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Abstract— Nowadays two main reasons are determining
the increased number of intelligent systems in
manufacturing. The first one is market-driven: demard is
more and more variable and mass customization is ¢hnew
way to compete in manufacturing, requiring feasible
reconfigurable manufacturing systems. The second onis
technology-pushed: the increasing availability of high-
performance, low-power electronic components and th
emerging wireless technologies are boosting the et@on of
intelligent systems (with personal intelligent pereption,
reasoning, etc.). However research should still bdone in
intelligent systems’ field. Since the complexity kb of the
topic and of the consequences on manufacturing donm a
framework for addressing the overall field should @
defined. We propose the framework adopted in
SOCRADES, a European research project exploiting Seive
Oriented Architecture paradigm both at the device ad at
the application level. Finally the impacts of SOCRBES
architecture on manufacturing performance are desdbed
and motivated.
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. CONTEXT DEFINITION

Nowadays market's demand is going towards mas
customization where large numbers of product vésian
are required by customers. This trend involves pctdn
strategy changes in order to achieve a Manufadture-
Order paradigm and the adoption of highly flexible
systems to properly react to mix variability. Moveo,
highly fluctuating demand and new products intrdatuc
require new manufacturing systems that are abtatalle
high variability with limited cost expenditure. Bhkind

rapidly changing requirements in efficient and efifee

fashion. Today, re-designing and re-programming of
automation and control systems, in order to Chang‘?nfrastructure for Dis

features of manufacturing systems, are still topeesive
and too slow.

On the other hand, there is an increasing avdithabi
of affordable, high-performance, low-power electcon
components and the Internet / Ethernet (wired oeless)
technologies. These technologies, as the basiecafor
interconnecting electronic devices, are at the sbési

communication improvement and heterogeneous device

integration, with particular emphasis on platform

independence, real-time requirements, robustness an

security. Moreover, these technologies can be &t

to build advanced functionality into embedded desjc
thus enabling new distributed application paradigms
based on interconnected "smart devices" with a agél

of autonomy.

In this context, intelligent systems will suppdinie
enhancement of manufacturing systems. Manufacturing
systems composed of autonomous entities, each one
provided with personal intelligent perception, @aag,
learning, acting reason, and seamless interactidh w
other system units, will enable more effective atrdight
management and reconfiguration.

Even if intelligent systems are expected to have
positive impact on manufacturing performance, eisfigc
in terms of systems design and management, stitlareh
effort should be carried out in this field in ordemrovide
a reliable and effective framework for the
implementation.

A research stream for reaching intelligent systésns
based on Service-Oriented Architectures (SOA). SOA
offer the potential to provide the necessary system
visibility and device interoperability in complex
automation systems subject to frequent changes. SOA
basically an architectural paradigm that defines
mechanisms to publish, find and compose services
adopting loose coupling logic and open standar@mck
TOA paradigm is particularly applicable for envinoents
where reconfigurability is required. This approach
expands the use of the service-oriented architectur
(SOA) paradigm, implemented through Web Services
technologies, at the ad hoc device network levabiéng
the adoption of a unifying technology for all leyelf the
enterprise, from low-level real-time embedded seso
and actuators devices to enterprise business m®Ees
This new approach poses many challenges and
Bpportunities for new services and applicationd, dso
raises new questions.

SOCRADES (Service-Oriented Cross-layer
tributed 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, @tpg
Service Oriented Architecture paradigm both atdéeice
and at the application level. SOCRADES will creagsv
methodologies, technologies and tools for the nindel
3esign, implementation and operation of networked
systems made up of smart embedded devices. Bogdl wir



and wireless networking technologies will be coastdl  reusable units, which operate as a set of cooperati
for the network implementation analysis. entities. These entities are capable of working ipro-
active manner, initiating collaborative actions and
dynamically interacting with each other in order to
IIl. SOCRADES FRAMEWORK FOR INTELLIGENT achieve both local and global objectives, down frina
SYSTEMS physical device control level up to the higher levaf the
business process management system. These eatiies
In order to address a complex issue such asigeatl  represented in Fig. 1 by the Web Services interectaul
systems development, an overall framework should beéo the SOA infrastructure (e.g. devices, orchestsat
adopted. Fig. 1 presents the general architectsed in  controllers, work pieces, gateways, mediators) etc.
the SOCRADES project to face this matter. In this area Devices Profile for Web Services (DRWS
SOCRADES fundamental paradigm is the Service-[2] specification is being developed and improv&dis
Oriented Architecture common infrastructure forrebsss  specification identifies a minimal set of Web Seed
integration from enterprise level to device level protocols useful in realizing networked architeegirof
applications. This is represented in Fig. 1 bydtracture = Web Services-enabled devices. It is built on topthaf
interconnecting all the Web Services (WS) that cosep SOAP, and relies on additional Web Services
the general architecture. More than developing andpecifications, such as WS-Addressing and WS-Policy
specifying models, protocols and general architecfar The DPWS specification defines also a set of built-
web services, SOCRADES focus its efforts on thdadev services, such as WS-Discovery, WS-MetadataExchange
level addressing problems concerning WirelessWS-Eventing. The DPWS stack provides a development
Sensor/Actuators Networks (WSAN) in order to depelo toolkit for the user developing their own services.
reliable and efficient communication carriers (bait  Moreover for this area the following aspects aréndpe
right in Fig. 1). Moreover, even Enterprise Intdgma  developed: Service orchestration, service managgmen
represents an important field of study in ordeohtain  service-enabled agent, semantic web services, emits
and exploit benefits coming out from the use of S&A gateway.
middleware. Enterprise Integration is focused oe th
Enterprise systems WS of Fig.1. Finally the lagvant B. Wireless sensor/actuator network
topic addressed by SOCRADES that completes the
overall framework is System engineering & managdmen This area focuses on sensor/actuator network ghat i
(related to the Engineering system of Fig.1l); tiés network of equal participants without any centraitrol,
relevant for exploiting all the opportunities inres of  in which sensors and actuators directly intera¢h wach
dynamic reconfigurability and re-configuration comet  other with the objective of commonly solve day-toyd
from SOA adoption. Hereafter the four main areas ofautomation tasks. The objective is to specify navelass
SOCRADES are described, stating the focus of eaeh 0 communication protocols that provide the required
reliability, safety, security and real-time paraemst for
A. Service-oriented Architecture embedded devices. Although, in theory, these podgoc
are not imperative for sensor/actuator networksedvi
The key goal is to specify Service-oriented framdwo sensor/actuator networks would be of no practical
for device-level infrastructures, where systemliigience  relevance as the wiring of a high amount of serssut
is implemented by intelligent physical agents entleed actuator nodes would be difficult and not econonhic.
in smart devices. The umbrella paradigm underpipnin confirmation of this evidence, the domain of indiat
novel system design is to consider the set of ligait communication shows the trend of adopting wireless
system units as a conglomerate of distributedtechnologies for networked embedded automation
autonomous, intelligent, pro-active, fault-toleraahd  devices. Research on power supply for the network
infrastructure as well as the sensor itself, dgualent of
new services with WSANs, merging of the DPWS
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technology across the enterprise [3,4]. Hence anmai
Fig. 1. The general architecture of the SOCRAD&SEwork. relevant topic is the integration of aggregatedickeievel



services with higher level Web Services and busines From a run-time infrastructure point of view, the
processes situated at the level of business afiplisa- in ~ focus will be on a new breed of very flexible réate
particular Enterprise Resource Planning (ERP) syste  embedded devices (wired/wireless) that are faldt-amt,

in order to demonstrate seamless integration ofcdev reconfigurable, safe and secure. Auto-configuration
level functionality into higher-order business apgtion management is a new challenge that will be adddesse
scenarios in manufacturing, logistics, or similegass. The  through  basic  plug-and-play and  plug-and-run
integration should not require changes to businessnechanisms. The use of device-level Service Oriknte
application code, but be based on and leverag&Mble  Architecture, will contribute to the creation of apen,
Service-enablement of device networks as addrelsged flexible and agile environment, by extending thepse of
SOCRADES. The definition of new integration consept the collaborative architecture approach through the
taking into account the emerging requirements afriess  application of a unique communications infrastruefu
applications and the explosion of available infaiora  down from the lowest levels of the device hierarchy
from the device level is considered in this SOCRADE into the manufacturing enterprise's higher-levesibess
research stream; as well as the trend towardsadiay process management systems.

of real-time event information, which will be used

specify new enterprise integration approaches for

applications such as business activity monitormggrall IV. IMPACTS ON MANUFACTURING
equipment effectiveness optimization, maintenance
optimization, etc. In this section we want to stress the most relevan
impacts that SOCRADES (by developing the framework
D. System Engineering & Management described above for intelligent systems) will geteron
manufacturing performance.
In order to handle the highly level of reconfiguitiy 1) Reconfigurability the adoption of SOA and an

and complexity due to the use of SOA on a low-levelad-hoc services platform facilitates the discovaryd
application, tools and methods for systems enginge& composition of applications by re-configuration heat
management are needed [5]. Within this researeastr  than reprogramming. There is no need for software r
the main goal of SOCRADES is to specify systematicprogramming of large monolithic systems but rather
approaches and engineering tools that will fatcditthe  reconfiguration of loosely coupled embedded units.
engineering of the overall system behavior. Thd goto Moreover through the adoption of tools able to supp
combine support for the configuration and optiniabf application design, simulation and monitoring ailsgme
networked control capabilities with device managete intelligent embedded components it will be possitde
configuration and lifecycle support services. Esgrs manage the complex and changeable context in which
are needed to assist in exploring these new dinesti reconfigurability will be required.
2) Interoperability: service-oriented architecture
(SOA) paradigm, using opaque interface and loose
IIl. INTELLIGENT SYSTEMS ENABLE coupling concept on widely heterogeneous devices,
COLLABORATIVE AUTOMATION facilitates both the discovery and the compositiahn
complex services that can use devices deployedrious
SOCRADES adopts the “collaborative automation” platforms and networking technologies. Moreover th
[6] paradigm: the aim is to effectively develop land  elimination of cable connectors due to the adoptién
methods, to achieve flexible, reconfigurable, duala wireless communication strongly facilitates an iomd
interoperable network-enabled collaboration betweerseamless interoperation. The utilization of widely
decentralized and distributed embedded systems. heterogeneous systems is definitely allowed by twg@
The SOCRADES technical approach is to create a&ommon wireless architecture.
service-oriented ecosystem: networked systems are 3) Scalability: this important  requirement,
composed by smart embedded devices interacting witlespecially in manufacturing, can be spontaneously
both physical and organizational environment, pugu supported by SOA and by an ad-hoc services platform
well-defined system goals. Taking the granularity o The identification of a new device can be done apqg
intelligence to the device level allows intelligeststem  through SOA, without needing to deeply modify the
behavior to be obtained by composing configuratiohs overall system. This is much important for IT gawance
devices that introduce incremental fractions of theand for possible impacts on SMEs market, where IT
required intelligence. This approach favors addlitgb investments are sometimes avoided due to scajabilit
and rapid reconfigurability, as re-programming afge  issues.
monolithic systems is replaced by reconfiguringsiely 4) Maintenance Optimisation-Diagnosabilitythe
coupled embedded units. From a functional persgmcti technology behind SOA and the enhancement that
the focus is on managing the vastly increased numbe SOCRADES is generating will support both the
intelligent devices and mastering the associateddiscovery/recognition of failures (sensors, resesyc
complexity. controllers, etc.) and their repair in a real-tirmed
seamless fashion. The provision of a set of agid a



economic sensors/actuators will increase the gaaityil mobile devices as a mean to realize part of a basin
of the information that can be available for thecma process or even as the end-devices to be monitdies.
(maintenance) system. This low level informationl wi aim is to loosely couple the back-end systems (prise
support high level business application thanksstindess infrastructure) with the front-end ones (machinexl a
integration. With low level information availableori devices available to the workforce on-site), biit be
demand”, maintenance optimization will be strongly able to realize the whole business process inxéfeeand
supported, e.g. by integrating device-level sewviemd  dynamic way. A series of services can be realizeth as
diagnostics with business applications in mainteeaand  remote diagnostics, predictive maintenance, etc.
asset management, actual device diagnostics data 11) Overall Equipment Effectivenestie seamless
compared to stored device profiles for detectirgrtalg integration of the manufacturing devices level it
conditions, etc. business applications level is a basis for capgurin
5) Reusability: SOA and WSAN improve information about equipment usage. With the adoptb
reusability of resources/devices that are encap=illa  this information a better utilization of assets dple,
services. Since every component can be easily neoed)  equipment, and materials) through a comprehensaw v
and managed by any SOA-enabled system and by thef overall equipment efficiency can be allowed.
common wireless architecture, reusability increaBeen  Relevance of this feature enabled by SOCRADES is

the reutilization of components into different gyas will based on possibility to have at high-level business
become feasible and seamless. This generates beth c application indicators based on low-level high-gidan
reduction and sustainability enhancement. information.

6) Intellectual Protectionwith SOCRADES SOA- 12) Customized manufacturing with late order feeez

enabled architecture a more effective IntellectualSOCRADES, by connecting the shop floor to the bessn
Protection will be possible, since the architectitself is  system, will change the freeze period, which ispglgod
based on exposing services not the technology dehinduring which the customer cannot change a product
them. SOA will automatically hide how the servie i parameter. The start point of the freeze period lcan
furnished, showing only the functionality of thensee stretched to the point, where the parameter isallgtu
itself. This feature can have a dramatic impact onincorporated in the product (order penetration poibhis
collaboration among enterprises since exposurevaf o kind of near real-time enterprise is obtained witho
technology should become less risky. efforts in integrating the different systems inweidv
7) Cost efficiency: SOCRADES, thanks to the (MES, B2C application, etc.). Additionally, the tuser
developments in wireless communication, will alloest can be informed about the production stage and the
reduction related to cables installation and maiatee. expected completion of the order in near real-time.
This includes material costs (e.g.: buying cost and 13) Complexity managementthe explosion in
maintenance cost), time-related costs (e.g.: tipents number of embedded devices will require new toold a
during installation, movement or elimination of methods for managing a new degree of complexity.
resources), labor costs (e.g.: personnel costnfstalling SOCRADES considers the management of this
and maintaining). Moreover, thanks to the developedcomplexity. Since in the future complexity is exfgetto
methods for system engineering an efficient andbecome a pervasive feature of manufacturing prootuct
standardized tool that supports the overall systemrequirements, being able to manage complexity will
engineering and management will reduce generalscostconstitute a competitive advantage.
due to the time saved in designing phase and to the 14) Reactivity:system engineering and management
improved control on efficiency that will be feagbl addressed by SOCRADES will contribute to enhanee th
8) New Applicationsthanks to the development of reactivity of the overall enterprise, by supportihgith a
WSAN, new business applications can become feasiblanore rapid and efficient tool for designing andidating
The elimination of cabling coupled with a relialdead  systems. Moreover, thanks to the support of SOA and
secure communication will allow new functions, sih  seamless Enterprise, integration reactivity willblo®sted.
monitoring or controlling within harsh working This characteristic is extremely important for catipg
environments. in future manufacturing market where demand will
9) Business Activity Monitoring:the increased become more unpredictable and where rapid decisibn
granularity that can be seen from the enterpristesy become necessary to survive the competition.
through the implementation of an effective seamless 15) Integration:SOCRADES, with the developments
integration allow low level information being awaile @ on SOA, WSAN, Enterprise integration and system
for real-time measure of key performance indicatond  engineering and management will allow not only the
for real-time reaction to relevant events and etioep  integration within the enterprise but also between
with minimized latency. This extremely important in partners. Even if SOA is the enabling technology fo
today’s market performance control and improvenagat integration all the research streams are necessatytain
required for competing in the manufacturing market. this possibility. Cross-border integration is funtntal to
10) Mobile Equipment AssistancEOCRADES, by obtain collaborative manufacturing in order to teea
adopting the seamless integration strategy thrds@#\  competitive  collaborations in  highly competing
implementation, will easily allow the process ofings environments (where increasing required speciatinat



and systems complexity cannot be both solved bglesin
enterprises by themselves).
[1]
(2]
V. CONCLUSIONS AND FUTURE DEVELOPMENT

The utilization of intelligent systems in
manufacturing domain is expected to increase in théB]
future. Nevertheless intelligent systems still nefed
research and development efforts in order to sebme
issues that constrain actual implementation witthie
industries. [4]

We presented the structure of SOCRADES, a
European research project addressing SOA-based
manufacturing paradigm. This project has been strad
in order to address the main problem that intetiige [5]
systems composed of embedded devices are facing: in
terms of architecture (SOA), communication (WSAN),
integration (Enterprise integration) and modeliBgqgtem
engineering & management).

In view of their expanding business and marketing
strategies, SOCRADES anticipates achieving
groundbreaking future applications, in particulaoqess
automation and advanced control, based on seamless
integration of wired and wireless networks combimgith
a universal communications infrastructure.

Moreover, main impacts of SOCRADES, hence of
intelligent  systems  adoption, on manufacturing
performance have been described and motivated.

Nonetheless there is a need for further research
especially in order to validate the impacts desatibbove
and to measures the level of impact that they helle on
manufacturing performance. This phase is relateth¢o
exploitation of the project since it refers to thefinition
of models and prototypes that show effectively hbe
developments come out from the projects are really
necessary and value-adding in industrial domain.

This is the interest of all the on-going reseatitt
try to adopt Service-Oriented Architecture, wirsles
communication technologies and embedded systems in
order to obtain intelligent systems for supporting
manufacturing performance. Moreover this will bes af
the main next steps of the SOCRADES project, thaoks
the project industrial partners involvement.

(6]
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