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1. Project summary
The goal of the SOCRADES project is to create new methodologies, technologies and tools for the modelling,
design, implementation and operation of networked hardware/software systems embedded in smart
physical objects. The smart embedded system is to be applied in perception and control systems in
intelligent environments, in which enhanced system intelligence is achieved by co‐operation of smart
embedded devices pursuing common goals.
These devices with embedded intelligence and
sensing/actuating capabilities are expected to be heterogeneous yet they need to interact seamlessly and
intensively over a network (wired/wireless).
The middleware technologies to be developed in this project will be based on the Service‐Oriented
Architecture approach, will be generic to any networking technology or transmission medium, and will
provide open interfaces that enable interoperability at the semantic level to any third party. A SOCRADES
service will be implemented as a software component that encapsulates device‐specific functionality. This
functionality is advertised to the outside world, in order to be located and invoked by other networked
devices and/or applications, without the latter being aware in any way of how the functionality is
implemented.
The SOCRADES approach is to create system intelligence by a large population of small and smart
networked embedded devices at a high level of granularity, as opposed to the traditional approach of
focusing intelligence on a few large and monolithic applications. This increased granularity of intelligence
distributed among loosely coupled intelligent physical objects facilitates the adaptability and
reconfigurability of the system, allowing it to meet business demands not foreseen at the time of design.
Focus from a functional perspective will be in managing the vastly increased number of intelligent devices
and the associated complexity. Focus from a run‐time infrastructure view will be on a new breed of very
flexible real‐time embedded devices (wired/wireless) that are fault‐tolerant, reconfigurable, safe and secure.
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2. Project objective(s)
State of the
art and
current
limitations

Currently, intelligent systems based on distributed embedded devices concentrate the
programming of the behaviour and intelligence on a handful of large monolithic computing
resources accompanied by large numbers of dumb devices. The intelligence and behaviour
are tailored and individually programmed for each application. Likewise, interfaces and
communication links between devices are custom‐built in house to meet application‐specific
requirements for interactions and QoS.
Such kinds of tightly coupled distributed systems introduce serious shortcomings for the
deployment of new systems and for the reconfiguration of existing systems in order to meet
evolving user and/or business needs. Firstly, there is a need to (re) program and maintain
the large and complex computing systems where the system behaviour and intelligence is
concentrated. Secondly, serious interoperability issues exist that need to be addressed on a
case‐by‐case basis. Thirdly, the QoS of communication links between devices is not
deterministic thus yielding unpredictable system behaviour, especially with wireless
systems, which are important to facilitate reconfiguration. Lastly, there is poor or no
integration of device level information with enterprise systems.
What is expected from future intelligent systems is:
• Seamless interaction between embedded systems and the physical environment.
• Elimination of cabling enabled by wireless technologies.
• Predictable QoS in wireless environments that meets the real‐time requirements of
demanding sensor/actuator networks.
• Interoperability between heterogeneous devices deployed in various platforms and
networking technologies.
• Autonomous and intensive collaboration between intelligent components embedded in
smart devices.
• System intelligence built by aggregating the incremental intelligence offered by small
smart devices.
• Autonomous system reconfiguration by adding/ removing/ replacing/ composing smart
embedded devices with incremental system intelligence.
• Seamless integration into enterprise systems.
• Systematic methods and semi‐automatic tools for engineering overall system behaviour.
As reported by David A. Patterson in the April 2005 (Vol. 48, No. 4) issue of the
Communications of the ACM (Association for Computing Machinery), Security, Privacy,
Usability, and Reliability (SPUR) are the main challenges for the next century. This report
contends that the academia funded by the government and the industry have to run related
research projects. In this respect, the National Science Foundation (NSF), the Department of
Defence (DoD) and the Advanced Research Projects Agency (DARPA) are designated as the
major US funding organisations. For the area of embedded systems, it is explicitly stated
that the large companies like Microsoft, Oracle, Dell, Cisco, etc. only invest for the near
future (3 to 5 years), but not for longer‐term research. Only IBM has increased their budget
in the area of interest to SOCRADES. The report therefore states that “Hence, it appears the
industrial portion of the innovation partnership has not kept pace, and so we must rely
more on government‐funded academic researchers to perform long‐term research in the 21st
century”. Indeed, it seems that the major US projects related to embedded systems are
government‐funded. Among others the following larger activities are worth mentioning:
•

ACM Special Interest Groups (SIG): the Special Interest Group on Embedded Systems
(SIGBED) focuses on all aspects of embedded systems including both software and
hardware. SIGBED supports educational, technical, professional and scientific
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advancement in all aspects of embedded computing. Areas of special interest are e.g.
mathematical foundations for embedded systems, embedded system design
methodologies, model‐based generation and integration technology, models of
computations, real‐time systems, architectures and compilers, networked embedded
systems and wireless sensor networks, hardware architectures and secure embedded
systems.
The Morphware Forum, a joint activity of the participants in the Polymorphous
Computing Architectures (PCA) program of the Defence Advanced Research Projects
Agency (DARPA), as well as other interested developers of embedded computing
hardware, software, and application technology. The purpose of the Morphware Forum
is to define an open, portable software environment for the development of high
performance applications on PCA platforms.

Reviewing available information on funded US research projects, the following topics are
related to SOCRADES:
• Wireless communication between mobile embedded systems
• Co‐ordination and co‐operation between embedded systems which perform together an
common application
• New algorithms for discrete distributed control
• Self organising sensor/actor networks
• The topics referred to above for SIGBED
It seems quite obvious that SOCRADES is, on one hand, dealing with the main challenges of
today’s embedded systems research areas and, on the other hand, undergoes strong
competition from the US programs funded by the NFS, DoD and DARPA.
Scientific
and
technological
objectives

The scientific and technological objectives of SOCRADES are to create a service‐oriented
ecosystem where intelligent networked systems are composed of wired/wireless smart
embedded devices that interact with the physical environment and with the enterprise
environment pursuing well‐defined system goals.
By taking the granularity of intelligence to the device level, intelligent system behaviour is
achieved by composing configurations of devices that introduce incremental fractions of the
required intelligence. This approach enhances rapid reconfigurability, as there is no need for
software re‐programming of large monolithic systems but rather a reconfiguration of loosely
coupled embedded units. Auto‐configuration management is a new challenge, but it is
based on basic plug‐and‐play and plug‐and‐run mechanisms. These are known from
fieldbus and PC systems. In order to improve the agility of deployment and reconfiguration,
wireless technology for embedded devices is of particular interest, with emphasis on low
power consumption and predictable QoS. Interoperability of widely heterogeneous devices
is provided by following a ubiquitous service‐oriented approach, which provides opaque
interfaces and facilitates discovery and composition of resources. Interoperability at the
semantic level is enabled by employing machine‐interpretable semantic mark‐up, which is
used by intelligent physical agents to reason and infer the skills and services offered by
other devices, and collaborate towards common goals. Managing semantic interoperability
and auto‐configuration is definitely an ambitious task. Starting points are fieldbus device
profiles, which have a common foundation in the IEC 62390 Device Profile Guideline.

Wireless
technology

Wireless technologies can significantly facilitate deployment and reconfiguration by
eliminating the need for installing and maintaining cabling, reducing both costs and time.
The shortfall of industrial adoption of wireless technology is due to its lack of maturity,
failure to provide real‐time performance and lack of reliability metrics comparable to those
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of wired networks.
One of the main objectives of the project is therefore to specify new wireless communication protocols
that provide the required reliability, safety, security and real‐time parameters for embedded devices.
Associated to this objective is the specification of middleware that encapsulates the different
mechanisms to offer specific QoS provisions and the different underlying wireless technologies.
Web
Services for
intelligent
embedded
devices

The umbrella paradigm underpinning novel collaborative system design approaches is to
consider the set of intelligent system units as a conglomerate of distributed, autonomous,
intelligent, pro‐active, fault‐tolerant and reusable units, which operate as a set of co‐
operating entities. Typically, each entity is constituted of hardware, sensing/actuating
resources, control software and embedded intelligence. These entities are capable of
working in a pro‐active manner, initiating collaborative actions and dynamically interacting
with each other in order to achieve both local and global objectives, down from the physical
machine control level up to the higher levels of the business process management system.
The use of the service‐oriented architecture (SOA) paradigm, implemented through Web
Services technologies, at the ad hoc device network level enables the adoption of a unifying
technology for all levels of the enterprise, from sensors and actuators to enterprise business
processes. The benefits of service‐orientation are conveyed all the way to the device level,
facilitating the discovery and composition of applications by re‐configuration rather than re‐
programming. Dynamic self‐configuration of smart embedded devices using loosely‐
coupled services provides significant advantages for highly dynamic and ad hoc distributed
applications, as opposed to the use of more rigid technologies such as those based on
distributed objects.
A key goal of SOCRADES is therefore to specify a service‐oriented framework for device‐level
infrastructures, where system intelligence is implemented by intelligent physical agents embedded in
smart devices.
To realise this goal, it is necessary to:
• Specify and implement an enhanced version of the device‐level SOA infrastructure –
based on the Devices Profile for Web Services (DPWS) – for encapsulating intelligence
and sensing/actuating skills as services, as well as to specify associated frameworks for
management and orchestration of device‐level services.
• Define a methodology for describing services with semantic mark‐up that can be
interpreted and processed by agents (Semantic Web Services), for the discovery,
selection and composition of resources.
• Specify a framework for service‐enabled intelligent physical agents.
Under the premises addressed above, the role and extent of control will be:
• Discrete sequence control (PLC/ SCADA)
• Efficiency of DPWS (performance, latency, security…)
• DPWS interface to WSN / wireless nodes

•

Enterprise
integration

Closed‐loop control (DCS)
• Networked wireless control
• Device‐level control and communication design and architecture

The application of the SOA paradigm and Web Services technology, as proposed in
SOCRADES, results in a single unifying application‐level communications technology
across the enterprise.
A fundamental goal of SOCRADES is to enable the integration of device‐level services with
enterprise systems.
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This goal will require the definition of new integration concepts taking into account the
emerging requirements of business applications and the explosion of available information
from the device level. Of particular interest is the availability of real‐time event information,
which will be used to specify new enterprise integration approaches for applications such as
business activity monitoring, overall equipment effectiveness optimisation, maintenance
optimisation, etc.
In this context, control at higher level than real‐time front‐end will facilitate that enterprise‐
level systems (ERP, MES, …) send non real‐time asynchronous commands to the automation
system (such as manufacturing orders) and receive events (such as diagnostic information).
System
engineering

Considering the users of the type of distributed embedded systems covered by SOCRADES,
it is necessary to support application design, simulation and monitoring of real‐time
intelligent embedded components. Simultaneously, it is necessary to support the integration
of these devices with higher‐level business process systems (enterprise dimension), with
supply chain partners (value/supply‐chain dimension) and within a lifecycle engineering
context (lifecycle dimension). Furthermore, the explosion in number of embedded devices
will require new tools and methods for managing a new degree of complexity.
Within this area, a goal of SOCRADES is to specify systematic approaches and engineering tools that
will facilitate the engineering of the overall system behaviour. In agile and mobile embedded systems,
the borderline between engineering and run time blurs, that is, the run time system and the
engineering system are mutually related parts of a single system. Additionally, the semantic level of
configuration has to be supported by the engineering platform. Starting points for these tasks are
device models and meta‐models combined with knowledge‐oriented information representation.

Scientific
and
technological
state of the
art.
Position of
SOCRADES
in different
scenes

Schema A below shows the positioning of the SOCRADES approach from the point of view
of the functionality of cross‐layer ICT infrastructures, when they are mapped into the ICT
technology progress.
This SOCRADES position is founded on the existing technologies (particularly those offered
by the partners), and based on the new developments that the project will support and on
the planned academic research work
Considering the expertise and know‐how of the SOCRADES partners, the following table
presents a first description that distinguishes between existing technologies to be used and
new developments (both scientific and technological) and academic research work.
Existing technologies:
• DPWS (developed in the European ITEA SIRENA project, http://www.sirena‐itea.org)
• WSN hardware platform
• Distributed control theory
• Discrete‐event systems and Petri Nets
• Collaborative agent‐based control and automation technology
• Object‐oriented analysis, design, platforms
• W3C standards, in particular those related to XML and Web Services
• OASIS standards, e.g. WS‐Security, BPEL and WSDM
• Knowledge management (models and languages e.g. RDF, OWL)
New developments:
• Extensions and enhancements of DPWS (e.g., performance, security, hardware
integration), orchestration engine, …
• Wireless closed‐loop component (middleware, SOA interface, API …)
• Distributed real‐time, dependable automation platform
• Integration platform between DCS and MES/ERP levels (level 2 and 3/4 of IEC 62264)
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Service oriented information platform
Wireless ad‐hoc platform
Application design, simulation and monitoring of real‐time distributed automation
components from the control perspective (control dimension)
Support the integration of devices with higher‐level business process systems
(enterprise dimension), with supply chain partners (value/supply‐chain dimension) and
within a lifecycle engineering context.

Academic research:
• Semantic Web Services
• Real‐time distributed simulation
• Formal specification of distributed intelligent systems
• Networked wireless control
• Semantic definitions and mapping to existing technologies
• Specialisation of description technologies
• Extending (mathematics oriented control) of control theory to technical and
organisational processes
• Engineering tool integration technologies (no new tools, co‐operation of existing tools)
SOCRADES position on the industrial scene
From a global industrial R&D perspective, the SOCRADES industrial consortium represents
current technology developments. For example:
• OPC
• PROFIBUS User Organisation
• ecl@ss, PROList
• FDT Group
From an individual industrial viewpoint, the main European companies in the value chain
are partners of the project and, additionally, the consortium represents the interests of
world‐leading companies with regard to the projectʹs R&D topics.
SOCRADES position on the European R&D scene.
Potential synergy between SOCRADES and the EU ARTEMIS Initiative is already under
analysis and the partners plan to initiate contacts during the first 18 months of the project
duration in order to further advance this relationship.
Similar plans are under consideration with respect to the RUNES project (www.ist‐
runes.org) and the EU NoE ReSIST (http://www2.laas.fr/RESIST/). Particularly in the case of
RUNES, a project co‐ordinated by Ericsson AB (another leading European ICT company), a
comparison of approaches and potential commercial developments is planned in order to
distinguish project objectives and possible results.
SOCRADES partners are/were involved in the projects: EU FP6 IP VAN, EU FP6 STREP RI‐
MACS, EU FP6 STREP InLife, EU FP6 NoE I*PROMS, EU FP6 PABADIS Promise, COBIS,
PROMISE, IMS NoE. This participation is currently ensuring continuity between already
started or just finished EU funded R&D and the SOCRADES IP. Moreover, former European
projects like NOAH, PROTEUS and SIRENA, have already been considered during the
generation of SOCRADES and many of their results taken as a basis for proposing new R&D
activities. Furthermore the outcome and current status of those (terminated or ongoing)
research projects will be stated and provided in the SOCRADES state‐of‐the‐art.
National projects are also being monitored by the project partners, e.g., IMPRONTA (TUT,
Finland), ProduFlexil (Schneider, Germany), among others.
SOCRADES position with respect to the EU‐USA collaboration in the ICT‐area
The United States and Europe share common concerns for renewing and protecting societal‐
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scale critical infrastructures such as power grids, transportation systems, telecommunication
infrastructure, health‐care systems, and safety‐critical manufacturing systems (e.g., chemical
manufacturing). The ubiquitous use of Information and Communication Technologies (ICT)
has pervaded critical infrastructures, rendering them more intelligent, increasingly
interconnected, complex, interdependent, and therefore more vulnerable. They are global
and geographically distributed beyond any jurisdictional or governmental boundary.
The US and EU have initiated a series of workshops contributing toward increased
collaboration and joint roadmapping of research areas on protection of critical
infrastructures and on large scale ICT‐based control and real‐time systems.
In this context, having a consortium with an unprecedented constellation of all major
European ICT players of the industrial value‐chain and the participation of leading
European research and academic institutions, SOCRADES intends to play a major role on
the European side, e.g., influencing on current planned activities like:
1. Joint roadmapping of research activities between the US and EU in areas of common
importance in the ICT domain (e.g., technology for compositional system architectures, ad‐
hoc networking, Service‐oriented Architectures, design and implementation technologies for
the development and composition of embedded adaptive systems, etc.
2. Seek concrete co‐operation mechanisms that pave the way for future joint events and
activities like overseas benchmarking opportunities and instruments for visionary shared
research programs.
US groups and R&D‐initiatives are being considered to initiate the SOCRADES WP1 (Trend
screening, requirements, state‐of‐the‐art and technology assessment).
For example:
• The Embedded Networks and Applications Lab (ENALAB) (see
http://www.eng.yale.edu/enalab/).
• The MANET working group (see http://www.ietf.org/html.charters/manet‐charter.html)
• The Network Embedded Systems (NES) (see http://chess.eecs.berkeley.edu/nes/)
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Schema A. Position of SOCRADES in the technology progress
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4. Relevance to the objectives of the IST/Embedded Systems activity
objectives
4.1 Relevance to Priority 2.5.3
The relevance of the SOCRADES proposal to the objectives of IST Call 5 is fully addressed to the priority
2.5.3 ʺEmbedded Systemsʺ. Here, special focus is given to the development of generic technologies for
middleware and platform solutions to build secure, swarming and fault‐tolerant networked embedded
systems that enable the collaboration of heterogeneous physical objects in achieving a given goal.
The following table shall help to give a comprehensive overview of the key aspects that are of relevance in
this matter:
Content of the Call

Relevance of the proposal

1.

Bring together different types of communities from the
IST user and supplier, from academia and research
laboratories, and from large as well as from small
companies on basis of an integrated approach (IP).

SOCRADES is an IP that fully addresses the
technological objectives and strategic business
perspectives of the European IST community. This
will be underlined by the collaboration of four of the
most important players in the European IST business
like ABB, Schneider, Siemens and SAP, which
decided to cooperate with universities, research
centres as well as with large and small sized
industrial partners from different application areas to
develop breakthrough technologies in the domain of
control and process automation based on intelligent
networked embedded systems in collaborative
environments.

2.

Develop the next generation of technologies, methods
and tools for the implementation and operation of
networked embedded systems to increase intelligence
(ambient intelligence) and to enable the co‐operation of
heterogeneous physical objects aiming to achieve a
common goal.

3.

4.

SOCRADES will develop generic technologies,
methods and tools capable of enabling a wide
spectrum of networked embedded systems to interact
and cooperate in wired and wireless networks,
directed by common goals. Emphasis is placed on
increased granularity of embedded intelligence
distributed among loosely coupled intelligent
physical objects, according to the service‐oriented
While developed technology must be generic, it must
architecture paradigm. This requires innovative tools
be driven by ambitious future applications covering
and methodologies for managing interaction and
not only information handling but also perception and
collaboration from the sensor/actuator level to high‐
control.
level business processes.
Creation of new computing paradigms, which are
network‐centric and not device‐specific,
dynamic resource discovery and management as well
as advanced control,
making systems reactive to the physical world and
semantics facilitating object definition and querying
for data and resources

SOCRADES is driven by four big global players of the
European IT business. In view of their expanding
business and marketing strategies, the project goals
are
explicitly
addressing
ambitious
future
applications, in particular process automation and
advanced control, based on seamless integration of
wired and wireless networks combined with a
universal
service‐based
communications
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infrastructure providing plug‐and‐play connectivity
and asynchronous event notification, outfitted with
agent interaction and Semantic Web Service
capabilities.
5.

Develop middleware with open interfaces for wireless SOCRADES will provide generic, platform‐neutral
objects and mobile devices.
middleware technologies that are applicable to
diverse networking technologies and transmission
media. It will also consider mobile sensor/actuator
devices in terms of location‐awareness and will
provide open interfaces enabling interoperability at a
semantic level.

6.

Develop scalable and self‐organising platforms that SOCRADES will provide reconfigurable and self‐
offer services for ad‐hoc networking and mastering organising platform solutions with low‐level
perception and event recognition.
resources, services and tools at device level for
wired/wireless networks. From a device‐centric
viewpoint, the focus is directed towards QoS
management and fault tolerance. From a service‐
centric perspective, frameworks will be developed to
enable high‐level interactions between both physical
objects and higher‐level business processes through a
uniform Web Service based communication
paradigm.

4.2 Relevance to the scientific, technical, wider societal and policy objectives of IST
There is a strong complementary relationship within SOCRADES between the scientific work and
knowledge creation on one hand and the technical development and implementation of software and
hardware on the other hand. Based on horizontal (infrastructural) RTD activities, the project will provide
technologies, methods and tools to enable a gapless integration of wired and wireless networks at the device
level, while from a vertical (functional) viewpoint SOCRADES intends to combine control and supervision at
the device level with application‐specific and business‐related processes in a holistic service–oriented
approach. In this context, scientific and technical objectives will also address the development of engineering
tools and cross‐layer functionality to enable design and reconfiguration of devices and systems at the device
level in real‐time.
From the societal point of view, SOCRADES intends to close technological knowledge gaps and will provide
new skills and tools able to promote global thinking at system level in engineering and system design in the
field of advanced process automation and collaborative control. SOCRADES aims to provide the next
generation technology for effective plug‐and‐play solutions for networked embedded systems of all kinds, in
particular in the process automation and control domain. In addition, it will provide the knowledge and
technological platform to enable the building of more cost‐efficient ambient intelligence systems, whether for
automation and control, (e.g., in the domestic sector, in buildings, at public areas or in the traffic domain) or
other purposes. Strong impact can also be expected from an economical perspective. Reduced time‐to‐
market, faster deployment, increased cost‐efficiency in system engineering, building and ramp–up, as well
as increased agility and better system performance will be the major benefits. The overall result will be a
substantial enhancement of the competitiveness of the European industry, in particular in the automation
and control sector.
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SOCRADES complies with relevant EC policies, like
•
•
•

New research policy (Lisbon Strategy about the role of knowledge in our society and economy);
Sustainable development (Gothenburg Summit conclusions on EU strategy for sustainable
development);
ISTAG report: Ambient Intelligence scenarios for 2010.
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5. Potential Impact
One of the major advantages of using a service‐oriented infrastructure is the generality of the solutions
across multiple application domains. This is something completely new, not provided by any of the
presently existing solutions, which are today classified by application type, and which present large
technical differences. At present, the needs of various application domains are converging and several
devices may be used indifferently in disparate applications.

5.1 Contributions to standards
The communication technology to be developed in the course of the SOCRADES project is a basic enabling
technology for flexible industrial automation and virtual enterprise concepts. One main focus is
interoperability in heterogeneous networked environments. The unifying approach proposed by the
SOCRADES project promises to solve this key issue of cross‐vendor, cross‐domain interoperability. It would
not reach its full effectiveness, however, without the definition of a corresponding set of standards covering
topics like the following:
•
•
•
•
•

identification of the appropriate device‐level and sub‐system‐level interfaces to enable seamless
interconnection of different system elements;
description and representation of devices, components or subsystems;
unambiguous description of services and associated data types for aspects such as engineering, set‐up,
operations and maintenance;
description of the dynamic behaviour of the inter‐working system elements in order to achieve adequate
performance levels;
stability of interface definitions over time.

The effectiveness of (new) specifications depends on their wide use by suppliers, system integrators and end
users. One of the goals of SOCRADES is therefore to select and make available such specifications – of the
communication technology to be developed – which could be used for standardisation. Wherever possible,
international standardisation shall be addressed because international standards provide the basis for a
stable and world‐wide accepted technology, an important factor for improving the effectiveness of the
SOCRADES project results.
SOCRADES provides the feasibility of verifying usability of the specification before approving it as a
standard.
Several specifications are expected to be fed into the standardisation process. It is anticipated that different
standardisation bodies – such as IEC, ISO, IEEE and the UPnP Forum – need to be addressed.
The following specific standardisation activity is planned to be conducted.
•

Definition of standard service‐oriented interfaces for a set of industrial device types. The nature of this
activity is quite similar to that of the UPnP Forum, in which working committees have been set up to
define standards (generically termed UPnP Device Control Protocols) for describing device protocols
and associated device description schemas for each of the UPnP‐enabled device categories, such as
media server/media renderer, Internet gateway, printer, scanner, digital security camera, lighting,
heating, ventilation and air conditioning (HVAC), etc.
The standardisation work proposed will similarly specify interface definitions for a set of industrial
device categories, in which the services exposed by a given type are defined in the form of a WSDL
document with associated data type definitions expressed in XML Schema.
The results of the activity are intended to be subsequently taken to a standards body. A candidate
standards body will be the UPnP Forum, as soon as the latter will have promoted the Devices Profile for
Web Services (DPWS) to UPnP V2 status. Alternatively, ISO may be targeted. Indeed, such standard
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service‐based device type interface definitions can be viewed as complementary to the current ISO
Device Description standards (ISO 15745).
In case the results are taken to the UPnP Forum, it is worth mentioning that setting up a working
committee for a defining a vertical standard in a given industry sector requires the participation of at
least three recognised players of that sector.
The SOCRADES consortium has a body of experts with deep knowledge and many years of experience in
national, European and international standardisation work with special focus in field communication,
automation concepts and safety. The following table provides a non‐exhaustive list of such experts.

Name

Experience/expertise/responsibility

Organisation

Fieldbus systems; engineering; wireless communication; real‐
time;
Mr. Heidel

ISO 9506 (MMS); EN50170; EN50391; IEC 61158; IEC 61784

Siemens

chairman of IEC TC 65
Mr. Döbrich

ISO 9506 (MMS); EN50170; EN50391; IEC 61158
Fieldbus Systems; Real‐time Ethernet;

Siemens

Mr. Pöschmann

IEC 61158; SC 65C; Working Group; MT9;

ifak

PROFInet /PROFInet IO
Mr. Winkel

Mr. Diedrich

Siemens
Real‐time Ethernet
Function Block Technology; IEC SC 65 WG 7; IEC 61804;
Convenor
FDT Interface Technology, IEC SC 65C WG14, IEC 62453;
ifak
Convenor
Manufacturing Plant Control; IFAC TC 5.1; NCMS WG:
Networked Controlled Manufacturing Systems; Chair
Senior member of the IEEE;

Mr. Colombo

Mr. Jammes

FIPA contributor on multi‐agent system;
Chairman of IEEE Technical Committee on Industrial Agents
Member of the IEEE Technical Committee on Industrial Agents;
Real‐time Ethernet

Schneider Electric

Schneider Electric

Mr. Verney

ISO 15745 device description standards

Schneider Electric

Mr. Ferling

IEC SC 65 WG6 standards; IEC 61499; IEC 61131

Schneider Electric

Mr. Isaksson

Senior member of the IEEE Control Systems Society

ABB

Mr. Aakvaag

Member of ZigBee Alliance
Member of the OOONEIDA BoD/Automation objects;

ABB

Mr. Lastra

Member of OPC Bluetooth and OMAC User Group

TUT

Mr. Siltala

Chairman of CAMX/IPC 2546 Am2

TUT

Mr. Taisch

Member of the IFIP WG5.7

Politecnico
Milano
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5.2 Contribution to policy developments
The main and direct impact of SOCRADES for the communities wider societal and policy objectives will
concern employment, education training and research. Aspects of quality of life, health, and environment
issues are touched only indirectly.
Employment, education and training
Internet and Web technologies are on their way to relieve tasks and markets of today’s typical automation
technologies like fieldbus technologies. Under the aspect of employment, as well as that of preserving
market shares, European research and industry needs to integrate these technologies and corresponding
new approaches in a timely fashion. This is indeed an important requirement for securing and enlarging the
employment in Europe that depends on automation technologies and to reinforce Europe’s competitiveness
in automation. There is the clear expectation that the worldwide industrial Ethernet market, as the basic
technology in that content, will grow rapidly within the next years. Additionally, the use of Internet based
technologies in automation provides completely new technological opportunities, thus enabling the
emergence of new automation products and product fields, based on open communication technologies.
This induces the expectation of the establishment of new spheres of work and the creation of new jobs. Also,
the simplified integration into a company’s virtual automation network will allow for an easier integration
of least industrialised regions, and will make such regions more attractive for industry sites.
In addition to employment creation, a positive impact in labour site transformation is expected. The use of
open, Internet‐based technologies for automation purposes will result in employees dealing with these
topics acquiring a broader common IST knowledge which may be used in a variety of branches other than
automation. This broadens their fields of application and thus improves the deployment flexibility and job
opportunities for those employees; of course this also implies the opportunity that IT specialists can more
easily cope with automation jobs. This will result in further cross‐fertilisation between IT and automation,
helping to break down the barriers concerning a common European labour market. Furthermore, the
evolution from proprietary technologies to open Internet‐based technologies will create a need for further
training of the employees with regard to these new technologies. The use of Internet technologies in industry
is a further important step in spreading of IST and flexible and intelligent manufacturing.
Quality of life
As the evidence and literature show, the innovation process suffers from the limited serviceability of
technology, that is, not all the potential outcomes of innovation are fulfilled by industrial end users, and
positive externalities may arise – especially in the IST case, due to its strong horizontal character. It is
therefore possible to find alternative uses of the technological systems and platforms developed, showing
the multiplicative effect of SOCRADES outcomes through different industrial applications and, especially, in
service for the citizen‐oriented applications – which will enforce the strategic objectives of the IST Work
Programme. This will allow new technology‐based firms to bring socially useful products to market.
Environment
SOCRADES fosters the protection of the environment by the creation of a scientific base for the transition of
European production industry from resource‐based towards knowledge‐based, more environment‐friendly
approaches. A better and faster information flow in general avoids wrong decisions and therefore saves
energy and resources. The easy automatic access to data, e.g. in manufacturing, will cause new tasks in the
automatic processing of data and, in the future, will lead to a new, more efficient quality in the automatic
influencing of processes. This faster influencing will help to save energy and resources, e.g. by avoiding sub
standard goods and thus will improve the impact on our natural environment.
Usage of Internet‐based technologies is also expected to reduce the environmental costs of transport: on the
one hand it reduces transport efforts between the different levels of distributed companies and, on the other
hand, decreases transport efforts in case of remote maintenance between system builder or maintainer and
system operator.
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5.3 Risk assessment and related communication strategy
Risk management strategies
The consortium is well aware of the RTD state of the art. A first analysis of the proposed RTD‐work in front
of the potential scientific and technical risks has already been performed. It can be summarised as follows:
Risks identified
•
•
•

Low probability: Non‐acceptance of SOCRADES technology by decision‐makers or standardisation
bodies.
Low probability: Specifications too ambitious for technical realisation.
Medium probability: Inability to integrate SOCRADES technology with legacy systems and processes.

Prevention & contingency solutions
•
•
•

Intensive dissemination and demonstration.
Early prototyping and validation of concepts.
Development of a migration path from legacy to SOCRADES technology (addressed by Task 2.6).

On the basis of these first considerations, no major technical risks are expected. The partners are convinced
that the adoption of service‐oriented architectures, Web technologies, embedded systems and wireless
technologies in industrial environment is a challenge but a feasible target.
It must however be noted that the project objectives are quite ambitious and both the partners ʹexpectations
and the resources they will have to engage are very high. The risk of partial failure on meeting such
expectations has therefore to be taken into considerations and the project work has been organised in order
to manage it.
•

First of all, the project will be industry driven, which is indicated by the significant involvement of most
of the world and European industrial leaders from both the automation industry and the
communications industry. These partners represent a critical mass from the European industry. The
RTD of the project will be led by the needs of the industrial partners.

•

Secondly, the SOCRADES consortium will found its RTD work on the partners’ current design and
engineering environments that will be the pillars for the developments considered in this proposal. This
guarantees a stable foundation and reduces the risk of the development activities. It also ensures cost
effectiveness because the project will maximally use existing technologies applied in several end
markets. The consortiumʹs aim is to develop a set of innovative service‐oriented embedded system
control applications and advanced communication solutions that will be extensively applied in industry.
Even if not all the targets considered in this RTD proposal will be solved completely, the development
and the application of a selected number of communication approaches and control applications will be
a significant goal for all the project partners. As a conclusion, even if some expected results will not be
completely validated within the project, the existing control and automation approaches nowadays in
use will be significantly improved with the RTD results of this project.

•

Thirdly, the successful introduction and dissemination of the innovative control, automation and
communication technologies considered by SOCRADES in the European industry has some risk as well.
The partners of the consortium have a lot of experience in automation and communication technologies
and they will spend much effort during the exploitation and dissemination of the results so that these
new innovative solutions may be well understood, accepted and properly applied in industry. The
partners are convinced that the risk of introduction and dissemination is marginal if the project will
provide a set of powerful and reliable embedded system applications and wireless communication
solutions. In addition, the project risks will also be reduced through the exchange of information among
the main European Information, Control and Communication technology suppliers that compose the
SOCRADES Consortium.
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Potential risks for the society
There are no potential risks for the society and citizens associated with the project.
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6. Outline implementation plan for the full duration of the project
The SOCRADES project integrates two complementary technological approaches:
•

One that focuses on device‐centric functionality at the lowest level of the embedded device hierarchy, i.e.
sensors and actuators. Major concerns at this level are to ensure that networked devices behave in a
flexible manner – as regards properties like fault‐tolerance, reconfigurability, safety, security and real‐
time behaviour – despite the peculiarities of the network.

•

One that adopts a service‐oriented view in order to cut across, not only all levels of the embedded device
hierarchy, but also the higher‐level business processes of which the device‐level processes are a
constituent part. Major objectives in this context are to allow devices to directly communicate, both
amongst themselves and with applications, to aggregate devices into subsystems and to integrate
devices and subsystems with enterprise‐level applications – all through the same service‐oriented high‐
level communications infrastructure.

As illustrated by Figure 1, these two orthogonal approaches meet at the sensor/actuator level.
At this level, the emergence of wireless sensor/actuator networks poses new challenges with respect to the
robustness and reliability of communications links. Such issues are addressed by a device‐level middleware.
The device‐level application platform layer above this middleware makes use of the services offered by the
latter.
Enterprise‐level middleware provides functionality like service orchestration and choreography, knowledge‐
based service discovery, agent‐based service interactions and service repository management.
Service-centric
infrastructure

Enterprise-level application platform

Enterprise-level middleware

Device-level application platform

Device-level middleware

Device-centric
infrastructure

Sensor/actuator
network

Sensor/actuator
network

Sensor/actuator
network

Figure 1. SOCRADES infrastructure views
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The enterprise‐level application platform is situated at the level of enterprise information systems. This
platform is intended to be an extended version of an existing business process management system. It is an
important part of the project insofar as it will allow demonstrating how the use of a uniform service‐oriented
communications infrastructure opens unprecedented perspectives of enabling low‐level embedded devices
to become fully participatory members of their global business environment.
In accordance with the above global vision, the SOCRADES project is structured into 11 work packages
(WPs), further subdivided into Tasks. The first 10 WPs cover the projectʹs technological content, including
dissemination and exploitation. WP11 deals with project management. The global project work breakdown
is shown in Figure 2.

WP2

WP6

Enterprise
integration

WP7
System
management &
engineering

WP8
Application
pilots

WP3

Wireless sensor/actuator
networking infrastructure

WP9
Dissemination

WP4

Device-centric
infrastructure

WP10

Exploitation,
standards &
roadmapping

WP11

WP5

Service-centric
infrastructure

Project management

Framework specification for ad-hoc networking service platform

WP1

Trend screening, requirements, state-of-the-art, technology assessment

Figure 2. SOCRADES project work breakdown structure

WP1 together with WP2 will establish the requirements and guidelines for the rest of the project. WP1 will
assess and elicit the projectʹs requirements as well as the state‐of‐the‐art, current and foreseeable trends and
the technologies that can be expected to become available during the projectʹs lifecycle. Because of the rapid
evolution of technologies, a continuous trend‐ and technology screening is needed to keep all developments
and investigations as actual as possible. Therefore, the tasks in WP1 are deployed and distributed over the
complete duration of the project.
On the basis of the WP1 results, WP2 will elaborate an open framework for integrating ad‐hoc wired or
wireless networks of embedded devices into a service‐oriented communications infrastructure.
WP3 and WP4 will concentrate on defining and developing the device‐centric infrastructure. WP3 will
investigate and develop different solutions for communication, reliability, safety, security and real‐time
behaviour in the context of wireless sensor and actuator networks. WP4 will define and implement the
device‐centric middleware hiding the peculiarities of the underlying network – whether wired or wireless –
to the applications using the networked embedded devices. The approach in WP4 will be to consider a
special class of control applications as well as taking a holistic view including the communication link and
network in the design. By doing this, the middleware will provide services for fault‐tolerant communication
for control purposes at the device level.
WP5, WP6 and WP7 are related to the service‐centric infrastructure. By extending the framework definition
elaborated by WP2 in several directions, WP5 will bridge application‐level functionality and device‐level
functionality through a common, unifying technological approach based on the SOA paradigm,
implemented using Web Services and associated technologies. In this perspective, it will create and
experiment mechanisms required for service orchestration – i.e. the sequencing and synchronised execution
of several services – adaptable to usage inside constrained‐resource devices. WP5 further includes a task for
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creating a lightweight service‐oriented agent framework based on Web Services. Finally, it will develop and
experiment a framework based on semantically enriched Web Services, enabling knowledge‐based
interactions between embedded devices and agents and thus facilitating the process of networking devices
and agents together. WP6 will build on top of this extended infrastructure in order to demonstrate how the
seamless integration of service‐centric embedded device level functionality with higher‐level enterprise
systems can lead to very innovative business process management structures characterised by a high degree
of agility and adaptability to change. Accompanying the frameworks developed in WP5 and WP6, WP7 will
develop an engineering environment aiming at the support for configuration and optimisation of networked
control facilities as well as the provision of device management, configuration and lifecycle support services.
The purpose of WP8 is to develop a set of pilot applications allowing to demonstrate the benefits of the
developments carried out in WP3 to WP7, in the context of real‐world applications. This effort will of course
require the participation of end users from different industrial areas. It may be noted, however, that the
participation of these end users will already be solicited during the development phases of WP3 to WP7, in
order to obtain guidance, requirement elicitation and early feedback.
Over the whole project duration, a dissemination process will be carried out in WP9, while exploitation,
standardisation and roadmapping activities are handled in WP10.

6.A Activities
6.1 Research, technological development and innovation activities
The following work packages (WPs) and tasks cover the RTD and innovation activities.
WP 1
WP 2
WP 3
WP 4
WP 5
WP 6
WP 7
WP 9
WP 10

Trend screening, requirements, state‐of‐the‐art, technology assessment
Framework specification for ad‐hoc networking service platform
Wireless sensor/actuator networking infrastructure
Device‐centric infrastructure
Service‐centric infrastructure
Enterprise integration
System engineering & management
Dissemination
Exploitation, standards and roadmapping

The detailed description for these components, including the role and effort of each of the partners, are
described in chapter 6.B and in appendix A.
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Work package 1: Trend screening, requirements, state-of-the-art, technology assessment
Objective

The main goal of WP1 is to work out the overall requirements as well as specific requirements for the
primary application domains targeted by the project and to elaborate the baselines for the internal
benchmarking (self‐evaluation) process. Additionally, the benchmarking process will be supported by a
revolving trend screening activity.
The focus is set to communication between and integration of heterogeneous embedded systems and
devices, with particular emphasis on platform independence, real‐time requirements, robustness and
security. The underlying tendency is that the increasing availability of affordable, high‐performance, low‐
power electronic components allows incorporating unprecedented horsepower into ever‐tinier components.
At the same time, Internet and (wired or wireless) Ethernet technologies are emerging as the basic carriers
for interconnecting electronic devices. These technologies can be leveraged to build advanced functionality
into embedded devices, thus enabling new distributed application paradigms based on interconnected
ʺsmart devicesʺ with a high level of autonomy. This applies to many types of embedded devices, whether
used in industrial automation systems, automotive electronics, telecommunications equipment, building
controls, home automation, medical instrumentation, etc. The SOCRADES project will operate in this sense
of general applicability across a broad range of application domains, while using as its application
cornerstone one of the most prominent embedded systems domains, viz. manufacturing and process
automation.
The umbrella paradigm of SOCRADES is called ʺcollaborative automationʺ. The aim is to effectively utilise
this paradigm, and to develop the corresponding tools and methods, so as to achieve flexible, re‐
configurable, scalable, interoperable network‐enabled collaboration between decentralised and distributed
embedded systems. Applying device‐level Service‐Oriented Architecture (SOA), it is expected to contribute
to the creation of an open, flexible and agile environment, by extending the scope of the collaborative
architecture approach through the application of a unique communications infrastructure, down from the
lowest levels of the device hierarchy up into the manufacturing enterpriseʹs higher‐level business process
management systems. Business application systems increasingly benefit from the adoption of SOA, allowing
to flexibly compose components of heterogeneous software systems across traditional system boundaries
and to swiftly adopt business processes to changing requirements. Therefore, the device platform has to be
very flexible, using both wireless and wireline communication media, scalable embedded systems, and
appropriate engineering methods and tools.
Web Services technology constitutes the preferred implementation vehicle for service‐oriented architectures.
A Web Service is platform‐independent and can communicate with and/or be aggregated with other Web
Services. As each service encapsulates its own complexity, scalability becomes a built‐in feature.
Additionally, manageability and maintainability are greatly enhanced, especially as each device presents a
high‐level management interface in order to facilitate configuration, monitoring, fault diagnosis, etc.
The above considerations will guide the investigations of the present WP, which will cover the following
activities:
•
•
•
•
•
•
•

Survey of wireless and wired technologies on the market
Survey of use of networked embedded systems in collaborative environments
Survey of technologies for distributed applications
Survey of usage of IP‐based networks for connecting embedded systems
Survey of enabling technologies, tools and methods relevant to the engineering environment
Classification of application requirements with regard to real‐time distributed automation and control,
integration with higher level systems and engineering support
Security and safety solutions in embedded system applications
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As far as possible, these subjects will be treated in their generality. When too wide a scope would thus be
addressed, they would be more particularly examined from the viewpoint of industrial and automation
systems, the primary application domain considered by the project.
The state‐of‐the‐art as a technical background together with the trends and the available relevant
technologies will be described as the basis for the project work. Any additional requirements due to national
particularities will also be considered.
State-of-the-art

In various application domains of embedded systems, communication technologies used are not sufficiently
open; for example, this is clearly the case in the manufacturing domain. Also the aspects of safety, security
and real‐time responsiveness are not addressed satisfactorily by the existing solutions. These problems are
coming more and more into the focus, as shown by the current trends in developed countries. A detailed
study of the present state of the technology in this area will be the objective of the first part of the project, but
in accordance with the dynamic nature of the developments in the IT field, WP1 will continue along the
whole project. The evaluation of the state‐of‐the‐art from a technical point of view will notably involve the
universities and research centres.
To set up the requirement analysis and trend screening, the industrial participantsʹ marketing and product
management expertise will be called upon. Prior to starting the screening, the appropriate techniques for
screening and requirements engineering will be selected and defined.
Approach

As a basis to investigate the requirements, the appropriate user scenarios and use cases for the relevant
application domains (suppliers, integrators, customers, users and sub‐contractors) will be defined in detail.
The requirements fulfilling the scenarios and use cases will be enumerated. The main results of the WP will
be:
• evaluation of available technologies and technological roadmap;
• definition of a continuous trend screening process for the duration of the project;
• screening of trends in technologies, environment and social aspects (if applicable);
• innovation needs and restrictions;
• analysis of risks and strategic goals.
A requirement catalogue, criteria catalogue and scenario description (application domain oriented) will be
the main output which is a basis for the other WPs. For internal self‐evaluation purposes, a set of overall
criteria and WP‐related criteria will be worked out.
Work package structure
Task 1.1: State-of the-art and technology assessment

This task will give an overview of the existing technologies concerning the main areas of interest of the
project. Furthermore the outcome and current status of the following (terminated or ongoing) research
projects will be stated and provided: PABADIS, TORERO, OCEAN, VAN, ITEA/SIRENA, ITEA/PROTEUS.
Task 1.2: Requirements assessment

Based on experience of the project partners, this task will analyse requirements regarding:
• unsolved issues of connecting embedded systems through heterogeneous wired and wireless networks;
• the needs for flexibly integrating networked embedded systems in real‐time, collaborative business
environments;
• integration of embedded components with higher level applications;
• engineering support (e.g. commissioning and diagnosis issues).
The concomitant requirements will be derived in conjunction with those emanating from end users,
component vendors and system integrators.
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Concluding these requirements and the results of Task 1.1, the technological roadmap will be established in
WP10.
Task 1.3: Trend screening and self-evaluation

This task will monitor the trends in the embedded technologies most relevant to usage in networked,
collaborative environments as well as trend in business process integration of field data and engineering
aspects. It directs particular attention to trends in the manufacturing industry, technological processes and
mobile platforms (wirelessly connected embedded systems). The task is continued throughout the whole
project. Trend screening is also the basis for the risk analysis, which will be part of the annual progress
reports.
For internal self‐evaluation purposes, a set of overall criteria, WP‐related criteria and task‐related criteria
will be worked out in this task. It mainly relates to technical aspects with the following content:
• Detailed technical targets of the SOCRADES project that determine the technical goals.
• Success criteria, risk analysis items, etc. for the overall project: clear quantitative and qualitative
parameters that can serve as success/failure criteria, both at the overall level and at the individual main
subjects. Also, the baselines for internal benchmarking (self‐evaluation) will be worked out. These
baselines determine against which technical criteria the concrete benefits of SOCRADES will be
measured.
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Work package 2: Framework specification for ad-hoc networking service platform
Objectives

This WP will define an infrastructure framework for service‐based ad hoc networking to enable
communications between embedded devices at the application level. Devices will be able to discover each
other by peer‐to‐peer interactions that are able to adapt to any ad hoc configuration, without need for any
pre‐configured server‐ or registry‐based mechanism. In order to provide semantic interoperability, the
service descriptions will be enriched with semantic content, enabling smart embedded devices to discover
and invoke other devices that implement different taxonomies, syntax and/or morphology, but equivalent
semantics. The framework will also provide facilities for the management, administration, monitoring, and
reconfiguring of the system.
An important aspect of this framework will be to facilitate the integration of non‐service‐enabled devices by
providing bridging or gatewaying mechanisms for embedded devices such as wireless sensors. This is where
the device‐centric infrastructure and the service‐centric infrastructure of the SOCRADES project will meet.
The boundary between where devices can be fully service‐enabled and where they cannot because of cost‐
effectiveness, legacy preservation or other considerations and constraints must be kept variable, so that it
can be shifted as technology makes further strides and device capabilities evolve accordingly.
The use of the Service‐Oriented Architecture paradigm implemented through Web Services technologies, at
the ad hoc device network level enables the adoption of a unifying technology for all levels of the enterprise,
from sensors and actuators to enterprise business processes. The benefits of service‐orientation are conveyed
all the way to the device level, facilitating the discovery and composition of applications by re‐configuration
rather than re‐programming. Dynamic self‐configuration of smart embedded devices using loosely‐coupled
services provides significant advantages for highly dynamic and ad hoc distributed applications, as opposed
to the use of more rigid technologies such as those based on distributed objects.
State-of-the-art

The umbrella paradigm underpinning novel collaborative system design approaches is to consider the set of
intelligent system units as a conglomerate of distributed, autonomous, intelligent, pro‐active, fault‐tolerant
and reusable units, which operate as a set of co‐operating entities. Typically, each entity is constituted of
hardware, control software, communication resources, and embedded intelligence. These entities are capable
of working in a pro‐active manner, initiating collaborative actions and dynamically interacting with each
other in order to achieve both local and global objectives, down from the physical machine control level up
to the higher levels of the business process management system.
It is envisioned that the creation of collaborative agent‐based control systems shall be based on a new breed
of intelligent controllers and real‐time middleware technologies, i.e., agents embedded in a wide spectrum of
intelligent equipment and applied in different application scenarios. In the manufacturing sector, such
equipment includes fixed machinery like robots, conveyor belts, or mobile autonomous vehicles. The
addressed devices must offer full plug‐and‐play capabilities in self‐organising networks, whether wired or
wireless media are used.
It is further envisioned that the communications infrastructure allowing such intelligent equipment items to
interoperate shall be based on the SOA paradigm. Under this approach, devices expose their functionality in
terms of service interfaces, the implementation of these services being totally opaque and thus open to
modification without affecting the users of those services. Key aspects of the SOA paradigm are that devices
operate autonomously – providing self‐contained functionality – yet are able to interoperate owing to the
use of platform‐neutral protocols and data formats. These properties also ease the aggregation of devices
into composite devices and subsystems. Today, Web Services technology, on which all industry players
converge, is clearly emerging as the most appropriate technology to underpin such an SOA‐based
communications infrastructure.
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In the device space, several SOA technologies have been proposed, most notably UPnP (Universal Plug and
Play) and Jini.
Jini is strongly rooted in Java and therefore lacks platform‐neutrality and is ill adapted to usage in resource‐
restricted devices. Its use was experimented by the PABADIS project.
The UPnP architecture leverages Internet and Web technologies including IP, TCP, UDP, HTTP, SOAP and
XML; hence it is truly platform‐agnostic. Recognising that Jini was too heavyweight for low‐level devices,
the TORERO project chose to use UPnP as its base technology. However, UPnP uses specific protocols for
device discovery and event notification, as well as a specific XML‐based language for device and service
description. It is therefore incompatible with Web Service technology.
Consequently, a much more promising approach is that proposed by the Devices Profile for Web Services
(DPWS). First published in May 2004, it has the same advantages as UPnP, but additionally it is fully aligned
with Web Services technology. DPWS is actually expected to form the foundation for the next major upgrade
of UPnP (referred to as UPnP V2), but for reasons of market strategy related to the lack of backwards
compatibility, this transition is not likely to happen before the end of 2006. It is further worth noting that
Microsoftʹs next‐generation Windows platform (ʺLonghornʺ), which uses Web Services pervasively, will also
natively integrate DPWS. DPWS includes functionality for dynamic, plug‐and‐play device discovery (WS‐
Discovery), as well as for asynchronous, publish‐subscribe event notification (WS‐Eventing). The Figure 3
depicts the full DPWS protocol stack.
Application-specific protocols
WS-Discovery

WS-Eventing

WS-Security
WS-Policy
WS-MetadataExchange
WS-Addressing
SOAP 1.2
WSDL 1.1, XML Schema
HTTP 1.1

UDP

TCP
IPv4/IPv6

Figure 3. DPWS protocol stack

The ITEA/SIRENA project has chosen DPWS as its foundation technology and, in this context, Schneider
Electric has developed a proof‐of‐concept DPWS implementation, which the SIRENA project applied in
various embedded systems environments: industrial automation, telecommunications equipment, home
entertainment and automotive electronics.
Approach

The SOCRADES project will build atop the technology developed by the SIRENA project and extend it in
several directions, including:
• Service composition, orchestration and co‐ordination;
• Service management;
• Agent communication;
• Semantically enriched service description and discovery.
Work package structure

As introduced above, DPWS will be employed as the technological foundation for implementing Web
Services at the device level. The present WP will study and specify a set of capabilities to be built on top of
this foundation in order to create a comprehensive framework for ad hoc device networking.
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The implementation of the various framework elements will be carried out in WP5.
Task 2.1: Enhancement of the existing device-level service framework

This task will specify a set of extensions to the current DPWS specifications:
• Binary encoding instead of textual encoding of SOAP messages. This will allow saving both bandwidth
and processing time for message parsing and type conversions. If bandwidth is not much of a concern
on a wired Ethernet, it definitely is an issue when wireless connections are used. . If bandwidth is not
much of a concern on a wired Ethernet, it definitely is an issue when wireless connections are used.
Much work is currently being devoted to defining binary encoding rules for SOAP messages – mostly
based on the use of ASN.1 – such as that undertaken by the W3Cʹs XML Binary Characterisation
Working Group and the Fast Infoset and Fast Web Services, jointly defined by ITU and ISO.
Experimentation has shown that parsing and serialisation speed can thus be improved by a factor of 5 to
10.
• Discovery Proxy, ensuring scalability of the plug‐and‐play device discovery process in enterprise
integration or other scenarios that extend beyond a single sub‐network, minimising ripple effects caused
by deployment/reconfiguration of embedded devices across the network. The Discovery Proxy
mechanism of the WS‐Discovery specification will be examined for completeness, and adapted if
necessary, for the case of large systems composed of a multitude of smart embedded devices.
• Discovery scopes: WS‐Discovery currently supports the LDAP and RFC2396 specification for defining
the scope of services. A new method for defining the scope of devices into logical subdivisions will be
specified. This method will leverage and build on the existing specifications.
• Event broker/mediator: the WS‐Eventing specification for publish/subscribe event notification using
Web Services defines an extensibility mechanism by which mediators or message brokers can be used.
These approaches minimise the requirements on embedded devices, as these devices need to interact
with only one service, as opposed to as many services as consumers do. These approaches are not
currently specified, so they will be defined in this task according to the existing extensibility mechanism.
• Dynamic service invocation, allowing going beyond the current static service deployment scheme and
underpinning service orchestration.
• Support of WS‐Security mechanisms: the use of authentication and authorisation mechanisms for
devices will be considered, in particular for sensitive operations such as reconfigurations.
• Configuration services: a set of services to reconfigure device resources will be specified, in conformance
with the service management framework described below.
• Support of the IPv6 protocols in addition to the IPv4 protocols. During the projectʹs lifetime, it is
expected that the acceptance of IPv6 will significantly grow in importance, including at the level of
embedded devices.
Task 2.2: Service orchestration framework

A typical feature of manufacturing systems is that several processes are composed and executed in given
sequences in order to create complex processes of a higher order. This pattern is repeated at several levels:
composition of field devices to create machines; composition of machines to create work cells and lines;
composition of machine‐level processes to create manufacturing systems and factories. Once processes are
composed, a single interface encapsulating the complexity associated with atomic process co‐ordination is
desirable.
The practice of sequencing and synchronised execution of services, which encapsulate business or
manufacturing processes, is denominated orchestration. An orchestration engine implements the application
logic necessary to orchestrate atomic services, and provides a high‐level interface for the composed process.
A complementary concept to service orchestration is that of service choreography. The orchestration level is
concerned with the workflow‐oriented execution and sequencing of atomic processes, but does not take into
account the different types of conversation patterns required to invoke the services associated with those
atomic processes. The choreography level considers the rules that define the messages and interaction
sequences that must occur in order to execute a given process through a particular service interface.
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In order to provide flexibility, a Web Service Orchestration Language can be used to describe workflows.
These orchestration descriptions can be interpreted by engines that interpret the workflow, avoiding the
need for hard‐coding application‐specific implementations. The SOA community has produced two
competing specifications for Web Services orchestration: the Business Process Management Language
(BPML) and the Business Process Execution Language for Web Services (WS‐BPEL or BPEL for short). The
latter is the most widely adopted and corresponding orchestration engines are available as commercial
products and open source implementations. However, none of these solutions fits the small‐footprint
requirements of constrained‐resource embedded devices.
The various available solutions will be studied and the underpinnings of such a compact device‐level
orchestration engine will be specified. This service orchestration framework will provide a machine‐readable
description of the conversations that a service supports, expressed as a set of message exchange interactions.
It is intended to provide a simple way of specifying such protocols but also to have a formal basis to allow
properties of the protocols to be asserted.
Task 2.3: Service management framework

Service management is strongly required for real‐world solution deployment. Even if devices and services
become autonomous and self‐reliant, once services are deployed they need to be monitored not just in terms
of how they are performing technically but also how they are performing in relation to the expected value
the complete system is expected to deliver. The SOCRADES framework will therefore be enhanced with
management functionality usable across all application domains.
A generic manageability framework will support such manageability functionality, which should be highly
extensible so as to cover the broad spectrum of device complexity to be coped with. For higher‐level devices,
management functionality may go as far as to include provisions for reliability engineering, self‐
reconfiguring or self‐healing. Over time, the sophistication barrier may gradually shift as embedded
processing capabilities evolve.
The WS‐Management specification is deemed to provide the most appropriate foundation for such generic
management functionality, as it is lightweight and therefore usable in resource‐constrained devices. The
present task will therefore define a framework for implementing management functionality based on WS‐
Management.
Task 2.4: Service-enabled agent framework

In recent years, multi‐agent systems have found some application in industrial automation settings, without
reaching widespread adoption, however. At present, their usage is mostly limited to the planning of
production processes.
There is a strong conceptual synergy between the SOA and the agent‐based approaches. SOA provides
dynamic discovery and invocation of processes in a loosely coupled manned, facilitating the reorganisation
of distributed systems. This dynamism and ability to reconfigure is a requirement for implementing multi‐
agent systems. One of the reasons why agent‐based systems have failed in the past is that they were
implemented with communication technologies that obstructed reconfiguration, counteracting the desired
autonomy principle.
In order to converge the multi‐agent and service‐oriented approaches, the existing work in both fields needs
to be leveraged and harmonised. Currently, the de facto standard for agent communications is the set of
Communicative Acts and Interaction Protocols specified by the Foundation for Intelligent Physical Agents
(FIPA). Even though specifications exist for the exchange of FIPA messages using XML and HTTP, these
need to be harmonised with the DPWS stack, especially considering WSDL message descriptions and use of
WS‐Eventing. In addition, the use of the DPWS and in particular WS‐Discovery can serve to implement a
distributed version of the directory services proposed in the FIPA abstract architecture, providing ad hoc
agent and service discovery. Previous approaches at integrating FIPA and Web Services have been targeted
at enterprise systems and require application servers and databases, and are therefore too heavyweight to be
used in embedded systems.
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Usually, agent systems are oriented towards higher‐level device interactions involving deliberative,
knowledge‐intense decision‐making processes. Considering this, it is envisioned that there will be strong
synergy with Task 2.5, where service descriptions are enriched with ontology, enabling agents to reason
about the capabilities and invocation form of services.
The present task will
• Conduct an extensive study of existing agent technologies, to what extent agent functionality can be
implemented with existing Web Service technologies and which additional Web Service technology
needs to be developed. It is expected that this study may benefit from work to be carried out in the
context of the IEEE IES Technical Committee on Industrial Agents.
• Define a framework for implementing a lightweight service‐oriented agent system.
Task 2.5: Semantic Web Services framework

The increasing number of types and instances of intelligent components and the dynamism introduced by
reconfiguration will create manufacturing systems that, from an IT perspective, are chaotic. From a
communications topology viewpoint, manufacturing systems will be organised as dynamic peer‐to‐peer
infrastructures, autonomously restructuring in response to changes in the environment. From an
information viewpoint, manufacturing systems will constantly modify their operational data and knowledge
in response to real‐time changes in schedule, goals, and decision criteria.
One of the greatest challenges in implementing intelligent industrial environments that are simultaneously
complex, rapidly deployable, rapidly reconfigurable, dynamic, and chaotic, is to seamlessly integrate
heterogeneous intelligent components rapidly and with no loss of functionality. Currently, the
(re)configuration of a system requires human intervention to (re)program the interconnection of devices and
the functional behaviour. These (re)programming tasks require highly qualified, labour‐intensive
engineering activities, which are costly in resources and time. The current barrier to automating
reconfiguration is that there is no replacement for the technical expertise of engineers, and their ability to
learn and adapt to the design of systems using new types of processes and equipment.
In order to overcome this limitation, domain ontologies provide a mechanism to represent engineering
knowledge about processes, products and equipment, in a way that intelligent software agents can reason
about the required processes and automatically (re)configure equipment. Through machine‐based reasoning
and inference, components previously unknown to each other can gain understanding about their respective
skill sets, goals and interaction models, and therefore interact intelligently. In particular, the use of ontology
to describe Web Services results in Semantic Web Services, which provide sufficient machine‐interpretable
knowledge for agents to discover and select service‐oriented embedded devices, compose these devices to
combine and amplify their skills, and automatically execute (orchestrate) the composed processes.
It is anticipated that the Web Ontology Language (OWL) constitutes the most appropriate knowledge
representation language for these purposes. Based on XML and the Resource Description Format (RDF),
OWL can be used to provide Web Semantics mark‐up to describe any networked resource, with the potential
to create distributed repositories of machine‐interpretable knowledge. Furthermore, the OWL‐S service
ontology, an OWL ontology that specifies the concept of a Web Service, unifies the OWL and Web Services
technologies. Web Services described by an OWL‐S ontology become Semantic Web Services (SWS), which
enable agents to reason using the explicit semantics to automatically discover, invoke, compose and monitor
the associated processes. In effect, reasoning about SWS enables agents to interact with services that might
have been previously unknown or disregarded at design time of the system, enabling the incorporation of
new devices into a system without need for reprogramming.
Automatic discovery is accomplished using SWS by semantic matchmaking of a description of a required or
sought process with available descriptions of SWS profiles. The matchmaking can be performed by either
directly matching or through subsumption of the profile, inputs, outputs, preconditions and effects of a
Semantic Web Service. Because matchmaking is made using inference rather than one‐to‐one mappings,
discovery can be performed based on skill sets rather than on device types. This approach enables finding
non‐trivial solutions such as new specialised devices with overlapping skill sets. Furthermore, enhanced
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semantic descriptions can facilitate selection among multiple candidate solutions by reasoning about Quality
of Service (QoS) and Trust parameters.
Automatic invocation is accomplished by interpreting the supported conversational semantics for
discovered services, analysing the types of required input messages to execute the service and the required
preconditions that must be met, which are semantically described in the ontology. Consequently, agents can
select the appropriate choreography for service interactions and produce the required data. Moreover, by
understanding the sequence of steps required for executing a process, agents can monitor process status and
execution progress in real time.
Automatic composition is achieved by semantic matchmaking of atomic operations in a complex process
workflow to the skills described in discovered service ontologies. Industrial agents can thus execute complex
processes by composing individual processes, enabling autonomous manufacturing system orchestration. In
this domain, Web Semantics enable the chain of reasoning to traverse several distributed ontologies in order
to match post‐ and pre‐conditions and compose services. Service composition enhances the automatic
discovery functionality by enabling one‐to‐many matchmaking of requirements to complex processes, where
one‐to‐one matchmaking fails to find adequate solutions.
The present task will:
• conduct an extensive study of the available SWS standards and technologies,
• define a framework for implementing SWS‐based embedded systems.
Task 2.6: Service gateway framework

Even though the current state of technology – and even more so the state of technology at the end of the
SOCRADES project – already allows many types of devices to be service‐enabled, there will always be
devices for which this is not feasible, for reasons of cost‐effectiveness, lack of sufficient device resources,
stringent real‐time constraints, constraints imposed by legacy technology, etc. Therefore, it is important to
devise a generic service gateway framework allowing integrating non‐service‐enabled devices to the ad hoc
service platform.
The present task will produce the specifications of such a framework, comprising two components:
• A generic application server‐based framework for integrating legacy devices and systems into the
service infrastructure.
• A generic framework for developing gateways from ad hoc sensor/actuator wired/wireless networks to
the ad hoc service infrastructure.
In addition, technology‐specific gateways using the latter framework will be specified. These technology‐
specific gateways are intended to conform to the specifications of networks addressed by WP3 and WP4 and
will therefore be elaborated in concertation with these device‐centric WPs. Thus, the latter will be able to
subsequently use these gateways in their respective implementations. The result of this task will also be used
by WP6.
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Work package 3: Wireless sensor/actuator networking infrastructure
Objectives

As mentioned before, the goal of the SOCRADES project is to create new methodologies, technologies and
tools for the modelling, design, implementation and operation of networked hardware/software systems
embedded in smart physical objects. It can be noted that wireless technology currently conquers the
embedded systems field in a wide range of applications. As one of these application areas, the domain of
industrial communication follows this trend and adopts wireless technologies to networked embedded
automation devices. Against this background, especially solutions for the very special conditions in the
harsh environment of automation installations are of high interest – wireless industrial communications
based on WLAN and IEEE 802.15 standards are in the focus of this kind of research and development.
Combining this with SOCRADES’ objective of distributed smart embedded systems to be applied in
perception and control systems in intelligent environments – enhanced with system intelligence achieved by
cooperation of smart embedded devices towards common goals – especially wireless sensor/actuator
networks (WSN) are a research area to be investigated more closely: The mobility and flexibility required in
most application fields nowadays (e.g. industrial communication) is definitely fostered by WSN. The natural
features of wireless technologies enable greater opportunities for reconfiguration/upgrading, maintenance,
and fault tolerance. Due to the existence of lots of legacy wired communication systems, particularly in
industrial communication, suitable transitions between the wired and wireless approaches have to be
elaborated. With regard to the different wireless technologies within the enterprise hierarchy, furthermore,
suitable transitions among these approaches have to be investigated. This also concerns the access to Wide
Area Networks. Finally, the merging of the DPWS application models (see WP 2, 5 and 6) with the latest
architectures used in wireless technologies is a focal point of this WP.
Consortium members are active in a number of relevant working groups dealing with radio communication
and industrial communication, e.g. the Institute of Electrical and Electronics Engineers (IEEE), the
International Electrotechnical Commission (IEC), the Zentralverband der Elektrotechnik und
Elektronikindustrie (ZVEI), the German Commission for Electrical, Electronic & Information Technologies of
DIN and VDE (DKE), the German VDI/VDE‐Society. The continuous contact to these panels increases the
acceptance of a later standardisation following in this area.
Against that background, the following research topics are addressed within this WP:
• Node architecture, sensor integration and the interface between sensors and the network;
• Wireless network topology, self‐configuration, self‐management, routing, scalability;
• Communication technologies for Wireless Sensor/Actuator Networks (WSN) in industrial environment
(e.g. IEEE 802.15.4, 802.15.4a or ZigBee);
• Power supply for the network infrastructure as well as the sensor itself;
• New services with Wireless Sensor Networks;
• Demonstrator set‐up.
State-of-the-art

The main idea for the use of radio communication in automation is the same as in home and office
applications: the benefit of mobility and the saving of costs for installing the communication infrastructure.
The financial outcome is remarkable, e.g. if otherwise an automation concept can not be implemented. For
example, in mobile robotic systems, autonomy is growing and multi robot systems and co‐ordination with
Automated Guided Vehicles (AGVs) is becoming a reality.
As traditional Hertzian spectrums and frequencies are nearly full, wireless technologies and multiplex
provided by these ways can offer an alternative to crucial problems like the one mentioned above. This is a
reason why the turnover with wireless components in automation increases significantly. The turnover was
117 Million US$ in 2002 in Europe. For 2006 a turnover of 422 Million US$ is forecasted. The growth rate will
increase from 28.2% to 50.6%. However, a progress in standardisation for automation applications is as an
important precondition. The intention of the proposed WP is to contribute to a standardised integration of
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radio implementations into the whole lifecycle of embedded automation software systems. Automation
device and system manufacturers as well as manufacturers of radio components will thus benefit from the
results of the project; the approach ensures that radio implementations are no longer expensive special
solutions without any relation to automation systems but integrated parts thereof.
The idea of this WP/proposal has been supported by a number of companies that are active in the working
group (FA5.21) of the German VDI/VDE society for measurement, and automation (GMA), which deals with
radio communication in automation. Even if they are not directly involved in the proposed project they are
very interested to use the results in future product concepts.
The foundation of the Wireless Industrial Network Alliance in the United States in 2003, with objectives
similar to that of the mentioned working group in Germany, emphasises the relevance of the activities
described above. Furthermore, Consortium members are active in a number of relevant working groups
dealing with radio communication and industrial communication, e.g. the Institute of Electrical and
Electronics Engineers (IEEE), the International Electrotechnical Commission (IEC), the Zentralverband der
Elektrotechnik und Elektronikindustrie (ZVEI), the German Commission for Electrical, Electronic &
Information Technologies of DIN and VDE (DKE), the German VDI/VDE‐Society. The continuous contact to
these panels increases the acceptance of a later standardisation following in this area.
Interesting approaches/standards in the mentioned context may be grouped as follows:
• Proprietary protocols for radio technologies
• Lower layer standards (IEEE 802.11 and 802.15)
• Higher layer standards (Wi‐Fi Alliance, Bluetooth SIG)
• Complete standards of mobile communications (GSM) and wireless telephones (DECT)
• ZigBee
• Specific Application layer on top of IEEE 802.15.4
• UWB
Approach

In this WP the following steps shall be carried out:
• Analysis – a technical survey and an overview of state of the art solutions.
• Analysis of current communications techniques and protocols;
• Scouting of power supply methods;
• Scouting for miniaturised sensors and antennas (low cost sensor and micro‐antennas).
• Specification – description of the important scenarios (products, services) and analysis of the
requirements
• Scenario analysis of wireless sensor and actuator networks for process and manufacturing industry;
• Definition of requirements for the scenarios;
• Requirements specification of test bed application;
• Specification of the interfaces between sensor and communication unit, between the nodes and
between the wireless network and wired infrastructure;
• Definition and specification of real‐time network management services and features.
• Networking aspects
• Collaborative automation components
• Embedded control
• Embedded middleware
• Communication & networking
• Implementation ‐‐ during this phase the contents of the former work shall be implemented as a
prototype.
• Integration into legacy systems ‐‐ In order to demonstrate the integration with existing
communication infrastructures, a migration concept will be developed, which allows a seamless
interaction with legacy systems, e.g. automation networks based on PROFIBUS.
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Demonstration ‐‐ the demonstrator combines the web‐based solutions and the communication
infrastructure into a smart industrial wireless sensor network. Even though the main objective of this
WP is to design and develop these new communication solutions, the demonstrator shows
integration into existing technology and already available automation systems, too.

Work package structure

This WP will accomplish the following four major tasks:
Task 3.1: Analysis and trend screening for wireless sensor/actuator networks

This task shall give an overview of the existing technologies concerning the above mentioned research
topics. Furthermore the outcome and current status of the following previous research projects will be stated
and provided: SIRENA, VAN.
Task 3.2: Architecture and functional specification of wireless DPWS-oriented sensor/actuator networks

According to the Open Platform for Automation Infrastructure specification using DPWS‐oriented
application models, this task defines application specific architecture profiles of devices in different
industrial branches such as manufacturing industries, process industries, power industries, machine
platforms and communication systems. This task will interact with and use results of tasks T2.1 and T2.6.
Within this task the wireless communication demands will be specified in detail for the manufacturing and
process industry with respect to the specific industrial environmental scenarios. Part of the results of this
task will therefore benefit task T4.2, which has a wider scope, addressing aspects of using wireless networks
in the process industry. The integration of wireless technology even into small‐embedded devices will be
focused on as well. The specification shall be a basis for device and system development.
Task 3.3: Mapping of DPWS into wireless nodes and/or wireless network

In the future, the wireless sensor/actuator networks will support DPWS technology. For that purpose, the
following activities have to be worked out:
• Integration platform for including DPWS functionality in the stack architecture of a wireless node
• DPWS Proxy for wireless networks.
This task will use the results of WP2, in particular those of tasks T2.1 and T2.6.
Task 3.4: Implementation and validation

To validate the mentioned functionality, the specified services and protocols will be implemented and
tested. The activities focus on real test cases and scenarios.
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Work package 4: Device-centric infrastructure
Automatic control is a central component of any modern process and manufacturing industry. The
information flows between sensor, actuator and control nodes have traditionally been hardwired
asynchronous communication. Over the last decade, there has been a transition to communication buses,
such as fieldbus and Ethernet technology, in these control systems. Currently there is a major drive to take
the next step in this evolution by moving to wireless communication. More efficient and lower costs for
installation and commissioning are important factors. There is also a large potential for major technological
advances due to increased flexibility and mobility, which may lead to totally new system designs.
Wireless technology is however subject to major uncertainties with respect to availability and reliability.
Wireless communication is not only sensitive to interference from background noise, but also to competing
wireless networks. If wireless communication finds its way into industrial communication, which we
believe, we must handle the situation where several different wireless networks will compete for the shared
media. A possible solution to this particular situation would be to use standards and have friendly co‐
existence of various wireless protocols. We do not believe this will happen due to the fact that so many
different wireless protocols will be used to meet different kinds of requirements that it will virtually be
impossible to guarantee compatibility. Instead, any new technology needs to have a built‐in robustness and
adaptation to cope with the major uncertainties and variations the wireless communication presents.
Traditional control design is based on ideal assumptions concerning the amount, type and accuracy of the
data flow that can be circulated across the control system. Inherent limitations of control performance are
considered with respect to bounds on controller resources, such as actuator authority and sensor dynamics.
Unfortunately, real implementations often invalidate assumptions on ideal transmission and networking,
and as a result, the systemʹs closed‐loop performance can be severely affected.
The basis for this WP is a networked control approach, in which a holistic view on control over wireless
networks is taken. By combining expertise in automatic control, communication systems and wireless sensor
networks, integrated and adaptive solutions will be developed and tested for achieving suitable control
performance despite communication uncertainties and variations.
Objectives

The goal of this WP is to address the challenges of networked control over a wireless link and to incorporate
the functionality into a service‐oriented architecture.
The objectives of the WP include:
•
•
•
•
•

Development of architecture for fault tolerant control;
Control under uncertain sensor and actuator communication;
Wireless communication for control purposes;
Implementation of a component, which embodies the developed control and communication theories
and algorithms and provides a DPWS interface;
Demonstration of the feasibility of the technology.

The fundamental corner stones of the envisioned component are (see Figure 4):
•
•
•
•

The component service interface, offering high level services to the system
Networked control over wireless sensor and actuator links and networks
A middleware for closed‐loop control application development
Control application engineering and development methods to retain traditional deployment paradigms
(e.g. PID).
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Figure 4. The SOCRADES component for closed loop control over a wireless link encapsulates the control
functionality offering high level services to the system.

State of the Art

Recent years have seen the perception of wireless technologies undergo a rapid change; with scepticism
giving way to broad application. The wireless boom, once a favourite discussion topic for market research
firms and industry pundits, has become reality. In the consumer segment, wireless connectivity is now more
of a standard than a novelty. This segment is the primary driver of its development. The notion of freedom
to access any data, anywhere, anytime has opened whole new applications – including many from which
industrial control is benefiting. In the industrial world, wireless technology reduces installation costs and
improves productivity.
Several technologies have reached the plant and workshop floor addressing a range of applications. Since
several years radio modems provide slow but sufficiently reliable wireless links and more recently Wireless
LAN (WLAN) found a more wide spread use in administrative networks, e.g. in logistics. In critical
applications like discrete control with higher requirements on real‐time characteristics a few technologies
constitute the state‐of‐the‐art including the WISA technology developed by ABB. In the field of process
automation, however, the US based companies Emerson and Honeywell have taken a strong position by
introducing wireless systems for instrumentation.
The control constraints imposed by the communication are often quite complex. The traditional approach to
handle communication imperfections in control loops, as discussed in several digital control textbooks, is to
use quite crude models, such as signal quantization and fixed delays. Current literature has been unfolding
new perspectives showing that this approach is not appropriate for the design of networked control systems.
Detailed models for distributed computations, information limitations, delay variations, transmission losses
and outages are needed in order to adapt the control mechanisms. Integrated design of channel coding and
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control algorithms was recently discussed by the research groups of Brockett and Mitter, and several other
researchers. Goldsmith has presented an approach to jointly design control algorithms and the underlying
communication network. The problem was cast according to a cross‐layer paradigm that combines physical
layer, media access control layer and control application. Kumar has stressed the need of suitable system
abstractions for control of wireless networks. To help the system designer, it is important that there is a
middleware between the operating system and the application that can provide suitable services, but hide
low level details. The specific requirements of a middleware for networked control systems need further
attention.
Approach

It is very important that application development does not become more complex, despite the fact that the
implementation platform is of higher complexity. The control application should be developed according to
well known principles (e.g., PID, feed‐forward, cascaded control, and Kalman filters) or new innovative and
intuitive application specific methods utilising the services of a middleware; removing the complexity of the
combined control and communication strategies. In that way the platform abstraction hides the details and
helps the system developer to focus on the key issues in the design.
Traditionally, a middleware constitutes a communications layer that allows applications to interact across
hardware and network environments, typically a generic application over a sufficiently deterministic
network. Here we have the special case of a control application combined with real or virtual sensor and
actuator ʺapplicationsʺ, communicating over an unreliable wireless network. The middleware functionality
in this case is thus to provide fault‐tolerant interaction methods between these specific applications. The
objective is to overcome the shortcomings of the network (jitter, varying bandwidth, lost packets,
temporarily lost nodes, etc.) by considering both control and communication strategies. It is further of
importance that a middleware for control over wireless communication has to be designed in a way that it
can be automatically attached to higher layers in a process and manufacturing system i.e. attach to results in
WP2, WP3 and WP5.
Work package structure
Task 4.1: Architecture for fault-tolerant application interaction

This task forms the basis and fundament for task 4.2 and 4.3. Based on an analysis of applications addressing
questions like: ʺWhere do we see the shortcomings of wireless communication with respect to control
applications?ʺ and ʺWhat kinds of control applications are relevant?ʺ an architecture is developed that
simultaneously addresses communication and control strategies.
• Establish requirements and estate‐of‐the‐art in the field
• Consider Wireless Sensor Networks but also wireless point to point and point to multi‐point
applications.
• Develop and propose architecture (proposed control strategy, communication and network
characteristics. Which functionality goes where? Which kinds of functionality will be deployed on the
sensor and actuator nodes? What parameters of the network and communication link have to be
monitored and/or controlled?)
Task 4.2: Control under uncertain sensor and actuator communication

In order to meet reliability constraints, redundancy and diagnostics need to be introduced in a systematic
way. The development of robust and reliable networked automation will require network‐aware control
implementations that work well in the presence of communication delays and packet losses, but also fault
tolerance, for example by detecting faulty nodes and communication links, classifying and communicating
faults, and triggering the system to reconfigure by, e.g., dropping faulty nodes, rerouting data flows, or in
the worst case safely run the process to a halt.
This task will exploit the results of task T3.2, insofar as they are related to the generic aspects of using
wireless networks for interconnecting elements of an industrial facility – in particular, independently of
whether a discrete industry or a process industry is concerned.
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A critical part of this work will be to develop an understanding of how the appropriate response depends on
the real‐time requirements of various control loops, the type and persistency of the fault, as well as the time
constants of network reconfiguration operations (e.g. routing updates)
• According to proposed architecture and scenarios
• Models for wireless sensor and actuator networks
• Develop control algorithms and strategies to handle jitter, lost packages, temporarily lost nodes,
degrading bandwidth etc.
• Traditional control loops under communication constraints (cascade control, feed forward control etc).
How to make conventional designs more robust? What can be hidden from the application developer
and what needs to be known? What are the suitable abstractions of the communication link?
Task 4.3: Wireless communication for control purposes

Investigate sensor and actuator network platform solutions for control purposes. Task 4.1 will form the
architecture that will be detailed, analysed and simulated in this task. Examples of functionality that will be
analysed and simulated are:
• Sensor network node functionality like real‐time clock performance, maximum communication latency,
wireless communication channel quality estimation technology, guaranteed real time application
performance (i.e. usage of real‐time programming tools like Timber for enabling real time performance
guarantees, etc)
• Time synchronisation techniques between network nodes
• Communication protocol issues like protocol based latency, handling of lost packets etc.
Task 4.4: Middleware services for fault-tolerant control applications

Fundamental results from task 4.2 and 4.3 will form the basis for fault‐tolerant control over a wireless link.
The necessary functionality both at sensor/actuator node and governing system level will form a middleware
layer for the control application. This middleware will have two parts. One part will focus on support to the
control engineer i.e. an API that will to a large extent hide/automate solutions of problems related to the
wireless communication. The other part will implement necessary middleware software for enabling
management and control of the wireless communication link.
Major work in this task will be:
• Develop application programmers interface (API) for control applications
• Implementation of supporting control and communication strategies
As future wireless sensor/actuator networks are expected to support DPWS technology, the present task will
investigate the usage of the results of WP2. Integration of DPWS can be envisaged both at the level of
sensor/actuator nodes and at that of the control nodes. Hence, this task will use the results of WP2, in
particular those of tasks T2.1 and T2.6.
Together, the platform and middleware for fault‐tolerant networked embedded systems will form a building
block in the full SOCRADES architecture.
Task 4.5: Small-scale demonstrator for fault-tolerant wireless control

This task will demonstrate the feasibility of the proposed architecture and developed control and
communication strategies. It will be based on the implementation in task 4.4 and on the MULLE design
available at LTU.
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Work package 5: Service-centric infrastructure
Objectives

This WP aims at bridging application‐level functionality and device‐level functionality through a common,
unifying technological approach, based on the service‐oriented architecture (SOA) paradigm, implemented
using Web Services and associated technologies.
In essence, it will implement the service‐centric infrastructure according to the framework specifications
produced by WP2.
State-of-the-art

In addition to the description given for WP2, it should be mentioned that the proof‐of‐concept DPWS
implementation carried out by the SIRENA project is currently being ported to a moderate‐cost single‐chip
hardware component with Ethernet connectivity, which will be integrated into several types of industrial
devices. It is envisioned that, as hardware miniaturisation further progresses, a similar hardware component
could be developed at a substantially lower cost and with better power consumption characteristics, the
latter aspect being particularly relevant for wireless devices.
Approach

In addition to the approach outlined above for WP2, and in line with the ambitious objectives of the
SOCRADES project, a feasibility study will be carried out concerning the development of a generic hardware
component – outfitted with a microprocessor, on‐chip memory, I/O ports and network interfaces – that can
be incorporated into a wide variety of devices. Such a component should be able to house several of the
software components enabled by tasks 5.1 to 5.5. An initial application‐level analysis will be carried out at
the beginning of the project and, in case its results are deemed positive, an architectural design study will be
conducted with the objective to prove the feasibility of realising a wide range of linearly scalable processor
performance, thus allowing to address a broad spectrum of usage requirements, including those of low‐
power wireless sensors. This design study will be based on the ARM architecture, which is very widely used
in embedded devices and has been designed from the outset for low power consumption. Therefore,
ARM Ltd. (UK) will participate in this feasibility study.
Furthermore, a collaborative and mutually beneficial relationship will be established with the ITEA/SODA
project, which will also use the SIRENA results as a foundation for developments in application areas
complementary to the SOCRADES project. The IPR of the DPWS software component and associated toolkit
belong to Schneider Electric, which will make these available for use by other partners inside the
SOCRADES project.
Work package structure
Task 5.1: Device-level service component

This task will consolidate and extend the service‐oriented framework developed by the SIRENA project, in
which device‐level functionality is exposed through the DPWS protocol stack, either by the devices
themselves or through gateways that front‐end low‐level device functions with service‐oriented façades.
The present task will extend the DPWS component with functionality not included initially, according to the
specifications produced by WP2:
• Binary encoding of SOAP messages.
• Discovery Proxy support.
• Extended discovery scopes.
• Event broker/mediator support.
• Dynamic service invocation.
• Support of WS‐Security.
• Configuration services.
• Support of the IPv6 protocols.
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Task 5.2: Service orchestration engine

This task will implement a compact device‐level orchestration engine, suited for usage in resource‐
constrained environments, according to the specifications laid down by WP2. This implementation will
explore the usage of sequential techniques with a formal basis in the form of Petri nets or Pi calculus,
allowing for validation of the protocols described in the framework, in a way as to guarantee correctness and
consistency while minimising the need for manual code production.
Task 5.3: Service management tools

This task will instantiate the generic manageability framework specified in WP2, itself based on the WS‐
Management specification, in a prototype environment.
In addition, a set of tools and support platform will be specified and developed, focusing on:
• A monitoring console for ad hoc service networks. This console will discover devices through the
extended DPWS discovery mechanisms, and use service introspection mechanisms to display service
features.
• A reconfiguration tool, use to manually reconfigure devices and their services without need for device‐
specific programming tools.
• A discovery management tool, which can be used to feed a device with information on other devices. In
order to support the development of systems, tell operations for letting devices know in advance about
other devices can be used as a ʺfeed‐forwardʺ mechanism to introduce non‐DPWS devices or to bridge
with out‐of‐scope devices in other logical sections of the system.
• A tool for ontology management in ad hoc semantic service networks.
Task 5.4: Service-enabled agent system

This task will implement a prototype instance of the service‐enabled agent framework specified in WP2. As
its deployment environment it will select an existing service‐enabled industrial platform.
Task 5.5: Semantic Web Services deployment

Semantic Web Services (SWS) facilitate the semantic interoperability of Web Services, as well as the
automatic discovery, selection, invocation and composition by smart systems. By enriching service
descriptions with semantic metadata using formal ontology, reasoning agents can infer semantic
relationships between services and interact with previously unknown devices.
In order to support the use of Semantic Web Services at the device level, the present task will produce a
prototype implementation of the SWS framework for describing devices using domain ontology using the
OWL‐DL language and the OWL‐S upper ontology, specified by WP2.
To this end, the following activities will be conducted:
• The DPWS will be enhanced to support the propagation and discovery of service ontologies. This will be
achieved by building on the WS‐MetadataExchange, WS‐Addressing and WS‐Discovery specifications.
• Ontologies and inference engines typically impose processing and memory requirements that are
outside the reach of embedded devices. In order to make use of ontology, summarisation methods for
smart embedded devices will be specified, such as summarisation of subsumption relationships.
Associated light inference engines that process the limited semantics will be specified.
• Discovery, selection and composition of Semantic Web Services will be facilitated by the introduction of
Grid services dedicated to advanced reasoning functions. This ʺoutsourcingʺ model enables limited
embedded devices to discover and interact with other semantically‐interoperable devices without
implementing heavyweight reasoning functions.
• Invocation of services that utilise different syntax and taxonomies will be facilitated by service mediators
that perform ontology translation. The semantic mediators serve as static service adaptors for service
interfaces described with ontologies and as dynamic translators for invocations with ontology content
inside messages.
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Task 5.6: Electronic component for service-oriented devices

Given the very broad spectrum of embedded devices that can be service‐enabled, and the resulting economy
of scale, there is a strong opportunity for developing a generic electronic component – outfitted with a
microprocessor, on‐chip memory, I/O ports and network interfaces – that can be incorporated into a wide
variety of devices. Such a component should be able to house several of the software components enabled by
Tasks 1 to 5. At the minimum, it should incorporate the DPWS and the service management component;
ideally, it should also embody a service orchestration and SWS engine. The actual amount of functionality
thus provided may evolve over time as processing power and memory capacities further increase. In order
for such a component to be cost‐effective for the widest possible range of device types, its price should be
very low (in the sub‐€ range). Furthermore, since some devices are always powered by their environment
but may demand short response times, whereas other (untethered) devices are battery‐powered but have no
high‐performance requirements, it should be possible to trade off performance against power consumption.
For some devices, it should even be possible to virtually turn off the power supply during long periods of
inactivity and wake up the component as required by its environment.
The present task will therefore carry out a feasibility study for designing such an electronic component
according to the above requirements. It will take place in two stages:
• Application‐level analysis:
• gathering the requirements for a variety of device classes,
• setting the objectives with regard to component price, performance and power consumption ranges,
• estimating the attainable volumes.
• Component‐level feasibility study, involving:
• a detailed architectural design study with the aim of obtaining a linearly scalable processor
performance,
• an experimental implementation of this design,
• the evaluation of this experimental component.
The latter study will be based on the ARM architecture, which is very widely used in embedded devices and
has been designed from the outset for low power consumption. It will also include an analysis of potential
performance improvement factors; for example, since Web Services are highly XML‐centric, it may be worth
optimising string manipulation operations.
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Work package 6: Enterprise integration
Objectives

This WP aims at the integration of aggregated device‐level services with higher‐level Web Services and
business processes situated at the level of business applications ‐ in particular Enterprise Resource Planning
(ERP) systems ‐ in order to demonstrate seamless integration of device level functionality into higher‐order
business application scenarios in manufacturing, logistics, or similar areas. The integration should not
require changes to business application code, but be based on and leverage the Web Service‐enablement of
device networks as addressed by SOCRADES.
Business application systems increasingly benefit from the adoption of service oriented architectures (SOAs)
allowing to flexibly compose components of heterogeneous software systems across traditional system
boundaries and swiftly adapt business processes to changing requirements. SAPʹs NetWeaver platform
provides a rich foundation of infrastructure services and tools supporting the development and execution of
Web Services. Of particular relevance for this WP is the Exchange Infrastructure (XI) which addresses service
composition, business process orchestration and application integration, thereby enabling an Enterprise
Service Architecture (ESA), SAPʹs blueprint and implementation of a SOA.
The convergence of solutions and products towards the SOA paradigm adopted for smart embedded
devices contributes to the improvement of the reactivity and performance of industrial processes, such as
manufacturing, logistics and others. This will lead to information being available ʺon demandʺ and in
business‐level applications that are able to use high‐level information for various purposes, such as
diagnostics, performance indicators, traceability, etc. These future vertical integration capabilities will also
help to reduce the effort required for integration of the affected systems in the sense of the given business
scenario.
State-of-the-art

Business application systems increasingly benefit from the adoption of service oriented architectures (SOAs)
allowing to flexibly compose components of heterogeneous software systems across traditional system
boundaries and swiftly adapt business processes to changing requirements. The convergence of solutions
and products towards the SOA paradigm contributes to the improvement of the reactivity and performance
of industrial processes, whether at the level of manufacturing and logistics or at the device level. This will
result from information being available ʺon demandʺ and from business‐level applications to be able to use
high‐level information of various types: diagnostics, performance indicators, traceability, etc. These future
vertical integration capabilities will also help to reduce the effort required for business‐level integration.
Approach

SAPʹs NetWeaver platform provides a rich foundation of infrastructure services and tools supporting
development and execution of Web Services. Of particular relevance for this WP is the Exchange
Infrastructure (XI) which addresses service composition, business process orchestration and application
integration thereby enabling an Enterprise Service Architecture (ESA), SAPʹs blueprint and implementation
of a SOA.
Work package structure
Task 6.1: Integration concept analysis and design

Based on the requirements analysis carried out in WP1 and the framework developments resulting from
WP2 to WP5, in particular insofar as using the DPWS stack, this task will identify components in business
application platforms (i.e. SAP NetWeaver) which are relevant for integration and devise an integration
concept covering involved data flow and control flow aspects as well as communication protocols for the
integration of aggregated services and devices into business applications. This work will integrate
contributions based on the applications perspective brought in by the industrial partners, e.g., applying
experience of looking at potential ERP integration with assembly machines.
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Task 6.2: Integration of aggregated services into business applications

This task will analyse requirements and integration options and implement demonstrators of real‐world
integration scenarios based on existing SAP technology and infrastructure as well as on relevant outcomes of
the other WPs in an iterative process. This includes the potential usage of process ontologies for business
integration.
The business scenarios are expected to fall into one or more of these areas:
•

Extended Business Activity Monitoring: Business Activity Monitoring (BAM) is about monitoring
business processes in real‐time for the purpose of measuring key performance indicators and reacting to
relevant events and exceptions with minimised latency. Integrating device‐level networks with BAM
would extend its reach and thus reduce latency even more as well as supporting more detailed
monitoring and alerting on the business level. Event Management in general and Complex Event
Processing (CEP) in particular can be applied for transforming low‐level events into business‐level
events and automating alerts and reactions.

•

Mobile Equipment Assistance: Provide end‐to‐end services to mobile workers and asset management
back‐office in case of failures. This includes remote diagnostics functions available both from central
back‐office and from local devices and mechanics. For example, this kind of services can be applied to
truck drivers and fleet owners in case of unplanned stop on the road. Integration of mobile device‐level
services with back‐office business applications is important to accomplish remote diagnostics and the
outlined end‐to‐end services.

•

Maintenance Optimisation: Based on device profile information, maintenance intervals can be calculated
and scheduled given an average use of devices. In order to cope with unexpected usage profiles, either
frequent checks can be scheduled or maintenance can be carried out on demand. Both mean additional
efforts and expenses. By integrating device‐level services and diagnostics with business applications in
the fields of maintenance and asset management, actual device diagnostics data can be compared to
stored device profiles in order to detect situations requiring maintenance. Predictive algorithms can be
applied to calculate and forecast expected maintenance events. For example, in case of a fleet
management scenario, this would help in real‐time calculation of optimised maintenance plans (reduced
number of stops, stop when business is not affected, etc.) to the fleet owner.

•

Overall Equipment Effectiveness: The goal is to better utilise assets (people, equipment, and materials)
through a comprehensive view of overall equipment efficiency. The approach will be based on a) the
capturing of raw information about equipment usage (e.g. machine set‐up, load and production cycles in
a manufacturing plant) and b) applying analytics to identify and improve areas that are causing
operational inefficiencies (downtime, waste and rework, machine run‐time deficiencies). This WP task
will focus on the seamless integration of the manufacturing devices level (the ʺshop floorʺ) into the
business applications level (the ʺtop floorʺ) as a basis for capturing information about equipment usage.

Task 6.3: Integration of non-Web Service enabled devices into business processes

In the near future it is expected that control systems will consist of a heterogeneous mixture of devices with
support of SOCRADES facilities and of legacy devices that have no support for SOCRADES. The goal of this
task is the evaluation and design of service‐bridging technologies and concepts to enable the integration of
legacy devices with no support of Web Services into the enterprise application environment. Prototypes will
take into account the interface specifications defined in this working package as well as the specifications of
the communication and integration technologies of WP2‐WP5.
Research effort will be spent on the following main problems:
• Efficient transformation of device network view into the view of business software systems;
• Enrichment of device on‐line information with additional device related information based on different
data sources (e.g. configuration files, device descriptions, databases etc.).
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The solution of both problems will cover investigation of auto configuration mechanisms, network scans and
wizard guided human configuration activities. The introduction of a resulting proxy layer will allow for the
SOCRADES results to be applicable on systems in the near future.
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Work package 7: System engineering & management
Objectives

It is vitally important to be able, reliably and repeatably, to construct and compose distributed embedded
systems that can meet and adapt readily to ever changing user requirements. Such systems need to be
generally applicable to a broad spectrum of application domains as described in section B1 and yet be
capable of easy and precise tailoring to specific applications.
To address this need an engineering environment will be created for the lifecycle support of distributed
embedded devices in both wired and wireless automation systems. This engineering system will be specified
to meet the user applications requirements for the domains covered by the project.
The objective will be not only to support application design, simulation and monitoring of real‐time
distributed automation components from the control perspective (control dimension) but also to support the
integration of these devices with higher‐level business process systems (enterprise dimension), with supply
chain partners (value/supply‐chain dimension) and within a lifecycle engineering context (lifecycle
dimension), i.e., adopting a four‐dimensional approach inspired by ARCʹs CMM model. See Figure 5.
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Figure 5. Dimensions of collaborative integration and support

The goal is to combine support for the configuration and optimisation of networked control capabilities with
device management, configuration and lifecycle support services. End‐users are needed to assist in exploring
these new directions. In particular the aim is to create an effective tool‐set whose benefit and value are clear
within the user’s business context. This tool‐set should support a well‐integrated modular approach to real‐
time control system design, deployment, maintenance, diagnostics and enterprise integration. For example, a
machine builder may require support to:
1. Implement a machine control system.
2. Integrate this automation system seamlessly with the end‐users business system functionality, e.g., MES,
ERP, scheduling, data archiving.
3. Integrate and share component‐specific and process‐related information with supply‐chain partners
throughout the lifecycle, from initial simultaneous engineering through maintenance to reuse and
decommissioning.
All the above need to be done in a manner that is amenable to unforeseen changes at any stage in the
system’s lifecycle, as business needs dictate.
State of the art

From a real‐time embedded systems perspective, the model‐based design research community has produced
a large number of tools and technologies to facilitate the design and development of highly complex
embedded systems. Whilst these tools address multiple aspects of system design, including modelling,
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analysis, simulation, and synthesis, none support the service‐oriented multi‐perspective approach proposed
here.
In the field of industrial automation the consortium is fully aware of and involved in state‐of‐the‐art
developments with regard to systems for distributed automation and their associated engineering tools, for
example:
• Tampere University of Technology, Reconfigurable Assembly Automation Systems, ABAS
• Actor‐based assembly system
• University of Lisbon, Collaborative Enterprise Networks, PROVE
• Polytechnic Institute of Bragança, Manufacturing Automation, ADACOR Architecture for
• distributed control of production
• University of Michigan, Reconfigurable Manufacturing Systems, Design tools and control systems for
reconfigurable machine tools
• Loughborough University, Reconfigurable, Modular Automation, COMPAG Design environment and
control system for component‐based automation
• ifak, Distributed Object Model Environment for distributed automation, several commissioning tools
Whilst many key aspects of the required application engineering environment functionality can be found in
these systems, none offer integrated support for systems based on the service‐oriented architecture
paradigm to be implemented here using Web services.
In the specific field of service‐oriented systems, compositions of Web services are currently often created
either manually or with simple modelling tool support. A number of research groups are now focusing on
the simulation, verification and automated composition of web services in higher level systems and their
usage in the automation domain. This research is relevant to SOCRADES although embedded systems have
specific requirements that this work has not addressed. The latest SOA‐related developments in business
processes and workflow related tools, architectures and methods are also partially applicable to SOCRADES,
particularly in terms of process description.
Approach

Whilst control and business systems do in fact share many common features, they have, to date, almost
always been developed separately in relative isolation from one another using very different approaches,
which has led to inherently poor integration and difficulty in coping with change. This proposal brings these
domains together around a common service‐oriented paradigm and associated infrastructure.
An integrated engineering environment is needed to support the multi‐perspective needs of different classes
of application users in an efficient manner. The approach adopted will be to identify reusable, configurable
components, the aim being to mask complexity, maximise reuse and build domain specific libraries of
configurable components and associated services, minimising the need for new custom components for each
new application. Previous studies in several industrial sectors have shown that a relatively small library of
components, specifically tailored to the needs of a given automation user, could meet 80‐ 90% of their needs.
In particular support for internal functionality needs to be provided in terms of component behaviour and
also support for external functionality in terms of how components, each offering specific service capabilities
are composed, and at the higher level orchestrated together, to meet the overall application need.
Our objective is to enable the automated description, simulation, composition, testing, and verification of
Web services for embedded systems relevant to the application domains studied. This technology will also
be applied in tools for commissioning and diagnosis. As described in WP2 and WP5 it is the innovative
middleware that has a key role to play in SOCRADES. In an application context the role of the middleware is
to:
• Functionally bridge the gap between application programs and the lower‐level hardware and software
infrastructure in order to co‐ordinate how parts of applications are connected and how they
interoperate.
• Enable and simplify the integration of components developed by multiple technology suppliers.
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Provide a common reusable accessibility for functionality and patterns that formerly were placed
directly in applications but that in actuality are application independent and need not be developed
separately for each new application.

The development of many of the engineering environment’s capabilities is thus intimately associated with
the configuration of the middleware at both device and enterprise levels, since it is the middleware itself that
offers the potential to hold much of the traditional application functionality, greatly reducing application
complexity, e.g., through support for logic, error handling, maintenance and diagnostics.
Advanced middleware by itself will not deliver the capabilities envisioned for SOCRADES, and associated
advancements in engineering methods and tools are required. The approach adopted will exploit and
integrate the middleware capabilities developed in WP2 and WP5 – in particular, the utilisation of the
device‐level orchestration engine developed in Task 5.2, the low‐level service management tools developed
in Task 5.3, the QoS work in WP2 and the work on the support for agent capabilities undertaken in Tasks 5.4
and 5.5.
The proposed engineering environment will support:
• system configuration from reusable domain‐specific embedded component services,
• application process description, composition and orchestration,
• component internal behavioural description,
• simulation/emulation and verification of system‐wide behaviour and
• system lifecycle support from concept through to reuse and decommissioning.
It is important to appreciate that much of the work will be based on foundations established in previous
projects, in particular, the developments of engineering environments for the lifecycle support of fully
distributed embedded systems at Loughborough University, the Distributed Object Model Environment for
distributed Automation at ifak, the extensive experience of Tampere University in the application of
Semantic Web Services to automation systems, and the international research led by Schneider Electric and
Siemens into service‐oriented architectures for embedded systems through the SIRENA project and the
many years of experience of ifak in the domain of commissioning tools and description technologies.
In summary the aim is to prototype a simple yet effective engineering environment to highlight the benefits
of the approach in the context of the chosen application domains and to demonstrate seamless support for
the multiple integration perspectives of not only control but also business and supply chain connectivity in a
lifecycle context.
Work package structure
Task 7.1: User requirements for system engineering and lifecycle support

This task will include study and capture of user requirements (e.g., from end‐user, integrator/builder and
control vendor perspectives) to support the lifecycle of automation systems (for the application domains of
interest) in terms of:
• real‐time distributed automation and control on both wired and wireless networks
• integration with higher level enterprise systems
• Integration and support for supply‐chain engineering partners involved in the automation lifecycle.
The methodology and engineering environment will later be validated with reference to specific application
examples, in particular the wireless demonstrator systems.
Task 7.2: Investigation of enabling technologies, methods and tools

This task will include a survey and evaluation of the state of the art in enabling technologies, tools and
methods relevant to the engineering environment to be developed (e.g., related to design, process
description and orchestration, modelling, simulation, verification and lifecycle support). This will also
include a study of relevant national and international research projects.
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Task 7.3: Application description and configuration

The aim is to develop a generically applicable system engineering approach, which is highly customisable to
enable it to be used easily and efficiently within several areas of application. This task will include:
• Consideration of inter‐component communication, component integration services, component
customisation mechanisms, and maximising the reusability of components. (Drawing on the outputs of
WP2 and WP5, including consideration of component composition and orchestration, design
methodologies, component lifecycle, behaviour description of components.)
• Creation of domain‐specific system models, which will be consistent throughout all of the lifecycle
phases of a given automation system, viewable from the different ʺdimensionsʺ to enable the behaviour
of the system to be observed.
• Development of tools to enable (1) the efficient definition of modular system configurations and (2)
associated application process definition, composition and orchestration.
Task 7.4: Simulation and verification

The capability to undertake simulation and verification is of much greater importance in distributed, loosely
coupled automation systems than in the case of traditional centralised control systems. Simulation and
analysis capabilities must therefore be integrated into the lifecycle environment and must be available to be
used iteratively in a simple yet flexible manner. The development of a simulation and verification system
will require:
• Creation of a suitable runtime environment to support the execution of the control components and
modelling their interactions.
• Creation of an executable model, which can be used to drive a wide array of alternative visualisations to
interactively, explore the applicationʹs dynamics.
• The capability to model the controlled process/machine/facility and a suitable simulation engine/tool for
running this model to provide an emulation of the physical environment.
• The capability to examine the system analytically for structural and behavioural deficiencies through the
application of suitable mathematical formalisms.
• Service support for multidisciplinary, geographically distributed development teams.
This work will be carried out in conjunction with the development of the device‐level orchestration engine in
Task 5.2.
Task 7.5: Device-support and maintenance

The adoption of a service oriented approach to embedded systems implementation and lifecycle support will
radically alter both the capabilities of smart device and the manner in which they are used. This task seeks to
look at the implications of this with particular emphasis on device support and maintenance.
This planned work is described as follows.
• Description and evaluation of state of the art approaches to device support and maintenance.
• Specification of device/system configuration and integration requirements in the context of many
autonomous devices from several vendors. This will include a specific assessment of the
parameterisation of such smart devices and will provide a way to migrate the approach to recently
available field devices.
• Specification of the commissioning and maintenance requirements of devices with consideration of
current best practices and the implications of adopting Web service based functional descriptions.
• Consideration and assessment of the needs of maintenance personnel and machine operators in the
context of complex distributed systems.
• The implementation and evaluation of a generic tool to support the parameterisation of smart devices
based on Web Services.
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Work package 8: Pilot applications
Objectives

The main goals of WP 8 are:
• To set up application pilots for selected scenarios of the process industry as well as in the field of
manufacturing automation.
• To run trials and to test real world situations like automatic set‐up and system start; device or system
failure; plug & play situations; control failure; hard real‐time conditions, staff failure; change of
production volume, product type, quality requirements and delivery times, impact of lead times; as well
as process monitoring, diagnostic and prognostic capabilities, ad–hoc networking, or service‐oriented
cross layer communication.
• Comparison with the performance of traditional process automation and control technology provided
by the end‐users and refinement of the application and demonstrator prototypes.
• Evaluation and assessment of results.
Approach

The study of end‐user application requirements established in WP 1 will drive the definition of the key
features for the applications and demonstrations to be implemented mainly in the later part of the project.
From the current point of view, Boliden will provide a process control application, and Jaguar and FlexLink
manufacturing‐related applications in the automotive and in the electronics sector, respectively.
In this context, APS will provide an application site in order to enable numerous trials in collaboration with
the partners by simulating specific communication, automation and control situations close to reality within
SOCRADES.
The SOCRADES Mechatronics Trial Site at APS will include wireless as well as wired embedded automation
systems like machines, robots, sensors, tools and peripheral equipment, trial‐specific clustering and
configuration capabilities, the seamless integration of these industrial systems into higher‐order business
application and life cycle engineering support scenarios. The trials envisaged will be focussed on the
development and study of ICT solutions related to:
1.

autonomous system reconfiguration by adding, removing, and replacing ʺsmartʺ Mechatronics devices
with embedded intelligence in building application‐specific automation and control clusters;

2.

interoperability and co‐ordinated collaboration of heterogeneous systems and devices pursuing a
common goal;

3.

meeting real‐time constraints in the control of networked sensor and actuator systems;

4.

highly efficient human‐machine interaction and collaboration in an ambient intelligence environment;

5.

integration of subsystems and devices with enterprise/business process applications through a unique
service‐oriented communication infrastructure.

The heart of the SOCRADES Mechatronics Trial site will be a new IT‐based communication infrastructure,
which is built on the SOCRADES service‐oriented networking paradigm with cross‐layer capabilities.
Although the infrastructure is envisaged to combine wired and wireless networking, special consideration
will be given to RTD activities on wireless communication mechanisms. Addressed are for instance
interaction and co‐operation processes on the sensor/actuator level (link to Siemens and ifak) aiming to meet
the real time requirements in sensor‐guided manufacturing with robots (contour tracking, process control
(link to ABB, KTH, Lulea Univ.)), robot co‐operation, or safe guarding in human‐robot collaboration.
The communication at device‐level is envisaged to integrate a middleware concept based on the DPWS
protocol (link to Schneider and TUT) and the use of dedicated hardware (link to Schneider and ARM).
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A second special middleware solution will create a ʺbridgeʺ between the functionality on device level and
those provided by the application platform on enterprise/ business process level. Typically integrated will be
functionality for the execution and sequencing of services (link to TUT).
The enterprise or business process level of the SOCRADES Mechatronics Trial site at APS will be composed
as an application platform that will integrate service management tools for process and resource planning
(link to SAP), for reconfiguration as well as for simulation and monitoring (link to Loughborough Univ.)
with task planner and configurator, event broker, service database, and offline programming support.
Work package structure

This WP will accomplish the following major tasks:
Task 8.1: Set-up of trials

Scenarios will be selected in each of the industrial environments addressed in WP1 and WP 2. Integration of
system components and implementation of the software solutions; set‐up of the trials.
Task 8.2 Application of the SOCRADES framework to the trials

Implementation of the SOCRADES framework to application pilots for selected scenarios. Adaptation to the
trials to verify and validate technological solutions. Functional tests and optimisation of the system
interoperability in accordance to predefined performance criteria.
Task 8.3: Trials to real-world situations

Running trials in accordance with real‐world situations at the APS trial site as well as at the selected end‐
user sites including refinement of the demonstrator prototypes. Optimisation of system performance with
regard to the user requirements.
Task 8.4: Trial records, evaluation and assessment of results

Gathering of trial results and performance data in accordance with predefined criteria. Creation of trial
records, detailed evaluation of trial results, comparison with traditional process management and control
solutions, and assessment of results.
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Work package 9: Dissemination
This WP, led by Politecnico di Milano (POLIMI), is concerned with the dissemination and promotion of the
project results. There will be three major strands to the activity in this WP, scientific dissemination,
industrial promotion and dissemination via centres and networks of excellence. In addition an interactive
Website will be developed to support both external dissemination and interaction between the project
partners. This WP complements the key standardisation and roadmapping work to be carried out in WP10.
International conference special sessions and workshops will be organised to promote SOCRADES with
three major events of this type envisaged over the course of the project.
The device‐centric and service‐oriented technologies, methods and systems developed in this project are
both highly innovative and culturally new approaches in the context of traditional centralised automation
systems. An effective and well‐managed dissemination plan is, therefore, vital to promote and explain this
new paradigm to both the industrial and academic communities. The aim is to form a critical mass of key
industrialists and academics to promote the SOCRADES concept. In particular, effective dissemination is
important in order: 1) to make key individuals and groups aware of the work, 2) to enable them to
understand the concepts and potential benefits and 3) to obtain critical feedback from them to assess the
perceived value of the approach.
All the academic partners will take a leading role in disseminating the results of the research via publications
in journals and conference proceedings and also via educational projects. These publications will be carefully
planned as strategic collaborative research outputs within the dissemination plan involving all project
partners.
The Tampere University of Technology, the Loughborough and Lulea Universities, and the Politecnico di
Milano will contribute to the scientific dissemination of the results obtained by the SOCRADES through
workshops and tutorials, e.g., under the IEEE Industrial Informatics Conference, where the main research
issues will be presented and the solution compared with other solutions in an international scenario. The
partners will also present the results of the research in the main conferences of the real‐time systems and
embedded systems domain. The University of Loughborough will also feature SOCRADES in a planned
future presentation in the UK at the Royal Academy of Engineering on the topic of ʺTechnologies and
Methods for the Lifecycle Engineering of Modular Reconfigurable Manufacturing Automationʺ.
Targeted conferences are expected to include:
• IEEE Real‐Time and Embedded Technology and Applications Symposia and Conferences
• IEEE INDIN (Industrial Informatics) conference
• Euromicro Workshop on Parallel, Distributed, and Network‐Based Processing
• IFAC Workshop on Programmable Devices and Embedded Systems
• IFAC World Congress
• WS‐FM International Workshop on Web Services and Formal Methods
• ICSOC International Conference on Service‐Oriented Computing
• RTAS IEEE Real‐Time and Embedded Technology and Applications Symposium
• IFIP International Conference on Network and Parallel Computing
• IFIP International Conference on Embedded And Ubiquitous Computing
• IEEE ETFA (Emerging Technologies and Factory Automation) conference
• IEEE IECON (Industrial Electronics Conference)
Dissemination of SOCRADES results will be performed by the project partners through an active
participation in fairs and conferences, e.g., IEEE INDIN (Industrial Informatics), IEEE ETFA, SPS IPC Drives,
and IPROMS Network of Excellence. FlexLink will disseminate information via its network of sales units in
25 countries, by FlexLink News and by other publications, including professional journals. Jaguar Cars will
include SOCRADES as a project of special interest in its Technology Cycle Plan (TCP), a five‐year initiative
beginning in 2005 to specify the requirements and identify future new control system technologies and
methods.
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Work package structure
Task 9.1: Scientific, technical and general dissemination

Dissemination, promotion and assessment activities will include the following:
• The innovations in the approach, design, and development of embedded service‐oriented control and
automation systems achieved in this project will be the focus of PhD thesis developments at the research
institution partners. We estimate that six PhD students will devote a major part of their PhD research
work to this project.
• A minimum of 20 peer‐reviewed publications dedicated to results of this project will be generated for
presentation at international conferences or in journals.
• Three workshops and/or special sessions within international conferences will be held at progressive
stages in the work (concepts, progress and final dissemination events).
In addition to scientific and technical dissemination, the project further intends to target the general public
press, like The Financial Time Newspaper, the IEEE Spectrum, German VDI Nachrichten.
A plan for general press publicity will be elaborated during the first project period. The plan will consider:
• Relevant markets for the partners, including fast growing economies
• Interviews of the partners, articles by technical journalists on financial and industrial journals and
magazines.
As addressed in section 6.7, SOCRADES partners are currently members of the editorial board of world
known IEEE and IFAC journals. The consortium will use this situation.
Synergies to international Technical Committees and dissemination activities within those committees will
be built.
Task 9.2: Industrial promotion

The partners will organise a number of events specifically tailored to different audiences, e.g., in process
automation, electrical distribution and manufacturing automation. These events will include hands‐on
technology demonstrations, debates, and presentation of emerging scenarios for the application of service‐
oriented embedded distributed systems and new ways of working. The feedback received from these events
will be used to assess industrial reaction to and the applicability of SOCRADES in diverse application
sectors. It is foreseen that during this project a minimum of three such public events dedicated to the
dissemination of SOCRADES in different countries in Europe will be organised.
Task 9.3: Dissemination centres and networks

Activities in this strand of work will include the following:
• An interactive website will be developed to support both external dissemination and interaction
between the project partners.
• The consortium plans close contacts with Europe’s Network of Excellence for Agent‐Based Computing
(AgentLink) and with IPROMS (Innovative Production Machines and Systems). Using the dissemination
platform offered by the IPROMS Network of Excellence, at least one technology transfer seminar and
one training course for researchers are planned.
• Dissemination actions using as channel the IEEE Industrial Electronics Society, Technical Committee on
Industrial Agents (see http://www.ewh.ieee.org/soc/ies/ and http://www.tcia.ipb.pt/).
• A final workshop or special session within an international conference, involving representatives from
other invited related projects, is planned for the end of the SOCRADES project.
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Work package 10: Exploitation, standards and roadmapping
Objectives

The main goals of WP10 are:
• To prepare a detailed exploitation plan of the results of the project with the purpose to prepare the
appropriate actions for making the exploitation as successful as possible
• To derive from the SOCRADES technological innovation a set of specifications for an international
standardisation bodies with the purpose to spread the results world‐wide and facilitate the adoption of
the service‐oriented devices
• To write a roadmap that starting from the SOCRADES results could explore the gap between the
currently available technologies and the new paradigm promoted by SOCRADES. The purpose of the
roadmap is to help the supplier, vendors and system integrators and the users to easily adopt and
implement the SOCRADES paradigm.
Approach

The strategic approach that will be used to manage the WP is to make the best use of the results of the
project by placing the different stakeholders in a position to fully exploit the investment in the project. For
this reason the three different activities of exploitation, standardisation and roadmapping have been
integrated in a single WP.
The stakeholders of the project are:
• The partners of the project itself to which the task 10.1 is mainly addressed.
• The international industrial community and the market (the consumers) to which the task 10.2 and task
10.3 are addressed. The industrial community will take benefit from the standardisation activity that will
be initiated by the project.
• The users, the systems integrators, and in general the companies that are part of the value‐chain of the
automation industry. These organisations will benefit from tasks 10.3. Moreover, since task 10.3 will
develop a roadmap, part of which is the scenario definition and trends analysis, the policy maker could
also take advantage to plan its policy for the European competitiveness.
Specifically, activities in establishing, influencing or achieving concrete international or other standards will
be conducted as parts of the tasks 10.2 and 10.3.
On one side, Task 10.2 will elaborate standards specifications
• Using a permanent SOCRADES forum.
• With working groups by device categories.
• Open to project partners, experts, suppliers, end‐users, system integrators.
On the other side, Task 10.3 will take the specifications to a selected international standardisation body. The
UPnP Forum is a candidate organisation. There is already a plan to standardise DPWS as the UPnP V2
standard. Note: Creation of an industrial Working Committee (WC) is possible if there are at least three
major companies of the domain agreeing to work in the WC (This condition is fulfilled in SOCRADES by
having Schneider, Siemens, ABB and SAP).
Other actions derived from the Task 10.3 will be oriented to:
• Provide relations to the IEC 62264 (Enterprise Control Systems Integration) and ISO SC5 (PERA ‐
GERAM), particularly due to the integration between shop floor and upper enterprise management and
organisation levels that SOCRADES is addressing.
• Support of the new IEC TC65 SC65E ‐ Asset Management in general.
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Work package structure
Task 10.1 Exploitation plan

This task will include activities aimed at preparing the post‐project exploitation of project results, according
to the strategy and the guidelines defined in this proposal. According to the exploitation strategy, partners
will be committed to exploit the SOCRADES results, both internally and externally to the consortium.
The main outcome of this task will be joint exploitation agreements among partners, and a full Business Plan
for each partner that will be organised in an Exploitation Plan (reported in deliverables D10.1a and D10.1b).
Task 10.2 Standards specification

As mentioned before, standardisation activities are planned to be conducted during the project. A
permanent SOCRADES Forum, organised in different working groups will be created, to define standards
for a set of industrial device categories. The Forum will target the participation of SOCRADES partners as
well as experts, suppliers, end‐users, and system integrators relevant to each specific device type. The
outcome of this task will serve as a basis for Task10.3.
Task 10.3 Submission to a standardisation body

This task aims at taking the results of the Task 10.2 to a selected international standardisation body.
International standard bodies will be addressed with the purpose to guarantee the stability and the proper
diffusion of the standard. At the same time activities to disseminate the new standard and guarantee the
adoption by the world‐wide industrial community will be undertaken.
Task 10.4 Road mapping for the adoption of the SOCRADES paradigm

As mentioned, the SOCRADES goal is to create new methodologies, technologies and tools for the
modelling, design, implementation and operation of networked hardware/software systems embedded in
smart physical objects. With the purpose to facilitate the adoption of the SOCRADES results by the
industries, a gap analysis that could highlight the benefit of the adoption of the SOCRADES results is
needed. Once the benefits are shown, a roadmap to guide the adoption in a smooth and effective way is
needed as well. This task aims therefore at producing this document. The roadmap will analyse gaps,
propose a vision and suggest methodology and tools. Best practices need also to be identified with the
purpose to create credibility, even though feasibility will be run by the partners
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Work package 11: Project management
Objectives

This WP is concerned with ensuring that the project remains on course and that it is effectively and correctly
managed. This includes the following detailed objectives:
• Monitoring, tracking and controlling deviations due to progress, costs, financial and, scheduling,
changes.
• Managing the project according to approved plans.
• Ensuring that the required reporting is prepared and delivered in a timely manner.
• Implementing procedures for quality management.
• Implementing an administration and communication infrastructure to establish a basis for efficient and
easy communication within the project. To also ensure that external communication (project Web site,
dissemination and exploitation) is done and controlled by the project management.
• Performing a procedure for updating and revising the plans every 12 months due to changes and new
knowledge.
• Successfully managing collaboration with local administrations to ensure results that are tested and
validated by users.
The overall project management responsibility is endorsed by the co‐ordinator, as stated in chapter 7.
Work package structure
Task 11.1: Planning and scheduling

The objective of this task is to provide accurate planning of different actions during the project’s lifetime.
Activities that have to be performed in this task are:
• Create implementation plan
• Collect input and needs for changes
• Define and check consequences according to budget, scheduling and objectives
• Communicate and if necessary arrange meetings with WP Leaders
• Prepare updated plans for final approval in the Project Co‐ordination Committee (PCC)
• Communicate updated plans with the consortium members
Task 11.2: Progress and cost reporting

The objective is to establish a clear reporting structure and processes to the European Commission and for
the project activities within the programme. Activities to be performed in this task are:
• Provide templates for the reporting instances to all concerned participants
• Maintain a document repository for incremental reporting
• Submit reports and cost claims on time and in the quality required
• Create periodic reports (management, progress, dissemination, standardisation, financial). The project
reports include Progress Report, Dissemination Report, Standardisation Report, IPR Report, Report on
using and disseminating of knowledge, Quality Assessment Reports.
Task 11.3: Monitoring, control and quality management

Within this task plans will be monitored and controlled, which already have been approved. Progress
control will be done on WP level by measuring quality, resources and costs. Activities to be performed in
this task are:
• Progress control
• Cost control
• Checking schedules and milestones
• Assessment of deliverables
• Risk management
• Quality assessment for deliverables and work packages
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Task 11.4: Communication management and administration infrastructure

To perform fast and effective communication in the project, different procedures and tools will be
implemented. Activities to be performed in this task are:
• Create and update a Project Handbook
• Implementation and administration of an on‐line collaboration platform
• Planning and arrangement of project co‐ordination meetings
Task 11.5: Management of collaboration with external organisations

SOCRADES aims at a tight collaboration with external end‐users. The objective of this task is to manage the
collaboration with external organisations, e.g., companies through dedicated research partners. The
respective activities are:
• Management of piloting and testing activities
• Planning of external contribution in various WPs
• Develop methodology to effectively supply piloting and testing results as well as end‐user requirements
into project work.

6.2 Demonstration activities
The dissemination of the SOCRADES consortium will be supported by demonstration activities in the
application areas of process control and manufacturing.
The goal of these demonstration activities is:
• To make the SOCRADES RTD results available for interested parties outside the consortium using the
installations realised for validation in SOCRADES.
• To discuss the opportunities of innovative automation networks for open, vendor‐independent
technology in different application areas including to support the standardisation process.
• Final public presentation of SOCRADES results at the end of the project.
The results of SOCRADES will be exploited as part of the work of the European competence centre (to be
established during the project) after the project end.
For this purpose, the following task was defined in the context of WP9 (Dissemination):
Task 9.2: Active information dissemination

This task will deal with dissemination to the outside of the consortium, based on the installations built by the
project for demonstration and validation.

6.3 Training activities
Training activities contain:
• Training courses for industry professionals who might be interested in applications and project final
results. These professionals will be contacted through the consortium partnership. Additionally the
training of trainers (including universities within Europe) offers the opportunity to continue the training
activities after the end of the project, and to achieve a multiplying effect).
• High quality scientific courses addressing knowledge needs or skill gaps of specific interest covering
Tasks or activities of the project.
Training will be focused from two points of view. It will be oriented both towards consortium members and
towards professionals from outside the consortium, including researchers, students, engineers and industrial
executives, in particular for SMEs. A plan will be presented in order to direct the outcome of the research to
those concerned in the most efficient and direct way. An important target will be to guarantee a unified
understanding of the goals, objectives and tasks of the project.
SOCRADES will also make use of the tight links of its partners to related networks of excellence (NoEs),
such as IPROMS, NoE in Wireless COMmunications, and other NoEs if appropriate. Possible joint activities
are road‐shows, summer schools, industrial user group meetings etc.
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For these purposes, the following tasks were defined in the context of WP9 (Dissemination):
Task 9.1: Information dissemination

Results coming from SOCRADES project will be presented in a number of activities: publications, presentations,
training sessions, events, collaboration with different companies, attendance to other events organised by the
Commission and utilisation of its different services, as well as the use of connections to related NoEs.
Task 9.3: Establishment of a European Competence Group

This task defines and sets up a competence group on a European base to provide a platform for the project
knowledge and concepts as well as to extend the project results beyond the project time frame. The competence
group will represent the requirements and concepts for service‐oriented high‐level communication with emphasis
on industrial applications and with a European focus. Training activities will support this.

6.4 Management of the consortium activities
The consortium management activities are covered by WP11, which comprises the following tasks.
Task 11.1: Planning and scheduling

This task will provide accurate planning of different actions during the project’s lifetime, such as creation of the
implementation plan, collection of input and needs for changes, preparation and communication of updated plans.
Task 11.2: Progress and cost reporting

This task will organise the internal progress and cost reporting, the diffusion of periodic reports (management,
progress, dissemination, standardisation, financial), and the timely submission of reports and cost claims to the
European Commission.
Task 11.3: Monitoring, control and quality management

This task will monitor and control previously approved plans. It includes progress control, cost control, checking
schedules and milestones, assessment of deliverables and risk management, quality assessment for deliverables and
work packages.
Task 11.4: Communication management and administration infrastructure

This comprises the implementation of procedures and tools for fast and effective communication inside the project.
Task 11.5: Management of collaboration with external organisations

This task will manage the collaboration with external organisations, e.g., companies through dedicated research
partners.

6.B Plans
6.5 Plan for developments and exploitation
SOCRADES constitutes an unprecedented constellation of all major European ICT players of the industrial
value‐chain (see Figure 6).
The scientific, technical and commercial know‐how and experience of all industrial partners will be
complemented with the high‐level scientific expertise of the academic and scientific institutions in Sweden,
Finland, Germany, Italy and the UK that participate in the SOCRADES consortium.

57/160

Final Version approved by the EC on April 26th, 2006

IST-5-034116 SOCRADES Annex I

SOCRADES

Figure 6. The SOCRADES Industrial Component
Who will do development and what?
•

•

•

•

In WP5, Schneider together with the partners participating in this WP will develop DPWS extensions
and enhancements, embedded orchestration and management engine, … up to a hardware integration
study to be performed in co‐operation with ARM
In WP6, SAP together with the partners participating in this WP intends to integrate DPWS capable
devices into its application middleware platform called SAP NetWeaver. On top of it, SAP will
implement integrated prototype application systems that use the functionality provided by the devices
In WP4, ABB together with the partners participating in this WP will contribute to the implementation
and development of a wireless closed loop control software component with a DPWS interface including
the device level middleware and API.
In WP3, Siemens together with the partners participating in this WP will research on node architecture,
sensor integration and the interface between sensors and the network, wireless network topology, self‐
configuration, self‐management, routing, scalability, communication technologies for Wireless
Sensor/Actuator Networks (WSN) in industrial environment, new services with Wireless Sensor
Networks. In this context and with respect to the universal networking approach followed in industrial
communication during the last years, security mechanisms to protect WSNs against viruses, Trojan
horses and similar security attacks will be considered.

The cross‐relation between the different WPs is shown in section 8.3.
Who will exploit these platforms and middleware?
The vendors (ABB, Schneider, Siemens, SAP, ARM) will exploit the developed hardware / middleware /
software in their devices / applications. As an example, DPWS and its extensions (including orchestration
engine) will be sold by Schneider, as a SOCRADES result.
A work package, WP10, is dedicated to exploitation activities. Moreover, two milestones of this WP10 are
related to the SOCRADES Exploitation Plan. Both WP‐related milestones are completed with the second
Major Project Milestones addressed in section 6.8.
In general, the consortium will explore at‐the‐moment‐unforeseen results. This will be done through a
roadmap exercise. A Delphi study, through a methodology developed by POLIMI, is also under
consideration.
The roadmap (and Delphi study) will include extra‐European expertise (i.e. IMS network of Excellence, EU
FP6 network of Excellence I*PROMS etc.).
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6.6 Plan for using and disseminating knowledge
An entire work package, WP9, is dedicated to dissemination activities. These dissemination activities can be
categorised as:
• Scientific and academic dissemination through refereed articles and dissertations.
• Industrial promotion through customer channels (as explained in section 6.7 below).
• Schneider Electric Initi@tive fair and conference.
• SAP’s Ecosystem.
• Siemens’ Profibus International.
• ABB’s Process IT network
• TUT and FlexLink: IPC Association Connecting Electronics Industries
• Dissemination through specialised centres and networks.
A detailed description of the dissemination approach is given in sections 6.1 and 6.7.
The particular foreseen exploitation and dissemination actions to be performed by each partner are detailed
below.

(1) Schneider Electric

IND

F/D / 80,000 employees

Schneider Electric is a leading company in the automation and electrical distribution business. The Industrial
Automation offer with the brands of Schneider Electric is targeting industrial process end users and OEM
customers’ superior products and services throughout their automation journey. Furthermore, Schneider
Electricʹs product portfolio covers the combination of IT and industrial automation, the usage of service‐
oriented and Internet‐based protocols and providing innovative solutions for collaborative automation
control systems.
Schneider Electric plans to exploit the results of SOCRADES including:
• The creation of synergies with related RTD projects
• Evaluation of relevant results for a potential commercialisation
• Transfer of results into the Schneider Electric offer portfolio
• The extension of technical and technological knowledge and know‐how for follow‐up research projects
in the field of (Web‐) service‐oriented architectures and collaborative automation systems.
Dissemination actions will be linked to current active participation in
• International conferences sponsored by IEEE and IFAC
• Networks of Excellence like the EU FP6 IPROMS
• International journals like IEEE Transactions and IFAC associated series
• Industrial fairs like the Hanover Fair and SPS/IPC/Drives
• Customer fairs and exhibitions like Schneider Electricʹs Initi@tive fair and conference

(2) ABB

IND

S / 102,000 employees

ABB has a long and extensive experience in the field of process automation and deployment of wireless
technologies in the industrial domain, including the award winning WISA technology. ABB’s main
contribution to the SOCRADES project is to provide domain knowledge, requirements and implementation
expertise in the field of wireless communication and process automation.
ABB plans to exploit the results of SOCRADES includes:
• the creation of synergies with related RTD projects
• transferring relevant results to ABB business units for commercialisation, if successfully evaluated from
a business and technology perspective
• the extension of technical and technological knowledge and know‐how for follow‐up research projects in
the field of advanced process automation and wireless networking
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(3) APS

IND

D / 20 employees

APS plans to exploit the results SOCRADES with special focus on:
• the extension of technical and technological knowledge and know‐how for follow‐up research projects in
the field of advanced manufacturing automation, collaborative control, embedded intelligence and
wireless networking;
• the creation of synergies with related RTD projects;
• the transfer of SOCRADES technologies into industrial application;
• the training and education of mechatronics students;
• the set‐up of a SOCRADES Trial Site for testing, feasibility studies, training, and demonstration.
Synergies with the Eureka RoboTOOL project may also be exploited to further support the SOCRADES
dissemination effort.

(4) Boliden

IND

S / 4,500 employees

Bolidenʹs rationale for investing in wireless and distributed intelligent control can be summarised as follows:
• A special characteristic of Bolidenʹs business is that the mine is a constantly ʺmovingʺ process industry,
which requires high flexibility.
• Today cables and wiring is a considerable cost in installation and maintenance.
• The mining process is constantly evolving to a higher degree of automation and less manual labour.
• The long‐term vision is that the whole process from ʺthe mine to the millʺ will be fully automated.
As a consequence, distributed control by intelligent devices and wireless communication is of strategic
importance to Boliden.
In its exploitation of the SOCRADES results, Boliden will particularly focus on:
• the creation of synergies with related projects at Boliden or in ProcessIT projects.
• propose transfer of SOCRADES technologies into new industrial products and services
• industries in the ProcessIT Innovations network. Boliden will also take a lead for the project in the
ProcessIT Innovations network and to disseminating the result and knowledge to other industries.
In the ProcessIT Innovations centre, ʺFault tolerant network embedded systems is a prioritised area. The
process industries in ProcessIT are committed to support the centre financially in time and in other
resources. For this area, several industries are interested to contribute in requirements and scenario analysis
and to follow and evaluate the results of the demonstration. Through the ProcessIT Innovations
organisation, the following industries will participate in the work mentioned: LKAB (Mining), Smurfit
Kappa (Pulp and Paper), SSAB (Swedish Steel), SCA (Pulp and Paper). Several supplying industries like
ABB and IT‐SMEs are also committed to ProcessIT. It is expected that results from SOCRADES will also
strengthen regional SMEs in terms of new products and services for an international market.
Boliden, also committed to ProcessIT, will take a leading role for the ProcessIT network as a full project
partner, providing demonstrator facilities and support but also as the disseminator of the SOCRADES
results to the industries in ProcessIT.
The main part of this is already financed by the partners of ProcessIT Innovations.

(5) FlexLink Automation

IND

FIN / 550 employees

Project results can be exploited in Dynamic Assembly System (DAS) concept after they have been validated
and adopted by key customers. Feedback from the market is key issue for the exploitation and how FlexLink
can merchandise the innovations of the project results.
Dissemination activities have been planned for international fairs and symposiums (Apex, USA, Nepcon,
China, Motek, Germany). FlexLink also has own channels trough the Sales Units in 25 countries. Through
that channel FlexLink is able to reach about 6.000 industrial customers using the FlexLink News magazine
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and other publications. Also, press releases in professional journals are used to disseminate new products. In
a customer days we can educate our customers to apply a results of this project.

(6) ifak

RES

D / 50 employees

The ideas for exploitation activities of ifak as research and development institution comprise the following
aspects:
• Publications with different topics,
• Reinforcement of research co‐operations,
• Strengthen the integration of SOCRADES related topics into lectures,
• Establish research activities complementing the SOCRADES project results,
• Provide support regarding use of SOCRADES results.
Within ifak project results will be discussed in several status presentations. This allows to make use of
experience coming from the project by a certain number of ifak employees acting as teachers at university
and college for higher education.
To disseminate the SOCRADES results externally ifak will contribute to present the results at conferences
and through scientific publications.
Also SOCRADES results shall be considered within future standardisation activities ifak will be involved in.

(7) KTH‐Royal Institute of Technology

HE

S / 30 employees

The SOCRADES project is of major importance to KTH. It is planned to be continually used in other research
projects and in education. Specifically, the results of SOCRADES will be disseminated through the European
Network of Excellence HYCON and EURON as well as a number of national research projects on networked
embedded control systems supported by the Swedish Research Council, the Swedish Strategic Research
Foundation and the Swedish Agency for Innovation Systems. Many of the projects have strong industrial
participation. SOCRADES will also be crucial for the undergraduate and graduate education, e.g., several
PhD students will be involved in the SOCRADES research activities and a new undergraduate course has
been developed closely related to the work in SOCRADES. These dissemination activities will be further
explored.

(8) Loughborough University

HE

UK / 30 employees

Loughborough University will disseminate and exploit the results of the SOCRADES project via its research
centres, i.e., feeding the results into new collaborative projects with industry. A major dissemination‐related
goal will be to highlight the potential of distributed embedded devices utilising SOCRADES technology to
enable more efficient machine reconfigurability via a functionally modular, component‐based approach to
automation. Loughborough has a close working relationship with a wide range of automation vendors and
users both in the UK and more widely across the rest of Europe. It will utilise these relationships to drive
project exploitation. Other dissemination activities will include a well‐targeted series of international
publications and special conference sessions. The project results will additionally be used in lectures,
seminars, and postgraduate research.

(9) Lulea University

HE

S / 91 employees

LTU plans to exploit the results SOCRADES with special focus on:
• the extension of technical and technological knowledge and know‐how for follow‐up research projects in
the field of advanced measurement and control in process industry, collaborative control, embedded
intelligence and wireless networking;
• the creation of synergies with related RTD projects;
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•
•

the transfer of SOCRADES technologies into industrial application mainly through the ProcessIT and
EISLAB networks;
the training and education of students at LTU.

(10) Politecnico di Milano

HE

I / 1,000 employees

Politecnico di Milano, being the leading Technical University in Italy has a strong relationship with the
economical and industrial sectors of the country economy. The link with the industry is high with a fruitful
and reciprocal exchange of knowledge and competence. SOCRADES results will therefore contribute to this
asset. In particular:
• Update of the courses both at undergraduate and graduate level
• Ad‐hoc seminar for industry
• Publication of the SOCRADES result in the economical and technical Italian journals and newspapers
• Special dissemination activities for the SMEs.
POLIMI, being leader of the WP9 will also manage the entire dissemination plan. SOCRADES will
particularly benefit from the international exposure of POLIMI in the major academic association such us
IFAC and IFIP, and industrial such as IMS.

(11) SAP Research

IND

D / 9,000 employees

SAP’s current research activities in the area of ʺSmart Itemsʺ deal with problems similar to those addressed
in the SOCRADES project. Hence, SAP is interested in contributing to the evolving implementations in
SOCRADES, bringing in its specific experiences with enterprise software systems, embedded systems and
devices, sensor networks, RFID and other emerging technologies. (See Figure 7).
SAP expects to draw benefits from SOCRADES outcomes with regard to the integration of Smart
technologies in SAP’s new service oriented application framework and thus ensure a long‐term exploitation
of project results beyond the project duration.
One of the aims of the SOCRADES project is to greatly facilitate the integration of device‐level networks
with higher‐level business process management systems. Therefore, we think there is an interesting
opportunity to test the waters of such integration capabilities using SAP’s application platform called SAP
NetWeaver. We propose to pursue two thematic directions for exploiting the SOCRADES results:
• integration with business applications within identified scenarios (yet to be refined);
• linking SOCRADES to our current Smart Items related research activities.

SAP
Biz Apps

Web Services
Standards

NetWeaver

SOCRADES
DPWS
SAP
Smart Items

Figure 7. Options for SAP participation
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(12) Siemens

IND

D / 51,800 employees

For dissemination reasons Siemens mainly will make use of the main automation fairs in Europe as there are
Hannover Messe Industrie and SPS/IPC/DRIVES.
As already mentioned, the wireless sensor/actuator topic is still in its early infancy so that Siemens regards
SOCRADES as a pre‐development project which does not necessarily result in exploitation in final products,
but serves as a technology platform which serves as basis for later concrete product developments. So,
especially the infrastructure/architecture, which will be a result of WP2 and WP 3, will be a fundamental
issue to build on for Siemens. Also interfaces as well to the wired world as to the single sensor should be
defined within SOCRADES. As wireless technology is on its way down from the control level to the field
level and finally might widely replace wired communication in industrial automation, SOCRADES might
become a basic building block in Siemens’ corresponding strategy.

(13) Tampere University of Technology

HE

FIN / 80 employees

TUT will disseminate the knowledge generated in methodologies and technologies within the SOCRADES
project through scientific publications in international refereed journals (e.g. IEEE Transactions on Industrial
Informatics, Prof. Lastra is Associate Editor) and international technical conferences (e.g. IEEE International
Conference on Industrial Informatics, Prof. Lastra is Technical Co‐chair). TUT will also use the results of
SOCRADES to provide input to the IEEE Technical Committee on Industrial Agents (Prof. Lastra is chair of
the Architecture track). The work done on SOCRADES will also be leveraged to produce Doctoral and M.Sc.
theses.

(14) Jaguar

IND

UK / 8,600 employees

Jaguar plans to evaluate and disseminate the benefits of an open control solution, which SOCRADES
enables, e.g., plug‐and‐play connectivity and interoperability. Jaguar anticipate the utilisation of
SOCRADES in prototype form on automation systems for engine assembly applications, with the potential
for mainstream adoption of such technology in the longer term, in collaboration with vendors such as
Schneider Electric, Siemens and ABB. Jaguar will actively disseminate the potential of the approach to its
supply chain partners (machine builders and component and controls vendors) in the automotive sector.

(15) ARM

IND

UK/1,200 employees

While ARM is pervasive in embedded devices, SOCRADES offers new application domains for us: advanced
manufacturing automation, embedded intelligence and ad‐hoc networking. The intention is therefore to
gather requirements and perform feasibility for a new generation of ARM systems, which can be developed
to meet the criteria of these new application domains.
If successful, it will enable ARM to penetrate new application domains and design novel intellectual
property for these domains. It will contribute towards our goal of being at the heart of the digital revolution
and provide continued growth of the ARM architecture.

6.7 Gender action plan
Taking into account recommendations from different organisations working towards a better integration of
the gender dimension in Science & Technology, some special measures and actions will be developed within
the framework of this proposal.
• Taking special action to bring more women into the project: the recruitment and advancement of
women will be encouraged in an active way. This could be done by means of a merit‐based open
recruitment and staff review systems, monitoring of succession plans and reviews of success criteria in
promotions. There are lots of references related to unfair practices in this sense (WENERAS, C.; WOLD,
A. (1997): ʺNepotism and sexism in peer‐reviewʺ, Nature, 387, pages 341‐343.)
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Promoting an attractive work environment: which encourages and provides opportunities for
innovation, offers career development opportunities, values output rather than presence and brain hours
rather than body hours. Sound work/life balance policies: maternity and paternity leave, child‐care
facilities or subsidised child‐care costs and emergency leave for caring for sick family members (these
will be provided if government does not already provide them).
Flexible work schedules: offering opportunities for (some) distance work (subject to laws and
regulations and job requirements), including tele‐working and remote engineering; flexibility to explore
alternatives to excessive travelling at times through redeployment or making more use of new
technology or reconsideration of the essential features of the job remit.
Linking with networks of women scientists in the field of the project: The networks of women
scientists were identified in the 1999 European Commission Communication (COM(1999) 76) ‘Women
and science: mobilising women to enrich European research’ as key players for the policy process.
Indeed, one of the factors resulting from, and in turn contributing to, the under‐ representation of
women in science and research is the perceived isolation and lack of support experienced by individual
women scientists within their sector. From the framework of this project, contacts will be established
with some of the most representative associations for the promotion of women scientists. (AMIT, Global
E‐Quality Network, AWISE, WITEC, Institute for Women and Technology, IEEE Women in Engineering,
WISE, WIGSAT, AMAZONE, etc.).
Linking with schools and universities to trigger the interest of women in the project. The consortium
has five universities from different countries: the Loughborough University (Great Britain), the Tampere
University of Technology (Finland), the Royal Institute of Technology (Sweden), the Luleå University of
Technology (Sweden) and the Politecnico di Milano (Italy). Thus a link with schools and universities is
guaranteed and the interest of women in the project can be triggered. Special programmes can be
developed to integrate female S & T students and graduated into the project (e.g. dissertation,
internships). As the tasks of the project contain a lot of theoretical and practical work, SOCRADES
supports a large field of activities for student’s work.

Furthermore, SOCRADES partners have been applying several of these actions for some time inside their
own organisations (industrial, academia or research centres).
The planned gender actions in the SOCRADES project are strongly affected by the ʺPromoting Diversityʺ
actions at Siemens. Diversity means variety of differences of age, gender, ethnicity, religion and nationality
that make each one of us a unique and distinctive individual. The principles of equal opportunity and not
discrimination are the base of personal policies and stated in the Siemens global Business Conduct
Guidelines (http://www.siemens.com under ʺabout usʺ, ʺBusiness Excellenceʺ), in the ʺCorporate Principlesʺ
(http://w4.siemens.com/en/career/leitbild/index.html) and global ʺGuiding Principles for Promoting and
Managing Diversityʺ (http://www.siemens.com under ʺabout usʺ, ʺBusiness Excellenceʺ, ʺBest Peopleʺ).
These are the basis of local implementation projects in each country. Information about these Diversity
activities is also publicly available in the Corporate Responsibility Report (http://www.siemens.com under
ʺabout usʺ).
In 2000 the Executive Committee started a Promoting Diversity project in Germany concentrating on
improving women’s work situations and career opportunities. The project’s foremost goal is to increase
substantially the number of women throughout the company, particularly in specialist and leadership roles.
At the same time, Siemens wishes to encourage as many women as possible to pursue careers in technology
professions. After the set timeline the project will be redirected in a process of continuous improvement.
Several critical fields of action for implementation were identified and targeted:
• Recruiting
• Personal development and training
• Communication
• Work‐life balance
• Statistics for monitoring progress.
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In 2002 a special program was created – Yolante (Young Ladiesʹ Network of Technology), which aims to
support yearly a hundred young women who are studying for science and technology degrees. Through the
program, they receive personal guidance from a Siemens mentor for the whole period of study. The
employee development programs and training have diversity gender as additional focus. With family
friendly policies such as flexible working schemes, tele‐working or child care support, Siemens enables his
employees to find a balance between work, family and private life. Awareness is promoted through
intensive internal communication (intranet, employee magazines). Furthermore, Siemens actively works
together with external business partners, educational and governmental institutions for promoting diversity.
In this context Siemens has participated in the EU‐Project STRATA‐WIR, ʺWomen in Industrial Researchʺ, in
the subgroup ʺGood Practicesʺ.
Results from SOCRADES will provide the possibility to introduce handicapped people or women in
maternity leave into related projects. The technologies developed in SOCRADES project will provide
techniques dealing with remote programming of the PLC, development of the control software for IPC or
embedded systems, testing, visualisation, etc., via Internet.

6.8 Raising public participation and awareness
To engage with actors beyond the research community, mainly two kinds of activities are foreseen:
• spreading of the results within the relevant partner organisation channels;
• use of relevant international organisations.
These two kinds of activities are described in more detail in the following sections.
6.8.1

Use of partner organisation channels

One of the outstanding characteristics of the consortium is the closeness to important user organisations
with thousands of members (mostly SMEs), that will be used to promote the SOCRADES results:
• Schneider’s Initi@tive fair and conference, where thousands of world‐wide customers are attending,
• SAP’s Ecosystem, counting more than 2000 partner SMEs,
• PNO (represented by SIEMENS and ifak)
• Process IT network from ABB
• IPC association connecting electronics industries, with TUT and FlexLink representatives,
• IMS NoE with the POLIMI involvement.
These user organisations are highly interested in SOCRADES and are integrated into the SOCRADES
dissemination process, so the results of the SOCRADES project are available to a very large audience.
6.8.2

Use of international organisations

Several industrial participants in the SOCRADES project are very largely involved in several international
organisations in charge of industrial journals and conferences. These very favourable positions will be used
to promote SOCRADES results in relevant conferences and journals, such as:
• IEEE Conferences, e.g. IEEE Int. Conference on Industrial Informatics (INDIN), IEEE Int. Conference on
Emerging Technologies and Factory Automation (ETFA), IEEE Int. Conference on Mechatronics and
Robotics (MechRob), IEEE Int. Conference on Industrial Electronics (IECON).
• IEEE Transactions. It may be noted here that Schneider Electric and Tampere University of Technology
are currently working in the editorial board of the IEEE Transactions on Industrial Informatics (ref.
http://www.ewh.ieee.org/soc/ies/tii/index.html).
• IEEE – Technical Committees. It may be noted here that Schneider Electric and two other SOCRADES
partners (Tampere University of Technology and Loughborough University) are currently chairing
scientific and technical tracks in the Technical Committee on Industrial Agents. The initial SOCRADES
Co‐ordinator is also the chair of this IEEE Technical Committee (ref. http://www.ewh.ieee.org/soc/ies/
and http://www.tcia.ipb.pt/).
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IFAC (journal and conferences, like the IFAC World Congress and the Journal ATP‐International
(Automation Technology in Production, TC 5.1, with their three working groups), of which ifak is an
active member.
IAONA
IFIP.

6.C Milestones
6.9 Major milestones over full project duration
Major milestones for the whole project:
• M1 (Month 12) ‐ Specification of the service‐oriented infrastructure
• M2 (Month 18) ‐ Consolidation of the First Period (18 months), results & detailed exploitation plan
• M3 (Month 23) ‐ Prototype implementation
• M4 (Month 34) ‐ Validation of integration concepts and applications
The following Gantt chart illustrates the scheduling of work package activities during the entire project
duration, together with the overall project milestones. The project‐level milestones have been scheduled to
coincide with the financial reporting periods.

6.10 List of milestones associated to the work packages for the first 18 months
Milestone
(MS)

Content

Date

MS 1.1

Requirement Specification

M7

MS 2.1

Ad‐hoc networking service platform specified. All WP5‐tasks can begin.

M 18

MS 2.2

Framework specification for service gateways for non‐service enabled devices.
Bridging of non‐service‐enabled devices and integration of Wireless Sensor
networks (WP3, WP4) can begin.

M8

MS 3.1

Report on trend analysis and requirements

M9

MS 4.1

Requirement on architecture for fault‐tolerant application interaction established

M6

MS 4.2

Simulation of control under uncertain sensor and actuator communication

M 18

MS 4.3

Simulation of wireless communication link for control purposes

M 18
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MS 6.1

First prototypes integrating device‐level services with enterprise systems

M 18

MS 7.1

Lifecycle support methodology

M 18

MS 9.1

Dissemination and use plan

M6

MS 9.2

Dissemination and promotion of key technologies, methods, scenarios and
approaches

M 18

MS 10.1

1st release of the Exploitation plan and Roadmap

M 12

MS 10.2

2nd release of the Exploitation plan and Roadmap

M 18
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7. Project management
7.1 General project management principles
To distinguish general project management of SOCRADES it is based on and characterised by three major
principles:
•

Principle of an integrated project structure: Create an integrated project structure that incorporates
technical, scientific and partner co‐ordination as well as issues of commonplace business operation.

•

Principle of leading edge project management instruments: Apply international operated and state of
the art management instruments and establish a strong research commitment of the entire team. The
applied project methodology will be based on the Project Management Institute (PMI)
recommendations. The Project Management Process [PMP] used currently by the co‐ordinator will be
adapted and applied to this IP.

•

Principle of binding decision provisions and agreements upon all partners: Arrange spot of decision
making close to responsible level of execution, elevate if necessary. Provide reliable and trusted
agreements to protect intellectual properties of all partners.

Based on these three major principles the project management approach guarantees transparency and
commitment to all engaged partners and thus facilitates an unobstructed and successful project evolution. It
assures that SOCRADES meets its entire objectives on time, on budget, and with supreme quality results.
A specific work package is devoted to project management activities (WP11).
Strategic planning and project driving will be the responsibility of a Project Co‐ordination Committee (PCC),
while the operative responsibility will be assigned to the Co‐ordinator (C), chaired by the Project Co‐
ordinator and defined by Schneider Electric. A Work Package Leader (WPL) will be nominated for each WP
to co‐ordinate all activities relating to the work package. WPL will manage and monitor the progress of the
tasks of her/his WP, and report back to the Project Co‐ordinator on a monthly basis. They will also be
responsible for preparing all deliverables planned for the WP.
To rationalise responsibilities, duties and interaction between partners, a Consortium Agreement (CA) will
be defined and signed before the start‐up of the RTD activities. The purpose of this Consortium Agreement
is:
•
•
•
•
•
•

to specify the organisation of the work between the project partners;
to organise the management of the RTD activities;
to define an IPR management strategy;
to define the rights and obligations of the project partners, including, but not limited to, their liability
and indemnification;
to supplement the provisions of the EU Contract concerning Access Rights;
to set out rights and obligations of the project partners supplementing but not conflicting with those of
the EU Contract.

7.2 Project management structure
The project management structure of the SOCRADES project includes the entities described in the sequel.
•

Co‐ordinator
The Co‐ordinator is understood to be the project partner responsible for project operative management
activities, i.e., day‐by‐day project planning, execution and controlling. Schneider Electric will assume
this Co‐ordinator responsibility for the SOCRADES project.
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Due to the unprecedented constellation of all major European ICT players of the industrial value‐chain that
composes the SOCRADES consortium, and considering the broad spectrum of organisational, scientific and
technical activities covered by the project work plan, the Co‐ordinator will assume three project
responsibilities: project co‐ordination, technical management and exploitation/business management.
Therefore, the duties of the Co‐ordinator are assigned to a Project Co‐ordinator, a Technical Manager and a
Business Manager.

General Assembly
Project Coordination Committee
Coordinator
Project
Coordinator
Technical
Manager
WPL

Partner

•

Business
Manager
WPL

Partner

WPL

Partner

Partner

WPL

Partner

WPL

Partner

Project Co‐ordinator (PC)
The Project Co‐ordinator (PC) will be responsible for the overall management, communication, and co‐
ordination of the entire research and development project, under the EU‐Contract and the SOCRADES‐
Consortium Agreement (CA). The PC will also be liable for co‐ordination of the overall project
administrative and financial aspects and reporting of project financial and budgetary status to the PCC.
A special emphasis within the responsibilities of the PC will be to assure, in agreement with the WP
Leaders, the overall integration of the single WPs and also to chair the Project Co‐ordination Committee
and the General Assembly. Furthermore, the PC will constitute the only official channel for interaction
with the European Commission, especially with regard to the submission of deliverables, aspects related
to third parties and the SOCRADES consortium. Schneider Electric management staff will assume the
PC responsibility. A manager with a significant international experience in managing multi‐cultural
research teams in multi‐regional projects will be appointed. The initial PC will be Dr. Armando Walter
Colombo.

•

Technical Manager (TM)
The TM will support the PC and will be responsible for the technical and architectural choices,
arbitrating choice conflicts and putting in place corrective technical actions when required. He/she will
manage technical risks by identifying and classifying them and by putting in place contingency plans.
He/she will also establish and assess technical success criteria. In addition to the general technical project
management, the TM will be deeply involved in issues such as Intellectual Property Right, Quality
Assessment and standardisation activities. Schneider Electric personnel will assume this role. A
manager with a significant international experience in the scientific and technical areas considered by
the project will be appointed. The initial TM will be Mr. François Jammes.
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Business Manager (BM)
The BM will support the PC and TM in their tasks. He/she will co‐ordinate and synchronise the
SOCRADES business‐ and exploitation plan of all industrial partners, according to the tasks planned in
WP10, e.g., will prepare business plans for exploitation of the project results. Moreover, the BM will co‐
ordinate the overall SOCRADES industrial dissemination, as described in WP9. Schneider Electric
personnel will assume this role. A manager with a significant international experience in the
business/technical areas considered by the project will be appointed. . The initial BM will be Mr. Ralf
Neubert.
Note: In each major industrial company, a business manager (or any similar responsible) must be clearly
identified, who will have to work under the direction of the BM.
Besides the obligations addressed for the PC, TM and BM, the Co‐ordinator will be in charge of fulfilling
the following duties:
• Scientific and technological co‐ordination: These tasks will mainly focus on the various aspects of the
scientific and technological activities within the project.
• Co‐ordination of administrative activities: Tasks include reporting, financial accounting / cost
claiming, budgeting and scheduling, Intellectual Property Rights, management of knowledge
dissemination and contract control management. Besides these main areas of both functions, the
scale and scope of activities may change during the project. However, this way of structuring
ensures specialisation, professionalism and transparent competencies. This enables researchers as
well as developers to keep focus on scientific and technology tasks. At the same time overall
administrative synergy is achieved.
• Implementation of all action plans
• Establishing a budget and schedule‐controlling system
• Implementation of a quality assurance system
• Providing clear guidance on Intellectual Property issues.
• Developing and maintaining a communication and reporting attitude
• Creation of efficient team structures to minimise the number of meetings while being flexible

•

Work Package Leader (WPL)
For each individual work package (WP), a Work Package Leaders (WPL) will be designated. Each WPL
will report to the PC, and will be responsible for: co‐ordination of the work in his/her WP, the technical
progress of the activities in his/her WP, participation in the detailed planning, monitoring and reporting
of each task in his/her WP, collection and submission of required technical, financial and administrative
data. Each of the WPLs is responsible for managing his/her WP as a self‐contained entity ensuring the
involved partners to commit the required resources to carry out the tasks in the WP. In co‐operation
with the PC, WPLs are responsible for the integration of their results into succeeding WPs or tasks,
ensuring that output performance, costs and timelines are met.

•

Project Co‐ordination Committee (PCC)
The PCC consists of the PC, seconded by the TM and the BM as appropriate, and the WPLs. It will meet
at least quarterly in a one‐day dedicated face‐to‐face meeting. The PCC is in charge of elaborating and
controlling the work plan and the schedule of the project. It will manage all necessary action plans,
including contingency plans following risk assessments.

•

General Assembly (GA)
The General Assembly (GA) is the highest and latest decision board and its main task is the project
governance. This body is composed of one representative from each project partner and will work under
the management of the PC. The GA will meet at the kick‐off meeting and afterwards only on demand
when a project contractual decision has to be taken. The GA will monitor and assess the actual progress

70/160

IST-5-034116 SOCRADES Annex I

Final Version approved by the EC on April 26th, 2006

of the project and propose contract amendments if necessary. In particular, the GA will be responsible
for the following tasks:
• Resolve any conflicts that may appear among the consortium members, when this conflict could not
be solved by the lower management bodies, i.e., PCC, WPL.
• Approve any changes in the Consortium / in the Consortium Agreement and recommend
acceptance of changes to management or partners.
• Decide on defaulting partners.
Overview of responsibilities – meeting frequency of management bodies
Management
Authority
Co-ordinator

Responsibilities

Meeting frequency

•
•
•
•

Day to day
communication

•
•
•
•
•
•

Project Co-ordination
Committee

•
•
•
•
•

General Assembly

•
•

Work Package

•
•

Leaders

•

Overall project co‐ordination
Overall project communication
Chairs PCC and GA
Only official channel between the consortium, the
European Commission and third parties
Implementation of all action plans
Establishing a budget and schedule controlling
system
Implementation of a quality assessment procedure
Providing clear guidance on IPR issues
Developing and maintaining a communication and
reporting attitude
Create efficient team structures to minimise the
number of meetings while being flexible
Scientific and technology co‐ordination
Administrative activity co‐ordination
Work plan and schedule
Action plans
Assessment review by WP

Approval of any change in the Consortium
Project major changes on finance, legal,
administrative, ethnical aspects
Management of the WP
Co‐ordination, monitoring, assessment, and
reporting of the progress of WP
Evaluation of possible actions and activities

Quarterly,
one‐day face‐to‐face
meeting and
monthly phone /
video conferencing
Kick‐off,
ad‐hoc / on demand
On demand

7.3 Management and information systems
Communication and collaboration platform
Efficient communication and collaboration structures are essential for the success of the project. Since all
project partners are distributed across European member states, the central piece of the overall project
communication will be a protected online collaboration platform. This platform provides each partner
independent access to important documents, code, meeting agendas, supporting materials, individual to‐do
lists and other miscellaneous project information.
Characteristics expected from the collaboration and communication platform include the following:
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•
•

An audit trail is kept of all documents versions.
Flexible access control policies enable enforcing the specified dissemination levels for each document
and deliverable.
• Enables tracking of milestones to monitor project progress.
• Facilitates management and announcement of meetings and assemblies.
• Provides a tool to report issues (technical or management), and to track the response actions (also kept in
the audit trail).
• Based on a Web‐browser interface, the project documents are accessible from any location in the world,
making it ideal for efficient collaboration whenever and wherever needed.
The utilisation of such a platform will reduce costs of communication within the project.
An online communication and collaboration platform has already been used during the proposal
preparation phase. It is based on the project management software provided by ICM Finland
(http://www.icmfinland.fi),
and
is
accessible
(password‐protected)
through
the
address
https://pe.tut.fi/project/db/socrades.nsf/.

7.4 Decision process and partner agreements
Decision process and conflict resolution
Mandatory decision rules and agreements are necessary for the success of the project. The decision making
process will follow the guideline to reach agreement as close as possible to the level of execution. Only if
agreement will not be reached on a given level, the decision will be escalated to the next appropriate level.
•

Decision scope at the Task level: All partners being involved in a certain task are eligible to contribute
to a decision regarding that task. In case a capable decision cannot be taken at this level, the issue has to
be forwarded to the WP Leader.

•

Decision scope at the WP level: All partners being involved in a WP are eligible to contribute to a
decision with regards to this WP. In case a capable decision cannot be taken at this level, the issue has to
be forwarded to the Project Co‐ordination Committee.

•

Decision scope of the Project Co‐ordination Committee: The supreme decision committee is the Project
Co‐ordination Committee. Specific decisions and corresponding voting procedures will be defined in the
Consortium Agreement. In general, The PCC, under the management of the PC, will be in charge of
resolution of conflicts identified during the evolution of the research program. A conflict situation could
arise from violations of the Consortium Agreement, non‐controllable changes in the consortium or non‐
performance of a partner. Technical reasons for conflict situations would be unsuitable conditions for
Intellectual Property Rights or research results significantly deviating from the expectations.

Attempts at arbitration will be performed in increasing order of authority as addressed before.
Should the need arise, a meeting will be held with all representatives of the respective level. During the
meeting, agreement will be sought through dialogue and mutual concession. In the event of failure to reach
agreement, a meeting at higher level will be arranged. Requests for meetings must include suggestions for
possible solutions and answers will be required within a specified timeframe. Should a situation arise where
parties to a conflict find themselves deadlocked and the prescribed measures fail to have resolution, in the
interests of the project as a whole, the PC, after the involvement of the GA, shall have the final say, always
taking into account the documents signed by the partners, i.e. the contract with the Commission of the EC
and the Consortium Agreement.
Management of knowledge / Intellectual Property Rights
For every partner of SOCRADES it is very important to have explicit rules on how to access Pre‐Existing
Know‐How, knowledge and how to ensure the protection of intellectual property. Therefore those issues
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will be represented in detail within the Consortium Agreement. The following Section provides a brief
summary.
•

Access rights to knowledge and pre‐existing know‐how: All partners will grant royalty‐free access to
those elements, which are necessary to perform the work and project. The placement of Pre‐Existing
Know‐How into the project will be detailed in the Appendix of the Consortium Agreement. Herein,
every single partner is entitled to describe his or her own Pre‐Existing Know‐How.

•

Intellectual Property Rights: Each partner will be the only owner of any ʺknowledgeʺ element
developed inside the project by such a partner. If it is not possible to determine exactly the ownership of
that knowledge, i.e. several partners participated in that specific development ownership will be shared
by the pro ratio effort invested by each partner.

Consortium Agreement
The Consortium Agreement of SOCRADES will specify all administrative processes, defining access rights to
Pre‐Existing Know‐How, knowledge, dissemination rules, IPR.
Key issues in relation to IPR are:
• Ownership of knowledge, protection of that knowledge and access rights,
• Management of incompatibilities between employees’ rights and contractor’s obligation under the EC
contract;
• Management of the property of results jointly developed by several partners.
Legal documents such as the Consortium Agreement as well as use and exploitation plans are envisaged to
minimise the conflict potential within the consortium and thus will be adapted to the typical requirements of
the consortium members of SOCRADES.

7.5 Quality Assessment
European Research Projects have to meet supreme quality expectations. Therefore certain controlling and
assessment procedures will be established.
•

Early warning system: State of the art controlling instruments will be applied to support scientific and
technology researchers. The controlling instruments will be accompanied by an efficient communication
platform. The co‐action of the controlling instruments and the communication platform will create an
early warning system to identify quality deviations from the work plan on time. This allows the
responsible managers to set up contingency or recovery plans at an early stage.

•

Quality assurance of deliverables: The Co‐ordinator is responsible for the necessary assessment of
deliverables. Only if the results of actual deliverables are in compliance with target deliverables they will
be turned in to the European Commission. Therefore, the PC will nominate a Quality Assurance
Manager (QAM), who will support the TM in organising and managing regular quality assessments of
deliverables and to support and issue dedicated quality assessment reports of WP itself.
The Co‐ordinator is responsible for the quality assessment. To achieve this, the PC will provide the
consortium a dedicated template for quality assessments of deliverables (Quality Assurance Report ‐
QAR). This document is for internal use only and will be distributed to every WPL. The WPLs then
define the set of objectives associated to their respective WPs in accordance with the five goals addressed
by the EC. Refer to Figures 8, 9 and 10 for the templates already filled in by the WPL of WP3, WP8 and
WP10. Note: Similar templates have already been generated for all other work packages. They will be
already improved.
The assessment of the deliverables will be done based on the following criteria:
• Timeliness of delivery
• Balanced structure, fitting to the content and resources
• Appropriate usage of pictures, graphs and tables
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Usability, ease of implementation, appropriate user guide
Meeting the objectives given to the dedicated work packages (defined by the PCC together with the
corresponding WPL) reflecting the goals of the project, which are based on the five key goals
recommended by European Commission, i.e., Scientific/Innovation, Community Added Value,
Social Objectives, Economical Development, Management and Resources.

Remark: The assessment of the deliverables will be based on cross‐reading reviews of all published
deliverables that will be organised by the TM (supported by the QAM).

Figure 8. Example QAR for SOCRADES WP3 (first draft for the first 18 months)

Figure 9. Example QAR for SOCRADES WP8 (first draft for the whole project duration)

Figure 10. Example QAR for SOCRADES WP10 (first draft for the whole project duration)
Note: The definition of the objectives addressed in the above three figures, as well as those of all other
SOCRADES work packages, is subject to improvement. The WPLs, in concertation with the PCC, will
perform this improvement.
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These QARs will be kept internal to the consortium.
•

Measurement of project progress and quality assurance of work packages: A progress report provides
an insight into the actual project situation. Therefore progress reports reflect advancement as well as
situations of delay. Along with the progress report, the Project Co‐ordinator will present reports on
dissemination, use of knowledge, and corresponding cost claims to the European Commission.

Project monitoring procedure and quality assurance measures
Once the negotiation with the EU Commission Services has started, the partners will jointly undertake the
preparation of an accurate work program document that will break down each WP. This will include
scheduling of each partner’s work within the task, and definition of the task’s inputs and outputs. This
document will form the basis of the project contract and will act as an aid to intensive project management.
A Project Meeting Calendar will also be developed, to rationalise appointments between partners during the
project life and to establish focused and plenary project meetings.
To ensure a formal project management and quality assurance reporting, a dedicated process, internal to the
consortium, will be established. Each WP will pass several review stages in order to monitor its progress and
to provide quality management mechanism such as to define corrective actions to manage risks if necessary.
The following stages of work packages are proposed:
• “OPEN” – check the planning during a formal opening (“Kick off”)
• “MILESTONE” – if applicable, review of WP at given milestones
• “CLOSE” – content and quality of WP deliverables have been reviewed
To support a WPL to evaluate completion and availability of required deliverables, a quality assessment
supported by the QAM will review, during each stage of the work package, the appropriate maturity and
status of progress and project planning. A dedicated checklist of criteria for each stage will be defined and
should be processed in order to decide on the status, the potential impact on other WPs or the overall project
and to define corrective actions, if necessary. Therefore some quality states are defined:
• “GO – NO IMPACT” – No impact to project cost, schedule etc.
• “GO – WATCH IMPACT” – No corrective actions, but some impact on the project schedule and cost etc.
is expected and should be monitored by the WPL/TM
• “CORRECT” – Corrective actions to be defined in order to guarantee progress in the project
• “NOT DONE” – No assessment was done yet
• “NOT APPLICABLE” – Does not belong to the specific stage
The resulting Workpackage Quality Status Report, internal to the consortium, (refer to Figure 11 for an
example) is issued for each stage. A dedicated Workpackage Quality Status template will be provided to
each WPL.
Once the project has commenced, each WPL will prepare a quarterly Workpackage Progress Report (WPPR)
to the PCC. The PC will provide a dedicated WPPR template to the WPL. The WPPR will detail the technical
progress during the preceding period, presenting results or deliverables achieved as well as any deviations
from the work program that may have occurred during that period. In addition, estimates of the extent of
completion of the tasks will be given, in terms of remaining resources. It will also include details of resources
expended during the quarterly period as well as an update on expected remaining costs, so that possible
deviations from the original schedule of estimates can be anticipated and managed accordingly. As part of
the WPPR, the task schedule planning according to WP stages as mentioned above is monitored by e.g. “45°
curve method”, one of the most popular monitoring methodologies in project management (refer to Figure
12 for an example. Note: The final dates will be adapted to the initiation date of the project). These WPPR
documents will be kept internal to the consortium.
Every six months, the PC will consolidate these reports into a single report. This will aid general planning of
the project’s progress. In addition to the six‐monthly reports, the PC, together with the BM and the TM, will
prepare a review of progress for every 12‐month period, as well as reviews at mid‐term and at the end of the
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project. This final review will include a final technical report, an exploitation report, and a publishable
summary. In addition to these duties, the PC will prepare a consolidated 12‐monthly review of the project
expenses, for submission to the European Commission.

Approved by Quality:

Workpackage Quality Status
Overview

SOCRADES

Date:

Overview of the project status
Stage

OPEN

MILESTONE

CLOSE

Quality Status
Approved Date
Actions completed

☺

GO - NO IMPACT

Impact to other WP:

YES / NO

GO - WATCH IMPACT
if yes specify WP number:

CORRECT

xxx

NOT DONE
NOT APPLICABLE

Workpackage planning overview
Y1

Y2

SOCRADES
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

Efforts allocated to the
1st 18 months (%)

WP 2
Framework specification for ad-hoc
networking service platform
Task 2.1
Device-level service framework

100

Task 2.2
Service orchestration framework

100

Task 2.3
Service management framework

100

Task 2.4
Service-enabled agent framework

100

Task 2.5
Semantic Web Services framework

100

Task 2.6
Service gateway framework

100

Figure 11. Example Work Package Quality Status Report (Template)
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Figure 12. Example WPPR template

The application of this procedure and the addressed project‐tracking calendar are integrated in the tasks
T11.1, T11.2 and T11.3 (WP11: Management).
Mid-term assessment
A mid‐term assessment report on the progress of the research and the partnersʹ plans for implementation of
the results (preliminary version of the dissemination and exploitation plan) is to be submitted before the end
of the 18th month from the date of the commencement. This date coincides with the date of the 2nd general
project milestone, i.e., M2 (Month 18) – Consolidation of the first period (18 months) – Results and Detailed
Exploitation Plan.
The project co‐ordinator will organise a mid‐term assessment meeting at the end of the 19th month with all
partners and the Commissionʹs representative. The purpose of this meeting will be to report on the progress
to date and to redefine (if necessary) the Description of Work for the remaining part of the contract. A
decision whether or not to continue the contract will be taken before the end of the 20th month, having
regard to the specified objectives at this stage for the technical and scientific progress and having regard to
the perspectives of the project for use of the RTD results.
a) Technical and scientific progress
The mid‐term assessment is to be made against the satisfactory progress in the programme items before
month 18:
b) Perspectives for use of the RTD results
The existence of positive and realistic perspectives for the exploitation of the results and the continuing
commitment of the partners to the objectives of the research project (especially the industrial partners in this
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respect) will also be critically assessed at the mid‐term assessment. For these aspects refer to the EU
Guidelines for Contract Preparation in the respective chapters, i.e. chapter 6.5 ʺPlan for using and
disseminating knowledgeʺ (page 17) and 8.2 in the Description of Work, ʺMandatory deliverables for
Integrated Projects: Plan for using and disseminating knowledgeʺ (page 35).
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8. Detailed implementation plan – first 18 months
8.1 Introduction - general description and milestones
Based on the work plan description and allocation of resources addressed in chapter 6, this chapter will
further elaborate a detailed work plan for the first 18 months of the project.
The percentage‐wise relation of project budget and EU‐funding distributed by IP activities, for the first 18
months, is shown in the next diagrams.
Allocation of Budget per IP for the
1st 18 m onths of the project

Allocation of EU-Funding per IP for the
1st 18 m onths of the project
0%

0%
1%

2%

R&D

5%

7%

Demonst

Demonst

Training

94%

Funding R&D

Training

Manag

91%

Manag

The expansion of the information contained in the form addressed above but taking into account the efforts
allocated to each task within each work package leads to a Gantt diagram that identifies the scheduling of
each task and the resources allocated to each of them. It follows the list of deliverables for the first half of the
project. The section 8.6 presents a detailed description of each work package with explicit identification of
the deliverables and milestones that have to be produced and considered during this first period. The
relation between the section 8.6 to the complete work package description of chapter 6 remains open for
improvements and adaptations that could be identified after the first revision.

8.2 Planning and timetable
The following Gantt charts show the schedule of Tasks per work package for the first 18 months. The last
column shows the percent of the total efforts of each task allocated for the first 18 months.
Y1

Y2

SOCRADES
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

Efforts allocated to the
1st 18 months (%)

WP 1
Trend Screening, Requirements,
Technology Assessment
Task 1.1
State-of the-art and technology
assessment

100

Task 1.2
Requirements assessment

100

Task 1.3
Trend screening and self-evaluation

29

Y1

Y2

SOCRADES
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

Efforts allocated to the
1st 18 months (%)

WP 2
Framework specification for ad-hoc
networking service platform
Task 2.1
Device-level service framework

100

Task 2.2
Service orchestration framework

100

Task 2.3
Service management framework

100

Task 2.4
Service-enabled agent framework

100

Task 2.5
Semantic Web Services framework

100

Task 2.6
Service gateway framework

100
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Y1

Y2

SOCRADES
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

Efforts allocated to the
1st 18 months (%)

WP 3
Wireless sensor/actuator
networking infrastructure
Task 3.1
Analysis and trend screening

100

Task 3.2 - Architecture and functional
specification of wireless DPWS oriented sensor/actuator networks

100

Task 3.3
Mapping of DPWS into wireless nodes

0

Task 3.4
Implementation and validation

11.11

Y1

Y2

SOCRADES
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

Efforts allocated to the
1st 18 months (%)

WP 4
Device-centric infrastructure
Task 4.1
Architecture for fault-tolerant
application interaction

100

Task 4.2
Control under uncertain sensor and
actuator communication

66.67

Task 4.3
Wireless communication for control
purposes
Task 4.4
Middleware services for fault-tolerant
control applications

66.67

0

Task 4.5
Small-scale demonstrator for faulttolerant wireless control

0

Y1

Y2

SOCRADES
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

Efforts allocated to the
1st 18 months (%)

WP 5
Service-centric infrastructure
Task 5.1
Device-level service component

33.33

Task 5.2
Service orchestration engine

0

Task 5.3
Service management tools

0

Task 5.4
Service-enabled agent system

0

Task 5.5
Semantic Web Services deployment

33.33

Task 5.6
Electronic component for serviceoriented devices

40

Y1

Y2

SOCRADES
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

Efforts allocated to the
1st 18 months (%)

WP 6
Enterprise integration
Task 6.1
Integration concept analysis and
design

100

Task 6.2
Integration of aggregated services into
business applications

50

Task 6.3 - Integration of non Web
Service enabled devices into business
processes

50

Y1

Y2

SOCRADES
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

Efforts allocated to the
1st 18 months (%)

WP 7
System engineering & management
Task 7.1
User requirements for system
engineering and lifecycle support
Task 7.2
Investigation of enabling technologies ,
methods and tools

100

100

Task 7.3
Application description and
configuration

45.45

Task 7.4
Simulation and verification

41.94

Task 7.5
Device-support and maintenance

50

Y1

Y2

SOCRADES
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

Efforts allocated to the
1st 18 months (%)

WP 8
Application pilots, demonstrators
Task 8.1
Set-up of the application prototypes

0

Task 8.2
Application of the SOCRADES
framework to the prototypes

0

Task 8.3
Application tests

0

Task 8.4
Test records, evaluation and
assessment of results

0
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Y1

Y2

SOCRADES
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

Efforts allocated to the
1st 18 months (%)

WP 9
Dissemination
Task 9.1
Scientific dissemination
Task 9.2
Industrial promotion
Task 9.3
Dissemination centres and networks

41.94
45.45
50

Y1

Y2

SOCRADES
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

Efforts allocated to the
1st 18 months (%)

WP 10
Exploitation, standards and
roadmapping
Task 10.1
Exploitation plan

100

Task 10.2
Standards specification and
submission to a standardisation body

100

Task 10.3
Roadmapping for the adoption of the
SOCRADES paradigm

100

Y1

Y2

SOCRADES
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

Efforts allocated to the
1st 18 months (%)

WP 11
Project Management
Task 11.1
Planning and scheduling
Task 11.2
Progress and cost reporting
Task 11.3
Monitoring, control and quality
management
Task 11.4
Communication management and
administration infrastructure
Task 11.5
Management of collaboration with
external organisations

100
50
50

50

25
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8.3 Graphical presentation of work packages
The following chart illustrates the inter‐relations that exist between activities in different work packages.
Two types of inter‐relations are identified: those where a WP utilises the deliverables of another WP, and
those where a synergy has been recognised between tasks in different WP and collaboration will exist.

WP1 will produce a series of reports, which will be used by all other WPs that consist of RTD activities. The
requirements and identified trends will be used to shape the developed technologies, methodologies and
tools in WP2‐7. In addition, the state of the art and technology assessment documents will assist in
leveraging the results of previous projects. The results of WP2 will directly feed the RTD activities of WP5, in
which the service‐centric infrastructure will follow the framework specification developed in WP2. The
results of the remaining RTD WPs, WP3‐7 will serve as input to the demonstrators and trials implemented in
WP8.
WP2 activities are expected to significantly benefit from collaboration with activities in WP3, WP4 and WP6,
with particular attention in Tasks 2.1 and Task 2.6. Task 2.1 will specify extensions to the existing Device
Profile for Web Services (DWPS), and for this task it is expected that collaboration with other WPs will lead
to considering into the specification the requirements of wireless networks, device‐level requirements, and
enterprise level requirements. Likewise, Task 2.6 will specify a gateway to integrate non‐service‐enabled
devices into the SOCRADES environment, and will therefore benefit greatly from acquiring input from the
different application domains. The inputs into Task 2.1 and Task 2.6 will be then translated into the Service‐
Oriented Infrastructure developed in WP5, greatly improving its scope and usability. Within the counterpart
activities in WP3, WP4 and WP6, collaboration with WP2 will facilitate the adoption of the service‐oriented
paradigm and lead to improved interoperability.
It is expected that collaboration between Task 3.2 and Task 4.2 will lead to leveraging the know‐how that
will be developed in wireless networks from different perspectives. In this way, the device‐centric
infrastructure for performing control over wireless networks (WP4) will be integrated with the service‐
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oriented wireless sensor networks (WP3). Collaboration will ensure the interoperability and convergence of
the technologies and methodologies.
Finally, a noteworthy synergy is recognised in the activities of Task 5.2 and Task 7.4. Whereas Task 5.2
considers the orchestration engine component of the service‐oriented infrastructure, Task 7.4 will tackle the
problem of simulation and verification of service‐oriented systems. The simulation and verification
framework will be designed in correspondence with the orchestration engine, and the orchestration engine
will be refined based on the results of simulation and verification analysis.
WP8 through the pilots and demonstrators that will be developed, will provide the final integration means
from the work which have been performed in WP3, WP4, WP5, WP6 and WP7.
On one side, demonstrators will be implemented by the partners Boliden Flexlink and Jaguar, which will be
specific to respective segments of the continuous process, electronic assembly and automotive sectors. Note:
these partners have submitted Letter of commitment to the EU Commission Services.
On the other side, the Mechatronics Trial Site to be developed by APS will be an important part of
SOCRADES. It will demonstrate both collaboration, and exploitation and dissemination activities planned
by the project. It will support experimental work, testing and demonstration of project results under real
world conditions. It will also be used as a test and demonstration platform for students from production
automation, Mechatronics and control engineering disciplines.
It aims at establishing a showcase in advanced ICT‐based automation and control. Its scale is project‐wide
and the effort devoted to it is therefore significant.
Figure 13 gives an example of the possible integration on the APS Mechatronics trial.

Figure 13. Schema of the planned APS Mechatronics Trial
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Figure 14 shows the synergies with the Eureka RoboTOOL project that may also be exploited to further
support the SOCRADES exploitation/dissemination effort.

Figure 14. Synergies between SOCRADES and RoboTOOL
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8.4 Work package list – overview
The following work packages will be active during the first 18 months:
WP
No

Work package title

Lead
contractor
No

Person‐
months

Start
month

End
month

Deliverable
No

1

Trend screening, requirements,
state‐of‐the‐art, technology
assessment

6

34.48

1

34

D1.1, D1.2,
D1.3

2

Framework specification for ad‐hoc
networking service platform

13

75.00

1

18

D2.1, D2.2

3

Wireless sensor/actuator
networking infrastructure

12

71.22

4

34

D3.1, D3.2

4

Device‐centric infrastructure

2

113.06

1

34

D4.1

5

Service‐centric infrastructure

1

42.95

7

36

6

Enterprise integration

11

97.10

1

36

D6.1, D6.2,
D6.3

7

System engineering & management

8

57.77

1

36

D7.1, D7.2,
D7.3, D7.4

9

Dissemination

10

20.85

1

36

D9.1, D9.2

10

Exploitation, standards and
roadmapping

1

20.80

1

36

D10.1a,
D10.1b,
D10.2, D10.3,
D10.4a,
D10.4b

11

Project management

1

22.90

1

36

D11.1,
D11.2a,
D11.2b,
D11.2c,
D11.3a

TOTAL:

556.13

WP8 does not initiate its activities until month 24. The detail of effort allocation for each work package is
provided in section 8.6.
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8.5 Deliverables list
The following deliverables will be produced during the first 18 months of the project:

WP
no.

Lead
participant

Estimated
indicative
person‐
months

Nature

State of the art
Requirements of end users and
component vendors/system
integrators
Trend screening report 1

1
1

6

13

R

RE

7

6

17
R

CO

7

1

6

4

R

CO

15

Framework specification for device‐
level service platform
Specification of service gateways for
non‐service enabled devices

2

13

54

R

CO

18

2

13

21

R

CO

8

Report on trend analysis and
requirements
Architecture and functional
specification of DPWS‐oriented
wireless sensor/actuator networks

3

12

21

R

CO

9

3

12

48
R

CO

16

D4.1

Architecture for fault‐tolerant
application interaction

4

7

28

R

CO

12

D6.1

Service integration concept for field
related data into business processes

6

11

41

R

CO

6

Integration concept of non Web
Service enabled devices
Early prototyping of integration

6

11

27.8

R

CO

12

6

11

27.7

R, P

CO

18

User requirements report
A catalogue of available methods
and tools
Report of the state of the art in
device support and maintenance
Early prototyping of application
description and support
methodology

7

8
8

13
13

R

CO

6

7

R

CO

12

7

8

10

R

CO

12

7

8

13
P

CO

18

D9.1

Dissemination plan

9

6

9

10
9

CO

Dissemination progress report

10
10

R

D9.2

R

CO

18

Exploitation Plan including
continuous exploitation activities
planning and reporting, 1st release
Exploitation Plan including
continuous exploitation activities
planning and reporting, 2nd release

10

1

5
R

CO

12

R

CO

18

Deliv.
No

D1.1
D1.2
D1.3

D2.1
D2.2

D3.1
D3.2

D6.2
D6.3
D7.1
D7.2
D7.3
D7.4

D10.1a

D10.1b

Deliverable name

10

1

Dissem
ination
level

Delivery
date (proj.
month)

5
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D10.2
D10.3
D10.4a
D10.4
b

Specifications for standards
Report on the activities with the
international standard bodies
Roadmap for the adoption of the
SOCRADES paradigm, 1st release
Roadmap for the adoption of the
SOCRADES paradigm, 2nd release

10
10

1
1

2.5
2.5

10

10

5

10

10

5

D11.1

SOCRADES Goal Definitions

11

D11.2a

Project Reports, 1 release

11

D11.2b

Project Reports, 2nd release

11

D11.2c

Project Reports, 3rd release

11

D113a

Year 1 cost statements

11

st

1
1
1
1
1

4
4
4
4
4

Total:

415,5

R

PU

12

R

CO

18

R

PU

12

R

PU

18

R

CO

3

R

CO

6

R

CO

12

R

CO

18

R

CO

13

Most of the expected results associated to these deliverables are provided in descriptions of individual
partner contributions & exploitation perspectives.
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8.6 Work package descriptions
1
M1
Work Package number
Start date or starting event:
Work Package title: Trend screening, requirements, state-of-the art, technology assessment
1
2
3
4
5
7
8
9 10 11 12
Participant id
6
2
0
1
2,8
4
2,4
5,04
Person-months per participant:
1,2
6

Total first 18 months: 34.48 p-m

1,2
6

6,6
8

2,5
2

13

14

15

0

4

0

1,5
2

Total whole duration: 45.7 p-m

Objectives

The main goal of WP1 is to work out the overall requirements as well as specific requirements for the
primary application domains targeted by the project and to elaborate the baselines for the internal
benchmarking (self‐evaluation) process. Additionally, the benchmarking process will be supported by a
revolving trend screening activity.
The focus is set to communication between and integration of heterogeneous embedded systems and
devices, with particular emphasis on platform independence, real‐time requirements, robustness and
security. The underlying tendency is that the increasing availability of affordable, high‐performance, low‐
power electronic components allows incorporating unprecedented horsepower into ever‐tinier
components. At the same time, Internet and (wired or wireless) Ethernet technologies are emerging as the
basic carriers for interconnecting electronic devices. These technologies can be leveraged to build advanced
functionality into embedded devices, thus enabling new distributed application paradigms based on
interconnected ʺsmart devicesʺ with a high level of autonomy. This applies to many types of embedded
devices, whether used in industrial automation systems, automotive electronics, telecommunications
equipment, building controls, home automation, medical instrumentation, etc. The SOCRADES project will
operate in this sense of general applicability across a broad range of application domains, while using as its
application cornerstone one of the most prominent embedded systems domains, viz. manufacturing and
process automation.
The umbrella paradigm of SOCRADES is called ʺcollaborative automationʺ. The aim is to effectively utilise
this paradigm, and to develop the corresponding tools and methods, so as to achieve flexible, re‐
configurable, scalable, interoperable network‐enabled collaboration between decentralised and distributed
embedded systems. Applying device‐level Service‐Oriented Architecture (SOA), it is expected to contribute
to the creation of an open, flexible and agile environment, by extending the scope of the collaborative
architecture approach through the application of a unique communications infrastructure, down from the
lowest levels of the device hierarchy up into the manufacturing enterpriseʹs higher‐level business process
management systems. Business application systems increasingly benefit from the adoption of SOA,
allowing to flexibly compose components of heterogeneous software systems across traditional system
boundaries and to swiftly adopt business processes to changing requirements. Therefore, the device
platform has to be very flexible, using both wireless and the wired communication technologies, scalable
embedded systems, and formalised engineering methods and tools.
Web Services technology constitutes the preferred implementation vehicle for service‐oriented
architectures. Web Services are platform‐independent and can communicate with and/or be aggregated
with other Web Services. As each service encapsulates its own complexity, scalability becomes a built‐in
feature. Additionally, manageability and maintainability are greatly enhanced, especially as each device
presents a high‐level management interface in order to facilitate configuration, monitoring, fault diagnosis,
etc.
The above considerations will guide the investigations of the present WP, which will cover the following
activities:
• Survey of wireless and wired technologies on the market
• Survey of use of networked embedded systems in collaborative environments
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Survey of technologies for distributed applications
Survey of usage of IP‐based networks for connecting embedded systems
Survey of enabling technologies, tools and methods relevant to the engineering environment
Classification of application requirements with regard to real‐time distributed automation and control,
integration with higher level systems and engineering support
Security and safety solutions in embedded system applications

As far as possible, these subjects will be treated in their generality. When too wide a scope would thus be
addressed, they would be more particularly examined from the viewpoint of industrial and automation
applications, the primary application domain considered by the project.
The state‐of‐the‐art as a technical background together with the trends and the available relevant
technologies will be described as the basis for the project work. Any additional requirements due to
national particularities will also be considered. A detailed study of the present state of the technology in
this area will be the objective of the first part of the project, but in accordance with the dynamic nature of
the developments in the IT field, WP1 will continue along the whole project.
As a basis to investigate the requirements, the appropriate user scenarios and use cases for the relevant
application domains (suppliers, integrators, customers, users and sub‐contractors) will be defined in detail.
The requirements will be listed up to fulfil the scenarios and use cases. The main results of the WP will be:
• Evaluation of available technologies and technological roadmap
• A definition of a continuous trend screening process for the duration of the project
• Screening of trends in technologies, environment and social aspects (if applicable)
• Innovation needs and restrictions
• Analysis of risks and strategic goals
A requirements catalogue, criteria catalogue and scenario description (application domain oriented) will be
the main output which is a basis for the other WPs.

Description of work
Task 1.1: State-of the-art and technology assessment

This task will give an overview of the existing technologies concerning the main areas of interest of the
project. Furthermore the outcome and current status of the following (terminated or ongoing) research
projects will be stated and provided: PABADIS, TORERO, OCEAN, VAN, ITEA/SIRENA, ITEA/PROTEUS.
Task 1.2: Requirements assessment

Based on experience of the project partners, this task will analyse requirements regarding:
• unsolved issues of connecting embedded systems through heterogeneous wired and wireless
networks,
• the needs for flexibly integrating networked embedded systems in real‐time, collaborative business
environments,
• integration of embedded components into higher level applications,
• engineering support (e.g. commissioning and diagnosis issues).
The concomitant requirements will be derived in conjunction with those emanating from end users,
component vendors and system integrators.
Concluding these requirements and the results of Task 1.1, the technological roadmap will be established in
WP10.
Task 1.3: Trend screening and self-evaluation

This task will monitor the trends in the embedded technologies most relevant to usage in networked,
collaborative environments as well as of trend business process integration of field data and engineering
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aspects. It directs particular attention to trends in the manufacturing industry, technological processes and
mobile platforms (wirelessly connected embedded systems).
The task is continued throughout the whole project. Trend screening is also the basis for the risk analysis,
which will be part of the annual progress reports.
For internal self‐evaluation purposes, a set of overall criteria, WP‐related criteria and task‐related criteria
will be worked out in this task. It mainly relates to technical aspects with the following content:
• Detailed technical targets of the SOCRADES project that determine the technical goals.
• Success criteria, risk analysis items, etc. for the overall project: clear quantitative and qualitative
parameters that can serve as success/failure criteria, both at the overall level and at the individual main
subjects. Also, the baselines for internal benchmarking (self‐evaluation) will be worked out. These
baselines determine against which technical criteria the concrete benefits SOCRADES will be
measured.
Deliverables

D1.1
State of the art
M7
D1.2
Requirements of end‐users and component vendors/system integrators
M7
D1.3
Trend Screening Report
M 15

Milestones and expected results

MS 1.1
Requirement Specification
M5
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2
M1
Work Package number
Start date or starting event:
Work Package title: Framework specification for ad-hoc networking service platform
1
2
3
4
5
6
7
8
9 10 11 12
Participant id
0
0
0
0
9
0
3
8
6
4
Person-months per participant:
11
,5

Total first 18 months: 75 p-m

3,
6

13

14

15

0

8,7

21,
2

Total whole duration: 75 p-m

Objectives

This WP will define an infrastructure framework for service‐based ad hoc networking to enable
communications between embedded devices at the application level. Devices will be able to discover
each other by peer‐to‐peer interactions that are able to adapt to any ad hoc configuration, without need
for any pre‐configured server‐ or registry‐based mechanism. In order to provide semantic
interoperability, the service descriptions will be enriched with semantic content, enabling smart
embedded devices to discover and invoke other devices that implement different taxonomies, syntax
and/or morphology, but equivalent semantics. The framework will also provide facilities for the
management, administration, monitoring, and reconfiguring of the system.
An important aspect of this framework will be to facilitate the integration of non‐service‐enabled
devices by providing bridging or gatewaying mechanisms for embedded devices such as wired
sensors. This is where the device‐centric infrastructure and the service‐centric infrastructure of the
SOCRADES project will meet. The boundary between where devices can be fully service‐enabled and
where they cannot because of cost‐effectiveness, legacy preservation or other considerations and
constraints must be kept variable, so that it can be shifted as technology makes further strides and
device capabilities evolve accordingly.
The use of the Service‐Oriented Architecture paradigm implemented through Web Services
technologies, at the ad hoc device network level enables the adoption of a unifying technology for all
levels of the enterprise, from sensors and actuators to enterprise business processes. The benefits of
service‐orientation are conveyed all the way to the device level, facilitating the discovery and
composition of applications by re‐configuration rather than re‐programming. Dynamic self‐
configuration of smart embedded devices using loosely‐coupled services provides significant
advantages for highly dynamic and ad hoc distributed applications, as opposed to the use of more
rigid technologies such as those based on distributed objects.
The SOCRADES project will build atop the technology developed by the SIRENA project and extend it
in several directions, including:
• Service composition, orchestration and co‐ ordination
• Service management
• Agent communication
• Semantically enriched service description and discovery

Description of work

As introduced above, DPWS will be employed as the technological foundation for implementing Web
Services at the device level. The present WP will study and specify a set of capabilities to be built on top
of this foundation in order to create a comprehensive framework for ad hoc device networking.
The implementation of the various framework elements will be carried out in WP5.
Task 2.1: Enhancement of the existing device-level service framework

This task will specify a set of extensions to the current DPWS specifications:
• Binary encoding instead of textual encoding of SOAP messages. This will allow to save both
bandwidth and processing time for message parsing and type conversions. If bandwidth is not
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much of a concern on a wired Ethernet, it definitely is an issue when wireless connections are used. .
If bandwidth is not much of a concern on a wired Ethernet, it definitely is an issue when wireless
connections are used. Much work is currently being devoted to defining binary encoding rules for
SOAP messages – mostly based on the use of ASN.1 – such as that undertaken by the W3Cʹs XML
Binary Characterisation Working Group and the Fast Infoset and Fast Web Services, jointly defined
by ITU and ISO. Experiments have shown that parsing and serialisation speed can thus be
improved by a factor of 5 to 10.
Discovery Proxy, ensuring scalability of the plug‐and‐play device discovery process in enterprise
integration or other scenarios that extend beyond a single sub‐network, minimising ripple effects
caused by deployment/reconfiguration of embedded devices across the network. The Discovery
Proxy mechanism of the WS‐Discovery specification will be examined for completeness, and
adapted if necessary, for the case of large systems composed of a multitude of smart embedded
devices.
Discovery scopes: WS‐Discovery currently supports the LDAP and RFC2396 specification for
defining the scope of services. A new method for defining the scope of devices into logical
subdivisions will be specified. This method will leverage and build on the existing specifications.
Event broker/mediator: the WS‐Eventing specification for publish/subscribe event notification using
Web Services defines an extensibility mechanism by which mediators or message brokers can be
used. These approaches minimise the requirements on embedded devices, as these devices need to
interact with only one service, as opposed to as many services as consumers do. These approaches
are not currently specified, so they will be defined in this task according to the existing extensibility
mechanism.
Dynamic service invocation, allowing to go beyond the current static service deployment scheme
and underpinning service orchestration.
Support of WS‐Security mechanisms: the use of authentication and authorisation mechanisms for
devices will be considered, in particular for sensitive operations such as reconfigurations.
Configuration services: a set of services to reconfigure device resources will be specified, in
conformance with the service management framework described below.
Support of the IPv6 protocols in addition to the IPv4 protocols. During the projectʹs lifetime, it is
expected that the acceptance of IPv6 will significantly grow in importance, including at the level of
embedded devices.

Task 2.2: Service orchestration framework

A typical feature of manufacturing systems is that several processes are composed and executed in
given sequences in order to create complex processes of a higher order. This pattern is repeated at
several levels: composition of field devices to create machines; composition of machines to create work
cells and lines; composition of machine‐level processes to create manufacturing systems and factories.
Once processes are composed, a single interface encapsulating the complexity associated with atomic
process co‐ordination is desirable.
The practice of sequencing and synchronised execution of services, which encapsulate business or
manufacturing processes, is denominated orchestration. An orchestration engine implements the
application logic necessary to orchestrate atomic services, and provides a high‐level interface for the
composed process. A complementary concept to service orchestration is that of service choreography.
The orchestration level is concerned with the workflow‐oriented execution and sequencing of atomic
processes, but does not take into account the different types of conversation patterns required to invoke
the services associated with those atomic processes. The choreography level considers the rules that
define the messages and interaction sequences that must occur in order to execute a given process
through a particular service interface.
In order to provide flexibility, a Web Service Orchestration Language can be used to describe
workflows. These orchestration descriptions can be interpreted by engines that interpret the workflow,
avoiding the need for programming application‐specific hard‐coded implementations. The SOA
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community has produced two competing specifications for Web Services orchestration: the Business
Process Management Language (BPML) and the Business Process Execution Language for Web Services
(WS‐BPEL or BPEL for short). The latter is the most widely adopted and corresponding orchestration
engines are available as commercial products and open source implementations. However, none of
these solutions fits the small‐footprint requirements of constrained‐resource embedded devices.
The various available solutions will be studied and the underpinnings of such a compact device‐level
orchestration engine will be specified. This service orchestration framework will provide a machine‐
readable description of the conversations that a service supports, expressed as a set of message
exchange interactions. It is intended to provide a simple way of specifying such protocols but also to
have a formal basis to allow properties of the protocols to be asserted.
Task 2.3: Service management framework

Service management is strongly required for real‐world solution deployment. Even if devices and
services become autonomous and self‐reliant, once services are deployed they need to be monitored not
just in terms of how they are performing technically but also how they are performing in relation to the
expected value the complete system is expected to deliver. The SOCRADES framework will therefore be
enhanced with management functionality usable across all application domains.
Such manageability functionality will be supported by a generic manageability framework, which
should be highly extensible so as to cover the broad spectrum of device complexity to be coped with.
For higher‐level devices, management functionality may go as far as to include provisions for reliability
engineering, self‐reconfiguring or self‐healing. Over time, the sophistication barrier may gradually shift
as embedded processing capabilities evolve.
The WS‐Management specification is deemed to provide the most appropriate foundation for such
generic management functionality, as it is lightweight and therefore usable in resource‐constrained
devices. The present task will therefore define a framework for implementing management
functionality based on WS‐Management.
Task 2.4: Service-enabled agent framework

In recent years, multi‐agent systems have found some application in industrial automation settings,
without reaching widespread adoption, however. At present, their usage is mostly limited to the
planning of production processes.
There is a strong conceptual synergy between the SOA and the agent‐based approaches. SOA provides
dynamic discovery and invocation of processes in a loosely coupled manned, facilitating the
reorganisation of distributed systems. This dynamism and ability to reconfigure is a requirement for
implementing multi‐agent systems. One of the reasons why agent‐based systems have failed in the past
is that they were implemented with communication technologies that obstructed reconfiguration,
counteracting the desired autonomy principle.
In order to converge the multi‐agent and service‐oriented approaches, the existing work in both fields
needs to be leveraged and harmonised. Currently, the de facto standard for agent communications is
the set of Communicative Acts and Interaction Protocols specified by the Foundation for Intelligent
Physical Agents (FIPA). Even though specifications exist for the exchange of FIPA messages using XML
and HTTP, these need to be harmonised with the DPWS stack, especially considering WSDL message
descriptions and use of WS‐Eventing. In addition, the use of the DPWS and in particular WS‐Discovery
can serve to implement a distributed version of the directory services proposed in the FIPA abstract
architecture, providing ad hoc agent and service discovery. Previous approaches at integrating FIPA
and Web Services have been targeted at enterprise systems and require application servers and
databases, and are therefore too heavyweight to be used in embedded systems.
Usually, agent systems are oriented towards higher‐level device interactions involving deliberative,
knowledge‐intense decision‐making processes. Therefore, a strong synergy is envisioned with Task 2.5,
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where service descriptions are enriched with ontology, enabling agents to reason about the capabilities
and invocation form of services.
The present task will:
• Conduct an extensive study of existing agent technologies, to what extent agent functionality can be
implemented with existing Web Service technologies and which additional Web Service technology
needs to be developed. It is expected that this study may benefit from work to be carried out in the
context of the IEEE IES Technical Committee on Industrial Agents.
• Define a framework for implementing a lightweight service‐oriented agent system.
Task 2.5: Semantic Web Services framework

The increasing number of intelligent components and the dynamism introduced by reconfiguration will
create manufacturing systems that, from an IT perspective, are chaotic. From a communications
topology viewpoint, manufacturing systems will be organised as dynamic peer‐to‐peer infrastructures,
autonomously restructuring in response to changes in the environment. From an information
viewpoint, manufacturing systems will constantly modify their operational data and knowledge in
response to real‐time changes in schedule, goals, and decision criteria.
One of the greatest challenges in implementing intelligent industrial environments that are
simultaneously complex, rapidly deployable, rapidly reconfigurable, dynamic, and chaotic, is to
seamlessly integrate heterogeneous intelligent components rapidly and with no loss of functionality.
Currently, the (re)configuration of a system requires human intervention to (re)program the
interconnection of devices and the functional behaviour. These (re)programming tasks require highly
qualified, labour‐intensive engineering activities, which are costly in resources and time. The current
barrier to automating reconfiguration is that there is no replacement for the technical expertise of
engineers, and their ability to learn and adapt to the design of systems using new types of processes and
equipment.
In order to overcome this limitation, domain ontologies provide a mechanism to represent engineering
knowledge about processes, products and equipment, in a way that intelligent software agents can
reason about the required processes and automatically (re)configure equipment. Through machine‐
based reasoning and inference, components previously unknown to each other can gain understanding
about their respective skill sets, goals and interaction models, and therefore interact intelligently. In
particular, the use of ontology to describe Web Services results in Semantic Web Services, which
provide sufficient machine‐interpretable knowledge for agents to discover and select service‐oriented
embedded devices, compose these devices to combine and amplify their skills, and automatically
execute (orchestrate) the composed processes.
It is anticipated that the Web Ontology Language (OWL) constitutes the most appropriate knowledge
representation language for these purposes. Based on XML and the Resource Description Format (RDF),
OWL can be used to provide Web Semantics mark‐up to describe any networked resource, with the
potential to create distributed repositories of machine‐interpretable knowledge. Furthermore, the OWL‐
S service ontology, an OWL ontology that specifies the concept of a Web Service, unifies the OWL and
Web Services technologies. Web Services described by an OWL‐S ontology become Semantic Web
Services (SWS), which enable agents to reason using the explicit semantics to automatically discover,
invoke, compose and monitor the associated processes. In effect, reasoning about SWS enables agents to
interact with services that might have been previously unknown or disregarded at design time of the
system, enabling the incorporation of new devices into a system without need for reprogramming.
Automatic discovery is accomplished using SWS by semantic matchmaking of a description of a
required or sought process with available descriptions of SWS profiles. The matchmaking can be
performed by either directly matching or through subsumption of the profile, inputs, outputs,
preconditions and effects of a Semantic Web Service. Because matchmaking is made using inference
rather than one‐to‐one mappings, discovery can be performed based on skill sets rather than on device
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types. This approach enables finding non‐trivial solutions such as new specialised devices with
overlapping skill sets. Furthermore, enhanced semantic descriptions can facilitate selection among
multiple candidate solutions by reasoning about Quality of Service (QoS) and Trust parameters.
Automatic invocation is accomplished by interpreting the supported conversational semantics for
discovered services, analysing the types of required input messages to execute the service and the
required preconditions that must be met, which are semantically described in the ontology.
Consequently, agents can select the appropriate choreography for service interactions and produce the
required data. Moreover, by understanding the sequence of steps required for executing a process,
agents can monitor process status and execution progress in real time.
Automatic composition is achieved by semantic matchmaking of atomic operations in a complex
process workflow to the skills described in discovered service ontologies. Industrial agents can thus
execute complex processes by composing individual processes, enabling autonomous manufacturing
system orchestration. In this domain, Web Semantics enable the chain of reasoning to traverse several
distributed ontologies in order to match post‐ and pre‐conditions and compose services. Service
composition enhances the automatic discovery functionality by enabling one‐to‐many matchmaking of
requirements to complex processes, where one‐to‐one matchmaking fails to find adequate solutions.
The present task will
• Conduct an extensive study of the available SWS standards and technologies.
• Define a framework for implementing SWS‐based systems.
Task 2.6: Service gateway framework

Even though the current state of technology – and even more so the state of technology at the end of the
SOCRADES project – already allows many types of devices to be service‐enabled, there will always be
devices for which this is not feasible, for reasons of cost‐effectiveness, lack of sufficient device resources,
stringent real‐time constraints, constraints imposed by legacy technology, etc. Therefore, it is important
to devise a generic service gateway framework allowing to integrate non‐service‐enabled devices to the
ad hoc service platform.
The present task will produce the specifications of such a framework, comprising two components:
• A generic application server‐based framework for integrating legacy devices and systems into the
service infrastructure.
• A generic framework for developing gateways from ad hoc sensor/actuator wired/wireless
networks to the ad hoc service infrastructure.
In addition, technology‐specific gateways using the latter framework will be specified. These
technology‐specific gateways are intended to conform to the specifications of networks addressed by
WP3 and WP4 and will therefore be elaborated in concertation with these device‐centric WPs. Thus, the
latter will be able to subsequently use these gateways in their respective implementations. The result of
this task will also be used by WP6.

Deliverables

D2.1
Framework specification for device‐level service platform (Report).
M 18
D2.2
Specification of service gateways for non‐service enabled devices (Report).
M8
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Milestones and expected results

Milestones in this WP coincide with the release of the framework specification documents.
MS 2.1
Ad‐hoc networking service platform specified. All WP5 tasks can begin.
M 18
MS 2.2
Framework specification for service gateways for non‐service enabled devices. Bridging of non‐service‐
enabled devices and integration of Wireless Sensor Networks (WP3, WP4) can begin.
M8
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3
Work Package number
Start date or starting event:
Work Package title: Wireless service-oriented sensor/actuator networks
1
2
3
4
5
6
7
8
Participant id
3
0
0
0
0
0
Person-months per participant:
2,
11

Total first 18 months: 71.22 p-m

M4
9

10

11

12

13

14

15

0

0

0

45

0

0

0

21
,1
1

Total whole duration: 114.4 p-m

Objectives

As mentioned before, the goal of the SOCRADES project is to create new methodologies, technologies
and tools for the modelling, design, implementation and operation of networked hardware/software
systems embedded in smart physical objects. Currently it can be noted that wireless technology conquers
the embedded systems field within a wide range of applications. As one of these application areas e.g.
the domain of industrial communication follows this trend and adopts the investigated wireless
technologies to networked embedded automation devices. Against this background, especially solutions
for the very special conditions in the harsh environment of automation installations are of high interest –
wireless industrial communications based on WLAN and IEEE 802.15 standards are in the focus of this
kind of research and development. Combining this with SOCRADES’ objective of distributed smart
embedded systems to be applied in perception and control systems in intelligent environments – which
are enhanced with system intelligence achieved by co‐operation of smart embedded devices towards
common goals – especially wireless sensor/actuator networks (WSN) are a research area to be
investigated closer: The mobility and flexibility which is required in most application fields nowadays
(e.g. industrial communication) is fostered by WSN very well. The natural features of wireless
technologies enable higher opportunities for reconfiguration/upgrading, maintenance, and fault
tolerance. Due to the fact, that lots of legacy wired communication systems does exist, especially in
industrial communication, suitable transitions between the wired and wireless approaches have to be
considered. With regard to the different wireless technologies within the enterprise hierarchy,
furthermore, suitable transitions among these approaches have to be investigated. That also concerns the
access to Wide Area Networks. In this context and with respect to the universal networking approach,
which is followed in industrial communication during the last years, security mechanisms to protect
WSN against viruses, Trojan horses and similar security attacks will be considered. Finally, the merging
of the DPWS application models (see WP 2, 5 and 6) with the latest architectures used in wireless
technologies is focal point of this WP.
Consortium members are active in a number of relevant working groups which deal with radio
communication and industrial communication, e.g. the Institute of Electrical and Electronics Engineers
(IEEE), the International Electrotechnical Commission (IEC), the Zentralverband der Elektrotechnik und
Elektronikindustrie (ZVEI), the German Commission for Electrical, Electronic & Information
Technologies of DIN and VDE (DKE), the German VDI/VDE‐Society. The continuous contact to these
panels increases the acceptance of a later standardisation following in this area.
Against that background, the following research topics are addressed within this WP:
• Node architecture, sensor integration and the interface between sensors and the network,
• Wireless Network topology, self‐configuration, self‐management, routing, scalability,
• Communication technologies for Wireless Sensor/Actuator Networks (WSN) in industrial
environment (e.g. IEEE 802.15.4, 802.15.4a or ZigBee),
• Power supply for the network infrastructure as well as the sensor itself,
• New Services with Wireless Sensor Networks,
• Demonstrator set‐up.
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Description of work

This WP will accomplish the following four major tasks:
Task 3.1:Analysis and trend screening for wireless sensor/actuator networks

This Task shall give an overview of the existing technologies concerning the above mentioned research
topics. Furthermore the outcome and current status of the following previous research projects will be
stated and provided: SIRENA, VAN.
Task 3.2: Architecture and functional specification of wireless DPWS‐oriented sensor/actuator networks

According to the Open Platform for Automation Infrastructure specification using DPWS‐oriented
application models, this task defines application specific architecture profiles of devices in different
industrial branches such as manufacturing industries, process industries, power industries, machine
platforms and communication systems.
Within this Task the wireless communication demands will be specified in detail for the manufacturing
and process industry with respect to the specific industrial environmental scenarios. The integration of
wireless technology even into small‐embedded devices will be focused on also. The specification shall
be a basis for device and system development.
Task3.3: Mapping of DPWS into wireless nodes and/or wireless network

In the future, the wireless sensor/actuator networks will support DPWS technology. For that purpose,
the following activities have to be worked out:
• Integration platform for DPWS functionality into the stack architecture of a wireless node
• DPWS Proxy for Wireless Networks
Task 3.4: Implementation and validation

To validate the mentioned functionality, the specified services and protocols will be implemented and
tested. The activities focus on real test cases and scenarios.

Deliverables

D3.1
Report on trend analysis and requirements
M9
D3.2
Architecture and functional specification of DPWS‐oriented wireless sensor/actuator networks
M 16

Milestones and expected results

MS 3.1
Report on trend analysis and requirements
M9
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4
Work Package number
Start date or starting event:
Work Package title: Device-centric infrastructure
1
3
4
5
6
7
8
Participant id
2
0
0,6
0
0
0
9
Person-months per participant:
13,
66

Total first 18 months: 113.06 p-m

35,
4

M0
9

10

11

12

13

14

15

0

2

9,66

0

0

0

42,
73

Total whole duration: 248.4 p-m

Objectives

An automation system should be a deterministic, secure and fault‐tolerant system of networked
embedded devices, where diverse heterogeneous physical objects co‐operate to achieve a given goal.
Today the dominant paradigm, in for example process industry, is IO‐centric having relatively ʺdumbʺ
wired sensors and actuators and an intelligent controller to achieve the automation goal. There is
however, a growing demand for information from the process and hence an increased number of
installed sensors, but also ʺsmarterʺ sensors. Wireless devices become increasingly interesting since a
growing part of the real cost is associated with the installation (wiring) of the devices.
Not only is wireless communication sensitive to interference from background noise, but also to
competing wireless networks. If wireless communication finds its way into industrial communication,
which we believe, we must handle the situation where several different wireless networks will compete
for the shared media. New scheduling mechanisms need to be developed to handle the possible conflict
and traffic congestion.
A possible solution is to use standards and have friendly co‐existence of various wireless protocols. We
do not believe this will happen due to the fact that many different wireless protocols will be used to
meet different kinds of requirements. The new technology needs to have a built‐in robustness and
adaptation to cope with the major uncertainties and variations the wireless communication presents.
Today, wireless solutions are developed to replace wired solutions under an IO‐centric paradigm,
meaning that the wireless link has to meet the same requirements as a wired counterpart. This scenario
is very hard and costly to achieve and guarantee, and is unrealistic in practice. Instead we can do better
if we consider and compensate for the shortcomings of the wireless link (possibly exploiting its special
characteristics) and take a holistic approach to the design of the control system. It is natural to include
the properties of the communication link in the control design: limitations imposed by unreliable
interconnections and bandwidth constraints suggest that new control methodologies need to be
developed. One can imagine two approaches: either robust control laws, which compensate for the
added uncertainties, or adaptive algorithms, which are able to follow and predict variations.
It is very important that application development does not become more complex, despite the fact that
the implementation platform is of higher complexity. The control application should be developed
according to well known principles (e.g., PID, feed‐forward, cascaded control, and Kalman filters) or
new innovative and intuitive application specific methods utilising the services of a middleware;
removing the complexity of the combined control and communication strategies. In that way the
platform abstraction hides the details and helps the system developer to focus on the key issues in the
design.
Traditionally, a middleware constitute a communications layer that allows applications to interact
across hardware and network environments, typically a generic application over a sufficiently
deterministic network. Here we have the special case of a control application combined with real or
virtual sensor and actuator ʺapplicationsʺ, communicating over an unreliable wireless network. The
middleware functionality in this case is thus to provide fault‐tolerant interaction methods between these
specific applications. The objective is to overcome the shortcomings of the network (jitter, varying
bandwidth, lost packets, temporarily lost nodes, etc.) by considering both control and communication
strategies.
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Description of work
Task 4.1: Architecture for fault-tolerant application interaction

This task forms the basis and fundament for task 4.2 and 4.3. Based on an analysis of applications
addressing questions like: ʺWhere do we see the shortcomings of wireless communication with respect
to control applications?ʺ and ʺWhat kinds of control applications are relevant?ʺ an architecture is
developed addressing communication and control strategies.
• Establish requirements
• Establish state‐of‐the‐art in the field
• Considering Wireless Sensor Networks but also wireless point to point and point to multi‐point
applications.
• Develop and propose architecture (proposed control strategy, communication and network
characteristics. Which functionality goes where? Which kinds of functionality will be deployed on
the sensor and actuator nodes? What parameters of the network and communication link have to be
monitored and/or controlled?)
Task 4.2: Control under uncertain sensor and actuator communication

In order to meet reliability constraints, redundancy and diagnostics need to be introduced in a
systematic way. The development of robust and reliable networked automation will require network‐
aware control implementations that work well in the presence of communication delays and packet
losses, but also fault tolerance, for example by detecting faulty nodes and communication links,
classifying and communicating faults, and triggering the system to reconfigure by, e.g., dropping faulty
nodes, rerouting data flows, or in worst case safely run the process to halt. A critical part of this work
will be to develop an understanding of how the appropriate response depends on the real‐time
requirements of various control loops, the type and persistency of the fault, as well as the time
constants of network reconfiguration operations (e.g. routing updates)
• According to proposed architecture and scenarios
• Models for wireless sensor and actuator networks
• Develop control algorithms and strategies to handle jitter, lost packages, temporarily lost nodes,
degrading bandwidth etc.
• Traditional control loops under communication constraints (cascade control, feed forward control
etc). How to make conventional designs more robust? What can be hidden from the application
developer and what needs to be known? What are the suitable abstractions of the communication
link?
Task 4.3: Wireless communication for control purposes

Investigate sensor and actuator network platform solutions for control purposes. Task 4.1 will form the
architecture that will be detailed, analysed and simulated in this task. Examples of functionality that
will be analyses and simulated are:
• Sensor network node functionality like real‐time clock performance, maximum communication
latency, wireless communication channel quality estimation technology, guaranteed real time
application performance (i.e. usage of real‐time programming tools like Timber for enabling real
time performance guarantees, etc)
• Time synchronisation techniques between network nodes
• Communication protocol issues like protocol based latency, handling of lost packages etc.
Task 4.4: Middleware services for fault-tolerant control applications

Fundamental results from task 4.2 and 4.3 will form the basis for fault‐tolerant control over a wireless
link. The necessary functionality both at sensor/actuator node and governing system level will form a
middleware layer for the control application. This middleware will have two parts. One focusing on
support to the control engineer i.e. an API that will to a large extent hide/automate solutions of
problems related to the wireless communication. The other part will implement necessary middleware
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software for enabling management and control of the wireless communication link. Major work in this
task will be:
• Develop application programmers interface (API) for control applications
• Implementation of supporting control and communication strategies
Task 4.5: Small-scale demonstrator for fault-tolerant wireless control

The platform and middleware for fault‐tolerant networked embedded systems is a building block in the
full SOCRADES architecture. This task will demonstrate the feasibility of the proposed architecture and
developed control and communication strategies. It will be based on the implementation in task 4.4 and
on the MULLE design available at LTU.

Deliverables

D4.1
Architecture for fault‐tolerant application interaction (Report)
M 12

Milestones and expected results

MS 4.1
Requirement on architecture for fault‐tolerant application interaction established
M6
MS 4.2
Simulation of control under uncertain sensor and actuator communication
M 18
MS 4.3
Simulation of wireless communication link for control purposes
M 18
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5
Work package number
Start date or starting event:
Work package title: Service-centric infrastructure
2
3
4
5
6
7
8
Participant id
1
0
0
0
0
Person-months per participant:
6,
83

0,8
6

Total first 18 months: 42.95 p-m

2,8
3

M7
9

10

11

12

13

14

0

0

3,6

0

6

0

1,1
6

15
21,6
5

Total whole duration: 182.4 p-m

Objectives

This WP aims at bridging application‐level functionality and device‐level functionality through a
common, unifying technological approach, based on the service‐oriented architecture (SOA) paradigm,
implemented using Web Services and associated technologies.
In essence, it will implement the service‐centric infrastructure according to the framework
specifications produced by WP2.
In line with the ambitious objectives of the SOCRADES project, a feasibility study will be carried out
concerning the development of a generic hardware component – outfitted with a microprocessor, on‐
chip memory, I/O ports and network interfaces – that can be incorporated into a wide variety of
devices. Such a component should be able to house several of the software components enabled by
Tasks 1 to 5.

Description of work
Task 5.1: Device-level service component

This task will consolidate and extend the service‐oriented framework developed by the SIRENA
project, in which device‐level functionality is exposed through the DPWS protocol stack, either by the
devices themselves or through gateways that front‐end low‐level device functions with service‐
oriented façades.
The present task will extend the DPWS component with functionality not included initially, according
to the specifications produced by WP2:
• Binary encoding of SOAP messages.
• Discovery Proxy support.
• Extended discovery scopes.
• Event broker/mediator support.
• Dynamic service invocation.
• Support of WS‐Security.
• Configuration services.
• Support of the IPv6 protocols.
Task 5.2: Service orchestration engine

This task will implement a compact device‐level orchestration engine, suited for usage in resource‐
constrained environments, according to the specifications laid down by WP2. This implementation will
explore the usage of sequential techniques with a formal basis in the form of Petri nets or Pi calculus,
allowing for validation of the protocols described in the framework, in a way as to guarantee
correctness and consistency while minimising the need for manual code production.
Task 5.3: Service management tools

This task will instantiate the generic manageability framework specified in WP2, itself based on the
WS‐Management specification, in a prototype environment.
In addition, a set of tools and support platform will be specified and developed, focusing on:
• A monitoring console for ad hoc service networks. This console will discover devices through the

102/160

IST-5-034116 SOCRADES Annex I

•
•

•

Final Version approved by the EC on April 26th, 2006

extended DPWS discovery mechanisms, and use service introspection mechanisms to display
service features.
A reconfiguration tool, use to manually reconfigure devices and their services without need for
device‐specific programming tools.
A discovery management tool, which can be used to feed a device with information on other
devices. In order to support the development of systems, tell operations for letting devices know in
advance about other devices can be used as a ʺfeed‐forwardʺ mechanism to introduce non‐DPWS
devices or to bridge with out‐of‐scope devices in other logical sections of the system.
A tool for ontology management in ad hoc semantic service networks.

Task 5.4: Service-enabled agent system

This task will implement a prototype instance of the service‐enabled agent framework specified in
WP2. As its deployment environment it will select an existing service‐enabled industrial platform.
Task 5.5: Semantic Web Services deployment

Semantic Web Services (SWS) facilitate the semantic interoperability of Web Services, as well as the
automatic discovery, selection, invocation and composition by smart systems. By enriching service
descriptions with semantic metadata using formal ontology, reasoning agents can infer semantic
relationships between services and interact with previously unknown devices.
In order to support the use of Semantic Web Services at the device level, the present task will produce
a prototype implementation of the SWS framework for describing devices using domain ontology
using the OWL‐DL language and the OWL‐S upper ontology, specified by WP2. To this end, the
following activities will be conducted:
• The DPWS will be enhanced to support the propagation and discovery of service ontologies. This
will be achieved by building on the WS‐MetadataExchange, WS‐Addressing and WS‐Discovery
specifications.
• Ontologies and inference engines typically impose processing and memory requirements that are
outside the reach of embedded devices. In order to make use of ontology, summarisation methods
for smart embedded devices will be specified, such as summarisation of subsumption
relationships. Associated light inference engines that process the limited semantics will be
specified.
• Discovery, selection and composition of Semantic Web Services will be facilitated by the
introduction of Grid services dedicated to advanced reasoning functions. This ʺoutsourcingʺ model
enables limited embedded devices to discover and interact with other semantically‐interoperable
devices without implementing heavyweight reasoning functions.
• Invocation of services that utilise different syntax and taxonomies will be facilitated by service
mediators that perform ontology translation. The semantic mediators serve as static service
adaptors for service interfaces described with ontology and as dynamic translators for invocations
with ontology content inside messages.
Task 5.6: Electronic component for service-oriented devices

Given the very broad spectrum of embedded devices that can be service‐enabled, and the resulting
economy of scale, there is a strong opportunity for developing a generic electronic component –
outfitted with a microprocessor, on‐chip memory, I/O ports and network interfaces – that can be
incorporated into a wide variety of devices. Such a component should be able to house several of the
software components enabled by Tasks 1 to 5. At the minimum, it should incorporate the DPWS and
the service management component; ideally, it should also embody a service orchestration and SWS
engine. The actual amount of functionality thus provided may evolve over time as processing power
and memory capacities further increase. In order for such a component to be cost‐effective for the
widest possible range of device types, its price should be very low (in the sub‐€ range). Furthermore,
since some device are always powered by their environment but may demand short response times,
whereas other (often wireless) devices are battery‐powered but have no high‐performance
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requirements, it should be possible to trade off performance against power consumption. For some
devices, it should even be possible to virtually turn off the power supply during long periods of
inactivity and wake up the component as required by its environment.
The present task will therefore carry out a feasibility study for designing such an electronic component
according to the above requirements. It will take place in two stages:
• Application‐level analysis:
• gathering the requirements for a variety of device classes,
• setting the objectives with regard to component price, performance and power consumption
ranges,
• estimating the attainable volumes.
• Component‐level feasibility study, involving:
• a detailed architectural design study with the aim of obtaining a linearly scalable processor
performance,
• an experimental implementation of this design,
• the evaluation of this experimental component.
The latter study will only be undertaken if the results of the application‐level analysis produce
satisfactory results. It will be based on the ARM architecture, which is very widely used in embedded
devices and has been designed from the outset for low power consumption.

Deliverables

No deliverables during the first 18 months.
Milestones and expected results

No milestones during the first 18 months.
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6
Work package number
Start date or starting event:
Work package title: Enterprise Integration
1
2
3
4
5
6
7
8
Participant id

M1
9

10

11

12

13

14
1
5

Person-months per participant:

0

5,5

0

0

13
,5

Total first 18 months: 97.1 p-m

0

4

18
,2
5

0

48

0

5,4

0

0

2,4
5

Total whole duration: 152.7 p-m

Objectives

This WP aims at the integration of aggregated device‐level services with higher‐level Web Services and
business processes situated at the level of business applications ‐ in particular Enterprise Resource
Planning (ERP) systems ‐ in order to demonstrate seamless integration of device level functionality into
higher‐order business application scenarios in manufacturing, logistics, or similar areas. The
integration should not require changes to business application code, but be based on and leverage the
Web Service‐enablement of device networks as addressed by SOCRADES.
Business application systems increasingly benefit from the adoption of service oriented architectures
(SOAs) allowing to flexibly compose components of heterogeneous software systems across traditional
system boundaries and swiftly adapt business processes to changing requirements. SAPʹs NetWeaver
platform provides a rich foundation of infrastructure services and tools supporting the development
and execution of Web Services. Of particular relevance for this WP is the Exchange Infrastructure (XI)
which addresses service composition, business process orchestration and application integration,
thereby enabling an Enterprise Service Architecture (ESA), SAPʹs blueprint and implementation of a
SOA.
The convergence of solutions and products towards the SOA paradigm adopted for smart embedded
devices contributes to the improvement of the reactivity and performance of industrial processes, such
as manufacturing, logistics and others. This will lead to information being available ʺon demandʺ and
in business‐level applications that are able to use high‐level information for various purposes, such as
diagnostics, performance indicators, traceability, etc. These future vertical integration capabilities will
also help to reduce the effort required for integration of the affected systems in the sense of the given
business scenario.
Description of work

This WP will accomplish the following three major tasks:
Task 6.1: Integration concept analysis and design

Based on the requirements analysis carried out in WP1 and the analysis of required extensions to the
DPWS stack carried out in WP2, this task will identify components in business application platforms
(i.e. SAP NetWeaver) which are relevant for integration and devise an integration concept covering
involved data flow and control flow aspects as well as communication protocols for the integration of
aggregated services and devices into business applications. This work will integrate contributions
based on the applications perspective brought in by the industrial partners, e.g., applying experience of
looking at potential ERP integration with assembly machines.
Task 6.2: Integration of aggregated services into business applications

This task will analyse requirements and integration options and implements demonstrators of real‐
world integration scenarios based on existing SAP technology and infrastructure as well as on relevant
outcomes of other WPs in an iterative process. This includes the potential usage of process ontologies
for business integration.
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The business scenarios are expected to fall into one or more of these areas:
•

Extended Business Activity Monitoring: Business Activity Monitoring (BAM) is about monitoring
business processes in real‐time for the purpose of measuring key performance indicators and
reacting to relevant events and exceptions with minimised latency. Integrating device‐level
networks with BAM would extend its reach and thus reduce latency even more as well as
supporting more detailed monitoring and alerting on the business level. Event Management in
general and Complex Event Processing (CEP) in particular can be applied for transforming low‐
level events into business‐level events and automating alerts and reactions.

•

Mobile Equipment Assistance: Provide end‐to‐end services to mobile workers and asset
management back‐office in case of failures. This includes remote diagnostics functions available
both from central back‐office and from local devices and mechanics. For example this kind of
services can be applied to truck drivers and fleet owners in case of unplanned stop on the road.
Integration of mobile device‐level services with back‐office business applications is important to
accomplish remote diagnostics and the outlined end‐to‐end services.

•

Maintenance Optimisation: Based on device profile information, maintenance intervals can be
calculated and scheduled given an average use of devices. In order to cope with unexpected usage
profiles, either frequent check can be scheduled or maintenance can be carried out on demand. Both
mean additional efforts and expenses. By integrating device‐level services and diagnostics with
business applications in the fields of maintenance and asset management, actual device diagnostics
data can be compared to stored device profiles in order to detect situations requiring maintenance.
Predictive algorithms can be applied to calculate and forecast expected maintenance events. For
example, in case of a fleet management scenario, this would help in real‐time calculation of
optimised maintenance plans (reduced number of stops, stop when business is not affected, etc.) to
the fleet owner.

•

Overall Equipment Effectiveness: The goal is to better utilise assets (people, equipment, materials)
through a comprehensive view of overall equipment efficiency. The approach would be based on a)
the capturing of raw information about equipment usage (e.g. machine set‐up, load and production
cycles in a manufacturing plant) and b) applying analytics to identify and improve areas that are
causing operational inefficiencies (downtime, waste and rework, machine run‐time deficiencies).
This WP task would focus on the seamless integration of the manufacturing devices level (the ʺshop
floorʺ), to the business applications level (the ʺtop floorʺ) as a basis for capturing information about
equipment usage.

Task 6.3: Integration of non Web Service enabled devices into business processes

In the near future it is expected that control systems will consist of a heterogeneous mixture of devices
with support of SOCRADES facilities and of legacy devices, which have no support for SOCRADES.
The goal of this task is the evaluation and design of service‐bridging technologies and concepts to
enable the integration of legacy devices with no support of Web Services into the enterprise application
environment. Prototypes will take into account the interface specifications defined in this working
package as well as the specifications of the communication and integration technologies of WP2‐5.
Research effort will be spent on the following main problems:
• Efficient transformation of device network view into the view of business software systems
• Enrichment of device on‐line information with additional device related information based on
different data sources (e.g. configuration files, device descriptions, databases etc.).
The solution of both problems will cover investigation of auto configuration mechanisms, network
scans and wizard guided human configuration activities. The introduction of a resulting proxy layer
will lead the SOCRADES results to be applicable on systems in the near future.
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Deliverables

D6.1
Service integration concept for field related data into business processes
M6
D6.2
Integration concept of non Web Service enabled devices
M 12
D6.3
Early Prototyping of integration
M 18

Milestones and expected results

MS 6.1
First prototypes integrating device‐level services with enterprise systems.
M 18

107/160

Final Version approved by the EC on April 26th, 2006

IST-5-034116 SOCRADES Annex I

7
Work package number
Start date or starting event:
Work package title: System engineering & management
1
2
3
4
5
6
7
Participant id
8

M1
9

10

11

12

13

14
1
5

Person-months per participant:

0
3,
22

0
10,
36

Total first 18 months: 57.77 p-m

0

0
7,
24

0
26,
50

0
7,5
5

0

0

0

2,8
7

Total whole duration: 95.9 p-m

Objectives

An engineering environment will be created for the lifecycle support of distributed embedded devices
in both wired and wired automation systems. This engineering system will be specified to meet the
user applications requirements for the domains covered by the project.
The objective will be not only to support application design, simulation and monitoring of real‐time
distributed automation components from the control perspective but also to support the integration of
these devices with higher‐level business process systems (enterprise dimension), with supply chain
partners (value/supply‐chain dimension) and within a lifecycle engineering context (lifecycle
dimension), i.e., adopting a four‐dimensional approach inspired by ARCʹs CMM model.
The goal is to combine support for the configuration and optimisation of networked control capabilities
with device management, configuration and lifecycle support services. End‐users are needed to assist
in exploring these new directions. In particular the aim is to create an effective tool‐set whose benefit
and value are clear within the user’s business context. This tool‐set should support a well‐integrated
modular approach to real‐time control system design, deployment, maintenance, diagnostics and
enterprise integration.

Description of work
Task 7.1: User requirements for system engineering and lifecycle support

This task will include study and capture of user requirements (e.g., from end‐user, integrator/builder
and control vendor perspectives) to support the lifecycle of automation systems (for the application
domains of interest) in terms of:
• real‐time distributed automation and control on both wired and wireless networks
• integration with higher level enterprise systems
• Integration and support for supply‐chain engineering partners involved in the automation lifecycle.
The methodology and engineering environment will later be validated with reference to specific
application examples, in particular the wireless demonstrator systems.
Task 7.2: Investigation of enabling technologies, methods and tools

This task will include a survey and evaluation of the state of the art in enabling technologies, tools and
methods relevant to the engineering environment to be developed (e.g., related to design, process
description and orchestration, modelling, simulation, verification and lifecycle support). This will also
include a study of relevant national and international research projects, e.g., TORERO, OCEAN, VAN,
SIRENA, PROTEUS.
Task 7.3: Application description and configuration

The aim is to develop a generically applicable system engineering approach, which is highly
customisable to enable it to be used easily and efficiently within several areas of application. This task
will include:
• Consideration of inter‐component communication, component integration services, component
customisation mechanisms, and maximising the reusability of components. (Drawing on the
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outputs of WP2 and WP5, including consideration of component composition and orchestration,
design methodologies, component lifecycle, behaviour description of components.)
Creation of domain‐specific system models, which will be consistent throughout all of the lifecycle
phases of a given automation system, viewable from the different ʺdimensionsʺ to enable the
behaviour of the system to be observed.
Development of tools to enable (1) the efficient definition of modular system configurations and (2)
associated application process definition, composition and orchestration.

Task 7.4: Simulation and verification

The capability to undertake simulation and verification is of much greater importance in distributed,
loosely coupled automation systems than in the case of traditional centralised control systems.
Simulation and analysis capabilities must therefore be integrated into the lifecycle environment and
must be available to be iteratively used in a simple yet flexible manner. The development of a
simulation and verification system will require:
• Creation of a suitable runtime environment to support the execution of the control components and
modelling their interactions.
• Creation of an executable model, which can be used to drive a wide array of alternative
visualisations to interactively, explore the applicationʹs dynamics.
• The capability to model the controlled process/machine/facility and a suitable simulation
engine/tool for running this model to provide an emulation of the physical environment.
• The capability to examine the system analytically for structural and behavioural deficiencies
through the application of suitable mathematical formalisms.
• Service support for multidisciplinary, geographically distributed development teams.
This work will be carried out in conjunction with the development of the device‐level orchestration
engine in Task 5.2.
Task 7.5: Device-support and maintenance

The adoption of a service oriented approach to embedded systems implementation and lifecycle
support will radically alter both the capabilities and the manner in which smart devices are used. This
task seeks to look at the implications of this with particular emphasis on device support and
maintenance. This planned work is described as follows.
• Description and evaluation of state of the art approaches to device support and maintenance.
• Specification of device/system configuration and integration requirements in the context of many
autonomous devices from several vendors. This will include a specific assessment of the
parameterisation of these smart devices.
• Specification of the commissioning and maintenance requirements of devices with consideration of
current best practices and the implications of the adoption of Web service based functional
descriptions.
• Consideration and assessment of the needs of maintenance personnel and machine operators in the
context of complex distributed systems.
• The implementation and evaluation of a generic tool to support the parameterisation of smart
devices based on Web services.
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Deliverables

D7.1
User requirements report
M6

D7.2
A catalogue of available methods and tools
M 12

D7.3
Report of the state of the art in device support and maintenance
M 12

D7.4
Early prototyping of application description and support methodology
M 18

Milestones and expected results

MS 7.1
Lifecycle support methodology
M 18
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Work Package number
Start date or starting event:
Work Package title: Application pilots, demonstrators
1
2
4
5
6
7
8
Participant id
3

Person-months per participant:
Total first 18 months: 0 p-m

0

0

0

0

M 25
9

10

11

0
0
0
0
0
0
0
Total whole duration: 40.2 p-m

12

0

13

0

14

0

1
5
0

Objectives

The main goals of WP8 are:
• To set up pilots for selected scenarios of the process industry as well as in the field of
manufacturing automation
• To run trials and to test real world situations like automatic set‐up and system start; device or
system failure; plug & play situations; control failure; hard real‐time conditions, staff failure;
change of production volume, product type, quality requirements and delivery times, impact of
lead times; as well as process monitoring, diagnostic and prognostic capabilities, ad–hoc
networking, or service‐oriented cross layer communication.
• Comparison with the performance of traditional process automation and control technology
provided by the end‐users and refinement of the application and demonstrator prototypes
• Evaluation and assessment of results
Description of work

This WP will accomplish the following four major tasks:
Task 8.1: Set-up of trials

Scenarios will be selected in each of the industrial environments addressed in WP1 and WP 2.
Integration of system components and implementation of the software solutions; set‐up of the trials.
Task 8.2 Application of the SOCRADES framework to the trials

Implementation of the SOCRADES framework to application pilots for selected scenarios. Adaptation
to the trials to verify and validate technological solutions. Functional tests and optimisation of the
system interoperability in accordance to predefined performance criteria.
Task 8.3: Trials to real-world situations

Running trials in accordance to real‐world situations at the APS trial site as well as at the selected end‐
user sites including refinement of the demonstrator prototypes. Optimisation of the system
performance with regard to the user requirements.
Task 8.4: Trial records, evaluation and assessment of results

Gathering of trial results and performance data in accordance to predefined criteria. Creation of trial
records, detailed evaluation of trial results, comparison with traditional process management and
control solutions, and assessment of results.
Deliverables

No deliverables during the first 18 months.
Milestones and expected results

No milestones during the first 18 months.
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Work package number
Work package title: Dissemination
Participant id

Person-months per participant:

Total first 18 months: 20.85 p-m

M1

Start date or starting event:
1

2

3

4

0
2,
90

0,
83

1,
37

5

6

7

8

9
1
0

1
1

1
2

1
3

6,
86

0,
62

1,
82

1,
25

0
0,
83

1,
25
8

1,
37

1,
67

1
4

1
5

0

0

Total whole duration: 47 p-m

Objectives

This work package, led by Politecnico di Milano, is concerned with the dissemination and promotion
of the project results. There will be three major strands to the activity in this work package, scientific
dissemination, industrial promotion and dissemination via centres and networks of excellence. In
addition an interactive website will be developed to support both external dissemination and
interaction between the project partners. This work package complements the key standardisation and
roadmapping work to be carried out in WP 10. International conference special sessions and
workshops will be organised to promote SOCRADES with three major events of this type envisaged
over the course of the project.
The device‐centric and service‐oriented technologies, methods and systems developed in this project
are both highly innovative and culturally new approaches in the context of traditional centralised
automation systems. An effective and well‐managed dissemination plan is, therefore, vital to promote
and explain this new paradigm to both the industrial and academic communities. The aim is to form a
critical mass of key industrialists and academics to promote the SOCRADES concept. In particular,
effective dissemination is important in order: 1) to make key individuals and groups aware of the
work, 2) to enable them to understand the concepts and potential benefits and 3) to obtain critical
feedback from them to assess the perceived value of the approach.
All the academic partners will take a leading role in disseminating the results of the research via
publications in journals and conference proceedings and also via educational projects. These
publications will be carefully planned as strategic collaborative research outputs within the
dissemination plan involving all project partners.
Tampere, Loughborough, Lulea Universities and Politecnico di Milano will contribute to the scientific
dissemination of the results obtained by the SOCRADES through workshops and tutorials, e.g., under
the IEEE Industrial Informatics Conference, where the main research issues will be presented and the
solution compared with other solutions in an international scenario. The partners will also present the
results of the research in the main conferences of the real‐time systems and embedded systems domain.
Loughborough will also feature SOCRADES in a planned future presentation in the UK at the Royal
Academy of Engineering on the topic of ʺTechnologies and Methods for the Lifecycle Engineering of
Modular Reconfigurable Manufacturing Automationʺ. Targeted conferences are expected to include:
• IEEE Real‐Time and Embedded Technology and Applications Symposia and Conferences
• IEEE Industrial Informatics Conference
• Euromicro Workshop on Parallel, Distributed, and Network‐Based Processing
• IFAC Workshop on Programmable Devices and Embedded Systems
• IFAC World Congress
• WS‐FM International Workshop on Web Services and Formal Methods
• ICSOC International Conference on Service‐Oriented Computing
• RTAS IEEE Real‐Time and Embedded Technology and Applications Symposium
• IFIP International Conference on Network and Parallel Computing
• IFIP International Conference on Embedded And Ubiquitous Computing
• IEEE ETFA (Emerging Technologies and Factory Automation) conference
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• IEEE IECON (Industrial Electronics Conference)
Ifak will introduce SOCRADES to IFAC TC 5.1 and organise special sessions among others at IFAC
symposium INCOM (Information Control Problems in Manufacturing)
Dissemination of SOCRADES results will be performed by Schneider Electric, Siemens and ABB
through an active participation in fairs and conferences, e.g., IEEE INDIN (Industrial Informatics),
IEEE ETFA (Emerging Technology and Factory Automation), SPS IPC Drives, and IPROMS Network
of Excellence. FlexLink will disseminate information via its network of sales units in 25 countries, by
FlexLink News and by other publications, including professional journals. Jaguar Cars will include
SOCRADES as a project of special interest in its Technology Cycle Plan (TCP), a five‐year initiative
beginning in 2005 to specify the requirements and identify future new control system technologies and
methods.
Description of work
Task 9.1 – Scientific, technical and general dissemination (Months 6 to 36)

Dissemination, promotion and assessment activities will include the following:
• The innovations in the approach, design, and development of embedded service‐oriented control
and automation systems achieved in this project will be the focus of PhD thesis developments at
the research institution partners. We estimate that six PhD students will devote a major part of
their PhD research work to this project.
• A minimum of 20 peer‐reviewed publications dedicated to results of this project will be generated
for presentation at international conferences or in journals.
• Three workshops and/or special sessions within international conferences will be held at
progressive stages in the work (concepts, progress and final dissemination events).
In addition to scientific and technical dissemination, the project further intends to target the general
press. A plan for general press publicity will be elaborated during the first project period.
Task 9.2 – Industrial promotion (Months 4 to 36)

The partners will organise a number of events specifically tailored to different audiences, e.g., in
process automation, electrical distribution and manufacturing automation. These events will include
hands‐on technology demonstrations, debates, and presentation of emerging scenarios for the
application of service‐oriented embedded distributed systems and new ways of working. The feedback
received from these events will be used to assess industrial reaction to and the applicability of
SOCRADES in diverse application sectors. It is foreseen that during this project a minimum of three
such public events dedicated to the dissemination of SOCRADES in different countries in Europe will
be organised.
Task 9.3 – Dissemination centres and networks (Month 1 to 36)

Activities in this strand of work will include the following:
• An interactive website will be developed to support both external dissemination and interaction
between the project partners.
• The consortium plans close contacts with Europe’s Network of Excellence for Agent‐Based
Computing (AgentLink) and with IPROMS (Innovative Production Machines and Systems). Using
the dissemination platform offered by the IPROMS Network of Excellence, at least one technology
transfer seminar and one training course for researchers are planned.
• A final workshop or special session within an international conference, involving representatives
from other invited related projects, is planned for the end of the SOCRADES project.
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Deliverables

D9.1
Dissemination plan.
M6
D9.2
Dissemination progress report.
M 18

Milestones and expected results

MS 9.1
Dissemination and use plan
M6
MS 9.2
Dissemination and promotion of key technologies, methods, scenarios and approaches
M 18
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10
Work package number
Start date or starting event:
Work package title: Exploitation, standards & roadmapping
2
3
4
5
6
7
8
9 10 11
Participant id
1
Person-months per participant:

Total first 18 months: 20.8 p-m

8.5

1

0

0

0

1

1

1.5

1

3.8

M1
12

13

14

15

0

0

0

0.7
5

2.
25
Total whole duration: 41.6 p-m

Objectives

The main goals of the WP10 are:
• To prepare a detailed exploitation plan of the results of the project with the purpose to prepare the
proper action to make the exploitation as successful as possible.
• To derive from the SOCRADES technological innovation a set of specifications for international
standardisation bodies with the purpose to spread the results worldwide and facilitate the adoption
of the service oriented devices.
• To write a roadmap, which starting from the SOCRADES results, could explore the gap between the
current available technologies and the new paradigm resulting by SOCRADES. The purpose of the
roadmap is to help the supplier, vendors and system integrators and the users to easily adopt and
implement the SOCRADES paradigm.
Description of work
Task 10.1: Exploitation plan

This task will include activities aimed at preparing the post‐project exploitation of project results,
according to the strategy and the guidelines defined in this proposal. According to the Exploitation
strategy, partners will be committed to exploit internally and externally to the Consortium the
SOCRADES results.
The main outcome of this task will be joint exploitation agreements among partners, and a full Business
Plan for each partner that will be organised in an Exploitation Plan (reported in deliverables D10.1a and
D10.1b).
Task 10.2: Standards specification and submission to a standardisation body

As mentioned in the paragraph B3.3 standard activities are planned to be conducted during the project.
A permanent SOCRADES Forum, organised in different working groups will be created, to define
standards for a set of industrial device categories. The Forum will foresee the participation both of
partners of SOCRADES and of experts, suppliers, end‐users, and system integrators relevant to each
specific device type. The outcome of this task will serve as a basis for Task10.3.
The results of the work of the forum will be taken to a selected international standardisation body.
International standard bodies will be addressed with the purpose to guarantee the stability and the
proper diffusion to the standard. At the same time activities to disseminate the new standard and
guarantee the adoption by the worldwide industrial community will be undertaken.
Task 10.3: Road mapping for the adoption of the SOCRADES paradigm

As mentioned, SOCRADES goal is to create new methodologies, technologies and tools for the
modelling, design, implementation and operation of networked hardware/software systems embedded
in smart physical objects. With the purpose to facilitate the adoption of the SOCRADES results by the
industries, a gap analysis that could highlight the benefit of the adoption of the SOCRADES results is
needed. Once the benefits are shown, a roadmap to guide the adoption in a smooth and effective way is
needed as well. This task aims therefore at producing this document. The roadmap will analyse gaps,
propose a vision and suggest a methodology and tools. Best practices need also to be identified with the
purpose to create credibility, even though feasibility will be run in the partners.
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Deliverables

D10.1a D10.1b
Exploitation Plan including continuous exploitation activities planning and reporting: 2 releases at
month 12 (1st release) and 18 (2nd release),
M 12
M 18
D10.2
Specifications for standards
M12
D10.3
Report on the activities with the international standard bodies
M 18
D10.4a D10.4b
Roadmap for the adoption of the SOCRADES paradigm: 2 releases at month 12 (1st release) and 18 (2nd
release) of the report
M 12
M 18

Milestones and expected results

MS 10.1
1st release of the Exploitation Plan and Roadmap
M 12
MS 10.2
2nd release of the Exploitation Plan and Roadmap
M 18
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Work package number
11
Start date or starting event:
Work package title: Project Management
2
3
4
5
6
7
8
Participant id
1
0,5
0,5
0,2
0,2
0,5
0,2
0,5
Person-months per participant:

M1
9

10

11

12

0,2

0,5

0,5

0,5

16.
47
5

Total first 18 months: 22.9 p-m

13

14

15

0,2
1,7
5

0,1
75

Total whole duration: 43.05 p-m

Objectives

This WP is concerned with ensuring that the project remains on course and that it is effectively and correctly
managed. This includes the following detailed objectives:
• Monitoring, tracking and controlling deviations due to progress, costs, financial and scheduling,
changes.
• Managing the project according to approved plans.
• Ensuring that the required reporting is prepared and delivered in a timely manner.
• Implementing procedures for quality management.
• Implementing an administration and communication infrastructure to establish a basis for efficient and
easy communication within the project. To also ensure that external communication (project Web site,
dissemination and exploitation) is done and controlled by the project management.
• Performing a procedure for updating and revising the plans every 12 months due to changes and new
knowledge.
• Successfully managing collaboration with local administrations to ensure results that are tested and
validated by users.
The overall project management responsibility is shared by the Project Management Team, consisting of
partners represented in the Scientific and Technology Team, the Collaboration Team and the Administration
Team as stated in B.6.

Description of work
Task 11.1: Planning and scheduling

The objective of this task is to provide accurate planning of different actions during the project’s lifetime.
Activities that have to be performed in this task are:
• Create implementation plan
• Collect input and needs for changes
• Define and check consequences according to budget, scheduling and objectives
• Communicate and if necessary arrange meetings with WP Leaders
• Prepare updated plans for final approval in the Project Co‐ordination Committee (PCC)
• Communicate updated plans with the consortium members
• Generate and actualise agenda for Quality Assessment.
Task 11.2: Progress and cost reporting

The objective is to establish a clear reporting structure and processes to the European Commission and for
the project activities within the programme. Activities to be performed in this task are:
• Provide templates for the reporting instances to all concerned participants
• Maintain a document repository for incremental reporting
• Submit reports and cost claims on time and in the quality required
• Create periodic reports (management, progress, dissemination, standardisation, financial). The project
report includes Progress Report, Dissemination Report, Standardisation Report, IPR Report, Report on
using and disseminating of knowledge, Quality Assessment Report.
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Task 11.3: Monitoring, control and quality management.

Within this task plans will be monitored and controlled, which already have been approved. Progress
control will be done on WP level by measuring resources and costs. Activities to be performed include:
• Progress control
• Cost control
• Checking schedules and milestones
• Assessment of deliverables
• Risk management
• Quality assessment for deliverables and WPs
Task 11.4: Communication management and administration infrastructure

To perform fast and effective communication in the project, different procedures and tools will be
implemented. Activities to be performed in this task are:
• Create and update Project Handbook
• Implementation and administration of online collaboration platform
• Planning and arrangement of project co‐ordination meetings
Task 11.5: Management of collaboration with external organisations

SOCRADES aims at a tight collaboration with external end‐users. The objective of this task is to manage the
collaboration with external organisations, e.g., companies through dedicated research partners. The
respective activities are:
• Management of piloting and testing activities
• Planning of external contribution in various WPs
• Develop methodology to effectively supply piloting and testing results as well as end‐user
requirements into project work

Deliverables

•

D11.1: SOCRADES Goal Definitions (M03)

•

D11.2: Project Reports (M06, M12, M18) containing
• Progress Report
• Dissemination Report
• Standardisation Report
• IPR Report
• Report on using and disseminating of knowledge

•

D11.3: Yearly cost statements (M13)

Milestones and expected result

N.A.
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9. Project resources and budget overview
9.1 IP Efforts for the full duration of the project

IP Effort Form – Indicative efforts for full duration of project
Project number (SOCRADES): IST‐5‐034116
IP Activity Type

RTD / Innovation
Activities

Demonstration
activities

Training
Activities

Consortium
management
activities

TOTAL per
PARTICIPANT

118.9

6

5

29.7

159.6

ABB

56

0

1

57

APS

89.9

10

1

100.8

BOL

2.2

0

0.4

2.6

FLEX

1

6.3

0.4

7.7

ifak

103.7

0

1

107.7

KTH

66.4

0

0.4

66.8

Lboro

80.3

4

1

85.3

LTU

94.6

0

0.4

95

42

0

1

43

113

6

1

120

108.1

3

2

1

114.1

71.1

0

4

4

79.1

4

4.9

0.4

9.3

52

0

0.35

52.35

1003.1

40.2

SE

POLIMI
SAP
Siemens
TUT
JAGUAR
ARM
TOTAL per ACTIVITY Type
Overall TOTAL efforts

3

14

43.05
1100.35
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9.2 IP Efforts for the first 18 months period

IP Effort Form – Indicative efforts for 18 months period covering detailed implementation plan (project month 0 to 18)
Project number (SOCRADES): IST‐5‐034116
IP Activity Type

SE

ABB

APS

BOL

FLEX

ifak

KTH

Lboro

LTU

SAP
POLI
MI

TUT

Jaguar

ARM

Sieme
ns

TOTAL
ACTIVITIES

RTD/Innovation activities
WP1
WP2
WP3
WP4
WP5
WP6
WP7
WP9
WP10
Total ‘research’

1.26
11.5
2.11
0
6.83
13.5
3.22
2.90
8.5
49.82

2
0
3
13.66
0.86
0
0
0.83
1
21.35

1.26
4
0
9
2.83
5.5
10.36
1.37
0
34.32

0
0
0
0.6
0
0
0
0
0
0.6

1
0
0
0
0
0
0
0
0
1

6.68
3.6
21.11
0
0
18.25
7.24
0.83
1
58.71

2.8
0
0
35.4
0
0
0
1.25
1
40.45

2.52
9
0
0
1.16
4
26.50
1.37
1.5
46.05

4
0
0
42.73
0
0
0
1.67
1
49.4

1.52
3
0
0
0
2.45
7.55
6.86
3.8
25.18

2.4
8
0
2
3.6
48
2.87
0.62
0.75
68.24

5.04
6
45
9.66
0
0
0
1.82
2.25
69.77

0
21.2
0
0
6
5.4
0
1.25
0
33.85

4
0
0
0
0
0
0
0
0
4

0
8.7
0
0
21.65
0
0
0
0
30.35

34.84
75
71.22
113.06
42.95
97.1
57.77
20.85
20.8
533.23

Demonstration activities
WP8
Total ‘demonstration’

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

1
1

2
2

Training activities
Total ‘training’

2.5
2.5

1.5
1.5

Consortium management
activities
WP11
Total ‘management’

16.475
16.475

0.5
0.5

0.5
0.5

0.2
0.2

0.2
0.2

0.5
0.5

0.2
0.2

0.5
0.5

0.2
0.2

0.5
0.5

0.5
0.5

0.5
0.5

1.75
1.75

0.2
0.2

0.175
0.175

22.9

TOTAL PARTICIPANTS

68.795

21.85

34.82

0.8

1.2

60.71

40.65

46.55

49.6

25.68

68.74

71.27

37.6

4.2

30.525

563.13
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9.3 Overall budget for full duration of the project

Contract Preparation Form A3.1
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Contract Preparation Form A3.1 (contʹd)
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Contract Preparation Form A3.1 (contʹd)
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Contract Preparation Form A3.1 (contʹd)
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Contract Preparation Form A3.2
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9.4 Budget for the first 18 months

Contract Preparation Form A3.3
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Contract Preparation Form A3.3 (cont'd)
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Contract Preparation Form A3.3 (cont'd)
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Contract Preparation Form A3.3 (cont'd)
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9.5 IP management level description of resources and budget
Required Resources
The main share of resources for the SOCRADES project is constituted by the personnel costs followed by the
resources for equipment. Because of the European dimension of the project, tight co‐operation and tuning,
also the travel costs take an important share of the aggregate costs of the project.
Resources are needed for the following kind of activities:
• Scientific research work including market investigation and requirement analysis
• Dissemination of the research results
• Prove of the results on prototypes and test fields with demonstrators
• Training of human resources for the new methods, tools and technologies
• Project management
The following charts shows the percentage‐wise relation of allocation of resources per work package,
covering each of the activities addressed above, for the whole project duration and for the first 18 months.
Percentual Relation of Allocation of Resources to WPs
for the w hole project duration
4%

4%

4%

WP1

7%

4%

Percentual Relation of Allocation of Resources to WPs
for the 1st 18 m onths
4%
6%
WP1
0%
13%
WP2
4%

WP2

4%
11%

WP3

WP3

4%

WP4

WP4

9%
13%

WP5
10%

14%
22%

WP5

WP6

WP6

WP7

WP7

WP9

WP9

WP10

WP10
17%

Demonstration / WP8

Demonstration / WP8

21%

Management

Management

17%

8%

The resources allocated for the first 18 months of the project are described in detail in the Work Packages
and Task tables (chapter 8 et. seq.)
Personnel resources
As expected from an IP, with new knowledge as its primary deliverable, the most important share of the
needed resources is made up of personnel resources.
Financial resources
Mobilisation of private and public funding. The percentage‐wise relation of project budget and EU‐funding
distributed by IP activities is shown in the next diagrams.
Allocation of Budget per IP for the
w hole project duration

Allocation of EU-Funding per IP for the
w hole project duration
2%

4%
1%

2%

R&D

7%

Demonst
4%

Training

Demonst
Training

Manag
91%

Funding R&D

Manag
89%
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Mobilisation of the critical mass of resources
Size of the consortium
The consortium consists of a team of 15 mutually independent partners from 6 different EU member states,
these are: France, Germany, Sweden, Italy, Finland and UK. It can be stated that the consortium comprises a
geographical European wide net of participants. Viewed from the gross national product the 6 participating
member states together make up about 68% of the whole EU gross national product. Thus it can be said that
also from this social economical point of view, the SOCRADES consortium can be seen as balanced.
Integration of the resources forming a coherent project
The SOCRADES project as a coherent whole consists of several single integrated components. This can be
seen in the work packages and tasks that build upon another and complement each other, guiding to the
main objective. The different fields of experience and competencies of the participants that will be used
within the work packages and within the single tasks to solve the different aspects of the achievement of the
main objective are always composed and interlocked.
Several forms of integration can be distinguished within the project, the vertical integration of all the
resources and competence providing instances within the chain of an automation product lifecycle as
research, technological development, manufacturing, marketing dissemination, end users, ‐ market leaders
as well as SMEs ‐ and even social influence observing instances collectively assure that the expecting impact
of the project results will be of a European dimension and on a high level of success. One important fact is
that in many tasks and at least in each work package companies, which are responsible for main parts of
production systems, are involved to help gearing the project towards attaining the aimed impact.
SOCRADES uses a spectrum of different research activities to achieve its objectives within each task. Several
kinds of participants will work together within the tasks to tune the developments already in an early stage
of knowledge production, e.g. where appropriate provider and end user are integrated within one task.
In the outline implementation plan (Chapter 6), the vertical and horizontal integration of different kinds of
activities through the whole project can be seen clearly. Starting from the investigation of requirements for
the single items, over the specification process followed by the implementation and following verification to
the exploitation of the results, in each case in the appropriate scale.
The next set of charts summarise:
1) The percentage‐wise allocation of resources per IP activity, for the whole project duration and for the
first 18 months.
Allocation of Resources per IP Activities
for the 1st 18 m onths

Allocation of Resources per IP Activities
for the w hole project duration

4%

4%

0%

4%
Total RTD

1%

91%

Total RTD

1%

Training

Training

Demonstration / WP8

Demonstration / WP8

Management

Management

95%

2) The efforts (Person‐months) allocated per partner to IP activities, for the whole project duration and for
the first 18 months.
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Effort (PM) allocation per partner to IP Activities
for the w hole project duration
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3) The percentage‐wise distribution of the total efforts allocated by the partners, for the whole project
duration and for the first 18 months.
Percentual distribution of total efforts
allocated by the partners
for the whole project duration

Percentual distribution of total efforts
allocated by the partners
st
for the 1 18 months

Schneider
ABB
APS

1% 5%

14%

7%

12%

FlexLink Automation

4%

IFAK
KTH

Boliden

7%

FlexLink Automation

10%

IFAK

6%
13%

Loughborough Univ.

0%

Lulea Univ.

Lulea Univ.

Politecnico Milano

11%

0%

11%

SAP

1%
Siemens

Siemens

Tampere Univ

9%

6%
8%

Jaguar
ARM
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10. Ethical issues
The project has no ethical issues that have to be taken into account.
A. Sensitive ethical questions
Does your proposed research raise sensitive ethical questions related to:

YES

NO

Human beings

X

Human biological samples

X

Personal data (whether identified by name or not)

X

Genetic information

X

Animals

X
Table 1: Ethical Issue Form

B. The consortium confirms that the proposed research does not involve:
•
•
•

Research activity aimed at human cloning for reproductive purposes;
Research activity intended to modify the genetic heritage of human beings which could make such
changes heritable;
Research activity intended to create human embryos solely for the purpose of research or for the
purpose of stem cell procurement, including by means of somatic cell nuclear transfer.
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11. Other issues
11.1 Gender issues
Gender equality is to be understood along the three dimensions that characterise the relationship between
the issues of gender and science. These three dimensions were referred to, in the 1999 Communication,
(COM(1999) 76) ‘Women and science: mobilising women to enrich European research’, as ‘by, for, and
about’, i.e. recognising the need to promote research by, for and about women. Progress has to be made in
these three perspectives, i.e. (i) promote women’s participation in research activities, (ii) ensure that
women’s needs and interests are taken into consideration when setting research agenda, (iii) promote the
understanding and the inclusion of the gender issue.
In information technologies, gender disparities exist at user level and in the labour market. By assuming that
information technology is neutral, biases can enter into technological research and development that can
have a negative impact on gender equality. Following the recommendations and conclusions of the ETAN
Report, three approaches will be considered in order to promote gender equality inside the project:
•
•

•

Equal treatment: This means firming up arrangements to ensure men and women are treated equally.
Fair and transparent selection procedures, gender monitoring, pay audits, modernising employment.
Positive action: positive action is helpful to kick‐start gender equality, to address blockages in the
system and to generate lessons in good practice. There are many examples of positive action in the
ETAN Report, for example the FREJA project in Denmark, the HSP Programmes in Germany, the
Professorships in Sweden. This possibility has already been tried in the past in the US and Europe (in the
UK: Dorothy Hodgkin Fellowships, Sweden: creation of full professor posts for women). This kind of
measure has proved to be useful to kick‐start a system; nevertheless, it is neither a long‐term solution,
nor one that provides opportunities for large numbers of women.
Mainstreaming gender equality: This means ʺintegrating gender equality into all systems, structures
and institutions, into processes, policies, programmes and projects, into ways of seeing and doingʺ.
(Treaty of Amsterdam, and the Commission Mainstreaming Communication, CEC, 1996). The emphasis
shifts from seeing women as the problem to organisational and cultural change. Emphasis shall be put
on two important tools: gender disaggregated statistics and gender balance in decision‐making.

11.2 Other EC-policy related issues
The SOCRADES project has no other EC‐policy related issues – besides those already described – that have
to be taken into account.
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Appendix A – Consortium description
The SOCRADES Consortium has been established with special regard to complementary competencies,
scientific expertise and technical know‐how in order to meet the goals of the project. Industrial leader of the
project and being most committed to develop the next generation of technologies, methods and tools in the
field of collaborative process automation and control with networked embedded intelligence is a core group
of four European top players in the ICT business represented by ABB, Schneider Electric, Siemens and SAP.
Together with some industrial end‐user companies from different application areas like Jaguar (automotive
industry), Boliden (process industry), and FlexLink (manufacturing automation system supplier) a so‐called
ʺextendedʺ core group will be available to provide the baselines of the project work in terms of requirements
definition and specification of user demands. Furthermore this extended core group will also assist and
advise Schneider, as the project co‐ordinator, to direct technological goals and the progress of work. This
group is expected to be the real ʺdriving forceʺ of SOCRADES.
To give support to the RTD domains addressed by ABB (development of advanced control architectures
based on the collaboration of distributed sensors and actuators with embedded intelligence in
wired/wireless networks; focus: process industry), Schneider (development of a service‐oriented and DPWS‐
based infrastructure for collaborative automation and control based on networked embedded intelligence),
Siemens (development of architecture concepts, infrastructure management, communication protocols and
interfaces for wireless DPWS‐oriented sensor/actuator networks in automation and control) and
SAP(development of architectures and infrastructures for the integration of aggregated device‐level services
with high‐level services and business processes to enable a seamless integration of industrial automation
systems into higher‐order business application scenarios) another core of partners are involved in the
SOCRADES consortium acting as technology providers. Related to their competencies, they will perform
concurrent research and technology development in a cluster of complementary RTD areas from embedding
intelligence into sensor/actuator networks by software modules (Siemens, ifak), middleware development,
and realisation of hardware components (ARM, Schneider, Siemens), to platform abstractions on device‐
level (ABB, APS, LTU, KTH, Schneider, Siemens), platform abstractions on application‐level (Schneider,
SAP, TUT, Loughborough University) to integrate a cross‐layer service–oriented communication, up to the
development of solutions for enterprise integration (SAP, Schneider, TUT, Loughborough University), and
the development and implementation of tools for system management and engineering (Schneider, SAP,
APS, ifak, Loughborough University).
Selected application areas represented by industrial partners like Boliden, Jaguar, and FlexLink, as well as an
experimental test platform provided at APS, will offer appropriate scenarios for application pilots used for
practice–oriented tests, training and evaluation of project results. Based on the outcome of the project
contributing to standards (Schneider Electric, ifak) as well as roadmapping (Politecnico di Milano) is
envisaged.
Selected application areas represented by industrial partners like Boliden, Jaguar, and FlexLink as well as
APS (experimental test platform) will offer appropriate scenarios for application pilots used for practice‐
oriented tests, training and a detailed evaluation of project results. Based on the outcome of the project
activities addressing contributions to standards (Schneider, POLIMI, ifak) as well as roadmapping (POLIMI)
will complement the integrated approach envisaged by the SOCRADES consortium.
With 9 participants from industry, 5 partners from university and 1 research centre the SOCRADES
Consortium represents a powerful and well‐experienced team of partners from six European countries.
Their competencies and resources planned for the execution of work are well balanced and of
complementary character to achieve the various project objectives. Due to the strong commitment of
Schneider, Siemens, ABB and SAP high potential of real European dimension can be assured as far as the
exploitation of results is concerned. Beside these ʺtop fourʺ, industrial partners of large, medium and small
size (3 SME) are involved in the SOCRADES project. Details of the partnersʹ profiles and the key personnel
are summarised below.
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A.1 Participants and Consortium
(1) Schneider Electric

IND

F/D / 80,000 employees

Schneider Electric is a global leading company in the automation and electrical distribution business with
main development sites in Sophia Antipolis (France), Seligenstadt (Germany) and North Andover (United
States, MA). It combines the Telemecanique, SquareD, Modicon and former AEG master brands of the
parent company Schneider Electric Industries, France. The Schneider Electric Industrial Automation brands
offer its target industrial process end users and OEM customers superior products and services throughout
their automation journey. Currently Schneider Electric Industries employing 83000 people world‐wide and
generated sale of around 8.8 billion € Euro in 2003 through 13000 sales outlets in 130 countries. Schneider
Electric Industrial Automation as part of Schneider Electric Industries employs around 2000 people. Key
customers like Daimler Chrysler, Coca Cola, VW, Mars, Opel, Merck, General Motors, Ford, BASF, Thyssen,
Burton using the competencies and project experiences in the automation and electrical distribution business
of Schneider Electric Industrial Automation. Innovative technologies like PC based control systems are
developed and driven by Schneider as well as contributions to international standards for automation like
IEC 61131 and IEC 61499. Further Schneider is leading in the combination of IT and industrial automation, in
the usage of Internet based protocols and in development of agent‐oriented software for flexible control
systems.
Role in the project activities

Schneider Electric will lead the SOCRADES project as a whole, acting as its Co‐ordinator. Hence, Schneider
Electric will designate the Project Co‐ordinator, the Technical Manager and the Business Manager and will
chair the Project Co‐ordination Committee as well as the General Assembly.
In WP1, Schneider Electric will co‐operate with the other SOCRADES partners to come to an agreement on a
common working ground through the elaboration of the global requirements for the primary application
domains targeted by the project, bringing in its long‐standing experience in the field of manufacturing
automation.
In WP2, Schneider Electric expects to play a significant role in defining the framework for service‐oriented
device networking, for which it brings in its groundbreaking experience gained in the SIRENA project,
which resulted in its implementation of the DPWS protocol suite. Together with expertise in adjacent areas
like the application of industrial agents, this early SOA know‐how forms the foundation for the various
frameworks to be defined in WP2. Schneider Electric expects that blending its knowledge with the expertise
brought in by the other WP2 partners – such as that in the areas of process automation, service orchestration,
Semantic Web Services and enterprise applications – will spark the development of highly promising, novel
architectural structures for industrial automation. Schneider Electric will participate in all the tasks of WP2.
In task 2.6, this includes co‐operation with ARM to start exploring new ARM‐based hardware architectures
for intelligent devices.
In WP3, Schneider Electric will co‐operate with Siemens and associated partners to work on the service‐
enablement of sensor/actuator networks. The results of this work are expected to also be exploitable in WP4,
even if Schneider Electric has no direct participation in this WP.
Schneider Electric will lead and concentrate most of its technical efforts in WP5, which will implement all the
service‐oriented frameworks for networked embedded devices specified in WP2. The extensions and
enhancements of the device‐level SOA infrastructure based on DPWS will certainly expand its applicability,
which may be further enlarged by the hardware design effort to be undertaken by ARM. The embedded
orchestration and the service management infrastructures will facilitate the co‐ordination of device‐level
services. Together with the implementation of the industrial agent communications framework,
complemented by that of the Semantic Web Services framework, they will also facilitate the integration of
orchestrated device‐level services with higher‐level enterprise applications. Thus, the results of the work to
be carried out in WP5 will be linked to Schneider Electricʹs participation in WP6. Similarly, the work on
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service orchestration, management and configuration performed in WP5 will be linked to Schneider
Electricʹs participation in WP7, which concentrates on creating application engineering and management
tools on the basis of the service‐centric infrastructure developed in WP5.
In WP9, Schneider Electric will participate in the dissemination of the SOCRADES results, both through
technical conferences and publications and through its participation in major industrial automation events
(such as SPS/IPC/DRIVES), as well as via European networks of excellence (such as IPROMS) and
international working groups (such as the IEEE technical committee on industrial agents). Furthermore,
Schneider Electric will use a dissemination channel its own Initi@tive fairs and conferences, at which early
developments are brought to the attention of major customers and partners.
Schneider Electric will also lead the standardisation, roadmapping and exploitation preparation activities in
WP 10, in particular as regards the effort for defining standards for a set of industrial device categories, in
the context of the UPnP Forum or some alternative standardisation body to be determined.
Contribution to the SOCRADES vision

Schneider Electric strongly contributes to the SOCRADES vision, since the company has done trail‐blazing
work on the application of service‐oriented architectures and associated Web Service technology to the
communications between intelligent devices. This work was performed in the context of the ITEA/SIRENA
project and the latterʹs results are made available to the SOCRADES project, in particular Schneider Electricʹs
implementation of the DPWS protocol stack, which was the worldʹs first implementation of DPWS for
embedded devices. It will form the basis of the service‐centric infrastructure to be specified in WP2 and to be
developed in WP5 and will also be an essential ingredient for integrating devices with enterprise systems
(WP6).
Schneider Electric has also substantial experience in the application of agent technology in industrial
automation. This expertise will be instrumental in the development of a service orchestration engine, as well
as in the blending of agent technology with Web Services (WP2 and WP5).
Key personnel

Dr.‐Ing. Armando Walter Colombo
Manager of Anticipation/Advanced Projects in the HUB Department, Schneider Electric Product and
Technology, France, Germany and the EU. He received the Doctor degree in Engineering from the
University of Erlangen‐Nuremberg, Germany, in 1998. From 1999 to 2000 was Adjunct Professor in the
Group of Robotic Systems and CIM, Faculty of Technical Sciences, New University of Lisbon, Portugal.
He joined Schneider Electric Industrial Automation in 2001. His research interests are in the fields of
intelligent supervisory theory, factory automation, embedded systems, Mechatronics. Dr. Colombo has
participated in many international projects and has more than 100 publications in journals, books and
conference proceedings. He is a senior member of the IEEE and member of the Gesellschaft für Informatik
e.V., Chair of the IEEE IES Technical Committee on Industrial Agents and serving as Associated Editor of the
IEEE Trans. on Industrial Informatics and of the IFAC Associated Journal ATP‐International.
François Jammes
François Jammes obtained an engineering degree from ʺEcole Supérieure dʹElectricitéʺ in Paris in 1976. He is
currently a research project manager at Schneider Electricʹs corporate Science & Technology department in
Grenoble, France. His research projects include network communication topics such as Ethernet, IP,
protocols and solutions dedicated to industrial automation applications. He is currently leading the
European ITEA/SIRENA project.
Ralf Neubert
He obtained an engineering degree from “Technical University Chemnitz”, Germany in 1995 and joined
Schneider Electric in same year. Ralf Neubert has a strong experience in software and communication
architecture design and development as well as for project management and marketing. Between 1997 and
1999 he was responsible project manager for the first agent‐oriented production system in automotive
industries and was leading anticipation research in Germany. In 2002 he was nominated as Senior Architect
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for Schneider Electric CNC business in Paris, France. In 2003 he took over the international leadership in
marketing for OEM software strategies. Since 2005 he’s responsible for management of all Schneider Electric
internal standards and is in charge for interoperability within Schneider Electric worldwide.
Harm Smit
Harm Smit graduated from the Technical University of Delft (Holland) in 1965. He has extensive experience
in system and software design and implementation, with emphasis on operating systems, real‐time systems
and communications protocols. He is currently working with Schneider Electric, in the context of the
European ITEA/SIRENA project, on the application of service‐oriented architectures for device networking.

(2) ABB Ltd.

IND

S / 102,000 employees

ABB is a global leader in power and automation technologies that enable utility and industry customers to
improve their performance while lowering environmental impact. The ABB Group of companies operates in
around 100 countries and employs about 102,000 people. ABB focuses on two core businesses: Power
Technologies and Automation Technologies.
ABB Power Technologies serves electric, gas and water utilities as well as industrial and commercial
customers, with a broad range of products, systems and services for power transmission, distribution and
automation.
ABB Automation Technologies blends a robust product and service portfolio with end‐user expertise and
global presence to deliver solutions for control, motion, protection, and plant integration across the full
range of process and utility industries.
In addition to ABBʹs automation activities directed at the oil and gas industries, ABB Lummus Global
continues to design and supply production facilities, refineries and petrochemical plants.
Technology plays a key role for ABB. We have nine research centres, 6,000 scientists and 70 university
collaborations across the world – all working to develop unique technologies that make our customers more
competitive, while minimising environmental impact.
Role in the project activities and contribution to the SOCRADES vision

ABB has a long and extensive experience in the field of process automation and deployment of wireless
technologies in the industrial domain, including the award winning WISA technology. ABB’s main
contribution to the SOCRADES project is to provide domain knowledge, requirements and implementation
expertise in the field of wireless communication and process automation.
WP 1
Contribution to the definition of the technical and technological requirements of the SOCRADES platform.
Special focus will be given to the device level and to closed looped control in the field of process automation.
WP2
Contribution to the specification of a generic framework for developing gateways from ad hoc
sensor/actuator wired/wireless networks to the ad hoc service infrastructure. Of special interest is the
adoption of SOA technology in a process industry setting.
WP3
Contribution to the analysis and trend screening for wireless sensor/actuator networks as well as the
architecture and functional specification of wireless DPWS‐oriented sensor/actuator networks.
WP4
Development and implementation of an open service component for robust and fault‐tolerant closed loop
control over wireless links and networks. The component is envisioned to operate as a fundamental building
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block in an open Service Oriented Architecture (SOA) based IT infrastructure. The component is a key
building block to enable:
•
•

SOA‐based approach in control applications in the hybrid and process automation domain
The introduction of wireless communication technology in critical control applications (still using
familiar control paradigms!)

ABB’s role is to provide the know‐how of how to put theories and algorithms developed by university
partners into practice to ensure that the components developed meet industrial standards and requirements.
The implementation of the component will require in‐depth application knowledge and experience of:
•
•
•

Implementation in resource constrained embedded devices with high requirements on reliability and
determinism.
Deployment of wireless and embedded technology in harsh industrial environment
Strict requirements on availability

ABB will also contribute to the development of a small‐scale demonstrator to demonstrate the feasibility of
the developed technology.
Key personnel

Alf Isaksson: ABB Corporate Research – Senior Principal Scientist
Dr. Isaksson is a process control specialist. He has more than 20 years of experience from applied research
and development on modelling and control in the process industries in general, and in pulp and paper and
steel industry in particular.
Martin Strand: ABB Corporate Research – Manager: Advanced Industrial Communication
Mr. Strand is managing the Advanced Industrial Communication research group. He has more than 10 years
of experience in the domain of ICT, embedded and industrial communication systems. His special area is in
wireless communication.

(3) APS GmbH

IND

D / 20 employees

APS is a non‐profit research centre and engineering house with focus on applied research and technology
development. As a partner of the industry since more than 20 years APS concentrates its activities on
transferring new technical solutions and technological innovation into industrial application. Special
competence and know‐how is available in the domain of production automation and process control as well
as in related technologies like computing, networking, graphical simulation and solutions for advanced
human‐machine‐interaction.
Aiming to enhance interdisciplinary engineering processes and research on novel technologies, processes
and products for industrial use in the field of advanced robotics, intelligent sensors and mechatronics
systems, APS has founded the ʺEuropean Centre for Mechatronicsʺ in 1994. Today the majority of APS` RTD
activities are performed by the Centre.
For more than two decades APS has gained experience from more than 32 international research co‐
operations with industrial partners mainly within the major European RTD Programmes and initiatives like
ESPRIT, BRITE, SPRINT, COMETT, Decommissioning, GROWTH, NMP, IST and also EUREKA.
References used as a baseline to the proposed project are among others:
• EUREKA Factory E! 2317 PROSURF – Advanced production technologies in 3D metal surface processing
and net shaping;
• EUREKA Factory E! 2309 PAMIS – Simulation tool for design and planning in micro sensor production;
• EU Project: IEP – Interactive Evaluation Platform for Virtual Design and Production Planning in a Data–
Sharing Environment (ESPRIT 25486);
• EU Project: DockWelder‐ Flexible welding automation in ship erection (GRD1‐2000‐225726);
• EU‐Project: InterSHIP‐RTD 26 ‐ Advanced robotics for block and dock assembly (NMP).
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Role in the project activities and contribution to the SOCRADES vision

WP 1: Contribution to the definition of technical and technological requirements together with suppliers
and industrial end users. Special focus will be given to collaborative control and real‐time
responsiveness of networked embedded systems (wired and wireless) in the field of manufacturing
automation.
WP2:

Contribution to the specification of a framework for service‐based ad‐hoc networking. Of special
interest are ad‐hoc communication, self‐ configuration and collaboration capabilities on device‐level
between distributed objects like robots, machines, sensors, tools by use of DPWS and embedded
intelligence to enable high flexible and customised manufacturing automation. An adoption of the
SOA technology is envisaged to interact dynamically from the device control level up to the higher
levels of business process planning, engineering, monitoring and management systems.

WP4:

Development of technologies and systems to enable both collaborative automation and control in
reconfigurable clusters of networked Mechatronics devices with embedded intelligence and wired
as well as wireless communication capabilities.

WP 5: Integration of the SOA paradigm and service management tools into a collaborative automation and
control environment of distributed networked Mechatronics devices.
WP 6: Integration of services into business process applications to enable assistance and services to mobile
workers.
WP 7: Development of engineering tools to support engineering, planning, simulation, configuration and
monitoring of distributed networked Mechatronics components collaborating in scalable and
reconfigurable automation clusters
WP 8: Set‐up of a SOCRADES Mechatronics Trial site; execution of trials with regard to real word
situations in collaborative manufacturing automation and control based on the results of
SOCRADES (in collaboration with SOCRADES partners).
Key personnel

Paul Drews
Professor Dr.‐Ing. Paul Drews is director of APS and head of the European Centre for Mechatronics.
Lecturing in the field of ʺProcess control and automationʺ as a university professor at the Technical
University Aachen he is a well known expert on production automation and process control technologies
with special expertise in the area of Robotics & Mechatronics. Results of his scientific work are documented
in numerous publications. From many co‐operative research and development projects together with
industry from all over European, in particular from more than 30 EU projects; Prof. Drews has gained
extensive experiences in successful co‐ordination and management of RTD initiatives. He is member of
various advisory boards of the European Commission, former vice president of the IEEE, and one of the
ʺMechatronics pioneersʺ in Germany.
Günther Starke
Professor Dr.‐Ing. Günther Starke is lecturing as a professor in the field of Mechatronics. In parallel he is
head of research at APS. Prof. Starke has special experiences and expertise in the field of process automation
based on Mechatronics solutions. This includes robotics, sensors, real‐time process control, simulation, and
advanced solutions for human‐machine‐interaction. His current research activities are focussed on
collaborative automation and control based on co‐operating robots, reconfigurable control architectures and
distributed networked embedded intelligence. Prof. Starke was co‐ordinator of numerous national and EU
funded RTD projects. He has extensive knowledge and experiences in project co‐ordination and
management.
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(4) Boliden

IND

S / 4,500 employees

Boliden is a mining and smelting company focusing on production of copper, zinc, lead, gold and silver. The
company is a strong European player with a significant global market position. After the transaction with
Outokumpu the operations consist of three Business Areas – Mining, Zinc Smelting and Copper Smelting.
The number of employees is approximately 4 500 and the turnover amounts to approximately EUR 2 billion
annually. Bolidenʹs business concept is to extract minerals and produce high‐quality metals in a cost‐
effective and environmentally friendly way, and to exploit the commercial opportunities that the market
offers.
Within the Boliden group there are both open‐pit and underground mining operations. Cut‐and‐fill and sub‐
level stoping are the basic methods used in underground mining.
The mining operations in Sweden comprise three areas: Aitik, Boliden area and Garpenberg. Boliden is also
the owner of the Tara mine in Ireland. Bolidenʹs Zinc Smelting Operations comprise the Finnish zinc smelter
Boliden Kokkola in Kokkola and the Norwegian zinc smelter Boliden Odda at Odda.
The Copper Smelting Operations comprise the Swedish copper smelter Rönnskär at Skelleftehamn, and the
secondary lead smelter Boliden Bergsöe in Landskrona. Copper, lead, precious metals, etc are extracted
using the best available technology The Finnish operations include Boliden Harjavalta, a copper smelter at
Harjavalta, and a copper refinery in Pori.
Role in the project activities and contribution to the SOCRADES vision

In WP4, Boliden will focus on Task 4.5 ʺSmall‐scale demonstrator for fault‐tolerant wireless controlʺ, but will
also be involved in Task 4.1 ʺArchitecture for fault‐tolerant application interactionʺ In the latter task, the
work will be in the area of scenario descriptions, requirements and state of the art analysis. In Task 4.5, the
work will be to plan, prepare for and assist in the installation of the demonstrator in a true industrial
environment at a Boliden plant. The aim will be to use the demonstrator as realistically as possible during a
trial period. Finally, Boliden will also take part in the evaluation of the performance of the demonstrator and
in the dissemination of the result and knowledge to process industries in the ProcessIT Innovations network.
Key personnel

Lars‐Eric Carlsson
Dr Lars‐Eric Carlsson is Project Manager. Ph.D. at Lund Institute of Technology in 1983 on proton induced
X‐ray emission (PIXE) analysis. At Boliden he has worked with the development of a new generation of on‐
stream X‐ray analyser system and as project manager he has worked with the development of Bolidenʹs
image analysis system for the characterisation of flotation froth and is involved in new projects for
development of techniques for measurement and control.
Mikael Walter
Mr Mikael Walter is Project and Development engineer working with automation and software
development since 1991. He has been project manager for the installation of new control systems in the
concentrator plants and has worked with projects for wireless communication in the underground mines.
Jan Burstedt
Mr Jan Burstedt is Instrument Engineer at the concentrator in Boliden since 1970. Has a long experience in
the development of special measurement systems and adaptation of sensors to grinding and flotation
processes. Has also implemented several control applications in the plant.

(5) FlexLink Automation Oy

IND

FIN / 550 employees

FlexLink Automation supplies total automation solutions built around the DAS (Dynamic Assembly System)
philosophy. DAS provides methods for encapsulating intellectual propriety (IP) as software modules into
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networks of intelligent and reusable process‐oriented mechatronics modules making FlexLink the first
choice for easier automation.
Leveraging current IT technologies FlexLink Automation has provided advanced control capabilities to its
product portfolio by deploying solutions like Java‐based nano‐controllers and Message‐Oriented
Middleware producing a cost‐effective and an open environment in order to reduce time to market for new
products and increase efficiency in capital investments in automation equipment.
FlexLink Automation is compromised with the development and adoption of those standards that lead
towards an open market as is showed in its leading role during the development of the IPC standards in the
field of factory information systems deploying Computer‐Aided Manufacturing using XML messages
(IPC/CAMX).
FlexLink Automation in Finland serves manufacturers mainly in the electronics, telecommunications and
medical equipment sectors, as well as the automotive industry. It is part of a worldwide network with sales
offices in 22 countries. Within FlexLink Group, FlexLink Automation is the responsible unit for the analysis
and development of advanced technologies in the field of control, communication and information
technologies serving as Corporate Centre of Expertise.
FlexLink Automation looks forward to the development of truly collaborative automation technologies in a
cost‐effective manner to be applied in its product portfolio in order to remain competitive against the low‐
cost labour production executed in countries located in Asia, which is daily strangling the European
production environment by reducing production facilities in our Continent. FlexLink recognises the
embedded systems as the key technology facilitator for the development of its product portfolio.
Role in the project activities

The first role of FlexLink Automation in the SOCRADES project is to provide its expertise in system
integration into the requirements definition in WP1. Here, FlexLink will contribute with its know‐how in
deploying solutions like Java‐based nano‐controllers and XML‐based Message‐Oriented Middleware
producing a cost‐effective and an open environment in order to reduce time to market for new products and
increase efficiency in capital investments in automation equipment. This background should provide
valuable input to the later specification of service‐oriented and agent‐based framework using networked
embedded devices.
The major contribution of FlexLink Automation will be focused in the demonstration activities of WP8. Here,
FlexLink will introduce the technologies developed in SOCRADES into a prototype environment used for
light electromechanical assembly. The prototype is equipped with networked embedded devices, which are
used for the control of the environment. The demonstration line includes the following standardised
modules: 3 pieces of mainline modules, 6 pieces of manual workstation modules and 2 end lifter modules in
the end of line. These 11 modules include intelligent Java based embedded controllers. The prototype will
demonstrate two of the contributions of SOCRADES: the use of smart embedded devices, which co‐operate
to reach common goals, and the integration of aggregated device‐level services into business applications.
Contribution to the SOCRADES vision

A key sub‐system of the FlexLink Assembly architecture (DAS) is the Flexible conveyor solution. The system
is successfully used in the Telecom and Electronics industry where the need for flexible production is taken
to the extreme. The products normally produced in a DAS line have short lifecycles, complex Bill of Material
and large amounts of variants in the same product family. The production requires that the production flow
of the physical product and the product data is connected at all time. The system is capable of Build‐to‐
Order functionality down to batch size one. This requires that each and every module in the production line
must have local decision‐making capacity. The modules thus include intelligent Java based embedded
controller interconnecting the shop floor. This solution can thereby help to significantly improve the
competitiveness of European production and reduce the need to move production to low cost countries.
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Another key role is the integration of intelligent embedded solutions to customers’ Enterprise Resource
Planning system (ERP). For example, the customer’s production data and needed work phases can be
transferred from ERP to the DAS production server and database. This data can then be automatically
processed by the Assembly Flow Management (AFM) software, which uses its algorithms to find the most
effective way to produce based on what is the best selection of route to produce ordered items. FlexLink will
bring this integration know‐how into the SOCRADES vision, contributing to the development of the service‐
oriented approach developed in WP6 to enhance the current system with a decision‐making system for the
flow management that is implemented by distributed smart embedded devices.
Key personnel

Jari Härkönen – Manager: DAS Product Owner
Mr.Härkönen is responsible of DAS (Dynamic Assembly Systems) product family. He has 10 years
experience in a flexible production system, first as a line manager and later as a product manager. His
special area is in production control and intelligent re‐configurable modular assembly systems
Kosti Karppinen– Manager: Software Engineering
Mr. Karppinen is responsible person of PC software development within Flexlink. He has more than 20
years experience from different IT‐systems (operating systems, Windows/Unix programming tools, robot
programming tools, 3D‐tools, simulation, databases, etc.) His special interest area is flexible production
systems development, simulation, agent‐based control, and holonic processes generally.
Otto Karhumäki– Manager: Control Engineering
Mr. Karhumäki is responsible person of development of control technology within Flexlink. He has more
than 10‐year experience in control engineering to build intelligent re‐configurable modular assembly
systems. His special area is in electronics, sensor technology, RF‐ID, intelligent controller’s, IPC/CAMX and
production line control.

(6) ifak e.V.

RES

D / 50 employees

The ʺInstitut für Automation und Kommunikationʺ e.V. Magdeburg (ifak), founded in 1991, is a non‐profit
research institute with 50 employees, mainly graduated engineers, partly holding a PhD or working as
University Professors, and in addition a number of guest scientists, students in practical training and
diploma thesis students. The main activities of the ifak aim at applied research in the field of automation.
The activities of ifak regarding communication systems are focussed on communication protocols (e.g.
PROFIBUS, PROFINET) including protocol description (formal protocol specification) and protocol
implementation for embedded systems, application of telecommunication, wireless and Internet‐based
protocols in automation as part of a Virtual Automation Networks domain, investigation of new functions of
Network Management in communication systems for automation (plug and play functions), security and
safety related extensions to automation protocols, and development of test systems for interoperability tests
(PROFIBUS DP and PA test lab and PROFINET Competence Centre (PCC) of the PROFIBUS User
Organisation).
Based on the long‐term experiences of ifak in the field of formal specification our experts have been ordered
for national and international specification and standardisation work in the last years. Ifak essentially
contributed to the further development of the international Fieldbus standard IEC 61158 by specifying the
PROFINET communication protocol, and the real‐time protocol PROFINET IO. Addressing the area of
industrial wireless communication, the aim of the European project ʺRFieldbusʺʹ (IST‐1999‐11316, co‐
ordinated by ifak) was to develop a high performance radio Fieldbus, based on existing radio technologies
and standardised Fieldbus protocols, and also being apt for multimedia applications. Furthermore, a new
technical committee headed by members of ifak was established within the VDI/VDE Society of
Measurement and Automatic Control (GMA), which deals with the industrial usage of radio technology in
automation systems.
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The non‐interrupted engineering of heterogeneous components based on common information models is a
new quality in process control systems. The activities of ifak regarding Engineering are in the research areas
(technologies) of Electronic Device Description Language (EDDL), Component Technologies (e.g. Field
Device Tool ‐ FDT, PROFINET), Function Blocks (e.g. IEC 61499, IEC 61131, IEC 61804), and Profiles. The
Brite EuRam Project Advanced Control Network (ACORN, BRPR‐CT95‐0117) provided a framework to
integrate software engineering tools as a Function Block Editor, a device Editor, a Network Configuration
Tool and a Simulation Tool. The ESPRIT Project Network Oriented Application Harmonisation (NOAH,
EP26951) provided an architecture to access field devices in heterogeneous environments. The ITEA Project
PROTEUS (01011) provided a fully integrated platform that is able to support any broad e‐maintenance
strategy.
Within the European IP ʺVirtual Automation Networksʺ VAN (Contract Number 016969) ifak is mainly in
charge for tasks that are dealing with specification and is co‐ordinating the work packages regarding System
Architecture as well as Cooperation of Private and Public Networks.
Employees of ifak have got experiences in specification of communication protocols, even for IEC
standardisation, over years.
Role in the project activities and contribution to the SOCRADES vision

As described in part B.5.2 ifak brings knowledge and experience into the project, which is based on ifak’s
broad activities in scientific and technological areas (among them communication technologies, information
management, industrial automation, engineering …). Here ifak will also benefit from participation in several
standardisation and industrial committees. ifak will bring experience from projects like VAN and PROTEUS
into WP1. ifak will play the leading role within WP1.
Within Task 2.6 ifak will contribute to the specification of the gateway framework allowing to integrate non‐
service‐enabled devices. This will be done in co‐ordination with the work to be done in Task 6.3, where ifak
intends to play a major role.
In WP3 ifak contributes its knowledge about and experience with wireless communication for industrial
automation applications which were gained in recent projects and in its active work in related organisations.
This is especially valid for Task 3.1. For Task 3.2 and 3.3 the protocol engineering experience and the
implementation know‐how will be used to specify the required adaptations of the available wireless
technologies and to these additional features into devices and network components. In Task 3.4 ifak will
perform tests using the methodology which is currently under development.
Main focus of ifak’s contribution to WP6 will be spent on the integration of non‐Web service enabled devices
into business processes. This considers the development of a component supporting integration of ʺclassicalʺ
field devices into business applications like SAP NetWeaver as well as pre‐processing of data to support
business applications.
Work on WP7 supported by ifak is closely related to WP6. It is targeted on the configuration support for
integration component as considered by Task 6.3. Here ifak’s contribution is based on several projects
targeted on field device engineering.
Key personnel

Christian Diedrich
Prof. Dr. Christian Diedrich has a master in electrical engineering since 1985 and got his PhD in 1994 in the
field of semi‐formal specification of fieldbus interfaces and fieldbus profiles. He deals with fieldbus systems
and their integration in distributed automation systems since 1990. His activity field covers the entire life
cycle of field devices and their integration in distributed control systems including their engineering (EDD,
FDT, OPC). He has worked in German and European research and development projects (main topics are
formal description and information modelling OOAD, UML) and is active in national and international
standardisation activities. Among others he is convener of IEC 61804 „Function Blocks for Process Controlʺ
(IEC 61804), convenor of IEC 62453 “FDT Interface Specification” and a member of IEC 61499 ʺFunction
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Blocks for Industrial Measurement and Control Systemsʺ and active in the profile specification for
PROFIBUS for several device classes and branches.
Mr. Diedrich is head of the department ʺInformation Managementʺ at the ʺInstitut für Automation und
Kommunikation e.V Magdeburg.ʺ – ifak, since 1993, deputy head of ifak e.V. Magdeburg since 2005 and is
responsible for the chair ʺIntegrated Automationʺ at the Otto‐von‐Guericke‐University of Magdeburg‐
Germany since September 2000.
Matthias Riedl
Dr Matthias Riedl studied Computer Science. Since 1994 he is with ifak, handling projects for device
management, including Device Description technologies, developing of several commercial commissioning
tools and is involved in standardisation activities. Furthermore he is involved in handling of Function Block
or object based distributed automation systems. He is Technical Manager for the focal point Device
Management in ifak.
Lutz Rauchhaupt
Dr Lutz Rauchhaupt is Technical Manager Wireless Industrial Communication at the Institute f. Automation
u. Kommunikation e.V. Magdeburg, Germany. Lutz Rauchhaupt deals for more than 15 years with design
and implementation of industrial communication systems. He was scientific manager of the European
research project ʺHigh Performance Wireless Fieldbus in Industrial Related Multi‐Media Environment
(RFieldbus)ʺ from 2000‐2003. Since 2001 he is chairman of the Technical Working Group (FA5.21) of the
VDI/VDE society for measurement and automation (GMA) which deals with Wireless Automation.
Furthermore he is the scientific co‐ordinator of the annual conference ʺWireless Communication in Industrial
Automationʺ. Since 2005 he is consultant of the Deutsche Messe AG in the field of Wireless Automation for
the Hanover Fair.
Thomas Bangemann
Dr Thomas Bangemann is Deputy Head of the Department Information Management for Automation &
Environmental Systems as well as Technical Manager for Machine and Plant Management at the Institute f.
Automation u. Kommunikation e.V. Magdeburg, Germany. After he finished his scientific studies on
monitoring, control and diagnostics of automation systems in 1993 with the doctoral level he has been
working on the subjects of communication systems and their application, the application of automation
systems and the introduction of information technologies to management applications. During the last years
he was involved in several European and National funded project. Several times he took the task of the
project or working package leader.

(7) KTH‐Royal Institute of Technology

HE

S / 30 employees

The Royal Institute of Technology (Kungliga Tekniska Högskolan), KTH, is responsible for one‐third of
Sweden’s capacity for engineering studies and technical research at post‐secondary level. The Department of
Signals, Sensors and Systems at KTH carry out research and education in fundamental areas of information
and communication technology, including automatic control, signal processing and wireless
communication. The Automatic Control Lab consists of about thirty researchers, including PhD students.
Major research areas include autonomous systems, hybrid control systems, networked control and system
identification. Within the area of networked embedded systems, the lab is involved and has a leading role in
several European and national projects, including RUNES (IP FP6), HYCON (NoE FP6), RECSYS (STREP
FP5), three projects supported by the Swedish Research Council and one Individual Grant for the
Advancement of Research Leaders from the Swedish Foundation for Strategic Research. The group has long
tradition on collaborating with internationally leading industry (e.g., ABB, Bombardier, Ericsson, Scania,
Siemens) and academia (e.g., ETH Zurich, Stanford, SUPELEC, UC Berkeley, U Padova).
Role in the project activities

KTH will be involved in the determination of state‐of the‐art and technology assessment control‐related
requirements in WP1. Scientific dissemination through the organisation of workshops and special sessions at
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conferences will be done within WP9. KTH will contribute to the exploitation plan developed in WP10. The
major contribution of KTH will be in WP4. Here the focus is on the following research topics:
• Modelling: We will develop a framework for modelling networked systems embedded in smart physical
objects. A critical component will be to find the appropriate abstractions, which capture the properties of
the communication system, which are essential for control, diagnosis and fault detection. Effort will be
made to develop support for the user so that the appropriate models can be acquired with a minimum
modelling and experimentation effort.
• Performance limitations of control due to communication constraints: Features exhibited by
communication links such as jitter, lost packages, degrading bandwidth, limit the achievable
performance of the networked control loop. We will attempt to quantify such limitations to develop a
well‐founded basis for design specifications.
• Control under communication constraints: Control algorithms which handle restrictions in
communication links in an optimal way will serve as benchmark for and provide insight for the
development of more practical algorithms.
• Communication tolerant control algorithms: Building on the areas above, we will examine how to make
traditional control loops consisting of PID controllers, cascade controllers etc more robust to
communication constraints. A key problem will be to determine which communication channel
information should be communicated to a controller and how the controller should use this information.
• Functionality distribution: Closely linked to the previous area is how to distribute the software
functionality between the application and the middleware.
Contribution to the SOCRADES vision

KTH’s efforts are directed towards development of fundamental theory and engineering principles for
networked control in support of the SOCRADES platform. This includes the design of novel network‐aware
control algorithms that account for and exploit the properties of the wireless communication link, as well as
the development of control‐aware networking paradigms that are adapted to the requirements of real‐time
control applications.
Key personnel

Karl Henrik Johansson
Karl Henrik Johansson received a M.S. and a Ph.D. in Electrical Engineering in 1992 and 1997, respectively,
both from Lund University in Sweden. He held a visiting position at UC Berkeley 1998‐2000. Currently he is
Associate Professor at the Department of Signals, Sensors and Systems, Royal Institute of Technology. He
has had a leading role in several national and international research projects on networked control and
embedded systems. Dr. Johansson has received an Individual Grant for the Advancement of Research
Leaders from the Swedish Foundation for Strategic Research, the Young Author Prize from the International
Federation of Automatic Control, the Peccei Award from IIASA, Austria, and Young Researcher Awards
from Scania and Ericsson. His research contribution includes hybrid and embedded control systems, control
of networks, non‐smooth feedback, and control applications in automotive, automation and communication
industries.
Håkan Hjalmarsson
Håkan Hjalmarsson was born in 1962. He received the M.S. degree in Electrical Engineering in 1988, and the
Licentiate degree and the Ph.D. degree in Automatic Control in 1990 and 1993, respectively, all from
Linkoping University, Sweden. Dr. Hjalmarsson has held research positions at Department of Chemical
Engineering at CalTech, CESAME, Louvain University, Belgium and the School of Electrical Engineering
and Computer Science, University of Newcastle, Australia. Currently he is Professor in the Department of
Signals, Sensors and Systems, Royal Institute of Technology. Dr. Hjalmarsson is member of the IFAC
Technical Committee on Modelling, Identification and Signal Processing (TC‐MISP). He has been member of
the International Program Committee for IFAC Workshop on System Identification (SYSID) 1997, 2000 and
2003 and is Co‐Chair for SYSID 2006 in Newcastle, Australia. Dr. Hjalmarsson has been Guest Editor for
European Journal of Control and Control Engineering Practice and is presently Associate Editor for
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Automatics. The research interests of Dr. Hjalmarsson include system identification, signal processing,
control of networks and automated tuning of controllers.
Mikael Johansson
Mikael Johansson received an M.S. and a Ph.D. in Electrical Engineering from Lund University in Sweden in
1994 and 1999, respectively. He was consulting professor at Stanford University 1999‐2001, he visiting
research fellow at UC Berkeley 2001‐2002. Since 2002, Dr. Johansson is Assistant Professor at the Department
of Signals, Sensors and Systems, Royal Institute of Technology. Dr Johansson has been member of the IFAC
Technical Committee on Fuzzy and Neural Systems, authored a book on piecewise linear hybrid systems,
and served on the International Program Committee of the 41st IEEE Conference on Decision and Control,
2002. The research interests of Dr. Johansson include hybrid control systems, embedded control systems
design, and optimisation and control of communications networks.

(8) Loughborough University

HE

UK / 30 employees

The MSI Research Institute at Loughborough University in Leicestershire, England, is part of the Wolfson
School of Mechanical and Manufacturing Engineering. MSI is also a key group in the new multi‐disciplinary,
cross‐department Systems Engineering Innovation Centre (SEIC), which opened in July 2004. SEIC is a
unique £60 million collaboration between industry, academia and the regional authority and is an UK centre
of excellence in systems engineering, with a major facet of the centre’s work being embedded systems. The
MSI group alone comprises some 25 researchers and has an international reputation in systems integration
and automation systems. Working in close collaboration with its industrial partners, the MSI Research
Institute has established leading edge engineering concepts to enable the design, distributed control and
lifecycle engineering support of manufacturing machines and processes. MSI has been involved in more
than ten major UK (EPSRC) and European research projects related to automation and integration in the last
six years. In particular, MSI has led the recent MBODY (Modular Build for Distributed Systems),
COMPANION (Common Model for Partners in Automation: GR/M53042), COMPAG (Component‐Based
Paradigm for Agile Automation: GR/M43586), GEMM (Multimedia Environment for the Global Engineering
of Manufacturing Machinery: GR/M25025) and IMDC (Integrated Environment for Machine Design and
Control: GR/J/57827) projects, which together provide a strong foundation for the proposed research in
embedded systems. MSI has key research strengths in software engineering, the application of real‐time
component‐ and agent‐based automation systems and the development and use of integration
infrastructures and services (e.g., SOA, CORBA, NDDS and Java) within a number of industrial sectors (e.g.,
automotive, rail, pharmaceuticals, electronics manufacture, warehousing and packaging).
Role in the project activities

Loughborough will be involved in WP1 with particular emphasis on determining suitable enabling
technologies and methods for engineering tools to support the lifecycle needs of service‐oriented systems.
From the applications perspective, Loughborough will gather requirements within the manufacturing
automation sector working in close collaboration with Jaguar Cars in the UK.
Within WP2, Loughborough will be involved in the infrastructure framework specification with particular
emphasis on the provision of appropriate services to meet the requirements of discrete manufacturing
automation. Loughborough’s involvement in the implementation of the service‐centric infrastructure in
WP5 will focus on the simplification of system configuration from manufacturing end‐user perspectives.
In relation to the integration of business applications with real‐time production systems in WP6,
Loughborough will focus on the provision of remote expert assistance for automation systems and also the
lifecycle support of such systems with particular emphasis on reconfigurability.
Loughborough is the leader of WP7. The focus here will be the creation of application engineering and
management tools based on the underlying service‐centric infrastructure developed on the project. The aim
is to enable a component‐based approach, which facilitates efficient reuse and scalability of automation
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systems. These component‐based systems will offer functional modularity aligned to the control, business,
lifecycle, and supply‐chain needs of end users.
Working closely with Jaguar, Loughborough will assist in the creation of an application demonstrator in
WP8 related to assembly automation with particular emphasis on system reconfigurability to meet frequent
product changes.
Contribution to the SOCRADES vision

Loughborough’s key role is to lead in the creation of an application‐oriented engineering environment to
simplify the use of the SOA paradigm. It is vitally important to be able, reliably and repeatably, to construct
and compose distributed embedded systems that can meet and adapt readily to ever changing user
application requirements. The objective is not only to support application design, simulation and
monitoring of real‐time distributed automation from the control perspective (control dimension) but also to
support its integration within higher‐level business process systems (enterprise dimension), with supply‐
chain partners (value/supply‐chain dimension) and within a lifecycle engineering context (lifecycle
dimension). The aim will be to highlight the potential of SOCRADES from an applications engineering
perspective in terms of, for example, openness, enhanced reconfigurability, information visibility and
scalability. Prototype tools will be developed to enable a new open approach to automation systems
engineering that will mask complexity and maximise reuse.
Key personnel

Robert Harrison
Dr Robert Harrison has more than 20 years of industrial and academic experience of machine design and
real‐time control systems. Dr Harrison began his career in industry at British Aerospace, initially as an
industrial apprentice then as an Airframe Systems Engineer working on real‐time distributed control
systems. Awarded the Robert Blackburn Memorial Prize for best graduate apprentice, Dr Harrison studied
Mechanical Engineering at Loughborough University and holds a PhD in distributed machine control
systems. He has been an investigator on more than 25 European and UK research projects related to
industrial automation over the last five years. In particular, since 1999, Dr Harrison has led four major
research projects (COMPAG, COMPANION, GEMM and MBODY totalling over €2.4 million) specifically
addressing component‐based distributed control and the lifecycle engineering of automation systems.
Previously a Research Fellow at the National University of Singapore from 1993 to 1995 and Ford Motor
Company Research Fellow from 1996 to 2002, Dr Harrison is currently a recipient of a Royal Academy of
Engineering Global Research Award to study ʺTechnologies and Methods for the Lifecycle Engineering of
Modular Reconfigurable Manufacturing Automationʺ with a visiting research role at Schneider Automation.
He is technical director of Fully Distributed Systems Ltd, a company specialising in embedded distributed
approaches to machine control.
Andrew West
Dr Andrew West’s research interests include design, modelling and development of intelligent modular
component‐based manufacturing systems and support tools, including: real‐time control and monitoring
system design and implementation; distributed systems analysis and design; discrete event simulation and
business process modelling of manufacturing enterprises; intelligent control (rule‐based, fuzzy logic and
neural network) design and implementation; machine logic (control and monitoring) design, analysis and
implementation; remote (and local) process /machine monitoring, visualisation and modelling; system
identification, experimental design and analysis.

(9) Lulea University, CSEE

HE

S / 91 employees

Luleå University of Technology (LTU), (www.ltu.se) Luleå Sweden: The northernmost university in
Sweden has about 12,000 students. Its Faculty of Engineering and Faculty of Arts and Sciences provide
education and conduct research in about 60 divisions belonging to over 15 departments. The University’s
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research includes a well‐developed collaboration with businesses in the region. Research and education at
the University are primarily applied and interdisciplinary in nature.
The University will be represented in the project via the Department of Computer Science and Electrical
Engineering (CSEE), educating and researching in information technology. The total number of staff is 41
and there are about 50 PhD students employed. CSEEʹs curriculum enrols around 800 Masters Students at
present. An important part of CSEE is EISLab. The Embedded Internet Systems Lab, which covers research
and education in the field of electronics, computer engineering and robotics. Major fields of research are:
measurement and sensor technology, ultrasound technology, mixed mode electronics design, low‐power
ASIC design, embedded EMC, EIS architecture and autonomous robotics.
The Universityʹs co‐operating partners among companies and in the surrounding society have an important
role in the development work of the University. In addition to old and well‐established contacts with the
staple industry in the region (ore, metallurgy and forestry), it has developed contacts with both Swedish and
foreign companies in rapidly developing branches of industry that are strategic for the University, such as
mobile communication, embedded systems and internet systems, product development, health care/IT,
mining/metallurgy, music/media/experience creation, sustainable development and modern construction.
One example of successful industry collaboration is the industry driven centre, ProcessIT Innovations at
Luleå University of Technology together with Umeå University. The centre is focusing on research based on
industrial needs aiming at new products and services handled by the IT industry.
(www.processitinnovations.se). In the ProcessIT Innovations centre, ʺFault tolerant network embedded
systemsʺ is a prioritised area. The process Industries in ProcessIT are committed to support the centre
financially in time and in other resources. For this area, several industries are interested to contribute in
requirements and scenario analysis and to follow and evaluate the results of the demonstration. Through the
ProcessIT Innovations organisation the following industries will participate in the work mentioned: LKAB
(Mining), Kappa Kraftliner (Pulp and Paper), SSAB (Swedish Steel), SCA (Pulp and Paper). Several
supplying industries like ABB and IT‐SMEs are also committed to ProcessIT. It is expected that result from
the WP also will strengthen regional SMEs in terms of new products and services for an international
market. Boliden, also committed to ProcessIT, will take a leading role for the ProcessIT network as a full
project partner, providing demonstrator facilities and support but also as the disseminator of the results to
the industries in ProcessIT.
Role in the project activities and contribution to the SOCRADES vision

WP 1

Contribution to the state of the art identification and definition of technical and technological
requirements together with suppliers and industrial end users. Special focus will be given to
collaborative control and real‐time responsiveness of wireless networked embedded systems in the
field of manufacturing automation.

WP2:

Contribution to the specification of a framework for service‐based ad‐hoc networking. Of special
interest are ad‐hoc communication, self‐ configuration and collaboration capabilities on device‐level
between distributed objects like robots, machines, sensors, tools by use of DPWS and embedded
intelligence to enable high flexible and customised manufacturing automation.

WP3:

Contribution to architecture and functional specification and implementation of wireless DPWS‐
oriented on resource limited sensor networks devices with emphasis on control aspects.

WP4:

Contribution to the development of technologies, protocols and systems to enable control over
wireless links of a sensor network. Focus will be given to robustness to meet hard industrial
operation conditions. Lab trails based on our MULLE platform will show technology feasibility and
prepare for the pilot application in WP 8.

WP 9: Contribution to workshops and peer‐reviewed scientific publications. Contribution to the objective
of number of PhD students having SOCRADES technology advancement as core part of thesis.
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WP 10: Contribution to SOCRADES result exploitation through the ProcessIT network of process industries
and their technology suppliers.
Key personnel

Jerker Delsing
Professor Jerker Delsing Scientific Head, EISLAB Division; Dean of the Engineering Faculty, obtained his
Ph.D. degree in 1988 in Electrical Measurement at the Lund Institute of Technology, in parallel working at
Alfa‐Laval ‐ SattControl with development of sensors and measurement technology. From 1989 to 1995 he
worked at the department of Heat and Power Engineering. In 1995 he was appointed professor in Industrial
Electronics at Luleå University of Technology where he currently is working as scientific head of EISLAB
division, http://www.eislab.sm.luth.se
Thomas Gustafsson
Thomas Gustafsson, Professor in Automatic Control, Head of Department of Computer Science and
Electrical Engineering. Developed control systems for the first commercial unmanned cranes in association
with ABB in the late 80s. Developed pioneering software for real time simulation and control with hardware
in the loop. His main areas of interest include modelling and control of distributed dynamic systems
especially for process industry applications, and robust control for non‐linear dynamic systems.
Per Lindgren
Dr. Per Lindgren received the doctoral degree in Computer Engineering at Luleå University of Technology
(LTU) in January 2000. At LTU he now holds the position of assistant professor, leading education and
research in the area of Computer Engineering. He is currently heading a group of Ph.D. students in the area
of low power design. Current research topics span from digital low‐power synthesis by using Binary
Decision Diagrams, to design of low‐power software and hardware architectures for Embedded Internet
Systems.
Anders OE Johansson
Anders OE Johansson, LTU CEO ProcessIT Innovations Working with and managing IT product
development projects for the industry since 1980 both nationally and internationally. Held management
positions within various companies (ABB, Ericsson, Frontec, Sigma), i.e. responsible for consulting groups,
business and market development and management of projects.

(10) Politecnico di Milano

HE

I / 1,000 employees

Politecnico di Milano is the most important technical university in Italy and one of the biggest in Europe.
Since 1850 the Politecnico di Milano has been active in several scientific and technical fields. In particular,
Management and Production Engineering Master of Science course is active since 1985. As regards the
research activities and its organisation, there are 9 Faculties ‐ 3 of Architecture and 6 of Engineering ‐ and 21
Departments related to the main scientific and technological disciplines compose the Politecnico di Milano.
The Politecnico di Milano is linked with several academic institutions all over the word, for joining research
activities, staff and students exchanges. Department of Economics, Management and Industrial Engineering
(DIG) will be involved in this project with its specific competences in the fields of Product and Service
Development, Management of Innovation, Product Management, Retail and Supply Chain Management, in
which the Department can be considered the leader among the Italian Universities and Research Centres.
The Master in retail Management is also offered by the School of Management based on the expertise in this
field.
The Department has been involved in several European and national projects such as PLANTFABER,
MAIN‐E, IMS‐GEM, CE‐NET, PROMISE, INCOCO‐S and PRIME. Furthermore it is the co‐ordinator of the
IMS Network of Excellence.
Role in the project activities

POLIMI will be leading the WP9 “Dissemination”.
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Significant contribution will also be added WP10 “Exploitation, standards and roadmapping” with a
particular focus on Roadmapping where a leading experience has been gained on the last years.
Contribution to WP7 System engineering & management will be concentrated on the user requirement
analysis and the simulation and verification on the model developed.
Contribution to the SOCRADES vision

The contribution to the SOCRADES vision will come mainly from the competence in the area of Industrial
engineering where POLIMI has been working in the last year. Having focussed on research areas such as
shop‐floor control, integration between MES and shop‐floor, and integration between MES and ERP system,
POLIMI will mainly contribute on how the results of SOCRADES could be implemented in the factory
producing ROI for the user, in a fast way and with a proper level of efficiency.
Furthermore, the experience gained in managing large Survey, Delphi study and Roadmaps will be
exploited in order to build the vision using a scientific approach instead of leaving it to a built‐by‐idea
approach.
Key personnel

Marco Taisch
Marco Taisch is Professor at the Politecnico di Milano, Department of Economics, Management and
Industrial Engineering. His current teaching and research interests are in the area of operations and supply
chain management, with a particular focus on computer aided production management, e‐logistics, e‐
manufacturing, extended enterprises, product and service development, design and management of
intelligent production systems (IMS). He’s professor of the courses of Automated Production Systems,
Mechanical Plants and Production Management of the Faculty of Engineering at the Politecnico di Milano. He
chairs the post‐graduated Master on Business Administration (MBA) of MIP, the Business School of the
Politecnico di Milano.
He has published two books and more than 40 papers in international journals and conference proceedings.
He took part in national and international funded projects: IMS WG (Esprit 21955), ICIMS NoE, ESPRIT
PLANTFABER, IST MAIN‐E, IST CE‐NET, IMS GEM, IMS PROMISE and INCOCO‐S. Moreover he’s co‐
ordinator of the IST Network of Excellence on Intelligent Manufacturing Systems (IMS NoE) which
encounters more than 260 partners worldwide. He is member of the IFIP WG 5.7 on Integrated Production
Management. He is in the editorial board of the International Journal Production Planning and Control.

(11) SAP Research

IND

D / 9,000 employees

SAP is the worldʹs leading provider of business software solutions and the worldʹs third‐largest independent
software supplier overall. SAP solutions help enterprises of all sizes around the world to improve customer
relationships, enhance partner collaboration and create efficiencies across their supply chains and business
operations. SAP industry solutions support the unique business processes of more than 25 industry
segments, including high tech, retail, public sector and financial services. Underscoring SAPʹs commitment
to innovation and development, 13.5% of SAPʹs total revenue is earmarked for R&D, over 9,000 employees
work in research and development teams at SAP.
As an integral part of SAPʹs R&D activities, SAP Research is SAPʹs worldwide corporate research
organisation responsible for identifying and evaluating emerging technologies that may impact the future of
SAPʹs products. With a focus on applied research, SAP Research bridges the gap between open, collaborative
research with external partners and exploitation into new or existing SAP product lines through SAPʹs
development groups.
SAP has profound experience in leading‐edge SOA principles and Web Service standards, infrastructures
and implementations, materialised in the SAP NetWeaver platform, which provides the generic platform for
all SAP solutions, built on the principles of open standards, service‐oriented architectures and Web Services.
Beginning in 1998, SAP Research is actively working on the issues of Web Service based integration of
devices into higher‐level business application platforms, covering RFID‐type devices as well as
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sensor/actuator networks. The ʺAuto‐ID Infrastructureʺ, a progeny of these research activities, has been
added to the official SAP product portfolio as part of the NetWeaver platform.
SAP Research has been or is leader or partner in several research projects in the fields of service orientation
and service enablement of devices, recent examples are the EU‐funded research projects CoBIs and
PROMISE.
Role in the project activities and contribution to the SOCRADES vision

SAP’s current research activities in the area of ʺSmart Itemsʺ deal with problems similar to those addressed
in the SOCRADES project. Hence, SAP is interested in contributing to the evolving implementations in
SOCRADES, bringing in its specific experiences with enterprise software systems, embedded systems and
devices, sensor networks, RFID and other emerging technologies.
SAP expects to draw benefits from SOCRADES outcomes with regard to the integration of Smart
technologies in SAP’s new service oriented application framework and thus ensure a long‐term exploitation
of project results beyond the project duration.
One of the aims of the SOCRADES project is to greatly facilitate the integration of device‐level networks
with higher‐level business process management systems. Therefore, we think there is an interesting
opportunity to test the waters of such integration capabilities using SAP’s application platform called SAP
NetWeaver.
SAP takes part and contributes to the proposed SOCRADES project by addressing two main problem
domains (with the same priority) that are overall addressed by different work packages of the project:
•

Integration of Web Services running on embedded systems with SAP business applications on the
level of Enterprise Resource Planning (ERP) systems and related business applications according to the
SAP portfolio development.

•

Technology oriented research on problems regarding the service oriented usage of product embedded
mobile devices / sensor nodes running Web Services with respect to issues, such as service aggregation,
service quality, technical limitations, security and more.

Both basic directions meet at the common denominator of Web Services infrastructure and protocols in
general and an integration of SOCRADES outcomes with the respective infrastructure of SAP NetWeaver in
particular.
Integration with SAP business applications

This research domain picks up the above‐mentioned expectations of the SOCRADES consortium to integrate
services provided by device‐level networks with higher‐level business applications. This can be based on an
integration of the underlying technology based on Web Services standards with the SAP NetWeaver
Enterprise Services Infrastructure (ESI).

ERP
ERP

SCM
SCM

…

Web Services
Standards

SAP
SAP NetWeaver
NetWeaver

MES

Factory Floor
(Device
(Device Networks
Networks based
based on
on DPWS)
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Figure 15. Integrating device networks with business applications
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On top of that actual business applications can be integrated as a demonstration in one or more scenarios
such as the ones described below. An example area is manufacturing, as shown in the figure below. Other
scenarios are described in more detail below.
Scenario: Business Activity Monitoring (BAM) and Event Management

Business Activity Monitoring (BAM) is about monitoring business processes in real‐time and for the purpose
of measuring key performance indicators in and reacting to relevant events and exceptions with minimised
latency. Integrating device‐level networks and web services into the NetWeaver infrastructure would extend
the reach of BAM and thus support more detailed monitoring and alerting. For example, in a non‐integrated
world, if there is a machine failure, it takes quite an amount of time until this is noticed in the enclosing
business process and appropriate alerts are issued on the business level. In an integrated world, this could
immediately be done in an automated way. Related Event Management and Complex Event Processing
(CEP) provide the means for transforming low‐level events into business‐level events and automating alerts
and reactions.
Scenario: Closed-loop planning and optimisation in manufacturing

SAP’s Advanced Planner and Optimiser (APO) module calculates optimised schedules for manufacturing
covering set‐up, load and execution times taking into account supply chain and order requests. For distinct
machines and devices, calculations are based on according device profile information regarding average set‐
up and load times, etc. Feedback regarding actual machine usage times is required for future planning
which could be intensified and optimised through a seamless integration based on a Web Services
infrastructure. In addition APO could compare calculated schedules with actual schedules and machine
usages in order to improve its planning rules base.
Scenario: Overall Equipment Effectiveness (OEE)

The goal of OEE is to better utilise plant assets (people, equipment, materials) through a comprehensive
view of overall equipment efficiency. A solution approach of this would be based on a) the capturing of raw
information about equipment usage — for example machine set‐up, load and production cycles in a
manufacturing plant — and b) applying analytics to identify and improve areas that are causing operational
inefficiencies (downtime, waste and rework, machine run‐time deficiencies).

Figure 16. Integrated Factory Floor
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Exploiting the results of SOCRADES, SAP will focus on the seamless integration of the real‐world items, e.g.
installed on the shop floor, to the ʺtop floorʺ, i.e. the business applications level as a basis for capturing
information about equipment usage into our existing application landscape (e.g., mySAP Supplier
Relationship Management, mySAP Customer Relationship Management). Doing this based on Web Services
technology would allow the business applications to extract information from devices without relying on
intermediate, i.e. gateway systems which are often lead to bottlenecks.
Scenario: Proactive maintenance

Based on device profile information, maintenance intervals can be calculated and scheduled, given an
average use of devices. In order to cope with unexpected usage profiles, either frequent checks can be
scheduled or maintenance can be carried out on demand. Both means additional efforts and expenses. By
integrating device‐level services and diagnostics with the maintenance and asset management business
applications, and applying event management, actual device diagnostics data can be compared to stored
device profiles in order to detect situations requiring maintenance. Predictive algorithms can be applied to
calculate and forecast expected maintenance events.

Figure 17. Typical predictive maintenance process flow
Technology-oriented research activities

In addition to the integration, i.e. usage, of Web Services running on embedded devices in enterprise
software systems, we have identified the following research activities related to SOCRADES:
•

Business process execution and control at the point of action: Here, we stress the seamless integration
of process steps implemented by embedded devices into work flows and other relevant processes that
run in the back‐end. From the technical viewpoint we see issues regarding service detection and
invocation by applications implementing high‐level business processes. Examples are: read status/value
of an environment parameter that is measured by a sensor, send commands to actuator devices, etc.

•

Service description, aggregation/composition & orchestration: We are interested in the development of
mechanisms and corresponding tools and software components to help analysing, designing and
deployment of services. We contribute to the development of tools defining how services can be
aggregated into higher‐level services at design time and for orchestrating the execution of individual
services constituting an aggregated/composite service at runtime. The aggregation process can span
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several levels of service composition. Furthermore, we see the requirement to describe Web Services for
embedded systems in an adequate way. This can be done for example by enhancements on WSDL due
to non‐functional and semantic aspects.
•

Integration of devices with limited resources: In many business scenarios the usage of powerful (PC‐
like) and therefore expensive embedded systems is not an option. In such cases, much simpler (i.e.
cheaper) sensor nodes with integrated sensing and mobile communication capabilities but very limited
computational resources can be utilised in an economically valuable way. Naturally, such sensor nodes
are not able to run a full‐blown web server providing the overhead functionality required by Web
Services. Instead, they use energy efficient protocols and coding. In order to integrate such networks into
the overall web‐service‐based architecture, we propose to develop (proxy) mechanisms allowing the
integrated usage of services running on those tiny devices.

•

Service management: As a result of integration, services running on embedded systems will have an
influence on the quality of processes supported by enterprise software systems. Therefore, adequate
mechanisms and tools for service management are required. Here, we would mainly focus on
performance management, configuration management, code distribution / versions management,
event/fault management, logging and other relevant tasks that administrators must deal with.

•

Security & safety: These aspects should be part of an integrated system: Our general goal is to avoid
attacks and failures in enterprise systems/processes that can be a result of missing protection at the
ʺdevice levelʺ. Here, we would address the adoption of (at least partly) standardised mechanisms,
protocols and tools that can protect an environment based on the Web Service technology.

Conclusion

We propose to pursue two thematic directions for exploiting the SOCRADES results; these are the
integration with business applications within identified scenarios (yet to be refined) as well as linking
SOCRADES to our current Smart Items related research activities (see Figure 7 on page 62).
Key personnel

Zoltán Nochta
Dr. Zoltán Nochta is Senior Researcher in SAP Researchʹs Smart Items Research Program and works out of
the SAP Research Centre in Karlsruhe, Germany. His research focuses on service orientation and security
within mobile (ad‐hoc) and pervasive computing environments.

(12) Siemens AG

IND

D / 51,800 employees

The Siemens Automation and Drives Group is directly involved in the SOCRADES project; nevertheless
based on internal information flow and dissemination other groups within Siemens will be also reached. The
Siemens Automation and Drives Group (A&D), Nuremberg, Germany, is the leading manufacturer in the
field of electrical automation and drives worldwide. Products supplied by A&D include standard products
for the manufacturing and process industries and for the electrical installation industry as well as system
solutions, for example for machine tools, and solutions for whole industries such as the automation of entire
automobile factories or chemical plants. A&D also offers software for linking production and management
(horizontal and vertical IT integration) and for optimising production processes. A&D in fiscal year
2003/2004 employed almost 52.000 people world‐wide and earned an operational profit of €1.077 million on
sales of €8.8 billion and orders of €9.0 billion. Together with other departments of A&D like PLC and Motion
Control, SIMATIC NET industrial communication is involved in the innovative technological aspects of the
SOCRADES project.
SIMATIC NET is a department within Automation and Drives providing a wide range of industrial
communication products and solutions ranging from connectors, cables, network components up to
powerful embedded communication devices and software for Industrial Ethernet and IT solutions. SIMATIC
NET was one of the first suppliers of Industrial Ethernet components for the factory floor to enable powerful
communication for PLCs. Beside communication devices for AS‐Interface, PROFIBUS, PROFInet and
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Industrial Ethernet including IT functionality for embedded systems like PLCs or network components, the
wireless communication in industrial environment and mobile information devices like industrial web pad
are in the product and development scope. Also the areas of Real‐time Ethernet communication and
telecontrol are covered.
Role in the project activities and contribution to the SOCRADES vision

The main goal of WP 1 is to work out the overall requirements as well as specific requirements for the
primary application domains targeted by the project. This is the phase where the project partners agree on a
common basis (as well technological as organisational and cultural) and vocabulary. Siemens, as partner,
will contribute here in general and especially for the wireless sensor/actuator topic.
In WP 2 Siemens will contribute to the design and specification of a framework for service‐based ad‐hoc
networking as this is one of the bases for all‐further architectures and detailed specifications. Of special
interest are ad‐hoc communication, self‐ configuration and collaboration capabilities at device‐level. An
adoption of the SOA technology is checked to interact dynamically from the device control level – e.g. wired
sensor/actuator networks – up to the higher levels.
Siemensʹ main focus in the context of the SOCRADES project will be WP3, which deals with Wireless Sensor/
Actuator Networks. Correspondingly, WP3 is lead by Siemens. The challenges in this context are of manifold
nature as this research topic is still in its early infancy and lots of gaps, both from a technical and from an
architectural point of view have to be solved. Examples for this are:
•

Low‐priced
To enable an economic application, sensor nodes have to be relatively low priced.

•

Multifunctional
Sensor nodes measure data, process these and transmit them to their nodes; each node simultaneously
has to act as router for multi hop connections.

•

Limited energy supply
Due to limited energy supply, all application areas have to be optimised with regard to a minimal
energy consumption.

•

Limited resources
Only a small amount of computing power and memory are available, leading to, e.g., problems with
routing tables (which need much memory)

•

Autonomy
The co‐ordination of sensor nodes happens without intervention from the outside. The objective is to
fulfil the respective task and to stay functional over a maximum amount of time.

•

Attribute based addressing
ʺWhere is the temperature higher than 20°C?ʺ rather than: ʺWhich temperature do we have at node xyz?ʺ

•

Location awareness
As a prerequisite for attribute based addressing.

To connect these kinds of networks to any of the above lying layers, cooperation is necessary with WP 4,
which designs and develops a middleware to reach a platform abstraction that makes the underlying
network transparent to the user. Siemens will bring in here the requirements arising from WP3 in support of
the definition of the middleware.
In WP8, Siemens intends to practically test the results, which were designed and developed in WP3
(mainly). For this purpose Siemens will contribute to the definition of the set‐up of the application
prototypes, to the application tests and to the corresponding evaluation and assessment of the results.
For dissemination purposes in WP 9, Siemens will mainly make use of the major automation fairs in Europe
as there are Hannover Messe Industrie and SPS/IPC/DRIVES.
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In WP 10, Siemens will contribute to all standardisation activities which are useful for Wireless
Sensor/actuator network standardisation and intends to contribute to the consortium’s work in the UPnP
Forum or alternative standardisation body.
Key personnel

Axel Klostermeyer
Dr.‐Ing. Dipl.‐Wirtsch.‐Ing. Axel Klostermeyer is Director Strategic Projects at Siemens A&D PT2 – SIMATIC
NET. Beside responsibilities in industry based projects he leads and led several European and nationally
funded R&D projects in the area of advanced industrial automation and communication. Furthermore, Axel
Klostermeyer has broad experience with the work in corresponding industrial committees and user
organisations.

(13) Tampere University of Technology

HE

FIN / 80 employees

The Tampere University of Technology (TUT) with a population of 10382 undergraduate and 1838
postgraduate students is one of the three universities in Finland that specialises in high level education in
Technology. The excellent link with the industrial world leads to a 41% of the 111 Million of Euros general
revenue being provided by external sources. The Institute of Production Engineering (IPE) at TUT, with a
staff of over 80 full‐time researchers and doctoral students (with background in the field of automation,
computer science, mechanical and telecommunication engineering), has acquired accredited ISO 9001
certification for its Quality Management System in 1998 covering both education and scientific research. IPE
is the recipient of the international 2002 CASA/SME University LEAD Award given by the Computer and
Automated Systems Association of Society of Manufacturing Engineers (CASA/SME), which is awarded to
institutions that have achieved outstanding success in innovative, leading‐edge integrated manufacturing.
The research team has been awarded the chair for the development of the IPC‐CAMX Web‐based solutions
for shop floor XML communication standard for Final Assembly and Packaging (IPC‐2546 Am 2).
Recognising the new major role of Information and Communication Technologies in the field of Factory
Automation, and the growth of the research team dedicated to this area over the past 8 years, TUT has
established a new Full Professor Chair for managing this remarkable field starting in Q4 2005.
Role in the project activities

TUT will act as the Leader for ʺWP 2 – Framework specification for ad‐hoc networking service platformʺ.
Besides the role in co‐ordinating the activities in this WP, TUT will contribute with RTD efforts in several
tasks. Input will be provided for the specification of a service orchestration framework for co‐ordinating and
sequencing the execution of device‐level processes. Significant efforts will be dedicated to the specification of
the service‐enabled agent framework, in particular integrating this effort with the Semantic Web Services
framework. The Semantic Web Services should enrich the agent framework, facilitating the discovery,
selection, composition and invocation of services by autonomous industrial agents. Finally, a contribution
will be done to the specification of the service gateway, with focus on using embedded devices to interface
with legacy hardware and provide a service interface, therefore integrating these devices to the agent
framework and Semantic Web Services framework, providing a bridge between the results of WP3 and WP4
to the service‐oriented infrastructure of WP2 and WP5.
Following the specification tasks in WP2, TUT will focus the majority of efforts in the implementation of the
specified frameworks in WP5, again focusing on implementations in networked embedded devices and
bridging the efforts in WP2 and WP5. The embedded orchestration engine should facilitate the co‐ordination
of device‐level services, and should also facilitate the integration into higher‐level systems. This effort will be
linked to TUTʹs efforts in WP6, where orchestrated device‐level processes will be integrated to service‐
oriented business applications, bridging the efforts in WP5 and WP6.
In addition, TUT will work in the implementation of industrial agent communications using services, adding
a layer of intelligence to the distributed embedded platform. This work will be complemented by the use of
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Semantic Web Services, which use ontology to describe the device‐level services and facilitate agent
reasoning to autonomously select and use device services.
As Leader of WP2, TUT will contribute to the management activities of WP11 at the PCC level. In addition,
TUT will contribute to WP9 with dissemination efforts through scientific publications in refereed journals
and technical conference events.
Contribution to the SOCRADES vision

TUT addresses the SOCRADES vision with the strong conviction that distributed embedded systems
provide the answer to solving inherently distributed problems. By addressing local problems with localised
intelligence, the global distributed problems are solved by combining the skills of the small components. The
platform that enables this vision consists of networked embedded systems doted with sufficient intelligence
to solve local problems and interact with peers.
However, TUT recognises in this scenario an explosion of complexity, which is caused by the dramatic
increase in the number of devices and services, and by the exponential rise in the number of peer‐to‐peer
links in the highly distributed system. This complexity hinders the feasibility of integrating systems with
such a high level of distribution. In response to this challenge, TUT proposes:
•

The co‐ordination of device‐level services using orchestration languages, instead of using hard‐coded
programs, in order to facilitate the composition and (re)configuration of systems.

•

The description of services using ontology (Semantic Web Services), in order to facilitate an autonomous
decision process for the selection, composition and execution of device‐level processes.

•

An intelligence layer provided by a multi‐agent system, which provides both the reasoning capabilities
and the execution autonomy to invoke services, facilitated by the machine‐interpretable knowledge
provided by the ontology semantic descriptions.

Key personnel

Jose L. Martinez Lastra
Prof. Dr. Jose L. Martinez Lastra joined the Institute of Production Engineering at the Tampere University of
Technology in 1999, and became Full Professor of Factory Automation in 2006. Prof. Lastra earned his
advanced degrees (MS ʺwith distinctionʺ and Dr.Tech. ʺwith commendationʺ) in Automation Engineering from
the Tampere University of Technology. His undergraduate degree (Ingeniero Técnico Industrial in Electrical
Engineering) is from the Universidad of Cantabria (ETS de Ingenieros Industriales y de Telecomunicación,
Spain). Prof. Lastra has vast experience in managing multicultural research groups for National and
European projects. His research interest is on applying ICT technologies to Factory Automation with
particular focus on architecture, orchestration and validation of manufacturing systems based on
autonomous embedded networked production units. Previous to his current position at the Institute of
Production Eng., Dr. Lastra carried research at the Departamento de Ingeniería Eléctrica y Energética
(Santander, Spain), the Mathematics Department (Tampere, Finland), the Hydraulics and Automation
Institute (Tampere, Finland) and the Mechatronics Research Lab. of the Massachusetts Institute of
Technology (Cambridge, MA). He has extensive experience in industry as consultant for development of
networked embedded control systems, and as member of the Board of Directors of OOONEIDA Inc,
(Canada).
Ivan M. Delamer
Ivan M. Delamer is with the Institute of Production Engineering at the Tampere University of Technology
serving as Research Scientist for the Factory Automation Division. Mr. Delamer earned his Diploma in
Electrical Engineering (ʺwith honoursʺ) from the Institute of Technology of Buenos Aires (ITBA), Argentina.
He is currently studying towards the degree of Doctor of Technology at the Tampere University of
Technology. His research focus is on applying Service‐Oriented Architecture and Semantic Web Services for
embedded industrial devices, infomechatronics, and factory information systems. Previous to his current
position at the Institute of Production Engineering, Mr. Delamer carried research at the Factory Information
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Systems Group of the Georgia Institute of Technology (Atlanta, GA), developing XML messaging
capabilities for electronics assembly machines. His background in industry is with Nematron, UK, in charge
of the development of their networked embedded controller platform.

(14) Jaguar

IND

UK / 8,600 employees

Jaguar Cars Ltd is an UK based company selling approximately 125,000 cars per year, over 70% of which are
exported. Jaguar has three main production sites employing approximately 8,600 people in the UK with its
headquarters located in Coventry. The Halewood plant near Liverpool is dedicated to producing the Jaguar
X’ Type whilst the production of all S‐TYPE, XJ & XK products is centred at Castle Bromwich, Birmingham.
Jaguar wishes to promote the use of advanced automation systems, technologies and methods in the
manufacture of both its vehicles and their associated powertrains. As a medium‐volume manufacturer,
automation system flexibility and reconfigurability are vital to the company’s competitiveness. Jaguar has
already moved the design of its automation systems away from large hierarchical control structures to
distributed control architectures based on Ethernet and modular manufacturing systems are regarded as of
key importance to Jaguars future.
Jaguar wishes to achieve more efficient machine reconfigurability coupled with improved business systems
integration via the adoption of open, service‐oriented, functionally modular, approaches to automation. This
project is seen as a major long‐term enabler for this approach. Jaguar will provide requirements and evaluate
and disseminate the benefits of the open control solution, which SOCRADES enables, e.g., plug‐and‐play
connectivity and interoperability. Jaguar anticipates the demonstration of SOCRADES infrastructure in
prototype form with the potential for mainstream adoption of such technology in the longer term, in
collaboration with major control vendors. The demonstration will be in the form of either a full‐scale and/or
scale model test‐bed at a suitable location. Jaguar will actively disseminate the potential of the approach to
its supply chain partners (machine builders and component and controls vendors) in the automotive sector.
Role in the project activities

Jaguar will be involved in the determination of application‐related requirements in WP1 and the
implementation and evaluation of a pilot application in WP8. The intention is to gather requirements for a
new generation of automation systems and subsequently to evaluate a prototype modular machine with
control capabilities embedded into a large number of heterogeneous components in order to facilitate and
simplify reconfigurability, reuse, scalability and integration within service and business systems.
Contribution to the SOCRADES vision

Jaguar wishes to achieve more efficient machine reconfigurability via an open, functionally modular,
component‐based approach to automation. SOCRADES is seen as a major enabler for this approach. Jaguar
is interested in demonstrating and promoting advanced technologies for collaborative manufacturing
automation and introducing these progressively into its production systems to achieve more agile
manufacturing. Jaguar’s applications‐related involvement in this project is expected to be a major asset in
ensuring the wider awareness and promotion of SOCRADES in the manufacturing sector.
Key personnel

Ian English
Ian English is a Senior Controls Engineer, responsible for managing the engineering of powertrain
manufacturing automation systems for Jaguar Cars Ltd. Mr English has a degree in Manufacturing
Engineering and extensive research and development experience in the automation industry globally. His
interests include the application of distributed control architectures for modular assembly automation
systems. Mr. English is based at the Dunton Engineering Centre near London where his responsibilities
include the specification, design, installation and lifecycle support of automation systems for engine and
transmission manufacture.
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(15) ARM

IND

UK/1,200 employees

ARM designs the technology that lies at the heart of advanced digital products, from wireless, networking
and consumer entertainment solutions to imaging, automotive, security and storage devices. ARMʹs
comprehensive product offering includes 16/32‐bit RISC microprocessors, data engines, 3D processors,
digital libraries, embedded memories, peripherals, software and development tools, as well as analog
functions and high‐speed connectivity products. Combined with the companyʹs broad Partner community,
they provide a total system solution that offers a fast, reliable path to market for leading electronics
companies.
Role in the project activities and contribution to the SOCRADES vision

ARM will be involved in two work packages: WP2 and WP5.
WP2:

Contribution to the specification of the service gateway framework for service‐based ad‐hoc
networking. Of special interest are requirements for tethered and untethered devices. Tethered
devices can usually trade off power consumption to achieve the required performance, while
untethered devices have to trade off performance to stay within a given power budget.

WP 5: Performing analysis to understand the requirements of the applications and then conducting a
feasibility study of realising a low cost, single architecture component that can meet a wide range of
performance/power criteria. This feasibility study may result in a prototype realisation, but not on
the basis of integrated circuits.
Key personnel

Dipesh Patel
Dr. Dipesh Patel is Director of Research at ARM. He joined ARM in 1997 and has worked primarily in
System on Chip (SoC) related activities. He joined the research group in 2002 work on the Intelligent Energy
Manager (IEM) technology and transfer that into product development. He took over running the research
group in 2003 and his main research interests are in Low Power SoC environments. Dr. Patel received a PhD
in Electronic Engineering from Loughborough University in the UK.

A.2 Sub-contracting
Based on the results of the negotiation with the EU Commission services and according to the current plan of
activities for the whole project duration and for the first 18 months, each partner has planned to request
funding for SUBCONTRACTING the three necessary Audits.
Varying from 0,35 to 0,4 person‐months have been allocated by each partner to Management – Direct Costs –
Subcontracting. The corresponding financial information is addressed in the Contract preparation forms
A3.1 and A3.3 (please refer to sections 9.3 and 9.4 of the current document (SOCRADES Technical Annex) ).

A.3 Third parties
Not applicable during the first 18 months of the project duration.

A.4 Competitive calls
It is not planned to perform ʺCompetitive Callsʺ during the first 18 months of the project duration.

A.5 Third country participants
It is not planned to count on ʺThird country participantsʺ during the first 18 months of the project duration.
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