iff.fraunhofer.de

14TH IFF SCIENCE DAYS 
JUNE 28-30, 2011
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