
ABB Research Center Germany
Annual Report 2014





ABB Research Center Germany | Annual Report 2014  3

Content

Preface  5

Our Profile  6

Facts and Figures  12

Events and Highlights  14 

Cooperations and Partnerships  16

Memberships  20

Technical Results 23

Scientific Publications 80



4  Annual Report 2014 | ABB Research Center Germany



ABB Research Center Germany | Annual Report 2014  5

Dr. Jan-Henning Fabian
Head of the ABB Research Center 
in Ladenburg

Dear friends and colleagues,

In year 2014 ABB Germany invested more than 175 Mio € in the development of new innovative 
products and solutions. ABB’s investment in technology is creating innovations for customer 
value, addressing the big shift in the electricity value chain and the opportunities of the fourth 
industrial revolution.

Approximately 10% of ABB global R&D spending are invested at the global corporate research 
organization, driving technology research projects for ABBs next and over next product gen-
erations. The scientists working at the seven ABB corporate research sites around the globe 
dedicates most of their hours not only to inciting a technology revolution, but also collaborating 
with ABB business to improve existing products and systems, which is also part of 

With over one hundred employees, the German research center in Ladenburg is a key player 
within the global structure of the seven corporate research centers of the ABB group. The  
German research team focus on new technologies for process and factory automation, building 
automation and solutions for our service business. We in Ladenburg have a particular focus on 
software research, a technology field within ABB of increasing importance in all our products. 
Also the technology needs to bring Germanys Energiewende to a success puts our effort on 
research for energy grids of the future to our focus. 

The Ladenburg center with its focus on automation research is strongly excited by the fourth 
industrial revolution. We are driving the innovations and bringing the cyber physical system 
world to ABB products and systems. Our Internet of Things, Services and People is integral 
part of ABB’s next level strategy, announced by our CEO Ulrich Spiesshofer in September 
2014. Beside various internal research activities, the Ladenburg team actively participates in 
several working groups of the German Industrie 4.0 platform initiative, for example providing 
ABB’s input to the Industrie 4.0 reference architecture model. In 2014 ABB also joined the 
Industrial Internet Consortia in US: due to the global organization of ABB’s technology group, 
the US and German team are strongly interacting and coordinating both efforts.  

In September 2014 ABB unveiled the future of human-robot collaboration, our new YuMi robot 
was presented by our CEO to the public. YuMi is a collaborative, dual arm assembly solution with 
the ability to feel and sense. As the corporate research organization significantly contributed to 
this technology innovation, we are looking very much forward to the product launch at Hannover 
fair 2015. 

This annual report will give you an overview of our core activities in more detail. I am pleased 
and honored to present this report as a summary of the valuable work undertaken by the  
German corporate research team in 2014. I am convinced that it will raise your interest and that 
you will enjoy reading it. I also would like to thank all our partners at universities and different 
ABB business units for the constructive productive and successful project work with the  
common prospect to continue these successful collaborations in 2015. 

Finally, I would like to express my sincere thanks to all colleagues who have created all our 
successful innovations by their dedicated work. I am looking very much forward to continue 
this successful work.

 
Jan-Henning Fabian
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ABB Corporate Research Center
Ladenburg

The German Corporate Research Center in Ladenburg is one of seven local  
research labs in the global ABB Corporate Research community. It is part of the 
Global Research Lab, which bundles the competencies and skills of ABB’s  
700 researchers in nine global research areas. With respect to local organization, 
the German research center is part of the ABB AG in Mannheim.
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Our role in the in the global research community
Activities and Resources of ABB Corporate Research are 
globally managed and structured in a Global Research Lab 
comprising nine Global Research Areas, which are aligned to 
ABB’s core technology areas. The mission of a research area 
is to maintain world class competence in the respective field. 
This is achieved by strategically managing the global resource 
portfolio, as well as managing a portfolio of projects for  
competence development, basic research, and technology 
development within the research area. The German research 
center is providing resources for and is running projects in the 
following research areas

 – Communication
 – Control
 – Mechanics
 – Sensors
 – Software 

In order to provide the technologies needed for future ABB 
products and solutions, corporate research is running twelve 
research programs. A research program is a portfolio of tech-
nology development projects, serving one or few business 
units or product groups. Typically these projects require 
resources from several research areas. The German research 
center is running projects in six research programs with focus 
on automation and service technologies.

Our Vision and Mission
“Leadership through Innovation” – this is our vision. Recognized 
as an excellent industrial Research Center 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 inno-
vations with measurable, documented and confirmed value.  
In order to achieve these results, we are continuously improving 
the effectiveness and efficiency of our innovation process, while 
striving for a high level of operational excellence and stake-
holder satisfaction.

Our Innovation Network
We drive the innovation process in a network involving all our 
employees, research partners at universities and research 
institutes, and our internal customers in a way that emphasizes 
their strengths and competences in their respective roles. The 
innovation network is built on three cornerstones: customer 
focus, inventive culture and professional project management. 

As a local lab we support the whole innovation process, from 
the identification of market needs and technology trends, idea 
creation, creation and execution of technology development 
projects to the support of product development and market 
introduction. Our main contribution is thereby the professional 
execution of technology development projects and the delivery 
of key technologies for the future innovative products, solutions 
and services from ABB’s business units. 

Our organizational structure
The organizational structure of the German research center  
is shown in Fig 1. Scientific resources are structured in two 
departments and eight research groups, covering both hard-
ware and software aspects of automation technologies.

Figure 1: Organizational structure
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Customer Focus
ABB’s business units and product groups are our internal  
customers, to whom we deliver the results of our projects.  
In order to address their technology needs in a customer-
focussed way, we bundle our technical competence across 
research groups around the needs of our key customers in 
so-called focus areas.

Each focus area addresses a well-defined customer group 
with specific deliverables.

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 
researchers, he is deeply involved in the development of busi-
ness strategies and technology roadmaps and he manages 
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 inven-
tions from research are really turned into valuable innovations.

In the German Corporate Research Center we have established 
five focus areas addressing our key customers. The focus 
areas are:

Plant Automation
The scope of the plant automation areas covers next generation 
system architectures and system engineering methods for process 
automation systems spanning from sensor technology and 
networks, covering industrial communication wired-wireless-
4G/5G and Internet of Things, expanding system architectures 
towards network defined and cloud based, defining the MES 
middleware and functions.

Major deliverables are holistic system designs for flexible, safe 
and scalable automation and MES systems which satisfy the 
usability, configurability and mobility demands of upcoming 
Industy 4.0 kind of systems.

Key customers are the ABB business units in process, power 
plant and networks automation.

Factory Automation
The scope of this area comprises new technologies for auto-
mation components in discrete manufacturing applications. Such 
technologies include automation platforms, safety concepts 
and motion control, and automation packages for e.g. Food & 
Beverage industry and small-part assembly applications. 

Key customers are the ABB businesses in low voltage drives, 
PLCs and robotics.

Building Automation
The scope of this area comprises home & building automation 
enabling energy efficiency, comfort and security in living and 
building space. 

Key deliverables are future communication and integration 
solution environments, future sensing concepts and building 
automation solutions.

Key customers are the ABB businesses in home and building 
automation.

Service Solutions
The scope of this area comprises new methodologies and 
technologies for data analytics, industrial optimization and 
service processes for fleets and systems.

Key deliverables enable data driven services and provide  
solutions for monitoring and diagnostics sensors, process and 
production optimization, mobile service support, as well as 
reliability management and service business model innovation.

Key customers are service units of all ABB businesses and 
the ABB group service council.

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.

Key deliverables are reliable and scalable actuation platforms 
for switchgear and breakers, sensing and monitoring solutions, 
robust design & optimization of power devices, and methodolo-
gies for faster product and application development.

Key customers are the ABB businesses in high voltage and 
medium voltage power products.

Strategic key topics
Across the customer oriented focus areas, we have selected 
four strategic key topics, where we will put additional research 
focus on in the coming years. These are

 – Internet of things, services and people – Rethinking the 
architecture of automation systems in the context of the 
fourth industrial revolution.

 – Building Automation – Automation systems for operation 
and energy management in homes, buildings and sites.

 – Human-Machine Collaboration – Safe collaboration 
between humans and robots for new manufacturing  
paradigms.

 – Data Analytics – Data driven analytics for industry  
applications and new software based services
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Our Research Groups
Research groups are responsible for the effective and efficient 
execution of Research & Development projects. In order to fulfil 
this task, they establish and maintain an adequate quantity 
and highest quality of resources, both personnel and infra-
structure in their respective area. This includes in particular 
world class scientists and highly qualified project managers, as 
well as state-of-the art lab equipment and computing environ-
ments. It is the responsibility of our research groups to maintain 
a high level of operational excellence.

Our resources and competences for efficient and effective 
project execution are organized in eight research groups and 
structured in two departments (Fig.1)

Department Industrial Software & Applications
 
Industrial Software Technologies
Software technologies play an important role in industrial 
products and systems and are increasingly contributing to 
functionality and creating added value. The ongoing digitaliza-
tion driven by technological innovations like the Internet of 
Things and Cyber Physical Systems is further accelerating this 
trend. To ensure the high quality of our products and systems, 
developing sustainable system and software architectures and 
technologies is of uttermost importance.

Automation Engineering
ABB systems business ranges from automation and electrical 
systems to communication and grid networks. To efficiently 
execute such “system of systems” projects it needs a good 
architecture, design decisions and engineering methods. And 
the requirements rise with new paradigms like Industrie 4.0 or 
modularized plants. Our research supports with reference 
architectures, technology decisions and prototypes of new 
workflows and tools.

Process and Production Optimization
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.

Life Cycle Science
ABB offers comprehensive support services for its customers, 
ranging from classic reactive repair and spare-parts service to 
advanced data driven services for entire plants. We support 
these services with innovative solutions in the area of application 
oriented data analytics for fleets and systems, process- and 
business model innovation as well as service support by 
mobile- and wearable devices.

Department Automation Device Technologies

Mechatronics and Actuators
Mechatronic systems are characterized by integrated aspects of 
mechanical engineering, electrical engineering and information 
technology. Mechatronics represents an inherently interdisci-
plinary field, and applies these three subject areas to extend 
the functionality of conventional components. This interaction 
of disciplines gives rise to a vast assortment of opportunities 
for the improvement of existing products and the development 
of innovative new technologies.

Robotics and Manufacturing
Trending towards flexible production systems, discrete manu-
facturing puts high demands on the corresponding automation 
solutions. As a response to these challenges, a tighter inte-
gration and coordination of intelligent devices, robots and 
humans is needed. This reaches from low-level control primi-
tives to collaborative robots to the autonomous optimization 
of the production processes involved.

Industrial Sensor Technology
Sensors measure process and material properties in automation 
and power systems – depending on the application with a wide 
variety of requirements in accuracy, range, power consumption, 
and cost. They provide the relevant information for process 
control and optimization, condition monitoring as well as plant 
asset management. Electrical and process sensors, which may 
be stand-alone field devices or value-adding microsystems 
embedded in ABB products, are helping our customers to 
operate plants and to increase their productivity.

Intelligent Devices
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.
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Facts and Figures

Key Figures

Employees      103

Temporary employees, Students      73

Inventions        64

Patent Filings        31

Publications      134

Project Portfolio
The project portfolio is continuously adjusted to our current 
and future strategic key areas, which are Industry 4.0, building 
automation, human machine collaboration and big data analytics. 
We will further increase the project volume in these areas in 
the coming years. The total project volume is roughly constant, 
reflecting the available resources in DECRC.

Regarding project type a clear focus remains on technology 
development projects (see figure 1), driven by a balance of 
customer needs and technology trends. The German Research 
Center is heavily involved in some large strategic technology 
development projects, namely in our key areas. The share  
of prestudies and technology scouting projects is kept on a 
adequate level, in order to explore relevant new technologies 
and create and follow up new ideas. With product develop-
ment support projects we make sure that the results of our 
technology development projects lead to successful products 
and solutions from ABB. Furthermore, we support our business 
units with consultancy projects when required.

All of our research work is performed within the global research 
areas. All technology development projects 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 supports the transfer of 
projects results into business benefits. We continue to monitor 
the quality and efficiency of project execution based on the 
Gate Model with a special focus on transferring projects 
results into business.

Project Results
Project results are new or improved technologies, demonstrators 
or prototypes, which create value for ABB once they are imple-
mented in new products, solutions or processes by ABB 
business units. In 2014 we achieved 8 well recognized tech-
nology transfers from our projects with a significant impact on 
ABB’s business. Furthermore, we contributed to 4 technology 
transfers, which were created under the lead in other ABB 
research centers. Many of these project achievements are 
described in more detail in the Technical Results section of 
this report.

In addition to the primary project results, valuable intellectual 
property like patents, utility models or trade secrets is created 

Figure 1: Project revenues by project type  |  Figure 2: Inventions and First 
Filings  |  Figure 3: Publications

1

2

3
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Figure 4: Educational level of employees  |  Figure 5: Branches of study of 
DECRC employees

Researcher diversity
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in our projects. The number of inventions by our employees 
could be maintained on a high level, while the number of first 
filings decreased a little bit compared to the previous year. 
(see figure 2) 

Publications in renowned journals and active contributions to 
conferences are important to demonstrate ABB’s technology 
leadership. The total number of publications reached a record 
level in 2014, while the number of publications in renowned 
journals could again be increased (see figure 3). This gives our 
researchers the opportunity to be highly visible in the academic 
community, and to contribute actively to future technology 
trends. 

Human Resources
Our employees are the main assets of our research center. In 
addition to our permanent employees, we employed 73 tem-
porary employees like students or guest scientists, who gain 
first experience in an industrial research envoronment during 
the thesis work or internship. This is a very appropriate mea-
sure to increase the visibility of the ABB Research Center as 
an employer towards students.

The world class competence level of our employees, including 
technical, social and management skills is a prerequisite for 
excellent research results. In 2014, 93% of the employees held 
academic degrees. The majority of these hold a PhD (see  
figure 4).

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 and later offer them new career opportunities 
in ABB units. During 2014, we hired again some highly qualified 
new scientists and during the same time period we could 
transfer an adequate number of employees into ABB business 
units, or they took over full professorships at universities.

The unique academic environment in Germany, is still an impor-
tant source of our new employees. One third of the recruitments 
in 2014 came from German universities in the closer region. In 
the German research center we maintain an interdisciplinary, 
multi-national team with a high educational and cultural diver-
sity. Our Human Resource portfolio currently consists of 18 
nationalities. Regarding education the focus is on electrical 
and mechanical engineering, computer science and physics 
(see figure 5)

We emphasize strongly on the continuous development and 
education of our scientists, both by attending seminars and by 
on-the-job- training or job rotations. On average, we allocate 
approximately 5% of the revenues for personnel training and 
development.

4

5

Croatia
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Events and Highlights

January··········February·········March············ April····························· May··································· June····································

1 Präsentation of 
Industrie 4.0 at 
Hannover Fair

2 Industrie 4.0 Workshop 
at Corporate Research 
Ladenburg

3 Group Technology Forum 
2014 hosted in  
Ladenburg

4 Technology Day with 
more than 20 journalists 
at Corporate Research 
Ladenburg

1 2

43
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July··························· August·························· September··· October···························November···· December·························

5 Annual DECRC 
Barbecue

6 Six Best Paper 
awards for DECRC 
Scientists during 
2014

7 ABB Board of  
directors visiting  
Corporate Resesarch 
Lab in Ladenburg

8 Inauguration of a new 
Process Automation 
training and research 
demonstrator at  
University of Applied 
Science in Pforzheim, 
sponsored by ABB

7 8

65
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Cooperations with Universities
and Public Research Institutes

Bilateral Cooperations

Karlsruhe Institute of Technology (KIT)  
Forschungszentrum Informatik  
Prof. Dr. H. Schmeck  
Building Energy Management System

Karlsruhe Institute of Technology (KIT)  
Prof. Dr.-Ing. M. Beigl  
Internet of things and industrial applications

Karlsruhe Institute of Technology (KIT)  
Karlsruhe Service Research Institute  
Prof. Satzger  
Industrial Servcies

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

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, Human-Robot-Collaboration,  
Virtual Commissioning

Technische Universität Kaiserslautern  
Fachgebiet Mathematik  
Prof. Dr. Sven O. Krumke  
Production Optimization in the Metals Industry

Helmut Schmidt Universität Hamburg  
Institut fur Automatisierungstechnik  
Prof. Alexander Fay  
Engineering of Automation Systems

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

TU Darmstadt  
Fachbereich Maschinenbau  
Fachgebiet Strukturdynamik und Strukturüberwachung  
Prof. Dr.-Ing. Bernhard Schweizer  
Co-Simulation

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

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

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

TU Darmstadt  
Institut fur Automatisierungstechnik und Mechatronik –  
Fachgebiet Regelungstechnik und Mechatronik  
Prof. Dr.-Ing. Ulrich Konigorski  
Performance and Robustness of Industrial Motion Control

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

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

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

TU Dresden  
Fakultät Elektrotechnik und Informationstechnik  
Institut für Automatisierungstechnik  
Prof. Dr.-Ing. habil. Leon Urbas

Hochschule für Technik und Wirtschaft Dresden  
Fakultät Elektrotechnik, Professur für Prozessmesstechnik  
Prof. Selig  
Namur-Datencontainer
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Universität Würzburg  
Lehrstuhl für Informatik II (Software Engineering)  
Prof. Dr. Samuel Kounev  
Software Architecture / Performance Engineering

Saarland University  
Chair of Systems Theory and Control Engineering  
Prof. Dr.-Ing. habil. Joachim Rudolph  
Applications for Flatness-based Control

Hochschule Mannheim  
Fakultat fur Informatik  
Prof. Sven Klaus  
Graph Search in Engineering

Hochschule Ruhr-West  
Wirtschaftsinstitut Lehrgebiet Wartungs- und Instandhaltungs-
management  
Prof. Dr. Katja Gutsche  
Life Cycle Management

Hochschule Pforzheim  
Fakultät für Technik – Bereich Informationstechnik  
Prof. Dr.-Ing. Mike Barth  
Workflow specific Engineering designation system

Hochschule Ingolstadt  
Fakultät Maschinenbau  
Prof. Markus Bregulla  
Scalable Multilayer Integration Architecture

Duale Hochschule Mannheim  
Studiengang Informationstechnik  
Prof. Poller  
Signalflußanalyse & Visualisierung in 61131 Umgebung

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

University of Texas Austin, TX  
McKetta Department of Chemical Engineering /  
Texas Wisconsin California Control Consortium (TWCCC)  
Prof. Baldea  
Integration of scheduling and control

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

Politecnico Di Milano  
Dipartimento di Elettronica, Informazione e Bioingegneria  
Prof. Roberto Ottoboni  
DC Current Measurement for Circuit Breaker Applications

Politecnico di Milano  
Prof. Loredana Cristaldi  
Dipartimento di Elettronica, Informazione e Bioingegneria 
(DEIB)  
Reliability, diagnostics and prognostics

University of Bergamo  
Prof. Sergio Cavalieri  
Service processes simulation

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

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

INGAR – Instituto de Desarrollo y Diseño (CONICET).  
Santa Fe, Argentina  
Dr. Analía Rodriguez  
LV Motors Stock Pooling – Supply Chain Design Optimization

University of Groningen, Netherlands  
Prof. Dr. Paris Avgeriou  
Software Architecture Methodology

University of Cambridge  
Prof. Andy Neely  
Service business development, Business model innovation

Kent Business School  
Dr. Shaomin Wu  
Senior Lecturer in Business-Applied Statistics

Hochschule Rapperswil  
Fachgebiet Informatik  
Prof. Dr. Olaf Zimmermann  
Software Architecture / Cloud Computing

University cooperations within larger  
joint projects

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

Project SiEGeN:
Silizium basierte Hochtemperatur-Thermogeneratoren auf 
8“-Wafer-Level  
Micropelt GmbH  
ABB AG Forschungszentrum Deutschland  
Christian-Albrechts-Universität zu Kiel  
EADS Deutschland GmbH  
E.G.O. Elektro-Gerätebau GmbH  
Fraunhofer-Institut für Siliziumtechnologie  
Fraunhofer-Institut Physikalische Messtechnik  
MEMS Foundry Itzehoe GmbH

Project Energy SmartOps
Energy savings from smart operation of electrical, process 
and mechanical equipment  
Imperial College of Science, Technology and Medicine London 
(UK), Prof. Nina Thornhill  
Cranfield University (UK)  
Swiss Federal Institute of Technology Zurich (Switzerland  
Technical University of Krakow (Poland)  
Carnegie Mellon University (USA)  
ABB Research Center Germany

Project FEE
Frühzeitige Erkennung und Entscheidungsunterstützung für 
kritische Situationen im Produktionsumfeld  
Universität Kassel, Prof. Kroll, Prof. Stumme  
TU Dresden, Prof. Urbas 

Project PROWILAN
Deutsches Forschungszentrum für Künstliche Intelligenz 
(DFKI) GmbH: Prof. H. Schotten / Prof. D. Stricker  
Technische Universität Dresden: Prof. G. Fettweis

Academic Services

Lectures by employees from Corporate Research Center
Ladenburg at Universities

Dr. Martin Hollender  
TU Darmstadt  
Institut für Automatisierungstechnik und Mechatronik,  
Fachgebiet Regelungstheorie und Robotik, Prof. Adamy  
“Prozessleittechnik”

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

Dr. Alexander Horch  
Universität Stuttgart  
“Angewandte Reglung und Optimierung”

Dr. Alexander Horch  
ETH Zürich  
“Industrial Control Systems”
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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”

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

Werner Schmidt  
DHBW, Duale Hochschule Baden-Württemberg Mannheim 
Fakultät Technik Studiengang: Mechatronik, Prof. Korthals  
“Informatik / Programmieren”

Dr. Jan Schlake  
SRH Hochschule Heidelberg  
Fachbereich Elektrotechnik, Prof. Gottscheber  
“Advanced Control Engineering”

Prof Dr. Margret Bauer  
University of the Witwatersrand (Wits), South Africa  
Visiting Associate Professor (until 2017)  
School of Electrical and Information Engineering

Dr. Jörg Gebhardt  
DHBW, Duale Hochschule Baden-Württemberg Mannheim  
“Thermodynamik”  
“Elektrodynamik”  
“Klassische Mechanik“

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

Mario Hoernicke  
DHBW, Duale Hochschule Baden-Württemberg Eppelheim 
Studiengang Mechatronik, Automatisierungstechnik  
“Prozessleittechnik“

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

Dr. Dirk John, Dr. Ulf Ahrend, Dr. Thomas Goldschmidt  
Hochschule Karlsruhe  
“Seminar Automatisierungstechnik”

Dr. Ralf Gitzel  
FH Ludwigshafen  
“Anwendungsentwicklung in JEE”

Dr.-Ing. Simone Turrin  
Politecnico di Milano, Italy  
Role of reliability assessment in product life cycle,  
Bachelor and Master-Electrical Engineering

Others
 
Dr. Markus Aleksy  
International Doctorate School, Università di Modena e  
Reggio Emilia, Italy  
Member of the Technical Scientific Committee

Dr. Iiro Harjunkoski  
Ministry of Education, Greece  
Research grant proposal evaluator at Thalis and Archimedes 
programs

Dr. Zied M. Ouertani  
Academic Visitor to University of Cambridge Engineering 
Department 

Dr. Alexander Horch  
Academic Visitor to Zhejiang University, Hangzhou  
(Program 111)

Dr. Alexander Horch  
Member PhD Committee Alfred Theorin  
Lund Technical University, Sweden

Dr. Alexander Horch  
PhD Assessor Viva Voce Ines Cecilio  
Imperial College London, United Kingdom

Dr.-Ing. Simone Turrin  
Member Master Committee  
Politecnico di Milano, Milano, Ita
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Memberships in Industrial  
and Scientific Panels

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

Dr. Jan-Henning Fabian
European Center for Power Electronics (ECPE), Nürnberg  
Member of the board of directors

Fraunhofer Institut fur Optronik, Systemtechnik und Bildaus-
wertung (IOSB), Karlsruhe  
Member of board of trustees

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

Dr. Berthold Schaub
Schmalenbach-Gesellschaft fur Betriebswirtschaft e.V.  
Arbeitskreis „Innovationsmanagement“

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

Dr. Christian Zeidler
Deutsche Akademie der Technikwissenschaften (acatech)
Themennetzwerk „Informations-und Kommunikationstechnologie 
(IKT)“

Gesellschaft fur Informatik (GI)  
Head of Fachgruppe 2.1.9, „Architekturen“  
Zentralverband Elektrotechnik-und Elektronikindustrie e.V. 
(ZVEI)

Dr. Alexander Horch
VDE ETG  
Task Force on “Low-Voltage Direct Current in Energy  
Distribution”

Industrial Reference Group for RWTH Aachen  
Excellence Cluster “Integrative Production Technology”

Dr. Björn Matthias
euRobotics aisbl  
Member of the Board of Directors 
Technical Work Group Leader “Industrial Robots”

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

DIN Normenausschuss Machinenbau  
DIN NA 060-30-02AA „Roboter und Robotikgeräte“

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

Dr. Kim Listmann
VDI/VDE-Gesellschaft fur Mess-und Automatisierungstechnik 
(GMA)  
Fachausschuss 1.40 „Theoretische Verfahren der Regelungs-
technik“

Zentralverband Elektrotechnik-und Elektronikindustrie e.V. 
(ZVEI)  
Lenkungskreis „Industrie 4.0“

Dr. Oliver Becker
VDI/VDE-Gesellschaft fur Mess-und Automatisierungstechnik 
(GMA)  
Fachausschuss 4.17 „Energie-Effizienz in der Antriebstechnik“

Dr. Armin Gasch
Informationstechnische Gesellschaft im VDE (ITG)  
Fachausschuss 9.4 – Funktionswerkstoffe, Sensoren, Aktoren

Programmausschuss 17. GMA/ITG-Fachtagung Sensoren und 
Messsysteme 2014  
Mitarbeit im NAMUR / GMA-Arbeitskreis zur Technologie-
Roadmap “Prozess-Sensoren 4.0“

Dr. Jörg Gebhardt
Deutsche Physikalische Gesellschaft (DPG)  
Arbeitskreis Industrie und Wirtschaft

Dr. Kai König
ISA Working group 100.18  
“Power sources and standardization for energy harvesting 
systems”

Dr. Ulf Ahrend
ISA Working group 100.18  
“Power sources and standardization for energy harvesting 
systems”

Dr. Dirk John
PROFIBUS & PROFINET International (PI)  
TC4/WG9 Field Device Integration (FDI)
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Florian Kantz
Jugend Forscht – Region Nordbaden  
Jury Fachgebiet Technik

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

Dr. Dirk Schulz
VDI/VDE-Gesellschaft fur Mess-und Automatisierungstechnik 
(GMA)  
Fachausschuss 5.23 „XML in der Automation“ 

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

Dr. Bastian Schlich
VDI/VDE-Gesellschaft fur Mess-und Automatisierungstechnik 
(GMA)  
Fachausschuss FA 1.50 „Methoden der Steuerungstechnik”

VDI/VDE-Gesellschaft für Mess-und Automatisierungstechnik 
(GMA)  
Fachausschuss 7.21 „Industrie 4.0 – Begriffe, Referenzmodelle, 
Architekturkonzepte“

Dr. Thomas Goldschmidt 
VDI/VDE-Gesellschaft für Mess-und Automatisierungstechnik 
(GMA)  
Fachausschuss 5.16 „Middleware in der Automatisierungs-
technik“

VDI/VDE-Gesellschaft für Mess-und Automatisierungstechnik 
(GMA)  
Fachausschuss 7.21 „Industrie 4.0 - Begriffe, Referenzmodelle, 
Architekturkonzepte“

Dr.-Ing. Heiko Koziolek
VDI/VDE-Gesellschaft fur Mess-und Automatisierungstechnik 
(GMA)  
Fachausschuss FA 7.20 „Cyber-physical Systems”

Bitkom/VDMA/ZVEI Plattform Industrie 4.0  
Arbeitsgruppe 2 “Referenzarchitekturen”

ZVEI Führungskreis Industrie 4.0  
Arbeitsgruppe SG2: Spiegelgremium zur AG2 der Plattform 
Industrie 4.0

Dr.-Ing. Thomas Gamer
ZVEI Führungskreis Industrie 4.0  
Arbeitsgruppe SG4 „Security“: Spiegelgremium zur AG4 der 
Plattform Industrie 4.0
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Georg Gutermuth
VDI/VDE-Gesellschaft fur Mess-und Automatisierungstechnik 
(GMA)  
Fachausschuss 6.12 „Durchgängiges Engineering von  
Leitsystemen“

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

Automation Markup Language (AutomationML) Konsortium  
Chairman of subgroup “Architecture”

VDI/VDE Gesellschaft fur Mess-und Automatisierungstechnik 
(GMA)  
FA 6.16 „Integriertes Engineering in der Prozessleittechnik“

Mario Hoernicke
VDI/VDE-Gesellschaft fur Mess-und Automatisierungstechnik 
(GMA)  
Fachausschuss 6.11 „Virtuelle Inbetriebnahme“

Zentralverband Elektrotechnik-und Elektronikindustrie e.V. 
(ZVEI)  
Arbeitskreis “Modulare Automatisierung”

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

Swedish Academy of Engineering Sciences in Finland

Dr. Martin Hollender
IEC TC65A  
WG15 Management of Alarm Systems for the Process  
Industries

Manfred Rode
VDI/VDE-Gesellschaft fur Mess-und Automatisierungstechnik 
(GMA)  
Fachausschuss 6.22 “Advanced Automation”

Dr. Jan Schlake
VDI/VDE-Gesellschaft fur Mess-und Automatisierungstechnik 
(GMA)  
Fachausschuss 6.23 “Plant Asset Management”

Dr. Markus Aleksy
IFIP Technical Committee 8: WG 8.4  
E-Business Information Systems: Multi-disciplinary research 
and practice

Dr. Ralf Gitzel
Zentralverband Elektrotechnik-und Elektronikindustrie e.V. 
(ZVEI)  
Arbeitskreis Energieeffizienz

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. Zied M. Ouertani
The Institute of Asset Management  
IFIP Technical Committee 5: WG 5.1: Global Product  
Development for the whole life-cycle

Dr. Martin Krüger
VDI/VDE-Gesellschaft fur Mess-und Automatisierungstechnik 
(GMA)  
Fachausschuss 7.23 „Business Models für Industrie 4.0“
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Technical Results

The following technical papers describe the technical results and status of our 
research activities in more detail. As examples of major projects and research 
topics, they provide a good overview of the work in our research groups during 
the year 2014 to the technically interested reader. In particular, the topics are:

Industrie 4.0 Reference Architecture

Cloud-based Enterprise Alarm Management with Analytics Services

A holistic and practical approach to design data-driven services that create  
value to our stakeholders

Building Automation: Information Modeling for System Integration

Active Site

Productivity Enhancement through Hierarchical Safety and Failover Concept

Robust and Reusable Manipulation Skills for Robotic Assembly

Analysis of Alarm & Event Streams to Optimize Production Performance

RFS – Reliability Feedback Study

Digital Approval for Medium Voltage Switchgear

Measuring and Analyzing Engineering Efficiency

DCT880: Integrated optimization algorithms save heating costs

High temperature thermoelectric energy harvesting for wireless process sensors
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Industrie 4.0 Reference Architecture
Dr. Bastian Schlich, Dr. Thomas Goldschmidt, Dr. Heiko Koziolek, Dr. Rainer Drath, 
Dr. Thomas Gamer

Industrie 4.0 is about to bring the Internet-of-Things to 
the industrial world. This fourth industrial revolution will 
provide new ways of communication, services as well as 
disruptive business models to the industrial automation 
domain. Interoperability between devices, systems as well 
as enterprises is a key challenge that is addressed by  
various committees that drive this revolution. In order to 
define a common terminology as well as an architectural 
baseline, the definition of a reference architecture is a vital 
step in this process. ABB Corporate Research is deeply 
involved in this activity. Not only a reference architecture 
needs to be defined but also key standards and technologies, 
on which Industrie 4.0 will be based, need to be evaluated 
and selected. An overview on the main concepts, standards 
and technologies of this reference architecture will be 
given in this article.

Introduction
The 4th industrial revolution, also known as Industrie 4.0, brings 
together technological advances in the areas of communication, 
computation with new business models creating new industrial 
ecosystems with increased productivity as well as more flexible 
production. The industrial revolution began when manual labor 
was replaced with mechanical power, starting late in the 18th 

century, with the invention of the mechanical loom. The second 
stage dates to the emergence of electrification and automation. 
The third, and most recent, industrial revolution stage began 
in 1969 with the first digital and freely programmable control 
systems, which replaced the traditional hardwiring of analog 
logic and control programs.

Today’s increasing presence of enhanced means of communi-
cation, such as low-cost communication as well as ubiquitous 
internet connectivity, will revolutionize the way industrial devices 
are connected to each other. Devices in the production environ-
ment are increasingly being (wirelessly) connected to each 
other and a network, e.g., a private network or the Internet. 
Eventually industrial production systems will be capable of 
autonomously exchanging information, providing services and 
using services more independently. For example, an exchanged 
device may automatically load its engineering data from the 
corresponding engineering service and adapt its configuration 
to the device’s specification.

The working groups developing this new concept are widely 
diverse, so the description of the concept, and even its name, 
varies. For example, the name Industrie (Industry in English) 4.0 
was conceived by the German-led working group, while in the 
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United States a similar initiative is called Industrial Internet 
Consortium (IIC). Both initiatives are based on technologies 
associated with the Internet of Things (the ubiquitous connection 
of all devices to the Internet, e.g., watches, cars, fridges) and 
cyber-physical systems, a combination of physical objects and 
software systems. The initiatives mark efforts aiming to prepare 
global industry for what is expected to come. Differences 
between these initiatives are, for example: The IIC is focusing 
on getting data out of the plant and analyzing it for several 
domains including, e.g., Power/Smart Grid. Industrie 4.0, on 
the other hand, is focusing on production as a whole and not 
only getting the data out of the plant. Industrie 4.0 is also talking 
about value chains and connecting enterprises whereas the 
IIC does not include this. The IIC is aiming for de facto stan-
dards and is mainly driven by the IT/office domain, Industrie 4.0 
is more driven by the OT/automation domain and looking into 
standards. Besides actively participating in the related initiatives 
and committees, ABB’s research and development projects 
are shaping the technical possibilities for the future.

In order to have close connection to business units and their 
requirements the research project on Industrie 4.0, conducted by 
ABB Corporate Research, follows a scenario-driven approach. 
This means that we elicit a wide spectrum of potential scenarios 
from various sources. We then prioritize these scenarios and 
develop a selection of them further. These scenarios then serve 
as a source for more specific requirements and as a basis to 
explore technological solutions. Finally, we create demonstrators 
that show the potential of Industrie 4.0 for ABB. Scenarios that 
we are working on are from all kinds of automation domains, i.e., 
process automation as well as discrete manufacturing. From 
our point of view, one of the main prerequisites for Industrie 4.0 
will be a concept called “Plug & Produce” as it targets the 
flexible configuration of machines, modules and devices with 
as less manual engineering effort as possible. Without this, the 
claimed advantages in future production are not achievable. This 
means, systems and devices need to interact almost autono-
mously to fetch their correct engineering data and coordinate 
themselves with their peers. For the integration of the people 
into the production, augmented reality applications are an 
interesting technology. They make the production process 
transparent by introducing additional information on service 
data and production data as well as device configuration to 
different roles in a factory or plant. The targeted roles include 
operations personnel and service technicians from the pro-
duction site as well as third parties. 

A key artifact in the transition to the Industrie 4.0 is the definition 
of a corresponding reference architecture. Such an architecture 
shall serve as an implementation guideline for different stake-
holders involved in an Industrie 4.0 system. The Plattform 
Industrie 4.0 is currently in the process of defining such a  

reference architecture. In its current state, the reference archi-
tecture shows a generic system of communicating components 
and links to several relevant industry standards. In its current 
form, the architecture does not pre-scribe certain standards 
or technologies but rather provides loose references to 
enabling technologies. 

A first part of the reference architecture has been published by 
the Plattform Industrie 4.0 at the Hannover Fair (HMI) 2014. It 
describes an exemplary integration topology for Industrie 4.0 
(cf. Figure 1). The main contribution of this topology is the idea 
of separating real-time production networks from the higher-
level Industrie 4.0 network, which is responsible for transporting 
meta-data, planning data as well as handling services between 
the various participants within the network. A key requirement 
to this network is intrinsic support for authentication and per-
mission management so that privacy as well as security and 
safety within the system can be assured.

In order to achieve a wide-spread adoption in industry, the 
reference architecture has to be based on well-established 
standards and technologies. This includes communication 
standards (e.g., OPC UA), information models for continuous 
engineering (e.g., AutomationML), as well as feature-driven 
semantics (e.g., eClass). Furthermore, security is a key element 
and shall be built into the reference architecture by design.

Reference Architecture
The Industrie 4.0 reference architecture envisions a system  
of communicating I40-components as building blocks. The 
system may have different characteristics and for example span 
a global network open for different vendors or, if appropriate, 
be restricted to specific domains or application contexts. An 
I40-component in this system is an abstract concept that ties 
a virtual representation to a physical, industrial object, such  
as a sensor, a robot, or even a complete factory. The virtual 
representation includes 1) data with standardized semantics 
and 2) services with guaranteed qualities (cf. Figure 2). As an 
I40-component, physical objects are enabled to participate in 
the Internet-of-things and shall be enabled to communicate 
with any other I40-component if appropriate access rights are 
granted.  

The data of an I40-component’s virtual representation needs 
to follow industry standards in order to enable interoperability 
with other I40-components. This does not rule out application-
specific or vendor-specific data, which can bring additional 
business benefits. However, interoperability across vendor-
borders is only possible using standardized data. Several 
standards for the property-based semantics of I40-component 
are currently being assessed and discussed, among them 
eCl@ss, STEP, and IEC61987. The standard IEC 62832 for the 
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“Digital Factory” provides a framework for structuring the data 
associated with an automation asset. All data items as well as 
the I40-component itself require unique identifiers (e.g., accord-
ing to ISO 29002), so that they can be unambiguously referenced 
even across different vendors. It is likely that an I40-component 
will provide multiple virtual representations, each bundling the 
information for a specific life cycle phase (e.g., development, 
sales, after-sales according to IEC 62890) or a specific stake-
holder (e.g., engineering or service personnel).

The services of an I40-component’s virtual representation shall 
follow communication principles of service-oriented architec-
tures, which decouple senders and receivers of information. 
Elementary communication services will likely be based on 
OPC UA Basic Services, a set of about three dozen generic 
services that allow to browse for data, read and update data, 
as well as subscribe for dynamically changing data items. The 
OASIS SOA standard has been suggested as a template for a 
generic service description of I40-components. Other than for 
IT-based web services, the services of I40-components require 
precise Quality-of-Service specifications to be useful in practice. 
In addition, the semantics of service executions need to be 
specified in unambiguous ways (e.g., using semantic web tech-
nologies) so that services can be reliably used across individual 

devices and plants. On top of the elementary services, it seems 
likely that higher-level domain-specific or application-specific 
services will be specified that allow interoperability on higher 
abstraction levels. The Industrie 4.0 reference architecture will 
incorporate as many as existing standards and technologies as 
useful. A thorough investigation of the capabilities and short-
comings of such standards and technologies in a “connected 
world” is however pending and can be time-consuming. To 
give flavor of likely candidate standards and technologies, the 
next section briefly describes the communication standard 
OPC UA, the engineering data format AutomationML, the 
property-based product data standard eCl@ss as well as 
security technologies.

Core Standards and Technologies 

OPC UA
OPC-UA is a well-established industrial standard, which provides 
both protocol and services to serve rich information models 
as well as exchange complex data structures between inde-
pendently developed applications. As Industrie 4.0 is very much 
about interoperability as well as a higher understanding of the 
components, services and products, OPC-UA is a relevant 
standard [3]:

Figure 1: Exemplary integration topology.

1
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 – OPC-UA is platform independent and is available for various 
programming environments as well as scalable from small 
embedded to large scale service oriented software systems.

 – Security, a key challenge for Industrie 4.0, is considered in 
the design of OPC-UA. Communication can be secured on 
different levels: encrypted communication, certificate based 
authentication as well as a per-element permission concept.

 – The communication concept of OPC-UA is independent of 
the actual transport layer. Adding tailored transport mecha-
nisms for, e.g., real-time or message oriented communication 
is easily possible.

 – OPC-UA provides an information model concept that allows 
to provide additional models for specific domains or appli-
cations. This has already been done for other standards 
that are relevant in the Industrie 4.0 reference architecture 
such as AutomationML, ISA95 or FDI. 

New technology bindings that enable OPC UA as a key tech-
nology for Industrie 4.0 are currently under consideration by the 
OPC Foundation. As Industrie 4.0 will span from lower levels 
(device) up to enterprise wide and even cross enterprise  
communication different quality of service requirements are 
posed to the technology used for communication.

 – Extending OPC UA to communicate in a real-time environ-
ment can be achieved by combining it with so called Time 
Sensitive Networking (TSN) technology. 

 – On a higher-level, especially in business information systems 
message queues are a vital part for a scalable communi-
cation. A technology binding for the Advanced Message 
Queuing Protocol (AMQP) will enable OPC UA to enter this 
space as well.

 – Enabling OPC UA to scale down to devices with limited 
resources (memory, CPU, etc.) is currently under develop-
ment. Even bringing down OPC UA to the chip level is an 
option that is currently researched. 

With these capabilities OPC UA will most probably become an 
essential member of the technology ecosystem for Industrie 4.0.

AutomationML
AutomationML according to IEC 62714 [4] is an XML based 
data format developed in order to support the data exchange 
in a heterogeneous engineering tool landscape. It pursues 
interconnecting engineering tools in their different disciplines, 
e.g., mechanical plant engineering, electrical design, process 
engineering, process control engineering, HMI development, 
PLC programming, robot programming, etc. [5]. It combines 

Figure 2: The “Industrie 4.0 Component” as key part of the reference architecture including its related standards.

2
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established existing industry data formats on an as-is basis; 
hence, it does not add much overhead making the normative 
part 1 “Architecture and general requirements” only 30 pages 
long. 

AutomationML covers different types of engineering informa-
tion from plant topology, geometry, kinematics to discrete 
behavior.  It is relevant for the area of Industrie 4.0 due to a 
variety of reasons:

 – It is the only file format combining the domains of object 
models, geometry, kinematics and logics and their inter-
relations.

 – It is available for free with extensive document and soft-
ware support.

 – It is the only file format that is able to adopt existing  
proprietary or semantic standards in a flexible way.

 – The programming with AutomationML can be considered 
relatively simple. 

 – It is driven by a consortium of currently 30 organizations 
(e.g., Daimler, ABB, Siemens, Kuka, Phoenix Contact, 
Lenze, Edag, Festo and further commercial and academic 
organizations [5]).  

AutomationML in known in industry and academia, a wide 
range of AutomationML interfaces are commercially available 
for a variety of engineering tools.  

eClass
To be able to let cyber-physical systems autonomously interact 
in Industrie 4.0, it is necessary to specify the semantics of 
their properties, e.g., the measurement frequency of a sensor 
or the size of a motor. 

eCl@ss is a product data standard driven by Germany-based 
companies for more than a decade. It provides a classification 
system for products as well as a mechanism to specify and 
reference static properties of products, such as mechanical  
or performance properties. The property specification uses  
a scheme provided by the IEC standards 61360 and uses a 
textual description to express the semantics of each property. 
eCl@ss is independent of any industry-sector and available in 
multiple languages.

eCl@ss was originally used to streamline procurement pro-
cesses, since the eCl@ss product specifications by different 
vendors can be easily compared as they use the same data 
structures. In recent years, eCl@ss is also being used for many 
engineering tasks. Besides the properties, engineering draw-
ings can be attached to eCl@ss specifications. The eCl@ss 
properties specified for the industrial automation domain are 
currently being integrated into the IEC61987 standard. 

While eCl@ss may not cover all properties needed for a given 
engineering task, it is still one of the most advanced product 
data standards. The semantics specifications in eCl@ss are 
not based on a controlled vocabulary and need human inter-
pretation. Therefore, the standard does not allow machines to 
“learn” new properties of other machines if they had not been 
known beforehand. Nevertheless, the eCl@ss specification can 
already support many advanced use cases. To further improve 
eCl@ss for the industrial domain, the eCl@ss association is 
collaborating with AutomationML to exploit synergy effects 
between both standards.

Security
Security is a key concern for Industrie 4.0, not only due to the 
fact that automation solutions are increasingly often targeted 
by attackers but also to avoid vulnerabilities by design for  
critical infrastructures such as power grid, water stations, or 
production facilities. Security standards such as IEC 62443 
“Industrial communication networks – Network and system 
security” – also having been taken over as a European standard 
EN 62443 in 2014 – exist for the automation domain already. 
Additionally, for Industrie 4.0 we can learn quite a lot from the 
IT domain, which faces threats and attacks for a much longer 
time already. However, there are some major differences in 
requirements between IT/office domain and OT/automation 
domain, which will have impacts on security solutions, too. 
The main focus in automation is on the control process and 
its availability, as having a control process interrupted typically 
comes with huge cost. Thus, some of the key requirements in 
automation are:

 – A multitude of protocols, applications, and hardware have 
to be supported, as all of those are required in automation, 
mainly due to the variety of intended use.

 – Real-time or near real-time demands of the control process 
down to few microseconds are not uncommon in automation.

 – Heavy duty environments require devices to be robust 
against, e.g., dust, humidity, or vibration. This might require 
other physical constructions and standards as in office 
environments.

 – Extensive testing of patches and upgrades is often required 
before approving installation in order to guarantee high 
availability of the automation processes.

 – Easy usability without extensive expert knowledge is a key 
concern that also includes security functions, especially for 
the daily routine. But even during incidents or failures, repair 
should be supported by easy, precise and quick usability.

 – Long lifetime: automation solutions typically have much 
longer lifetimes than average IT solutions. Thus, it is required 
that security components and technologies with shorter 
lifetime might still be used in automation, e.g., by having 
suitable migration concepts or concepts for parallel use of 
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different generations of security products in place. Finally, 
such concepts have to be economically reasonable for the 
manufacturer as well as customer.

 – There might also be a scalability issue. There will be hundreds 
or even thousands of devices in bigger plants all needing 
security, probably on many different levels and needing  
different capabilities. 

In summary, there are a lot of concepts and technologies 
available to increase security, which should be considered in 
Industrie 4.0. The specific challenge in Industrie 4.0, however, 
is to clearly consider the specific automation requirements as 
well as the expected flexibility, modularity, and openness of 
Industrie 4.0 that is required to make it a success story.

Outlook
Industrie 4.0 will play an important role in future automation 
systems. Therefore, it is important to create a common under-
standing and agree on standards and technologies within the 
involved consortia. The presented reference architecture 
including its future extensions will pave the way for future 
developments and most importantly the interoperability of 
future Industrie 4.0 products and systems.
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How can cloud computing and advanced data analytics 
improve an important ABB business such as alarm manage-
ment? In order to find out possibilities and limi tations, a 
cross-competence team from five ABB Corporate Research 
Centers developed a comprehensive demonstrator envision-
ing the next generation of enterprise alarm management. 
The demonstrator is an incarnation of an Industrie 4.0 
system with a specific focus on software services in the 
cloud. In this article we summarize the developed proto-
typical system and insights we gained.

Background
Alarm management has become an important field in the 
automation domain. Its purpose is to improve the alarm system 
of a process control system (e.g., of a chemical plant) with 
regard to usability and safety [1]. As an example, in order to 
save operators from alarm floods, an alarm management system 
typically keeps track of KPIs such as the alarm rate over time, 
assembles these KPIs in reports and visualizations, and helps 
identify needs for improvement.

Enterprise alarm management denotes a variant of alarm man-
agement in which alarm management is applied consistently to 
the entire enterprise, across a whole fleet of several comparable 

plants. The goal is to keep track and improve the decentralized 
alarm systems of all sites, applying corporate standards.

We identified enterprise alarm management as an excellent 
showcase for two major technical trends – cloud computing 
and data analytics:

 – Inexpensive cloud storage permits to keep all alarm & event 
data virtually forever. Elastic computing resources enable 
data analytics on demand, even for billions of stored alarm 
occurrences and hundreds of plants.

 – Data analytics helps to extract so far hidden insights for 
improving the alarm system, e.g., by mining patterns of 
misconfigured alarms or detecting hidden performance 
issues. The consequences are reduced costs and 
increased usability and safety.

 – Alarm management can be delivered as a set of services via 
the cloud. Customers can access them ubiquitously with 
standard browser software. Licensing might include that 
they pay per use (i.e., per services consumed and per time).

 – The centralization of alarm management saves costs by 
exploiting economies of scale, since resource pooling allows 
for reducing the number of server nodes and saves mainte-
nance efforts. 

Cloud-based Enterprise Alarm Management with Analytics Services
Dr. Philipp Vorst, Dr. Martin Hollender, Dr. Thomas Goldschmidt, Dr. Bastian Schlich, 
Christian Messinger, Dr. Johannes Schmitt, Marcel Dix
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At the same time, the scenario includes a number of chal-
lenges to be addressed which are also paramount in the 
Industrie 4.0 initiative [2] (see also the article “Industrie 4.0 
Reference Architecture” in this Annual Report): 

 – How can the individual alarm systems of the plants be con-
nected to the cloud – securely, as automatically as possible, 
and using broadly applicable communication protocols and 
standardized interfaces? What about real-time communi-
cation and processing capabilities?

 – How to make the system scalable with the number of  
distributed plants of a single customer company, with the 
number of customer companies served, and with masses 
of alarm & event data arriving over time? 

 – How to deliver services for decentralized systems and 
devices/fleets over a network? How does the overall archi-
tecture need to look like? Would customers accept a public 
cloud solution or rather prefer an isolated on-premises 
installation? 

In order to investigate above value propositions, challenges, 
we developed an integrated, broad demonstrator that can be 
regarded as a specific Industrie 4.0 system in action today. In 
the remainder of this article, we will detail the technical 
aspects and selected lessons learned.

Overview of the Prototype System
The enterprise alarm management system prototype was 
designed and developed in an agile, iterative approach and in 
close collaboration between experts in alarm management, soft-
ware architecture, engineering, user experience and big data 
analytics. An overview of the architecture is given in Figure 1. 
The prototype system is made of loosely coupled, individually 
scalable applications. 

The system is based on cutting-edge cloud technologies for 
providing the lower service layers such as infrastructure-as- 
a-service (IaaS) – OpenStack in our case – and platform-as- 
a-service (PaaS) – we chose Cloud Foundry. They feature  
services such as infrastructure management, cloud scale stor-
age, application hosting, logging and scaling. We built upon a 
private cloud deployment, but Cloud Foundry integrates also 
with public cloud providers. The base platform was extended 
by services for, e.g., receiving, storing (e.g., Cassandra) and 
analyzing data (e.g., Hadoop) or managing users and their 
permissions. Additionally, client-facing elements that provide 
(Web) UIs to interact with the system are provided.

Based on these automation platform services, the specific 
functionality for the enterprise alarm management applications 
were developed. Scalable applications for (1) engineering and 

Figure 1: Architecture overview of the Enterprise Alarm Management prototype
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configuration functionality, (2) big data analytics as well as (3) 
novel user interfaces for displaying data for hundreds of plants 
were created. The later three sections of this article will give 
further details on each of these parts.

On the side of the distributed plants an on-site component 
(cloud connector) gathers and caches data (to cope with 
potential network inavailability) and then forwards it to the 
cloud. Communication is realized by OPC UA, being the major 
upcoming standard in this area. It was extended by server-
initiated communication towards the OPC UA client in the 
cloud for enabling firewall and NAT traversal [3].

For an entirely different deployment, all application components 
were made available as Docker containers. This allows for 
easy sharing and deployment of the whole system in different 
environments. This can be a local development environment 
on a developer’s laptop, a privately hosted environments our 
publicly hosted clouds such as Amazon Web Services or 
Microsoft Azure.

To evaluate the prototype in realistic conditions real customer 
data from a refinery was used, starting from the plant upload 
mechanisms, through the cloud storage and analytics core up 
to the visualization in the browser. 

Engineering for the Cloud
A little engineering is needed to connect plants to the cloud 
platform. One of the commonly agreed characteristics for 
cloud solutions is the “on-demand self-service” style of user 
interaction. The user should be empowered to request and 
configure the needed services on their own without needed 
assistance by a support team. In our case the integration of a 
new plant must not need an expert; otherwise the growth of 
the platform would be constrained by the availability of these 
experts, contradicting the cloud scalability promises. We took 
this as the leading principle for our setup, provisioning, and 
configuration parts of the alarm management prototype.

It all starts with how a new plant is added. The concept is that 
enterprise engineers can add new plants in the alarm manage-
ment portal and enable the “Alarm Management App” for them. 
The responsible plant engineers receive a link that gives them 
access to a webpage guiding through the integration and 
configuration of the on-site alarm data.

The integration of the on-site alarm sources is done by a Java-
based uploader with 20 MB footprint that can be downloaded 
from the portal with a preconfigured upload destination for the 
alarm data.

Once the alarm system is connected via the uploader the 
engineer can create filters on the alarms (Figure 2) to reduce 
the overflow of information for the operator. These alarms are 
also the source for the KPI calculations that are used to gain 
an overview of the alarm management state of a whole fleet of 
plants at corporate level. We implemented an Excel like filter 
HTML5 UI that gives immediate response. It uses the under-
lying cloud computation services to interactively query alarms 
and create overview charts. 

To accelerate the creation of the filter rules for the user, we 
also implemented a prototype of a filter marketplace. There, 
people can collaborate by sharing their filter settings for other 
users. The plant engineer can search filters by names or tags 
and try them out directly on the uploaded set of alarms.

100 Plants at a Glance
Global responsibility for alarm management means to ensure 
a consistent level of alarm management across all plants of an 
enterprise. For the user interface we therefore developed a 
novel dashboard (Figure 3) that can visualize important KPIs 
for a large number of plants at high density and yet clarity. In 
our example, KPIs from one hundred different plants can be 
viewed at a glance. The dashboard can be understood quickly 
and conveys a convenient overview of the current situation, as 
examined in user experience studies, although the very first 
look might appear a bit daunting.

In the left part of Figure 3, each row represents one plant, fea-
turing from left to right the its name, the current alarm priority 
distribution (low/medium/high), and trend curves displaying the 
alarm activations over the last day. This gives a good overview 
how the plant was running recently.

The parallel-coordinates display on the right hand side of the 
dashboard is a fundamental tool that helps comprehend the 

Figure 2: Filter interface with chart view
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status quo and identify where to start improvement programs. 
It shows six of the most important alarm management KPIs, 
like average and peak alarm rate. The recommended target 
regions for each KPI are marked with green. The KPI value of 
each plant is visualized with a darker dash and the different 
KPI values from the same plant are connected with a line that 
will be highlighted when a plant is selected. Double-clicking 
will open a detailed view for an individual plant as a starting 
point for in-depth analysis. This aspect is described further in 
the next section.

The corporate alarm management team gets a convenient 
overview of how the fleet of plants of the corporation is currently 
performing. The team can focus on the worst performing plants 
on the right and work together with the local plant alarm manage-
ment teams to gradually push the KPIs more to the left. In 
addition to the fleet perspective, the dashboard also allows to 
quickly get the essential information about an individual plant.

The dashboard is implemented with latest HTML5 technology. 
The design is ideal for touchscreens, but shows nicely on any 
HTML5-capable browser. Although the dense visualization 
requires quite large amounts of KPI data from the cloud back-

end, it is possible to quickly navigate between different time 
intervals with fast refresh rates in the area of three seconds or 
less. Note finally that whenever the dashboard or underlying 
services need to be modified or extended, the changes can 
be easily deployed via the cloud and will be available for all 
users immediately.

Mining Value from Millions of Alarms
Selecting a plant in the dashboard will open a detailed view 
for an individual plant as a starting point for in-depth analysis. 

One important aspect in alarm management is to achieve an 
alarm rate (number of alarms per time) that is more manageable 
for operators and reduces the risk of overload in critical situa-
tions. One solution approach is to find alarms that have no 
added value for the operator and can be eliminated. Candidates 
are, for instance, alarms which highly correlate (i.e., only occur 
together and never alone). Once such correlations are identified, 
ABB 800xA has a mechanism called hiding rules to suppress 
conditionally dependent alarms.

With the help of standard tools the alarm manager can manually 
search in historic alarm data for correlation patterns. This is 

Figure 3: The HTML5-based alarm & KPI dashboard as the central tool of the enterprise alarm manager
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tedious and time-consuming, and therefore automatic recom-
mendation services are highly desirable. Considering more 
automated approaches, one should be aware that collecting 
production data in a single plant can amount to millions of 
alarms, signals, operator actions – for only a single month. The 
analysis of this amount of data requires big data approaches. 
This explains the great future value of more cloud-based data 
analytics approaches also in process automation: scalable 
analytics enables powerful mining of hidden information, and 
the cloud permits to provide this capability on demand and 
the resources as needed.

We employed Hadoop for tackling big data, and to search for 
alarms always occurring together in our historic alarm data, we 
made use of the Frequent Pattern Growth (FPG) algorithm for 
data mining. As an example, FPG helps to find frequent patterns 
in the shopping behavior of customers (e.g., that bread and 
milk are typically bought together). Similarly, FPG can mine 
patterns of co-occurring alarms in alarm data. Using FPG 
add-on in Mahout as in the original demonstrator, mining the 
patterns in 150,000 alarms of a 3-month period took around 
2.5 minutes on a 5-node cluster. This shows that a service such 
as hiding rule inference, which is supposed to be delivered to 
customers on demand but without real-time needs, can be 
offered even though computationally expensive and involving 
masses of data. With in-memory techniques, this result has 
even been improved by an order of magnitude meanwhile. 

The browser UI will finally present detected co-occurrences as 
candidate hiding rules with statistical confidence values to the 
alarm manager. This is shown in the example in Figure 4. It is 
then up to the alarm manager to validate and activate rules in 
the local alarm system (beyond the scope of our prototype). 
Note that all complexity and details of the analytics service is 
hidden from the user; a click in the browser suffices to trigger 
the analysis.

Insights Gained
Building an almost fully functional, concrete demonstrator 
using many cutting-edge cloud and big data technologies, 
allowed us to gain many important insights, for example:

 – Cloud computing is well-suited for near-realtime automation 
applications like the scenario demonstrated. A few seconds 
or even minutes time delay do not matter and production 
can continue, even if the cloud were unavailable for some 
time. In the demo, cloud technology enables the scalability 
of applications, analytics services, and storage, and it 
greatly promotes the ubiquitous access to a centralized 
service platform such as ours.

 – Cloud Foundry, OpenStack, Hadoop, and Cassandra, for 
instance, were reasonable technology choices. They feature 
momentum in industry and software communities.

 – The entire system (a private-cloud stack in our case) is 
complex and does require deep expertise to maintain it. 
Unless part of core business, hosting and maintenance of 
cloud infrastructure and platform suggest themselves for 
outsourcing or at least a dedicated unit. Overall, while on 
the downside the free and open cloud stack turned out to 
be not always perfectly mature, cloud software development 
is an active field and promises great further improvements 
in the medium run.

 – One recent, lightweight technology is Docker, for which we 
had a successful proof-of-concept deployment of key parts 
of the demo system, as an alternative to Cloud Foundry as 
a PaaS.

 – More specifically, using OPC UA we were able to securely 
and rapidly transfer alarms and events from a local plant 
into the cloud. HTML5 now allows to build high-quality, 
interactive graphical user interfaces. Latencies between 
cloud and browser are manageable. 
 

Figure 4: Automatically recommended hiding rules (right hand side) in order to reduce alarm floods (alarm rate peaks on the left hand side)
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Cloud computing has been a dominant trend in general IT for 
several years now and there is no reason why it should not 
have a major impact in process automation, too. 

Conclusion and ABB Benefits
In this article we have summarized the development of a demon-
strator for cloud-based enterprise alarm management. It makes 
use of a cloud-native technology stack and processes data 
from a real refinery. The envisioned system features solutions 
to key development steps for providing scalable, flexible,  
convenient alarm management services.

By means of the demonstrator we were able to explore and 
benchmark various technologies for ABB, for instance analytics, 
cloud computing, cloud connectivity, and user experience. 
Exemplified at enterprise alarm management, the devised sys-
tem architecture can serve as a blueprint for other future 
software services. In addition, the gained experiences helped 
shape the requirements of other software systems in ABB.

As indicated above, we will continue our research on Industrie 
4.0 in the coming years, e.g., by investigating other, comple-
mentary application scenarios.
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A holistic and practical approach to design data-driven services 
that create value to our stakeholders

Dr. Martin W Krueger, Dr. Zied M Ouertani, Marcel Dix, Dr. Benjamin Klöpper

The increased digitalization in the manufacturing and  
process industries provides opportunities for new service 
business. A structured methodology can support the  
systematic innovation of data-driven services. The joint 
technical, business and organizational innovation can  
foster shorter development cycles as well as smoother 
market introduction of such services. DECRC successfully 
supported ABB units in their service innovation process 
to make ABB’s service business ready for the future for 
the benefit of our customers.

Introduction
Upcoming technological megatrends like the Internet of Things, 
Cloud computing and Big Data Analytics open opportunities for 
new types of business, likely in the service sector [1]. We see 
these trends surface in initiatives such as Industrie 4.0 or the 
Industrial Internet [2]. Data-driven services building on data 
collection, handling and analytics will enable ABB to deliver 
extra value to its customers in the future by improving produc-
tion capacity, quality and efficiency (Fig 1). In the industrial 
automation sector, vendors and customers are used to product, 
system, solutions and maintenance business. Besides the 
technological opportunities which will arise, the delivery  

processes of both traditional services spanning from engineering 
over maintenance to operational optimization and data-driven 
services will be impacted and business models as well as  
service delivery will need to be revisited.

 Corporate Research in Germany (DECRC) plays a major role 
is supporting ABB’s business units innovating their service 
offerings and business models. We have conducted several 
studies helping business units evaluating scenarios for technical 
innovation. From these activities, the DECRC team devised a 
holistic hands-on framework for service innovation learning 
from well-established methods to systematically design services 
addressing all technical, business and organizational aspects.

Holistic Service Innovation 
The overall process simultaneously tackles technological and 
business challenges in developing new service offerings (Fig. 2). 
Starting from collecting the desires and concerns of our cus-
tomers, value propositions are systematically designed based 
on an in-depth stakeholder analysis. A value proposition is 
thereby a clear statement of the tangible results and benefits 
expected from our solution in a language the principal stake-
holders would use. Subsequently, a big picture business model 
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is developed using the Business Model Canvas framework [3]. 
The Business Model Canvas is a visual chart covering and 
interlinking various aspects of a business model, such as value 
proposition, customer segments and relationship, internal 
activities and revenue/cost streams. 

Once the value propositions are articulated, gaps in the land-
scape of current organizational and technological capabilities 
can be identified. Lastly, the three components value proposi-
tion, business model and gaps feed into the development of 
an integrated roadmap for the technical, organizational and 
business development for the new service offering [4]. A  
systematic analysis of the regional service delivery processes [5] 
can support the smooth roll-out as well as an efficient and 
excellent service delivery of the services afterwards.

In the context of developing data-driven services with our 
Business Units, our team closely collaborate with internal 
stakeholders as well as external partners and end-customers. 
This allows the research team to consider the ecosystem 
where data-driven services are co-created.

In some cases the benefit achieved by focusing the efforts on 
applying a single isolated method. For example, it proved to be 
useful to utilize the Business Model Canvas in early research 
project stages during the identification of scenarios for technical 
developments to verify the validity of chosen scenarios. The 
systematic approach supports the scenario formulation by 
making the project members think of various aspects of a 
business case centered around customer desires and concerns 
as well as an ecosystem perspective instead of focusing on the 

technical feasibility. The Business Model Canvas, used as a 
framework to drive business development workshops, allowed 
the participants to move outside their comfort zone and think 
about the required organizational resources, the network of 
partners, customer segments to serve and in particular formulate 
a crisp and specific value proposition for these different customer 
segments, among others.

Service process blueprinting techniques [5] may also be utilized 
stand-alone for an analysis of current service delivery process. 
A service delivery process is thereby described using inter-
connected fields in the layers of physical evidence, customer 
actions, ABB personnel actions (separated by visibility to  
customer) and support processes (IT tools) on a visual chart, 
similar to a process diagram. The formalized method can  
foster a focused development of service-supporting IT tools 
by systematically analyzing and visualizing all aspects of a 
service delivery ecosystem on the blueprint. 

The methods did not only prove to be helpful in the context of 
service innovation and scenario development, but can also be 
used for the analysis of business models based on secondary 
literature [6]. Such structured analysis of business models from 
others domains can be helpful to identify patterns in successful 
business models from domains employing similar technical 
solutions as planned to be used for new service business in 
e.g. the industrial automation domain. Especially the consumer 
market, but also IT-driven B2B markets, show a faster adoption 
of new technology and accompanying business models which 
can provide valuable learnings for introducing IT innovations in 
more conservative markets.

Figure 1: Data-driven services provide value to our customers based on data collections, handling and analytics.  |  Figure 2: Overview of the integrated 
service innovation framework

21
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Conclusions
The increasing digitalization in the manufacturing and process 
industries drives an increase in the amount of data available in 
the production systems, and creates opportunities for new data-
driven service business such as big data analytics services. 
The introduction of data-driven services in today’s product-
focused market requires innovating current business models, 
delivery organization and technology support to exploit the 
opportunities arising from the increased digitalization in the 
production and process facilities of ABB’s customers. The 
development of services will be more efficient in the future, if 
the traditional technology-driven approach is being synchro-
nized with the business and organizational developments.  
The basis for such novel service developments needs to be 
customers’ needs combined with new technological  
opportunities.

DECRC developed an integrated framework to innovate tech-
nology, business and organization of novel services increased 
market acceptance and sped up development processes. The 
framework allows for a more focus on the essence of what is 
required to deliver the value proposed to the customer. Singular 
methods of the process also provided benefit e.g. by the  
evaluation of current service delivery processes and the more 
focused development of scenarios in the early phases of R&D 
projects.

The synchronization of business model innovation and technical 
developments can foster the identification of the best possible 
technical solution for the value which will be proposed to the 
customer at market entry. Revisiting established service delivery 
processes can help to optimize the service delivery from the 
perspectives of the customer and point towards the efficient 
usage of available tools to trigger focused new developments 
in this area. This is crucial in a complex service network, where 
different business units (although from the same organization) 
are involved in the service value chain in addition to partners, 
suppliers, OEMs and end-customers.
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Building Automation: Information Modeling for System Integration 
Dr. Johannes Schmitt, Roland Braun, Dr. Thomas Gamer

By integration of Building Automation technologies a 
combined control of different trades and systems can be 
achieved. System integration by wrapping and mapping 
technologies often results in high efforts and a reduction of 
available information and functionality. A common concept 
for information handling has an enormous potential for 
simplifying system integration throughout different tech-
nologies and lifecycle phases. 

In order to provide a future proof basis the technology used 
for information handling has to be scalable and extensible. As 
information is exposed to networks and different stakeholders, 
security and privacy aspects become highly relevant.

First, we briefly introduce definitions for Information Modeling 
and aspects for application in Building Automation. Additionally, 
a positioning of OPC UA for system integration is given, as 
OPC UA seems to be a good candidate standard.

Background and Definitions: Information Modeling
As a basis we need a common definition for the related terms 
and to structure the targeted area. We define Information 
Modeling as an umbrella term for the area and thus, comprising 
the different following terms. 

A Meta Information Model defines the basic entities of an 
Information Model. This means that it is an abstract concept 
how to define an Information Model. Such abstract concepts 
are not limited to a specific domain but are generic. 

An Information Model is an abstract representation of data 
(e.g., variables, methods, alarms, histories, etc.). Thereby, an 
Information Model typically is domain-specific and uses a Meta 
Information Model as basis, i.e., an Information Model is an 
instance of a Meta Information Model for a particular domain. 

Finally, the Data Model takes a technology decision. This means 
that the Data Model is technology-specific and decides about 
which technology to use for representing the information model. 
This also means that multiple Data Models might exist for just 
a single Information Model. 

The technology decision for Information Modeling may also 
impact the Information Access, i.e., interface to information 
and transport of information, as described later. 

Information Modeling – Abstraction and Semantics
A Meta Information Model allows for definition and usage of 
Information Models as basis for system integration. An Infor-
mation Model is used for definition of types (e.g., a device). 
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Such definitions are necessary to provide a well-structured 
abstraction layer toward the underlying heterogeneous set of 
technologies. In Figure 1, a modeling of the type FlowMeter is 
shown. In the example the Information Model is structuring 
the FlowMeter type specific information using the mechanisms 
of the Meta Information Model. The Data Model represents an 
instantiation of the Information Model in a specific technology 
– in this case as XML-schema – implicating the data to be 
available in XML.

Thus the common type system can describe the common 
understanding about the “things” (it’s semantic). A reasonable 
information model is able to represent knowledge about such 
things. This includes knowledge about interrelations (associa-
tions) between them. Even in a real world, things are dynamic 
and changing over time - hence the targeted concept for infor-
mation modeling has to provide extensible Information Model(s) 
which can be stepwise updated and extended toward real-world 
changes. In this context an object-oriented modeling approach, 
i.e., that allows for mechanisms like inheritance, is promising.

Implications for System Integration in Building Automation
Information Modeling is used as abstraction for real-world 
things (shown in Figure 2), i.e., information sources like field 
devices. Having a common understanding about such things 
(e.g. a common definition of a BasisDevice), specific tech-
nologies can be integrated (e.g. a KNXDevice using the 
BasisDevice as basis).

Specific technologies such as the major technologies used in 
Building Automation KNX, BACnet, EnOcean can be integrated 
having an “Information Source Adapter” per technology. Such 
an adapter could be for example a software-driver on an IP-
gateway and (optionally if not already IP-based) a USB-Dongle in 
order to physically communicate towards the target technology. 

Applying this concept of information modeling, System Integra-
tion can be simplified using the common, abstract definitions. 
When looking on the integration of multiple instances using 
this concept, mainly the Information Access (i.e. interface and 
communication) towards the Information Model have to be 
taken into account. The interface defines which operations are 
allowed. The interface granularity determines which parts of 
the information modeling are exposed by the interface. An 
interface could, for instance, only expose the data model, i.e., 
give access to the actual data. It could, however, also expose 
the information model, i.e., allow querying or dynamically 
extending/changing the underlying Information Model. 

Real-world things aren’t that static that a data-only Information 
Access is sufficient - it moreover requires model change func-
tionality to cover some of the dynamic aspects of Building 
Automation systems. E.g. when integrating new device types 
or technologies in Building Automation it could be necessary 
to adapt the information model accordingly.

Figure 1: Model-Examples

1
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OPC UA for Information Access and Information Modeling
OPC UA is one prominent example to provide Information 
Access as well as a basis for Information Modeling (shown in 
Figure 2) as it provides many required and attractive features:

 – Standardized: OPC UA standardizes (IEC 62541) the inter-
face for Information Access and the Meta Information Model. 
This combination is the foundation for interoperability and 
reduces system integration mainly to the definition and 
usage of common Information Models.

 – Flexible & Extensible: OPC UA’s specification uses a Meta 
Information Model which allows for user-defined Information 
Models and integration of existing Information Models (e.g. 
by inheritance). Instead of one monolithic and static Infor-
mation Model, a layered concept comprising multiple stacked 
and extensible Information Models can be used to provide 
an extensible and flexible basis. 

 – Manageable: Its interface provides full access to the Infor-
mation Model – i.e., including changes (and tracking changes) 
of the Information Model.

 – Generic: OPC UA’s Meta Information Model is based on 
typed nodes and typed references – other concepts like 
objects (e.g., as used in CIM), lists or trees (e.g., as used in 
SNMP or classic OPC) can be mapped toward this generic 
Meta Information Model. Hence it was shown that specific 
Information Models like CIM [1], BACnet [2] and ISA95 [3] 
can be mapped.

 – Scalable: The functionality provided by an OPC UA Server 
can be scaled to the needs and system resources (based 
on predefined OPC UA Profiles [4]) – e.g., only data access 
(no history/alarms/events) can be exposed by small scale 
devices.

 – Interoperable: Multiple reference implementations of the OPC 
UA Stack significantly help to provide platform interoperability 
and reduce implementation efforts. However also custom 
implementations can be created and open source imple-
mentations are available [5, 6]. 

 – Dynamic: The OPC UA Information Model can be used for 
much more than only providing static data. As even the 
Information Model can be created dynamically (e.g., creat-
ing a node on request) it can be a facade, e.g., for own 
system elements (APIs/Interfaces/Services/DBs). 

 – Simple: Multiple OPC UA SDKs exists extending the OPC 
UA Stack for simplifying own server and client implementa-
tions on standard use cases – also for embedded platforms 
[7] and as open source software [8].

 – Secure: The actual OPC UA Stack provides secure com-
munication over TCP and HTTP [9], including for instance 
authentication, PKI support, and authorization on node 
access level. 
 

Figure 2: Concept and OPC UA example
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Conclusion
Several activities and projects related to Information Modeling 
and/or OPC UA have been done in several domains, mainly by 
ABB Corporate Research, e.g. Field Device Integration (FDI). 

Based on our experiences in working with Information Models 
and OPC UA, we are looking forward to use them as a basis 
not only for integration aspects in building automation but also 
as core component for the complete lifecycle of a system: 
from engineering over operation to service aspects.
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Email: johannes.o.schmitt@de.abb.com
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Active Site
Dr. Oliver Becker, Philip Juneau, Dr. Dirk John

The rapid spread of decentralized generation (such as 
rooftop photovoltaics) is fundamentally changing the way 
electricity distribution works. Many sites, ranging from 
college campuses to industrial or military complexes now 
feature extensive generation and storage and are thus 
developing into local grids that are almost miniature versions 
of the outside grid. These sites can (partially) cover their 
own needs while utilizing their outside connection to 
source what they cannot themselves generate (or offload 
the excess). This is where ABB’s Active Site technology 
comes in: An Active Site can control and optimize the 
microgrid and its interface to the macrogrid, ensuring an 
optimization of energy usage and costs while permitting 
the microgrid to participate fully in what is often called 
the “Smart Grid”.

Introduction
Decentralized generation using renewable technologies has 
opened new possibilities for industrial sites to control their 
energy assets locally. Advantages include energy efficiency, 
ensuring power stability and quality as well as interfacing with 
the external power grid in a beneficial manner. This more or less 
independent energy model is referred to loosely as a “microgrid”. 
Multiple definitions of this term are used in industry and aca-
demia, but ABB has defined it as follows: “A microgrid is an 

integrated energy system consisting of distributed energy 
resources and multiple electrical loads operating as a single, 
autonomous grid either in parallel to or ‘islanded’ from the 
existing utility power grid”

A microgrid includes generation, a distribution system, con-
sumption and storage, and manages them with advanced 
monitoring, control and automation systems. Microgrids are 
basically smaller versions of the traditional power grid. Types 
of microgrids include:

 – Isolated autonomous microgrids, found for example on 
islands with no connection to the main grid.

 – Weakly connected microgrids can be found at the ends of 
the lines of larger traditional power grids, or in facilities that 
can go “off-grid” when desired. 

 – Semi-autonomous microgrids, located in remote locations 
on the mainland such as remote communities, research 
stations, defense bases and industrial sites. 

All have total power ratings between 100kW and 50 MW.
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Active Site Concept
The Active Site concept adapts the idea of a semi-autonomous 
microgrid towards a commercial site. Aim is to optimize the 
deployment of on-site (renewable) generation and storage, 
site-wide monitoring and controlling and communication with 
the power grid. 

ABB’s Active Site technology will be targeted at facility 
microgrids as can be found for example on industrial sites, 
university campuses and military complexes. These microgrids 
are connected to but can be managed independently of the 
macrogrid. Distribution microgrids, which are a part of the 
power provider/utility network of meshed grids, may be handled 
differently and are not considered in this article. The technology’s 
applicability, however, does merit further evaluation.

The Active Site enables the site’s owner/operator to move 
from a “passive” to an “active” role by efficiently employing 
state-of-the-art technology via an advanced monitoring and 
control system; it provides a mutually beneficial relationship 
with the Smart Grid, specifically:

 – Increasing overall site energy efficiency while at the same 
time reducing power grid line losses by sizing and locating 
the generation adjacent to the site demand.

 – Providing localized energy generation and storage to seam-
lessly operate in an autonomous fashion, balancing out 
voltage and frequency while prioritizing supply for critical 
loads.

 – Ensuring grid stability via control approaches based on  
frequency drops and voltage levels at the terminal of each 
device (ie, reducing bottlenecks).

 – Enabling scalability by facilitating the use of many small 
generation, storage and load devices in a parallel and  
modular manner to scale up to higher power (demand)  
production and/or consumption levels.

 – Promoting both energy autonomy and accountability  
providing sustainable benefits to the local community  
(ie, reduced carbon footprint, green power, etc).

 – Identifying predictable and lower energy costs to allow  
economic decision-making to be programmed into standard 
operating protocols.

 – Reducing the need for capital expenditures for new central 
power generating plants and improving the overall grid net-
work efficiency (ie, energy avoided/saved or ’negawatts’)

 – Encouraging innovative solutions which allow for new  
business models in a dynamic power market. 

Rolling out an Active Site
The creation of an Active Site is not something that can be 
accomplished overnight. It is an ongoing development or even 
a process requiring a stepwise approach. ABB uses a process 
framework to collaborate with its customers and its channel 
partners in a systematic fashion, s. Figure 1.

The first and most important step is to measure (meter) for a 
distinct period all energy mediums: electricity, natural gas, 
steam, water, petrol, etc, both on a macro (main meter) and 

Figure 1: ABB’s process framework for implementing an Active Site

1
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micro (system/asset) level. This will ascertain the building’s 
energy profile and help understand the operational aspects of 
the building and overall site energy requirements.

Once this data is acquired and analyzed, facility improvement 
measures can be evaluated, selected, designed and implemented 
based on the owner’s building/site energy plan and matching 
the expected economic benefits and returns. These measures 
may include building automation (HVAC2), lighting, etc.), 
industrial automation, distributed energy resources (DER): 
solar, wind, combined heat and power (CHP), energy storage 
and electrical (vehicle) charging. This process will most likely 
require a few iterations based on the energy plan’s budget 
and timing.

After the implementation of the improvement measures, the 
monitoring and control phase begins. This not only verifies the 
results versus the target, but also identifies additional improve-
ments and/or operational issues. Integration of the different 
building and process control systems and the pertinent infor-
mation systems (eg, maintenance management) may also be 
necessary for a holistic overview.

As soon as all buildings are optimized and aligned to the site 
generation and storage capacity, an Active Site energy-manage-
ment system is used to integrate all of these systems and thus 
to better monitor and control the site. All of the site’s operational 
parameters (ie, system/load prioritization and requirements) can 
be monitored and controlled together with the energy storage 
and production parameters (electrical and thermal) permitting 
them to be used to compensate for demand or supply fluctua-
tions across the entire site, whether scheduled, requested or 
unexpected. For example, when demand is too high, the system 
can switch off non-critical loads in lighting, HVAC systems and 
ancillary equipment (pumps, fans) and utilize the most cost 
effective site generation and storage.

Now that the site has become “Active”, an intelligent connec-
tion to the grid is possible and the site can become an active 
participant in the overall macrogrid. The interconnection and 
communicational aspects between the site and the energy 
provider for all modes of operation ie, transfer to islanding mode, 
site reconnection to the power grid, energy storage recharge 
mode, and step-down of site generation upon reconnection to 
the grid needs to be agreed with the energy provider. This is a 
matter of regulation, standardization and contractual agreement. 
Overall, the benefits to the site owner are the predictable and 
optimized energy costs. The benefits to the energy supplier are 
scalability for that region, as the Active Site can participate in 
the “virtual power plant (VPP)” model, which contributes to both 
a stable grid and reducing centralized generation demand  
(ie, negawatts).

Overall, the Active Site contributes to the management of the 
macrogrid by predictively and dynamically participating in its 
overall demand needs. By being able to predict the site’s 
capabilities through analysis, simulation and planning, the site 
becomes an active player supporting the ever changing needs 
of the macrogrid. 

In a more isolated approach, an Active Site can also be of 
advantage to the macrogrid by controlling the overall site 
demand by employing demand reduction/shifting and energy 
storage usage at the appropriate times. An example is given 
in Figure 2: When the peak demand reaches 35 GW, the 
demand is reduced (or shifted to a later period) and thus a 
peak energy (and cost) reduction is achieved. On the other 
hand, when it becomes more advantageous, the loads which 
were shifted can be energized to perform their original tasks 
(or, in some cases, store energy to be curtailed during peak 
demand).

For what type of applications would an Active Site offer the 
greatest advantages? Simply put, the answer is a site whose 
owners attach high value to:

 – Access to reliable, secure power (energy security)
 – Control over their energy supply and demand (energy  

independence)
 – Cost savings, both energy and operational (energy  

efficiency) 
 – Cost benefits by playing an active role on the energy market. 

From a market perspective, there are industrial sites such as 
chemical plants with significant energy demand where dedi-
cated systems are already being deployed (or integrated as 

Figure 2: Shifting of consumption or use of storage can help reduce peaks 
by shifting grid-side demand.
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part of a complete control system). But industrial sites, such 
as food & beverage, paper & printing, electrical/electronic 
manufacturers, vehicle construction, etc. having a diverse 
range of functional buildings (ie, process, office, warehousing, 
logistics, etc.) are ideal candidates.

In Germany, for example, there are a significant number of 
sites having a favorable “Active Site energy consumption,” 
which ranges between 2 and 20 GWh/year and the electrical 
part of the energy consumption ideally being above 50 percent. 
It is estimated that there are 24,000 sites in this category.

With the technology, market needs and all of the benefits  
presented herein, there is nothing standing in the way of site 
owners to begin the Active Site process, either independently 
or jointly with their energy providers. ABB is ready and able to 
accompany this process. The company welcomes inquiries 
and feedback and hopes to hear from interested candidates 
soon.

Internal Customer
Division Low Voltage Products, BU Wiring Accessories  
Division Power Systems, BU Power Generation

Contact
Dr.-Ing. Oliver Becker  
Phone: +49 (0) 6203 71 6025  
Email: oliver.becker@de.abb.com
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Productivity Enhancement through Hierarchical Safety and 
Failover Concept

Christoph Byner, Dr. Fan Dai, Dr. Hao Ding, Dr. Björn Matthias, Dr. Arne Wahrburg

Safety reactions to hazardous events often lead to 
machine stops of category 0 or 1, with remarkable down-
time of machines. These are usually triggered by safety 
devices that detect hazardous events, or when safety 
devices become unavailable.

Hierarchical safety control including a failover strategy 
can enhance the productivity of machines and manufac-
turing systems significantly, if potential hazards can be 
defined in a hierarchical manner so that machine stops 
can be minimized, or even avoided in many cases. 

The increase of productivity can be estimated based on 
probabilities of hazardous events and temporary errors, 
average duration of downtime due to such events, etc.  
It is then possible to judge if the cost and effort of imple-
menting hierarchical safety control with failover strategy 
pay off. 

A concept demonstrator has been implemented which 
shows a hierarchical safety failover scenario with ABB 
automation devices. The concept has been validated with 
simulated communication errors between safety devices.

Introduction
Safety control in discrete manufacturing has the primary goal 
of protecting humans against hazards, when working at or 
entering manufacturing sites. Basically, sensors or switches are 
used to inform a safety control device about the presence of 
humans in specific zones, or their attempt to enter such zones. 
Based on the actual status of the automated manufacturing 
process, the manufacturing line or individual devices are put into 
a state that reduces or limits potential hazards to a specified, 
acceptable range. Very often, this is achieved by stopping the 
machines, but sometimes it is also sufficient to reduce the 
speed of motion, or limit the space of movements of particular 
mechanisms, e.g. industrial robots or machine tools.

In the majority of cases, machine stops are performed e.g. by 
drives with safe stopping function (Safe Torque Off). In case of 
industrial robots, the robot controller also does the safety 
control of the robot, where supervision of robot tool position 
and speed is commonly implemented. Increasingly, there are 
also servo drives offering safe speed or position control, but 
they are still rarely used in industrial applications. 
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In case of (potential) severe hazards, emergency stop is 
issued, e.g. via emergency stop button, or corresponding 
sensor devices. It brings the machine into a stopped state, 
which needs dedicated confirmation to restart the machine. 
However, such machine stops are not always necessary, if 
appropriate safety zones can be defined, and a hierarchical 
safety control is implemented. 

Furthermore, in case a faulty communication to a safety sensor 
or a failure in the sensor device itself is detected, a machine 
stop according to stop category 0 or 1 combined with manual 
resetting/restart of the machine is required as well. But often, the 
unavailability of the sensor is only temporary, and redundancies 
of a hierarchical safety control could be used to bridge this 
temporary failure, and enhance the productivity of the manu-
facturing system. Examples of such temporary communication 
faults are delays or bit losses in PROFIsafe communication, which 
would trigger watchdog timeouts or CRC faults, respectively.

Hierarchical safety control
Taking a robot cell as an example, one can define a “Zone 1” 
around an industrial robot, where the violation of this zone 
leads to stopping the robot immediately. If the human is in the 
neighborhood outside this zone, the robot can run at a reduced 
speed, so that the robot is able to stop, when human enters 
“Zone 1”. In general, a robot cell can be divided into several 
zones like depicted in Figure 1.

Another example could be an AGV (Automated Guided Vehicle) 
which would run with reduced speed, if obstacles or a human 
worker are within certain, but larger range. When the distance 
becomes critical, the AGV stops.

In a more general manner, the safety reaction can also depend 
on more accurate sensing of position, size and velocity of 
humans or obstacles. Moreover, the safety reaction can also 
be stopping only a certain part of a production line, running 
on variable speed with parts of the line etc. All these lead to a 
hierarchical safety control scheme that is beneficial in terms of 
enhanced productivity while ensuring the same safety level.

Figure 1: Hierarchical safety zone for a robot cell  |  Figure 2: Example with hierarchical safety zone for AGV

2
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In a simplified and generalized manner, we assume the following 
scenario:

D1 := Safety device 1  
H1 := Localized hazardous event, detectable by D1  
F1 := (Safety) Function 1 (e.g. safe stop)  
P1 := Productivity when operating with F1  
D2 := Safety device 2  
H2 := Less-localized hazardous event, detectable by D2  
F2 := (Safety) Function 2 (e.g. reduced speed)  
P2 := Productivity when operating with F2  
Fe := Safety function Emergency Stop (E-Stop)   
P0 := Zero productivity (system is stopped) 
PN := Productivity under normal operation (100% performance)  
with 
1 = PN > P2 > P1 ≥ P0 = 0 
and 
H1 H2

which means that H1 is of the same kind like H2, and is cov-
ered by H2, but is more localized or detailed.

The safety control logic would be:

If H1 then  
 F1 // Productivity P1 
Else 
 If H2 then F2 // Productivity P2 
End If

Figure 3 illustrates this generalized scenario with correspond-
ing basic safety logic, where any detected or implied safety 
device faults lead to protective stop category 0 or 1. 

Failover safety 
Generally speaking, failover means switching to a redundant 
device or function, when a dedicated device or function fails.

In case H1 cannot be detected due to malfunction of D1 or 
other reasons, e.g. a communication error, it would cause the 
activation of emergency stop Fe, resulting in zero productivity 

Figure 3: Generalized scenario with basic safety logic

(P0). After Fe, the system must undergo error diagnostics and 
recovery, and must be restarted. The average time period for 
this process would be Te.

But in case of temporary unavailability of the device, thus, if 
the device’s function recovers after an acceptable time period 
without the need to manually repair and restart the system, 
we can try to bridge this time period by using redundant 
devices or functions. In the scenarios with hierarchical safety 
control as mentioned in the above section, the existing redun-
dancies can be used.

In case H1 is covered indirectly by H2, thus H1 H2, it is pos-
sible to change the logic using D2 as failover device of D1, like 
this:

If (D1 is OK) then  
 If H1 then  
  F1 // Productivity P1  
 Else  
  If H2 then F2 // Productivity P2  
 End If 
Else  
 If H2 then F1 // Productivity P1  
End If

In this way, if D1 is not working, the safety control remains 
intact with switching of H2F2 to H2F1, running at 100% if 
no safety zone violation, or at least with productivity P1, when 
H2 is active.

In case D2 is not available, the situation is slightly different:  
H2 is only partially covered by H1, and D1 cannot be used as 
failover device to detect H2. However, we can use F2 as 
failover function for (D2 is NOK) in combination with H1F1. 
Thus, activate F2 once D2 is NOK, and activate F1, when H1 is 
detected by D1. Because of H1 H2, H2 is sufficiently consid-
ered with this failover strategy.

Productivity enhancement with hierarchical safety
Assume,  
WH1 := Frequency of H1 per time unit
WH2 := Frequency of H2 per time unit 
WMisc := Frequency of machine stop by other reasons per time unit
TH1 := Average duration of H1  
TH2 := Average duration of H2

TMisc :=Average duration of machine stop by other reasons
tP1 := Percentage of time operating with P1

tP2 := Percentage of time operating with P2

tPN := Percentage of time operating normal (100%) productivity
tP0 := Percentage of time operating with zero productivity

3
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With: 

P = tPN PN + tP1 P1 + tP2 P2

we obtain 

P = 1 – (1 - P1) WH1 TH1 – (1 – P2) WH2TH2 – WMisc TMisc

When considering H1 H2, the overall productivity is:

P = 1 – (1 – P1) WH1 TH1 – (1 – P2) (WH2TH2 – WH1 TH1) – WMisc TMisc

Without hierarchical hazard refinement, the safety control 
would not distinguish between H1 and H2, the machine would 
run P1 in hazard case. One can clearly see that due to the 
hierarchical safety control, the productivity of the manufacturing 
system is increased by (P2 – P1)for the case of H2 (see also 
Figure 4): 

ΔP = tP2 (P2 – P1) = (WH2 TH2 – WH1 TH1) (P2 – P1)

Assuming: a worker is entering the global work zone of an 
automated machine (e.g. robot) once per hour for the duration 
of 2 minutes (e.g. for supplying parts or removing filled bin etc.), 
and he would only be in the near zone each time for the dura-
tion of 2 seconds, with P2 = 0.75 (reduced speed) and P1 = 0 
(controlled stop), we would gain a productivity enhancement of:

ΔP =   2        2    ∙ 0.75 ≈ 0.025 = 2.5% 
        (60    3600)

Productivity enhancement when applying failover 
To show the productivity enhancement through failover concept, 
we take a look at the case with unavailability of D1. We assume

W_D1 := Frequency of unavailability of D1

TD1 := Average time of unavailability of D1  

TE := Average down time due to emergency stop 

For simplicity, we consider only the situation with hazardous 
events that fully fall into the duration of unavailability of the 
device. The overall productivity increase is then approximately 
(Figure 4):

ΔP = WD1 (TE – (1 – P1)WH2 TD1 TH2) 

Furthermore, in these calculations, we assumed that WD1 TE is 
much smaller than 1.0. In case WD1 TE becomes near 1.0, the 
system wouldn’t run without failover anymore, which means, the 
failover function becomes an enabler for operating the system 
under the assumed errors and related safety conditions.

Concept demonstrator
As an example, we use the FATIE (Factory Automation Test 
and Integration Environment [3]) line shown in the title picture. 
To explain and verify our failover concept, we take a closer 
look at a sub-area: the safety supervision of zone 4a and 4b as 
shown in Figure 5. We assign H2 to zone 4a and H1 to zone 4b.

The affected machine is a palletizer system, which operates 
with normal speed (100%) when none of H1 and H2 are true. It 
operates with reduced speed (F2, P2) in case of H2, and stops 
(F1, P1 = P0) in case of H1.

Figure 4: Schematic illustration of productivity enhancement for D1 NOK

4
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For proof of concept, a safety mat is used as D2 (for zone 4b) 
and a light curtain as D1 (for zone 4a). We furthermore assume 
that nobody jumps into zone 4b without standing on the safety 
mat, thus H1 H2 is valid. The light-curtain is connected with 
the safety PLC via a wireless coupler. The failover mechanism 
is demonstrated with simulated CRC errors on the wireless 
communication.

At present, an occasional single CRC error would cause 
emergency stop in a number of safety protocols, if no addi-
tional measure is implemented to cover this situation at the 
application level. But in most cases, CRC errors disappear 
after a short time period, and a stable communication with the 
device is established again. In such a situation, when above 
described failover concept is applied, the system does not 
have to be stopped with a single CRC error, and can recover 
itself automatically by switching back to the normal safety 
functions, when the next telegram becomes valid. 

Typically, in a safety network (e.g. with PROFIsafe [4]), the  
frequency of CRC error is ~2 times per year. With single-shift 
operation for 300 days (2400 hours), a communication cycle 
time of 30 ms, and an average downtime with a CRC error of 
0.3 hour, we get a productivity increase of approximately:

ΔP = WD1 TE = 2.5 * 10–4

Even this relatively small number means, about 40 minutes of 
downtime per year can be avoided. According to a survey of 
Advanced Technology Services and Niels Research [2], one 
minute of machine downtime costs an average of 22KUSD. 
This means savings of around 800KUSD per year.

Conclusions
Safety reactions to hazardous events often lead to machine 
stops of category 0 or 1, with remarkable downtime of 
machines. These are usually triggered by safety devices that 
detect hazardous events, or when safety devices become 
unavailable.

Hierarchical safety control with failover strategy implemented 
can enhance the productivity of machines and manufacturing 
systems significantly.

In the sample scenarios, we have shown that an increase of 
productivity in the order of 2.5% is already possible with a 
hierarchical safety control, if occasional hazards can be refined 
in a hierarchical way. Furthermore, production downtime due 
to temporary unavailability of safety devices can be avoided 
with safety failover that can save millions per year. In some 
cases, e.g. the scenario of wireless AGV control, the hierarchical 
failover safety can even become the enabler technology.

We recommend taking availability and productivity into con-
siderations while doing risk assessment and designing 
functional safety. The concept of hierarchical safety failover, 
together with the method for a detailed analysis of availability 
and productivity of the manufacturing system, can be applied 
in order to implement safe manufacturing systems with 
increased productivity.

Internal Customer
Division Discrete Automation and Motion  
Division Low Voltage Products

Contact Person
Fan Dai 
Phone: +49 (0) 6203 71 6265 
Email: fan.dai@de.abb.com 
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Robust and Reusable Manipulation Skills for Robotic Assembly
Dr. Arne Wahrburg, Dr. Björn Matthias, Dr. Hao Ding 

In today’s manufacturing, there is a paradigm shift from 
mass production towards mass customization, which 
increases the demand for flexible production systems. One 
of the reasons for today’s industrial robots not meeting 
these demands is their lack of adaptivity to new situations. 
To reprogram a robot, experts with deep technical  
knowledge of the domain and a lot of time are needed. 
Furthermore, standard industrial robots have only very 
limited capabilities to cope with uncertainties. To tackle 
these problems, a generic representation of robotic skills 
serving as a link between high-level assembly planning 
and low-level robot control is introduced. The goal is to 
develop reusable and robust skills that allow to ease the 
integration of robots for assembly tasks by reducing the 
programming effort.

Introduction
To solve the problem of easy and robust robot programming 
in ever more complex and partially unstructured environments, 
a concept of reusable skills has been developed within the 
research project “Manipulation Skills”. The general idea is to 
create complex robot actions from elementary building blocks 
called “skills”. Such a skill encapsulates the capabilities to 
coordinate, control and supervise an elementary robot action. 

All details of the robot control, which can be as complex as 
force control, are hidden from the programmer, who just needs 
to combine predefined skill primitives. To be useful, a skill 
needs to be reusable in alike situations. Furthermore, a skill 
representation is developed that has the flexibility to cope with 
uncertainties and is easy to use.

In this article, the general framework of “Manipulation Skills” is 
introduced. Furthermore, a case study is presented reporting 
the successful application of the proposed scheme to snap-fit 
operations in an ABB PLC I/O-module assembly using an 
ABB YuMi robot prototype.

The Manipulation Skills Framework
The overall goal of the proposed system is to create and oversee 
a series of robot actions, which leads to successful completion 
of a specified assembly application. To this end, a series of 
skills, represented as reusable templates, is selected from a 
library and parameterized according to the tasks that the 
application consists of. The concatenation of all the selected 
elementary actions results in the accomplishment of the 
assembly application. To follow this basic course of action, 
four layers of information are distinguished in the proposed 
framework and are defined in the following.
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On the Application Layer, a complete product that is to be 
assembled is specified. It is represented by a binary tree 
structure called “Assembly Tree”, describing a hierarchy of 
sub-assemblies down to individual components.

The Task Layer contains tasks which are to be performed to 
achieve the goal of assembly. A task is described by a node in 
the assembly tree. In this context, a task is limited to a scenario 
of two parts being put together. Each task is defined by an 
instantiation of one or several skills which form the Skill Layer 
consisting of  a net of skill instances.

A Skill instance is an elemental manipulation constituting a 
step towards achieving a task. It contains all the necessary 
data to coordinate, control and supervise the actions necessary 

to fulfill this step. In the system, a skill is represented by a 
generic template selected from a skill library, and a specific 
instantiation is created from this template using data from the 
task. The skill is built from a net of actions that is represented 
twofold in the skill: as a Finite State Machine and a trajectory 
in pose-wrench-space.

On the Motion Layer, robot motion actions and other low-level 
actions describe how the robot and other devices are controlled 
to perform the manipulation tasks. A robot motion action is a 
constrained or unconstrained action that describes which 
degrees of freedom of a reference frame are controlled in which 
way. The frame is associated with the parts to be assembled.

The Application and Task layers are centered on the geometric 
description of an assembly and are independent of the system 
the assembly is performed on. By contrast, the Skill and 
Motion layers contain information on how the assembly can 
be performed on a specific robotic platform and are centered 
on motion descriptions. With the Skills forming a link between 
high-level planning and low-level programming (s. Figure 1), 
they are the key element in the proposed scheme.

As visualized in Figure 2, the proposed representation of a 
skill is twofold.

The action net representation describes the skill as a Finite 
State Machine, which is used for the discrete coordination 
and control of robot motions and other actions. Specifically, it 
is used to switch between different continuous control actions.

The trajectory representation describes the skill in pose-wrench 
space. It is used to supervise the continuous robot actions 
and triggers transitions in the Finite State Machine.

Besides the content described above, a skill has input and 
output signals used for high-level supervision purposes. The 
start signal is triggered once the Precondition is met, so that 
the execution of the related robot actions begins. A typical 
precondition would be that all involved parts are at a certain 
position. The output signals can be used for example to acti-
vate a corresponding successor. The Completion Signal 
indicates that the last robot action relevant for the successful 
completion of a skill execution has been executed. After the 
completion is indicated, the quality of the skill is checked. The 
Quality Signal indicates the success of the skill execution. 
Several degrees of success can be represented, depending 
on how many different quality conditions are defined in a skill. 
Most commonly, it is only necessary to distinguish between 
”success“ and ”failure“. If an Interruption Signal occurs, the 
execution of a skill is interrupted. Based on this signal,  
predefined error recovery actions can be triggered.

Figure 1: Robotic skills as a link between high-level planning and low-level 
programming  |  Figure 2: Robotic skill with representation as 12D- 
trajectory and net of motions
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Case Study: Skill-based snap-fit assembly
The proposed concept has successfully been applied to snap-
fit assembly operations. Such integral mechanical attachments 
are a core element in small parts assembly. They consist of a 
latch that is to be deflected to complete the assembly. While 
snap-fits can have a huge variety of designs [2], the general 
principle is depicted in Figure 3.

Calculations involving latch geometry and material properties 
allow to express the necessary force to move the latch as a 
function of position. With the geometry defined in Figure 3, 
area moment of inertia J, modulus of elasticity E, and friction 
coefficient μ, this force is found to be

Fz (z) = {
Notice that the effective coefficient of friction is a function of 
position as well due to bending of the latch.

The equation above describes the general trajectory of a snap-
fit assembly in pose-wrench space. As shown in Figure 4, the 
trajectory can reasonably well be described by a piecewise 
linear function. This holds true for all geometries with L1 << l, 
which is generally the case. The constant force level tagged 
N3 can often be neglected, since L2 is typically very small.

Snap-fit operations are an important element in the assembly of 
an ABB PLC I/O module. Referring to the framework introduced 
earlier, the complete module assembly is the Application.

As shown in Figure 5, the cover of the module is placed on a 
fixture with a light guide inserted. Furthermore, a light guide 
cover is placed on top of the light guide. It is to be fixed to the 
module cover, where this operation is one Task in the module 
assembly. To complete this Task, two snap-fit Skills are exe-
cuted. The latches are marked in Figure 5 with red arrows. As 
the picture also shows, the snap-fit operations are executed 
by an ABB YuMi robot (formerly known as ABB Dual-Arm 
Concept Robot, DACR [1]).

It is important to highlight the reduction in teaching time com-
pared to standard robot programming. Using the traditional 
approach, three positions would have to be taught for each 
snap-fit: A pre-snap position from which to start the movement 
in z-direction, the actual snap position resulting in the latch to 
snap in and a post-snap position to retract to after the snap-fit. 
Especially the actual snap position is tedious to teach. In a 
purely position-based approach, high precision is needed for 

Figure 3: General snap-fit geometry  |  Figure 4: Pose-wrench trajectory of 
a snap-fit assembly  |  Figure 5: Snap-fit example - Attaching light guide to 
cover using ABB YuMi
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3μeff (z)EJ ∙ tan(α)        z         ,   0 < z ≤ L1,
 

                           (l + L1 – z)3
   

3μEJ ∙ tan(α) L1 ,                       L1 < z ≤ L1 + L2,                                 
                         

        l3  
         0,                                 otherwise
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this position. If the target position is too high in z-direction, 
the snap-fit will not be executed successfully while a too low 
z-position might cause parts to break. Furthermore, no infor-
mation as to whether the operation has been successfully 
completed is available from purely position-based execution. 
These aspects are improved by employing the proposed 
Manipulation Skills scheme. Only one position has to be taught, 
namely the pre-snap position. Afterwards, only the force 
thresholds have to be set. In the application example, teaching 
time has been cut by a factor of 3 by employing the Manipu-
lation Skills scheme compared to standard position-based 
teaching. The time invested in the creation of the library of 
skills is needed only once. The result is re-used every time a 
template skill is instantiated in an application.

In addition to these simplifications in the teaching process, 
the skill-based execution inherently comes with the additional 
benefit of a quality signal indicating whether the execution has 
been successful or not. This is shown in Figure 6, where the 
estimated contact force in z-direction during the execution is 
plotted.

The contact force is estimated employing the scheme pro-
posed in [3] and we emphasize that only joint angle and motor 
torque information is needed to realize it. No additional sens-
ing like joint torque sensors or external force/torque sensor 
has been used. While the variations between -0.5N and 0.5N 
are due to measurement and process noise, the two spikes 
exceeding -2.5N clearly mark the successful completion of 
the two snap-fit operations. 

Conclusions
The Manipulation Skills concept comes with the main benefits 
of simplified robot programming and increased robustness in 
robotic assembly. The skill framework unburdens the user 
from low-level robot programming since reusable templates 
for assembly skills only have to be parameterized. Further-
more, the online supervision of contact forces is an integral 
element of the concept that inherently increases robustness  
of robotic assembly. Future research work will be devoted to 
designing automatic error handling strategies and further  
simplifying the application of the scheme.
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Figure 6: Estimated contact force during snap-fit execution
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Analysis of Alarm & Event Streams to Optimize Production  
Performance 

Dr. Martin Hollender, Dr. Moncef Chioua, Dr. Jan Christoph Schlake

Analyzing alarm & event data streams collected from 
industrial processes helps to better understand the produc-
tion process and allows therefore optimizing it. In current 
industrial practice, alarm and event analysis usually involves 
a tedious amount of repetitive manual work. For example 
at the occurrence of a plant incident, the alarm & event 
log is used to analyze why and how the incident could have 
happen. New alarm & event analysis methods can help to 
efficiently find hidden relations within millions of alarms & 
events. In the context of Industrie 4.0, large quantities of 
cheap smart sensors will further increase the number of 
generated alarms & events. The methods described in this 
article illustrate the directions ABB is currently exploring 
to extract additional value for its customers from these 
available huge data streams.

Background
Alarm and event analysis can be used to improve the quality 
of an alarm system. This is part of alarm management as 
described for example in IEC 62682 [4]. Typical tasks include:
 – Remove redundant alarms. 
 – Remove alarms which only convey normal expected behavior

 – Emphasize alarms connected to the primary root cause and 
avoid misleading the operators to secondary side effects 

But alarms & events are also an important tool to optimize the 
process operation itself, e.g. by identifying:
 – Control loops that need to be retuned
 – Faulty equipment like instruments, valves or drives
 – Suboptimal operating procedures 

The ISA18.2/IEC 62682 framework for alarm management  
as required by more and more ABB customers can be viewed 
as a blue print for best practice in alarm management. These 
relatively new standards will become more and more compulsory 
during the next years.

Alarm management is a continuous activity as industrial plants 
and their operations change over time. Alarm analysis often 
identifies plant areas that require improvement. Alarm manage-
ment provides an opportunity to engage with the customer.

For an alarm management activity to provide actual added 
value, it must be ensured that the results of the analysis are 



56  Annual Report 2014 | ABB Research Center Germany

translated into improvement actions which finally enable to 
operate plants safer and more efficiently (see Figure 1). Just 
delivering reports is not enough.

The increasing amount of data coming from different sources 
suggests to put alarm management into a wider context by 
taking multiple data sources into account e.g. process signals 
or asset management data. To efficiently cope with all this 
data big data technologies have to be applied to get to the 
useful information.

Multivariate Alarming
In today’s plants alarms are typically configured for individual 
signals. For example if it must be avoided that a flammable 
liquid in a tank spills over, a high level alarm is configured 
accordingly. The limit of the alarm depends on how fast the 
level typically changes. Most alarms are statically designed  
for a single operating mode. This means that the limits are 
either configured conservatively to ensure that they fit multiple 
operating modes, or that they result in false alarms in operating 
modes for which they are not designed. Often alarms are  

optimized for steady state operations and lead to floods of 
false alarms during startup or shutdown phases. This is para-
doxical because often plant startup and shutdown are by far 
the most demanding phases from an operating point of view 
and high quality support in form of useful and correct alarms 
are most appreciated during those phases. Production optimi-
zation driven by economic aspects often means pushing the 
process operation limits as far as possible which can come 
into conflict with safety considerations. Systematic methods 
for the determination of alarm limits help to optimize economic 
performance without neglecting safety. In contrast to process 
closed loop control where a vast body of knowledge about the 
configuration of control loops exist, relatively little academic 
knowledge about the configuration of alarms exists so far.

If the alarm generation mechanism could be based on several 
process signals (multivariate), the internal process states can 
be better included, resulting potentially in more timely and pre-
cise alarms. For example a high lube oil temperature usually 
indicates wear, but not on a hot summer day and at high speed. 

Figure 1: The Measure-Analyze-Plan-Execute cycle for Alarm Management  |  Figure 2: Multivariate alarming based on PCA [3]
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To be useful in industrial practice, the configuration effort for 
alarms needs to be limited, and the alarm system behavior 
needs to be easily understandable for the operators. 

Researchers from the Technical University of Athens have 
developed together with ABB Corporate Research Center 
Germany a new multivariate alarming method that is able to 
warn the operator even before critical limits are exceeded. 
Principal Component Analysis (PCA) is used for dimensionality 
reduction and Support Vector Data Description (SVDD) to 
define boundaries around the trained areas. While the method 
relies on a training process data set characterising the normal 
operation range, including addionnal training process data set  
for additional states increases the precision of the proposed 
approach. 

Relating complex alarm sequences by topology
The introduction of distributed control systems in the process 
industry has increased the number of alarms per operator 
exponentially. Modern process plants present a high level of 
interconnectivity due to steam recirculation, heat integration 
and the complex control systems installed in the plant. A dis-
turbance affecting the plant can spread through its material, 
energy and information connections and affect the process 
variables on the path. The alarms associated to these process 
variables are triggered. The alarm messages may overload the 
operator in the control room, who will not be able to properly 
investigate each of these alarms. This undesired situation is 
called an “alarm flood”. In such situations the operator might 
not be able to keep the plant within safe operation. In the 
worst case scenario human lives and environment can be 
endangered.  

One example of the benefits of taking different sources of 
information into account for alarm management can be seen in 
the sequencing of alarms. Multiple information sources are used: 
alarm logs containing all past alarms messages, historical  
process data and a topology model of the plant extracted from 
the process’ P&ID. Consequential alarms coming from the same 
process abnormality are isolated and a causal alarm suggestion 
is given. The causal alarm in an alarm flood sequence is the 
alarm associated to the asset originating the disturbance that 
caused the flood. The alarm flood reduction is achieved by 
combining the results of an alarm log analysis, process data 
root-cause analysis and connectivity analysis. 

Even though the information sources differ in the nature of the 
contained data, they are related to each other. Signals usually 
measure a property of an asset or the product contained in it. 
For example a signal generated by a pressure indicator informs 
about the pressure of the gas contained in a tank. On the 
other hand, alarms can be assigned to signals (limit alarms) 

and also directly to assets (e.g. a logic alarm indicating a mal-
function of a specific asset). 

The developed ABB solution reduces the burden generated 
by alarm floods in process plants by grouping consequential 
alarms originating from the same cause and gives a sugges-
tion of the “causal” alarm to the operator.

The method consists of five basic steps: 
1. Remove chattering alarms 
2. Identify alarm flood time-periods 
3. Cluster alarm flood sequences 
4. Mapping 
5. Root-cause analysis

The first three steps correspond to the alarm log analysis stage. 
In the first step chattering alarms are removed from the alarm 
log. In the second step, alarm flood time periods are extracted 
and alarm flood sequences are constructed. In the third step, 
similarity indices between alarm flood sequences are computed 
and alarm flood sequences are clustered accordingly. Each 
alarm flood sequence cluster is related to the occurrence of a 
process abnormality. The forth step of the method sets the 
connection between the alarm, the process signals and assets’ 
names. Finally, on the fifth step a precedence analysis is  
performed to isolate the “causal” alarm in the alarm flood 
sequence.

Figure 3 compares two alarm floods from two different days. 
The relative time axis at the bottom part shows the alarm 
sequences against each other. Although the timing in the two 
sequences differs slightly (e.g. the last three alarms in the  
bottom sequence are activated slightly later) the sequences 
are very much comparable. Knowing that such predictable 
sequences contribute a lot to alarm floods, enables the plant 

Figure 3: Alarm sequence matching visualization

3
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owner to use state-based alarming techniques to significantly 
decrease alarm floods in the future.

In the alarm analysis stage, faults that start alarm floods are 
identified and characterized. However, the causal alarm cannot 
be isolated relying on the alarms’ time-stamps. The first alarm 
in time cannot be considered the causal alarm (alarm associ-
ated to the root-cause). This is due to the fact that the time at 
which an alarm triggers is highly dependent on the alarm limit 
settings. Moreover, the time between an abnormality occurrence 
and the corresponding alarm triggering is not a deterministic 

variable, but a probabilistic one. This is the reason why in order 
to identify the first alarm of a fault the process data associated 
to these alarms is analyzed instead. With the use of process 
data analysis the precedence relationships between signals 
can be captured (Figure 4).

The connectivity of the plant is then explored using a graph-
search algorithm to capture the connections between assets 
in the plant. The controllers or indicators suggested as root-
causes from the process data analysis are chosen as starting 
points of the disturbance. The remaining assets selected for 
the topology analysis are considered as secondary disturbed 
elements. All feasible paths from the suggested root-cause to 
each of the secondary disturbed assets are explored. If a not 
feasible path exists from the root-cause suggestion to several 
secondary disturbed elements, the root-cause hypothesis is 
discarded.

A single root cause can often trigger a whole flood of causal 
related alarms. The alarm that is closer to the root cause is 
often not the first one that will be activated. The sequence 
depends on how tight the different alarm limits are set and 
also on the characteristics of process and measurement 
equipment. For example, the scenario in Figure 5 shows an 
alarm sequence recorded at a steam cracking unit of an  
Ethylene plant. The root cause is in the inner blue circle, but 

Figure 4: Causality analysis results Figure  |  5: Alarm sequence ordered by 
time of alarm occurrence
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the first alarm visible to the operator is relatively far away in the 
outer green circle. The analysis described in this paper allowed 
a causal reordering of the alarm sequence depicted in Figure 5. 
The obtained reordered alarm sequence depicted in Figure 6 
shows that the disturbance originates from the controller 
PC11_S, and spreads to the valves G01 and G02. From G01 
the disturbance takes five parallel paths affecting PC12_S, 
PI15_S, PI15_S, PI14_S and PI13_S. 

The reordered alarm sequence shown in Figure 6 starts with the 
root cause and shows the alarms in their causal sequence. It is 
therefore much easier for the operator to diagnose the situation.

Big Data Alarm Analysis
Ultimately, approaches like the one described before can be 
used as a basis for the design of a decision support system to 
guide the plant operator of the future in critical situations, see 
Figure 7. To get the required information in time, big data 
technologies have to be used in order to process the large 
flow of data. Only modern distributed control systems and a 
high degree of automation allow an economic operation of an 

Figure 6: Alarm sequence after reordering using causal and topological 
analysis  |  Figure 7: Operator of the future using all available sources of 
information in a decision support system to get early alerts in order to 
avoid critical situations

industrial plant. On the other side, the high degree of automa-
tion directly results in operators which are not experienced 
enough to deal with the dynamical behavior of the plant they 
are operating. This knowledge vault is especially lacking during 
unexpected situations when operators are unable to cope with 
the high number of alarms and events. 

Big Data technologies can play an important role here for the 
operator to cope online with the increased flow of data with 
high volume, high velocity, high variety, variability (information 
from different sources can contradict itself) and veracity (it 
cannot always be assumed that all data is correct), also known 

6
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as the 5 V’s of big data. ABB Corporate Research Center  
Germany is in involved in the public-funded project FEE together 
with universities and end customers to research the methods 
needed to early predict such critical situations.

Conclusion and ABB Benefits
Supporting alarm management with analytics is an attractive 
product differentiator. Two different tracks make sense:

 – Support for ABB customers with relative little experience in 
alarm management and who are willing to make a moderate 
investment to reach a “fairly good” alarm system quality. 
Usually, this includes bringing the average alarm rate down. 
Wizards can incorporate best practice and guide the cus-
tomers to those areas where they can achieve the biggest 
improvements.

 – The most challenging task in alarm management is to make 
sure that during critical situations, when operators need as 
good support as possible, only relevant alarms are shown. 
In such situations, often a single root cause will trigger 
many causally connected alarms (alarm flood). Analyzing 
past situations with pattern matching technology can reveal 
typical alarm sequences. Getting the peak alarm rates under 
control is a challenge that at the moment even the most 
advanced systems can’t really manage. 

Product
The alarm & event analytics methods described in this article 
were developed as part of several research projects: Automa-
tion Cloud Enterprise Alarm Management Demo, Intelligent 
Alarm Management and FEE. Alarm & event analysis is already 
part of several ABB products like 800xA, SymphonyPlus and 
AlarmInsight. Many of those were developed in close coop-
eration with DECRC. ABB Consulting is offering alarm & event 
analysis as a service. Today, all major DCS competitors and 
many consulting companies offer alarm management products 
and services. Industrie 4.0 will soon bring a very much increased 
alarm & event load. Therefore ABB products and services 
need new analysis techniques that enable them to face this 
challenge.
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RFS – Reliability Feedback Study 
Dr. Ralf Gitzel, Dr. Benjamin Kloepper, Dr. Jan-Christoph Schlake,  
Dr. Subanatarajan Subbiah, Dr. Simone Turrin, Sylvia Maczey

One of the goals of the Reliability Feedback Study (RFS) 
project was to describe the state of the art in Reliability 
Engineering today and to identify white spots that have 
not been covered by researchers at the moment. For this 
purpose, the typical Reliability Engineering use cases 
where identified and mapped to existing algorithms.  
The strengths and weaknesses of these algorithms were 
analyzed, which allowed us to identify open fields of 
research.  

What are the Applications and Algorithms of Reliability 
Analysis?
Reliability Algorithms can be applied for different purposes 
throughout the life cycle of a product (see Figure 1). For example, 
at the design stage, reliability data can be used to make  
decisions on the design of the asset based on their effect on its 
reliability. Of particular interest are questions related to RAMS 
– Reliability, Availability, Maintainability and Safety. For this 
purpose generic reliability data (e.g. data taken from Reliability 
data catalogues) or calculated data returned as part of R&D 
feedback is used. The same measures can be taken during 
Engineering and Commissioning. During the production phase, 
reliability feedback can be used as part of a quality assessment. 
In the sales phase of a product two prominent use cases using 

reliability data are often overlooked as they are not obvious. 
Reliability data is an excellent basis for the determination of 
warranty terms and can also be used as a sales argument to 
promote the product. 

One of the main applications of reliability data is maintenance 
planning. A good maintenance plan is necessary to perform 
preventive measures on critical assets with the right intervals 
to keep the maintenance cost low without sacrificing reliability. 
Both criticality and interval lengths can be determined based 
on reliability data. Also, the number of spare parts to keep in 
stock can be planned well-ahead and more precisely with the 
knowledge about expected failures.

The applications depicted in Figure 1 require a series of special 
algorithms (see Figure 2). For each use case, there is a special 
application algorithm to solve the problem. The application 
algorithms in turn use mathematical algorithms which are fed 
by specialized data processing algorithms.

Based on the use cases typically encountered in a company 
like ABB, the following algorithms are typically employed for 
reliability analysis. First, there is a series of basic Reliability 
Engineering algorithms, e.g. algorithms to calculate Mean 
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Times Between Failure (MTBF) and failures rates. The calculation 
of field failure rates can be based on different formulas of  
different complexity and data requirements. Important tools for 
reliability analysis are distribution functions and algorithms for 
distribution fitting as well as goodness-of-fit-tests such as the 
Chi-Square test. Finally, there exists a series of system model-
ing algorithms ranging from fault trees and reliability block 
diagrams to Markov chains.

Identified White Spots and Areas of Research
While Reliability Engineering is a mature field of research, there 
still remain a few white spots that require future research. Of 
these, the most interesting are system modeling and data 
preparation.

System modeling algorithms have to be analyzed regarding 
their applicability to practical problems. The simple algorithms 
are often based on assumptions which restrict their use to 
certain cases (e.g. non-repairable systems) or are too complex 
and data-intensive to be suitable for the typical commercial 
practitioner.

Data quality and the proper use and preparation of data from the 
three typical sources, i.e. collected field data, expert opinion, 
and data from reliability catalogues, is a topic where better 
algorithms are needed. Typically, scientific papers on reliability 
ignore these challenges or “solve” them via unreasonable 
assumptions. While there is a whole community looking at 
data quality, their results need to be adapted to the reliability 
analysis domain. 

Value and Benefit
The RFS project has classified and catalogued the algorithms 
used at various stages in the product life cycle and identified 
common mathematical foundations. The results show that the 
use cases do not require a large variety of algorithms and 
detailed data. Rather, there is a small set of key algorithms 
and values which are sufficient to perform reliability analysis. 
RFS has also identified a series of white spots that are currently 
not well covered by researchers and offer potential for future 
improvements.

Figure 1: Applications of Reliability Engineering  |  Figure 2: Algorithm Types
2
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The created material has been made available to ABB employees 
as reference material. Also, it has been supplemented with a 
professionally produced e-Learning module which can be used 
to train new ABB employees. The module uses the engaging 
story of a young engineer (Figure 3) who discovers the hard 
way the various pitfalls of reliability calculations. After each 
mistake, the theory behind the problem is explained to the 
viewer (Figure 4). 

Finally, RFS has identified various areas of research and has led 
to the start of two projects. Fleet Management System (FMS) 
investigates the analysis of fleet data. Self-Auditing Reliability 
Algorithms (SARA) explores the effects of data collection and 
data stewardship on reliability calculations.

Internal Customer
Global Service R&D

Contact
Dr. Ralf Gitzel  
Phone: +49 6203 71 6108  
Email: ralf.gitzel@de.abb.com

Figure 3: The Pitfalls of Reliability Engineering are explained via an Engaging Story Line  |  Figure 4: Basics of Reliability Engineering are explained 
through Graphics and Examples
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The incomplete requirements specification and misunder-
standing between the customer and ABB engineering team 
are often causes for late induced changes in the lifecycle of 
Medium Voltage Switchgear projects. Direct consequences 
are delays in delivery and additional costs for both sides. 
One of the most frequent and tedious engineering issues 
is related to functional specification of a Switchgear. To fill 
this gap, the project Digital Approval for MV Switchgear was 
undertaken. We propose using a software application in 
the early project stage to specify and approve the overall 
Switchgear functionality. Using such a solution should 
imply no extra engineering efforts. 

Recently, the major players in the automation market are 
very interested into the possibilities of doing engineering in 
the Cloud. To some extent this is also driven by the advent 
of the Internet of Things (IoT), namely Industrie 4.0 initiative, 
which brings together aspects from both automation as 
well as Cloud computing in order to enable customers to 
manage their applications in a self-service manner. Never-
theless, the complexity of the automation systems makes 
it still challenging to deliver such solutions. 

To overcome the technical challenges for the addressed 
issue with bringing in technology trends, Digital Approval 

provides a Web-based application as a light-weight SaaS 
(Software-as-a-Service) solution which allows automatic 
generation of the Interactive Functional Model from the 
existing sales tool. Such a Model for demonstration of the 
ABB Switchgear protection and control functions in both 
simple and complex scenarios offers a customer additional 
value with the possibility to add specific functions of 
interest in an interactive, flexible and self-explainable way. 
The future tool concept has been validated by a Web 
application prototype.

Problem Description
Delivering a Medium Voltage Switchgear which meets the 
customer´s expectations on time requires a whole series of 
engineering activities to be precisely executed. Customer´s 
requirement specification presents a basic document for all 
those activities. Throughout the project lifecycle, interaction with 
the customer, as well as mutual understanding between ABB 
team and the customer, play a key role in doing successful 
business. The better we understand the customer´s require-
ments and the sooner we get a confirmation on product 
specification, the lower our costs are later during engineering 
and production processes. All the misunderstandings which 
might appear basically mean delay of the subsequent activities 
and, in the end of the day, extra cost. Therefore, if we manage 

Digital Approval for Medium Voltage Switchgear
Dr. Nuo Li, Marta Grkovic
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to avoid such misunderstandings at the beginning of the project, 
a lot of efforts can be saved bringing benefits for both the 
customer and ABB.

 However, practice shows that reaching a common under-
standing of the Switchgear functionality is often a big project 
hurdle. Missing requirements force ABB engineers to base 
their work on experienced guesses. Looking into the specifi-
cation workflow of the sales tools, the customer traditionally 
starts defining the order from single device selection rather 
than functionality definition. Moreover, hundreds of electrical 
schematics pages and uncountable e-mails and telephone 
conferences are usually necessary to clarify those points. 
Considering the complexity of the Switchgear functionality, it 
is not surprising that such misunderstandings became an 
integral part of the projects. 

Ideally, we could overcome this problem by showing the cus-
tomer complete functional behavior of the ordered Switchgear 
in an interactive environment before the production phase takes 
place, i.e. by providing simulation of the functional behavior of 
the Switchgear in an early project stage. However, very specific 
customer requirements make it impossible to provide such a 

simulation without extra engineering efforts, and doing “engi-
neering before engineering” is not an option either. In other 
words, the simulation of the Switchgear functional behavior 
should be automatically generated based on the existing 
requirement specification. The question is how can the existing 
technology trends in the area of Industrie 4.0 initiative and 
cloud computing support us in providing such a solution to 
our customers?

Solution Approach
To overcome the technical challenges for the addressed issue 
with bringing in technology trends, Digital Approval provides a 
Web-based application as a light-weight SaaS (Software-as-
a-Service) solution which allows automatic generation of the 
Interactive Functional Model from the existing sales tool. Such 
a Model for demonstration of the ABB switchgear protection 
and control functions in both simple and complex scenarios 
offers a customer additional value with the possibility to add 
specific functions of interest in an interactive, flexible and self-
explainable way.

Figure 1 describes the solution approach, i.e. main components 
which implement the automatic generation of the Interactive 

Figure 1: Main components to automatically generate adSLD

1
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Function Model called adSLD (animated Single Line Diagram) 
and their relations. The adSLD Generator takes the Switchgear 
Information stored in MVE (Medium Voltage Engineer), which is 
a central project database, and the Standardized SLD definition 
as inputs. The following inputs are used to generate the adSLD: 
a set of Macro Rules, Formalized Function Definition, Graphical 
Snips, and adSLD Templates. Interlocking rules are defined as 
generic rules, but they can also be defined manually by the 
customer via Rule Editor. The Rule Populator reads the formal 
expressions and converts them into the rules applied for the 
current SLD, i.e. it assigns the corresponding IDs to the rules. 
The Rule Parser parses the interlocking rules, and the adSLD 
Generator takes the parsed rules as inputs to synthesize the 
JavaScript code which is used to implement the Interlock Rules. 

In addition, a Rule Validator is implemented to parse all the rules, 
get the switch status, validate the rules, and to update the 
adSLD accordingly. Since the rules can be transferred to the 
client side when loading the webpage, and the switch status 
is always changed on the client side, it is not necessary to 
perform checking of the rules on the server side. Therefore, 
the Rule Validator is embedded in the generated adSLD and 
implemented as JavaScript. 

Prototype
Function Demonstrator for Medium Voltage Switchgear, devel-
oped within the scope of Digital Approval project, automatically 
draws the adSLD based on the information contained in the 
XML file which is exported from today´s PPMV quotation tool 
and stored in the centralized project database (MVE). It is 
important to point out that what can be seen on the Figure 2 
is not a static drawing of a SLD. The user can interact with it 
and operate all the switches according to specific switch type.

A set of standard interlocking rules is implemented in the 
background of this SLD. The user can operate switches based 
on real operation scenarios. During those interactions, the 
locked switches will be highlighted. Additionally, clicking on the 
locked switch draws a text box where the reason for the switch 
being locked is explained in Rich Text Format. All related 
switches affected by this rule will be highlighted in yellow as 
well. 

Apart from standard interlocking rules, the customer may need 
to define some customized specific interlocking rules with 
both internal and external signals. Nowadays, those rules are 
nowhere specified and documented and therefore, often error 

Figure 2: Prototype GUI
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prone in detailed engineering. For this purpose there is a dedi-
cated Interlock Rule Editor. Following a stepwise approach, the 
customer can first select which switch will be affected by the 
new interlocking rule and define signals which should provide 
trigger information for this rule to be activated. The signals are 
then assigned to specific panels and their default values are 
set. All the selectable objects, i.e. switches and panels, are 
automatically generated in the Rule Editor. In the process of 
customized interlock definition, possible next elements in the 
specific logical expression are automatically suggested while 
the customer is typing in the text. Such navigation in the process 
of rule definition simplifies the interlock rule editing for the 
customer and reduces the errors probability. The composed 
logical expression is shown as Rich Text on the right, as it can 
be seen in Figure 3. After specific interlocks are added, the 
customer can again check the effects on the SLD. 

Finally, this technology allows visualizing customer´s require-
ments down to the interlock level, so the mistakes can be 
found and corrected easily. 

Conclusion and Outlook
Digital Approval for Medium Voltage Switchgear utilizes Web 
technologies to provide an interactive visualization of the 
customer´s requirements and a stepwise review of the complete 
Switchgear functionality, including interlocking rules with the 
possibility to edit and correct mistakes. By using such a tool, 
a customer can give his final approval of the requirements 
specification based on an interactive, intuitive digital represen-
tation rather than going through tedious paper documentation 
which typically does not even provide functionality details such 
a Model can show. In such a way, ABB can significantly reduce 
the number of iterations of cost intensive engineering activities 
and the project lifecycle can flow smoothly without adding 
delivery delays due to changes required by the customer when 
it already comes to the testing phase. 

Functional requirements defined in Function Demonstrator for 
Medium Voltage Switchgear and stored in the centralized 
database can be further used for partial automatic generation 
of design documents in the near future. The automatic data 
synchronization throughout the whole project lifecycle provides 
basis for doing automation engineering in the Cloud, and 
enables automatic update of the project specific functional 
behavior visualization.

Internal Customer
Medium Voltage Products, Product Group Software

Contact
Dr. Nuo Li  
Phone: +49 (0) 6203 71 6217 
Email: nuo.li@de.abb.com 

Figure 3: Interlock Editor
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Measuring and Analyzing Engineering Efficiency
Georg Gutermuth, Christian Messinger, Dr. Rainer Drath, Dr. Nuo Li, Pablo Rodriguez

Engineering is a major part of the Automation value chain for 
ABB. As such, it often finds itself at the heart of efficiency- 
and cost-saving initiatives. Unlike physical properties such 
as time, current, or energy, there is no standard instrument 
or method to measure the efficiency of an engineering 
process. In the project “Engineering Lab,” an approach  
to automatically and noninvasively measure engineering  
efficiency was developed. This approach, which uses big 
data methods, was granted the Best Paper award in 
IEEE’s ETFA 2014 conference in Barcelona, Spain.

Introduction
Engineering is a major cost factor in automation system  
projects. Hence, both industry and academia aim to develop 
new methods and concepts to increase engineering efficiency. 
However, the verification and comparison of such methods  
is difficult because the measurement of engineering efficiency 
is unresolved and would be considered a major step forward 
in the domain of engineering. ABB Corporate Research has 
developed an approach to measure engineering efficiency in 
an automatic and comparable way. The proposed approach 
allows a systematic assessment of any new engineering 
method, tool or concept and hence allows a comparison of 
alternatives. To evaluate the proposed approach, an auto-
matic measurement tool was developed and applied on a 

benchmark project. The initial results are described and  
discussed in this report.

Solution Approach
Engineering of an automation system is a value creation chain 
of 17 intertwined and parallel activities [1] covering multiple 
technical disciplines and utilizing a variety of engineering tools 
in interaction with individuals of different professions. Therefore 
engineering efficiency has many aspects. A new engineering 
method may save time in one of the engineering activities, 
while also increasing the time needed for another activity or 
the overall risk.

In recent years, a variety of methods and tools have been 
developed to make automation engineering tasks more efficient 
via: model-based approaches, knowledge-based support, 
automation of engineering tasks, or functional engineering. 
Significant improvements have been achieved for the individual 
engineering tasks under consideration; however, there is no 
method available to systematically measure engineering  
efficiency overall or to benchmark new engineering methods 
with current tools and workflows.

At first glance, the term engineering efficiency can be easily 
understood as output (result) devided by the effort (time) to 

©
 P

et
ro

vi
ch

12
P

or
tf

ol
io

 –
 F

ot
ol

ia
.c

om



ABB Research Center Germany | Annual Report 2014  69

achieve it. A higher efficiency means doing the same engineering 
task faster than before and thus with lower costs. This is a 
valid understanding of efficiency, but with a closer look, the 
measurement of engineering efficiency is not that trivial.

The overall engineering effort is significantly impacted by different 
factors such as: workflow aspects (sequential, parallel …), the 
chosen engineering method (from scratch vs. reuse), the used 
tools, organizational (sub-contracting, dis tributed team) and 
other human- (experienced team, training status) or contract-
related aspects (scope of delivery) [2]. In [3], it was shown that 
overall measures, such as time per finished IO (= the result) are 
too coarse for a detailed analysis. Therefore the Engineering 
Efficiency was defined on the activity level [1] as the number 
of specific artifacts (relevant in this activity) finished in a certain 
time, working on this activity:

EngEff(activity) = #artifactsactivity 
  EngTimeactivity 

Verification Setup
To directly try out the proposed approach on an experimental 
yet representative example, a tool (Engineering Workbench) 
was developed which includes the most relevant activities. 
These activities are device integration, control logic engineering, 
HMI Configuration & Testing/Simulation. The tool contained 
one editor per activity (see Figure 1). The main goal of the tool 
“Engineering Workbench” was to create an engineering eco-
system which is: extensible, observable by automatic means, 
simple, and representative of real tools, but with less complexity / 
overhead. Given such an environment, it was possible to 

record information regarding the created artifacts and the tool 
usage in a data log with timestamps, without any interference 
on the engineers’ work. 

In addition, a benchmark project was designed which acted 
as a repeatable Engineering task. This project has following 
properties: It has a limited scope & size and represents the 
four relevant disciplines (Control Logic Engineering, HMI design, 
Device Integration, Simulation/Test). Customer requirements 
where given as Process and Instrumentation Diagram (P&ID), 
Signal List and requirements in plain text. Alongside material 
included sample solutions, test specifications.

The specified project was executed a total of 11 times by 5 
different people. The experimental setup ensured that many of 
the influencing factors of engineering efficiency could be held 
constant. Only different workflows, different methods (with or 
without library usage) and human aspects where open to  
variations (see Figure 2) 

Figure 1: The Engineering Workbench which functions as an observable  
laboratory environment  |  Figure 2: Overview on our experiment setup.  
Blue: factors that were kept constant. Green: factors open to variation.
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Results
From the raw data that was constantly recorded (current 
activity and a current statistic of all artifacts in the system), 
many analyses were conducted: Figure 3

Further analysis of the large amount of data revealed interesting 
insights such as:

 –  Effort distribution: In our example the effort share for the 
different activities was: 5% device integration, 55% Control 
Logic Engineering, 9% HMI Configuration, 14% Test and 
16% for other activities without computer interaction such 
as reading or thinking. 

 –  Different workflows: a qualitative assessment can be 
made for choices such as order of activities (HMI in the 
beginning or the end) or different control philosophies (with 
or without SFC). 

 –  Method comparison: Time reduction potential by the use 
of a library (36%) and effects of an error in a manipulated 
library (48% more time for Control Logic Engineering & 
Testing). 

 –  Human factors: Learning improvements with 2nd and 3rd 
attempt (in average 16% and 5%), identification of the 
activity with the largest variance between individuals (Control 
Logic Engineering 38%) and the difference between the 
learning curves for the tool (larger) vs. the task (smaller). 

Figure 3: Graphs on different data-evaluations: (a) Project Artifact Progress (b) Activity Plot (c) Reuse (d) Project Metrics

3
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It is therefore shown that by measuring the evolution of the 
different artifacts over time (on activity level), considerable 
insight into the engineering of automation systems, and its 
efficiency, can be gained. For all 3 aspects that have been 
open to variation in our experiment (Figure 2), clear conclusions 
could be drawn:

 –  Workflow: It is recommended to finalize the HMI towards 
the end - not to start with it. 

 – Methods: Do use libraries, as it saves time (36% compared 
to no library), but correct the error in library 2, as it 
increases the overall time. 

 – Human aspects: Most effective training is one on the  
control logic editor for really unexperienced team members. 

The results of the project have been published several times 
and got a best paper award on the ETFA 2014, an interna-
tional and reputable IEEE conference on future automation 
technologies [3]. Incorporation into ABB products is currently 
in the start-up phase.
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DCT880: Integrated optimization algorithms save heating costs
Holger Kröhler, Andreas Schader, Dr. Reinhard Bauer, Dr. Silke Klose,  
Dr. Subanatarajan Subbiah 

Many industrial processes use large amounts of heat. The 
energy they use is expensive. If they require high peak 
power it can be even more so. ABB’s new DCT880 is a 
thyristor power controller for heating applications whose 
integrated power optimization algorithms save cost by 
reducing peak power demand. This is done fully automati-
cally without affecting the production process or schedule. 
The main ingredient is an optimization suite that runs on 
the DCT880 without the need for further supervisory 
equipment like additional PLCs. The key to optimization is 
a microtime energy scheduling algorithm. This shifts the 
periods in which energy is consumed by amounts small 
enough that the heating process is not affected. However, 
by cleverly applying those changes, the peak power demand 
can, in many cases, be greatly reduced.

Peak load: A significant cost factor in heating applications  
A significant cost factor in all heating applications is energy. 
When heating electrically, the total energy cost is often greatly 
increased by the extra cost of power peaks. Such cost penal-
ties are very common for larger customers as it helps to keep 
the grid and power production stable. This penalization strategy 
is becoming more prevalent as more renewable power  
generators join the grid.

One way to decrease the peak consumption would be to  
distribute energy-intensive process tasks evenly over the day. 
However, this approach would not prevent peaks that occur 
over a smaller timescale. The DCT880 offers a different solution 
– it distributes the load to maximize peak reduction. In this 
way, the DCT880 can cost-optimize thyristor control of resistive, 
inductive and infrared heaters in annealing, drying and melt-
ing, and of heating in the glass, plastics and metal industries.

General setup
Many industrial heating applications consist of numerous 
heating elements at the same site. These heating devices  
may have different energy consumptions when switched on; 
some may operate in a coupled manner; and they could all  
be controlled by one supervisory control or independently by 
local PID-controllers.

A heating application is often subdivided into cycles that  
are between 2 and 20 s long, with each cycle controlled  
independently. Directly before the start of a new cycle, sensor 
measurements are made and – for each heating device — the 
amount of energy to be distributed throughout the next cycle 
is calculated. Knowing the operating power of the heating 
device, it then is easy to calculate the length of the next cycle. 
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The overall heating process is slow enough that it does not 
matter exactly when during the cycle the energy is distributed 
(i.e., when the heating device is switched on).

Depending on the load type, each DCT880 can control up to 
three loads that are independent of each other. Many configu-
rations are possible, such as several single-phase, delta, star, 
multi-tap, open delta, etc. If more than three loads are to be 
controlled, one (standard) DCT880 will act as master and will 
be responsible for the power optimization calculations. Any 
DCT880 can be made master by setting a software switch. 
However, there may be only one master per system.

After a DCT880 receives the information on the energy demand 
of its load for the next cycle, it passes that information to the 
master. When the master has received this information from 
all its slave DCT880s, it performs the optimization step – i.e., 
for each heating device it calculates when to switch it on and 
off so as not to negatively affect the heating process. The 
results are then passed to the slave DCT880s so they can 
control their heating devices in the next cycle.

The approach: algorithm engineering
From a mathematical perspective, the underlying problem 
belongs to the field of discrete mathematical optimization. This 
is a very mature field of research, already offering a rich tool-
box to support the algorithm developer, in which ABB has 
extensive expertise.

Mathematical optimization is often performed on dedicated 
high-performance computers. The challenge in the case of the 
DCT880 power optimization was to bring high-quality discrete 
optimization routines to a unit with relatively little computational 
power. It was decided to apply the methodology of algorithm 
engineering: In a cycle consisting of design, analysis, imple-
mentation and experimental evaluation, custom-tailored, 
practicable and very efficient algorithms were developed that 

perfectly fit the available capabilities. Each algorithm considered 
was tested on data originating from a real-world installation.

Algorithm engineering is an iterative approach. After evaluating 
a new algorithm it either becomes the new base for further 
development or is discarded or revisited depending on the 
measured quality of the approach. A sequence of solution 
algorithms with increasing quality is thus obtained. However, 
after reaching a satisfactory quality level only half the work  
is done. The next step is to make the algorithms simple and 
easy to work with. Again, using an iterative approach, the 
existing algorithms are improved. Solution quality is not 
allowed to deteriorate. However, new algorithms should be 
simpler and easier to maintain than their ancestors. This way, 
it is possible to satisfy the two, often conflicting aims of  
solution quality and maintainability.

Making algorithms for the real world
In order to develop a solution that succeeds in a real-world 
setting, many additional requirements have to be met. Technical 
restrictions may lay down a minimum operating duration for a 
heating device. The number of switching actions within one 
cycle may also be limited. Further, a restricted grid connection 
may necessitate load shedding: If the heating devices’ collective 
power demand exceeds the power the grid connection can 
provide, emergency shutdowns should be performed by some 
devices. 

Further, to save cost for the customer, the approach should 
be able to run on a DCT880 alone – without any additional 
equipment. It also has to be fast enough to service small cycle 
times and accommodate different types of input.

With all these constraints, the solution should still be easy to 
handle and maintain. To that end, a solution was developed 
that does not need a mass of tuning parameters and options 
understood only by experts.

Figure 1: Energy consumption (relative to maximum installed capacity) over time before switching on the power optimization (left) and with activated  
power optimization (right)

1
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Benefits of the new solution
The DCT880 optimization solution reduces the customer’s 
process energy costs. It also helps to enforce grid stability and 
power quality. It is easy to use as it dispenses with hard-to-
understand tuning parameters, which means commissioning 
and maintenance can be done without the aid of specialists.

A further significant advantage of the solution is its architecture: 
The optimization is performed completely separate from the 
rest of the setup – i.e., all units report their set points to the 
master unit and receive optimized commands in return. Hence, 
the optimization can be integrated into any setting – it does 
not matter if there is a supervisory control PLC or if each 
DCT880 is controlled locally by a separate controller.

Further, the production process is not affected by the optimi-
zation routine so there is no need to adapt operational 
planning.

On the market
Development of the DCT880 – which is based on proven and 
reliable ABB DCS DC drive technology utilizing ABB’s new 
control platform, ACS880 and ACS580 – started in early 2013. 
The product and the power optimization algorithms were 
launched in late 2014.

Internal Customer:
ABB Automation Products GmbH 
Holger Kröhler

Contact
Dr. Reinhard Bauer  
Phone: +49 (0) 6203 71 6252  
Email: reinhard.bauer@de.abb.com

The new DCT880  
thyristor power  
controller family.
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High temperature thermoelectric energy harvesting for  
wireless process sensors

Dr. Kai König, Dr. Andreas Decker, Dr. Armin Gasch

Wireless field instruments, using industrial communication 
standards such as WirelessHART [1], offer reduced instal-
lation cost compared to wired instruments in many use 
cases. The need for battery replacements can be reduced by 
harvesting power from local sources, e.g. from temperature 
differences by using thermoelectric generator (TEG)  
technology. 

Besides the well-known limitation that a minimum tempera-
ture difference between process and ambient is needed, 
another limitation is the maximum temperature that the TEGs 
used can endure. For micro-TEGs as we use them in our 
temperature transmitter [2], two effects limit the maximum 
operating temperature: First, the mechanical structures 
surrounding the TEGs, which protect them from mechanical 
stress due to differing thermal expansion coefficients, must 
be optimized for a wide temperature range. Second, the 
TEGs themselves have a maximum operating (and storage) 
temperature due to solid-state physics effects at the 
interface between the bismuth-telluride thermoelectric 
material and the supporting wafers, above which they will 
suffer from aging.

In the publicly-funded project “SiEGeN”, academic  
institutions, small and medium enterprises from the field 
of thermoelectrics and silicon processing, as well as  
manufacturers from different industries (including ABB) 
have worked together to reduce or overcome challenges 
associated with both wide-temperature range TEG module 
design and with increasing the temperature range of micro-
TEGs. Support from BMBF (German Federal Ministry of 
Education and Research) is gratefully acknowledged.

Wireless energy autonomous field instruments 
Over the last years, wireless technology has rapidly changed 
the way we live our lives and do business. However, while 
steadily ongoing, introduction of this technology into industrial 
automation is progressing at a slower pace. As the primary 
means of collecting information about the process, field instru-
ments like temperature, pressure or flow sensors, are vital to 
the operation of plants in the process industry. Generally, 
communication and power supply of such sensors are done 
by wiring, which can be very laborious. Obviously, sensors in 
remote locations, on rotating parts, and sensors retrofitted into 
existing plants could benefit strongly from a wireless solution. 
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But also for new plants and standard sensor locations, signifi-
cant cost savings in material, planning and engineering are 
expected, as wiring and installation costs may amount to up 
to 90% of the total cost of one measurement point. However, 
to realize a cost advantage for wireless instruments, reliability, 
availability, and update rate must be adequate for the measure-
ment point in question, and maintenance effort should not 
increase [3], [4], [5].

In the past decade, general purpose wireless field devices, 
including temperature, pressure, flow and level transmitters, have 
been deployed in significant numbers in process automation 
applications, despite the fact that so far, non-rechargeable 
batteries which have to be replaced periodically are the only 
widely used power source for these instruments. Lithium-Thionyl-
Chloride cells can enable years of ongoing operation of a 
wireless sensor and transmitter optimized for low power at a 
temperature range of -40 to +85 °C, which is sufficient for 
many applications.

However, in a meshed network like WirelessHART, wireless 
instruments may be used as repeaters for other instruments 
depending on the network topology, e.g. distance and obstacles 
between nodes and the gateway. If an instrument has to act 
as a repeater, the additional wireless traffic will decrease battery 
lifetime. In addition, if fast update rates (i.e. every second) are 
required, battery lifetime will be reduced even further. Finally, 
some instruments, including many types of flowmeters, require 
significantly more power for operation than simple temperature 
or pressure instruments due to the sensing principle used. 
They cannot achieve years of operation without battery change 
at reasonable battery sizes. In all these cases, a non-depleting 
power supply is very desirable.

Energy harvesting (EH) is an enabler to extend the maintenance-
free lifetime of wireless devices into the lifetime range of process 
plants (e.g. 20 years) by converting ambient energy or energy 
coming from the process itself into usable electrical energy.  
In principle, this kind of energy exists in abundance in many 
processes, for example as thermal gradients, vibrations, flow 
or light. Using suitable generators, this energy can be used to 
power wireless devices, allowing for truly autonomous trans-
mitters [6]. 

ABB has been at the forefront of using energy harvesting for 
instruments of the process industry since many years, and 
has shown concepts [7] as well as technology fit for use in 
ABB’s measurement products business. Now, ABB is adding 
WirelessHART temperature and pressure transmitters to its 
portfolio, WiTemp and WiPressure. Unlike any other available 
solution, these instruments can be fully powered by thermo-
electric generators (TEGs) if the temperature difference between 
process and ambient is sufficient. The direct packaging of the 
TEGs, called TEG module, ensures good thermal contact 
under all operating conditions and protects the TEGs from 
thermomechanical compression. Using two micro-TEGs of 
just about 8 mm2 each (Fig. 1), we have been able to design  
a compact TEG module, which fits well into our temperature 
sensor. Apart from the absence of an external cable and the 
presence of an antenna, an integrated heat sink for thermal 
coupling to the ambient is the only obvious difference to a 
wired temperature device. 

For pressure devices, which are often located at a distance  
to the hot process, an external stem similar to that of the  
temperature device is clamped to the pipe near the pressure 
connection (e.g. impulse line) and connected by cable. This 

Figure 1: Micro-TEGs commercially available from Micropelt [2], as they are 
used in ABB wireless instruments powered by thermoelectric harvesting 
Figure 2: Wireless differential pressure transmitter for impulse line pressure 
connection (right), with external thermoelectric harvester for clamping 
onto a hot pipe (left) connected by cable for power supply

21
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design is particularly well-suited for insulated pipes, where 
only a small tube penetrates the insulation (Fig. 2). Field trials 
showed that, if a wireless network is already in place, a new 
temperature instrument can be added within less than an 
hour, if a thermowell is already present or if the device is 
clamped onto the pipe – a time very hard to achieve with a 
wired connection.

Expanding the temperature range of thermoelectric  
generator modules
Thermoelectric energy harvesting has been proven a successful 
method in numerous field trial installations. Still, there are 
inherent limitations of this technology, the most obvious of 
which is the need for a temperature difference between process 
and ambient. To minimize the temperature difference needed, 
the heat flows from the process to the TEG, and from the TEG 
to ambient, must be optimized (Fig 3.). Through modelling  
and testing effort, the heat resistances of the thermal flow 
paths have been minimized in the current design, resulting in 
the current 35 K required between process and ambient for 
operation without power drawn from the backup battery.

Another limitation is the maximum temperature that the TEGs 
themselves and the TEG modules into which they are built can 
sustain. Two effects limit the maximum operating temperature: 
First, the mechanical structures surrounding the TEGs, which 
protect them from mechanical stress due to differing thermal 
expansion coefficients, must be optimized for a wide temper-
ature range to prevent failure through excessive compression 
of the TEGs. Second, the TEGs themselves have a maximum 

operating temperature due to solid-state physics effects at the 
interface between the bismuth-telluride thermoelectric material 
and the supporting wafers, above which they will suffer from 
aging. Currently, these maximum temperatures at the TEGs 
are in the range of 120 °C. (Process temperature may be 
higher due to thermal resistances between process and TEG. 
The maximum process temperature depends on ambient tem-
perature.) Spacer structures, e.g. suitably threaded steel 
cylinders, can be introduced between the process connection 
and the instrument to reduce temperature at the TEGs, and 
allow higher process temperatures – this method is tested for 
very hot processes, in which the temperature of the electronics 
of the instrument would otherwise exceed 85 °C, the limit of 
many electronic components used. The maximum process 
temperatures differ from industry to industry: up to 180 °C 
can be reached in food & beverage and in the pharmaceutical 
industry, while chemical, oil & gas, power, and heavy industry 
applications may reach even higher temperatures at some 
measurement points. A solution that could cover e.g. the  
temperature range up to 180 °C without spacers would there-
fore be very beneficial.

In order to achieve this objective, we have joined forces with 
TEG supplier companies and academic partners in order to 
extend the temperature range of the TEG itself in the project 
“SiEGeN”, which was partially funded by the German Federal 
Ministry of Education and Research. Two other TEG users, 
companies from the sectors of aerospace and appliances facing 
similar problems also joined the project, and each end user 
developed TEG modules suitable for the higher temperatures.

Figure 3: Thermal pathways within the WiTemp energy harvester module. While ordinarily the process is hotter than the ambient, use in (e.g. cryogenic) 
processes that are colder than ambient is also possible.
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As a result of these activities, prototypes of micro-TEGs similar 
to those used by ABB in WiTemp and WiPressure, but capable 
of withstanding temperatures of up to 150 °C without significant 
aging have been developed by our supplier. The team at ABB 
Corporate research developed improved TEG modules for use 
with these improved TEGs. Shapes and materials were modified 
from the existing TEG module design in order to reduce thermal 
stress, whereby both experimental and finite element modelling 
methods were used to reach an optimized design. Modules 
suitable for temperatures of up to 180 °C, which can be used 
in place of the existing modules in the WiTemp instrument 
were thus developed, and the TEGs have been successfully 
tested in these modules. 

For even higher process temperatures, bismuth telluride, which 
is currently used in the micro-TEGs utilized in the WiTemp and 
WiPressure, is not suitable, and different materials have to be 
used. While such materials are available in various conventional 
high-temperature TEGs, corresponding micro-TEGs are not 
available yet, and significant research and development effort 
is still required. These materials would be needed for wireless 
harvesters to operate in certain applications in the chemical 
industry where temperatures up to 400°C are common. Even 
higher temperatures in some power, oil & gas, and heavy 
industry applications could be targeted as well.  

Conclusions and ABB benefit
Energy harvesting for applications in the process industry 
using micro-TEGs is still a rather young field of research and 
development, and correspondingly there is much potential for 
further improvement. One important direction of improvement 
is to increase the temperature range of the micro-TEGs and 
the modules within which they are contained. By easing this 
constraint, a larger portion of wireless field instruments could 
be equipped with an energy harvesting power supply. The 
research shown here has contributed to moving the upper 
temperature limits of both micro-TEGs and TEG modules 
towards higher temperatures. These results show the way to 
improvements of ABB’s WiTemp and WiPressure products, 
and possibly of other upcoming wireless energy harvesting 
products as well.

Internal customer
Division: Process Automation  
Business Unit: Measurement & Analytics

Contact:
Dr. Kai König  
Phone: +49 (0) 6203 71 6249  
Email: kai.koenig@de.abb.com

References 
[1]  http://en.hartcomm.org
[2]  http://www.micropelt.de 
[3]   König K., Ulrich M., Kaul H., (2012). Energy Harvesting Powered Wireless 

Field Devices – a Building Blocks Approach. ABB Research Center  
Germany, Annual Report 2012.

[4]   Nenninger P., Ulrich M., (2011). Green Technology for Process Automation, 
ABB Research Center Germany, Annual Report 2010. 

[5]   Knight C., Davidson J., Behrens S., (2008). Energy Options for Wireless 
Sensor Nodes. Sensors 8.

[6]   Nenninger O., Ulrich M., (2011). Feasibility of Energy Harvesting in  
Industrial Automation Wireless Networks. Proceedings of the IFAC World 
Congress 2011

[7]   Ulrich M., Nenninger P., Nurnus J., (2011). Energieautarker drahtloser  
Temperaturtransmitter. Automatisierungstechnische Praxis (atp Edition) 
10/2011, p54-60



ABB Research Center Germany | Annual Report 2014  79



80  Annual Report 2014 | ABB Research Center Germany

Publications and Conference Contribution

Publications in Journals 

Modern Cyborgs 
Aleksy, Markus; Vartiainen, Elina; Naedele, Martin   
ABB Review vol. 3 / 2014, page 70-75

Wearable Safety Suit  
Aleksy, Markus; Kleine, Barry  
Asset Management and Maintenance Journal vol. May 2014, 
page 47-49

Rules of Thumb – Practical Online Strategies for Delay  
Management  
Bauer, Reinhard; Schöbel, Anita  
Public Transport ISSN: 1866-749X (Print)1613-7159 (Online)

Ein Ansatz zur Messung von Engineering-Effizienz – Teil 1  
Drath, Rainer; Messinger, Christian; Schroeter, Ben; Li, Nuo; 
Gutermuth, Georg  
atp vol. 5/2014, page 32-41

Ein Ansatz zur Messung von Engineering-Effizienz – Teil 2 
Drath, Rainer; Messinger, Christian; Schroeter, Ben; Li, Nuo; 
Gutermuth, Georg  
atp vol. 6/2014, page 34-43

Forumsbeitrag Industrie 4.0  
Drath, Rainer  
Electrosuisse vol. 07/2014 

Industrie 4.0 – Das Machbare in den Dienst des Sinnvollen 
stellen.  
Drath, Rainer  
Der Konstrukteur 9/2014, S. 6.

Industrie 4.0 – Die Produktion der vierten Art  
Drath, Rainer  
ABB about vol. 04/2014 

Industrie 4.0 – eine Einführung  
Drath, Rainer  
openAutomation vol. 3/2014, page 16-21

Industrie 4.0 – hit or hype?   
Drath, Rainer; Horch, Alexander  
IEEE Industrial Electronics Magazine vol. 01/2014, page 56-58

Modellierung industrieller Kommunikationssysteme mit  
AutomationML  
Drath, Rainer; Riedl, Matthias; Lüder, Arndt; Heines, Benno   
atp vol. 11, page 44-51

Redundanz für verfügbare Systeme – Design und Analyse 
Gamer, Thomas; Stattelmann, Stefan  
atp edition vol. 05/2014, page 888-898

Not so totally integrated – Schnittstellenproblematiken  
(work title!)  
Gohr, Katharina; Jeske, Ralf  
atp vol. 1/2014, page 2



ABB Research Center Germany | Annual Report 2014  81

Smart FAT – Zur Sicherheit automatisiert  
Gohr, Katharina; Greifeneder, Juergen  
atp

A Systematic Review of the Integration of Production Sched-
uling and Process Control  
Harjunkoski, Iiro; Baldea, Michael  
Computers and Chemical Engineering vol. 71, page 377-390

A Time Scale-Bridging Approach for Integrating Production 
Scheduling and Process Control  
Harjunkoski, Iiro; Baldea, Michael; Du, Juan; Park, Jungup 
AIChE Annual Meeting Atlanta, US, page 16-21.11.2014

Optimal supply chain design and management over a  
multi-period horizon under demand uncertainty.  
Part I: MINLP and MILP model  
Harjunkoski, Iiro; Rodriguez, Maria Analia; Vecchietti, Aldo R. 
Computers & Chemical Engineering vol. 62, page 194-210

Optimal supply chain design and management over a  
multi-period horizon under demand uncertainty.  
Part II: A Lagrangean decomposition algorithm  
Harjunkoski, Iiro; Yongheng,Jiang; Grossmann, Ignacio 
Computers & Chemical Engineering vol. 62, page 211-224

Scheduling Multiple Factory Cranes on a Common Track  
Harjunkoski, Iiro; Hooker, John; Hoda, Samid; Peterson, Ben  
Computers & Operations Research vol. 48, page 102–112

Scope for Industrial Applications of Production Scheduling 
Models and Solution Methods  
Harjunkoski, Iiro; Sand, Guido; Maravelias, Christos;  
Bongers, Peter; Castro, Pedro; Engell, Sebastian;  
Grossmann, Ignacio; Hooker, John; Méndez, Carlos;  
Wassick, John  
Computers & Chemical Engineering vol. 62, page 161-193

Sharing data for production scheduling using the ISA-95  
standard  
Harjunkoski, Iiro; Bauer, Reinhard  
Frontiers in Energy Research Volume 2, article 44, pp. 1-15, 
page doi:10.3389/fenrg.2014.00044

Anforderungsdefinition an Modelle für AoA_v0.4  
Hoernicke, Mario; Christiansen, Lars; Fay, Alexander  
atp edition vol. 3, page 18-27

Anlagentopologien automatisch erstellen – Erzeugen von 
Modellen aus der Mensch-Maschine Schnittstelle  
Hoernicke, Mario; Christiansen, Lars; Fay, Alexander  
atp-edition vol. 56/4, page 28-40

Online detection of time-variant oscillations based on 
improved ITD  
Horch, Alexander ; Z. Guo, L. Xie, T. Ye  
Control Engineering Practice, Vol 32:64-72, Nov 2014 
(doi:10.1016/j.conengprac.2014.07.002)

Automatic Detection of Non-stationary Multiple Oscillations 
with Improved Wavelet Packets Transform  
Horch, Alexander; Guo, Zixu; Xie, Lei; Su, Hongye  
Industrial & Engineering Chemistry Research 53 (40), 
15686-15697 (2014)

Model Matrix – Modularized simulation concepts for breaker  
analysis and optimization  
Juszkiewicz, Grzegorz; Simonidis, Christian; Stengel, Gregor; 
Ziomka, Lukasz;  Kotilainen, Sami  
ABB Review vol. 1/2014, page 50-54

Quantifying software architecture quality: Report on the first 
international workshop on software architecture metrics  
Koziolek, Heiko; Nord, Robert; Ozkaya, Ipek; Avgeriou, Paris  
ACM SIGSOFT Software Engineering Notes vol. 39(5),  
page 32-34

Analysis of Cloud Business Models for the Industrial B2B 
Market  
Krueger, Martin; Dix, Marcel  
INPRA – IT Convergence Practice vol. 2(2), page 12-22

SCHEDULING AND ENERGY – INDUSTRIAL CHALLENGES 
AND OPPORTUNITIES  
Merkert, Lennart; Harjunkoski, Iiro; Isaksson, Alf;  
Saarela, Antti; Saynevirta, Simo; Sand, Guido  
Computers and Chemical Engineering 72 (2015) 183–198

Information visualization to support management decisions  
Ouertani, Mohamed-Zied  
International Journal of Information Technology & Decision 
Making vol. 13, page 407-428

Entwurf von Fehlerisolationsbeobachtern für lineare Systeme 
mit unsicheren Parametern  
Wahrburg, Arne; Adamy, Jürgen  
at – Automatisierungstechnik vol. 62, page 21-33

Hot spot – A new infrared sensor measures temperature in 
generator circuit breakers  
Wildermuth, Stephan; Ahrend, Ulf; Ulrich, Marco;  
Hochlehnert, Moritz  
ABB Review vol. 2 (2014), page 58-63
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Conference Contributions
 
Autonome Sensorik und Energy Harvesting in der  
Prozessindustrie  
Ahrend, Ulf  
Energy Harvesting, Stuttgart, 9.4.2014

Augmented Reality for Improved Service Delivery  
Aleksy, Markus; Vartiainen, Elina; Domova, Veronika;  
Naedele, Martin  
28th IEEE International Conference on Advanced Information 
Networking and Applications (AINA-2014), Victoria, Canada, 
13.-16. May 2014

Industrial Perspective on Java  
Aleksy, Markus  
2014 International Conference on Principles and Practices  
of Programming on the Java Platform: Virtual Machines,  
Programming Languages and Tools, Cracow, Poland,  
23.-26.9.2014

Towards an Automated Safety Suit for Industrial Service  
Aleksy, Markus; Scholl, Thomas  
11th International Conference on Mobile Web Information 
Systems (MobiWIS 2014), Barcelona, Spain, 27.-29.8.2014

Wearable & Mobile Systems for Improved Service Delivery & 
Collaboration  
Aleksy, Markus  
23rd IEEE International Conference on Enabling Technologies: 
Infrastructures for Collaborative Enterprises (WETICE 2014), 
Parma, Italy, 23.-25. June 2014

Industry Expectations and Academic Practice in Control Engi-
neering Education – A South African Survey  
Bauer, Margret; Brooks, Kevin S.; Sandrock, Carl  
The 19th World Congress of the International Federation of 
Automatic Control, Cape Town, South Africa, 24-29 August 
2014

EFSMT: A logical framework for cyber-physical systems  
Cheng, Chih-Hong; Shankar, Natarajan; Ruess, Harald;  
Bensalem, Saddek  
First Workshop on Cyber-Physical System Architectures and 
Design Methodologies, New Delhi, Oct 17, 2014

G4LTL-ST: Automatic Generation of PLC Programs  
Cheng, Chih-Hong; Stattelmann, Stefan; Ruess, Harald; 
Huang, Chung-Hao  
26th International Conference on Computer Aided Verification, 
Vienna, 2014/07/18

Optimized Task Distribution for Industrial Assembly in Mixed 
Human-Robot Environments – Case Study on IO Module 
Assembly  
Ding, Hao; Matthias, Bjoern; Schipper, Malte  
IEEE Conference on Automation Science and Engineering 
(CASE 2014), Taipei, Taiwan, 18.8.2014 

Safety of Industrial Robots for Collaborative Applications  
Ding, Hao; Matthias, Bjoern  
Invited Talk at safe.tech’14, TÜV-Süd Tagung vol. , München, 
page 2014.05.20-21 Conference:  

Modelling of Anisotropic Laminated Magnetic Cores using 
Homogenization Approaches  
Disselnkoetter, Rolf; Ziske, Joachim; Neubert, Holger  
COMSOL Conference 2014, Cambridge, 17.-19.09.2014

Customizing Domain Analysis For Assessing The Reuse 
Potential Of Industrial Software Systems  
Domis, Dominik; Sehestedt, Stephan; Gamer, Thomas;  
Aleksy, Markus; Koziolek, Heiko  
18th International Software Product Line Conference,  
Florence, Italy, September 15-19, 2014

AutomationML – Programmieren von Exportern  
Drath, Rainer  
AutomationML Konferenz 2014, Blomberg, 8.10.2014

AutomationML im Praxiseinsatz – Erfahrungen bei der virtuellen 
Inbetriebnahme  
Drath, Rainer; Hämmerle, Holger  
Automation 2014, Baden-Baden, July 2014

AutomationML im Praxiseinsatz – Erfahrungen bei der virtuellen 
Inbetriebnahme  
Drath, Rainer  
AutomationML Konferenz 2014, Blomberg, 8.10.2014

Industrie 4.0 – eine Einführung  
Drath, Rainer  
Expertenforum “Agenten im Umfeld von Industrie 4.0”, 
München, 7.-8. Mai 2014

Increasing efficiency of M-out-of-N Redundancy  
Gamer, Thomas; Wahler, Michael; Oriol, Manuel  
Emerging Technologies and Factory Automation (ETFA),  
Barcelona, Spain, Sep 16-19, 2014

Industrial Service as a Research Discipline  
Gitzel, Ralf  
IEEE CBI, Geneva, 14.7.-18.7.2014
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Industrial Services Analytics  
Gitzel, Ralf  
1. GOR Analytics Tagung, Munich, 11.4.2014

Instandhaltungsunterstützung durch dynamische Fehlerbäume  
Gitzel, Ralf; Maczey, Sylvia; Turrin, Simone; Kloepper, Benjamin; 
Kleine, Barry  
VDI Forum Instandhaltung, Köln, 20.5.2014

Maintenance Support Through Dynamic Fault Trees  
Gitzel, Ralf; Maczey, Sylvia; Turrin, Simone; Kloepper, Benjamin; 
Kleine, Barry  
Euromaintenance 2014, Helsinki, 5.-8.5.2014

Warranty Extension Decision Support  
Gitzel, Ralf; Turrin, Simone  
MIMAR 2014, Oxford, 13-15 July 2014

A View-based Approach Towards an Engineering Platform for 
Industrial Automation in the Cloud  
Goldschmidt, Thomas  
2nd Workshop on View-Based, Aspect-Oriented and  
Orthographic Software Modelling (VAO), York, UK, 22.07.2014

Energy Cloud: real-time cloud-native Energy Management 
System to monitor and analyze energy consumption in  
multiple industrial site  
Goldschmidt, Thomas; Sequeira, Hugo; Vorst, Philipp;  
Carreira, Paulo  
Cloud Challenge 2014, 7th Intl. Conference on Utility and 
Cloud Computing, London, 08.12.2014

Scalability and Reliability of Cloud-Based Time Series Data-
bases for Data Intensive Industrial Applications  
Goldschmidt, Thomas; Koziolek, Heiko; Doppelhamer, Jens; 
Pei-Breivold, Hongyu; Jansen, Anton; Lehtola, Marko;  
Vorst Philipp  
Automation 2014, Baden-Baden, July 2014

Scalability and Robustness of Time-Series Databases for 
Cloud-Native Monitoring of Industrial Processes  
Goldschmidt, Thomas; Jansen, Anton; Koziolek, Heiko;  
Doppelhamer, Jens; Pei-Breivold, Hongyu  
IEEE Cloud, Anchorage, Alaska, USA, 27.06.-02.07.2014

Towards an Infrastructure for Domain-Specific Languages in a 
Multi-Domain Cloud Platform.pdf 
Goldschmidt, Thomas  
ECMFA’14 Tenth European Conference on Modelling  
Foundations and Applications, York, GB, 21.07.-25.07.2014

A novel approach to measure engineering efficiency  
Gutermuth, Georg; Messinger, Christian; Drath, Rainer;  
Schroeter, Ben; Li, Nuo  
ETFA 2014, Barcelona, Spain, 16.-19.9.2014

Industrial aspects on production scheduling models and  
solution methods  
Harjunkoski, Iiro; Maravelias, Christos; Castro, Pedro  
AIChE Annual Meeting, Atlanta, US, 16-21.11.2014

Integration of Scheduling and ISA-95  
Harjunkoski, Iiro  
European Symposium on Computer Aided Process  
Engineering (ESCAPE-24), Budapest, Hungary, 15-18.6.2014

Efficient Handling of States in Abstract Interpretation of  
Industrial Programmable Logic Controller Code  
Hauck-Stattelmann, Stefan; Schlich, Bastian; Biallas, Sebastian; 
Kowalewski, Stefan  
12th IFAC - IEEE International Workshop on Discrete Event 
Systems, Paris, France, 14-16 May 2014

Abstract_ConnectivityPlug_Automation2014_v0.3.docx  
Hoernicke, Mario; Christiansen, Lars; Fay, Alexander  
Automation 2014, Baden-Baden, 2014/07/01

Integrating Plant and Process Information for Automated Plant 
Abnormal Situation Analysis  
Hoernicke, Mario; Chioua, Moncef; Arroyo, Esteban;  
Fay, Alexander  
ETFA (IEEE International Conference on Emerging Technolo-
gies and Fatory automation) 2014, Barcelona, Spanien, 
16-19. September

Regelbasierte Erstellung_AoA_EKA_v0.5.docx  
Hoernicke, Mario; Christiansen, Lars; Fay, Alexander  
EKA 2014, Magdeburg, 15. Mai

Real-time Detector for Time-variant Oscillation with Modified 
Intrinsic Time-scale Decomposition  
Horch, Alexander ; Z. Guo, L. Xie, T. Ye, C. Song, J. Zhang  
19th World Congress. The International Federation of Automatic 
Control, Cape Town, South Africa, August 24-29, 2014.

Industrie 4.0 – Wird die Produktion der Zukunft komplexer?  
Horch, Alexander  
KMP Thementag, Mannheim, 13.11.2014

Integration of Renewables – Challenges for the grid  
Horch, Alexander  
Deep Decarbonzation Pathways Project WORKSHOP, Paris, 
7.-8.1.2014
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Breaking up the data silos – the Potential and Challenges of 
Big Data in Industrial Analytics  
Kloepper, Benjamin; Schlake, Jan-Christoph  
Informatik 2014, Stuttgart, 22.-26.09

Benefits of Energy Harvesting for Reliable Wireless Networks 
in the Process Industry  
Koenig, Kai; Ahrend, Ulf  
Energy Harvesting & Storage Europe 2014, Berlin,  
01.-02.04.2014

Industrial Implementation of a Documentation Framework for 
Architectural Decisions.  
Koziolek, Heiko; Goldschmidt, Thomas; Manteuffel, Christian;  
Tofan, Dan; Avgeriou, Paris  
Working IEEE/IFIP Conference on Software Archtiecture 
(WICSA2014), Sydney, Australia, April 7th, 2014

Industrie 4.0 Integration Topology – An Answer to Industry 
Requirements  
Krueger, Martin; Drath, Rainer  
Industrie 4.0 – Update 2014 (EuroForum), Stuttgart, 
29./30.10.2014

Industrie 4.0 – Hit or Hype?  
Krueger, Martin  
Industrie 4.0 Talks!, Gent, Belgium, 21.10.2014

Integration des Industrie 4.0-Gedankens in die Wertschöp-
fungskette der Digitalen Anlage – Zukunftsszenario für die 
Prozessindustrie  
Krueger, Martin; Drath, Rainer  
Digitalplant Kongress, Würzburg, 07./08.10.2014

Wertversprechungen in Cloud-basierten B2B Geschäfts-
modellen  
Krueger, Martin; Dix, Marcel  
Wismarer Wirtschaftsinformatiktage 2014 (WiWiTa 2014), Wis-
mar, Germany, 12./13.06.2014

Virtual Axis – Ein Konzept zur steuerungsbasierten  
Achssimulation  
Listmann, Kim; Byner, Christoph; Klose, Silke;  
Hassan, Maged A; Mauser, Nicolas  
Automation 2014, Baden-Baden, July 2014

Experimental Characterization of Collaborative Robot Collisions  
Matthias, Bjoern; Ding, Hao; Oberer-Treitz, Susanne  
ISR/ROBOTIK 2014, Munich, June 2-3, 2014 

Kollaborierende Roboter – Neue Normenlage und erste 
Anwendungen  
Matthias, Bjoern; Umbreit, Matthias  
Industrielle Robotik 2014, Baden-Baden, Germany, July 1, 2014

Safety Standardization and Biomechanical Limit Data  
Matthias, Bjoern  
Human Robot Interaction (HRI) 2014 Workshop: “Experimenting 
in HRI for priming real world set-ups, innovations and products”, 
Bielefeld, March 3-6, 2014

Safety Standards for Industrial Robots  
Matthias, Bjoern  
European Robotics Forum (ERF) 2014, Rovereto, Italy,  
March 12-14, 2014

Beitragseinreichung Automation_2014 Engineering Effizienz 
Messung.docx  
Messinger, Christian; Drath, Rainer; Schroeter, Ben;  
Gutermuth, Georg; Li, Nuo  
Automation 2014, Baden-Baden, 1.-2.7.2014

Asset Information Management for Complex Engineering 
Assets  
Ouertani, Mohamed-Zied  
Tools and Methods for Competitive Engineering, Budapest, 
19-23 Mai

Balancing Product-Service Provider’s Performance and  
Customer’s Value: the SErvice Engineering Methodology (SEEM)  
Ouertani, Mohamed-Zied  
The 6th CIRP conference on Industrial PRoduct-Service  
Systems, Windsor, Canada, 01-02 May 2014

Service Engineering framework: the adoption of simulation to 
design and configure Product-Service solutions  
Ouertani, Mohamed-Zied    
International Conference on Engineering, Technology and 
Innovation, Bergamo, 23-25 June

Industrie 4.0: Chance für einen Paradigmenwechsel in der 
Prozessmodellierung?  
Sand, Guido  
Modellierungstag Industrie 4.0, Heidelberg, 10.07.2014

PAM-Astract-Automation_131111  
Schlake, Jan-Christoph; Berge, Gerhard; Brockhaus, Helmut;  
Henrichs, Tim; Lenz, Henning; Hoffmann, Dirk; Ross, Thomas; 
Schlichtmann, Tobias; Schneider, Ulrich; Thron, Mario;  
Grieb, Herbert  
Automation 2014, Baden-Baden, July 2014
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Cloud-Enabled Automation Systems Using OPC UA  
Schmitt, Johannes; Goldschmidt, Thomas; Vorst, Philipp  
Automation 2014, Baden-Baden, July 2014

Beyond Instrumentation – FDI for Modular Subsystems with 
Proprietary Protocols  
Schulz, Dirk; Braun, Roland; Topp, Ulrich; Stöckl, Martin  
Emerging Technologies in Factory Automation, Barcelona, 
Spain, 16.-19.09.2014

Verification Aided Regression Testing  
Sehestedt, Stephan; Pastore, Fabrizio; Mariani, Leonardo; 
Hyvärinen, Antti E. J.; Fedyukovich, Grigory; Sharygina, Natasha; 
Muhammad, Ali  
International Symposium on Software Testing and Analysis, 
San Jose, Bay Area, California, USA, July 21-25, 2014

Coupling of structural and multibody mechanics in switchgear 
development  
Simonidis, Christian; Schmoll, Robert; Schweizer, Bernhard  
NAFEMS European Conference on Multiphysics Simulation, 
Manchester, U.K., 21-22 October 2014

LDV Anwendung zur präzisen Erfassung von Öffnungs-, 
Schließ- und Stoßvorgängen in ABB Mittel- und Hochspan-
nungs-Schaltanlagen  
Simonidis, Christian; Schneider, Markus  
Polytec Anwenderkonferenz 2014, Waldbronn, Germany, 
17-18 November 2014

An ESL Timing & Power Estimation and Simulation Framework 
for Heterogeneous SoCs  
Stattelmann, Stefan; Grüttner, Kim; Hartmann, Philipp A.;  
Fandrey, Tiemo; Hylla, Kai; Lorenz, Daniel; Sander, Björn;  
Bringmann, Oliver; Nebel, Wolfgang; Rosenstiel, Wolfgang  
International Conference on Embedded Computer Systems: 
Architectures, Modeling, and Simulation (SAMOS XIV), Samos, 
Greece, July 14-17, 2014

Applying Static Code Analysis on Industrial Controller Code  
Stattelmann, Stefan; Schlich, Bastian; Biallas, Sebastian; 
Kowalewski, Stefan  
19th IEEE International Conference on Emerging Technologies 
and Factory Automation (ETFA 2014), Barcelona, Spain, 
2014-09-16

Context-Sensitive Timing Simulation of Binary Embedded 
Software  
Stattelmann, Stefan; Ottlik, Sebastian; Viehl, Alexander; 
Bringmann, Oliver; Rosenstiel, Wolfgang  
CASES 2014: International Conference on Compilers,  
Architecture and Synthesis for Embedded Systems, New 
Delhi, India, October 12-17, 2014

Optimized Incremental State Replication for Automation  
Controllers  
Stattelmann, Stefan; Sehestedt, Stephan; Gamer, Thomas  
19th IEEE International Conference on Emerging Technologies 
and Factory Automation (ETFA 2014), Barcelona, Spain, 
2014-09-16

Extended Warranties and Reliability: Review and New  
Perspectives  
Turrin, Simone  
International Applied Reliability Symposium 2014, Paris, 
23-25.04.2014

Contact Force Estimation for Robotic Assembly using Motor 
Torques  
Wahrburg, Arne; Matthias, Bjoern; Zeiss, Stefan; Ding, Hao  
IEEE Conference on Automation Science and Engineering 
(CASE 2014), Taipei, Taiwan, 18.8.2014 

Optimale Fehlerisolation mittels strukturbeschränkter  
Kalman-Filter  
Wahrburg, Arne; Haumann, Dominik; Willert, Volker  
GMA FA 1.40, Salzburg, September 2014

Rule-Based Engineering Using Declarative Graph Database 
Queries  
Weber, Peter; Grüner, Sten; Epple, Ulrich  
Conference. IEEE 12th International Conference on Industrial 
Informatics (INDIN), Porto Alegre, 27.07.2014

A Model for Discrete Product Flows in Manufacturing Plants  
Weber, Peter; Grüner, Sten; Epple, Ulrich  
ETFA 2014: IEEE 19th International Conference on Emerging 
Technologies and Factory Automation, Barcelona, 16.09.2014

A comparative study of pitch control algorithms for wind shear 
compensation  
Weickert, Thomas; Reisinger, Thomas  
Schwingungen von Windenergieanlagen, Bremen,  
11.-12.2.2014

Condition monitoring of synchronous motors based on mea-
surement of circulating stator currents  
Wildermuth, Stephan; Ahrend, Ulf; Disselnkoetter, Rolf;  
Rodriguez, Pedro; Rzeszucinski, Pawel; Pinto, Cajetan T  
IEEE 19th Conference on Emerging Technologies & Factory 
Automation (ETFA), 16-19 Sept. 2014
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Infrared Temperature Measurement System for Condition 
Monitoring of Generator Circuit Breakers  
Wildermuth, Stephan; Ahrend, Ulf; Hochlehnert, Moritz;  
Honert, Sven;  
Diagnostik elektrischer Betriebsmittel 2014 – Beiträge der  
6. ETG-Fachtagung, 25-26 Nov. 2014 

Infrarot Temperatur-Meßsystem zur Zustandsüberwachung 
von Hochspannungs-Generatorschaltern  
Wildermuth, Stephan; Ahrend, Ulf; Hochlehnert, Moritz  
Sensors and Measuring Systems 2014; 17. ITG/GMA  
Symposium, 3-4 June 2014

Optischer Hochspannungssensor mit öl- und gas-freier Isolation 
Wildermuth, Stephan; Marchese, Sergio; Bohnert, Klaus;  
Steiger, Olivier; vanMechelen, Dook; Rodoni, Lucio-Carlo;  
Eriksson, Goran; Czyzewski, Jan  
Sensors and Measuring Systems 2014; 17. ITG/GMA  
Symposium, 3-4 June 2014

Other
 
Mobile for service – Keeping track of our installed equipment 
has never been easier  
Aleksy, Markus  
Forum Management of Technology (FMoT) / Mobile applications 
(Mobila applikationer) / March 26th, Västeras, Sweden

Human-robot interaction in industrial settings  
Ding, Hao  
Guest Lecture at Lehrstuhl für Ergonomie in Technische  
Universität München

Industrie 4.0 – Einführung (Buchbeitrag)  
Drath, Rainer  
Part of the Book / Virtuelle Instrumente in der Praxis 2014

Industrie 4.0 – hit oder hype?  
Drath, Rainer  
Vortrag Hannovermesse 2014

Solicymas LCC Tool – Capability Overview  
Gitzel, Ralf  
ZVEI Arbeitskreis Energieeffizienz

Vorlesung Reliability Engineering in der Praxis  
Gitzel, Ralf  
Guest Lecture at KSRI

Bi-level heuristic for steel plant scheduling with electricity cos 
optimization  
Hadera, Hubert; Harjunkoski, Iiro; Sand, Guido;  
Engell, Sebastian; Grossmann, Ignacio  
Yearly meeting of Enterprise-Wide Optimization group at 
Carnegie Mellon University- poster and slideset

Electricity demand-side management in process plants – 
application to steel and pulping industries  
Hadera, Hubert; Harjunkoski, Iiro; Sand, Guido;  
Engell, Sebastian  
Presentation at Technical University of Dorrtmund – Alumni 
meeting of Prof. Engell’s group

Electrictity demand side management in process plants  
Hadera, Hubert  
Presentation at Network Meeting of ITN Energy-Smartops EU 
research project

Production Scheduling with Optimization of Time-Sensitive 
Electricity Costs  
Hadera, Hubert  
Seminar Presentation at University of Linkoping, Dept of  
Science and Technology in Norrkoping

A Multi-Scale Approach for Integration of Scheduling and 
Control  
Harjunkoski, Iiro; Du, Juan; Park, Jungup; Baldea, Michael  
TWCCC Texas – Wisconsin – California Control Consortium / 
Spring meeting, Austin, TX / 14-15.4.2014

From Idea to Product – Industrial R&D Perspectives  
Harjunkoski, Iiro  
TWCCC Texas – Wisconsin – California Control Consortium / 
Spring meeting, Austin, TX / 14-15.4.2014

From Idea to Product – Industrial R&D Perspectives  
Harjunkoski, Iiro  
Invited seminar at IIT Gandhinagar, Ahmedabad, India

Integration of Scheduling and Supervisory Control Using 
Internal Coupling Models  
Harjunkoski, Iiro; Du, Juan; Park, Jungup; Baldea, Michael  
TWCCC Texas – Wisconsin – California Control Consortium / 
Spring meeting, Austin, TX / 14-15.4.2014

Modeling, Simulation, and Optimization in the Process and 
Commodities Industries  
Harjunkoski, Iiro; Martín, Mariano  
Book chapter / Introduction to Software for Chemical Engi-
neers / CRC Press Taylor & Francis Group 6000 Broken 
Sound Parkway NW, Suite 300 Boca Raton, FL 33487-2742
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Scope for industrial applications of production scheduling 
models and solution methods  
Harjunkoski, Iiro  
CAPD Annual Meeting / 9-11.3.2014 / Carnegie Mellon  
University, Pittsburgh

Systems Integration Aspects on Scheduling – Part 2  
Harjunkoski, Iiro  
EWO Fall Meeting 17-18.9.2014 / CMU, Pittsburgh, USA

Execution Time Analysis for Industrial Control Applications 
Hauck-Stattelmann, Stefan; Oriol, Manuel; Gamer, Thomas  
International Workshop on Formal Engineering approaches to 
Software Components and Architectures (FESCA) / Satellite 
event of ETAPS, Grenoble, France / April 12th, 2014

Significant Developments in Alarm Management Imminent  
Hollender, Martin; Evans, Joan  
http.//processautomationexperts.com / blog entry

Industrie 4.0 – Cyber-Physische Produktionssysteme. Die 
nächste industrielle Revolution?  
Horch, Alexander; Drath, Rainer  
VDE Jahreshauptversammlung / Bezirksverein Kurpfalz

Model-based Testing of Highly Configurable Embedded  
Systems 
Kantz, Florian; Nenninger, Philipp; Kaul, Holger;  
Streitferdt, Detlef; Ruschival, Thomas; Bauer, Thomas;  
Hussain, Tanvir; Eschbach, Robert  
“Book Chapter in Model-Based Testing of Highly Configurable 
Embedded Systems Publisher: IGI-Global 
Editor: Seppo Virtanen, University of Turku“

Industry Perspective on euRobotics / Robotics PPP  
Matthias, Bjoern  
Horizon 2020 Information Day / hosted by Steinbeis Europe

Static Analysis of Industrial Controller Code using ARCADE.PLC  
Stattelmann, Stefan; Schlich, Bastian; Biallas, Sebastian; 
Kowalewski, Stefan  
The Fifth Workshop on Tools for Automatic Program Analysis / 
September 10, 2014 / Munich, Germany
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