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Abstract

In the manufacturing domain there are two majorllehges in the

future, innovation via integration enabling imprdveecision making

and servitization, the design and use of innovaemices. The German
Industry 4.0 initiative is aiming to support thetdgration and

virtualisation of manufacturing design and prodmctprocesses using
the internet in infrastructure to create smart potsl These smart
products are the basis for creating smart serviEes transition from

product to service is the second challenge for rizetwring firms but

this servitization allows the companies to extemgirtbusiness. In this
paper a conceptual proposal is presented to irteegna two challenges
and to identify standards for interoparation via thain interfaces.

1 Introduction

Today traditional product-centric sectors evolvepsby step to more service-centric companies, btibnly for a

company but also for their products, services amgleyees. This evolutionary process is often reférto as the
servitization process for non-tertiary sectors (Raiet al. 2007, Spohrer/Maglio 2010, Freitag/G20izl, acatech
2014). The Industry 4.0 initiative is aiming to egtate research, development and production ofvathe

manufacturing technologies and the managementroplex industrial processes in a holistic approacsttengthen
industrial enterprises to survive in the global pefition (Spath et al. 2010, acatech 2013). Inftigre, both the
infrastructure of the Internet of Things and sézwaiion will play an increasing role for the martiaing industry.

One way to better connect these two systems im#neufacturing world is to standardize the interéaloetween the
manufacturing and the service process. The papettdsessing this challenge, it is structured inftlli®ewing main

sections:

- the German initiative “Industry 4.0" ,

- Service Lifecycle Management,

- challenges for Standardisations in Product-$erdystems

- concluding remarks

2 German initiative “Industry 4.0”

The German initiative “Industry 4.0” started by t@erman Federal Government intends to enhance @aetntihg
technology and the ICT in order to become prepdoedhe challenges in the next decade in the matufag
domain. The Federal Ministries of Education andgResh (BMBF) and Economic Affairs and Energy (BM\&ie
coordinating funding activities in this regard. Theare supported and monitored by the Industrypfa@orm
established by the associations ZVEI, VDMA and BOM, and the Scientific Advisory Board (acatech 2013
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The aim of the Initiative Industry 4.0 is to explthie potentials resulting from the extensive usthe internet, the
integration of technical processes and businessepses, the digital mapping and virtualizatiorhef teal world and
the opportunity to create ‘smart’ products.

Industry 4.0 describes a new, emerging structureitch manufacturing and logistics systems arerauting
together. The network uses the globally availabtermation for an extensively automated exchangmafofmation
and in which production and business processematehed. It can be regarded as an additional Evieltegration
on the basis of the existing structures, which, dx@w, is itself the basis of the newly emergingictire and thus
creates the new quality and improved performanceorceptual overview of the extended manufactunietyvork
with four axes and production located in the ceigtigiven Figure 1.
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Figure 1: Industry 4.0 manufacturing network (VD&LZ)

Figure 1 shows the four lifecycles of the prodtieg factory, the technology and the business peaeseq\ll four
lifecycles are interlinked by the concrete timewdtich the product is manufactured. Different sofev@roducts
support the lifecycle phases . A large number ahdards exists which can be employed in the lifiecpbhases.
Details are provided in the German Standardis&ioadmap (VDE 2014)

Industry 4.0, aiming to create a System of Syst30$§) to enhance the networking between the presgobomous
systems, for instance via integration of productiglie factory production and the logistics. The Se§uires an



increased amount of interoperation between the ocoemts a well as requirements for common terminolmgd
standardization.

The Industry 4.0 Standards Roadmap defines reqamemfor standards and identifies seven categasfes
standardization in industry recommending the aaieg general requirements, strategy, system anathite, use
cases, fundamentals, non-functional properties @idrence models. We take a look at four standatidiz
categories, which appear specific to addressingymt and services in the manufacturing domain,ahasystem
architecture, use cases, reference models andogeneht and engineering.
- System architecture: A large number of architedtmodels have been documented mostly in IEC staisdof the
61/62 series. The models are of key importancénferoperability and need to be further harmonized.
- Use cases serve to improve comprehension, cotrifigraand uniform usability. They should be defihen the
base of standardized templates. Export to UML iadbdefined in IEC TC8 WG5.
- Reference models — for technical systems, orgtoizal processes, life cycle processes , instrtetien and
control functions — must have a standardized detson structure. Numerous standards exist in 1ISO 182
Industrial automation systems, SC1 to SC5 as veelhdhe IEC 62 series. Some harmonization aaivitire going
on.
- Development and engineering need clear commorarstice of key terms and functions such as digaatdry,
model based development or reverse engineering

From the above examples it becomes clear thatulhéndrmonization of the numerous specifications ibng
term ultimate gaol. Nevertheless, selected harnatiniz activities to solve practical issues fromusily have to be
addressed immediately

3 Service Lifecyle Management

The Service Lifecycle consists of the four phaseaiin, engineering, delivery and decommissionif&geet. al
2013, Freitag 2014).

Service ideation is the first phase of the Sertifecycle. It consists mainly of two pillars colliég ideas and
evaluation of ideas. The different source of idea:m come from changing customer needs, new emerging
technologies, transformations of the company emwitent and other causes or drivers of change. Aftdecting
ideas they have to be structured and evaluatediir ¢o find the most successful, innovative sohsi
In the engineering phase the requirements andlysiking part at first. After this, service devaoeent is started, in
which the new service is defined and describederAdevelopment the new service should be testedifipmers or
by using a simulation tool or at least by a chestkll his makes the following implementation of #ervice much
more simply and easier to handle. Furthermoreintbh@ved employees need to be trained as planned.

In the delivery phase the sales function have tpiae orders from customers respectively servicgegts. After
the acquisitions phase the service needs to beedetl to the customers. This happens within “serdiglivery”. The
support activities for Service Operations Managednaea also important, here for instances to marnlgeservice
portfolio and to control the service operations.

In the decommission phase the company has to déwideoint when the service has be updated ormeterthe
date until the service will be not delivered anyrend his information has to be communicated toctlgtomer.
Several different standards support the managewiettie service lifecycle. The service engineerifigage was
standardized at the DIN Technical Report 95. It mamzes the phases and the different methods. TNeFAS
1076 is standardised document about establishixgareling, and improving international services. PXE6 is
based on the methodology of Service Engineerinemrin the DIN Technical Report 95. The DIN SPER2Z4 is a
specification, which is dedicated to the highlyexgint and complex issue of creating and promoteryice
excellence. Standards to support Service Lifecikdmagement are shown in the table below (FreitaggcH and
Neuhuttler 2015).



Table 1: Semantic standards in the service domain

Notion Standards and/or standardisation proposals

Service Well established open standard ‘Unified Service dbip§on
Catalogues and Language’ (USDL) for automation in service offertrieval and
Offers bundling

.Standards zu Servicekatalogen in der Leistungsiezig zwischer
Service Provider und Dienstleistungsempfanger”

Catalogues of exchange between Service Provider @edice
Consumer.

Initiative of DIN NADL, NA 159

Services Attempt for standardization of Managem@unsultancy Services
(NADL, NA 159 BR-01 SO) as well as the already bthed standard
for management-related information services (ISO/IB165)

IT-Service Definition in ISO/IEC 20000 about ServiQuality and
Processes. Web-Service Description Language (W®DL)Norm 225
BiPRO” for web-service orchestration and communmicat Human-
machine-interaction DIN EN 1SO 9241-210:2011-01.

Collaborative production and manufacturing relaséghdards not yett
applicable.

Process Well established 1SO 18629, ‘Process Sgetiiin Language’ (PSL
allows for representing arbitrary (business) preeesand workflows

Service Modelling Language, CEN TC310 WG1 Workingfb2015,
Constructs for a Service Modelling Language (SMby Wirtual
Manufacturing Enterprises (VMES)

Process management standard DIN/ISO 9001-2000 awjech
management standard DIN 69901 are also applicabl¢he service
design and operation phases.

Manufacturing DIN ISO 37500 Outsourcing and DIN ISQ00 ff. on quality related
aspects in production and manufacturing industoth kalso covering
semantic glossaries

Formal Manufacturing Reference Ontology in (Usmarale, 2013)
ISO 20543 NWI (2015)

Collaboration &| Very early attempt to provide comprehensive coltabion support by
Innovation means of the Collaborative Innovation Ontology (L@ (Hirsch,
2012)

Standardisation attempts for innovation managemdRRR and
service/product design (CEN/TC 389, 00389001-7 ADN, NA 159)

4. Issues in standard adoption

A manufacturing network combined with a servicedifcle creates a Product-Service-System. The fimaytles of
the product, the factory, the technology and theirmss processes must be complemented with difdttycle, the
service lifecycle, presented in Figure 2. It is artant to add not only the service lifecycle bigoato consider the




interconnections between the different lifecycles,for instance the interconnections between tbeymt and the
service lifecycle. One important task from the deper’s perspective is to combine PLM and SLM appftes to
support the lifecycle of an integrated Product-®er&ystem. (Wiesner et al. 2015).
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Figure 2: Product-Service System (adopted from \2DE4)

Integration can be improved by using standards hviginable seamless interoperation. One challengkats
numerous standards exist side by side in PLM ard &hich need to be harmonized. It is recommendguéaeed
with selected harmonization activities followingetabove Standardisation Roadmap (VDE 2014) to sehisting
issues.

5. Concluding remarks

There are two new challenges in the manufacturingda First is the integration of Internet of Th&gecond the
integration of service. In order to manage theedéht lifecycles in a Product-Service-System theepaecommends
to standardise the interactions between differdrasps of this lifecycles to enhance interoperatiinpresent
standards address single manufacturing domainadiuthe interactions between these domains or leethfecycle
phases.

Standards based interoperation between the tweeptmoffer several benefits: First, a standardinttface can
work as a foundation, enabling a volume market fonovation while avoiding the compatibility issudet arise



from multiple, proprietary interfaces. Second, #i#ove identified standards can act together asraefivork of
standards for improved overall information exchange

The proposal for standards based interoperatidndastry 4.0 and SLM is meant to present a firspsh a high
level framework. More work on new interoperatioarstards and harmonization of existing standarasdsired.
For instance, the ISO/IEC Joint Technical Commjtt¥EC1 is involved in interfaces, protocols, aretitires, and
associated interconnecting media for informatiochexge in various industry sectors.

One opportunity to improve the interoperation betwdndustry 4.0 and SLM, could be the elaboratiéon o
common information models in the SLM cycles as wasll in the Industry 4.0 product life cycles indéchin Figure
2. These models would then become the base fatethelopment of standardized interfaces.
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