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Abstract

Future Internet technologies (BigData, Cloud CornmgjtMobile Web

Apps, etc.) offer manufacturing industries the fubt to engage in a
digital transformation leveraging advanced businegssocesses.
Furthermore, loT technologies are enabling tectgieofor new Smart
Manufacturing solutions. The FITMAN project, Futurbnternet

Technologies for Manufacturing Industries, is watki on the

development of Generic and Specific Enablers (GE), that are the
essential components of 3 reference platforms (smigital and virtual

factory). The paper will discuss and present theabkrs and

architectures implemented by the enterprises fawviging advanced
and innovative services based on Future Interngtntdogies. The
paper will also present the high-level featured #ra leveraged by the
FITMAN reference platforms and the associated GEs/® develop
new business processes. The paper will show hosetkeablers and
high-level features represent a solid and flexiglehnical foundation
for communities of developers and practitionersdevelop digital

business processes in an open & programmable @ttethrough

concrete industry-led trials.

1. Introduction to the Sensing Enterprise and the FITMAN project

Over the last few years, an increasing effort heenlput in place to enable enterprises to develdpdr business
capabilities relying on Internet and IT enablersorfr its description of the Digital Business Comntyr(iDBI)
Position Paper on Orientations for H2020 publistied2011, the Sensing Enterprise refers to an erserp
anticipating future decisions by using multi-dimiemsl information captured through physical anduat objects
and providing added-value information to enhans@libbal context awareness. That is to say, therjgrige will not
only capture selective information from the enviremt (physical, virtual and social), but it willsal integrate
decentralised intelligence into its decision-makipgcess. The Sensing Enterprise denotes a spesgficof
characteristics of a Digital Enterprise, and corabirthe vision of the Internet of Everything (loBjig Data
Analytics, and Next Generation Collaboration, witle evolution of enterprises as a business andypotincern on
the one hand, and with the technical evolution mErrise systems from architecture to specificcpsses and
components on the other.

Current factories are nowadays going through asteamation that should respond to major megatreakisig
place worldwide. As an industrial renaissance tdl@d in Europe, advanced manufacturing (which jgles over
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20% of Europe’s jobs and generates 67% of its ¢gp@ being transformed in multiple ways leverbgethe ICT
very relevant role. To address these challengesrefitenterprises are developing new capabilitieth@ir three
dimensions smarter, digital and virtual factori#hese advanced business capabilities can be adhewiding
improved technologies for interoperability, conidgtt, mobility and intelligence, which make enteges smarter,
more agile, mobile and collaborative. Future Iné¢rtechnologies present enterprises with a newuimg&nt to
implement highly efficient advanced services tieatrage a digital transformatigif®

However, the Sensing Enterprise is not only théomiof the DBI community for the H2020, since redav
European companies are working towards the digigadsformation in very important European Resegrcijects
such as FITMAN, OSMOSE, FUTUREENTERPRISE, MSEE ontWantage; promoting new forms of enterprises,
business transformation, and new/enhanced proéudgtte development.

The paper brings an insight into the OS enabledsaachitectures (Reference Platforms) that have degeloped
in the Future Internet Phase 2 Use Case projedIBN (Future Internet Manufacturing TechnologiesheTpaper
provides a clear understanding about how the FITMANure Internet (FI) modular components will alloie
development of added-value services and applicatiom the top of EDA-SOA architectures in the Semsin
Enterprise concept.

The document also presents the industry-led timfdementing FITMAN OS components related to theagm
IoT services, digital information management andlaboration. The usability of FI enablers facildgathe
development of advance services and applicatiorthénmanufacturing sector, leveraging the smaditali and
virtual domains in the companies towards the Segnsimerprise.

2. FITMAN Futurelnternet Enablers and Reference Platforms

FITMAN aims to test and assess the suitability,mo@ss and flexibility of FIWARE OSS components (Btesmeet
the needs of European Manufacturing Industriebéndomains of Smart, Digital and Virtual Factordéshe Future.
Additionally, FITMAN provides 15 specific componerfor manufacturing (SEs), which customise FIWAREthe
Manufacturing Business Processes, and complem&W{ARE enablers in those domains. These OS components
enable several advanced functionalities relatedhmpfloor data collection, complex realtime everbcpssing,
secure event management, collaborative 3D web lizatian and synchronisation, 3D data storage, runsired
data analysis, semantic analysis, collaborativetassd business processes management, etc.

FITMAN also provides three Reference Platforms tbamceptually describe the interconnection betwien
FIWARE and FITMAN enablers (GEs, SEs) on a spedifictory of the Future domain: Smart, Digital anidOal
Factories. In other words, user-friendly guideliioe fast FIWARE OS components “assembly” in thefetiént
domain applications.

The Smart Factory platform is focused on the ctitbecand processing of realtime data collectiondieop floor
operations, directly related to I0T technologi¢sides sensors and monitoring systems (Kinect selRE®D sensors,
etc.) deployed in the production lines and servaggdications for sending messages or warningsms to manage
both tangible assets (energy, productivity, thrqugh and wastes) and intangible assets (customeimsmnts,
workforce wellness, comfort and safety) to obtamrencompetitive and productive manufacturing envinent. As a
result, more efficient knowledge-management stiagegiill be implemented, achieving the intelligertd smart
factory.

The Digital Factory Platform aims to provide advesha@ata visualisation in order to connect peoplthéohuge
amount of information available. It faces the ohiadle of improve the time-to product and time-tokaaof products
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and services, managing more efficiently the prodifietcycle information using intelligent knowleddgkows and
providing the services and tools to make easiectiuperation between the different systems, su¢tRes MRP I,
social networks, testing system, etc.

The Virtual Factory Platform is oriented to crosgegprise collaboration through the tangible anirigible
assets management. It aims to obtain collaboratiodels and platforms, in order to manage the dietsvithat
demand multi-partners interaction based on prodenotric collaboration space. Accordingly, the \attdactory
experimentation sites could be located in the boltative private servers and networks where pastrséare
information about their needs and tenders. A comemmponent in most of virtual experimentation sie$SQL
Server for enterprise-level data storage.

As a summary, the FITMAN Fl enablers and architexswyill provide the following main functionalities
- Physical-Digital service synchronisation.

- Real-time dynamic event processing.

- Connecting People to Information.

- Advanced and secure (3D) data visualisation déipes.
- Cross-enterprise collaboration & interoperability

As can be seen from the functionalities and cajtisil offered by the previous modular componentd an
architectures, the FITMAN enablers will facilitatee easy, fast and efficient development of snwigital and
virtual services and apps based on Future Intas@tnologies. This is fully aligned with the SewsiBnterprise
concept, which leverages the integration of enisepsystems with I0T platforms and ecosystemsirtberporation
of smart objects and associated technologies inisinbss contexts and practices, and effective rimdtion
management practices that move enterprises frorddiay access to information, cloud, and busimgefligence.

3. FITMAN Industrial Trialing

FITMAN offers the availability of generic & speaifiOSS software components organised in a moduthitecture
for digital business process development in an @&pnogrammable internet. Furthermore, FITMAN implents 55
innovative business processes in 10 industry-ledcase trials based on the Fl enablers and artthiéscpreviously
described. In the following section, how the FITMANals develop advanced services and apps thrdlgh
implementation of the modular components will beoveh, facilitating smart-loT services, digital infoation
management and collaboration in the framework ef3kensing Enterprise.

Concerning the business objectives of the manufiagteompanies to perform the digital transformatpwocess,
FITMAN trials are mainly oriented to reducing pradion costs, reducing time to market, increasingdpction
capacity and increasing the usefulness of informnatFITMAN trials supports the transition towaradfsrganising
production capabilities that leverage far more #iglepadvanced manufacturing production sites. Sjpatly, the
FITMAN SMEs will benefit from the movement toward®re responsive and energy efficient productioessihat
can respond more effectively to production requaeta and can better plan production processes lsedpacity
available.

TRW trial (automotive supplier — Tier 1) aims tovdp a new generation of worker-centric safety agament
system in order to reduce the accident and inciddenthe production workplace through workers’ emponent.
The use case of TRW is focused on monitoring amduation of the risk that can affect to the bludasoworkers on
the production lines, in order to provide effectipeevention strategies. Thus, the trial speciakmends the
functionalities of the real-time detection throu§mect sensors, as well as continuous data praugdsr events
creation and corrective actions performance. TR supports the introduction and acceptance ofterhnologies
in the manufacturing industry, providing the neeegdalance between security concerns and privasgerns. The
implementation of monitoring technologies suppdis innovative human-in-theloop model, getting dippative
approach for the workers’ empowerment solution.

Whirlpool trial (white goods sector) provides sabuis for real-time decision support systems. ktharacterized
by an underutilization of the data gathered ingheluction line and thus an unexploited benefieimms of speed of
reaction and effectiveness of decision taken byfahtory staff. The trial instantiation is mainlydused on reducing
quality defects due to operation going out of conbry preventing as much as possible machine inpéion. This
can be achieved enabling the decision maker withohkile device and a system able to gather all Hgcbevents



happening along the production line through RFIDsses, filtering them applying a selective algaritand deliver
enriched information about the event through théifealevice.

Piacenza trial (textile sector) is focused on bdthud manufacturing and enhanced production mangorin
order to provide manufacturing as a service busimesdel. The trial handle the production capaditsedasts,
leading to the publication of forecast data ondlmud and hence sharing the production resources.réal time
monitoring of the shopfloor production is supportadthe usage of smart tags (RFID enabling tectgy)lcso the
monitoring of the order status will be automated @ach order in production will be connected wltle tight
machinery. In this way, the solution provides adatpd data to feed cloud computing by adequate torong and
capacity estimation instruments. Consulgal (cowsibn sector) aims to provide a solution for codledtive
workspace and effective decision-making. The migous is the automation of the concrete handlirg@dure with
a well-defined information management system, stppdoy RFID technologies for the tracking and naming of
the concrete samples and dams. Consulgal trial #msrovide a more collaborative participation betw the
stakeholders and support effective decision makiitfp almost realtime data from shopfloor with coditel
information. AgustaWestland (aeronautics sectorisnted to the workforce support and producti@cthking in
aeronautics. During final assembly line and maiatee operations the Foreign Object Damage (FOD) passible
damage attributed to a foreign object that is rast pf the vehicle or any foreign object itselfttinaay or may not
degrade- avoidance is very relevant and strictlgted to the correct management of tools. To preaad avoid
FOD risk and improve efficiencies to be sure afllsohave been removed from the Helicopter, maimteaand
manufacturing teams have dedicated strict toolrobptocedures and use of dedicated training ceuasd different
instruments for their tracing and checking too,hsas toolbox, tagged tools. For as question oftgafiethe end of
the activity, all the tools must be stored in théerring box. AgustaWestland trial aims to givettier support to the
technicians during daily activities in the finakambly line using the support of new instrumentsriter to facilitate
the tracking of the tools.

4, Conclusion

FITMAN is a cost-effective, modular and open apptodo develop advanced applications and servicethen
framework of the Sensing Enterprise for the manufimy domain. Through loT services, digital infation
management and collaboration capabilities, the FANVBES and reference architectures will make eafsister and
more efficient the development and implementatibimoovative smart, digital and virtual services.

The evidence of the FITMAN approach is shown onttiads, where digital business process have begaldped
in an open & programmable internet, demonstrating:

- Real-time data detection through sensors and rt8roajects, as well as continuous data procesfimgevents
creation in order to support effective decision mghkvith contextual information;

- Digital information management, advanced viswdion of the users’ information, feasibility of tldoud in the
manufacturing domain, and trends forecasting thiaagial networks; and

- More collaborative participation between the etaMders in the value chain, through enterprisevorwdng
platforms, and tangible and intangible assets mamagt.

Nevertheless, the impact of the Sensing Entersigxpected to go deeper and wider: new businessepses,
new value chains, new notions of business assetmlfintangible ones), new relationships, balaoE@ower and
control between people and objects in enterpriselsemterprise networks. Importantly, people, dptacess and
objects will become collaborating and possibly cetig partners in an enterprise environment; theractions
between people, their digital representations,@sjdcts will be a key issue. These future challsngiél be strongly
leveraged by the Future Internet technologies (BigDCloud Computing, Mobile Web Apps, etc.), andperted
and facilitated by the FITMAN enablers and refeeeptatforms.
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