
ABB Research Center Germany
Annual Report 2010





ABB Research Center Germany | Annual Report 2010  3

Content

Preface  4

Our Profile  6

Facts and Figures  10

Cooperations and Partnerships  14

Memberships  18

Events and Highlights  22  

Industrial Software Technologies  26 

Automation Engineering  34  

Process and Production Optimization  44 

Life Cycle Science  52 

Mechatronics and Actuators  62 

Robotics and Manufacturing 68  

Industrial Sensor Technology  80 

Intelligent Devices  86 

Scientific Publications 94 



4  Annual Report 2010 | ABB Research Center Germany

Christoph Winterhalter 
Head of the ABB Research Center 
in Ladenburg

Dear friends and colleagues,

Understanding our customers’ present, future and latent needs, evaluating new technologies  
in the context of ABB’s businesses and successfully transferring project results to our internal 
customers is essential to create sustainable value for ABB.

In 2010 we have focused on streamlining our activities and strengthening our internal and external 
innovation network. The driving force has once again been our vision “Leadership through 
Innovation”. In that respect we have been extremely successful and delivered a record number 
of significant project achievements in all our technology areas.

In order to strengthen our customer orientation we have defined five focus areas where we 
bundle our technical competence across research groups around the needs of our key  
customers. This approach has already helped us to secure our active involvement in business 
strategies of our internal customers.

Such an early involvement in the strategy process of our operational units ensures our capability 
to verify the technical feasibility of new technologies and calculate net present value in their 
specific business context to justify R&D investment decisions.

In July our research center was re-certified according to ISO 9001:2008 (Quality), ISO 14001:2005 
(Environment) as well as BS OHS 14001 (Health & Safety), reflecting our commitment to  
continuously improve our project execution quality with respect to result delivery, cost and 
value creation.

As a corporate research center we have also focused our university cooperations in order to 
get access to latest inventions in the academic world and attract top talents for ABB. The  
fluctuation rate remains low, since we actively support job rotations and internal transfers to 
our ABB business units worldwide. In 2010 we managed to hire a record number of 12 new 
scientists and engineers from top universities.

During 2010 we also hosted several events with ABB top management from both Process 
Automation and Discrete Automation & Motion divisions. Once again we participated in the 
Hannover Fair in April presenting our award winning Autonomous Temperature Instrument and 
in Mai 2010 we hosted the first AutomationML user conference in Ladenburg.

Our annual colloquium series in 2010 focused on Smart Grids and brought a record number of 
participants to Ladenburg.
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Our annual press day, held in November 2010, with contributions from our research centers 
throughout central Europe including a keynote speech from our CTO was once again a success. 
We had a large number of participating journalists, numerous subsequent publications and  
following requests for additional publications and interviews. In conjunction with our annual 
press day we also officially opened our new Automation Forum, a permanent exhibition area 
located in our facility, showcasing the latest ABB technology from Process Automation and 
Discrete Automation & Motion. Thanks to the support from our colleagues from Busch Jaeger, 
we also managed to create our own smart showroom using the latest building automation 
equipment. With this showroom which is jointly operated by two local ABB divisions and our 
corporate research center, we have hosted almost 20 events within the first 6 weeks of operation. 
This is and will be an excellent opportunity to ensure the strategic dialogue between ABB’s 
businesses, their key customers and corporate research.

In conjunction with the local Innovation Stars Initiative of the Rhein-Neckar region, we have 
had our first open house event in November 2010, where we opened our Automation Forum 
and our Robotics Lab to the public. More than 500 visitors from universities, schools, politics 
and the general public were interested to see the various ABB technology demos including the 
Expedition N truck that we had rented from the Baden Württemberg Stiftung.

This annual report will give you an overview of our core activities in more detail. I am convinced 
that it will raise your interest and that you will enjoy it. Finally, I would like to thank all our partners 
at the universities, the different ABB business units and our colleagues from other Corporate 
Research Centers in ABB for the very constructive, productive and successful cooperation 
throughout the year, and last but not least I would like to express my sincere gratitude to all 
our employees for their great contributions and dedication in 2010.

Christoph Winterhalter
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Customer orientation
 − Understanding business impact
 − Understanding our customer‘s

present, future and latent needs 

Inventive talent
Creativity / risk taking 
Attract top talents at universities
Intellectual property management

Project management
Gate model application to 
permanently control
Cost, Delivery, Quality, NPV 

Enable BUs to utilize 
project results
– Technology training 
–  Product development 

support
–  Product management 

support
– Supplier qualification
–  BU transfers /  

job rotations 

Verify technical feasibility for ABB
– Pre-studies
– Technology evaluations
– Market requirement specification 
– NPV calculation

Active involvement  
in business strategy
– Technology consulting
– Roadmap development
–  Evaluation of business 

model and organiza-
tional setup

ABB Corporate Research Center
Ladenburg

The German Corporate Research Center in Ladenburg 
(DECRC) is one of seven local Research Labs in the global 
ABB Corporate Research community. Functionally, it belongs 
to the Global Lab “Automation”, which means that the 
research activities are focused on automation technology 
for industrial automation, utility automation and building 
automation. With respect to local organization, the German 
research center is part of the ABB AG in Mannheim.

Our Business
Our core business is the execution of Research & Development 
projects. Our deliverables are project results, such as new 
technologies or technology platforms, hardware or software 
prototypes, industry-specific solutions or new processes. Our 
customers are the business units in ABB, which transform the 
results of the R&D projects into commercial products and 
solutions. 

The R&D projects in ABB Corporate Research are organized 
in ten technology programs and managed by globally respon-
sible program managers. The programs provide the funding 
for most of the projects. Additional funding sources are public 
funds and direct funds by corresponding ABB business units.

As an automation lab, the German Research Center is active 
in the following five global research programs:

 − Control and Optimization
 − Industrial Software Systems
 − Sensors and Signal Processing
 − Industrial Communications
 − Mechatronics

Our Vision and Mission
“Leadership through Innovation” – this is our vision. Recognized 
as the best industrial Research Center in our focus areas we 
create sustainable value for ABB business. We are striving for 
innovations, which means project results creating significant 
value for ABB’s business units. 

Our mission is to deliver results – quickly, reliably, effectively and 
efficiently. Results in this context are technological innovations 
with measurable, documented and confirmed value. In order 
to achieve these results, we are continuously improving the 
effectiveness and efficiency of the innovation process. We 
regard industrial research as a business like an operational 
business, while striving for the highest level of operational 
excellence and stakeholder satisfaction.

Figure 1: Our Innovation Network
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Our Innovation Network
We drive the innovation process in a network involving all our 
employees, partners and customers in a way that emphasizes 
their strengths and competences in their respective roles. The 
innovation network is built on three cornerstones: customer 
orientation, inventive talent and project management.

The three main players in this innovation network are our focus 
areas, our senior principle scientists and our research groups.

Our Focus Areas
In a focus area, we bundle our technical competence across 
research groups around the needs of our key customers. Each 
focus area addresses a well defined customer group with  
specific deliverables. The main objective of focus area manage-
ment is customer orientation. The focus area manager works 
closely with the customer in order to understand his business 
and his current and future needs. Together with other colleagues, 
such as senior principal scientists, he is deeply involved in the 
development of business strategies and technology roadmaps 
and the resulting portfolio of research projects. At the end of 
the innovation process, he takes care that the project results 
are implemented in successful products, thus ensuring that 
inventions from research are really turned into valuable  
innovations.

In the German Corporate Research Center we have estab-
lished five focus areas addressing our key customers. The 
vast majority of our projects are run in one of these focus 
areas. The focus areas are:

Plant Automation
The scope of this area comprises next generation architectures 
and engineering methods for process automation systems 
from field to plant level. 

Key deliverables are architectures for flexible, safe and scalable 
control systems and workflows and tools for efficient engineering.

Key customers are the business units Open Control Systems 
and Oil, Gas & Petrochemicals in the Process Automation 
division, and the business unit Power Generation in the Power 
Systems division.

Focus area manager is Dr. Christian Zeidler.

Factory Automation
The scope of this area comprises new technologies and engi-
neering methods for efficient integration of key components in 
discrete automation applications.

Key deliverables are automation platforms, engineering tools 
and methods, as well as discrete automation applications.

Key customers are the global product groups PLC and Low 
Voltage AC Drives, as well as the business unit Robotics from 
the division Discrete Automation and Motion.

Focus area manager is Christoph Winterhalter.

Dr. Christian Zeidler
Focus area manager 
Plant Automation

Christoph Winterhalter
Focus area manager 
Factory Automation

Dr. Dirk John
Focus area manager 
Building Automation

Christian Stich
Focus area manager  
Service Solutions

Dr. Sven Soetebier
Focus area manager 
Power Device Mechatronics
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Building Automation
The scope of this area comprises home & building automation 
enabling energy efficiency, ambient assisted living, E-mobility 
and grid interaction.

Key deliverables are sensing and monitoring solutions, integra-
tion solutions of electrical and energy building infrastructure, 
low-power device concepts, and energy management solutions.

Key customers are the business units Wiring Accessories and 
Enclosures & DIN Rail Products in the division Low Voltage 
Products.

Focus area manager is Dr. Dirk John.

Service Solutions
The scope of this area comprises technologies, processes, 
and business models for industrial service automation.

The key deliverables are solutions for installed base manage-
ment, service engineering, serviceability, process and production 
optimization, monitoring, diagnosis and sensor technology, as 
well as reliability management.

Key customers are the business unit Service in the Process 
Automation division, the service units in the division Discrete 
Automation and Motion and the group service council.

Focus area manager is Christian Stich.

Power Device Mechatronics
The scope of this area comprises new actuator and sensor 
solutions on device level for efficient and reliable transmission 
and distribution of electricity.

The key deliverables are reliable and scalable actuation plat-
forms for switchgear and breakers, sensing and monitoring 
solutions, robust design & optimization of power devices, and 
methodologies for faster product and application develop-
ment.

Key customers are the business units Medium Voltage and 
High Voltage in the Power Products division and the business 
unit Breakers and Switches in the Low Voltage Products  
division.

Focus area manager is Dr. Sven Soetebier.

Our Senior Principal Scientists
A senior principal scientist is the highest technical authority in 
his field of expertise. As a renowned member of the academic 
community, he opens the door to research partners and top 
talents at universities. He is involved in the development of 
technology strategies and roadmaps, and he drives creation 
of new ideas and inventions as well as the protection of stra-
tegic intellectual property. With prestudies and technology 
evaluations, he proves the technical feasibility of new ideas 
and their value for ABB.

1 2 3

4 5 6

Senior Principal Scientists: 1 Robotic Automation, Dr. Björn Matthias  |  2 Vision-based intelligent Industrial Robots, Dr. Fan Dai   
3 Control System Engineering, Dr. Rainer Drath  |  4 Production modeling, scheduling, and optimization, Dr. Iiro Harjunkoski
5 Modeling & Simulation, Dr. Jörg Gebhardt  |  6 Magnetics and Current Sensors, Dr. Rolf Disselnkötter
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It is our goal to have Senior Principle Scientists in all technology 
fields which are important for our focus areas. Currently we 
have six Senior Principle Scientists in the German Corporate 
Research Center in the following technology fields:

Robotic Automation
Dr. Björn Matthias

Vision-based intelligent Industrial Robots
Dr. Fan Dai

Control System Engineering
Dr. Rainer Drath

Production modeling, scheduling, and optimization
Dr. Iiro Harjunkoski

Modeling & Simulation 
Dr. Jörg Gebhardt

Magnetics and Current Sensors
Dr. Rolf Disselnkötter

Our Research Groups
Research groups are responsible for the effective and efficient 
execution of Research & Development projects. They can be 
regarded as “production units” for project results. In order  
to fulfil this task, they establish and maintain an adequate 
quantity and highest quality of resources, both personnel and 
infrastructure. This includes in particular world class scientists 
and highly qualified project managers, as well as state-of-the 
art lab equipment and computing environments. It is the main 
goal of our research groups to maintain a high level of opera-
tional excellence. 

Our resources and competences for efficient and effective 
project execution are organized in eight research groups, 
which are structured in two departments:

 − Industrial Software and Applications, dealing mainly with 
software systems as well as processes and tools for engi-
neering and service.

 − Automation Device Technologies, dealing mainly with 
devices for measuring, control and actuation.

The scope of the research groups and their contribution to the 
focus areas is described in more detail in the Technical 
Results section of this report. The complete organizational 
structure is shown below (Figure 2).

Figure 2: Organizational structure of DECRC

ABB Research Center Ladenburg
Christoph Winterhalter

Integrated Management System,
Quality, Intellectual Property, Communication

Dr. Berthold Schaub

Finance, Controlling & Infrastructure
Thomas Fritzenschaft

Human Resources
Tanja Weber

Industrial Software and Applications
Dr. Christian Zeidler

Industrial Software Technologies
Dr. Roland Weiss

Automation Engineering
Georg Gutermuth

Process and Production Optimization
Dr. Alexander Horch

Life Cycle Science
Christian Stich

Automation Device Technologies
Dr. Sven Soetebier

Mechatronics and Actuators
Dr. Gregor Stengel

Robotics and Manufacturing
Dr. Thomas Reisinger

Industrial Sensor Technology
Dr. Armin Gasch

Intelligent Devices
Dr. Dirk John

IMS, Communication, IP
Dr. Berthold Schaub

Electrical and Device Integration
Dr. Friedrich Harbach
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Facts and Figures

Key Figures

Revenues     14,3 M€

Employees     103

Temporary employees, Students   44

Inventions     72

Patent Filings     39

Publications     98

Project Portfolio
In 2010, the total project revenues in the German Corporate 
Research Center amounted to approximately 14,3 million Euro, 
which is a slight decrease compared to 2009. This is due to 
the lower number of employees we had especially in the first 
two quarters of 2010. With the increased project execution 
capacity we built up with recruitements in the second half of 
2010, we can expect the project volume to increase again in 
2011. On group level, ABB is continually increasing the R&D 
investments in general as well as the funding for corporate 
research. 

The research projects are mainly funded centrally by corporate 
funds. In 2009 the funding split was as follows:

 − Corporate Funds 83,9 %
 − Business Unit Funding 11,1 %
 − Third Party Funding 5 %

Figure 2: Funding split of research projects

The fraction of corporate funds is more or less stable, while 
third party funding decreased compared to 2009. One reason for 
this is the closure of a research group who has been working 
for and was funded by a german ministry in the previous years. 
It is, however, part of our strategy to increase third party funding 
again by participating in more public funded projects, both on 
national and European level. We managed to increase direct 
funding by ABB business units in 2010, which is an indicator 
for our close and successful cooperation with our customers. 
This will further be stenghtened by the newly established  
concept of customer-oriented focus areas.  

Regarding project type a clear focus remains on technology 
development and product development projects, although the 
proportion of this project type (72 %) was a bit lower than in 
2009. Instead we dedicated more funds to prestudies and 
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technology scouting projects in 2010, which can open the 
door for new research areas and new larger technology devel-
opment projects. The percentage of consultancy projects was 
also higher than in the previous year, in line with the increased 
direct funding from business units. 

Almost all our projects are associated with one of the global 
research programs, with the exception of some discretionary 
funded prestudies and some consultancy projects. This ensures 
that the projects are in line with the strategic technology plans 
of the programs and with the technology, product, and business 
strategies of ABB business units. In the future, the project 
portfolio will be additionally driven by the focus areas, thus 
ensuring an even better alignment with customer needs.

All technology or product development projects have to follow 
the ABB Gate Model. The Gate Model is a business decision 
model that helps to steer a project from the project customer’s 
point of view. Furthermore, it enhances the communication 
between project team and customer, and it secures the transfer 
of project results into business. We continue to monitor the 
quality and efficiency of project execution based on the Gate 
Model as one of our key performance indicators. In 2010 the 
project execution quality was satisfactory, but we are still 
striving for continuous improvement of this most important 
process.

Project Results
Project results are technological innovations with measurable, 
documented and confirmed value. Each technology or product 
development project is valuated qualitatively and quantitatively. 
Quantitative analysis results in the expected net present value 
(NPV) of a project, based on estimated business figures. 
Qualitative analysis describes the business case and some 
additional, intangible value contributions. Other project results 
are inventions and related patents, as well as scientific or 
technical publications.

In 2010, a record number of eleven recognized significant 
project achievements with high expected value for ABB business 
were created in our research center. They spearhead a long 
list of further project achievements, which together represent an 
impressive result of our research work. The top achievements 
are:

 − NEPTUNE: An integrated software solution for intelligent 
water management, comprising leakage management, energy 
management, pump scheduling and alarm manage  ment.

 − A technology demonstrator of a 2 kA current sensor for 
industrial applications.

 − Technology demonstrator of a new Coriolis mass flow meter.

 − FDI Specification 0.9 released for Tools and Components is 
released and aligned with the ABBs device integration 
architecture.

 − An innovative versatile gripper as part of a human-like  
two-arm concept robot for scalable assemly automation.

 − A new actuator platform for HV GIS make proof earthing 
switch.

 − A planning & scheduling optimization solution for hot  
swapping in steel plants.

 − A conceptualized and prototyped holistic update handling 
concept for embedded systems enabling sustainable  
configuration management of the installed base.

 − A collaboration manager as the first component of an  
integrated engineering platform for factory automation.

 − PLC-Motion with Robots - pick&place robots programmed 
in IEC-61131.

 − A concept of a SW architecture for a future DCS and evalu-
ation of process graphics engines to enable market leading 
DCS solutions.

In addition we contributed to three further significant project 
achievements, which were created under the lead of our col-
leagues in other research centers. Some of these top 
achievements together with others are described in more 
detail in the Technical Results section of this report. The total 
expected net present value of the 2010 project achievements 
adds up to more than 230 million Euros. 

Figure 3: Project revenues by project type
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Patents are an important means of protecting the intellectual 
property created by the research projects. In 2010 the number 
of invention disclosures increased significantly to 71. Even 
more important than the quantity of inventions is the fact that 
38 inventions from DECRC have been decided to be filed by  
a business unit and are used by this unit to protect a product 
or to block a competitor. This high rate of 85 % of the filing 
decisions is an indicator for the high quality and strategic  
relevance of the inventions. The number of first filings increased 
also a little bit, which is mainly determined by the backlog of 
inventions to be filed. The filing rate (percentage of inventions 
which have been decided to be filed) is on the same level as 
in 2009 (70 %). The remaining 30 % are either kept as trade 
secrets, prophylactically published, postponed to be filed later 
or abandoned. 

It is our goal to increase the impact of patent filings by systemati-
cally creating protective shields for important new technologies 
and products in the frame of our R&D projects. In order to 
achieve this goal, we have closely integrated all IP activities 
with the gate model we use in our projects.

Publications in renowned journals and active contributions to 
conferences are important to demonstrate the high scientific 
and technological level of our research work. The number of 
publication by researchers from the German research center

could be kept close to the high level of the year 2008. The larger 
part of our publications is contributions to conferences and 
similar events. This reflects our strategy to give our researchers 
the opportunity to be highly visible in the academic community, 
and to contribute actively to future technology trends. The 
number of publications in renowned journals and books has 

been definitely too small in 2010, due to various reasons. 
Since publications in journals are especially important for our 
senior principle scientists, it is our goal to increase this number 
significantly in 2011.

Human Resources
Our employees are the main assets of our research center. In 
2010 we had an average of 103 permanent employees. This 
basically in line with our strategy, but a little bit lower than the 
budgeted number, due to some problems with recruiting enough 
good people in the first half of the year. In addition, we had 
more than 45 temporary employees like students, guest scien-
tists or people on job rotation. In 2011 we plan to increase the 
headcount again to the level of 2008. As a general strategy, 
we are always willing to temporarily increase the headcount if 
we have the opportunity to hire world class people. 

The world class competence level of our employees, including 
technical, social and management skills is a prerequisite for 
excellent research results. This starts at the educational level 
of the persons we hire. In 2010, 88 % of the employees held 
academic degrees. The majority of these (45 % in total) hold  
a PhD. 

It is part of our mission to recruit talented young engineers 
and scientists, give them the opportunity to work for some 
years in corporate research in order to get familiar with many 
ABB businesses and products, and later offer them new career 
opportunities in operational ABB units. In 2010 we managed 
to hire 13 highly qualified new scientists, while we could transfer 
only three people to other ABB units for various reasons. In the 
future we plan to increase the internal fluctuation and related 
recruitment again to the level we had in the previous years. In 

Figure 4: Inventions and First Filings Figure 5: Publications
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general there is still a lack of good engineers and scientists, at 
least in some areas like engineering and service technologies. 
But due to the attractiveness of the jobs we offer and the 
attractiveness of the region where we are located we have no 
major problem to fill our open positions with excellent people. 

The unique academic environment in Germany, with five elite 
universities in the immediate vicinity, is the main source of our 
new employees. 54 % of the newcomers in 2010 came from 
german universities, 40 % from the region, mainly from the 
recently established Karlruhe Institute of Technolgy (KIT).  
15 % came from other industries or competitors, while the 
remaining 31 % joined us from other ABB units. This relatively 
high number underlines our close cooperation with our internal 
customers, also by exchange of people in both directions.

Figure 6: Personnel structure development

Figure 7: Educational level of employees Figure 8: Branches of study of DECRC employees

In the German research center we maintain an interdisciplin-
ary, multi-national team with a high educational and cultural 
diversity. The whole Human Resource portfolio currently  
consists of more than 10 nationalities with a wide range of 
education, where the focus is on electrical and mechanical 
engineering, physics and computer science. This education 
portfolio shows a slight shift towards engineering disciplines 
and physics compared to the previous years. 

We attach great importance to the continuous development 
and education of our scientists, both by attending seminars 
and by training-on-the-job or job rotations. Since two years 
we are bundling our training and education activities in the 
frame of the DECRC Academy, supported by an education 
database and an electronic workflow for training requests and 
training appraisals. With this tool we always maintain a clear 
picture of our further education portfolio and its effectiveness. 
In average, we keep spending about 5 % of the revenues for 
personnel training and development.
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Cooperations with Universities
and Public Research Institutes

Successful innovation requires the combination of a range 
of competencies ranging from basic research to technology 
development and productization. In industrial research, 
our focus is on the development of new technologies and 
technology platforms for future products. In order to ensure 
the basic research and special skills we need for this 
development, we maintain a comprehensive network that 
includes leading universities and research institutes both 
in Germany and in other parts of the globe.

Bilateral Cooperations

Karlsruhe Institute of Technology (KIT)
Institut für Produktionstechnik (WBK)
Prof. Dr.-Ing. Jürgen Fleischer,
Michael Heinz
Production Science, Prototyping

Karlsruhe Institute of Technology (KIT)
Forschungszentrum Informatik
Prof. Dr.-Ing. J. Becker
Automation Devices

Karlsruhe Institute of Technology (KIT)
Institut für Industrielle Informationstechnik (IIIT) 
Prof. Dr.-Ing. F. Puente
Automation Technologies

Karlsruhe Institute of Technology (KIT)
Forschungszentrum Informatik
Institute for Program Structures and Data Organization
Prof. Dr. Ralf H. Reussner
Evolution of Heterogeneous Software Systems

Karlsruhe Institute of Technology (KIT)
Forschungszentrum Informatik
Dr. Oliver Bringmann
AUTOSAR in Automation

Rheinisch-Westfälische Technische Hochschule Aachen 
(RWTH)
Informatik 3
Prof.Lichter
Software product lines for embedded systems

Rheinisch-Westfälische Technische Hochschule Aachen 
(RWTH)
Informatik 11 – Embedded Software Laboratory
Professor Dr.-Ing. Stefan Kowalewski
Verification of PLC Software

Rheinisch-Westfälische Technische Hochschule Aachen 
(RWTH)
Lehrstuhl für Prozessleittechnik (ACPLT)
Prof. Epple
Vorsitzender des Freundeskreises (Harbach)

Rheinisch-Westfälische Technische Hochschule Aachen 
(RWTH)
Institut für Getriebetechnik und Maschinendynamik
Prof. Dr.-Ing. Burkhard Corves
Robot application, mechanisms

Technische Universität Kaiserslautern 
Automatisierungstechnik 
Prof. Dr.-Ing. habil. Lothar Litz 
Foundation Fieldbus Function Block emulation

Karlsruhe Institute of Technology, Ehrenhof
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Technische Universität Kaiserslautern
Fachgebiet Mathematik
Prof. Dr. Sven O. Krumke
Production Optimization in the Metals Industry

Helmut Schmidt Universität Hambug
Institut für Automatisierungstechnik 
Prof. Alexander Fay 
Engineering of Automation Systems

Universität Kassel
Fachgebiet Mess- und Regelungstechnik
Prof. Dr.-Ing. Andreas Kroll
Advanced Process Control

Universität Kassel
Fachgebiet Mess- und Regelungstechnik
Prof. Dr.-Ing. Andreas Kroll
Robot application in manufacturing

Technische Universität Braunschweig
Institut für Werkzeugmaschinen und Fertigungstechnik (IWF)
Prof. Dr.-Ing. Dr. Jürgen Hesselbach, Dr.-Ing Annika Raatz
Flexible Manufacturing Systems, Robotics and Mechanism 
Technology

TU Dortmund
Process Dynamics and Operations
Prof. Dr.-Ing. Sebastian Engell
Collaborative Production Optimization

TU Dortmund
Industrielle Robotik und Produktionsautomatisierung
Prof. Dr.-Ing. Bernd Kuhlenkötter
Robotics & Manufacturing

TU München
itm - Informationstechnik im Maschinenbau
Prof. Vogel-Heuser
Integration Technologies

University of Bayreuth
Robotics and Embedded Systems Lab
Prof. Dominik Henrich
Safe Human Robot Collaboration and 3D Space Supervision

Universität Tübingen
Technische Informatik
Prof. Dr. Wolfgang Rosenstiel
Investigation of possibilities for formal verification of
embedded software

Technische Universität Berlin
Institut für Prozess- und Verfahrenstechnik
Prof. Wozny
Support for training and education

TU Ilmenau
Fakultät Maschinenbau, Fachgebiet Entwurf mechatronischer
Antriebe
Jun.-Prof. Dr.-Ing. Tom Ströhla
Actuation Technology

TU Ilmenau
Fakultät für Informatik und Automatisierung,
Institute of Computer Engineering
Prof. Dr.-Ing. Detlef Streitferdt (JP)
Model-Driven Design

TU Dresden
Institute for Applied Computer Science – Industrial
Communications
Prof. Martin Wollschlaeger
Integration Technologies, Automation Systems Design

TU Dresden
Institut für Automatisierungstechnik
PD Dr.-Ing. Annerose Braune
Integration Technologies, Automation Systems Design,
XML in Automation

TU Dresden
Institut für Feinwerktechnik und Elektronik-Design
Dr. Ing. Holger Neubert
Simulation of Inductive Components

Hochschule Mannheim
Institut für Automatisierungssysteme
Prof. Seitz
PLC virtualization for education and training

Hochschule Mannheim
Institut für Automatisierungssysteme
Prof. Seitz
Automatic PLC code generation

Hochschule Darmstadt 
Automatisierungstechnik
Prof. Dr.-Ing. Stephan Simons
Automatic Library Testcase generation
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Duale Hochschule Mannheim
Fachbereich Informationstechnik
Prof. D. J. Poller
Automatic Distribution of Controller Code in the area of  
Cause & Effect Matrices

ifak – Institut für Automation und Kommunikation e.V.,  
Magdeburg
Prof. Ch. Diedrich
Integration Technologies

Carnegie Mellon Universtity
Center for Advanced Process Decision-making (CAPD)
Prof. Grossmann, Prof. Hooker
Planning and scheduling methods

Carnegie Mellon Universtity
Center for Advanced Process Decision-making (CAPD)
Prof. Biegler
Optimization of polymerization processes

Imperial College London
Centre for Process Systems Engineering (CPSE)
Prof. Nina Thornhill
Plant wide disturbance analysis

Lund University
Faculty of Engineering / Lund Institute of Technology
Department of Automatic Control
Prof. Rolf Johansson
Department of Computer Science
Associate Professor Klas Nilsson
Plug & Play, LeadThrough Programming

Laboratório Nacional de Energia e Geologia IP, LNEG, Lisbon, 
Portugal
Department: Unidade de Modelação e Optimização de Siste-
mas Energéticos
Dr. Pedro Castro
“Planning and Scheduling Modeling and Optimization”

University of Ljubljana
Faculty of Mechanical Engineering
Laboratory of Measurements in Process Engineering
Prof. Ivan Bajsic´, Gregor Bobovnik
Flow meter technology

University of Dubrovnik, Dubrovnik, Croatia,
Prof. Vjekoslav Damic
Simulation of sensor systems

University cooperations within larger joint projects

Project PAPYRUS:
Plant-wide asset management for large-scale systems

Aalto University: Prof. Sirkka-Liisa Jämsä-Jounela
Universität Duisburg-Essen: Prof. Steven Ding
Nancy Universite: Prof. Dominique Sauter,  
Prof. Christophe Aubrun

Project NEPTUNE:
Simulation and Optimization in water distzribution networks,
information management, risk-based decision support

University of Cambridge, Prof. Kenichi Soga
Imperial College, Prof. Cedo Maksimovic
University of Exeter, Prof. Dragan Savic
University of Sheffi eld, Dr. Joby Boxall
De Montfort University, Prof. Bogumil Ulanicki
University of Lancaster, Prof. Ian Marshall
University of Leicester, Prof. Ian Postletwaite

Project Q-ImPreSS
FZI Forschungszentrum Informatik / Universität Karlsruhe,
Prof. Ralf Reussner
University of Mälardalen Sweden, Prof. Ivica Crnkovic
Politecnico Milano Italy, Prof. Raffaela Mirandola
Charles University Prague Czech Republic, 
Prof. Frantisek Plasil

Project ROSETTA
Fraunhofer IPA (Germany)
K.U. Leuven (Belgium)
Ludwig-Maximilians-Universität Munich (Germany)
Lunds Universitet (Sweden)
Politecnico di Milano (Italy)

Project Aletheia
Aletheia – semantic federation of comprehensive product 
information

Industrial Partners Aletheia:
SAP AG
ABB
BMW Group
Deutsche Post World Net (DPWN)
Eurolog
Giesecke & Devrient
ontoprise
Otto GmbH & Co. KG



ABB Research Center Germany | Annual Report 2010  17

University Partners:
Fraunhofer IIS
Freie Universität Berlin
Humboldt-Universität zu Berlin
Technische Universität Dresden
TecO

Project ADIWA (Alliance Digital Product Flow)

Industrial Partners:
SAP AG
ABB
DB Schenker
B2M Software AG
Globus
DFKI GmbH
Software AG
SOPERA
ubigrate

Universities and Research Institutes:
Fraunhofer IESE
Frauenhofer ITWM
Frauenhofer SIT
Frauenhofer IML
TU Darmstadt
TU Dresden

Lectures by employees from Corporate Research Center
Ladenburg at Universities

Dr. Alexander Horch
Universität Stuttgart
Institut für Systemtheorie und Regelungstechnik, Prof. Allgöwer
„Applied Control and Optimization in the Process Industries“

Dr. Alexander Horch
Zhejiang University, Hangzhou, CN
Institute for Cyber Systems and Control, Prof. Chu
“Lecture Series on Production Management & Optimization”

Dr. Martin Hollender
Universität Darmstadt
Institut für Automatisierungstechnik, Prof. Adamy
„Prozessleittechnik“

Dr. Berthold Schaub
Karlsruhe Institute of Technology (KIT)
Institut für Elektroenergiesysteme und Hochspannungstechnik (IEH)
„Numerische Feldberechnung in der Rechnergestützen
Produktentwicklung“

Manfred Rode
SRH Hochschule Heidelberg
Fachbereich Elektrotechnik, Prof. Gottscheber
„Regelungstechnik“

Manfred Rode
DHBW, Duale Hochschule Baden-Württemberg Mannheim
Fachbereich Ingenieurwesen
Studiengang: Mechatronik, Prof. Lemmen
„Regelungstechnik-2 / Fuzzy-Control“

Manfred Rode
Hochschule Darmstadt
Fachbereich Elektrotechnik und Informationstechnik, 
M.Sc. Fernstudium, Prof. Hoppe
Prozessautomatisierung

Werner Schmidt
DHBW, Duale Hochschule Baden-Württemberg Mannheim
Fachbereich Ingenieurwesen
Studiengang: Mechatronik, Prof. Korthals
„Informatik / Programmieren“

Dr. Jörg Gebhardt
DHBW, Duale Hochschule Baden-Württemberg Mannheim
“Thermodynakik”
“Elektrodynamik”

Dr. Rainer Drath
HFH Hamburger Fernhochschule
Studienzentrum Stuttgart
„Automatisierungs- und Regelungstechnik“

Peter Weber
DHBW, Duale Hochschule Baden-Württemberg Mannheim
„Datenbank Design und Entwicklung“
„Realtime Programming and Concurrency“
„SW Entwicklung und Programmierung“

Dr. Dirk John, Dr. Philipp Nenninger, Dr. Wolfgang Mahnke
Hochschule Karlsruhe
Seminar Automatisierungstechnik

Dr. Markus Aleksy
Universität Mannheim, Department of Information Systems
“Distributed Systems”

Dr. Ralf Gitzel
Universität Mannheim, Department of Information Systems
“Applied IT Governance”
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Memberships in Industrial  
and Scientific Panels

A crucial factor for us is active participation in industry asso-
ciations and standardization organizations, which enables us 
to help shape the political, economic and technical foundations 
for research.

Memberships and active collaboration in industrial /  
academic associations and standardization bodies

Christoph Winterhalter

Forschungszentrum Informatik Karlsruhe (FZI)
Member of board of trustees

Fraunhofer Institut für Optronik, Systemtechnik und  
Bildauswertung (IOSB), Karlsruhe
Member of board of trustees

Landesverband der Baden-Württembergischen Industrie e.V. 
(LVI)
Arbeitsausschuss „Bildung, Forschung und Technologie“

Deutsche Kommission Elektrotechnik Elektronik Informations-
technik im DIN und VDE (DKE)
Beraterkreis Technologie

Zentralverband Elektrotechnik- und Elektronikindustrie e.V. 
(ZVEI)
ZVEI-Vorstandsarbeitskreis „Forschung und Entwicklung“

Karlsruhe Institute of Technology (KIT)
Förderkreis International Department

Dr. Berthold Schaub

Schmalenbach-Gesellschaft für Betriebswirtschaft e.V.
Arbeitskreis „Forschungs- und Entwicklungsmanagement“

Deutsche Gesellschaft zur Zertifizierung von Management-
systemen (DQS)
DQS Erfa Club Metall-Maschinenbau und Elektro

Dr. Friedrich Harbach

VDI/VDE-Gesellschaft für Mess- und Automatisierungstechnik 
(GMA)
Vice-chairman of the GMA

DKE Deutsche Kommission Elektrotechnik Elektronik Informa-
tionstechnik im DIN und VDE
Committee K931 “Systemaspekte”

Dr. Christian Zeidler

Deutsche Akademie der Technikwissenschaften (acatech)
Themennetzwerk „Informations- und Kommunikations-
technologie (IKT)

Gesellschaft für Informatik (GI)
Head of „Fachgruppe 2.1.9, Objekt-Orientierte Programmierung“

Zentralverband Elektrotechnik- und Elektronikindustrie e.V. 
(ZVEI)
Working group „Systemaspekte“

Bundesverband der Deutschen Industrie e.V. (BDI)
Initiative „IT für die Energiemärkte der Zukunft“

Dr. Sven Soetebier

VDI/VDE-Gesellschaft für Mess- und Automatisierungstechnik 
(GMA)
Fachausschuss 4.15 „Mechatronik“

VDI/VDE-Gesellschaft für Mess- und Automatisierungstechnik 
(GMA)
Fachausschuss 4.16 „Unkonventionelle Aktorik“

Dr. Björn Matthias

VDI/VDE-Gesellschaft für Mess- und Automatisierungstechnik 
(GMA)
Active collaboration in „Fachausschuss 4.13 Steuerung und 
Regelung von Robotern“

DIN Normenausschuss Machinenenbau (DIN NA 060-30-02AA 
„Roboter und Robotikgeräte“)

ISO Technical Committee standardization work (ISO/TC184 SC2 
Robotics Working Group WG3 Industrial Safety)

Dr. Thomas Reisinger

VDI/VDE-Gesellschaft für Mess- und Automatisierungstechnik 
(GMA)
„Fachausschuss 4.13 Steuerung und Regelung von Robotern“

Dr. Armin Gasch

Informationstechnische Gesellschaft im VDE (ITG) 
Fachausschuss 9.4 -Funktionswerkstoffe, Sensoren, Aktoren
Programmausschuss 15. Fachtagung Sensoren und Mess-
systeme 2010“
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Dr. Marco Ulrich

ISA 
Working group 100.18 “Power sources and standardization 
for energy harvesting systems”

VDI/VDE-Gesellschaft für Mess- und Automatisierungstechnik 
(GMA)
Fachausschuss 5.21 „Funkgestützte Kommunikation, Stan-
dardisierung batteriegestützter Energieversorgungslösungen“

Bundesministerium für Bildung und Forschung (BMBF)
Member of industrial board of project  “Optimierung von  
elektrochemisch abgeschiedenen thermoelektrischen Filmen 
(Echem TE)“
Coordination: Institut für Angewandte Physik der Universität 
Hamburg

Arbeitsgemeinschaft industrieller Forschungsvereinigungen
Member of industrial board of project “Piezoelektrischer 
Mikro-Energiegenerator für mobile Anwendungen (Power-
Piezo)”
Coordination: Hahn-Schickard-Gesellschaft

Arbeitsgemeinschaft industrieller Forschungsvereinigungen
Member of industrial board of project “Leistungsoptimierter 
Energy Harvester mit erweiterter Frequenz-Bandbreite 
(eBand)“
Coordination: Hahn-Schickard-Gesellschaft

Dr. Dirk John

PROFIBUS & PROFINET International (PI)
TC4/WG9 Field Device Integration (FDI)

PROFIBUS & PROFINET International (PI): 
TC5/WG7 Research and Education

Roland Braun 

PROFIBUS & PROFINET International (PI)
TC4/WG9 “Field Device Integration (FDI)”

Field Device Integration (FDI)
WG “Specification”
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Dr. Daniel Großmann

Field Device Integration (FDI)
Leader of WG “Tools & Components”

PROFIBUS & PROFINET International (PI)
TC4/WG1 Electronic Device Description Language (EDDL)

Zentralverband Elektrotechnik- und Elektronikindustrie e.V. 
(ZVEI)
Forschungsgemeinschaft Automation

Dr. Dirk Schulz

VDI/VDE-Gesellschaft für Mess- und Automatisierungstechnik 
(GMA)
Fachausschuss 5.23 „XML in der Automation“

PROFIBUS & PROFINET International (PI)
TC2/WG9 “Fieldbus Integration”

Dr. Philipp Nenninger

IFAC 
Technical Commitee 3.3 “Telematics: Control via  
Communication Networks”

Dr. Roland Weiss

OMAC: The Organization for Machine Automation and Control
ABB Representative for Technology Provider & Integrator
Members together with Anders Lager, ABB Robotics

Dr. Wolfgang Mahnke

OPC Foundation
OPC UA Working Group (Definition of the new OPC UA  
Standard)

VDI/VDE-Gesellschaft für Mess- und Automatisierungstechnik 
(GMA)
Fachausschuss FA 5.16 Middleware-Standards in der  
Automatisierungstechnik”

PLCopen
Technical Committee 4 – Communication” on the topic  
“IEC 61131-3 INFORMATION MODEL IN OPC UA” (Definition 
of an OPC UA based information model for IEC 61131-3)

Dr. Bastian Schlich

VDI/VDE-Gesellschaft für Mess- und Automatisierungstechnik 
(GMA)
Fachausschuss FA 1.50 „Methoden der Steuerungstechnik”

Stefan-Helmut Leitner

VDI/VDE-Gesellschaft für Mess- und Automatisierungstechnik 
(GMA)
Fachausschuss FA 5.22 Security“ 

OPC Foundation
OPC UA Working Group (Definition of the new OPC UA  
Standard)

OPC Foundation / OPC UA Early Adapter
Development of the standard OPC UA C-Stacks (Security 
Module)

Georg Gutermuth

VDI/VDE-Gesellschaft für Mess- und Automatisierungstechnik 
(GMA)
Fachausschuss 6.12 „Durchgängiges Engineering von  
Leitsystemen“

Kay Wilke

Interessengemeinschaft Automatisierungstechnik der
Prozessindustrie (NAMUR)
Projektgruppe „Merkmalleisten (Prolist)“

Dr. Rainer Drath

Deutsche Kommission Elektrotechnik Elektronik Informations-
technik im DIN und VDE (DKE).
Fachausschuss K941 „Fließbilder“
Fachausschuss K941.0.2 Automation ML

VDI/VDE Gesellschaft für Mess- und Automatisierungstechnik 
(GMA) 
FA 1.50 “Safety”
Stellv. Fachausschussleiter

Automation Markup Language (AutomationML) Konsortium
Chairman of subgroup “Architecture”
IEC TC65 SC65E WG9
Standardization of Automation ML
Expert
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Dr. Ralf Behnke

VDI/VDE-Gesellschaft für Mess- und Automatisierungstechnik 
(GMA)
Fachausschuss 5.13: „Sicherheit von Software in  
Automatisierungssystemen“

Dr. Alexander Horch

VDI/VDE-Gesellschaft für Mess- und Automatisierungstechnik 
(GMA)
Chairman of Fachausschuss 6.23 “Plant Asset Management“

Interessengemeinschaft Automatisierungstechnik der  
Prozessindustrie (NAMUR)
Invited member of Arbeiskreis 4.13 “Asset Management“ 

Manufacturing Enterprise Solutions Association (MESA) 
International Member

ZVEI Arbeitskreis ‘Energie-Effizienz durch Prozess-
automatisierung’

Dr. Iiro Harjunkoski

Zentralverband Elektrotechnik- und Elektronikindustrie e.V. 
(ZVEI)
Arbeitsgruppe “Manufacturing Execution Systems (MES)“

ETH Zürich, (Switzerland)
Member of the Recruiting Committee for Assistant Professor 
Chemical Systems Engineering 2009-2010

Swedish Academy of Engineering Sciences in Finland 

FOCAPO 2012 
Member of Technical Advisory Committee

Manfred Rode

VDI/VDE-Gesellschaft für Mess- und Automatisierungstechnik 
(GMA)
Fachausschuss 6.11 “Computer Aided Control Engineering“

VDI/VDE-Gesellschaft für Mess- und Automatisierungstechnik 
(GMA)
Fachausschuss 6.22 „Advanced Automation“

Frédérik Blank

Associate der Stiftung Neue Verantwortung, Berlin

Christian Stich

Zentralverband Elektrotechnik- und Elektronikindustrie e.V. 
(ZVEI)
Arbeitskreis „Systemaspekte“

Dr. Lothar Schuh

Fraunhofer Gesellschaft (FhG)
Expertenforum “Life Cycle Costs Calculation“

Dr. Ralf Gitzel

Fraunhofer Gesellschaft (FhG)
Expertenforum “Life Cycle Costs Calculation“

Dr. Nicolaie Fantana

International Council on Large Electric Systems (CIGRE)
Secretary of Working Group B3-12 “Obtaining value from  
condition monitoring”
Working Group B3-06 “Substation management”
Working Group A2-23 “Lifetime Data Management”

Dr. Markus Aleksy

International Doctorate School for Information and  
Communication Technologies at Unisity of  Modena and  
Reggio Emilia / Italy
Technical Scientific Committee
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Events and Highlights

Visit of ABB DM division head Ulrich Spiesshofer
In April 2010 the head of the newly established division Discrete 
Automation and Motion (DM), Ulrich Spiesshofer, visited the 
German research center. He was very impressed by the research 
work done in our lab in the areas of Factory Automation,  
Discrete Automation Engineering and Robotics. This work, 
which will continue and even be strengthened in the coming 
years, is ideally supporting the establishment of a strong R&D 
organization in the new division. In our focus area Factory 
Automation we are already closely cooperating with this orga-
nization in various projects. Mr. Spiesshofer recognizes the 
German corporate research center as one of the key sources 
of innovation in his division.

Autonomous Sensor at Hannover Fair 
At the Hannover Fair 2010 a demonstrator of a fully autonomous 
temperature sensor was presented by corporate research 
Germany. The sensor is not only equipped with wireless com-
munication, but it is also autonomous on the power supply side. 
The energy which is required for communication and signal 
processing is harvested from the process environment. This is 
achieved by a micro thermo electrical generator converting 
the temperature difference between the process medium and 

the environment into electrical energy. Since the sensor doesn’t 
need batteries to be regularly exchanged and no other means 
to supply electrical energy, it can be easily deployed in remote 
and difficult to access locations. The exhibit found an over-
whelming interest by visitors from all branches of industry. After 
the Hannover Fair, the sensor was again very successfully  
presented at the Automation & Power World in Houston and at 
the Sensor + Test fair in Nuremberg. At the Energy Harvesting & 
Storage Europe Conference it was awarded with the IDTechEx 
Award for the „Best Technology Development“.

First AutomationML conference in Ladenburg
On the 5th of May 2010, the German corporate research center 
hosted the first AutomationML user conference. More than  
60 participants from universities and industry listened to very 
interesting presentations and discussed various aspects of the 
AutomationML standard and its applications. The presentations 
covered both motivation and architecture of AutomationML as 
well as applications in the areas of factory automation and 
process automation. The keynote speech was given by Prof. 
Alexander Fay from Helmut Schmidt University Hamburg on 
the topic “data exchange as a key to efficient engineering”. 
Furthermore, several programming workshops were con-

Figure 1: Ulrich Spiesshofer (left), head of division Discrete Automation and Motion, visiting the factory automation lab in Ladenburg

1
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ducted in the context of the conference. As a highlight, the 
Version 2.0 of AutomationML was published. The develop-
ment of AutomationML has been a strong activity at ABB 
corporate research in Germany during the last few years, 
where Dr. Rainer Drath has been the main driver.

New certifier for DECRCs Integrated Management System  
In the beginning of 2010 the ABB AG Mannheim decided to 
cooperate with DEKRA as the new certifier for its management 
systems. The German corporate research center was one of 
the first units to receive the new certificates after a successful 
supervision audit in July 2010. The auditors were very impressed 
by the extremely high level of excellence they found in DECRC 
in the areas of quality management, occupational health and 
safety management as well as environmental management. 
They stated that this level can hardly be found in any other 
comparable organization. Nevertheless, we want to continuously 
improve the efficiency and the effectiveness of our research 
work. For this purpose we decided to introduce a new opera-
tional excellence (OPEX) process in order to realize identified 
improvement potentials and to eliminate inefficiencies. This is 
part of the group-wide ABB OPEX initiative which was launched 
on group level in 2010.

Opening of the Automation Forum in Ladenburg
On November 9th 2010 the ABB Automation Forum was offi-
cially opened. The Automation Forum is a permanent exhibition 
area located in the corporate research center in Ladenburg. It 
showcases not only most of the current product portfolio of 
the divisions Process Automation and Discrete Automation & 
Motion, but also outstanding research results from our center. 
Furthermore, it is equipped with the latest building automation 
technology from Busch-Jaeger. With this combination it is an 
excellent forum to discuss both the current ABB offering and 
the vision of the future with ABBs key customers. For corporate 
research it is a valuable means for technology transfer to the 
ABB business units who will productize the research results. 
The forum is jointly operated by the two local ABB divisions 
Process Automation and Discrete Automation & Motion, and our 
corporate research center. The opening event was attended 
by more than 50 marketing and sales people as well as the 
top management from these divisions, who will be the main 
users of this forum. A detailed description of the Automation 
Forum and of the project, which was run jointly by corporate 
research and the two local divisions in the first nine months of 
2010 to build it up, can be found in the technical results  
section of this report.

Figure 2: Dr. Philipp Nenninger and Dr. Marco Ulrich from ABB corporate research Germany presenting the autonomous temperature sensor at the  
Hannover fair 2010.
Figure 3: Prof. Alexander Fay from Helmut Schmidt Universität Hamburg giving the keynote speech at the first AutomationML user conference in Ladenburg.
Figure 4: Joachim Braun(ABB Automation GmbH), Christoph Winterhalter(ABB Corporate Research Center Ladenburg) and Till Schreiter (ABB Automation 
Products GmbH) (left to right) opening the new Automation Forum in Ladenburg
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Figure 5: Peter Terwiesch, ABB Chief Technology Officer , Peter Smits, CEO of ABB AG Mannheim and Head of Region Central Europe, and Klaus Treichel, 
Head of Communications (left to right) answering questions from the journalists at the press day.

Press Day at the Corporate Research Center
The annual press day in the German corporate research center 
is already a well established tradition. On November 16th 2010 
again more than 30 journalists from both technical and eco-
nomical journals and local newspapers, as well as from local TV 
attended this event. Peter Smits, CEO of ABB AG in Germany 
and head of the region Central Europe presented the vision of a 
future smart energy infrastructure including an active consumer/
local producer controlling the flow of energy. Peter Terwiesch, 
Chief Technology Officer of ABB, presented ABB technology 
highlights along the complete energy chain from smart grids to 
energy efficient production. Christoph Winterhalter, director of 
the German corporate research center, emphasized the research 
work for the new division Discrete Automation & Motion. As in 
the previous years we included contributions from our partner 
center in Switzerland and from ABB business units. The Swiss 
research center presented the latest research results in the 
area of solar converters, while Busch-Jaeger impressed the 
journalists with technologies for the intelligent, energy-efficient 
building of the future. In a joint presentation and demo by the 
DM division and Corporate Research Ladenburg, the integra-
tion of key components for future factory automation was 
demonstrated both by simulation and in a real test setup. The 
journalists gave a very good feedback, and numerous articles 
were published in the weeks after the press day.

Innovation Stars
In connection with the press day, the first open house event 
took place in the corporate research center in Ladenburg. 
This was part of the Innovation Stars initiative, which is run by 
the Metropolregion Rhein-Neckar. In a one-year time frame 
many innovative companies, research institutes and universities 
show there latest innovations and visions of the future. During 
the open house event, we opened the new Automation Forum 
as well as many laboratories for the public. Furthermore, the 
so-called Expedition N truck was available for the visitors on 
the premises of ABB in Ladenburg. This is a mobile exhibition 
managed by the Baden-Württemberg Stiftung, showing exhibits 
and interactive experiments in the area of sustainability in 
general and renewable energy in particular. More than 500 
visitors attended the open house event, including numerous 
school classes and student groups, as well as the mayor and 
the town council from Ladenburg.

Industrial IT Award for Dr. Rainer Drath
Dr. Rainer Drath, Senior Principle Scientist in the corporate 
research center in Ladenburg was awarded with the Industrial 
IT Research Award for excellent research work in the area of 
industrial information technology. He received the award for 
his work on data exchange in automation engineering with 
CAEX and for the broad adoption of CAEX in the scientific 

5
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Figure 6: The area around the chess-playing robots was always crowded during the open house event at ABB Corporate Research Center Ladenburg.
Figure 7: Dr. Rainer Drath from ABB Corporate Resesarch (2nd from left) and Dr. Georg Gaderer (3rd from left) receiving the Industrial IT awards. 
Figure 8: Dr. Marco Ulrich from ABB Corporate Research (left) and Dr. Joachim Nurnus from Micropelt (2nd from left) receiving the IDTechEx Award for 
Best Technology Development from Dr. Peter Harrop (right), IDTechEx.

community and industry. Dr. Rainer Drath received the award 
in category “Innovation”, while the category “Nachwuchs” was 
awarded to Dr. Georg Gaderer from Institut für integrierte  
Sensorsysteme der Akademie der Wissenschaften in Wien. 
The awards, which are sponsored by the companies Phoenix 
Contact and Weidmüller, were handed over on November 
10th, 2010 by the Institute Industrial IT (INIT) at Hochschule 
Westfalen-Lippe. This award is new and Dr. Drath and  
Dr. Gaderer were the first winners. 

Best Technology Award for the autonomous temperature 
sensor
At the Energy Harvesting & Storage Europe Conference ABB 
and its cooperation partner Micropelt were awarded with the 
IDTechEx Award for the „Best technology development for 
wireless sensor networks“for the autonomous temperature 
transmitter, which was developed in a cooperation project 
between the two companies. Micropelt is developing, producing 
and selling micro-thermo electrical generators, which are a core 
element for the energy supply of the transmitter. The tempera-
ture transmitter was already fascinating the international fair 
visitors at the Hannover Fair, the Automation & Power World in 
Houston and the  Sensor & Test fair in Nürnberg. 

Gold and silver service innovation awards for Corporate 
Research Center Ladenburg
The software application LoopScan, which was developed  
by the Group “Process and Production Optimization” in the 
German corporate research center, has been selected as the 
Gold winner for the first ever PA Service Innovation Award. 
The software application Lifecycle Cost Tool, which was 
developed by the Group “Life Cycle Science” in the German 
corporate research center, has been selected as the Silver 
winner for the same award. The Gold Award was presented 
on July 6, 2010 by Veli-Matti Reinikkala, PA Division head, 
Johan Vermeiren, PA Service BU Manager and Ilpo Ruohonen, 
PA Division Technology Manager. The global team winning the 
gold service innovation award includes Dr. Alexander Horch 
and Dr. Moncef Chioua from DECRC, the team winning the 
silver service innovation award includes Dr. Ralf Gitzel from 
DECRC.  

6 7
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As a result, demands on ABB‘s software development are also increasing. Highly complex  
systems need to be efficiently maintained and enhanced. System lifecycles are, in certain  
situations, much longer than those of the enabling technologies used. In addition to this,  
customers place extremely high demands on the quality of ABB software, for instance with 
regard to performance, reliability and safety. In view of this, we use our expertise to support 
the various divisions of ABB in efficiently developing high–quality software. 

For this purpose, we make use of our extensive expertise in software methodologies, tech-
nologies, architectures, and processes, as well as specific experience in system implementation 
and the usage of tools. We also have close contacts to universities in order to transfer academic 
experience and research results into the development of ABB software.

Our Research group is running or contributing to projects primarily in the focus areas Plant 
Automation, Factory Automation and Building Automation.

Software technologies play an important role in industrial 
products and systems, and are increasingly contributing  
to functionality and creation of added value. Seamless  
integration of powerful, high-quality software has therefore 
become a decisive competitive advantage.

Dr. Roland Weiss
Head of research group
Industrial Software Technologies

Industrial Software Technologies
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PINCETTE – Validating Evolving Embedded Software
Dr. Bastian Schlich and Dr. Roland Weiss

Abstract
Changing embedded software is time-consuming and error-
prone as the software needs to be validated extensively after 
each change. When fixing an error in the software, it needs to 
be tested whether the error was actually removed and no new 
errors were introduced. The same applies when adding features. 
At present, validation tools aim at testing the complete software 
and not only incremental changes. Due to the size and the 
complexity of current embedded software, testing is time-
consuming and a full test often is not possible. Therefore, 
changing the software is very expensive and new errors might 
be introduced lowering the reliability of the software. ABB 
markets many complex embedded systems that face these 
challenges, e.g., the Rex615 family of devices.

The EU project PINCETTE develops a new methodology and 
an integrated framework to validate incremental changes of 
networked embedded software. In the framework, different 
techniques, namely static analyses, dynamic analyses, and 
fault localization are combined to enable efficient updates of 
software. DECRC together with CHCRC is providing a case to 
check the applicability and the efficiency of this new method-
ology. The system that is used for this case is the REx615 
family of devices.

Problem Description 
ABB markets many complex, networked, embedded systems 
consisting of hardware and software. An example for such a 
system is the REx615 family of devices (see Figure 1), which 
are used in medium-voltage (1kV – 50kV) substations (see 
Figure 2) for protection and control. The letter x specifies the 
specialization of the corresponding device. For example,  
D stands for differential protection and F stands for feeder 
protection. These devices are called Intelligent Electronic 
Devices (IEDs) and are referred to as secondary equipment.

The REx615 family features several inputs for analog sensors 
and several communication interfaces for digital communication 
with the primary equipment and other IEDs. It also has a local 
user interface for monitoring its status and for changing 
parameters. IEDs communicate via high performance, real-time 
networks according to the IEC 61850 standard. The commu-
nication between IEDs is needed for advanced protection 
functionality such as interlocking.

The software of these IEDs is very important for their operation. 
An error in the software can lead to a fault of the system 
incurring huge economic damages or threatening even human 
lives. If an error is found and fixed, the complete software 
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needs to be tested thoroughly and recertified accordingly. This 
needs to be done in order to show that the error was fixed and 
no new errors were introduced. Testing is a time-consuming, 
manual process, which can miss errors as a full test is not 
possible due to the complexity and size of the software of the 
IEDs. Another cause for changes in the software is the addition 
of new features that the customer wants to be added. After 
adding new features, the software needs to be tested and 
recertified accordingly again.

When updating the software of all IEDs in a power grid, only 
few IEDs can be taken offline for a software update at a time. 
It is not possible to take the full power grid offline. Therefore, 
old and new versions of the software need to work together in 
a power grid in order to keep the power grid in an operational 
state. This needs also to be tested after changing the software.

To ease the process of changing the software of such devices 
to remove errors and to add new features more efficiently, a 
new approach is needed for the validation of the software. 
Current testing and validation tools are not optimized to  
validate changes.

Solution Approach
PINCETTE is a European Community’s Seventh Framework 
Programme project. In this project, eight partners are working 
together, namely IBM Israel, University of Oxford, Universita 
Della Svizzera Italiana, Universita Degli Studi Di Milano-Biocca, 

VTT Finland, Israel Aerospace Industries, ABB CHCRC, and 
ABB DECRC. The project started in 2010 and runs until 2013.

The PINCETTE project, while not addressing the initial verifi-
cation of software, aims at reducing the efforts of testing by 
several orders of magnitude by introducing automatic tech-
niques to analyze and test software increments, that is, changes. 
It provides an automated framework and methodology and a 
mix of techniques to identify the impact of changes that derive 
from intra-component changes and component replacements. 
This methodology improves the reliability of embedded soft-
ware by implementing an innovative solution for the automatic 
detection, localization, and repair of software errors introduces 
by changes of the software. 

The general approach followed in the PINCETTE project is 
shown in Figure 3. The integrated framework for validating 
changes uses a combination of static analyses (exhaustive 
verification), dynamic analyses (testing), and error visualization 
to assure certain reliability goals. These three techniques work 
on different abstraction levels and address different classes  
of problems within a common solution framework. The models 
of the software used by the three techniques are automatically 
generated either from the C/C++ code of the software or by 
monitoring the execution of the software. The reliability goals 
that are pursued include safety, deadlock freedom, absence 
of starvation, and race resolution. The results of the checks 
are presented using system design standards.

Figure 1: REx615 family
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Technical Accomplishment
Since the start of the PINCETTE project in July 2010, the  
consortium already agreed on an initial set of functional and 
non-functional requirements for the framework, which were 
collected by the validators and filtered by the technology pro-
viders. Additionally, the technology providers composed a list 
of features of the different existing tools to provide an overview 
for the validators. Based on this list, the validators are currently 
conducting first tests with the separate tools. These tests  
provide a first impression of the different techniques. Based 
on these experiences, the validators propose changes of  
features or new features to the technology providers.

The next steps for the technology providers are the extension 
and improvement of the single techniques (i.e., static analyses, 
dynamic analyses, and fault visualization), the design of a 
methodology to combine these techniques, and the develop-
ment of an Eclipse plugin. The Eclipse plugin will integrate all 
techniques and tools, facilitate views to visualize the errors 
found, and provide means to localize the errors.

The next steps for validators include the continuous testing of 
the extended techniques and tools and a continuous feedback 
regarding features needed and errors found. In the end of the 
project, the applicability and the efficiency of the new approach 
pursued in the PINCETTE project will be evaluated by the  
validators using their cases. This includes a consideration of 
the efforts associated with the application of the tools. 

Customer and ABB Benefit
The PINCETTE tools are meant to be used by ABB developers 
who design complex, networked, embedded systems such as 
the REx615 family of devices. Using the PINCETTE tools will 
improve the development of the software for these devices by 
reducing efforts for testing and by improving the quality of the 
validation. Additionally, the certification process is simplified, 
which is mandatory for many of these embedded systems. 
Summarizing, the benefits for ABB customers and for ABB 
itself are as follows.

The benefits for ABB customers include:
 − Better and more reliable software, i.e. less errors
 − Faster fixes for errors

ABB benefits include:
 − Improved customer perception
 − More customers
 − Less efforts for testing and debugging
 − Faster life cycle of software
 − Easier certification process

Internal Customers
Division: Power Products
Business Unit: Medium Voltage
Division: Discrete Automation and Motion
Business Unit: Robotics

Contact
Dr. Bastian Schlich
Phone: +49 (0) 6203 71 6270
Email: bastian.schlich@de.abb.com

Figure 2: IEDs in substation  |  Figure 3: The PINCETTE integrated framework and its underlying technologies and expected reliability guarantees

2 3
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ReliaCORE: Software-based Fault Control & Supervision with 
multi-/manycore µPs

Dr. Carlos Bilich

The benefits of using high performance, in particular multi-/
manycore processors, for the design of high end controllers 
are easy to grasp in terms of performance, scalability, 
multi-domain controlling options and the possibility to 
accommodate more features. Not as easy to foresee are 
the benefits that this technology can bring for highly reliable 
and/or safety-related products in terms of fault tolerance, 
redundancy and advanced diagnostic capabilities. In the 
project “ReliaCORE” we produced software and guidelines 
that ABB Business Units can use to leverage the benefits 
of high performance processors for the design of highly 
reliable products.  

Problem Description 
There is already no doubt that the future belongs to multi-/
manycore-based CPUs and microcontrollers (µCs). The 
advent of devices with a high number cores, low consumption 
and affordable prices like the µC Intellasys 40C18 with up to 
40 asynchronously operating cores [1], is driving or better 
said “forcing” embedded software designers to seriously  
consider efficient multithreading programming to harness their 

performance (e.g. up to 26 billion operations per second for 
the 40C18). The idea of having multiple cores is appealing for 
safety designs because, in principle, there is a natural separa-
tion of concerns when safety and safety integrity applications 
(e.g. diagnostics) run in cores which are different of those  
running non safety applications. Renowned institutions like 
IEC recognized this possibility already in the last edition of its 
61508 standard where they set special architecture require-
ments for ICs with on-chip redundancy. 

In order to investigate these possibilities, the project ReliaCORE 
was started in  2009 with the following goals in mind:

 − Demonstrate that modern multi-/manycore processors can 
be used effectively to run intensive fault control and super-
vision software with negligible performance impact to 
real-time applications.

 − Develop software routines for state-of-the-art fault control 
and supervision algorithms. 

 − Develop a concept whereby the fault control and supervi-
sion software can be used by other applications.
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Figure 1: Functional decomposition of the ReliaCORE Demonstrator. The integration of Java with C/C++ code was done using Java Native Interface (JNI)

Solution Approach
The project started by scouting some selected BUs to find out 
what their plans are regarding the adoption of multi-/manycore 
microcontrollers and determine which ones will result most 
benefited with the results of the project, i.e. improving Reliability, 
Availability and Serviceability (RAS) features by means of soft-
ware-based fault control and supervision. All the contacted 
BUs expressed interest in the technology and many agreed 
that going multicore is a natural evolution path. Having found 
enough interested BUs, the next step was to define a hardware 
and software platform which could be used to demonstrate 
the concept. A dual quad core processor server was purchased 
and the realtime capabilities of several distributions of Linux 
were tested to decide on the best distribution to use on a 
multi-/many core environment. Novell SUSE Realtime was 
chosen as the operating system. 

The next step was to define the architecture of the Demostrator. 
Figure 1 shows a functional decomposition of the ReliaCORE 
demonstrator.

The Fault Control Engine (FCE) is the main component of the 
system and contains the supervision and fault control routines, 
e.g. RAM error detection, correction and scrubbing, ROM 
error detection, CPU checks, etc. The Real Time Application 
component contains time-critical applications that when  
running should not be noticeable disturbed by the rest of 
applications running of the system. The component provides 
methods to set processor/core affinity, and to get performance 
statistics. The Stress Application component contains CPU, 
memory or I/O intensive but no time critical applications. The 
purpose of this component is to encapsulate a set of non-time 
critical applications that are different from those encapsulated 
by the Real Time Application component or the FCE. This 
component is to be used to generate extra load on the system 
aside from the load that the FCE already generates. By having 
such possibility the user can control the processor load in 
order to verify the impact that high contention for shared 
resources (cache, I/O, RAM, etc) have on realtime applications 
by simply launching/stopping applications on desired cores. 
The Fault Injection component contains the necessary functions 
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to inject faults in different part of the system in order to evaluate 
the response of the FCE to those faults. It provides methods 
to inject errors in RAM, ROM and CPU registers as well as the 
possibility to configure the continuous generation of random 
errors. The System Status component keeps the information 
about the running status of the system based on input received 
from the FCE. The status of the system could be “running with 
no errors”, “running but correctable errors were detected” or 
“Safe State” in case uncorrectable errors were detected. 
Based on the status data it can also include methods to perform 
some predictions like Fault Forecasting or alike. The Perfor-
mance Monitor component is in charge of monitoring system 
resources usage like processor load, core load, I/O activity 
and alike in order to judge the level of stress the system is 
undergoing at a given period of the demonstration. This  
component is geared towards collection of metrics from the 
underlying infrastructure, like CPU, OS and alike. Finally, a 
Graphical User Interface (GUI) is used to display information 
and control the other components. 

Technical Accomplishment
With respect to goal #1, it was indeed proven that real-time 
applications can run concurrently with software-based fault 
control and supervision tasks, both at the same priority and 
using the same scheduling algorithm, with negligible perfor-
mance impact between the two, provided they run in different 
cores. The demonstrator was useful to show, among other 
things, that the worst case periodic jitter of the real-time  
application can be lower than ±0.1% when running concurrently 
with fault control and supervision and even under heavy back-
ground load. In addition, it was verified that no interrupts were 
missed during those conditions. Such performance can be 
considered suitable for most ABB control applications and 
clear the doubts up many internal and external customers had 
on contention issues arising on shared resources when several 
applications run concurrently in different cores at the same 
priority. In a nutshell: The low worst case response time periodic 
jitter measured, demonstrates that the jitter component due 
to contention for shared resources at hardware level in a 
multi-/manycore processor shall be considered well below the 
typical values required for most ABB control applications. This 
result is useful for those software developments willing to use 
no operating systems and/or very simple schedulers because 
the developer can distribute tasks among different processor 
cores without having to care about priorities and scheduling 
algorithms. It is also useful for developing high SIL applications 
requiring computationally complex supervision algorithms  
(e.g. multi-bit/-word error detection and correction) or when in 
order to achieve a certain probability of failure it is necessary 

to run tests on hardware very frequently, e.g. once per scan 
cycle. Figure 2 shows four superimposed screenshots of the 
ReliaCORE demonstrator jitter trending windows. Each window 
shows the response time periodic jitter experienced by a  
realtime application in charge of serving an interrupt which is 
coming from an external device at a frequency of 64Hz. In a 
quiescent state, i.e. without fault control, both in single and in 
multicore, the response time is only affected by the background 
activity of the operating system (upper part). The lower left 
trending shows how the periodic jitter increases when the 
real-time application and the supervision and fault control 
engine run together in the same core. Finally, the lower right 
trending show how the response time periodic jitter of the 
realtime application goes back to normal when the fault control 
and supervision tasks are moved to a different processor core.

With respect to goal #2, the guidelines of IEC61508 were  
followed to implement the following fault control and super-
vision diagnostic algorithms in C/C++:

For the supervision of variable memory, e.g.  RAM according 
to IEC61508ed.2-2:Table A.6:

 − Transparent galloping pattern (galpat) test – High coverage 
(IEC 61508ed.2-7:A.5.3) 

 − Single Error Correction / Double Error Detection (SECDED) 
– Medium coverage (IEC 61508ed.2-7:A.5.6) 

 − Memory scrubbing – High Coverage (Recurring read of the 
memory cells) – Changes of information caused by soft-
errors (IEC61508ed.2-2:Table A.1) 

Figure 2: Four different screenshots of the ReliaCORE Demonstrator jitter 
trending showing the impact Fault Control and Supervision tasks have on 
different running scenarios. The lower left trending show the how the jitter 
of a realtime application is affected when Fault Control & Supervision 
tasks run in the same core at the same priority and scheduling algorithm.
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Figure 3: ReliaCORE Demostrator supervison algorithm setup tab. The 
user is given the possibility not only to choose how many diagnostics to 
run concurrently but also were to run them, i.e. which processor and core.

For the supervision of invariable memory, e.g. ROM, Flash, 
according to (IEC61508ed.2-2:Table A.5), the high diagnostic 
coverage CRC test with 16-bit suggested by IEC61508ed.2-
7:A.4.4 was implemented in three different ways allowing the 
possibility of  usage in different scenarios. The first version 
uses Bit Shifting. It is the slowest version of the three but it can 
be used for applications requiring low memory consumption. 
The second version uses a small Lookup Table and balances 
memory consumption with acceptable speed. The last version 
implements a big lookup table, and is the one requiring more 
memory of all three but it is the fastest. Finally, the software 
self-test approach suggested in IEC 61508ed.2-7:A.3.1 was 
implemented for the control of random faults in processing 
units, e.g.  CPU cores. The fault  detection is realized  by soft-
ware functions which uses two complementary data patterns, 
e.g.  0xAAAAAAAAAAAAAAAA and 0x555555555555555. 
Figure 3, shows the supervisor setup tab of the ReliaCORE 
demonstrator where the user is given the possibility not only 
to chose how many supervision tasks s/he would like to run 
concurrently but also where to run them, that is, in which  
processor, assuming there is a multiprocessor underlying 
hardware, and/or in which core of the chosen processor. This 
provides maximum possible flexibility to allocate fault control 
and supervision tasks in a way they can run together with 
realtime applications but without noticeable impacting their 
performance.

Customer and ABB Benefit
As a result of the ReliaCORE project, ABB has now available a 
reusable software component that can be integrated easily in 
any multi-/manycore system thereby reducing the development 
costs of safety-related applications or applications requiring 
reliability and availability features.

In addition, ABB can create additional revenues on traditional 
products by offering a “premium” line which includes Relia-
CORE’s components for Fault Control and Supervision. These 
“premium” features could be the inclusion of the software 
Fault Control Engine on selected products.

Customers can trust in products having “ReliaCORE inside” 
as reliable and robust.

Internal Customer
Division: Discrete Automation and Motion
Business Unit: Power Electronics & MV Drives
Division: Power Systems
Business Unit: Power Generation
Division: Process Automation
Business Unit: Open Control Systems

With the advent of multi-/manycore processors at affordable 
prices and their inevitable consideration within the evolution 
path of many products, more internal customers are foreseen 
as benefiting from the results of ReliaCORE. 

Contact
Dr. Carlos Bilich
Phone: +49 (0) 6203 71 6283
E-mail: carlos.bilich@de.abb.com

References
[1]  Intellasys; “SEAforth 40C18: Scalable Embedded Array Processor”;  

www.intellasys.net
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Taking into account continuously growing demands in terms of complexity, functionality and 
quality, we support projects with innovative technologies for quick and efficient planning and 
design of automation systems. Our work is comprehensive, and stretches from the quotation 
phase right though to commissioning, covering all levels from field level to operator level.

We achieve our goal by designing new concepts for automation technology planning, workflow 
optimization and improvement of software tools and interfaces for engineering process auto-
mation. We cover a wide range of methods such as user workshops,on-site workflow analyses 
for improvement identifications and requirement definition, technology evaluation, interface 
specification up to prototype development. Focus topics that will soon be shaping the way we 
work include increasing efficiency and the level of automation of engineering steps, as well as 
improving working processes by means of standards in the area of data exchange.

Our Research group is running or contributing to projects primarily in the focus areas Plant 
Automation and Factory Automation.

Worldwide demand for the modernization or reconstruction  
of power and process plants as well as factory automation  
remains strong. A large proportion of projects in ABB‘s core 
areas of automation and electrical is design and engineering.

Georg Gutermuth
Head of research group
Automation Engineering

Automation Engineering
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ABB Automation Forum – Center for Innovation and Productivity 
Dr. Jürgen Greifeneder

In the past most customer – sales contacts where conducted 
with specific area neglecting ABB’s extended offerings 
just because there was not a single place where a broad 
ABB product offering could be shown.  By the creation of 
a new all-year-exhibition hall at Ladenburg, which contains 
all important aspects on process and discrete automation 
technologies, this gap got closed. Now an attractive and 
amicable surrounding invites customers, colleges and 
young talents to experience ABBs world of automation. 

Problem Description
Customers – Research – Sales – Students. An unusual quadriga! 
Customers need specific solutions and are widely spread – in 
interest, needs, structure, area and geographic location. In 
contrast, sale is focused on its own area and product portfolio. 
Consequently, ABB had several small and sparely equipped 
“showrooms” at several widely distributed locations, unknown 
to nearly everybody else in the company. 

This did not fit to the claim of providing everything from the 
sensor up to the control system and beyond. Only on some 
dedicated international fares, the customer was able to get a 
feeling of what ABB is all about. However, there was no single 
point of information on ABB’s area of automation product  
and business portfolio. And, even worse, there were only few 

possibilities for the customers to discuss their future needs 
with those whose job is to solve long-term problems, namely 
the research department. Finally, it is hard for a big company 
that normally is not in public view, to attract young talent or 
even inform or inspire them about automation technologies. 

The objective of this project consequently was, to build up an 
exhibition, where the complete ABB automation product and 
business portfolio is represented at one place. 

Solution Approach
The first sketches showed a 600 square meter exhibition 
demonstrating the competence of ABB in the area of process 
automation and control systems. 

This stationary all-year ABB automation fair got located in  
the building of the corporate research center to underline the 
message, that the visitor shall not only be informed about 
ABB’s products but also shall be invited to report, which 
problems he sees dawning. Such a process obviously needs 
some encouragement. Accordingly, there had to be integrated 
dynamic elements, i.e. some exponents to experience the 
area. Those are e.g. several displays, a tank process, a ball 
sorting machine, a steam engine, a robot …. 
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Furthermore, it was necessary, to connect the different 
domains, technologies and processes by specific links and 
spatial vicinity.  As this exhibit should have been interesting to 
use for all stakeholders, and at the same time should have 
been interesting towards all kind of users (e.g. customers, 
internal meetings, students), no large, area specific equipment 
was constructed. Instead, a wide spectrum of aspects and 
exponents was integrated, enriched by thousands of details, 
which can but not have to be shown to visitors who are more 
interested in a specific topic.  

Now, there are topic areas on control systems, efficient 
engines, robots, engineering methods, instrumentation, service, 
autonomous sensors, drives and chemical as well as metal 
business challenges.  

Besides those exhibition frame based regions areas of general 
use where integrated. The communication area enables catering 
buffets as well as discussion groups, work on your notebook 
or just taking notes and transfer information. In the meanwhile 
you may leave your notebook in one of the lockers located in 
the cloak room next to the entrance.

At the extended operator workplace (EOW), the visitor can 
find out, how modern operator, maintenance and service 
workflows are structured. Hardware demonstration comes 
with the territory and more complex plants can be included 
using virtualization technology. 

The presentation area is, equipped with everything a profes-
sional presentation requires: projector, canvas, sound system, 
sun blinds, speaker’s desk …

To make all of this more comfortable, building technology from 
Busch-Jaeger is installed all over the side. If one enters the 
room, the light flashes on and, if you want so, some music 
sounds. To start a presentation, just press the presentation 
button and the light next to the canvas turns off, the canvas 
as well as the sun blinds next to the presentation area comes 
down and the microphone/sound system is activated. From 
the central operator screen (“Comfort Panel”) you can easily 
detect in which of the seven areas of the room, which light is 
active and switch it on or off. You also can find out about 
weather conditions outside and the temperature inside the 
room. You can define temperature profiles or just read some 
RSS feeds, listen to the radio or watch TV. 

Finally, the small kitchen which is equipped with modern home 
technology based Miele kitchenware, like a dish washer, that 
can be controlled and observed via the Comfort Panel respec-
tively the Ethernet. Besides those features, several modern 
energy devices offer the possibility to supervise and analyze 
the energy production (photovoltaic, block heat power plant) 
and consumption (light, cooling, and electric filling station) as 
well as find out energy prizes to plan optimal consumption 
times. 

Technical Accomplishment
Within just a few weeks, a former office environment got 
transformed into an all-year-exhibition-hall. Thereby, existing 
house technology and cabling got combined with / comple-
mented by state-of-the-art-plus-one equipment, fair frames 
got erected, exponents calibrated, several kilometers of wire 
coasted, walls ripped out, carpet laid, sun blinds motors 

Room sketch  |  Experimental exponents
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installed and all the necessary equipment like dishwasher, 
fridge, fire extinguisher, curtains, chairs, telephone, first-aid  
kit ….

Besides those building work, the exponents and pictures had 
to be designed, the operation concepts negotiated and all the 
substantial product and technology information formulated 
and consolidated.

On November 9, the chairmen of the German ABB divisions 
process automation (J. Braun), discrete manufacturing  
(T. Schreiter) and corporate research (C. Winterhalter) opened 
the automation forum.  

Customer and ABB Internal Benefit
In the ABB Automation Forum, a center for innovation and 
productivity, products, systems and services from the process 
and discrete automation areas are presented in a clear and 
attractive way. By offering an open forum with all important 
aspects of automation technologies, the customers will 
become more aware on ABB. The alliance research – customer 
– sales promises a fundamental surplus, for the customer and 
for ABB. 

The new center will be the most important German ABB 
meeting point, located within an attractive surrounding and 
constructed to appeal young talents (“students”), customers, 
and colleges for automation technologies. ABB gained an 
adequate fair to show its competence and discuss current 
and future challenges together with its customer. By integrating 
the exhibition into the research center the interface between 
market needs and ABBs innovation potential is created.

And the story will go on, as this “all-year-fair” shall not become 
a static show, but will be enhanced continuously over the next 
years. 

So far, most of the visitors were extremely impressed by the 
new exhibition hall. That’s why a number of at least 100 events 
is expected for 2011. Would you like to visit the forum? Feel 
welcome!

ABB-Companies engaged in this project
ABB Automation GmbH
ABB Automation Products GmbH
ABB AG Forschungszentrum Deutschland
Busch-Jaeger Elektro GmbH
ABB Grundbesitz GmbH

Project management
Dr. rer. nat. Rudolf Fröhling
Dr.-Ing. Jürgen Greifeneder

Internal Customers
Division: Process Automation
Division: Discrete Automation and Motion

Contact
Hans Arnold
Phone: +49 (0) 69 79304307
Email: hans.arnold@de.abb.com

Frames and hardware-light-pillars Presentation area
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Collaboration Manager 
Dr. Rainer Drath

Engineering of manufacturing systems is a chain of engi-
neering phases. Each of these phases use individual 
engineering tools with powerful functionally except of the 
interaction or collaboration with each other. Most engi-
neering tools in the market are developed by individual 
vendors, hence their interaction is not intended.  
But interoperability is already identified as a key for the  
efficiency of the overall engineering workflow. Interoper-
ability between engineering tools de-scribes their ability 
to interact and collaborate across tool borders and engi-
neering phases. There are different approaches on how to 
reach interoperability: the Collaboration Manager concept 
is a low cost solution for a lose coupling of engineering 
tools.  

Problem Description
ABB is a successful product vendor for manufacturing com-
ponents as robots, PLCs, motors and drives. Each of these 
products is provided with its individual engineering tool that 
allows its programming and configuration. ABB as well as 
external 3rd party system integrators utilize those products 
and combine them to a manufacturing system, e.g. a paint 
cell or a manufacturing line. 

The engineering of manufacturing systems is a distributed 
task; it requires the cooperation of multiple disciplines and is 
separated into different phases. The functional engineering 
workflow relevant for ABB is basically divided in the phases. 

 − Mechanical Engineering
 − Electrical Engineering
 − PLC / IPC / HMI programming and configuration

The workflow does not follow a sequential order; the general 
dependencies are depicted in Figure 1.

All participating engineers with their individual engineering 
tools design the same manufacturing system focusing on  
different aspects of the system. Since the mentioned  compo-
nents physically interact with each other, also the engineering 
tools need to share same engineering artifacts (see Figure 2) 
and need to keep those data synchronized. Today, the  
synchronization is mainly a manual procedure. The question  
is how to reach interoperability between tools that are not 
designed to interact. Hence, the term Interoperability between 
engineering tools de-scribes their ability to interact and col-
laborate across tool borders and engineering phases. 

Collaboration Manager
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Figure 1: Reference engineering workflow for factory automation [1]   
Figure 2: Multiple engineering tools sharing the same engineering artifacts

2

1

Solution Approach
There are mainly two different approaches to achieve tool 
interoperability: either an integration on tool level or on data. 
Tool integration leads to tools that work on the same data-
base and are designed in order to work together. This requires 
agreed interaction functionality and leads to functional depen-
dencies between those tools. The deep tool integration is a 
suited approach for tools that belong to ABB. But the majority 
of engineering tools does not belong to ABB. This leads to the 
need for a concept of a lose coupling with a file based data 
exchange.

Data integration means that the tools remain independent, but 
the data behind the tools are exchanged by means of data 

interfaces. This may occur on file basis, e.g. plain ASCII,  
Excel or XML files. A file based data exchange requires a data 
exporter from a source engineering tool, a suited file format, an 
agreed data model for the engineering data, and an importer 
for the target engineering tool. But even if all these conditions 
are fulfilled, a significant drawback of the concept of a simple 
file exchange is that engineering data is copied among the 
different tools and may diverge over time. Furthermore, a simple 
data exchange does not support iterative engineering. Changed 
data may be exchanged multiple times: in this case, the 
changes need to be identified, proven and consolidated with 
the data in the target engineering tool. Beyond those issues, 
[2] describes additional conceptual hurdles regarding data 
exchange between engineering tools. 

The major idea of the present solution is to overcome the 
mentioned drawbacks while introducing a strict data owner-
ship concept that distinguishes between the owner and 
receivers of engineering data. According to this concept, data 
owners package their shareworthy engineering data in a file 
called Automation Bag. This file is handed over to the receivers. 
This is a simple file transfer and may occur via shared folders, 
emails or USB sticks. The receivers can import these data into 
their engineering tool, but the data are still in the ownership of 
the data owner. They cannot be changed in the target engi-
neering tool. 
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Figure 3: Workflow overview of the Collaboration Manager concept

The Automation Bag contains a copy of the shareworthy data 
and a link to its original. This closes the loop between the 
data owner and the receiver. Once an engineering artifact is 
sent to the receiver, the data owner can observe which of the 
provided data is actually imported and used. Important is that 
both participants can automatically determine if the exchanged 
data is consistent or not. The Collaboration Manager visualizes 
inconsistencies and provides software functionality for the 
change tracking and versioning. 

Technical Accomplishment
In 2009, the major concept of the Automation Bag technology 
has been developed. Figure 3 describes the workflow of the 
Collaboration Manager comprising 7 steps.

Furthermore, Division DM has decided to follow the Collaboration 
Manager idea and to productize it. In 2010, the first prototype 
of the Collaboration Manager has been developed and handed 
over to the Division DM. First tests showed that the concept is 
working and, therefore, feasibility is proven. Additional func-
tionality is developed in 2011.

Customer and ABB Internal Benefit
The Collaboration Manager concept has a lot of benefits. 
Technically, this solution is characterized by a simple software 
architecture without databases, client-servers or SOA. It is a 
file based approach and just requires access to a common file 
server, SharePoint or cloud based storage system. Sending 
Automation Bags is done by a simple file transfer into a known 
folder, per eMail or per USB-Stick. Each new version of an 
Automation Bag is finally stored in a separate file following 
naming conventions: hence, versions are stored on file basis. 
This simplifies the archiving of a version history without a 
dependency from database systems.

The data exchange is initiated by the engineers themselves 
– this emphasis the responsibility of the engineers and allows 
spontaneous data exchange between arbitrary pairs of engi-
neering tools. This utilizes the self organization capabilities of 
an engineering organization. 

Furthermore, the present concept supports change and version 
management between independent tools that even don’t need 
to know each other. It systematically avoids data ownership 
conflicts and systematically achieves data consistency across 
engineering tools. 

Summing up, the Collaboration Manager provides a new 
approach to reach interoperability in a low cost architecture. 

Internal Customer
Division: Discrete Automation and Motion

Contact
Dr. Rainer Drath
Phone: +49 (0) 6203 71 6471
Email: rainer.drath@de.abb.com
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Safety PLC Source Code Analysis
Automating an otherwise high-effort, error-prone safety engineering step

Oliver Gramberg

Any PLC code that is written to be used in an end customer’s 
functional safety project has to be examined and validated 
for fitness by a certification body like TÜV before the sys-
tem can go into production–a time-consuming and costly 
process. A tool developed at DECRC supports the engi-
neer programming a safety PLC in writing well-structured, 
easily understandable code, which promises a dramatic 
reduction of the certification effort. 

Problem: High costs for safety certification
In order to reduce the effort spent for certification of an end 
customer’s functional safety project, as many as possible of 
the elements used in the project come pre-certified. This 
includes hardware ranging from controllers and IOs to sensors 
and switches; the PLC programming environment; and libraries, 
which helps reuse of proven implementations of often-used, 
standard functionalities. The only part which cannot be certified 
before is the safety PLC program because it is specific to the 
customer project.

TÜV has certified the application of the Structured Text (ST), 
Function Block Diagrams (FBD), and Ladder Logic Diagrams 
(LD) programming languages in version 2.3.x of the CoDeSys 
IDE for use in safety projects, provided the user follows a 
given set of more than 60 programming rules that strive for 
well-structured and low-error programs. But, CoDeSys offers 
no support for checking these rules automatically, and manu-
ally checking those rules in safety PLC code is a tedious and 
error-prone task.

Solution approach/technical accomplishments
The DECRC research team took to developing concepts for 
automating this task and also implemented a tool (called SCA, 
for “source code analysis”) that reads a CoDeSys project, 
checks it against the rules given by TÜV, and lists any viola-
tions found.

One of the requirements on the tool is that it should have no 
influence whatsoever on the workings of the CoDeSys IDE, 
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because that would have meant that CoDeSys would have to 
be re-certified, which would not have been feasible for time 
and cost as well as ownership reasons. This requirement  
prevents the tool from directly interacting with CoDeSys, so 
we cannot extract the source code from or feed back problem 
messages to CoDeSys. Therefore, the workflow was defined 
as follows:

1.  Export the safety project from CoDeSys Load the export 
into the SCA tool

2. Using the SCA tool, check the imported safety project

3.  Manually correct the findings of SCA within the original 
sources in CoDeSys

4. Repeat until no problems found

On the other hand, having no influence on CoDeSys has the 
advantage that the SCA tool does not have to be fully certified 
itself. TÜV acknowledges that SCA is not a part of the safety 
programming process, because it cannot change the sources 
of the safety PLC program. In place of a certificate, they sup-
plied ABB with a “letter of recommendation” for SCA after 
reviewing the development and test documentation.

Drawing from tried and true computer science principles, the 
project team recognized that building the tool like a compiler 
would be the best architecture (see Figure 1):

 − A front-end parser, responsible for reading the exported 
safety project and transforming it into 

 − a syntax tree–a data structure amenable to sophisticated 
data processing steps; 

 − a back-end rules checker, analyzing the syntax tree and 
generating problem messages to report to the user.

CoDeSys v2.3.x does not fully comply with the IEC 61131 
standard’s definition of the ST language. The project team was 
able to identify more than 50 undocumented differences 
between CoDeSys and the standard IEC61131 in the language’s 
syntax. The risk of not knowing all these differences from the 
beginning and the size of the grammar (the language description) 
drove the authors into employing a parser generator for the 
front end, so upon finding another difference only the formal 
language grammar had to be changed and any resulting code 
changes could be generated. The code-checking back end is, 
of course, very specific to the problem at hand and had to be 
implemented by hand.

To counter the disadvantage that the user has to export the 
PLC project from CoDeSys and cannot change it in SCA, the 
tool’s user interface has been designed to be as similar to 

Figure 1: Architecture of the SCA tool
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CoDeSys’s look and feel (see Figure 2) as reasonably possible, 
making it easier for the end user to adapt to the requirements 
of the safety development process. When the user clicks on a 
problem message in the message list, for example, the source 
code for the affected program part is displayed in the upper 
two text areas, and the exact location in the code where the 
problem appeared is highlighted; see the figure below. This is 
exactly the same behaviour as in CoDeSys v2.3.x.

SCA also includes a report generator that produces different 
styles of reports the user can save, print, or copy to other 
documents. These reports can be used e.g. for source code 
inspections as well as for proving to TÜV that the sources 
have been checked using SCA and thus conform to the safety 
programming guidelines.

End Customer and Internal ABB Benefits
The SCA tool is targeted for both internal users, e.g. developing 
application-specific safety libraries, and external users, e.g. 
working on concrete safety automation projects. It enables 
engineers to develop PLC code that conforms to the safety 
rules prescribed by TÜV with reduced effort, by relieving them 
of the error-prone task of having to check the PLC source 
code manually against all of the of 60 safety programming 
rules. As a side effect, the resulting PLC code is more reliable, 
better structured, and thus more easily readable, resulting in 
both less certification effort as well as lower post-release 
maintenance cost.

The SCA tool was inspected and confirmed to be safety  
compliant by TÜV. This is a market-wide unique selling point 
for ABB. 

Internal Customer
Division: Discrete Automation and Motion
Business Unit: Low Voltage Drives

Contact
Georg Gutermuth
Phone: +49 (0) 6203 71 6477
Email: georg.gutermuth@de.abb.com

Figure 2: SCA main user interface, showing a message list with selected 
problem message at the bottom, program structure tree, and text areas 
with highlighted problem location.
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In our team consisting of method specialists, application experts and IT experts, we work 
together to develop modern optimization solutions. The procedure we follow is based on the 
requirements involved. Most processes are based on mathematic models that depict process 
knowledge and the optimization task. However, models are often either too complex or are 
unavailable. In cases such as this, the solution depends on intelligent analysis of data. 

Integration is often more complex than developing the procedure itself. We normally use  
standardized interfaces to carry out the data exchange necessary for all optimization solutions, 
thus ensuring that the solutions are modular and can be optimally implemented in heterogeneous 
automation environments. The result of optimization and integration is savings in energy and 
materials, an increase in system throughput and, most importantly, increased transparency

Our Research group is running or contributing to projects primarily in the focus areas Service 
Solutions and Plant Automation.

Production optimization covers diverse disciplines such as  
detailed production planning, quality optimization, control 
technology, diagnostics and decision support, which also  
influence each other. Therefore, the development of modern 
optimization solutions demands profound knowledge of the 
individual disciplines, as well as good knowledge of the areas 
of integration and software engineering.

Dr. Alexander Horch
Head of research group
Process and Production  
Optimization

Process and Production Optimization
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The newest generation of large power plants features an 
optimized design for highest energy efficiency, fuel flex-
ibility and maneuverability. Several of these aspects have 
a significant impact on the plants operational requirements 
and stress exposure of the operators. The operational 
complexity with higher degrees of automation allows for 
steady-state operation almost without operator intervention. 
In case of malfunctions, however, the operators may easily 
be overloaded with information beyond the limits of 
proper recognition and fault analysis and consequently 
lead to negative commercial, technical or safety impacts. 
Safe and reliable power production taking place in an 
environment of stepped-up rules and regulations thus 
requires new, challenging approaches for process control, 
operation and maintenance philosophy guiding the operator 
and maintenance staff with new display and information 
management technologies. The Mass Data Display (MDD) 
allows to display huge quantities of normalized process 
variables in a single view.

Problem description
The newest generation of power plants is highly automated. 
Usually a plant can be run with a fraction of the staff level 
required 30 years ago. Nowadays operators mainly become 
involved in the control of the process by exception. Well 
trained and capable operators and maintenance staff continues 
to be a precondition for success. Human operators have the 
ability to supervise process and automation and handle  
situations unforeseen by the designers of the automation  
system. The creative capabilities of humans and the ability  
to cope with ill-defined situations make human operators  
irreplaceable.

On the other hand being out of the loop for most of the time 
makes it difficult for operators to build up the competencies 
and the know-how required for cope with the rare but critical 
situations where they have to take over. Some operators even 
fear interacting with the process, because they know their 
actions can have huge financial consequences and even 

Advanced Operation
Using the process history to optimize displays

Dr. Martin Hollender, Dr. Moncef Chioua, Werner Schmidt  
Dirk Stevens, Alexander Frick, Carsten Beuthel
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impact process safety. An unplanned shutdown of a large plant 
can cost up to hundred thousands of dollars. Lisanne Bainbridge 
has called this the ironies of automation: during normal opera-
tion the automation does everything and decouples the operator 
from the process, whereas during process upsets the operator 
alone needs to understand and manage a highly complex  
process. In the worst case, operator jobs are very boring but 
very responsible, yet there is no opportunity to acquire or 
maintain the qualities required to handle the responsibilities 
(Bainbridge, 1983). If automation fails, the operators are not 
prepared well enough to take over. Simulator training and 
switching of automation layers for training purposes are  
possible countermeasures.

It is something of a paradox that the control room operator is 
often regarded as the ‘weak link’ in the control and safety chain, 
while simultaneously forming our most flexible resource to 
monitor and optimize the process and, most importantly, our 
most sophisticated analysis tool capable of diagnosing complex 
and unfore-seen process problems affecting the ultimate 
safety of people and the environment

Technical approach
Mass Data Displays (MDD, Zinser 1993) can present the most 
important plant data in one single display. Each variable is 
symbolically represented by at least one of its intrinsic charac-
teristics. MDD offer the advantage that the same information 
is always displayed at the same location. MDD are good can-
didates to be permanently displayed in large screens. In the 
picture below, each measurement value is associated with a 
magnetic needle (MDD element) in the display. If the needle is 
in horizontal position, this means that the value is optimal for 
the current plant state. If the needle is at 90° or -90° degrees, 
this means that the High or Low alarm limit for the value are 
reached. Intermediate positions mean that the value is some-
where between optimum and alarm limit. In comparison to the 
binary nature of standard alarms which are either active or not, 

the continuous nature of the MDD elements allows to visualize 
intermediate and developing states. The eye of trained operators 
can recognize meaningful patterns and use them for early 
fault detection.

One drawback that has hindered widespread usage of MDD 
so far, was the huge configuration and calibration effort. With 
the widespread usage of powerful Plant Information Manage-
ment Systems (PIMS) historical data that can be used as a 
basis for calibration of MDD elements has become available.

For each plant state typical intervals are recorded in histograms. 
They show how the values are distributed over time. The mean 
value can then be used as normal value and +/- 2 sigma to 
define the LOW and HIGH limit for the MDD element.

Another example on how historical process data can be used 
to optimize displays, are dead signal displays. In a first step, 
the process history is analyzed to identify signals that didn’t 
exhibit any change for extended periods, e.g. for several 
months. In many cases this is due to measurement problems, 
and these problems need of course to be fixed. In other cases 
these signals belong to devices that are seldomly used, e,g. 
pressure relieve valves. In a conventional designed operator 
station, such signals might be included in an overview display 
and it is up to the operator to monitor these displays and to 
recognize that a value that hasn’t changed much in the past, 
is now starting to move. When using an intelligent dead signal 
display, signals are displayed only when a change is detected 
by an monitoring algorithm.

Some signals contain persistent oscillations. The presence of 
oscillations leads to visual flurry. These oscillations can be 
detected and quantified with the help of historical data. They 
result in permant movement of the corresponding magnetic 
needle and destroy visual patterns. Also, low frequency oscil-
lations are very difficult to detect by the operators.

Figure 1: Mass Data Display  |  Figure 2: Calibration of MDD elements

21
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An new approach to solve this problem, is to remove the 
oscillatory component of the singal and visualize it separately. 
The picture below shows an example of an extracted oscillation 
(middle) from a raw signal (top) resulting in a oscillation-free 
signal (bottom) with less variation used for the display. 

An example how the oscillatory component can be explicitly 
visualized is to visualize the oscillatory component as an arc. 
The stronger the oscillatioon becomes, the more the arc opens 
up. Slow oscillations that would be otherwise undetectable for 
the operator now become visible. A regular pattern can be 
maintained, even if oscillations are present.
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support for large fossil power plants. PowerGen Europe 
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Hollender, M. Stevens D. Langlotz K. (2010) Intiutive  
Bedienerführung durch neue Prozessvisualisierung.  
VGB Powertech 11/2010

Zinser, K. (1993) Integrated multi media and visualization 
techniques for process S&C. In-ternational Conference on 
Systems, Man and Cybernetics

Patents
Intelligente Visualisierung bei der Überwachung von Prozess-
und der Anlagegrößen

Verfahren und Anzeigesystem zur Kalibrierung von normierten 
Anzeigen von Prozessgrößen
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Division: Power Systems
Business Unit: Power Generation
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Dr. Martin Hollender
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Email: martin.hollender@de.abb.com

Figure 3: A signal with removed oscillatory components   
Figure 4: Display showing the oscillatory component as an arc
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PowerCranes – Power cost reductions in crane systems
Dr. Sleman Saliba, Dr. Guido Sand, Manfred Rode, Dr. Alexander Horch

ABB Crane Systems is a leading supplier for electrical 
and automation equipment for controlling the motions of 
container cranes, ship unloaders and industrial cranes.  
In an ever more competitive business environment ABB 
Corporate Research facilitates our company to stay 
ahead of the curve. The project PowerCranes investigates 
in close collaboration between Corporate Research and 
Crane Systems control and optimization approaches for 
power cost reductions in crane systems on container  
terminals.

As global trade continues to increase and competition is 
sharpening, the demand for container handling capability at 
the lowest possible price is steadily growing. New container 
terminals are being built using the latest technology, while 
operators of existing terminals consider ways to increase the 
capacity while decreasing operational cost. As the leading 
global supplier of crane systems, ABB is dedicated not only 
to help its customers in a safe, reliable, quick and cost-effec-
tive way to increase productivity and profitability by having a 
knowledge about their processes, but also to provide the 
newest and most modern system solutions. 

In addition to the need of increasing the on-site productivity, 
energy efficiency and energy cost are important factors to run 
container terminals profitably. In times of rocketing energy prices 
and the urge to reduce greenhouse emissions downsizing the 
cost for electricity and increasing the energy efficiency is the 
key to success.

In this project, we explicitly look at opportunities to decrease 
the cost of energy within container terminals. 

Renewables and volatile energy prices
Today renewables provide about 10.1 percent of primary 
energy and 16.1 percent of electricity consumed in Germany 
[1]. The goal is to reach a ratio of 30 % of consumed electricity 
by 2020. Although the contribution of the renewable energy 
sources to the energy mix is still small, the effect on the price 
of energy is substantial and due to the ambitious goals the 
effect will grow. Strong winds, snow melting and high sun shine 
or the absence of them can lead to either an excessive surplus 
or insufficient supply of electrical energy. These effects are 
passed on to the energy market and result in high volatile 
energy prices at the European Energy Exchange Spotmarket 
located in Leipzig (http://www.eex.com). Figure 2 shows  
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the electricity price for Germany on the 17 and 18 Jan 2011 
fluctuating over a range of more than 100 EUR / MWh.

An amendment of European laws adds further attraction to 
the events at the European electricity exchange. Industrial 
consumers are not only allowed to buy electricity on hourly 
basis but also to feed electricity back to the electrical grid  
following certain regulations. This means industrial customers 
can actively participate on the electricity stock market.

Based on these observations, volatile electricity prices, par-
ticipation on the electricity exchange market and special  
tariff structures of industrial consumers, we investigated the 
potentials for reducing the power cost in container terminals. 
Container terminals are of special interest in this area, since 
seaports generally have their own power stations. Intelligently 
combined ABB crane automation systems and control and 
optimization solutions contribute significantly to cost reduc-
tions, while maintaining the objective of minimizing the berth 
allocation time.

Cranes on seaports
In a typical seaport scenario, Ship-to-Shore (STS) cranes are 
used to unload containers from vessels and put the container 
on yard trucks. The yard trucks transport the containers to the 

seaside of the container yard. There, Automatic Rail Mounted 
Gantry Cranes (ARMG) pick up the containers and stack them 
on the container yard. From the same container yard, containers 
are moved by ARMG to the land side, where manually controlled 
gantry cranes load the container on a rail wagon or a truck. 
Figure 1 shows the container terminal in Altenwerder  
(Hamburg, Germany).

In this project we focus on the automatic rail mounted gantry 
cranes (ARMG). 

Methodology
We create scenarios that describe potential cost saving  
solutions and assess the scenarios by investigating the eco-
nomical benefits, the technical feasibility, the strategic fit to 
BU Marines & Cranes and the suitability for customers. The 
main question, however, is for each scenario, how much 
money can be saved or how much money has to be saved in 
order to make business. These economic assessments are 
then balanced with the impact of the scenario for business 
processes on ABB and on the customer side. Based on these 
assessments, we draw a conclusion on the potential for each 
scenario. 

The economic evaluation is based on logger data provided by 
BU Marines & Cranes. The data stems from one ARMG crane 
over a period of 100 minutes at the Hanjin port of Busan. 
Moreover, we are provided with the ABB owned crane man-
agement system (CMS 7) software that can be used either for 
online monitoring and logging of container terminal cranes or 
for replaying past logged data.

Figure 1: Container Terminal Altenwerder (Hamburg).

Figure 2: Chart from the European energy exchange showing the energy 
price on Jan 17 – Jan 18, 2011.
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Signals related to movements of cranes, orders, container 
dimensions, energy consumption and time are extracted from 
CMS and imported to MATLAB. All calculations concerning 
the energy and power consumption, like the integration over 
time to obtain the consumed energy from the power signals, 
are done in MATLAB. The processed data is then either 
depicted as graphs or exported to Microsoft Office Excel, 
where the calculations for the economical benefit are executed.

We use standard electricity tariffs for large scale customers to 
translate the energy information provided to monetary units. 
The tariffs are usually composed by the energy rate (price per 
kWh) and the demand rate (price per kW). The energy rate is 
obtained by calculating the energy consumed for all crane 
movements during the 100 minutes time interval using MATLAB 
and then extrapolating the figures to one month or one year. 
The demand rate is generally based upon the 15 minutes time 
interval with the maximal energy consumption and is also  
calculated from the provided data. 

Scenarios to reduce electricity cost
Energy cost savings can be achieved by decreasing the energy 
and demand rate. The challenge is to accomplish this decrease 
without changing the overall energy consumption and the berth 
allocation time. We therefore only accept to change timings of 
non-critical crane operations. These are operations that do 
not affect the berth allocation time of a vessel.

The energy rate can be decreased by changing the timing of 
crane operations depending on the price of energy. Many 
energy providers offer tariffs that allow the participation on the 
energy spot market (see Figure 2) or that have different prices 
for certain times of a day (see Figure 3).

The demand rate can be reduced by re-distributing crane 
movements (Peak Shaving). Non-critical crane operations are 
shifted from peak periods to periods with lower power demand 
as depicted in Figure 4. Every kW less power in the peak 
demand period can add up to remarkable cost savings in the 
electricity bill. 

The most significant cost saving effect can be achieved by 
re-using recovered energy within the container terminal. In a 
container terminal multiple cranes operate independently of 
each other. The cranes are connected via an internal electrical 
network that allows for the exchange of internally generated 
and consumed energy. Whenever a container is lowered, 
energy is consumed. This energy is fed back to the internal 
net and either consumed by a crane that demands energy at 
the same moment or lost otherwise. The critical point in this 
scenario is the drives capability of feeding generated energy 
back to the internal net and the internal net’s capability of  
distributing the generated energy to drives which are in need 
of energy. Once this system is installed, it should work on its 
own, without interaction from users or operators. In a highly 

Figure 3: Tariff examples for different energy prices over one day. Energy 
is most expensive during peak hours (6 – 9am and 4 – 8 pm) and cheapest 
during night (10pm – 6am).

Figure 4: Power consumption over tariff intervals. The dark blue bars give 
the current the power consumption for each 15 minutes time period.  
The light blue bars give the ideal power consumption for each of the time 
periods, if the power demand was optimally distributed over all time peri-
ods. The horizontal red line marks the current peak in power consumption. 
The horizontal green line marks the ideal peak in power consumption.
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loaded crane terminal, recovered it should almost always be 
possible to use recovered energy. Motors and drives that are 
capable of recovering energy are state of the art and ABB is  
a world-wide leading motors and drives vendor for crane  
terminals.

Even higher cost savings can be achieved, if crane move-
ments are synchronized. In this case, crane movements are 
slightly brought forward or delayed, if otherwise recovered 
energy would be lost.

Current state of the art is to vary the velocity of the crane 
operation dependent on the payload of the container. This 
approach can be extended by using the individual energy  
efficiency trajectory of each drive such that the crane drive 
always operates at the maximum efficiency. This ensures the 
best ratio between used energy and mechanical work. This 
means that we need to calculate on the fly the optimal accel-
eration, speed and deceleration depending on the drives 
characteristics, the payload and the weather conditions 
(windy, rainy, icy,…). 

The schedule for the crane movements is normally given  
by the scheduling department or a higher level automation 
system. Based on the known schedule, the power demand 
can be estimated and a power demand profile deduced. The 
operator of the plant can then negotiate a contract with the 

power supplier for this power demand profile. Since both the 
operator of the plant and the power supplier profit from the 
stability of the power demand a substantial discount on the 
energy price is granted. The challenge for the cranes operator 
now lies in the task to operate the cranes in such a way that 
the energy demand profile is exactly followed, since a deviation 
includes high cost. In case of delays or unexpected changes 
in the schedule, the moves must be reordered in such a way 
that power demand does not deviate from the agreed profile. 
An example for an electrical load tracking tariff structure is 
given in Figure 5.

Conclusions and further research
In this work, we created scenarios that describe solutions to 
decrease the energy costs in container terminals and evaluated 
these solutions. 

The most promising scenario is re-using recovered energy 
within a crane terminal. Therefore, the direct usage of  
recovered energy on a crane terminal must be implemented 
whenever possible. Further promising scenarios are to exploit 
volatile energy prices and decrease the demand rate by peak 
shaving. Finally, the scenarios of electrical load tracking and 
efficient trajectories can add to further reduction in energy 
cost.

Any implemented scenario will always affect other scenarios 
as well and, therefore, a witty combination of scenarios can 
achieve further significant reductions. The ultimate goal is to 
combine all scenarios using ABB world class motors and 
drives and intelligent ABB control and optimization solutions 
to fully utilize energy cost saving potentials.

Internal Customer:
Division: Process Automation
Business Unit: Marines & Cranes

Contact:
Dr. Guido Sand
Phone: +49 (0) 6203 71 6354
E-mail: guido.sand@de.abb.com
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Figure 5: An example of electrical load tracking [2]. 
I. Long term prognosis (blue boxes): The industrial consumer knows  
the general average load from past experience and communicates the 
estimated electricity demand to the power supplier.
II. Day-ahead prognosis (grey bars): The day before, a load profile based 
on an estimated hourly demand is communicated to the power supplier.
III. Actual load (orange line): The orange line gives the actual power  
consumption. 
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Based on the latest methods, software tools and revolutionary communication technologies, 
we develop highly efficient service processes with a high degree of added value. Knowledge 
management plays an important role here, with the aim of providing service engineers with  
all the relevant information they need, in the right place at the right time in a simple manner. 
We view ourselves as pioneers. The concepts and methods we develop are designed as  
prototypes in collaboration with the ABB product divisions, and undergo worldwide pilot tests. 
Following an implementation phase, these developments are then made available for use in  
the form of software or a new service product.

Our interdisciplinary research team includes information management specialists, technical IT 
experts, chemists and electrical engineers. This puts us in the position to take diverse aspects 
of an issue into account, be they economical, technical or process-related, and develop the 
services of the future in an interdisciplinary way. 

Our Research group is running all of its projects in the focus area Service Solutions.

ABB offers comprehensive support services for its products, 
ranging from classic repair and spare-parts service to perfor-
mance service for entire plants. Our research group supports 
these services with innovative solutions for the entire product 
lifecycle. ABB’s particular goals in this area are increasing  
customer satisfaction, reducing costs and prolonging the  
lifecycle of products and plants.

Christian Stich
Head of research group
Life Cycle Science

Life Cycle Science
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Aletheia SemLife – Semantic Federation of Product Life Cycle Data 
Bernd Stieger, Dr. Markus Aleksy, Dr. Nicolaie Fantana

Instant availability of up-to-date information is a vital pre-
requisite in today’s business for decision making and the 
execution of many job tasks. Especially, in service business, 
which is to a high degree human-based and knowledge-
driven, service job experience and information about the 
customer as well as the installed equipment are critical 
success factors to deliver high quality services efficiently. 
Very often this information is stored in heterogeneous 
back-end systems as well as in the products’ memory at 
customer sites and it must be aggregated and retrieved 
on demand. It needs to be provided to customer contact 
centers, which deal with the first customer contacts, as 
well as to field service engineers, who need to be well-
prepared for the service job execution. 

The research project Aletheia SemLife (Semantic federation 
of product life cycle data) is utilizing knowledge manage-
ment technologies to support knowledge intensive service 
processes.

Problem Description
It could be observed during the last couple of years that the 
products offered by companies have become more similar in 
their scope of functionality. Changing business environments 

tend to bring the service society to the foreground, a differen-
tiation between companies and gaining of a competitive edge 
can be reached through a high service quality and an efficient 
service provision. In addition, there will be an increasing influx 
of non-experts into the service workforce and at the same 
time the aging service professional staff will decrease due to 
demographical changes. For many industrial products and 
solutions service tasks will become more complex since the 
devices are becoming technically more and more advanced, 
e.g., because of the miniaturization or the increasing amount 
of embedded software. As a consequence, knowledge to 
support the customers’s demands in service processes 
becomes increasingly important. On the other hand, today’s 
enterprises have to manage terabytes of data which are stored 
in heterogeneous information systems. In order to find the 
right information at the right time, a search over several data 
sources has to be performed. This is in principal not a trivial 
task since the data sources are often not integrated and they 
need to be searched one after another. Furthermore, the costs 
of using and federating data from traditional integrated data 
sources are becoming higher and higher with the increasing 
number of data sources. To overcome these challenges, 
knowledge management (KM) solutions and technologies 
might be suitable. 
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Solution Approach
The research project Aletheia, which is partly funded by the 
German Federal Ministry of Education and Research (BMBF) 
and run jointly together with 12 research partners from industry 
and academia (see http://www.aletheia-projekt.de for details), 
is investigating in new approaches to retrieve information from 
various heterogeneous data sources. The obtained information 
pieces are aggregated to a consistent and meaningful conclu-
sion, and presented with regard to the actual working context 
to the user. The goal is to support ABB’s service processes. 
An exemplary process and its supporting IT systems is 
depicted in Figure 1. It starts by a handling customer’s request 
in a call or customer center. Here, a Customer Relationship 
Management (CRM) system and a telephony system are utilized 
to provide the required information to the call agent. Afterwards, 
the customer request is forwarded to the corresponding service 
unit. The dispatching of service engineers, required spare parts, 
and information is done by the service planner using the CRM 
system and a dispatching board. Afterwards, the service engi-
neer executes the field service job and records his activities 
utilizing a reporting software and sometimes still uses paper. 
Finally, a clerk enters the invoicing data in an Enterprise 
Resource Planning (ERP) system. Unfortunately, the aforemen-
tioned information systems provide only a limited information 
support to the corresponding users. Some of the required 
information is split across various information systems, thus 
requiring additional time-consuming investigations. Here,  
utilization of installed base information and Internet of Things 
(IoT) could provide meaningful information. Access to installed 
base information allows keeping track of all products and  
systems information at a customer site, including technical 
and project details that might be very valuable to call center 

agents, service planners, and service engineers. Moreover, 
utilizing Internet of Things technologies to access the equipment 
condition information on-site, supplies service engineers with 
recent information about it and, thus provides a more detailed 
view on the problem. The Aletheia project aims to close this 
gap by the means of Semantic Web technologies to address 
all these data sources in a meaningful way. The project scope 
is the development of Aletheia, an information system that 
provides federated and semantically structured product 
knowledge from heterogeneous and often unstructured infor-
mation sources throughout the product and service lifecycle 
and corresponding value chains. Such a knowledge platform 
is crucial for a variety of business processes, and hence 
important for manufacturers, distributors, service providers, 
and customers. Based on the service process and some  
variants we were able to identify some use cases for knowl-
edge-based support (cf. Figure 2):

 − Contact Center Support,
 − Knowledge Portal, and
 − Field service support.

The identification of the customer, the involved equipment, 
and the problem are common challenges to contact center 
agents. Nowadays, many of the telephony systems provide 
the capability to recognize the caller if she is already known 
by the system. However, many of the callers are using their 
– maybe frequently changed – mobile phones in case of 
emergencies. Therefore, in many cases the telephony system 
cannot recognize the caller appropriately. Additionally, the 
name of the company can be stored in the CRM system  
differently, e.g., as ABB, ABB AG, Asea Brown Boveri, etc. 

Figure 1: Service process and traditionally utilized information systems  |  Figure 2: Aletheia-based information supply

1

2



ABB Research Center Germany | Annual Report 2010  55

Furthermore, it is sometimes hard to identify the equipment 
due to missing or unreadable identification plates. For these 
reasons, a semantic-based approach that helps identifying 
the customer as well as the involved equipment would also 
help improving the corresponding call center processes.

The knowledge portal can be used by several actors, such as 
the service planner or experts providing problem-solving solu-
tions remotely at the same time. Furthermore, it can be used 
by contact center agents and service engineers as well. They 
can use it to find general information about a suitable solution 
for a customer problem providing some information about the 
cause and describing the problem.

Complex industrial equipments may lead to unsupported 
behaviors that are hard to investigate. In that case, the utiliza-
tion of Internet of Things technologies, like Radio Frequency 
Identification (RFID) or wireless sensor networks (WSNs) can 

be applied to identify the cause of the unexpected behavior. 
However, the gathered data must be also combined together 
with the data from installed base as well as with other enter-
prise information systems to provide a holistic view of the 
problem and suggesting reasonable solutions.

Technical Accomplishment
For accessing knowledge which is stored in heterogeneous 
back-end systems, it is necessary to provide an appropriate 
access for the users to the knowledge portal where they per-
form their search, e.g., a web frontend. Specifically service 
engineers need a certain technical framework which facilitates 
mobile knowledge access. The proposed architecture of a KM 
system consists of 3-tiers. Figure 3 shows the client tier, busi-
ness logic tier, and the data tier. The client tier comprises a 
variety of usable mobile devices such as smartphones, laptops 
or tablet PCs. The service hub, main part within the business 
logic tier, is the central component of the whole architecture. 

Figure 3: Basic architecture of the Aletheia System
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It is connected to the systems of the data tier and provides 
functionalities, e.g., search services, data source connection, 
and access services. In addition, it is responsible for inter-
domain communication with other optional service hubs. The 
registry, connected to the service hub, facilitates the configu-
ration of external applications, data sources, and service hub 
components. The application server is a host of web-based 
applications and is responsible for processing information that 
is made available by the service hub and sending them to the 
clients. The data tier comprises various information systems 
and data sources that store structured, semi- and unstructured 
information. In particular, an ERP system, product, and solution 
databases as well as file servers are connected with the busi-
ness logic tier. Examples for structured data are customer data, 
product data, and information about the installed equipment 
at the customers’ sites. They are stored in database-driven 
systems such as the ERP or product and solution databases. 
Semi- and unstructured information such as documents, 
graphics or software can be found on file server and document 
management systems. The goal is the combination of all data 
sources and the usage of a semantic search mechanism in 
order to gain a context-specific filtering and a presentation  
of relevant information to the users.

The actual semantic search is based on an ontology that has 
been developed for the service area. The ontology contains 
concepts and relations which describe the application domain, 
in our case the domain of Process Automation Service. By 
utilizing an ontology it is possible to create a common under-
standing and vocabulary among different people. Furthermore, 
ontologies are machine-readable and -interpretable since 
standardized ontology languages such as OWL or RDFS can 
be used. Examples for concepts of a service ontology are 
Application, Branch, Component, Error Code, Installation, 

Person, Product Type, Service Job, Skill, Technology. The 
ontology is stored in the semantic middleware as part of the 
service hub (cp. Figure 4). When performing a semantic search, 
the ontology is utilized to support the users, e.g., with using 
auto-completion based on terms stored in the ontology. Thus, 
it is possible that the entered keywords (cp. Figure 5) are 
actually interpreted by the Aletheia system, e.g., ‘AC800M’ as 
a Controls product which is installed in the branch ‘Chemical’ 
and to this kind of product there is a service report with the 
corresponding ‘error 3’ specified in the search query. 

The second part of the Aletheia project deals with Internet  
of Things and inclusion of such information for the semantic 
search. The IoT application’s main idea is a systematically col-
lection of product data by service engineers while on site and 
hence, make real life information from site available in the 
back-end systems and to make it searchable. This data can 
be obtained from any IoT device, e.g., passive and active 
RFID tags, wireless sensor networks, near field communication 
devices as well as wearable or mobile computing systems.

The IoT data collection on site and integration can be done 
partly with direct user interaction or with limited user interaction. 
Direct user interaction, e.g., in the case of a passive RFID tag 
requires that the service engineer is within a certain distance 
from the tag. In the second case a set of data collection devices 
is necessary, e.g., sensors for establishing a wireless sensor 
network which can be installed temporarily at customers’ 
sites. The Aletheia architecture provides a possibility to integrate 
such kind of data by means of an IoT data collector. This has 
to be positioned in the mobile layer as a software component 
of the mobile devices shown in Figure 3. The collected IoT 
data from site can be structured or unstructured. The structured 
data, e.g., by using XML, are uploaded to back-end systems 

Figure 4: Ontology modeling and machine-code
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and can be easily made available for semantic integration and 
search. The unstructured data, e.g., pictures or log data can 
be uploaded as well. However, its integration requires an 
annotation with meta-data for search.

By consequently updating the available data from service 
activities at customer sites, the amount of near-real time infor-
mation is continuously growing and is providing a valuable 
base for the service support. 

Customer and ABB Internal Benefit
The customer benefits from better prepared service engineers 
since they are able to focus on individual customer application 
and problems due to the tailored information support. Provision 
of accurate and up to date information from field ensures a 
higher plant visibility for the customers.

The knowledge portal as a single source for comprehensive 
service information supports ABB’s service processes and 
involved roles. Field service engineers are equipped on 
demand with dedicated and context-sensitive customer and 
product information as well as real-time equipment data.

Figure 5: Example of a semantic search

Internal Customers
Division: Process AutomationBusiness Unit: Service
Division: Power Products
Business Unit: Transformers (Service)

Contact
Bernd Stieger
Phone: +49 (0) 6203 71 6041
Email: bernd.stieger@de.abb.com
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Configuration Management of Embedded Software Systems
Marcel Dix, Sylvia Maczey, Dr. Markus Aleksy, Chris M. Stich

The difference between the long life times of proprietary 
control system hardware products such as controllers, and 
the relatively short life cycles of commercial off-the-shelf 
hardware and software, which are integral components in 
control system products pose special challenges on the 
life cycle. A major challenge is the handling of updates 
and changes to parts of the embedded software while 
keeping the dependencies to other software and hardware 
components consistent. At ABB Corporate Research  
Germany scientists have developed a solution concept for 
this challenge in the life cycle management of embedded 
systems, using concepts from the ITIL Service Management 
Framework. The developed solution will be presented in 
this article.

Problem Description
In today’s power and automation control systems there are 
typically various hardware components such as controller 
components installed on which embedded software is running. 
Additionally, systems may also include PC- / Windows-based 
nodes used, e.g., for the human-machine-interaction (HMI).

A key attribute of such systems is their long system life cycles 
of often 20 years and more. In contrast, many system hardware 
and software components are typically short-lived due to the 
following reasons. Control system hardware like controllers 
often include various commercial off-the-shelf components, such 
as embedded CPUs, memory, or IO-modules, with relatively 
short product and technology life cycles which get outdated 
before the planned end of the system’s lifetime. Additionally, 
software applications may change over time, when the installed 
software needs to be updated, patched or changed to accom-
modate new customer needs.

This discrepancy between long system life cycles and these 
short-lived system components poses special challenges to 
today’s system life cycle management. A key challenge is to be 
able to efficiently implement, install, and manage any required 
software updates or patches as well as software changes to 
the controller.

In this regard, a major concern of plant operators is to protect 
their investments into the plants over the plant’s lifetime, by 
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Efficient Configuration Management within a Release
Equipment’s configurations can change over the time. After 
installation, customers and service engineers may need to 
update or change embedded software running on system 
hardware components such as controllers. Such configuration 
changes may be required, e.g., due to new business needs. 
The embedded operating system itself, but also the customer-
tailored application, is in most cases directly affected.

seeking to have life cycle management concepts and pro-
cesses in place, which are able to handle the above named 
challenge in an effective and efficient way.

In this research project we have investigated and developed  
a well-defined solution concept, which is presented in the  
following.

Figure 1: Simplified example for a CMDB model
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When the service technician visits a site, say a decade after 
installation, a first challenge often is to identify all configuration 
information, such as device types, used device features, soft-
ware versions and binaries, customized applications, change 
history, and so on, to fully understand the current configuration. 
This information is needed, e.g., to determine if a new patch 
is available from the control system development teams. Like-
wise, the development teams as well as subsequent teams for 
verification and release management require means for orga-
nizing their libraries of software versions and to coordinate 
these items between the teams up to the service technicians.

In order to efficiently manage configurations of control systems, 
there is a need to establish a configuration management sys-
tem (CMS), as suggested by the IT Infrastructure Library (ITIL) 
best practices (cp. ITIL v3 Service Transition book, pg. 68 ff.).

As basis of a CMS we have developed a configuration man-
agement database (CMDB), which is a concept utilized in the 
aforementioned ITIL framework. Our CMDB stores information 
about all controller configurations currently installed at cus-
tomer sites. The CMDB also maintains a list of all hardware 
and software versions available for installation, as well as their 
dependencies, in order to identify applicable updates for a 
given customer installation. A first step was to create a 
generic model of system configurations, including the specifi-
cation of all elements of a configuration, the configuration 
items, such as software files, controllers, and customer sites. 
Additionally all attributes of each configuration item had to be 
identified, such as a unique identifier, name, version, or 
responsible person. A simplified example for such a CMDB 
model is shown in Figure 1. Due to space reasons, we omit-
ted several details of the fully-fledged model.

In the next step, we analyzed processes how developing, 
testing, releasing, installing and servicing configurations and 
how these processes would make use of the CMDB.

These processes are supported by special software tools. The 
tools are built on top of the CMDB and operate on the therein 
contained configuration items. For example, for on-site service 
engineers there is an update tool which (1) scans embedded 
system devices for the currently installed software configuration, 
(2) checks in the CMDB whether the current configuration is 
valid, (3) looks in the CMDB for any updates available for the 
given configuration, (4) downloads these updates to the system 
device, and (5) registers the new configuration in the CMDB. 

For release managers there exists a release management tool, 
which allows them to authorize new software configuration 
versions for installation. Similarly, there are tools for additional 
processes such as for development and for verification.

The various teams make use of these tools in their respective 
user roles, e.g., service technician, developer, tester, or change 
advisory board (CAB) member role, etc. Through their roles 
users get special access rights and views on information that 
are specific to their respective task and responsibility. 

These processes and tools together with the underlying CMDB 
make up the CMS, which is outlined in principle in Figure 2.

For accessing the CMDB the tools make use of a configuration 
management application programming interface (API). This 
API is responsible for providing information from the CMDB, 
and keeping the CMDB up to date. The API also allows for an 
easy extension of the CMS with additional tools implementing 
further processes. For example, sales teams can easily add 
special sales tools to make use of CMDB data for customer 
relationship management purposes. All that needs to be done 
is to implement this new sales tool against the API.

Figure 2: CMS (simplified presentation)
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A key feature of the CMS is the integration and coordination 
of configuration management processes which are intercon-
nected and which are executed by different teams. For example, 
software development teams produce software components, 
which are later assembled together to a single configuration 
and tested by test teams. When new configurations have 
been tested and released, they are available for installation by 
service technician teams in the field. Therefore, the appropriate 
subsequent teams have to be informed when a preceding 
process step has been completed. This process coordination 
is realized in the CMS by various technical means such as 
automatic notifications triggered by completed processes and 
sent to the responsible teams of successor process steps.

Customer and ABB Internal Benefit
Standardized and tool-supported configuration management 
procedures help reducing maintenance efforts and risks of 
human mistakes. A better coordination between the various 
development and service teams by the means of a configuration 
management system improves efficiency of various tasks such 
as release and change management. Well managed information 
about the installed base, as well as an excellent management 
of system configurations over their life cycle contributes not 

Figure 3: Validation of the developed Solution

only to efficient maintenance jobs but also helps the customer 
to protect his investments into these systems.

Internal Customers
Division: Discrete Automation and Motion
Business Unit: Power Electronics and MV Drives

Contact
Chris M Stich
Phone: +49 (0) 6203 71 6211
Email: christian.stich@de.abb.com 
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Our work involves classic electromagnetic and fluid technology-based drive systems as well as 
smart, structurally integrated actuators. Through our research, we are expanding functionality, 
tapping new areas of application and optimizing the cost effectiveness of our products. We 
develop future generations of actuators, mechanisms and mechatronic systems from an inter-
disciplinary point of view, ranging from the analysis and draft phase right through to prototypes, 
which are close to products. 

 In this process, we use a wide range of leading edge modeling and simulation methods and 
tools. Our tasks also include the design of performing, robust control systems, for instance by 
means of coupling mechanical and electrical effects in a model, or by transferring mechanical 
functions to software functions. In order to verify simulation models and new designs, we  
perform functional as well as endurance tests, if required at a wide temperature range and 
highly accelerated. 

Our ambition for mechatronic products from ABB is to set technological benchmarks in their 
markets while offering an attractive cost-to-benefit ratio for customers

Our Research group is running or contributing to projects primarily in the focus areas Power 
Device Mechatronics and Factory Automation.

Mechatronic systems are characterized by a close interplay of 
aspects of mechanical engineering, electrical engineering and 
information technology. Mechatronics is interdisciplinary, and 
combines these three areas alongside additional components. 
This vibrant interplay of disciplines gives rise to large develop-
ment potential for both existing products and innovative, new 
products.

Dr. Gregor Stengel
Head of research group
Mechatronics and Actuators

Mechatronics and Actuators
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System Engineering Case Study: Highly Integrated Gripper  
Design for Assembly Tasks 

Timothy Vittor, Harald Staab, Sebastian Breisch, Sven Soetebier, Thomas Stahl, 
Anke Hackbarth, Soenke Kock

Summary
This case study provides an overview of a new gripper concept 
that is a cornerstone of an investigation how to close the gap 
between manual assembly and a fully automatic assembly. 
The proposed gripper is required to handle a wide range of 
parts that are today assembled manually. The solution needs to 
be easy to adapt to handle new product variant requirements 
for low batch production and to operate in shared human 
environments. Due to the initial uncertainty of the requirement 
specifications for the intended application, coupled with the 
need for a highly integrated mechatronic design, the spiral-
model system engineering design methodology was used.  
To date, prototypes have been built to validate the proposed 
solution, and recently completed lifetime tests on key sub-
systems have demonstrated their robustness. A number of 
third generation prototypes have been built and are currently 
used in pilot application testing. 

Background
The development of robotic grippers is characterized by 
somewhat conflicting requirements of industrial robustness 
and economy on the one hand and the increasing need for 

flexibility and functional integration on the other.  Developments 
that are able to resolve this contradiction can open up new 
market opportunities in the area of automated industrial 
assembly.

The investigation how to automate a wide range of assembly 
tasks which are manual today presents challenges that are 
different from what conventional industrial grippers can do. 
Conventional grippers are usually designed to handle one or 
few similar parts in a repetitive way. It is selected accordingly 
from a catalogue such that parameters like weight, geometry, 
travel, gripping force, control interface, auxiliary power supply, 
and costs fit with the needs of this particular handling operation 
[1]. Additionally the finger tips are designed such that they are 
able to handle this specific part only but with high reliability 
and repeatability over thousands or millions of cycles [2].

Manual small parts assembly with human fingers and hands is 
very different, requiring a flexible and multi-functional gripper. 
Many attempts have been made by researchers in the past to 
mimic the extraordinary flexibility in motion and use with a 
robotic gripper device. There is a long list of dexterous, multi-

Figure 1: Proposed Gripper Prototype Mounted on a Dual Arm Robot
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functional, multi-DoF, flexible robotic hands and grippers which 
come close to the properties of a human hand but which 
clearly are lacking essential requirements for industrial use, 
such as robustness and economy [3].

An additional requirement was added to the development 
from the intended usage of the gripper on a “safe” robot in a 
human/robot cooperation scenario. The gripper had to be 
extremely light weight, with a shape that minimizes injury risk 
upon potential collision, and breakaway provisions for the 
modular tools for the same reasons.

Specifications and State Of The Art
At the start of the development the requirement specifications 
related to the desired application were uncertain, with many 
parallel projects influencing the successful outcome of the 
development. Based on this situation a spiral model develop-
ment methodology, shown in Figure 2b, was selected in order 
to allow for the evolutionary changes in the requirement speci-
fications during the overall development process. 

The development of a highly flexible smart gripper system 
included an investigation of the subset of human hand grasps 
required for manual assembly tasks, mapping these to suitable 
automated tooling approaches. Based on this investigation 
two tool types were identified as suitable, firstly the two finger 
parallel motion gripper, with servo actuation and secondly 
independently actuated secondary tools, including the suction 
and adhesive based grasping methods. The gripper develop-

ment focused on developing a highly flexible platform for 
enabling various tooling functionality based on specific appli-
cation requirements. 

Figure 2a illustrates 7 key properties of 5 commercial grippers 
when compared to key requirements of the proposed applica-
tion. These 5 commercial grippers are not selected randomly 
but represent the current state of art with small size servo 
electric robot grippers. This is a small market compared to 
pneumatically actuated grippers.

The diagram shows these 7 key properties on logarithmic 
scale, where equal distances represent equal multiples rather 
than equal ranges. The center point is 1 and the concentric 
rings represent 10, 100, and 1000. All commercial grippers are 
shown in dotted or dashed lines compared to the application 
requirements in solid black line. The most significant difference 
is that the proposed gripper is targeting at comparable force, 
speed, and positioning repeatability, but at a large gripping 
stroke and very low weight and volume.

Comparing current commercial grippers with the application 
requirements is not fair insofar that all but one of these com-
mercial grippers require an additional external control unit. This 
control unit is usually not located at the flange but it increases 
the difference to the requirements in weight and volume even 
more. This makes it even clearer that the extremely high  
density of mechatronic integration has never been reached 
with industrial grippers before.

Figure 2 a: Industrial Gripper Specification Comparison Plot  |  Figure 2 b: Spiral-Model Systems Engineering Design Methodology

2 a 2 b
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Robotic Gripper Solution
To enable a compact embodiment a highly integrated gripper 
core, shown in Figure 3, was developed based on state-of-
the-art components, with embedded controller and actuation 
functionality. The gripper core is offered as a user friendly 
plug-and-play unit, with a standard real-time Ethernet/IP com-
munication interface and compressed air inlet. The actuation 
functionality included a servo finger drive and controller, local 
vacuum generation and valves, plus all switching requirements 
for modular tools. The gripper core design has utilized novel 
manufacturing methods to further integrate components and 
their functionalities to meet requirements like robustness and 
economic efficiency. Additionally to the two finger parallel 
actuation the embedded controller further offers the control of 
functional modules like miniature-pneumatics valves sensors, 
force sensors and temperature sensors. For scalability of the 
complete core an integrated Ethernet-Switch is included which 
permits the user to connect other assembly specific devices, 
with power and Ethernet connection provided. This development 
has also included the software on the microcontroller for  
controlling the finger movement, modular tool actuation and 
online system diagnostics.

The wrist interface was specifically designed to prevent any 
undesired interference with the workspace. All connections 
and cabling was built directly into the wrist interface. Also the 
gripper was designed not to obstruct the motion of the inter-
facing manipulator wrists. The electrical interfaces for power 
and communication were achieved by a spring loaded con-

nector. Separate spring loaded connectors were also used  
for the embedded processor’s programming and debugging  
interface. The gripper is configured as an Ethernet/IP Server. 
Further, the current setup allows for ease of use where the 
gripper can be directly connected and controlled by a stan-
dard PC or alternative control unit that is configured as an 
Ethernet/IP client.

The gripper housing design was specifically developed to 
meet the safety requirements in operating in shared human 
environments. The features to meeting the safety requirements 
for the gripper housing, included no sharp edges or possibility 
of clamping and suitable external padding to limit impact forces 
during collisions. The padding of the gripper was achieved by 
mounting the external housing onto the gripper core such that 
the housing itself floated, allowing deflection in the housing 
without direct loads being exerted on components within the 
gripper. 

Development Process
This section describes the development process for one of the 
many sub-systems in the gripper development, the parallel 
finger actuation module. Based on the spiral model systems 
engineering methodology, the first prototype was built in the 
early stages of the project to demonstrate the feasibility of this 
approach and to provide initial data to the project on which 
further development decisions could be based. The goal of 
the finger actuation module development was to achieve high 
functional integration, compact design and reduce material 

Figure 3: Smart Gripper Core with Integrated Tools

3
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and lifetime costs. In this stage of the process different 4-bar 
mechanism actuation concepts were evaluated, some of which 
are shown in Figure 4. Evaluation of these variants provided 
confidence in the proposed solution and an improved under-
standing of the sensitivity of the design. 

The second phase of the development process focused on 
achieving a high mechatronic integration density, new con-
structive solutions had to be found for some electronic and 
mechanical assemblies which could not be realized with stan-
dard off-the-shelf components. The detailed design of the 
finger actuation module was further supported by Finite  
Element Analyses (FEA) in ANSYS. 

In the second phase of the project further prototypes were 
developed consolidating the design by reducing the number of 
critical components. Functional integration focused on using 
fewer interfaces to reduce sources of wear and misalignment. 
This was found to be critical in order to meet the low weight 
and dimensional requirements. Another aspect considered to 
increase robustness and lifetime was to reduce the number of 
functional tolerances within the design. 

In the third phase of the development process the increased 
benefits of using compliant mechanisms were further realized 
over the long travel range of the finger ends. This phase 
included the optimization of manufacturing and assembly pro-
cesses in parallel to the consolidation of simulation accuracy 
for critical features. The advantage of using the complaint 
mechanism joint design over conventional designs was demon-
strated through increased overall stiffness, accuracy and 
position repeatability. These improvements were shown to be 
valid over a long lifetime, as wear is not introduced. 

A number of prototypes have been built and are currently 
installed in pilot applications for verification. Initial results have 
indicated the viability of using the developed grippers for 
assembly tasks, traditionally performed through manual assembly. 
Third generation prototypes are currently installed in a number 
of pilot applications to verifying their suitability for the automa-
tion of traditional manual assembly applications.

Figure 4: Linkage Concepts for Compliant Mechanism Actuation 
Figure 5: Compliant Mechanism Prototype Development

4

5
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Lifetime Testing
The compliant mechanism lifetime test was set up to verify the 
compliant joints were sufficiently robust with regards to the 
load case, speed and fatigue over millions of cycles.  A test rig 
as shown in Figure 6 was built for performing the compliant 
mechanism lifetime testing. Different compliant mechanism 
designs were subjected to the lifetime tests, as well as changes 
in the alignment methods during assembly. Additionally the 
manufacturing methods were modified and the geometry of the 
linkages was further optimized throughout the development 
process. The most recent samples have now completed over 
7 million cycles, with no failures observed. Further testing is 
ongoing to provide a more optimal design, and to verify if the 
gripper specifications can be further enhanced.

A second test setup was manufactured for testing the pneu-
matic sub-system, communication and electronics. The test 
cycle consisted of Suction On/Off commands sent by the 
robot controller to the gripper. A further check was made to 
monitor if a command had been sent but not acted on to verify 
communication. No degradation or communication faults of 
the pneumatic module function were observed over the com-
plete lifetime test of over 7million cycles. Work is currently 
ongoing to implement the recommendations gathered from 
the lifetime verification testing for the next prototypes.

Summary
This development has provided a gripper concept for per-
forming traditionally manual assembly tasks, in human shared 
environments. The development demonstrated a successful 
implementation of the spiral model system engineering design 
methodology. The solution provides a highly integrated, com-
pact and flexible design, enabling an economically viable fully 
automated alternative to manual assembly to be realized. The 
gripper concept has been demonstrated through a number  
of prototypes and simulations, with key functional aspects  
validated through lifetime testing. 

This developed solution offers users a highly flexible gripper 
tooling arrangement that can be easily customized for a  
specific assembly tasks with limited engineering and material 
cost. Pilot testing is ongoing with positive initial results indi-
cating the suitability of introducing a fully automated assembly 
solution that offers the required robustness and economy on 
the one hand and flexibility and functional integration on the 
other.

Acknowledgement
This development work was made possible through the tremen-
dous effort and support from research and engineering teams 
at ABB across 5 countries. Their inter-disciplinary and cross-
cultural collaboration enabled a wealth of knowledge and 
expertise to be utilized in deriving these results.

Additionally we would like to thank and acknowledge the  
various supporting institutes, organizations, consultants and 
intern students for their contribution throughout the develop-
ment process so far. 

Internal Customer
Discrete Automation and Motion, Robotics (DMRO) 

Contact Details
Sebastian Breisch
Email: sebastian.breisch@de.abb.com
Phone: +49 (0)6203 716353

References
[1]  S. Hesse, “Robotergreifer - Funktion, Gestaltung und Anwendung  

industrieller Greiftechnik,“ München, Wien: Hanser, 2005
[2]  K. Koganezawa, “Artificial Finger with Shape-fitting Mechanism,” Molfino, 

Rezia; University of Genova, Department of Mechanics and Machine Design: 
Intelligent Manipulation and Grasping. Genova, It-aly, 1-2 July, 2004

[3]  F. Lotti, G. Vassura, “Design aspects for advanced Robots Hands: Mechanical 
design,” Tagungsband “To-wards Intelligent Robotic Manipulation”,  
IROS 2002.

[4]  Boehm B, “A Spiral Model of Software Development and Enhancement”, 
ACM SIGSOFT Software Engineering Notes”, “ACM”, 11(4):14-24,  
August 1986

Figure 6: Compliant Mechanism Lifetime (a) Testing Rig (b) Results



68  Annual Report 2010 | ABB Research Center Germany

We are improving the interoperability and connectivity of our factory automation products in 
order to meet these increasing demands for flexibility in manufacturing automation. Our goal in 
this area is to achieve a flexible and seamless integration of robots, PLCs and drives to form a 
holistic control system for various applications.

Along with increased flexibility come tougher demands on manufacturing cells and production 
lines, as increasingly complex manufacturing processes must be performed. To meet the  
arising challenges during the commissioning phase, we are working on the integration of 
robots, drives and PLC in one simulation environment. Our aim is to replace the complex and 
error-prone on-site commissioning by virtual commissioning to save engineering and testing 
time.

Alongside the continuously growing automation rate, there are also steps in industrial manu-
facturing that cannot be fully automated economically using robots. In this area, we are working 
on safe collaboration between humans and robots in order to make the best possible use of 
their respective strengths in various applications.

Our Research group is running all of its projects in the focus area Factory Automation.

Automation solutions based on flexible programmable robots 
or machines for discrete manufacturing can be found in almost 
every assembly line today. However, the requirements for 
these solutions are changing continuously. For use in today’s 
broad range of applications, modern automation solutions 
must be ever more flexible and more fully integrated into the 
different production environments.

Dr. Thomas Reisinger
Head of research group
Robotics and Manufacturing

Robotics and Manufacturing
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Interaction Scenarios for Industrial Robots in Collaborative  
Operation with Humans 

Dr. Björn Matthias, Dr. Harald Staab

While the topic of human-safe robots has an appreciable 
academic history, only today are various solutions to this 
challenge becoming economically relevant.  We are witness-
ing a maturing of technology and market expectations, 
paired with initiatives in the area of standardization.  One 
of the remaining hurdles to routine deployment of robots 
for collaborative operation with humans is obtaining a 
well-founded understanding of low-level injuries of the 
type that such robots can potentially inflict.  As a first 
step, interaction scenarios that can be utilized to develop 
a classification scheme for holding such information are 
presented.

1  Introduction
The past ten years have seen growing interest in the technology 
for and economic relevance of bringing humans and robots 
closer together in the manufacturing working environment [1], 
[2]. As flexibility requirements on industrial production equipment 
increase, the optimal degree of automation will turn out to be 
less than 100% and the role of the human worker regains 
importance [3], [4]. Due to their contributions to product quality 
and their inherent flexibility, industrial robots will retain their 
central role in the manufacturing environment of the future.

Standard industrial robot systems as such can pose hazards 
to humans due to their inertia, structure and process forces.  
Protection strategies must be applied to assure operator 
safety [5] – [10]. The present challenge is safely realizing the 
flexible manufacturing environment of the future with a variable 
mixture of human workers and robots, in essence a coopera-
tive manufacturing setting.  Here, humans and robots each 
take on the tasks for which they are best-suited, with frequent 
interaction and common procedures (human-robot collaboration, 
HRC).

One the one hand, nearly all of the major suppliers offer options 
for safe interaction applications with their standard industrial 
robots, and on the other there are academic research solutions 
for new, light-weight robot structures and associated control 
algorithms [13]. The rigorous description of the hazards to the 
human worker, especially for the second approach, is an 
active topic of research [16], [18]. Addressing this is one of 
the focus areas of work in the EU-FP7 project ROSETTA.

In this paper we report our approach to a structured description 
of physical interaction scenarios with a worker and a collab-
orative robot system.  These results may serve as a basis for 
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systematic analysis of the possible injury mechanisms and 
risks as well as for devising control and operation measures 
to ensure the safety of involved humans at all times.

Section 2 describes present approaches to applications using 
safe human-robot collaboration and today’s commonly used 
evaluation schemes for physical injuries.  In section 3, we 
present a classification of typical interaction situations between 
human worker and robot

2  Manufacturing in Mixed Human-Robot Environments

2.1  Partially Automated Manufacturing
Automating certain manufacturing steps can be very challeng-
ing, especially when tasks are involved that require complex 
manipulation motion, rely on simultaneous combination of 
several skills, require a high degree of adaptation from one 
customized assembly to the next, or that occur in the context 
of a frequently changing manufacturing environment.  Thus, 
an economically optimal production topology can be achieved 
by considering the best division of tasks between machines 
and human workers, according to their respective skills [11]. 
Robots have the compelling advantage of spatial precision 
and repeatability as well as the capability of applying defined 
forces.  Humans, on the other hand, are especially skilled at 
complex manipulations and adapting to changing task 
requirements.

While traditional applications of industrial robots have nearly 
all been deployed with the paradigm of keeping the working 
areas of robots and humans strictly separate, a new generation 
of robots is under development that promises applications 
centered around HRC. Building upon this, entirely new pos-
sibilities arise for discrete industrial manufacturing [21]. A 
conceptual vision of assembly in a mixed human-robot envi-
ronment is shown in Figure 1. Note that in this vision, a 
manufacturing sequence is mapped onto a series of work 
cells operated either by a human or a robot, with hand-over 
interfaces between neighboring cells.

Technology enabling partially automated manufacturing topol-
ogies, such as industrial robots equipped with appropriate 
safety characteristics, offers solutions to these issues, but 
also brings new challenges including the design and control 
measures that ensure worker safety in the vicinity of an indus-
trial robot [11].

2.2   Safety in the Mixed Human-Robot Working  
Environment

Present day technology for safe human-robot interaction 
focuses on applications in which temporal and spatial proximity 
between human and robot are sharply defined and subjected 
to strict limitations on robot position, speed, or force. For 
examples, see Annex H of ref. [10].

However, while the guidelines in ISO 10218 [10] remain relevant, 
physical contact with the robot is not considered in sufficient 
detail.  When aiming at designing a robotic system intended 
for constant operation in collaboration with a human worker, 
this standard does not provide sufficient guidance concerning 
the allowable performance characteristics of the robot. Con-
tact events between humans and robots will occur, may even 
be part of the working procedure, and must therefore be  
classified as to their acceptability from a safety standpoint.

2.3  Rating of Hazards and Potential Injuries
At present, there is no stringent procedure one can apply to 
describe and to rate the hazards for humans working in an 
environment with collaborative robots.  Classical risk assess-
ments of robotic applications will gauge the severity of 
potential injury on a simple scale of

S1 = slight (normally reversible)
S2 = serious (normally irreversible or fatal)

as given in ISO 13849-1 [8]. While this is sufficient for judging 
cases in which physical contact between humans and parts of 
machinery is undesirable and not part of normal working pro-
cedure, describing the regular physical contact between 

Figure 1: Conceptual vision of future mixed human-robot working environment.
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workers and collaborative robots requires a scale that can 
distinguish between an acceptable and an unacceptable 
nature of physical contact. This is particularly important con-
sidering that such contact might occur on a regular basis in 
the typical application involving mixed human-robot work cells.

First approaches for rating a robot’s hazardous potential by 
conducting crash tests with anthropomorphic dummy models 
consulted the Abbreviated Injury Scale (AIS) [15] to decide on 
the level of severity of the relevant injury phenomena [17], 
[19]. The AIS is a quick method for determining the severity 
and lethality of a case of serious trauma. It is based on ana-
tomical injury and was originally developed for use by crash 
investigators to standardize data on the frequency and severity 
of motor vehicle related injuries. Its use has been extended to 
epidemiological research, trauma center studies to predict 
survival probability, patient outcome evaluation and health 
care systems research. Each injury description is assigned a 
unique 6-digit numerical code in addition to the AIS severity 
rating, which describes the probability of surviving.

The AIS severity score, ranging from 1-6, is far too coarse to 
give any guidance for injury tolerance levels within human-
robot-collaboration scenarios.  Any injury rated above a 
severity of AIS-1 is already far beyond what can be considered 
as a remaining “tolerable risk”.  Therefore, a new injury classifi-
cation scheme needs to be developed, considering the specific 
injury risk in robotics together with a new scoring system.  
Research work in this direction is ongoing in the project 
ROSETTA.

3  Description of Human-Robot Interaction Scenarios

3.1  Introduction and Definitions
Before quantifying injury risks associated with collaborative 
robot systems, it is essential to provide a systematic and 
comprehensive description of interaction scenarios. This 
description will focus on safety questions only, i. e. for this 
analysis it is relevant in which way a robot moves in the vicinity 
of a human, but it is not relevant which task the robot actually 
carries out. This description will serve as a basis for systematic 
and comprehensive analysis of resulting injury hazards.

Starting with the risk analysis according to ISO 12100 [6] and 
ISO 14121 [7], the following items describe any human-robot 
interaction:
1. Limits of the machine
2. Lifecycle phases
3. Personnel involved
4. Activities carried out

When considering a contact situation, these additional items 
must be described:
5. Hazards encountered by the personnel involved
6. Contact areas on the human body
7. Injury scale to gauge the severity.

In the following subsections we propose systematic descrip-
tions of items 1 to 6. A conclusive result for a suitable scale 
on which to gauge low-level injury severity is not yet available.

3.2  Structured Description of Interaction

3.2.1  Limits of the Machine
The limits of the machine can be decomposed into use limits, 
space limits, and time limits. Most parts of these descriptions 
are specific to the robot application, but are not different from 
traditional use of industrial robot cells. However, the important 
difference lies in the space limits: the physical workspace of 
the robot intersects with the workspace of a neighboring 
worker (Figure 1). This might result in a continuous exposure 
of the human worker to the moving robot, even if the robot 
motion actually does not interfere with the worker’s production 
task. Consequently there is a higher likelihood of contact 
compared to traditional setups.

Therefore, new strategies for assuring operator safety in 
cooperative automation scenarios need to be considered, 
going beyond simple considerations of collision avoidance.  
Designing safety measures also must center on collision- 
softening means, which has not been the case in traditional 
robot cell setups. 

3.2.2  Lifecycle Phases
The lifecycle phases are not considered different from tradi-
tional robot applications and can be summed-up as follows:

 − Setup of robot cell
 − Commissioning or robot cell
 − Productive Operation

 − Production
 − Retooling
 − Maintenance
 − Recommissioning
 − Repair

 − Decommissioning of robot cell
 − Dismantling or robot cell

Note that production of the robot and the cell equipment as 
well as disposal and shipping are not considered as lifecycle 
phases in the context of safety.
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3.2.3  Personnel
An unfenced robot cell exposes anyone who approaches it to 
hazards associated with mechanical contact. A person may 
not be trained or authorized to work with the robot, but might 
still come close during routine work activities. In traditional 
robot cell setups, such a situation would be untenable and 
prevented by appropriate safeguarding. In a collaborative cell, 
however, we must consider this situation to be possible.

Consequently we need to create a detailed description of 
which person might be exposed to a hazard, what is his/her 
skill level and what is the frequency of exposure.  We propose 
the roles as shown in Figure 2. A detailed description of roles 
is given in Table 1.

Role Role Description Worst unsafe interaction 
with robot

V
is

ito
r

internal or external visitors, 
coming to robot for single visit, 
uninformed about hazards

enters work range although 
advised not to, and is hit by 
robot resulting in any of the 
listed hazards (see below)

O
th

er
 

W
or

ke
r

employees occasionally coming 
close to robot, without any 
particular assignment involving 
the robot

enters work range although 
advised not to, and is hit by 
robot resulting in any of the 
listed hazards; plus additional 
hazards such as electrical 
shock; his hazardous activities 
can be summed up under  
reasonably foreseeable misuse

C
o-

ex
is

tin
g 

W
or

ke
r

employees working physically 
in an overlapping workspace 
with robot; assignment does 
not comprise any interaction 
with robot

hits or is hit by the robot  
accidentally, resulting in any  
of the listed hazards

C
ol

la
b

or
at

in
g 

W
or

ke
r

interacts with robot (manipu-
lator, end-effector, work 
pieces, fixtures, part tray, etc.) 
in regular operating mode

hits or is hit by the robot  
due to error in procedure or 
machine, resulting in any of 
the listed hazards

S
er

vi
ce

 
E

ng
in

ee
r

interact with robot, reconfigure, 
repair and exchange and 
replace devices, reprogram, 
recalibrate robot and sensors, 
execute service routines

safety systems may be  
disabled, insulation protection 
may be removed; hit by robot 
resulting in any of the listed 
hazards; plus additiona

A
p

p
lic

at
io

n 
E

ng
in

ee
r

same as service engineer plus 
collaborating worker plus 
installation, introduce new 
production processes,  
decommissioning, retooling, 
switching on/off

interacts with robot when 
safety systems may be  
disabled; hit by robot resulting 
in any of the listed hazards; 
plus additional hazards such 
as electrical

D
ev

el
op

m
en

t 
 

E
ng

in
ee

r

develop machine hardware 
and control, commission and 
test machine

safety system may be disabled 
or not working properly,  
unexpected behavior of robot 
is likely to happen during 
tests; hit by robot resulting in 
any of the listed hazards; plus 
additional hazards such as 
electrical

3.2.4  Activities
In order to describe interaction scenarios, one key question is 
“who is doing what with the robot cell?”  In general, an inter-
action scenario does not necessarily mean that a person is 
collaborating with the robot; he/she may also just be standing 
close to the robot.

For our safety analysis, we propose the activity matrix as 
shown in Table 2. It lists general activities and personnel 
authorized to carry out this activity (‘A’).  For the analysis, a 
“reasonably foreseeable misuse” also must be taken into 
account, which we indicate with ‘U’. Blank fields indicate that 
this situation is not taken into account because the level of 
expertise is not given to carry out this task.

Who carries out the activity?

Activity V
is

ito
r

O
th

er
 W

or
ke

r

C
o-

ex
is

tin
g 

W
or

ke
r

C
ol

la
b

or
at

in
g 

W
or

ke
r

S
er

vi
ce

 E
ng

in
ee

r 

A
p

p
lic

at
io

n 
E

ng
in

ee
r

D
ev

el
op

m
en

t 
E

ng
in

ee
r

observing outside working envelope 
or passing by

A A A A A A A

A  observing inside working envelope U U A A A A A

A  programming + teaching + jogging 
robot    

A A U

  tuning application A U

exchanging end-effector    A A

moving robot system    A A

moving cell components U U U A A

cooperating with robot A

     touching robot or cell components U U A A A A A

  touching or moving work piece U U A A A A A

switching power on/off U A A A

  start and stop robot operation U A A A

pressing emergency off A A A A A A A

3.3   Description of Contact Situations and Mechanical 
Hazards

Whenever there is a contact situation between the robot and 
a person there is a risk of injury.  Usually, there are additional 
mechanical hazards arising from the specifics of an application, 
including hazards caused by tools or work pieces.  We consider 
here, however, only the robot manipulator itself.  In the ROSETTA 
project, these contact events between manipulator and human 
worker are studied using finite element models of the human 
body, optimized for the representation of the relevant injury 
types, to simulate such events.

Table 1: Description of interacting personnel

Table 2: Matrix of activities
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Following our estimation of the most relevant contact types, 
we propose the following classification of contact areas and 
types of injuries:

Relevant  
Hazards, 
Injury Types

Head and 
Neck Torso

Upper 
Extremities

Lower 
Extremities

Free Impact S S S A

Crushing,  
Trapping

S S S A

Shearing A n/a A A

Cutting,
Severing

A A A A

Entanglement, 
Drawing In

A A A A

The hazard “Entanglement, Drawing In” is not a type of injury 
as such, but immediately leads to at least one of the other 
injury types.  However, we suggest considering it as a separate 
and relevant hazard for risk assessment; therefore we list it as 
a separate item.

The entry “n/a” indicates that this situation does not occur, 
since the torso simply is too large to be sheared by a smaller-
size or light-weight robot.

In order to develop a more detailed understanding of light 
injuries such as minor bruises, more work needs to be done 
and this paper only marks a starting point. What we can esti-
mate with good confidence is that those entries marked with 
“S” are the most likely situations and also situations that can 
be examined further with advanced simulation. Entries marked 
with “A” are less likely or currently not possible to simulate 
and therefore need to be addressed during risk assessment.

4  Conclusions and Outlook
Human-robot-collaboration (HRC) in collaborative manufacturing 
settings requires a particularly detailed examination of injury 
risks.  In this paper we have presented a systematic approach 
to describe human-robot interaction scenarios.  We consider 
these results as a first systematic step towards implementing 
safety in mixed human-robot working environments and also 
as an input to new standards that will define HRC from the 
safety perspective. 

Future work will aim at estimating the injury risk in contact sit-
uations and defining an injury scale.  Subsequently, these 
results may serve as a basis for systematic analysis of the 
possible injury mechanisms and risks as well as for devising 
control and operation measures to ensure the safety of 
involved humans at all times.

Figure 2: Roles of personnel, frequency of exposure and degree of expertise

Table 3: Classification of contact areas and injury types. Situations to be 
further examined by simulation are marked with ‘S’, situations to be exam-
ined during risk assessment are marked with ‘A’.
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Integration of key components in factory automation applications 
Dr. Oliver Becker, Dr. Fan Dai

Simplified integration of key components into factory 
automation solutions is an effective way to help our cus-
tomers realizing sophisticated applications with reduced 
engineering effort. Consequently ABB follows this strategy 
by offering integrated products in two ways: enhanced 
collaboration of engineering tools, and easy integration of 
runtime components. ABB Corporate Research in Laden-
burg is supporting this strategy by developing integration 
concepts and providing a test and integration environment 
for evaluation and demonstration of the results. Two  
integration examples were demonstrated within the test 
and integration environment: the integration of safety  
controller engineering into the PLC engineering environment 
“Control Builder Plus” and the integration of AC500 PLC 
into ABB’s robot controller IRC5.

Introduction
Today‘s highly automated production lines are based on 
numerous complex automation components including PLCs, 
robots, drives, motors and safety equipment, s. Figure 1. 
Dependent on the application, these key components have  
to cooperate closely to meet quality, cycle time or safety 
demands. One example is cooperation of machine PLC and 
safety PLC for enabling safe human-machine interaction. 

Another example comprises cooperation of PLC and robot to 
combine powerful logic functionality with high performance 
motion control. Use cases for such cooperation are improved 
cycle time in machine tending applications and realization of 
complex robot gripper functionality.

Implementing sophisticated applications with powerful auto-
mation components, all of them having dedicated engineering 
tools for programming and parameterization, requires innova-
tive concepts to handle the emerging complexity. The ABB 
Corporate Research Center in Ladenburg (DECRC) is working 
in close cooperation with the respective ABB business units 
on such concepts in order to simplify engineering and  
commissioning of factory automation applications.

Figure 1: ABB key 
components for 
factory automation
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Simplifying engineering in discrete factory automation
One major approach to simplify the engineering process is 
improved integration of the aforementioned key components. 
The integration aspect is twofold: First, cooperation of the 
dedicated engineering tools during design, implementation 
and virtual commissioning phase has to be assured. This can 
preferably be done by embedding these tools in a common 
engineering environment that provides the user at least simpli-
fied tool access and centralized data management. Second, 
the automation components have to cooperate during runtime 
which in turn can be guaranteed by fulfilling the two require-
ments “connectivity” and “interoperability”, s. Figure 2. The 
former term postulates communication between the automation 
components via a common fieldbus or via gateways. The latter 
requirement addresses functional interaction of automation 
components, meaning that one component is able to activate 
functionality of another component and vice versa.

Both integration aspects described above will be pointed out 
by discussing two new product developments of ABB:

New integrated safety concept: Safety-controller „Pluto“ 
In 2010 ABB enhanced the automation portfolio by a safety 
controller called “Pluto” after acquiring the company “Jokab 
Safety”. At that time no safety programming functionality was 
included in the Control Builder software of ABB’s standard 
PLC, since programming of safety devices requires a dedicated 
programming environment. In case of the safety controller 
Pluto, this environment is provided by Jokab and called “Pluto 
Manager”. The tool allows safety controller programming using 
ladder or Boolean algebra – with timers, auxiliary memory, 
registers, sequential programming and TÜV-approved function 
blocks.

Pluto is a safety controller concept, which simplifies the 
design of safety systems and achieves the highest safety  
category 4 according to EN 954-1 and SIL 3 according to 
IEC/EN61508. The concept enables simple communication, 
programming and changes to the safety system. With the use 
of a ‘Gateway’ device, a Pluto can communicate with other bus 
systems such as Profibus, CanOpen, DeviceNet and Ethernet. 
Using a Pluto AS-I, both safety slaves and standard slaves 
can be handled.

Integration of the Pluto safety controller in automation appli-
cations using a conventional ABB PLC in order to add safety 
functionality can easily be done with the new ABB development 
„Control Builder Plus“. This new configurator enables easy 
handling of several tools that are used during the whole engi-
neering process. The configurator acts as an integration platform 
that allows configuration of the plant topology including all 
required controllers, fieldbusses, I/O devices etc. independent 
of the automation component type. The hierarchical organized 
plant structure is not limited to one controller per project but 
can incorporate all necessary PLCs and controllers including 
safety controllers. A mouse click on the respective object starts 
the corresponding engineering tool like the conventional AC500 
Control Builder or the Pluto Manager, s. Figure 3. The same 
holds for uniform configuration dialogue boxes of devices, 
fieldbusses and visualization tools. Using such mechanisms 
allows copying a whole controller including application and 
visualization per drag & drop as basis for similar new controllers. 
Dedicated plant attributes can be modified efficiently by “search 
and replace” functionality. An external data versioning tool, e.g. 
“Visual Source Safe”, can be used via an optional interface to 
support object individual versioning, which is a mandatory 
requirement for multiuser software development. Basis of the 

Figure 2 a: Connectivity: communication of automation components via fieldbus or gateways  |  2 b: Interoperability: Mutual activation of component 
functionality

2 a 2 b
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new configurator is the open programming software “CoDeSys”. 
The fact that this well known engineering environment is still 
compatible to the established ABB control builder ensures 
that the customers can use the new product without costly 
training.

Robot controller with integrated PLC
While the integrated Pluto manager illustrates the integration of 
engineering tools in the new Control Builder Plus, the second 
new development of ABB addressing the topic “integration of 
key components” focuses on the runtime cooperation of the 
key components. ABB combined the flexible and scalable 
AC500 PLC with the IRC5 robot controller in order to offer a 
powerful solution for cell automation that is optimized accord-
ing to costs and footprint. The mechanical integration of the 
AC500 PLC into the IRC5 cabinet drops the need for a sepa-
rate PLC housing and power supply. Up to three I/O-modules 
including support for remote I/O as well as bus couplers of all 
relevant fieldbusses can be mounted inside the IRC5 cabinet. 
The connectivity is ensured by a preconfigured fieldbus com-
munication between IRC5 robot controller and AC500 PLC. 
Predefined function blocks guarantee interoperability of the 
controllers and reduce commissioning time significantly. Both 
controllers can act as master, controlling program execution  

in the respective slave by activating desired functionality. In 
addition, commissioning is simplified by an IRC5-FlexPendant 
user interface for basic AC500 control and monitoring. Access 
to the robot programming and simulation tool RobotStudio 
und the PLC engineering tool AC500-Control-Builder via single 
Ethernet connection reduces customer’s wiring effort.

From robot controller’s perspective, the functional PLC inte-
gration opens up the diversity of PLC controlled applications, 
like cyclical update of a large number of I/Os including complex 
logical operations or control of different types of auxiliary axes 
using standards like IEC61131 or PLCopen. On the other hand, 
using the PLC as application master enables easy realization 
of applications that are difficult to solve with regular PLCs 
capabilities only.   

Application examples can be found besides material handling 
also in machine tending and palletizing environments. Machine 
idle time can be minimized for instance, if the robot commands 
the PLC to close the machine door and start production 
immediately after loading the machine and leaving the machine 
workspace. In palletizing applications, the PLC can advise the 
robot where to pick up new products.

Figure 3: Integration of AC500-PLC and Pluto-controller engineering within the new „Control Builder Plus“
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Implementation of the new approaches in the DECRC test rig 
Both discussed integration aspects, i.e. integration of engi-
neering tools and runtime integration of key components, are 
presented within the test and integration environment of DECRC 
that was built up in 2009. The safety controller Pluto is coop-
erating with the line PLC and guarantees safe stopping of all 
axes in case that an emergency button is pressed or safety 
sensors detect that humans are potentially endangered by 
getting too close to the automation line.

The potential of cooperating PLC and robot is shown within 
an application that demonstrates the automatic detection and 
correction of wrong product orientation on the feeder, s. Fig-
ure 4. Incorrect product box orientation results in problems at 
the packaging station and has to be avoided accordingly. The 
box orientation is supervised by the IRC5 integrated PLC. 
When the PLC detects an incorrect orientation, the identified 
product box is isolated via pneumatic actuators. As soon as 
enough space for reorientation exists on the feeding conveyor, 

the PLC commands the robot to remove and re-orientate the 
box. Implementing this application without both interacting 
key components would increase the process complexity  
drastically: While programming of a detection and isolation 
algorithm is a laborious task on the robot controller due to the 
complex sequencing and interlocking logic of several sensors 
and actuators, the usage of PLC motion control for rearranging 
the product is not the optimal choice due to the complex 
motion task. Thus, this application shows the benefit of divid-
ing a complex automation task into two sub-tasks which are 
solved easily by dedicated interacting automation components. 
Orchestration of the whole process is done by the master 
component, represented by the PLC in this case.

Outlook
ABB is deepening integration of the discrete automation  
portfolio, since this is the key for the customers to realize 
automation applications with rising complexity in conjunction 
with reduced engineering costs. The Corporate Research 

Figure 4: Cooperation of PLC and robot controller in order to detect and correct wrong product orientation
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Center in Ladenburg is supporting these activities by working 
on integration concepts and providing a test and integration 
environment for evaluation and demonstration of the results. 
The concepts cover integration of engineering tools as well as 
runtime integration of key components. The aim is significant 
reduction of engineering complexity according to Figure 5.

We will continue our efforts by integrating additional engineering 
tools into ABB’s Control Builder Plus and improve cooperation 
of these tools. Additional activities address further simplification 
of the runtime integration. For example, the presented integra-
tion approach of PLC and robot controller is making use of the 
dedicated programming languages of both controllers in order 
to exploit their full potential. Another approach for further  
simplification of the automation application is to harmonize the 
programming languages of both PLC and robot controllers, in 
order to reduce training effort of the software engineers and 
the worldwide service staff. 

Internal Customer
Division: Discrete Automation and Motion

Contact
Dr.-Ing. Oliver Becker
Phone: +49 (0) 6203 71 6025
Email: Oliver.Becker@de.abb.com

Figure 5: Complexity and performance of different integration scenarios
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Through our research projects, we develop the next generation of sensor products with the 
aim of expanding functionality and application areas while increasing customer benefits. Our 
projects involve measurement methods, hardware technologies and innovative functionalities 
for industrial sensors. To facilitate these developments, we apply materials that conserve 
resources in parallel with methods for optimizing manufacturing processes, physical modeling 
and numerical simulation. 

In addition to classic sensor functions, there is an increasing demand for condition monitoring 
of devices by means of integrated sensors and and advanced data analysis. These innovative 
monitoring functions increase system availability, reliability and serviceability while decreasing 
operation and maintenance costs.

 A further trend is towards wireless self-powered sensors based on energy harvesting that can 
be used to gain additional process information or implement flexible measurement systems for 
service tasks. Such autonomous sensors eliminate the need for extra wiring for communication 
and power and therefore significantly reduce installation costs.

Increasing cost pressure, a higher level of integration and a growing demand for information in 
intelligent communication systems require new solutions for current and voltage sensors. As a 
result, conventional instrument transformers are increasingly being replaced by smaller, cheaper 
sensors in industrial plants, drive controllers and power distribution systems.

Our Research group is running or contributing to projects in the focus areas Power Device 
Mechatronics and Service Solutions.

Sensors and field devices are key elements of automation  
and power systems. They supply the relevant information on 
processes and material properties in the form of measurement 
values, thus helping our industry customers to increase their 
productivity. The application areas of sensors range from  
process control and optimization, quality control and device 
monitoring right through to plant asset management.

Dr. Armin Gasch
Head of research group
Industrial Sensor Technology

Industrial Sensor Technology
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Usage of Coriolis meters in control of industrial processes 
shows significant growth over the past years. ABB is 
responding to this customer requirement by actively driving 
research for high-performance, robust and cost-efficient 
Coriolis instruments. State-of-the-art design, simulation 
and experimental testing concepts are used in DECRC to 
develop new product ideas and to improve existing  
products constantly. Advanced finite-element calculations, 
automatic multi-objective optimization and simulation of 
drop-impacts are among the methods which are used in 
design and virtual testing of device concepts.

Experiments are carried out in thermalized flow test rigs 
and laboratory setups which are specifically designed to 
check the intricate performance criteria for Coriolis 
meters.

This note describes a number of activities in this vividly 
evolving research area which are part of the work of 
DECRC.  

Technical Challenges in Coriolis meter design
A Coriolis mass flow meter consists of one or two flow tubes 
which are mechanically excited to vibrations in one of their 
eigenmodes.

If no flow is present, the fluid inside the tube is mainly an added 
mass which influences the eigenfrequency. A precise measure-
ment of the frequency, therefore, gives the opportunity to 
determine fluid density very accurately. In absence of damping, 
the eigenmodes can be viewed as standing vibrational waves 
in the mechanical part of the device. Eigenvalues and spatial 
deflections can be chosen as real-valued. This means, in  
particular, that in a given eigenstate all points of the structure 
oscillate in phase and e.g. the zero-crossings of their deflec-
tions as functions of time occur at the same points. 

When flow is switched on, an additional term in the device´s 
equation of motion appears. The resulting eigenvalues are still 
real, which means in particular that there is no damping induced. 
However, the flow leads to a genuine complexification of the 

Predict and test a Stradivari´s performance …
Efficient Coriolis flow meter development through advanced simulation and  
experimental concepts

Dr. Jörg Gebhardt, Dr. Thomas Scholl, Dr. Ulf Ahrend
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eigenmodes, manifesting itself in relative phase shifts between 
oscillations at different locations in the device. Measuring these 
shifts can be used as a very accurate measurement of mass 
flow in the device. 

Flow meters of this type have generated a considerable market 
in the last years, which still shows sustainable growth. One 
reason for this: Flow metering using Coriolis forces gives 
direct and very accurate information on the mass (not just the 
volume) of the moving fluid in a pipe, e.g. of a process product 
or ingredient material.

Spectral comparisons
Finite-element models of the device (developed, e.g., in 
Abaqus, Ansys or Comsol) efficiently and reliably predict the 
spectrum of possible mechanical vibrations in the device. Many 
of these modes can be sensed with state-of-the-art experimental 
methods such as magnet-coil systems (for measuring relative 
motion of parts of the structure) or laser vibrometry (giving 
absolute motion of certain points of the structure). 

Vibration isolation
A Coriolis meter in operation must be decoupled from its envi-
ronment. Otherwise, it would radiate structure-borne sound 
waves which, in turn, could be reflected by any inhomogeneity 
in the surrounding structure. Incoming waves exactly at oper-
ation frequency, however, could cause artificial phase shifts in 
the device, which would be indistinguishable from the mea-
surement effect.

A method to provide decoupling is “balancing” the structure. 
The design is chosen in such a way as to reduce vibration 
amplitude at the outer casing, although the flow tube oscillates 
at, for sound waves, considerable amplitudes. Figure 5 shows 
that, for a suitably designed structure, everywhere on the 
external hull the vibration amplitudes are smaller than those of 
the measurement tube by a factor 10-3. 

Optimization methods, using inhouse concepts or tools like 
modeFRONTIER, are key to achieve results of this quality.

Figure 1: Flow measurement principle: The two pickup sensors generate 
sine signals which coincide if there is no flow. In case there is flow, the 
tube starts to tumble slightly, resulting in a time shift of the sine waves 
which is proportional to mass flow.

Figure 2:  
Examples from 
ABB´s product 
portfolio in the 
Coriolis market

Figure 3: Comparison of spectra (logarithm of the signal vs frequency).  
The relevant modes show up as peaks in the experimental spectrum. The 
calculated spectrum does not contain background noise and resolves a 
number of additional modes. Adjustment of model parameters allows repro-
duction of the experiment up to sub-percent deviations.
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Drop impact robustness through crash calculations
Besides performance, robustness in everyday life is an important 
feature of successful ABB-products. Therefore, the sophisticated 
structure of a Coriolis meter must nevertheless withstand 
standard transport condition requirements, in particular the 
loads of drop impacts.

Effects of such  impacts can be checked computationally 
through virtual crash tests, e.g. with tools like Abaqus Explicit, 
LS-Dyna or Ansys Explicit. (Explicit time integration schemes 
are numerically advantageous in high-speed processes with 
strong discontinuities.)

Virtual testing gives the opportunity for detailed analysis of the 
impact behavior. As an example, shown in Figure 7 and in  
Figure 8, stresses and relative displacements at arbitrary loca-
tions in the device can be logged and compared to allowed 
maxima. 

Should limit values be violated, it is possible to test counter-
measures like overload protections in the model, using 
advanced contact definitions.  This results in a considerable 
speed-up of development and cost savings through reduction 
or even replacement of hardware tests.

Further interesting questions to be answered by calculations 
of this kind are related to contact and nonlinearity effects.

The simulations in this section were planned and carried out 
in close collaboration with the ABB Corporate Research Center 
in Krakow, Poland.

Reliable prediction of meter performance – virtual products
For an efficient product development, it is crucial to calculate 
characteristic numbers for meter performance, in particular for 
the flow sensitivity of the meter and for the stability of its zero 
point. To do this, a thorough physical understanding, applica-

Figure 4:  Deflections (strongly exaggerated) of the external housing of a Coriolis meter. Calculated (a) and measured (b) vibration amplitude distributions 
show a remarkable agreement, qualitatively and quantitatively.

Figure 5:  Deflections of the operation mode in a sectional view of a Coriolis meter concept study. The amplitudes are color-coded logarithmically in order 
to visualize the exceptionally good balancing of the device.

Figure 6: Standardized drop impact start configuration according to IEC 68-2-31
Figure 7: Von Mises-stress levels in a part of the measurement tube, calculated during a drop impact of the device (arbitrary units)
Figure 8:  Relative displacements (arbitrary units) at specific points in the device during impact, an information used for planning potential overload  

protections. 
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tion domain know-how, and availability of advanced simulation 
methods are important prerequisites. 

The interplay of a sensor element´s behavior, involving e.g. 
mechanical and/or electro-magnetic processes, and the 
instrument´s control unit can be analyzed by coupling finite-
element with dynamical system tools, e.g. Abaqus with 
Dymola.

Experiments
The development of reliable and high-performance field devices 
like Coriolis flow meter still requires a large amount of laboratory 
measurements, even when theoretical modeling and simulation 
is more and more important. The comparison of theoretical 
results with experimental data is an important issue to qualify 
the simulations and to get a deeper understanding of the 
devices.

Nowadays very accurate measurement equipment exists to 
measure the vibration of any objects. For the analysis of the 
different vibration modes a non-contact laser scanning vibration 
measurement system is available at DECRC. The system can 
scan an entire surface of a device. The measurements can be 
made both in the lab for spectral measurements over a wide 
frequency bandwidth and in a process environment to measure 
the decoupling of the device from external disturbances. A 
measurement example of a scanning measurement can be 
seen on the cover picture of this article. The measured vibra-
tion can be used to visualize the simultaneous motion of the 
structure or to analyze the vibration modes in a specific fre-
quency range. The comparison of the measured data with the 
theoretical simulation of the field device is a very good bench-
mark of the FEM model quality. 

For testing field instruments under realistic process conditions, 
a unique test environment exists at DECRC. The Flow and 
Process Test Rig (FPTR) gives the possibility to measure the 
accuracy and repeatability of fluid flow meters for different 
fluid temperatures and different flow ranges. So, detailed 
studies of the flow linearity and the zero point behavior of a 
Coriolis flow meter can be conducted. The results of these 
measurements are benchmarked again the theoretical calcula-
tions and FEM simulations, providing a deeper understanding 
of the theoretical models and e.g. the mechanical behavior of 
a Coriolis flow meter. The measurements also allow the devel-
opment of algorithms to increase the accuracy of the field 
device [Scholl, 2009]. 

 The FPTR can also be used to investigate the influence of 
process disturbances on the performance of a Coriolis flow 
meter. Especially mechanical disturbances like vibrations have 
a high influence on the accuracy of a flow meter. But also 
other mechanical disturbances influence the measurement 
accuracy. A number of specific tests were development to 
characterize the influence of these disturbances to provide 
repeatable experiments. Several theoretical and experimental 
investigations were conducted to get a deeper understanding 
of the mechanism, how external disturbances influence the 
performance of a flow meter. These investigations help to 
develop reliable high-performance field devices. 

Frequency spectra of the flow tube as shown in Figure 3 
reveal the characteristic modal structure of the Coriolis meter. 
They can experimentally be determined by Fourier transform 
of the oscillating tube and by frequency sweeps over the  
relevant frequency range. Responses at a specific frequency 
may indicate a resonance of the oscillating system.

While the operation mode is well balanced, i.e. it is not influ-
enced by any external disturbances like vibrations on the 
flanges, other modes may change their frequencies and  
possibly superimpose.

The design of the meter does not only have to ensure that  
the operation mode is well balanced but also that the Coriolis 
modes are only excited by the fluid flow through the pipe. A 
mixing with other modes would deteriorate the measurement 
effect.

In order to check the frequency spectra in greater detail one 
can tune the excitation frequency and measure the response of 
the vibrating tube. If the real and complex part of the response 
function are plotted in a so-called Nyquist diagram one can 
analyze the resonances of the different modes.

Figure 9: The Flow and Process Test Rig in Ladenburg
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Figure 10: Nyquist circle of the operation mode (left graph) and the Coriolis mode: The circle indicates well separated resonances of the Coriolis meter 
that do not mix with other modes. 

A perfect circle as shown in Figure 10 indicates a resonance of 
a single degree of freedom system. This means that no other 
modes are mixing or interacting with the studied one. The 
diameter of the so-called Nyquist circle is also a measure of 
the damping in the mechanical system.

With these experimental studies theoretical models of the 
modal structure can be confirmed and important parameters 
like quality factors can be determined.

Conclusions
An ab initio development of a measurement instrument is a 
considerable task, regarding technology as well as project 
management and consequent market: orientation in coopera-
tion with the ABB Business Unit. In DECRC, integration of 
these points has led to successful sensor technology devel-
opments. 

State-of-the-art simulation and experimental methods lead to 
better quality and performance of the design result at signifi-
cantly reduced development cost and time. Besides the main 
instrument performance, a large number of additional require-
ments can be analyzed, e.g. high-quality and cost-efficient 
manufacturing. 

What is very important: The predictive power of simulation is 
constantly increasing through progress on the software and 
on the hardware side.  In DECRC, there is a team of experts 
which forms the “Competence Area Modeling & Simulation” 
and coordinates work in this field.

This is a significant support in the creation of new product 
concepts, as well as in performance or robustness enhance-
ment projects for existing measurement instruments.

Internal Customer
Division: Process Automation
Business Unit: Measurement Products

Contact:
Dr. Jörg Gebhardt 
phone: +49 (0) 6203 71 6473
Email: joerg.gebhardt@de.abb.com
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We develop and implement concepts, architectures and methods for embedded real-time  
systems in automation devices, with the partial goal of minimizing energy consumption. In this 
way, we are on the one hand enabling additional functions, and on the other hand making it 
possible to develop completely autonomous devices that are powered by the process environ-
ment and are capable of wireless communication. 

The second major focus of our work is on developing innovative solutions for integrating intel-
ligent automation devices into control systems. In this area, we actively contribute towards the 
development of future standards for device integration. We are also engaged in the continuous 
development of processes, models and tools for device and communication engineering and 
device management.

Our Research group is running or contributing to projects in the focus areas Building Automa-
tion, Factory Automation and Plant Automation.

Automation devices, which form the heart of all automation 
solutions, are expected to meet increasingly tough demands in 
terms of functionality, user-friendliness, communicative ability 
and integration into control systems. The required device  
intelligence is increasingly implemented in the form of software 
components that run as embedded systems in the devices, 
which inevitably entails increased energy consumption. As the 
energy available is often limited, measures for reducing energy 
consumption are set to be a key requirement for successfully 
designing intelligent automation devices.

Dr. Dirk John
Head of research group
Intelligent Devices

Intelligent Devices
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Green Technology for Process Automation
Dr. Philipp Nenninger, Dr. Marco Ulrich

1. Introduction
In an effort to further reduce downtime and maximize reliability, 
operators need to know more about the health of a plant’s 
assets. This information is mostly supplied by sensors. Addi-
tional sensors mean extra wiring for communication and power, 
and hence increased installation costs. Eliminating these wires 
would not only reduce costs but also the complexity of the entire 
process. Because the power consumption of many industrial 
sensors is quite moderate, the use of batteries would seem like 
a suitable solution. However, exchanging batteries at regular 
intervals may very well offset the savings of having wireless 
sensors in the first place. Another solution is known as energy 
harvesting. Energy harvesting is the process by which energy 
(ambient, motion, wind, light), derived from external sources, is 
captured and stored to supply power for low-energy electronics. 
Ambient energy is available in abundance in the process 
industry and it is here that energy harvesting is beginning to 
make its mark. 

2. Wireless technology 
Wireless solutions are by no means a new concept in the  
process industry; In fact they first came to prominence in the 
1960s. However, these solutions have been applied mainly in 
specialized products for certain markets such as ABB’s Aqua-

Master, an electronic commercial water-flow meter, and flow 
totalizers in the oil and gas industry. ABB’s Totalflow, a remote 
measurement and automation system, is one such example. 

As is the case with fieldbus technology, any wireless protocol 
that aims at achieving critical mass requires a global standard, 
which is supported by all device manufacturers. One such 
standard does exist and is called WirelessHART. WirelessHART 
is the first international wireless standard which was developed 
specifically for the requirements of process field device net-
works. Network reliability is one of the main focus points in 
process automation. An aspect of wireless networks that has 
significantly impacted reliability is the area of meshed net-
working. Mesh networks provide spatially redundant channels 
between two nodes in the network by relaying messages over 
different routes. This in turn increases the fault tolerance of the 
communication and allows a well-designed network to become 
tolerant of both communication link and routing device failures. 
In addition, the spatial redundancy of mesh networking 
ensures reliable communication, even in industrial, scientific 
and medical (ISM) bands. Of course the relaying of messages 
(as a consequence of mesh networking) together with the 
requirement of constant security impacts the power budget, 
which has to be offset by achieving low-power optimization. 
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3. Low-power optimization 
There are some major differences between wired and wireless 
devices when it comes to low-power optimization, and ABB’s 
“wired” industrial temperature transmitter, the TTH300, will be 
used to illustrate this point. The TTH300 device is powered by 
the 4–20 mA current loop and measures, for example, the 
resistance of a 4-wire Pt100 (and thus the temperature at the 
sensor tip) at very short time intervals, which, depending on 
the sensor could be every 100 ms. Because the 4–20 mA 
loop continuously provides up to 40 mW of power, the device 
is limited by the power it can draw, while the energy consumed 
by the device is irrelevant.

A wireless sensor on the other hand does not have to measure 
temperature several times per second because most industrial 
wireless networks for the process industry do not usefully 
support such short update intervals. Between measurements 
the transmitter only has to fulfill its network duty of relaying 
messages for other nodes. The rest of the time the electronics 
can be in a so-called low-power mode during which no com-
putations or measurements take place and only a fraction of 
the power is consumed.

In low-power mode, the power consumption of the device can 
be approximated by considering the power consumed in active 
and low-power mode and the duty cycle of the device. For 
the wireless device described above, the duty cycle roughly 
correlates to the time needed for the sensor to update. If the 
self discharge of the battery is not considered, a rough estimate 
for the battery life of a battery, powered transmitter can be 
given. This estimate for an ideal device is shown in Figure 1.

4. Energy harvesting
Exchanging batteries on a regular basis is not always an option 
since this could – depending on the plant setup – offset the 
savings of using wireless devices. Instead, energy harvesting 
(EH) is seen as a possible solution that overcomes this issue 
to create truly autonomous devices. EH converts the energy 
produced by the process into usable electrical energy, which 
in turn is used to power wireless devices. Typical energy 
sources include hot and cold processes, solar radiation, and 
vibration and kinetic energy from flowing media or moving 

parts. The most prominent mechanisms are solar radiation, 
thermoelectric and kinetic converters. 

 − Solar radiation 
Although photovoltaics is nowadays a robust and estab-
lished technology, its application indoors is rather limited. 
While the outdoor intensity can reach approximately 1,000 
W/m2, typical indoor values lie in the region of 1 W/m2 [1]. 
In other words, the amount of energy that can be harvested 
is rather limited.

 − Thermoelectric 
Thermoelectric generators (TEG) harvest electrical energy 
from thermal energy (ie, the temperature gradients between 
hot or cold processes and the ambient) using the Seebeck 
effect 1 [2]. While the efficiency of TEGs is rather low –  
typically below 1 % – the technology is quite robust and 
stable. Often large temperature reservoirs are present 
especially in the process industry. Hence a lot of heat is 
available and the power that can be delivered by commer-
cially available TEGs is sufficient to maintain a variety of 
wireless sensor nodes in different scenarios.

 − Kinetic converters 
The direct conversion of mechanical movement, such as 
vibrations, into electrical energy can be achieved with  
different transducer mechanisms:electromagnetic mecha-
nisms, piezoelectric transducers or electrostatic transducers. 
In short, all principles are based on a mechanical resonator, 
and the systems can only deliver a reasonable power output 
if the resonance frequency of the harvesting device matches 
the external excitation frequency. The use of variable fre-
quency drives in the process actually limits the application 
of vibration harvesting systems.

Energy harvesting can be a discontinuous process: For example, 
in the case of outdoor photovoltaic applications, day-night 
cycles will lead to unstable power sources; plant downtimes 
can lead to different process temperatures, which may influ-
ence the energy delivered by TEGs; and variable-frequency 
drives can lead to varying power yields of vibration harvesters. 
In contrast there may be times when the energy harvesting 
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system supplies more energy than is actually needed. The 
power consumption profile of typical wireless sensor nodes is 
also discontinuous: Depending on the duty cycle and update 
rate of the sensor, peak loads may occur which have to be 
buffered because EH systems are not able to support these 
high short-term currents. 

Essentially every EH system needs a buffer to overcome times 
when the harvesting device is unable to supply enough energy 
for the sensor node. 

Conventional lithium-ion secondary cells suffer from a limited 
amount of discharge/charge cycles. Harvesting devices and 
buffers need an appropriate power management (PM)

system for a truly autonomous power supply. The PM has two 
major functions:

 − To adjust the characteristics of the output voltage and  
current of the EH system to the input requirements of the 
electrical consumer.

 − To switch smoothly between primary cell-type energy  
buffers and the different EH sources.

5. Autonomous temperature transmitter
DECRC in cooperation with CHCRC has developed a complete 
autonomous temperature transmitter (see Figure 2) using a 
fully integrated EH system. Thermoelectric generators have 
been integrated into the device in a way that the handling, 
stability and form factor of the transmitter stays the same 
while its lifetime and functionality are considerably enhanced. 
The device also includes a smart energy buffer solution for 
occasions when the process temperature is insufficient to 
generate enough energy. 

The overall size of the selected temperature transmitter pre-
vented the integration of conventional TEGs, which normally 
have macroscopic dimensions around 10 to 20 cm2. Instead 
novel micro-thermoelectric generators (micro-TEGs), produced 
with a wafer-based manufacturing process [4], were used (see 
Figure 3). The major challenge of integrating these devices 
was ensuring that the stability and robustness of the transmitter 
was: maintained. In most cases the process is warmer than 

the ambient air temperature and so the hot side of the TEGs 
needs to be coupled to the process with the most optimal 
thermal conductivity. Extensive numerical simulations were 
carried out to maximize the heat flow through the TEGs (see 
Figure 4). The other (or cold) side must be cooled and is 
therefore coupled to the ambient air with a heat sink. The heat 
sink needs to be positioned at a sufficient distance to allow 
for applications where the process pipe is covered with a thick 
insulation layer. With a minimum difference of about 30 K 
between the process and ambient temperatures, the system 
is able to generate sufficient energy to supply both the  
measurement and wireless communication electronics. At 
temperature gradients greater than 30 K, more energy is  
generated than is needed, which could be used to allow for 
faster update rates, for example. The EH-powered tempera-
ture transmitter solves a central issue of wireless sensor 
nodes: The regular exchange of primary cells is no longer 
necessary, and this in turn can help reduce the total cost of 
ownership. While EH is not possible for all sensors in every 
circumstance, it is a viable energy supply for a wide range of 
devices. Fully autonomous devices can help to better under-
stand and control industrial processes and therefore make 
them more profitable. 

Internal Customer
Division: Process Automation
Business Unit: Measurement Products

Contact
Dr. Philipp Nenninger
Phone: +49 (0) 6203 71 6215
Email: philipp.nenninger@de.abb.com
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Seamless Access to Device Intelligence
Dr. Daniel Großmann, Dr. Dirk John

1. Open Device Integration with FDI
Utilizing digital communication, users are able to exploit the 
full potential of today’s intelligent field devices temperature 
transmitters or valve positioners. Examples include advanced 
status information that can be used for predictive maintenance 
allowing customers to cut maintenance cost and to increase 
plane availability at the same time. Valve positioner for instance 
often provide information about the valve’s current stiction 
and friction – information that can be used to determine the 
performance of the valve.

And since end users want to have to flexibility to use best of 
breed field devices, the integration of these devices has to 
follow open standards.

Such a standard is currently being defined: FDI or Field Device 
Integration. Launched in 2007, FDI defined a common solution 
for the integration of field devices into control systems. The 
project that was originally run by fieldbus organisations (Field-
bus Foundation, HART Communication Foundation, Profibus 
Nutzerorganisation, FDT-Group and OPC Foundation) is now 
in the transition towards a vendor driven consortium. With 
ABB being one of the main drivers for FDI the consortium 
consists of Emerson, Endress+Hauser, Honeywell, Invensys, 

Siemens and Yokogawa – A clear statement that FDI is sup-
ported on an broad basis.

The FDI concept is based on the client-server architecture 
model. In an architecture of this kind, a server provides ser-
vices that various clients (usually distributed) access (figure 1).

In the FDI client-server architecture, an FDI server provides 
access to the “information model”. The information model maps 
the communication topology of the automation system by 
representing the communication infrastructure and the field 
devices as objects. In concrete terms, this means that the 
data, functions and user interface of field devices are available 
in the information model.

FDI clients then access the information model via the FDI 
server in order to load the user interface of the field device and 
display it on the client side. From within the client interface, a 
user could choose to make parameter changes to the device. 
When user completes the changes, the client interface transfers 
the changes back to the information model. In addition, FDI 
clients can also access the device parameters in the informa-
tion model without a device-specific user interface (e.g. for 
condition monitoring).
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Figure 1: FDI Client-Server Architecture

The data, functions and user interfaces of the FDI server that 
have to be represented in the information model are defined by 
the device manufacturer by means of the FDI device package 
with the following contents: Device definition, business logic, 
user interface descriptions and user interface plug-ins. The 
device definition describes the field device data and the internal 
structure (e.g. blocks). The business logic primarily ensures 
that the device definition remains consistent. User interface 
descriptions and user interface plug-ins define the field device 
user interfaces.

Device definition, business logic and user interface description 
are based on Electronic Device Description Languange (EDDL, 
IEC 61804-3). The user interface plug-in offers the advantages 
of freely-programmable user interfaces familiar to Field Device 
Tool/Device Type Managers (FDT/DTMs). In order to communicate 
to the field devices, the FDI Servers uses FDI Communication 
Servers providing access to the field network together with 
Nested Communication to “translate” between communication 
protocols – Both concepts are derived from FDT.

As a result, FDI combines the advantages and tried-and-tested 
concepts of both EDDL and FDT. Ultimately, of course, what 
counts are the advantages for device manufacturers, control 
system manufacturers and, in particular, our customers.

For device manufacturers, FDI reduces effort and saves costs. 
The savings are realized from needing only one FDI device 
package. Another advantage is the scalability of the device 
package. Simple devices only require a simple device package. 
By their nature, complex devices require a more complex 
device package.

For control system manufacturers, the client-server architecture 
simplifies the use of device data and functions in powerful, 
distributed control systems such as system 800xA. In addition, 
transparent access to device data and functions facilitates the 
integration of other applications (e.g. connection of MES). 
Other advantages are clear: The central management of data 
prevents inconsistencies and the automatic loading of user 
interfaces by the client means client-side installation is no  
longer required.
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For the customer, the main benefit of FDI lies in the standardized 
integration of field devices through a future-proof standard. One 
basic prerequisite for this is the unrestricted interoperability of 
device packages from a wide variety of device manufacturers 
with FDI systems from a wide variety of control system manu-
facturers.

2.  The information model – seamless access to field 
device intelligence

As mentioned beforehand, the Information Model within the 
FDI Server is the entry point to field devices. The Information 
Model is based on the new OPC Unified Architecture.  It rep-
resents the complete Fieldbus topology of the plant as nodes. 
Figure 2 gives an overview: The Information Model “starts” 
with the Device Topology node. Following, the controllers, 
communication interfaces and networks of the automation 
system are represented. The example shows one AC 800M 
Controller and one Profibus Communication Interface (CI) that 
connects to a Profibus Network. Finally, the field devices are 
attached to networks. The field device nodes themselves  
contain the devices’ parameters, functions and user interfaces.

This structure is accessed by OPC UA Clients such as the FDI 
Client. A typical workflow looks like this: An engineer wants to 
configure and parameterize a field device (e.g. during com-
missioning). To do so he or she starts the FDI Client and selects 
the respective device. The FDI Client “looks” into the Information 
Model and loads the user interface for the device just like a 

browser loads a web page. To show the latest device values 
the FDI Client reads the device’s data out of the information 
model and displays them in the user interface. Then the user 
starts to configure and to parameterize the device and changed 
data is written to the Information model. All the necessary 
communication to the device is performed by the FDI Server 
in the background, the FDI Client and, more importantly, the 
user does not need to care. Access to device intelligence is 
seamless. He or she is only interested in working with a 
device and not in having to care about protocol or communi-
cation specific details where the saying goes that one at least 
need to hold a PhD to understand. So why expose that  
complexity to the user?

This becomes even more important when looking at the fact 
that digital field communication will increase in future. Why? 
Because there are a variety of communication standards, pro-
tocols and related details and specifics to take into account. 
And to address the specific user needs and local preferences, 
ABB’s industry business units offer that variety of communication 
possibilities to their customers. And this is where FDI’s way to 
provide access to field devices becomes truly seamless: 
Regardless of the communication protocol, the representation 
of the field network and the devices will look the same in the 
Information model. Clients that are interested in gathering 
device data just access the information model and read device 
data. All the specifics are handled in the background and the 
user does not even notice that one device talks HART while 

Figure 2: FDI Information Model
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Figure 3: Hiding protocol details

the next one talks Profibus for instance. Figure 3 explains what 
that means. Although in the plant topology there is a HART 
and a Profibus device, the information model representation of 
both devices is the same. In that sense FDI’s information model 
is more than just a necessity. It abstracts the different fieldbusses 
and hides their underlying complexity providing seamless 
access to device intelligence.

3. CR Contribution
FDI standardization is performed by representatives of the FDI 
consortium members. Here ABB driving and supporting through 
five delegates. In Addition, the overall FDI Standardization 
project is lead by ABB.

DECRC contributes to this effort by providing three of the five 
ABB experts, on of them leading the Working Group “Tools 
and Components” within the FDI Standardization project. 
Besides pushing FDI within the standardization effort, DECRC 
is working closely together with the colleagues from ABB’s 
product and system Business Units. In this respect DECRC 
acts as important collaboration platform making sure that all 
ABB BUs involved with FDI are on the same page.

4. Outlook
FDI specification development is on the right track. The present 
FDI concept enables scalable solutions for device vendors 
and a largely protocol-independent implementation. End user 
and manufacturer requirements are generally met.

In order for the technology to be implemented at low cost and 
for it to lead to the required cost savings and interoperability 
improvements, standardized development and test tools and 
a standardized EDD interpreter in addition to further EDDL 
Harmonization have to be made available. Here ABB is the 
driving force, pushing FDI to become an open and interoperable 
standard for device integration – A standard that meets the 
expectations of our customers.

Internal Customer 
Division: Process Automation
Business Unit: Measurement Products
Business Unit: Open Control Systems
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Dr. Daniel Großmann 
Phone: +49 (0) 6203 71 6241
E-mail: daniel.grossmann@de.abb.com
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Publications and Conference Contribution

Publications in Journals

Experiences on bio-medical sensing using ultra wideband 
communications and radar technology 
Bilich, Carlos   
International Journal of Ultra Wideband Communications and 
Systems vol. 1, page 248

Konzept für einen effizienten Entwicklungsprozess zur Erstel-
lung von sicherheitsgerichteten SPS-Funktionsbausteinen 
Drath, Rainer; Schwartz, Mario 
atp – Automatisierungstechnische Praxis vol. 7-8/2010,  
page 70-76

Statistical Prediction of Failures – A Pragmatic Case Study 
Gitzel, Ralf   
Plant Service 

Greedy Algorithm for Scheduling Batch Plants with Sequence-
Dependent Changeovers 
Harjunkoski, Iiro; Grossmann, Ignacio; Castro, Pedro
AIChE Journal vol. 57, page 373-387

Collaborative Process Automation Systems 
Hollender, Martin; Horch, Alexander; Harjunkoski, Iiro;  
Zeidler, Christian: Isaksson, Alf 
ABB Review vol. 3 2010

Intiutive Bedienerführung durch neue Prozessvisualisierung 
Hollender, Martin; Stevens, Dirk; Langlotz, Kati 
VGB PowerTech vol. , 11/2010, page 

Energieeffizienz in der Produktion
Horch, Alexander  
SPS-MAGAZIN, 2010, Nr 1+2 

From Monolithic to Component-based Performance Evaluation 
of Software Architectures: A Series of Experiments Analysing 
Accuracy and Effort 
Koziolek, Heiko; Martens, Anne; Prechelt, Lutz;Reussner, Ralf 
Springer Journal on Empirical Software Engineering

Performance Evaluation of Component-based Software Sys-
tems: A Survey 
Koziolek, Heiko 
Elsevier Journal on Performance Evaluation vol. 67, page 8

Virtuelle Inbetriebnahme leicht gemacht 
Mauser, Nicolas; Weber, Peter; Miegel, Volker  
Computer&Automation, April 2010

Energy Harvesting 
Nenninger, Philipp; Ulrich, Marco; Wetzko, Manfred 
Energy 2.0 
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On the Energy Problem of Wireless Applications in Industrial 
Automation 
Nenninger, Philipp; Ulrich, Marco; Kaul, Holger 
Proceedings of the Symposium on Telematics Applications, 
Timisoara, Romania,  2010-10-05, page 8

Power Consumption Profiling for Wireless Industrial Mixed-
Signal Devices 
Nenninger, Philipp; Mendoza, Francisco 
Proceedings of the Symposium on Telematics Applications, 
Timisoara, Romania

Clever or smart: Strategies for the online target date  
assignment problem 
Saliba, Sleman; Gassner, Elisabeth, Graz University of  
Technology; Hatzl, Johannes, Graz University of Technology; 
Krumke, Sven O., University of Kaiserslautern 
Discrete Applied Mathematics vol. 158, page 71-79

Model Checking of Software for Microcontrollers 
Schlich, Bastian 
ACM Transactions on Embedded Computing Systems vol. 9, 
page 1-27

Kunststoff-Schwelbrand-Detektion mit Hilfe von Halbleiter-
Gassensoren 
Ulrich, Marco; Ejsing, Louise; Graf, Ralf 
atp – Automatisierungstechnische Praxis vol. 4, page 26

 Contributions

Measurements of Local Heat Transfer Coefficients in Heat 
Exchangers With Inclined Flat Tubes by Means of The Ammonia 
Absorption Method  
Ahrend, Ulf   
International Heat Transfer Conference, Washington D.C., 
2010/08/08 - 2010/08/13

Mobile Service Business Patterns 
Aleksy, Markus; Stieger, Bernd 
IEEE 25th International Conference on Advanced Information 
Networking and Applications (AINA-2011), Biopolis, Singapore, 
22.3-25.3.2011

2010 International Conference on P2P, Parallel, Grid, Cloud 
and Internet Computing (3PGCIC) 
Aleksy, Markus; Fatos Xhafa; Leonard Barolli; Hiroaki Nishino 
2010 International Conference on P2P, Parallel, Grid, Cloud 
and Internet Computing (3PGCIC), Fukuoka, Japan, 4.-6. 
November 2010

AINA 2010: Welcome Message 
Aleksy, Markus; Hui-Huang Hsu, Tamkang University, Taiwan; 
Hussain, Farookh, Curtin University of Technology, Australia;
The 24th IEEE International Conference on Advanced Infor-
mation Networking and Applications (AINA 2010), Perth, 
Australia, 20-23 April 2010

ALETHEIA – Improving Industrial Service Lifecycle Management 
by Semantic Data 
Aleksy, Markus; Kunz, Steffen; Wauer, Matthias;  
Brecht, Franziska; Fabian, Benjamin 
The 24th IEEE International Conference on Advanced Informa-
tion Networking and Applications (AINA 2010), Perth, Australia, 
20-23 April 2010

ARES 2010: The Fifth International Conference on Availability, 
Reliability and Security - Opening Address 
Aleksy, Markus 
Presentation at the ARES 2010 opening ceremony, Krakow, 
Poland, 15-18 February 2010

ARES 2010: Welcome Message 
Aleksy, Markus; Takizawa, Makoto, Sekei University, Japan; 
A Min Tjoa, Vienna University of Technology, Austria; 
Ghernaouti-Helie, Solange , Université de Lausanne, Switzerland; 
Quirchmayr, Gerald, University of Vienna, Austria; 
Weippl, Edgar, Secure Business Austria, Austria 
ARES 2010:The Fifth International Conference on Availability, 
Reliability and Security, Krakow, Poland, 15-18 February 2010

ECDS 2010: Welcome Message
Aleksy, Markus; Barolli, Leonard Fukuoka Institute of Technology, 
Japan; Takizawa, Makoto, Sekei University, Japan 
4th International Conference on Complex, Intelligent and Soft-
ware Intensive Systems (CISIS-2010) / 4th Workshop on 
Engineering Complex Distributed Systems (ECDS 2010), Kra-
kow, Poland, 15-18 February 2010

Engineering Context-Aware Mobile Applications: Insights from 
two Perspectives 
Aleksy, Markus 
8th International Conference on Advances in Mobile Computing 
& Multimedia (MoMM 2010), Paris, France, 8.-10. November 
2010

Supporting Service Processes with Semantic Mobile  
Applications 
Aleksy, Markus; Stieger, Bernd 
8th International Conference on Advances in Mobile Computing 
& Multimedia (MoMM 2010), Paris, France, 8.-10. November 
2010
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Utilizing Active Visual Labels for Product and Service Information 
Aleksy, Markus; Fantana, Nicolaie; Stieger, Bernd;  
Damm, Roberto 
12th International Workshop on Multimedia Network Systems 
and Applications (MNSA-2010), Genoa, Italy, 21.-25. June 2010

Utilizing Mock-ups in the Development of Distributed Information 
Systems for Semantic Data Federations 
Aleksy, Markus; Fantana, Nicolaie; Stieger, Bernd 
4th International Conference on Complex, Intelligent and Soft-
ware Intensive Systems (CISIS-2010), Krakow, Poland, 15-18 
February 2010

Advanced operation of water networks: from leakage man-
agement to decision support
Blank, Frederik; Casey, Denis; Irwin, Donal; Hynds, Amy; 
O’Rourke, Dave 
Water Leakage Conference, Dublin, Ireland, 13.05.2010

Online Pressure Optimization in Water Distribution Networks 
Blank, Frederik; Franke, Ruediger; Gauder, Markus;  
Höfer, Mathias  
EURO XXIV Lisbon, Lisbon, 11.07 - 14.07

Transient Finite Element Analysis of a SPICE-coupled trans-
former with COMSOL Multiphysics 
Disselnkoetter, Rolf; Bödrich, Thomas, TU Dresden;  
Neubert, Holger, TU Dresden 
COMSOL Conference 2010, Paris, November 17-19

AutomationML integriert IEC 62424 für die Prozess- und  
Fertigungstechnik - aktueller Stand, Potentiale, Visionen 
Drath, Rainer 
Automationskolloquium des ZVEI, Speyer, 17.09.2010

AutomationML - ein Architekturüberblick 
Drath, Rainer  
First AutomationML User Conference, Ladenburg, 05.05.2010

Steuerungstechnik der Zukunft Trends und Visionen 
Drath, Rainer   
Cluster Automation und Mechatronik, Seefeld, 14.10.2010

A Model Driven Internet of Things 
Fantana, Nicolaie ; Riedel, Till; Yordanov, Dimitar;  
Scholz, Markus; Decker, Christian 
INSS 2010 - IEEE, Kassel, 2010-06-15

Obtaining value from condition monitoring - CIGRE 
Fantana, Nicolaie ; Mercier, Andre, Hydro Quebeq, IREQ;  
Mackrell, Arthur, GE Services 
CMD 2010, Tokio, 6.Sep.2010

Towards A Software Cost Impact Model for the Customer - An 
Open Source Case Study 
Gitzel, Ralf; Krug, Simone; Brhel, Manuel
PROMISE 2010, Timisoara, Romania, Sept 12-13, 2010

Combining Architecture-based Software Reliability Predictions 
with Financial Impact Calculations 
Gitzel, Ralf; Koziolek, Heiko; Brosch, Franz; Krug, Simone 
7th International Workshop on Formal Engineering 
approaches to Software Components and Architectures 
(FESCA 2010), Paphos, Cyprus, March 27th, 2010

Automatische Prüfung von Safety-SPS-Programmen gegen 
Richtlinien für Safety-Programmierung 
Gramberg, Oliver; Drath, Rainer 
Automation, Baden-Baden, DE, 15.-16. Juni 2010

Coordinated Steel Plant Scheduling Solution 
Harjunkoski, Iiro; Saliba, Sleman; Biondi, Matteo; Xu, Chaojun; 
Sand, Guido  
2010 AIChE Annual Meeting, Salt Lake City, UT (USA), 
7-12.11.2010

Effective Decomposition Algorithm for Multistage Batch Plant 
Scheduling 
Harjunkoski, Iiro; Grossmann, Ignacio; Castro, Pedro 
ESCAPE-20 (European Symposium on Computer Aided Pro-
cess Engineering), Ischia, Naples, Italy, 6-9 June 2010

Rolling-Horizon Algorithm for Scheduling under Time- 
Dependent Utility Pricing and Availability 
Harjunkoski, Iiro; Grossmann, Ignacio; Castro, Pedro 
ESCAPE-20 (European Symposium on Computer Aided  
Process Engineering), Ischia, Naples, Italy, 6-9 June 2010

Collaborative Process Automation Systems 
Hollender, Martin 
MMOTION Workshop, Mannheim, 11.5.2010

Kollaborative Prozessleitsysteme 
Hollender, Martin 
VDI/VDE Mittelhessen, Kassel, 23.2.2010

Intiutive Bedienerführung durch neue Prozessvisualisierung 
Hollender, Martin; Stevens, Dirk; Chioua, Moncef 
VGB KELI Konferenz 2010, Dresden, 4-6 Mai

Closed-loop impulse response vs. Output-Correlation  
Function: Are they equal? 
Horch, Alexander  
ICIT 2010, Vina del Mar, Chile, 14.-16. March 2010
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Real-time operational decision support: An ABB Research 
perspective 
Horch, Alexander; Ganz, Christopher 
Centre for Process Systems Engineering Spring Industrial 
Consortium Meeting, Imperial College Longon, London,  
22.-23.April 2010

Real-time operational decision support: An ABB Research 
perspective 
Horch, Alexander; Ganz, Christopher 
Center of Process Systems Engineering, Spring Meeting, 
Imperial College, London, invited plenary talk, 22.4.2010

Field Device Integration (FDI) and OPC UA 
John, Dirk 
OPC Days, Helsinki, Oct 26

A Hybrid Approach for Multi-Attribute QoS Optimisation in 
Component-Based Software Systems 
Koziolek, Heiko; Martens, Anne; Ardagna, Danilo;  
Mirandola, Raffaela; Reussner, Ralf 
6th Int. Conf. on the Quality of Software Architecture 
(QoSA2010), Prague, Czech Republic, June 23-25th, 2010

A Large-Scale Industrial Case Study on Architecture-based 
Software Reliability Analysis
Koziolek, Heiko; Schlich, Bastian; Bilich, Carlos  
International Symposium on Software Reliability Engineering 
(ISSRE’2010), San Jose, USA, 2010-11-01

Architecture Model Reconstruction towards Change Scenario 
Evaluation
Koziolek, Heiko; Doppelhamer,Jens; Kolb, Emmanuel 
6th SEI Architecture Technology User Network Conference 
(SATURN’10), May 17th-21st, 2010, Minneapolis, MN, US

Automatically Improve Software Architecture Models for  
Performance, Reliability, and Costs Using Evolutionary  
Algorithms 
Koziolek, Heiko; Martens, Anne; Becker, Steffen; Reussner, Ralf 
First Joint WOSP/SIPEW International Conference on Perfor-
mance Engineering (ACM), San Jose, California, USA,  
28-30 Januar 2010

Parameterized Reliability Prediction for Component-based 
Software Architectures 
Koziolek, Heiko; Brosch, Franz; Buhnova, Barbora;  
Reussner, Ralf 
6th Int. Conf. on the Quality of Software Architecture 
(QoSA2010), Prague, Czech Republic, June 23-25th, 2010

Towards an Architectural Style for Multi-tenant Software  
Applications 
Koziolek, Heiko 
Software Engineering 2010, Paderborn, Germany,  
22.-26. Februar 2010

Demonstration of a palm-sized 30 W air-to-power turbine 
generator 
Krippner, Peter; Sato, S.; Janovanovic, S.; Lang, J.;  
Spakovszky, Z. 
ASME TURBO EXPO 2010 International Gas Turbine & Aero-
engine Congress & Exhibition, Glasgow, UK, June 14-18, 2010

Workflow-Modellierung für die Anlagenplanung - Nutzbringend 
oder überflüssig? 
Libuda, Lars 
7. Symposium “Informationstechnologien für Entwicklung und 
Produktion in der Verfahrenstechnik”, Aachen, Germany, 
2010-03-25/26

OPC UA for Embedded Systems 
Mahnke, Wolfgang; Leitner, Stefan 
KommA 2010, Lemgo, 11.11.2010

Injury Risk Quantification for Industrial Robots  in Collaborative 
Operation with Humans 
Matthias, Bjoern; Staab, Harald; Oberer-Treitz, Susanne; 
Schuller, Erich; Peldschus, Steffen 
ISR/ROBOTIK 2010, Munich, June 7-9, 2010

A Pragmatic Architecture for Ad-hoc Sensing  and Servicing 
of Industrial Machinery 
Nicolaie Fantana; T. Riedel, KIT 
Conference INSS-2010 IEEE, Kassel, 15.June.2010

Aufbau eines Datawarehouse für den ABB Service 
Petersen, Heiko 
2. Jahrestagung SAP Business Intelligence, Berlin, 07.05.2010

A collaborative optimization approach to plant-wide  
scheduling problems 
Saliba, Sleman; Sand, Guido; Xu, Chaojun; Harjunkoski, Iiro 
EURO XXIV, Lissabon, 11.7-14.7.2010

A Coordinated Steel Plant Scheduling Solution 
Saliba, Sleman; Harjunkoski, Iiro; Sand, Guido; Xu, Chaojun; 
Biondi, Matteo 
International Conference on OPERATIONS RESEARCH, 
München, 01.09-03.09.2010
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Coordination of plant wide production planning and  
scheduling systems 
Saliba, Sleman; Xu, Chaojun; Sand, Guido; Harjunkoski, Iiro 
2nd international Conference on Engineering Optimization, 
Lisboa, Portugal, 6.9. - 9.9.10

EURO Excellence in Practice Award 2010 BoilerMax - Startup 
Optimization for Steam Boilers 
Saliba, Sleman; Franke, Ruediger; Horch, Alexander;  
Rode, Manfred 
EURO XXIV, Lissabon, 21.7.-24.7.2010

EURO Excellence in Practice Award 2010 Melt Shop  
Scheduling Optimization 
Saliba, Sleman; Harjunkoski, Iiro; Horch, Alexander;  
Sand, Guido 
EURO XXIV, Lissabon, 21.7-24.7.2010

Managing asset performance plant-wide – Insights into the 
European research project PAPYRUS 
Sand, Guido 
ABB CPM Users’ Group Meeting 2010, Lisbon, 30Sep10

PAPYRUS Plug and Play monitoring and control architecture 
for optimization of large scale production processes 
Sand, Guido 
4th Monitoring and Control Concertation Meeting, Brussels, 
2-4 June 2010

Perspectives of Process Operations Four theses on future 
research directions 
Sand, Guido 
Perspectives of Process Operations, Dortmund, 17.09.2010

Formale Verifikation von Sicherheits-Funktionsbausteinen der 
PLCopen auf Modell- und Code-Ebene 
Schlich, Bastian; Biallas, Sebastian; Frey, Georg;  
Kowalewski, Stefan; Soliman, Doaa 
Entwicklung und Betrieb komplexer Automatisierungssysteme, 
Magdeburg, 2010

Interval Analysis of Microcon troller Code using Abstract  
Interpretation of Hardware and Software 
Schlich, Bastian; Brauer, Jörg; Noll, Thomas 
Software and Compilers for Embedded Systems

Synthezising Simulators for Model Checking Microcontroller 
Binary Code 
Schlich, Bastian; Gückel, Dominique; Brauer, Jörg;  
Kowalewski, Stefan
Design and Diagnostics of Electronic Circuits and Systems

Global Installed Base Management: Der Schlüssel zu mehr 
Produktivität 
Schuh, Lothar 
13. Aachener Dienstleistungsforum, Aachen, 1-2. September 
2010

A new loop performance service methodology 
Starr, Kevin; Horch, Alexander  
Control Systems 2010, Stockholm, SE, 15-17 September 
2010

Einsatzplanung und Anbindung des mobilen Außendienstes 
bei einem Unternehmen der Industrieautomation 
Stieger, Bernd 
VDMA Kundendiensttagung 2010, Frankfurt, Oberursel, 
22.06.2010

Experiences and Challenges in the Applicability of Mobile 
Knowledge Management in Industrial Field Service 
Stieger, Bernd; Aleksy, Markus  
7th International Conference on Knowledge Management, 
Pittsburgh, Pennsylvania, 22-23.10.2010

Ontology-based Classification of Unstructured Information 
Stieger, Bernd; Burger, Stefan  
Fifth International Conference on Digital Information  
Management (ICDIM 2010), Lakehead University, Thunder 
Bay, Canada, 05.07 - 08.07.2010

Role-Based Access Control for Information Federations in the 
Industrial Service Sector 
Stieger, Bernd; Kunz, Steffen; Fabian, Benjamin;  
Evdokimov, Sergei; Strembeck, Mark 
18th European Conference on Information Systems (ECIS 
2010), Pretoria,South Africa, 7.06 - 9.06.2010

Quality Attribute Workshop Experiences and Reflections 
Stoll, Pia; Weiss, Roland; Wall, Anders 
Sixth SEI Architecture Technology User Network Conference 
(SATURN 2010), Minneapolis, MN, USA, May 17-21, 2010

Test Case Generation for Product Lines based on Colored 
State Charts 
Streitferdt, Detlef; Farrag, Manal; Fengler, Wolfgang;  
Fengler, Olga 
3rd Workshop on Model-based Testing in Practice (MOTIP) at 
the Sixth European Conference on Modelling Foundations and 
Applications (ECMFA) 

Brandfrühwarnung mit Halbleiter-Gassensoren 
Ulrich, Marco; Ejsing, Louise; Graf, Ralf  
VDI/VDE-Fachtagung „Sensoren und Messsysteme“,  
Nürnberg, 18.-20-05.2010
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Process-oriented application of energy harvesting technology: 
Energy autonomous wireless temperature transmitter 
Ulrich, Marco 
HMI Forum Innovations for Industry, Session Energy  
Harvesting, Hannover, HMI, 22.04.2010

State-based Coverage Analysis and UML-driven Equivalence 
Checking for C++ State Machines 
Weiss, Roland; Heckeler, Patrick; Behrend, Jörg;  
Kropf, Thomas; Ruf, Jürgen; Rosenstiel, Wolfgang  
FM+AM 2010: 2nd International Workshop on Formal Methods 
and Agile Methods, Pisa, Italy, 17th September 2010

Towards Sustainable Industrial Automation Systems 
Weiss, Roland; Koziolek, Heiko; Stammel, Johannes;  
Durdik, Zoya 
WSR 2010, Bad Honnef, Germany, 03-05 May 2010

Coordination of Distributed Production Planning and  
Scheduling Systems 
Xu, Chaojun; Sand, Guido; Engell, Sebastian 
5th international conference on Management and Control of 
Production and Logistics, University of Coimbra, Portugal, 
September 8-10, 2010

 Publications

Bewerbung für den Industrial IT Research Award - Daten-
austausch in der Automatisierungsplanung mit CAEX 
Drath, Rainer 
Award

Temporal behavior of Networked Automation Systems 
Greifeneder, Juergen    
Invited talk / Philadelphia University / Amman, Jordanien

Practical Considerations of Scheduling Models 
Harjunkoski, Iiro 
EWO Meeting at CMU, Pittsburgh, September 27-28, 2010

Industrial Research & Implementation: From Idea to Product 
Harjunkoski, Iiro 
UNL - Universidad Nacional del Litoral, Santa Fe, Argentina / 
Invited seminar for undergraduate and graduate students. / 
April 7th, 2010

Integration of Scheduling systems using ISA-95 with Applica-
tion to a Steel Plant 
Harjunkoski, Iiro; Bauer, Margret; Horch, Alexander 
MESA White paper #33, also chapter in book for Book 2.0, 
When Worlds Collide in Manufacturing Operations (Collections 
published by ISA, 1/1/11).

Manufacturing Execution Systems - Optimization 
Harjunkoski, Iiro 
INTEC - Instituto de Desarrollo Tecnológico para la Industria 
Química, Santa Fe, Argentina / Invited seminar for graduate 
students and faculty. / April 8th, 2010

Manufacturing Execution Systems (MES) Branchenspezifische 
Anforderungen und herstellerneutrale Beschreibung von 
Lösungen 
Harjunkoski, Iiro; Kara, Erdal; Adams, Dr. Marcus;  
Bangemann, Dr. Thomas; Fittler, Herbert; Friedl, Christian; 
Hochfellner, Gottfried; Löffler, Dr. Jürgen;  
Meyer-Weidlich, Andreas; Theobald, Carolin; Weinmann, Max; 
Winzenick, Dr. Markus; Wollschlaeger, Prof. Martin;  
Zeller, Martin 
ZVEI Broschüre

Gemischtes Doppel: Einfache Programmierung und Sicherheit 
für die Mensch-Roboter-Kooperation 
Matthias, Bjoern; Hägele, Martin, Fraunhofer IPA 
Automatica 2010 - Presentation Forum / Block 2: Future 
Trends - Herausforderungen für die Robotik

Recent Innovations in Industrial Robotics, ABB Corporate 
Research Germany 
Matthias, Bjoern 
Video Sequence / Presentation in video gallery at ISR/ROBO-
TIK 2010 conference / 2010-06-07 to 09

FlexLean - Flexible Automation for  Automotive Body Assembly 
Mauser, Nicolas; Soetebier, Sven; Kock, Sönke;  
Legeleux, Fabrice 
INTECH BOOK: Trends and Developments in Automotive 
Engineering

2010-12-02 iDSM@VDE v02.ppt 
Sand, Guido 
Sitzung der VDE ETG Task Force Demand Side Management

Aletheia - Support of knowledge intensive service processes 
Stieger, Bernd 
BMBF Reviewmeeting of partly public funded research project

Energieautarker drahtloser Temperaturtransmitter für die  
Prozessinstrumentierung 
Ulrich, Marco; Nenninger, Philipp; Nurnus, Joachim, Micropelt 
GmbH 
IDTechEx Award for Best Technology Development
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