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Executive Summary

The sCorPiuS projectlefining a roadmap for adopting CPS in Manufacturistgpongly supports the
development of industry relevant and applicable digitalization visiotisis domain This will constitutethe

bass to migrate existingproducts andproductionssystemstowards new paradigms utilizingdigitalized
manufacturing technologies like cybenysical systems (CPS).

The developed vision of the sCorPiuS project is a solid base for the development of inmbcstiyr®admaps

to be derived from the visiolWVe are strongly convinced that although sCorPiuS is focused on Manufacturing
each industry sector can benefit from the sCorRiusposed approactince the adaptation to sector specific
necessities can be meged in a reasonable amount of tamel investments

The sCorPiuS roadmap presented in this documents is strugtuieateenresearch prioritieand a number

of recommendations on technology specific requirements emerged during the project adtvibascantext
factors sCorPiusS is not directly addressed. The proposed fourteen Research Priorities (RP)lbddesssit
areanf manufacturingszalue chainfrom product R&D related aspects to the CPS ready equipment as well a
the production system®quirements. Also different business models are addressed exemplarily in terms «
manufacturing as a service model, which promise to address a large market for produstsefrvicentenance
businesses.

Industry strategies are usually basedcontinuows technological developmentspactingthe products, the
production processemarkets and customer requirements. The digitalization disaontinuity factorsince
interfaces are getting more open and interconnected, all data of all relevant sourcearkety, product and
productiondataare increasingly available in retine over the entire product life cycle as well as product
variants and their conditions during usage are processed and changed by software including additional data
smart sengosystems. This digitalization trend has a large influence on manufacturing as one part of the ent
product life cycle. The human worker in the changshgp floorworld will be increasingly assisted by self
learning, autonomous machines like robots #ratpart of a cybgphysical production system. This requires
new training and skill developments for the workers and advanced and easy to userfaamae interfaces
with a focus on visualizatioand smart Human/Machineteraction

In this D3.2 Updaied consolidated sCorPiuS Roadnusghiverable result of the validation and refinement of
previous D3.1, many technological trends and future manufacturing developments are reflected and in tt
Research Prioligschapters the corresponding developmentb®hew digitalized production world are listed
and explained. Examples are zelefect manufacturing and sé#farning systems, reconfigurable production
cells, networked productiordigitization of the supply chain and management of complex customezn

value networks.

Technology enablers for CPSuch as integrated systenrsself-learning abilitiesareveryimportart as well

as the so called context factors which are influenced by legislation ,igxesationpolicies and macro
economic trendsExemplarily liability aspects for autonomous systems as well as their corresponding safet
requirements play an important roléhe data communication security as well as data management in &
networked environment is another highly relevant aspe¢ems of CPS manufacturing the need for lifelong
learning and constant worker training has to be addressed by public organs.

Summarizing, each industry sector can choose based pnofhesedResearch Prioligsfrom a wide range of
technologies and digitatansition approaches and derive their individual, company specific vision for the
implementation of roadmaps for their manufacturing.

The resultgresented in thigsonsolidated roadmagre the product ofollaborationwith many experts from
industry, ICT,academy brinigg their experience and vision.

The currenwersion of the roadmaig composedy 14 Research Prioligs addressing the more relevant areas
where adoption of CPS Iminginghigher impact.

Output from sCorPiuS project activities constitlga input to activitiescarried out by the team with EFFRA
and were utilized to define proposed research areas from EFFRA.
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1. Introduction

1.1.The structure of the Roadmap

This document reports tlewnsolidatedoadmap for CPS iManufacturing Industrasdefined from sCorPiuS
work team.

It is the result of onand halfyear activity carried out to identify what are RResearch Priofigsinvolving CPS
with the maximum impact to Manufacturing domain both for large and snmediumenterprises.

What is presented here is based on results of previous activiaagy.

1 D1.1 State of the Art on Cyb&tysical Systems

1 D2.1 Gap Analysis on Research and Innovation and Visighite Paper
1 D3.1Draft sCorPiuS Roadmap

In chapterl Introductionwe describe the process leadindlte Roadmap generatiand in the overalldomain

of Manufacturing in Europégnow CPS in general and how sCorPiuS outcota@simpacthe performances of
themanufacturingndustry.lt is either presented a short recall of sCorRiis®n. (See D2.2 for details)

In chapter2 Recommendationspecific technology and né¢chnology areas not directly addressed in this
deliverableand in general bgCorPiu$ but that are crucial as enablers for sCorPiuS roadmejisted These
areas need to be addressed in other researictives. (e.g. EFFRA research headline§)orPiuS team issued

a set of recommendations to address these points.

In chapter3 Research Priories for CybeiPhysical Manufacturingwe present the preliminary list of 14
research topics, where we identify both the expected breakthroughs and impacts. We also assess the ct
maturity and the relevance for each topic.

1.2 Transforming Vision into a Roadmap

According tothe proposed approach in the Dpilve Roadmap generation process has been conducted alway:
in tight connection with key stakeholders, first of all, industrgrder to gather firsthand information regarding
higher impact areas to addreE&FRAasprivate side in the 'Factories of the Future' puphivate partnership

In Figure 1 From vision to roadmapt is describe& theprocess carried oumvolving EFFRAto come to the
definition of the preliminary roadmap for CPS in Manufacturing Industry

From the initial input colleed during research and interviewsCorPiuS teantollaboratel with EFFRA
providing ideas and hints. An initial list of 13 sCorPiuS research topics and 5 topics coming from EFFR
consultations (18 in totahave been validated duriag eventin Bruxelles on Apr 14

In Barcebnaon May 5" we carried out a similar exercise om thriginal 13 topics plus one Headline coming
from EFFRA list; that constitutes the final list of Résearch Prioiies described in the DBDraft sCorPiuS
roadmap The detailed description of the 2 validation events carried out in Bruxelles and Barseteported

in D4.3.

During M16 to M20 a set of validation actions took place; in detail:

9 Validation interviews with experts and gurus

1 On line survey aiming to collect feedback and validate via ranking the Roadmap research priorities

sCorPiuSproject.eu 6/56 Dissemination: Public



sCorPiuS

D
Cumm\ssmn

Project ID:
European Roadmap for CybBhysical Systems in Manufacturing 6%6906
Deliverable D3.2 Updated consolidated sCorPiR®@admap 30/09/16

From vision to roadmap

TV et

2 8 A

&

2 v' P

" ‘ T'r;

i sLarPius d 3
Resaarch
03
h validation
defiriban Emﬁ Up—datﬂi
§ =2 " Bruelias | 3.1 consolidated
= B A \ Draft
g l:rl,.'E Barcelona i N =L orfius
ELE: 20 | sCorPius e Roadmmap
5§ sCarPius Validation | 7} | Roadmap S 14
s research B sCoTPIuS
topics Revi R '
I Priorities
S — N
M10 M15 M20
o o ".t W v iadd ‘.‘.t

Figure 1 From vision to roadmap

1.3 Megatrends influencing manufacturing

The world is changing at a rapid pace and it can be hard to keep up. One way of making sense of the cl
around us is to understand the major underlying forces, ortreada, driving the economic, social, and
political environment. All of them are already happening and their impact will continue to grow over the ne;
decades. Megatrends are not local events; they are global in scale and will affect every countriketnd mar
which we and our clients operate. Industrial manufacturing companies serve as the backbone of mark
communities and institutions adapting to these changes.

1. Urbanization

Manufacturing goes where peopilee so it has to be silent and clean (raw
material, emissions, etc.J-or centuries, the global population has been
becoming increasingly urbanized. The percentage of people living in urban
centers is projected to grow from 50 percent todayppraimately 72
percent by 20501]. Companles are beginning to develop strategles around

governance which a future world order will be built. As the need for
#1 infrastructure rises, manufacturing compnare experiencing an increase in
demand for product used to support the development of transportation, and power infrastructure essentie
urban development. Additionally, manufacturers are citing increasing demand as their products are
equipment ad supplies used directly by the construction markets which are experiencing growth both in tt
emerging world as well as areas starting to rebound from the global economic crisis.
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2. Demographic change

. Two major demographic shifts are occurring. First, the percentage of people ove
| the age of 60 is expected to increase from 8 percent to 21 percent dudf@the
year period ending in 205@]. And second, the rate of poption growth is
expected to slow, a trend that wil!/

| but one that will create challenges for economic growth. For industrial
. manufacturing companies, the focus on demographic shifts has centered o
applicatons for their products thaupport the healthcare sector and on ergonomic
solutions which may help workers in doing their work

3. Digitalization

The pace of technological change is increasing exponentially. By 2015, the
. number of network devices will kia increased from 2 billion to 16 billion in jus

ten yearsAdvancements are being made in mobile technology, cloud computing,
data analytics, biotech and genomics, and artificial intelligence. For industrial

A HEs==8 manufacturing companies, the products thepdree ar e getti ng

Aiinternet of thingso is embedded in their produ
their installed sensors and devices and perform advanced analytics, unleashing the value of the information
creating numerous smart service possibilities for customers.

4. Climate change

By 2030, global population is expected to grow to 8.3 billion; the world will need
50 percent more energy, 40 percent more clean water, and 35 percent more foc
[1]. As a result, there will be a focus on innovation regarding alternative energy,
water management, agribusiness, and food production. Industrial manufacturing
companies are pivoting towards these demands by building capabilities in
: 2 technologies needed faalternative energy sources, low voltage and LED
products and in ant|C|pat|on of increasing requirement for agricultural output. These companies also recogr
the need to develop better solutions due to concerns over climate change and environmeniitigsttieter
regulations and stringent emission standards.
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European
Commission

1.4 Towards a totally connected manufacturingi sCorPiuS Vision

NowadaysManufacturing processes go beyond the production phases and factory walls.

A real impact can be achieved only via the gn&tion of Process and Product lifecycle

As described iD2.1 Gap Analysis oiResearch and Innovatiand Vision- White Papethe usual automation
pyramid (ISA95) is therefore tilted, but also extended to include all the IT systems whose are usedhautsid
usual domain of automation, but have to be considered in an extended lifecycle perspective. The sCorF
Collaboration Pyramid therefore includes the &Rfomation Pyramid, which derives from ISA95, but also
Product Lifecycle Management Tools, cangrthe design and engineering phases and the CRM as well as 10T
solutions, which will enable to develop and improve services, usage and reuse/recycle of the products.
This vision therefore links together all the tools on the market (PLM, PLC, SCADA, HEB) and under
development (CPS and loT) whose data and information are relevant to create asgndoetcentric closed
loop collaboration.

On the product axes perspective both the virtual product (Design and Engineering) and the physical one
taken into account. On the factory lifecycle axes both the physical and digital one are considered. This cree
a unique data and information flow that will first of all link all stakeholders in the manufacturing enterpris
domain.In Figure2 sCorPiuSvision a representation of how envisaged GieSspectivencluding all aspects

of product and process lifecycles for a totally connected manufactaniegorted

o ncé
Fey, Ui J jnten?
oy e eruq‘Se tUse&Mﬂ“
T Systg Mice produc .
" gndof LT
u¢ re
My, Endgg, . produ® ot
‘hagEme: Life _gemant”
"Hota _Recrd®
Industrial g
Hierarchy Levels
IEC62264)
« Enterprise CPS Layers
* Work Centre * Cloud
« Station = Middleware
= Control Device = FOG
* Field Device = loT-Node
» Product = Sensors/Actuators
= Phisical product
= Materials

Figure 2 sCorPiuSvision

As reported iD2.1 Gap Analysis on Research and Innovation and Vididhite PapelCPS solutions deployed

in the manufacturing ecosystem are impacting different contexts along thgcléeaxis from the application

and functional standpoint, baach function is impacting the processes according the architectural layer:
identified in the vision.

That constitutes, coherently with the 1IC Reference Architectomerging its concepts witthe different
proposals for 10T architectures and concepts (e.gApFiWare BEINCPPS, etc.the technology platform.
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As the bottom of the pyramid lays on the physical world, the bottom layer for the product axes, represent
physical product ands constituent materials. Information are trasformed ftoitne digital world with sensors

and actuators, connected with 10T nodes an embedded system, able to store and elaborate data. This syste
al so therefore abl e toplmahagemewteanttiuarnd 4 yarmpd rtf toe
the FOG computing vision; this concept aknowledge the difficulty to access information objectively and time
in cloud systems with lack of quality of the obtained content, therefore a first ledataoanalysis, cleaning
and decisions will enable better information flows, lower data transmitted and managed by cloud systems &
through layered logics, better, faster decisions. The data elaborated by the FOG system will therefore strea
them thraigh the middleware to the cloud, where high level decisions, product lifecycle storage an
management is performed. Communication with humans or other machines will happen, throught t
middleware, from the FOG layer (for local, near real time informatmm) the Cloud (for more high level
information and general data).

CPS Layers

*Cloud
*Middleware
*FOG
*loT node
*Sensor-actuator
*Physical Product
*Material

Figure 3 sCorPiuS Architectural viewi CPSLayers

The pyramid on top represent the existing legacy system whose functions will however continue to exist e\
in more distributed environments such those CPS will enable.

Once the product ghysicaland items/things exist, tl&PS layersare fully exploited, not only for production
and logistics, but also for these phaseof the product lifecycle. During this phagke product is going to be
used and maintained. New systems based on CPS and loT, and able to support manufacturing enterpris
provide new product/service based offering, maximizing profit, sustainability and customer satiséaetion
emerging. Infomation and data acquired during the usage and maintenance of products through PSS will a
be used during the final product lifecycle phase.

Also during theEnd of Life Phase CPS will be able to provide additional services and new possibilities due
to the information they provide on both the materials which each item contains (and therefore how to recy
it) but also on how the item was used and therefore if there are possibilities for remanufacturing or reuse. Tr
data can be used to manage in a nedfieient way the items through the waste management hierarchy, which
indicates an order of preference for action to reduce and manage waste.

Another aspect identified is related to the level of the envisaged implementagiachotopids going to have
according the CPS production layers identified in the visidrese layers are, as in RAMmspired from the

IEC 62264IEC61512

1 Product/Service FOF clustdattp://www.fof -psscluster.eu/
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CPS layers are merged together with ltidustrial Hierarchy Levels , which are taken into account, even if
CPS would be abléo defy rigid hierarchies, for the logical aspect hierarchies will still represent for the
functional and operative aspects. Il téos al so 1 mp
pyramid.

Industrial

Hierarchy Levels
*Enterprise
*Work centers
*Station
*Control device
*Field device
*Product

Figure 4 sCorPiuS Architectural view i Industrial Hierarchy Levels

As in the both axes, the lower layer is the physical world, but here the product is the key actor of the product
process and wusually 1isndt equi pp etds, whigh hasttosbe prdvidea/ i t
by field devices and managed by Control devices, on the production machines / stations and work centres. T
layers, ending with the enterprise itself, echoes the ISA95 pyramid, which inspires the top pyramid of t
Scorpus vision, but at the same time specifies how its key aspect of data sharing among the different hierarcl
will coexist in enterprise with current existing implementations.

a r tahdiptoaegs tifacycla at difiertent u ¢

EachResearchPriogti d r i | | downo i n the
i fy the Il evel the iden

|l evel . Such fAdeptho ident
impacting (existing) systems at higher level.

EachResearch Priogthas beemappedaccording the levet is impacting theéndustrial Hierarchy Leveland
the CPSlayer(s), according the schema Figure5.
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Figure 5 Research Priority mapping against sCorPiuSarchitectural layers- Example
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2. Recommendations

In Chapter 2.1 Technology Recommendations Technology Enablers (E.) and 2.2 General
RecommendationsContext Factors (C.F) a set of technology enablers amdniext factors not directly
addressed in sCorPiuS roadnmae reportegdnevertheless its important to be aware of the need that these
elemens are properly kept in consideration.

For eaclResearch Prioyt(RP)reportedn chapter3 Research Priories for CybetPhysical Manufacturing

the enabling elements acding the schema reportéa chapter2.3 ResearcHriority Mappingagainst T.E.
and C.F.and introduced iD2.1 Gap Analysis on Research and Innovation and Visigvhite Paperare
identified

In the following two chapters we synthetize the main points to consider under the Technology pershéytive (
andthe Context Factors2.2).

2.1 TechnologyRecommendations Technology Enablers (TE.)

During the first phases of the project and thanks to the collaboration with technology, industry and acaden
experts sCorPiuS team collected input relatethimenabling technologies supporting CPS based environments.
sCorPiuS roadmap is not dirgcaddressing them, bitthighlights the most relevant input received in terms of
recommendationgn the following list are reportetthe technology related topics to consider.

2.1.1. T1 Hardware/Infrastructure
This category encompasses ICT technologies such as Computers, Networks and Data management sys
The main points collectedere
1 General Points
o ICT componentsieed to be seamless and reliable
0 High speed Interndtas to bevailable for SME®venin remote locations
o Full connectivity, High speed/ reliable, affordable cost
1 Sensor Points
o Indoor positioning technologies need to be seamless and reliable
Beacon and Smart beacon (BT) for decalization
Ubiquitous sensing, including customer usage @sns
Distributed & connected sensors
Energy harvesters for sensors
Embedded wireless commication-5G-MEMS (Micro ElectreMechanical Systems)
Power source for devices
o Single chip IoT system
1 Infrastructure Points
o Converged plant infrastructure, scalabili@loud), security, modularity
o Data gathering technologies and storing solutions to manage the large amount of data collected fr
the networked sensors
Ontologies, structured repositories and already existing semantic descriptions.
Additive manufacturinglesigningtechnologies
Low power and cost localization technologies
Cloud Technologies available also to SMEs
WIFI (AP) & Active RFID (UWB), for extensive getmcalization

O O 0O o0 o o

O O O O O

2.1.2. T2 Software & Applications
This category includes applications, solutions and soéyéatforms (e.g. SOA, Middleware, Security, etc.).
Main points collectewvere
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Handling of complex/large amount of data

Data management security

Machine learning (via data mining, analytics)

Realtime, robust data analysis (in open environments, mising data, etc.)
Complex software development including validation & verification
Simple, automatable way for interconnecting CPS

RT data stream analytics

Complex event processing

Cognitive technologies, distributed and cooperative
Virtual/augmented rdity

Semantic interoperability, across heterogeneous systems
Cybersecurity and daencryption

= =4 4 -4 4 -4 45 45 -5 -4 -5 -9

2.1.3. T3 Standards
This category addresses all aspects related to interoperability standards, regulations, laws, etc.. The main p
collectedwere
1 Solution to comranicate abilities & needs in a universal way utilizing same protocols and semantic amon

CPS(also addressed at Infrastructure level)
1 Standardization of interfaces, cross manufacturing integration of components

2.1.4. T4 Not-ICT
This category identifies technoli@g not strictly related ICT technologies (i.e. passive RFID, beacon and smar
beacon for geo localization, 3D printing, additive manufacturing device etc.). The main points colkreted
1 Next generation HMI (e.g. Braioomputer interface)

Robot & grippe technologies

Selflearning and Seltonfiguring of machinery and robots
Advanced robotics

Data ownership legal support and standards

Additive Manufacturing technologies

= =4 4 -4 A

Basedon these evidencesollected during the sCorPiuS roadmaCorPiuS team issudabe following
recommendations regarding enabling technologies

sCorPiuSteam also statahat the implementation of all these technologies is the result of the interaction o
many different actors with many different skills and knowledyés.also think tht efforts of the European
Commission on the improvement of Manufacturing should be focus on the developmasticél solutions
applied in the manufacturing sector and not just on the development of horizontal technologies.
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2.1.5. Technology Recommendations
The following areas are considered relevant to further research and development to provide appropriate ena
to CPSOrientedManufacturing solutions:

Technology Recommendations

1. Power autonomous wireless communication sensors for high speedAngime data collection
and preelaboration capability.

2. Seamless Data Analytics platforms with embedded semantic able to self configure and self
recognize relevant information in industrial context.

3. Self learning robotized systems with advanced hunsarexistence capability
4. Self configuration of the whole supply chain to reduce bullwhip effect and improve efficiency

5. Standards for mul ti di sciplinary/ mul ti I n
interoperability.
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2.2 General Recommendations:Context Factors (C.F)

Context Factors emerged as influencing elements during the Gap Analysis efl@Pcis€&aps Analysis on
research and innovatiop.

It emerged that in some cases the obstacles to overcome to implement CPS solutions were nospsaiic to
technical or application issues, but depengon external and context factors not addressable by specific
research activities the scope of CPS for Manufacturing.

Here following the list of these topics with associated recommendations.

2.2.1. G1 Cultural, Educational and Perception
This topic can be addressed accordmthreemain initiative streams:

1 Education: There is the need to fully involve School and University in an significant effort to sprea
knowledge and awareness of CPS adoption cos@ephanufacturing, promote them as motivation for
young people to approach the manufacturing reality.

1 Consensus Generation: In this area it is necessary to bring CPS concepts outside the niche of peop
the specific sector and to spread the possiblargdges in adoption (e.g. support to impaired or elder
people) and to smooth down fears of adoption (e.g. issue related to security or privacy). With this resp
it is very interesting to see how it is evolving with the general acceptance of peoplespétt to
autonomous syd&driewnsndd kearfiss;elifn very | imited
longer driving their own car, but it is an automated system on their behalf)

1 Impact On Social and Labour issues with specific relationshegmfioyment levels constitute major
source of concern giolitic and labour union levels, as well in the public opinion. It is not clear how
new Smart Factories will manage the transition towards a new context where a great deal of exist
roles and capadlities seems to be unavoidably due to be replaced by automated systems. A cle
perspective need to be provided in terms of evolution of the labour market and related social impact:

2.2.2. G2 Estimation of costs and ROl models
With this respect we identified ithe gap analysis exercise focused tasks to identify clear measurement c
benefits coming from implementation of CPS systems. On the other side we will recommend in our Roadrr
to consider (especially for SME) the relevance for suppodigdalization investments, impacting the way
clear business and performance indicators are dkftleployed and calculate@ihe demonstration of the ROI
becomes a key aspect in flature implementation of CPSs

2.2.3. G3 Laws & Regulations
C-level people and Business and Opieramanagers are sensitive to aspects that are beyond the technical ar
process aspects, like Liability of the utilization of CPS, both as a provider and as a utilizer and respect of vari
laws and legislations. This bring up the point to carefully icemsa review in some area of the Legislation to
address changing conditions and players.

2.2.4. G4 EU Macro Economic Factors
The possibility for manufacturing industry in Europe to take an innovation path is dependent on the gene
economic climate and the pdsfity that required investment funds are available. The general treswbonbmic
and financial status in ALL countries of Eurozone (including low interest rates and significant GDP grow) |
crucial to allow a shift towards new way to run manufacturing. It is important to stress that such dynamic nee
to happen in all or at least ind vast majority of European countries to allow relevance at global scale avoiding
local opportunistic initiatives not really contributing to the global competitiveness of European manufacturir
sector.
Another aspect to consider is related with the alncostplete dependency of Europe from the US based
technol ogy suppl i er s a-Gdogle, Arhaaon,Racebbod and Aplle).Such situaijory A
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in conjunction with the average small size of many European industry could create an unbalanweshiplat
that could impact attitude to invest in new technologies like CPS.

2.2.5. G5 Standards and certifications procedures
In the CPS arena many technologies are involved, interoperability and open interfaces are key requirern
emerged and addressed in thgp@aalysis, but even the same technologies are not in some case mature enou
to have defined a clear dacto standard able to preserve investment and allow a viable lifetime to
implementation. The definition or fostering of existing standards is ddfimitgoint that needs to be addressed.
For industrial manufactures, the increasing complexity of 2B& products, the evolution of the possible
implication and consequences of their utilization (e.g. privacy or responsibility) and considering that¢he s
product is commercialized in many countries , it brings up the issue of product certifications for each possil
market. That could represent a major effort to undertake (especially for SME with a limited productio
volumes).

2.2.6. General Recommendation
From theabove mentionedontext factorshefollowing recommendationarederived:

General Recommendations

1. Education to prepare not only the young workers and engineers for the digitalized challenge
manufacturing but also the experienced work force to make the transitions and the migration pro
a success with positive attitedn the society. This includes the necessity to establish learning progr:
on several levels of education from trainee programs to university.

2. Autonomous decision makings by machines always involves the danger of harming human be
which are affecte by these decisions. In terms of legislation the consequence may not be suital
forbid these technological developments but rather to clarify the existing legislation according to tl
new technological risk and safety aspects.

3. Standardization oftechnical interfaces and data handling must be driven by industry and °
European product providers. Politics can support this development and by that strengthen
European manufacturing technology economy.

sCorPiuSproject.eu 17/56 Dissemination: Public



sCorPiuS

Project ID:
£, European Roadmap for CybBhysical Systems in Manufacturing 6£J’>6906
Deliverable D3.2 Updated consolidated sCorPiiR®admap 30/09/16

Commission

2.3 ResearchPriority Mapping against T.E. and C.F.

Each Research rigrity identified and described in chapt@& Research Prioigs for CybetPhysical
Manufacturing will be accessed identifying valh are the enabling technologies involved (according the
identified groups as describeddrl TechnologyRecommendationsTechnology Enablensand impact some
context factors (as describeddr2 GeneraRecommendation€ontext).

In Figure6 it is presented the template

Research Priority Mapping

Technology Enablers Context Factors

s N - N
T1 Hardware / Infrastructure: G1:
this catecgory encopasses ICT Cultural, Educational and
technologies such as Computers, Perception
Networks and Data management
systems.

J G2:

( D Estimation of costs and ROI

T2 Software & Applications: models
this catecgory includes applications,

solutions and software platformas o3

(e.g. SOA, Middleware, etc.). .
Laws & Regulations

\

T3 Standards:
this catecgory addresses all aspects
related to interoperability standards,
protocols, etc.

G4:
EU Macro Economic Factors

G5:
Standards and certifications
procedures

T4 Not-ICT:

this catecgory identifies not strictly
related to ICT technologies (i.e. RFID,
beacon and smart beacon for geo

localization, 3D printing, additive
manufacturing devices, etc.)

J

Figure 6 Research Priority mapping against T.E. and C.F- Example
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3. Research Priorities for Cyber-Physical Manufacturing

In this chaptereach identified Research Priorityonstituting the fisCorPiuS Roadmap for CPS in
Manufacturing presented according the following schema with the objective to make thewr oie@rm

of content, impact anglriority.

For eachsCorPiuSResearch Priontthe following topics are discussed:

1. Addressed challengesAddressed challenges in terms of impact (operational, economic, environmental

social, future products) and the link with the technologies that are addressedRiesttésch Priot

2. Specific technological enablers and contextfactors: Specific technological (or netechnological)
challenges that need to be addressed by the research or innovation activities

3. Expected impact A description of the major impacts and breakthroughs the adoption obsawp
technologies could bring to the manufactory industry sector

4. ResearchPriority Mapping - eachpriority is mapped according the level it is impactthg Industrial
Hierarchy Levels and the CR&yer(s) (seel.4 Towards a totally connected manufacturingCorPiuS
Vision ) and against T.E. (Technology Enablers§l &.F. (Contest Factors) (sBe8 ResearchPriority
Mappingagainst T.E. and C.J-.This two mapping exercises aim to:

o0 The architectural mapping provide an indication of how, inside the production process and genera
in the value chain, the proposed solution is going in depth from upper ébstilagels down to
physical aspects. That &so providing an indication of how much the implementation of such
solution can be critical in terms of impact, especialllegacyenvironments

o The T.E. and C.F. mapping is aiming to clarify, from one side the technology fields addressed al
so advice the enabling technologievelopmentto rely on, from the other side to identify
stakeholders or netechnical context to consider a broader scope

5. Current maturity and relevance i Based on surveys and feedback collected, adgearch Prioythas
been also classified according the following dimensions:

0 Maturity Horizon (Long, Medium, ShortJhis will providean indicationn terms ofhow far in he
future we can foresee the full development of such technologg@mkquentheffort needed to
move from the currentmaturity statustowardsthe actualdeploymenton industrial scale of the
identified topic.

o0 Relevance: this indicat@uggest theriority coming from the expectachpactof the research topic

Expected Impact example

Maturity Horizon example
= N )=
Long Term Medium Term Short Term

Relevance(example)

Time Horizon (example)
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3.1 Predictive and preventive seHearning systems

3.1.1. Addressed challenges
The manufacturing afustommade parts on demand with flexible, reliable and reconfigurable resources force
the implementation of adaptive and smart manufacturing devices, compamehtsmiachines and robots
systems This changing shop floor environments is supported by engldeddgnitive functions with self
learning capacities.
It is requested a sensing, dynamic and agile shop floor with adaptive process automation and control and sm
integration of execution systems, based on Intelligent maintenance systems and onothmacelar and
replicative models for a faster factory initialization, a comprehensive factory performance and for a resour
management and visualization.
The development of a customer driven Jodsedfactory with selflearning and self-optimization sydgems
implies the development of nesvganizationamodels and a modélased approach to describe tehaviorof
the system and the knowledge of the plant. As self learning and self optimization must be based on data
knowledge, M2M and M2product commigation along with human/machine communication is a key aspect
to develop. It iI's requested a migration strat
implementation not only in new plants but in already existing plants.
The integration ofesources control along with Production Planning arenadbled Virtual Commissioning are
a key aspect to address in order to demonstrate the Mainte@aradity andProductivity improvement of the
manufacturing plants.

3.1.2. Specific technological enablers andontext factors

1 Provide a technological, and even methodological approach to transform current plant into CPS ba:
systems with self learning capabilities;

1 Solutionsshould integrate specific technology already present oshbp floor(e.g. automatedries,
robots, power management, etc.) migrating overall production structure towards self learning and s
optimization new paradigms;

1 Solutionsmust demonstrate the reliability of the overall systems and the implication of a failure or «
degradation ofheir functions;

1 Solutions shouldconsider the possibility to obtain information (and not rough data) already at the
machine level. Data has to be calculated at the machine level and then the obtained information ha
be moved to the central system;

1 Solutions should include cognitive and Al technologies.

Research on a seamless, etsyse solution to be deployed in transparent way in the factory and along the
Value Chain.

3.1.3. Expected impact

1 Increased productivity on continuous product chamgeufacturing thanks to self adaptation: faster
product changing time

1 Increased productivity on continuous manufacturing process change: faster chiamgiog machines
and resources;

1 Increased efficiency on preventive maintenance: identification ofsemalfunctions or damaged parts
thanks to predictive self learning systems.

1 Reduction of programming of new manufacturing processes, through virtual coommgsAND self
learning systems.
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D
Cumm\ssmn

3.1.4. ResearchPriority Mapping
In this session thpriority is mappé according the level it is impacting thedustrial Hierarchy_evel(s) and
the CPSlayer(s) (seel.4 Towards a totally connected manufacturingCorPiuS Vision) and against T.E.
(Technology Enablers) and C.F. (Contest Factors)q$ResearchPriority Mappingagainst T.E. and C.F.

Industrial Hierarchy Levels CPS Layers

@ Product ] [_@ Physical Product ]

R
m

[_ Station loT Node

[@ Work Centers @ Fog
— S
 —

0))

L.

L

Middleware

Enterprise

\

[@ Conntected World @ Cloud
J \ -
> "\
o Cloud Analytics
— J
Technology Enablers Context Factors

T1 Hardware / Infrastructure:

this catecgory encopasses ICT

§ technologies such as Computers,
Networks and Data management
systems.

G3:
Laws & Regulations

\
G4:
@ EU Macro Economic Factors
.
p

>
<
T4 Not-ICT: G5:
this catecgory identifies not strictly Standards and certifications
related to ICT technologies (i.e. RFID, procedures
beacon and smart beacon for geo \ J

localization, 3D printing, additive
manufacturing devices, etc.)

3.1.5. Current maturity and relevance
Maturity Horizon Expected Impact

Long Term High

Medium Very High

Break-
through

Low
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3.2Worker at the centerin manufacturing Systems

3.2.1. Addressed challenges
In an increaingly automated and CRSabledworkspace, humans become part of a complex and sensorizec
environment, where they need to quickly lelomvto interact with (semi) autonomous machinmebpts,cobots
and devices providing them lots of infornmm that must banalyzedand understood ttake the appropriate
decisions.
Thus new solutions are expected to depigitesses and methaithait ke@ the human ircenterand areableto
mergehuman capabilities such as recognition and fineianatkills, implicit knowledge and soft skillaith
machine intrinsic endurance, power and replicability.
Novel organizational frameworkare necessary o posi ti on the humansoé part
manufacturing pycesseschanging the paradigm from peejéss factory to an extended and deep social
machine and humamachine interactions.
Particular attention has to be pointiedvards "changing workforce" issues concerning the sensitive groups
such as elderly, disabled, young people, women or other target groups with special Sisgd€hange is
expected to have not only an impact in the workplace, but also to have sodtiedtions, as this affects the
way the whole societabrganizationhas to adapt to prepare people to be able to work in that changing
environment.
With an increasinggedworkforce, new interface requirements are raised regarding the physical aspects at
dimensions of the manmachine interface#\ging workers must be supported with intuitive HMI tpag¢sent
them in an intuitive way the interaction with a continuously changing work environment artdkianto
account the reduction of physical capdias.
As the level of sensorization tife workplace is increasing aficobot® are becoming a reality able ittteract
directly with the humans, also the workers must be sensorised, so that in tfeg enly themobile machinery
areaware of the preseamf humangut alsovice-versa Wearable devices and sensors will be combined to
offer guidance, intuitive and powerfiiteractiors with the machines
Humanswill be able to predict, perceive and understand the actions and movements of robotsnaxdbiles
and industrial vehicles within the shared workspace for an improvement of safety and smoother work proces
Ergonomics, user acceptance, user experience criteria will be adopted in ondgimtdzesocial performances
such as user welleing awn satisfaction together with manufacturing performances such as productivity,
flexibility and responsiveness.

3.2.2. Specific technological enablers and context factors
Design and development of novel methodologies for the detection of persons by robotspmaobitees and
industrial vehicles through means of cognitive perception by merging multiple sensors data and intellige
reasoning

1T Massive processing of information and model s
time by means of novehdustrial big data approaches, e.g. deep analytics to enable the extraction ¢
pattens of possible risky situations;

1 Novel tools such as Augmented Reality, and simulation & modelling techniques have to be develop
to support the manufacturing processeashwarticular attention to "changing workforce" issues
(concerning the sensitive groups such as elderly, disabled, young people, women orgehgrdaps
with special needs);

1 Use of knowledge tooland intuitive HMI b assist workers in taking theiwa decisions, where safety
is incorporated in the working framework;

T Use of intelligent vests and wearable techno
input to enhance personal safety devices and smart products carried by workers (irsnuaiing
PersonbProtective Equipment;PPES);
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1 To develop contexbriented services towards safety practices. Help the worker to take the right decisio
at the right moment, particularly in emergency situations.

3.2.3. Expected impact
1 Increase the use bf u maaxperfise and knowledge towarsproved employee satisfaction;

1 Improve weltbeing, human engagement and productivity in sacreasingly automated context;

1 The proposed technical solutions will be validated in an industry environment, and their metiesdolog
are applicable to wide range of industrial areas;

1 Address unbalanced working conditions, Mtproviding productivity gains;

1 Support identification of societal impact and guide definition of new role of society in contributing to
keep the humans ih&centerand make them ready tperaten the new workplaces

1 Increase manufacturing enterprises environmental and social sustainability performance tracking.
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3.2.4. Research Priority Mapping
In this setion thepriority is mapped according the level it is impactingltiaustrial Hierarchyevels) and the
CPS layer(s) (se€l.4 Towards a totally connected manufacturinggCorPiuS Vision) and against T.E.
(Technology Enablers) and C.F. (Contest Factors)q$ResearchPriority Mappingagainst T.E. and C.F.

3.2.5. Current maturity and relevance
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