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Executive Summary
“It is very difficult to make an accurate prediction, especially about the future.”
Niels Bohr, Nobel laureate in Physics
“The best way to predict the future is to invent it”.
Alan C. Kay, Computer Scientist
SOA‐based Industrial Automation Systems is the core paradigm developed within SOCRADES project; this
new paradigm is a highly innovative and culturally new approach in the context of traditional centralised
automation systems. Hence, specific attention has to be put on implementation and adoption of SOCRADES
Technologies, looking at existing barriers for their diffusion and use.
SOCRADES developed methods and tools that were demonstrated through industrial prototypes and trials,
showing the benefits of the adoption of SOA paradigm. However, in order to go towards implementation
and adoption of SOA‐based Industrial Automation Systems still several challenges need to be tackled. This
roadmap intends to address these challenges by looking at the main research needs that have to be
addressed in order to facilitate the diffusion of SOCRADES approach.
In order to avoid overlapping with other deliverables, this document will not review the state‐of‐art of
SOCRADES‐related technologies (already done in D1.5 Trend Screening) and will not focus on the business
evaluation of SOCRADES (already conducted in D6.6 SOCRADES Business Evaluation), even if spot‐like
references will be provided for the reader convenience. For this reason, issues such as market analysis under
technology and application perspectives and the analysis of benefits and disadvantages of SOCRADES
approach are not deeply investigated in this document.
In order to prepare a Technology Roadmap of SOCRADES paradigm, a review of relevant roadmaps have
been included in order to point out the starting point of the identification of the research needs (i.e. Expected
Features of Technology Areas – EFTAs) and to prepare a document that provides the reader with a summary
of all the relevant roadmaps already published within SOCRADES scope. On the base of this, the
roadmapping activity has been carried out through workshops (both internally in SOCRADES Consortium,
and with external experts), surveys and literature review. The result is represented by 59 EFTAs identified in
the four Technology Areas. These represent the main research challenges that need to be addressed in order
to boost the adoption of SOCRADES paradigm.
The document is structured in this way: first, in the introduction, an overview on the roadmap definition
and methodology adopted is given. In the second section the identification of the different Technology Areas
considered in SOCRADES is provided, with figures from their related market opportunities. Based on the
Technology Areas identified, in the third section a review of some relevant roadmaps involved in
SOCRADES scope is carried out. Then in the fourth section for each Technology Area some related Expected
Features have been identified: these are the research needs that need to be tackled to support diffusion of
SOCRADES approach. Furthermore, a prioritization of EFTAs is provided in the sixth section. Finally,
conclusions are derived in the last section.
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1

Introduction

Roadmapping methodology was firstly introduced by Motorola in the eighties [1], with the aim of
supporting a strategic planning that could consider both products and technologies. Since then it was widely
used in different industrial context, but also by governmental bureaus, evolving and changing. Remarkable
is the literature available, we include in this document some relevant references as examples: [2]‐[3]‐[4]‐[5]‐
[6]‐[7]‐[8].
It is difficult and sometime restricting to try to give a precise definition of roadmap, however it is possible to
state that a roadmap is a tool that aims at describing the objectives that must be achieved by the subjects of a
future environment in order to survive, suggesting also a plan on how such objectives could be achieved [9].
In general we can assert that, in a given situation, the roadmapping activity has the following objective:
“indicate the trajectories to be followed to reach an outlined future position”. Hence the inherent difficulty,
i.e. uncertainty, of roadmapping activity comes out: its objective is to identify possible paths to be followed
in the future to reach expected objectives.

1.1

What is a roadmap?

Roadmapping is a vision on future that integrates all the relevant aspects of a business. A roadmapping
activity can assume different shapes depending on the specific objectives (focus on the market, on the
technology, etc.). A quite generic approach is summarized in Figure 1.

Figure 1 – Five integrated views for a roadmap [10].
According to [10], the evolution of markets, products and technologies can be explored considering the
existing links and perspectives. In Error! Reference source not found. the owner of the vision is on the right
hand side, while the left hand side shows the asymmetry of the vision: the market drives the evolution of
technologies, processes and people that are the enablers for the market. Of particular relevance is the fact
that a roadmap has the capacity of showing a selection of the relevant issues, giving an immediate idea of
the main developments in the next year from one or more specific point of view.
The author [10] upholds that a roadmap may be presented in different documents, with a different level of
detail, in order to give different details to different stakeholders (Figure 2). At a strategic level, it may be
important to have a comprehensive view, at the operative level, instead, it could be important to have a
higher granularity of information
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Figure 2 – Roadmap documents granularity [10].

1.2

Why using a Roadmap?

In an industrial context, the planning process should rely heavily on the roadmapping tool. In fact its main
function is to give a shared understanding and the clear description of a business in time. A recent survey
[10] showed that, in large multinational companies, business units that don’t use such tools present some
common features:
•

Frequent changes in product policy

•

Late start up of long lead activities, such as people recruitment and process change

•

Diverging activities of teams

•

Missed market opportunities

An inherent benefit of roadmapping is the anticipating value, which is especially important for everything
which has a long lead time. Examples are technology, people and process. This is not limited to
development, for example for manufacturing it is the same; reliable mass production has a significant lead
time.
It is important to understand when is useful or quite profitable to elaborate a roadmap. It immediately
appears obvious that such operation, apart from the level of aggregation, involves a remarkable amount of
time, the involvement of many persons, their organization and management.
Generally speaking it is possible to assert that a roadmap it is necessary whenever the distance from the
current situation to the future state is (partially) uncertain. The uncertainty can be related to possible
variations of market characteristics, to the reliability of trade partners, to the fast and sometimes unreliable
development of technological innovations or simply to having to choose between various technologies.
Roadmaps can help research and development enterprises and organizations to think in a strategic way and
to collaborate closely in order to satisfy the questions that will be introduced in the market of the future.
In other words it is possible to derive some capabilities enabled by roadmaps [11]:
•

predict which will be the technologies and the products of the future markets, allowing to comprise
the gap existing, for being able to overwhelm it in useful time;

•

identify the scientific and technological areas with the greater potential in a specific industrial field;

•

avoid risky and redundant investments, thanks to knowledge sharing and to the stimulus to a
greater collaboration between enterprises, research institutes, universities and government agencies;

•

define the steps required for technology transfer to real market applications;
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In particular a technology roadmap, if used like a marketing tool, help enterprises to understand if they
already have or if they must develop the technology(‐ies) that will allow customer needs satisfaction.

1.3

Creating and updating roadmaps

To create roadmaps it is possible to consider some different approaches:
1) Data based
In such situation, the Roadmap is built on the basis of an extensive data collection, coming from all reliable
(or so considered) sources. This may include: journals, websites, industrial companies and corporations,
governments and so on.
2) Survey based
In such situation, the Roadmap is built on the basis of the collection of the answers to structured
questionnaires, sent to experts in one or more phases (surveys, Delphi, and so on) in order to gather their
knowledge.
3) Workshop based
In such situation, the Roadmap is built on the basis of the results of face to face workshops, where, all
interested stakeholders (coming from academia, research, companies or government) openly compare their
opinion in a structured or unstructured way.
Moreover, it is possible to mix the above mentioned approach to be able to collect data from different
sources in different ways.
An efficient way to create or update a roadmap is to work in ʺburst‐modeʺ: concentrate for a few days
entirely on this subject. To make these days productive a good preparation is essential.

1.4

Roadmap classification

In literature different classifications of roadmap are proposed; here we consider the classification made by
CIMRU [12] for use in the IMS initiative (Intelligent Manufacturing Systems).
The CIMRU‐IMS classification adopts the level of aggregation as the main classification driver [12]:

1.5

‐

“Science and Technology Roadmaps”, are the highest level of aggregation, being focused on
identifying and map future trends of an entire technological area (e.g. a roadmap on
biotechnologies, a roadmap on nanotechnologies or a roadmap on ICT);

‐

“Industry Roadmaps” are the second aggregation level, being focused on the use of technology in a
specific industrial sector (e.g. a roadmap on the nanotechnologies in metal processing)

‐

“Product Technology Roadmaps” are at the third level and are aimed at explicitly understand the
relations between technologies and products.

‐

“Product Roadmaps”, are the less aggregated step, focused on the evolution of a specific product.

SOCRADES Roadmapping process and methodology description

According to what stated above, this paragraph aims at showing the methodology used to build the
SOCRADES Roadmap. Such methodology is composed by several steps – “Technology Areas Identification,
State of The Art Analysis”, “Market needs and answers from SOCRADES Technologies”, “Roadmapping:
Research Needs ‐ Expected Features of Technology Area”, “Priorities of research”, “Impacts”‐ summarised
in Figure 3.
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Figure 3 – SOCRADES Roadmap building steps
1) Technology Areas Identification: SOCRADES Roadmap Scope.
The Technology Roadmap of SOCRADES paradigm, in conformity with the CIMRU‐IMS Roadmaps
classification, can be considered a (Science and) Technology Roadmap. It is therefore related to the
identification and mapping of future trends of entire technological areas. Since SOCRADES is a wide
and comprehensive project involving different and heterogeneous technological areas, the core
action here is related to the identification of the different areas involved in SOCRADES
roadmapping process. 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. Starting from this main goal some
specific, project related, relevant Technology Areas (TAs) were identified, described and analyzed in
terms of their market relevance. Namely they are:
i. Service Oriented Architecture;
ii. Wireless Sensor/actuator Networking Infrastructure;
iii. Enterprise Integration;
iv. System engineering & management.
Such four TAs constitute the scope of the document. They represent the starting point from which
the literature review has been conducted (i.e. roadmaps review) and they are also the sections in
which the roadmapping process has been clustered in order to derive research needs for the future
(called EFTAs).
2) State of The Art Analysis
This step of the roadmapping process is composed by two specific literature review activities:
a. First of all it is important to have a picture of the current state of the art of the 4 Technology
Areas. The aim is to provide a consistent starting point of the roadmapping activity.
However, in order to avoid redundancy and since detailed description of the state‐of‐the‐art
of the different Technology Areas are available in different deliverables (D1.1, D1.3, D1.4,
D1.5), the authors decided not to include in this document the analysis of the state of the art
of technologies. Therefore, the reader is kindly invited to refer directly to D1.1 “State of the
art”, D1.3 “Trend screening report 1”, D1.4 “Trend screening report 2” , and D1.5 “Trend
screening report 3” to obtain comprehensive information on this aspect. Hence, section 2
contains only a brief overview of the four main Technology Areas without the analysis of
the state of the art of present technologies.
b. After analysing the technologies state of the art, it is important to review existing roadmaps
related to SOCRADES scope, in order to understand both their structure and the
connections between their content and SOCRADES technology areas. Such Review of
Roadmaps is available in section 3. The review of available roadmaps is fundamental to
generate the starting point from which the generation of new ideas (e.g. from experts
through workshops and surveys) can be stimulated.
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3) Market needs and answers from SOCRADES Technologies
Market needs and trends in SOCRADES Area are relevant to be included in the roadmapping
process in order to support the Technology Roadmapping activity with clear business justification.
Hence, the most important industrial needs and trends, which will pull for technological advances in
SOCRADES scope, have to be addressed specifically. This aspect is relevant to understand why
roadmap on these technologies is important from a business (and not only technological)
perspective. Since these topics have been already described in D6.6 SOCRADES Business Evaluation,
in order to avoid redundancy they are not included in this document. Some relevant impacts of
SOCRADES Technologies are briefly presented or just mentioned in this document. Moreover, only
short analysis on the market opportunity of the four Technology Areas of SOCRADES is provided in
the section 2.
4) Roadmapping: Research Needs ‐ Expected Features of Technology Area (EFTA).
Following the four technology area classification, section 4 presents the features that are expected to
be relevant in the future. Such EFTAs were identified according to a mix of two approaches:
a. A data based approach, founded on the results coming from the State of The Art & Market
Analyses
b. A workshop based approach, based on a number of workshops organized with experts (both
experts from SOCRADES consortium and external experts were involved in different times).
It is worth mentioning that significant contribution to the SOCRADES Roadmapping
activity was given by the participant to an International Roadmapping Workshop, which
was organized in Cardiff (within IEEE INDIN 2009, June 25th, 2009). In this workshop 25
experts coming from 11 countries gathered together to discuss about the future of SOA‐
based Factory Automation, defining next research needs required to continue its diffusion.
In section 4, each EFTA is described and its relevance in future industrial scenarios is addressed.
5) Priorities of research
This section should focus on suggesting some priorities among the EFTAs identified in the previous
step. These priorities should be considered the most relevant and effective research actions that need
to be tackled. A survey based approach, founded on the results coming from the previous step has
been used in order to define priorities.
6) Conclusions
This section sums up the results of the roadmap; some final recommendations to support SOA‐based
Industrial Automation Systems are provided. They are not only technological‐related
recommendation; since SOA will be pervasively impact production systems, also human‐related
aspects need to be considered. These recommendations are based on the experience gathered
through workshops and feedback in international conferences/events discussions.
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2

SOCRADES Technology Areas

As described in section 1, the first step in building the Technology Roadmap of SOCRADES paradigm is to
identify the research areas (called “Technology Areas”), which cover SOCRADES scope and which should
be addressed and investigated in the future to tackle industrial automation needs. The aim is to present the
Technology Area and its status of development since on the strength of this analysis the roadmapping
activity can be started. Hence, this section provides a description of each Technology Area identified; some
figures on the market relevance of each technology area are also included to highlight their importance.
Four Technology Areas have been identified; they completely cover SOCRADES Architecture (depicted in
Figure 4) namely:
1.

Service Oriented Architecture

2.

Wireless Sensor/actuator Networking Infrastructure

3.

Enterprise Integration

4.

System engineering & management

As previously said, the state‐of‐art of the different technology areas have been deeply investigated in
different deliverables of SOCRADES project (e.g. D1.1, D1.3, D1.4, D1.5, etc.); hence, in order to avoid
redundancy, we just describe the areas in order to help the reader understand the document but we avoid
details on the state‐of‐the‐art analysis. At the beginning of each section we make reference to the different
deliverables that address state‐of‐the‐art of the each area for readers’ convenience.
All the technology areas can be identified in the SOCRADES Architecture that was developed by the project
and that was accepted by the SOCRADES Consortium as the common architecture on which the different
components are included. Figure 4 presents a representation of SOCRADES Architecture. The analysis and
description of the different technology areas is based on this Architecture.

Enterprise
systems

Functionality
Orchestration

Engineering
System

WS

WS

WS
IP network

(wired or wireless)

WS

WS

WS

WS

WS

WS

Device

Distr. IO

Work‐
pieces

Work‐
pieces

Gateway

Service
Mediator

Wireless
Sensor /
Actuator
Network

Legacy
& Low
Resource
Devices

WS: Service capability e.g. DPWS, OPC‐UA
Device: Motor, Valve, Conveyor, robot, sensor etc.
Service Mediator / Gateway: Industrial PC,
dedicated device etc.

Figure 4 – SOCRADES Architecture
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2.1

Service Oriented Architecture
This section provides an overview of the Service‐
oriented Architecture Technology Area (Figure 5).
In order to have more detailed information on this
area please refer to D1.1 “State of the art”, D1.3
“Trend screening report 1”, D1.4 “Trend screening
report 2” , and D1.5 “Trend screening report 3”.
Service Oriented Architecture can be considered a
new paradigm/approach for modelling and
operating systems (e.g. information systems); this
new paradigm is more and more spreading in the
IT and Automation domains.
Figure 5 – Technology Areas: SOA

In SOCRADES domain, a service can represent,
for example, a simple intelligent sensor, a part of a modular machine, or also a complete production system.
The adoption of this paradigm, in industrial automation, can improve reconfigurability and flexibility of
production systems.
There are many definitions of the concept of a service‐oriented architecture. For the purpose of this
document, we use the following basic definition [13]:
A service‐oriented architecture (SOA) is a set of architectural tenets for building autonomous yet
interoperable systems.
The proposed definition includes two keywords: autonomous and interoperable. Autonomous systems means
that they are created independently of each other and that they provide self‐contained functionality (i.e.,
their functionality would be useful even if it was not associated with any higher‐level systems). Instead,
interoperability is favoured (1) by clearly abstracting the interface that a service exposes to its environment,
from the implementation of that service and (2) by making this interface visible to others, together with
policies and constraints for its use. Autonomy and interoperability are somewhat contradictory properties.
One of the challenges of SOA is, therefore, to reconcile these opposing principles.
Another definition of SOA is in the Reference Model for SOA [SOA‐RM] specified by OASIS 66[14]:
Service Oriented Architecture (SOA) is a paradigm for organizing and utilizing distributed capabilities
that may be under the control of different ownership domains.
Another definition of SOA is the one proposed by the WC3 Web Services Architecture Working Group [15],
which defines SOA through a basic list of architectural components:
A Service Oriented Architecture (SOA) is a form of distributed systems architecture that is typically
characterized by the following properties:
•
•
•
•
•
•

Logical view: The service is an abstracted, logical view of actual programs, databases, business
processes, etc., defined in terms of what it does, typically carrying out a business‐level operation.
Message orientation: The service is formally defined in terms of the messages exchanged between
provider agents and requester agents, and not the properties of the agents themselves.
Description orientation: A service is described by machine‐processable metadata.
Granularity: Services tend to use a small number of operations with relatively large and complex
messages.
Network orientation: Services tend to be oriented toward use over a network, though this is not an
absolute requirement.
Platform neutral: Messages are sent in a platform‐neutral, standardized format delivered through the
interfaces.
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Even if the definitions proposed stress different aspects of Service‐Oriented Architecture, we can underline
the most salient aspects/features that characterize SOA approach.
•

•

•

•

The design of a service interface follows an outside‐in approach: rather than deriving it from the details
of its implementation, the interface of the service is defined by focusing on how the service may fit in a
larger business process context. Indeed, SOA is business process centric rather than technology centric –
a service usually represents a business task. This property induces the granularity of services: a service
interface is mostly coarse‐grained and stateless, and is based on the exchange of documents. This is one
of the aspects differentiating service‐oriented from object‐oriented design; the latter usually involves a
conversation‐style interaction pattern addressing individual object attributes.
In a SOA, communicating entities are loosely coupled, by virtue of the fact that a serviceʹs functionality
is exposed at its boundary, in terms of service ʺcontractsʺ (interfaces) together with schemas describing
the documents exchanged in a standardized, platform‐agnostic format. Thus, the implementation of the
service is totally opaque and may be modified without the serviceʹs users being affected. In contrast, the
tightly coupled, context‐related and stateful interactions typical of distributed object architectures create
artificial dependencies between the communicating entities, resulting in rigid and fragile systems.
SOA‐based communications are of an asynchronous nature: when an action is invoked on a service, the
result – if any – is returned to the invoking application entity without the latter suspending its
operations. This is a departure from the synchronous remote procedure call mechanisms underlying
distributed object systems, which have proven to be much less scalable than asynchronous
communication patterns, especially in the presence of complex business processes where many
operations with variable response times run concurrently.
In addition to its interface description, a service can have requirements, properties or capabilities –
expressed through ʺpoliciesʺ – that can be negotiated at run‐time. This is particularly useful for
specifying characteristics like quality‐of‐service (QoS) level, security support, performance requirements,
etc. Requirements for such properties may vary depending on how the service is used in a particular
application context. The capability to negotiate their use at configuration time helps preserving the
service generality and re‐usability.

Hence through the features SOA enables architectural benefits that were unachievable with previous
paradigms; the following benefits are the most prominent (to have more details on benefits coming from the
SOA approach, please refer to D6.6 “SOCRADES Business Evaluation”):
•

•
•

•
•
•

Integration capability: services can be readily integrated with other services, either statically or
dynamically. Furthermore, services can be readily composed into higher‐level services. Legacy
technology can be encapsulated through service façades, according to a ʺwrap‐and‐re‐useʺ rather than a
ʺrip‐and‐replaceʺ approach.
Owing to the abstraction between service interface and service implementation, services can be
materialized on heterogeneous software and hardware platforms.
Agility, flexibility and adaptability to change are greatly increased as services can be easily reconfigured
or replaced, service deployment can be conducted incrementally and scaling can take place over time.
Communicating entities can share and exchange resources and collaborate with each other through
direct, peer‐to‐peer communication, i.e. without depending on the assistance and control of some higher‐
level entity. Decision‐making can thus be driven down to the source of the information acted upon. This
in turn enhances responsiveness and efficiency, while improving configurability. A decentralized mode
of operation further adds resilience against failures by eliminating single‐point‐of‐failure hazards.
Development cost is reduced as re‐use of services is facilitated and application programming is done at
the highest possible level of abstraction.
As each service encapsulates its own complexity, scalability becomes a built‐in feature. By the same
token, manageability and maintainability are greatly enhanced.
Building fault‐tolerant systems using a collection of self‐reliant components is far less cumbersome than
if using a set of tightly inter‐related components.

13/72

D10.4c (Technology) Roadmap of the SOCRADES paradigm
V0.1
To sum up, a service‐oriented architecture (SOA) is a set of architectural tenets, i.e. services, for building
autonomous yet interoperable systems. In SOCRADES domain (Automation domain), a service can
represent, for example, a simple intelligent sensor, a part of a modular machine, or also a complete
production system. The adoption of this paradigm, in industrial automation, can for example improve
reconfigurability and flexibility of production systems.

2.1.1

Business relevance of Service Oriented Architecture

We are more and more moving towards broad diffusion of intelligent components able to communicate on
internet (also called ʺInternet of Thingsʺ); millions of devices will be interconnected, provide and consume
information available on the network and cooperate. As these devices need to interoperate, Service Oriented
Architectures (SOA) seems to be a promising solution. The world market for technologies, products, and
applications alone that are related to the Internet of Things will increase significantly from €1.35 billion to
more than €7.76 billion in 2012, with average annual growths rates of almost 50% [16]. Moreover,
considering that the global SOA market is (partly) growing at rate of 100% per year (source: Financial
Express), that the overall SOA market is seen at $60 billion, and that the market with SOA for B2B is
expected to jump to $34 billion by 2010, from present $8.6 billion, it is clear that Service Oriented
Architectures (SOA) as a technology area should be considered as relevant also from market/business
perspectives.

2.2

Wireless Sensor/actuator Networking Infrastructure
This section provides an overview of Wireless
Sensor/Actuator Networks. In case of needed detailed
information on the state‐of‐the‐art of this Area, please
refer to D3.1 “Report on Trend Analysis and
Requirements for Wireless Sensor/Actuator Networks”
and D4.1 “Architecture for fault‐tolerant application
interaction”.

Figure 6 – Technology Areas: WSAN

The “intelligence” of contemporary automation
solutions normally is based on a central control which
collects information from relevant sensors, evaluates
this information and sends back corresponding
orders/messages to the relevant actuators.

For future automation solutions it is envisioned that each individual sensor and actuator be equipped with a
freely programmable processor. They all use the same communication medium and protocols and are able to
communicate directly with each other in a peer‐to‐peer manner. This communication is event driven, e.g.
rather than being polled periodically, sensors announce their new measurements only in case of changes or
if they exceed a given threshold or ceiling value.
This decentralised/distributed way of automation differs substantially from the customary characteristics of
intelligent field devices; it induces a paradigm shift with two dimensions:
1.

from centralised automation to decentralised automation;

2.

from a cyclic, polling based way of automation to an event based automation.

A central control and de‐centralised periphery will be superfluous in such kind of scenario. In fact,
conventional automation will be based on so called “sensor/actuator networks” (see Figure 7). From this, the
following definition for sensor/actuator networks can be derived:
“A sensor/actuator network is a network of equal participants without any central control,
in which sensors and actuators directly interact with each other with the objective to
commonly solve day‐to‐day automation tasks.”
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Industrial Ethernet

…Transition to
the Office

Figure 7 ‐ Industrial Wireless Sensor/Actuator Network
Although, in theory, these are not imperative for sensor/actuator networks, wired sensor/actuator networks
would be of no practical relevance as the wiring of a high amount of sensor and actuator nodes would be
difficult and not economic. Furthermore, a wired solution would obstruct many advantages of a
sensor/actuator network as e.g. the flexibility and mobility of the single nodes.
In some cases, wireless sensor networks utilise the RF technology and/or protocols used in data
communication networks. But in most cases, wireless sensor networks differ from traditional wireless
communication networks in many aspects. We summarise those differences in the following:
•

Infrastructure – wireless data communication systems rely on an infrastructure, such as base stations or
wireless routers. This infrastructure is centrally administrated and planned. In contrast, WSNs are
intended to work on a more self‐organising basis.

•

Energy – is an issue for all wireless devices, but in a WSN recharging of batteries is no option. The
lifetime of wireless communication devices is counted in hours or days while WSNs should have a
lifetime of years.

•

Equipment – data communication devices are much more powerful than wireless sensors. This is
determined by the applications, users’ needs and cost of the devices.

•

Traffic profile – the traffic characteristic of WSNs is much less bursty than that of data communication
networks; especially if the data communication is triggered by humans.

•

TCP/IP – is the predominant network protocol stack in communication networks. It offers an abstraction
from underlying RF technology and hardware. Due to the need for efficiency and scarce resources, such
an abstraction is not available in WSNs.

Hence, a WSAN is a distributed system of sensor nodes and actuator nodes that are interconnected over
wireless links. For future industrial automation solutions, each individual sensor/actuator will be
equipped with a freely programmable processor. This will allow changing paradigm from centralised to
decentralised automation.

2.2.1

Business relevance of Wireless Sensor/actuator Networking Infrastructure

Looking at the current situation, 33% industrial end users currently have at least one deployed wireless
application, almost 50% are planning to adopt, or will be investigating, WSN over the next 18 months. But
the adoption of this technology has been relatively slow (Source: Frost & Sullivan).
According to OnWorld and Frost&Sullivan, the global market for Wireless Sensor Network (WSN) systems
and services is expected to skyrocket to about $4.6 billion in 2011, up from approximately $500 million in
2005. Process control/automation will be worth 22% of the total WSN market at this time and 66% of the
revenues will be for new markets, or emerging application areas that are limited today due to cost of wiring
(source: Frost&Sullivan). There will be a worldwide market of $5.3 billion (conservative estimate) for the
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industrial control segment only, comprising 4.1 million nodes by 2010. OnWorld’s most aggressive forecast
for all wireless sensor (& control) network segments is $8.2 billion by 2010, comprising 184 million deployed
nodes. Thus, the business opportunities coming from management and control of WSN in industrial domain
are relevant.

2.3

Enterprise Integration

This section provides an overview of Enterprise
Integration. In order to have further details on the
state‐of‐the‐art of this Technology Area please refer
to D6.1 “Service integration concept for field related
data into business processes”.
Nowadays there is a very limited integration among
different layers of enterprise information systems
such as Enterprise Resource Planning (ERP), the
Manufacturing Execution System (MES), and
Distributed Control System (DCS).
Traditionally, this link has been implemented using
a layered approach, each layer being responsible for
interacting with the one directly above and the one directly below, the device layer being the bottom one and
the enterprise systems layer the top one. It is not infrequent to find two or three intermediate layers in such
an approach, which means that any adaptation of the overall communication chain to new business
requirements must impact a large number of layers, hence reducing the agility of the overall system.
Figure 8 ‐ Technology Areas: EI

The advent of Web services and service‐oriented architectures provides an opportunity to improve the
connection between embedded devices and enterprise applications, for two main reasons:
•

At the communication protocol level, the use of a common, standard protocol such as SOAP over
HTTP is a guarantee that embedded devices and enterprise systems will be able to directly
communicate together, without the need for gateways mapping one communication protocol to
another. In addition, Web services do not rely on any particular programming language or platform,
thus ensuring their availability on the widest possible range of hardware and platforms.

•

At the application design level, the exposure and formal description of functionalities as stable
service interfaces and the loose coupling advocated by service‐oriented approaches will ease
integration and increase flexibility and agility, as services can easily be reconfigured or replaced.

Thanks to adoption of Service Oriented Architecture, Business Application Integration can be supported.
Business Application Integration is an infrastructure for connecting heterogeneous business control software
systems like ERP, CRM or CMMS.
A Service Oriented Architecture is a very flexible infrastructure concept. Because of the great variability of
the SOA it is possible to build a variety of business application integration topologies on it: Point‐to‐Point /
Peer‐to‐Peer, Point‐to‐Point with Yellow Page support, Hub & Spoke, Message Bus (Publisher & Subscriber),
Service Orchestration (please refer to D6.1 for further details).
Shortly, Enterprise Integration focuses on seamless link between application layer (i.e. ERP, etc.) and
device layer (i.e. PLC, etc.) through a common technological approach, based on the service‐oriented
architecture (SOA) paradigm. In the industrial automation domain, this will help create real‐time
enterprises, and exploit intelligence distribution to obtain active participation of devices in business
process execution.
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2.3.1

Business relevance of Enterprise Integration

According to AMR Research, Global ERP market revenue has reached $29 billion in 2006 and over the next
five years, it will grow at an average of 10 percent. This is due not only to the adoption of ERP by big
companies; as a matter of facts, according to Gartner, a research among small and midsize enterprises
(SMEs) consistently shows that through 2006 investments for enterprise integration (such as resource
planning, ERP) will rank among the top technology investments. Finally, ERP FANS derived that it is
expected in the near future that 60% of the companies will be implementing at least one ERP packages since
this will become a must for gaining competitive advantage.
If we that take into consideration that Monitoring and control (M&C) heavily depend on the integration of
embedded systems, we should look at M&C market. The world M&C market is expected to grow from €188
bn in 2007, by €300 bn, reaching €500 bn in 2020 [17]. The M&C European market follows the same trends as
the M&C world one in terms of product repartition and also markets products evolutions. The European
M&C market will be reaching €143 bn in 2020. As depicted in [17] this will have a significant impact in
several domains and more specifically in process industry.
Finally, if we take into consideration that decreasing hardware prices and availability of a wide range of
different internet‐enabled embedded hardware platforms (e.g. to support M&C) is more and more a reality
(i.e. “Internet of things”), that collaborative service compositions may generate new values (i.e. “Internet of
services”), and that ICT is empowering traditional business relationships, it becomes clear the business (as
well as technological) relevance of the Enterprise Integration.

2.4

System engineering & management
This section provides an overview of System
Engineering & Management. In order to have more
details on the state‐of‐the‐art of this Technology
Area, please refer to D7.2 “Investigation of Enabling
Technologies, Methods and Tools for Application
Engineering and D7.3 “Report of the state of the art
in device support and maintenance”.

This Technology Area focuses on modelling and
logic design of distributed industrial automation
systems. Nowadays, there are several engineering
tools available on the market; however few of them
adopt the SOA approach. The technology area of
System Engineering & Management is important in
Figure 9 – Technology Areas: SE
order to provide end‐users with appropriate tools to
implement Service‐oriented Architecture approach to their automation systems. In this area tools to design,
simulate, manage, and operate industrial automation systems are included. These tools need to be adopted
by automation or production engineers to design and model the behaviour of their production systems.
Since several tools are available it is useful to have some features that are relevant when looking at System
engineering tools. This can help assess and cluster the various engineering tools available. The relevant
features are: Control (What is the scope of the engineering capabilities provided?), Enterprise Integration,
Supply‐Chain (What partners within the supply chain are supported?), Lifecycle (What phases of the
lifecycle are supported?), Virtual Engineering (Does the tool provide an editing and visualisation
environment for concurrent design of machine control and mechanical layout?). Please refer to D7.2‐D7.3 for
further details on these features.
Shortly, System Engineering & Management focuses on modelling and logic design of distributed
industrial automation systems. SE tools should have the potential to not only automatically generate
control logic software but to allow the support of multiple aspects of the production systems engineering
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life cycle. They may enable higher level design, reconfiguration and visualisation of industrial
applications in a virtual environment.

2.4.1

Business relevance of System engineering & management

According to ARC, Worldwide market for digital manufacturing software and services has been $479 million
in 2006 and expects it to double in the next five years. Moreover, if we consider Mdata information:
accelerating sales for digital manufacturing tools are rising from $436 million in 2006 to more than $1 billion
in 2011. Finally, Virtual Engineering and virtual commissioning of automation systems is now becoming
being practically adopted in industry.
Hence considering these analysis of System engineering & management (SEM) Market, it seems that System
engineering & management (SEM) is an extremely relevant area to be addressed for further development
and diffusion of SOA infrastructure.

The four technology areas identified completely cover SOCRADES Architecture: Figure 10 the composition
of technology areas identified and schematize their respective positions on the SOCRADES Architecture.

Figure 10 – Technology Areas
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3

Review of Roadmaps

Before presenting SOCRADES Technology Roadmap we provide an overview of the present awareness of
trends and challenges expected in the next years by academics, industrial experts and stakeholders
concerning SOCRADES Area. This has been done in order to derive the starting point of SOCRADES
Roadmapping activity, getting relevant inputs. Usually these roadmaps are developed within International,
European or National funded projects. Currently, there are running several research activities on European
level (6th FP of IST) which are dealing with SOCRADES‐related topics. In the following paragraphs you will
find a short overview on these roadmaps (and related project), in order to understand differences among
objectives and scopes. The purpose is to evidence challenges and expected technological features that are
important within SOCRADES scope and can then be used as inputs for SOCRADES roadmapping activity.

3.1

Review of present Roadmaps

We reviewed the following publicly available roadmaps:
•

ARTEMIS Strategic Research Agenda [18];

•

Manufuture Strategic Research Agenda [19];

•

ITEA Technology Roadmap for Software–Intensive Systems [20];

•

Embedded WiSeNts Research Roadmap (Nov 2006) [21];

•

ARTIST (Advanced Real‐Time Systems) Year2 Roadmaps [22];

•

I*PROMS Summary of Cluster Strategies for Addressing Manufacturing Challenges [23]‐[24];

•

Embedded Systems Roadmap 2002: Vision on technology for the future of PROGRESS [25];

•

Enterprise Interoperability Research Roadmap (March 2008) [26];

•

HIPEAC (High‐Performance Embedded Architecture and Compilation Roadmap) [27]‐[28];

•

CONET [29];

•

Manufacturing the Future [30];

•

SOA in Manufacturing Guidebook [31];

•

Mantys Next Generation Machine Tools Technological Roadmap [32];

•

VTT ‐ Sensor Networks Roadmap [33];

•

Service‐Oriented Computing Research Roadmap [34].

3.1.1

ARTEMIS SRA

The European ARTEMIS (Advanced research and technology in embedded intelligence and systems)
Technology Platform was established in June 2004 and brings together key players, such as industry, small
and medium‐sized enterprises, universities, research centres and European public authorities, in the field of
Embedded Systems. Figure 11 represents the positioning of ARTEMIS in comparison to other relevant
European Technology Platforms.
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Figure 11 ‐ ARTEMIS technology platform [18]
One of ARTEMIS’s core tasks was to define a common Strategic Research Agenda (SRA) which acts as a
reference for the Embedded Computing domain to attract investment from the stakeholders.
The application contexts considered in ARTEMIS SRA is very broad. ARTEMIS SRA considers:
•

Industrial Systems: large, complex and safety critical systems in automotive, aerospace, manufacturing;

•

Nomadic Environments: enabling devices to communicate in changing and mobile environments;

•

Private Spaces: includes homes, cars and offices for improved enjoyment, comfort, well‐being and safety;

•

Public Infrastructure: major infrastructures that embrace large scale deployment of systems and services.

Primary research objectives of the ARTEMIS SRA are novel technical solutions to address the extreme
complexity of new systems. Research focused on industrial priorities covers reference designs and
architectures, seamless connectivity, middleware, design methods, implementation processes and tools.
Error! Reference source not found. represents the overall structure of ARTEMIS SRA.

Figure 12 – ARTEMIS SRA Structure [18]
The application context of Embedded System is very broad and it is divided into four different application
drivers. These driving applications have a visionary, medium to long‐term perspective; they raise a number
of important technological challenges. ARTEMIS SRA considers as applications drivers:
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•

Industrial Systems: large, complex and safety critical systems in automotive, aerospace, manufacturing.
In the first one “100% safe” car is envisioned, where intelligent systems are needed to reduce the
workload of the driver, with sensors, actuators and smart software embedded throughout the vehicle. In
Aerospace, ARTEMIS SRA points out that Embedded Systems will support the vision of extremely
customisable, affordable and life cycle sustainable products and services, for environmentally friendly,
safe, secure and time efficient transfer of people and goods within Europe and across continents. Finally
in manufacturing ARTEMIS SRA envisions “100% available factory” where Embedded Systems will
control process parameters reduces the total cost of manufacture. Further efficiency will be supported by
Embedded Systems going towards 100% plant availability and low maintenance that reduces cost.

•

Nomadic Environments: This application driver considers enabling devices for communication in
changing and mobile environments. In ARTEMIS SRA view research in Embedded Systems will support
this and other relevant issues related to the application.

•

Private Spaces: includes homes, cars and offices for improved enjoyment, comfort, well‐being and
safety. In ARTEMIS SRA vision Embedded systems are expected to support this application since they
will allow consumer electronics to better adapt to very fast market with short cycle times and they will
support the devices to be connected to some network.

•

Public Infrastructure: major infrastructures that embrace large scale deployment of systems and
services. Safer and better controlled road infrastructure (active road safety support, traffic management
systems with more cooperative vehicles, etc.) are achievable through greater integration of Embedded
Systems.

The ARTEMIS strategy is to establish common technology to support the development of high value‐added
Embedded Systems across the wide range of application sectors described above. This common technology
includes:
•

Reference designs and architectures: that offer standard architectural approaches for a given range of
applications to address the complexity challenge and build synergies between market sectors. In
ARTEMIS SRA view, a well‐conceived platform will allow the addition of application‐specific modules,
thereby increasing the reach of the reference design into more advanced and diverse application
domains.

•

Seamless connectivity and middleware: that enables seamless connectivity and wide‐scale
interoperability to support novel functionality, new services and build the ambient intelligent
environment; it includes the middleware, operating systems, and other functions required to link the
physical world, as seen by the networked nodes, to the higher layer applications.

•

Systems design methods & tools: for rapid design and development. The objectives are: design
efficiency, systematic design, productivity and quality.

In each of these main areas, ARTEMIS SRA identified some topics that should be addressed in order to
achieve the impacts envisioned in the industrial applications described above.
Here we propose those topics that are considered relevant also for SOCRADES scope. This has been done in
order to derive the first inputs in our roadmapping activity. Since issues and objectives of ARTEMIS SRA
and SOCRADES Technology Roadmap are partially overlapped, this is considered a good starting point for
our exercise.
Concerning the first area the following topics identified by ARTEMIS SRA are considered relevant for
SOCRADES purposes:
•

Composability: a framework that supports the smooth integration and reuse of independently
developed components is needed in order to increase the level of abstraction in the design process.
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•

Dependability and security: the provision of a generic framework that supports safe, secure,
maintainable, reliable and timely system services despite the accidental failure of system components
and the activity of malicious intruders is essential.

•

High‐performance embedded computing: for scalable multiprocessor computing architectures and
systems incorporating heterogeneous, networked and reconfigurable components. The increase by
several orders of magnitude of computing densities will be key for achieving embedded intelligence in
area such as perception, multi‐media content analysis, autonomy, etc.

•

Low‐power: the advent of Giga‐scale SoC will require system level techniques for handling the power
dissipation of silicon.

•

Interfacing to the environment: new ways of interfacing with the natural and the man‐made
environment, and in particular more intuitive ways for humans to interact with both technical systems
and each other.
Concerning the second area the following topics identified by ARTEMIS SRA are considered relevant for
SOCRADES purposes:
•

middleware architectures that include certifiable operating systems (micro‐kernels) that can be
distributed and composed, and are able to support dynamic reconfiguration.

•

developing ubiquitous connectivity schemes and networks of Embedded Systems, under the
constraints of minimum power consumption and limited bandwidth.

•

Self‐configuration and self‐organisation of the computational components in order to establish
connectivity and services in a particular application context.

•

Perception techniques for object and event recognition in order to increase intelligence in embedded
systems and make distributed monitoring and control tasks in large‐scale systems possible.
Concerning the third area instead the following topics identified by ARTEMIS SRA are considered relevant
for SOCRADES purposes:
•

the development of specific tools, integrable into the core flow, that address key design problems of
Embedded Systems. These design tools address heterogeneous structures, particularly power efficient
mapping on heterogeneous multiprocessing devices and complex memory hierarchies.

•

The development of the management of the design process that address the complexity issue, product
hierarchy, supply chain, and information flow management.

•

Interoperability between tools and procedures.

•

Open interface standards, at the same time securing the intellectual property rights of the specific tools
developed to support it.

•

methods and tools for systematic traceability of component properties and their attributes, including
safety and dependability, during development and integration.

•

methods and tools for simulation, automatic validation and proving, and virtual Verification and
Validation (V&V).

Moreover, within ARTEMIS SRA some grand challenges have been identified and, in ARTEMIS view, are
needed to be addressed. These Grand Challenges represent very interesting inputs for SOCRADES
Roadmapping purposes. The ARTEMIS Grand Challenges are the following:
•

Embedded system architecture
Development of a generic framework that supports the interoperability of a set of pre‐validated
components while making minimal assumptions about the internal structure of the components.
Embedded System Architecture will address the following research topics:
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Architecture: composability, architectural services, legacy integration.
Timeliness and power: Power‐aware scheduling, Power estimation, Clock Synchronization.
Networking: on‐chip networks, communication primitives, determinism, testability, diagnosis.
•

Systems design
Design methodology and the associated tools for the rigorous design of dynamic embedded applications
out of pre‐validated heterogeneous components. System design will address the following research
topics:
Methodologies and Tools: Automated Software Synthesis; Platform Based Design; Middleware;
Architecture‐aware Compilation; Integrated Design Environments; Virtual Design Analysis.
Modeling: Interdisciplinary Modeling Physical System, Computer system, Control Algorithms;
Parametric optimisation; System Architecture Modeling and languages; Electronic Platform
Modeling; Concurrent Modeling; Performance and resource Models; Multi‐domain Models.

•

Validation
The reduction of the overall effort required to demonstrate that a given quality level of a system service
has been achieved. At present, the effort for validation and certification amounts to a substantial fraction
of the development cost of large embedded applications. Validation will address the following research
topics: Formal Analysis; Modular certification; Test bench for component validation, diagnostic; Safety
case analysis; Failure Modes and Effects Analysis (FMEA).

•

Dependability
The provision of a generic framework that supports secure, reliable and timely system services despite
the accidental failure of system components and the activity of malicious intruders. This requires
technologies for the dynamic reconfiguration of nearly autonomous sub‐systems. Dependability will
address the following research topics:
Security: Intrusion tolerance; low‐cost security; denial of service.
Fault tolerance: fault‐hypothesis for different application domains; transparent fault tolerance;
determinism at all system levels; consistent global state in distributed systems; fault tolerant clock
synchronisation; state aware system design.

•

Communication
The provision of ubiquitous wireless connectivity under the constraints of minimum power
consumption and limited bandwidth. The vision of ambient intelligence depend critically on the
availability of such an information infrastructure. Communication will address the following research
topics: Low Power RF; discovery protocols; autonomous reconfiguration; peer to peer networks;
communication support for standard protocols; multi‐hop sensor networks.

•

Silicon Scaling
To elevate the design abstractions to such a high level that the effective reuse of large and proven
Intellectual Property Blocks can be realised. The key to success in the embedded system market is how to
connect system knowledge with IC knowledge. The following research topics will be addressed: On chip
networks; Power optimised hardware‐software design; application specific micro‐component
architectures, architecture aware compilation.

•

Sensors and Actuators
To the support of huge amounts of input and output data envisaged in the application contexts with
minimal power requirements and fail‐safe operation. A great variety of sensors and actuators are
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necessary for diverse applications. The following research topics will be addressed: Sensors networks;
MEMS technology integration, RFID (radio frequency identification).
•

Man‐Machine Interfaces
To provision of intuitive interfaces that blend naturally into a given environment and that are easy to
use. This requires research into cognitive models and users behaviour. The user has to be assisted to
define his/her own goals rather than to use predefined function calls. Research concerning cognitive
models and user behaviour has to be done to determine the pool of goals that have to be expressed and
to determine scenario dependent dialogue structure.

•

Distributed computing platform
The design situation becomes more complex when functions no longer necessarily exist in a given, self‐
contained and unique piece of hardware, but are distributed over several physical instantiations which
themselves may not have a unique function. In the future, therefore, more and more use will be made of
“soft prototypes”, where advanced modelling and simulation tools take the place of the hardware
prototype. Techniques of device self‐organization are needed to guarantee the devices capabilities to
cooperate. In addition conflict resolution methods have to be applied to solve conflicts between
competing devices. Also middleware technologies must be developed that make the implementation
possible in a distributed fashion.

•

Self‐organizing systems
Systems have to adapt themselves according to environment changes, preferences of the user and
current user goals. Technologies to be considered are: Position awareness, time awareness, discovery
protocols, plan formulation, neural networks, expert systems.

ARTEMIS SRA is an high‐level, strategic roadmap for embedded systems. This roadmap provides many
important concepts that are relevant for SOCRADES perspectives and are taken as inputs for SOCRADES
roadmapping activity.

3.1.2

Manufuture

The Manufuture European Technology Platform was launched in December 2004 in Enschede, the
Netherlands. The Manufuture Technology Platform aims to provide an analysis and methodology leading to
a transformation of European manufacturing industry into a knowledge‐based sector capable of competing
successfully in the globalised marketplace. Manufuture SRA addresses underlying “horizontal” approaches
applicable across a broad spectrum of industries, instead of addressing “vertical” technology‐ or sector‐
specific action plans. Manufuture SRA identifies challenges and future needs on three main topics: products
moving to product/services (extended products), innovating production and innovating research. The
Manufuture SRA is intended as a tool for further action, rather than an implementable roadmap in itself.
The main transition expected by ManuFuture experts concerning manufacturing is shifting from traditional
manufacturing (the three pillars: land, labour and capital) to innovating production (based on capital and
knowledge). In Manufuture SRA, the priorities for maximising added value are outlined linking the
principal drivers of change with a series of “pillars” of activity spanning the short‐ to long‐term timeframe.
The Manufuture SRA identifies the key drivers of change as: Competition, Rapid technology renewal,
Environmental and sustainability issues, Socio‐economic environment, Regulatory climate, Values and
public acceptance.
Then five pillars and their associated enabling technologies have been identified within Manufuture SRA:
“New, high‐ added‐value products and services”, “New business models”, “New manufacturing
engineering”, “Emerging manufacturing science and technologies”, “Transformation of existing RTD and
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educational infrastructures to support world‐class manufacturing, fostering researcher mobility,
multidisciplinary and lifelong learning”.
New business models, New manufacturing engineering and Emerging manufacturing science and
technologies constitute the innovating production area previously mentioned.
Figure 13 represent drivers and pillars. Moreover, a timetable is proposed about the time, when each impact
is expected.

Figure 13 – Industrial transformation reference model for Manufuture SRA [19]
Concerning the first pillar (New, high‐, added‐value products and services) Manufuture SRA stresses that
the provision of product/services and the manufacturing approach have to take into account the whole life
cycle. Moreover, Manufuture SRA highlights the importance of enabling technologies for handle complexity
and ensure continuing access to developments in order to develop new products, achieve faster
manufacturing, or add functionality to existing product concepts. These enabling technologies are for
example: holistic user‐centric design, innovative materials, nanotechnologies, ICT and mechatronics.
Since manufacturing is expected to shift from resource‐based to knowledge‐based, in order to encapsulate
knowledge into products keeping high level of competiveness some enhancement are needed in
manufacturing processes. Hence, in relation to the second pillar (innovating production) four attributes have
been defined for describing future manufacturing, as expected and envisioned by Manufuture experts.
According to Manufuture SRA, innovating manufacturing will be:
• Adaptive manufacturing: responding automatically to changes in the operating environment,
integrating innovative processes, overcoming process limitations, and handling the transfer of
manufacturing know‐how. Adaptive manufacturing focuses on agility and anticipation to permit
flexible, small‐scale production, through integration of affordable intelligent technologies and process
control for optimal efficiency. It includes manufacturing systems and equipment incorporating
automation and robotics, cognitive information processing, signal processing and production control
by high‐speed information and communication systems.
• Digital manufacturing: involving the adoption of planning tools, software and ICT. Modelling and
presentation tools will be used to create a scalable virtual representation of the entire factory
(buildings, resources, machines, etc.). Virtual representation, modelling and simulation bring
dramatic time and cost savings.
• Networked and integrated manufacturing: cross‐company and cross‐country operation. Processes
will be integrated into dynamic, co‐operative manufacturing and value‐adding networks, replacing
conventional linear sequencing of processes.
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•

Knowledge‐based manufacturing: this strives for seamless integration of scientific, technical, and
organisational knowledge from all fields of production. Hence, not only making use of knowledge to
optimise specific production resources and processes, but also capturing that knowledge and
transferring it via knowledge platforms and competence networks to other areas where it can be
employed to advantage. Knowledge from all fields of manufacturing will be integrated from
manufacturing networks down to the individual components of manufacturing systems. There is a
need for more research into modelling and simulation as the means of integrating the inter‐related
aspects.

Moreover, since Innovating production is a complex concept composed of New business models, New
manufacturing engineering and Emerging manufacturing science and technologies, Manufature SRA
identified some relevant features of each of these component that are also interesting for SOCRADES
perspectives.
Concerning New business models, Manufuture SRA stresses that the following trends have characterised
recent years: transition from products to services, reduction of vertical integration in large businesses,
diffusion of intellectual property across company and national borders, increase in the importance of
networks of smaller businesses working in open collaboration to form a value system. Due to these trends
and to continuing globalisation of manufacture there is a need for manufacturing industry to enhance its
business models to identify and exploit new opportunities for maximising value in the product life cycle
and to embrace global change in industry and business structures and their value systems. Moreover in
Manufuture view, manufacturing industry has to embrace innovation and entrepreneurship as the routes to
successful and secure business growth. Finally the importance of networking along the value chain is
stressed since this aspect will bring significant increase in capability, profitability and productivity. Even if
all these features described by Manufuture are quite generic and high‐level they are important for
SOCRADES perspectives since they confirm that technologies and methods studied by SOCRADES will
have relevance for future manufacturing.
In the second component (New manufacturing engineering) several features and characteristic of future
manufacturing are identified by Manufuture and relevant for SOCRADES scope. In Manufuture view the
factory itself has to be approached as a new and complex type of product, having a long life cycle but able
to adapt continuously to the needs and requirements of market. Hence, new complex products and
processes will be developed through efficient reuse of technical/scientific, business and process
knowledge. In Manufuture experts’ vision, the development of future knowledge‐based factories needs
research into adaptive structures and solution. The following features are expected to become necessary:
•

Self‐organisation and self‐optimisation of models and systems

•

Reconfigurable technical systems and integrated processes/systems

•

Technical intelligence in process control systems, with efficient human‐machine interfaces

•

Efficient networking in systems based on standards and open systems architectures

In this context some characteristics of the mainstreams for future development are outlined and presented
here for their relevance for SOCRADES scope:
•

Life‐cycle orientation: factories and their components will be linked in manufacturing networks
extending from engineering to end‐of‐life. Better understanding about how to control, manage and use
the huge amount of data created within and between companies when products are designed and
supported through their life cycle.

•

Product‐integrated knowledge and intelligence: knowledge efficient use in the engineering and
manufacturing aspects of factories, as well as in control and management, offers the way towards
intelligent knowledge‐based manufacturing. This will be obtained through the use and development of
process modelling, on‐line simulation, reasoning, software embedded in mechatronics systems
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integrating sensors and actuators, and cognitive or learning systems. This will give the potential to sell
knowledge as a product or parts of a product in which the knowledge is encapsulated.
•

Product‐integrated services: technical products and manufacturing systems need the support of services
during their life‐cycle. Services can be made globally available by linking manufacturing systems to the
networks of manufacturers, and by incorporating intelligent diagnostic into machines and processes.

•

European standards for manufacturing: this aspect is important for SOCRADES perspectives especially
relating to the impact on integration and interoperation of digital engineering tools. Moreover, it is
stressed that intelligent machines and systems, internal automation and modular design is needed.
Finally to reconfigure systems, standards are required for real‐time digital control and information
management.

•

Windows for manufacturing: this is fundamental for SOCRADES scope and future roadmapping
activity. Indeed, Manufuture SRA highlights the relevance of the development of a European real‐time
platform with defined IT standards. They state that intense research into robotics and flexible
manufacturing will be needed to deliver “plug‐and‐produce” systems.

Manufuture SRA highlights some challenges for industry. One of these challenges is the broad concept of
digital manufacturing engineering, i.e. the use of a engineering and planning tools, software applications
and ICT for efficient and effective integration of new technologies into manufacturing processes. The
implementation of digital manufacturing engineering will support the transition from experienced‐oriented
to knowledge‐based innovation reducing time and costs. Moreover, digital manufacturing engineering will
support transformability/changeability thanks to extensive sue of RTD for implementation of ICT for
control and management of processes, enhancement of human/machine interfaces and integration of
methodologies from different disciplines.
Another challenge for industry is related to Process design, that has to take into consideration the whole
product life cycle as well as the life cycles of individual processes (design, implementation, use, maintenance
and reconfiguration). Reconfigurable manufacturing, where rapid and adaptive design, production and
delivery of highly customized goods is reached, requires improvement in modelling and simulation and
multi‐domain support. Lean, efficient manufacturing, and fundamental challenge for industry, will require
development of intelligent controls and expert systems for its effective implementation.
In order to obtain knowledge‐based systems, Manufuture SRA states that attention must be devoted to the
development of “self‐learning” capability to use experience and histories in processing real‐time data in
order to extrapolate information and to generate new knowledge by proposing different options.
Finally the concept of evolvability is presented in Manufuture SRA, that means going beyond simple re‐
configurability and considers the expected shift from traditional to life‐cycle‐oriented paradigms.
Manufuture SRA is an high‐level, strategic roadmap for manufacturing. Even if aiming slightly different
objectives, this roadmap provides some important concepts and expectation that are relevant for
SOCRADES perspectives. From an application‐oriented perspective, Manufuture SRA supports in
strengthening the evidence that technologies and methods studied by SOCRADES will have relevance for
future manufacturing and suggest some inputs for future development of technologies.

3.1.3

ITEA Technology Roadmap for Software–Intensive Systems

ITEA 2, the successor to ITEA, is a European programme that was set up to strengthen European industry in
this rapidly evolving field. ITEA 2 helps bring together partners from large companies, small and medium
sized enterprises (SMEs), research institutes and universities in strategic projects for pre‐competitive R&D.
The ITEA Technology Roadmap for Software‐Intensive Systems published in May 2004, develops the shared
vision of the technological direction for the programme itself, on the broad topic of Software‐intensive
Systems and Services (SiS). ITEA Roadmap’s focus is on Technology and R&D supporting product
development and market targeting.
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In order to consider the applications of software‐intensive systems, ITEA has identified five broad
Application Domains. These domains cover the market but do not represent market segments, instead they
refer to fields where technology needs to be deployed. The ITEA Application Domains are:
•

Home: all activities that may be required by actors/people/agents in their private environment in order
to exchange information inside and outside the home. (not including nomadic applications)

•

Cyber enterprise: all activities that may be required by a set of people or machines in order to achieve a
common goal (technical or economic) and/or perform a task together, independent of the organizational
and/or geographical location of these people or machines.

•

Nomadic: all activities that may be required by nomadic actors/people/agents away from their home or
workplace and on the move to exchange information and perform corresponding tasks. It also includes
all mobile and transportation applications.

•

Intermediation services & infrastructures: all activities that may be required to support the different
actors/people/agents that need to access and manage networks and network services.

•

Services & software creation: all activities that may be required to help the different
actors/people/agents engaged in designing, implementing, verifying, maintaining and modifying
software‐intensive products, systems or services.

In ITEA Technology Roadmap for Software–Intensive Systems four Technology clusters have been
identified:
•

Content: this cluster deals with signals, data, information, documents and knowledge from capture to
complete processing. Content is whatever is exchanged within the environment of the system or
between systems.

•

Infrastructures & Basic Services: this cluster deals networking and computer structure consisting of
transport mechanisms, protocols, and basic services. Moreover, the network has to be managed
(including security) and maintained.

•

Human‐System Interaction: this cluster deals with the interaction between human beings and the
appliances and systems that support the services. The method of interaction depends on a number of
factors, e.g. the role of the user, the interaction device, the user’s experience and their environment. A
critical factor will be the ease of access for non‐technical users.

•

Engineering: since future systems will be even more dominated by software, engineering and
maintenance process of software‐intensive systems is changing. Embedding software into systems
increases their complexity and the complexity of the engineering process. This cluster explores the
complexity of engineering processes and deals with the creation of end‐to‐end services.

As shown in Table 1 for each cluster some technology categories have been identified by ITEA.
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Table 1 ‐ Tehnology clusters & categories in ITEA Roadmap [20]
Within each cluster, ITEA identified many challenges, some of which are much relevant for SOCRADES
perspectives. Here we list and describe those challenges which we think that are fundamental for
SOCRADES. Also these list of future requirements and needs for research are used as inputs for SOCRADES
roadmapping activity.
Concerning the first technology cluster (“Content”) the following challenges are relevant:
•

Context capturing and management: the digital information captured by sensors often serves a higher
goal, which has to do with capturing, managing and making the location, context or situation available
to enable “awareness” in applications.

•

Efficient analysis of data: intelligent sensors, require algorithms that can work in resource‐constrained
situations (in terms of time, space or power). Large amounts of digital data will be stored and probably
distributed across networked storage systems. Hence it is important to be able to efficiently search across
such large volumes of data, often with unknown structure.

•

Integration of information: dynamic, context‐based aggregation of information is required for future
features. This presents the challenge of integrating information of different types, coming from different
sources, actors, and stored at different locations.

•

Generating knowledge from data: moving towards more intelligent systems, transforming data into
information will become insufficient. Information will need to become knowledge. Self‐organising, self‐
learning distributed systems will be required.
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•

Describe structure and relationship ‐ generic structuring of data: a key step in the transformation of
“data” into “information” is the introduction of the structure. Good structuring should also be generic
(and standardized).

•

Knowledge ‐ semantic data, semantic classification of content: for applications to understand the
“meaning” of each other’s data. Domain‐specific schemas, ontologies, to describe the content and the
relationships between different content objects.

•

Knowledge ‐ virtual/augmented reality: virtual and augmented reality technologies will play an
important role.

•

Organisation – guaranteed integrity of data: content is distributed over various media and shared
between highly interactive users as well as those who communicate in communities. Content will
become accessible within the overall communities but also stay consistent with any concurrent access
that may be occurring.

Concerning the second technology cluster (“Infrastructures & Basic Services”) the following challenges are
relevant:
•

Heterogeneous network interoperability: a key characteristic of pervasive connectivity is the wide
range of different media that are used to transport data. Vertical “handover” between various
heterogeneous networks has to be provided seamlessly.

•

IP (Internet Protocol) everywhere: the need to be able to assign an IP address to any device, including
the smallest sensors and actuators, allowing seamless connections. Moreover, for industrial applications,
it is essential to deliver hard real‐time control and synchronization through the network, using standard
IP protocols.

•

Fully distributed environments: a large networking infrastructure together with a very large number of
computing nodes with an exponentially increasing computing capability will create the prerequisites for
fully distributed environments. This will lead to architectures where intelligence can be located
anywhere.

•

Ambient Intelligence: the convergence of ubiquitous computing, ubiquitous networks and intelligent
user interfaces leads to Ambient Intelligence. This will lead to situations in which the environment is
“aware” of a human presence.

•

Seamless distributes network capabilities: intelligent, self‐adaptive, self‐configurable, self‐managing,
scalable technologies will be needed to build reliable, effective, fault‐tolerant, pro‐active, self‐healing
network infrastructures. Full network plug & play facilities will provide transparent naming and
addressing capabilities.

•

Service coordination: brokering technologies will provide optimum selection of services. In a scenario
of pervasive connectivity, achieving quality of service will require “negotiation” between network
capabilities.

•

Small lightweight devices with long‐life energy source: the growing number of small devices increases
the importance of battery life. Intelligent power management, together with integration of multiple
energy sources, presents challenges for the future devices.

•

Optimising network devices: minimizing resources needed while increasing resources available.
Quality of Service (QoS) techniques are required that either guarantee a certain service level.

•

Dynamic management: different from allocating resources statically. This allows systems to adapt
themselves to their environment.

•

Secure and safe network services: it will need to be generalized and improved to support an
increasingly dynamic aggregation of network services allowing trustworthy traceability of all services,
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data transmission and distributed access control. For industrial processes, there is need for safe services
in addition to secure services (i.e. certain level of determinism guaranteed).
Concerning the third technology cluster (“Human‐System Interaction”) the following challenge is relevant:
•

Seamless and interchangeable HSIs: devices and services with auto‐configurable and interoperable
interfaces, enabling zero configuration and hidden complexity in multidimensional heterogeneous usage
environments.

Concerning the fourth technology cluster (“Engineering”) the following challenges are relevant:
•

Evolutionary systems: systems designed for permanent adaptation. A evolutionary scenario which
provides prepared, controlled and permanently available replacement techniques for service and
application components.

•

Product line engineering: in the software industry, product line engineering will lead to producing the
software of systems families out of a common set of components. Given requirements specification, a
highly customised and optimised product ca be automatically produced on demand from elementary
components by means of configuration information.

•

Hardware/software co‐design: systems engineering will change to become an integrated process od
hardware and software co‐design.

•

Model‐based development: the next generation of development methods will be based on platform‐
independent specification techniques and domain specification and configuration languages.

•

Middleware for next generation networks of autonomous devices: future networks will be
heterogeneous, should be available anytime and anywhere, be accessible from any communication
device, require little or no management overhead, be resilient to failures and attacks and be trustworthy
for all types of communication.

•

Self‐organising software agents: future software paradigms will lead to more and more self‐organising
and self‐configuring software agents instead of components. While component technologies still focus
largely on the combination of features at design time, software agents will show smarter run‐time
behaviour with respect to changing architectures and environments.

•

Integration and interoperation of engineering tools: data management and process support for
multidisciplinary teams, often distributed, require adequate support. It is crucial that integration is not
restricted to software development.

•

Distributed and collaborative engineering: advanced methodologies and process support systems use
work‐load technology to support the collaboration of distributed teams. Special attention should be
taken to support distributed teams, which is complicated by the fact that time and space have to be
spanned.

ITEA Technology Roadmap is focused on Software‐Intensive Systems. Even if aiming slightly different
objectives, this roadmap provides some important inputs and concepts that are relevant for SOCRADES
perspectives. The challenges mentioned above have been taken as starting point for further elaboration and
selection for SOCRADES Roadmap.

3.1.4

Embedded WiSeNts Research Roadmap

The Embedded WiSeNts project was created in September 2004 as a Coordination Action funded by the
European Commission until December 2006 under IST/FP6 to create a series of studies on the state of the art
of Cooperating Objects and to devise a research roadmap that could be used for the definition of future
research programs within the European Commission. With Cooperating Object, Embedded WiSeNts means
entities consisting of sensors, controllers (information processors), or actuators that communicate with each
other and are able to achieve, more or less autonomously, a common goal. Embedded WiSeNts aimed to
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increase the awareness and to find out a vision as well as a roadmap towards wireless sensor networks and
cooperating embedded systems within the academic community and, most importantly, within the
manufacturers of proper technologies as well as potential users community.
Four areas have been studied within Embedded WiSeNts Research Roadmap:
•

Application and Application Scenario

•

Paradigms for Algorithms and Interaction

•

Vertical System Functions

•

System Architecture and Programming Models

Concerning the first area the following applications have been investigated: Control and Automation, Home
and Office, Logistics, Transportation, Environmental Monitoring for Emergency Services, Healthcare,
Security and Surveillance, Tourism, Education and Training.
In this area some general characteristics and requirements of Cooperating Object applications were defined
by Embedded WiSeNts to derive a taxonomy. This taxonomy was used to derive requirements in the other
areas (Paradigms for Algorithms and Interaction, Vertical System Functions, System Architecture and
Programming Models). The main relevant requirements for SOCRADES perspectives are:
•

Autonomy: nodes can be remotely controlled or fully unattended and autonomous. In instances of
applications of the latter class, nodes make autonomous decisions according to the collected information.

•

Context Awareness: some devices or objects may need to have information about the circumstances
under which they operate and can react accordingly.

•

Fault Tolerance: the loss of sensor nodes during operation of the network due to limited power capacity
and challenging operation environment is intrinsic to Cooperating Object applications.

•

Localisation: there are several Cooperating Object applications for target tracking and event detection,
e.g., intrusion, forest fire, etc., that need node and/or target localisation. The most popular positioning
system is GPS (Global Positioning Systems) and it can be used in some applications. However, GPS
cannot be used in all applications. There are also some proposed GPS‐free localisation schemes for
wireless sensor networks, however it is a significant challenging issue yet.

•

Mobility: mobility support for multi hop routing in infrastructure‐less networks is still a challenging
issue. High mobility requirement of the application also affects the design for other characteristics such
as localisation and synchronisation.

•

Networking Infrastructure: Cooperating Object networks can be either infrastructured or infrastructure‐
less (ad hoc). Even in some applications the data can be collected by some mobile nodes when passing by
the source nodes. Having an infrastructure or not mostly depends on the operational area of the
Cooperating Object application.

•

Node Heterogeneity: most of Cooperating Object applications include different types of nodes that have
distinct hardware and software characteristics.

•

Power Awareness: in order to make a system practical for real world scenarios which require long life‐
time, efficient power consumption strategies must be developed. There are lots of researches in the
literature focused on developing more power efficient strategies.

•

Production and Maintenance Cost: depending on the application type, Cooperating Object applications
containing a large number of nodes and aiming at operating for a long time require low production or
low maintenance cost.
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•

Scalability: The number of entities in the application may vary depending on the environment where it
is implemented and on its task. The network should adapt itself to changing node density without
affecting the application performance.

•

Security: ad hoc networking and wireless medium introduce many security flaws which make
Cooperating Object networks open for various types of malicious attacks. Also, there are security risks
on the physical layer of the network.

•

Real‐time/low end‐to‐end delay: End‐to‐end delay requirements are stringent in real‐time applications.
For instance, in a manufacturing automation application actuation signal is required in real‐time.

•

Reliability: End‐to‐end reliability guarantees that the transmitted data is properly received by the
receiving‐end.

Moreover some gaps or challenges have been identified by Embedded WiSeNts. Here we propose only those
which have relevance for SOCRADES perspectives and for SOCRADES roadmapping activity. The gaps
have been grouped into 5 different categories as follows:
•

Hardware: development of the devices that physically constitute networks of Cooperating Objects. The
gaps in this category are: Sensor Calibration, Power Efficiency, Energy Harvesting.

•

Algorithms: functional properties of Cooperating Objects, that is, specific protocols, types of procedures,
etc. The gaps in this category are: Localisation, Context‐aware MAC and Routing, Clustering
Techniques, Data Storage and Search and Motion Planning.

•

Non‐functional Properties: Quality‐of‐Service‐type characteristics. Properties that do not affect the
functionality of the network, but its quality. The gaps in this category are: Scalability, Quality of Service,
Robustness, Security, Heterogeneity and Real‐time.

•

Systems: specific architecture or support for the rest of the system. Normally, systems work at the
individual Cooperating Object level, but have to provide support for networking. The gaps in this
category are: Programming Models and System Integration.

•

Others: this category collects the gaps that do not fit anywhere else or that might be hard to classify
within other categories. The relevant gap for SOCRADES purposes is: Modelling and Analysis.

Here we propose a brief description of each relevant gap:
•

Power Efficiency: power efficiency should be examined from two different points of view: power‐
efficient hardware and power‐efficient software. Current battery technology is able to store enough
power for long hours of discontinued operation, but their capacity is limited by their size. Smaller
devices do not have the batteries yet that would allow them to achieve the lifetime needed for their
continuous operation. On the other hand, power‐efficient algorithms are needed to be able to make
appropriate use of the available power and not to drain the battery without a real need.

•

Energy Harvesting: leverage the use of alternative forms of available energy within the environment in
order to transform it into electrical energy that can be used to power a device partially or totally. In most
cases, solar, mechanical or thermal energy is used as an alternative source.

•

Localisation: Provisioning of localisation information in distributed networks. Localisation can be both a
service offered by the network to the applications (object tracking, mapping, automatic driving, and so
on) and a technique for improvement of the network operation itself.

•

Context‐aware MAC and Routing: a context‐aware system can be defined as a system that can extract,
interpret and use context information and adapt its functionality to the current context of use.

•

Clustering Techniques: a common network architecture of deploying the sensor nodes is to employ
network clustering. Such cluster‐based architecture assigns for each cluster a cluster head that can
usually reach all the nodes in the cluster in one hop. Clustering helps the nodes to minimise the overall
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energy dissipation in the network by allowing only some nodes to take part in the transmission to the
base station. Moreover it also helps to reuse the bandwidth and thus utilises better resource allocation
and improved power control.
•

Data Storage and Search: while collecting sensor data it is crucial to minimise communication cost and
delay for the application tasks. To address this, efficient storage and querying of sensor data are both
critical and challenging issues in systems of cooperating objects.

•

Scalability: scalability is the efficiency of a system performance under varying number of nodes in a
network. The difficulty in running and maintaining the consistency of the whole sensor network brings
up the necessity of a great effort to create scalable solutions.

•

Quality of Service: QoS‐support is generally intended as the ability of the communication system to
guarantee some specific performance parameters. The main difference to traditional wired networking is
that in such systems the network administrator controls the channel because he owns the wire, but
wireless Cooperating Objects operate mostly in a licence‐free wireless band. Cooperating Object systems
extend the concept of QoS by requiring that transmitted data is properly received by the destination,
where the actual meaning of properly depends on the specific application requirement.

•

Robustness: in a Cooperating Object application, devices such as sensors, actuators, etc., should be
resistant to the potentially harsh environmental conditions such as high and/or low temperature, other
RF devices, etc., and should integrate seamlessly in the environment. Moreover, robustness is not only
an issue for node hardware but also for algorithms running on the network.

•

Security: since they will be included in business processes, Cooperating Objects have to be secured in
several ways to ensure their reliable and trustworthy operation.

•

Heterogeneity: the integration of heterogeneous objects with different embedded information
processing and communication capabilities has a huge number of application possibilities. Cooperating
Objects with heterogeneous hardware offer the additional advantage of exploiting the
complementarities and specialisation of each object. Another source of heterogeneity is mobility. For
example, it has been pointed out that the consideration of the interactions between static and mobile
objects in a Wireless Sensor Network is also very interesting for applications.

•

Real‐time: an application, or a process, is said to be a real‐time application when it requires a predictable
temporal behaviour: this means that it requires explicit tasks to be completed before a given deadline.

•

Programming Models: novel high‐level programming models are needed to raise the level of abstraction
from system‐centric programming to application‐centric programming of sensor networks. Such
programming models should enable application‐domain experts to write applications by specifying the
expected behaviour rather than by having to deal with system details.

•

System Integration: in an operational deployment, the Cooperating Object has to be included in a bigger
context of frontend software that can, for example, control or query the Cooperating Object and receives
in turn notifications or answers to the queries. The communication between the Cooperating Object and
the frontend software involves several heterogeneous intermediate systems.

Embedded WiSeNts Research Roadmap is mainly focused on Wireless Sensors Networks and generally
Cooperating Objects. This roadmap provides many important inputs and concepts that are relevant for
SOCRADES perspectives. The challenges mentioned above have been taken as starting point for further
elaboration and selection for SOCRADES Roadmap.

3.1.5

ARTIST Year2 Roadmaps

ARTIST is the Network of Excellence on Embedded Systems Design. The strategic objective of the ARTIST
Network of Excellence is to strengthen European research in Embedded Systems Design, and promote the
emergence of this new multi‐disciplinary area. ARTIST Roadmap, published in May 2004, is a roadmap for
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research in Hard Real Time systems and it presents four main areas: Hard Real‐Time Development
Environments, Component‐based Design and Integration Platforms, Adaptive Real‐Time Systems for
Quality of Service Management, Execution Platform. This roadmap presents a survey of selected topics
important, based on which directions for further work are outlined. Their aim is that it will serve as a guide
to researchers. It assists by providing a survey of existing background work, and by providing directions for
advancing the state‐of‐the‐art. As such, it takes a longer view and has a more speculative approach than a
typical industrial roadmap.
One relevant section of this roadmap is focused on Component‐Based Design. Component‐Based Design is
expected to increase software productivity, by reducing the amount of effort needed to develop, update, and
maintain systems. Where a component is a unit of composition with contractually specified interfaces and
fully explicit context dependencies that can be deployed independently and is subject to third‐party
composition.
Some relevant issues/challenges that have been identified on this topic by ARTIST and are important for
SOCRADES perspectives are described below.
•

Specification of functional and extra‐functional properties of components as part of their interfaces.
In particular, this concerns properties with system‐wide impact, such as memory and resource
consumption, timing, performance, etc. These are typically extra‐functional properties characteristic for
embedded systems.

•

Determination of QoS, timing, and resource properties of components. There are several existing
techniques for this, including measurement, simulation, and static analysis of source code. Each
technique has its advantages and limitations, so they are suitable in different contexts. For software
components of embedded systems a difficult problem is that the results from measurement or
simulation depend on the measurement platform, hardware platform, the particular system
configuration and environment used for the measurements, etc. Such results may not be valid on other
platforms or in other system configurations.

•

Prediction of system properties such as QoS, timing, and resource consumption, from component
properties expressed in component interfaces. Support for this activity can potentially solve many
integration problems early in the development process, and aid in system evolution, e.g., when new
modules are added. The analysis of system properties from component properties is in general an
inherently complex problem; the complexity can be mitigated by more efficient analysis techniques, and
by employing suitable architectures and design principles.

•

Handling heterogeneous system descriptions. The interaction between components of an embedded
system is typically much more extensive than between components in the business processing domain,
where, e.g., interaction via method calls can suffice. Components can execute and communicate
synchronously or asynchronously, sometimes using different timing models. It is not well understood
how to understand systems whose components execute and communicate using different paradigms.

Another relevant section of ARTIST roadmap is focused on Adaptive Real‐Time Systems for Quality of
Management. The main goal for a Quality of Service management layer in an embedded system is to provide
predictability and flexibility for systems and environments where requirements on resources are inherently
unstable and difficult to predict in advance.
Some relevant issues/challenges, that have been identified on this topic by ARTIST and are important for
SOCRADES perspectives, are described below.
•

Overload handling: Predictability in dynamic systems is strictly related to the capability of controlling
the incoming workload to prevent overload conditions. In fact, when the computation exceeds the
processor capabilities, breakdown phenomena may cause abrupt performance degradation.

•

Feedback‐based scheduling: when application tasks or scheduling algorithms have tunable parameters,
finding the most appropriate values is an important issue to optimize QoS performance. In these
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situations, feedback control theory can be used to estimate current workload conditions and perform
proper parameter tuning. Integration of real‐time and control theory just begun to be studied and is a
promising research area.
•

Energy‐aware scheduling: in battery‐powered devices, reducing energy consumption is crucial for
increasing system lifetime. Modern processors can operate at variable voltage levels for trading
performance vs. duration. In real‐time systems, however, decreasing voltage may cause deadline misses;
hence future scheduling algorithms must take voltage into account to meet timing constraints while
minimize energy consumption.

ARTIST (Advanced Real‐Time Systems) Roadmap is roadmap for hard real time systems. Even if aiming
slightly different objectives, this roadmap provides some important concepts and expectation that are
relevant for SOCRADES perspectives.

3.1.6

I*PROMS Summary of Cluster Strategies for Addressing Manufacturing Challenges

The Network of Excellence for Innovative Production Machines and Systems (I*PROMS) is funded under the
EU Sixth Framework Programme. It focuses research on intelligent and adaptive production machines and
systems to realise its vision of the knowledge‐based ‘Autonomous Factory’ for delivering increased
competitiveness for manufacturing in 2020. The roadmap, published in November 2007, presents a summary
of strategies to be followed in order to realise the ʺAutonomous Factoryʺ vision of I*PROMS. The roadmap is
structured in four integrated clusters spanning the whole field of production equipment and technologies.
The four clusters are: Advanced Production Machines (APM), Production Automation and Control (PAC),
Innovative Design Technology (IDT), Production Organisation and Management (POM).
Within Production Automation and Control (PAC) some challenges are interesting for SOCRADES scope:
•

Interoperability, communication and integration with legacy systems: the availability of standards for
interoperability and communication is a crucial factor influencing the further development and
spreading of agent control technology. A further issue connected with interoperability is the capacity of
agent control software to be integrated with low effort within a company legacy system. The vision is to
have agent‐based software which after installation interacts automatically with other company
management systems.

•

Fully autonomous machines: the key challenges are related to the development of self‐repairing
strategies, autonomous capabilities for self‐optimisation, Plug & Play technologies, and the building of
self‐learning machines. These targets require research on mechatronic components with autonomous
capabilities for calibration, prediction, learning and self‐optimization in any process.

•

Automatically adaptable machines: machines, besides being able to detect and react to any deviation,
parameter variation, or internal/external disturbances, will have to adapt their dynamic and mechatronic
properties appropriately to each specific situation. The key challenges are related to the real‐time
optimization of machining, control parameters, and the adjustment of dynamic properties to the specific
requirements at each instant associated risk and difficulties.

•

Fully inter‐collaborative machines: machines will have to interact and collaborate with other machines
and robots. Machines should be able to understand and interact with their surrounding environment,
the manufacturing system’s components that are present in their environment, and should be able to
adapt to new rapid changes in that environment without (or with limited) external assistance.

•

Service‐oriented open architecture adaptive control for RMS: Service‐oriented open architecture
adaptive control for reconfigurable manufacturing systems should be able to adapt quickly, efficiently
and effortlessly to new manufacturing demands. This creates the need for a control platform that will
provide advanced adaptability, reduce cost and support the dynamic reconfiguration of the system.

•

Distributed intelligence in self‐contained module: these components require the implementation of
agent‐based modular architecture control with distributed intelligence. This structure allows the
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development of self‐monitoring components with inherent self‐diagnosis and self‐repair capabilities.
This architecture creates a decentralized control structure that supports scalability at all levels of
abstraction. The development of learning and intelligent methods will enable the intelligent components
and particularly reconfigurable robots to work in unstructured environments with uncertainty.
IPROMS Summary of Cluster Strategies for Addressing Manufacturing Challenges provides some important
concepts and expectation that are relevant for SOCRADES perspectives. From an application‐oriented
perspective, IPROMS supports in strengthening the evidence that technologies and methods studied by
SOCRADES will have relevance for future manufacturing and suggest some inputs for future development
of technologies.

3.1.7 Embedded Systems Roadmap 2002: Vision on technology for the future of
PROGRESS
PROGRESS, PROGram for Research on Embedded Systems & Software, is a programme carried out by
Netherlands Organisation of Scientific Research, Technology Foundation STW and the Dutch Ministry of
Economic Affairs. The roadmap’s objective is obtaining a clear picture of the essential technology
developments for embedded systems and finding the related technology gaps. The scope is restricted to
technologies for embedded systems incorporated into information processing, possibly networked,
embedding systems.
In this roadmap, the first part deals with the expected and desired developments in the major characteristics
of embedded systems. Apart from general aspects that influence embedded systems, interaction and
information processing are seen as the two most important technology areas for embedded systems.
Within this section some important trends and features have been identified and are here proposed for their
relevance for SOCRADES purposes.
The following trends and user needs are related to SOCRADES scope:
•

Intelligence: this will lead to an increase in adaptability of sensors. Where sensors and actuators have
been conceived as analogical devices at the extreme ends of the information processing channel, more
and more data will be processed locally by the increased use of digital techniques. With increasing
intelligence, we will achieve adaptable systems that even reduce the service needs.

•

Service‐oriented: when a service layer is added to smart‐sensors and actuators, it will enable them to be
re‐used in a large diversity. The embedded systems will easily personalise to a changing environment.
The overall system might seem more vulnerable from such a close interactive coupling between the
parts, but intelligent coupling can also serve to detect internal mishaps. In case of need, malfunctioning
will not be catastrophic as either the parts can be re‐programmed or other parts may take over the role.
This will facilitate plug‐and‐play and will on a longer term allow for hot swapping.

•

Industrial design: when more and more sensors are used in ever tinier area networks, as for instance
house‐holds, offices and malls, and the local intelligence grows, the role of interactive communication
will grow to dominate the architecture. As fixed lines are decreasingly affordable and will be replaced
by e.g. short‐range wireless connectivity, the embedded function will not enforce a physical shape for
the product. Form and function become separated, and industrial design will find new degrees of
freedom.

•

Fault‐tolerance: the growing market for sensors and actuators can only be created by a decrease in price.
To simultaneously increase the quality, sensors and actuators should become more fault‐tolerant. On the
other hand, the sensing and actuating plethora will change the architecture from resource‐limited to
quality‐driven. As the idea of ad‐hoc network shows, this is based on a way of redundancy that involves
more than the, in retrospection, primitive N‐version scheme.

•

Integration: the integration is visible at the technology side: ever more electronics, hardware and
software, and sensors and actuators are integrated into one single unit that implements the embedded
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system. Integration with storage of data and database functionality also takes place. Finally, integration
of embedded functionality takes place with other (non‐technical) environments, like clothes, diapers, etc.
Embedded Systems Roadmap 2002 provides some important concepts and expectation that are relevant for
SOCRADES perspectives. The challenges mentioned above have been taken as starting point for further
elaboration and selection for SOCRADES Roadmap.

3.1.8

Enterprise Interoperability Research Roadmap

In autumn 2005, the European Commission launched the definition of a research roadmap in the domain of
Enterprise Interoperability. The Roadmap was intended to be an input to the European Union’s 7th Research
Framework Programme (FP7, 2007‐2013) consultation process. In January 2006, the Commission broadened
the Enterprise Interoperability roadmapping to all interested stakeholders in Enterprise Interoperability
research. The final version of the Roadmap is meant to be a roadmap by all interested stakeholders, for all
interested stakeholders. The main objective of the Enterprise Interoperability Research Roadmap is to
identify the main areas of research in the domain of Enterprise Interoperability. Research is by its nature
speculative and open‐ended. Specifically, in conformance with its objectives, this Roadmap targets
breakthrough research for stimulating and catalysing business innovation.
In this Roadmap four relevant Grand Challenges concerning Interoperability have been identified. The
following ones are considered relevant within SOCRADES scope:
•

Interoperability Service Utility: denote the overall system that provides enterprise interoperability as a
utility‐like capability. That system comprises a common set of services for delivering basic
interoperability to enterprises, independent of particular IT solution deployment. The utility metaphor is
to indicate that enterprises should be able to expect and afford basic, interoperable IT as a critical
infrastructure for operation, just as water, electricity, and indeed the Internet and the Web.

•

Future Internet and Enterprise Systems: this Grand Challenge is about researching new Web
technologies for Enterprise Interoperability. It seeks to apply the concepts, technologies and solutions
flowing from developments in Web technology to address the problems of Enterprise Interoperability.

Enterprise Interoperability Research Roadmap is an high‐level roadmap. Even if aiming slightly different
objectives, this roadmap provides some important concepts and expectation that are relevant for
SOCRADES perspectives.

3.1.9

HIPEAC (High-Performance Embedded Architecture and Compilation Roadmap)

HiPEAC, the High‐Performance Embedded Architecture and Compilation Network of Excellence, was
funded by the 6th European Framework Programme (FP6). The HiPEAC roadmap is a research roadmap on
high‐performance embedded architecture and compilation. In total 55 key challenges organized in 10 themes
are listed in this roadmap. The list of challenges can serve as a valuable source of reference for researchers
active in the field and it can help companies building their own R&D roadmap.
The roadmap is structured around 10 themes: (i) single core architecture, (ii) multi‐core architecture, (iii)
interconnection networks, (iv) programming models and tools, (v) compilation, (vi) run‐time systems, (vii)
benchmarking, (viii) simulation and system modelling, (ix) reconfigurable computing, and (x) real‐time
systems. Per theme, a list of challenges is identified.
Among some of these themes several challenges, that are relevant for SOCRADES perspectives, have been
identified. Challenges particularly relevant within SOCRADES scope are in the following themes: single core
architecture, multi‐core architecture, interconnection networks, run‐time systems.
In theme “single core architecture” we highlight the following challenges:
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•

Power Management: novel techniques will be needed to manage both dynamic and static power
consumption in single cores. If not, it is expected that future architectural designs will be more and more
constrained by leakage power consumption.

•

Reliability and Fault Tolerance: electronic circuit reliability is decreasing as CMOS technology scales to
smaller feature sizes. Single event upsets will soon become a common phenomenon instead of being
extremely rare. Furthermore, permanent faults can occur due to device fatigue and other reasons.
Functionality must be added to the cores that allow them to operate in the presence of transient and
permanent faults perhaps with degraded performance.

•

Security: by putting multiple cores on one chip, security is getting increasingly important for single
cores. Hardware protection mechanisms are needed to help the software staying secure and to prevent
against on‐chip attacks like denial‐of‐service attacks against cores, the exploitation of hidden channels
leaking information between cores, etc.

In theme “multi‐core architecture” we highlight the following challenge:
•

Hardware Support for Heterogeneity: multiple heterogeneous cores have their own design complexity
issues, as special‐purpose cores have significant impact on the memory hierarchy of the system, and
require specially designed communication protocols for fast data exchange among them.

In theme “interconnection networks” we highlight the following challenge:
•

Interconnect Performance and Interfaces: Increasing levels of functionality and integration are pushing
the size and the performance requirements of future embedded systems to unprecedented levels.
Networks‐on‐chips will need to provide the necessary throughput at the lowest possible latency. Besides
implementation technology innovations, important research areas include the long‐standing, deep and
difficult problems of interconnection network architecture: lossless flow control and congestion
management.

•

Interconnect Power Consumption and Management: meeting the required interconnect performance at
the lowest power consumption is becoming increasingly important as the technology moves into the
nanometer scale. Power consumption is affected by many interconnect design parameters such as
implementation technology, link driver design, network topology, congestion and buffer management.

•

Quality of Service: Embedded systems are often real‐time systems, and in these cases, the
interconnection network has to provide guarantees in communication parameters such as bandwidth
and latency. Predicable interconnect behaviour is cornerstone to providing these guarantees, and
Quality of Service (QoS) differentiation can be the vehicle towards this goal.

•

Protection and Security: the increase in the number of nodes, the need for programmability and
extensibility, and the ever‐increasing complexity are creating the need for support of protected
operation. This functionality can be implemented in the network interfaces but is an integral part of and
has to be designed in coordination with the overall system‐level protection architecture. The system also
needs modularity to support virtualization features.

Finally in theme “run‐time systems” we highlight the following challenge:
•

Power Aware Run‐Time Systems: allocation of resources should take energy efficiency into account, for
example the fair allocation of battery resources rather than just CPU time.

•

Fault Tolerance: providing new levels of fault tolerance and security in an increasingly networked
embedded world by taking advantage of large degrees of replication and by designing fence
mechanisms in the system itself (as opposed at the application level). Moreover, besides providing novel
techniques that will increase system reliability and security, research should consider methods for
allowing users/programmers to specify their intentions in this domain. Self‐diagnosis mechanisms
should detect and repair defective components while maintaining the system operation.
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•

Seamless Interoperability: due to the very nature of embedded applications many existent embedded
devices are wired or wireless connected. Mobility suggests support for wireless connectivity, and in the
future the majority of the embedded systems platform will have a connection either with other similar
devices or with bigger infrastructures, gaining enhanced new capabilities using the networks. The
challenge towards this goal is the seamless functional integration of different communication media and
methods, and the automatic adaptation to network performance both at the level of interconnect
management as well as the application behaviour.

HiPEAC roadmap is a research roadmap on high‐performance embedded architecture and compilation
provides several important concepts and expectation that are relevant for SOCRADES perspectives. The
challenges mentioned above have been taken as starting point for further elaboration and selection for
SOCRADES roadmapping activity.

3.1.10

CONET

CONET, the Cooperating Objects Network of Excellence, is a EU‐funded project under ICT, Framework 7.
The CONET project started on June 1st, 2008 and has a duration of 4 years, with a total funding of 4 Mio.
EUR. The CONET Consortium is working on building a strong Community in the area of Cooperating
Objects including research, public sector and industry partners from the areas of embedded systems,
pervasive computing and wireless sensor networks. Following with the work done as part of the Embedded
WiSeNts project, the Cooperating Objects Network of Excellence will update every year its CONET Research
Roadmap in order to keep it up to date with the latest research. Companies like SAP and Schneider Electric
(among others) lead this effort and participate very strongly in the process of updating the roadmap.
The Research Roadmap on Cooperating Objects is a research roadmap that puts together a series of highly
dynamic and multi‐disciplinary areas that cover aspects of both hardware and software, as well as their
integration into functioning systems that work in the real world. Several applications are considered in
CONET Roadmap such as Industrial Building and Automation, Energy, Transportation, Environmental
Monitoring, Healthcare & assisted living, and Security.
Within these application domain several research topics have been identified and analyzed. Some of them
can be taken as starting point for further elaboration and selection for SOCRADES roadmapping activity.
Under section Hardware: “Development of energy efficiency hardware”, “Energy Harvesting Techniques”
are relevant in SOCRADES scope. Moreover under section Algorithms of CONET Roadmap, “cost‐effective
localization mechanisms”, “data processing techniques for large and heterogeneous networks” are other
relevant SOCRADES‐related research topics. Under section Non‐functional properties: “scalability”,
“reliability/robustness”, “mobility”, and “security” are surely relevant in SOCRADES scope. Under System
section: “Support for real‐time operation”, Self‐optimization”, “adaptive systems with cross‐layer support”.
All these are interesting inputs for the SOCRADES roadmapping procedure and support the consolidation of
its results.

3.1.11

IWG on Manufacturing R&D - Manufacturing the Future

The Interagency Working Group (IWG) on Manufacturing Research and Development (R&D) serves as a
forum within the NSTC (National Science and Technology Council of USA) Committee on Technology for
developing consensus and resolving issues associated with manufacturing R&D policy, programs, and
budget guidance and direction. The chartered goal of the IWG on Manufacturing R&D, which was formed in
2004, is to identify and integrate requirements, conduct joint program planning, and develop joint strategies
for the manufacturing R&D programs conducted by the Federal government. This report of the IWG on
Manufacturing R&D outlines three areas of opportunity for manufacturing R&D and describes critical
manufacturing technology issues that need to be addressed in each area in order to make progress. The
report also describes Federal activities in the three areas and current and planned collaborative efforts.
Finally, the report provides an overview of important cross‐cutting issues that affect R&D for all three areas.
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The IWG has identified four technical areas for R&D that pose significant challenges. Among these two are
relevant for SCORDES scope: “Intelligent systems for manufacturing processes and equipment”, and
“Automated integration of manufacturing software”. The first one highlights the industrial need for creating
production systems that are able to (1) know and communicate their capabilities, condition, and operational
status, to (2) continually monitor, diagnose, and optimize all essential process parameters and their own
performance (3) perform self‐calibration and predict preventive maintenance tasks (4) to know the quality of
their work and can take steps to improve it, to (5) to flexibly build many variations of products in small,
mixed quantities, (6) to be energy efficient and environmentally friendly. All these features are considered
relevant for SOCRADES Roadmapping activity as industrial needs perspective. With regards to the
challenge “Automated integration of manufacturing software”, SOCRADES is deeply involved in this kind
of research topic since it is based on the Semantic Web as promise to produce significant benefits for
manufacturing. In the report two issues are described in from of questions: what types of interface
standards, modeling tools, and test methods will be needed tomorrow to capture and exchange the
semantics that computer programs will use? Second, what types of standards, tools, tests, and methods are
needed by manufacturers to instill today’s technology with at least the beginnings of these semantic
capabilities? These challenges are also taken into consideration in the SOCRADES Roadmapping activity
since they represent the objective that could be worth to address with SOCRADES technologies.

3.1.12

MESA International - SOA in Manufacturing Guidebook

MESA promotes the exchange of best practices, strategies and innovation in managing manufacturing
operations and in achieving plant‐floor execution excellence. MESA’s industry events, symposiums, and
publications help manufacturers, systems integrators and vendors achieve manufacturing leadership by
deploying practical solutions that combine information, business, manufacturing and supply chain processes
and technologies.
SOA in Manufacturing Guidebook discusses the current business drivers and trends in manufacturing
industries, and explores how those drivers and trends are causing companies to re‐think their IT
architecture. The paper introduces SOA and its different components. It also discusses the new tools that are
available to help companies realize the benefits of SOA. There are different means to accomplish SOA
depending on the technology and development platform chosen.
This document does not specifically address research need in the context of SOA Industrial Automation;
nonetheless it is much relevant for SOCRADES Scope since it address industrial need from Mnaufacturing
perspective looking at SOA (mainly at higher levels than device level as in SOCRADES) as an approach to
tackle requirements such as Flexibility, Agility and Responsiveness.

3.1.13

Mantys Next Generation Machine Tools Technological Roadmap

This work is the final result of one the working groups the Mantys network. During its activity MANTYS
has overcome several Foresight Studies, related to manufacturing industry considering technology, markets,
and business models. One of this works was Next Generation Machine Tools foresight study, whose main
objective was to establish the scenario of the machine‐tool in the horizon of 2015. Several very significant
fields are analyzed in Mantys Rooadmap such as: “Precision, on‐time measuring”, “Reliability”, “Real
supply‐chain integration”, “Delocalization of manufacturing”, “New opportunities for the agile enterprise”,
“New techniques for design”. Moreover the main three topics elaborated by Mantys consortium are
completely relevant for SOCRADES Scope: “Competitive machines: reliable, precise and Intelligent”,
“Productive machines”, “Distributed manufacturing”. In particular the first and the third one have been
considered as interesting input for SOCRADES Roadmapping activity.

3.1.14

VTT - Sensor Networks Roadmap

The purpose of this report is to give a vision of the future with regard to research topics in the field of sensor
networks. This roadmap is a result of the WiseNet KTA project conducted during 2006. Many knowledge
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centres and researchers have contributed to the document. Similarly to Embedded WiSeNts Research
Roadmap, VTT ‐ Sensor Networks Roadmap is mainly focused on Wireless Sensors Networks. This
roadmap provides many important inputs and concepts that are relevant for SOCRADES perspectives.
Among all “Methodology and tools for sensor network engineering”, and “Minimum maintenance sensor
nodes” are challenges outline in VTT ‐ Sensor Networks Roadmap that have been taken as starting point for
further elaboration and selection for SOCRADES Roadmap.

3.1.15

Service-Oriented Computing Research Roadmap

This document provides the necessary background for deciding on potential future research programmes in
Service Oriented Computing and places on‐going research activities and projects in the broader context of a
Service Oriented Computing Roadmap. This research roadmap launches four pivotal, inherently related,
research themes to Service Oriented Computing: service foundations, service composition, service
management and monitoring and service‐oriented engineering. Some challenges in the context of Service
foundation are relevant for SOCRADES scope such as “Dynamically (re‐)configurable run‐time
architectures”, “Dynamic connectivity capabilities”, “Infrastructure support for application integration”,
“Enhanced service discovery”. Under Service composition instead the following provided input to
SOCRADES Roadmapping Activity: “Adaptive and emergent service compositions”, “Autonomic
composition of services”, “Business‐driven automated compositions”. Instead in service management and
monitoring, the various Self‐x features outlined in the roadmap are relevant for SOCRADES domain. Finally
in service‐oriented engineering section of the Service‐Oriented Computing Research Roadmap, “Design
principles for engineering service applications”, and “Service Governance” are considered as input for
SOCRADES Activity.
This document addresses particularly Service‐oriented Compputing from a more general point of view (not
only device‐oriented point of view); however several interesting inputs are taken for the development of the
roadmapping activity in SOCRADES.

3.2

Positioning of SOCRADES roadmap

Before analysing the roadmaps presented above, in this section we clarify differences in objectives and
scopes among all roadmaps considered. This exercise is useful to better understand the present state‐of‐art of
Roadmaps available on SOCRADES Technologies. Moreover, we define and present the relative position
that SOCRADES Roadmap will have in comparison to other roadmaps.
Two drivers that can be considered in order to classify the roadmaps review are Orientation and Strategic
Level.
•

Orientation: with this driver we refer to the type of scope adopted by each roadmap. This can be
basically based on technology or on application. This is not a sound differentiation since some roadmaps
can be considered a mix of the two approaches. However it should be useful for the reader to
understand what is the prevalent orientation of each roadmap in order to better identify its scope and
purpose.
We refer to a roadmap as Application oriented when it is interested in deriving new research approaches
and tools to solve relevant issues related to the specific application to which it is concerned
(Manufacturing industry, process industry, Home automation, Health care, etc.). Selected a single
application all the main relevant technologies that can support its development are considered and
investigated. For example Manufuture Roadmap can be considered Application Oriented.
Instead we call a Technology oriented Roadmap when its aim is to outline future research needed in one
or multiple referred technology areas. Hence the stress is more how and which technologies can enable
future applications, instead of deriving from future expected applications which specific technologies
are needed. Future research on certain technology areas will have then multiple applications impacts
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(Research on embedded systems can have impact on manufacturing, health care, etc.). For example
Artemis Roadmap can be considered Technology Oriented.
•

Strategic Level: this driver depends on the time‐frame and on the expected impact level of the roadmap.
The more strategic is a roadmap the more long‐term and impactful. On the other hand, the more
strategic is a roadmap the less the challenges arisen are quickly and easily solved. Usually, High
strategic roadmaps present visions and future broad streams of research that will be mainly carried out
in long term. Instead, Low strategic level roadmaps typically present a list of detailed research
challenges needed to solve specific problems already available. The latter is usually achievable in shot‐
mid term.

Consider these drivers the following figure can be derived. We put on x axis the “Strategic Level” and on y
axis the “Orientation”. Note that the driver “Orientation” is not meant to be represented on an oriented axis.
Since it is only a tool for classification instead of a tool for measurement. Following the analysis conducted
Figure 14 can be derived.

Figure 14 – Positioning of SOCRADES Roadmap
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4

Identification of Expected Features of Technology Areas

Before addressing the specific features of each Technology Area identified in section 2, we review the main
generic features of SOCRADES approach for the reader convenience (more information can be found in D6.6
and other projects Deliverables). These should be considered as the founding characteristics that
transversally identify SOCRADES approach.
•

Loose‐coupling: SOCRADES approach on industrial automation systems is characterized by loosely‐
coupled communication. Indeed, relationships among components (devices) are not implemented
through strong communication connections. Devices instead cooperate through messages in an
asynchronous and autonomous manner.

•

Modularization of systems: in a SOA‐based automation system each component can be seen as an
independent module that provides its functionalities through a set of services. Therefore, control
does not need to be programmed on the overall system but can be done for each module, without
considering the context in which it will be included.

•

Distribution of control: SOCRADES approach allows distribution of control beyond the level of
“clustered machines”, enabling control to be distributed down to the single machine level.

•

Common communication protocol: SOCRADES approach adopts the SOA paradigm as the unique
communication architecture. This facilitates communication and interaction among heterogeneous
components of the production system and leads to three specific sub‐features:
o

Vertical integration from low level (devices) to high level (enterprise systems):
communication among components that are position at different levels of the traditional
hierarchy in production systems is inherently supported.

o

Cross‐company (supply chain) seamless integration: SOA as a common paradigm allows
seamless collaboration among different elements of the supply chain.

o

Real‐time monitoring: through implementation of the SOCRADES approach, real‐time
monitoring of devices that compose the production system can be obtained. Enterprise
systems can have real‐time view on the status of the production.

These features are quite generic and can be valid for multiple technology areas identified within SOCRADES
Roadmapping activity.
In order to go more into details in the analysis of the next research steps needed in SOCRADES scope, this
section provides the analysis of the main TAs addressing the their expected future requirements. By setting
out this comparison between present and expected future features, the impact of SOCRADES project is
stressed. This section of the Roadmap focuses on the four technology areas of SOCRADES (see section 2):
1.

Service Oriented Architecture

2.

Wireless Sensor/actuator Networking Infrastructure

3.

Enterprise Integration

4.

System engineering & management

As result of the initial questionnaire on exploitation (refer to deliverable D10.1a “1st release of Exploitation
Plan”) Figure 15 shows the expectations of the partners (notice that in the picture the previous definition are
used for “Service‐oriented Architectures”=“Ad‐hoc networking services platform” and “Enterprise
Integration”=“Service‐centric infrastructure” Areas).
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Figure 15 ‐ Expectations among long‐term usage of SOCRADES technologies
These results were somehow confirmed by the second survey carried out between April and September 2009
in order to prioritize the EFTAs identified (see section 5). In this survey participants were also asked to
indicate in which Technology Area (among the four presented) research effort should be focused in order to
better support future industrial automation systems. Respondent had to answer through a set of pair wise
comparisons (following AHP method, described in section 5). Through the pair wise comparisons a weight
for each Technology Area was derived for each respondent. Based on these weights a ranking was obtained.
The results are synthetically presented in (for more details please refer to section 5).

Figure 16 – Ranking of Technology Areas from SOCRADES Roadmapping survey
From the survey it appears that Enterprise Integration and Systems Engineering & Management are seen as
the Technology Areas where most effort needs to be put. This does not mean the SOA and WSAN are less
important but that for respondents at this point of time, the priority is Systems engineering tools and
Integration with Enterprise Systems for the implementation in real‐case industrial environment.
In the next sections, for each of the four Technology Areas (TAs) considered, the Expected Features (EFs) on
a time horizon of about 10 years (referring to 2015‐2020) are illustrated.
We consider the following definition of EFTA (Expected Features of Technology Areas): “An Expected
Features of Technology Areas (EFTA) is a relevant technology characteristic related to each specific
Technology Area that is expected to become available in the future (approx. 10 years)”
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In the roadmapping activity several research issues has been analysed and discussed. From the research
conducted 59 Expected Features of Technology Areas (EFTAs) have been identified. They are distributed in
the specific Technology Areas in the following way (see Figure 17):
1) Service‐oriented Architecture: 19 EFTAs;
2) Wireless sensor/actuator networking infrastructure: 21 EFTAs;
3) Enterprise Integration: 7 EFTAs;
4) System engineering & management: 12 EFTAs.

Figure 17 – Distribution of EFTAs among Technology Areas

4.1

Service Oriented Architecture EFs

As said an important feature is related to “Loose Coupling”: without presence of “heavy” links, that means
no need for re‐programming, etc. Obviously, this is a key feature in order to create a SOA. Nevertheless
since “Loose Coupling” is an implicit and fundamental characteristic of SOAs, it is not considered to be a
proper EFTA (Expected Features of Technology Area).
Following, the Expected Features (EFs) for the Service‐oriented Architecture Technology Area (TA) are
described, with a focus on the current state and on the relevance of each specific EFTA.
1.

Orchestration: the practice of sequencing and synchronizing the 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 Web Service interface for the composed process. Even if this is more a technique than a
feature it has to be considered a relevant element since it represents a key enabling technique, in
order
to
implement
and
adopt
an
efficient
and
effective
SOA.
The nature of orchestration makes it to be self‐evolving: i.e. the orchestration can adapt itself to the
requirements of the system in terms of number of services to be orchestrated and ways of
orchestrating them. The issues of scalability, dynamicity, etc. could be addressed with the current
concept. However in the future optimization of the orchestration process may increase its
complexity; this is due to the increasing number of dimensions of systems
(so
increasing
number
of
orchestrations,
dynamicity,
scalability,
etc.).
Finally the increase of features to today orchestration is expected in the next future.

2.

Decision Support System: since Orchestration by itself can not solve every problem arising during
the operation of the system, a DSS is expected to increase, even more than now, its importance in the
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system. Some issues can be handled locally at the lower levels (through orchestration), but by
implementing all functions in same level could neutralise the flexibility of the system, so external
DSS implemented with MES, Expert Systems, MAS etc are expected to become necessary to address
complexity and reconfigurability. A relevant sub‐objective that is worth being mentioned is the
following:
•

3.

Real‐Time Scheduling: as flexible scheduling becomes more prevalent, so the impact on the
program structure will increase and the need to develop language abstractions which allow
interactions with the scheduler will become a driving force (for example, alternative modules
or optional components).

Context‐aware services: this is the capacity of services being aware of devices, of factors such as
service location or service state and in general of their environment and reacting to it by adapting
their functionality e.g. customize their offered services. Semantic description of services and
ontology for equipment etc. should be the proper tools in order to describe context, however the
present state of the art does not fully address how the implementation should be carried out, since
the main limits are:
•

No language to describe context

•

No ability to make context composition

4.

Lean data generation and processing: in order to obtain efficiency through the utilization of SOA,
methods and tools are needed for data structuring and handling inside each machine (sensors,
electrical signals, etc). This is a feature related to devices wrapped into services; machine developers
have to decide how they want to expose their specific data in order to be used by DPWS and,
therefore, to be exposed externally as particular service attributes. Moreover during machine
composition, management and aggregation of devices’ data will need to be addressed carefully. In
order to dynamically extract useful knowledge only and master increasing complexity particular
attention to this topic should be paid. This will enable the control of more complex and dynamic
processes.

5.

Standardization of basic functionalities provided by services: in the future standardization of basic
functionalities should be developed. A further step is the evolution of standardization in different
domains and cross‐domain. Communication technologies are pretty much standardized (XML,
SOAP, OWL‐S, etc.) and every time there are new initiatives by interest groups that propose the
evolution of these technologies. However this is not the same for standardization of basic
functionalities provided by services. A separation between the standardization of the
communication technologies and the standardization of basic functionalities provided by services is
needed. From the latter group of standardization many improvements and supplements are
expected in the future. UDDI repository can be considered a starting point, it represents service
functionalities even if not to a great degree.

6.

Common Language: since a principal requirement for this infrastructure is that it should be loose‐
coupling, in order to accommodate to the highly dynamic environment created in RMS, a common
language is needed. The protocol should be at least XML‐based (better DPWS‐compliant) and
support OWL mark‐up in order to enhance it with explicit semantics. The aim is to have a common
basis for seamless operation of standard functions such as discovery, description, addressing,
invocation etc.

7.

Choreography: 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
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process through a particular service interface. So choreography is related to Peer‐2‐Peer interaction,
between two services according to a law. Examples of choreography include the preconditions set
needed for executing a subsequent service: if a device recognizes only certain type of data as an
input, then the incoming data must be conditioned before it is provided to such device. The
evolution could be about the complexity due to the increasing dimension of systems (so increasing
number of choreographies, dynamicity, scalability, etc.). And then the addition of features to today
choreography.
8.

Chronology‐aware Service Composition: since time is not yet represented in the description of
service before composing services, duration of the composed service could not be known.
Methodology to infer composed times (capacity) of execution of two (or more as an expected
evolution) services with time properties is expected to become relevant.

9.

Knowledge processing and reasoning: when ontologies that contradict each other are used, there
could be potentially catastrophic consequences for inference results. Suitable technologies for
knowledge processing and reasoning for embedded systems need to be further researched. The issue
is ontologies reconciliation for agent systems, especially at run‐time (since Technology for ontologies
reconciliation exists but not for the adoption at run‐time). It is very complex to achieve reconciliation
of ontologies since a suitable tool may require a considerable amount of computational resources,
which are not available in embedded systems. An example of techniques for reconciliation of
ontologies is “sampling inference”; but it does also require good computational resources. Since
ontologies for agents and products must be created, a short time solution for avoiding contradictions
between ontologies is to try to provide guidelines for their creation (i.e. limit the number of
ontologies contradictions). However this doesn’t avoid the potential issue of a need for
reconciliation technologies in the future.

10. Large and complex: increasing size involves increasing also the number of services and number of
interactions. With a grater number of nodes and links the overall complexity of the system increases
implying issues in managing the system.
11. Run‐time behaviour of a SOA: the model of concurrency is the core component of a real‐time
program. Processes facilitate parallel execution, the placement of timing specification and the
handling of faults. Whilst the concurrency model (often called Ravenscar) of high‐integrity systems
is now well understood and has found representation in subsets of languages like Ada and Java, the
model is conservative. There is a need for more expressive subsets. Choreography could help to
solve the concurrency problem in a very primitive way by establishing preconditions; however, this
cannot guarantee the proper behaviour of system in some situations. It should be taken into
consideration that, as mentioned for scheduling problems, some issues can be solved locally (e.g.
where goal is to handle concurrency), others at higher levels, where more knowledge of the system
is located (e.g. where goal is to optimize performance). Present state of the art is not enough, further
solutions for handling concurrency, embodying multiple levels of abstraction, are needed to be
researched.
A relevant subtopic of this EFTA is:
•

Prediction of specifications: the ability of performing an analysis in order to predict how
specification will evolve, during the run time behaviour of the system. This sub‐EFTA is also
important since in the future changes in specification will be more unpredictable;
complexity and dimension of systems of services may increase the number of changes and
so the difficulty in predicting changes. Services can appear/disappear/change at run‐time
and processes using such services must be able to take notice and to reconfigure the process.

12. Localization of functionalities: this feature will be much important in the future. In a distributed
system it is fundamental to have tools and methods for efficient service localization in highly
distributed environment. Otherwise these functionalities could not be reached whenever required.
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These methods could be considered more an Expected Feature of the application controlling the
system in the factory floor and of higher‐level platforms than an EF of the SOA. However this EFTA
is essential for a distributed system, as SOCRADES, and it has a strong impact on the performances
of a SOA‐based system (a way to reach this EFTA should be to use Clustering technique for
localization).
13. Intellectual Protection: Another concern for systems that facilitate interoperability by openly
sharing knowledge is that of Intellectual Property (IP) protection and IP interfaces. Through
SOCRADES architecture, IP should be guaranteed since only the service is seen, not how the service
is furnished (the data measured not how the measure is provided), however improvements are
expected.
14. Dynamically Deployment of Services: the dynamic deployment of a web service is an important
issue to be solved. In the present state of art this can not be done. Following the dynamically
deployment of web service should represent a key solution to reach and improve orchestration and
choreography.
15. Legacy Integration: nowadays existing automation systems are not designed to be interoperable.
However it is unlikely that most of the systems will be replaced to be SOA‐compliant in the next
years, since this could result in an expensive investment. Hence, it will be important to support the
transition from previous approach to SOA approach. Integration of existing systems (i.e. legacy
systems) into SOA paradigm will be required; this could be done through mediators or similar
components that provide an interface between previous systems and Service‐Oriented Architecture.
Hence, legacy integration will be relevant in order to spread the SOA paradigm, since it will be
possible to apply SOA paradigm, without having to replace the complete automation systems in an
industrial environment.
16. Methodology to apply SOA in automation: definition of a methodology that enables application of
SOA paradigm to automation domain is important and it is still missing. This methodology should
be flexible enough to be applied to different domain and in different context. Moreover, links with
appropriate engineering tools should be considered in order to deliver a complete tool to the end‐
user. It is expected that the implementation of SOA paradigm at device level depending on specific
needs and requirements (in terms of automation, information exchanging etc.) will be tackled.
17. Dynamic behaviour: complex systems made of several autonomous components will determine
increase the dynamicity of the behaviour of the system itself. This will require to be appropriately
handled by the infrastructure. Dynamicity in complex and large‐scale systems is extremely critical
for real case applications.
18. Standardization: standardization process is on going (e.g. DPWS, OPC_UA, DPUA). This activity is
fundamental in order to diffuse SOA paradigm and approach. Hence this activity will proceed in the
future. The expectation is that automation engineers will have a common standard to develop
applications and use basic components in their specific domains.
19. Link to physical world: cyber physical systems, bring SOA approach to physical devices. This is the
aim of SOCRADES. Still research need is required to tackle implementation issues in real
environment.

4.2

Wireless Sensor/actuator Networking Infrastructure EFs

In this paragraph the Expected Features (EFs) for the Wireless Sensor/Actuator Networking Infrastructure
Technology Area (TA) are described, with a focus on the current state and on the relevance of each specific
EFTA.
1.

Quality of Service: This is a macro‐EFTA which includes a list of relevant EFTAs
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•

Real‐time service: Discrete manufacturing requires data sampling rates in the millisecond
range, motion control even in the sub‐millisecond range, while process control applications
are satisfied with hundreds of milliseconds. These are challenges to current WSANs as,
firstly, wireless links by nature are less stable than wired ones and, secondly, such real‐time
requirements imply a higher degree of energy consumption than non‐real‐time ‐ and energy
is a very limited resource. WSANs currently don’t meet the hard real‐time requirements of
motion control and discrete manufacturing while those for Process Automation are within
reach. However, minimization of delays needs to be tackled; this may be done through
performance improvements of software and hardware and also through change in the
generic approach used to send data (event‐based or time‐based, see EFTA No. 5 of this
section “Enhanced Efficient Data Processing”)

•

Determinism: this is related to the reliable delivery of data packets with a guaranteed
(mainly maximum) delay within a WSAN. As the wireless medium is an open one and
subject to inference by machines or other wireless networks, this requirement is difficult to
fulfil especially for hard real‐time applications in discrete manufacturing or motion control.
The WSN needs to be resilient against node and link failures. Therefore redundant nodes
and algorithms are needed.

•

Reliability of sensors: in particular concerning the integration of support for dependability
and real‐time, continues to be an important research topic (both from a timing specification
and scheduling perspective). Now that the low‐level mechanisms for asynchronous transfer
of control, budget timers and processing groups are understood, the time is ripe to re‐
consider the high‐level abstractions that can provide a better integration for reliable real‐
time atomic actions and their introduction into high‐integrity applications. High‐level
dependability mechanisms (including application‐level ones) are complementing low‐level
mechanisms such that the distributed application running on the sensor network as a whole
exhibits reliable/dependable behaviour even if parts of the HW/network fail. This can be for
instance be achieved by reassignment/relocation of important tasks to other nodes.

•

Efficient communication: this is important in order to avoid energy wasting. Energy use is
linked to frequency of communication and to duration for each communication. So efficient
communication can improve energy saving, helping also in reaching energy autarky (see
EFTA No. 3 of this section).

2.

De‐centralization: this describes the trend in the shifting of intelligence and processing tasks
towards the field level devices; examples are management, control and data processing tasks carried
out by a the sensors and actuators instead of a central gateway, controller or network manager. Of
course, this is not a dogma for all devices, some might still be communicating directly to the central
unit. Generally decentralization can add robustness, flexibility and scalability to the system by
reducing the number of centralized critical points. For factory Automation de‐centralization at the
moment is impossible due to the requirements for real‐time and determinism. In Process automation
applications with less stronger demands for real‐time and (in some cases) determinism, first degrees
of de‐centralization and meshing are realizable already. One issue that should be solved in order to
enable this EFTA is the problem of standards, in particular concerning the communication between
different levels. In order to reach de‐centralization, the elimination of the network coordinator, even
within large networks, will be required in the future. Furthermore another issue concerning
gathering (aggregating) information from many nodes has to be solved. Finally, information
processing must be developed, especially concerning diagnosis in‐network, where the development
is still in an early stage and so it prevents from making radical improvements.

3.

Energy autarky (self‐sufficient devices): as a WSAN is thought to be communicating wirelessly, it
makes no sense that there are still wires left for power supply. Correspondingly, another way of
powering the single devices in a decentralized manner has to be found. This might be (very
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powerful) batteries, ways of energy harvesting, or a hybrid systems of both approaches. Still a very
demanding research topic with only very limited solutions. Some “wireless” way that may enable
energy harvesting and energy transmitting should be developed. Another way to reach energy
autarky should be improving optimization of energy usage and power management: e.g., activating
sensors only when useful. Optimized power scheduling for improved energy efficiency of devices is
expected to be a way to go towards energy autarky. Moreover to deal with the limited energy
supply the protocols have to operate energy efficient. A way can be to address the coordination of
the network, the efficient data transmission as well as the avoidance of inhomogeneous energy
hotspots.
4.

Self‐X Features: for reasons of easier engineering, easier maintenance, etc. features like self‐
organization, self‐optimization, self‐healing, self‐configuration, self‐stabilization, self‐describing etc.
are of highest importance. In their maximum extent this would mean a WSAN which does not need
any engineering, maintenance, configuration, or human care at all. Even if simpler self‐x features
already exist, as e.g. self‐description, higher levels of self‐x, as e.g. self‐optimization, are more or less
only in their infancy. The coordination of sensor nodes for example will happen without
intervention from the outside. The objective is to fulfil the respective tasks while staying functional
over a maximum amount of time. This includes a nodeʹs ability to monitor its own status and to
react to changing conditions. R&D should be done in order to understand how can a completely
autonomic system be controlled/configured from outside, taking into consideration the different
needs for degree of autonomicity in different automation scenarios.

5.

Enhanced Service oriented Features: due to the limited amount of resources, SOA features
nowadays can only be implemented on the gateway as this has its own power supply and much
higher storage and computing capabilities than a sensor has. The latter in fact nowadays has to be
hardly optimized for energy autarkic applications. As soon as the energy challenge is solved or at
least in an advanced stage, it will also be possible to apply common IT technologies, e.g. web
services, on the sensors and actuators. On the other hand, SOA‐related protocols and software for
WSAN has to be made more compact and energy efficient. Even if in the present state of art
SOA/Web Services can be implemented reasonably only within gateways, first attempts to realize
service‐oriented middleware for sensor networks are already under way.

6.

Enhanced Efficient Data Processing (Quantity of Service + Quality of Service): in order to improve
efficient data processing and transmission these sub‐EFTAs will be relevant.

7.

•

Push‐based information transmission: event based control at level could be used to
improve performance of communication. Information is transmitted when ready (push
logic), not when required (pull logic) (e.g. a sensor moving between two checkpoints: if
between those two checkpoints new information is generated, the information is
transmitted, otherwise not). This helps in reducing waste of communication’s resources (i.e.
requests with related negative answers are avoided).

•

Fusion/aggregation of data processed within the network: information have to be
propagated within the network by using rules of aggregation/fusion to avoid to overload
some nodes of the network and to provide useful enriched information instead of raw data.

•

Context‐aware MAC and Routing: a system that extracts, interprets and uses context
information and adapts its functionalities to the current context will be required in the
future. The challenge lies in the complexity of capturing, representing and processing
contextual data. More than only gathering context‐information, systems must also be able to
process information and to infer new knowledge.

Sensor calibration: the issue of this EFTA is that calibration in WSAN is more frequent than in
wired networks. It is important to understand when to do calibration. The problem is not only due
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to the technical characteristics of WSAN itself, but also to the increase of number of sensors enabled
by the WSAN.
8.

Localization: provisioning of localization information in distributed networks has been, and still is,
an interesting research topic. It is important to find from where the data have been generated or
taken. Localization can be both a service offered by the network to the applications (object tracking,
mapping, etc.) and a technique for improvement of the network itself.

9.

Data storage and search: collecting data it is crucial to minimize communication cost and delay for
the application tasks. To address this, efficient storage and querying of sensor data are both critical
and challenging issues in WSAN. This should involve, e.g., distributing to the network some
information stored in a sensor to update a new sensor.

10. Scalability: number of nodes should vary depending on the need of the application. Existing
approaches are still far away from the optimal desired scalability. This EFTA is influenced by self‐x
and decentralization. Scalability and network density deployments will vary widely with respect to
node density and size of the network.
11. Robustness: devices in a WSAN should be resistant to the potentially harsh environmental
conditions (e.g., such as high and/or low temperature) and should integrate seamlessly in the
environment. Robustness must be taken into consideration. Since the application trend requires
more sensors and the operational environment gets more hostile, the importance of research on this
EFTA increases.
12. Mobility: in a WSAN devices can be moving relative to each other. Mobility depends on the
application. Mobility will be required and the issue of this EFTA will vary depending on the
proprieties (speed, obstacles and radio propagation) of the mobility scenario, due to the application.
13. Security (cross‐layer): WSAN have to be secured in many ways to ensure their reliable operation.
So, security is one of the key points. Besides the security in WSAN, the focus will be in the security
in switching from this layer to another, cross‐layer security (e.g., from WSAN to SOA).
14. Interoperability (heterogeneity): today’s WSAN technologies are mainly proprietary and do not
provide product and/or vendor interoperability. This incurs higher costs and slows down market
adoption. The emergence of WSAN standards (ZipBee, ISA SP100, WirelessHART) should facilitate
the deployment of increasingly large industrial wireless networks at both plant and field levels.
Since the integration of different smart embedded devices will enable a huge number of application
possibilities, this EFTA is extremely important. A key issue is the development of new models to
deal with the complexity involved in such large and scalable systems.
15. WSAN technologies for closed‐loop control: most applications today target open‐loop control or
simple monitoring and data collection tasks. If you combine wireless sensor networks with actuators
you will get the possibilities of closed loop control between sensors and actuators. In the future it is
expected that WSAN technologies should be able to also address closed‐loop control needs through
higher robustness, prioritization schemes, etc. The central components like PLC will become more
and more unnecessary for controlling production processes. The control intelligence will migrate
into the WSAN step by step (see also De‐centralization).
16. WSAN deployment tools: planning and deployment tools for WSAN are today very basic and
usually tied to a particular wireless technology. With the advent of interoperable WSAN
technologies, new standard installation, deployment and maintenance tools will be available. Also,
specific planning tools should be made available to cope with complex installations and provide pre‐
deployment simulation capabilities.
17. Attribute based addressing: data communication will change from data‐centric point of view to
address‐centric. ʺWhere is the temperature higher than 20°C?ʺ NOT: ʺWhich temperature do we
have at node xyz?ʺ The WSAN now operates in a data centric way.
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18. Reactive awake devices: devices belonging to a WSAN will have the capability to remain in
sleeping mode and to wake up when required. This should reduce energy consumption and will
represent a way to reach energy autarky.
19. IP for every node: it is expected that future nodes of WSAN will be provided with their own
Internet Protocol address. This will ease the way to communicate to each node in terms of
interoperability and flexibility. Each node will include multiple sensing capabilities that will be
provided as services (see next EFTA No. 20 of this section “Multi‐functionality”).
20. Multi‐functionality: sensor nodes measure data, process and transmit them to other nodes; each
node simultaneously will act as router for multi‐hop connections. A direct communication between
sender and receiver is often not possible due to the extent of the network and limitations in the
transmission power. Thus nodes in WSNs have to relay messages of other nodes, i.e. the network
performs multi‐hop communication. Hence each node will be provided with multiple functionalities
both in terms of sensing capabilities and in terms of role within the network.
21. Commissioning and management of WSAN: future WSAN will be more complex, heterogeneous
and variable. This will determine that commission and management of WSAN will be a relevant
issue that needs to be tackled. For example, different approaches could be adopted for
commissioning and management: e.g. event‐based approach or by operating system that has a
centralized control on the complete network.

4.3

Service-centric infrastructure - Enterprise Integration EFs

In this paragraph the Expected Features (EFs) for the Service‐centric infrastructure – Enterprise Integration
Technology Area (TA) are described, with a focus on the current state and on the relevance of each specific
EFTA.
1.

Flexible Production with Enterprise Support: We witness that the amount of information ʺcontentʺ
in products is increasing, ranging from embedded information technology to simple but critical
traceability data frequently included in todayʹs consumer products. Also in the market, there are
opportunities inherent in transforming ʺindustrial workersʺ into ʺinformation workersʺ by
empowering them with extended information and knowledge that enhances their ability to perform
their jobs. The main characteristic of the future manufacturing plant will be its connectedness to all
its vital components: workers, machines, and products. Recent statistics indicate that less than one
percent of manufacturing data is automatically integrated into enterprise systems. This will change
very soon. To accomplish the automatic integration of manufacturing data, widening the view of
manufacturing in both vertical and horizontal dimensions is needed. Cross‐Enterprise approaches
considering the end‐to‐end process from the supplier via the plant to the customer need to be
developed. Especially the vertical dimension where automation, manufacturing execution, and
enterprise systems will be seamlessly integrated into each other is of key importance. Material flow
along the value chain and Information flow along the product life cycle are considered significant
future features to be supported. This implies also development of concepts and techniques for
autonomous production, in which the issuing of production orders is automatically followed by self‐
preparation of the machines involved, automatic supply chain activation, production and self‐
qualification of produced parts (integrated Quality Check).

2.

Device to Business Integration (D2B Integration): Device manufacturers have been dramatically
increasing the amount of embedded software in their products, and as a result not only they are able
to handle a wide range of computing and communication tasks, but are able to also cooperate and
provide their functionality as a service. Therefore device can participate in real‐world business
applications by providing information coming from their domain and also consuming services
available at enterprise level. As an example, devices can now directly trigger an event in the
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business process and have an effect on its execution. In the future it is expected to have Open
Architectures for realizing Device2Business integration.
3.

Cross‐layer Adaptive Modelling: As software development is becoming more complex model‐
driven engineering technologies offer a promising approach to address the inability of third‐
generation languages to alleviate the complexity of platforms and express domain concepts
effectively. This is becoming more critical in modern enterprise systems, as processes need to be
modelled as flexible as possible, while taking into account very dynamic information coming from
the shop‐floor that affect their runtime behaviour. Development of approaches that effectively
handle service modelling and management of intelligent distributed business processes in highly
populated web service enabled device infrastructures is needed. Business logic traditionally resided
at high‐level systems (e.g. ERP) but in the future it will be distributed in several layers (e.g. ERP,
middleware, network, device level). Future distributed processes will depend on a complex
composite distributed services that spawn several companies. As such an effective way of modelling
such processes, services, resolving of their dependencies etc needs to be addressed.

4.

Security / Service Policy Compliance: The future foresees an open infrastructure where rapidly
changing business processes and collaboration among companies at several layers is occurring. As a
result, business applications are moving from stand‐alone systems to enterprise service‐oriented
architectures (enterprise SOA). The openness and heterogeneity of such systems, though necessary
for their operation, is requiring a security approach different from that of traditional systems and
architectures. Ensuring security and reliability of the information and application infrastructure is,
therefore, vital to the success of these systems. These security architectures and solutions must be
tailored to application‐specific security requirements and individual risk assessment, comply and
adapt to laws and regulations and to be seamlessly integrated with security environments and
system dynamics and mobility. Issues that need to be addressed include: regulatory compliance,
business‐process and workflow security, authorization and trust management, Context‐aware
security, adaptive security, and mobility, secure services and compositional security, secure
deployment and run‐time monitoring, security engineering etc.

5.

Industrialization of software development: When it comes to complexity, precision, and quality,
the software industry is similar to other sectors such as the mechanical engineering and
construction. Much (but not all) of the software built for the automation domain is developed
usually from the scratch (or a very limited basis). However as the heterogeneity and applicable
domains increase it will be impossible to keep up tackling all needs at high quality without adopting
some radical changes in the way we conceptualize, design and implement software. What is needed
is to “industrialize” at a fine grained level the process of creating software that will give us the
ability to rapidly configure, adapt and assemble independently developed, self describing
components to produce families of similar but distinct systems, applicable in different domains that
share common core functionality. As an example, the enterprise service‐oriented architecture
(enterprise SOA) delivered with the business process platform is itself an industrialized software
ʺproduct.ʺ And composite applications are the primary means to either extend existing products
built on top of the business process platform or to implement potentially new solutions based on the
business process platform via reuse and composition. To further assist such processes coming from
top‐down, similar concepts must be developed at device level /shop‐floor (down‐top) and be
effectively coupled with the top‐down approach. During industrialization, balancing the major
business constraints such as time, costs, and quality will get closer to a completely deliberate
strategic decision based upon quantitative data gathered from both the market as well as the internal
processes (which get data in a cross‐layer way ranging from ERP down to device level). The goal:
proof of being more valuable than others from an economic perspective.

6.

Robustness: in order to guarantee operation of open infrastructure, robustness will be required. This
feature is strictly linked to EFTA No. 4 “Security / Service Policy Compliance”; however here the
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focus is mainly on the intrinsic reliability of the infrastructure for the application in different
domains (especially those domains where the impact of an unreliable infrastructure could be
dramatically expensive or unfeasible from the social point of view, e.g. pharmaceutical industry)
7.

4.4

Timely visibility and responsiveness: enterprise integration enables as important feature the
possibility to monitor and manage devices directly (see EFTA No. 2 “Device to Business Integration
(D2B Integration)” of this section). Hence timely reporting of information and timely reaction to
events coming from the shop‐floor will be a fundamental feature to be considered. Specific attention
to this feature will be required in order to provide end‐users with an appropriate tool that exploits
information availability provided by service‐oriented architecture.

System engineering & management EFs

In this paragraph the Expected Features (EFs) for the System engineering & management Technology Area
(TA) are described, with a focus on the current state and on the relevance of each specific EFTA.
1.

Efficient/effective (re‐)configuration: ability to configure systems (machines, lines, etc.) built from
SOA‐enabled modules both statically and dynamically (e.g. add/remove devices) in a standardized
manner, e.g., with predictable system performance. Flexible use of systems components coupled
with a high‐level system configuration capability (e.g. ERPs). For this EFTA partial solutions exist,
primarily from research groups, but practical reuse remains poor and system performance is seldom
predictable. Whilst individual system components may be of relatively low complexity, effective
overall system configuration and change management are of key importance to the end‐user.

2.

High level process definition: the ability to describe the overall behavior of systems composed of
many distributed devices in a high level process description language, which directly relates to the
specific process the user is concerned with. In some domains user process information (e.g., timing
diagrams) is handled by engineering systems however only with limited functionality and the
mapping of this information to distributed systems remains problematic and proprietary. This EFTA
is important since the mapping of desired process behavior to control systems is very time
consuming and error‐prone. Besides, distributed systems make this task even more challenging. In
the future the standardization of process definition and standardization of definition tools are
expected in order to make the process more open and standards based.

3.

Collaborative, integrated, distributed business‐driven engineering: systems capable of being
configured and managed in a global business context. Support for globally distributed engineering
teams. At the present state the integration of current business and embedded systems is generally
very poor, e.g., in the manufacturing domain. In future Web‐services offer the promise of better,
more open enterprise integration. The added pervasiveness of WS enabled manufacturing devices
and the effective coupling of embedded systems to business drivers is key to greater agility.

4.

•

SOA‐enabled Cooperative Lifecycle Management Design: tools and methods to improve
the design phase in a global scenario (e.g. secured engineering networks between project
partners).

•

Maintenance: how to maintain the system will be an important topic to be explored, in
order to let the system be available as much as possible. Live run monitoring tools and also
tools to improve the design phase of maintenance will be also necessary.

Open, lifecycle support: engineering systems capable of being used at all phases of the machine
lifecycle, e.g., initial design, debugging and reconfiguration functionality all provided in a consistent
manner and in a vendor independent way. Some current engineering tools cover more than one
lifecycle phase but they are generally vendor specific and difficult to use in an unplanned manner. In
future, as the lifecycle of systems continually gets shorter the provision of lifecycle support rather
than a collection of separate support tools are necessary. SOA will present a standards based and
neutral platform on which these lifecycle systems can be both built and linked.
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5.

Service‐oriented engineering: engineering support provided primarily through the provision of
services rather than on‐site engineering activities, e.g., diagnostics, configuration, expert assistance
with problems, process optimization with all be remotely provided. Limited remote support is
currently available and several research projects are addressing this. Typically it is provided on a
single vendor, or single product basis. Security and safety issue currently limit the approach. In a
competitive globalised market the effective utilization of remote services will offer a key competitive
advantage. SOA will aid in the standards based development of this type of remote support by
linking various systems both physically and in conceptual terms.

6.

SOA Marketplace: SOA could be used to expose services to the systems. SOA enables IP
(Intellectual Protection). IP enables marketplace for tools to be developed (maintenance, diagnosis,
etc.), creating new business models. This marketplace model will present the users of services and
systems in the domain to new pricing models that may be more suitable to companies such as Small
to Medium Enterprises.

7.

SOA‐enabled Digital Factory: Planning and modeling. Improving cooperation between the
enterprises, and internally‐ the base for outward cooperation.
•

Seamless integrated digital engineering: the ability to mix the engineering of digital, (i.e.,
3D dynamic models) and real system components in a seamless manner. Systems will be
prototyped in a digital environment and progressively migrated to physical systems under
the control of the control of the end‐user. Digital models will be utilized at all lifecycle
phases. Today there is a still limited use of digital engineering in factory automation
although this is becoming an area of heavy investment. Some digital‐real systems available
in the research domain. Something is carried out in SOCRADES but this feature will be
much more developed in the future. Digital engineering is a relevant EF since it is key to the
compression of the time taken to engineer, implement and subsequently change distributed
automation systems.

•

Fully digital mock‐up of machines: this feature includes overall digital representation of
machines. So including mechanical structure simulation, process simulation, prediction and
validation of final pieces’ optimal results in design‐time. Moreover it involves global
dynamic simulation of machines, smart configuration and validation of the suitable fitting
between control approach and mechanical structure.

•

PLM: tools to design, analyze and manage machine tool products from the stage of initial
conception to the retirement stage (Product Lifecycle Management).

8.

Synthetic environments integration: nowadays development of synthetic environments has
reached a high degree of performance. Synthetic environments integrate the last developments in
the area of virtual reality which allow representing environments close the reality. Future
developments in the synthetic environments integration goes through the practical extension of the
synthetic environments in the manufacturing domain.

9.

Systems of systems engineering: systems of systems engineering is a new approach that is more
and more spreading in engineering domain. This requires tools and methodology to approach the
engineering when dealing with systems of systems. SOA can help in the transition towards systems
of systems engineering. However improved tools and methods will be developed.

10. Engineering systems: starting from planning to engineering approach from an end‐user perspective.
Tools that are able to operate/implement SOA approach in real‐case environments. Some
functionalities are there and some tools are there but a complete tool chain is missing.
11. Usability of development tools: systems engineering tools will require to be highly usable from the
user perspective. HMI will be adopted in order to increase the interaction capability between
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humans and machines. Systems engineering will need to address configuration and modification of
automation systems through user friendly tools.
12. Extensive validation: since different application of SOA‐based systems engineering tools need
different requirements, extensive validation will need to be carried out in different domains (e.g. in
the pharmaceutical domain security requirements are much more impactful).
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5

Prioritization of EFTAs

In order to derive a prioritization of the EFTAs identified a Roadmapping Survey has been carried out
between April and September 2009. More than 3000 emails where sent to a selected email list that was
expressly created for this specific survey (selecting experts from in SOCRADES scope). Experts in the field of
ICT and Industrial Automation were the typical target that received this call for participating to the
“SOCRADES Roadmapping Survey”.
The survey was available for six months and after that we got a respond rate of about 10% (in line with
similar research activities). Several questions were asked to participants in the Questionnaire. To have
detailed information on the structure of the questionnaire please refer to Annex A.
In order to derive the priority of Technology Areas and EFTAs five questions were asked in the form of
pairwise comparisons (see section 5.1).
In section 3 of the questionnaire, participants were asked to indicate in which Technology Area (among the
four presented: Service‐oriented Architectures, Wireless sensor/actuator networking infrastructure,
Enterprise Integration, System engineering & management) research effort should be focused in order to
support future industrial automation systems.
In section 4.1 of the questionnaire, participants were asked to look at five different EFTAs related to SOA
Technology Area and they had to indicate which feature (in the pairwise comparison) needs more research
effort in order to be implemented in the future industrial automation domain. The EFTAs that were shown
to the participants for the pairwise comparison, in relation to SOA, were: Orchestration, Decision Support
System, Context‐aware services, Standardization of basic functionalities (provided by services), Run‐time
behaviour of a SOA. These EFTAs have been selected to be included in the Roadmapping Survey through
internal workshops and discussion; the same approach as been adopted for the other Technology Areas (in
the next three paragraphs).
In section 4.2 of the questionnaire, participants were asked to look at five different EFTAs related to WSAN
Technology Area and they had to indicate which feature (in the pairwise comparison) needs more research
effort in order to be implemented in the future industrial automation domain. The EFTAs that were shown
to the participants for the pairwise comparison were: Energy autarky (self‐sufficient devices),
Interoperability (heterogeneity), Quality of Service, De‐centralization, Self‐X Features.
In section 4.3 of the questionnaire, participants were asked to look at the following five EFTAs related to EI
Technology Area (indicating which feature – in the pairwise comparison ‐ needs more research effort in
order to be implemented in the future industrial automation domain) for the pairwise comparison: Flexible
Production with Enterprise Support, Device to Business Integration (D2B Integration), Cross‐layer Adaptive
Modelling, Security / Service Policy Compliance, Industrialization of software development.
Finally in section 4.4 of the questionnaire, participants were asked to look at the following five EFTAs related
to SEM Technology Area (indicating which feature – in the pairwise comparison ‐ needs more research
effort in order to be implemented in the future industrial automation domain) for the pairwise comparison:
Efficient/effective (re‐)configuration, High level process definition, Collaborative, integrated, distributed
business‐driven engineering, Service‐oriented engineering, SOA‐enabled Digital Factory.
The last five questions described here are the relevant one for prioritization purposes. The approach adopted
in order to derive consistent ranking is describe in section 5.1.

5.1

Ranking methodology

As already said, the prioritization of the EFTAs has been carried out following a ranking methodology part
of the Analytic Hierarchy Process. The Analytic Hierarchy Process [35]‐[36] is a method for formalizing
decision making where there is a limited number of choices but each has a number of attributes and it is
difficult to formalize some of those attributes.
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The AHP has been used in a large number of applications to provide some structure on a decision making
process. Despite the rather arbitrary aspects of the procedure, however, it can provide useful insight into the
trade‐offs embedded in a decision making problem.
In particular to support ranking of our SOCRADES Roadmap, we adopted one of the main steps of the AHP
procedure, the pairwise comparison [37]. This is related to any process of comparing entities in pairs to
judge which is preferred. This means that in order to incorporate judgments about the various elements,
decision makers compare the elements two by two. The method of pairwise comparison is used in several
scientific studies.
Generally speaking, a pairwise comparison is done in the following way:
given element i and element j, where i is assumed to be at least as important as j, it is possible to give a value aij
as presented in Table 2.

Value aij

Description of the comparison

1

Element i and j are of equal importance

3

Element i is weakly more important that j

5

Element i is strongly more important that j

7

Element i is very strongly more important that j

9

Element i is absolutely more important that j
Table 2 – Example of Pairwise comparison

In our SOCRADES Roadmapping Questionnaire the pairwise comparison where proposed in an analogous
way (see Table 3), comparing the need for research between each pair of EFTAs.
Please compare each of the following pair of features, and mark the place along the segment indicating
which feature needs more research effort in order to be implemented in the future industrial automation
domain.

More research‐needed

Å

Equal

Æ

more research‐needed

Orchestration

⏐⎯⎯|⎯⎯|⎯⎯|⎯⎯⏐⎯⎯|⎯⎯|⎯⎯|⎯⎯⏐

Context‐aware
services

Decision Support
System

⏐⎯⎯|⎯⎯|⎯⎯|⎯⎯⏐⎯⎯|⎯⎯|⎯⎯|⎯⎯⏐

Standardization of
basic functionalities

Context‐aware
services

⏐⎯⎯|⎯⎯|⎯⎯|⎯⎯⏐⎯⎯|⎯⎯|⎯⎯|⎯⎯⏐

Run‐time behaviour
of a SOA

Standardization of
basic functionalities

⏐⎯⎯|⎯⎯|⎯⎯|⎯⎯⏐⎯⎯|⎯⎯|⎯⎯|⎯⎯⏐

Orchestration

Run‐time behaviour
of a SOA

⏐⎯⎯|⎯⎯|⎯⎯|⎯⎯⏐⎯⎯|⎯⎯|⎯⎯|⎯⎯⏐

Standardization of
basic functionalities

Decision Support
System

⏐⎯⎯|⎯⎯|⎯⎯|⎯⎯⏐⎯⎯|⎯⎯|⎯⎯|⎯⎯⏐

Context‐aware
services

Orchestration

⏐⎯⎯|⎯⎯|⎯⎯|⎯⎯⏐⎯⎯|⎯⎯|⎯⎯|⎯⎯⏐

Run‐time behaviour
of a SOA

Standardization of
basic functionalities

⏐⎯⎯|⎯⎯|⎯⎯|⎯⎯⏐⎯⎯|⎯⎯|⎯⎯|⎯⎯⏐

Context‐aware
services

Run‐time behaviour
of a SOA

⏐⎯⎯|⎯⎯|⎯⎯|⎯⎯⏐⎯⎯|⎯⎯|⎯⎯|⎯⎯⏐

Decision Support
System

Decision Support
System

⏐⎯⎯|⎯⎯|⎯⎯|⎯⎯⏐⎯⎯|⎯⎯|⎯⎯|⎯⎯⏐

Orchestration

Table 3 – Example of pairwise comparison in SOCRADES Roadmapping Questionnaire
In our case the previous Table changes slightly, and becomes as described in Table 4:

Value aij

Description of the comparison

1

Element i and j need equal research

3

Element i needs weakly more research than j
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5

Element i needs strongly more research than j

7

Element i needs very strongly more research than j

9

Element i needs absolutely more research than j

Table 4 – Values of the Pairwise comparison in SOCRADES Roadmapping Questionnaire
Based on the data coming from the pairwise comparison, a ranking of the different elements can be derived
through mathematical calculations. Detailed information on mathematical calculations related to pairwise
comparison analysis are omitted in this document; however it can be easily found in literature [35]‐[36]‐[37].
In addition to traditional pairwise comparison procedure, in this case we deal with multiple decision makers
(i.e. respondents). Hence in order to derive a unique value of ranking (of the TAs or EFTAs), both a mean
analysis of single weights derived through the pairwise comparison and a mode analysis of the ranking
derived for each respondent have been carried out.
Though this approach to derive priorities, EFTAs ranked in higher positions are those research needs that
require more effort in order to be implemented in industrial domain. This means that the highest EFTAs in
terms of priority should be addressed with special attention and in short time.
The pairwise comparison of the AHP procedure includes also the derivation of a consistency ratio, which
expresses the internal consistency of the judgments that have been entered. This consistency ratio is useful in
order to assess and preserve the reliability of the analysis. As a matter of facts inconsistent answers (due to
inconsistent pairwise comparisons) have been dropped from the elaboration of the final results; in our work
we considered an answer inconsistent, if it showed a consistency ratio higher than 0.15%. In some cases
almost the 20% of answers had to be dropped due to inconsistency; this raises the issue that it may be
difficult to compare the topics guaranteeing consistency in the analysis. On the other way, it could also be
that single respondents were not aware enough on the topic to provide appropriate answers or did not take
enough care in answering the question due to time reasons. As previously said, we avoid including details
on the methodology that is required to derive the consistency ratio (please refer to [35]‐[36]‐[37] for further
technical details).

5.2

Analysis of results

Respondents had to answer through a set of pair wise comparisons (following AHP method, described in
section 5). Through the pairwise comparisons a weight for each Technology Area was derived for each
respondent. Based on these weights a ranking was obtained.
Following the AHP approach with multiple respondents two possible rankings can be obtained: (1) based on
the Mode of single rankings of respondents (a ranking is obtained for each respondent and then the most
frequent rankings is derived for each element, i.e. TA in this case), (2) based on Mean values of the weights
of obtained by the respondents (the weight of each respondent is derived, a mean of all the weights is
calculated and finally a single ranking is provided).
Both by looking at the most frequent rankings created by respondents (mode) and by calculating a mean
value of the weights of the respondents (then deriving a mean ranking), similar results have been obtained
and are presented in the following table.

Method

Mode

Mean

Technology
Area

Mode of rankings

Mean of Weights

Differences (with
higher weight)

Ranking derived by Mean

SOA

3

0,238799

0,03

3

WSAN

4

0,198734

0,04

4
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EI

1

0,292593

‐‐‐

1

SE

2

0,269873

0,02

2

Table 5 – Ranking of Technology Areas from survey
From the survey it appears that Enterprise Integration and Systems Engineering & Management are seen as
the Technology Areas where most effort needs to be put. This does not mean the SOA and WSAN are less
important but that for respondents at this point of time, the priority is Systems engineering tools and
Integration with Enterprise Systems for the implementation in real‐case industrial environment.
In section 4.1 of the questionnaire, participants were asked to look at five different EFTAs related to SOA
Technology Area and they had to indicate which feature needs more research effort in order to be
implemented in the future industrial automation domain.
The results obtained though the Roadmapping Survey are included in Table 6 (we provided the results for
both the analysis with Mode and Mean as explained previously).
Method

Mode

Mean

EFTA

Mode of rankings

Mean of Weights

Differences (with
higher weight)

Ranking derived by Mean

Orchestration

3

0,185457223

0,019745

4

DSS

5

0,174581121

0,010876

5

Context‐aware
services

4

0,205202339

0,005335

3

Standardization
of basic
functionalities

1

0,21053723

0,013685

2

Run‐time
behaviour of a
SOA

2

0,224222087

‐‐‐

1

Table 6 – Ranking of EFTAs in SOA TA
From the results, it seems clear that both from Mode and Mean Analysis, Standardization of basic
functionalities and Run‐time behaviour of a SOA are the EFTAs that require more research for industrial
implementation. While the other three EFTAs seem to be less urgent (even if weights are much similar
among each other, hence it is difficult to derive strong statements from this analysis).
In section 4.2 of the questionnaire, participants were asked to look at five different EFTAs related to WSAN
Technology Area and they had to indicate which feature (in the pairwise comparison) needs more research
effort in order to be implemented in the future industrial automation domain.
The results obtained though the Roadmapping Survey are included in Table 7 (we provided the results for
both the analysis with Mode and Mean as explained previously).
Method

Mode

Mean

EFTA

Mode of rankings

Mean of Weights

Energy autarky
Interoperability
Quality of Service
De‐centralization
Self‐X Features

4
2
1
3
5

0,178646324
0,226403067
0,222068955
0,183110222
0,189771432

Differences (with
higher weight)
0,004464
‐‐‐
0,004334
0,006661
0,032298

Ranking derived by Mean
5
1
2
4
3

Table 7 – Ranking of EFTAs in WSAN TA

61/72

D10.4c (Technology) Roadmap of the SOCRADES paradigm
V0.1
From the results, it seems that both from Mode and Mean Analysis, Interoperability and Quality of Service
are the EFTAs that require more research for industrial implementation. While the other three EFTAs seem
to be less urgent.
Similarly to previous question, in section 4.3 of the questionnaire, participants were asked to look at the
following five EFTAs related to EI Technology Area (indicating which feature – in the pairwise comparison ‐
needs more research effort in order to be implemented in the future industrial automation domain).
The results obtained though the Roadmapping Survey are included in Table 8 (we provided the results for
both the analysis with Mode and Mean as explained previously).

Method

Mode

EFTA

Mode of rankings

Mean of Weights

Differences (with
higher weight)

Ranking derived by
Mean

2

0,16304

0,002314

5

4

0,165354

0,032428

4

1

0,245696

‐‐‐

1

2

0,228129

0,017567

2

3

0,197781

0,030348

3

Flexible Production
with Enterprise Support
Device to Business
Integration
Cross‐layer Adaptive
Modelling
Security / Service Policy
Compliance
Industrialization of
software development

Mean

Table 8 – Ranking of EFTAs in EI TA
From the results, it seems that both from Mode and Mean Analysis, Cross‐layer Adaptive Modelling and
Security/Service Policy Compliance are the EFTAs that require more research for industrial implementation.
While the other three EFTAs seem to be less urgent.
In section 4.4 of the questionnaire, participants were asked to look at five different EFTAs related to SEM
Technology Area and they had to indicate which feature (in the pairwise comparison) needs more research
effort in order to be implemented in the future industrial automation domain.
The results obtained though the Survey are included in Table 9 (we provided the results for both the analysis
with Mode and Mean as explained previously).

Method
EFTA
Efficient/effective (re)configuration
High level process definition
Collaborative, integrated, distributed
business‐driven engineering
Service‐oriented engineering
SOA‐enabled Digital Factory

Mode
Mode of
rankings
1
4

Mean
Mean of Weights
0,239138
0,167575

Differences (with
higher weight)
‐‐‐
0,025491

3

0,19458

0,01106

4
5

0,20564
0,193067

0,033498
0,001513

Ranking derived
by Mean
1
5
3
2
4

Table 9 – Ranking of EFTAs in SEM TA
From the results, it seems that both from Mode and Mean Analysis, Efficient/effective (re)configuration is the
EFTA that requires more research for industrial implementation. While for the other EFTAs there are some
discrepancies in the two analyses. This could be due to different point of views of respondents; however it
seems also that this may be motivated by the fact that the overall Technology Area (System engineering &
management) requires much effort and so the different perceptions about the focus where the effort should
be put are amplified by this bias effect. This was confirmed in some workshops conducted where it came out
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that System engineering & management is one of the main areas (if not the main area) that needs research
effort in order to be able to implement SOCRADES approach in industrial domain.

5.3

Concluding comments on prioritization

From the prioritization analysis rankings have been derived among the Technology Areas and (within each
specific area) among the EFTAs selected. It should be mentioned that this prioritization rather than
representing the relevance of the EFTAs (all of them have been selected for the roadmapping survey due to
their relevance) represent the ranking of needs for research in order to support implementation of
SOCRADES approach in the real industrial domain. As a summary of the analysis carried out in this section,
Figure 18 shows a representation where in the axis the research need is indicated (as said, higher value
means higher need for research in order to support implementation of SOCRADES approach in the real
industrial domain).

Figure 18 – Summary of Prioritization of EFTAs
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6

Conclusions

Enterprise applications support business activities in companies, so that they can manage complexity and be
more effective. The service oriented architecture (SOA) concepts empower modern enterprises and provide
them with flexibility and agility. These concepts nowadays expand towards the shop‐floor activities, down
to the device level. By implementing web services on the devices natively, we are able to push down at item
level SOA concepts. The use of device‐level and cross‐layer SOA contributes to the creation of an open,
flexible and agile environment, by extending the scope of the collaborative architecture approach addressed
before through the application of a unique communication infrastructure, down from the lowest levels of the
device hierarchy up into the manufacturing enterprise’s higher‐level business process management systems.
For the technology developers, the specification, design and implementation of the components of the SOA
infrastructure is a big challenge and a multi‐disciplinary task.
In order to go towards extensive implementation of SOCRADES paradigm three technological‐related
suggestions are recommended to policy‐makers and generally to stakeholders that are willing to support
SOCRADES paradigm in industrial automation.
•

Engineering systems & tools: there is a clear need for ready‐to‐use engineering tools that are able to
support end‐user in the design, execution, management and maintenance of industrial automation
systems. Without these tools interesting concepts and benefits enabled by SOA approach cannot be
exploited. The concept of systems of systems engineering is more and more relevant in current
manufacturing domain. Tools that can handle inherent complexity of systems of systems (made of
distributed embedded devices) are required.

•

Legacy systems integration: it is unlikely that most of present industrial automation systems will be
replaced to be SOA‐compliant in the next years, since this could result in an unaffordable
investment. Hence, it is fundamental to support the transition from previous approach to SOA
approach. Integration of existing systems (i.e. legacy systems) into SOA paradigm is required.
Legacy integration is a key driving feature to spread the SOA paradigm.

•

Technology development: nowadays still improvements to improve technical performances of
SOA‐based platforms are required. Indeed, present performances are not always enough to go for
implementation in all domains. While some domains present not so strict technical requirements,
some other domains (e.g. pharmaceutical, continuous process, etc.) require performances in terms of
for example communication delays and security that cannot fulfilled by SOA technologies at
present. Both hardware (to improve computing capability at low cost) and software (to improve
optimization of algorithms) are expected and should be pushed in the next future.

Moreover, from the roadmapping process (in particular form the workshops conducted and several
discussions in international conferences) also other relevant inputs that are not strictly technology‐related
(this is why they are not well analysed in the document) emerged as relevant. Here we propose them in
order to stimulate the reader on the importance of addressing also non‐technology related aspects when
dealing with such pervasive and transversal implementation such as required by SOA implementation in
industrial domain.
•

Business Evaluation: in order to reduce the gap between technical and managerial people within
companies and to support fair discussion on SOA‐based Factory Automation, business evaluation is
required. Development of prototypes that show improved performances enabled by SOA approach
and that can be economically quantified in terms of benefits and cost is required. Prototypes or trials
should reproduce the same industrial setting with or without SOA‐based automation systems, in
order to clearly show differences of performances in the two approaches.

•

Education & Training: there are two domains where attention on education is raised: marketing and
engineering. With regards to marketing there is a need to sell reconfigurability and interoperability
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as valuable functionalities, these features should be clearly understood by marketing experts in
order to drive business models through exploitation of these enhanced capabilities obtained by
SOA‐based industrial automation adopters. With regards to engineers, education is required since in
order to pass from concept of control‐oriented structure to task‐orientation (with orchestration of
services) a real revolution in the way of thinking needs to be carried out by automation engineers.
Hence clear communication and training is extremely relevant.
•

International cooperation: SOCRADES paradigm can be fully exploited if several players agree on
standards to be adopted. Hence in order to agree not only formally but also substantially on
common methods, technologies, and standards there is a need for international cooperation though
research and developments projects. This can be conducted not only at European but also at
International level, leveraging existing programmes, e.g. Intelligent Manufacturing Systems (IMS).
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Glossary
Abbreviation

Explanation

DPWS

Devices Profile for Web Services

EFTA

Expected Feature of Technology Area

SOA

Service‐Oriented Architecture

RMS

Reconfigurable Manufacturing System

TA

Technology Area

UDDI

Universal Description Discovery and Integration

WS

Web Service

WSAN

Wireless Sensor/Actuator Network

68/72

D10.4c (Technology) Roadmap of the SOCRADES paradigm
V0.1

Annex A – SOCRADES Roadmapping questionnaire
See attached “SOCRADES_Roadmap_Questionnaire.pdf”
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Annex B – SOCRADES Roadmap Public Pamphlet
In order to address broadly the public audience and to provide the stakeholder with a ready‐to‐use, self‐
contained document on the results provided by SOCRADES, a public pamphlet has been produced and
distributed during ITEA 2 Symposium 2009. Moreover it will be distributed during the next events on
Factory Automation.
This version of SOCRADES Roadmap provides the reader with a general introduction to SOCRADES
results, addressing both market and technology issues; then it focuses on the next challenges of future
Factory Automation based on Service Oriented Architecture. Two are the main purposes of this document:
provide an executive summary of the roadmapping activity carried out within SOCRADES and provide a
dissemination document that can be used to spread the results developed in SOCRADES.
An extract of the document is available through SOCRADES Website (www.socrades.eu) and instructions on
how to receive the complete version are provided. Figure 3 and 4 present the first and last pages of the
SOCRADES Roadmap.

Figure 19 ‐ First page of “SOCRADES Roadmap”

Figure 20 ‐ Last page of “SOCRADES Roadmap”
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Annex C - Link between Features demonstrated and EFTAs
The excel spreadsheet named “SOCRADES Requirements Mapping to Demos v06_polimi.xls” is attached as
Annex to this Deliverable to link the features demonstrated in SOCRADES Demonstrators with EFTAs.
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Annex D - Link between SOCRADES Business Evaluation and EFTAs
In D6.6 SOCRADES Business Evaluation some barriers have been identified. They can be considered
challenges that should be addressed for further development and diffusion of SOCRADES technologies.
Since all of the disadvantages are directly linked to the EFTAs identified in this document, here we re‐
propose a table that shows the links. Obviously, they are referred only to Technology‐related
disadvantages/barriers (disadvantages related to technological development). Human‐related
disadvantages/barriers: are omitted since they are considered out of scope

Focus

End‐Users

Disadvantages/barriers

Technology‐related

Technology for
embedded systems

Robustness

Engineering Tools

Safety

Human‐related

Standardization

Discrete
Manufacturing

Process
Industry

Technology
Provider

Links to SOCRADES
Roadmap

In SOA TA:
• Lean data generation and
processing
• Common Language
• Run‐time behavior of a SOA
In WSAN TA:
• Energy autarky
• Enhanced Service oriented
Features
• Enhanced Efficient Data
Processing
In EI TA:
• Device to Business Integration
In WSAN TA:
• Robustness
• Security (cross‐layer)
In EI TA:
• Security / Service Policy
Compliance
In WSAN TA:
• WSAN deployment tools
In EI TA:
• Cross‐layer Adaptive
Modeling
In SE TA:
• WSAN deployment tools
• High level process definition
• Collaborative, integrated,
distributed business‐driven
engineering
• Service‐oriented engineering
In WSAN TA:
• Security (cross‐layer)
In EI TA:
• Security / Service Policy
Compliance
In SOA TA:
• Standardization of basic
functionalities provided by
services
• Common Language

Training people effort

‐‐‐

Wide paradigm change
required

‐‐‐

Lack/inertia of
awareness/trust

‐‐‐

Table ‐ Impact of disadvantages of the SOCRADES approach within specific industrial domains
72/72

