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Abstract— Intelligent systems, composed by devices with
embedded computing capability, sensors and actuators
interacting with the environment, will enhance and support
manufacturing in the future. SOCRADES (Service-oriented
cross-layer infrastructure for distributed smart embedded
devices) is a European research project that focuses on the
development of a platform for next-generation industrial
intelligent systems, exploiting SOA paradigm. Within
SOCRADES a Technology Roadmap is being developed. Its
aim is to provide inputs for the orientation of technological
resear ch to achieve the long term objectives required for the
enhanced and pervasive exploitation of intelligent systems
for manufacturing support. We present the Expected
Features of Technology Areas (EFTAS) identified within
SOCRADES Technology Roadmap. Then we show how the
outcome of SOCRADES Technology Roadmap addresses
important needs such as those pointed out by the Strategic
Research Agenda developed by ARTEMIS (European
Technology Platform for Embedded systems).

Keywords - Roadmap, SOA-based manufacturing,
Embedded devices, wireless, intelligent system

I. INTRODUCTION

In the next future intelligent systems, i.e. sgse

where intelligence is distributed among numerouscgs

manufacturing environment, but also to the adoptdn
embedded system and wireless communication as
enabling technologies, addressing Intelligent syste
SOA-based manufacturing has a dramatic impact on
manufacturing strategy, management and executign, b
supporting relevant and revolutionary abilities of
manufacturing system such as interoperability, abilisy,
scalability, etc.

SOCRADES (Service-Oriented Cross-layer
Infrastructure for Distributed smart Embedded desjc
[1] is a European research project addressing Sex®d
manufacturing paradigm. Its primary objective is to
develop a design, execution and management plafimrm
next-generation industrial automation systems, atpg
Service Oriented Architecture paradigm both atdéeice
and at the application level. SOCRADES will creasav
methodologies, technologies and tools for the nindel
design, implementation and operation of networked
systems made up of smart embedded devices. Bogl wir
and wireless networking technologies will be coasidl
for the network implementation analysis.

Within SOCRADES a Technology Roadmap is being
developed. The aim of the Technology Roadmap is to
provide inputs and to aid in the orientation of
technological research to achieve the long terradailves
required for the enhanced and pervasive exploitatib

provided with computing capability, are more andreno thjs kind of intelligent systems.

spreading especially in industrial domains. Moregove

The first release of the SOCRADES Technology

thanks to the provision of sensors, actuators, le8&2  Roadmap has just been completed. In the preserr pap
communication capability and SOA paradigm for we will present the methodology, structure andltesand
supporting seamless interaction, devices will bexom e will link them to three relevant Industrial reseh

autonomous agents with personal intelligent peroept

reasoning, learning, and acting.

priorities identified by ARTEMIS [2], a well-known
European Technology Platform focused on Embedded

Since the adoption of intelligent systems in gSystems.

manufacturing will have a positive impact

manufacturing performance especially in terms stepns
design and management, research in this fieldedeutin
framework for the

order to provide a reliable

implementation.

II. ARTEMIS STRATEGIC RESEARCH AGENDA

ARTEMIS [2] identified three Industrial Research

The use of the service-oriented architecture (SOA)priorities [3] in order to enhance cost and timertarket

paradigm, implemented through Web

business processes.

Hence SOA represents the fundamental paradigm on

_ : Servicesreduction.
technologies, at the ad hoc device network levabks

the adoption of a unifying technology for all levelf the
enterprise, from sensors and actuators to enterprissyite of

1) Reference designs and architectures (RDA)
whoseobjective is the creation of a generic platform and
abstract components with which new
developments can be engineered with minimal effdtt.

2) Seamless connectivity and middleware (SGig

which a new “SOA-based manufacturing” can beseamless connectivity is a vital element in the ehaxf
developed. With this name we refer not only to thefyture Embedded Systems. It includes the middleware

application of Service Oriented Architecture

0 operating systems, and other functions requirdihkothe



physical world, as seen by the networked nodethéo A. Ad-hoc networking services platforms — Service-

higher layer applications. [5] oriented Architectures (SOA)
3) Design methods and tools (DMTssential for
rapid design and prototyping, without which it is A service-oriented architecture (SOA) is a set of

unrealistic to attempt development of such complexarchitectural building blocks that establish autooaos
systems. The objectives are: design efficiencytesyatic  and interoperable systems. Autonomous systems are
design, productivity and quality. [6] identified as independent and provided with self-
These Industrial research priorities will représetr ~ contained functionality. Interoperable systemsrrédethe
benchmark for the analysis of the results comintgfiaum ability of interacting with other different systems
the roadmapping exercise. generally through an interface that exposes theicser
together with policies and constraints for its uSée
EFTAs for the Ad-hoc networking services platform —
lll. ROADMAPPING METHODOLOGY SOA Technology Area are the following:
- Orchestration: the practice of sequencing and
The first step followed in SOCARDES was to synchronizing the execution of services, which
identify some Technology Areas (TA) relevant imterof  encapsulate business or manufacturing processes. An
impacts towards SOA-based manufacturing and towardgrchestration engine implements the applicationiclog
the enhancement of intelligent systems. Hence tbe@t  necessary to orchestrate atomic services, and des\a

scope has been divided into four TAs: ~ high-level Web Service interface for the composed
1) Ad-hoc networking services platform — Service-process. RDA)
_ oriented Architectures, o - Decision Support System (DSS): Orchestration by
2) Wireless sensor/actuator networking infrastructure, jtself cannot solve every problem arising during th
3) Service-centric  infrastructure - Enterprise system’s operation (implementing all functions ime t
integration same level could neutralize the flexibility of tegstem),
4) System Engineering & Management. a DSS is needed to address complexity and

After the identification of these four Technology reconfigurability. Some issues will be handled lca
Areas, the first aim of the Roadmap was to identidy  through orchestration, others will request DSEDA)
each TA, some Expected Features (EFTA: Expected Context-aware services: the capacity of services being
Features of Technology Area). EFTAs are relevantaware of their environment (devices, factors, etmy
technology characteristics that are expected torbec reacting by adapting their functionalits¢M)
available in the future thanks to R&D efforts. - Lean data generation and procng: in order to
Firs of all a state of art analysis was carrietl 86me  gptain efficiency, methods and tools are needediéta
of the most relevant roadmaps recently publishetidhe  structuring and handling inside each machine hicsv to
focused on the SOCRADES project topics [7-15] wereexpose specific data as particular service atefuRDA)
analyzed and reviewed. On the strength of thisyai®l . Standardization of basic functionalities provided by
and of the derived knowledge, we started the p®oés  services: communication technologies are pretty much
identification of the EFTAs within SOCRADES scoy.  standardized but this is not the same for stangatidin of
particular this was carried out considering alsme®ther  pasic functionalities provided by services. A sefian
sources of information, like workshops, questiore®i petween the standardization of the communication
and a Delphi study. technologies and the standardization of basic
Finally, in order to stress the relevance of thdfAs  functionalities provided by services is needed. sThi
come out from SOCRADES roadmapping activities wespecific standardization is expected to evolve anious
analyzed how they are linked to the Industrial #ese  domains and cross-domaisGM)
priorities identified by the ARTEMIS Strategic Raseh - Common Language: a common |anguage is expected to
Agenda. be widely diffused. The protocol should be at le&st_-
based and support OWL mark-up in order to enhance i
with explicit semantics. Having a common basis for
IV. EXPECTED FEATURES OF TECHNOLOGY seamless operation of standard functions such as
AREAS discovery, description, addressing, invocation efd. be
required. 6CM
In this section the EXpeCted Features identified f . Choreography: a Comp|ementary Concept to service
each Technology Area are briefly described. Moredwe  orchestration is choreography. The orchestrativel lés
each EFTA we indicate if there is a direct conmectvith  concerned with the workflow-oriented execution and
one of the Industrial research priority |dent|f|d]y Sequencing of atomic processes. Choreography’a'ml,ste
ARTEMIS, by mentioning the related acronym considers the rules that define the messages and
(respectively: RDA for Reference designs andinteraction sequences that must occur in ordexd¢oee a
architectures, SCM for Seamless connectivity andgiven process through a particular service interfac
middleware and DMT for Design methods and tools).  Choreography evolution will be related to complhexitie
to the increasing dimension of systeni®RD@)



- Chronology-aware Service Composition: time is not
yet represented in the description of service, avhibking
service composition; so duration of the composedice

of sensors: in particular concerning the integratiof
support for dependability and real-time. High-level
dependability mechanisms must complement low-level

could not be known. Methodology to infer composedmechanisms such that distributed applications nmoin
times (capacity) of execution of two (or more as anthe sensor network as a whole exhibits reliableatsiein

expected evolution) services with time propertias i
expected to become relevar8GM

- Knowledge processing and reasoning: to address the
issue of usage of ontologies that contradict edlbroSo
the issue is ontologies reconciliation for agenstems,
especially at run-time. Till now, reconciliation of

ontologies is very complex to be achieved and mayprocessing

require a considerable amount of computationaluness.
(RDA)

- Large and complex: increasing size involves increasing
number of services and number of interactions. Vdith
greater number of nodes the increased complexipiés
issues in managing the systelRDA)

- Run-time behavior of a SOA: concurrency model is
the core component of a real-time program. Whihet t
concurrency model of high-integrity systems is noell
understood and has found representation in sulufets
languages, more expressive subsets are nedvied) (

- Localization of functionalities: in a highly distributed
system it is fundamental to have tools for effitiservice
localization. A way to reach this EFTA should beuse
Clustering techniqueSCM

- Intellectual Protection: this is an important issue for
interoperable and knowledge-sharing systems. Th#mks
SOA, IP should be protected since only the serigce
seen, not how the service
improvement are expectedRDA)
- Dynamic Deployment of Services: in order to better
support dynamic reconfiguration and to
orchestration and choreographiRA)

B. Wireless Sensor/Actuator Networking Infrastiuet
(WSAN)

even if parts of the network fail. (iv) Efficient
communication: energy use is linked to frequency of
communication and use for each communication.
Efficient communication can improve energy saving,
helping also in reaching energy autarkyD@)

- De-centralization: that is shifting intelligence and
tasks towards the field level devices.
Decentralization adds robustness, flexibility and
scalability to the system; of course, this trenduith be
not followed as a dogma for all deviceRDA)

- Energy autarky (self-sufficient devices): in a WSAN a
way of powering the single devices in a decentealiz
manner has to be found. This might involve batsgrie
energy harvesting, energy transmission, optiminatid
energy usage and power managemétiDA)

- Sef-X Features: For reasons of easier engineering,
easier maintenance, etc. features like self-orgaioiz,
self-optimization, self-healing, self-configuratjorself-
stabilization, self-describing etc. are of highest
importance. In their maximum extent this would mean
WSAN which does not need any engineering,
maintenance, configuration, or human care at &{CN)

- Enhanced Service oriented Features: due to the
limited amount of resources, SOA features nowadays
only be implemented on the gateway. As soon as the

is furnished, howeverenergy challenge is solved, it will also be possibd

apply common IT technologieRDA)
- Efficient Data Processing: This is a macro-EFTA

reachwhich includes: (i) Push-based information transinis:

information is transmitted when ready (push logitdt
when required (pull logic) (ii) Fusion/aggregatiofidata
processed within the network: information have ® b
propagated within the network by using rules of
aggregation/fusion to avoid to overload some nadd¢be

Wireless technologies are already widely used innetwork and to provide useful information insteddaw

industrial domain. Their diffusion should grow ihet

data. (iii) Context-aware MAC and Routing: a systiiat

future in order to enhance autonomy, mobility andextracts, interprets and uses context information a

reconfigurability of manufacturing systems. Devetamt
of wireless communication technologies are stitjuieed
especially in terms of reliability for application closed-
loop control and of interoperability with the
heterogeneous wireless technologies deployed isahe

adapts its functionalities to the current contexll e
required in the future RDA)

- Sensor calibration: calibration in WSAN is more
frequent than in wired networks. It is important to
understand when to do calibration. The problemas n

area. The EFTAs for the WSAN Infrastructure are nowonly due to WSAN, itself but to the increase of tn@mof

described:

- Quality of Service: This is a macro-EFTA which
includes: (i) Real-time service: e.g. to perforrduction
control. In order to guarantee this requirementaesh
should be carried out both in terms of stability thé
communication and of energy consumption.
Determinism: reliable delivery of data packets wih
guaranteed (mainly maximum) delay. Wireless medsim

sensors enabled by the WSAROA)

- Localization: provision of localization information in
distributed networks can be both a service offdredhe

network to the applications (object tracking, etand a

technique for improvement of the network itseECM)

(ii) - Data storage and search: collecting data it is crucial to

minimize communication cost for the applicationk&as
Hence, efficient storage and querying of sensoa @aé

subject to inference by machines or other wirelesshoth critical and challenging issues in WSARDA)

networks; hence it is difficult to guarantee detieism
especially for hard real-time applications. (iiiglRbility



- Scalability: number of nodes should vary depending onexecution, and enterprise systems will be seamless|

the need of the application. Existing approachesstitl integrated into each other is of key importancetevial

far away from the optimal desired scalabilitR A flow along the value chain and information flow radpthe

- Robustness: devices in a WSAN should be resistant to product life cycle are considered significant fetur

the potentially harsh environmental conditions ahduld  features to be supporte&GM

integrate seamlessly in the environment. Since the Device to Business Integration (D2B Integration):

application trend requires more sensors and thalevice manufacturers have been dramatically ingrgas

operational environment gets more hostile, the mgpee the amount of embedded software in their products.

of research on this EFTA increasd3D@) Hence they are able to handle a wide range of ctingpu

- Mobility: in a WSAN devices can be moving relative to and communication tasks, but also to provide their

each other. Mobility depends on the application aad  functionality as a service. Therefore device catigipate

vary depending on the proprieties of the mobility in real-world business applications by providing

scenario. RDA) information coming from their domain and also

- Security (cross-layer): WSAN have to be secured in consuming services available at enterprise le&IM)

many ways to ensure their reliable operation. Besithe - Cross-layer Adaptive M odeling: software development

security in WSAN, the focus will be in cross-layer is becoming more complex, model-driven engineering

security. RDA) technologies offer a promising approach to addthss

- Interoperability (heterogeneity): the emergence of inability of third-generation languages to alleeiathe

WSAN standards should facilitate the deploymeritnje  complexity of platforms and express domain concepts

industrial WSAN at plant and field levels. Nonetrsd it  effectively. Development of approaches that effesdyi

is still a very demanding research tofCM) handle service modeling and management of inteitige

- WSAN technologies for closed-loop control: in the  distributed business processes in highly populdtadce

future it is expected that WSAN technologies shdogd infrastructures is needed. Business logic traditign

able to address closed-loop control needs througjeh  resided at high-level systems (e.g. ERP) but inftiere

robustness, prioritization schemes, etc. The ckntrait will be distributed in several layers (e.g. ERP,

components like PLC will become more and moremiddleware, network, device levelPMT)

unnecessary for controlling production processRBA) - Security / Service Policy Compliance: business

- WSAN deployment tools: With the advent of applications are moving from stand-alone systems to

interoperable WSAN technologies, new standardenterprise service-oriented architectures (ents@BiOA).

installation, deployment and maintenance tools Ww#l The openness and heterogeneity of such systems is

available. Also, specific planning tools should mmade requiring a security approach different from that o

available to cope with complex installations andvisie  traditional systems and architecturd3D@)

pre-deployment simulation capabilitieBNIT) - Industrialization of software development: this is
needed in order to rapidly configure, adapt anerabse

C. Service-centric infrastructure - Enterprisedgtation  self describing components to produce systems. diere

(ED it will be applicable in different domains that sha
common core functionalityRDA)

This TA is related to the integration between

application-level  functionality  and device-level D. System engineering & management (SEM)

functionality through a common, unifying technolcaji

approach, based on the service-oriented archigectur A number of system modeling and logic design

(SOA) paradigm. Then the focus is on the integrahb ~ environments are emerging with the potential to ardy

aggregated device-level services with higher légb  automatically generate control logic software lmuallow

Services and business processes situated at taedév the support of multiple aspects of the completaesys

business applications - in particular EnterprisessdRece  engineering life cycle. Such tools promise to eeabl

Planning (ERP) systems. Business application systemhigher level design, improved reuse of control dogi

increasingly benefit from the adoption of serviceted applications and the possibility to visualize apations in

architectures (SOAs) allowing to flexibly compose a virtual environment. They also have the potential

components of heterogeneous software systems acrosspporting distributed control system configurasiofhe

traditional system boundaries and swiftly adaptiiess EFTAs of SEM are now described:

processes to changing requirements. The EFTAs afé&l - Efficient/effective (re-)configuration: the ability to

described here: configure systems (machines, lines, ebwijit from SOA-

- Flexible Production with Enterprise Support: a  enabled modules both statically and dynamically in a

characteristic of the future manufacturing planf v its  standardized manner, e.g., with predictable system

connectedness to all its vital components: workersperformance. Flexible use of systems componentsledu

machines, and products. Cross-Enterprise approachegth a high-level system configuration capabilifpMT)

considering the end-to-end process from the supplee - High level process definition: the ability to describe the

the plant to the customer need to be developecedily  overall behavior of systems composed of many tisteid

the vertical dimension where automation, manufaatur devices in a high level process description languag



which directly relates to the specific process tser is
concerned with. IMT)

Collaborative, integrated, distributed business-
driven engineering: systems capable of being configured
and managed in a global business context (e.g.osufgy
globally distributed engineering teams).
pervasiveness of SOA-enabled manufacturing dewnds
the effective coupling of embedded systems to lmssin
drivers are keys to greater agilitipNIT)

- Open, lifecycle support: engineering systems capable
of being used at all phases of the machine lifexyall

provided in a consistent manner and in a vendor

such as manufacturing domain, roadmaps are evainwit
exploit new technologies’ opportunities in order to
increase performances and competiveness.

SOCRADES Technology Roadmap identified some
Expected Features within the four Technology Areas

The addednvolved in the project. EFTAs represent the gdhbst

should be aimed by R&D efforts.

TABLE |
SUMMARY OF EFTA FOR TECHNOLOGY AREA AND FOR INDUSTIRL
RESEARCH PRIORITY

independent way. In future, as the lifecycle ofteys
continually gets shorter the provision of lifecyclepport
rather than a collection of separate support taoks

necessary. SOA presents a standards based anclneutr Total

platform on which these lifecycle systems can béhbo
built and linked. DMT)

- Service-oriented engineering: engineering support
provided primarily through the provision of sensce
rather than on-site engineering activities. SOA widl in
the standards based development of this type obtem
support by linking various systems both physicalhy in
conceptual termsSCM

- SOA Marketplace: SOA could be used to expose
services to the systems. SOA enables IP (Intekéctu
Protection).
developed (maintenance, diagnosis, etc.), creatieny
business models. This marketplace model will pregen

users of services and systems in the domain to neW'

pricing models that may be more suitable to comgmni
such as Small to Medium EnterpriséRD@)
- SOA-enabled Digital Factory: Planning and modeling,

improving cooperation between the enterprises, an®

internally. This is a macro-EFTA which includes) (i
Seamless integrated digital engineering: the glititmix
the engineering of digital and real system comptmen
(i) Fully digital mock-up of machines: mechanical
structure simulation, process simulation, predictend
validation of final pieces’ optimal results in dgsitime,
smart configuration. (i) PLM (Product Lifecycle

Management): tools to design, analyze and manag&p

products from the stage of initial conception tee th
retirement stage DMT)

Synthetic environments integration: synthetic
environments integrate the last developments inatiea
of virtual reality which allow representing enviraents
close the reality to the practical extension of shiethetic
environments in the manufacturing domalDMT)

V. CONCLUSIONS AND FUTURE DEVELOPMENT

Intelligent systems will increase their importarioe
manufacturing domain but still need for researchl an
development efforts in order to face the issuesqrted
in this paper. Roadmapping activity represents a
effective tool for orientating R&D efforts towardsgh-
level guidelines. In highly competitive environmgnt

RDA SCM DMT Total
SOA 9 5 0 14
WSAN 12 3 1 16
El 2 2 1 5
SEM 1 1 6 8
24 11 8 43

For each EFTA identified we made explicit the link
with an Industrial research priority (defined by
ARTEMIS). A summary of these links between
SOCARDES Technology Roadmap and ARTEMIS
Industrial research topics is presented in Tabl€hese
links support SOCADRES Technology Roadmap results
and encourage research’s continuation on SOCRADES
scope even going beyond SOCRADES goals themselves.

IP enables marketplace for tools to beAS expressed by this Table, SOA and WSAN Technology

Areas contain EFTA related mostly to Referencegiesi
and architectures and to Seamless connectivity and
iddleware; this is acceptable for the nature afséh
specific Technology Ares (architecture/middlewarsd a
network), however attention to design methods amadst
could be intensified also in these TAs in ordeoltain an
nhanced support and integration of these toolthén
overall framework.

Further developments will be performed in order to
validate and complete SOCRADES Technology
Roadmap. One important development is EFTA
prioritization, involving both time and content qrities.
Once priorities are defined, the identification of
trajectories will be possible; both EFTAs and tcajeies
gether will represent SOCRADES advice to policy-
makers for a proper R&D efforts’ orientation towsrd
Intelligent Systems in manufacturing.
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