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Abstract. Modern manufacturing systems are struggling toaismompetitive

under the pressures of and increasingly demandicigty. The advent of SoA-
based production systems is presented as the wolut facing those

difficulties. In order to support this new prodactiparadigm, new tools have to
be developed for the benefit of the production eegis of who will be

implementing and deploying the SoA-based factoporil This entails the

development of Smart Devices, which while beingoaomous are able to
communicate and cooperate in an open and standdrdimy with other

participants in the production system. These cdifiabi can be exploited in
order to implement a next-generation production itooing system that is not
only able to monitor production status, but alseergy usage, eventually
leading to much greener and more efficient factorie

Keywords: SoA, Web Services, Production Monitoring, Simulatio

1 Introduction

Modern industrial manufacturing is facing pressinoen all directions: governments
want greener and safer products, while costumearsadd quality, customization and
lower prices. In order to face these challengesrnage of technological boom,
companies are turning more and more to machinasdomplish the tasks previously
made by human.

The field of factory automation has been a piorieethis area and has evolved
much in the past few years as machines get evee mmphisticated and efficient.
Nevertheless, these changes have also raised idepaties involved in maintaining
and controlling them. Implementing a modern factibogr is an incredibly expensive
and time-consuming labour as production specificetimust be transformed into the
machine code connecting all of the devices togethéewise, a monitoring
framework must also be implemented so that prodoatingineers can have a real-
time view of the machine’s status, production fl@mergy usage, stock management,
as well as other essential production indexes.
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It is expected that the event-based, high-level dadoupled nature of SoA-
enabled production devices will allow for easietegration, configuration and
maintenance of factory monitoring systems, whilethet same time improving the
performance and capabilities over traditional systeThe study of monitoring and
energy efficiency issues in SoA-based factory aation relies not only on following
current state-of-the-art in the relevant areas, disb on the building of prototype
engineering solutions that demonstrate the proposeithodologies. Those solutions
should be engineered based on existing use-caaésepresent current industrial
needs.

2 Contribution to Technological Innovation

The flexible production line requires the developmef modular devices which can
be plugged into the production line and participéte a cooperative network
configured to accomplish a given task. The devibemselves should be autonomous
in the sense that they don't depend directly on ahthe other participants in the
network to achieve their full functionality, whicmeans that the devices are
individually programmed and tested before reackiegproduction line.

This entails:

Developing building blocks - Intelligent functioesnbedded into devices (profiles,

HMI, tools, web, agents)

Making the blocks work together - Design of netwastkautonomous and fault

adaptive systems (protocols, robust, security)

Assuring a common objective - Concepts, methodstaal$ for building robust,

reconfigurable intelligent systems and guaranteeeted overall system

behaviour

Also important is that the devices are able to comigate in a standards-based
manner with the other participants in the netw@tandardization guarantees better
flexibility for the system builder in mixing and nehing parts from different
suppliers, creating a fairer market for device delis and thereby reducing costs
through the power of healthy competition in the ke#place.

The requirements described above are embodied @nteéhants of SoA as it
describes a standards-based network of autononastisipants which work together
in order to reach a common goal. Specifically, tise of SoA and Web Service
technology from the enterprise level all the wawddo the device level yields the
following benefits:

- Easy adoption: it is possible to deploy the tecbgplincrementally either by
gradually replacing components, or using middlevametions in older equipment
(Priyantha, Kansal, Goraczko, & Zhao, 2008).

Easy integration: made possible by the standardseb@ature of SoA and WS

technology.

Easy to develop new applications: SoA and Web Sesvare at the heart of new

programming paradigms heavily endorsed by inflidrgoftware companies such

as Microsoft® and Sun®.
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Reduced time for setup: made possible by the regatinature of Web Services,

and facilities such as discovery and eventing.

Bringing SoA into the production line requires aefal design in order to keep a
clean architecture with clear hierarchical separatbetween different levels and
usage patterns. The implementation must accourthéorequirements of the current
production runs, as well as being ready to quickigorporate changes in the
production process, while at the same time supmpiise cases that can range from
production control to production monitoring, to ess process management
(Karnouskos, Baecker, de Sousa, & Spiel3, 2007).

With energy prices are on the rise, and environadergncerns coming from both
consumers and governmental agencies, the industgricerning itself greatly with
energy savings on the shop floor, which not onlyehs¢he potential of yielding
savings directly on the energy bills and environtakmaxes, but also having an
impact on sales as the marketing department isvatido stick a “green” label on the
end-user packaging.

The research presented here aims to develop a 8sédbframework for
decoupled factory devices, and use it to performitaodng of production data, with a
particular emphasis on energy usage, in orderdeareh viable energy management
strategies for the factories of the future.

3 State-of-the-Art / Related literature

Many SoA-based frameworks have been proposed, asacm (Colombo, 2008),
where the author separates the production systenthiree hierarchies: the embedded
components (TEC), composed into embedded machiitgd), which themselves are
arranged into embedded production systems (TES)La&stra, 2004), the author
presents a similar approach dubbed Actor-basedmitdgeSystems in which simple
SoA-based devices with limited functionality arergmsed together to build complex
production systems. In {Document Not In Library}etrauthors present a similar
framework of SoA-based devices using the OPC Ubhifierchitecture. These
frameworks have many things in common, which regmeshe central tenets of the
SoA-based production system: a society of autonenutmvices which cooperate in
order to achieve the functionality required for greduction objectives.

The research presented here builds upon the sasiefdracedures and techniques
in order to build a fully functional production $gm. Much of the work follows the
groundwork laid down in the SIRENA (Jammes & Sm)05) and in the
SOCRADES (de Souza et al., 2008) projects, as aglithe RI-MACS project
{Document Not In Library}. It is also closely re&d to the objectives put forward by
the CONET {Document Not In Library} research prdjec

The developments and tools developed in supporthefresearch are mainly
supported upon the Devices Profile for Web Serv{@&RWS) communication stack
(Jammes, Mensch, & Smit, 2005) under the developroetbrella of the SoA4D
group {Document Not In Library}, and the Delmia Aumation CAD suite
{Document Not In Library} as a simulation/visualtzan tool. The results of the early
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experiments with these sets of tools are describgCachapa, Colombo, Feike, &
Bepperling, 2007) and (Leitao et al., 2009).

4 Research Contribution and Innovation

The research plan for the work presented here pmrated in two stages: the
development of a SoA-based framework for factoryiaks, and the leveraging of
that framework in order to perform event-based nawimig of production and energy
data.

The first and most essential step in the creatioa ®st production line based on
the SoA paradigm is the availability of “smart dmg”. The concept of a Smart
Device is used to describe a device that is dedignem the ground up to be
autonomous and cooperative. Smart devices integhat&inematics; the behaviour,
which is exposed to the outside as services; anthdé case of a virtual device, the
geometry, or physical dimensions of the devicejfiresents. Smart Devices can thus
be brought into the production line, connectedhe hetwork, and have their full
functionality immediately available for the contesl to exploit with minimal
configuration. The procedure of developing a virtamart device in the Delmia
Automation environment with a DPWS-based serviterface which is identical to
the one available from the corresponding real devi described in (Cachapa,
Colombo, Feike, & Bepperling, 2007).

The Smart Devices feature fixed input and outputspat its physical boundaries,
so that different devices can be connected at ffogts in order to build a continuous
sequence of machines that can transport work pieséde the production cell. The
ports themselves are intimately connected to thacdis internal functionality and
exposed as individual services, meaning that thesipal composition of devices is
also reflected in the functional composition of tlespective services associated to
those ports. Two or more devices can be composéldismrmanner in order to form
composed devices, which abstract the interactiebsden the individual devices and
whose resulting characteristics may be differemfrthe simple sum of the
capabilities and limitations of each component. Tdmmposed devices can be
themselves composed into new composed devices@femhigher hierarchy.

By linking and composing smart devices togethefulh SoA-based production
system can be assembled. This technique was demmusin (Leitdo et al., 2009)
where a virtual SoA-based production cell, showtrig. 1a) was built according to
an existing physical cell, shown in Fig.1b), anediso aid the development of the
production controller.















