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The document at hand presents tloeirrent results of the analysis of CPS technology platforms as

well as relevant initiatives for the targeted application domasmmdrt manufacturing, smart health,

smart energy and smart transponjith a potential of supporting European CPS standartie. aim

of this documentigi2 3ISG | 3ISYSNIt 20SNBASE 0ao6A3T LA OUG dzNB ¢
orderii2 LINPGARS | oFa&aAa T2 N QNBANS W It aléotbé dsedC 2 NHzY £
for the identification of crosslomain building blocks dZPS technologies in the upcoming phase of

the Platforms4CPS project. In the context of these activities, the survey of CPS technology platforms

will be further refined.

Thissurveyfocuses on CybetPhysical Systems (QR&finedas engineered systems that are built

from, and depend upon, the seamless integration of computational algorithms and physical
components.In the understanding of the Platform4CPS consortium, the CPS concepe qadaced
d2YSHKSNE 0SG6SSy (Kobe KORYWIBSELIIO VR22FNBG LTy2(iCdkdy Sy 06 A =
odzaiySaa Y2RSfao FyR 2F aaYINI RSGAOSa SylofSR
miniaturised sensors, actuators, controllers etc. integrateghliysical devices). Thusith regard to

European initiatives the focus of this survey is related to items oAfREEMIS European Technology
Platform / Industry Associatichand can be placed between, and related to, initiatives lite

European Alliare of 10T Innovation(AIOTH and the European Technology Platform on Smart
Systems Integration (EP03%)s CPS play an important role fboe functionality and value of next

generation products, systems, and infrastructuresectors such amanufacturing transportation,

health care, and energy networkihe survey also includes CPS applications in these sectors.

The bcus of this platform survey is primarily obusinessrelevant technical and operational CPS
platforms, thusconcentratingon technicalplatforms such as e.g. #T'loT, software development
platformsas well as omperationalcommunities, whictwork on reference architectures, interaction
protocols, and interoperability frameworkdor CPS Organisational platforms such as stakeholder
groupsor networksfor general representatioare not in the focus of this survey, unless tlag not
directly linked to concrete conceptual framework or technical platform buildictiyities

The empirical findingg based on expert interviews and desk resdagaccordingly show a majority

of technicaland operationalCPS platformg72 out of 83 surveyedactivities/initiatives can be
FaaA3dySR (G2 GSOKyAOl t 2 N83patiamshava Begnlstrveyeddh orded 2 NI A ¢
to get general insightto the structure of available platforms in the area of CPS in different focus
industries’

St t G CyNRHNGE £ | (G F 2 NemotBiitingiahd showaasirlg the benefits of joining the ecosystetated to

selected CPS platforms

* hitps://artemis-ia.eu

® www.aioti.org

6Www.smarthsystemsintegration.org EP0SS, ARTEMIS and AENEAS work together in the Electronic Components & Systems
for European Leadership (ECSEL) Joint Undertakitig//vww.ecselju.eu), representing the actors from the areasd

micro- and naneelectronicstAENEAS)mart integrated system&PoSSInd embedded/cybephysical system@ARTEMIS).

" At this stage, theurveyis a snapshot of the current situation anennot beexhaustive For the loBector, more than 360
platforms have been identified (UNHRYT platform report, 2016). Taking into account additional CPS initiatives, we expect
the total number of existing and emerging CPS platforms and initiatives to be even higher.

© Platforms4CPSonsortium 6
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The analysis of the surveyed platforms regeamultitude of diverselatformsfoci and objectivesin

the end, 15 different platform typescould be categorised Eachof the platforms contribute to
ALISOATAO OKIffSy3asSa R@ROY IS¢ (HES A SB3&ER tIviduhiy 2 NI o f
building and standardization to the designao€PS to CPS operation management, and finally te CPS

based market places andT platforms.Whereas the surveyeglatforms from the USre mainly

technical and more crossutting and commercialymarket oriented (lo¥, I- and hard/software

development platforms)a number ofEuropean platform€®O2 dz2f R 0SS €t 6St &R | & &
reflecting the current efforts of the European Commission to European platform building. These
organizational platforms however can be seen as a seedbed for upcoming technical and operational

CPS initiatives. The European technical platforms more @itecomparison to US platforms) have a

problem or domainspecific focus like e.g. the design ampkeration of CPS in the domaspecific
cyberphysical environment. Nevertheless, common challenges such as e.g. modeling and simulation

of CPS could be iddfied acrosghe domainspecific vertical platforms, opening up the potential for
crosssectoralplatform building within Europein particular as the European platforms are seen as

Y2NB a2LSyé¢ GKIYy GKS ' { LIXIFGF2N¥Vao

In the next stage, the findings of th&irvey will be refined and technicas well as organisational
key features of the platforms will be extractd8lased on this, a repository of common building blocks
for CPS platforms will be created in order to support platform building across vaomiexts and
sectors as well asierarchy levels and product life cycles

e © Platforms4CPSonsortium 7
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The termCyberPhysical SystenfCPS)Hescribes hardwarsoftware systers, which tightlycouple
the physicaland the virtual world CPSre established from networked embedded systems that are
connected with the outside world through sensors and actuators and havec#pability to
collaborate, adapt, and evolvé&f. Figurel; Song, H. et al. 20).7Support for development and
integration of CybePhysical Systemis sen as essential for the futuresghere will be an increasing
number of interacting systems with strong connectivity utilised in smbiety and in industry.

Some Definitions of Cyber-Physical Systems (CPS)

Cyber-Physical Systems (CPS) are integrations of CPSs are defined as the systems which offer integra-
computation with physical processes. Embedded tions of computation, networking, and physical
computers and networks monitor and control the processes, or in other words, as the systems where
physical processes, usually with feedback loops where physical and software components are deeply inter-
physical processes affect computations and vice versa. twined, each operating on different spatial and temporal
(Ezivaes Lem, 20T scales, exhibiting multiple and distinct behavioral
modalities, and interacting with each other in a myriad
Cyber_physfca[ Systems (CPS) are engineered of ways that change with context (khaitan et al., 2014)

systems that are built from, and depend upon, the
seamless integration of computational algorithms

and physical components. Advances in CPS will Cyber-Physical Systems (CPS) is defined as trans-
enable capability, adaptability, scalability, resiliency, formative technologies for managing interconnected
safety, security, and usability that will far exceed the systems between its physical assets and compu-
simple embedded systems of today. (vsF, 2016) tational capabilities. (JayLee, 2015)

Figurel: Some definitions of Cybd?hysical Systems (CPS)

Future CPSwill find their applicationn many highf relevant areas to our societg.g.in multi-modal
transport, eHealth smart factoriessmart grids and smart cities among othdc$. Figure2; acatech

2011). Enhanced by the advancements in various related technolpgfies deployment ofCPSs
expected to increase substantially over the next decades, holding great potential for novel
applications and innovative product development. However, the inherent complexity of CPSs, as well
as the need to meet optimised performance and comply with essential reqpaints like safety,
security and privacyraises many questiorsdill to explored by the research community

Industrial Drivers and Societal Needs

Smart Transportation Smart Manufacturing Smart Ener, Smart Cities, Health, etc.
The Scope of lndutréll.o ! = . _

1

2 S

Technologies internet of Things  BigData  Cloud Computing  Cyber Physical Systems  Wireless Standards, e.g. 5G

D 4 VvV VvV

Policy Issues  Cyber Security Privacy Confidentiality Safety Ethics Interoperability/Standards Internet Governance

Figure2: Platforms4CPS context
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Europe is a world leader in the area of tiroetical and safetycritical systemsTo maintain this
position, there is a need to be able to design, develop and deploy highly distributed and connected
digital technologieson a broad basisTherefore, here is a needto develop a foundabnal

o0l O1 3 NR dzy R sciére oDdySems ifteaiont¥manage the complexity of future CPS, and

to meet the need ofdemanding safety, security, power efficiency, performance, size and cost
constraintsof future cyberphysical systems. Furthermore, platforfies CP3leploymentare seen as
criticalaswell as a supporting ecosystem of CPS developers and users.

The Platforms4CP$roject (i K dz& | ckedtté thelivgion Ystrategy, technology building blocks and
supporting ecosystem for future CPS applicati@vith three key objectives (sdeigure3):

A Create a vision and strategy for future European CPS by analysing the ecosystem and market
perspective and strategically updating and validating existing CPS roadmaps across multiple
domais (Platforms4CPS work packages 1 and 2)

A Promote platform building, bringing together industry and academic experts and create a
repository of CPS technology building blo@Rktforms4CPS work packa®)e

A Build an ecosystem by creating a constituency amugh cooperating with ECSEL, ITEA,
and ARTEMIS projects on the foundations of CPS engineering;oardnsus buildingn
societal and legal issues related to the deployment of BGR&forms4CPS work packages 4
and 5)

In this context this document coftributes to the secondbjective and provides thebasis forall
related tasks il KS t £ I { F 2 Nwbrk patkage BJHd BeSadd).Q a

“Promote Platform Building”

e

Q)
: ! z Market analysis and Ecosystem

Pre-normative Activities

P
A

“Vision and Strategy”

&

Building the Ecosystem”

Platforms

Updating CPS Structuring
Roadmaps . . _ Constituencies, and
Roadmapping and Constituency Building Cooperating

Recommendations and Collaboration

I
il

Dissemination, Exploitation and

Communication

Figure3: Overview of the Platforms4CPS Objectives

W b
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The overall goal of work package 3 iptomote platform building within Europe bringingtogether
leading CPS experts from science and industry in ordercmlaborate on CPS atatectures and
platforms.

The use and exploitation of platforms for systeimggration is seemo be criticalas systems become
increasingly complexEuropestill holds a strong position in many industrial sectors with respect to
CPS buthere is a current fear across Europe, titf@is couldbe undermined by thelominance of de
facto platforms from the U&.g. Google, Apple, Facebook, AmazBn)m a European point of view,

it is necessary to develop a strong European position and strategy to preserve European interests.

There is already a good basis for platform building, eaming from European initiatives and

projects such a®dRTEMIS/ECSEL (Crystal, EMC2, ArrowHsadiPPP (FIWARE/FITMAK)C, or

from national initiatives likélatformIndustrie 4.0 Industrie du Futursmart industry etc. in order to

overcome the fragmentatiorof efforts in Europe and to develop aupporting ecosystenfor

European companies witllperQnteroperabledigital platforms, the European Commission launched

' a5AAAGEE {AYyRyR alyNJad iNGKR NISiivE I &€ [Gi9F 2 NY 2 F Yy I
(Figuredb ® ¢ KA & O9dzNBLISIY aLX I GF2NY 2F LY | (-Guedivaé aKk
digitisationof industryacross Europe (exchange of experience, discussion of regulatory issues, joint
actions, etc.).

MAD=

atturing Academy of Denmark

I B SMART
B BN INDUSTRY

MADE DIFFERENT .1IINDUSTRIE4.0

..................

PRUMYSI
INDUSTRY
Alllance

!-!PH@'ED

n INDUSTRIA
Il :1: WEECTADA

IPAR 5

14.0 D4X %itim = INDUSTRIE 4.0

INDUSTRIA 4.0 AUSTRIA

Figured: [ AdaG 2F yIEGA2ytt AyAGALGAOSa NBfPTGSR (2 GKS y&g

8 COM(2015) 192rfal
o https://ec.europa.eu/digitalsinglemarket/en/news/europeancountriesjoin-forcesdigitiseindustry

© Platforms4CPS8onsortium 10




Platforms4CPS D3.1Survey of CPS Platforn

Version 1

In Europethere is a need to ensure that platforms development is not done in silos but that a critical
scale is reached through pd&turopean collaborationdn order to reach a critical massat global

level ¢ and to establishW¥perQ infeRoperable digital mtforms in Europe, a paBuropean
exchange of experiense technologies and specificationsetween various CP@lated peer
communitiesat the regional, national and European levelnecessary. All stakeholders along entire

value chains need to agree orssues like system specification, reference architectures,
communication protocols, etc. to ensungeerto-peer platform integration and interoperability
.20KZ fFNBS O2YLI yASaQ AyauSNBad FyR O2YYAUYSyi
suppoting ecosystem for CPS developers and users, e.g. currently provideshjoy European

initiatives such as ARTEMIS/ECSEL, loT Rozau$G or HPPP among others.

In genera) platform buildingcan be seen in a very broad sendean referto digital imovation hubs,
hardware platforms, 10T platforms, digital market places, ®#hereas theEU Communication on
SAIAGAEAAY T 9dzZNRP LIS Y LY Rdza dsd@ markeOgatéwayR &dafing Gafie LI | (-
by enabling interactions between several gréup 2 ¥ S O 2 y £ Yhe OE| wdbking dtdup 2
NBLZ2NI RSTAySa LIXFGF2N¥Ya Ay I oNRFRSNJ aSyasS I a
industry players that create markets and market opportunities leading to ecosystems and

a i y Rl ™R énéompsses platforms (in the narrow sense as used by the DEI Communication)
together with reference architectures, interaction protocols, and interoperability frameworks.

In general, platforms can becategorised asorganisational, technology based or operational
depending on the purpose of the actigis they cater fo(Figureb). In several cases, a platformay
belong to more than one categorfor example, theAutosar platform may refer to the Autosar
consortium but also to the Autosar technical specifications fortdspectivemiddleware.

2 coMm(2016) 186@nal
"' DEI WG2 (2017)
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Stakeholder Groups for general representation such as
European Technology Platforms (e.g. Manufuture)
[ Organisatio nal ] - Public-Private Partnerships (e.g. Factories of the Future)
- Joint Technology Initiatives / Joint Undertakings (e.g. ECSEL)
- etc.

Expert communities or project consortia which are working
on operational agreements such as e_g.
[ Operational ] - FIWARE community working on open software platform standards
- AUTOSAR community working on open and standardized software
architecture for automotive electronic control units

“open” multi-sided gateways (e.g. organised around industrial
] suppliers) enabling interactions between several groups of

[ Technical economic actors and/or enabling the provision of services for

clients associated with collecting, storing, processing and

delivering data (by connecting the physical and the virtual world)

Figure5: Organisational, Operational and Technology Platforms
2 {dzNBSeé 2F /t{ LI GF2N¥va
2.1 Objectives, Scopeand Methodological Approach of the Survey

2.1.1 Objectives

The main objectives of the survey are

1 to identify and to structureexistingand emerging CPS platform initiatives in fosgctors
(manufacturing, transpostion, health and energy)as well as relevanicrosscutting
initiativesin order toget abig picture of the current CPS landscape with different types of
platforms (stage 1), and based on this,

i to analyse these initiatives with regard to commonalitiegshe underlying technical visions
and terminobgy in order to prepare the ground for derivingcommon building blocks for
CPS platformgstage 2 contributing to anopenEuropean CPS platform building

2.1.2 Scope and Clarification of Concept

The bcus of this platforms survey is primarily on business relevant technical and operational CPS
platforms, thusconcentrating2 y LJ I ( F 2 N)Y & -sidedl gate®aydS(¢.g. organizediakound
industrial suppliers) as well as on communities which work on reference architectures, interaction
protocols, and interoperability frameworks. Organisational platforms such as stakelgyioigps or

© Platforms4CPSonsortium 12
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networks for general representation are not in the focus of this survey, unless they are not directly
linked to concrete conceptual framework or technical platform building activities.

Ly GKS F2tft2¢6Ay3s GKS 02y Q86flthis s#bvey isaclatifi¢d fradf duri F 2 NI &
Platform4CPS consortiupoint of view.

CyberPhysical Systems (CPS)

This survey is focusing on Cybdrysical Systems (CPS) defined as engineered systems that are built

from, and depend upon, the seamless integratiofi computational algorithms and physical
components. In the understanding of the Platform4CPS consortium, the CPS concept can be placed
d42YSHKSNB 0SiG6SSy i kdbe KO2WIBSELIGO Y22FNBG LTI, SFy 06 A =
0dzaAySaa Y2R$INTO RISYR O88 &§Y¥of SR o0& &aYINL &aeadas
miniaturised sensors, actuators, controllers etc. integrated in physical deykigsye6). Thus, \ith

regard to European initiatives the focus of this survey is related to items of the ARTEMIS European
Technology Platform / Industry Association and can be placed between, and related to, initiatives like

the European Alliance of 10T Innovation (AIOT the European Technology Platform on Smart

Systems Integration (EP0SS) .

Internet-of-Things: multitude of — via Internet — interconnected CPS
with superordinate big data analyses, etc. enabled by high-

Level of interconnected CPS
via Internet

performance computing, ... (e.g. traffic control and information system) I
Cyber-Physical Systems: Connef.‘tgd Smar_t Devices with Levelof connected physical devices
control loops / autonomous decision-making (?), etc. with integrated computation

enabled by integrated computation (e.g. autonomous car)

Smart Devices enabled by Levelof physical devices with

Smart_ S_ysten]s Inte_gration integrated Smart Systems
(e.g. Driving Assistance in Cars)

Smart Systems
(e.g. Smart Sensor
System Labels)

Levelof micro- &
nano-technologies

Figure6: Distinguishing o€ CPg; SSI by looking at different hierarchy levels

CPS Platforms

As discussed in chapter 1, there are different meanth@ (G KS G SNY)Y & LJrd IGoRrgyNY ¢ & 2
for CPS platformm general we can find platforms at different levelBigure?):

e © Platforms4CPSonsortium 13
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What do you find when searching for CPS Platforms?
T'|=" H‘u"ﬁ‘m'“& . ?;;E'% ConnectedFactories por industicl nfemet
=) 3 Il o .. ROAD: 'y ' CONSORTIUM
2 2 O=my . ¢ps
8 e . Roap2SoS -
=1 s & Lo 4CPs ;/ﬁ . e , EPOSS
g +INDUSTRIE4.0 e 7% s w  Acneds S
oo o, CEP PS e -
; - o dnG o i o
=) National Initiatives g EC-Projects International Initiatives
© oo
=
L SriEpemiem T =
ot Behavior
© Humans a5 Data Sources
T
w Measured Output
[~
o Control Theory
— g () "y, =P
[ ﬁ' S T NS
o L Digital | Lr;hi‘ [ —
_E B 5 3 Manufacturing - ‘7 ‘ BSmartCities @
] Connected Car  Connected BN e N g Connected % ¥ Smart Grids
=4 Surgery Rooms . shetemes™ Transportation |58 i85
NN Aytomation  Tailored Healthcare and BED). = PubNub Automated
Embedded Systems Pplatforms Monitoring loT Platforms Agriculture
Scope of Platforms

Figure7: Examples of what we find when searching for-@®#&ed platformsin a broader sense

Organisationakx / trefated platformse ¢ in terms oforganised stakeholder groupsd platforms for
general representationexchange of experience, etg.can be found aanational, transnational and
international level and organised as projects (e.g. as European coordination and support actions,
CSAs), contradiased Publi®rivate Partnerships (PPPs), or in another institutionalised way.

Operationala / trefated platformse ¢ in terms ofexpert communities or project consortia which
are working on operational agreemengscan be found with a focus e.g. on control theory, smart
systems integration, CPS definitions and foundations, reference architectures and interdperabil
frameworks.

Technicala / trejated platformsé can be identifiedat a low level (e.g. intelligent devices with
embedded systems), at a medium level (e.g. from hardware platforms to loT platfroms) or at a high
level (e.g. connected world of smart citiessmart grids).

The focusof this survey is NOT on organisational platforms, which do not have some clear and
concrete initiatives ona CPSelated concetual framework or technicaplatform building. For
example, European Technology Platforms suchasuFuture, etc. are not in the focus, unless they

are actively involved in specific CPS framework and platform building initiatives (such as e.g. ARTEMIS
with its CRYSTAL or ARROWHEAD proj&tegr focus is on operational platforms (focusing on
standads, architecture etc.) and on technicgllatforms whether they are domaidriven (vertical
platforms) or crosgutting (horizontal platforms).

As CPS play an important role for the functionality and value of-gexération products, systems,
and infrastucture in key sectors such as manufacturing, transportation, health care, and energy
networks, the surveyocuses orCPS applications in these sect@syond specific vertical platforms,
the survey als@onsiderscrosscutting, horizontal platforms (e.¢CT platforms, which allow a certain
process step in engineering or the management of assets (loT relatiéei) not related to a single
domain

© Platforms4CPSonsortium 14
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2.1.3 Methodological Approach

The sirvey follows a twestaged approach, which idepicted in Figure 8. At stage 1 which is
represented by the result®f this document, the ambition iso get a broader insightinto the
structure ofthe current CP&@nd CP®latforms landscapeThus, high level descriptive attributes are
initially analyzed in order tget a big picture ofiifferent typesof platforms (with regard to subjects,
objectives, etc.) in key CPS application domains (manufacturing, health, energaraspbrt) as well
as for relevant crossutting issues. @ generally categorize the CPS lands¢dpkowing attributes
were surveyeda detailed description of the attributes can be found in Appendix A):

1 Name and short éscriptionof the platforms (inaiding URL for original platform information)
Classification of platform subjed®-Platform, Project, Initiative, Framework, Conceft,
Organizational Operational / Technical

Vertical/ Horizontal

Specific dmainor crosscutting issue

Open/ Commerdal

Related Mtwork / Community

Vision (Objectives)

Geographic coverage (Country, Region)

Key stakeholder® F 2 dzy RAy3 YSYOSNHEZ X0

=A =4 =4 =4 4 -4 4 -4 A

The basic structure and understanding derived fribins analysiswill allow a more precise scope for
the derivation of common building blocks for CPS platformssifige 2 Thus, the next stagsill be a
deep dive into the related platforms and the extraction of relevant orgational and technical
features, which will beaequired to derivesuch commonbuilding blocks. Thelerivation of these
building blocks will be consideredamotherdeliverableof the Platforms4CPS proje@3.3).

Stage 1: Stage 2:

Overview — Get the Big Picture Identification of Building Blocks

Listof Classification Criteria
Platforms (extended)
(filtered)

Listof Classification Criteria
Platforms (minimize)
(maximize)

= Extract Stats

= Give more detailed insights to ‘W'W
¥

conceptual patterns

= Extract Stats
= Give overview of platforms -‘p"’,ﬂ
= Select Platforms for detailed ? A

survey and analyses = Enable comparison and

gap analyses
= Input for Deliverable 3.1 = Will be used for derivation of
building block for CPS (D3.3)

Figure8: Methodological approach for the survey on CPS platforms
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To identifyrelevant platforms for the initial stage a general online research was conductedme
recent CP&nd loT survegocuments were reviewe(e.g. DG CONNECT and EFFRA, ROBSI2CPS
2015; UNIFYIoT Project, 2016 andsome CPS expertaere consulted'” The main informatiorfor
O2YLIAtAy3d GKS LI ItakenXrolvtieebisité Gf M resgectSeiplaffohmd G A &

2.2 Results of the Survey

In the following the main result®f stage lof the CPS platforms survey greesented andliscussed.
The detailed list of th&Jt I (0 F 2 NI &i€shdwii il AdbeddiziBS &

2.2.1 Limitations of the survey

As mentioned above, the main objective of stage 1 igeéd a big picture of different types of
platforms Thus, the survey results are far from being exhaustive, tardlist of 83 identified
platforms does not cover all thenitiatives that O2 dzt R 6S f I 6 St f SoRabloadera/ t { L
sense. For example, in the I0T sector the UNdFYProjectZ016) identified recentlymore than 360
platforms. Including the pergetive of CPS platforms, the authors expect the nunidferespective
platformsto be even higher. In consequencejsisurvey can only give an insight to tlearrent
landscapeof CPS platforms and their structure in different industries. It must be exgdethtat the
figures given below would change significantly, if more platforms were reviewed. Especially
geographical or national attributes of the figures in the subsequent sections have to be correctly
interpreted and should not be taken out of the giveantext. Identified biases will be discussed in
the respective subsection.

Furthemore, the survey containprojects andresearch initiatives, which are currentlymuing, but
with a limited time horizon. Therefore, thesurvey may be seen as smapshot ofthe current
situation. Research projects will for instances resultnew permanent platforms, which is not
reflected in the survey.

2.2.2 Ceographic overage ofsurveyedplatform initiatives

Thecurrent results of the platforms survey show national, trawadional (European) and even global
initiatives. AsFigure9 shows, many Europegplatform initiatives have been identified, in particular
many organizational platforms, reflecting the current efforts of the European Commission to build
CPS communitiesnd networks at the European leVél.

12 FollowingPlatforms4CP8xperts contributed to this survey:

o Haydn Thompson and Daniela Rarrteznandez fronTHHINK
Charles Robinson with colleagues from Thales

Martin Torngrenfrom KTH

Holger Pfeiffewith colleagues fronfortiss

Johannes Linzbaahith colleagues frontesto

O O oo

3 Note: The visibility of the different platforms varies depending on the different countries and languages available for the
search. As thesurveyexpertsare from Europethere is a dominance regarding the EU and their member states. The
classification of a plérm with respect to its organizational, operational and technical nature does not have a sharp line.
For the survey, the main recognition of a platform was considered in order to make a classification if possible. EU platforms
at the organizational, opetgnal and technical level were included in the first step of the survey, while other international
initiatives at this level were not included. The European platforms were morekwelln and visible to the experts. This

leads to the observed dominance Biropean platforms.
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Figure9: Geographic coveragef identified platform initiatives

With regard to technical platforms, the consulted experts identified many US platforms but also
several European platformsn particular,US solutions and platforms coming from the ICT sector
have a great visibility across the different domain€rosscutting loT and IT solutions are available

to support asset management and cover architectural topics like connectivityearrity. The
European technical platforms often haveraore problem-specific or a domairspecific focus These
platforms aim at solvingproblems like connectivity, CPS development, data analytics and
orchestration, communicatioand network building.

Severahational initiativeswere identified, indicatinghe potential for transnational collaboratiorin
particular across Europ#'

2.2.3 Horizontal and vertical platforms with specific domains

The surveyed platforms can be distinguished between ecasting, horizontal platformsand
domainspecific, vertical platformsin total, 48 crosscutting, horizontal and 35 domaispecific,

“Note¥y 2 AGK NBIFNR (2 ylIdArz2ylt AyAGALFLGAGSE +a Sttt +a G2 | RI
LI FGF2NYVaéd Ay DSN¥IFIyeouzr GKS adzaNBSe Aspecifidtedperidd of thadinwed SR R dzS
experts (e.g. experts regarding manufacturing were located in Germany).
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vertical platforms were analyze#&igurel0 shows the specific domains addressed by the vertical and
somemore horizontaly-oriented platforms™®
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FigurelO: Domairs addressed by thsurveyedplatforms

Thevertically oriented platformsoften focus on certaistandards or reference architectures for the
specific domain Examples ar¢EC 62357n the energy domainlEC61138 in engineering or the
reference architecture model for Industry 4.0 (RAMI4.0). These standards and architectunesrare
dedicated to the physical systems, their design and their control in operatioRor instance,
standards for the software structure of PLC systems are established and different providers offer
development environments for project implementation. The standardization indtéa is driven by

the domains. The requirements regarding the physical implementation of the CPS are often specific
for the respective domain. A generalization of these standards is often not purposeful to keep the
specifications applicable. Neverthelets vertical platforms faceommon challenges regarding the
simulation of the systems that they implement~or instance, the control of distributed networks in
smart energy environments have to be modeled. There are similar challenges in network modelling
in other verticals like smart logistics. Another partition of the vertical platforms that can be made is
with respect tospecific product platformghat implement CPS. These development platforms often
address specific industries. The vertical alignmentekpected to come from domain specific
standards and requirements that products must fulfil, e.g. safety issues in automated applications.

More horizontally oriented platformsoften relate to interoperability and communication across
specific layers or aoss several lifecycle stages Examples are platforms which implement 5G
connectivity as well as other telecommunication standards. In terms of interoperability, the
connection of different data sources and the provision of web standard interfaces eagnagly
adopted in different aspectsf CPS. An example is FIWARE, which offers an ecosystem based on

!> Note: The numbers given irhis chart add up to more than §8atforms, because multiple assignments were possible in
the classification.
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open APIst different levels, including the interfaces to physical assets. The lifecycle is another driver
for horizontal platformsPortals like TIA from Siemens give support in the all product development
and production stages. The methodologiesed can be adopted for different domains like smart
manufacturing or smart energy. Further simulation standards and middleware reference
architectures includingfor instance the High Level Architecture (HLA) and Functional Mgxk
Interface (FMI) support interoperability issues (both are standards with open source software
available).Finally, niddleware standardssuch asthe DataDistribuion Service PD$ (a standard

with open source software availal)leare experiencing increased attention and adoption in CPS
domains

2.2.4 Specifidypes of surveyed platforms

Theanalysis of the surveyeplatformsreveak a multitude of different foci anabjectives, as shown

in the previoussubsectionsWith the aim to geta big picture of the current CPS platforms landscape
¢ as main objective of this survey the platforms could be categorised into 15 specific platform
types(seeFigure 1}.

Regardinghe regional foci in the sample of platforntseeFgure 13, an obviousdominance of 10T
platforms from the UScan be seen Further ITplatforms and hardware based development
platforms still include a remarkable number of platforms from the States. Thefieare oriented

fields are traditionally strong branches in the US. The focus on thisldugh market place layer
opens the chance for other global regions to provide convincing integration frameworks for CPS by
strong standards.
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