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1. Introduction

This 2017 ECSEL Multi Annual Strategic Research and Innovation Agenda (MASRIA), on behalf
of the ECSEL Private Members Board (PMB), serves as input/recommendation for the 2017 Multi-
Annual Strategic Plan (MASP) of the ECSEL Joint Undertaking. This MASRIA describes* the
Vision, Mission and Strategy of the ECSEL JU as well as the strategic research and innovation
activities (in its Parts A and B) to be undertaken through the ECSEL Calls of coming years in order
to enable the ECSEL JU to fulfil its objectives.

The MASRIA identifies and explores specific Electronic Components and Systems (ECS)

technology solutions for smart applications relevant for societal challenges and industrial

leadership in Europe. In order to maximise the impact of the programme, ECSEL JU will generally

have its centre of gravity around larger projects, e.g., over 10 million euro, addressing higher

Technology Readiness Levels (TRLs). However, this does not preclude smaller projects and/or
projects addressing | ower TRL6s that focus on topi
ECSEL JU agenda complements other PPPs as well as generic actions within the overall Horizon

2020 program (see Figure 1, courtesy of the European Commission).

* N.B. Notice to the reader

This MASRIA, being the view of the Private Members of the ECSEL Joint Undertaking, constitutes the first step in
the creation of the ECSEL Multi Annual Strategic Plan (MASP) as a proposed text for the MASP. So rather than
using tlheswoitttheeS Gappropri ate woprdo pvosud sdo . have been A
The construction of the MASP will be done by the ECSEL JU, subject to approval of the ECSEL Governing Board
and based upon this MASRIA. In order to facilitate the ECSEL JU in this process, this MASRIA has been written in
a form and style as if it were a MASP that is already endorsed by all members of the ECSEL Joint Undertaking. In
this way a simple copy paste action is possible to produce the text of the MASP.

The reader that is interested in the MASP rather than the current MASRIA is advised to read the official MASP
document as will be published on the ECSEL website.

In spite of the above mentioned form and style, this MASRIA should be considered as an input document to the
MASP by the ECSEL Private Members.
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Figure 1: ECSEL JU and H2020 actions

The MASP, which is based on the MASRIA, provides the basis for the Work Plan of the ECSEL
JU, where the selection of the activities and the type of actions to be initiated per year/Call is made
in accordance with the funding budget(s) available.

1.1 Vision, mission and strategy

The European Electronics Components and Systems (ECS) industries and knowledge institutes
share a common vision, mission and strategy at the highest level based on the Vision, Mission and
Strategy as published in the High Level SRIA of the ICT Components and Systems Industries in
2012.1

The vision driving the ECS industries and knowledge institutes is one of mankind benefiting from a
major evolution in intelligent systems, a world in which all systems, machines and objects become
smart, exploit relevant information and services around them, communicate which each other, with
the environment and with people, and manage their resources autonomously. Furthermore, the
vision is to provide Europe, in a concerted approach, with the controlled access for creating the
indispensable technology basis for the above as an essential element in a smart, sustainable and
inclusive European 2020 society.

The mission of the ECS industries and knowledge institutes is to progress and remain at the
forefront of state-of-the-art innovation in the development of highly reliable complex systems and
their further miniaturisation and integration, while dramatically increasing functionalities and thus
enabling solutions for societal needs.

1 High Level Strategic Research and Innovation Agenda of the ICT Components and Systems Industries as
represented by AENEAS (ENIAC-ETP), ARTEMIS-IA (ARTEMIS-ETP) and EPoSS-ETP, April 2012.
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The strategy of the ECS industries and knowledge institutes is based upon exploitation of European
strengths and opportunities. Exploiting strengths implies building on the leading positions in specific
capabilities, technologies and/or applications by increasing industry effectiveness and reducing
fragmentation. Creating opportunities implies for Europe to be positioned at the forefront of new
emerging markets with high potential growth rates and to become a world leader in these domains.
Innovation is a key point for the strategy. It is propelled by efficient transnational ecosystems of
industry, institutes, universities and public authorities.

In exploiting strengths and opportunities both supply of and demand for technologies need to be
boosted simultaneously and in a balanced way. A strong supply base will make Europe competitive
and it will ensure its controlled access to technologies essential for the implementation of the vision.
On the other hand concerted and commercially viable contributions to a smart, sustainable and
inclusive European society will create a strong European and global demand for these
technologies.

Innovations are essential in all market segments where Europe is a recognized global leader or
has the opportunity to become one. Stepping up R&D&I in ECS applications and technologies is a
key enabler for sustainable European economic growth and wealth creation. For all these reasons,
it is vital that judicious investments are made to assure Europe of access to ECS know-how and to
industrial capacities to guarantee strategic independence in the face of increased globalisation.

Opportunities for large projects, exploiting our strengths in embedded software and systems know-
how exist. Such projects exploit the opportunities offered by ECSEL in value chain integration and
will lead to increased global demand for ECS related technologies. In particular ECSEL will develop
further its lighthouse initiative, that fosters large scale projects of pan-European relevance, which
are characterised by the need of a more intensive cooperation between the Public and the Private
sector. Because of its governance structure, ECSEL is extremely well positioned to (co-)organise
this type of projects. Lighthouse projects are not only targeted to solving societal challenges in
Europe, but also to increase the export position of Europe in the Lighthouse domains, thereby
increasing Europeb6s prosperity and empl oy me
amongst Industry and Public Authorities confirm that all key applications mentioned in paragraph
2.2 could generate a lighthouse initiative.

The ECS domain is enabled by the key technologies micro/nano-electronics, embedded/cyber-
physical systems, and smart/microsystems. In Europe, these technologies drive a value chain that
employs over 9 million people including services? of which over 1 million direct and induced jobs in
the semiconductor industry® .Together, they allow Europe to address a global market of more than
2,600 hillion $ (see ?) enabling the generation of at least 10% of GDP in the world (see 3).

The ECSEL JU strategy endorses and supports the vision, mission and strategy of the ECS
industries and knowledge institutes. In executing its strategy, ECSEL builds on the experience of
successful European initiatives of the ENIAC JU, the ARTEMIS JU and the European Technology
Platform (ETP) EP0SS addressing micro/nano-electronics, embedded/cyber-physical systems and
smart/microsystems respectively. By consolidating these disciplines along the innovation and value
creation chain, ECSEL offers a unique way forward to the next level of ECS know-how, for the best
benefit of the European industries and citizens alike.

2 ITEA/ARTEMIS-IA High-Level Vision 2030, version 2013.
3 A European Industrial Strategic Roadmap for Micro- and Nano-Electronic Components and Systems (Jan. 2014).

ECSEL-MASRIA2017 7/118

nt

oOppc



The ECSEL strategy includes the following essential features:

1) ECSEL isthe instrument of preference for implementing the R&D&I aspects of the ELG strategy
(see 3). Furthermore it is an important instrument to realise the strategies as formulated by the
ITEA/ARTEMIS-IA High Level Vision 2030 (see ?), the AENEAS Strategic Agenda and the
SRAs of the ARTEMIS-ETP and EP0SS-ETP.

2) The ECSEL actions will focus on European strengths and opportunities. Its innovation actions
will continuously boost supply and demand in a balanced way. ECSEL enables here an
accelerated innovation because the total ECS value chain is included.

3) ECSEL Lighthouses will address projects of common European interest where integration
along the value chain is essential and where intensive Public Private cooperation is a condition
for success. The projects in a Lighthouse initially consist of ECSEL projects; Lighthouses
should however be augmented with relevant H2020 projects, Eureka projects and/or
national/regional projects to form powerful clusters aiming for the same goals.

4) Whilst emphasizing large projects at higher TRL level, ECSEL will address industrially relevant
projects of any size at TRL 2-8 by engaging the whole ecosystem, including large, medium and
small enterprises, and knowledge institutes, from countries and regions both more and less
developed.

5) ECSEL will pursue a defined agenda and complement it by mechanisms capable to update the
overall strategy when necessary to respond swiftly to future societal evolutions and to enhance
the global competitiveness of this fast moving industry. It will combine the dynamism and agility
t o respond to unexpected mar ket -upevalppprnarcths to
participating R&D&I act ordsoownwi tdheftimedyri gounrt edi
approach connected with high-level societal and economic ambitions.

1.2 Objectives

The objectives of the ECSEL JU are listed in Article 2 of its basic act, paraphrased here:

1) Contribute to the implementation of Horizon 2020, and in particular to LEADERSHIP IN
ENABLING AND INDUSTRIAL TECHNOLOGIES.

The objectives pursued by Horizon 2020 are summar-r. :
OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 11 December 2013 establishing

Horizon 2020 i the Framework Programme for Research and Innovation (2014-2 02 0 ) 0o . Furt he
details are in the ACOUNCIL DECI SI ON of 3 December
implementing Horizon 2020 - the Framework Programme for Research and Innovation (2014-

2020)0 2013/ 743/ EU.

2) Contribute to the development of a strong and competitive ECS industry in the Union.

This ECSEL MASRIA is based upon inputs of many opinion leaders and experts from the member-
organizations of the Private Members, representing the R&D actors in ECS at large, in all
disciplines encompassed by the ECSEL JU. This MASRIA* and its annexes contain an overview
of the societal/technical demand and trends, justifying the selection of topics and highlighting the

4 The MASRIA is a document of the Private Members Board of the ECSEL JU, and published concurrently on their
respective web-sites. See: www.aeneas-office.eu, www.artemis-ia.eu, www.smart-systems-integration.org.
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requirements for the future in schedules and roadmaps. For background reading the AENEAS
Strategic Agenda and the SRAs of the ARTEMIS-ETP and EPoSS-ETP can be consulted.®

3) Ensure the availability of ECS for key markets and for addressing societal challenges, aiming
at keeping Europe at the forefront of the technology development, bridging the gap between
research and exploitation, strengthening innovation capabilities and creating economic and
employment growth in the Union.

The Regulation No 1291/2013 describes in detail the areas addressed by Horizon 2020, defining
for each of them the specific objective, the rationale and the Union added value, as well as the
specific actions to be taken. In addition, the Council Decision 2013/743/EU defined in detail the
activities that shall implement the Regulation No 1291/2013, in particular with reference to the
Leadership in Enabling and Industrial Technologies. The ECSEL JU MASRIA and MASP will rely
upon these documents; it will make reference to concepts and actions put forward therein defining
the specific topics to be addressed in its programme. For details regarding the rationale of the
strategic choices, the reader is referred to the Regulation No 1291/2013 and the Council Decision
2013/743/EU.

4) Align strategies with Participating States to attract private investment and contribute to the
effectiveness of public support by avoiding unnecessary duplication and fragmentation of
efforts, and easing participation for actors involved in research and innovation.

The governance structure of the ECSEL JU involves the Public Authorities Board including the
ECSEL Participating States to decide upon participation and public funding, and the Private
Members Board drawing up the MASRIA, preparing the Research and Innovation Activities Plan
(RIAP) and bringing the in-kind contribution. The progress of the engagements in the actions
selected for funding is a direct measure of the alignment of strategies and procedures that shall
bring together all actors, avoiding duplication and overcoming fragmentation.

5) Maintain and grow semiconductor and smart system manufacturing capability in Europe,
including leadership in manufacturing equipment and materials processing.

Semiconductor technology, including materials, equipment and processing, is at the basis of ICT
at large. The ECSEL JU shall use the Horizon 2020 instruments both R&D&lI, to leverage the
required investments to secure the sustainable controlled access to this technology for the
European industry.

6) Secure and strengthen a commanding position in design and systems engineering including
embedded technologies.

The value of modern semiconductor microchips or other miniaturised electronic components and
embedded software is increased substantially when combined with system and integration know-
how in the creation of cyber-physical and smart systems.

This is one of the synergetic benefits of ECSEL: linking ENIAC with ARTEMIS and EPoSS provides
the essential link between large system design and requirements on chip level and vice versa, thus
assuring the adherence to the required quality and safety standards by appropriate processes and
tools along the value chain. Hardware and software are coming together, and the ECSEL actions

5 The AENEAS Strategic Agenda and the Strategic Research Agendas (SRAs) of the ARTEMIS-ETP and EPoSS-
ETP can be found on respectively aeneas-office.eu, artemis-ia.eu, www.smart-systems-integration.org.
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shall strongly support both the advancement of the state of the art in each discipline and their
concurrent application towards impactful applications.

7) Provide access for all stakeholders to a world-class infrastructure for the design, integration
and manufacture of electronic components and embedded/cyber-physical and smart systems.

Microchips and embedded software can provide effective solutions to the societal challenges only
if integrated in smart systems. Smart systems are here understood in the wider sense, extending
the scope of ECS to include complex and large platforms. The ECSEL JU actions shall include
projects that integrate the various ECS technologies described into systems that address the
industry-defined applications included in this document.

8) Build a dynamic ecosystem involving Small and Medium-Sized Enterprises (SMESs), thereby
strengthening existing clusters and nurturing the creation of new clusters in promising new
areas.

The ECSEL JU shall continue the very successful activities of the Joint Undertakings established
previously under the Framework Programme 7, engaging a large proportion SMEs within the
winning ecosystem of the industry that also includes large industry and academic and institutional
research institutions. Likewise, it shall continue creating opportunities to join powerful consortia for
entities from all around Europe, with specific emphasis on SMEs from less developed regions,
which shall thereby have opportunities to work together with the world leaders in the field, reducing
differences and increasing cohesion.

1.3 Relationship with other programmes

The programme of the ECSEL JU is designed to provide valuable Key Enabling Technologies,
components and competencies, as well as related know-how in design, manufacturing and
implementation, allowing the community of R&D&I actors, alongside other existing programmes on
ICT and related technologies in Europe, to benefit from new opportunities. Insofar, ECSEL is
complementary to the other programmes.

Beneficiaries

PENTA, CATRENE, ITEA3,
ZURIPIDES2, CELTIC+,
EUROGIA+, ACQUEAU,

BBI, Clean Sky,

EUREKA Clust
usters JTIs /JUs FCH, IMI

EeB, FoF, SPIRE, EGVI,

Contractual PPPs Photonics, Robotics, HPC, 5G

National

Programmes
FP7/H2020 Calls

Smart Specialization
ESIF/ERDF

Regions

Figure 2: ECSEL JU - the Tri-partite Joint Undertaking: one Mechanism among Many
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Regarding EUREKA clusters, and in particular with respect to PENTA and ITEAS, the policy of
complementarity at project level and cooperation at programme definition level remains: One
strategy I Two instruments. For EP0SS a constructive relation with Euripides can be mentioned.

As the EU part of the funding for ECSEL projects comes from the Horizon 2020 programme of the
European Commission, the complementarity is particularly important and is assured as follows:

1) TRL and scale of activity: ECSEL envisages generally larger-scale, market-facing activities.
While work at lower TRLs within larger projects is not excluded in ECSEL, the Horizon 2020
programme generally offers advantages for smaller, focussed projects on generally lower
TRLs, and it is the expectation that the output of such Horizon 2020 projects will provide
valuable inputs for further development towards market-readiness within the context of later
ECSEL projects.

2) The H2020 facility for platform building provides for smaller CSAs or Innovation Actions. While
the facility for CSA is foreseen in ECSEL, it is certainly not the focus of the programme, and
the ECSEL community can make use, when appropriate, of platform building activities to form
the mandatory seeds from which larger innovation ecosystems can grow.

3) iNet wor ks of Design Centreso is anfE@Ximhmewlyty des
emerging or developing applications. It offers a funding flexibility conducive to experimentation,
designed to trigger new market opportunities. Once these have been triggered, ECSEL (or
other) provides a scheme much better adapted to further support the market-readiness of such
new approaches on a |l arger scal e. Such | arger S
Pil ot so, ®mZones tefstfimlgldo et cé) could also provide
academia to leading-edge tools and infrastructures thereby contributing to the expected
outcomes of the H2020 programme ICT2 and ICT2568.

In addition, Article 7.1a of the Statues of the ECSEL Joint Undertaking takes provision to assure
such compl ement ar i tthe Comgmissidn,wghinlitsarale imtlge Govbrairtg Boarid,
shall seek to ensure coordination between the activities of the ECSEL Joint Undertaking and the
relevant activities of Horizon 2020 with a view to promoting synergies when identifying priorities
covered by collaborative research.0

6 Horizon 2020 Work Programme 2015-2016: 5. flLeadership in enabling and industrial technologies: Information
and Communication Technologieso , suppl ement ed i ningfH2020 woek programrmehfer 200§ ¢ o m
onwards.
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2. Roadmap

2.1 High-level goals

Electronic components and systems (ECS) is a high-growth area, with a worldwide market growing
faster than the industry average. European companies have dominant global positions in key
application areas for Europe, such as transport, health and security, as well as in equipment and
materials for worldwide semiconductor manufacturing. The technology domain is also very R&D
intensive, with semiconductors industry investments reaching 20% of total revenues.’

Competitiveness of key European industrial domains heavily depends on the availability of leading
edge ECS technologies, be it hardware and/or software. 80% to 90% of the key differentiating
competitive features of e.g. leading edge medical device, automotive or avionic suppliers are
dependent on the built-in Electronic Components and Systems with a strongly increasing
importance of sensors and software. Therefore mastering these is decisive for the future market
position of European strongholds.

Keycompanies and institutes in Europebs ECS ecosyst:
euro in R&D&I from 2013 to 2020, when leveraged by public and private co-investment

programmes of up to 15 billion euro with the Union, the Participating States and the Regions (see

2.7). Objective of this holistic approach is to reinforce the ecosystem and have Europe expand its

leading position and exploit new opportunities for products and services in this highly competitive

domain. By 2020, thi s wideéreveriuesbyoeea2dEbilieneuropereygars wor | d
(see "and create up to 800,000 jobs i(see & Withinphs6 s ECS
context and overall ambition, the semiconductor industry has accepted the challenging goal to

double their economic value in Europe by 2020-2025 (see 3).

The importance of software is demonstrated in a survey of the EU; it was revealed that the R&D
investments by the European industry in software was 53.9 % of all R&D investments in 2015.8

Realisation of the above goals and objectives requires extensive collaboration across the
innovation and value chain for ECS, with research institutes and academia, SME and large
companies, and R&D&l actors from materials, equipment and microchips, together with design
tools and architectures, to embedded and full-blown systems and applications in ECS. A two-
proned approach will be needed, combining demand-pull and supply-push throughout the value
chain. Within ECSEL the industry actors are together with the Public Authorities united behind a
single European Strategy for ECS, thus making ECSEL the instrument of preference to realize the
above.

2.2 Strategic Thrusts

The ECSEL JU will contribute to the above industrial ambition of value creation in Europe and the
objectives in its basic act by establishing a programme through a two-dimensional matrix of key
applications and essential technology capabilities, the ECSEL Strategic Thrusts.

These Thrusts support the European industry in the indicated top priority domains with key enabling
elements (such as enabling technologies, components, processes and interconnected tool chains),

7 Nano-Electronics and beyond 2020: Innovation for the Future of Europe (Nov. 2012).
8 https://ec.europa.euljrc/en/publication/eur-scientific-and-technical-research-reports/2015-eu-survey-industrial-rd-
investment-trends.
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bringing them in a position to generate innovative products and services in very competitive
markets. Part A and B of this document describe all these Thrusts respectively for key applications
and essential technology capabilities.

Each Trust in part A and B is following the same structure:

Objectives

Strategy

Impact

Cross references

Schedules and Roadmaps (NB these are indicative only!)

= =4 =4 -4 8

For each Thrust an optional annex is provided including additional information and a list of
implementation examples. The intention of the examples is to provide a better explanation of the
scope and content of the thrust at hand for potential project consortia and funding authorities.

In the MASRIA, the ECS community has identified opportunities for European leadership in existing
and emerging markets that will create value and wealth for the European citizen at large. These
Key Applications are strongly connected to the Societal Challenges identified under Horizon 2020,
and can be summarized wunder the umbrella of
Internet wave (i.e. Internet of Things [I0T]) by integrating networked electronic components and
systems in any type of product, artefact or goods. The Key applications are enabled by Essential
capabilities in technologies from each of the three ETP domains in the MASRIA.

Smart Mobility
1 ] - —
Smart Society
1 [ L1 -
_ Key
Smart Energy Applications
1 ] L1 Ll
Smart Health
] ] L1 H
Smart Production
Semicon : )
Design Cyber Smart
EP"‘?CGSS . | | Technology Physical Systems Safety
S Systems Integration and _ Essential
Materials Security Capabilities

Figure 3: Structure of the ECSEL Applications/Capabilities domain arena

Figure 3 shows the resulting structure of intertwined and interdependent applications and
technologies domains. This matrix approach maximizes effectiveness of the ECSEL programme
by addressing the R&D&I activities along two axes, and maximizes impact by combining demand
acceleration with strengthening of the supply chain. The Strategic Thrusts capture and summarize
the high-level priorities of the Private Members; the full description of the technical challenges and
the underpinning market analysis is available in the MASRIA. In addressing the major economic
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ambitions of the ECSEL program the dynamics of the ECS market do not allow the setting of
additional a priori priorities within these high level priorities.

Projects of the ECSEL programme should not limit themselves to covering only one of these key
applications or essential technology capabilities; on the contrary, multi/cross-capability projects will
be encouraged wherever relevant. This cross-capability work leverages the presence of all actors
along the value chain inside ECSEL. It is vital in creating initiatives of adequate critical mass and
vital in fostering innovation that will contribute to the overall goals of ECSEL: for example they will
be prevalent in Pilot Lines and Innovation Pilot Projects.
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3. Making it happen

Because of comprehensive incentives outside Europe, the world is not a level playing field.

Achieving the goals and objectives stated in the
holistic approach with multiple modalities for public-privateco-i nvest ment . Thi s chapte
it Happen6é outlines the modaatonttbute sither directlythroagh t he E

funded projects, or indirectly, as by informing and encouraging the partners in the JU.

The strategic Thrusts of the MASRIA define the key areas of activity for the ECSEL programme.

The width and depth of the Strategic Thrusts6 s u bileendure a broad participation of

Participating States. Together, the identified activities encompass the complete lifecycle, from

technology concept to system qualification, i.e., from TRL 2 to TRL 8 in terms of Technology

Readiness Levels. On top of this the Strategic Thrusts encompass the complete value chain from

design tools and materials to system-architectures and end-user products. For hi gher TRLO6s
model foreseen for execution in the ECSEL programme builds on the positive experience of
developing Pilot Lines (in the ENIAC JU) and I nno\
respectively.

Standardization will drive the development of interoperable products/methods and tools addressing
several fragmented markets. Large ecosystems will be created from the ECSEL projects sustaining
European competitiveness. In the context of Innovation Pilot Projects reference platforms are
foreseen that will lead to standardisation and interoperability while taking into account strategic
standardization activities undertaken by the Private Sector.®

For consistency with the policy of open and transparent access to public funding, projects will be

launched by the ECSEL JU through a process of open Calls for Proposals. For consistency with

the annual budget cycles of the Union and of the participating states, at least one Call for Proposal

per year shall be launched. To accommodate the broad rangeof TRL&s t hat must be ac
mul tiple Calls per year are foreseen, handling | ow
will identify its own budget and scope: the possibility of transferring unused National Contributions

from the budget between Calls will be determined on a case-by-case basis.

SME6s are an important consideration when shapi n
Fostering innovati ve thdbEtobrsatiesgya gciovrenne rtshteo niempoofr t a n
size and increase of employment in Europe in the ECS domain. Embedding them in eco-systems

of |l arge companies, RTOb6s and academi a, and gi Vving
continuous growth. Within each project, a realistic representation should be found for the underlying

R&D&l ecosystem in Europe, including | arge corpor a
mechani sms to accommodate smaller partners, SMEO®Ss,

projects shall be kept flexible, e.g., by allowing direct participation in the project, special links with

one of the direct project partners, or a set of linked smaller projects. Being part of H2020, ECSEL

aims to contribute towards the goal that SMEs will achieve 20% of the total combined budget for

the specific object ALEI T and the priority ASoci
establishing Horizon 2020, recital 35).

The ECSEL JU Work Plan (WP) will guide the content of the Calls in each year. Each Call can
identify specific topics for projects (as described in the MASP that is derived from this MASRIA),
and identify specific selection and evaluation (sub) criteria and weightings within the limits imposed

9 As for instance specifically mentioned in the ARTEMIS SRA.
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by the H2020 programme. In this way, the desired steering of the programme can be achieved
within the principle of open and transparent selection of projects.

The following chapters describe a number of formats for projects that proposers may consider, for
optimising the contribution of their projects to the strategic goals of ECSEL, and by extension to
Horizon 2020. The types of project format available for each Call will be listed in the relevant Work
Plan.

3.1 Research and Innovation Actions (RIA)

Research and Innovation Actions in ECSEL JU are R&D&I actions primarily consisting of activities
aiming to establish new knowledge and/or to explore the feasibility of a new or improved
technology, product, process, service or solution. For this purpose they may include basic and
applied research, technology development and integration, testing and validation on a small-scale.

RIA projects are characterised as follows:

1) Executed by an industrial consortium including universities, institutes, SMEs and large
companies, with at least three non-affiliated partners from three different Participating States;

2) Addressing | ower TRLG6s (TRL 2 to 5);

3) Developing innovative technologies and/or using them in innovative ways;

4) Targeting demonstration of the innovative approach in a relevant product, service or capability,
clearly addressing the applications relevant for societal challenges in relation with the ECSEL
Strategic Thrusts;

5) Demonstrating value and potential in a realistic environment representative of the targeted
application;

6) Having a deployment plan showing the valorisation for the ECS ecosystem and the
contribution to ECSEL goals and objectives.

3.2 Innovation Actions (1A)
An IA project in the ECSEL JU is identified by:

1) Executed by an industrial consortium including universities, institutes, SMEs and large
companies, with at least three non-affiliated partners from three different Participating States;

2) Addressing higher TRLO6s (TRL 4 to 8);

3) Using innovative technology;

4) Developing innovative solutions in relation with the ECSEL Strategic Thrusts;

5) Establishment of a new and realistic R&D&I environment connected with an industrial
environment, such as a pilot line facility capable of manufacture or a zone of full-scale testing;

6) Product demonstrators in sufficient volume/scale to establish their value and potential,

7) Having a deployment plan leading to production/commercialisation in Europe.

3.2.1 Pilotlines and test beds

Pilot lines and test bed facilities focus on R&D&I actions requiring high levels of investment in
bringing innovations to market. These activities are specifically relevant for micro and nano-
electronics and comprise the work necessary to prepare innovation in the market with focus on
validation and demonstration in relevant and operational environments to be established within the
project. Also system completion and qualification must be part of the project focus. On the other
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hand, minor parts of the planned projects may need to address also lower TRLs in order to prepare
the scientific and engineering ground for the pilot activities.'©

3.2.2 Demonstrators, innovation pilot projects and zones of full -scale testing

Demonstrators, innovation pilot projects and zones of full-scale testing are essential building blocks
in stepping up Europe's innovation capacity by the development of technologies and methodologies
to support the integration of ECS applications and technologies into any type of end product,
artefact or goods. This will provide Europe with reinforced means to significantly raise its
competitive edge across the economy and to address its key societal challenges.

Innovation Pilot Projects are intended to transfer promising capabilities and results from lower TRL
research activities into key application domains, allowing the wel-kk nown fdAvall ey
crossed. They are frequently the application-oriented counterpart of the more processing
technology-oriented Pilot Line approach. These activities will foster and sustain the European
innovation environment by creating new innovating eco-systems, by setting up and sharing of
R&D&I infrastructures, by combining and leveraging R&D efforts to overcome the resource deficit
for R&D&I in Europe, and by insuring successful valorisation and take-up of the results.! 2

Zones of full scale testing of new and emerging discoveries in the ECS domain address the
comprehensive investment in equipping and/or upgrading infrastructures for both the private and
the public space, including homes, offices, transport systems, schools, hospitals, and factories.
They require public-private partnerships involving the ICT supply chain and industries like
engineering, energy, construction, health, tourism, and financial. ECSEL Innovation Pilot Projects
can supplement the existing smart cities European Innovation Partnership and the Energy Efficient
Building initiatives under Horizon 2020. They can also prepare for future large-scale innovative pre-
commerci al public procurement actions in the

3.3 Lighthouses

Lighthouses are ECSEL initiatives to support projects addressing strategic entrepreneurial and
societal topics. Projects supported by national or regional funding, by Eureka, by H2020 or by
ECSEL can become part of the Lighthouse. A Lighthouse advisory service will give support on

i nvitation or on request t o t hose projects

implementation of additional measures like legislation, standardisation, inclusion of other societal
organisations etc. The advisory service will neither be involved in project selection nor in the
management of individual projects.

ECSEL, being a tri-partite initiative, is optimally positioned to install advisory services for each
Lighthouse. These services are formed by a high level and proper representation of the eco-
system involved in the Lighthouse. Each advisory service will create a plan for implementing the
Lighthouse goal, ensure sufficient attention for the Lighthouse on policy level, recommend
adaptation of the ECSEL MASP and work plan, when needed, and help in the broadest sense to
maximize the impact of the results of the projects contained in the Lighthouse.

10 As in the ENIAC Pilot Lines.

11 As in the ARTEMIS Innovation Pilot Projects.

12 This concept also embraces real-life experiments by systematic user co-creation approach integrating research
and innovation processes in Living labs.
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3.4 Multi -funding actions

Where the infrastructures required by Pilot Lines, Innovation Pilot Projects or other large-scale
actions require significant additional investment, the incorporation of additional funding will be
needed. Mechanisms for accessing such financing are already in place, such as the European
Structural and Investment Funds, of which there are many with potential relevance to ECSEL
R&D&I actions.

When preparing such large-scale actions through Multi-Funding, the following points must be
addressed. Depending on the source of funding, the complexity of mixing funding streams from the
Union remains problematic. To avoid this, the different elements of such multi-sourced action must
be clearly identified, with exact description of the demarcation between them. A top-level Master
Plan is essential for successful execution, including Intellectual Property Rights (IPR).

To be recognised as such, a Multi-Funding action must:

1) Build on at least one recognized ECSEL IAs, eventually complemented with other projects;

2) Provide a Master Plan that clearly identifies the demarcation of funding sources and IPR;

3) Provide clear tasks and demarcations for each funding source;

4) Provide for adequate risk management, should one of the components within the Master Plan
fail.

3.5 Excellence and competence centres

Excellence and competence centres are important elements of the ECS ecosystem. In the context
of 6 S m&vetything E v e r y wdolatiors for the European Societal Challenges, they can be the
coordination heart for business, industry and academic activities. Ideally, each will establish its own
top class R&D&I capabilities, and will be charged with inclusion of other research centres within its
region, and with coordination with the other excellence and competence centres, to form a virtual
excellence centre to span Europe. To have impact, they will need to cover skills extending from
chip design to embedded software, cyber-physical systems and systems integration, and offer easy
access for low-tech or non-ICT industries wishing to embrace the opportunities that the momentum
of the O6Smart Everything Ev e riay suppert shduld eoqe froctha pr o v i
Horizon 2020 as well as from national and regional R&D&I budgets including from the European
Structural Funds.

3.6 Innovation support actions

To address the ECSEL objectives of aligning strategies with Participating States and building a
dynamic ecosystem involving SMEs certain activities which are not directly related to R&D&I will
be needed. Typical activities of such an action can include, but are not limited to:

1) Eco-system building support;

2) SME integration;

3) Roadmapping;

4) Standardisation;

5) Education / training actions;

6) Coordination of actions across European R&D&I programmes;
7) Planning and organisation of important dissemination events.
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In part, such activities are on an in-kind basis by the Private Members. Funding through Horizon
2020 actions will be pursued.*® 14

13 An example is the much needed development of a roadmap for specification and standardisation of More-than-
Moore equipment and materials.
14 Another example is the CSA CP-SETIS.
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4. Financial perspectives

The funding made available by the European Union is projected to be 1.17 billion euro, which is to
leverage at least an equal amount of funding to be provided by the ECSEL Participating States.
This, when added to an in-kind contribution from the R&D actors of 2.34 billion euro, is expected to
leverage a total investment approaching 5 billion euro for the whole programme.
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5. Project selection and monitoring
This topic is not applicable for the MASRIA, however applicable in the MASP. It is mentioned here

as a numbered section title to obtain consistent numbering for section titles as in the MASP that is
derived from this document.
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ECSEL JU Multi Annual Strategic
Research and Innovation Agenda

Strategic thrusts

Part A: Key applications
Part B: Essential Technologies
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Strategic thrusts Part A:
Key applications
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1 Smart Mobility

1.1 Objectives

The mobility sector faces crucial societal challenges : reducing CO , emissions, improving air
quality , and eliminating congestion  for improved logistics and traffic efficiency using existing
infrastructure wherever possible while advancing towards an accident-free and causality-free
mobility scenario, which also addresses the needs of vulnerable road users such as children or
an ageing population . Predictive maintenance and smart service concept shall secure the
availability of the transportation infrastruct ure atreasonable costs. In this context, Europe shall
strive to maintain global leadership  while serving the needs of society.

To solve above societal problems, the Digitalization of mobility requires enormous work in
electronics and software is needed. This poses (sometimes disruptive) challenges for the European
industry working on mobility, because classically it had its focus on mechanical engineering. Now
sensor technologies , embedded software and cyber -physical systems as well as powerful
electronic s and communication systems in the vehicles, ships, airplanes as well as in the
infrastructure systems, the electrification and the creation of new business models for mobility
require a transformation of todayds products and the comp

The development and deployment of new capabilities provided by ECS (Electronics, Components
and Systems) as well as the introduction of the necessary new methods and tools for the design,
verification & validation and production are key to achieving this: ECS aims to provide vehicles'®,
transportation systems and infrastructure with the required intelligence and flexibility by extending
and reinforcing the well-established strengths of the European industry. An integrated approach
between the different modes of transport is important. 16

1.2 Strategy

ani

es.

I n the framework of ECSEL, research, devel opment

on capabilities in the domains of sensing, data acquisition and pre-processing, communication
(within the vehicle, between vehicles and from vehicles to cloud based infrastructures),
navigation/positioning, computing, prediction, decision-making, control and actuation based on
ECS and the necessary development and validation tools and methods.

These functions will lead to resource -efficient transportation as they enable partly or fully
electrified (including fuel cell based), as well as advanced conventional vehicles that are clean,
CO,-optimized and smartly connected to renewable energy sources.

ECS will also enable different levels of partial , conditional, highly and fully automated

transportation posing new challenges to traffic safety and security in mixed scenarios where
vehicles with different automation levels coexist with non-automated vehicles. Additionally, the
target shall be to ensure flexibly coordinated logistics, mobility for the elderly, reduce congestion in
cities, airspace, harbours, and further increase energy efficiency as it makes vehicles and traffic
management systems smarter. New software technologies as big data analysis, deep learning or

C

B¥I'n section ™Smerhti cMab islhiatl y me an c ar srpad sehicles,llighneemmhility ve ssel s,

satellites, drones.
16 This is in-line with the goals of the Strategic Transport Research and Innovation Agenda (STRIA) under
development in the European Commission.
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autopoietic systems will be necessary, this will require innovative new development methods to
ensure the safety and security which is imperative for transportation systems.

Finally, ECS will be fundamental for integrated and mu Itimodal mobility networks  based on
smart vehicles and smart infrastructure (on and off roads, rails, in airspace and on waterways,
stations, airports, hubs, etc.) and an increased level of information awareness (vehicle, route,
weather conditions, etc.). Connecting cars to the Internet of Things (loT) will lead to massive
information exchange capabilities between mobile components and enable (entirely) new service
possibilities, resulting in more comfortable and efficient travel and logistics. Thus, it also contributes
to less congestion, increased safety and security, higher resource efficiency, faster point-to-point
transfer, smooth intermodal shifts, and less pollution by the transportation system as a whole.
Innovative security concepts will be substantial for the success of these functionalities. Integrated
adaptability to new technologies in will be substantial to ensure long lifetime of the vehicles. ECS
is also essential for promoting and extending the use of sustainable modes among users, including
public transport (bus, metro, l'ight rail| fi-|

sharing need massive ECT support.

1.3 Impact

The innovation provided by ECSEL in Smart Mobility will help to shape the convergence of the
worlds of digital data and transportation meeting the needs and capabilities specific to Europe and
providing functionally safe and reliable products and related efficient processes. This will not only
strengthen European leadership in electronics and smart embedded computer systems, but also
supports Europeéb6és role as a frontrunner for
and other transportation sectors, such as for instance aerospace and railways. Hence, it will help
to strengthen those industrial sectors that are most important for employment and economic growth
in Europe.

ECSEL is supporting and will take into account the activities of the European Green Vehicles,
Initiative PPP and Joint Technology Initiatives as Clean Sky 2, Fuel Cells and Hydrogen 2, and
specific parts of the three pillars of H2020, e.g. Mobility for Growth, Green Vehicle, Automated
Road Transport, Smart Cities and Communities by advances in electronic components and
systems for smart mobility. In doing so, ECSEL is helping to achieve the long-term objectives of
the ECO6s Transporitation White Paper

1.4 Cross references

Covering the step from basic functionalities to use cases in the value chain, ECSEL takes
advantage of general technology research results from ICT and NANO Work Programmes of
Horizon 2020 as CPS-based control, robots, I0T, cyber-security, big data, cloud infrastructures and
services, MEMS-based (single or multi-) sensor technologies, high-performance real-time
processors, power-electronics, highly reliable components, and qualification procedures etc.

ast mi
miled transportation (eBikes, bicycle, pedestrians

This chapter fiSmart Mobilityo includes inputs

- European Roadmap for Electrification of Road Transport of ERTRAC and EPoSS (2016)
- European Roadmap for Automated Driving, EPoSS (2014)

- Draft EP0SS Strategic Research Agenda 2016

- AENEAS Agenda Automotive and Transport 2016

7 White Paper Roadmap to a Single European Transport Area i Towards a competitive and resource efficient
transport system (COM/2011/0144 final).
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- ARTEMIS Strategic Research Agenda 2016

- SafeTRANS Working Group AHi gh Bafety,aandt Develapmend Sy st e
Processeso Position Paper (2016)

- Some national research agendas

- Inputs from many members of the 3 industry associations from ECSEL
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Figure 4: Relation of ECSEL Smart Mobility with other EU Research Programs

ECSEL delivers new revolutionary ECS functionality to application-oriented transport research
programmes as H2020-0 Mo bi Il ity f o-AiAGtowmbahed R2adO0 ForGrnesepnor t o,
Vehi cl eaolCT-I®T28r@eGcale Pilots (focusing on cloud infrastructure for intermodal and

automated transport), JTI Fuel Cells and Hydrogen 2 and Clean Sky 2, where ECS results are

combined with mechanical, chemical material and other application-oriented research to solve

European transport problems. Synergies are also present between ECSEL and the H2020-i Spac e 0

Work Programme (e.g. in the navigation, communication and remote sensing domains), which

contributes to the modern, efficient and user-friendly transport systems.

On the other hand, ECSEL continues to develop more advanced electronic components and
systems including the underlying embedded software, and uses results of application oriented
projects (e.g. automated vehicles, electric vehicles) as validation platforms. Therefore, interactions
between ECSEL and application-oriented programmes will continue in future loops.

As ECSEL application domains take advantage of cross domain ECS technologies, the smart
mobility research programme expects research results from horizontal ECSEL capabilities as
semiconductor processes, equipment and material, design technologies, CPS technologies (as
embedded systems design, development methods and tools, integration of real-time simulation
with control, safety and security in CPS based smart systems) and smart system integration.

Safety & security is essential for smart mobility. Connected and/or automated vehicles  as well
as intermodal transport relies heavily on communication between vehicles and/or the
infrastructure. As tempering this communication may even lead to fatal accidents, secure
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communication technology is of utmost importance. There are many more functions in smart
mobility where security is key. Examples are convenience functions as keyless opening of cars,
wireless sensors in cars, multimedia, software updates over the air, and many more. Safety is one
of the key research areas in automated vehicles. Therefore, smart mobility is based on the results

generated in the Essential Capabilities section AS

Other relations exist withthe applicat i on Samerecaesgy @ f or exampl e i n
vehicles at charging stations to stabilize electrical grids. In future, even combined applications of
smart health and smart mobility may exist, as sensors in vehicles may monitor vital functions of the
passengers and provide the data in smart health applications. Privacy issues will play an important
role.

1.5 Schedules/Roadmaps

1.5.1 Roadmap: ECS for resource efficient vehicles

The deployment of alternative resource efficient vehicles in Europe is expected to follow a series
of milestones which link the market penetration to the availability and affordability of key
technologies under the assumption of major breakthroughs (see also *8). The milestones for cars
are exemplary listed below:

1) By 2018 RDE compliant vehicles emitting less or equal to 95 g/km fleet average of CO; will
contribute to the Paris goal to substantially reduce the global CO; emissions.
A By 2020 a wider (mass) production of EV as well as medium scale production of FCEV
shall be established in Europe; electrification will be transferred also to heavy duty vehicles.
In addition, very efficient ICE (internal combustion engine based) vehicles will partially
coexist or be largely transformed to hybrid concepts to achieve the European CO; reduction
goals.
A By 2025 the production of 3 generation commodity priced EVs as well as (small) mass
market FCEVs are foreseeable, and 15 Mio units accumulated will be on the road.
2) By 2030 transportation effort will be reduced by a convergence of the different mobility domains.

Europe will also see progress in bio fuel based vehicles. Similar roadmaps exist for other domains
of mobility as rail, aerospace, off-road vehicles, trucks etc.

The advances needed to achieve these milestones are expressed through specific targets in the
domains of sensors and actuators, energy storage, drive trains, vehicle system integration, smart
grid integration, safety, integration into
and transport system integration. All of these features are enabled by ECS  as such vehicles will
demand for novel and increasingly powerful but more complex hardware, mixed -criticality
embedded software and dependable vehicular networks . Apart, electrical and thermal
architectures and interfaces supporting intelligent charging and refuelling technologies are
required. Overall, safety, security and transparent mobility services are a prerequisite for successful
market penetration.

In parallel to the advancement of electric and plug-in hybrid passenger cars as well as light duty
vehicle technologies, electrified trucks and buses or fuel cell vehicles will be developed. However,

18 European Roadmap for Electrification of Road Transport, ERTRAC, EP0SS (2016).
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the ramp-up of their deployment is expected to start later. Furthermore, resource efficiency is the
driving force of research and innovation in other transport modes, e.g. air transport*®.

Additionally, the use of wireless sensors, actuators and interconnections for non-safety critical
functions will help to save precious raw materials during the production of vehicles. On the road,
vehicle to vehicle (V2V) and vehicle to infrastructure (V21) communication in combination with new
vehicle control algorithms will also contribute significantly to energy savings and safety in road
transportation. Therefore, however, wireless vehicular networks will have to improve significantly
and guarantee highly dependable communication for distributed and safety-critical applications in
flexible transportation and tightly collaborating smart vehicles.

\ Time (year of program call)
Topic

2017 -2018

2019 - 2020

2021 - 2030

Mm® 9/ { SylofSR FdzyOliA2ya F2NJ NBaz2daNDS

STFAOASYI

PSKAOf Sa

OFANLE | ySasx

M1.1: Market launch for 2nd generation EV and the first small scale

deployment a FCEV (completed) .completed

M1.2: RDE compliant vehicles(95 g/km)

(]

M1.3: Mass production of passenger EV + medium scale production ¢
FCEV + ICE vehicles transformed to hybrid concepts+ scaling up of |
duty EV /FC applications

¢

Auomotive milestones

M1.4: Mass production of a 3rd generation commodity priced EV/FCs

M1.5: Combined automated and electrified vehicles

Filling/charging and energy management

1.1.1

Energy management in vehicles

1.1.2

Energy harvesting

1.1.3

Inductive and bidirectional charging, fast charging, H2 filling

1.1.4

Energy storage management (for batteries and fuel cells)

1.1.5

Onroad charging

Control strategies and power interfaces

1.2.1

Energy efficiency and CO2 and emissions control for all transport
sectors

1.2.2

Power electronics (form factors, efficiency, vehicle quality) for
powertrains and auxiliaries

1.2.3

Solutions for safety and reliability and security

1.2.4

Development timereduction by multicriterial optimization of control
unit parameters (using virtual experiment environments)

1.2.5

Connected and automated powertrain to reduce energy consumpti
and emissions

1.2.6

Convergence automotive and aerospace concepts

1.2.7]

Electric braking

1.2.8

Sensors, instruments, tools for energy and environmental friendly
mobility including big data (scenario) analysis

Figure 5: Roadmap: ECS for resource efficient vehicles

1.5.2 Roadmap: partial, conditional, highly and fully automated transportation

Significant breakthroughs have recently been made in advanced driver assistance systems by
European vehicle manufacturers and suppliers. In order to swiftly proceed towards highly
automated driving and flying, where the system relieves the driver from steering, accelerating and

o Clean Sky 2 JTI Work Plan 2014-15.
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monitoring of the vehicle environment, the following three steps can be foreseen in the automotive
domain (see also 2° and 2%, similar steps exists for the other domains in the mobility sector):

1) By 2020, conditional automated driving (SAE Level 3, see®) is expected to be available in low
speed and less complex driving environments, e.g. in parking lots and in traffic jam situations
on one-way motorways.

2) By 2025, conditional and highly automated driving (SAE Levels 3 and 4) is expected to be
available at higher speeds in environments with limited complexity, e.g. on highways.

A By 2030, (conditional and highly) automated driving is expected to be available in most
complex traffic situations, i.e. in cities.

In closed and secured environments (e.g. factory floor, new city areas with dedicated infrastructure,
precision farming, business and leisure parks, university campuses etc.), a revolutionary scenario
to introduce highly or fully automated vehicles without too many intermediate steps is likely to be
proposed first. While ECS therein will probably also be closed and carefully tailored, support for
open environments will follow and impose much more critical demands: embedded hardware and
software will have to be updated on a regular base to follow e.g. legal requirements, respect the
latest standards, introduce new security aspects, services and features, ensure electromagnetic
compatibility and to finally stay compatible with the latest vehicle technology.

Eventually, vehicles with different levels of automation will be built on advanced driver assistance
systems and cooperating components as well as on detailed driver status monitoring and
environmental perception. Such systems will have to be validated under virtual, semi-virtual and
real world conditions. This requires ESC providing dependable solutions for advanced sensors and
actuators, data and ontology fusion, efficient computation and connectivity, security, precise
location, time and velocity detection, detailed scalable low cost and dynamically updated maps,
precise lateral vehicle control, novel man-machine interfaces and human interaction technologies,
cyber security, black box recorder for near incident data, energy efficiency and (real-time)
simulation concepts.

To separate the development of sensors and actuators from control strategies and trajectory
planning, a (de-facto)-standardization of object handling, object descriptions, scene interpretation,
situation classification and management is essential. Therefore the creation of industrial
frameworks is recommended and an exchange of test procedures between OEMs and suppliers is
encouraged.

As it seems impossible to define all the safety re
and adaptive lifecycle models are required, which continuously analyse real-world data for near

incident scenarios, evaluate the potential impact, modify the control software or strategies, validate

the improved systems and update all related vehicle components (maps, control software,

information on road conditions etc.) in a highly dependable way, i.e., safe, secure, and in real-time

over the air.

Traffic and fleet management systems are crucial for highly and fully automated systems.
Dependable communication networks (enabled by terrestrial and space systems) with a wide
coverage and high availability and data links among vehicles as well as between humans, vehicles
and the infrastructure will be fundamental for traffic management systems. This will allow

2 European Roadmap for Automated Driving, EP0SS, 2014.
21 ERTRAC Roadmap for automated driving, 2015.
22 Gereon Meyer, Sven Beiker (Editors); Road Vehicle Automation; page 11 ff; Springer 2014.
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cooperative decision making in vehicle guidance and benefit from high performance computing
systems (HPC).

Technology transfer to and from robotics and aeronautics and space is an essential part of the
development process, and the creation of regulatory frameworks as well as in-vehicle and inter-
vehicle standardization has to go hand in hand with technology development. Similarly,
development of advanced and utilization of existing traffic infrastructure is mandatory to provide a
frameset for automated transportation systems.

The development of smart & connected highly automated vehicles compared to conventional
vehicles is by far more complex. Thus, new core elements for automation - as described below T
and development and validation technologies are needed for these new vehicles. For example, it
is not possible to test vehicles with automated features using conventional validation approaches
only. It is simply not be possible to cover all possible street, track or air scenarios with these
methods alone. Frontloading of testing activities, i.e. earlier testing is more needed than for the
conventional vehicles. Model centric development and virtualization of testing by simulation is one
technique to cope with the complexity. It shall cover:

1 Architecture of automated vehicles as system as well as traffic systems

1 Sensors and actors incl. their SW for real-time data acquisition management

1 Handling of in-use big data in order to enable real-time decision making as well as learning
SW cycles

1 Development and standardization of common model of environment for system context
modelling as well as test scenarios. An alignment between upcoming test centres and test
areas for automated and connected vehicles across Europe is recommended

1 Communication and transfer of relevant information between vehicles and between
vehicles and infrastructure.

1 Safety and security aspects, esp. for communication (inside and outside vehicle)

1 Human interface aspects, human centric design, take-over between automated vehicle
mode and manual driver mode

1 Legal aspects

Over the air update using the knowledge derived from in-use data will be essential to cope with the
extreme complexity of the driving environment e.g. cities.

The SAFETRANS workgroup proposes four such evolutionary stages of highly autonomous
systems. Each such stage is characterized by distinguishing novel conceptual properties, inducing
new challenges for system theory and architecture. These evolutionary stages are expected to
overlap, rather than being available sequentially on the market:?*

1. Functional automated systems handle limited, tasks in an exactly specified context, like parking
or landing. The mission is planed offline or during development time. The system does not learn
during operation and collaboration is restricted to the exchange of information about the system
context.

2. Mission oriented systems fulfil a mission like highway pilot or area exploration. The system acts
situational in a sequence of manageable, exactly specified situations and transitions between
them. It optimizes its trajectories taking into account specified goals like time or other resources.
The planning and optimization process is done during operation. The system does not learn

2Source: Safetrans Wor ki ngt é&sad oSiyps tPamer Taéistghl| Fafaat ymaand

(2016).
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during operation and collaboration with other systems is limited to the exchange of information
about system context and the system itself.

3. Collaborative systems are able to collaborate with other systems on an intentional level to fulfil
their mission (where O0other systemsodé here
avoidance and area surveillance, including swarm formation. They negotiate their goals, plans
and actions with other systems and adapt their own behaviour to the negotiated plan. They
exchange relevant context information. The system does not learn during operation.

4. Autopoietic systems go beyond self-learning systems in that they extend autonomously their
perception, their situational representation and interpretation of the perceived world, their
actions and their collaboration patterns, and are able to communicate such learned capabilities
with other systems. This is close to human behaviour. The ability of (unsupervised) learning
during operation is the major characteristic of this class of systems.

Figure 6 shows the detailed research topics and their planned roadmap in the ECSEL program.
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\ Time (year of program call)
Topic

2017 - 2018

2019 - 2020

2021 - 2030

2. ECS enabled functions for partial, conditional, highly and fully automated transportation

M2.4: Conditional automated driving in low speed and less complex driy
environments, e.g. in parking lots and in traffic jam situations on one-wa
motorways.

¢

M2.5: Conditional automated driving at higher speeds in environments
with limited complexity, e.g. highways.

M2.6: Highly automated driving in specific environments (e.g. taxis,
busses, .)

Auomotive milestones

M2.7 Highly automated driving in most complex traffic situations

Environment recognition and data distribution within vehicles (airplanes, ships, trains, cars)

2.1.1

{Sya2NEZ | Oidl i2NE FyR aSyazn

FdzaA2Yy ¢

Ay

IyR 2dz2iaARS

2.1.2

Positioning (including sensor fusion) including map
updates/management over the air

2.1.3

Scene and object recognition (including deep learning); driver
health/emotion/intention recognition

2.1.4

Traffic scene interpretation (also for different countries); scenario
cataorization; catalogue of safety relevant scenarios; scenarion
description language, system context modeling; tools and method|
required for scene interpretation

2.1.5

Methods to define fault (and/or degraded) behavior for exceptional
situations in environment perception

2.1.4

Lifetime, reliability, robustness; quality attributes of sensors; agin
sensors;influence of environment to sensor quality; handling of g
attributes of sensors in software; on-board diagnostics for automg
transport systems, electromagnetic compatibility; redundancy
concepts

2.1.7

Harmonization of object lists, identifications, attributes, sensor
protocols; open platforms for scenarios

Control strategies

2.2.1

Framework for scene interpretation, environment object handling
separate sensing from control stategies; standardization of test
procedures

2.2.2

Service oriented distributed dynamically reconfigurable HW/SW
architecture

2.2.3

Mission oriented automated system sw: Mapping and routing, Col
strategies & real time data processing; online mission verification|
emergency control SW, fail operational strategies

2.2.4

Technical goal oriented collaborative automated system sw: Map
and routing, Control strategies & real time data processing; ADAY
functions, ADV functions

2.2.5

Ethical value oriented automated system sw

2.2.9

Autopoietic control strategies for automated veicles

2.2.7

Human-vehicle interaction; handover scenarios

Communication

2.3.1

Safe and secure communication; build-in data security and privac]
cybersecurity for C2X

2.3.2

Seamless integration and cooperation of multiple communication
platforms : C2X, Radar, DAB, 5G, eLicense Plates, NFC, Bluetog
802.11p, etc.

2.3.3

Cloud backbone

2.3.4

Infrastructure supporting autonomous transport

2.3.5

Intelligent in-vehicle networking (wire based and wireless)

2.3.6

Use infield data to test new automated driving algorithms especid
in safety or comfort critical situations

2.3.7

SW improvement cycle using field data / big data analysis

Tools, Testing and dependability

2.4.1

Sensor, actuator, communication test infrastructure and tools
(including deep learning sensor algrithms)

2.4.2

Test infrastructure and tools for automated and connected vehicle
functions

2.4.3

System test infrastructure and tools for automated and connected
vehicles (including simulation models, co-simulation systems, tes|
procedures, scenarios, stimuli for sensors, ...)

2.4.4

Training methods for automated driving functions (e.g. compare o]
loop ADV functions with manual driver reactions)

2.4.5

Validation of fail operational concept for unknown envirionments; f|
safe and secure operation

2.4.9

Validation of autopoietic systems

2.4.7

Evalution tools for safety and comfort of automated driving functiol
and system

2.4.8

Functional safety and dependability

2.4.9

Certification and testing

2.4.10

Quality of services in extreme situations, e.g. EMC interference,
disturbance by atmospheric radiation

2.4.11

Scenario data base

2.4.12

Alignment of testprodedures/scenarios/methods of testfields/labs
automated/connected driving; alignment of focus of testlabs to en:
cost effective usage of test infrastructure

Lifecycle

25.1

Reliable and temper-free blackbox recorder for near incendent dat
(including dependable communication and near incident scenario
evaluation, definition of minimal data set)

2.5.2

Safe and secure over the air SW update

253

Learning process for automated vehicles (including necessary onl|
SW update-infrastructure)

Architectures, frameworks, developement tools

2.6.1

Security, safety, privacy: architectures, methods, frameworks, tooll
component level, vehicle level, infrastructure level; upgradeability

2.6.2

ADAS/ADV frameworks (computer, HW, communication, SW, moj
X0 Sd3Id 1 leh{lw

2.6.3

Tools to develop components and systems for automated and
connected vehicles : e.g. ADAS sensors, sensors and actuators ft
automated driving; communication networks, multimedia compong

ECSEL-

Figure 6: ECS for partial, conditional, highly and fully automated transportation
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1.5.3 Roadmap: ECS for integrated and multimodal mobility networks

The development path of integrated and multimodal mobility networks will build on
achievements in the domains of vehicle technologies and travel information systems. Infrastructure
development that is necessary for navigation, communication, information awareness systems and
traffic management systems and interfaces between multiple modes of transport, intelligent
booking, ticketing, tolling, and billing is important. This necessitates the development of both big
data applications using high performance computing systems and deeply embedded systems using
versatile hardware/software/communication to optimize these integrated and multimodal mobility
networks (also open data or crowd sourcing concepts can be considered as well).

The following steps can be foreseen:

1 By 2019, first implementations of integrated multimode mobility guidance system will be
active.

1 By 2030, todays different mobility domains of vehicles, trains or drones will converge into an
integrated and harmonized mobility system.

This requires on the one hand significant research to establish affordable intermodal ECS-based
infrastructures, and on the other hand research within the different modes to interact in an efficient
and secure way (see also ?4). Specialized user interfaces and ways of communications for people
with special requirements (as elderly or disabled persons or disabled citizens) need to be created.

Major milestones include the creation of an open common secure and trustworthy architecture for
the interplay of all actors in all modes of transportation - whether public or private - in a
comprehensive and intelligent system, the development and deployment of applicable vehicle
technologies and services, and the standardization and harmonization of interfaces regarding
interoperability, efficiency, safety and security.

These goals require intense work on highly dependable multi -communication platform(s)
combining car to car or infrastructure (C2X) communication with e.g., 5G, Radar, DAB, eLicense
Plates, NFC, Bluetooth, 802.11p or even novel protocols that are better prepared for immense
network dynamics and traffic density. Considering personal mobility, vehicle routing, road-
infrastructure and traffic management in combination with the deployment in different environments
(e.qg. cities or countries) or the establishment of a European Corridor and the alignment with other
continents is crucial for a seamless integration and cooperation of multiple communication
platforms. Special focus is also required to provide built-in security and privacy from component
level to the overall system.

Vehicles and infrastructures will both benefit from advances in technologies (sensors, actuators,
computing), positioning/navigation, timing, control and communication enabled by ECS. Seamless
integration and interaction  in a broad co-modal sense from road and energy infrastructure, traffic
management to the individual types of transport from ships, trains, airplanes to cars, busses, trucks
and off-road machines will be facilitated by significantly advanced connectivity in various forms and
by the intelligent use of consumer electronics devices along with vehicle built-in technology.

Smart service concepts (e.g. predictive maintenance algorithms) will help the society to enjoy a
ultra-reliable and highly flexible mobility system at reasonable costs.

2 Embedded Cyber-Physical Systems ARTEMIS Major Challenges; 2014-2020, 2013 Addendum to the ARTEMIS
SRA 2011.
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\ Time (year of program call)

Topic

2017 - 2018

2019 - 2020

2021 - 2030

3. ECS enabled functions for integrated and multimodal mobility networks

M3.1: Integrated mulitmode mobility guidance system

¢

Milestones

M3.2: Convergence of different mobility modes

Communication

Cloudbased backbone services for multimodal mobility coordinatig

Intelligent digital infrastructure and information systems for
integrated and multimodal mobility (multiple environments as for

SEFYLX S YdA GALX S O2dyiNASas O

3.1.3

Cost efficient secure wireless communication with vehicles

3.1.4

Standardization of intermodal communication

Traffic management

3.2.1

Traffic density control and (re)routing and cooperative decision m

king

3.2.2

Multi modal, multi country traffic tolling and payment

3.2.3

Trajectory generation and validation using HPC

3.2.4

User interface to multi modal and integrated transport systems
(including gamification algorithms)

3.2.5

Online status/location monitoring and trajectory re-routing

3.2.9

Intermodal cross country travel information

3.2.7

Access and parking management

3.2.8

IT systems for fleet management and car-sharing

3.2.9

Rail energy use and storage management

3.2.14

Aerospace SW platform for 100% operational availability and
reliability, full situational awareness, human centered operation,
seamless connectivity with the in-flight and ground environment

3.2.1]

Cost efficient, flexible reconfigurable, dependable and safely oper|
satellite systems for Smart Environment developments

3.2.17

Swarm intelligence for traffic management (e.g. drones, containe
X 0

Guidance systems

3.3.1

Predictive online traffic information (using social media and histor|
information from big data)

3.3.2

Assistive transport networks systems (e.qg. for the elderly living)

3.3.3

Intermodal traffic guidance with personalized user interfaces and
personalized way of interaction for people with special interestes
elderly people, handicapped people)

Smart service for mobility

3.4.

Smart service infrastructure

3.4.2

Predictive maintenance systems in mobility systems

3.4.3

Smart service for car-sharing systems

Figure 7: ECS for integrated and multimodal mobility networks
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2 Smart Society

In this chapter several aspects are covered
sub-domains, such as Smart Grid, Smart Factory, Smart Building, Smart Home and Smart Car.
The advent of ever more fast information gathering, exchange and processing will be the backbone
of the smart digital society that aim to satisfy the demands for liveable (urban) environments with
adequate mobility, energy, security, safety, food and water supply, etc. This implies business
opportunities for Europe linked to various application areas: Smart Health, Smart Home, Smart
Grid, Smart Cities, Smart Mobility, Smart Manufacturing and Logistics.

2.1 Objectives

Europe is in the middle of a changing world: More and more people living in urban environments
pose major challenges like individual mobility, efficient energy consumption and distribution,
security, safety, smart administration, food and water supply, logistics, entertainment etc.
Intelligent, secure and easy-to-use solutions are needed to satisfy those demands in a sustainable
way, guaranteeing citizen privacy and reaching broad acceptance in the public (for both urban and
rural environments).

In this area, business opportunities for Europe will be supported by an integration of new technology
trends such as big data analysis, machine to machine interactions, multi-functional mobile devices,
and autonomous systems. The vision of a dramatic increase in use of connected sensors
(illustrated below) is an important key element in these trends.
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Trillion Sensor Visions

100,000,000,000,000

10,000,000,000,000 N /

1,000,000,000,000 B4

100,000,000,000 /

10,000,000,000

"Abundance"

QCOM Swarm Lab, UCB
Bosch

Hewlett-Packard

Intel

Tl Internet devices

Yole MEMS Forecast, 2012
m———TSensors Bryzek's Vision
=10 year slope

e obile Sensors Explosion

Sensors/year

1,000,000,000

EOEePO

100,000,000

10,000,000
2007 2012 2017 2022 2027 2032 2037

Figure 8: After J.Bryzek, Semicon 2013, San Francisco. Dramatic increase of use of sensors
connected within 10T networks expected within next years will dramatically change life of societies,
creating opportunities and threats.

Fast information exchanges between people, objects and machines in real-time, as well as efficient

processing of this information will be the backbone of the smart digital society (illustrated below),

hence a necessary, but not a sufficient contribution to such solutions. Thisfi Smart soci etyo ¢
of ECSEL addresses this gap, while ensuring to keep pace with global technology trends and
developments while aiming to offer reliable and valuable services for users.
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The application scope in this context includes the security of critical infrastructures, information
exchange, access rights and authorizations, secure mobile computing, ticketing and payment as
well as the security and privacy of personal data, and smart home/building related applications.
This application scope needs to be considered within the context of the human end-user and the
technical focus is on the integration and development of electronic components and systems,
delivering always-connected end-to-end information security and providing trust anchors on which
security management can be based. This finally will provide growth areas for new digital services
without threatening the individual rights to secure information, secure data handling, and privacy.
Knowledge of expectations, doubts and valuations of potential users will guide the technology
development, to ensure that new digital services will be perceived as secure/reliable, acceptable
and manageable by users, taking the risk into account of a widening gap between those who can
and those who cannot deal with digital technology in society.

2.2 Strategy

The overall strategy is to leverage European industry strengths, in the first phase of ECSEL. Focus
should be on security and safety of connected components (over the Internet or other networks),
but also on trustable components and associated software.

The goal is to select the most promising market opportunities (in Europe and outside Europe, such
as the equipment of new cities, by the deployment of Internet of Things, big data exploitation, etc.)
to improve/integrate the technical building blocks most appropriate to address these markets.

Understanding of what creates trust, what is experienced as challenges and what kinds of smart
society needs exist among users and what kinds of implications to security these include, need to
be explored from initial steps of the development and continuously in parallel with it.

On selected application areas, Living labs experimentations shall be based on multidisciplinary
approaches, and involve service providers, end users and operators. The Public Authorities will
generally play significant roles in these experiments, both through Public Procurement and as
evaluator / regulator. The experiments shall provide actual feedback, provide ideas for new
solutions and services, demonstrate how technol ogy
usages can be supported. In addition, these experiments shall contribute to increase end-users
trust, which is mandatory for a sustainable growth of the corresponding market. On another end
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the lack of public implication and slowness in decision process favours the emergence of solutions
driven by the market and/or usage brought by end-users (e.g.: social networks, services for taxi
services, tourist lodging, etc.). In this perspective, Public/Private partnership has to be considered
also as a strong vector of development.

In both cases development and implementation of the Smart Society solutions will need from one
side public acceptance and from the other side deep understanding of the societal needs and
consequences of the Smart Society. All these aspects are strongly connected with culture of the
European societies, being different in different regions. Thus, the Smart Society addressed
solutions and innovations will much better harmonize the European way of life, values and societal
preferences when developed in Europe.

The priority is to support projects aiming at higher TRL solutions. This will include the definition and
development of application specific architectures, higher level building blocks and subsystems
based on adopted or modified existing components and recognized opportunities for new services.

Low TRL topics include investigations on new algorithms and protocols, data processing and
sharing schemes, protection of secure architectures (embedding cryptography and Secure
Information Sharing solutions) against new attacks on data safety and security (e.g. tapping,
manipulating, spying or copying), authentication and adaptability of security mechanisms. New
concepts and solutions should aim at user acceptance by ease of use and protection of personal
data privacy. From the end-user viewpoint one of the key elements concerning interaction with the
Smart Society is the secure and seamless authentication to services of the Smart Society. A
specific goal is to investigate and evaluate different authentication techniques and their
combinations from various aspects (e.g. usability, non-intrusiveness, privacy) in collaboration with
users in order to identify requirements for the usable and secure authentication and seamless user
experiences in the Smart Society.

Transverse to low and high TRLs, in the context of Smart Society, massive introduction of loT will,
for sure, pose a lot of questions around privacy, data security and policy making. So in order to set
up a legal framework to protect citizens, standardization is a key element that is also necessary to
boost European competitiveness and will ease 10T deployment and its interoperability in a secured
environment.
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2.3 Impact

Smart society is a worldwide topic.

The impact pursued by ECSEL includes European independence on critical assets, European
leadership for the Internet of Things, European assets development, and competitiveness of
European industry on a world-wide market.

2.3.1 Europe an independence for sec urity enabling components and systems

The aim is to ensure availability of trusted components and subsystems as building blocks for smart
applications. In particular, all critical hardware and software components with respect to security
shall be available from European sources (including sensors, actuators, sensor networks,
gateways, servers, middleware, etc. for 10T/M2M support), and be independent as much as
possible from US and Asia solutions.

2.3.2 European leadership for Smart and Connected Things (in cluding Internet
of Things)

Low-cost components and reference architectures, exploiting short range wireless connectivity with
demonstrated benefits in applications such as (but not limited to) home/building automation, home
entertainment, payment and ticketing, indoor localization, security and safety and more generally

|l everaging the Ainternet of thingso in European an

2.3.3 European assets protection

Focused demonstrations of critical functions, such as end-to-end security, to protect the integrity of
the data and guarantee the authenticity of the transmitters. These functions could be deployed in
different application areas of ECSEL, and could benefit from space and terrestrial navigation,
communication, positioning and observation. The impact includes reduction of attacks on critical
infrastructures, avoiding theft of digital identity (e.g., in payment transactions), and opening the way
to new European interconnected applications i in addition to increased emergency management
capabilities, increased safety and security of road, air, rail and marine transports infrastructures.

2331 Public awareness of Europeods efforts on Safe
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Field demonstrations of selected applications, involving such components and subsystems in urban
spaces or areas (such as cities, airports or buildings) with digitalization and more connectivity and
with impact on safety, security, and privacy.

2.3.3.2 Reducing time to market of European innovations

Innovative architectures combining smart devices with broadband connectivity, enabling new digital
life and new digitalization (including interactive e-shopping, video surveillance and conferencing,
online gaming, etc.) with guaranteed and adequate privacy.

2.3.3.3 Opening up new market opportu nities for European industry

Devel opment of todayés | eading European companies
manufacturers, equipment or systems integrators) as well as new actors, in the very fast growing
markets of secure and safe solutions for the smart digital society.

2.4 Cross references

The Smart Society chapter is at the heart of the application chapters of this MASRIA with strong
links to the other application chapters. Considering different aspects of human life, the following
application business areas can be distinguished, addressed in the different MASRIA chapters.

Aspect of life Application business area MASRIA Chapter
We breathe Smart Health 4 Smart Health
We need energy Smart Energy and Smart Grid 3 Smart Energy
We live/work in Smart Home, Smart Building and Smart Cities 2 Smart Society

We move around Smart Mobility, Smart Car and Smart Logistics | 1 Smart Transport

We work Smart Manufacturing and Smart Factories 5 Smart Production

While most aspects are addressed in other chapters, the businesses related to the built
environment are unique to this Smart Society chapter: Smart Home, Smart Building and Smart
Cities. Moreover, a smart society is more than the built environment (the people that live in it!).

Some of the core technologies required for the smart society building blocks (in terms of devices,

associated integration technologies, embedded software and reference architectures) are expected

to be devel oped i n t-Rhysical Bystenessxt amfd thAGenai Cy BSegrst em |
technology domains of ECSEL.

Related applications can be found in several areas:

Smart Health

1) Fall detection devices

2) Sport and fitness sensors

3) Distant health monitoring and preventive health care

4) Monitoring of daily patterns of elderly and detection of abnormalities

Smart Home
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1) Home entertainment: remote controls, game controllers, smart TV controls, context aware
media services, etc.

2) Home automation: robots, time management & mobility services, fire detection, weather station,
smart energy management, etc.

Smart Buildings

1) Reducingener gy cost of | arge buildings by integratio
2) Increased safety and security by integrated presence detection through sensor fusion

3) Productivity enhancement through asset tracking based analysis of process flows

4) Comfort enhancement through human centric lighting

Smart Cities

1) Digitizing the information flow about actors and activities in the city, enabling improved city
government, urban planning and city branding

2) Introduction of connected omnipresent sensors within the city infrastructure to gather city data

3) Analysis and interpretation of smart city data to improve city government and urban operations,
including asset management

4) Exchange of city data between cities to share best practices and to collaboratively accelerate
development towards smart liveable cities

Smart Mobility

1) Convergence of mobility as consequence of the urbanization: Using different transportation
systems with one media for access and fare collection (public transport, car sharing, bikes,
rental cars, etc.)

2) Secure connectivity for the car to ensure safety, convenience and to manage the urban mobility;
secure car2car, car2infra and other communication into and out of the car

3) Secured in vehicle networking especially for safety relevant systems

4) Efficient services for easy navigation and transportation such as multimodal and geo-
localisation (e-beacon, Find me) information

Smart Manufacturing and Logistics

1) Security in intelligent networks (e.g. machine to machine communication) and industrial
automated control systems

2) Communication and access in open systems; protection by end2end security

3) Trusted electronic IDs for both man and machines

4) Protection of the critical infrastructure by de-centralized security architectures

Further applications are foreseen in all kind of autonomous devices using new energy harvesting
approaches as well as in versatile devices for multiple applications (supporting cognitive radio).

2.5 Schedule s/Roadmap s

Visible results are expected as follows:

Short term : availability of core technology building blocks and reference designs, preliminary
demonstrations of pilot systems, and initial technology roadmapping for the next steps based on

market priorities (including identification of needs and critical aspects based on user understanding
and co-innovation through collaborative projects).

Mid-term : demonstration of innovative system architectures based on these building blocks and
reference designs; consolidation of technology roadmapping.
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Long term : co-developed concepts for trusted smart society services, strategies for creating
trusted solutions, demonstration of user trust and acceptance; evidence of the actual support to
implementation of innovative digital services for a smart society. Extensive living lab
experimentations, spanning the whole duration of the program, fed by technology innovations,
contribute to their integration, and support the demonstrations.

Smart Society

2017 | 2018 | 2019 [ 2020 | 2021 [ 2022 | 2023 | 2024 | 2025 | 2026 [ 2027 | 2028 |

Demonstration of innovative systems architecture |

Consolidation of technology roadmapping |

Core technology building blocks upgrade and integration _

Living Lab experimentations
Demonstration of user trust and acceptance

Figure 10: Expected visible results
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3 Smart Energy

The energy world is in transition: different energy carriers are linked to achieve high efficiency,
reliability and affordability. In the electricity world the increasing distributed power generation leads
f rom t uniddaegtidral to a distributed and bi-directional power flow. This situation requires
intelligence and security features at each level of the grid and the interfaces. Micro- and nano-
electronics integrated into power electronic modules and systems are essential for an efficient,
reliable and secure management of power generation, transmission, storage and consumption
through smart grids, safe and secure system applications and devices.

All stakeholders of the European ECS industry, including nano-electronics, electronic device
manufacturers and systems integrators (OEMs), together with the research institutions, contribute
with innovative solutions, based on long term continuous research on all Technology Readiness
Levels (TRLs), to achieve the targets jointly agreed by the Industry and the European Commission.

3.1 Objectives

Significant reduction of primary energy consumption along with the reduced carbon dioxide
emissions ¥ 2 3 is the key objective of the Smart Energy chapter. Electronic components and
systems (ECS) are key enablers for higher efficiencies and intelligent use of energy along the whole
energy value chain, from generation to distribution and consumption. Enhancing efficiency in the
generation, reducing energy consumption and carbon footprint are the driving forces for the
research in nano/micro-electronics, embedded and integrated systems in order to secure in all
energy applications the balance between sustainability, cost efficiency and security of supply.

First success in the

Growth in world electricity demand | i o ation of measures is

and related CO2| emissions visible. According to the IEA?
renewables accounted for

300 nearly half of the growth in
i global electricity generation

-g Electricity cgpe}cityin 2014 anq the rise of
= 200 demand dlgtrlbuted generation, sm.art
I - grid and storage technologies
§ Power sector are rapidly changing the way
= CO, emissions  energy is supplied and
% 100 consumed. The first time in the
2 reporting the emissions of

carbon dioxide (CO>) from the
0 | energy sector did not rise

[ | | ' | | although the world economy
1990 2000 2010 2020 2030  grew by 3% in 2014.

Source: World Energy Outlook Special Briefing for COP21 (2015).

Figure 11: The 1st time in 2014 we observe CO2 emissions stalled despite growing economy?
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3.2 Strategy

Three main domains were in the past and will be in the future in the focus of upcoming research

for ECS:

1) Sustainable power generation and energy conversion
2) Reduction of energy consumption
3) Efficient, reliable, safe & secure infrastructure and energy management

SMART ENERGY

NEED

Energy Innovation

ACTION

Technical innovation

RESULTS

Economic impact

Societal Impact

sustainable
Power Generation
and

Energy Conversion

Growing energy
demand remains,
increased share of
renewables
supported by ECS

Efficiency
improvements;
lifetime, robustness
and reduced life cycle
cost including smart
maintenance

Efficient distribution

Intelligent and highly
efficient converter

Competitive
position of
European industry
to create an
increase in the EU
value chain

Reduced GHG
emissions, more
efficient renewable
energies, creation
of local
employment

New solutions for
energy efficiency on
system level in

Efficient energy
usage; scavenging,
intelligent drive

New markets for
system solution and
services; sensors,

Less dependency
on energy supply,
less costs for

and security, energy
scavenging and loT
services

reduction general; new controls; smart control systems, energy, new
innovations for controls for demand | efficient equipment |employment
of growing applications | site integration, and appliances opportunities
Ener addressing lowest | monitoring on system
aqy
power demand for | level by sensor
Consumption l0T solutions, HPC | networks, low power
data centres and architecture, use of
growing numbers of |low power
autonomous technologies.
systems.
Efficient and reliable | Self-organizing grids | New businesses Enhanced
- management of and multi-modal for management of |involvement and
efficient demand, energy systems incl. | energy supply and |acceptance of
community distribution, supply | energy storage, storage, citizens for reduced
and storage resilient and self- competitive position | €N€ray
Energy |nclud_|ng safety and h(_aallng infrastructure, | o¢ European consumption
Management security with embedded safety | jnqustry Decentralized

services with local
employment

Figure 12: Strategic areas for Smart Energy components and systems

Research targets have to cover innovations in further enhancement of efficiency, reduction of
consumption and by miniaturization of the system sizes. Almost equally important becomes
research and innovation on opportunities to reduce greenhouse gas emission by the so called
electrification of primary energy intensive processes in industry, infrastructure, buildings, transport
and logistics. With the growing use and importance of connected services the energy demand for
High Performance Computing (HPC) data centres and for 10T applications, with their highly
interconnected devices, is the next dominant factor in the energy landscape. Therefore ultra-low
power technologies together with networked demand management are required to cope with this
energy challenge. Along with new applications the demand for highly reliable and robust devices
has to be supported.
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Already today key elements of the infrastructure, the industrial production and public and private
services strongly depend on a reliable, safe and secure power supply. The increasing
decentralization and interconnection of the systems enhances the need for additional safety and
security measures. In addition the capability of self-organization of devices in a smart grid as a
system of systems to enable highly efficient use of energy becomes a priority research issue. The
potential of digitalization and new topologies has to be leveraged to achieve significant energy
savings keeping costs down and comfort high on the user side.

The methodology of vertical integration T from component and system design up to management
and services on all grid levels i not only supports to master the future system complexity but also
is crucial to achieve the targets according to time to market and cost required for market
acceptance.

The necessary innovations in smart energy require applied research including validation and
prototyping. Both development and pilot projects can address these areas. Furthermore research
activities, developments and demonstration scenarios should be open to different application
scales (like home, building, district, city and region but also industry and transport). As an
application oriented area the majority of projects and in terms of spent funding should be on
research projects with capability to be quickly transferred into market relevant solutions.

3.3 Impact

Smart Energy related research has to support the domestic emissions reduction target of at least
40% by 2030, compared to 1990%. European companies are amongst the leaders in smart energy
related markets. With innovative research on European level this position will be strengthened and
further employment secured. The research therefore has to address: ©)

1) reduction and recovery of losses by significant values (application and SoA related),

2) decreased size of the systems by miniaturization and integration,

3) increased functionality, reliability ~ and lifetime (incl. sensors & actuators, ECS HW/SW, ...),

4) increased market share by introducing (or adopting) disruptive technologies

5) the game change to renewable energy sources and decentralized networks
involving energy storage to stabilize the power grid preferably on medium and low voltage
levels as well as to manage the intermittence of renewable power generation, offering new
opportunities to consumers.

6) Aipl ug and pl ay i ninteseglir-cganizedmgrids afid mElEBodal systems

7) safety and security issues in self-organized grids and multi-modal systems

8) Optimized application and exploitation  of technology advances in all areas where electrical
energy consumption is concerned

The ECS for smart energy (incl. components, modules, CPS, service solutions) which support the

EU and national energy targets® 2 % will have huge impact on the job generation and education if

based on the complete supply chain and fully developed in Europe.® The key will be the capability

to have the complete systems understanding and competence for small scale solutions up to

balanced energy supply for regions. ? Mandatory are the capability for plug and play of the

components enabled by a broad research contribution from SMEs, service providers including EU

champions in the ECS and energy domain.
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Figure 13: Smart Energy landscape i from centralized to distributed (PV, wind, biogas, ...) generation
and conversion, consisting of High/Medium Voltage grid (orange), Low Voltage grid (yellow) including
Communication Network (aquamarine) linking producers and consumers down to regional and
community level.

3.4 Cross references

The ambition of ever and ever higher efficiency and reduced losses in the use of energy requires
continuous innovation from semiconductor process t
Capabilitieso, e. g. s e mi ¢ o n cemldytaodrpackafjeotechnqogiese r a n d
Since safe and stable energy supply is a dominant factor in all application areas, innovation in

different kind of domains from mobility (e.g. eMobility, Car2X), production (e.g. efficient control

of sensor networks and actuators for collaborative robots), networked society (e.g. safe & wireless
communication among networked sensor systems, self-controlled HVAC and lighting) and robust

healthcare (e.g. high performance storage or converter controls for un-interruptible power supply)

can benefit from synergetic solutions (see also Figure 14).

ECSEL-MASRIA2017 46/118



























































































































































































































