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mstnews 3/07 on a) "Mobility" and b) "Consumer Elec-
tronics and Mobile Communication" in June 2007

The June issue has two technical topics that will report
on latest developments and trends of MST in a) the au-
tomotive industry and b) the electronic gadgets industry
as application fields. 

Deadline for press releases, short news, event announce-
ments and advertisement orders: May 07, 2007

Date of distribution: June 01, 2007

mstnews 4/07  on "MST for Safety and Security" in Au-
gust 2007

This issue will cover MST applications in home and build-
ing security, food chain management, quick-check
equipment for detecting dangerous ingredients and for
controlling epidemics, and other.

Deadline for abstracts: April 15, 2007

Deadline for press releases, short news, event announce-
ments and advertisement orders: July 09, 2007

Date of distribution: August 03, 2007

Look ahead to the next issues:

Sponsors and Advertisers
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Dear Reader,

In the first quarter of a new year the
mstnews editors usually and discuss
next year’s possible technical main
topics. I'm pleased that I can present
to you the results for 2008 now!

Issue 1/08 in February 2008: 
a) Energy for Microsystems - 

Microsystems for Energy; 
b) BioMST 
Here we’ll pick up two topics we al-
ready had in the past, but because of
their dynamic development we think
it is time to have a follow-up.
Deadline for abstracts: Oct. 15, 2007.

Issue 2/08 in April 2008: 
Manufacturability of Microsystems
This is a very complex topic. We in-
tend to focus it as follos:

• Advanced Packaging
• Production Services Infrastructure

(diffusion of Microelectronic Produc-
tion Technology towards MST; has
the Foundry Approach a Future?)

• MST Production Equipment
• Advanced Technologies and Equip-

ment for Cheap but Hi-rel Compo-
nents for Automotive Applications

Deadline for abstracts: Dec. 15, 2007. 

Issue 3/08 in June 2008: 
Micro and Nano Materials
Focal points:

• Unconventional MST Solutions with
"Exotic" Materials 

• Nanomaterials for Microsystems
• Materials for "Magnetic Microsys-

tems"
• Materials for Advanced Actuator

Functions  
Deadline for abstracts: Feb. 15, 2008. 

The last three issues of 2008 have not
been assigned yet to the remaining
topics that are described as follows:

• "The Internet of Things"
• Ambient Intelligence
• Autonomous Distributed Systems (e-

Grains, e-Cubes, Smart Dust ...)
• Advanced RFID

• Reliability
• Safe, Secure and Reliable Microsys-

tems for Critical Applications
• Redundancy Concepts
• Lifetime and Failure Mechanisms 

• Microsystems for Health and Ambi-
ent Assisted Living (AAL)

• Fight against Diseases
• Diagnostics
• Smart Systems for the Ageing 

Society

• Commercialization of MST
• Market Perspectives
• European Co-operation in Com-

mercialization of MST against the
"Asian Challenge"

• Technology Incubators
• Intellectual Property Rights 
• Financing and VC for MST compa-

nies and Start-ups

This long list of ideas needs further
"concentration". Please tell us you
opinion and suggestions if you like!
But first enjoy this April issue please!

Bernhard Wybranski, Chief editor

Main Topics of mstnews until April 2007 Deadline for
Issue Main Topics abstracts

June 07 a) Mobility passed
b) Consumer Electronics and Mobile Communication

August 07 MST for Safety and Security April 15, 2007
October 07 Polymer Microsystems June 15, 2007

Sponsors and Advertisers
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Cover: Arranged bei ib-graphik; 
background photo: Press photo provided by
Siemens AG, München
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From temperatures of 4 K to over 200°C, pressures of 0.0000001 mbar to 50 bar and 
alien gas environments, wafer-level test of your MEMS devices at these extremes is 
possible at any place, but the surface of our planet. But before you start rocketing 
your devices into space, consider the fact that the leader in wafer-level MEMS test 
systems offers powerful solutions for testing in those extremes—right here on Earth.

Test RF MEMS, accelerometers, microbolometers, gyrometers,
pressure sensors, gas sensors, micromirrors, microphones,
and much more

• Unique vacuum systems and patented cryo systems

• Pressure Probe Module adds differential pressure test capability
to any SUSS probe system

• Full range of MEMS test accessories for a complete solution

• Ten years of experience testing MEMS using non-electrical methods

At SUSS MicroTec, it’s in our nature to take MEMS to a whole new level!

SUSS. Our Solutions Set Standards
For more information about MEMS Testing contact: info@suss.com

www.suss.com/memstest

SUSS engineers go to the 
extreme for MEMS Testing

SENSOR+TEST 2007
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When we are talking about the de-
velopment steps of factory automa-
tion systems and their system struc-
tures it is necessary to recall the usu-
al, general structure of a factory it-
self. At least four levels should be dis-
tinguished top – down (compare fig-
ure 1): 

• Factory level, where the produc-
tion processes are controlled in
their entirety. The subjects that are
considered here are production or-
ders, production units, factory re-
sources, factory units (cells), and so
on.

• Cell  level, where the process

chains and the material flow in a
whole production unit are con-
trolled. The subjects that are con-
sidered here are machining units,
material transport units, material
stores, and so on.

• Field level, where the machines,
processes and the transport of the
material and semi-finished parts
are controlled. The subjects that
are considered here are the physi-
cal machines and equipment, their
respective functions, the work-
pieces, the tools, and so on.

• Sensor/actuator level, where par-
ticular functions within the frame-
work of the production processes
are controlled and particular parts
of the equipment and particular
machining processes are moni-
tored. The subjects that are consid-
ered here are single processes,
workpieces, tools and parts of the
equipment and/or the physical di-
mensions that represent the state
of all of these subjects.

The first automation system solutions
were based on mainframe computers
in a centralized, star-like communica-
tion structure, connecting the "intel-
ligent" centre on a cell or on the fac-
tory level with "silly" peripheral sys-
tem components and devices on the
lower levels. The next significant step

of development about 20 years ago
was the transition to a more flexible
automation system structure by intro-
duction of bus systems on the cell
and field levels and later on the sen-
sor/actuator level too. Here are two
examples (see fig. 1 too):

PROFIBUS
In Germany it started with PROFIBUS,
developed under the co-operative
project FELDBUS from 1987 to 1990,
which was granted by the Ministry of
Research and Technology in its fund-
ing programme Microperipheric
Technology. Main companies as
Siemens, AEG, Honeywell and other
took part in the FELDBUS project. It
was accompanied by building two
fieldbus service centres in the cities of
Aachen and Karlsruhe until 1994.
They took over the task to certify de-
vices and ensure interoperability be-
tween devices of different vendors.
Step by step PROFIBUS was being im-
proved and adopted by the automa-
tion industry. Nowadays it is a stan-
dard accepted worldwide. 

ASI
The development in Germany went
on with the project “Actuator-Sensor
Interface (ASI)”, which was funded
from 1991 to 1994 under the Mi-
crosystem Technology funding pro-

From Mainframe Computers to Microsystems – 
Factory Automation for 30 Years
Hartmut Strese and Bernhard Wybranski

The information and communica-
tion technologies (ICT) for factory
automation have developed rapidly
during the last few decades. The
first automation system solutions
were based on mainframe comput-
ers in a centralized, star-like com-
munication structure. Information
was exchanged between the com-
puter centre that contained most of
the "system intelligence", and dis-
tributed "silly" devices (e.g. switch-
es, relays, sensors…), connected
star-like with the computer centre
via miles of cable. The system struc-
ture was inflexible and its imple-
mentation and installation were
very costly. Nowadays the ap-
proaches have changed completely
towards a distribution of the system
intelligence to the peripheral sys-
tem components that communicate
with each other over bus systems.
Enabled by modern micro, nano
and system technologies, it has be-
come possible to give the peripher-
al system components such a high
degree of functionality and autono-
my that they even become able to
embed themselves autonomously
into the system, recognising the
more and more frequent changes
of the "process surrounding", the
automation system structure and
the needs of monitoring and con-
trol on the spot. Such an automa-
tion system is highly flexible and
helps to make the idea of a "smart
(intelligent) factory" a reality.

Figure 1: Hierarchy of factory levels and communication buses of automation systems; source:
PROFIBS International Support Center, Karlsruhe, Germany 
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Applying advanced MEMS technologies to real-world products

requires great ideas—and great execution. Tronics guides

you to the rewards, and around the risks, by applying

our experience and fulfilling our promises.

CUSTOM COMPONENTS FOR YOUR MOST DEMANDING APPLICATIONS.
THAT’S WHAT WE DO.

www.tronics.eu

Advertisement

gramme. Companies such as FESTO,
Pepperl & Fuchs and ifm electronics
together with the ASI-Association
were the main players. Today ASI is
known worldwide as AS-Interface. 

With a bus system the cabling for in-
terconnecting the system compo-
nents became much easier and
cheaper. As result of the progress in
the micro technologies, the bus
nodes became more and more intelli-
gent on the one hand, but more ex-
pensive on the other hand too. Nev-
ertheless - is was always a question of
time when for a given installation
project the ROI of a solution based
upon a modern field bus solution oc-
curred earlier than for a solution
without field bus.

Of course other buses were devel-
oped too. Some of them were propri-
etary, some became standard soon, as
e.g. Interbus, LON or Fieldbus Foun-
dation. The “War of the Field buses”
was conducted with all means. Today
it seems to be clear that open stan-
dards are the best for a seminal de-
velopment. Nowadays more than 50

million nodes for standardized field
buses are installed worldwide.

In the 1990s a new kid came to town.
It was called Ethernet and was used
to connect PCs, printers and other de-
vices in an office environment. As the
technology was available and cheap,
it seemed to be a good idea to use it
in industrial automation, too. First
applications were shown e.g. by the
Jetter AG. Additionally the Ethernet
approach provides a promising out-
look: The unification the communica-
tion landscape top – down from the
office to the field level. On the other
hand, there are some objections to
such a unification process for differ-
ent reasons: One is of course the suc-
cess and high acceptance of the field
bus solutions. There are already
countless installations and it would
be too costly to discard them. Fur-
thermore, simple field bus installa-
tions are reliable and in many cases
the complexity of Ethernet is not
needed. 

Another problem of the ETHERNET in
its early years was that it was not

able to guarantee a transmission
speed of the data high enough to en-
sure real-time data processing. But
the problems have been solved in the
meantime and Industrial Ethernet is
on its way. This solution is cheap and
may bring new services into the field.
Industrial Ethernet for example offers
the possibility to handle complex so-
lutions as e.g. motion control.

In the last few years new develop-
ments on the field level have become
visible that are related to the periph-
eral devices on the lowest level, such
as sensors and actuators. The most re-
cent trend is radio-frequency commu-
nication that makes it possible to op-
erate the sensors wireless, energy
self-sufficient, autonomous, distribut-
ed, enabling them able to build up
the net by themselves. This offers
new possibilities and allows the solu-
tion of totally new tasks. When there
are no cables, the sensors and actua-
tors may be made very small and
smart and are easy to integrate, di-
rectly into the process. The upcoming
networks are usually called “wireless
sensor networks” (WSN).
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Background
In the mid 80’s computer inte-
grated manufacturing (CIM)
became one of the most im-
portant technologies in Ger-
many. During these days so-
called CIM centers were es-
tablished. They provided a ba-
sis for close-to-reality research
to further enhance existing
technology and served as a
demon-stration center for
new industrial applications.
Mainly due to these centers,
the CIM technology gained

foot-hold in industrial environments.
Today industrial automation faces a
comparable change in technology.
Many technologies – especially infor-
mation and communication technolo-
gies (ICT) – emerged from the con-
sumer field and reached maturity, be-
ing now applicable in industrial envi-
ronments as well. Further develop-
ment and integration of these mod-
ern information technologies will lead

Micro and Nano Technologies in Intelligent 
Manufacturing Environments
Detlef Zühlke, Florian Flörchinger, Peter Stephan and Alexander Bödcher

This article contributes an overview
concerning the technology initiative
SmartFactoryKL e.V., a public-private
partnership consisting of twelve in-
dustrial companies and four re-
search partners. The initiative focus-
es on developing, demonstrating
and spreading innovative industrial
technologies in the field of produc-
tion automation. 
As the first European and vendor-
independent platform, the Smart-
FactoryKL provides a hybrid demon-
stration plant. Prior to the found-
ing, joint research activities were
identified in a cluster analysis being
conducted by the industrial part-
ners. Besides location-based ser-
vices, service-oriented architecture
and universal control devices, one
research area mainly focuses on mi-
cro and nano system technologies.
The goal of this research cluster is
to design a reference system for im-
plementing production processes of Figure 1: Process part of the demonstration plant

micro- and nano-components and
products. Hence, a holistic view of
the production process is necessary
and the aspects “production hard-
ware” and “planning software”
have to be considered simultane-
ously. Thereby, the demands con-
cerning reliability, agility and flexi-
bility have to be fulfilled.

As in the beginning of the field bus
era, the WSN components are more
expensive than traditional sensors,
and customers always ask for cheap
components. But once again the right
answer is that the “total cost of own-
ership” is the appropriate measure
for the decision whether to install a
modern WSN or not. So it is expected
that autonomous distributed sensor
networks will spread in the field of
industrial automation soon. Addition-
ally it can be observed that for an in-
creasing number of manufacturing
companies, the basic purpose of au-
tomation has shifted from a mere in-
crease in productivity and the reduc-
tion of costs to broader issues such as
improving the quality and flexibility
in the manufacturing process itself.
Manufacturers are increasingly de-
manding the ability to easily switch
from manufacturing product A to
manufacturing product B or to switch
from high volume to “lot size one”
production without having to com-
pletely rebuild the production lines,
the equipments and – of course - the
automation system too!

In this issue of mstnews several arti-
cles deal with the subject, they often
refer to ongoing European projects.
In the article that follows Detlef
Zühlke et al describe a public-private
partnership’s initiative called
“SmartFactory”, which (besides oth-
er technical aims) promotes the ap-
plication of micro and nano systems
for flexible automation systems and
owns a demonstration plant to show
pilot installations to the public.
Stamatis Karnouskos et al present
the European research project
SOCRADES that aims at developing
methodologies, technologies and
tools for modelling, design and im-
plementation of networked systems
made up of smart embedded devices
generally (made of different tech-
nologies). Luis Redondo introduces
to the broad fields of possible appli-
cations of WSN technology. Other
articles describe first solutions with
WSN. Most of them are using the
IEEE 802.15.4 standard, especially
ZigBee, which seems to be the best
solution available now. E.g. Amit
Shah describes a solution for moni-

toring water quality in a big water
purification plant, while Alex Leonov
presents a solution for subsidence
monitoring of buildings with a few
hundred nodes located in several
buildings. In Mark Bijl’s article re-
sults of the European CoBIs project
are presented; the point was to de-
termine whether special drums with
hazardous liquids are stored in the
right place of a petrochemical plant.
Zach Shelby introduces a Finnish pro-
ject intended to meet the needs of
industrial automation of the future.

The four articles at the end of this is-
sue do not belong to the topic of
“Smart Factory” … not yet! 
But imagine what forward push the
industrial automation systems will
experience when the technologies
that are used in this field nowadays
will converge with bio and cognition
technologies!

Contact:
Dr. Hartmut Strese 
VDI/VDE-IT, Berlin, Germany
E-Mail: strese@vdivde-it.de
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to increasing cross-linking, miniaturiza-
tion and intelligence of systems.

Hence actors and sensors within indus-
trial scenarios will become ‘smart’,
which means that they posses integrat-
ed computing power with such low
power consumption that self-sufficient
functionality can be guaranteed for
years.

Furthermore, they will communicate
within a reconfigurable, wireless net-
work and integrated user interfaces
will only be necessary for basic func-
tionalities at the most. Operators, ser-
vice and maintenance personnel will
run more complex applications by mo-
bile devices, using PDA’s or Smart-
Phones, wirelessly and ad-hoc.

Framework
The public-private partnership of the
“Technology Initiative SmartFactoryKL

e.V.” was founded in June 2005. The
association has the purpose of sup-
porting the development, application
and propagation of innovative indus-
trial plant technologies in different
economic branches as well as provid-
ing a basis for their extensive usage in
science and practice. With its hybrid
demonstration plant in Kaiserslautern,
the SmartFactoryKL is the first European
vendor-independent demonstration
factory for industrial application of
modern information technologies.
Among the partners you find global
players (e.g. SAP, Siemens, BASF) as
well as SMEs with different expertise.
Thus different research topics were de-
fined: from ‘location based services’
(highly accurate positioning and navi-
gation systems with ad-hoc, multihop
mesh networks) via ‘communication
technologies’ (service-oriented archi-
tectures, web-based information ser-
vices and inter-operable data telecom-
munication) to the ‘virtual factory’ (op-

erating system for arbitrary plant com-
ponents and backtracking of modifica-
tions). As a matter of ‘human-machine
interaction’ the need for universal op-
erating devices as well as location and
device-independent information moni-
toring and interaction was found. Fur-
thermore, major research effort con-
centrates on micro and nano system
technologies described below.

Planning, programming and con-
trolling of micro/nano production 
processes 
Scaling products down to a few na-
nometers holds huge potential. Typi-
cal examples can be found in the

semiconductor industry, where high-
density integrated circuits are used.
Hence, nano products are character-
ized by their dimension (1 – 100
nano-meters) and properties, which
depend on size and shape rather
than on their substance. 

Over the past few years, Europe has
achieved a technological leadership in
the field of nano products due to vari-
ous research activities. In order to im-
prove competitiveness, not only new
materials, components and products
have to be developed, but also manu-
facturing and production need to be
focused on. Based on long-term con-

Figure 2: Integral view of the production 
process

Advertisement
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siderations, the economical production
of nano products is estimated to be
the key to market success. Therefore,
new planning instruments which sup-
port a holistic view of the production
are necessary besides appropriate
manufacturing processes. Thereby, the
demands on reliability and flexibility
have to be fulfilled. The goal of the re-
search project is to get an integral
view of the production process, repre-
sented in the design of a reference sys-
tem for the production of micro- and
nano-components and products. The
aspects “production hardware”, “plan-
ning software” and “process control”
have to be considered simultaneously.

Based on the goal of this project, sev-
eral tasks in the field of hardware and
software need to be accomplished. An
appropriate hardware layout and
structure that allows a modular design
has to be developed. In a parallel ap-
proach, a software system will be de-
signed that supports a holistic plan-
ning and guarantees the running pro-
cess. Compulsory tasks that must be
considered are explained below. 

The production of micro- and nano-
products requires flexible production
systems that can be adjusted to specific
applications. Future systems consist of
several micro-technical “production
modules” that can be combined into
different production processes. Every
production module possesses inter-
faces in reference to the flow of mate-
rial, energy and information. Within
this task, the internal structure and lay-
out as well as the module interfaces
will be defined. In order to handle the
discrete modules, appropriate micro-
handling devices and tools are part of
the research activities conducted.

On the one hand, the benefit of such
standardized modules is the possibility
of combining modules to fit various

production processes very easily. On
the other hand, in the case of a mal-
functioning module, it could be by-
passed or replaced without production
interruption. 

In order to ensure stability of produc-
tion processes, sensor concepts are nec-
essary which cope with the require-
ments of high precision and applicabil-
ity. Therefore, sensor hardware, inte-
gration concepts as well as analysis
methods for detecting upcoming trou-
bles and faults will be developed. 

As for nano production processes, the
measured physical values are equiva-
lent to normal process plants. Know-
ledge from this domain can be trans-
ferred for micro sensors detecting e.g.
volume flow, temperature, density or
pH value.

Micro- and nano-production processes
are represented by the two aspects
“production modules” and “process
description”. Production modules in-
clude physical elements as well as the
description of functionality which can
be specified by various parameters. In
contrast, based on the analysis of pro-
duction processes already realized, a
generic process description has to be
developed. This creates a knowledge
base containing a consistent language
of process elements for various pro-
duction steps. Therefore, it is applica-
ble to different production processes.
In order to realize micro- and nano-
manufacturing, elements of the de-
scription language are linked with the
functionality of the process modules
automatically.  

With such an abstract description of
the production modules, reactive be-
havior on variations of the produc-
tion (e.g. increased output) is one
given possibility. For the example the
assembly of additional modules
would solve the problem. Thus –
compared to conventional produc-
tion plants – micro versions allow a
design for average production in-
stead of peak production.

The reliability of production pro-
cesses depends mainly on diagnostic
capabilities and the ability to react
to troubles and faults. Errors have
to be detected by the developed
sensor concepts during runtime.
Moreover, the reactions are carried

out by an automatic system con-
nected with a knowledge base pro-
viding information about troubles
and faults as well as appropriate
compensation steps. In addition, op-
timization strategies are part of the
undertaken research as well. There-
by, the integration of optimization
algorithms identifies weaknesses
during runtime. By that process, the
efficiency of production process will
be improved continuously.    

Finally a planning and controlling sys-
tem will be developed integrating all
aspects described above and the plan-
ning steps mentioned. Hence, config-
uration contains the design of micro-
and nano-production processes by us-
ing the abstract “process description”
in a first step. In a second step, con-
crete production modules are as-
signed to execute certain tasks and
parameters will be set. Thereby, a vir-
tual model based on CAD data of the
production environment is created.
This provides various advantages, for
example the visualization of exchang-
ing production modules. Additionally,
monitoring presents the main infor-
mation of a running process. So, in-
formation can be shown either in a
close-to-reality view or in an abstract
process view. Furthermore, the plan-
ning step optimization includes all
settings to increase the productivity
of the production process. 

The entire concept will be tested with-
in typical production processes. It is
necessary to verify the developed
functionality of the production mod-
ules as well as the planning and con-
trolling system including compensa-
tion and optimization strategies.

Conclusion
The technology initiative
SmartFactoryKL e.V. is an ideal platform
for research projects. The project de-
scribed in this article represents an in-
tegrated concept for programming 
micro- and nano-technological process-
es. Modular hardware components in
conjunction with a simplified planning
process ensure fast, flexible and reli-
able production. Hence, more econom-
ical production processes can be set up.

Contact:
[zuehlke|floerchinger|pstephan|  
boedcher]@mv.uni-kl.de

Figure 3: Micro Tong Gripper with a guiding
mechanism based on flexure hinges
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Target of the SOCRADES project is
to work towards creating new
methodologies, technologies and
tools for the modeling, design, im-
plementation and operation of
networked systems made up of
smart embedded devices. Achiev-
ing enhanced system intelligence
by cooperation of smart embedded
devices pursuing common goals is

relevant in many types of percep-
tion and control system environ-
ments. In general, such devices
with embedded intelligence and
sensing/actuating capabilities are
heterogeneous, yet they need to
interact seamlessly and intensively
over a (wired or wireless) network.
In next generation industrial envi-
ronments, enterprise services will
be strongly interconnected with
the shop-floor activities and will be
able to directly access and cooper-
ate with the embedded systems
there in order to build more so-
phisticated services and support
more efficient approaches. 

As depicted in Figure 1, business
applications will be able to provide
a more accurate view based on re-
al-time data received from the de-

vices in a service-oriented way. The
middleware technologies under
development will be based on the
Service-Oriented Architecture
(SOA) paradigm, will be neutral
with regard to networking tech-
nologies, and will provide open in-
terfaces enabling interoperability
at the semantic level. As depicted
in Figure 2, services will be encap-
sulating device-specific functionali-
ty, which is advertised to the out-
side world, so as to be located and
invoked by other networked de-
vices and/or applications, without
the latter being aware of how the
functionality is actually implement-
ed. 

Moreover, manufactured pieces of
equipment may also provide the
same service vision. This will lead

Towards Service-oriented Smart Items in Industrial
Environments
Stamatis Karnouskos1, Armando Colombo2, François Jammes2 and Martin Strand3

We are moving towards the “In-
ternet of Things”, where each de-
vice will be smart, interconnected
and collaborate with other smart
devices and business services. Such
service-oriented infrastructures
emerge slowly also in the industri-
al domain and will revolutionize
business processes and capabilities
of industrial IT landscape. Under
the coordination of Schneider
Electric, several Industrial partners
(among others SAP, ABB,
SIEMENS, Jaguar, Boliden, ARM
etc) have joined forces with top
European Universities and insti-
tutes in order to investigate and
deliver a Service-Oriented Cross-
Layer Infrastructure for Smart Em-
bedded Devices (SOCRADES) that
can be used in real-world industri-
al environments. 

Figure 1: Connecting Enterprise Services with the Shop Floor

www.pi.ws/hybrid
Physik Instrumente (PI) GmbH & Co. KG · Phone +49 721 4846-0

Positioning Systems with Hybrid Piezo Drive

Extreme Precision over
Long Distances
� Nanometer Resolution � 100 mm Travel � Velocity Control

Advertisement

1SAP Research, 2Schneider Electric, 3ABB
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to seamless integration also with
business services running in state-
of-the-art enterprise systems and
empower them. The service-orient-
ed ecosystem envisions networked
systems that are composed from
smart embedded devices and smart
manufactured pieces of equipment
interacting with the physical and
enterprise environment, pursuing
well-defined system goals.

As demonstrated in Figure 1, the
adoption of a uniform service-ori-
ented communication infrastruc-
ture at all levels of an industrial
enterprise, down from the "shop
floor" up to the "top floor". At the
device and manufactured pieces of
equipment level, it allows them to
expose high-level service inter-
faces, using protocols of the same
web service family as those em-
ployed by higher-level business
processes. This evolution is made
possible by the unprecedented and

ever-increasing horsepower that
can be incorporated into very tiny
and cheap processing components.
Harnessing this computing power,
devices of all kinds gain more and
more intelligence. 

In SOCRADES we follow two ap-
proaches i.e. one that focuses on
device-centric functionality at the
lowest level of the embedded de-
vice hierarchy, i.e. sensors and ac-
tuators, and another that adopts a
service-oriented view in order to
cut across, not only all levels of the
embedded device hierarchy, but al-
so the higher-level business pro-
cesses of which the device-level
processes are a constituent part.
Major objectives in this context are
to allow devices to directly commu-
nicate, both amongst themselves
and with applications, through the
same service-oriented high-level
communications infrastructure.
Wireless communication is particu-

larly addressed as a mean to in-
crease the flexibility and agility of
the communication infrastructure.
The SOCRADES approach is largely

technology-neutral and is highly
generic in nature. It is therefore
applicable to a wide range of de-
vices, not only in the industrial au-
tomation sector, but also in adja-
cent domains like home automa-
tion and building automation. The
service-based communication in-
frastructure is also applicable to
devices in disparate technology do-
mains, e.g. automotive, telecom-
munications, medical instrumenta-
tion, telemetry or even consumer
electronics. This wide application
perspective and the corresponding-
ly achievable economy of scale cre-
ate an opportunity for the devel-
opment of a generic electronic
component capable of supporting
the intelligence of a wide variety
of devices with a broad spectrum
of usage requirements, including
those of low-power wireless sen-
sors. Therefore, the SOCRADES pro-
ject includes an architectural de-
sign study with the objective of
proving the feasibility of realizing
a wide range of linearly scalable
processor performance. This design
study will be based on the ARM ar-
chitecture, which is very widely
used in embedded devices and has
been designed from the outset for
low-power consumption. Further-
more, the consortium is composed
of several leading companies in
their domain, which will guarantee
the wide spectrum of applicability
of the concepts for embedded de-
vices developed within the project.
Finally, live demonstration scenar-
ios are planned that will validate
the technology and the approaches
in real-world industrial environ-
ments.

Contact:
Stamatis Karnouskos
SAP Research Center CEC Karlsruhe
Vincenz-Priessnitz-Strasse 1
D-76131 Karlsruhe, Germany
Phone: +49 721 690215
Fax: +49 622 77845799
E-Mail: stamatis.karnouskos@sap.com
www.sap.com

Figure 3:  Smart Embedded Devices for a wide spectrum of applications

Figure 2: Web-service oriented decentralized Architecture
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Wireless Sensor Networks
A Wireless Sensor Network (WSN) is a
network of multiple autonomous
nodes that are able to wirelessly ex-
change information with each other
and organize themselves in a network.
Each node has a processor, memory
capacity, communication capability
and an energy source, e.g. a battery.
Using various sensors, a node can col-

lect environmental data and is able to
trigger events in its surroundings. Con-
nected to an external network via a
gateway, the WSN can link to e.g. an
Enterprise Resource Planning (ERP) sys-
tem.

The nodes often measure only a few
cm2 (see Fig 1) – their size primarily
constrained by the size of the energy
source – and can communicate up to a
couple of hundred of meters. Though
dependent on its exact specification
and use, a node’s lifetime is in the
margin of years, which will increase in
the years to come due to technologi-
cal advances, such as energy harvest-
ing.

Maturing its way to the market and
no longer the sole domain of research
projects, WSN technology has reached
the point where it enables companies
to facilitate an increase in the efficien-

cy and effectiveness of its processes,
but furthermore provides an unheard-
of opportunity to innovate.

WSN technology can be considered as
the next step of the more commonly
known Radio Frequency Identification
(RFID) technology. However, where
passive and active RFID applications
are mainly used for relatively simple
identification solutions, WSN technol-
ogy offers much more sophisticated
functionality besides the unique ID of
an object.

Basically, this functionality can be di-
vided into two areas: Monitoring &
Control (M&C) and Tracking & Tracing
(T&T). 

Functionality 
M&C deals with extracting informa-
tion from the environment and trig-
gering actions within that same envi-

Wireless Sensor Networks - Key to Unlocking the
Smart Factory
Hans Schaap and ir. Mark J.J. Bijl

Proper management and control of
production processes is vital in a
modern economy and often boils
down to two issues; Quantity: a
growing volume of worldwide cus-
tomers requires a continuous in-
crease in production capacity. Qual-
ity: market demands result in strin-
gent requirements for better prod-
ucts and services against lower
costs. These factors force compa-
nies to continuously optimize and
improve their production processes.
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ronment. WSN nodes used for moni-
toring are equipped with sensors that
provide information about e.g. tem-
perature, pressure, or the presence of
a specific chemical substance in the
air. When a node is used for control-
ling, it is equipped with actuators that
affect the environment. Also, M&C
functionality in a WSN makes it possi-
ble to execute business rules at the
place of action without intervention
of external systems, effectively bring-
ing ICT systems one step closer to the
physical realm. For example, consider
storage of climate-dependent materi-
als. A node equipped with a tempera-
ture sensor can be attached to the
container holding the material. A lo-
cally run business rule could be for the
node to generate an alarm, when the
temperature exceeds a certain thresh-
old.

T&T is about following the current
and past whereabouts of an object. By
using a number of WSN nodes as ref-
erence points, WSN technology makes
it possible to keep track of e.g. pallets,
fork lifters, etc. Coarse-grained loca-
tion information can be provided by a
few nodes already, providing e.g. in-
formation about in what building an

object currently is, whereas additional
nodes can provide more fine-grained
location information, making it possi-
ble to also find out where in the build-
ing the object is.

Application domains 
The functionality offered by a WSN
provides a considerable amount of ap-
plications in multiple domains, such as
home and office environments, logis-
tics, etc. Within the domain of the fac-
tory and its production processes, the
WSN enables the Smart Factory.

By facilitating better management of
resources, a WSN increases the effi-
ciency and effectiveness of production
processes. Automatic cooperation be-
tween these resources, e.g. production
machines, rack robots, order pickers
and dynamic storage or inventory con-
trolling systems, together with remote
and instantaneous configuration of
machines, optimize the production
planning. Real-time information, i.e.
state and location of objects, is always
available; condition of essential equip-
ment is automatically monitored and
preventive warnings of impeding
faults are given. Tracking and tracing
of raw materials, tools and other
equipment, e.g. fork lifters, eases
management of highly mobile re-
sources.

But one very important aspect of WSN
technology is that it provides tremen-
dous opportunities to innovate, thus
adding functionality to existing ser-
vices or enabling new ones. For exam-
ple, as the WSN provides tracking, it
can assist in case of loss or theft of ob-
jects. Also, the safety of workers can
be improved by advanced monitoring
facilities. These can be used to keep
track of the amount of time an em-
ployee is in hazardous areas or uses
heavy machinery.

Example Application Scenarios
BP’s petrochemical plant in Hull (UK)
applies strict business rules to deal
with multiple hazardous liquids; they
are stored in special drums that are
only allowed in specific safety areas.
Furthermore, some types of chemicals
are not allowed to be stored with oth-
ers. By equipping the drums with a
WSN node, it ‘smartens up’. As a re-
sult, when such a Smart Drum is too
close to another drum - causing a po-
tentially hazardous situation - or it en-
ters the wrong area, the Smart Drum
immediately triggers an alarm on the
drum itself and goes about informing
a central control station or raising a
factory alert.

This case is a result of the European
CoBIs research project that was initiat-
ed by European universities, end-users
and WSN providers. The case is an ex-
ample of innovative monitoring func-
tionality and illustrates how business
rules are implemented within a WSN
in order to improve overall safety.

Another case illustrates a specific ex-
ample of an M&C application. Ma-
chine to machine (M2M) communica-
tion for copiers reduces the costs of
periodic maintenance and prevents
unexpected failure. In this case, the
copiers are equipped with WSN nodes.
Through the network formed by the
Smart Copiers, the individual nodes
provide status information, such as
power on, malfunction or resource de-
pletion, to the gateway that is con-
nected to an ERP system. As a result,
machine information is monitored au-
tomatically and real-time, effectively
preventing the copiers from failure via
advance warnings. M2M also enables
end-users to remotely configure or re-
configure machines in an easy way.

The latter case describes a ‘sensorised’
winery (see Fig 2); the vats in which
the wine is fermenting are actively
monitored to ensure high quality
products. As soon as the wine reaches
optimum fermentation, it can be
transferred to the bottling and stor-
age area. As a result, vat usage can be
improved, which results in an increase
of production. The system is also able
to observe and warn against mould.
This case is a target scenario of the Eu-
ropean e-Sense project.

Figure 2: Example of the sensorized winery
(copyright e-Sense, from public deliverable
D1.2.1)

Figure 1: Ambient SmartTag (copyright Ambient Systems B.V.)
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Standardization  
WSN technology is at the beginning of
the technology adoption lifecycle; the
cases above are just a few examples of
many and only briefly illustrate the
tremendous opportunities offered.
However, before the market accepts
this technology en masse, it needs to
prove itself. More business cases that
fulfill the need of a specific market seg-
ment are required to prove this reliabil-
ity. Furthermore, in order to obtain
market acceptance, standardization of
WSN technology is a necessity.

The objective of standardization has to
be that WSN products of different ven-
dors are able to interact with each oth-
er and that WSN products are able to
seamlessly interact with third-party
software. This will facilitate further de-
velopment of application domains -
such as the Smart Factory - and WSN
technology alike, and ease the integra-
tion of processes between different
(geographically distributed) parties
within production and logistic process-
es. However, within the area of WSN
technology, standardization initiatives

are not yet that advanced; a start has
been made by IEEE, the ZigBee Alliance
and the GS1 EPC Global, focusing on
communication protocols and content.
Within CoBIs, the focus was on creating
a collaboration framework.

The ZigBee Alliance is an organization
of companies that work together to
enable reliable, cost-effective, low-
power, wireless networked, M&C prod-
ucts based on an open global standard.
The standard provides a technical speci-
fication of the ZigBee platform, which
consists of two layers; the ZigBee stack
and the IEEE 802.15.4 physical layer.

The GS1 System of Standards is the
world’s most widely used supply chain
standards system. One of the key prod-
uct areas is the GS1 EPC Global. The
mission of EPC Global is to make orga-
nizations more efficient by enabling
true visibility of information about
items in the supply chain. The well-
known Electronic Product Code (EPC) is
used by RFID tags for identification
purposes.

Conclusion 
The application areas of WSN technol-
ogy are numerous and widespread;
they also enable the Smart Factory.
The next step for obtaining worldwide
market acceptance is to prove reliabili-
ty and standardize WSN content, com-
munication and interfaces in order to
provide interoperability. Current stan-
dardization initiatives provide a good
starting point for further develop-
ment, but cooperation between WSN
providers and end-users will create the
standard the market demands. The re-
sult is an enabler of WSN applications
and thus an enabler of the Smart Fac-
tory. 

Contact:
Hans Schaap & Ir. Mark J.J. Bijl
Ambient Systems B.V. 
Capitool 22
7521 PL, Enschede, The Netherlands
Phone: +31 53 4614702

+31 6 45604403 (mobile)
Fax: +31 53 4500233
E-Mail: mark.bijl@ambient-systems.net
www.ambient-systems.net
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A global wireless automation 
standard
During the past decade, in which
wireless has slowly spread to au-
tomation, the technologies applied
have been vastly proprietary. Wire-
less products released by individual
companies or small consortiums have
ranged from simple FM transceivers
to highly complex 2.4 GHz digital ra-
dios. The lack of global wireless stan-
dards in industrial automation has
badly fragmented the market and
slowed down developments in the
area. With the first release of the
IEEE 802.15.4 standard in 2003, the
use of wireless in embedded applica-
tions is set to explode. This standard
provides a simple, fairly robust, low-
power, ad hoc, global wireless inter-
face. The 802.15.4 standard is often
wrongly referred to as ZigBee, which
is just one protocol stack that makes
use of the radio. The standard can al-
so be used stand-alone for simple ap-
plications, or with IP. Bluetooth and
WiFi have also become popular for
automation, especially in point-to-
point or point-to-multipoint applica-
tions, where throughput is impor-
tant, but robustness and power con-
sumption are not. 

The requirements of industrial au-
tomation sometimes go beyond the
robustness and data rate capabilities
of the original 802.15.4 standard.
The IEEE 802.15.4a extension is cur-
rently finalizing standardization.

Two different techniques are of-
fered: Chirp Spread Spectrum (CSS)
and Ultra Wideband (UWB). The CSS
version offers higher data rates to-
wards 1 Mbps and a wider band-
width with better robustness. The
UWB mode offers even multi-Mbps
rates, resistance to multi-path fading
and interference, along with ex-
tremely accurate positioning based
on time. Both techniques have po-
tential for making the IEEE 802.15.4
the perfect match also for industrial
applications.

Ad hoc networking 
The planning, installation and main-
tenance of a wireless industrial au-
tomation system is not a trivial task.
Mistakes in communication design
may bring substantial losses through
equipment damage, personnel in-
juries, loss of raw materials and envi-
ronmental pollution. An industrial
automation system contains a large
number of sensors, actuators and
other devices that have different
message processing and communica-
tion capabilities, but, despite of that,
the need to exchange information
among them. In such a case, design-
ing communication becomes a com-
plex issue and requires extensive en-
gineering efforts. Recent standards
give an excellent start towards wire-
less automation systems. ZigBee
makes use of the IEEE 802.15.4 radio
standard, adding application pro-
files, auto-configuration and mesh
routing. The Internet Protocol is also
following on the tail of ZigBee’s suc-
cess, with a new IPv6 over IEEE
802.15.4 standard called 6lowpan
promising real IP connectivity down
to the simplest sensor. The features
planned are similar to ZigBee, but as
an open standard with transparent
Internet interoperability. Up till this
point the main focus of ZigBee and
6lowpan has, however, been on
home and building automation.
Many features critical to industrial
applications, such as dynamic inter-
ference avoidance, data robustness,
and real-time support, are not yet
available.  

The wireless communication system
itself should also be self-configuring
and adaptive to the environment.
Currently many different radios can
share the 2.4 GHz ISM band. In such
an environment the question of co-
existence between these systems be-
comes important. For instance, a
WiFi network can constitute an effi-
cient jammer for an IEEE802.15.4
network operating at the same fre-
quency band. Also the industrial en-
vironment can interfere with the ra-
dio signals. To cope with the situa-
tion intelligent radio resource man-
agement is needed. The systems
should be able to dynamically adjust
the utilized frequency bands to avoid
interference. Extra robustness to the
communication can be obtained by
increasing the redundancy of the da-
ta e.g. via error control coding or by
utilizing several paths to transmit the
data at the network layer. 

The work of automation engineers
can be facilitated by deploying mid-
dleware, which bridges the gap be-
tween applications and low-level
constructs. A complete middleware
solution should contain a runtime
environment that supports and coor-
dinates multiple applications, and
standardized system services such as
data aggregation, control and man-
agement policies adapting to target
applications, and mechanisms to
achieve adaptive and efficient system
resource use to prolong the sensor
network’s life. New standards, mid-
dleware solutions and development
tools will considerably decrease the
complexity of current wireless sensor
and actuator systems. However, it is
foreseen that demanding safety or
time critical applications remain be-
yond the scope of off-the-shelf plug-
and-play solutions and their design
and implementation requires signifi-
cant control and communications en-
gineering effort.

Support for the control process
Wireless in the automation industry
is a hot topic nowadays; however it is
still in its infancy. The automation in-
dustry is rather conservative, and

New Trends in Wireless Sensor Networking for 
Industrial Automation
Zach Shelby and Riku Jäntti

In this article, the most recent
trends in wireless networking for
industrial automation are consid-
ered. The possible gains offered by
ubiquitous wireless systems aiding
in control and business systems are
immense. However, up until the
past few years the technologies of-
fered have been highly proprietary
and limited in ad hoc functionality.
The new possibilities offered by the
IEEE 802.15.4 standards, ZigBee,
and advanced radio resource man-
agement are examined. Finally, the
compatibility of wireless technolo-
gy and classic control systems is
pondered.
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