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PREFACE

A radical, digital transformation is occurring in how we live and how we work. The innovations that lie at the
heart of this transformation are founded on the rapid developments of Electronic Components and Systems
(ECS)-based applications. This prompted the three industry associations - AENEAS, ARTEMIS-IA and EPoSS - that
represent their members along the ECS value chain to co-author a joint ECS Strategic Research Agenda (SRA).
This document sets the strategic priorities and technical pathways to enable European industry to become
stronger and more competitive, and to have a significant and beneficial impact on society and the economy.

The first edition of this joint SRA was issued in 2018. To reflect the dynamics of our industry, the associations
also agreed on a regular update process, by which the document will continue to evolve, with reviews every
year and a major update every 3 years. This continuous process will enable all the ECS stakeholders to
be constantly aware of new technologies coming up and of potential game-changers. In this 2019 update,
the long-term vision has now developed into a full chapter, which surveys emerging technologies with a
significant potential impact on the European ECS landscape 10 years from now and beyond.

The ECS SRA aims to foster the digital transformation by supporting the development of technology solutions
over the entire ECS value chain, addressing the emergence of new business models with shorter innovation
cycles and new transaction mechanisms for improved trust and security. It captures the game changers that
have led to a smart economy and society (smart mobility, smart health, smart energy, smart industry and
smart life). The ECS SRA acts as a tool to realise the industry-driven, long-term vision of an ECS ecosystem.
By focusing on strategic priorities, it aims to align and coordinate research policies in Europe as well as
match the allocation of programmes and resources to different technology and policy challenges. The
Research, Development and Innovation (R&D&I) strategy addresses the essential capabilities required to
meet the application needs, dissolving barriers between application sectors to create a complete ecosystem
of companies, universities and research institutes cooperating together to develop key technologies and
applications. Finally, in establishing an adequate environment to transform the research results into
successful solutions, Europe will be strengthened and become a more competitive force.

Implementing the ECS SRA will translate not only into economic value but also have profound societal
impact, by contributing to meet the challenges of sustainable living and of the long-term European policy on
zero carbon dioxide emissions. In the global competitive arena, the need of keeping or even bringing back
manufacturing to Europe is undeniable. In terms of the societal needs arising from an ageing society, new
approaches based on ECS will help maintain the living standards that have been reached in Europe. In the
context of growing protectionism in the US and China, Europe has to retain its sovereignty and autonomy for
the provision of its rapidly increasing needs for electronic components, embedded/cyber-physical systems
and smart integrated systems. The three associations share the firm conviction that the companies, research
institutes and universities should remain strongly engaged together in driving the research and innovation
agenda with the ultimate goal of creating value, growth, jobs and prosperity.

’ J . Yylfan -ty Oant
=4

Jean-Marc Chéry Jean-Luc di Paola-Galloni Stefan Finkbeiner
President of AENEAS President of ARTEMIS-IA Chair of EPoSS
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For the sake of clarity, the
following definitions are used in
this report to distinguish between
digitisation and digitalisation:
Digitisation: the conversion of
text, pictures or sound into a
digital form that can be processed
by a computer. i.e. from analog to
digital. Digitalisation: the use of
digital technologies to transform
business models, generate new
revenue and value-producing
opportunities, interact with the
world. i.e. putting the digital into

practice.

0.1
WHY THIS SRA?
TOWARDS

A DIGITAL EUROPE

0.1.L The digital society

Digitalisation’ and the underlying key technologies are an essential part
of the answers to many of the daunting challenges that we are facing
today: mounting insecurity, ageing population, air quality degradationin
large cities, traffic congestion, limited energy resources, unemployment,
to name but a few. They will impact the everyday lives of citizens as
well as all business sectors. Shaping the digital transformation of
Europe opens huge opportunities for the deployment and take-up of
digital technologies: digital transformation facilitates the use of new
technologies and widens the business scope worldwide with innovative
digital products and services. The future of Europe is digital. It must be
substantially shaped by a strong European electronic components and
systems industry.

McKinsey estimates that digitalisation will potentially add 1 trillion
EUR to the GDP in Europe as our daily lives and economies become
increasingly dependent on digital technologies.

0.1.2. ECS at the core of a digital Europe

The core enablers for this digital transformation are Electronic
Components and Systems (ECS), where the components are the
hardware and software parts of the systems, and the word “systems”
is used in this context for the respective highest level of development
targeted within the given part of the value chain. A “system” designed
and implemented within a given development process may be
integrated as a “component”into a higher level “system” within another
development process. These systems typically include hardware and
software parts.

Electronic Components and Systems are core enablers and
differentiators for the development of many innovative products and
services in all sectors of the economy. As developed in section 0.3,
Europe’s ECS industry is still strong: the ability to develop and produce
highly performing and reliable systems to the needs of customers is
based on the availability of components that are tailored to the needs
of the systems.
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SDKs, (certified) compilers and
debuggers, virtualisation

The electronics value chain

The key differentiators for the success of European systems are:

application-specific semiconductor technologies (‘More-than-Moore technologies’) like RF, MEMS,
and Power semiconductors, as well as the very low power CMOS technologies like FD-SOI where

European companies are world market leaders;
>

leaders;

the traditional European strength in Cyber Physical Systems and the on-going revolution of the
Ubiquitous Computing that present an opportunity to position European actors as world-class

design of highly complex, efficient and reliable software solutions operating from micro-controllers
up to complex products such as aircraft, satellites, cars and trains, to cite a few;

highly miniaturised and tailored packaging and assembly technologies to integrate the
heterogeneous components of the ECS into a low-space, energy-efficient package;

aworld-class equipmentindustry which serves notonly thelocal S/Cindustry but also manufacturers

of high-volume standard products like microprocessors and/or memories that are produced

mainly outside Europe but whose performance and reliability form the basis of successful SW
within any ECS.

world-class industry sectors in aeronautics and space, automotive, health and energy.
The importance of such capabilities for the success of European ECS-based systems will dramatically increase

as European Society undergoes a digital transformation, so it is essential to boost innovation here in order
to support this transformation.
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Smart System Integration:
combines multiple technologies,
functions and materials utilising
nanoelectronics, micro-electro-
mechanic, magnetic, photonic,
micro-fluidic, acoustic, bio- and
chemical principles, radiation
and RF as well as completely

new technologies to form smart
systems that are reliable, robust
and secure, often miniaturised,
networked, predictive, can

learn and can be autonomous.
They bring together sensing,
diagnosing, managing, actuation,
communication and collaborative
capabilities to enhance the
quality of life and address societal

challenges.

Cyber-Physical Systems are «
embedded Intelligent ICT systems”
that make products smarter, more
interconnected, interdependent,
collaborative and autonomous.
They provide computing and
communication, monitoring and
control of physical components
and processes in various
applications. Harnessing these
capabilities in time and across
space creates applications with
enormous and disruptive new
functionalities with unprecedented
societal impact and economic

benefit for citizens and societies.

0 — Introductory and overview chapter

Europe digitilisation represents a great opportunity, as well as a pressing
need, to undertake ambitious R&D&I to generate market products and
services that benefit citizens, businesses and society. This requires
a wide range of Research and Innovation topics to be addressed,
covering the whole ECS value chain from equipment, materials,
production technologies, packaging and assembly technologies,
embedded software through architecture and design tools, modelling
and models, libraries and complete functional blocks over the different
levels of abstraction up to the level of Smart System Integration? and
to complex Cyber-Physical Systems? or even Cyber-Physical Systems of
Systems such as aircraft, cars, complex lithography systems and ECS
manufacturing clusters.

Europe hastorecognise the opportunities as well as the threats provided
by the digital society if we are to maintain those key technologies and
capabilities in-house.

0.1.3.  Aligning R&l priorities across technologies and
applications

This ECS-SRA aims to foster the digital transformation by supporting
the development of technology solutions over the full ECS value
chain. It focuses on the strategic priorities to bring innovation
through smart digitised applications, products and services in a large
variety of activity sectors.

The pan-European ECS Strategic Research Agenda is a tool to realise
the industry-driven, long-term vision on ECS. By focusing on strategic
priorities, it aims to help align, and coordinate research policies in
Europe and match the allocation of programmes and resources to
different technology and policy challenges, and to ultimately strengthen
European stakeholders in the ECS.

Until the turn of the century, the electronics industry advances have
been mainly powered by Moore’s law and by the concurrent progress
in software engineering. As transistors became smaller, they were
cheaper, faster and less power-consuming. Whatever the application
needs (performance, cost or energy-driven), miniaturisation was
the answer. As a result, the technology development roadmaps for
integrated circuits could be largely decoupled from the applications
roadmaps.

As scaling reached physical and economic limits, new technologies to
increase functionality, which were no longer “market agnostic”, grew in
importance. In particular, the European ecosystem (industry, RTOs and
academia) took a leadership position in the development of market-
specific components and technologies, described in the section “game



ECS-SRA 2019 — §i

changers”. New functions and new figures of merit have emerged,
and technology and application roadmaps are now interrelated:
applications needs determine the technology development priorities
while applications base their development roadmaps on expected new
technological capabilities. Consequently, this documentwas elaborated
by bringing together over 250 experts from applications and technology
domains alike, across the whole R&D&I spectrum from university labs to
large companies, and from RTOs to SMEs.

O.2.

GAME
CHANGERS

Innovation along with rapid developments across all ECS-based application
areas are creating the foundation to transform the way we work and
live. The falling cost of all semiconductor components, the advent of
software elasticity4, the rise of broadband, ubiquitous connectivity, the
omnipresence of autonomy and virtualisation, the efficiency increase in
power management, “clean” mobility and miniaturised systems, the use
of sensors and actuators as connectors, the Human Machine Interfaces
(graphical, touch, holographic, voices, gesture, ..) with the outer digital
world have been combined to create the dawn of a digital era filled
with the accelerating evolution of technologies. Radically and rapidly
changing business models and lifestyles are leading to a Software Defined
Everything to support the investment costs by adding multi-tenant and
agility to the deployed ECS based applications. The emerging ecosystems
around embedded intelligence and artificial intelligence technologies,
blockchain and security, the Internet of Things (1oT)% High Performance
Computing, the ever-growing miniaturisation, as well as increasing
physical and functional integration into devices and Smart Systems, among
others, have quickly moved from cutting-edge to being on the verge of
mainstream thus creating new paradigms. In parallel to the change of
daily life by available technologies, the challenges regarding sustainable
living and the fulfilment of a long-term European policy on zero carbon
dioxide emissions and zero fatalities in road transport demand disruptive
solutions. In the global competitive arena, the aim to keep or even bring
back manufacturing to Europe through initiatives such as Industry 4.0,
Industrie du Future and the like are now digitalising European industry.
For the societal needs of an ageing society new approaches based on ECS
will pave the way in the future to maintain living standards which we have
achieved in Europe. We review these main trends® below, which we call
“game changers” due to their disruptive nature.

16

Ability for the software to use
more or less hardware at runtime

(adapting to the workload).

loT: McKinsey & Company Global
Institute in its report: Internet of
Things: Mapping the value beyond
the hype - June 2015 define loT as:
sensors and actuators connected
by networks to computing systems.
These systems can monitor or
manage the health and actions of
connected objects and machines.
Connected sensors can also
monitor the natural world, people
and animals. They exclude systems
in which all of the sensors primary
purpose is to receive intentional
human input, such as smartphone
apps where data input comes
primarily through a touchscreen,
or other networked computer
software where the sensors consist
of the standard keyboard and

mouse.

Only generic game changers,
affecting most or all technology
and application domains covered
by the SRA, are included in this
chapter. If they exist, domain-
specific game changers are also
mentioned in the relevant domain

chapter.
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0.21.  New Technological Paradigms

Advent of Artificial intelligence and data analytics

After a period of disillusion, Artificial Intelligence has recently been scoring huge public successes, with
machines now defeating humans in many fields, from general culture to strategy games. This technology
aims to have a disruptive impact in many of the domains covered by the Strategic Research Agenda, whether
in our daily life (with apps including cloud-based advanced assistant systems) or in specialised domains such
as healthcare (e.g., advanced systems to help provide clinical support for healthcare professionals), energy,
or industry (preventive and predictive maintenance). In general, data and data science are a new sort of
material that fuel the Al applications, and together they also represent a significant driver of the research
strategy of the essential capabilities, e.g. requiring adaptation of the computing models being developed.

According to a report from Tractica (Figure 2), the revenues generated by the direct and indirect application
of Al software will grow from USD1.4 billion in 2016 to USD59.8 billion by 2025.

- s
{) Tractica

Artificial Intelligence Revenue, World Markets: 2016-2015

$70,000

$60,000

$50,000

$40,000

($ Millions)

$30,000

$20,000

$10,000

$O_--.

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Forecast of Al revenues until 2025 Source: Tractica

In addition to intensive embedded intelligence capabilities, the Autonomous Cyber-Physical Systems
(ACPS) develop new ways to interface with the real world in general and humans in particular: Virtual
Reality, Augmented Reality, Brain-Computer Interfaces, Deep Learning and cognitive computing are
changing the way humans interact with the digital world, and drive research and innovation priorities.
In providing a range of novel functionalities provided by artificial intelligence, smart systems may
also become a driving force behind almost all product innovations in almost every application field:
transportation, health, manufacturing, the Internet of things (1oT), energy, natural resources and security.

17
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Humanoid robots, able to interpret human body language and read emotion, will support the improvement
of patient care and wellbeing, and could have impact beyond that in our daily life as well as on the factory
floor.

While this major game changer represents a clear opportunity for improving our lives, it also carries a threat:

> for Europe, since the current big players in hardware and software are mostly non-European;

> and maybe also on a wider scope, as some futurists are predicting that supercomputing power
together with cognitive capabilities would lead to a situation where machines will autonomously
invent more and more machines with no or few human intention / interventions.

The slowing down of Moore’s law and the arrival of radically new paradigms for computing provide an
opportunity for Europe to come back in that field, in terms of both hardware and software technologies.
In particular, the emergence of neuromorphic and quantum solutions will open new opportunities for
computing hardware platforms where no entrenched incumbents exist. This represents a new playing
field, in which a window of opportunity exists for Europe to retake leadership in computing. Additionally,
several initiatives seek to strengthen European excellence in Al research and innovation, with a strong
focus on human-centred Al, and to establish world-wide brand recognition for “Al made in Europe"”. Such
initiatives can hopefully provide the groundwork with which the European ECS industry will be able to
build leadership, as well as perspectives for industry-science collaboration. Finally, it is essential that the
developments in Artificial Intelligence are accompanied by research in security, safety and data privacy
of the Al-powered systems, if those systems are to be trusted and deployed. The leadership position of
Europe in safety and security can hopefully be leveraged to provide our continent an edge in the Al race.

The importance of the on-going and future breakthroughs of Artificial Intelligence, the technology
developments they require, and their impact across all application domains are visible across all chapters
of this Strategic Research Agenda and make this a recurring theme of the document.

Advances in computing: Facing a new software complexity

Thanks to the achievements of 50 years of Moore's law, mentioned in section 1.3, computers have reached
unprecedented power, leading to challenges in the software and programming fields. With gigantic
computing solutions come gigantic problems when programming them. The large amount of data (“data
deluge”), resilience, safety, security and autonomy require new innovative computing solutions to satisfy the
emerging needs that are no longer satisfied.

In a world where protectionism is on the rise, a lack of high-end processing capabilities in Europe (i.e. relying
on buying them from countries outside Europe) might become a weakness. China, Japan, India and Russia
are starting to develop their own processing capabilities in order to prevent potential shortage.

Increased Connectivity

The next phase of the Internet, including the Internet of Things where we are always on and always connected,
has the potential to transform our economy and personal lives even further. While this represents huge
opportunities, it is not exempt from threats: as previously isolated safe systems are getting connected to the
outside world, novel integrated approaches are needed to ensure both safety and robust security for products.

In particular, it is essential for the European ECS industry to be at the forefront of the 5G research and

innovation and access to safe cloud solutions, both to reap the benefits of this future huge market and to
allow Europe to leverage this technology for an improved competitive position by sharing and combining

18
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data. More generally, Europe must remain at the forefront of the Next
Generation Internet, which requires the development of advanced
technologies for faster access, higher capacity, ubiquitous connectivity,
energy saving and virtualised network / network management.

Application-specific semiconductor technologies

In recent years application-specific semiconductor technologies have
been playing an ever-increasing role in our day-to-day lives: without
the advances in sensor and actuator technologies, passive and active
safety solutions in cars or the “smartness” of smart phones would even
be unthinkable. Similarly, the introduction of the renewable energies,
minimised chargers, electric powertrains in vehicles are all dependent on
the capabilities to achieve higher power densities and far less dissipation
losses to enable smaller and smaller form factors.

Those technologies are evolving towards smaller component sizes and/or
fabrication on larger wafer diameters to further reduce cost and improve
performance. Along with the performance increases of the next “More
Moore” generations, they are enabling as well as benefiting from further
developments of the market for ECS. For example, figure 3 illustrates the
impact of the loT expected development on the MEMS market.
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Market Forecast for MEMS world market for loT source: ©2014 | www.yole.fr
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Those advanced application-specific technologies were made possible
thanks to the development of processes and materials (such as SiC and
GaN for power devices) as well as the necessary equipment. They enable
innovative emerging applications, while leveraging synergies with
processing and manufacturing technologies of More-Moore devices.

Heterogeneous Integration / Comprehensive Smart Miniaturised
Systems

Therealisation of smart electronic components and systems for Europe’s
critical applications requires complementing logic and memories with
additional features, non-scalable with Moore’s Law, needed to handle
functions like sensing (MEMS and imagers), actuating, communication,
data protection and power management. These heterogeneous
functionalities can be monolithically integrated into a single System-on-
Chip (SiC), as for embedded memories, analogue and Smart Power, or
realised as discrete components by heterogeneous System-in-Package
(SiP) integration.

To meet the demanding specifications and boundary conditions of major
applications, more functionality must be integrated in a smaller volume,
requiring new assembly and packaging materials, compatible chip/
package interfaces as well as heterogeneous integration of chips with
different functionalities like MEMS/sensors, power chips, processors
or memory. A special focus on electrical capabilities and temperature
constraints must keep the applications robust and reliable.

Panel infrastructure

- Low cost solution required

Front-end technologies
Wafer size (300 mm) ’

low-power operation (sensing/
acting, computing, communicating)
coupled to feasible unwired power

(energy harvesting and storage)

FOWLP Panel
P
Glass Panel interposer Organic Panel
interposer
PCB infrastructure
2pum 5pm 8 pm 20 ym Line/Space (L/S)

—————— Trend 2020: 0,1Tuym

The heterogeneous integration domain in electronic components merges the conventional PCB with the wafer level

- technologies (source: Fraunhofer I1ZM).
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Therefore, heterogeneous integration and packaging/assembly technologies have become a key issue for
the performance/reliability and cost of an ECS.

Going beyond components, this game changer impacts R&l strategy in many domains covered by the SRA, such as:

> “Computing and Storage”, where it leads to research on hardware/software specialisation according
to the task at hand, and on the management of heterogeneity and complexity;

> System level whereby research aims to combine software functionalities with sensing, actuation,
data communication and energy management in an integrated way to develop knowhow that
enables high-volume, manufacturable devices based on a multitude of different systems or sub-
systems;

> Connectivity and interoperability, whose R&l priorities include the development of methods and
tools enabling the use of heterogeneous protocols over heterogeneous hardware;

> Physical integration at all levels, in which the use of 3D architectures provides opportunities for
increasing the functional density and improving the performance of the devices;

> Physical integration at system level, whereby energy autonomy® becomes an important
consideration for 10T schemes, as well as the local vs global split of computing / data treatment
capabilities in relation to functional autonomy and response time of the overall distributed system
and its individual nodes.

These new technologies enable the creation of systems that are comprehensively capable of sensing,
diagnosing, managing and actuating in a communicative and collaborative way. Already today, these systems
are often highly miniaturised; operate in networks, feature predictive and energy autonomy capabilities,
constituting the embodiment of what is now known as the “Internet of Things”. In future, they will increasingly
integrate physical artificial intelligence, feature self-organising, self-healing and truly cognitive functionalities.
They will be designed to meet the growing requirements in terms of reliability, functional safety and security
that result from the new applications and the demanding environments in the fields of personal and freight
transport, digital industry, health and wellbeing, smart energy and digital life. At the same time, many of
these systems will be fabricated for business-to-business sectors and for the general public, i.e., at costs
appropriate to the markets of commercial and individual end users. With this large penetration, these new
systems will address and substantially contribute to the mastering of the societal challenges.

Additive manufacturing / 3D printing

The constraints of current manufacturing infrastructure, optimised for low-cost/high-quality products that
are mass produced in enormous quantities in Asia lead to standardised components and product designs,
limited freedom of shape, a rigid supply chain and pressure to minimise variation to allow the high fixed
manufacturing costs to be amortised over many produced units. Additive manufacturing techniques have
the potential to introduce a major paradigm change in the industry, enabling Europe to regain leadership in
the fabrication of the increasingly customised products demanded by today's markets. One striking example
is the health sector, where these technologies enable the fabrication of patient-specific anatomical models.
Beyond that, they could even disrupt supply chains and business models, as parts made centrally and
subsequently shipped across the world could now be 3D-printed in decentralised locations.

Micro Nano Bio Systems (MNBS)

Combined with the continuous development of new materials (such as graphene and metamaterials for
medical devices) and 3D Printing using even biological materials, Computerized Numerical Control machining
should allow the printing of implants and prosthetics adapted to individuals. Leveraging the latest advances
in energy harvesting and power management will enable devices that may never need to be replaced.
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Nano devices will change diagnostics, targeted drug treatment and local treatments. Bio sensing, molecular
biology and genomics will provide more insight towards personalised treatments.

One step further, the in vitro technologies used today to develop organs on a chip should lead to in vivo
implantable organs on chip or implantable organs in a package that could substitute donor organs or assist
ailing deficient organs. They will be the path towards regenerative medicine, aiming to restore degenerated,
diseased or damaged tissues and organs, thereby increasing vital functioning and reducing the cost of
healthcare.

Energy Landscape

The ambition to achieve zero emissions towards 2050 drives the need for a change in the energy landscape
with distributed variable renewable energy sources and bi-directionality in the grid landscape. ECS supports
the setting up of this landscape with the lowest dissipation losses, integrated intelligence and smallest form
factors.

By way of complementing its contribution to more efficient energy generation and distribution, ECS and, in
particular, power technologies also have a huge potential impact on energy consumption in the industry
domain, as illustrated by Fig. 5.

FACTORY AUTOMATION:
HUGE SAVINGS POSSIBLE WITH VARIABLE SPEED DRIVES (VSD)

OCOOD

As a percentage of worldwide electricity consumption.

The savings potential equals that of
220 nuclear power plants or 3bn tons
of CO, annually!

= About 300 million electric motors are in use
worldwide

= Rising electric energy cost and ErP (Energy-
related Prodcts) directive force energy

M 30-50%
efficiency

= Rising labor cost in low labor cost countries

drives automation level. totgl. thereof thereof thereof the!'eof

electricity energy energy energy savings

= “Mechanic goes electric™ e.g. hydraulic is demand rjeeds of needslof needs of potential
industry electric  uncontrolled

replaced by electric motors. motors motors

Energy-saving potential of S/C power technologies
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The Fourth Industrial Revolution

The First Industrial Revolution used water and steam power to mechanise production. The Second used
electric power to create mass production. The Third used electronics and information technology to automate
production. Now, the Fourth Industrial Revolution (supported by initiatives such as Industry 4.0, Industrie
du futur and Digitising European Industry) heralds a fusion of technologies in which the lines between the
physical, digital and biological spheres are becoming blurred.

In parallel or in combination with the new manufacturing technologies mentioned above, advances in ICT
(Information and Communication Technologies) now allow large horizontal integration across multiple value
chains on processes, data and companies, as well as vertical integration among corporate levels, from the
enterprise resource planning (ERP) level down to the field level (robots, sensors and actuators, shop floor).
Connected enterprises can attain increased efficiency in processes, performance and output, giving rise to
virtual network enterprises.

In addition, the concept of mass customisation (a.k.a “Agile value networks” or “lot size 1), i.e. by
manufacturing only what the customer wants, will significantly reduce the waste and inefficiency of current
mass-market production, directly decreasing environmental impact and increasing responsible consumption
and production, one of the Sustainable Development Goals of the European Union.

EU companies that focus on high-quality and personalised products/services could provide them at
significantly lower costs, while maintaining the attention to design and functionality that makes companies
successful. This could give a significant competitive advantage to EU manufacturers compared to low-cost
mass manufacturers.

All these changes are an opportunity for Europe to reverse the current trend of shifting production to
countries with low labour (and other societal) costs thanks to flexible and cost-effective production enabled
by Electronic Components and Systems technologies.

Like the earlier revolutions, the Fourth Industrial Revolution has the potential to raise global wealth and
improve the quality of life for populations around the world. The full impact on business, governments and
people will be as unprecedented as it will be unpredictable.

0.2.2. New Business Model Paradigms

Everything as a Service - New business models / Internet economy

Initiated in the IT world, the trend of replacing ownership with a pay-per-use system - also known as
“Everything as a service”, or Xaas$ - is now entering the physical space. For example, Mobility-as-a-Service
(MaaS) will increasingly catalyse the public-private co-development and co-delivery of mobility and transport
systems and services, as well as shared and open use of public space, data and infrastructure.

The Mobility market is now regarded as multimodal, combining all kinds of transport means, including
mobility data and information, and access to it.

Faster and shorter innovation cycles

The challenge is to cope with the adversary requirements of the ever-decreasing time-to-market and the
need for a longer “time on market”, which directly impact technology requirement definitions. The challenge
can be met, e.g., by providing upgradable ECS for later adaptation at the customer’s site.

[}
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New transaction mechanisms for improved trust and security: Blockchain
Initially confined to the world of security experts, distributed ledger technology (for example, blockchain) has
the potential to enable innovation across the economy. For example:

> For Healthcare: health and life insurers are among the many players scrambling to determine how
blockchain could be adapted to improve the way we maintain health records, execute transactions
and interact with stakeholders.

> For energy: to enable transactions and micro-trading in the new smart distributed energy resource
grids
> For the cashless economy: virtual currencies and crypto-currencies.

Vertical Integration & leadership

Hyper-scale businesses are vertically extending their range of activities by creating customer lock over the
complete value chain. For example, in the domain of consumer electronics, companies that have gained
control over the complete value chain (from silicon design through retail or internet shops up to end-user
applications) have recently shown a high level of success and seem to be more resilient to the economic crisis
as they have created ecosystems and customer lock-in over the complete value chain.

The vision of ‘virtual vertical integration’ encourages market leaders to define the conditions for successful
business innovation building on emerging technological developments, and vice versa, to coordinate
technological platform developments (hardware and manufacturing to system design and software
engineering). On an organisational level, the horizontally specialised European industry faces a critical situation
in this competition, unless vertical ecosystems emerge. Based on this assumption, the present SRA highlights the
importance of the contribution to standardisation activities and setting adequate new standards, as standards
are essential enablers for scalability and interoperability functionalities. Also important is the development of
design environments that efficiently cover the ECS design process over the whole value chain.

When Consumers become prosumers

New technologies enable consumers to become co-designers and/or actors of the services and products
they are using. In health, patients can provide first-level self-diagnosis. A consumer of digital content has
evolved into a prosumer with the advent of social media platforms like YouTube. A home owner installing a
solar panel is as much a supplier as a customer of his electric utility company. Companies turn to their end-
customer for the design of new products. This trend requires in turn that products be designed with in-field
personalisation in mind.

Energy and power management are clear examples where these new paradigms are being developed:

> At the macro level, the growth of alternative energy sources such as solar and wind power, and the
importance of efficient energy management for the development of smart cities, are changing the
nature of the world's power grids. The increasing distribution of power generation leads from today's
uni-directional to a distributed and bi-directional power flow, requiring so-called smart grids, and the
development of new electricity storage solutions. The emerging wide bandgap semiconductor ° and
integration technologies are key enabling factors for these new electrical architectures.

> At the micro-level, the development of ultra-low power sensing and data processing capabilities,
combined with new energy harvesting technologies, allow the creation of systems that are energy
autonomous over their entire lifetime i.e., they are able to produce all the energy they need to
consume. This will have a profound impact on many application domains, such as health, where
lifelong implantable devices can now be envisioned.
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Wide-bandgap semiconductors
(WBG or WBGS) are semiconductor
materials which have a relatively
large band gap compared to
typical semiconductors, such

as GaN, SiC, etc... Compared

to circuits built with usual
semiconductors, wide-bandgap
semiconductors permit devices to
operate at much higher voltages,
frequencies and temperatures
than conventional semiconductor

materials.

0.2.3.  New Non-Technical, Societal Paradigms

The game changers considered so far are technology or business-
related. However, other major trends are at work, shaping our future
and which need to be taken into account when deriving a strategy for
Europe ECS Industry Research and Innovation:

> Political: We are witnessing an era of economic protectionism,
which makes it all the more important for Europe to secure
its access to essential technologies and to avoid strategic
and economic critical dependencies, such as the restrictions
imposed by the US Export Control Laws, which, due to their
extra-territorial application, can bar European companies
to sell to third countries products including US technology
(see Appendix to Chapter 0 for more details). Regions and
territories also intend to play a greater role in technological
roadmap and implementation.

> Economic: Developing economies in Asia and Africa represent
both opportunities (expanding markets) and threats
(increased competition). They also prompt us to develop new
approaches to innovation, where ECS technology can be a key
enabler.

> Societal: The European population is ageing, putting a strain
on already constrained health budgets, changing the nature
of the digital services which we need, and having an impact
on our production infrastructure. This is to be viewed both
as a threat and as an opportunity, since it also forces us to
solve now challenges which other regions of the world will be
facing in the future. The increased urbanisation also requires
new approaches (in energy management, transport and
mobility, etc...) which, once developed for Europe, will find
new markets beyond our borders.

> Environmental: The impact of climate change and the need
to safeguard the environment are raising challenges which
cannot be solved without the ECS industry. As an illustration,
energy efficiency levels in IEA member countries improved,
on average, by 14% between 2000 and 2015. This generated
energy savings of 19 exajoules (EJ) or 450 million tonnes of
oil equivalent (Mtoe) in 2015. On the other hand, the ECS
industry might also be a source of non-environmentally
friendly materials, for example with the use of rare earth.

> Feeling safe and secure: Faced with many threats in their
daily lives, from terrorism to disruptive changes in their way
of living, through food and health crisis, the citizens of Europe
are increasingly demanding safety, security and protection of
their privacy and personal data. ECS technology should be
part of the solution, but at the same time it needs to take this
requirement into account, at the design phase if it doesn't

)
(92



ECS-SRA 2019 — Strategic Research A

want to add to the problem (e.g., unprotected loT devices providing entry doors to hackers and
privacy breaches).

> Legal: Local legislation has a major impact on the deployment of some ECS-driven applications such
as autonomous driving and Micro-Bio-Nano-Systems. Discrepancies between the rules applicable
in various European countries might hamper the development of these technologies, and of the
corresponding European-based industry, compared with what happens in regions benefiting from
a unified legal framework. Adequate legal environments are required to achieve the full potential
of future ECS systems for European citizens.

0.3.
COMPETITIVE
SITUATION

0.3.1. Key application areas

European industry has strengths in several vertically integrated markets where ECS are the main drivers of
performance, such as transportation (automotive, railroad, aerospace), energy, health, urban services (from
building construction to water provisioning), and industrial digitilisation.

Transport and Smart Mobility:

> Automotive: The EU is among the world’s biggest producers of motor vehicles and the sector
represents the largest private investors, providing jobs for 13.3 million people and accounting for
6.8% of the EU GDP, with 3.4 million manufacturing jobs™.

> Rail: the overall rail sector in the EU, including the rail operators and infrastructure managers,
employs approximately 1.8 million people with an estimated 817,000 dependent individuals. The
European rail supply industry employs nearly 400,000 people and is a top exporter, accounting for
nearly half of the world market for rail products with a market share of 84% in Europe and a total
production value of 40 billion euros (2010). The railway management systems market is expected
to grow from 29.27 billion in 2016 to 57.88 billion by 2021.

> Aerospace: The European aerospace industry is a world leader in the production of civil and
military aircraft, helicopters, drones, aero-engines and equipment, exporting them all over the
world. Aerospace within the EU provides more than 500,000 jobs and generated a turnover of
140 billion euros in 2013. The aircraft flight control systems market is projected to grow from USD
11.85 billion to 16.59 billion by 2011.

Health and wellbeing

Healthcare spending as a percentage of gross domestic product (GDP) should rise slightly, from an estimated
10.4% in 2015 to 10.5% In 2020. Government healthcare expenditure as a percentage of GDP is projected to
rise more quickly in low-income countries than other income groups.

Global healthcare expenditure is projected to reach EUR8.7 trillion by 2020, from EUR?7 trillion in 2015, driven
by improving treatments in therapeutic areas coupled with rising labour costs and increased life expectancy.
The healthcare sector accounts for 10% of all employment and is expected to grow by a further 1.8 million
jobs up to 2025. The healthcare IT market is projected to reach EUR200 bn by 2021 from EUR115 bn in 2016.



Internatlonal Renewaole Enengy Agency

Brazil

0 — Introductory and overview chapter

Energy

More than 9.8 million people were employed in the renewable energy
sector in 2016, according to a recent report from the International
Renewable Energy Agency (IRENA). In 2015, Europe was employing
close to 1.2 million people in this fast growing sector.

Rest of EU

Jobs [ihzsiandi)

Renewable energy employment in countries and regions '’

é
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https://www.acea.be/automobile-

industry/facts-about-the-industry

Source: IRENA International
Renewable Energy Agency.
Renewable Energy and Jobs Annual
Review 2016

In 2015, the worldwide renewable energy generation amounted to
5512 TWh, Europe's share of which was 1168 TWh, or 21%.

Sustainable Production

The manufacturing sector accounts for 15% GDP and provides around
33 million jobs in Europe. Europe is a frontrunner in manufacturing
excellence with the vision of smart and connected factories swiftly
becoming a reality. The industrial control and factory automation
market, comprising control system manufacturers, field components
manufacturer, systems integrators and software manufacturers
is projected to reach USD153.3 billion by 2022. By 2025 additive
manufacturing is expected to create a EUR6.3 bn opportunity in the
consumer electronics, automotive and aerospace industries.
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Many of these application domains, where Europe has a leadership position, are expected to generate higher
than average growth for ECS components:

Industrial

|
Automotive |
Total Semiconductor market [ ]
Communications [ |
Data processing I
|

Consumer

-4.0% -2.0% 0.0% -4.0% 4.0% 6.0% 8.0%

CAGT 2015-2018e

Source: WSTS; IHS; Bryan, Garnier & Co ests.

Overall, the forecast of the annual growth rates for demand of ECS components in Europe is given as being

higher than for other regions.

Amounts in USEM Year on Year Growth in %

Spring 2017 - Q2 Update i i i i 7

‘ 2017 2018 2016 2017 2018
Americas 65537 | 79,555 83,464 21.1 4.9 0.4
Europe 32,707 | 37,760 = 39,639 15.4 5.0 0.9
Japan 32,292 | 36,005 = 37,331 115 37 0.1
Asia Pacific 208,395 | 243328 253,087 | 250,621 = 3.6 16.8 4.0 -1.0
Total World - €M 338,931 | 396,649 | 413,522 | 411,094 = 1.1 17.0 43 -0.6
Discrete Semiconductors 19418 | 21,209 | 22168 = 22744 43 | 97 | 41 | 26
 Optoelectronics | 31994 | 33,403 | 34574 35405 38 = 44 | 35 | 24
Sensors 10821 | 12336 | 13,135 = 13,899 | 227 14.0 6.5 5.8
Integrated Circuits 276,698 329,11 343,645 | 339,045 0.8 19.1 4.3 -1.3
Analog 47,848 | 51,663 | 54,284 | 56,129 5.8 8.0 5.1 3.4
Micro 60,585 | 62,829 | 65173 | 66907 | -1.2 3.7 3.7 2.7
Logic 91,498 | 99,558 | 102,579 | 105088 | 0.8 8.8 3.1 24
. Memory . 76,767 | 115561 | 121,597 | 110,921 | 06 | 505 | 52 . -88
Total Products - €M | 338931 | 396,649 413,522 | 411,004 . 11 | 170 = 43 | 06

Source WSTS forecast, August 2017
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0.3.2.  Essential capabilities

The development of these key application areas relies heavily on the availability of and further research in
ECS essential capabilities:

> Systems and components architecture, design and integration;

> Connectivity and interoperability;

> Safety, security and reliability;

> Computing and storage;

> Process technology, equipment, materials and manufacturing for ECS.

Europe displays valuable assets in many of those basic technologies and integration knowhow:

Process technology, equipment, materials and manufacturing for ECS

The semiconductor market is expected to grow from USD343 bn in 2016 to USD415 bn in 2021 (Ref. Gartner
Q1, 2017 update), driving up the global Semiconductor Equipment market (SCE) to the order of USD 43 bn
(2016 Forecast, source: VLSI May 2017) composed of USD36 bn wafer front-end, USD3 bn test and USD4 bn
assembly equipment.

In the past the market has been extremely volatile with year-on-year variations as large as +/- 30%. More
recent data shows that the industry and the market have become more stable. Still, a high total R&D
investment is required in order to keep up with the ever-changing industry and in this sector R&D investment
rates as high as 10 to 20% of the total revenue are no exception.

As a result, in some areas European industry is dominant, as in lithography, where it has a market share
in excess of 80%, and in other areas significant, especially at the high-end side (high-resolution imaging,
atomic layer depositions, assembly & packaging, etc.). Furthermore, over the last decades, the European
ecosystem (industry, RTOs & academia) invested heavily in the “More than Moore” technologies. Europe has
now leadership positions in the global markets for MEMS technology based sensors and actuators, power
semiconductors and systems in package, whereas FD SOI, a technology developed in Europe, is enabling the
development of ultra-low power processors.

The increased business demand driving Moore's law will provide growth to the total semiconductor
equipment market of at least 25% (2021 - USD54 bn). The lithography content, now estimated to be over
USD8 bn (VLSI, May 2017), is likely to exceed this growth as it will be driven mainly by new technology nodes.

The strength of the European semiconductor equipment ecosystem finds its roots in the above-mentioned
consistency in R&D investments in the areas of lithography, imaging, deposition and assembly technologies.
Moreover, this ecosystem taps into a strong knowledge base in Research Institutes, Academia and Industry
together with a world-class, interconnected supply chain.

The knowledge base includes fields such as light-, electron- and EUV-optics, plasma physics, surface physics
and chemistry, heat- and fluid-transport, precision mechanics, electronics, applied mathematics, materials
science, vacuum technology, contamination control, embedded system technology, thin-film technology, fast
data processing, etc
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Safety, security and reliability

for Electronic Components and Systems

The world leaders in security are European. On top of being an essential capability, this sector also represents

a huge market. Figure 7 below shows the size of this market in France, Europe and worldwide, split between

products and services on one hand, and public and private on the other hand. As noted earlier (section 0.2.1,

Advent of Artificial intelligence and data analytics), this represents an invaluable asset in the world race

towards leadership in Artificial Intelligence).

Private sector

Public sector

World 570B €
Total jobs
EHiope 4400 K
160B €
Jobs 2 700 K
France
% 30B €
2 Jobs 302 K
o
. 320B € 90B € 21B €
Jobs 900 K Jobs 25 K
. 70B € 9B €
9 Jobs 1 800 K Jobs 177 K 30B €
& Jobs 163 K
(3]
(V2]
Jobs 1 700 K

n linter-ministerial French study done in 2015 (2013 numbers) on safety and security markets

Systems and components architecture, design and integration

Europe has built up specific strengths in the functional and physical integration of various technologies,

features and materials into systems across the value chain, from semiconductor companies to system

houses.

The overall value chain of equipment, materials, system integration, applications and services employs over

2,500,000 people in Europe
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The various factors listed in sections 0.2 and 0.3 can be summarised in the following SWOT table

Internal factors

To the EU ECS industry 2

Strengths:

Key application markets: Transportation, Energy,
Health, Urban Services, Industry Automation;

Essential capabilities:

Security, Sensors, MEMS, low power devices,
power semiconductors, Physical and functional
integration capabilities

from IC to Systems of Systems
World-class semiconductor industry

World-class Equipment and Materials Industry

RTOs and Universities

Collaborative Skills

POSITIVE FACTORS NEGATIVE FACTORS

Weaknesses:
No sub-10 nm manufacturing capabilities

No IT industry leaders

External factors

To the EU ECS industry

Opportunities:

Need for alternative performance approaches
besides miniaturization

Advances in Al and Human-Computer Interfaces
creating new solutions and market opportunities

Ubiquitous connectivity / 5G deployment
New security paradigm (blockchain)

Internet of Things

New energy paradigm

Solutions for zero fatalities in road transport

Disruption in design, manufacturing and business
models

Societal changes requiring ECS-based solutions

Threats:

Advances in Al and HCl are largely led by
companies outside Europe

Economic protectionism
Increased competition

Societal changes: ageing population, increased
urbanization

Environmental changes

Fragmented legislations

SWOT Table for the ECS European Industry

0

2. EU industry here means the full
Large Industry + SME + RTO +

University eco-system

F.10
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0.5.
VISION,
AMBITION

Our Vision and Ambition are for Europe to take a leadership role in the digital transformation by developing
its capability to provide the digital innovation and technologies Europe needs, in order to generate growth,
create value, jobs and prosperity, and safeguard Europe’s competitiveness and sovereignty.

To achieve this Vision and Ambition, the European ECS industry, supported by Public Authorities at European,
national and regional levels, must:

> Address the major technological challenges identified in the SRA.

> Pool research efforts on a number of shared priorities to avoid fragmentation and reach critical
mass; setting greater synergies across the complete ECS value chain and its eco-system for a high
Return on Investment.

> Foster innovative business models, coupled with adequate funding schemes for a faster go-to-market.

Proper execution of the above will reinforce EU-based ECS industry, allowing its players to remain at the
forefront in this domain.

0.6.
STRATEGY

0.6.1. SRA focus areas

To fulfil the above Vision and Ambition, the R&D&I strategy will be based on top-down guidance on the
strategic areas for projects generation by identifying the game changers and the market drivers to derive the
major challenges (societal or technological) with the ultimate purpose of generating the right set of projects
responding to short-term, medium-term and longer-term targets, thus covering the TRL scales from basic to
applied and innovative research.

At the risk of stating the obvious, one guideline to select R&D&I priorities for the ECS industry in Europe
should be to use our strengths to capture opportunities. Most societal challenges facing us are in domains
where Europe hosts world-level champions: Health, Transportation, Energy, Digitilisation of Industry, and
where solutions will be built on essential capabilities mastered by Europe. Focusing on these domains will
not only help solve these challenges for Europe, but also allow our industry to develop markets beyond our
frontiers, since the issues addressed here are shared by the rest of the world. Significant investments in
innovation are needed to keep the competitive advantages against fierce worldwide competitors not only
from the US, but also from Asia, mainly China.

OO
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In addition, the SRA addresses essential capabilities required to meet the application needs. Europe is well
positioned for many of them, and further R&D& is required to maintain and develop that leading edge
(e.g., all the building blocks required for a successful deployment of the internet of things). However, we
cannot limit ourselves to work on our strengths: there is a real danger with the current situation where
most of the leading companies providing computer and network infrastructure and services, and the sub-
10 nm silicon technologies using them, are non-Europeans. This is not a lost battle: As new paradigms are
emerging (neuromorphic computing, quantum computing, transaction-based ledgers), which will require
new technologies, Europe has a chance to position itself competitively, leveraging its cooperative capabilities
and its great scientific base. But time is of essence.

Jointly considering key application areas and essential capabilities allows us to leverage our strengths for the
benefit of other sectors. For example, industrial applications (such as Industry 4.0) and automotive (such as
autonomous car) are launch pads for new technologies trying to cope with the challenges that are shared by
embedded, mobile, server and HPC domains: energy and power dissipation, and complexity management.

Overall, the SRA focuses on a set of 5 key applications areas, and 5 essential capabilities, as depicted in the
figure below. These market sectors represent all together over 50% of Europe GDP.

KEY APPLICATION AREAS

Systems and Components:
Architecture, Design and
Integration
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Connectivity and
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Implementing this Strategic Research Agenda, the ECS industry will leverage a strong and enabling position in
multiple value chains and hold a pivotal position in research, development and the deployment of innovative
solutions to create visible impact on society.

0.6.2. R&DG&lI priorities selection and description

The top-down guidance of the above themes is backed by an open, bottom-up process to detail R&D&I
priorities in separate chapters, created and maintained by partners from industry and science. Each chapter
follows the same structure, opening with the relevance of the theme, in terms of competitive value and
societal benefits, then outlining the major challenges with the connected vision, scope and ambition, and
explaining the high priority R&D&l areas, the competitive situation, and the expected achievements. The
chapters conclude with high-level timeframes for the relevant roadmaps over the period 2019-2028, and
main synergies with other themes.

The road maps indicated in the various chapters list, for each high priority R&D& topic, the foreseen progress
over time. Each timeline is divided in three parts, corresponding to project results of TRL2-4, 4-6, and 6-8
respectively. The concrete significance of this TRL indication is to envision, in a given year, the start of projects
which will produce results of this TRL level or higher (i.e., a project aiming at a higher TRL level than denoted in
the table might start that year). This, however, does not prevent to have also lower TRL projects starting that
year, to work on the next generation solutions for the research topic related to that timeline.

0.6.3.  Deriving work programmes
Defining R&D&I priorities, as this SRA has done, is just the starting point. An essential part of the Strategy is
to prepare work programmes that generate projects that fulfil the major challenges of each of the chapters.

It follows two threads:

Strategy thread 1: Address next generation digital technologies and potential breakthroughs to build a strong
EU based ECS, positioning Europe at the forefront of the digital Economy

> Achieve excellence in priority areas to remain or to join the frontrunners of the new era, while
taking into account the European societal requirements of quality of life, safety and security, ethics
and sustainability;

> Build on existing technological strengths of Europe to improve their sovereignty and reinforce
them in areas such as low-power consumption, high-performance computing and high power,
sensors, smart systems integration, safety and security;

> Develop those technologies to a high TRL (pilot lines) to make sure that the innovation will be
brought to market

> Think big and act fast: in new areas such as Al and HPC, speed is of the essence, in order to achieve
economy of scale and to act efficiently to bring innovative solutions to the global market (the way
GAFA and Asian competitors act);

> Pool the research of stakeholder's efforts around a “Grand Mission” approach to leverage on their
multi-disciplinarity and specialisations to achieve together ambitous targets in priority areas for
European growth and competitiveness.



Strategy thread 2: Pooling research efforts on a number of priorities and remove barriers between application
sectors

> Build better and more efficient European technological solutions for greater combined strength in
the context of global competition, foster proposals where there is real value creation;

> Encourage projects that address the whole value chain and leverage vertical integration, to
enhance user benefits and experience;

> Adoption of a platform approach as described in the section “innovation accelerator” for a faster
“go-to-market”

While the SRA is structured by key application areas and essential capabilities, which are in turn subdivided
into 5 chapters each, this by no means implies that the resulting work programmes and projects should
be developed in “silos”. As already mentioned, applications and technologies are becoming increasingly
intertwined:

> As he goes through the document, the reader will realise that many capabilities are required
across most if not all applications. This is the case, for example, for Artificial Intelligence or Security
solutions. By identifying generic technologies, this SRA help the submission of projects that address
specific technological areas together with their use in a variety of applications.

> Conversely, many applications will come to life only when combining many essential capabilities,
as witnessed in the smart sensors of the Internet of Things, requiring the integration of ultra-low
power computing and storage, network, sensing, actuating and power management functionalities.

As a complement to these cross-domain projects, low TRL, in-depth research projects in specific
capabilities are also required and encouraged.

0.6.4.  Strategy Implementation via R&D support programmes

0.6.4.1. Research funding programmes
To facilitate the implementation of the SRA, research funding programmes should:

> Encourage the development of a holistic Electronic Components and Systems innovation ecosystem
in Europe spanning all R&D&l actors in these domains, with the goal to streamline (disruptive)
innovations from Universities, RTOs and industry research teams into global sales by SMEs and
large enterprises alike.

> Allow participants to publicly funded research projects to leverage the funding (from EC, national
and regional); this requires the harmonisation of participation rules, funding rates and procedures.

> Encourage the combination of R&D efforts across Europe for future proven application domains
and technologies, while pooling resources in key areas, and involving relevant players with the
ability to ensure successful valorisation and uptake of the results.

> Put in place appropriate metrics and regular follow-up processes in order to assess the impact of
projects and measure return on investment for the EU, Member States and Industry
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0.6.4.2. Lighthouse initiatives

> “Lighthouse Initiatives” is a concept set-up by the ECSEL JU to signpost a specific subject of
common European interest that calls for a set of coordinated activities including, but not limited
to, facilitating the cooperation of ECSEL projects with Horizon2020 (e.g. FET Flagships), Eureka
projects and national or regional projects.

> Lighthouse initiatives encourage joining forces across projects to increase impact at EU level, have
a strong emphasis on standardisation and regulatory aspects. Conducting non-technical activities
is important to pull together the eco-systems actors in a field and investigate about issues of social
acceptance, regulatory environment and business models, in order to increase the impact of the
individual project achievements.

> There are currently two lighthouse initiatives, on Mobility and Digital Industry. More are needed,
especially in areas where standardisation and regulatory aspects have a crucial role, such as Health
and Wellbeing, and Energy.

0.7.
INNOVATION

ACCELERATORS /
MAKE IT HAPPEN

By themselves, however successful they may be, research projects do not resolve societal challenges and
create economic value for Europe.

This will happen only if a number of “innovation accelerators” are in place, which will bring the research
results to market. Major ECS industry innovation accelerators fostering the implementation of the present
SRA are:

0.7.1. Standardisation and Regulation

Standards enable the development of open markets for Electronic Components and Systems. Open markets
offer opportunities for new businesses, including SMEs, to bring new products and services to market. In this
context, standardisation contributes to increased interoperability, security, privacy and safety of electronic
systems and applications, so it is essential to build trust with customers and users and create confidence
between stakeholders in the market.

Regulation is needed to allow the deployment of many applications in Europe.

> For instance, a reduction in the number of accidents, fatalities and injuries could contribute
strongly to the fulfilment of future EU guidelines, targets and regulations while meeting increasing
customer demand for safe and convenient road transport. ADAS technology already provides the
necessary sensing capabilities to operate the vehicle in a complex and interacting environment (for
example, other vehicles, objects and infrastructures).



> For health and wellbeing, non-technological issues need to be addressed, such as ethics, regulation,
privacy, accessibility and equality, which are key to increasing the acceptance and adoption of
innovation in healthcare.

> For repair and recycling, regulations for the collection, recycling and disposal of technological
products at the end of their useful life are well-established in the EU, particularly for electronic
goods and cars (although disposal has overtaken repair and routine maintenance in this field).

> Security concerns are one of the main concerns and constraints to the widespread adoption of
electronic components and systems. If there is ability to manipulate physical assets remotely,
then there is the danger of privacy violations and safety problems. Such issues can then, in turn,
promulgate worries about trust, security and privacy. It is hoped that regulation will also help
alleviate some of these concerns, and thus be an enabler of electronic components and systems
technologies.

0.72.  Platform concept and the hyper-scalability business models

The platform concept, common in the Internet economy, is a characteristic of the Digital Transformation. It
provides facilities to experiment and test innovative ideas, integrate research results into innovative products
and validate service concepts. It helps organisations to scale up their development activities by sharing efforts
and minimising investments to rapidly deliver such products and services to the market. The GAFA and similar
business models have demonstrated the unprecedented and tremendous growth potential of their platforms.

0.73.  Pilot lines

In the report about ‘Key Enabling Technologies’ the EC stated that despite a leading position of European
RTOs in inventing new technologies and applications, Europe is weak in bringing those innovations to the
market. To bridge this ‘valley of death’, it is necessary to support the development and installation of pilot
lines, which require huge and risky investments especially for semiconductor technologies and equipment.
In former ENIAC and ECSEL projects, pilot lines had proven to be essential in transferring the benefit of the
ECS projects to society.

0.7.4.  Education and training

While the EU is boosting the Digital Single Market taking care to make it secure and trustworthy, currently
companies are struggling with what experts are calling the “largest human capital shortage in the world".
Effective education and training is crucial to maintaining competitive leadership. It is a pre-condition for any
so-called “sustainable innovation ecosystem”.

The rapid evolution of the new global Digital Economy is generating needs and challenges with such a high
growth rate that even the human capital market is not able to keep pace. The availability of graduates that
meet industry and new job requirements is a major concern, with a shortage of up to 900,000 ICT professional
currently forecasted. So, education and skill-building and ‘Making education a specific deliverable for all EU
projects’ are key pillars in the EU strategy towards the Digital Transformation of society and as part of the
Digital Single Market strategy. See, for example, the European Commission initiative on Digital Skills and Jobs
Coalition (https://ec.europa.eu/digital-single-market/en/digital-skills-jobs-coalition).
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0.7.5.  From Start-ups and scale-ups to SMEs

SMEs and start-ups are an essential component of European industry landscape:

> In 2015, just under 23 million SMEs in EU28 generated EUR3.9 trillion in added value and employed
90 million people. In 2015 they accounted for two-thirds of EU28 employment and slightly less
than three-fifths of EU28 added value in the non-financial business sector.

> EU28 SME employment growth is, on average, entirely due to the growing number of SMEs (start-
ups) as the average number of staff employed by a SME remained stable in 2014 and 2015 after
falling markedly from 2008 to 2013.

Below we list some ways that need to be explored to encourage the participation of SME and start-ups in
order to more closely meet the goals sets within H2020 (20% of allocated budget allocated to SMEs):

> An overall approach towards SMEs, including start-ups and scale-ups, should involve LEs and cover
the complete process: coaching (identifying value proposal), acceleration (validation of technology
as to its business value), and investment (financial support so scale up and productize). CSAs or
other measures could be employed to facilitate ecosystem development and validate such an
approach, for example within lighthouse initiatives.

> Attention should also be paid to attracting Corporate Venture Capital funds to invest in the ECS
value chain or application domains, since SMEs participating in collaborative ECS R&D&l calls should
fit their investment portfolio. There are many large enterprises involved in those calls that have
established CVCs. The opportunity to work with VCs and CVCs will be beneficial not only for start-
ups but also for scale-ups and new product spin-offs established to mature and commercialise
technology resulting from collaborative ECS R&D&I programmes.

It is expected that increased participation of SMEs in funded cooperative research programmes will allow
them to grow and increase their presence and competitiveness in international markets, while start-ups will
benefit from exposure of their technology to other consortium partners.

0.7.6.  Research Infrastructures

There is a need to balance the mainly single science / technology thinking into multidisciplinary thinking.
Infrastructures that are focused on cooperation and on sharing of knowledge and expensive equipment or
large-scale field experiments should be sustained. Serving the same aim, European governments should
sustain the creation of new and the improvement of existing research infrastructures such as science parks,
fabrication and prototyping facilities, incubators and venture partnering to support the creation of new,
high-tech SMEs.

Setting such infrastructures will reinforce the global competitiveness of European Research Infrastructures

(including e-infrastructure).

0.7.7. Relationship with other relevant initiatives and PPPs

Fostering the synergies and relationships with the various European, multinational (such as Eureka), national
and regional initiatives, such as European Technology Platforms (ETP), Public Private Partnerships (PPP), Joint



Undertakings (JU) or the industry associations such as AloTl, BDVA, EuRobotics, ERTRAC and EFFRA is needed.
Each of these initiatives and PPPs shows a high commitment in its respective area. But they also have the
same need of relying on each other’s specificities and sharing a number of challenges and opportunities. As a
key enabler in optimising investments in R&D&l programmes and in avoiding duplications of effort, the ECS
technologies as such have a major role to play.

0.78.  International cooperation

Research and innovation are becoming global, ignoring frontiers and being performed where creative
individuals and ecosystems exist. The race is now about being ‘best in the world’ or the ‘world of the best'.
International collaboration should fit into a global win-win strategy geared to achieving the participants’ long-
range aims. Defining such a vision and strategy is important for guiding international collaboration.

0.8.
LONG-TERM
VISION

For the 10 focus areas depicted in Section 0.6.1, the ECS-SRA provides timelines spanning the coming 10 years,
from 2019 to 2028. It is also essential, however, to look further out to project which embryonic, emerging or
disruptive technologies at the lowest TRL today will determine the future of the ECS domain tomorrow, in
Europe. Future applications will be enabled by enhanced performance and novel functionalities generated
by new technology options, as projected in technology-application roadmaps, but it is also possible that
technology evolution leads to disruptive applications that were not projected in roadmaps. In order to ensure
that these opportunities are recognized and used effectively, a cooperation of the academic, institutional and
industrial stakeholders that constitute the value chain is a prerequisite.

To that effect, the ECS-SRA includes a dedicated Long-Term Vision chapter, which surveys emerging
technologies with a significant potential impact on the European ECS landscape 10 years from now and
beyond. Rather than attempting to make specific predictions, which could always be disputed, this chapter
highlights challenges to be solved, based on probable long-term trends (fossil fuel availability, requirements
for personalised medicine, zero-emission environmental norms, to name a few) and identifies which
technology or applications are the most promising ones, or must be developed, to meet the expected
societal needs. It focuses in particular on the expected future requirements which cannot be achieved with
the predicted evolution of the current technologies.

By highlighting key research and innovation topics required to maintain the competitiveness of the European
ECS industry in the long run, this Long-Term Vision chapter is an essential element to achieve the ECS-SRA
mission to generate growth, create value, jobs and prosperity, and safeguard Europe’s competitiveness and
sovereignty.
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1.1.

EXECUTIVE
SUMMARY

The major Challenges in Transport & Smart Mobility are:

> Clean, affordable and sustainable propulsion

> Secure connected, cooperative and automated mobility and transportation
> Interaction between humans and vehicles

> Infrastructure and services for smart personal mobility and logistics.

These four major Challenges aim to keep Europe in the lead for innovations throughout the automotive
value chain and to broaden the Research&Development&Innovation- (RDI)-horizon so that future research
and innovation focuses more on holistic, cross-domain and sustainable mobility solutions for all the main
transportation domains (Road, Rail, Aviation (incl. drones) and Maritime).

Key aspects to cover throughout the 4 challenges are increasing performance, security, privacy protection
features, safety, sustainability, affordability, human interaction and societal acceptance. The defined
Transport & Smart Mobility challenges not only address the most urgent Research and Innovation priorities in
the sector, but also focus on developments that could be substantially driven by innovations in the European
micro-electronics, nano-electronics and embedded systems industry in combination with the European loT
community.

1.2.

RELEVANCE

1.2.1. Competitive Value

Mobility is not only a visible expression of Europe’s economic and societal prosperity; it is also an important
source of that prosperity. Employing about 3 million people in manufacturing and another 11 million in services,
the transportation system is of high socio-economic relevance for Europe. Currently, the transportation sector is
undergoing a fundamental and complex transformation across all modes. The European Commission’s Strategic
Transport Research and Innovation Agenda (STRIA)'® describing this transformation distinguishes seven
transversal dimensions ranging from low emission, alternative propulsion system to smart mobility systems'.

Looking back on the challenges, transport demand requires the coexistence on networks of passengers and
goods in outer- and inner-urban environments with managed throughput to ensure reliable, highly secure,
seamless multimodal solutions for both classes. Cities and Regions need to have established strategies
for managing the shared use of infrastructure by passenger and freight traffic and in parallel for personal
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autonomous vehicles and public transport. Multimodality in transport will require strong individual modes
with an appropriate infrastructure and a network of well-situated nodal points (ports, inland ports, dry ports,
logistics platforms, rail freight terminals, urban nodes), with good access to and from their neighbourhood.
The individual transport modes will need to be effectively interconnected physically and digitally at the
appropriate nodes. Long-haul transport and urban delivery will be better aligned. Interfaces between
systems in the different modes will ensure that decisions in one mode consider the effects on other modes
and shared information will be used to evaluate the best traffic management action for each single mode.

There will be unmanned vehicles on roads, on rail, on water, in the air and inside freight terminals. Connected
cars are the first and important step towards highly automated and autonomous self-driving cars. Even
though basic safety functions have to be provided by vehicle based sensor systems even if connectivity fails,
the comfort and efficiency of automated operation will increase if additional information from other vehicles,
dynamic maps and traffic management systems is available. Connectivity will be based on multiple protocols
and standards, as e.g. camera'’s, vision systems, radar, Lidar, C2X 820.11p (G5), NFC, 5G, etc. In cooperation
with the public authority’s necessary investments to provide 5G (and probably future generation) telecoms
in all but the most remote or rural areas is crucial. GALILEO will be at or close to full deployment with the
availability of standard and enhanced services for positioning, telecoms and remote sensing. The mix of
terrestrial and satellite, short- and longer-range, will support continuous and ubiquitous connectivity which
in turn will enable continuous vehicle-infrastructure and vehicle-vehicle linking. It will also be of crucial
importance towards connecting the car and the vulnerable road user. Security is a crucial issue that needs to
be resolved prior to deploying large scale connectivity solutions.

Autonomous trains should take into account current project developments supported by Shift2Rail JU
focusing on an adaptable communication system for train control applications in all market segments, using
packet switching/IP (GPRS, EDGE, LTE, Satellite) technologies, enabling easy migration from legacy systems,
providing enhanced throughput, safety and security functionalities to support the current and future needs
of signaling systems, and resilient to interference and to radio technology evolution. Itis important to develop
and validate automatic train operation (ATO) for ETCS, where applicable, up to Grade of Automation (GoA)
4 (unattended train operation) for urban and suburban applications, and at least GoA2 (semi-automated
train operation) for other market segments, including freight lines. Moreover, developing and validate a high
capacity, low cost, highly reliable signaling system based on moving block principles, thereby allowing more
trains on a given main line, especially for high density passenger services. The system should be backward
compatible with existing ERTMS system specifications and enable evolutions towards CBTC functionalities for
Urban applications. Advanced traffic management systems should be automated, interoperable and inter-
connected. This should be combined with Driver Advisory Systems (DAS) and automation functionality to allow
for predictive and dynamic traffic management in regular and degraded situations, integrating and using
real-time status and performance data from the network and from the train, using on-board train integrity
solutions and network attached object control functions, supported by wireless network communication.

Autonomous driving, mobility and logistics are high profile applications where the use of Al technologies is
growing very rapidly, affecting both society and industry directly. The European transport industry is world
leading but it is expected to be revolutionized by the introduction of Al (combined with electric vehicles). Al
applications in transport are very challenging, as they typically involve highly complex environments, large
numbers of possible situations, real-time and highly critical as well as reliable decision making, large-scale
deployment to edge, etc. Innovative use cases such as reliability in bad weather conditions and other critical
situations. A key novel contribution will be the use and validation of digital models (Digital Reality) of sensors
and the environment learned from the real world that drive simulations for generating synthetic input data
for training and validation of autonomous vehicles. This will, in particular, improve the reliable handling of rare
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but critical traffic events (such as a kid in front of a car or driving in bad
weather conditions with deteriorating sensor performance).

There will be continued pressure for physical infrastructure to be
complemented by digital services to support traveller information, the
operation of connected and highly automated vehicles, and adaptive
area-wide traffic management. Infrastructure will be required to cope
with traffic jams, man-made incidents and deliberate attacks as well
as exceptional conditions such as drought, flooding and extreme
temperatures. ERTICO Traffic Management 2.0 made an analysis of
the Transport systems and concluded that they will have to be robust,
sustainable and resilient in order to support daily life under all conditions,
composed of infrastructure that reduces functionality gracefully and
safely when under extreme pressure. There will be seamless integration
of services across all modes, with reconfigurable networks so that local
incidents can be isolated and traffic re-routed. Many technologies will be
routinely deployed to contribute to proactive maintenance tools, before
and on-trip traveller information, and the optimisation of operations, in
order to ensure continuous everyday mobility.

The expected timeline is the following:
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In the area of automated vehicles, the main challenge is the transition
from niche market products to mainstream products. Three things must
happen to enable a large market penetration of automated vehicles:

> there must be a large reduction in cost of the components,
the embedded SW, the system integration as well as the
validation effort

> the problem of homologation and validation of automated
vehicles has to be solved

> A compatible road and traffic infrastructure has to be
established

Vehicle automation can also play an important role in the success of
electrified vehicles. Indeed, fully autonomous vehicles could drive by
themselves to and from charging stations equipped with specialised,
expensive super-chargers, thus saving the drivers tedious waiting time
and increasing the societal acceptance of the move to electrification.

The expert group in the European commission stated in a report "that
digitisation is currently reshaping the sector '®. Additional information
about roadmaps on introduction of connected and automated vehicles
can be found in™.

Maritime transport within the EU faces challenges such as significant
increases in transport volumes, growing environmental requirements
and ashortage of seafarersin the future. The concept of the autonomous
ship brings along the potential to overcome these challenges. It allows
for more efficient and competitive ship operation and increases in the
environmental performance of vessels. Furthermore, the shore-based
approach offers “seafaring” the possibility to become more socially
sustainable by reducing the time seafarers spend away from their
families. The accident statistics of the European Maritime Safety Agency
point to human error as the triggering factor in 62 per cent of incidents
with EU registered ships from 2011 to 2016. Statistics on fatal accidents
have ascertained that work on deck, for example mooring operations, is
5 to 16 times more dangerous than jobs ashore. Autonomous maritime
solutions will minimize the number of persons in dangerous work areas
and increase safety at sea considerably by means of highly automatised/
autonomous ships.

The MESA FP7 project on behalf of the European Technology Platform
Waterborne ' stated that the analysis of global trends through to 2030
clearly indicates an increasing demand for shipping of all types, from
coastal food and water carriers, through vessels for supplying the
growing mega cities, to large and sophisticated cruise ships to provide
leisure activities for the new middle classes. This creates significant
opportunities for the global maritime industry, its extensive supply
chain and the infrastructure which supports it.
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The EU’s maritime industry is characterised by high value-added endeavour, rapid innovation, high safety
standards, and a leading position on green technologies. A strategy to build on these strengths will ensure
that the EU retains its competitive position in the global maritime industry and reaps the rewards in terms
of jobs and wealth creation.

A roadmap for autonomous ships has been introduced by One Sea - Autonomous Maritime Ecosystem, and
is presented in the following figure:

TIMELINE FOR AUTONOMOUS SHIPS

2023

Remote Fly remote controlled vessel (manned) Gradual increase of Autonomous ship
monitoring - unmanned with special ap autonomous control commercial

Test areas National pilots Several pilots globally Full scale testing / validation

: . . Satellite becomes cheaper
International Design requirements for autonomous power Strongly decreased

collaboration and propulsion systems Mobility as a service data communication

Autonomous automobile Developed data transfer tech

commercial eg. 5G (limited to ferries/ports) Mdustry standards in place”

Infrastructure

Ethical issues

Develop of cyber security

Projects, IPR, competences, education

National, IMO and global legislation development

Source: ONESEA Autonomous Maritime Ecosystem - Roadmap on Autonomous Shipping ™ _

The roadmaps include a timeline towards 2025 and major themes to be investigated and levels of maritime
autonomy - all minimising accidents, decreasing the environmental footprint of marine traffic, and advancing
possibilities for efficiency improvement and new commercial venture.

In the past years, ICT applications have substantially contributed to the logistics sector, e.g. tracking and
tracing goods, controlling and/or optimising supply chain network, and establishing (inter-)connectivity for
logistic actors. Projects such as AEOLIX and SELIS have already developed a pan European Solution for Supply
chain visibility, supported by easy access to, and exchange and use of, relevant and abundant logistics-related
information, needed to increase efficiency and productivity, and reduce environmental impact. An essential
element of the approach is to ensure that, for logistics actors, connecting to and using the Al ecosystem
is undemanding and has a low level of complexity. We envision the ecosystem enabling the integration of
supply-chain-related transport business processes through logistics software solutions for cloud-based
connectivity and interaction, in order to support more efficient collaboration in the logistics supply chain
than exists today. Supply Chain Automation is well established, but the increased use of Artificial Intelligence
in logistics is rapidly reshaping how companies think and plan. Supply chains, although automated to a
degree, still face challenges caused by the amount of slow, manual tasks required and the daily management
of a complex web of interdependent parts. Al is seen by many as the key to further automation capability

47



ECS-SRA 2019 — Strategic Research Agenda for Electronic Components and Systems

and especially the integration of 5G sensors for goods management.
Data-driven and autonomous supply chains provide an opportunity for
advanced levels of optimisation in manufacturing, logistics, warehousing
and last mile delivery. This will need to be linked to Robotics and other
areas of manufacturing systems. ALICE adopted the objective towards
“Zero Emissions Logistics” for its long term strategy (2050) and is
working towards the goal of Physical Internet Paradigm. The Physical
Internet (PI) was defined as an open global logistics system founded on
physical, digital and operational interconnectivity through encapsulation,
interfaces and protocols that are easily transported through all transport
means (e.g. planes, trucks, barges, drones and private cars). Modularly
sized from small parcels to large maritime containers, the Pl containers
move through distributed, multimodal transportation networks in which
transit sites aggregate containers from diverse origins to optimise the
loading on the next segments.

1.2.2. Societal benefits

The EU-project “Action Plan for Future Mobility in Europe” (Mobility4EU) has
identified and assessed societal challenges that influence future transport
demand and supply. Societal trends, economic and political factors and
stakeholder needs have been summarised in a context map %°.

Mobility is a subject that concerns everyone. It is a subject that
progresses of course rapidly in urban areas, but it also concerns rural
areas. Developing the right solutions for mobility across Europe can
have a great impact on the overall image of Europe. Today, many
people in the rural areas feel disconnected. They feel disconnected
from mobility, from progress, from Europe. This feeling is at the origin
of fatigue for the European case. The right developments can inverse
this trend and bring all populations back on track.

The average age of the European population is growing constantly.
In order to provide personal mobility to the elderlies, automation
in transportation and smart mobility will play an important part to
increase the quality of life. Fewer auto-related accidents and fatalities
could reduce costs for emergency medical services and related legal
fees. Furthermore, more time available through autonomous drive and
shared smart mobility will increase consumption of multimedia and
information and generally enhance the time spent in-transit?'.

CO, reductionintransportation as agreed in the Paris treaty requires also
significant advances in the automotive, maritime, aerospace electronics
and embedded cyber-physical software technologies. Consumers
and governments have more and more concerns about combustion
engines; this forms an impetus to accelerate the exploration of new
ways of propulsion, as e.g. hydrogen, electrical and other means.
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European Technology Platform Waterborne 22 concluded that civil society, consumers and workers will become
less willing to accept negative environmental and social impacts of economic activities in the maritime sector
such as, e.g. accidents, water pollution, and unsafe working conditions. The expected increasing scarcity
of qualified personnel will also motivate the sector to improve working conditions. Societal expectations
will, therefore, lead to the maritime sector becoming more socially and environmentally responsible by
complying with stricter regulations and possibly by adopting voluntary standards. The impact of societal
expectations related to health, safety, environmental and security on the maritime sector is moderate and
will not fundamentally alter the sector’s future prospects.

1.3.
MAJOR
CHALLENGES

1.3.1. SWOT analysis

The table below presents a SWOT analysis on the current European position in Transport and Smart Mobility.
These points are addressed in the individual major challenges and expected results.

POSITIVE FACTORS NEGATIVE FACTORS
. Strengths: Weaknesses:
g ? Presence of strong stakeholders in the High price & slow expansion of electric cars in
u :
E = automotive value chain in the EU . some countries in EU
- C : :
= 5 . Market leaders in rail & air in EU ¢ Limited cross-border cooperation
£ @ |
g v Many pilot sites for autonomous driving . Security & privacy threats could slow down the
c %  societal acceptance of aut drivi
- 2 Great design capabilities and experience in societal acceptance of autonomous driving

semiconductor & embedded systems in EU

Opportunities: Threats:
Advent of loT, 5G and Al/Deep Learning will Competition from other continents (US: Tesla/
open new opportunities for future vehiclesand = Apple/Google & China local industry)

other modes of transportation Legislative requirements different in different

New mobility services and business models . continents

External factors
To the EU industry

Electrification of vehicles

Introduction of fuel-cell electric vehicles

SWOT table for Transport and Smart Mobility
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1.3.2. Major Challenge 1: Developing clean, affordable and
sustainable propulsion
1.3.2.1.  Vision

Road transportation alone accounts for 21% of Europe’s fossil fuel
consumption and 60% of its oil consumption. The increasing effect of
the CO, emission as well as health-effecting gases as NO, emitted by
conventional vehicles motivates the global community to introduce
new environmentally friendly mobility. The Paris Agreement from
20162*is an important international step towards a CO, neutral world.
Several countries announced to ban the new vehicles based on ICE
engines. An example is UK planning to ban them in 2040%. Electro-
mobility will be based either plug-in batteries charged or H, based fuel
cells as energy system. It will come strongly within the next 7 years
to replace progressively traditional combustion engine driven cars. In
parallel, conventional vehicles need more sophisticated sensors and
software systems in order to reduce also their emissions and energy
consumptions in the interim period. Predictive maintenance and
smart service concept shall secure constant stable low emission and
energy consumption level over the life time as well as the availability
of the vehicles at reasonable costs 2¢,%7,

Considering maritime sector, the Expert Group on future transport
fuels?® stated that the use of alternative fuels in the context of multi-
fuel engines opens a complete new field. While LNG has been widely
adopted in Europe as well as internationally, the next big step will
be the adoption of even more alternative fuel concepts to be run
in a single engine. This is associated with developments addressing
technology as well as logistics with a special focus on life-cycle cost
and impact assessment.

Emission reductions, though not strictly in the context of Energy
Efficiency or savings, will play an important role in the future. Post
treatment technologies like 2" generation scrubbers will receive
more attention; modelling and more technical developments will be
required. Here again, life-cycle considerations will play an important
role.

Furthermore, a complete management of the entire energy household
on board ships is one of the main development areas promising
substantial gains for the future. While several EU research and other
development lines have addressed the issue already in the past 5
years, a holistic solution is still missing. With “Big Data” being one of the
buzz words in present shipping terminology, technological advances
(IT) and advanced regulations (e.g. MRV guidelines) allow and require
capturing a much larger amount of data relevant for the assessment
and management of Energy consumption of a vessel.
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1.3.2.2. Scope and ambition

The scope of the development efforts covers all aspects including intelligent vehicles, optimal energy
utilization, increase in energy efficiency (especially larger range for battery electric vehicles), reduction of
emissions from conventional combustion engines by embedded intelligence, reduction of costs, increased
reliability, etc...

This requires advanced embedded software taking advantage of new concepts as deep learning neural
networks or model predictive control algorithms, advanced sensors and powerful, fast and energy optimized
actuators (e.g. power electronics in case of electrified vehicles) to semi-conductor component level up to a full
electronic system design. An additional challenge poses the validation of partially or fully electrified vehicles
and their infrastructure (e.g. charging devices for battery electric vehicles (conductive or inductive) for personal
mobility or fully electric good transports over short and long distance) or hydrogen fuelling stations.

The smart usage of the additional information from the infrastructure or connected vehicles is another
mean to reduce energy consumption and emission dangerous for the health of humans as well as
increase safety and comfort for the passengers and vulnerable road users.

1.3.2.3. Competitive situation and game changers

In particular Asia is active in this area with Chinese, South Korean and Japanese car manufacturers and
their related suppliers working on integrated solutions for electric and fuel cell based powertrains.
Especially in H, based electrical vehicles, the first 3 commercial vehicles were introduced from Far East
companies. Furthermore, China has the target to become number one manufacturer of electric vehicles
in some years and pushes its industry to accelerate the research on related technologies.

The US companies are more and more teaming up with the very large local IT giants working on electric
(and automated) vehicles. This can endanger the current leading position of the automotive industry in
the future.

1.3.2.4. High priority R&D&l areas

In order to achieve the above-mentioned ambitions, the following R&D&l topics have priority as they are
enabling the efficient development of electronic components and their embedded software, which are
the heart of in the clean, energy efficient transportation and smart mobility system.

New energy efficient system architectural concepts (EE as well as embedded SW)

As the automotive industry is in the transition from conventional internal combustion engine to hybrid,
battery and fuel cell electric powertrains, energy efficiency has several aspects for electronic components
and systems as well as its embedded intelligence, the embedded software. The improvement of
conventional powertrain concepts is also needed to already contribute to the CO, reduction during the
transition period. New faster and more complex control algorithm are essential. The technologies and
R&D&l tasks described in chapter 3 are in close relation to the R&D&I topics listed below.

The following R&D&I topics have to be addressed:

> Architecture for control systems of alternative powertrains

> Energy efficient electric/electronics/embedded-SW architectures (e.g. using energy harvesting, ...)
for alternative powered vehicles,

> Ultra-low power / high performance control units
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> Higher energy efficiency of electrified vehicles (e.g. using
higher frequencies of power electronics, better control
software and advanced thermal management systems; the
use of wide bandgap technologies)

> Improved / new safety concepts for high voltage powertrain
systems

> Connected vehicles

> More efficient control algorithms conventional and hybrid

powertrains to support the transition period to alternative
CO, neutral mobility

Filling/charging and energy & power storage and

management

The successful adoption of electrification (either battery or fuel cell
based)require theimplementation of a charging/refuellingand energy
/ power management systems. Only if mainly electricity of renewable
sources is used, the desired positive impact of the transport sector to
the CO, reduction will be achieved.

> ECS for efficient electrical or H, energy storage

> Electrical charging infrastructure and their smart control
(conductive or inductive) for fully electric good transports
over short or long distance as well as for passenger cars.

> Dynamic charging, charging-on-the-move

> Fully automatic high power (10x higher than today) and quick
charging near highways

Control strategies and predictive health management

The electrochemical or thermodynamical components as well as the
advanced emission after-treatment systems are controlled by complex
control systems. They are optimized to achieve the best energy efficiency
while fulfilling other requirements as low emissions or protecting elements
from overheating. The ageing effects of those components change their
behaviour over time significantly, thus decreasing the energy efficiency
or their performance with respect to other requirements. Therefore,
predictive maintenance systems are necessary to allow optimal service
interventions at lowest costs. Research in smart maintenance concepts
will help to achieve those goals.

> Model predictive control algorithms supported by high
performance multi-core real-time operating systems providing
the necessary intelligence is another research direction.

> Energy efficient power management of electrical
> ECS for next generation of fuel cell electrical vehicles
> Predictive monitoring and diagnostics for electrical, hybrid or

fuel-cell electrical vehicles to increase the lifetime
> Predictive maintenance for vehicles to reduce costs for the
operation of vehicles

(2
N

30

E. I. Association, "EPOSS Strategic
Resource Agenda,” EPoSS, Berlin,
2017

ERTRAC, “Integrated Urban
Mobility Roadmap,” ERTRAC,
ARRAC, ALICE, Brussels, 2017

ERTRAC, “New Automated Driving
Roadmap,” ERTRAC, Brussels, 2017

C. S. JTl, “Work Plan 2014-15,"
Clean Sky JTI, Brussels, 2014



Smart sensors

Reduction in weight is another mean to increase energy efficiency. As the amount of electronics in
vehicles exploded, the weight of sensor and communication cables increased accordingly. Wireless non-
safety critical vehicular networks will have to improve significantly and guarantee highly dependable
communication for distributed automotive, maritime, aerospace or rail powertrain systems.

> Development of smart sensors for the next generation of Fuel Cell Electric Vehicles (FCEV), Battery
Electric vehicles (BEV), Hybrid Electric Vehicles (HEV)
> Integrated smart sensor systems to increase battery or fuel cell systems by individually controlled

cells using smart sensors - e.g. Embedded sensors in batteries, fuel cells or exhaust after treatment
systems

Smart actuators and motors in transport systems
Similarly, smart actuators and motors will decrease weight and contribute to the efficiency targets.

> Smart actuators for energy efficient powertrains
> New topology (multi-phase for improved availability) for e-motors with reduced amount of rare-
earth materials.

Maritime sector
Improve ship powering
> Electronic systems and the embedded software to control multi-fuel engines
> Optimisation of energy distribution, storage and peak smoothing, Short term: Improvement of
existing system and architecture for the storage. ECS to optimize the power-load-Distribution, in
normal and/or peak conditions

Energy management, ship analytics and decision support
> Analysis and decision making (tools): Short Term: Concepts for optimal energy management;
advanced decision support systems; Medium Term: Prototypes for energy management decision
support systems.
> Data acquisition governance in ships, secure transfer to shore-based headquarters

1.3.2.5. Expected achievements
The European supplier industry together with the OEMs and relevant research and development
specialists need to get competitive and finally global leader in electrified propulsion.

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 2> 3% 3. Europe will also see progress in biofuel-based vehicles.
Similar roadmaps exist for other domains of mobility as rail, aerospace, off-road vehicles, trucks etc.

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, 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=,

9
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1.3.3. Major Challenge 2: Ensuring secure connected,
cooperative and automated mobility and
transportation

1.3.3.1.  Vision

European transportation industries have to strengthen their leading
position to provide sustainable solutions for safe and green mobility
across all transportation domains (automotive, avionics, aerospace,
maritime (over water as well as under water transport) and rail). Their
competitive asset is a profound expertise in developing complex
electronic components, cyber-physical systems, and embedded
intelligence. Nevertheless, a bundle of challenges in terms of
autonomy, complexity, safety, availability, controllability, economy,
and comfort have to be addressed to harvest the opportunities from
increasingly higher levels of automation and related capabilities.

By now, we are only at the beginning of an evolution of automated
and autonomously acting machines. This movement is characterized

by

> increasingly autonomous behavior

> in increasingly complex and unpredictable environments

> fulfilling missions of increasing complexity

> the ability to collaborate with other machines and humans
and

> the capability to learn from experiences and adopt the

appropriate behavior.

No single organization will be able to capture these tremendous
efforts for research and development. In order to maintain a leading
European position, itis therefore necessary to establish collaborations
in and across industrial domains, learn from operational field data,
and jointly drive the strategic actions.

The overall vision is to realize safe & secure always connected,
cooperative, and automated transportation systems based on
highly reliable and affordable electronic components and systems of
European origin as well as technologies for new ways of interacting
between humans and machines.

As for the maritime sector 3, improving competitiveness, safety, and
security of European shipping is a major objective of the EU Maritime
Transport Strategy, which in turn shapes the requirements for
upgraded maritime transport information management. Advances
in ICT have created a demand for new forms of surveillance and
information management systems; these are increasingly driven by
policy and governance addressing safety, security, and sustainability.
This is reflected in the emergence of the IMO's e-navigation concept
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and the more embracing European Commission’s e-Maritime framework, established for measurable
economic, social and environmental benefits.

The rapid development in information and communication technologies will significantly increase
digitalisation in all waterborne sectors and lead to data-driven services such as optimising energy
use and fuel efficiency, vessel performance and condition monitoring, and weather routing. A higher
degree of systems automation, the availability of smart sensors and global networks for data transfer
between ship and shore will promote remote controlled, and semi or fully autonomous operation of
assets. Interconnectivity between sea-based operations and shore-based operation centres will enable
increasing support and control from the shore. This will require secure systems and operations against
cyber-attacks.

Furthermore, ships will become fully connected throughout the world. Remote monitoring of vessels
is already possible, allowing for condition-based maintenance. Building on the increasing automation
on-board, remote operations of vessels will become possible, eventually moving towards full autonomy
of vessels. The wider use of Unmanned Autonomous Vessels (UAVs) - either aerial, underwater or on
surface - will increase flexibility and energy efficiency of operations.

1.3.3.2. Scope and ambition

Connected, cooperative, and ultimately automated mobility and transportation is seen as one of the key
technologies and major technological advancements influencing and shaping our future quality of life.
ECS will 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. Both development approaches - evolutionary (stepwise
increase of automation level, “conversion design”) and revolutionary (SAE level 5, “purpose design”, e.g.
people mover in structured environment) - should be covered as well as cross-fertilization with other
industrial domains as Industry 4.0.

As the proportion of electronics and software as a percentage of the total construction cost of a vehicle3*
increases, so does the demand for the safe, secure, reliable and un-hackable operation of these systems.
In addition, privacy protection is a key element for car owners and drivers/operators. These requirements
ask for fail-operational technologies that deliver intrinsically safe operation and fail-safe fall-back from
component to subsystem and provides a fall-back for problems in interaction with the cloud. This
demands new developments in terms of multicore-/many-core-based platforms and sensing devices,
combining advanced sensing in harsh conditions, novel micro- and nano-electronics sensors, filtering,
advanced sensor fusion, noise reduction, fault detection, low power operation, self-testing and reliable
predictable actuation.

Research, development, and innovation will focus on capabilities in the fields of sensing, communication,
navigation/positioning, computing and decision-making, control and actuation based on smart systems
for mobility and the necessary tools, methods, and processed for development and validation. Along with
deterministic control strategies, data-driven algorithms based on artificial intelligence (Al) are covered in
both ECS development phase and in-vehicle operation. It will be necessary to find new ways to perform
fast and repeatable validation and non-regression tests independent from real-world tests.

1.3.3.3.  Competitive situation and game changers
Especially in European countries, the mobility and transportation industry plays a central role for the
internal market as well as for export markets. In the automotive sector - according to ACEA (European
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Automobile Manufacturers Association) - around 13.3 million people
are employed (out of which 3.4 million jobs in manufacturing),
contributing 6.8 percent of the European Union’s GDP*.

However, competition is getting fiercer. Since 2013, China has
overtaken Europe in number of cars produced. European car
manufacturers are competing in a worldwide race toward vehicle
automation and connectivity with newcomers from the IT sector. The
value is being reshuffled across the value chains. According to several
studies, 30 to 40 per cent of the value in the automotive value chain
will pass through digital platforms, in the near future. Dependence
on a reliable low latency IT infrastructure and its maintenance adds
complexity to the value chain, and is an important issue to consider
in order to realise the expected benefits of automation. If Europe
safeguards its well-established market position by developing
innovative and effective safety features, many jobs in the automotive,
aeronautics and railway industries will be preserved as well as newly
created.

1.3.3.4. High priority R&D&l areas

The following research, development and innovations areas and their
subtopics are identified (more details can be found in the Appendix
to Chapter 1, section “Details to high priority R&D&l topics for Grand
Challenge 2 in Application Chapter Transport & Smart Mobility”:

> Environment recognition

> Localization, maps, and positioning

> Control strategies

> HW and SW platforms for control units for automated

mobility and transportation (including also support for
artificial intelligence)

> Communication inside and outside the vehicle

> Testing and dependability

> Swarm data collection and continuous updating

> Predictive health monitoring for connected and automated
mobility

> Functional safety and fail-operational architecture and

functions (sensors, electronics, embedded software and
system integration)

Connected maritime systems and automated transport 3¢

> Improved port and logistics infrastructure and operations

> Improved ship security systems/Improved protection against
hacking

> Greater shore-based monitoring, predictive maintenance and
surveillance

> Continuing drive for greater energy efficiency/Better design

codes and modelling

https://www.acea.be/automobile-

industry/facts-about-the-industry
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> Flexible and adaptive ship operations/ Improved ship handling and survivability/ Improved vessel

routing
> Greater ship autonomy/More autonomous ship operation
> Greater integration of the logistics chain/Displacement of paper systems

Smart and autonomous ships

> Open and integrated maritime data networks protected from cybersecurity risks enabling
new innovative ship functions and easy integration with shore services; Long term: Smart and
automated functions are developed that can be integrated from third parties into existing ship
systems and can be type approved by software and functionality. System approval automatically
from the configuration of individual function and infrastructure approval.

> Improved integration with shore support centres for technical operation and remote maintenance.
Improved maintenance systems and processes for zero defects during voyage; Long term:
Development of new shore control centres for navigation as well as technical maintenance and
operations. This should support remote monitoring and control of ships.

> Development of Decision Support for safer and more automated nautical operation of ships at
sea and in port, including fully or periodically remote control from shore; Long term: Automated
navigation functions, integrated with VTS and shore control for autonomous voyages combined
with remote control and periodically unmanned bridge.

1.3.3.5. Expected achievements

The impact of automated and connected vehicles could be huge. It could help to drastically reduce
road fatalities and road accidents. New transport services could also be provided especially when the
vehicle is provided with connectivity in addition to automation, e.g. traffic safety related warnings, traffic
management, car sharing, new possibilities for elderly people or impaired people. Automation will also
enable user's freedom for other activities when automated systems are active. Drivers/operators can
expect more individual comfort and convenience which is likely to be the major motivation for upcoming
automated driving. In the long term, automation could have a revolutionary impact on travel behaviour
and urban development. It could also result in new business models, such as shared and seamless
intermodal mobility which could have an impact on the number of vehicles on our roads.

Connected, cooperative, and automated mobility also brings new challenges for regulators concerning road
safety, security, traffic law, access to data, protection of personal data, financing, etc. which have to be addressed.

Multiple innovative components and systems are expected for making highly secured automated and
connected vehicles, including:

> Interacting information systems for safe and secure connection between vehicles and between
vehicles and infrastructure, also enabling intelligent traffic/logistics management systems

> Intelligent on-board traffic management and navigation systems to achieve maximum efficiency
and range/mileage

> Energy harvesting sensor & actuator systems in harsh conditions

> Next generation multi-core/many-core-based architectures

> Industrialization of Al-based systems

> Safe fall back vehicle sensing and actuation systems

> High precision low cost localization platform for civil use

> Fail-operational and 24/7 available ECS at low cost

> Methods and tools to virtually validate and approve connected, cooperative, automated vehicles
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Development of such systems will be accomplished through the use of innovative new components and
systems, methods and tools, and standards (e.g. sensors, embedded mixed criticality systems, actuators,
communication protocols, etc.), new system-on-chip and system-in-package technologies, and new
design/validation/verification methodologies on component and system level.

1.3.4. Major Challenge 3: Managing interaction between humans and vehicles

1.3.4.1.  Vision

Vehicles are being more and more equipped with massive computing power, artificial intelligence,
numerous assistance/ infotainment/ communication systems and partially autonomous functions.
Individual transport has never been so distracting, easy and safe at the same time. One clear and shared
vision of all industry branches related to transportation is that in the future there will be a broad variety
of partially and fully autonomous operating vehicles, ships, drones, aircraft, trains, etc. In this world, the
exchange of information between humans, either in the technical system (vehicles/railway/ship/airplane)
or outside (such as pedestrians or cyclists) and the technical systems is essential.

1.3.4.2. Scope and ambition

The great challenge in this future coexistence of humans, “traditionally” operated vehicles and (partially)
autonomous systems is the dynamic interaction between them: How does the human know what the
machine is going to do? How does the human tell the machine what to do and what not to do?

There is a clear demand for interfaces between humans inside and outside of such transportation
systems and the technical systems which have to be: easy to understand, intuitive, easily adaptable, safe,
secure, unobtrusive and reliable.

1.3.4.3.  Competitive situation and game changers

With the rising number of capabilities of electronic systems also the number of possible use cases is
rising. One example is the hype of speech recognition and home assistance systems, being pushed by
Google, Amazon, Microsoft, Samsung etc. Adapting these solutions to the transportation sector is one of
the next tasks to perform.

1.3.4.4. High priority R&D&l areas
The following research, development and innovations areas and their subtopics are identified:

> Driver activities and vital signs monitoring: (Partially) Autonomous vehicles have to know, in a
non-invasive manner, the current status of the “driver” in order to notify adequately if any manual
driving action needs to be done. This starts from e.g. the exact seating position and extends to
monitoring the vital signs in order to be able to do emergency driving maneuvers in case of e.g.
a sudden sleep attack (ref. Commission Directive 2014/85/EU regarding OSAS as a risk factor for
driving), or a heart attack. Here the new generation of wearable sensing devices can play a role,
being interconnected with the vehicle network.

> Future human interaction technologies and concepts: More and more functions in today’s and
even tomorrow’s vehicles mean that an easy usage will be a great challenge. We need concepts
and technologies to tell the technical systems what to do and what not to do. In addition to this we
need ways for the systems to clearly tell/ show the humans what is happening right now, what will
be happening next and which options there are. This is not restricted to persons e.g. sitting in an
autonomous car but also includes all other road actors, e.g. pedestrians in the “world out there”.
This will need new components to interact between driver and automobiles, ships, airplanes etc.
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(haptic, optical, acoustic, ... sensors).

> “Online” Personalization of vehicles: With “Shareconomy” and on-demand services getting
more and more popular in the transportation sector there is a clear need for quick and easy
individualization/ personalization of vehicles. We need concepts, technologies and systems which
allow to adapt all functions and services of such a vehicle to the user/ passenger instantaneously.

> Smart mobility for elderly, very young or people with no technical affinity: With an ageing society
there is a clear demand for smart concepts which allow elderly people unlimited mobility. Seniority
needs have to be considered for interaction concepts and systems.

> Smart mobility for digital natives: Digital Natives are used to always-on connectivity, digital
interaction and fast information exchange. Concerning mobility there is the expectation of a
seamless and instantaneous experience which can be fully managed by digital devices. Mobility
clearly is a service.

> Smart mobility for handicapped people: Mobility for handicapped people needs special concepts
which allow to adapt to various types of physical and mental disabilities and ideally allowing these
people to travel individually in a safe and secure way.

1.3.4.5. Expected achievements
The expected outputs are described in Section 1.3.4.4.

1.3.5. Major Challenge 4: Implementing infrastructure and services for smart personal
mobility and logistics

1.3.5.1.  Vision

An important future trend in transportation and mobility is the shift away from the paradigm of either
exclusively personally owned or publicly operated modes towards integrated mobility solutions that are
consumed as a service. Smart mobility services will establish more seamless, economic and sustainable
mobility across all transportation modes in the smart cities of the future. This is enabled by combining
transportation services from public and private providers through a unified IT platform and supported
by jointly used physical and digital infrastructures. Both the transport of people and goods could be
organized more efficiently in response to demand this way. The challenges to create smart multimodal
spaces are covered in the chapter “Digital life - Major Challenge 4: Ensuring sustainable spaces”, the
challenge to offer multimodal transport means is covered in this chapter.

1.3.5.2.  Scope and ambition

The solutions to be considered under this Major Challenge are manifold but highly depend on electronic
components and systems; e.g. advanced V2X technology, traffic management systems, 2-/3-D navigation
and guidance solutions in combination with mobility-as-a-service concepts will be fundamental to
providing the optimal utilisation of new vehicle concepts for personal mobility and transportation in
congested urban areas. These services will also be the basis for radically new mobility models - including
robot taxis, shared self-driving shuttles and cooperative fleets of drones for last-mile delivery.

1.3.5.3. Competitive situation and game changers

Countries like Japan have already a communication infrastructure deployed that allows the development
and full scale test of systems under real conditions. Europe needs such an environment to be able to
develop competitive solutions. Regulations on V2X have e.g. pushed the development in the US to an
acceleration.
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V2X communication technology (ETSI ITS-G5 in Europe and US DSRC based on 802.11p) offers low latency
short range communication in highly dynamic mobile environments, and is the basis for large scale
deployments in several European countries. While the access layer technology has matured through
extensive testing in the last decade, the main challenges in connected driving are vertical to the access
layer: Safety-critical functions need to be ensured under security and privacy constraints. Services offered
among infrastructure and vehicles need to discover in an ad-hoc fashion and made available in a seamless
and transparent way. Automation functions such as platooning require very robust short range wireless
links with low latency. The same holds for guidance of vehicles by the traffic management and sharing of
sensor perception between infrastructure and vehicles.

While the access technology is already available, communication protocols ensuring robustness and
synchronization with other services using shared communication channels need to be developed, along
with the methodology. Especially the mobility domain is characterized by highly dynamic, open and
interconnected systems of systems, which requires design methodologies to develop protocols for such
open environments, which require appropriate design methodology to ensure safety and security.

Single vehicle data enables the traffic management to obtain the traffic status on a very fine granularity,
but also gather information about environment (local weather conditions, slippery road etc.). This
can be seen as an evolutionary path from today's probe-vehicle data to comprehensive data allowing
collaborative environment perception. Real-time data from infrastructure sensors will augment the vehicles
perception capabilities.

Above technologies together with increasing difficulties to provide enough space for the increasing traffic
especially in mega cities leads to radically new mobility concepts as mobility as a service. The paradigm
shifts from owning the devices providing mobility to purchas